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A high-sensitivity metal-coated long-period fiber grating (LPFG) sensor based on material dispersion is designed. Based on
the coupled mode theory, the influence of the material dispersion on the dual-peak characteristics of the metal-coated LPFG
is studied. After considering the material dispersion, the jumping region of the dual-resonant-wavelength shifts toward the
thinner film thickness, and the sensitivity of the dual-peak metal-coated LPFG sensor to liquid refractive index (RI) can be
obtained to supply accurate parameter combinations. Experimentally, two kinds of silver-coated LPFGs with different film
thicknesses and grating periods are fabricated to monitor the salt solution, and the sensitivities of these two sensors are
compared. The experimental results are consistent with the theoretical analyses.
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The long-period fiber grating (LPFG) has a wide range of
applications in optical communications and sensing systems,
such as band rejection filters[1] and liquid level measurements[2].
In recent years, the sensor based on the LPFG coated with
the noble metal nano-layers, such as gold and silver, has rapidly
emerged as an excellent refractive index (RI) sensor for
chemical and biological sensing[3,4]. These LPFG sensors have
considerable advantages, including the extraordinary opti-
cal properties (e.g., absorbance) of gold colloidal nano-par-
ticles[5] and an enhancement of chemical sensitivity[6-8]. Huai
Wei et al[9] investigated the influence of metal layer on the
transmission spectrum of metal-coated LPFG based on vec-
tor analysis, and found that the experimental results agree
well with the theoretical analyses. Mitsuhiro Iga et al[10] re-
ported the effect of gold film thickness on the sensitivity of
gold-coated optical fiber sensor. The sensitivity can be opti-
mized by controlling the thickness of gold film. Furthermore,
in Refs.[9,10], the experimental transmission spectra accord
with the theoretical analyses, but there exists deviation in the
resonant wavelength, which is probably due to the model
error and the approximation. In our opinion, the influence of
the material dispersion is also an important factor.

In addition, Tang et al[11] presented an RI LPFG sensor coated

with Au film for label-free detection of bio-molecular, and
pointed out that the sensitivity of the sensors is low, which
can be enhanced by the optimization of some key parameters.
A. Iadicicco et al[12] reported an LPFG coated with nano-
scale gold, and discovered that the LPFG sensor can exhibit
a shielding effect for the specific surrounding RI (SRI) rang-
ing from 1.32 to 1.40, which indicated that this sensor is in-
sensitive to the SRI. The sensitivity of the coated LPFG
sensor is closely related to the film thickness and grating
parameters, so the influence of the material dispersion can
not be neglected in the design of high-sensitivity metal-coated
LPFG sensor.

In this paper, the influence of the material dispersion on
the resonant characteristics of the metal-coated LPFG is ana-
lyzed based on the coupled mode theory. Before and after
considering the material dispersion, the jumping region of
the resonant wavelength to the metal film thickness is in-
vestigated. Then the sensitivity for SRI is discussed based
on material dispersion. In the experiment, two silver-coated
LPFG sensors with different film thicknesses and grating
periods are prepared, and their responses to the salt solution
are observed. The experimental results indicate that it is nece-
ssary to consider the influence of material dispersion in the
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optimization design of high-sensitivity metal-coated LPFG
sensor.

Fig.1 shows the structural diagram of the metal-coated
LPFG with four layers. The metal material is silver. The re-
fractive indices of fiber core, cladding, silver film and sur-
rounding medium are n1, n2, n3, n4, respectively. a1, a2 and a3

represent the radii of fiber core, cladding and silver film,
respectively. n1, n2 and n3 are 1.4682, 1.4628 and 0.469+
9.32i at the wavelength of 1550 nm, respectively. a1 and a2

are 4.15 m and 62.5 m. The thickness of silver film h3 is
50 nm. The length of the grating is 1 cm. The grating period
is . The modulation is   with the amplitude of 10-4.

Fig.1 Schematic diagram of the metal-coated LPFG with
four layers

The dual resonant wavelengths can be determined by[13]:

where neff,co( ) and neff,cl( ) are the effective refractive indices
of the core fundamental mode and the th cladding mode,
respectively. is the resonant wavelength corresponding to
the th cladding mode.

