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A photonic crystal fiber based surface plasmon resonance (PCF-SPR) sensor is simulated by finite element method and
experimentally realized. The calculations show that there is an obvious loss peak in the vicinity of 1.2 m while the PCF of
LMA-8 is used as a sensor. The suspension of silver nanoparticle mixed with hexadecyl trimethyl ammonium bromide
(CTAB) is inhaled into the PCF to form a metal film which can be stimulated to generate plasmon in the experiment. A
spectrometer is utilized to detect the continuous broadband transmission spectrum from the PCF. The experimental results
verify the loss peak. Compared with the theoretical calculations, the offset of loss peak about 40 nm can be acceptable,
because the uniformity of the metal coating is difficult to guarantee and the film thickness is difficult to control.
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Surface plasmon is extremely sensitive to the variation of
the surrounding dielectric medium while it propagates at the
metal-dielectric interface, so surface plasmon resonance
(SPR) has been widely implemented in sensing fields[1].
Especially, optical fiber based SPR sensor has important
applications in chemical, biological, medical researches, etc[2-5].
Recently, a new type of photonic crystal fiber (PCF) pro-
vided a guideline for the new sensors. The design of PCF is
flexible, because the transmission of light could be controlled
by changing the array of the air-holes. A. Hassani and M.
Skorobogatiy[6,7] firstly introduced the concept of PCF-SPR
sensor. They analyzed the design principles of two different
PCF structures with gold coating for biosensing applications
in detail. But most researches on the PCF-SPR sensor are
still on theoretical stage so far, because there are difficulties
on manufacturing designed PCF, coating metal nanofilm,
microfluidic infiltration in micro core hole of PCF, achie-
ving continuous broadband coherent light source, and so on.

In this paper, the PCF-SPR sensor with metal coating is
theoretically simulated and experimentally realized. We con-
duct experiments with PCF of LMA-8 produced by the NKT

Photonics. A bromine tungsten lamp is selected as the light
source, and the continuous broadband fiber-coupled output
can be achieved. A spectrometer is used for detecting the
continuous broadband spectrum of light.

A field emission scanning electron microscopy (SEM) of
S-4800 produced by Hitachi Ltd. is used, and the cross sec-
tion of LMA-8 is shown in Fig.1. The cladding consists of
seven layers of air-holes, and the air-holes in the seventh layer
are incomplete and can be seen as the supplement of the sixth
one. The pitch of the underlying hexagonal lattice is = 5.6
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Fig.1 SEM image of LMA-8
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Fig.2 Typical measured spectral attenuation of LMA-8

As a PCF-SPR sensor, the most crucial requirement is
the phase matching between the plasmon mode and the core-
guided mode. The effective refractive index of the plasmon
mode is mainly determined by the adjacent analyte, the coa-
ting metal and so on. We know that aqueous solution (na 1.33)
is the most common analyte. On the other hand, SPR involves
the resonant excitation of plasmon or electromagnetic waves
coupled with collective oscillations of free electrons in metal.
So the choice of the metal medium is extremely important.
Gold and silver are the most commonly used SPR metal films
in the visible range[8,9]. Gold is widely used as the coating
material for its excellent stable characteristics. The dielec-
tric constant of gold is given by the Drude model which gives
a good fitting to the measurement results in Ref.[10]. Al-
though the silver film is less stable, it is also widely used as
SPR metal film due to its high reflectivity and measurement
sensitivity. Unfortunately, the existing models can not accu-
rately describe the dielectric constant of silver[8,9,11], so we
select the experimental results of Palik[12] as the refractive
index of silver in simulation. The effective refractive index
of a core-guided mode is close to that of a core material.
Usually, the background material of fiber is assumed to be silica
glass (nc 1.45). Accurately, the refractive index of the fi-
ber is given by the Sellmeier dispersion relation[13]. In this

paper, the complex propagation constants of electromagnetic
mode of the sensor are investigated numerically by a full
vector finite element method (FEM) with perfectly matched
layer (PML) boundaries. It can be assumed that the metal
film in PCF is uniform, and all the air-holes are coated. In order
to simplify the calculation, the holes shown as channels for
analyte infiltration are coated with 100 nm-thick layer of
metal.

In Fig.3, we present the effective refractive indices of a
core-guided mode of LMA-8 with and without metal coating.
An overall decrease in the effective refractive indices of a
core-guided mode is observed for coating silver or gold with
lower refractive index. The curve of effective refractive in-
dex of a core-guided mode coated with gold is smoother than
that coated with silver. The fact is easy to rationalize by no-
ting that the refractive index of gold is idealized, and that of
silver is undulating, which is obtained from experiments. Both
of the curves have a significant undulance in the vicinity of
1.2 m. That means the phase matching between the plas-
mon mode and core-guided mode occurs, and the surface
plasmon is strongly stimulated at the metal-dielectric
interface.

