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Optical refractometer based on a birefringent Bragg
grating written in an H-shaped fiber
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An optical refractometer based on a birefringent (Hi-Bi) fiber Bragg grating (FBG) written in a new
H-shaped fiber structure is proposed. This structure is formed by opening the two holes of a side-hole fiber
using chemical etching. When the Hi-Bi FBG is immersed in different liquids, different responses of the slow
and fast wavelengths are obtained. The refractometer is also capable of simultaneous measurement of re-
fractive index and temperature. © 2008 Optical Society of America
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The fiber Bragg grating (FBG) is an intrinsic optical
fiber sensor that offers numerous advantages over
electric transducers owing to its wavelength-encoded
operation, high sensitivity, immunity to electromag-
netic interference, small size, and compatibility to
multipoint measurement over large distances with
negligible signal degradation [1].

FBG structures used in refractometric configura-
tions have been previously studied. The first demon-
stration of an FBG as a refractometer was done in
1998 by Asseh et al. [2], and it was based on the ap-
plication of chemical etching to the fiber region where
the FBG was located. Several other authors have also
studied this type of refractometer. Pereira et al. [3]
proposed a FBG sensing system for simultaneous
measurement of salinity and temperature. Iadicicco
et al. [4] studied the FBG sensitivity to liquid refrac-
tive indexes as a function of the fiber cladding diam-
eter after the etching process. Liang et al. [5] demon-
strated two types of FBG-based refractometric
sensors. The first device is an FBG in an etched fiber
with a diameter of 6 �m; the second sensing head is a
3-�m-diameter fiber Fabry–Perot interferometer
(FFPI) with FBG mirrors. When the two devices are
compared, the narrow fringes of the FFPI-channeled
spectrum permitted a higher sensitivity compared
with the basic FBG refractometer. In another work,
Iadicicco et al. [6] proposed a new FFPI refractometer
where only a small length of the cladding layer of the
FBG region was etched. In this case, it is the narrow
transmission band in the FBG envelope that is sen-
sitive to the external refractive index. FBG-based re-
fractive index sensors with temperature referentia-
tion were also reported by Liang et al. [7]. In 2001,
Schroeder et al. [8] developed a FBG side-polishing
technology for refractometry. The fiber cladding was
partly removed by side polishing, and the FBG was
exposed to a liquid via the evanescent field interac-
tion of the guided fiber mode. This refractometer was
also compensated in temperature using another FBG
located in the unpolished region. An optical chemical
sensor based on an etched D-fiber FBG with potential
for temperature compensation was proposed by

Zhou et al. [9]. Recently, optical refractometers based
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on photonic crystal fibers were proposed by Huy et al.
[10].

In this Letter, a new FBG refractometer based on
an H-shaped fiber is proposed. The H-shaped fiber is
formed by exposing Hi-Bi side-hole fiber to chemical
etching. The two holes of the side-hole fiber are open,
allowing the evanescent field of the Hi-Bi FBG to in-
teract with the external liquid. Owing to the birefrin-
gence of this sensing structure, it is possible to simul-
taneously measure refractive index and temperature.
Alternatively, using the differential readout of two
resonant wavelengths of the Hi-Bi FBG, it is possible
to measure a refractive index of liquid with very
small temperature cross sensitivity.

In the experimental set-up shown in Fig. 1, the
sensing head was illuminated with an erbium-doped
broadband source �3 mW�, and its reflection spec-
trum was monitored using an optical spectrum ana-
lyzer (OSA). The side-hole fiber used in the experi-
ments has an elliptical core of dimensions of 6.3
�2.5 �m, a cladding with 125 �m diameter, and an
acrylate coating jacket. The difference of refractive
index between 20 mol.% germanium-doped core and
nondoped silica cladding is 0.0264 at the wavelength
of 633 nm. A FBG was inscribed using a 10-mm-long
uniform phase mask and a KrF excimer laser operat-
ing at 248 nm, with a pulse power of 300 mJ cm−2

and a repetition rate of 20 Hz. Owing to the fiber bi-
refringence, two reflection peaks were obtained with
the wavelengths of 1566.64 nm (fast axis grating, �f)
and 1567.85 nm (slow axis grating, �s). After FBG in-
scription, chemical etching was applied. All the FBG
region was immersed inside an aqueous solution of

Fig. 1. Experimental setup of the FBG refractometer

based on an H-shaped fiber.
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hydrofluoric acid (HF 40%), yielding a diameter clad-
ding reduction rate of �1.5 �m/min. The etching
process was monitored by analyzing the FBG spec-
tral response, and it was stopped when the holes of
the side-hole fiber were open and an H-shaped fiber
was formed. The positions of Bragg peaks changed,
when the evanescent field was able to overlap with
the fluid. The etching process lasted approximately
9 min, which resulted in opening the holes and re-
ducing the cladding diameter of the side-hole fiber.
Figure 2 shows the spectral response of FBG before
and after etching process. It is observed in Fig. 2(a)
that after completion of the etching process, the am-
plitude of the FBG spectrum decreases, but the sepa-
ration between the two polarizations-related reso-
nances increases, which indicates that the fiber
birefringence increases after the etching process.
This effect is related to reduction of the thickness of
the glass bridge that contains the core. On the other
hand, Fig. 2(b) presents the spectral response of the
Hi-Bi FBG after etching when the structure is sur-
rounded by air and water. When the fiber is sur-
rounded by air, the contrast of refractive index be-
tween the cladding region and the holes (air) is
higher, and therefore the fiber birefringence is
higher. When the fiber is surrounded by water, the
refractive index contrast is reduced, which lowers the
fiber birefringence and in consequence reduces sepa-
ration between the two polarization-related reso-
nances. Table 1 summarizes the values of the fiber bi-
refringence for several situations.

