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Abstract Integrated Lab-on-a-Chip or Micro-Total Analy-
sis Systems offer several advantages for the detection of
active chemical and biological species. In this work, an
integrated microfluidic biophotonic chip is proposed for
carrying out laser induced fluorescence detection. A
Spectrometer-on-Chip device, specifically designed for
multiple fluorescence detections at different emission
wavelengths is integrated with the opto-microfluidic chip
fabricated on Silicon-Polymer hybrid platform. The input
fiber from the laser source, and output fiber coupled with a
Spectrometer-on-Chip were integrated with the microfluidic
channel so as to make a robust setup. Fluorescence
detection was carried out using Alexafluor 647 tagged
antibody particles. The experimental results show that the
proposed biophotonic microfluidic device is highly suitable
for high throughput detection of chemical and biological
specimens.
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1 Introduction

Lab-on-a-Chip or Micro-Total Analysis Systems (μTAS)
(Samel et al. 2007; Jakeway et al. 2000; Reyes et al. 2002;
Auroux et al. 2002; Vilkner et al. 2004; Dittrich et al.
2006), as they are sometimes referred to as, offer several

advantages for health monitoring, Point-of-Care Testing
(POCT), rapid detection of biological and chemical species
and bio-security, by virtue of miniaturization, portability,
improved signal-to-noise ration and the ability to carry out
in-situ medical detections. Integrated Lab-on-a-chip devices
that rely on optical techniques for high sensitivity bio-
detection are also known as biophotonic chips (Bettiol et al.
2006). Depending upon its application and functionality,
several components can be integrated within a biophotonic
chip. However, microfluidics is an essential unit of
biodetection because it not only introduces the biological
environment into the system but also enables convenient
handling of smaller sample volumes, transportation of the
fluids into the detection units and the ejection of wastes
after analysis.

Monolithic integrated systems such as the device
demonstrated by Burns et al. (Burns et al. 1998) are highly
suitable for biophotonic chip applications. But the require-
ments of some macro-scale operating units, such as micro-
fluidic pumps, lasers, spectrum analysers etc make it
impossible to fabricate the ensembles monolithically, and
therefore a hybrid integrated package is required to cluster
such macroscale components with microfabricated devices
(Krulevitch et al. 2002).

In the past, research has been carried out on the
integration of micro-optical ensembles, (Seo and Lee
2004; Leistiko and Jensen 1998; Yegnanarayanan et al.
2007; Ruano et al. 2003; Chabinyc et al. 2001; Irawan et al.
2006; Su et al. 2008) within biophotonic Lab-on-a-Chip
devices for various types of detection. Several biophotonic
detection methods such as fluorescence (Webster et al.
2001), absorption (Balslev et al. 2006), refractometry
(White et al. 2007), evanescent wave spectroscopy (Jiang
et al. 2008), etc. have also been reported in the literature.
Among the different biodetection techniques, Laser Induced
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Fluorescence (LIF) spectroscopy is one of the most
common techniques used for biosensing owing to its high
sensitivity, selectivity, and the ability to carry out instanta-
neous detection, among others and the potential applications
their potential applications in biophotonic Lab-on-a-Chip
systems are numerous (Thrush et al. 2003).

In this work, an optical microfluidic platform hybrid
integrated with Spectrometer-on-Chip is presented for
fluorescence based biodetection. The proposed system
incorporates a novel silicon-polymer microfluidic channel
platform integrated with optical waveguides within the
channels. Spectrometer-on-Chip designed specifically for
the detection of particular wavelengths of fluorescence
emissions has been integrated with the opto-microfluidic
chip for biophotonic detections. In order to understand the
feasibility of hybrid integration for fluorescence spectros-
copy using the Spectrometer-on-Chip, an external hybrid
integrated device (Chandrasekaran et al. 2007) was pro-
posed initially for the biodetection, wherein, the optical
assembly, i.e., the excitation fiber from the laser and the
collector fiber to the Spectrometer was hybrid integrated
outside the microfluidic domain and the device was used to
detect sheep antigen with antisheep antibody tagged with
Alexafluor 647. However, the major drawbacks of the
externally hybrid integrated device were the optical losses
and fiber misalignments, thereby leading to reduced
efficiency of fluorescence detection for lower concentrations
of the biomolecules.

