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Abstract- Technologies have been developed based on silicon
chips that use a thin silicon dioxide film to form a common path
on chip interferometer "'?. The advantage of silicon chip
interferometric techniques is that the glass surface chemistries
developed for the well-established fluorescent microarrays may
be used. In this paper, we have presented the analysis of
interferometer consisting of a thin layer of gold embedded in a
silicon membrane. By using FullWAVE tool from R-Soft®. From
the results it is clear that interferometer consisting of a thin layer
of gold embedded in a silicon membrane is highly sensitive at
resonant wavelength range 1.615pm-1.625um.
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1. Introduction

Using interference as a means to detect refractive index
changes is not new, and integrated sensors using this
principle have been realized in low-index """ and high-
index material systems %!, Their working principle is based
on the fact that refractive index variations induce a phase-
shift in one of the arms of the Mach-Zehnder
interferometer (MZI), this phase-shift results in an
intensity variation in the output waveguide.

Io[1+V cos(A@)]........ @)

Where A@ = (@, — @, )is the phase shift between guided

modes in the sensing arm and the reference arm. The
visibility factor (V) gives the contrast between the
maximum and the minimum transmitted intensity and
depends on the coupling factor of the divisor and the
propagation losses of guided modes in the interferometer
arms. The same principles can be applied to a surface
plasmon interferometer. Design of our de vice is depicted
in Fig. 1. The interferometer consists of a gold layer
(refractive index taken from ') embedded into the silicon
membrane (n=3.45) on top of a supporting silica layer
(n=1.45).

Figl. Surface plasmon interferometer consisting of a thin layer of gold
embedded in the silicon membrane

The high degree of asymmetry associated with the gold
layer (top interfacencc1.33, bottom interface=3.45) assures
that the surface plasmon modes associated with the upper
and lower of the metal-dielectric interfaces will never be
able to couple, their wave vectors differ too much. So the
gold layer possesses two distinct surface-plasmon modes
which propagate through the structure without influencing
each-other. Exciting these modes is done by end-fire
coupling from a regular SOI waveguide with the
transverse-magnetic ground mode ' *'. At the end of the
gold layer both surface plasmon mode excite the ground
mode of the SOI waveguide, depending on the relative
phase of the surface plasmon modes their contributions to
the ground mode will interfere constructively or
destructively.

2. Surface Plasmon Resonance

The use of surface plasmon resonance (SPR) for biological
and chemical sensing is well established [6]. The high
sensitivity of this technique to surface phenomena makes it
ideal for use in real-time and label-free biosensors where
very small changes in refractive index must be detected. In
the past decade, several integrated optical SPR sensors
have been demonstrated "> * **?! in which thin gold films
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serving as a plat-form for the attachment of sensing films
are deposited on top of an integrated optical waveguide

system. In this paper, we analyze the interferometer
consisting of a thin layer of gold embedded in the silicon
membrane. We define a set of design parameters that
allow tuning the operation of our sensor to a desired
wavelength range and or to a desired range of analyte
refractive indices.

3. FulWAVE (R-Soft)

Simulation is done by wusing FullWAVE R-Soft.
FullWAVE uses the finite difference time domain (FDTD)
algorithm. The simulation domain has been chosen to
include the gold plate, as well as some of the SOI
waveguide on the top and bottom of the plate. It also
includes part of the device above and below the gold plate
so that the extents of the two plasmon modes are included.
Two physical parameters are required in order to perform a
FullWAVE simulation: the material parameters, including
the relative permittivity &(r,) and relative permeability
W(r,m) as a function of space and/or frequency, and the
electromagnetic field excitation. In order to use the FDTD
algorithm to study the propagation of light fields in a
structure, the material parameters must be specified.
FullWAVE utilizes the following formulas to specify the
material properties of a waveguide.

where P and M are the polarization and magnetization can
be, dispersive, non-linear, and anisotropic. Material profile
has been calculated for Gold (Au) in Fig2.
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Fig2. Contour Map of material profile along Z-direction

Material dispersion, or the change of refractive index as a
function of wavelength also shown in below Fig3.
Operating wavelength in the range of 1.50p-1.60um.
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Fig3.2Referactive index of Au (Real & Imag)Vs Wavelength

Above Fig3.1-3.2 shows the dispersion relation. An initial
launch condition ¢L at time t=0 is needed, as well as a
driving function in time. This consists of both a spatial and
temporal excitation, such as,

@, (r,t) = f(1r,)g(t)......... 4)

where f(r,) is the spatial excitation at the launch plane and
g(t) is the temporal excitation. A field source has been
consided as gausian along a plane in the simulation
domain. Surface plasmon effect can be seen on the top of
the gold (Au) plate.
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Fig4. Contour Map of the Hy component are shown. The plasmon modes
are clearly seen on both sides of the gold plate

where test analytes are attached to the gold plate which is
(Test_Analytes=1.3) shown in Figd. The boundary
conditions at the spatial edges of the computational
domain is the perfectly matched layer (PML), in which
both electric and magnetic conductivities are introduced in
such a way that the wave impedance remains constant,
absorbing the energy without inducing reflections. In
Fig5, the intensity enhancement is depicted as a function
of the angle of incidence of incoming light for a number of
different thicknesses of a gold layer.

Output Power Vs Thickness of Au

7
Thickness of Au=0.076 um

0.018 94 '\
4 W
= \\\ Thickness of Auz0.078 um
] N /
N /
—_ 0.018 B \\ Thickness ofAu=0.08 um
E] AN Vi
s 1 \ /.
5 4 AN Thickn of Au=0.082 um
g 0.014 7 \\ //
a N
R /
5 0.012 B\
(e] ] N
N //
- N G
4 \\ 4
N\
0.010 4 AN //
4 \\/
1T
1.57 1.58 1.59 160

Wavelength (um)

Fig5. Output power Vs Thickness of Au at the resonance wavelength
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Fig6. correlation between the test refractive index and the output power
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Above Fig6. shows how the quantity of the material to be
measured changes the refractive index can be used to
correlate the output power to the quantity to be measured.
In Fig6. Simulation has been done using various various
referactive index.

4. Application of Silicon Chip

Development of label-free biosensors that can
simultaneously monitor multiple molecular interactions is
of great interest to biomedical research and clinical
applications. Detection of DNA-DNA, DNA-protein, and
antibody—antigen interactions has been established using
fluorescent microarrays.

5. Conclusion

Test analyte is added to the gold (Au) layer. Observation
has been made out that the increment in the thickness of
gold (Au), decreases the magnetic intensity amplitude. So,
the incident light will have less power to simulate the
thickness of gold layer to produce the surface plasmon
resonance effect. Also observation has been made out that
difference in the test analyte refractive index of normal
cell and cancerous cell relatively changes in the output
power wherein the received output power for normal cell
is 0.0195 and for cancerous cell is 0.0165. It has been
observed that for the wavelength 1.615um, there is distinct
shift in the output power. So it can be concluded that
sensitivity of sensor in the wavelength range 1.615pm-
1.625um is very high.
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