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Ultra High Resolution OSA for Characterizing and
Interrogating Fiber Bragg Grating Sensors

The APEX Technologies Ultra High Resolution Optical
Spectrum Analyzer (OSA) can be used to measure
the active/passive optical component insertion
loss/gain thanks to the possibility to synchronize the
infernal  Tunable Laser Source and the OSA
sweepings. In this context, the APEX OSA remains a
perfect tool to measure the Fiber Bragg Grating
(FBG) Sensor reflection with 1 MHz of resolution,
63 dB dynamic and 0.3 pm wavelength relative
accuracy.

Introduction to Fiber Optic Sensors

Optical fibers technology was first realized in the 1960s and has developed to be an
intfegral part of modern telecommunications. Over the last few years, fiber optics and
optoelectronics industry have seen tremendous amount of innovation and widespread use
leading significantly reduced optical component cost with an improved quality. By taking
advantage of these economies of scale, fiber-optic sensors were designed to measure the
performance and status of opfical networks. In addition to telecommunications
applications, optical fibre sensors have moved from experimental research applications in
the lab to broad usage and applicability in field applications such as oil and gas services,
medical and biomedical engineering, electrical power industry, structural monitoring,
defence and aerospace.

Optical fiber sensors are highly desirable solutions to sensing applications due to their
small size, low loss transmission, immunity to electromagnetic interference, light weight and
electrical isolation amongst other advantages. All the core of optical sensing technology is
the optical fiber. As shown in figure 1, an optical fibre consists of a core surrounded by a
lower refractive index cladding. For certain angles of incidence, light is launched into the
allowable modes of propagation and guided along the fiber by the core-cladding
boundary.
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Figure 1 : Guidance of light in an optfical fiber
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Fundamentally, the fiber-optic sensor principle is based on the modulation of one or
more properties of a propagating light wave, including intensity, phase, polarization, and
frequency, in response to the environmental parameter being measured. In its simplest form,
an optical fiber sensor is composed of a light source, opftical fiber, sensing element, and
detector. Optical fiber sensor operation and instrumentation have become well understood
and developed. Many commercial discrete sensing systems have been proposed and
developed which incorporate optical fiber according to many schemes such as Fabry-Perot
(FP) cavities and fiber Bragg gratings (FBGs). Among all of these, FBG based sensors have
received considerable attention in recent years and seen a rise in their utilization and
commercial growth.

Fiber Bragg Grating sensors

Fibre Bragg gratings (FBG) are highly suited as sensor elements for measuring various
static and dynamic fields such as temperature, strain and pressure. One of the main
advantages of FBG sensors over other types of optical fiber sensors is that the measurand
information is wavelength encoded, making the fiber grating sensor self-referencing and
rendering it independent of light source fluctuations and system power or connector losses.
In its most basic form, an FBG is wavelength-dependent optical filter/reflector formed by
introducing a periodic refractive index structure along the optical fibre core that reflects
light at wavelengths determined by the Bragg condition. In fact, When a broad-spectrum
light beam is sent to an FBG, reflections from each segment of alternating refractive index
interfere constructively only for a specific wavelength of light, called the Bragg wavelength
as shown in figure 2.
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Figure 2: FBG sensor operating principle

Changes in strain and temperature affect both the effective refractive index n and
grafing period of an FBG, which results in a shift in the reflected wavelength. A great
advantage in FBG sensors is that they can give very accurate measurement that isn't
sensitive to any fluctuations to the fluence of illuminating sources. Although very attractive
as sensors, FBGs suffer an inherent cross-sensitivity between temperature and strain. This
creates a problem for sensor systems designed to monitor strain alone for example, as
temperature variations along the fibre path can lead to unrepresentative, thermal-induced
strain readings.