Even though monolithic fabrication of the waveguides
with the microfluidic channels is feasible (Lien et al. 2003;
Cohen et al. 2004; Friis et al. 2001; Leeds et al. 2004),
optical losses (Splawn and Lytle 2002) incurred in the
systems due to scattering, insertion and surface roughness
would be detrimental for the detection of low concentration
of biomolecules. Therefore, for the present application, the
fibers were directly integrated with the microfluidic chip in
order to improve the performance of the hybrid integrated
system. The proposed opto-microfluidic chip would enable
improving the optical coupling efficiency, Q-factor of the
fluorescence emission and also minimising the optical
losses, such as material absorption loss, scattering loss,
etc., thereby creating a robust biophotonic system.

The following sections of the paper give a detailed
description of the design and synthesis of the biophotonic
chip along with the results of the fluorescence detection
experiments.

2 Modeling and design

The schematic illustration of the proposed Lab-on-a-chip
system is as shown in Fig. 1. The opto-microfluidic chip
basically consists of independent optical and microfluidic

channels. The microfluidic setup comprises of inlet/outlet
ports and fluidic channels with a detection chamber. In
the optical channel, the input fiber from the laser terminates
at the detection chamber of the microfluidic channel,
to illuminate the fluorescent biomolecules. A collector
fiber, which is coupled with the input channel to the
Spectrometer-on-Chip, is integrated with the channel at a
coupling distance D from the input fiber. It can also be
noted that there is a definite offset distance (δ) between the
microfluidic channel surface and the core of the optical
fibers. Therefore, for a pressure driven flow, when the
pressure difference is low between the inlet and the outlet
of the channels, flow velocities would be reduced thereby
increasing the possibilities of passive immobilization of the
biomolecules onto the microfluidic channel surface. It is
important to avoid this behaviour as it would hinder
biodetection because of the difficulties in the excitation
and the emission of fluorescence. Hence, it is very essential
that the present biophotonic chip setup has no stagnation
flow of biomolecules through suitable microfluidic chamber
design.

The Spectrometer-on-Chip, with its size being less than
4 cm2, is very suitable for integration with the microfluidic
device for biophotonic detections. The Spectrometer-on-
Chip was designed based on Echelle grating fabricated with
Silica-on-Silicon platform (Janz et al. 2004). Herein, the set
of input channels, specifically designed for a particular
wavelength, terminate at the boundary of slab waveguide
region where the light diverges in the waveguide plane and
illuminates the grating. Light is diffracted back from the
concave grating and is focused onto the output waveguides,
which are arrayed along the Rowland circle with a spacing
chosen to give the desired channel separation.

One of the novelties of the present work is the
wavelength specific configuration of the Spectrometer-on-
Chip (Packirisamy et al. 2008) as against the arrangement
of a standard spectrometer. Herein, each output channel is
designed for specific wavelength of tunable bandwidth
targeting fluorescence of a particular band. As there are
many output channels available, multiple wavelengths can be
detected simultaneously thereby enabling multi-analyte de-
tection. A typical spectral response of a Silica-on-Silicon
Spectrometer-on-Chip is given in Fig. 2, in which simulta-
neous fluorescence at five different wavelengths is detected
with as many output channels. In general, the Spectrometer-
on-Chip could be designed for many combinations of
wavelengths and bandwidths depending upon the applica-
tion. Hence, the advantage of the Spectrometer-on-Chip is
that simultaneous detection of different fluorescent emissions
is possible through the different output channels of the chip.

Using similar principle, a 16-channel Spectrometer-on-
Chip was designed targeting the fluorescence outputs at
specific wavelengths listed in Table 1. The design was
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carried out with a bandwidth of 5–10 nm depending upon
the wavelength. For reference, the different channels of the
Spectrometer-on-Chip are as listed below, in Table 1.

For the design of the opto-microfluidic chip, several
microfluidic channel configurations were considered and

Table 1 Different channels of the Spectrometer-on-Chip and their
functions

Channel label Purpose

Channel 4 Input

Channel 5 Emission at 570 nm(Cy3)

Channel 8 Emission at 550 nm

Channel 9 Emission at 532 nm

Channel 11 Emission at 670 nm (Cy5)

Channel 13 Emission at 650 nm

Channel 14 Emission at 640 nm

Channel 15 Emission at 633 nmFig. 2 Typical response (Packirisamy et al. 2008) from the different
output channels of the Spectrometer-on-Chip
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Fig. 1 Schematic illustration of
the opto-microfluidic chip
integrated with the
Spectrometer-on-chip
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Finite Element Analysis (FEA) was carried out for flow
behaviour within the microfluidic chambers. Different
geometries of microfluidic channels and detection chambers
were modeled using commercial software COMSOL
(COMSOL v3.4, http://www.comsol.com) for the Finite
Element Analysis by solving the Navier-Stokes equation.
Effectively, the modeling and design of the chambers were
based on the following criteria:

1. Non-stagnant flow and ease of rinsing
2. Ease of mask preparation for lithography and chip

fabrication
3. Relative simplicity of the geometry
4. Ease of integration of optical channels with the micro-

fluidic chip.

