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ABSTRACT

In this work, we present a new method for incregsimultaneously the sensitivity and interrogatiability of fiber-
optic intensity sensors. The configuration is basada double-coupler ring resonator. On one side, dattenuation
sensitivity of the sensor is enhanced by placingnside a ring resonator. On the other side, tlabildty of the
interrogation method is rendered close to perfgctieating an external lasing ring resonator withtched spectral
response. The resulting lasers allow the stabérimgation of the sensors with an impressive sgitgienhancement. In
our experiments, the dynamic range of the intersgtysor (and consequently its sensitivity) is iaseal 15 dB by using
this laser-based interrogation system. Simultangptiee instability of the system is reduced toG®dB. In comparison
with systems based on external interrogation, oethod is >100 times more stable and also simptenoawavelength
tunable elements are required.
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1. INTRODUCTION

Optical ring resonators (ORRS) have received irsgdaattention in recent years, within the sensetd, fdue to their
interesting optical properties, among them, thecaptfeedback, which provides strong attenuationsgiity at the

expense of a periodical response in frequency.peni@d of the ORR frequency response is inversedpgrtional to its
length. In this regard, two main groups can beirdisished depending on the implementation technoléiger optic

ring resonators (FORRs) and integrated optic riegonators (IORRs). IORRs have a high wavelengtlaraépn

between resonances in comparison with FORRs, haveseto their reduced size, they are aimed to atemmeasures
[1, 2], whereas FORRs allows measuring physicad[8s well as chemical [5] parameters.

FORR is an interesting structure in combinatiorhwifttensiometric sensors. In particular, FORRsvalio substantial
increase in the sensitivity of the inserted sensdwsthe ring, due to the multiple recirculatioofsthe light through the
sensors. However it also leads to a considerabtability of the measurement. In systems basedmpiitude detection,
ultra-stable and ultra-narrow lasers are neededrder to avoid this instability, a sweep interribgia with a tunable
laser can be carried out [6] or, alternatively, agtical vector analyzer can be used. All theseomgtirender the
interrogation system substantially more expensivéower cost alternative consists of using a tinoendin detection
scheme, such as the cavity ring-down (CRD) tecten|@{ithat analyzes the decay in light intensityewtan input pulse
is fed inside the cavity.

In this paper we present a specially designed fiber sensor systems based on FORRs which allmwsaising the
sensitivity in intensity sensor measurements wkéeping good output intensity stability. The FORRformed by a
double coupler configuration, whose transmitted aeflected signals show complementary responses. Jdif-
interrogator laser was obtained by the combinatbrthe FORR reflected signal with a gain medium.thMmhis
configuration the instability of the system is redd in comparison to the use of external interrmgatnd also, the
active equipment is reduced to an optical ampldiggain medium and a semiconductor detector omeipmeter as the
detector.
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2. EDFRL SENSOR SYSTEM CHARACTERIZATION

The objective of this work is to obtain a lasersensystem based on a resonant ring allowing aease of both the
sensitivity and the stability. Figure 1a shows pineposed ORR structure and its theoretical outpwiep expressions,
where,E; is the input signak; anda;, are the coupling ratios and the attenuationkérrésonator, respectively, and L the
total length of the ring. Figure 1b and 1c show tbmparison of the experimental and theoreticaukition results of
the ring resonator in which is based our sensora kg=k,=0.9,L= 2.14 m and&,=a,=0.05 dB due to the splices between
the couplers. As it is visible, the response ofrihg is periodic in frequency, with resonant peagaced by a quantity
c/nL (around 95MHz). More importantly, the two outpufdtte ORR show complementary responses.
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Fig. 1. (a) Fiber based ring resonator and , tréttestin(E,,) and reflectedl,,) signal expressions of the FORR. (b) Experimentdl an
simulated normalized spectra of the resonatoEfgiand (c)E,,.

The proposed system uses the resonant o®pof the ORR as seed for generating a fiber ringrlaBkis way the
structure itself behaves as the interrogator ofséresor. The configuration is shown in figure 2 rehé¢he gain medium
was an erbium doped fiber amplifier (EDFA: EFA-A&Im MPB Technologies), a filter at 1533.9 nm watiBW of 0.1
nm was used for the laser wavelength selectionaapdwer meter (Ando Aq2140) as detector. Note thatlasing
cavity in figure 2 is much longer than the ORR tavo effectively the spectral response of theuioled laser turns out
to be approximately that &,,.

