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A new method is presented to tune Bragg wavelength slightly by using hydrofluoric acid to etch fiber cladding. The spectral
characteristics before and after etching and the change properties of Bragg wavelength are studied. Cladding modes are
reduced during the etching process. High-order cladding modes are converted into radiation modes, and energy of cladding
modes is coupled to the outside. As the cladding radius decreases, the Bragg wavelength shifts to longer direction. Experimen-
tal results show that this method can tune  Bragg wavelength slightly, and the tunable range is 0.002 0.120 nm.
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Fiber Bragg grating is a diffraction grating where the refrac-
tive index of core has periodic modulation. The fiber Bragg
grating has many good optical properties, such as small size,
small splice loss, compatibility with optical fiber, and it can
be embedded in smart materials. Its resonant wavelength is
more sensitive to changes in the external environment, such as
the temperature, strain, refractive index and concentration. So
it has been widely used in fiber optical communications and
fiber sensor systems in recent years[1-4]. Currently, we usually
produce fiber Bragg grating by phase mask technique, but the
Bragg wavelength of fiber grating is limited by phase mask
period, so it lacks flexibility. In order to tune Bragg wavelength,
we usually use piezoelectric ceramic tuning method, mechani-
cal tuning method, electric tuning method, magnetic tuning
method and thermal tuning method[5-11], but these methods need
complex system structures or mechanical equipments for a
certain tuning range. Recently a refractive index tuning method
with side-polished technology is proposed[12-14], where mate-
rials with different refractive indices were overlaid on the poli-
shed area of a side-polished FBG to achieve the Bragg wave-
length tuning. However, this method not only requires com-
plicated side-polished technology on one side of fiber Bragg
grating cladding, but also requires to cover different materials.
The methods described above can obtain a certain tuning
ability, from a few nanometers to more than several tens of

nanometers, but they need complex systems, cumbersome tech-
nologies or expensive equipments more or less. However, when
we need to slightly tune Bragg wavelength, the above methods
can,t be applied.

In this paper, a method of slightly tuning Bragg wavelength
using hydrofluoric acid to etch fiber Bragg grating cladding is
presented. Different fiber Bragg gratings with different clad-
ding radii are obtained. The spectral characteristics before and
after etching and the change properties of Bragg wavelength
are studied. This approach can tune Bragg wavelength through
reducing the cladding diameter. It can make the minimum tun-
able range of Bragg wavelength up to 0.002 nm and the maxi-
mum tunable range up to 0.120 nm.

Phase matching conditions of core mode and cladding
mode can be described as follows:
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where Bragg(z) is Bragg wavelength, neff,co(z) is the effective
refractive index of core, n(z) is the resonant wavelength of
the n-order cladding mode, neff,cl,n(z)  is the effective refractive
index of the n-order cladding mode, and (z) is the grating
pitch.

As a distributed feedback reflector, the transmission spec-
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trum of fiber Bragg grating includes core mode resonance peak
and cladding mode resonance peaks. If phase matching con-
ditions change, the Bragg wavelength will change. Core mode
of fiber Bragg grating consists of forward core mode and back-
ward core mode, and it only has some connection with the
effective refractive index of core usually. Under the phase
matching condition, the forward core mode is coupled to the
backward core mode. The core mode can also be coupled to
counter propagation cladding guided modes and cladding ra-
diation modes under the phase matching conditions. Cladding
mode is not only related to the effective refractive index of core,
but also depending on the effective refractive index of cladding.
The effective refractive index of cladding mode depends on
the refringence between the intramural cladding and the ex-
tramural cladding. Therefore, mode characteristics of fiber
Bragg grating depend on the refractive indices of core,  intra-
mural cladding and extramural cladding. When the refractive
index of extramural cladding is less than that of intramural
cladding, cladding modes include cladding guided modes, and
the core mode may be coupled to these cladding guided modes[15].
When the refractive index of extramural cladding is greater
than that of intramural cladding, there is no cladding guided
mode, the core mode may be coupled to radiation modes, and
the power will be taken away from fiber by these radiation
modes[16-19].

From the above analysis, it shows that the changes in re-
fractive index of extramural cladding will cause the changes
in effective refractive index of cladding modes. The cladding
radius is reduced greatly through using hydrofluoric acid to
etch fiber Bragg grating cladding, and the cladding mode is
influenced by the changes in refractive index. The increase of
changes causes the drift of resonant wavelength of cladding
propagation mode.

