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Lossy mode resonances can be obtained in the trsgsiemspectrum of cladding removed
multimode optical fiber coated with a thin-film. &lsensitivity of these devices to changes
in the properties of the coating or the surroundmggdium can be optimized by means of
the adequate parameterization of the coating téfeamdex, the coating thickness and the
surrounding medium refractive index (SMRI). Somsibaules of design, which enable
the selection of the best parameters for each fapseinsing application, are indicated in

this work.
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1. INTRODUCTION

Generation of resonances in the transmission spaakith cladding removed multimode optical
fiber (CRMOF) coated with a thin-film has been prdwsuccessfully in [1-5]. Light propagation

through semiconductor cladded waveguides has Wedred in [6], where attenuation maxima



of the light propagating through the optical wavedgucan be obtained for specific thickness
values and at certain wavelengths or incidenceeangrhis is due to a coupling between
waveguide modes and a particular lossy mode ofsdmiconductor thin-film [7]. Since the
phenomenon occurs when the lossy mode of the thinié near cut-off, there are thin-film
thickness values that lead to transmission attémuataxima [6]. The same phenomenon can be
observed if the variable is the wavelength and thetthickness. If the thin-film thickness is
fixed, a resonance is visible in the electromagnspectrum for those incident wavelength
values where there is a mode near cut-off in therlay. These resonances are not surface
plasmon resonances (SPR), but lossy mode reson@dd& [1,8] or guided mode resonances
[9] (depending on the expression used by the autB&R occurs when the real part of the thin-
film permittivity is negative and higher in magrdel than both its own imaginary part and the
permittivity of the material surrounding the thiisf [9]. LMR occurs when the real part of the
thin-film permittivity is positive and higher in rgaitude than both its own imaginary part and
the material surrounding the thin-film [9]. Conseqtly, SPR can be obtained with materials
with a high imaginary part of the refractive ind@ypically metals [10-11]), whereas LMR is
achieved for materials with low imaginary part loé¢ refractive index.

LMRs have been observed with metal oxides, sudi@g1-2], TiO. [3], and Indium Oxide [4].
Recently, polymers also have been proved succésébulthe same purpose [5]. In addition to
this, LMRs appear for both TM and TE polarized tighd the generation of multiple resonances
without modifying the optical fiber geometry is @algossible [1]. Consequently, they constitute a
promising research field that could compete withldrgely established SPRs.

There is a number of recent publications with sepsapplications based on lossy mode

resonances: refractometers [1,3], where resultscouse the sensitivity of LPFGs and are



comparable to SPR based devices [3], humidity serfh or even pH sensors [5]. So far, some
rules for design have been given for the desigrefshctometers [4], but nothing has been told
about the validity of these hints for a humidityyser or a pH sensor yet. The aim of this article
is to give some general rules that can help thggdesto choose the adequate material for each
specific application. To this purpose, devices tase the deposition of two different materials
are compared: Ti©and a polymeric matrix based on the combinationpofy(allylamine
hydrochloride) (PAH) and poly(acrylic acid) (PAA)

The remainder of this paper is organized as folldwsSection 2 it is presented the experimental
setup and the fabrication procedure for the sendegces. In section 3 it is indicated the
method used for the analysis of the propagatidigbt trough the thin-film, and the modeling of
TiO2 and PAH/PAA. Numerical results and rules for tiesign of LMR based sensors are given

in section 4. Conclusions are included in Section 5

2. EXPERIMENTAL SECTION

2.1 Materials

Titanium(lV) oxide nanoparticles of diameter 21 namd the polymers poly(allylamine
hydrochloride) (PAH) (Mw ~100,000), poly(acrylic idg (PAA) (Mw ~35,000), and
poly(sodium 4-styrenesulfonate) (PSS) (Mw ~7000@¥e obtained from Sigma-Aldrich Inc.
Aqueous solutions of PAH and PAA (10mM) were pregausing ultrapure deionized water
(18.2MQ2) and adjusted to pH 4.4. The same procedure wexs fas the preparation of aqueous
solutions of TiQ (0.33% wt) and PSS (10mM), with the exception thath of them were

adjusted to pH 2.0. The pH of the solutions wasfieer using an electronic pH-meter (Crison



Inc.) and adjusted when necessary by adding a feywsdof NaOH or HCI. Plastic-clad silica

fibers of 200/22hm core/cladding diameter (FT200EMT) were providgdrhorlabs Inc.

