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Theoretical Design of an Integrated Optical
Sensor for a Standard Immunoassay

Chen Chen , Xun Hou, and Jinhai Si

Abstract— Immunoassay is a biochemical test that measures
the presence or concentration of biomolecule in a solution by
the means of the antibody (or antigen). Most immunoassays
involve chemically linking antibodies or antigens with some
kind of detectable labels which produce measurable signals in
response to the binding. The use of labels creates problems,
including complexity in the screening process and probable
influence on the nature of target molecular. To overcome
the drawbacks, we theoretically demonstrate an integrated
Mach–Zehnder interferometer (MZI) with n-shaped slot
waveguide based on finite-element method. Dual polarization
can be strongly confined in the slot where the analytes are
accommodated. The interaction between the optical field and
tested solution is greatly enhanced, resulting in high sensitivity
of the device. The detection of surface adsorbed molecule
densities is down to 0.176pg/mm2 for transverse electric mode
and 1.27pg/mm2 for transverse magnetic mode. The integrated
MZI with identical configuration of both arms make the
parallel-control trial available thereby effectively preventing
the unspecific binding and background from biological mate-
rials. Wavelength interrogation was taken to monitor the
antibody-antigen recognition.

Index Terms— Integrated optics, immunoassay, parallel-
control trial, finite-element-method.

I. INTRODUCTION

AN IMMUNOASSAY relies on the ability of an antibody
to recognize and bind the corresponding antigen and

