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L ight-based sensing devices al
low measurement in adverse 
environments such as those 

that contain EMI , microwave, or RF 
interference and those that are poten
tially toxic or explosive. The use of 
light as a sensing technology took a 
major growth step with the revolu
tionary application of optical fiber in 
the telecommunications industry. 
Ruggedized cable, electro-optic trans
ceiver components, easy-to-use con
nectors, and installation tools have 
been perfected for telecommunica
tions applications over the past 10 
years. Sensor manufacturers have 
now incorporated many of these ad
vancements in their product develop
ment. 

During the last five years, a wide 
range of optical sensors and sensor in
strumentation have become available 
for measuring parameters such as 
temperature, pressure, refractive in
dex, EMI induced current, motion, vi
bration, and pressure sensing for in
trusion detection applications. Other 
sensing elements are under develop
ment including p H , linear and angu
lar displacement, and gas density. 

One of the major distinctions in 
optical fiber sensors is intrinsic versus 
extrinsic. Intrinsic sensors—also 
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called distributed or continuous sen
sors—are those for which the fiber it
self is the sensing element. Sensing oc
curs along the entire length of the op
tical fiber. Current applications of 
intrinsic sensors are found in gyro
scopes, distributed temperature moni
toring, and intrusion detection. 

In extrinsic sensing, the actual sens
ing is done by an external element 
that interacts optically with the signal 
in the fiber. In most cases, the element 
is attached to the end of the fiber and 
the fiber is only a transmission medi
um to deliver and retrieve light from 
the sensing element. A second exam
ple of an extrinsic sensor is one that 

uses an external medium such as a 
coating over the entire length of the 
fiber, making it sensitive to the pa
rameter to be measured. In this paper, 
extrinsic sensors of the first type will 
be discussed in greater detail. 

Interferometric sensors 
A fiber optic interferometric sensor 

offers very high sensitivity. This is 
typically achieved by splitting a laser 
beam into two parts that travel some
what different paths. One path—the 
reference leg—is kept constant, while 
the other path is allowed to interact in 
some way with the parameter to be 

FIGURE 1. Interferometric fiber optic sensors. 
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measured. By measuring the phase 
difference between these paths at a 
common detection point, minute 
changes can be readily sensed. 

There are four types of interfero
metric fiber optic sensors now in use: 
the Michelson, the Mach-Zender, the 
Sagnac, and the Fabry-Perot. Figure 1 
illustrates the construction principles 
of each. In the Michelson, M a c h -
Zender, and Fabry-Perot interferome
ters, a transducer sensitive to the de
sired parameter to be measured is in
troduced at the appropriate point 
along the fiber. The Sagnac interfer
ometer is somewhat different. The 
Sagnac effect is used in rotation sen
sors where two beams are injected at 
opposite ends of a fiber loop. 

Rotation of the loop causes an op
tical path length difference to occur 
between the oppositely propagating 
beams. For a given diameter loop, the 
optical path or phase difference is 
proportional to the rotation rate. 

Spectral modulation sensors 
MetriCor has used the basic Fabry-

Perot interfermometer with a multi-
mode fiber in a configuration where 
the source spectrum is modulated by 
interaction between the parameter to 
be measured and a shallow resonator 

attached to the end of the fiber. An 
LED with a broad spectrum is used. 
The spectrum of light is reflected and 
modified by the sensor resonator. The 
reflected signal returned through the 
fiber is split into spectral segments. 
The relative spectral changes are con
verted into output readings and rela
tive spectral distribution is measured. 
Since light loss from fiber attenuation 
or fiber bending affects the entire 
spectrum in the same way, these po
tential sources of error do not affect 
the measurement. 

Spectral modulation is applicable 
to many parameters. One benefit of 
this method is that many kinds of sen
sors can share one interface instru
ment. Commercially available sensors 
include temperature, pressure, cur
rent, and refractive index. Sensors 
that have been demonstrated and are 
being further developed include dif
ferential pressure, linear posit ion, 
voltage, and pH. 

During the early development of its 
optical sensor technology, work fo
cused on finding one technology that 
could be used to make several mea
surements. A cavity resonator tech
nique combined with ratiometric de
tection proved to be a successful ap
plication of the spectral modulation 
technology. An extrinsic class of sen

sors for a family of parameters in
cluding pressure, temperature, and re
fractive index have been developed 
and implemented in the four channel 
measurement system—the Fiber Op
tic Multisensor System. Additionally, 
this technique has recently been made 
available in the new four channel 
E M C Test System for measurement of 
EMI/RF induced currents in electro-
explosive devices. 

ColorOptic™ technology 
Most commercially available fiber 

sensing systems measure one parame
ter and use changes in return light in
tensity to track changes in the param
eter. This approach is generally called 
"amplitude" modulation. In contrast, 
the use of a cavity resonator as the 
sensing element allows spectral en
coding of the sensor data. Ratiome
tric detection provides advantages 
over simple amplitude modulated sig
nal recovery by providing first order 
independence from loss mechanisms 
such as fiber bending or variations in 
connector loss. 