2.2 Deposition of the nanocoating

The cladding of the optical fiber is removed in @tn of several centimetres in order to
deposit a thin-film, which will support one or moiessy modes. After cladding removal the
optical fibers were cleaned as described in [12].

The TiG coating was deposited onto the optical fiber domgment by means of the Layer by
Layer (LbL) method [13]. The PSS solution was uas@nionic polyelectrolyte and the solution
of TiO2 nanoparticles was used as cationic polyelectrokt&EM image of the deposition of

TiO2/PSS on optical fiber is shown in Fig. 1a.

The same LbL procedure was used for the build opgss of the PAH/PAA coating. The PAA
solution was used as anionic polyelectrolyte arel gblution of PAH was used as cationic
polyelectrolyte. A SEM image of the deposition &HFPAA on optical fiber is shown in Fig.

1b.

2.3 Device characterization

Transmission spectra were obtained by using thererpntal setup of Fig. 2. A white light
source Ando AQ-4303B, which covers a band of 400800 nm, is connected to one end of the
optical fiber. The other end is connected throughifarcated optical fiber (VIS-NIR from
OceanOptics with low OH content) to two spectromgeta UV/Vis spectrometer (HR4000) and
a NIR spectrometer (NIR512), both of them from OGugsdics Inc. This permits to monitor a

wavelength range from 400 to 1500 nm.



Since the spectrum of the white light source isflatt the transmission spectra are referenced to

a spectrum obtained before the deposition starts.

3. THEORY

The method used for simulating the propagationgiftithrough a coated CRMOF is based on
that used in [1]. In order to obtain the transndit@ptical power in the setup of Fig.2 the
attenuated total reflection (ATR) method with a tsolhmann configuration must be applied. In
this way, the reflectivity as a function of wavelgim and incidence angle is obtained at the
coating - fiber core interface R{) [10,14], wherel is the light wavelength anglthe angle of

incidence. The expression for calculation of tla@smitted optical power is [10,14]:

% (1)

where 6. is the critical angleN(¢) is the number of reflections at the coating -efilcore
interface, an@(#) is the power distribution of the optical soureeGaussian distribution [11]).
RNO)(0,4) represents the reflected light as a combinatiothe reflected power in TE and TM
mode polarization [14].

The wavelength dependence of silica, which is thgcal waveguide material, is expressed

according to the Sellmeier expression [15]:
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With parameters: B1=0.691663, B>=0.4079426, B3=0.8974794, 1:=0.0684043 um, 1=
0.1162414, ands= 9.896161, wherg=2nc/w;j andc is the speed of light in vacuum.

The Lorentz model [16], is used for the disperabiiO./PSS:

_ A

()= +Zk: E2-E’-iB,E ®)
whereAx, B« andEx are respectively the amplitude, the center enargythe broadening of the
kh oscillator, E is the photon-energy ang is an offset that indicates the permittivity agfi
frequency. For the sake of simplicity a single batr is used in expression (3). The parameters
that lead to a best fit are; = 1,Bx= 1.2 eV,Ac= 101 eV andEx= 6.2 eV. They are calculated
by computing numerically the global error betwedre texperimental and the theoretical
transmission spectra for different coating thiclesss
Finally, the wavelength dependence of PAH/PAA idaoted using the same procedure and
formulation. The parameters obtained ares 1,Bx= 0.31 eV, Ac= 154.5 e\¥ andEx= 11.5 eV.
The dispersion curves of index of refraction offb®tO,/PSS and PAH/PAA are compared in

Fig. 3.