The ability to write FBGs with unique Bragg wavelengths lends itself well to wavelength
division multiplexing (WDM) techniques. This provides the ability to daisy chain multiple
sensors with different Bragg wavelengths along a single fiber over long distances. The
number of sensors that you can incorporate within a single fiber depends on the wavelength
range of operation of each sensor and the total available wavelength range of the opfical
interrogator.
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APEX Ultra High Resolution OSA: perfect interrogation tool of FBG
sensors

A key feature of the sensor system is the instrumentation required to measure the
change in reflection wavelength from each FBG and hence deduce the local strain. One
approach entails spectral analysis of the light reflected from the fiber. With typical FBG
sensor wavelengths, optical interrogators must be capable of performing measurements
with highest resolution and wavelength precision. Interferometric method used by APEX
Technologies Ultra High Resolution Optical Spectrum Analyzer (UHR-OSA) is often used in
laboratory settings and can provide high-resolution optical spectrum measurements.
Recently, APEX Technolgies UHR-OSA has aftracted a lot of attention of FBG sensors
manufacturors and researchers due to its ability to measure the transmission/reflection
(insertion loss/gain) of any actif/passif optical components.

Thanks to the tracking generator, the internal Tunable Laser Source (TLS) and the
Optical Spectrum Analyzer sweepings can be synchronized. Therefore, the user measure the
FBG sensor reflection spectrum. The APEX Technologies UHR-OSA uses a high performance
sweeping Tunable Laser Source to illuminate the FBG sensor replacing the traditionally weak
broadband light source. The internal TLS concentrates energy in a very narrow band
providing a 500 KHz linewidth light source. The APEX Technologies UHR OSA based on this
tunable-laser architecture operate by sweeping a very narrow band of light across a
wavelength range while synchronously using the OSA to measure the reflections from the
FBG(s). When the wavelength of the TLS matches the Bragg wavelength of the FBG, the
OSA sees a corresponding response. The wavelength at which this response occurs
corresponds to the temperature and/or strain of the FBG  (Figure 3).
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Figure 3: APEX Technologies interferometric method for measuring FBG sensor reflection/fransmission

In this configuration the wavelength resolution is not related to the rectangular shape
electrical filters (up to 5 MHz/40 fm) used for the OSA function but to the TLS linewidth
making APEX UHR-OSA the only equipment in market measuring FBG sensors reflection with
1 MHz/8 fm resolution. The APEX Technologies UHR-OSA method can deliver a 0.3 pm
wavelength relative accuracy and a +/- 3 pm absolute accuracy thanks to its three
different internal wavelength calibrators (2 relatives and 1 absolute), which translates to FBG
sensor accuracies. On the other hand, the APEX UHR-OSA can measure the optical

4 component transmission/reflection with 63 dB of dynamic range.
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If FBG sensor is starched, the wavelength at which we obtain maximum reflectance
changes. The deformations of FBG are therefore determined of the basis of the spectral
properties of the structure. With the APEX UHR-OSA, it is possible to study FBG deformations
and to determine accurately at which wavelength do we obtain maximum reflectivity.
Figure 4 depicts a zoom on the reflection,of an array of multiple FBG sensors. The two peaks
correspond to two adjacent FBG sensors. Currently, APEX OSA guarantee a peak separation
measurement accuracy of about 0.24 pm/30 MHz for a distance of 30 GHz.

155058596 rm WAVELENGTHom|  [suemee) [oam®em@v]  [1552261900m

Crameit —_ . S

TTTTT sTOoP |
b (NP Length 1 g g

1 1551.22743 om & v |2 |8 oth [1m| | Trace A8 [T.Ls. On/OfF

Figure 4: FBG sensors reflection spectra measured by APEX Technologies OSA

Polarization-dependence loss (PDL) of transmission-type optical devices, such as long-
period fiber grating (LPFG) sensor and wavelength-tunable filters, is an inherent problem that
limits information Sensors capacity in optical sensor applications. The FBG sensor, which is a
partially transmission/reflection-type fiber device, also suffers from PDL. External perturbation
such as fransverse force can increase the birefringence of most FBGs. As a result, the
interrogation accuracy of an FBG-based sensor may be significantly deteriorated due to an
uncertain wavelength shift caused by the variation of polarization state of the input light.

In this context, APEX UHR OSA remains a perfect tool to study the sensitivity of FBG
sensors to the polarization states. The availability of two internal independent channels for
each polarization is one of the most specific features of the APEX UHR OSA. In fact, the
APEX APEX UHR OSA splits the input signal into two orthogonal polarization axes in order to
measure them simultaneously. The main advantage is to provide users the possibility to
display separately and/or simultaneously the two polarization channels. It can also
recombine them and display a polarization-independent measurement as shown in figure 4.