thus measure the presence or concentration of an analyte.
One component of an immunoassay is the antibodies that have
been selected carefully to ensure the analyte being detected
at low concentration and with high specificity. Another key
feature is a means to produce a measurable signal in response
to the binding. Various labels, such as enzymes, radioactive
isotopes and fluorogenic reporters are introduced and allowed
for detection by different means [1]–[3]. All labels, with-
out exception, are chemically linking or conjugated to the
desired antibody (or antigen) and thus bring about complex-
ity in the screening process and probable influence on the
nature of target molecular. In this context, the demand for
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label-free biochemical technologies is coming. The label-free
integrated optical biosensors have been heavily exploited in
biochemical analysis, among which evanescent wave biosensor
techniques [4]–[10] present good performance on the detec-
tion. Mechanism of most label-free biosensors is based on
evanescent field sensing. Within the evanescent field, analytes
recognize with partner receptors already immobilized onto
the surface of waveguide and thus affecting the guiding
properties of waveguide, concretely, shifts in effective mode
index. The most common evanescent wave device is sur-
face plasmon resonance (SPR) techniques [11]–[14]. Though
SPR biosensor has been widely investigated and hundreds of
publications have demonstrated its outstanding performance
to evaluate complex biosensing interactions, the intrinsic size
and difficulty in miniaturization set limits on its develop-
ment and application. Photonic sensors based on integrated
optics (IO) with high potential for chip integration can solve
the aforementioned SPR problems. IO devices have attractive
attributes [15] such as ultra-high sensitivity, response time,
miniature dimension, multi-analyte detection and protection
against external interference. Among various IO sensors,
integrated Mach–Zehnder Interferometer (MZI) [4]–[7] is the
most promising for biosensing in virtue of their high sensitivity
and broad dynamic range. The MZI architecture [14] is consist
of two parallel channels-the sensing arm and the reference arm,
by means of two Y-junctions. When it is employed for biosens-
ing, biomolecular interactions which take place in the sensing
arm could be probed by the evanescent field. The extra strength
is that the reference arm makes the parallel-control trial done
easily and thus preventing unspecific binding and external
disturbance. Since a carefully designed parallel-control trial,
to great extent, determines the reliability of a biochemical
result. Recently, we have reported an optical biosensor [10]
for characterizing protein conformational change. A design
of parallel-control trial is not required for the extraction of
surface mass density of desired protein in that case. For an
immunoassay, however, a biosensor with ability of taking
control trail is necessary and important. Herein, the demon-
strated integrated optics is designed to carry on a control trail.
Normally, effective mode index change is ultimately converted
to an intensity modulation in the output of MZI. The noise
from laser or light source intensity fluctuations and thermal
variations can strongly affect the value of output intensity.
As an alternative, we take wavelength interrogation to interpret
the effective index change so that more reliable result can be
achieved. Thus, the demonstrated device is from the improving
of the previous one.
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Grating coupled waveguide sensors are one of the first
sensors earlier investigated. A grating coupler with periodic
disturbance in a planar waveguide, allows to excite a guided
mode at certain angle of incident light when the incoupling
condition satisfied. A variety of configurations have been
demonstrated, amongst which the most attractive ones are
grating coupled interferometry (GCI) and resonance
waveguide grating (RWG). GCI, a simple and cost-effective
device, was commercially developed for multichannel
biosensing [16], [17]. It smartly combines grating coupled
waveguides with the interferometric measurements. In the
latest report [18], the sensing length (5mm long area between
two incoupling gratings) can be greatly increased and precisely
controlled by introducing two incoupling and one outcoupling
grating areas to the planar optical waveguide. Instead of
two separated and parallel beams that most interferometric
arrangements adopted, a single expanded beam illuminating
both incoupling gratings simultaneously. A two-cell liquid
crystal modulator is located in the path of the beam. In this
way, half of the beam is phase modulated and the interference
signal is achieved. The highly symmetrical arrangement can
reduce the free space noise and improve the stability of
the device. On the other hand, the arrangement provides
integration of parallel sensing channels straightforward. Good
performance was shown theoretically and experimentally. The
limit of detection (LOD) for bulk sensing is 10−7 and the
surface sensitivity is 0.1 pg/mm2. Thus, GCI is proved to be
a valuable candidate for the point of care device. RWG have
proven to be a powerful tool in determine kinetics of molecular
interaction and binding affinity [19]. The evanescent field in
the RWGs is arising from resonant coupling of incidence via
a diffraction grating. The RWG imager, recently developed
imager, allows online quality control and offline data-
filtering [20]. It has been reported that a LOD is down to
2.2 × 10−6 refractive index unit (RIU) for bulk sensing and
0.078 ng/cm2 for surface sensing [20]. A growing interest in
this field is to explore the activities of living cells, such as
cell attachment, spreading and proliferation [21], [22]. The
depth of evanescent tail limits the cell based detection since
whole cells are typically 1-10μm in size. Reverse symmetry
waveguide [21] with introduction of a low refractive index
layer between substrate and waveguide film was demonstrated
to increase the probing depth, bringing about very sensitive
detection of several micrometer large bacterial or mammalian
cells. Therefore, this reverse waveguide sensor with
larger dynamic range can be applied to a wide range of
application.

Whispering gallery mode (WGM) resonators marked with
multi-analyte detection, stability in aqueous environment, low
cost and footprint are increasingly being used for biosensing.
For the conventional WGM resonators, however, only the
evanescent tails of the resonant mode penetrate into the fluid
leading to quite modest sensitivity (below 200 RUI−1) [23].
To improve this scenario, hybrid plasmonic-photonics
WGM resonators have come into being. Amongst those,
photonic-plasmonic cavity [8], [9] with extra advantages
of strong energy confined in a region at nanoscale with
low input power attracts attentions to the researchers.

For instance, Francesco and co-workers [24] designed such
device consisting of dielectric photonics crystal cavity together
with a tapered silver waveguide for physical and chemi-
cal mapping. Moreover, the introduction of metallic nano-
structures in close proximity to dielectric WGM resonator,
shows prospects for the unprecedented sensitivity to very
low concentration of target molecules. Two main proposed
configurations for bulk sensing are categorized as: micror-
ing (or micro disk) in a metal–dielectric slot configura-
tion [25] and microring decorated with nanostripes along the
circumference [26]. Another aspect, microsphere and micro-
toroid decorated with metallic nanoparticles such as gold
nanorods, gold nano-triangle present promising performance
in detecting single particle and molecule [27], [28]. However,
the main challenge is the WGM damping in the metal.
Consequently, the amount and distribution of nanoparticles
which depend on the morphology of resonators have to be
justified.