4. RESULTS

4.1 Generation of lossy mode resonances with TiO2/PSS and PAH/PAA

A TiO2/PSS coating is deposited with LbL method on thedding removed region of the
multimode optical fiber. The same procedure isofeltd in the case of a device coated with

PAH/PAA.



The transmitted power is represented in Figs. 45nad a function of the coating thickness and
wavelength for the two nanocoatings deposited:2/HSS and PAH/PAA respectively. In both
cases, the sensitive region is surrounded by uiteagvater (with a conductivity of 18.2 ®and

a refractive index of 1.321 at 1300 nm). Hencefodmaie acronym SMRI will be used for the
surrounding medium refractive index.

The simulations agree with the experimental resultéch confirms the validity of the model of
section 3. The regions in black represent low trassion, which indicates the presence of a
lossy mode resonance (LMR)

In order to observe the shape of the collectedtspem Fig. 6, two spectra obtained from
devices with TiGQ/PSS coatings of thickness 333 and 1165 nm aresepted. Additionally, two
spectra obtained for devices with PAH/PAA coatingshickness 750 nm and 1200 nm are also
shown in Fig. 7. Both for Fig. 6 and Fig. 7 the SIM#R1.321.

The sensitivity to different parameters of the thim coated CRMOF will be analyzed in detail
in the next subsections.

For the sake of simplicity the following notationivbe used:

Stickness Sensitivity to variations of coating thicknesgpessed as wavelength shift vs thickness
variation (nm/nm).

Scoating_index S€NSitivity to variations of coating refractivedex expressed as wavelength shift vs
refractive index variation (nm/RIU). RIU means eaftive index unit.

Ssmri: sensitivity to variations of SMRI expressed asvelangth shift vs refractive index

variation (nm/RIU). RIU means refractive index unit

4.2 Sensitivity to coating thickness variations



In Fig. 8 it is represented both theoretically @axgperimentally the evolution of the resonance
wavelengths of the LMRs generated with 7RSS and PAH/PAA coatings as a function of the
coating thickness with SMRI fixed to 1.321.

From Fig. 8 it is easy to compare both structurast, we can observe that the number of LMRs
obtained with TiQ/PSS is higher than the number of LMRs obtainech \AAH/PAA. The
reason is that the refractive index of #RSS structure is higher than the one of PAH/PAg% (s
Fig. 3a) and, hence, the T#PSS structure can support more lossy modes traRAH/PAA
structure under the same conditions (thicknessSMal).

Second, the plots of the LMRs are almost lineaickvindicates that fckness(the sensitivity to
thickness expressed as wavelength shift versusngothiickness variation) remains constant for
different thickness values of the coating.

In addition to this, it can be observed thatc@essincreases progressively as we move towards
the first LMR in both cases (TWPSS and PAH/PAA coatings). In fact, if we compthre
second LMR generated with the PAH/PAA coating witle seventh one obtained with the
TiO2/PSS coating, both of them fit almost exactly, vahpzoves that LMRs plotted as a function
of the coating thickness occupy the same positiotiey show the samenkness provided the
SMRI remains constant. Moreover, a careful analgéiBig. 8 permits to conclude that all plots
converge in the same point of the wavelength asch is the cutoff wavelength of the coating
waveguide.

In view of the differences between the results iolehwith TiQ/PSS and PAH/PAA coatings, it
is interesting to analyzendknessas a function of the coating refractive indexddixed SMRI of

1.321 (see Fig. 9a). In order to avoid the inflient wavelength, &cknessis evaluated as the



thickness variation that leads to a resonance waygéh shift between 700 and 800 nm. The
same is true for the analysis of Fig. 9b, whicH b analyzed later.

After seeing the results of Fig. 8 and Fig. 9acah be concluded that in order to increase
Stnickness the best choice is to monitor the first LMR andstlect a coating with high refractive
index.

Another interesting observation in Fig. 9a is tthe Shicknessratio between the LMRs remains
constant independently of the value of the coatafigactive index.

In Fig. 10 the evolution of the resonance wavelemjtthe LMRs, generated with a coating with
refractive index that of TiedPSS (see Fig. 3a), is represented as a functitimakness for two
different SMRIs: 1.321 and 1.421.