Fig.3 Dispersion characteristics of a core-guided mode
of LMA-8 with and without metal coating

Dramatically, most energy transmits in the core area of
the PCF, a part of the energy penetrates into the metal to excite
the plasmon mode, and the energy of the core-guided mode
is dissipated. It is assumed that the most loss of the core-
guided mode is due to the excitation of the plasmon mode.
We need to calculate the loss of the core-guided mode to de-
termine the intensity of the excited plasmon mode. The loss
of the core-guided mode, which is in proportion to the imagi-
nary part of the effective refractive index (Im (neff)), can be
defined as:

(dB/m) = 40 Im(neff)/(ln(10 )) ,                              (1)

m, the diameter of the cladding air-holes is d = 2.576 m,
the cladding diameter is 125 m, and the core diameter is
about 8.5 m.

Obviously, LMA-8 has a standard outer diameter of 125
m which is compatible with all common fiber tools, so the

PCF is available with hermetically sealed ends and FC/PC
connectors.

A typical measured spectral attenuation of LMA-8 is
shown in Fig.2. We can see that LMA-8 is optimized to exhibit
the low loss in the widest possible range from 600 nm to
above 1600 nm. So LMA-8 is suitable for the transmission
of the broadband light in a large range.
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where  is in meters.
In Fig.4, we show the changes in the loss spectra of the

plasmon peaks when LMA-8 is coated with different metals.
Generally, modal propagation loss is similar when the PCFs
are coated with silver or gold, and simultaneously, both of
the loss spectra have a strong resonance peak in the vicinity
of 1.2 m, which are consistent with that in Fig.3. It can be
concluded that LMA-8 is suitable for sensing after being
coated with silver or gold. On the other hand, it can be no-
ticed that the PCF coated with silver has another two obvi-
ous resonance peaks in the vicinity of 1.28 m and 1.65 m,
which is because the silver has intrinsic absorption at the
two wavelengths[12].

Fig.4 Loss spectra of a core-guided mode of LMA-8 coated
with silver and gold, respectively

The schematic diagram of the experimental setup is shown
in Fig.5. A bromine tungsten lamp of LSH-T150 can supply
an ideal continuous broadband light during 250 2700 nm.
The tungsten lamp regarded as a point source has a strong
divergence, so a back reflector is used to improve the effi-
ciency of the energy. A convex lens with a focal length of
150 mm is used to couple the broadband light into the
SMA905 multimode fiber. The multimode fiber is connected
with LMA-8 by a fiber connector.

Fig.5 Schematic diagram of PCF-SPR sensor experimental
system

All air-holes of LMA-8 are coated with silver in the
experiment. The silver film is deposited by inhaling freshly
prepared Ag solution into the array holes in PCF with a
vacuum pump under the lower pressure. It is well known that
Ag(NH3)

+-glucose mixed solution used for silver mirror re-
action is not stable, so we directly select the suspension of

silver nanoparticle to penetrate into the PCF. The diameter
of the silver nanoparticle is 20 nm. Because the PCF-SPR
sensor needs no sample purification, the surfactant of
hexadecyl trimethyl ammonium bromide (CTAB) can be
mixed into the suspension of silver nanoparticle, so the sus-
pension is stable and can be placed for a long time without
precipitation. The method can be used for inhaling the par-
ticle of silver for a long time, and especially suitable for LMA-8
with a small air-hole diameter.

 The spectrometer of Agilent 86142B is used for detec-
ting the transmission continuous broadband spectrum of light.
Fig.6 shows the SPR spectrum of the PCF-SPR sensor.

Fig.6 Transmission spectrum of the PCF-SPR sensor

It can be seen from Fig.6 that the effect of the SPR is ob-
vious. The wave bottom of the SPR spectrum, namely the
resonance wavelength, appears between 1230 nm and 1270
nm. Compared with the theoretical calculations, the offset of
loss peak about 40 nm can be mainly attributed to the diffe-
rence between assumption and reality about the uniformity
and the thickness of the silver film. The resonance wave-
length can shift when the thickness of metal film changes[6-9].

In this paper, a PCF-SPR sensor is theoretically simu-
lated and experimentally realized. The calculations show that
there is an obvious loss peak in the vicinity of 1.2 m while
the PCF of LMA-8 is selected as a sensor. The phase ma-
tching between the plasmon mode and core-guided mode is
achieved, and the surface plasmon is strongly stimulated at
the metal-analyte interface at this moment. The suspension
of silver nanoparticle mixed with CTAB is inhaled into the
PCF to form a metal film which can be stimulated to gene-
rate plasmon in the experiment. A continuous broadband light
source can be realized by a bromine tungsten lamp which
can be detected after PCF by a spectrometer. The experi-
mental results verify that the loss peak shows the offset of
about 40 nm. The key point of the PCF-SPR sensor is due to
the metal coating. More accurate measurement depends on
the uniformity and the thickness control of the metal film.
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Currently, high pressure chemical deposition technique has
been demonstrated to coat the uniform holes surface of a PCF
with a variety of materials[14]. We believe the PCF-SPR sensor
will be used in practice in the near future.