Photonic crystal-based biosensors are emerging technology
which is extensively studied recently [29], [30]. A photonic
crystal is a well defined nanostructure with periodically
repeated variations in the refractive index. Photonic crystals
contain regularly repeating regions of high and low dielec-
tric constant and can be fabricated for one, two or three
dimensions. The photonic band gap, disallowed bands of
wavelengths, whose width and position are strongly dependent
on the refractive index change between the dielectric materials
and on the periodicity of the structure [31]. Particularly, silicon
photonic crystals(PhCs) have attracted great attention owing
to strong potential of integration on a chip. For instance,
Dofner et al. designed and fabricated a silicon on insu-
lator photonic crystal drop filters as refractive index sen-
sor [32]. Two types of nanocavities either with three missing
holes or a single hole are embedded between two photonic
crystal waveguides so that the light is evanescently guided
into cavity. The optimized Q factor is around 3000 which
leads to a limit of detection of 10−3 RIU. Better perfor-
mance could be obtained via optimizing the dimensions of
crystal and defect and distributing the bioreceptor only in the
holes.

Nano-scale optical waveguides, utilizing various nano struc-
tures, such as narrow gaps between two metallic cladding
layers [33] and a triangular groove on a metal surface [34],
is growingly appearing in literature. They enable lab-on-chip,
monolithic integrated, miniaturized and low-cost biosensing in
a simple geometry, providing a huge boost for the biosensor
investigation without a bulky and complex prism-coupling
architecture. In particular, slot waveguide based structures
present enhanced sensitivity due to electromagnetic energy
storing. Different architectures have been proposed, such as a
multi-slot waveguide with metal cladding [35], and a double-
slot waveguide with two metal strips located in both sides
of Si nanowire [36]. Recently, we have reported a waveguide
device for detecting carbohydrate-protein interaction. The per-
formance was moderate but our train of thought was stretched
on the basis of the proposed waveguide. By tuning the mor-
phology, e.g. slots dimension and symmetry, better qualities
could be achieved.
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Fig. 1. (a) Cross-section view of the slot waveguide. The n-shaped slot is
exposed to the analyte solution. (b) Distribution of field profile in the nano-
slot.

In this article, we report on the design of an integrated
device and its performance in a standard immunoassay. A slot
waveguide with a n-shaped gap consist of two symmetric slots
embedded on opposite sides of silicon core and one slot with
identical space above the silicon core. The narrower gaps
with identical space of 40nm can strongly confine the field
resulting in sensitivity enhancement. The symmetric geometry
can simplify the manufacture as well. Combination of MZI,
on the one hand, the sensitivity of integrated device is expected
to be greatly improved. A slight increase of biolayer thickness
(δa = 0.5nm) might be a challenge for the pure waveguide.
The detection of surface adsorbed molecule densities is down
to 0.176pg/mm2 for TE mode and 1.27pg/mm2 for TM mode.
On the other hand, the intrinsic configuration of two arms
can make a parallel-control trial available. In a biochemical
test, one and only one variable in a parallel-control trial
is required to remove the unspecific interference from bio-
logical materials. Thus, two arms of integrated MZI should
be designed morphologically identical in order to exclude
the impact from configuration difference. Instead of power
change detection, we take wavelength interrogation to assess
antibody-antigen interaction in an immunoassay. As expected,
the proposed configuration with optimum dimension presents
the outstanding performance. The integrated MZI not only
functions as an amplifier in terms of sensitivity compared
with pure slot waveguide, but also make a parallel-control
trail available. All the simulation work is based on the finite-
element-method (FEM).