It is obvious that @&icknessiS improved for all LMRs when the SMRI is incredsén order to
obtain a better analysis, the evolution @fic@essas function of the SMRI for a coating with
refractive index that of TiedPSS, is plotted in Fig. 9b.

Here, it is interesting to observe that even thoaghn Fig. 9a, there is an increase as a function
the SMRI, the shape of the plots is different. iealarly, in the first LMR the sensitivity
increase is proportionally much higher that thadestsed for the second, third and fourth LMR,
with a lower increase. Moreover, the sensitivitgreases non-linearly as the refractive index of

the CRMOF, which is that of silica (see sectioni8gpproached.

4.3 Sensitivity to coating refractive index variations

In this subsection a theoretical analysis of thes#®ity to coating refractive index variations is
done. The refractive index is composed of real iamaginary part. The real part is responsible
for wavelength shift of the LMR, whereas the imaginpart is responsible for the depth of the

LMR.



Since the scope of this work is the analysis ofrdsnance wavelength, focus will be centered
on the real part of the coating refractive indexwdver, prior to continue with the analysis of
the real part or the coating refractive index inecessary to prove the fact that the imaginary
part is responsible for the depth of the LMR. Traission spectra are obtained in Fig. 11 with a
coating of thickness 333 nm and refractive indeat tf TiO/PSS (Fig. 3a), but with different
imaginary part refractive index values. The SMR1.321.

The increase in the imaginary part leads to a deled®R, whereas a decrease in the imaginary
part leads to a not so deep LMR. Moreover, the LisIRivided into two local minima. This was
observed experimentally with an-@g coating in [4], where it was explained that eatlhese
minima are caused by coupling to a TE and a TM miedpectively. For the cases studied in this
work the resonances are very close in the optpdtsum and it is not possible to distinguish the
individual coupling. Therefore, a single attenuatixand is observable.

Now, the effect of varying the real part of the twog refractive index will be studied in more
detail. For the sake of simplicity we will refer tioe real part of the coating refractive index as
the coating refractive index.

First, the resonance wavelengths of LMRs are ploiteFig. 12 as a function of the coating
refractive index for two different thickness valuek the thin-film: 236 and 1200 nm. As
imaginary part of the thin-film refractive indexhas been chosen that of BIPSS (see Fig. 3b).
The SMRI is fixed to 1.321. In this case, similaibythe analysis of section 4.2, the number of
LMRs obtained for a thickness of 1200 nm is higtiman the number of LMRs obtained with a
thickness of 236 nm. In general, thick coatingspsupmore LMRs than thin coatings under the

same conditions (coating refractive index and surding media refractive index).
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Second, the plots of the LMRs are almost linearnckvindicates that 63ating_index(the sensitivity

to coating refractive index expressed as wavelergjtift versus coating refractive index
variation) remains constant for different refraetindex values of the coating.

In addition to this, it can also be observed thakiQ_indexincreases progressively as we move
towards the first LMR in both cases (236 nm and0l2th coating). In fact, if we compare the
second LMR generated with the 236 nm coating withdeventh one obtained with the 1200 nm
coating, both of them fit almost exactly, which yee that LMRs plotted as a function of the
coating thickness occupy the same positions if thlegw the same cSiing_indexprovided the
surrounding medium refractive index remains coristan

In view of the difference between the results otdiwith 236 nm and 1200 nm coatings, it is
interesting to analyzec&iing_ indexaS a function of the thickness for a fixed SMRI10321 (see
Fig. 13a). In order to avoid the influence of warath, Soating indexiS €valuated as the thickness
variation that leads to a resonance wavelength Battveen 700 and 800 nm. The same is true
for the analysis of Fig. 13b, which will be analgizater.

After seeing the results of Fig. 12 and Fig. 18aan be concluded that, in order to increase
Scoating_index the best choice is to monitor the first LMR andsélect a thick coating.