The refractometer based on the H-shaped fiber was
tested in measurements of refractive index of liquid
in the interval [1.34, 1.39]. Figure 3(a) shows the as-
sociated wavelengths shifts of the FBG resonances,
which follow linear dependences with coefficients
0.2 nm/refractive-index unit (RIU) (fast axis grating)
and 0.14 nm/RIU (slow axis grating). These reso-
nances have different sensitivities, because the over-
lap of the modal field with liquid depends on the
mode polarization. Figure 3(b) presents the variation
of the difference in resonance wavelengths and the fi-

Fig. 2. (a) Spectral response of the Hi-Bi FBG before and
after chemical etching, (b) FBG spectrum when the sensing

head was surrounded by air and water.
ber birefringence with the liquid refractive index.
The results reflect the effect of increase of effective
indices of both polarization modes with the increase
of the liquid refractive index. From the data pre-
sented, the dependences of the difference in reso-
nance wavelengths and the fiber birefringence are
linear with coefficients of −0.97 nm/RIU and −9
�10−4 RIU−1, respectively.

The Hi-Bi FBG in the H-shaped fiber was also
characterized against temperature. The refractome-
ter was immersed in water and heated in the range
from 25°C up to 65°C. As Fig. 4(a) shows, the two
polarized-related grating resonances have similar
temperature sensitivities, with coefficients of
10.67 pm/ °C (fast axis grating) and 10.97 pm/ °C
(slow axis grating). Figure 4(b) shows the tempera-
ture dependence of the resonance wavelength differ-
ence and the fiber birefringence, from which we ob-
tained the coefficients of 0.2 pm/ °C and 2
�10−7°C−1, respectively. The response of the grating
to temperature is due to combination of two effects:
one is the increase of the refractive index of the glass
(dominant), while the other is the decrease of the wa-
ter refractive index with the temperature (second-
ary). The birefringence variation with temperature in
the H-shaped fiber is small when compared with the

Table 1. Birefringence of the Side-Hole
and H-Shaped Fibers

�� (nm) B ��10−4�

Side-hole fiber (before etching) 0.44 4.07
H-shaped fiber (air) 0.54 5.00

H-shaped fiber (water) 0.46 4.26

Fig. 3. (Color online) Dependence with the liquid refrac-
tive index of (a) wavelength of the two resonances of the bi-
refringent FBG and (b) resonance wavelength difference

and grating birefringence.
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variation of the birefringence with the refractive in-
dex of liquid. Therefore, for small temperature varia-
tions, the difference in resonance wavelengths can
approximately be considered as temperature inde-
pendent.

From the level of data scattering at constant tem-
perature shown in Fig. 3, we estimate the resolution
of refractive index measurement at 3�10−3 RIU.

Using the proposed sensing element, it is also pos-
sible to simultaneously measure the refractive index
of liquid and its temperature. Indeed, a matrix equa-
tion for �T and �n can be written as follows (coeffi-
cients identified in Fig. 3 and 4):

��T

�n� =
1

K�T�fK�n�s − K�n�fK�T�s
� K�n�s − K�n�f

− K�T�s K�T�f
����f

��s
� .

�1�

From the sensitivity coefficients given in those fig-
ures, the above equation can be written as

��T

�n� =
1

0.7 � 10−3� 0.14 − 0,2

− 10.97 10.67����f

��s
� . �2�

The system performance was evaluated when the
sensing element was exposed simultaneously to re-
fractive index and temperature changes. From the
results shown in Fig. 5, we estimated the resolution
of two-parameter measurements at ±0.005 RIU and
±1.6°C, respectively for refractive index and tem-
perature. Work is ongoing concerning the optimiza-
tion of the H-shaped fiber design to further improve
the measurement resolution.

In conclusion, a new refractometer based on an

Fig. 4. (Color online) Dependence with temperature of (a)
wavelength of the two resonances of the birefringent FBG
and (b) resonance wavelength difference and grating
birefringence.
Hi-Bi FBG written in an H-shaped fiber was pre-
sented. The H-shaped fiber was obtained by subject-
ing the side-hole fiber to chemical etching. With this
process the holes were opened, permitting physical
contact of the surrounding liquid with the internal fi-
ber region. This sensing element was first tested in
refractive index measurements. Very low tempera-
ture cross sensitivity was demonstrated for the dif-
ferential readout of the Bragg wavelengths corre-
sponding to the orthogonally polarized fundamental
modes. Application of the sensing element for simul-
taneous measurement of refractive index and tem-
perature was also proposed.

This work was performed in the framework of Eu-
ropean Program COST, Action 299 “Optical Fibers for
New Challenges Facing the Information Society.”
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