Figure 5 shows the polarization-dependent reflection spectra of a FBG sensor under
different transverse forces measured by the APEX UHR OSA. By applying external forces on
the FBG sensor (by just moving the FBG sensor), the APEX UHR OSA shows clearly the
amplitude variation of the reflection peak in each polarization channel. In some cases
(figure 5(q)), the reflection peak amplitude can be same for both polarization states.



ALEX  High Resolution 0sA I
mmgoeerser [ 2[0] 2] [WEE] EE 0 (@] f e [2]0]2]  [L]EE] @z *

POWER Log | | 3.000 dB/div Resoltion: 144 pm | | Polarization 1 182 APEX Technologies POWER Log | | 3000 dBfdiv Resolstion: 1.44pen | | Polarization : 182 APEX Technologies

s b s by it

) IR
e ] 021430 rnillv e 155375637 o WAVELENGTH nm 155482789 o 021430 iy 1555.69340 nm
Ty ] Channel1 — T Companent Transmission Analys
= B AR o e e
e e ) 0] (][] o ] s S o —_—
||’nk£um | [ MaxHold || average | [scaletospan| Repeat detay: (1% s [ Peak center | [ Maxtold | [ average | [scoletospan | Repeat delay: 1591+ sy
= r e | save : a u-- -u- 5 a
Tracking Generator | /- l L) “.}‘ l “ﬂ,, “III “\)"l Tracking Generator '\-’ﬂ =]
POWER Log | 3.000 dBdiv Resolution: 144 pm | | Polarization 1 182 APEX Technologies POWER Log | | 3.000 dBjdiv Resohtion: 144 pm | Polarzation 1 162 APEX Technologies
woan) | N [N A, WU R T A - _— swep | | (200
i(c): i i i i i .
35,00 dem : i i y ; 5 ; e 36,00 dém
3800 8m i Polar?2.! T\ i i 3800 &
: ; i 1 Polar 1 i Lne
Ao0dem | HOSR (LS (S, S | W | B H -41.00 dBm
44,00 dem ' 44,00 dBm
.00 d8m Polqr 1"’2 * 47.00 8
50,00 dem L 5000 dBm
53,00 dem ' £3.00 dem
56,00 dem ' ’ 56,00 dm
pe b g _oSR LS RS SR ... B Xl
EL TN o eiihoies oo e et 1 | el L, OO A, AL o Bt s el 5900 dBm
: : : : L i Polar 1 : : : : : : ‘ ‘
1553.75637 nen WAVELENGTH nm 1554.82789 nen 021430 nnfdiv 15559940 nm 155375637 WAVELENGTH nn 1554.82789 nm | 1555 89940 neny
o vy —_— e Poler 1 _— cinponent Transmission Analysis
START sToP START stop
T e PSR [ o) oo ] 9 (6] (] (@] e
Peak Center ][ Maxtold | [ Average | [ScaletoSpan | Repeat delay: 157 ¢ oo | Peak center | [ Maxtold | [ average | [scaleto Span | Repeat defay: 1475+ gums

Figure 5: FBG sensors polarization-dependent reflection measured by APEX Technologies OSA

Although the amplitude of the reflection was seen to fluctuate significantly, the
wavelength position remained constant. The polarization dependence of the radiation
direction is negligible at wavelengths close to the Bragg wavelength of the grating. Since
the system operates by taking a snapshot of the reflected spectral information, the
polarization induced amplitude fluctuations only affect the SNR (Signal to Noise Ratio) of the
system.

Conclusion

The APEX Technologies High Resolution OSA used in laboratory settings remains a
perfect tool for measuring FBG sensors reflection/transmission spectrum. Thanks to its
interferometric method and tracking generator option, the APEX OSA can flexibly measure
the FBG sensor reflection spectrum deformation with:

o 1 MHz/8 fm of wavelength resolution
o 63 dB of dynamic range
o 0.3 pm wavelength relative accuracy for a 30 GHz peak separation

The availability of two internal independent channels for each polarization axis inside
the APEX OSA gives the possibility to study the FBG sensor sensitivity to the polarization states.
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