Two other important conclusions can be extractethfFig. 13a. The first one is thado&ing index
increases almost linearly for all LMRs. The secam& is that there are no data available for
thickness values higher than 200 nm in the cashefiirst LMR, and for values higher than
1000 nm for the second LMR. This indicates that L3VBRIft to higher wavelengths than those
monitored in the spectrum between 400 and 1500Qonsequently, the advantage of increasing

the thickness in terms of bettefsng indexoecomes a problem of detection of the LMR.
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This problem was not observed in Fig. 9. The reasatat for the studied range of coating
refractive indices (1.5-2.1) and SMRIs (1.321-1)4@4ed in this work, the modification of the
resonance wavelengths is not so abrupt as in geeafahe studied thickness range (0-1200 nm).
It is important to indicate that the values usedtfe study of the influence of thickness and
refractive index of the coating, and SMRI are thogacally used in experiments. In special
cases other values could be used, but at leaébutsaus to conclude that it is more probable to
obtain the first LMRs out of the spectral scope wine move to higher thickness values than
when we move to higher coating refractive indeSbRI.

As it was explained before, theoSing indexobserved in Fig. 13a for the first LMR shifts ait
the studied scope for a thickness of 200 nm. Tfarsthicker coatings, the best monitorizable
Scoating_index Within the studied range is that of second LMR,iclhincreases linearly until a
thickness of 1000 nm. If we continue increasingttiiekness of the coating over 1000 nm, the
best Zoating_indexWithin the studied range is now that of the thilR which increases also
linearly, and so on. Consequently, the increas&dfing_indexas a function of thickness becomes
a decrease at certain points when low order LMRf$ giogressively out of the monitorizable
spectrum.

The evolution of the resonance wavelengths of thHR& generated with a 600 nm coating is
represented in Fig. 14 as a function of the coateftactive index for two different SMRIs:
1.321 (i.e. that of water) and 1.421. It is clé®attSQoating_indexiS improved for all LMRs when the
SMRI is increased.

In order to obtain a better analysis, the evolutdnScoating index@S function of the SMRI, is
plotted for a coating thickness of 600 nm in Figb1As in Fig. 13a, there is also an increase as a

function of the parameter of the x axis (in FigalBis the thickness and Fig. 13b it is the
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SMRI), but in this case the increase is non-lind&ere is a slight increase of the plot slope as
the refractive index of silica is approached. Ie 8econd LMR this increase is proportionally

higher than in the third one.

4.4 Sensitivity to surrounding medium refractive index variations (SMRI)

In this subsection it is presented a theoreticalyams of the sensitivity to SMRI variations.

First, the resonance wavelengths of LMRs are mlatteFig. 15 as a function of the SMRI for
two different thickness values of the coating: 48 4200 nm. The coating refractive index is
that of TiQ/PSS. Similar to the analysis of section 4.2 ai3d #the number of LMRs obtained at
a thickness of 1200 nm is higher than the number\iRs obtained with a thickness of 48 nm.
The explanation is that a thick coating containgigher number of lossy modes than a thin
coating under the same conditions (coating refractndex and surrounding media refractive
index).

In contrast to the analysis of the coating thicknasd coating refractive index, the plots of the
LMRs are non-linear (this is especially observethmfirst LMR of the 48 nm thick coating, but
could be also observed for the rest of LMRs in 1B80 nm thick coating with a zoom in the
plots), which indicates that thesyw (the sensitivity to SMRI expressed as wavelendjift s
versus SMRI variation) does not remain constantdiierent SMRI values. In fact, thesgri
increases progressively as the refractive indgkebptical fiber is approached.