II. PROPERTY OF SLOT WAVEGUIDE

A. Schematic of Slot Waveguide

The cross-section view of slot waveguide with a n-shaped
gap is presented in Fig.1a. The morphology of presented
waveguide is symmetry compatible with simple manufacture
process. The slot is 40nm in width (wslot ) and 40nm in
height (hslot ). Silicon (Si) core covered with metal cladding
is the building block. The width (wsi) and height (hsi ) of
Si core are 350nm and 270nm. Thicknesses of silver (Ag)
cladding and silica (SiO2) buffer are setting as 3μm. In the
simulation work, the refractive indices [37] of Si and SiO2 are
3.5046 and 1.447 respectively, at operation wavelength
of 1.3μm. The wavelength selection is based on a trade-
off between the absorption loss caused by aqueous solution
and the broadband light source. Water optical absorption is
smaller at wavelength of 1.3μm, compared with 1.55μm

Fig. 2. The dependence of the neff on the wslot, under the condition of
hsi = 270 nm for TE mode (a), and for TM mode (b), and the condition of
hsi = 320 nm for TE mode (c), and for TM mode (d).

wavelength common used for operation. The permittivity of
silver is achieved through Durde model [38]. In Fig. 1b, the
distributions of electromagnetic field of dual polarization are
presented.

B. Characters of Effective Refractive Index

No doubt, the effective refractive index nef f is the essential
physical quantity when it comes to the waveguide. The index
ne f f depends mainly on the waveguide parameters, i.e. wave-
length and the dimension of slots (wslot and hslot ), bulk refrac-
tive index ns , and biolayer thickness a. If the configuration is
covered by the analyte solution, changes in effective refractive
index �nef f occur when:

1) The Scale of Nano-Slot Changes: To investigate the
influence of nano-slot (wslot and hslot ) on effective
refractive index ne f f , we set the wsi with different values
(150nm, 250nm, 350nm and 450nm) and gradually
increase wslot from 20nm to 200nm, under the premise
of the fixed hsi = 320nm and 270nm, respectively.
In Fig.2, one can see that in the case of wsi > hsi ,
for both TE and TM modes, the indices ne f f grow
as wsi increasing with fixed wslot . And the refractive
indices nef f also increase with narrower wslot by wsi
remained. when wslot is large enough (normally larger
than 500nm, not shown in this figure), the value of
ne f f gradually tend to that of SOI (Si-on-insulator)
waveguides without the effect of metal cladding,
However, under the condition that wsi < hsi, only for
TM mode (Fig.2b and 2d), the indices ne f f increase
with larger wslot , and gradually tend to the value of
SOI waveguides. Thus, in order to get greater effective
refractive index ne f f , the choice of wsi < hsi should
be avoid. From the analysis above, the waveguide with
narrower slots provides stronger field confinement com-
pared with conventional SOI waveguide, thus enhancing
the interaction between the field and tested solution.
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Fig. 3. The dependence of the loss on the wslot , under the condition of
hsi = 270 nm for TE mode (a), and for TM mode (b), and the condition of
hsi = 320 nm for TE mode (c), and for TM mode (d).

Fig. 4. The influence of ns on effective index for TE and TM fundamental
modes denoted as ne f f _T E (a) and ne f f _T M (b) respectively, by setting layer
thickness a fixed, at operating wavelength of 1.3μm.

However, a narrower gap induces larger propagation
loss, as shown in Fig. 3. In other words, the narrower
slot with stronger electromagnetic field confinement in
the expense of larger loss. All in all, the trade-off
between hybrid plasmonic field and propagation loss
in the architecture can be selected depending on the
application [39], [40].

2) Shifts in Bulk Refractive Index ns and Biolayer Thick-
ness a: The influences of bulk index ns and biolayer
thickness a on effective index ne f f for dual polar-
ization are sketched in Fig. 4. The effective indices
(nef f _T E and ne f f _T M ) increase with biolayer thickness.
Different thickness has different patterns of slope change
indicating that the slot waveguide response to the differ-
ent thickness with varying degrees. The slot waveguide
is much more sensitive to the thickness change when the
biolayer is thicker. Besides, the effective index increases
with bulk index increasing. For the specific thickness,
different bulk index ns has the same effect on the
effective mode index of presented configuration.