Finite Element Modeling of the flow behaviour was
carried out for different microfluidic chamber configu-
rations and the results of the analyses showed recircula-
tion of fluid around sharp corners of the chamber under
high pressure difference. Hence, optical channels were
designed to be away from the fluidic channels with
obtuse-angled boundaries. Both these design criteria were
satisfied with the selected rhombus geometry of the
microchamber.

In the present work, anisotropic etching technique using
Tetra Methyl Ammonium Hydroxide (TMAH) was proposed
for the fabrication of the opto-microfluidic chip for the
following reasons: (a) Ease of fabrication to obtain the desired
microchamber geometry, (b) Feasibility of the formation of V-
channels for the robust alignment and integration of the
optical fibers and (c) Reduced surface roughness. However,
this method of fabrication would render an anisotropic
chamber geometry due to development of fast etch corners.
Therefore, the design of the microchannels and the chambers
was carried out in such a way that the micromachined
geometry of the chamber is close to the desired shape of the
microchamber.

FEA of the flow behaviour within the rhombus chamber
were compared with the anisotropic chamber of geometry
expected to be obtained using TMAH silicon etching. The
results are shown in Fig. 3. It can be seen that the
streamlines of flow in both the chambers are very similar.

The flow velocity at the detection zone along the mid
streamline, Vmin, within the microchamber was calculated
and results were compared for the anisotropic chamber and
the rhombus chamber, assuming a pressure driven flow
across the channels. From the graph shown in Fig. 4, it can
be seen that there is a very negligible difference between
the flow velocities in the stagnant flow zones of rhombus
and anisotropic chambers. Thus, through careful design of
the chamber, the advantages of the anisotropic etching are
utilized without compromising on the flow behaviour.

3 Opto-Microfluidic chip synthesis

Different steps involved in the synthesis of the opto-
microfluidic chip include fabrication of the microfluidic
chamber, integration of the optical units with the channel,
and packaging of optical and microfluidic systems, so as
to enable perform integrated microfluidic-bio-photonic
detections. In this work, a novel Silicon-Polymer (Polydime-
thylsiloxane or PDMS) hybrid platform has been developed
for the integration of photonic and microfluidic units.

3.1 Fabrication

The feasibilities and advantages of TMAH anisotropic
microfabrication for the present work have been outlined
in the previous section. In line with those discussions, the
following design parameters have been considered for the
opto-microfluidic chip:

Width of the optical channel, Wo=250 μm
Width of the microfluidic channel, Wm=150 μm

Fig. 3 Results of the finite element analysis of the flow behavior within (a) anisotropically etched chamber and (b) rhombus chamber
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Width of the Opto-microfluidic chip=25 mm
Wafer thickness=500 μm
Etch time, t: 6 h
Etch rate of 25% TMAH at 80°C along {100},
ER=25 μm/hr
Angle made by the fast etch planes with {100} plane,
θ=22.5°
Under Etch Rate (UER) at θ, UERmax=58 μm/hr
(Landsberger et al. 1996)

The mask design for the microfluidic chamber and the
evolution of the chamber geometry during the etching
process is as shown in Fig. 5. O is the convex corner in the
mask design and O’ is the etched corner during etching.

From the design, it can be calculated that under etch rate
along OO’ is given by

UERoo_ ¼ UERmax Cos q=f g ð1Þ

OO_t ¼ t � UERoo_ ð2Þ

Thus, during the etching process the guide length, L,
developed for the specified etch time, t is given by

L ¼ UERmax � t sin q= ð3Þ

For fabicating the chip, 500 μm thick Silicon (100)
wafer with an oxide layer thickness of ∼500 nm was
initially cleaned with Piranha solution made of a 3:1 conc.
sulfuric acid (H2SO4) with hydrogen peroxide (H2O2) for
5 min. Positive photoresist S1813 was spun coated and
patterned with a photomask. After developing and post-
baking the photoresist, oxide layer was developed with
Buffered Oxide Etchant (BOE, 1:6 of 49% HF and 40%
NH4F by volume).