Another interesting conclusion is that, unlike ve tanalysis of subsections 4.2 and 4.3, there is
no superposition of the LMRs plotted as a functwérthe SMRI for the same coating refractive
index. In fact the &uri is better for thinner coatings. Thus, in orderodtiotain an optimal

sensitivity, the best choice is to monitor thetfllMR of a thin coating.
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More conclusions can be extracted from Fig. 16aeHine Swri has been plotted for different
thickness values of the coating. The coating réfradndex is that of Ti@PSS. In view of the
flatness of the curves of Fig. 15, it is necessanmyodify in this subsection the criterion used for
the sensitivity in subsections 4.2 and 4.3. Now3r is the quotient between the wavelength
shift experimented in the range between 1.321 af2ll1

In Fig. 16a it is clearly appreciated that thgi® increase as a function of thickness is linear for
all LMRs, something that was also observed in Fi&a when Saing indexas a function of
thickness was analyzed. The similarity between Feg and Fig. 13a helps to explain that there
are no data available for thickness values highan 600 nm in the case of the first LMR. This
indicates that the LMR shifts to longer wavelengthan those monitored in the spectrum
between 400 and 1500 nm. Consequently, the adwvaataimcreasing the thickness in terms of
better Suri becomes a problem in the detection of the LMR. ifilceease of &iri observed for
the first LMR within the range 400-1500 nm is nadmitorizable for a thickness of 600 nm. For
thicker coatings the best sensitivity is that ofs®l LMR (lower than the spiri Of the first
LMR), which also increases linearly.

In Fig. 17 the evolution of the resonance wavelesngif the LMRs generated with a 600 nm
coating is represented as a function of the SMRivio coating refractive indices: 1.55 and 2.1.
Like in Fig. 15, there is no superposition of tHdRs plotted as a function of the SMRI for the
same coating thickness. In addition to this, theran increase ofsmri as we move to the first
LMR, which had been observed in subsections 432add now in subsection 4.4.

For a better analysis, theszihas been plotted in Fig. 16b for different coatiefyactive indices
and a coating thickness of 600 nm. The increasledrsensitivity can be observed for all LMRs.

However, similarly to what happened in Fig. 9a, thee of increase is non-linear and decays at
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longer wavelengths. Moreover, in this case it seémas it achieves a maximum value. An
additional disadvantage that prevents to move dbéri coating refractive indices is that the first
LMR is out of scope for coating refractive indickgiher than 2. For these cases the less

sensitive second LMR should be monitored.

4.5 Final remarks

In Table | there is summary of the rules that camged to design optimum LMR based devices.
The parameters analyzed are the most importantiartesms of design of LMR based sensors.
These rules have been extracted from materials ghesient conditions for LMR in a wide
wavelength range. According to Fig. 3, this is tiase for the materials analyzed in this work:
PAH/PAA and TiQ/PSS. However, if other materials are used, atientiust be paid if there
are regions in the spectrum analyzed where theittomsl for SPRs are met. This is the case of
ITO. In [1] it is proved that the LMR generated lwiTO coated CRMOF is not linearly shifted
as a function of thickness. This is a contradictiath the results of Fig. 8 in this work. The
reason is that the presence of a region where dhditoons for formation of SPR are met

prevents the LMR to be shifted to higher waveleagth

5. CONCLUSIONS
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Some rules have been obtained for adequate desggnsing devices based on deposition of a
thin-film on a cladding removed multimode opticiefr.

The sensing mechanism is based on the detectidheotentral wavelength of lossy mode
resonances (LMR) generated only for specific comdl#t (i.e. the real part of the thin-film
permittivity is positive and higher in magnitudeath both its own imaginary part and the
material surrounding the thin-film)

The key parameters for the design are the thickaedsreal part of the refractive index of the
thin film, and the refractive index of the surroimgi medium. The imaginary part of the thin-
film refractive index is only responsible for thergration of dual resonances and for the depth
of the resonance, but not for the wavelength shift.

According to the results obtained, the sensitivgtyconstant or increases as a function of the
three parameters studied with some particularittdswever, when the value of the key
parameters is increased there are certain pointsenthe most sensitive LMR (first LMR) is out
of scope in the spectral range analyzed. In thasescit is necessary to monitor the second, the

third and so on less sensitive LMRSs.
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Figure captions

Fig. 1. SEM image of a) Ti&PSS coated optical fiber core with coating thidex 200 nm, b)
PAH/PAA coated optical fiber core with coating thiess 1000 nm.