C. Biochemical Sensing Based on Slot Waveguide

Herein, a standard immunoassay was emulated based
on FEM. Usually, a standard immunoassay is consist of four

Fig. 5. Simulation results of an immunoassay at wavelength spanning
1.285μm ≤ λ ≤ 1.315μm for TE mode (a) and TM mode (b), respectively.
A plot of wavelength versus effective mode index provides a representation
of each step.

distinct steps [5]: (1) introduction of buffer solution e.g. Phos-
phate Buffer Saline or PBS, (2) introducing probe molecules
such as antigen or antibody to the sensor surface and forming
a coating adlayer, (3) introduction of blocking solution pre-
venting from unspecific binding, and (4) introducing target
molecules (the corresponding antibody or antigen) within
blocking solution to promote binding event occurring. Each
step will alter the effective refractive index. For the baseline,
ne f f _T E and nef f _T M were calculated in the presence of PBS.
To calculate ne f f _T E and ne f f _T M in the presence of PBS,
a variation δns = 0.00167 compared to water was assumed
according to typical literature data [37]. We assumed [37], [41]
that an uniform adlayer of 4nm thickness with n f ilm = 1.38
for the step (2). It is supposed that introduction of blocking
solution alters ns by δns = 0.00019 with regard to buffer solu-
tion as well as increasing the thickness of coating adlayer by
δa = 1nm. After the molecular interaction, adlayer thickness
increases by δa = 0.5nm. The effective refractive indices were
calculated for wavelength spanning 1.285μm ≤ λ ≤ 1.315 μm
at each step. The fitting curves are plotted in Fig.5. One can see
clearly the process of a standard immunoassay. The effective
mode index is increasing with the process of immunoassay
in the range of operation wavelength. The gaps between each
curve are diverse indicating that different contributions from
covering materials to the effective indices. And the result is
coincident with the output spectrum in Fig.10.

Afterwards, the spectral interrogation sensitivity, caused by
changes �ns can be defined as follows:

SW G_n_i = ∂λ

∂ns
= ∂λ

∂ne f f _i
· ∂nef f _i

∂ns
(i = T E, T M) (1)

where the terms ∂λ/∂nef f _i and ∂nef f _i /∂ns can be obtained
from Fig.5 and Fig.4, respectively. The data of SW G_n_i is
plotted in Fig.6a and 6b.

Similarly, the spectral interrogation sensitivity, caused by
changes �a, can be defined as follows:

SW G_a_i = ∂λ

∂a
= ∂λ

∂ne f f _i
· ∂nef f _i

∂a
(i = T E, T M) (2)

where the value of ∂nef f _i /∂a can be also achieved by Fig.4.
The results are shown in Fig.6d and 6c.

Bulk index ns has greater influence on spectral interro-
gation sensitivity, compared to the weak effect of biolayer
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Fig. 6. The spectral interrogation sensitivity SW G_n_i , caused by changes
�ns with different adlayer thickness (4nm-12nm) at λ = 1.3 μm, where
(a) is for TE polarization, and (b) for TM polarization. The dependence
of spectral interrogation sensitivity SW G_a_i on adlayer thickness a with
fixed ns ranging from 1.38 to 1.56, is presented, at λ = 1.3 μm, where
(c) is for TE polarization, and (d) for TM polarization.

Fig. 7. 3D schematic structure of integrated optics with morphologically
identical arms.

thickness a which has a horizontal fitting curve without a
slope. Thus, to maximum the sensitivity, MZI configuration
is adopted due to its sensitive to small change of ambient
medium.