This ColorOptic™ technique uses 
"microshifts" of the cavity resona
tor's reflectance spectrum with re
spect to the originating L E D light 
source's spectrum. As the effective 

FIGURE 2. Pressure sensor drawing. FIGURE 3. Electro-optic system diagram. 
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FIGURE 4. Temperature sensor drawing. 

cavity depth varies, the reflectance 
spectrum shifts in wavelength, as 
shown in Fig. 2. Therefore, the LED 
light reflected by the resonator is also 
spectrally modulated. 

Shifts in the return light's spectrum 
are detected by passing the return 
light through an optical filter and 
beam splitter (Fig. 3). Here, a dichroic 
filter is used to divide the returning 
spectrum into long and short wave
length portions. The components are 
then converted into photocurrents us
ing matched photodiodes. The ratio 
of these two photocurrents is propor
tional to the relative amount of light 
contained within the two wavebands. 
With proper design, this ratio can be 
monotonic relative to the parameter 
of interest. 

This microshifted resonator con
cept has been adapted for the mea
surement of a number of physical pa
rameters, Temperature can be mea
sured by placing in the cavity a layer 
of material whose refractive index 
varies significantly with temperature 
(Fig. 4). This creates a change in the 
effective optical path length as tem
perature changes. In this case, the res
onator response characteristics are 
reasonably well described using con
ventional Fabry-Perot etalon models. 

A refractive index sensor is con
structed by allowing the substances 
being measured to flow or diffuse into 
the resonator cavity. As the index 
changes, the resonator's effective opti
cal depth changes correspondingly. 

The Fiberoptic MultiSensor System 
is composed of an instrument and fi
ber optic sensor probe assemblies. 
The instrument has two principle sec
tions. A n electro-optic section pro
vides light to the sensors and detects 
the spectrally modified light reflected 
back from the sensors. It also pro
vides an electronic output signal to 
the second section, where the signal is 
processed for visual display and for 
digital and analog outputs. 

Each sensor probe assembly is 
equipped with a personality key con

taining an E E P R O M . This memory 
device contains an 11 point calibra
tion curve, a units conversion table, 
and serial number and range data. 
Any type of temperature, pressure, or 
refractive index sensor including all 
ranges can be used on any channel of 
the instrument (Fig. 5). Upon inser
tion of the key into the instrument, 
this data is downloaded into the in
strument's digital memory. 

Advantages of fiber sensors 
Of the many advantages of a fiber 

optic based measurement technology, 
the most significant is its immunity to 
EMI , RF, and microwave signal inter
ference. Sensor assemblies may be 
constructed without any metal com
ponents for use in microwave and RF 
ovens. The non-electrical sensor as
semblies also are safer for use in ex
plosive environments. 

Many physical configurations of 
sensor probes are available. Figure 7 
shows a .8 mm O.D. x 10 mm long 
microminiature sensor assembly used 
in aerospace composites testing. It is 
composed of a fiber, sensor chip, and 

FIGURE 5. Fiberoptic MultiSensor 
System. 

sensor mounting pedestal. Other ap
plications require a more rugged 
glass-to-metal sealed assembly such 
as the hermetic 1/8-inch O.D. zirconi
um probe assembly mounted with a 
male 1/4-inch pipe fitting, as shown 
in Fig. 7. 

Optical cable and sensor assem
blies are easily adapted for varying 
environments. Fiber optic sensing can 
provide measurements of up to one 
mile from the instrument without am
plifier or repeater electronics. It is in
expensive and readily available in a 
number of cable configurations, in
cluding lightweight laboratory and 
armored field grades. 
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Fiber optic sensing can 
provide measurements of 
up to one mile from the 

instrument without 
amplifier or repeater 

electronics. 

FIGURE 6. Micro probe available in 
temperature or pressure. 

Pressure sensors are available in 
various ranges up to 2000 psi. Tem
perature sensors go up to 300°C. Re
fractive index sensors can be made to 
monitor virtually any liquid or com
pressed gas with a refractive index be
tween 1.000 and 2.000. The accuracy 
of fiber optic sensors is typically 0.5 
to 1% of full-scale. 

The systems are more cost effective 
in many applications than traditional 
electrical technology. For example, 
applications that require control of 
the quantity of a substance being 
mixed into another, can be monitored 
with the fiber optic refractive index 
probe. It is small (approximately .125 
inch diameter) and quick responding 
so it can be installed in-line. In explo
sive applications, the intrinsic safety 
of a non-electrical sensor saves the ex
pense of explosion proof fittings and 
housings. 

A recent adaptation of this technol
ogy has been to install a current sens
ing element into electro-explosive de
vices such as the Mark 1 Squib. A 
standard squib assembly is used with 
minor modification. The fusable wire 

FIGURE 7. Standard probe assembly with pipe fitting adapter. 

is replaced by a thin-film resistor of 
the same resistance value as the origi
nal fusable wire. That resistor has 
been deposited onto the small (0.037 
inches square by 0.010 inches thick) 
optical resonator chip attached to the 
end of a 0.008 inch diameter fiber. 
The optical fiber and resistor chip are 
positioned to place the resistor and 
interconnecting bond wires very close 
to the original location of the squib's 
fusable wire. The original squib base 
and lead wire assembly are used to 
form an electrically identical struc
ture. 

