
Application Report:

EXCIMER LASERS FOR FIBER
BRAGG GRATING WRITING

Fiber Bragg gratings (FBG) are sensor ele-
ments which are photo-written into optical
fiber using intense ultra-violet laser beams.
They have the potential for the measure-
ment of strain/deformation and temperatu-
re with applications including monitoring of
highways, bridges, aerospace components
and chemical and biological sensors. The
development of a fiber Bragg grating mea-
suring system plays a significant role in
monitoring and recording the actual seismic
responses of underground structures, rock
mass and bridges etc.

Studies of 
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Sensor Applications

Principle

The basic principle of a FBG-based sensor
system lies in the monitoring of the wave-
length shift of the returned Bragg-signal, as
a function of the measurand (e.g. strain,
temperature and force). The Bragg wave-
length is related to the refractive index of
the material and the grating pitch. Sensor
systems involving such gratings usually
work by injecting light from a spectrally bro-
adband source into the fiber, with the result
that the grating reflects a narrow spectral
component at the Bragg wavelength, or in
transmission this component is missing
from the observed spectrum (Figure 2).

Advantages

FBGs as fiber optics based strain sensors
have been developed during the last few
years and are increasingly employed in civil
engineering applications. The main advan-
tages of these so-called fiber Bragg grating
sensors are

• the long-term stability of their strain
readings,

• the small sensor dimensions and
• the simple monitoring architecture

allowing a large variety of applications in
material testing and structural monitoring.

Innovative manufacturing techniques and
materials help overcome limitations in
FBGs to provide the reliability and versatility.
For years, FBGs have seemed ideal candida-
tes for fiberoptic-system applications.
Migration from the laboratory to the "real
world", however, has come more slowly than
the demonstration of high-performance
optical characteristics.

Producing FBGs with
standard phase mask
method
Requirements for Excimer Lasers:
• Excellent Spatial Coherence Length
• Homogeneous Beam Profile
• High Pointing Stability
• Good Energy Stability 

Coherent Laser’s Answers:
• BraggStar
• BraggStar Industrial 

Superior Reliability and Performance

The Bragg ConditionPhase Mask Method

Figure 1 Figure 2

Basics: When the grating period is half of the
input light wavelength, this wavelength signal
will be reflected coherently to make a large
reflection.



1. STUDIES OF 
THE CITY UNIVERSITY

In addition to their more familiar use in opti-
cal communications systems, fiber Bragg
gratings are now being widely used for
strain, temperature and pressure measure-
ments.

Working in collaboration with the EM Tech-
nology, a UK SME (Small and Medium Enter-
prises) specializing in optical measurement
structures, City University, London has been
actively involved in several successful pro-
jects in structural integrity monitoring by
using a series of FBGs embedded into or
attached to structures, to record the chan-
ges in their dynamic behaviour.

Practical Exertion

A series of field tests has been carried out
separately in MjosundBrua, Norway and in
Oxfordshire, following trails on a 10 m scale
model bridge in the laboratory. Further work
on the high temperature performance of
the gratings written into specialist optical
fibers has been undertaken, aimed at moni-
toring of oven and furnace linings during
use.

Unmatched Excimer Laser Source

The gratings for these types of applications
were written with a Coherent BraggStar
500 laser operating with KrF at 248 nm, in a
range of fibers through a phase mask (Figu-
re 1). Gratings produced were tested and
evaluated initially using an optical spec-
trum analyser (OSA).

The FBG set-up was installed inside the 346
m long steel bridge (Figure 3), the Mjosund-
brua Bridge, Norway alongside conventional
strain gauges, to make both static and dyna-
mic load-bearing measurements. In tests, a
50 tonne truck was driven across the road-
bridge at 30 km / hour to induce structural
strains. The resulting deformations showed
that the bridge behaved normally and the
FBG sensors performed as well as the con-
ventional force sensors, showing additional
performance information due to their rapid
response. The work showed that the sensors
gave consistent strain readings over the 18
months period of the trials on the bridge. In
tests on composite structures, the FBGs
were located along 3 different axes and the
responses of the FBGs located along the dif-
ferent axes are different, indicating the
force directions, shown in Figure 4, where
the 90° (vertical / horizontal) grating
demonstrated the biggest response.

