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The performances of two liquid level sensors based on long-period fiber gratings are studied. The long-
period gratings (LPGs) have similar characteristics (length and period), but are fabricated with two pho-
tosensitive B-Ge co-doped fibers with different dopant concentrations. We investigate the temperature
sensitivities of LPGs and exploit their refractive index sensitivity to implement liquid level measurement.
By controlling fiber parameters, such as the dopant concentrations, the measurement sensitivity of a LPG-
based fiber optic liquid level sensor can be improved.
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Liquid level sensing (i.e., the measurement of liquid vol-
ume) has been intensely studied as a gauging technique
because of its essential applications in modern industry.
For example, in a refinery or chemical plant, large num-
bers of liquid level sensors (LLSs) are usually employed
to monitor liquid storage tanks. A mass of systems, like
aircraft fuel gauging and ink jet printing, also rely on
liquid level measurement to enable proper functioning.
The properties of a liquid, such as being flammable or
inert, must be carefully considered in designing LLSs
because they can result in diverse types of sensors for
different applications. LLSs can be generally classified
by their mechanisms: mechanical[1], electrical[2], and
optical[3−5]. Among these techniques, optical fiber-based
LLSs present some remarkable advantages, such as their
immunity to electromagnetic interference, high sensitiv-
ity, and resistance to rugged environments. Optical fiber-
based sensors are lightweight and small in size. They
are especially attractive for applications in explosive en-
vironments and flammable atmospheres because light
is confined inside the fiber, a dielectric material, and
does not interact with the surrounding material. Re-
cently, LLS based on long-period grating (LPG) has at-
tracted considerable attention due to its simplicity and
reliability. LPG is a type of fiber device that couples
light between the fundamental core mode and forward-
propagating cladding modes. This coupling results in a
transmission spectrum consisting of a series of attenu-
ation bands at distinct wavelengths[6]. These attenua-
tion bands are sensitive to temperature, strain[6], bend-
ing curvature[7], and the refractive index (RI) of the sur-
rounding material[8]. The purpose of LPG-based sensors
is to measure the wavelength shift of a specific attenua-
tion band while one of the external physical parameters
(i.e., temperature, strain, bend, and RI) is changing.

In this letter, we compare the performances of fiber op-
tic LLSs based on long-period fiber gratings. Two LPG-
based LLSs were fabricated using two B-Ge co-doped
fibers with different doping concentrations. These LLSs
were carefully studied in the application of liquid level

sensing with different solutions. The temperature sen-
sitivities of the LPGs were also measured. The experi-
mental results show that the fiber dopant concentrations
have significant effects on the shift of the resonance wave-
lengths of the LPG. Our work provides valuable insight
into the mechanism of LPG-based LLS, as well as an ap-
proach to improve measurement sensitivity.

LPGs are obtained by introducing a periodic modula-
tion of the RI in the core of photosensitive fibers, with
a spatial period ranging from 100 µm to 1 mm. The
light coupling between core mode and the co-propagating
cladding modes occurs at distinct wavelengths given un-
der the phase matching condition as[9]

λl = [neff
core(λl) − neff

clad,l (λl)]Λ, (1)

where λl is the coupling wavelength, Λ is the period of
the LPG, neff

core is the effective index of the propagat-
ing core mode, and neff

clad,l is the effective index of the
lth cladding mode susceptible to the RI of surrounding
medium. When variations of external physical parame-
ters, such as RI, alter the LPG’s period and/or the core-
cladding index difference, the phase-matching condition
is changed, resulting in a wavelength shift of the trans-
mission dips. Using LPG-based LLS, one can measure
the liquid level by detecting the wavelength shift, which
depends on surrounding medium’s RI. Changes in reso-
nant wavelength according to the surrounding medium’s
RI (next) can be expressed as[10]

dλl

dnext
= λlγΓext, (2)

where γ is the general sensitivity factor and is given by

γ =
(dλl/dΛ)

neff
core − neff

clad,l

, (3)

where γ is positive for low-order cladding modes, whereas
it is negative for high-order cladding modes. The symbol
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Γext represents the RI sensitivity factor and is defined as

Γext = −

u2
l λ

3
l next

8πr3
cladnclad(neff

core − neff
clad,l)(n

2
clad − n2

ext)
3/2

,

(4)

where ul is the lth root of the zero-order Bessel function
of the fist kind; rclad and nclad are the radius and the RI
of the fiber cladding, respectively; Γext is always negative
for next < nclad.

