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ABSTRACT

The combination of photonic crystal fiber and surface enhanced Raman scattering sensor conmstructs photonic
crystal fiber surface enhanced Raman scattering sensor, and this novel sensor has been given broad attention. The
performance of this sensor will be affected by photonic crystal fiber’s structure, substrates of surface enhanced
Raman scattering and so on. To develop photonic crystal fiber surface enhanced Raman scattering sensor’s huge
action, the novel structure of solid core photonic crystal fiber was designed. On the base of ensuring fundamental
transmission, increasing mode area is the most important. By numeral simulation, the designed solid core photonic
crystal fiber has large mode area relative to other structures solid core photonic crystal fiber. So this structure
photonic crystal fiber can ensure better surface enhanced Raman scattering performance
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INTRODUCTION

It is well known that the development of low-loss optical fibers has greatly revolutionized the nature of
optoelectronics owing to its various distinguished characteristics, including weak requirements for optical alignment,
avoidance of free space laser beams, multiplexing, distributed sensing capabilities, and applicability for
measurement applications in cramped, remote, and hazardous environments[1]. With the development of SERS,
more and more scientists has tried to combined SERS and fiber sensor, namely fiber SERS sensor, and applied in
chemistry and bios inspection [2-4]. This sensor has characteristics such as special molecule Raman scattering
spectrum, huge SERS enhancement factor, and flexibility. The exciting light intensity and particles involved in
SERS activity are dominant performance factors of SERS fiber sensor. To improve the performance, all kinds of
different structure fiber such as tip-top fiber [4], D-fiber [S] was utilized as SERS inspection platform, but these
fibers have not conquered the above two factors’ confinement completely. While the air hole of PCF can provide
large internal surface area for SERS effect, so PCF has been utilized as SERS platform to increase SERS action area,
that is SERS PCF sensor.

The performance of this sensor will be affected by PCF’s structure, substrates of SERS and so on. To improve it’s
performance, this paper proposed a novel solid core PCF, and gave the simulation result by finite element method.
The result indicated that this kind of solid core PCF has large mode area, so can improve SERS PCF sensor
performance remarkably.

SERS EFFECT

SERS effect was first discovered by Jeanmaire[6] and Van Duyne[7] in 1977. Their result indicated that average
Raman scattering section of each adsorbed pyridine molecule in rough silver electrode has an enhancement factor of
106 while the surface active area of rough silver electrode just increases by 10 times. This remarkable phenomenon
is called SERS effect.

It is believed that three major mechanisms are responsible for SERS [8,9]: (a). Electro-magnetic enhancement
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resulting from highly localized electro-magnetic fields in Plasmon resonance induced quasimetallic nanostructures.
(b). chemical enhancement owing to the Raman molecules as the substrate, which leads to an increasing scattering
cross section. (¢). Geometrical enhancement as a result of the increase of surface area.

As to the main (a), (b) enhanced mechanisms, Kneipp K, et al[10] drew a conclusion that the intensity of SERS
could be described as the following equation:
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where I(v,) is the intensity of incident light, N " is the number of active Raman molecules adsorbed by the

enhanced substrates is the scattering ~ cross-section of chemical enhancement, A4(v,) and A(vg.) are

> O-adsarbed
the enhanced field amplitudes of incident light and scattering light, respectively.

Raman enhancement originates from enhanced electromagnetic fields localized at the metallic surface. The Stokes
Raman signal is in proportion to the square of the intensity of local electromagnetic field, the surface area and the
Raman scattering cross section. The number of Stokes photons per second can be written as[11]
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where, O'asds is the Stokes-Raman cross section of the adsorbed molecule, A/A0 is the ratio of the area of the
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electromagnetic enhancement factor, which results from the enhancement of the Raman radiation in a
two-step-process: Firstly, the excitation of Raman-active molecules is in proportion to the square of the local electric

field |E

step, the emitted Raman radiation is enhanced by the metal particle resonance which is in proportion to the local

describes the

structured surface to the area of the unstructured surface and
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(a)l)| / |E0 (a)l)| at the incident frequency which can be very high on metallic surface. In the second
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electric field at the Raman light frequency|Eluc (g )| / |E0 (y )| . In most cases, the frequency of the Raman
scattered light is close to that of the incident radiation so that the electromagnetic enhancement factor can be
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expressed as |E o

Hence, to calculate the enhancement factor GSERS, taking into account the electromagnetic and geometric
enhancement, the fourth power of the E-field amplitude is integrated and normalized over an unstructured surface.
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This is an averaged enhancement factor assuming that the scattering molecules are distributed homogeneously over
the substrate surface for most sensing applications.