Due to the single mode fiber uses conventional GeO2-
doped SiO2 as core and pure SiO2 as cladding, the refractive
index of the core is 0.0050 0.0055, which is higher than that
of the cladding[14]. When the wavelength changes from 0.2

m to 4.0 m, the approximate calculation of the refractive
index of the cladding is expressed as[15]:

Fig.2 Transmission spectra of the EH1, 10 cladding mode
under different SRI values

The refractive index of fiber core increases by  after
UV irradiation, and the approximate calculation of the re-
fractive index of core is expressed as:

,3,2,1,)()( cleff,coeff, nn                                                                     ,                     (1)

n
3
( ) = 1.6578 1011 2 +9.430 105 0.57721 ,       (4)

3( ) = 2.9670 1011 2 3.0830 1011 +7.2079 .        (5)

In Fig.2, it is evident that the dual resonance peaks shift
in opposite directions with the increase of SRI, no matter the
material dispersion is considered or not. Without regarding
the material dispersion, the interval of dual resonance peaks
changes from 460 nm to 510 nm with the increase of SRI
from 1.33 to 1.36. The change of the dual resonance peak
interval is 50 nm. While considering the material dispersion,
under the same variation of the SRI, the change of the dual
resonance peak interval is 43 nm. Therefore, the material
dispersion has relatively obvious influence on the transmi-
ssion characteristics of metal-coated LPFG.

Ref.[17] pointed out there is a jumping region of the reso-
nant wavelength to the thin film thickness, in which the reso-
nant wavelength disappears and there is abnormal phenom-
enon in the transmission spectrum. Fig.3 shows the trans-
mission spectrum of the EH1,10 cladding mode before and
after considering the material dispersion when the grating
period is 177 m and the metal film thickness is 101 nm. The
transmission spectrum becomes abnormal while considering
the material dispersion.

According to the discrete data[16], the approximate calcu-
lation equations of the refractive index and extinction coeffi-
cient of silver are derived through least squares fitting method,
respectively:

      n1= n2+ 0.0052 + .                                                    (3)

                                              .                                           (2)
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Fig.3 Transmission spectra of the EH1, 10 cladding mode
around the jumping region

Fig.4 shows the dependence of the dual resonant wave-
length on the metal film thickness before and after consider-
ing the material dispersion. It contains two distinct jumping
regions. Without regarding the material dispersion, there
exists a jumping region with the silver film thickness of 105
nm 167 nm. While considering material dispersion, the jump-
ing region is broadened and located in the range of 97 nm
166 nm. Therefore the material dispersion should be taken
into consideration to avoid the dual resonant wavelengths
located in the jumping region.

Fig.4 Relation between resonant wavelength and silver
film thickness

Fig.5 Dependence of Sn |max on h3 and n4

From Fig.6, it indicates explicitly that there is a great di-
fference in the Sn|max for the same parameter combination of
h3 and before and after considering the material dispersion.
Without regarding the material dispersion, the Sn|max is 6.6
when is 178.6 m and h3 is 60 nm. While considering the
material dispersion, the Sn|max is only 1.36 under the same
parameters.

The sensitivity Sn of the dual-peak metal-coated LPFG
sensor is expressed by the variation of the dual resonance
peak interval  with the SRI of n4.

Fig.5 shows the dependence of the Sn|max on the metal film
thickness and liquid RI when grating parameters are fixed,
where Sn|max represents the maximum of Sn in the common
observed wavelength range of 1000 1700 nm. It can be seen
from Fig.5 that the sensitivity changes greatly while consid-
ering material dispersion. In addition, the Sn|max of blank space
is zero, which indicates there is no dual resonance peak for
the given combinations of n4 and h3, so the blank spaces

should be avoided. For the specific liquid RI, the high sensi-
tivity can be obtained by adjusting the film thickness con-
trolled by coating technology.