III. PROPERTY OF INTEGRATED OPTICS

A. Architecture of Integrated Optics

The model of integrated optics is sketched in Fig.7.
The dimension of the device is 160μm in length (L). Sensing
and reference arms have identical length Lm = 60 μm and
been separated by the distance D = 21 μm. The Y-splitter
is composed of S-shaped bent wires with bending radius
of 25μm (r0 = 25 μm). The length of slot waveguide l,
is 10μm with a width of 6.5μm (w = 6.5μm). Cytop
material [42] with refractive index very similar to pure water
is adopted to cover the proposed structure so as to prevent the
external disturbance. The geometric configuration of both arms
is identical so that a parallel-control trial can be carried on.
Instead of adding target molecules in the last step, PBS buffer
is flowed over the reference area. In this way, we can
exclude the background from biological materials throughout

TABLE I

BIOLOGICAL MATERIALS FLOWED OVER THE INTEGRATED MZI
IN A STANDARD IMMUNOASSAY

the immunoassay, including buffer molecules, probe molecules
and blocking molecules. All the biological materials with
optical parameters added in both arms of integrated MZI were
shown in table1.

B. Spectral Interrogation Sensitivity

Spectral interrogation sensitivity SM Z I either caused by bulk
index or thickness was defined and subsequently taken to
evaluate the performance of the device. For a typical MZI the
phase difference �� is generally expressed as [5]:

�� = 2π Lm

λ

(
nef f _s_i − ne f f _r_i

)
(i = T E, T M) (3)

where λ is the operating wavelength, nef f _s_i and ne f f _r_i

denoting effective refractive indices of the sensing and refer-
ence arms respectively.

For Eq.3, keeping �� as constant and taking partial differ-
entiation with respect to λ, we can get the expression:

∂

∂λ

[
1

λ

(
ne f f _s_i − nef f _r_i

)
]

= 0 (i = T E, T M) (4)

and works out to:

λ · ∂
(
ne f f _s_i − ne f f _r_i

)

∂λ
= nef f _s_i − ne f f _r_i (i = T E, T M) (5)

By introducing ∂ns to the left-hand side of Eq.5, we can
rewrite the above as:

λ · ∂
(
ne f f _s_i − ne f f _r_i

)

∂ns
· ∂ns

∂λ
= nef f _s_i − ne f f _r_i (i = T E, T M) (6)

Finally defining

SM Z I _n_i = ∂λ

∂ns

∣
∣
∣∣
a=const

= λ
∂(nef f _s_i −nef f _r_i)

∂ns

nef f _s_i − ne f f _r_i

∣
∣
∣
∣∣
∣
a=const

(i = T E, T M) (7)

where SM Z I _n_i is the spectral interrogation sensitivity caused
by bulk index over the sensing area, with adlayer thickness
remained. The term ∂(ne f f _s_i − ne f f _r_i )/∂ns is changes
∂(nef f _s_i − ne f f _r_i ) produced by the shift ∂ns , at operating
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Fig. 8. Spectral interrogation sensitivity SM Z I _n_i caused by ns with
a fixed, at 1.3μm operation wavelength, where (a) is for TE mode and
(b) for TM mode.

wavelength λ. The result was calculated and sketched in Fig. 8.
The proposed device is more sensitive to the shift in bulk index
with small value for a fixed biolayer thickness, according to the
gradient of fitting curve. Likewise, we can derive the spectral
interrogation sensitivity caused by adlayer thickness over the
sensing area, with ns fixed:

SM Z I _a_i = ∂λ

∂a

∣
∣∣
∣
ns=const

= λ
∂(ne f f _s_i −ne f f _r_i)

∂a

ne f f _s_i − nef f _r_i

∣
∣
∣
∣
∣∣
ns=const

(i = T E, T M) (8)

The result was computed and plotted in Fig. 9. As expected,
the spectral interrogation sensitivity to the thickness change is
largely enhanced, compared to the slot waveguide.