Fig. 2: Experimental setup with the light sourt¢e tletector and the optical fiber with the coatagian.

Fig. 3: Refractive index dispersion curves of FEBS and PAH/PAA.

Fig. 4. Spectral response obtained as a functidhickness for TiQPSS coated CRMOF (the SMRI is
1.321): (a) theoretical, (b) experimental.

Fig. 5: Spectral response obtained as a functighickness for PAH/PAA coated CRMOF (the SMRI is
1.321): (a) theoretical, (b) experimental.

Fig. 6: Transmission spectra for two different kmiess values (333 and 1165 nm) of FEBS coated
CRMOF (the SMRI is 1.321): (a) theoretical, (b) esimental.

Fig. 7: Transmission spectra for two different Kniess values (750 and 1200 nm) of PAH/PAA coated
CRMOF (the SMRI is 1.321): (a) theoretical, (b) esimental.

Fig. 8: LMR wavelength as function of coating thielss for two different materials: PAH/PAA and
TiO2/PSS. The SMRI is 1.321 (water). Simulation datatinuous line. Experimental data: squares.

Fig. 9: Snickness (Sensitivity to variations of coating thicknesgpeessed as wavelength shift vs thickness
variation nm/nm) as a function of: a) coating refige index (the SMRI is 1.321), b) surrounding
medium refractive index (the coating refractiveards that of TIQ/PSS in Fig. 3).

Fig. 10: LMR wavelength as a function of coatingckiness for two different surrounding medium
refractive indices: 1.321 (water) and 1.421. Captifractive index: Ti@PSS in Fig. 3.

Fig. 11: Transmission spectra for different refraetindices. The real part is that of Bi®SS. The
imaginary part varies from 0.004 to 0.04 in step8.604. The SMRI is 1.321 (water). Coating thickste
333 nm.

Fig. 12: LMR wavelength as a function of the cogtiefractive index for two different coating thidss

values: 236 and 1200 nm. The SMRI is 1.321 (water).
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Fig. 13: Soaing_index(S€NSItivity to variations of coating refractivedex expressed as wavelength shift vs
refractive index nm/RIU) as a function of: a) caogtithickness (the SMRI is 1.321), b) surrounding
medium refractive index (the coating thickness(e 6m).

Fig. 14: LMR wavelength as a function of coatinffaetive index for two different surrounding medium
refractive indices: 1.321 (water) and 1.421. Caathiickness: 600 nm.

Fig. 15: LMR wavelength as a function of the sundimg medium refractive index for two different
coating thickness values: 48 and 1200 nm. Coatfrgative index: Ti@PSS in Fig. 3.

Fig. 16: Swri (sensitivity to variations of SMRI expressed asvelangth shift vs refractive index
variation nm/RIU) as a function of: a) coating #triess (the coating refractive index is that of JIR3S

in Fig. 3), b) coating refractive index (the cogtihickness is 600 nm).

Fig. 17: LMR wavelength as function of the surroimgdmedium refractive index for two different

coating refractive indices: 1.55 and 2. Coatingkhéss: 600 nm.
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Fig. 2
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Fig. 4
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Fig. 5
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Fig. 6
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Fig. 7
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Fig. 9
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Fig. 11

Transmittance (dB)

-
o

1
=
N

imaginary part: 0.004 - 0.04

500

700 900 1100
Wavelength (nm)

31

1300

1500



Fig.
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Fig. 14
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Fig. 15
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Fig. 16
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Fig. 17
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Table captions

Table 1: Rules for sensitivity, expressed as wanggtle shift vs variation of a parameter, for thefediént

parameters analyzed in this work.
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Table 1

Sensitivity
Sthickness Scoating_index SsMRI
Coating thickness constant increasing linearly increasing linearly

Coating refractive index

Increasing non-linearly
(decreasing slope)

constant

Increasing non-linearly
(decreasing slope)

SMRI

Increasing non-linearly
(increasing slope)
More separation between
LMRs

Increasing non-linearly
(increasing slope)
More separation between
LMRs

increasing
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