Temperature is an important factor that is always in-
volved in sensing. The wavelength dependence on tem-
perature can be derived as[6]

dλl

dT
=

dλl

d(δneff)

[

dneff
core

dT
−

dneff
clad,l

dT

]

+ Λ
dλl

dΛ

1

L

dL

dT
, (5)

where λl is the central wavelength of the attenuation
band, T is the temperature, L is the length of LPG, and
δneff = (neff

core − neff
clad,l) denotes the core-cladding index

difference.
In our experiments, we fabricated two LPGs (LPG1

and LPG2) with the same length (L = 50 mm) and pe-
riod (Λ = 460 µm), but using different fibers. LPG1
was fabricated in a photosensitive B-Ge co-doped fiber
(fibercore PS 1 250/1 500) consisting of 10% of GeO2

and 20% of B2O3, whereas the fiber used to fabricate
LPG2 had a different doping concentration of GeO2

(28.277%) and B2O3 (2.375%). Both fibers were not
hydrogen-loaded. The gratings were obtained by ex-
posing each fiber to ultraviolet (UV) irradiation using
a point-by-point technique. A KrF excimer laser with
248-nm wavelength was employed as the UV source. An
optical spectrum analyzer (ANDO AQ6317) and a broad-
band light source (KFA1a-S04) were used for measuring
the transmission spectra of the LPGs. The insets of Fig.
1 show the transmission spectra of our LPGs placed in
air at room temperature (25 ◦C). The main transmission
dips (i.e., the transmission dips that exhibit the highest
attenuation) of LPG1 and LPG2 are at 1 532 and 1 579
nm, respectively. By calculation, the two transmission

Fig. 1. Measured temperature dependence of resonance wave-
length of LPGs. The solid line represents the temperature
dependence of the resonance wavelength (at λ=1532 nm) for
LPG1; the dashed line represents the temperature dependence
of the resonance wavelength (at λ=1579 nm) for LPG2. The
insets show the transmission spectra in air at room tempera-
ture of LPG1 and LPG2.

Fig. 2. Experimental setups for the measurement of (a)
temperature-induced wavelength shifts and (b) the liquid
level.

dips correspond to the same order cladding mode[11,12].
Furthermore, we measure the temperature sensitivities
(in air) of these cladding modes, and our results are in
agreement with those obtained in Refs.[11–13]. These
two dips were considered in our experiments.

We have investigated the thermal response (in air)
of each LPG, using the setup shown in Fig. 2(a). A
broadband light source was connected to one end of the
LPG, and an optical spectrum analyzer was employed to
measure the transmission spectrum from the other end.
The LPG was properly fixed in an oven that achieved
temperature controlling together with a thermometer.
As shown in Fig. 1, the temperature was varied from 25
to 75 ◦C, and the central wavelength of the attenuation
band was shifted continuously from 1 526.48 to 1 499.73
nm for LPG1 and from 1 577.66 to 1 566.48 nm for LPG2,
respectively.

We obtained the temperature sensitivities after linear
fitting. For LPG1, the temperature sensitivity of the
dip at 1 532 nm was –0.531 nm/◦C, whereas for LPG2
we recorded a sensitivity of –0.228 nm/◦C for the dip
at 1 579 nm. The measured temperature sensitivities
are in good agreement with results of other papers[11,13].
Because LPG1 and LPG2 have the same length and pe-
riod and the two transmission dips correspond to the
same cladding mode, the difference of fiber dopant con-
centrations should be the origin of the difference in the
temperature sensitivities obtained.

