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Photo-Thermal Effect in UV-Written Fiber Bragg Gratings
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Abstract A novel method for measuring the photo-thermal effect of fiber Bragg gratings (FBGs) is presented. The
photo-thermal effect of an UV-written FBG is studied by using the novel method. A distributed Bragg reflector (DBR)
fiber laser is built up by using a 980-nm semiconductor laser as the pump laser, two UV-written FBGs as reflector and
a 10-m-long Er-doped fiber as the gain medium. The reflection optical spectrum of the FBG used is obtained while the
DBR fiber laser is working. The experimental result shows that the optical reflection spectrum of the FBG shifts by
0.034 nm towards longer wavelength when the pump power is 100 mW, which is induced by the photo-thermal
effect. The novel method is applicable in measuring the photo-thermal effect of FBGs.
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1 Introduction

UV-written fiber Bragg gratings (FBGs) and FBG based
devices have been widely wused in the optical
communication. information processing and sensor systems
for their fiber compatibility, low insertion loss and low

11-21  However, during writing the FBG, UV-

cost, etc
induced loss will be introduced which is much larger than
that in single-mode fiber (about 0.2 dB/km), and it can't
be ignored in some cases. Normally. the UV-induced
loss includes absorption loss, scattering loss and

transition loss”~® . The UV-induced absorption loss will
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lead to photo-thermal heating of the grating which may
affect the grating characteristics, shifting the resonance
of FBG based devices.

Photo-thermal effect of UV-written FBGs in rare-earth
fiber and optical fiber has been investigated” ®' and
exploited® ™ in the past recent years. In previous
articles, the light injecting into the FBG is off-resonant. In
this paper, the photo-thermal effect in UV-written FBG is
examined by building up a distributed Bragg reflector
(DBR) fiber laser using FBGs and Er-doped fiber (EDF).

The reflection spectrum of the FBG is obtained while the
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laser is working, which demonstrates the photo-thermal

effect directly and intuitively.

2 Experimental Setup

Figure 1 shows the experimental setup which is used
to investigate the photo-thermal effect in UV-written
FBGs. The left part of the experimental setup is a DBR
fiber laser by using two FBGs (FBG1 and FBG2) and a
10-m-long EDF. A 980-nm semiconductor laser was
used as the pump laser. The FBGs were written in the

hydrogen-loaded corning SMF-28 fiber by using the KrF
excimer laser which was working at 240 nm. The Bragg
wavelength and maximum reflectivity of FBG1 are
1555. 035 nm and 98. 2%, respectively. The Bragg
wavelength and maximum reflectivity of FBG2 are
1555.043 nm and 99.7% , respectively. A broad band
light source (BBLS) and a three-port circulator were
used to measure the optical reflection spectrum of
FBG2. The optical spectrum was measured by an optical
spectrum analyzer (OSA, ANDO AQ6317C).

broad band
light source

Fig.1 Experimental setup for measuring the photo-thermal effect in UV-written FBG

Figure 2 (a) and (b) show the measured optical
reflection and transmission spectra of the FBG1 and
FBG2 by using the BBLS. It's worth nothing to indicate
that the reflection spectrum here is not the real
reflection spectrum of the FBG. The real reflection
spectrum of the FBG can be calculated by using the
FBG. But the optical

reflection spectrum here is correlative with the real

transmission spectrum of the

reflection spectrum and transmission spectrum of FBGs.
The minimal value of the optical reflection spectrum
corresponds to the maximum value of the transmission
optical spectrum ( —34.576 dBm at 1555. 155 nm for
FBG1 and -33.104 dBm at 1555. 165 nm for FBGZ,
just as the double arrow

respectively) , lines in

Fig.2 (a) and (b).

After the experimental setup in Fig.1 was built up,
the reflection spectrum of FBG2 was measured again
and Fig. 2(c¢) shows the result (dashed curve). Also the
previous reflection spectrum, which was measured
before the experimental setup was built up, is shown in
Fig.2(¢c) (solid curve), there are some differences
between the two reflection spectra. After the setup was
built up. the reflection power is a little higher than that
before the setup was built up; there is a reflection peak
within the reflection bandwidth after the setup was built
up. Both the changes are due to the Fabry-Perot effect

when the two FBGs were spliced together.
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Fig.2 (a) Measured optical reflection (dashed curve) and transmission (solid curve) spectra of FBG1; (b) measured optical

reflection (dashed curve) and transmission (solid curve) spectra of FBG2; (c¢) measured optical reflection spectra of

FBG2 before (solid curve) and after (dashed curve) the experimental setup was built up

3 Experiment on the Photo-Thermal Effect
in UV-Written FBGs

The experiment includes three steps: 1) both the
pump laser and the BBLS were turned on, thus the

spectrum recorded with the OSA contained the laser
spectrum and the reflection spectrum of FBG2, which is
named Record 1 (solid curve in Fig.3); 2) kept the

pump laser on and turned off the BBLS, so the spectrum
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recorded by the OSA was only the laser spectrum,
which is named Record 2 (dashed curve in Fig.3); 3)
the reflection spectrum of FBG2 can be obtained by
subtracting Record 2 from Record 1 (dot curve in
Fig.3). The obtained reflection spectrum here is not as
flat as that measured in Fig.2, probably because the
laser power within the reflection bandwidth is much
higher than that of the BBLS.

When we took the reflection spectra of FBG2
obtained in Fig.3 and Fig.2(c) together, just as Fig. 4
shows, the wavelength shift can be seen clearly. In
Fig.4, the optical reflection spectrum shifted by about
0.034 nm when the pump power was 100 mW.
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Fig.3 Solid curve shows the optical spectrum containing
the laser spectrum and the reflection spectrum of
FBG2 (Record 1). Dashed curve only shows the
laser spectrum (Record 2). Dot curve shows the
reflection spectrum of FBG2 which is calculated by
subtracting Record 2 from Record 1

-30 ] T
-35 =
£ H
g :
T 40 :
— : B
g : ]
D? -45 5 : |_)\/
0034
-50 .

155I4.8 1554.9 155IS.0. 1555.1 1555.2
A /mm
Fig.4 Reflection spectra of FBGZ2 obtained when the
pump power was 0 (solid curve) and 100 mW (dot
curve)

We repeated the above experiments but with FBG1
and FBG2 completely immersed in water to keep FBGs
at room temperature. Stable reflection spectrum was
obtained when the pump power was varied from 0 to
100 mW and no wavelength shift was observed. This
confirms that the shift of the spectrum is entirely due to

the photo-thermal effect of the fiber.

4 Conclusions

Photo-thermal effect in an UV-written FBG was
investigated experimentally by building up a DBR fiber
laser using two UV-written FBGs and an EDF. When
pumped with power of 100 mW by a 980-nm laser, the
reflection spectrum of the investigated FBG shifted by
about 0.034 nm. Thus, it shows that the novel method
presented here could measure the photo-thermal effect
of FBGs efficiently. Also, the UV-induced
absorption could not be ignored for an UV-written FBG,

since

photo-thermal heating may occur, which is significant in
grating based fiber optics devices. When using such
elements, efficient conduction pathways must be taken
into account.
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