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High-sensitivity temperature sensor based on Bragg grating

in BDK-doped photosensitive polymer optical fiber
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A single-mode polymer optical fiber (POF) with highly photosensitive core doped with benzil dimethyl
ketal (BDK) is fabricated and used for writing Bragg grating through the two-beam interference method.
The Bragg wavelength of the grating is about 1570 nm, while the full-width at half-maximum (FWHM) of
the reflection peak is 0.3 nm. The temperature response of POF Bragg grating is theoretically analyzed
and experimentally measured in contrast to silica optical fiber Bragg grating (FBG). The result shows
that the temperature character of POF Bragg grating is negative, which is opposite to the silica optical
FBG. The absolute value of the temperature response of POF Bragg grating is one order of magnitude
higher than that of the silica optical FBG, making POF Bragg grating appear to be very attractive for
constructing temperature sensors with high resolution.
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Optical fiber Bragg grating (FBG) sensors have attracted
substantial interests in recent years and are well known
for their capabilities for measuring many physical as-
pects. Compared with conventional electrical sensors, op-
tical FBG sensors can offer important advantages such as
electromagnetic interference (EMI) immunity, high sen-
sitivity, and distributed sensing[1]. Most gratings are
written in silica optical fibers and have been well de-
veloped and used as sensors of temperature[2], strain[3],
pressure[4], bending[5,6], and refractive index[7], among
others. However, the Bragg wavelength of the grating can
only shift in a narrow range due to the physical character
of the silica material, which limits the resolution of the
sensor and makes the detecting devices very costly. On
the contrary, the polymer material has bigger thermo-
optic, thermal expansion, and electro-optic coefficients,
which are several orders of magnitude higher than silica.
Some significant studies on using polymer material to in-
crease the sensitivity of the sensor have been carried out,
such as using polymer packaging[8,9] and evanescent field
coupling with polymer planar waveguide[10]. Since the
first report of polymer optical fiber (POF) Bragg grat-
ing in 1999[11], an increasing number of research activities
have been done about POF grating, and different kinds of
POF grating have been fabricated[12−14]. The POF has
many advantages; it is very cheap, rugged, and easy to
connect. The drawing process of POF is at low temper-
ature, thus rare-earth ion and organic chromophores can
be doped into the POF without being destroyed[15]. The
sensitivities of these sensors using Bragg grating writing
in POF can be up to 10 times bigger than those of silica
optical fiber[16]. However, there are still various prob-
lems, such as small refractive index change, long exposure
time, and specified writing light wavelength, in the fab-

ricated process. Different materials are commonly doped
into the core of POFs to obtain high photosensitivity.

In this letter, we fabricate POF with a photosensitive
core doped with benzil dimethyl ketal (BDK) and use it
for writing FBG. To our knowledge, it is the first report
that inscribes Bragg grating on the POF with a BDK-
doped sensitive core used as temperature sensor. The
POF is operated in single mode. The Bragg wavelength
of the fiber grating in the POF is measured at around
1570nm at room temperature (20 ◦C). The temperature
response character of the polymer FBG is theoretically
analyzed and experimentally verified. Experimental re-
sults are in good agreement with the theoretical analysis.

The Bragg wavelength of a FBG is given as[17]

λB = 2neffΛ, (1)

where Λ is the grating period length and neff is the effec-
tive index of the fiber core. When the grating is subject
to a change in temperature, the shift of the Bragg wave-
length can be obtained as

∆λB = 2
(

Λ
∂neff

∂T
+ neff

∂Λ

∂T

)

∆T, (2)

where T is the temperture. This fractional wavelength
shift may also be written as

∆λB = λB(α + ξ)∆T, (3)

where α = (1/Λ)(∂Λ/∂T ) is the thermal expansion coef-
ficient of the fiber and ξ = (1/n)(∂n/∂T ) is the thermo-
optic coefficient. Equations (2) and (3) both show that
the thermally induced wavelength shift has two major
contributions: the changes in the length of the grating
period and in the effective index of the fiber. For a POF
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Bragg grating, the thermal expansion coefficient α can
reach 10−5 order, while the thermo-optic coefficient ξ is
typically equal to –10−4 order[18]. The accuracy param-
eters depend on the variety of the materials comprising
the POF. Figure 1 shows the simulation of temperature
response of a POF Bragg grating in contrast to silica op-
tical FBG, which is well known to be α = 0.55 × 10−6

and ξ = 6.3× 10−6, assuming that the Bragg wavelength
λB is 1550 nm at 20 ◦C. This can be represented mathe-
matically as

λB = 1550(1− 9 × 10−5T ). (4)

The slope of this curve is negative, indicating that the
Bragg wavelength will decline as the temperature rises
due to the negative bulk thermo-optic coefficient. The
changes in the effective index and thermal expansion
would enable the Bragg wavelength to move contra-
directionally as temperature changes. The thermo-optic
coefficient is one order of magnitude higher than the ther-
mal expansion coefficient, leading to the suppression of
thermal expansion. The Bragg wavelength of silica opti-
cal FBG can be represented as

λB = 1550(1 + 6.85 × 10−6T ). (5)

Differently, this slope is positive and both the factors
make the Bragg wavelength shift toward the same direc-
tion. The slope of POF Bragg grating is much bigger
than that of silica optical FBG, which means that it is
more sensitive to changes in temperature.