A range of gratings written into photosensi-
tive fibers was subjected to a long term
high temperature tests and the results are
reported below. The specialized Sn-doped
fiber demonstrated a significant potential
for high temperature sensing up to 900° C,
as shown in Figure 5, where the gratings
were exposed to each of the high tempera-
tures for more than 24 hours. In this way it is
envisaged that strain measurements in
high temperature furnace linings can be
made.

Conclusions

FBG sensors work quasi calibration free and
can therefore be used for the long-term
strain monitoring of concrete structures.
The durability of FBG sensors embedded in
concrete can be attained by using special
sensor holders pro-tecting the glass fiber
and ensuring a perfect bound between the
sensor and the surrounding concrete.
Because of their very small dimensions, FBG
sensors can be used as "microsensors".
Their application in concrete research might
help to contribute to the solution of related
experimental problems.

In Semiconductor Manu-
facturing:
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Figure 4 Experimental results from the FBGs
attached to the composite structure 

Figure 5 Thermal characteristics of Fiber Bragg gratings
written in different materials (CCG was supplied by ACREO AB,
Sweden) Figure 3
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Optical Communications Applications

Fiber Bragg Gratings are optical elements
which are photo-written into optical fibers
using intense ultra-violet (UV) laser beams.
They have many applications including opti-
cal filtering, band-blocking and band-pass
filtering, dispersion compensation, ASE sup-
pression, and amplifier gain flattening. The
development of Fiber Bragg Gratings has
played a significant role in the optical com-
munications industry by enabling an entire
class of critical devices.

Optical Filtering

An FBG acting as an optical filter has many
advantages such as low loss, a flat top pro-
pagation profile, high reflectivity, and easy
matching to other fiber devices. Using the
standard phase mask scanning method, a
uniform fiber grating was produced. The
spectral characteristics of this device are
shown in Figure 1. No apodization was used
in these experiments.

Broadband Linear Profile Filtering

An arbitrary transmission profile can be
obtained in an FBG by using a large-chirp
phase mask to control the refractive index
modulation along the grating length. Figure
2 shows the linear transmission profile of a
large-chirp fiber grating. The specific refrac-
tive index modulation distribution is achie-
ved by varying the number of UV pulses to
which the fiber is exposed during the wri-
ting process. This device could, for instance,
be used as a tensile strain sensor.

Multi-Channel Dispersion Compensation

Linearly-chirped gratings have found parti-
cular application in the field of optical com-
munication. By implementing the proper
chirp parameters in the phase mask, a
multi-channel, dispersion-compensating
fiber grating is produced. The channels are
written one by one allowing for the creation
of the desired grating performance. The
reflection and group delay characteristics of
a grating produced in this manner are
shown in Figures 3 and 4, respectively.

Superior Reliability and Performance

Figure 1 Uniform fiber grating experimental results. 
(a) Reflection and (b) transmission as a function of
wavelength.

Figure 3 The experimental reflection spectrum of a
chirped fiber grating.  

Figure 2 The linear transmission profile of a large-
chirp fiber grating.

Figure 4 The experimental group delay spectrum of a
chirped fiber grating.
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High Order Dispersion Compensation
High order dispersion compensation can be realized
even using a uniform phase mask. This is achieved
by varying the sample period while writing the gra-
ting. A 2nd-order, dispersion-compensating fiber
grating was created with this method. The reflec-
tion and group delay characteristics of this grating
are shown in Figures 5 and 6, respectively.
The ripple in the group delay is shown in Figure 7.
It is mostly limited to the range of 10 ps.

Excimer Laser Source
The gratings that produced the above results were
all written with a BraggStar 200 excimer laser
from Coherent. The BraggStar 200 was found to
have several key advantages in the grating produc-
tion procedure. It was easy to operate. It had a fle-
xible method of triggering through an external PC
trigger. It also exhibited excellent energy stability.

Figure 5
The reflection
spectrum of a
2nd-order,
dispersion-
compensating
fiber grating.

Figure 6
Group delay
of a 2nd-
order,
dispersion-
compensating
fiber grating.

Figure 7
Group delay
ripple of a
2nd-order,
dispersion-
compensating
fiber grating.