The integrated optics shows enhanced sensitivity with three
orders of magnitude compared to simple slot waveguide,
according to Fig. 6 and Fig. 8-9. The term SM Z I _n_i can
reach as high value as 25800nm/RIU for TE polarization and
22213nm/RIU for TM, compared with 83nm/RIU for TE mode
and 73nm/RIU for TM mode obtained from slot waveguide.
And SM Z I _a_i can arrive 230nm/nm for TE mode and
215nm/nm for TM mode, compared to 1.3nm/nm for TE polar-
ization and 1.28nm/nm for TM polarization with waveguide
only. With the spectral sensitivity, the detectable minimum
value of �ns are 3.88×10−6 RIU for TE mode and 4.5×10−6

RIU for TM mode and that of �a are 4.34 × 10−4nm for
TE mode and 4.6 × 10−3nm for TM mode. Thus, the min-
imum detectable signal response �nef f can be achieved
(�nef f _T E = 2.67 × 10−7 and �nef f _T M = 33.55 × 10−7).
It is corresponding to the mass coverage [43] of 0.176pg/mm2

for TE mode and 1.27pg/mm2 for TM mode.

Fig. 9. The dependence of SM Z I _n_i on ns with a fixed, at 1.3μm operation
wavelength, where (a) is for TE mode and (b) is for TM mode.

The output spectrums of a standard immunoassay are shown
schematically in Fig.10. Resonance wavelength λres increases
with the refractive indices of the covering solution (from coat-
ing solution to target molecule solution). With the process of
immunoassay, the indices of the elements in the sensing arm
will increase more than those in the reference arm, resulting
in red shift of wavelength. Moreover, numerical value of
red-shifted wavelength λres varies due to different influence
on the effective mode index over sensing arm of covering
materials, which is also in agreement with the results in Fig.5.
For instance, λres caused by coating solution is red shifted
4nm, while the resonant wavelengths induced by blocking
solution and target molecules are red shifted 6nm and 7nm
respectively, for TM polarization.

Last but not least, we have envisaged a CMOS-compatible
fabrication process of the designed device. The process can
start from a commercial SOI wafer. Alternatively the plasma
enhanced chemical vapor deposition (PECVD) technology is
used to deposit the SiO2 and alpha-Si thin film on Si sub-
strate. The photoresist thin film is formed on Si film and the
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Fig. 10. The dependence of resonance wavelength on transmissions
in the MZI sensor. The reference level is the transmission response of
PBS buffer. The red and green lines are measured results when the sensing area
is covered with coating solution and blocking solution. And the purple line
is the measured results when target molecules are introduced to the sensing
arm. (a) for TE mode and (b) for TM mode.

waveguide patterns are constructed using an E-beam lithog-
raphy so as to gaining high resolution. Then an extreme thin
aluminum (Al) film with 40nm is deposited on the sidewall
and top of the Si rib by sputtering process. This step could be
followed by the deposition of an Ag layer with 3μm thickness
on the sidewall and the top of the Al film by sputtering
process. Afterwards, the Al film is removed by selectively
etched to form the n-shaped slot. The patterned configuration
is constructed in both sensing and reference arms of MZI.
Cytop layer is employed to cover the designed structure so as
to avoid external interference. Finally, the sensor is coupled
to microfluidic module in two arms, which allows for sample
introduction and real-time monitoring.

IV. CONCLUSION

In this paper, we have theoretically designed the inte-
grated MZI biosensor for a standard immunoassay. A parallel-
control trial is carefully designed so that the interference
from biological materials throughout the immunoassay can
be removed. The spectral interrogation sensitivities of the
integrated optics, caused by bulk index and adlayer thickness,
are derived mathematically to evaluate the quality of biosensor.
The corresponding mass coverage is down to 0.176pg/mm2 for
TE mode and 1.27pg/mm2 for TM mode. Numerical analysis
shows that sensitivity of the integrated sensor is three orders
of magnitude larger than that of simple slot waveguide. Hence,
coupling the waveguide to MZI can significantly promote the
sensitivity in the detection. The resonance wavelengths shift
to the right (longer wavelengths) with different numerical
values, when infiltrated with higher refractive index solu-
tion. The novel device could be achieved by a simple and
CMOS-compatible fabrication process. The novel structure
proposed with the help of numerical and simulation analysis
lays a good basis for the follow up work. The proposed device
used in biochemical sensing experimentally has been planed
to carry out.
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