In the experiment, the fiber Bragg grating was produced
by phase mask technique. Fig.1 shows the reflection spectrum
and transmission spectrum of no-etched fiber Bragg grating
cladding. It indicates that the Bragg wavelength is 1544.329
nm, the bandwidth is 0.044 nm, and the transmission spec-
trum peak is 11.2 dB.

After 30 min etching, the reflection spectrum and trans-
mission spectrum of etched fiber Bragg grating cladding are
shown in Fig.3. It indicates that the Bragg wavelength is
1544.414 nm, the bandwidth is 0.046 nm, and the transmis-
sion spectrum peak is 10.2 dB. The Bragg wavelength shifts
by 0.084 nm to longer direction, the bandwidth is essentially
unchanged, and the transmission spectrum peak is reduced
by 1 dB. This is because the main energy of core mode con-
centrates in the fiber core, then the core mode resonance peaks
are affected less by the external environment, and the core
mode resonance peaks shift slightly after etching. But clad-
ding modes are greatly influenced by the external
environment. With the changes of etching time, cladding ra-
dius decreases, and the energy of cladding mode is coupled

Fig.2 Experiment device

Fig.2 shows the experiment device. We put the fiber Bragg
grating in 40% hydrofluoric acid solution, and after a period
of etching, the cladding radius decreases to tens of microns.
In the experiment, the spectrum analyzer was used to moni-
tor the changes in fiber Bragg grating reflection spectrum
during the etching process in real time. The cladding radius
is reduced greatly through this etching process, higher order
cladding modes are converted into radiation modes, and core
mode will be coupled to radiation modes, making the energy
coupled to the outside.

Fig.1 Spectra of no-etched fiber Bragg grating cladding:
(a) Reflection spectrum; (b) Transmission spectrum
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During the experiment, we observed the reflection spec-
trum of fiber Bragg grating every two minutes, and measured
the cladding radius. Fig.4 shows the Bragg wavelength changes
with the etching time. We can see that Bragg wavelength shifts
gradually to the longer direction with the increase of etching
time, there is a basic linear relation between them, and the
Bragg wavelength shifts by 0.006 nm to longer direction ev-
ery two minutes. Fig.5 shows the Bragg wavelength changes
with cladding radius. From Fig.5, cladding radius decreases
by 3.2 m, and Bragg wavelength shifts by 0.006 nm to longer
direction. The cladding radius of single-mode fiber used in the
experiment is 62.5 m. After 30 min etching, cladding radius
becomes 14.5 m. When the etching time is up to 40 min, the
light through fiber Bragg grating is totally reflected, and we
can not observe reflection spectrum or transmission spec-
trum of fiber Bragg grating on the spectrum analyzer. After
calculation, the etching cladding radius rate of hydrofluoric
acid is about 1.6 m/min. When the cladding radius changes

to the outside, thus increasing the loss of cladding modes;
higher order cladding modes are converted into radiation
modes, and the cladding modes of fiber Bragg grating decrease;
the cladding mode resonance peak shifts to longer wavelength.

Fig.3 Spectra of etched fiber Bragg grating cladding: (a)
Reflection spectrum; (b) Transmission spectrum

by 1 m, Bragg wavelength shifts by about 0.002 nm to longer
direction.

 In practice, when we need to tune Bragg wavelength slight-
ly, we can use hydrofluoric acid to etch fiber Bragg grating
cladding. We can control the etching time according to the
required tuning range of Bragg wavelength. The tunable range
is from 0.002 nm to 0.120 nm.

A method of slightly tuning Bragg wavelength using hy-
drofluoric acid to etch fiber Bragg grating cladding is pres-
ented. The spectral characteristics before and after etching
and the change properties of Bragg wavelength are studied.
Cladding modes are reduced during the etching process, high
order cladding modes are converted into radiation modes,
and the energy of cladding modes is coupled to the outside.
As the cladding radius decreases, the Bragg wavelength shifts
to the longer direction. Experimental results show that this
method can tune Bragg wavelength slightly, and the tunable
range is 0.002 0.120 nm.

Etched fiber Bragg grating is more sensitive to the exter-
nal environment, so it can be used in refractive index sensing.
The temperature and stress sensing experiments based on
etched fiber Bragg grating are in progress.

Fig.4 Bragg wavelength variation with etching time

Fig.5 Bragg wavelength variation with cladding radius
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