The characterization was carried out using a vhriaktenuator (VA), simulating an intensity senste&ment. For this
purpose a voltage controlled VA was used in ordendrease the precision and the resolution ottiaacterization. As
can be shown in figure 2, there are two positiorand B, where the VA can be located. Placing métively the VA in

these two positions we can compare the behavi@ sénsor inside the ring (B) and outside it (A)rtkermore, by
disconnecting the internal ORR (dash line in figR)yehe sensor can be compared with a simple ramjfiguration. A

series of measurements varying the applied volvdgiee VA from 0 to 4 V with steps of 10 mV was Gad out.

Fig. 2. Experimental setup of the EDFRL sensoresyst

As can be seen in figure 3a, when the VA was latatside the ring, the dynamic range of the systambe increased
up to 15 dB. The attenuation operation range wéisete from 0 dB (0 V) to 7.5 dB (3.25 V), where thss of the



cavity finally prevents the laser condition. Al$etproposed system shows strong improvements sitisétly compared
to the open-loop response of the sensor and alsoniparison with the conventional lasing ring regon

In order to determinate the system instability{umlg of the output power variations following thé\\attenuation inside
the ring was performed. The system was tested Todifferent voltage values of the VA and each measent was
carried out along 30 minutes, using an acquistiime of 10 seconds.
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Figure 3. (a) Output power response against thiagelapplied to VA located in position A (dash)siion B (continuous) and
position B without ORR (dash-dotted). (b) Output powmstability of the structure against the voltageléed to VA.

The obtained results, figure 3b, show an instabdibse to 0.1 dB until the VA voltage reaches ¥.1rom this value
onwards, the instability increases up to a maxinwfi®.6 dB, when a voltage of 3 V is applied to #teenuator. This is
justified by the close operation of the systemhmlaser threshold.

In order to compare the instability with an extéringerrogation system, a characterization of tHeROwith an external
tunable laser source (TLS Agilent 81600B) was edrrout. Figure 4a shows the experimental setuphefTLS
interrogation method.
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Figure 4. (a) Experimental setup of the TLS intgation method. (b) Output power fluctuations of TheS interrogation method (c)
Output power fluctuations of the EDFRL interrogatiaethod.

In figure 4b and 4c, it can be compared the inktghiithout attenuation (VA=0dBYor the TLS interrogation method
and the EDFRL sensor method, respectively, showingemarkable instability improvement for the EDFRL
interrogation. The problem of the external intemtign is due to the transfer function instabilit§ the ring in
combination with the TLS wavelength instability. éfkeparation of peaks in the ORR transfer fundsorery narrow
(around 95MHz) so small TLS wavelength variatioagse a substantial change of the detected outmerpo

3. EDFRL SENSOR SYSTEM FOR DISPLACEMENT MEASUREMENT

In this section a practical case for displacemeaasurements based on a bending sensor (FigureaSainwestigated.
The experimental setup for the EDFRL sensor systethe same as shown in figure 2 by replacing th&. Wy the
bending sensor. Figure 5b shows the measuredsdsulihe sensor at position A and B.
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Fig. 5. (a) Schematic of the displacement senssedan bending. (b) Output power response versugisiplacement applied to the
sensor, when located in position A (dotted) andd@{iauous).

As seen above, when the sensor is located inse&lgrty, a dynamic range increment of 15 dB at g@0was achieved.
This configuration allows to measure up to 508. An instability measure was also carried out@ gm, along 30
minutes, taking a sample each 10 seconds, showimgjability of 0.34dB

4. CONCLUSIONS

To summarize, in this paper a new system for ernhgrifiber-optic intensity sensor measurements, dasea resonant
ring cavity, is presented. The main advantage isfritethod is the ability to increase the dynamigyeaof an intensity
sensor up to 15 dB. In addition, because the teffefunction of the ring-resonator is used to gateean EDFRL, the
system works as a self-interrogator of the senedrimprove the instability in comparison with extal interrogation

methods. The proposed interrogation system isquéatily suited for any kind of transmissive intepsiensors and only
requires two active elements, an EDFA as gain nmdind an optical power meter acting as detectoadutfition, the

system has been tested for a displacement sensed loan fiber optic bending showing an incrementhef dynamic

range of 15 dB at 400m with a instability less than 0.34dB.
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