The POF preform is made using the Teflon
technique[19]. The cladding is made of MMA-ethylmeth
acrylate (EMA), and the core is made of MMA-EMA-
benzoylm-ethacrylate (BzMA) + 2 wt.-% BDK. The re-
fractive index difference between the core and cladding is
about 0.001. The BDK was introduced to the core as the
photosensitive doping material, which is a classic pho-
tosensitive dye that exhibits photodegradable character
under a very wide band of ultraviolet (UV) illumination.
The refractive index change caused by this process is es-
timated to be 4.5× 10−5. The BzMA was used to adjust
the refractive index of the core. The preform was then
heat-drawn into a POF by taking up spool at fixed draw-
ing velocity and temperature. The diameters of the core
and the cladding are 11 and 230µm, respectively. We se-
lected a 20-cm-long part of the POF, which is consistent
with the fiber drawing process for inscribing Bragg grat-
ing. The POF was operated in single mode near 1570nm.

Fig. 1. Simulation of temperature response of POF Bragg
grating and silica optical FBG.

The Bragg grating was fabricated by the irradiation of
the interference fringes formed by the two-beam interfer-
ence method. The experimental setup is shown in Fig. 2.
The POF was placed on the top of the phase mask. A
355-nm frequency-tripled Nd:YAG pulse laser was used,
and the period of the phase mask was 1061.4nm. A
modified sagnac optical ring interference system was set
up to make only the two first-order beams diffracted
by the phase mask involved in the interference while
blocking the zero-order diffraction beam[20]. The two
beams counter-propagated over the systems through
three prisms will have nearly the same optical path
in order to maintain the high visibility of interference
fringes. The average power intensity for writing gratings
is about 673 mW/cm2. After 16 min of exposure, the
Bragg grating was formed in the POF.

Figure 3 shows the configuration used to measure the
character of the POF Bragg grating and its tempera-
ture response. The POF Bragg grating was connected
to a 3-dB coupler, which enabled the reflected light from
the grating to be directed to the optical spectrum ana-
lyzer (AQ6317C, Agilent). We used the space coupling
method to make the POF coupled with a single-mode
silica fiber; thus, the splicing loss and reflection power
would also be dependent on the coupling efficiency be-
tween the silica fiber and the POF. An incubator was
used as the heat setup, whose temperature was con-
trolled automatically. The accuracy of temperature
measurement is 0.1 ◦C and needs several minutes to
be stable at the desired temperature. Figure 4 shows
the reflection spectra of the POF Bragg grating under
three different temperatures. The full-width at half-
maximum (FWHM) of the reflection peak was 0.3 nm.
The reflection power was 5–8 dB above the noise level.
A potential method to improve the efficiency of POF
Bragg grating is reducing the writing power and increas-
ing the length of the grating period. In addition, we
need to find a critical time for the writing in order to
obtain the largest reflection power. From the spectrum,
it can be seen that the reflection amplitude peak of the
POF Bragg grating shows large fluctuation with temper-
ature change. This was mainly due to the replacement
at the joining of the silica fiber and the POF inside the
connector. The silica fiber and the POF have different
thermal expansion as temperature changes, leading to
the variation of coupling efficiency. One possible way to
avoid this fluctuation is to make only the grating part

Fig. 2. Configuration used to write grating in POF.
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Fig. 3. Configuration used to measure the temperature re-
sponse of POF Bragg grating. TLS: tunable laser source;
OSA: optical spectrum analyzer.

Fig. 4. Reflection spectra of POF Bragg grating at different
temperatures.

Fig. 5. Temperature response of POF Bragg grating and silica
optical FBG.

of the POF in the temperature change area. The temper-
ature response characters of the POF grating and silica
optical FBG are measured and shown in Fig. 5.

The measurement is from 20 to 60 ◦C. The Bragg wave-
length of the POF Bragg grating decreased, while the
silica optical FBG rose with the increase of tempera-
ture. The reproducibility of the response to tempera-
ture is well over repeat measurements, and the result is
in good agreement with the theory calculation. The re-
sult shows that the two temperature response curves are
relatively linear. The expressions of the two curves are

λB = 1571.916− 0.149T (POF Bragg grating), (6)

λB = 1539.677 + 0.0141T (silica optical FBG). (7)

This indicates that the temperature sensitivity of POF
Bragg grating is 149 pm/◦C, while that of the silica op-
tical FBG is 14.1 pm/◦C.

In conclusion, a single-mode POF with a highly photo-
sensitive core doped with BDK is fabricated and used for
writing POF Bragg grating. The temperature sensitiv-
ity of the single-mode POF Bragg grating is found to be
149pm/◦C. This character makes the POF grating ap-
pear to be very attractive for constructing temperature
sensors with high sensitivity.
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