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Abstract: In this paper, we propose and analyze a fractal structure-based biosensor in a silicon-on-insulator (SOI)
platform. Fractal architecture is a novel structure in order to use in biosensor design. The suggested biosensor offers
potential for real time detection of biomolecule interactions the specific targets in the analyte because of having the
sensitivity toward surface binding events. In biosensor based on fractal structure, sensitivity and notch deep are
developed in comparison with a lone disk. An SOI optical fractal consisted of uniformly distributed disks with
radius of 0.1 micron meter is capable of detecting bulk refractive index changes of 107%. Its sensitivity demonstrated
to this refractive index change is 400nm/RIU and 17x10*dB/RIU.
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1. Introduction

L L A
In 21th century, integrated optical devices
for sensing the biomolecules have pursued with m—p m—> Measurable signal
interest for applications in many areas such as Y .
bacterial and virus detection, medical diagnostics, ‘Bloreceptor

food and environmental control [1]. A biosensor @ Targetanalyte
detects a biomolecule such as specific DNA, protein,
bacterial and  virus.  Biosensor  transmutes
biorecognition event into a measurable signal. It
consists of two ingredients [2]: a biorecptor; it is a
biomolecule that incorporates with target molecule so
bioreceptor can identify target molecule, and another
part is transducer that turns biorecognition event into
a measurable signal. Figure 1 shows the components
of a label-free biosensor. Some biosensors require a
label attached to the target such as
radioactive/fluorescent labels similar to traditional
biosensors. They usually employ a label attached to
target such as fluorescent dyes that labeling
biomolecules can strongly alter their binding
properties, and the yield of the target-label coupling
reaction is highly variable [3]. This subject is
problematic for some sensors especially protein
targets [3]. New biosensors that are planar integrated
label-free  optical biosensors have attracted
considerable attention; Because of label-free
biosensors get rid of the dependence on the inter-
reaction between target molecules and label materials

Figure 1. Schematic of a label-free biosensor

that propels to inadequate reliability and complicated
operation [4].

Recently for optical label-free biosensors
there are some different approaches such as surface
plasmon resonance [5, 6, 7], interferometer [8, 9],
optical fiber [10, 11], photonic crystal [12, 13],
optical micro resonator [14, 15, 16-31] and fractal
structures based biosensors [32-33].

Optical sensors in silicon-on-insulator (SOI)
offer sensitive and cheap sensors [34]. SOI provides
low detection limit and high refractive index for the
fabrication of high quality sensors. Silicon
waveguides can increase the sensitivity of label-free
biosensors based on refractive index measurement
[35].

One of the main demands for biosensors is
high sensitivity. In last decade micro resonators
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based optical biosensors have become popular for
having potential of offering high sensitivity with a
high quality Q factor [36] and very small size as
compared to others [37-39]. On the other hand, using
fractal architectures in manufacturing artificial
materials has attracted considerable attention due to
their new application potential [40]. Fractal structure
can increase resonance at optical frequencies that
creates high sensitivity and Q factor in sensors. For
example, A. Yalcin et al, showed a vertically
coupled glass microring resonator biosensor that
introduced with Q factor of 12000 and the structure
of sensor was similar to fractal structure [33].

More reducing size with high sensitivity
would still be wanted to have optical label-free
biosensor despite high sensitivity biosensors have
been supplied in recent years. In this work, we
propose a new optical biosensor based on silicon- on-
insulator micro resonators in format of fractal
structure. This new structure can provide an
enhanced notch depth in resonance wavelength and
finally detection with high sensitivity at real time.

2. Proposed structure and simulation result

In this paper, the optical biosensor is offered
based on fractal structure. Collection of optical micro
disk resonators constitutes the proposed structure.
Figure 2 shows structure of proposed biosensor with
radius of disks equal to 0.1pum. This sensor has been
designed on silicon- on- insulator platform.

Figure. 2. Structure of suggested sensor

There are several parameters such as air gap
between fractal structure (FS) and bus waveguide and
width (W) of bus waveguide. We have shown air gap
between FS and bus waveguide by “a”, above
parameters adjustment is very effective on biosensor

=

reply. Indeed, the right choice of them increases
sensitivity in this biosensor. Optimization causes to
sensitivity increasing. We displayed finite difference
time domain (FDTD) for achieving optimization
sizes of these parameters therefore size of them are
carefully optimized the by numerical simulations that
charts of them are shown in Figure 3. The
transmission notch depth is studied for several widths
of waveguides and several air gaps between bus and
FS. Figure 3 shows that a = 0.5pum and w = 0.24pum
increases notch deep and sensitivity of biosensor.

By applying these optimized measurements
in design of this biosensor, output of proposed
structure shows good reply for yield of this biosensor.
A typical output spectrum of suggested biosensor is
shown in Figure 4. The free spectral range (SPR) of
the devices is approximately 3.82 nm and on
resonance wavelength has notch deep of -62.6 dB.
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Figure. 3. Results of optimization in width of bus
waveguide (a), size of air gap between bus and fractal
structure (b),
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Figure. 4. Sharp response and FSR are shown in
fractal structure

Response of this sensor is calculated for
bulk change in refractive index. We compared the
resonance wavelength of the cavity covered by
special target that created effective index change 10,
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before and after binding the target to surface of the
fractal sensor. The alternation of the resonance
wavelength is shown in Figure 5.
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Figure. 5. Alternations of transmission with change
effective index 10

Not only effective index changes affects on
wavelength, but also on notch deep. By changing
notch deep or power, sensitivity can be measured via
another way.

3. Conclusion

Fractal structures are relatively new
concepts that used in many different fields of science.
In this work, we proposed an optical label-free
biosensor based on Silicon -on- Insulator fractal
structure. The realization of structures resonant at
optical frequencies needs the design of some
configurations with circular architecture. Because of
this biosensor has consisted of micro resonators in
form of fractal structure. Its high sensitivity and its
small size — footprint external radius of 3 um — allow
this device to sense low amounts of analyte. The
simulations based on finite difference time domain
(FDTD) method have shown a transmission notch
depth of -62.6dB for sensor at rest mood also 0.04
nm resonance shift has been obtained as a refractive
index change of 10-* in optimized structure.
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