In addition to the enhancement induced by the excitation of plasmonic dipoles, another mechanism based on an
electrochemical process also contributes to the overall SERS intensity[23]. This mechanism relies on the fact that
due to the charge transfer intermediate effect. The electron state of a molecule adsorbed on a metal surface will
change accordingly. The new electron states act as resonant intermediates for the Raman radiation in a process is
equivalent to Resonant Raman (RR) scattering.
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SERS light has normally 6 to 11 orders of magnitude larger than Spontaneous Raman scattering light [23], which
can be obtained by introducing closely packed nanoparticle ensembles such as fractals. In addition, it has been
recently demonstrated that SERS offers exceptional sensitivity down to single molecule detection [24].

SERS PCF SENSOR

Optical fiber SERS sensors have advantages of high sensitivity, interference-immunity, simple geometry, flectional
light path and little analyte dependence, which ensures their potentiality in biochemical applications. Moreover,
optical fiber SERS sensors lend themselves to single-ended measurement geometries, which are particularly
attractive for minimally intrusive monitoring, such as in vivo biosensor and biomedical applications. Nowadays,
metal nanoparticles has been utilized and developed widely as novel optics, electrics and magnetics material [12,13].
The successful development of PCF made PCF combined with SERS sensor, formed novel sensor-SERS PCF sensor,
and has been applied in chemistry, bios and circumstance inspection. The performance of SERS PCF sensor is
determined by PCF structure, SERS substrates and so on, especially by PCF structure.

However, the confinement of preparation condition causes all kinds of bottlenecks in application. As a result, the
numeral simulation on SERS PCF sensor’s performance would be extremely valuable. Especially the numeral
simulation is most instructive to prepare PCF. The numeral simulation on PCF was based on finite element method.
To improve performance of SERS PCF sensor, the novel solid core PCF was designed by finite element method.

SIMULATED MODELING

Solid core PCF is utilized to design SERS sensor, evanescent wave interacts with analytes involved in cladding air
holes, so as to generate SERS signals. But solid core PCF SERS sensor has low sensitivity because mode area
cannot interact with analytes adequately. It is highly important to design a novel solid core PCF to increase the
action area between evanescent wave and analytes[14-17]. By theoretical analysis, increase mode area can meet this
requirement. Besides, fundamental mode transmission at specific wavelength must be considered. The designed PCF
must transmit exciting light as fundamental mode and has large mode area.

Based on this, a solid core PCF added six asymmetrically arranged between core and cladding air holes. The
structure was displayed in Fig.1.

Fig.1: The structure of designed solid core PCF

This PCF was designed on the base of refractive index guided mode theory, so can utilize traditional numeral
simulation to describe it. The six large air holes added between core and cladding air holes is better for filling
analytes and metal nanoparticles, so can improve time response.

The design of this PCF was carried on in RF Module. The concrete parameters are as follows:

rzlﬂm’A=3m’rlarge zllﬂm’Kvmallzlm’dzllﬂm’

NUMERAL SIMULATION

In this paper, the complex propagation constants of electromagnetic mode of the fiber sensor are investigated
numerically via finite element method (FEM) with perfectly matched layer (PML) boundaries. When incident
wavelength is 0.75  m, the power flow distribution of the sensor is presented as Fig. 2.

1428



Zhigang Di J. Chem. Pharm. Res., 2014, 6(5):1426-1430

Fig.2: Electric field pattern of designed PCF

Dramatically, with the help of the auxiliary dielectric layer, most energy is transmitted in the core area of the PCF
and only a part of the energy is leakaged from the auxiliary dielectric layer to metal/dielectric interface to excite the
SERS signal. The effective index n.g is one of the most parameters, and it will change with transmission constant f,
shown as formula (4)

_P_B
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As for the designed PCF, n,, =1.447727.

The PCF structure determines effective mode area (Aeff ) , especially hole pitch and radius of cladding air holes and

are decisive factors. As for PCF, A4 o Can be calculated as formula (5)
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As a result, Aeff can be calculated by the electric field distribution. And the integral function of post-processing can
fulfill this job. To achieve better sensor performance, Aeﬁr were calculated and compared for different 7/ A =

0.2~0.4 and exciting wavelength A =0.45 ~ 0.8 m , the result was shown in Fig.3.
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Fig.3: Acr VS exciting wavelength for different
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CONCLUSION

Fig.3 indicated that Aeff varies directly with exciting wavelength for same 7/A , and Az of 7/A=03333is

more than other 7/ A for the same exciting wavelength, when exciting wavelength is 750 nm, A= 25.6 pmz. As
a result, the designed PCF can excite more SERS signals.

This paper elaborated the influence of PCF structure on PCF SERS sensor performance. In order to improve the
sensor’s performance, the designed PCF must transmit exciting light as fundamental mode and has large mode area.
Consequently, the PCF in which six large air holes were added between the core and cladding air holes was designed
on the base of refractive index guided mode theory. Through numeral simulation of FEM, the designed PCF could
transmit exciting light as fundamental mode at specific wavelength. Besides, this PCF has large mode area A =
25.6 um®. More important, the designed PCF has six large air holes, which is better for filling analytes and metal
nanoparticles, so can improve time response.
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