The resultant test device approxi
mates the original squib assembly 
over the entire RF spectrum well into 
the microwave bands. The minimum 
detectable current is 0.005 amps (25 
microwatts with a 1 ohm squib). Be
cause the sensor actually responds to 
power, resolution improves at higher 
currents. The difference between 
0.025 and 0.026 amps, for example, 
is easily measured. A major advan
tage of the optical sensor system in 
this application is that the fiber leads 
between the sensor and instrument al
low the electronics package contain
ing the light source, optical detection, 
and output circuitry to be located 
away from the high power emitters 
used in testing for electromagnetic 
compatibly. 

Table 1 lists the basic specifications 
for the sensors described above. Addi
tional ranges, physical configurations, 
and operational specifications for 
new sensors are continually being 
made available. 

Multimode interferometric 
While fiber is extremely transpar

ent, it can be quite sensitive to 
changes in physical environment. 
Very small physical distortions can 
disturb the uniformity of the modal 
distribution within the light carrying 
core of the optical fiber. These me
chanically-induced optical deforma
tions can be detected by using the fi-
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Table 1. Basic specification for ColorOptic sensors 

ber as part of an optical interferome
ter. The inherent communication at 
the speed of light and small fiber size 
combined provide an ability to track 
very fast physical transients. 

This intrinsic technology has been 
implemented in an Intrusion Detec
tion System. Light, injected from the 
instrument into one end of an optical 
cable, is monitored for modal distri
bution shifts caused by pressure, vi
bration, or motion of the optical fi
ber. The system is able to detect and 
differentiate between intrusions as 
small as a pin dropped on a carpet or 
as large as an armored tank. It is pos
sible to obtain individual amplitude 
and spectral signature of various in
truders whether living or mechanical. 
This technology provides the basis for 
the development of an intelligent, 
fault-free surveillance system. It has a 
wide dynamic range, can cover long 
distance, is immune to lightning and 
other E M I , and is undetectable by 
conventional security sweep devices. 

Sensor applications 
There are too many applications 

for optical sensors to list or describe 
here. As with most new technologies, 
it is more expensive than most estab
lished products. The most popular 
uses for the technology to date are 
those applications where the unique 
behavior of optical sensing is advan
tageous. These include measurements 
in adverse environments that may re
quire operation over a wide tempera
ture range, those that contain corro
sive chemicals, applications that are 
exposed to EMI/RF or lightning, and 
those that can use the optical sensor's 
small size, long distance, non-conduc
tive characteristics. 

Several interesting applications ap
pear in aerospace for monitoring the 
curing of the new epoxy composite 
materials. The sensors are left embed
ded in the composite material and re
main operative for future testing or 
monitoring of the aircraft structure. 

Chemical processing and food pro
cessing applications are becoming 
commonplace for optical fiber sen
sors. Their EMI immunity make them 
ideal for microwave environments 
such as chemical digestion applica
tions and for microwave food and 
food-containing testing. 

Future development 
opportunities 

As a new technology is developed, 
it becomes more specific to particular 
applications. This speciality often al

lows the manufacturer to streamline 
the product, reduce cost, and enhance 
performance. Addi t ional develop
ment time and focus permits the tech
nology to be applied to solve many 
new problems. New instrumentation 
configurations are under develop
ment that will better service specific 
industry and government applica
tions. The sensors and associated in
strumentation is evolving from the 
general lab class of instrumentation 
to more ruggedized, modular designs 
that can be used in industrial, aero
space, and military applications. 

OPTICS NEWS • NOVEMBER 1989 47 

Typical Specifications of ColorOptic Sensors 

TEMPERATURE SENSORS 

Probe Tip Construction 
Ranges (01) 

(02) 

Units 
Accuracy 
Resolution 
Maximum pressure 
Response time (Typical) 

Zirconium 
-10 to 120 C 

Ceramic 
-10 to 120 C 

Ceramic 

-10 to 120 C 

-20 to 300 C 

St. Steel 

-10 to 120 C 

-20 to 300 C 

C/F/K 
1 % of full scale 

0.1 C 

1000 PSI 

0.2 Sec. 

100 PSI 

0.5 Sec. 

100 PSI 

30 Sec. 

1000 PSI 

30 Sec. 

PRESSURE SENSORS 

Range (01) 

(02) 

(03) 

Units 

Accuracy 

Resolution - Range (01), (02) 

Range (02), (03) 

Maximum Pressure 

Sensor Response Time 

0-100 PSIA 

0-150 PSIA 

0-500 PSIA 

PSI/PSIA/KPaA/ATM 

±0.5% of full scale 

0.1 PSI 

1 PSI 

3X Range 

<1 mSec 

REFRACTIVE INDEX SENSORS 

Range (01) 

(02) 

Accuracy 

Resolution 

Maximum Pressure 

Response Time 

1.3200 to 1.4200 

1.3700 to 1.4700 

±.001 R.I. 

0.0001 R.I. 

1000 PSI 

5 to 30 seconds 