The sensitivity of LPG to RI was used to detect the
level of liquid, in which the grating is partially or com-
pletely immersed. For this purpose, two solutions were
used: pure water with a RI of 1.3329 and a solution
of glycerol with a RI of 1.4069. Figure 2(b) shows the
experiment setup, which is under constant temperature
during the whole test. In contrast to most of other
LPG-based LLSs, we studied the shift of the central
wavelength of the attenuation bands in order to elimi-
nate the power instability issues (induced, for example,
by the power fluctuation of light source) when the trans-

050501-2



COL 10(5), 050501(2012) CHINESE OPTICS LETTERS May 10, 2012

mission spectrum was recorded. This method creates a
stable and high-resolution fiber optic sensor. During the
level detection tests, the wavelength shift was observed
continuously using an optical spectrum analyzer with a
resolution of 0.05 nm.

Figure 3 shows the resonance wavelength shift of the
LPGs as a function of the percentage of the LPGs’ length
immersed in the solutions. Figure 4 shows the transmis-
sion spectra of LPG1 and LPG2 with different solu-
tions as the surrounding medium. For both LPGs, the
wavelengths of resonant bands present a blue shift with
increasing liquid level, which can be explained by Eqs.
(2)–(4). For the low-order cladding modes, the term
dλl

dnext

is negative, resulting in a blue wavelength shift
with the increase of the external RI, as we observed in
the experiment. The change of surrounding medium’s
RI modifies the effective RI of LPG’s cladding modes,
which is very sensitive to external variations. The reso-
nance wavelength will then experience a shift in order to
satisfy the phase-matching condition. When the level of
water covering the gratings gradually rose from 0% (LPG

Fig. 3. Measured LPGs’ resonance wavelength shift with
different liquid levels in (a) water (RI=1.3329) and (b) glyc-
erol (RI=1.4069). The solid line represents the liquid level de-
pendence of the resonance wavelength (at λ=1532 nm) shift
for LPG1; the dashed line represents the liquid level depen-
dence of the resonance wavelength (at λ=1579 nm) shift for
LPG2.

Fig. 4. (Color online) Transmission spectra of LPG1 (at
1 532-nm resonance) and LPG2 (at 1 579-nm resonance) for
different levels of immersion in solutions. (a) LPG1 and (b)
LPG2 in water (RI=1.3329); (c) LPG1 and (d) LPG2 in glyc-
erol (RI = 1.4069).

in air) to 100% (LPG fully immersed in solution), the
resonant band of LPG1 at 1 532 nm experienced a total
shift of 3.5 nm, whereas a much smaller wavelength shift
of 0.52 nm was observed by using LPG2 (resonant band
at 1 579 nm). In glycerol solution, we observed a total
shift of 7.69 nm for LPG1, whereas it was 1.47 nm for
LPG2. For the same level with different liquid surround-
ing the LPGs, the larger wavelength shift was observed
in glycerol solution, which had a larger RI. As a result,
greater wavelength shift can be obtained with larger RI of
the liquid under detection. Considering the attenuation
bands studied in the experiment, LPG1 was observed to
be more sensitive to external RI change and to the liquid
level. The RI sensitivity of the grating (for next < nclad)
increases as the RI of its surrounding medium increases,
as demonstrated in Ref.[14]. Equations (2)–(4) show
that, after derivation, when the surrounding medium’s
RI (next) increases, sensitivity also increases. This trend
was also observed experimentally. The experimental
results are in good agreement with the theoretical previ-
sions. By changing the doping concentrations in the pho-
tosensitive fiber, one can change the differential effective
index (neff

core−neff
clad,l). The surrounding material’s effects

on the cladding modes’ effective RI are then changed.
The attenuation band’s resonant wavelength shift would
then also change. Because the differential effective index
is always positive, Eq. (4) shows that the sensitivity
to the external RI increases as the differential effective
index decreases.

In conclusion, we demonstrate two different LLSs using
long-period fiber gratings with the same characteristics
but fabricated using different B-Ge co-doped photosen-
sitive fibers of different dopant concentrations. The
performances of the two LLSs are compared. The ex-
perimental results show that fiber parameters, such as
the doping concentrations, have significant effects on the
wavelength shift of the attenuation bands of LPG and
can enhance the sensitivity of the LLSs. By controlling
fiber parameters, such as the doping concentrations, one
can improve the sensitivity of fiber optic LLSs based on
LPGs.
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