The wafer was then etched in 25% TMAH at 80°C and
an etch stop was used for the prevention of back-side
etching. The etch rate of <100> silicon obtained under
these conditions was 25 μm/hr. The wafer was etched for
6 h and thereafter, rinsed thoroughly with DI water. Oxide
layer was subsequently removed. The SEM of the fabricated
chamber geometry is as shown in Fig. 6(a). After the
fabrication of the chip, the edges were diced as shown in
Fig. 6(b) in order to facilitate the integration of fibers with
the optical channels.

Fig. 4 Comparison of Vmin in the detection zone of anisotropically
etched chamber with rhombus chamber
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Fig. 5 Schematic diagram
showing the etch progress of
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3.2 Integration and packaging

FC connectorized tapered lens ended fiber (OZ Optics, ON)
connected to a laser was used as the input excitation fiber.
Fiber strippers and precision cleavers (Newport, USA) were
used to remove buffer layer and cladding around the fiber.
The input excitation fiber from the laser source and the
output collector fiber coupled to the input channel 4 of the
Spectrometer-on-Chip were positioned on the optical
channels and supported well so as to isolate them from
buckling or bending stresses. In order to determine the
coupling distance between the fibers, fiber positioning was
carried out under a microscope. The position of the output
collector fiber was finely adjusted using a micropositioner
for acquiring the maximum optical signal. The fibers were
integrated within the optical channel slots using index
matching gels and PDMS as shown in Fig. 7, which not
only bind the fiber with silicon, but minimize optical losses
and also block the channel, thereby preventing leakage of
bio-fluid through the optical channels. After the fibers were
positioned, UV curable index matching gel (Norland Optical
Adhesive 63) was injected into the optical channels and
the setup was then cured with UV for 45 s. To complete the
sealing, PDMS gel was then coated on top, to enable the
bonding of top PDMS cover with the opto-microfluidic chip.

PDMS was chosen as the top cover for the microfluidic
channels due to the ease of bulk fabrication, cost-
effectiveness and hydrophobicity, which is advantageous

for microfluidic lid in order to repel the bio-fluid from
adhering onto the surface (Chang et al. 2003). Herein,
PDMS was prepared to the required geometry of micro-
fluidic chip by standard soft-lithography process (Xia and
Whitesides 1998; Brehmer et al. 2003; McDonald and
Whitesides 2002; Rogers and Nuzzo 2005). It was then
cleaned in HCl: H2O solution in the volumetric ratio of 1:5
for 5 min. Two ports (2 mm diameter) were created on the
PDMS to form the inlet and outlet of the microfluidic
channel. Microfluidic tubes (250 μm inner diameter) were
then fitted on the PDMS ports and the setup was again cured
at 60°C for 2 h. A thin epoxy layer was coated on the
PDMS; it was then aligned with the microfluidic channel and
reversibly bonded with the silicon. Another layer of epoxy
was then coated around the PDMS silicon interface so that
the bonding is leak proof. Figure 8 shows the fully packaged
microfluidic chip with integrated input/output waveguides.

4 Spectrometer-on-Chip testing

In order to obtain confidence in the packaging of the
Spectrometer-on-Chip with the opto-microfluidic chip, to
measure the losses incurred in the system, and to prove the
feasibility of using the Spectrometer-on-Chip with the
present setup for biological and multi-fluorescence detec-
tion applications, the device was tested for the detection of
fluorescence from Cy5 dye having an emission peak similar
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Fig. 6 SEM images of (a)
fabricated microfluidic chip (b)
V-slots for fiber integration
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to Alexafluor 647, at 670 nm. This experiment was carried
out under static no-flow conditions of the fluorophore.

Cy5 particles were excited using a laser source at
633 nm, having an optical spectrum as shown in Fig. 9(a).
The passband of the grating for Cy5 emission was designed
to pick out only the Cy5 emission at 670 nm in channel 11 of
the Spectrometer-on-Chip, while filtering out wavelengths
outside of the passband, including the excitation wavelength.
The device response to the fluorescence excitation at 670 nm
from channel 11 is as shown in Fig. 9(b). The measured
signal-to-noise ratio is 18.65 dB. From Table 1, it can be
seen that channel 15 of the Spectrometer-on-Chip was
designed for 633 nm, which is a control channel to confirm
the excitation wavelength. Hence, the excitation wavelength
at 633 nm was measured from the output channel 15, as
shown in Fig. 9(c). Similarly, any number of wavelengths
could be detected by proper design of output channels of the
Spectrometer-on-Chip as required in the case of multi-
analyte detection. Thus, the device was tested for the
simultaneous detection of multiple wavelengths. For multi-
analyte detection at other wavelengths, the fluorescence
emissions can be measured through the optical channels of
respective wavelengths, as listed in Table 1. This experiment
also provides confidence in employing the Spectrometer-on-
Chip with the hybrid integrated setup for measurements
under continuous flow conditions.