Fig.6 Dependence of Sn|max on h3 and

 In order to verify that it is necessary to consider the ma-
terial dispersion in the optimization design of high sensiti-
vity metal-coated LPFG sensor, we prepared two silver-
coated LPFGs with different grating periods and silver film
thicknesses. The fiber used in the experiment is Corning SMF-
28 which was hydrogen loaded for one month in 150 atm of
hydrogen with high purity to enhance its photosensitivity.
The grating period is determined by the step length of the
precise moving platform controlled by a computer. Silver films
were deposited on LPFG by adopting DC sputtering. The
first LPFG (L1) is with the silver thickness of 40.9 nm and
the grating period of 178.5 m. The second one (L2) is with
the silver thickness of 103 nm and the grating period of 179 m.

For liquid sensing, the salt solutions with concentration
of 1% 25% were prepared. The refractive indices were mea-
sured with a WAY-IS Abbe refractometer. The LPFG was
illuminated by a broadband stable light source (OS310062),
and the transmission spectra were captured on an optical spec-
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trum analyzer (AQ6370). The positions of the dual resonance
peaks were observed under different concentrations of salt
solution.

To compare the responses of L1 and L2 to the salt solution,
the interval changes of the dual resonance peaks of L1 and
L2 under different concentrations of the salt solution are listed
in Tab.1. As the salt solution concentration increases from
1% to 25%, the dual resonance peaks are far away from each
other. For the L1, the left resonant wavelength 1 shifts by
about 6.2 nm towards the shorter wavelength, and the right
resonant wavelength 2 shifts by about 10.6 nm towards the
longer wavelength. The interval change  of dual resonance
peaks is 16.8 nm. For the L2, the left resonant wavelength

´1 shifts by 18.6 nm towards the shorter wavelength, and
the right resonant wavelength ´2 shifts by about 29.8 nm
towards the longer wavelength. The interval change Ä ´ of
dual resonant peaks is 48.4 nm, which is almost three times
of that of L1. It implies that the sensitivity to liquid RI of L2
is higher than that of L1.

Tab.1 Interval changes of dual peaks of L1 and L2 under
different concentrations of salt solution
Concentra-     Refractive              L1                Interval              L2                Interval
 tion (%)          index n 1 (nm) 2 (nm)      change   ´1(nm) ´2(nm)    change

                                   Ä (nm)                                Ä ´(nm)
   1                   1.3352       1321.8     1668.6                     1356.8    1660.2
   5                   1.3424       1321.0     1670.0       2.2         1353.0    1670.2       13.8
  10                  1.3510       1320.4     1672.2       2.8         1349.4    1676.8       10.2
  15                  1.3609       1319.8     1673.2       1.6         1345.8    1681.2         8.0
  20                  1.3708       1317.8     1676.6       5.4         1342.0    1685.2         7.8
  25                  1.3792       1315.6     1679.2       4.8         1338.2    1690.0         8.6

Theoretically, for the metal-coated LPFG sensor with the
fixed grating parameters and metal film thickness, it has diffe-
rent sensitivities for different liquid RI values from 1.3 to 1.4,
as is described in Fig.5. From Fig.6, we can see that without
regarding the material dispersion, the Sn|max of L1 is 2.98, the
Sn|max of L2 is 2.84, and they are almost equal to each other.
While considering the material dispersion, the Sn|max of L2
(4.93) is about three times of the Sn|max (1.36) of L1, which
results in the larger interval change of dual resonance peaks
of L2. Therefore, the theoretical analyses on the sensitivity
while considering the material dispersion are in accordance
with the experimental results.

In summary, the design of high-sensitivity dual-peak
metal-coated LPFG sensor based on material dispersion con-
sideration is presented. Influenced by the material dispersion,
the jumping region of the dual resonant wavelengths to metal
film thickness is broadened and shifts towards the thinner

silver film thickness. The optimal parameters with consider-
ing material dispersion can be easily obtained by analyzing
the relationship among the sensitivity, the metal film thick-
ness and the grating parameters. The liquid-sensing experi-
mental results accord with the theoretical analyses based on
material dispersion consideration. So it is necessary to con-
sider the material dispersion in the design of high-sensitivity
metal-coated LPFG sensor.


