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ptoelectronics and fiber optics
Otechnology experienced sig-

nificant advances in the
1990s, driven largely by well-funded
innovation in the telecommunica-
tions, semiconductor and consumer
electronics sectors. Although some
of these sectors have since lost mo-
mentum, the trickle-down effect for
other photonic applications markets
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has continued and, in some cases,
accelerated. Fiber optic sensors, for
example, have achieved enhanced
performance by integrating im-
provements in fiber, laser and pho-
todetector technology. At the same
time, the relative cost of such devices
has come down as a result of ad-
vances in optoelectronics manufac-
turing methods.

In recent years, factors such as es-
calating demand for increased secu-
rity, the need for higher-performance
military systems and the difficulty
in finding new oil reserves have re-
sulted in a demand for better sens-
ing systems. One response to this
has been the development of optical
fiber sensing technology.

In comparison with conventional
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sensing technologies, fiber-based
sensors are lightweight, compact and
easily multiplexed: are resistant to
hazardous environments, electro-
magnetic interference and chemical
corrosion; require no electrical power
at the sensing point; can distribute
sensing over very long distances; and
are producible at relatively low cost
because of the use of readily available
telecommunications components.
The result is large, fast-growing op-
portunities in the security, military,
oil and gas, utilities, and research
and development markets.

Fiber Bragg gratings (employed
with broadband light sources) and
distributed sensors based on optical
time-domain reflectometry are the
most widely used optical sensing
technologies today. The recent avail-
ability of single-frequency fiber lasers
with very narrow linewidths (less
than 3 kHz) has enabled a new gen-
eration of distributed fiber sensor
systems based on optical frequency
time-domain reflectometry with fre-
quency scanning, often called fre-
quency-modulated continuous-wave
reflectometry. In this tech-
nique, the return signals
from the various sensors
are separated by frequency
rather than by time.

The probe laser in this
method generates a con-
tinuous, frequency-modu-
lated optical wave. These
fiber lasers exhibit a co-
herence length of a few
hundred kilometers, fre-
quency stability of better
than 10 MHz over long pe-
riods, and low phase noise
— about two orders of
magnitude lower than dis-
tributed feedback lasers.
This technology provides a
new tool for high-perfor-
mance fiber optic interfer-
ometry sensing.

Designers of fiber optic
sensing systems based on
frequency-modulated con-
tinuous-wave reflectome-
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Moreover, there are more
than 2 million miles of oil
and gas pipelines in North
America and more than 5
million miles worldwide.
Inspectors driving or flying
along the pipelines moni-
tor conditions almost en-
tirely visually. This is very
costly and does not provide
the opportunity to identify
many potential problems
before they occur. A dis-
tributed optical sensing
system could measure both
temperature and strain in
more than 100 miles of
pipeline in real time, thus
identifying both existing
and potential problems.

Finally, a market oppor-
tunity exists to improve
high-voltage power line
monitoring. There are ap-
proximately 200,000 miles
of high-voltage power lines
in the US. The Electric
Power Research Institute
estimates that billions of
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dollars of electrical capacity is lost
every year in the US alone as a tesult
of the inability to accurately mea-
sure the strain and temperature on
these lines. A distributed optical
sensing system could measure tem-
perature within 1 °C and strain
within 107® in more than 100 miles
of power line in real time.

Research and development. Be-
sides the sensing markets, research
and development institutes, such as
universities and government agen-
cies, are increasingly demanding
sources that feature longer coher-
ence lengths and lower phase noise.
Universities and research labs re-
quire high-power fiber lasers for a

variety of applications and across a
number of departments, including
in electrical engineering, physics,
and lasers and optics. 0
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