5 Biophotonic testing

The main objectives of carrying out biophotonic experiments
using the opto-microfluidic system were as follows:

(a) To demonstrate the feasibility of real-time biodetection
using the integrated microfluidic biophotonic chip

(b) To demonstrate the non-stagnant flow through the
microfluidic system

(c) To examine the accuracy of the optical alignment of
the system for maximum collection efficiency

Herein, the fluorescence based bio-detection has
been demonstrated using Alexafluor 647 tagged anti-
sheep antibody as the fluorophore. Five percent antibody
(Alexafluor-647, 2 mg/ml, pH7.5 in 0.1 M NaP and 0.1 M
NaCl, with 5 mM azide) was prepared by diluting with
Phosphate Buffer Solution (PBS). Isopropyl Alcohol (IPA)
was used to rinse the microfluidic channel after biodetection.

Fig. 9 (a) Excitation spectrum from laser source at the input fiber of
the microfluidic channel (b) Response of the Spectrometer-on-Chip at
670 nm from channel 11 (c) Response of the Spectrometer-on-Chip at
635 nm from channel 15

Outlet port Inlet port 

Collector fiber 

Input fiber 

Fig. 8 Fully packaged hybrid biophotonic chip
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A peristaltic pump (Gilson Minipuls3) was used for fluid
injection into the micro-channels. The experimental setup is as
shown in Fig. 10. The laser source (OZ Optics) was coupled
with the input fiber and the collector fiber was coupled with
the Spectrometer-on-Chip. AF647 tagged antibody was
pumped into the channel with a peristaltic pump.

The biophotonic testing was carried out in three stages.
In the first experiment, the feasibility of biodetection using
the integrated system was examined by direct excitation of
the fluorophores. Fluorescent signal similar to the signal
observed from the Spectrometer-on-Chip for Cy5 was
observed, thereby proving that the Spectrometer-on-Chip
works well with the integrated opto-microfluidic system. To
improve the sensitivity of detection, a multimodal input
Spectrometer-on-Chip was used.

The second phase of the biophotonic tests comprised of
dynamic microfluidic experiments. These tests were per-
formed in order to demonstrate the feasibility of biopho-
tonic detection using the Spectrometer-on-Chip under
continuous flow conditions. In these experiments, a pulsed
flow technique was observed wherein, fluorophore tagged
antibody molecules were passed into the microfluidic
channels for a short duration of 15 s and was rinsed off
the channel. The results of the dynamic pulsed flow
experiments are presented in Fig. 11. For a Reynolds’
number of 1, the residence time, i.e. the time taken by the
fluorescent particles to reach the detection zone was ∼150 s.
The spike in fluorescence is observed at 150 s after the
fluorophore tagged antibody molecules enter the detection
zone. The experiment was repeated for a pulsed flow for
30 s and the results are shown in Fig. 11(b). The sequence
in which the experiment was carried out is given in Table 2,
with respect to the experimental results presented in
Fig. 11.

From the dynamic experiments, one can observe that
there is an immediate increase in the fluorescence signal as
soon as the fluorophore enters the reaction chamber at #3
(Fig. 11). Also, the decrease in fluorescence due to the
rinsing of the channels beginning at #4 (Fig. 11) is
immediate, which shows that the flow in the microfluidic

channel is continuous. Therefore, the experimental results
prove that the present design of the opto-microfluidic chip
is appropriate for non-stagnant flow.

The results of the above experiments were verified for
increased concentration of the antibody molecules. Ten
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Fig. 11 Results of dynamic tests with Alexafluor 647 tagged
antisheep antibody

Fig. 10 (a) Biodetection testing
setup using the integrated device
(b) Spectrometer-on-Chip
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percent of 2 mg/ml AF647 tagged antibody was passed
continuously through the microfluidic channels using the
pulsed flow technique for 15 s and 30 s respectively, and
the fluorescence response was verified. The result of the
fluorescence detection with higher concentration of AF647
is as shown in Fig. 12. Higher pulse durations were tested
for the biodetection feasibilities, however it was observed
that for very long pulses, some residual fluorescence was
observed.

In order to determine the efficiency of the system for
different coupling lengths between the fibers using the
same setup, the distance between the input and collector
fibers (D) was varied from 250 μm to 2,000 μm. The
positioning and the integration of the fibers within the
microfluidic chip were carried out under a microscope, and
the distance between the fibers was measured under two
optical magnifications, based on the field of view. As per
the least count of the microscope measurement scale, the
positioning precision for the coupling distances of upto
500 μm is ±5 μm and for coupling distances of greater than
500 μm, the positioning precision is ±10 μm.

5% of 2 mg/ml AF647 was passed between the fibers in
the microfluidic channel and the fluorescent signals at

different coupling distances between the fibers were
recorded. The amplitude of the fluorescence signal for each
value of D was normalized with respect to the maximum
fluorescence observed for L=250 μm. The variation of
normalized fluorescence with respect to the coupling
distance is shown in Fig. 13.

If t is the transmission of fluorescent signal into the
collector waveguide at any moment, the loss in the system
due to the increase in coupling distance is given as

Optical loss; " dBð Þ ¼ �10 log10
t

tmax

� �
ð4Þ

Here, tmax is the maximum fluorescent signal at D=
250 μm and t is the fluorescent signal obtained at any other
coupling length. Thus, for the increase in the coupling
length from 250 μm to 2,000 μm, the fluorescence loss in
the system is 1.1 dB.

The biophotonic experimental results provide confidence
in the packaging methods for the synthesis of the integrated
device. Through the internal hybrid integration method
proposed in this work, low concentration of biomolecules
can be detected, which is a major advantage compared with
the external hybrid integrated method. The Spectrometer-
on-Chip device has enabled in the increase of the quality
factor for the fluorescent signals, and the experimental
results, shown in Figs. 9, 11 and 12 prove that the device is
sensitive for no-flow and continuous flow testing. It is
evident that even for an eight fold increase in the coupling
distance between the fibers, the relative fluorescent loss is
low. This proves that the optical alignment and the optical
integration in the system are robust. Thus, the Spectrometer-
on-Chip is highly suitable for the integrated microfluidic
device for carrying out biophotonic fluorescence detections
and can be used in real-time applications for chemical and
biological detections.

Fig. 13 Variation of the fluorescence loss for different coupling
distance between the fibers
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Fig. 12 Results of dynamic tests with 10% of 2 mg/ml AF 647 tagged
antisheep antibody

Table 2 Sequential procedure for pulsed flow dynamic fluorescence
measurement experiments with respect to the results presented in
Fig. 11

Step # Procedure

1 Pass Alexafluor 647 tagged antibody

2 Discontinue the flow of AF647 tagged antibody; pass H2O

3 Fluorophores enter the reaction/detection chamber

4 Fluorophores exit the reaction chamber/rinsing by water
begins

* a and b in Fig. 11 indicate the experiments carried out for 15 s and
30 s pulses respectively
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6 Conclusion

In this work, an integrated silicon based microfluidic
platform was developed for biophotonic detection of
fluorescence using a Spectrometer-on-Chip. The feasibility
of biodetection has been demonstrated through the success-
ful detection of Alexafluor 647 tagged antibody molecules.
The important novelties of the present work are the
integration of the Spectrometer-on-Chip with the Opto-
microfluidic device, which enables simultaneous detection
of multiple fluorescent particles and the hybrid silicon-
polymer platform for opto-microfluidic integration. The
success of the present work opens up the feasibility of
monolithic integration of silicon based microfluidic channel
with Silica-on-Silicon based Spectrometer-on-Chip. Other
important advantages of the proposed biophotonic system
are independence of each module in terms of functionality,
multi-analyte detection, rapid, precise and discriminating
results with wavelength specific Spectrometer-on-Chip
configuration, low background/high signal-to-noise ratio,
lack of moving parts, robust, portability, and feasibility of
bulk fabrication. Thus, the proposed device is highly
suitable for in-situ biomedical detections of chemical and
biological specimens. Further modifications to the present
system would involve monolithic attachment of micro-
fluidic chip and spectrometer to increase the coupling
efficiency and study of variation of different microfluidic
parameters for improved flow behaviour.
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