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Abstract: We demonstrate numerically through rigorous coupled wave analysis (RCWA) that
replacing the prism in the Otto configuration with gratings enables us to excite and control
different modes and field patterns of surface phonon polaritons (SPhPs) through the incident
wavelength and height of the Otto spacing layer. This modified Otto configuration provides us
the following multiple modes, namely, SPhP mode, Fabry-Pérot (FP) cavity resonance, dielectric
waveguide grating resonance (DWGR) and hybridized between different combinations of the
above mentioned modes. We show that this modified grating-coupled Otto configuration has a
highly confined field pattern within the structure, making it more sensitive to local refractive
index changes on the SiC surface. The hybridized surface phonon polariton modes also provide
a stronger field enhancement compared to conventional pure mode excitation.
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1. Introduction

Photon coupled surface phonon polaritons (SPhPs) are guided mechanical surface waves arising
from lattice vibrations propagating along the surface of polar crystalline materials, such as, SiC,
GaN, wurtzite ZnO and GaAs, which can be optically excited in the mid infrared wavelength
ranging from 10 to 15 µm [1–3]. Recently, the SPhPs have been of interest in science and
engineering research community since (i) they provide analogous properties to those exhibited
by surface plasmon polaritons(SPPs) at a considerably longer wavelength and (ii) they are a
potential candidate for sensing mechanical properties, since the optically excited waves manifest
themselves as a mechanical vibration. They can thus be used for sensing properties such as,
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pressure and heat conductivity [4–7]. The properties of SPhPs are determined largely by the real
part of the permittivity becoming negative, so, like SPPs, they are sensitive to local refractive
index and have a substantial field enhancement effect, which makes them attractive for Raman
measurement in mid-infrared wavelengths [8–10].

(a) (b)

(c) (d)

Fig. 1. Four schemes for excitation of SPhPs. (a) prism based Kretschmann configuration, (b) 
prism based Otto configuration, (c) grating coupled SPhPs, and (d) modified grating-coupled Otto 
configuration. Different field distributions of this structure are shown in Fig. 8

Similar to SPPs the SPhPs can only be excited with (i) p-polarized light and (ii) evanescent field
coupling [8]. In order to ensure evanescent field coupling, the obvious choices are (i) using a high
index prism employing either Kretschmann configuration or Otto configuration [11] as shown in
Figs. 1(a) and 1(b) respectively or (ii) a grating [12] as shown in Fig. 1(c). The Kretschmann
configuration requires thin film deposition on a high index prism. There are a number of research
papers investigating the SPhP performance after thin film deposition [13–16], and in general they
found that the quality of resonance response was quite poor and the property of the phononic
material is dependent on the deposition conditions, such as temperature and pressure [17]. For
the Otto configuration, although the method does not require thin film deposition, the results
published so far do not show as good a phononic response as expected [18, 19]. Some of the
problems associated with the Otto configuration arise from the difficulties in controlling the
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incident angle and the Otto spacing layer gap. The other method to excite SPhPs is to employ a
grating in order to increase the k-vector of the incident photons [20];this can be done by electron
beam lithography patterning directly onto the phononic material surface. The performance of the
e-beam fabricated phononic devices was not consistent and resulted in a much wider SPhP dip.
Chen et al . [20] attributed this unfavorable performance to the surface damage during plasma
etching.

In this paper, we propose a modified grating-coupled Otto configuration, where the prism in
Fig. 1(b) is replaced by a dielectric subwavelength grating as shown in Fig. 1(d). This allows
one to perform grating-coupled SPhP excitation without a need of e-beam writing or plasma
treatment on the surface of phononic material. The grating has advantages over the prism because
it provides a wider range of k-vectors to excite phonons due to grating diffracted orders. We also
introduce a spacing layer between the grating and the phononic material so that this is essentially
an Otto configuration.

In the results section, we demonstrate four key features of the proposed structure which are:

a) Capability to excite different resonant modes and hybridized modes

b) Field enhancement of SPhPs on the surface of phononic material

c) Field confinement on the surface of phononic material and hence improvement in local
refractive index sensitivity and figure of merit

d) Controllable operating position of resonances by changing the spacing layer index and
thickness

To the authors’ knowledge, this simple structure to produce hybridized SPhPs has not been
reported before. There is a similar work by Ju et al . [21], where they used a sandwiched
double layered bimetallic grating structure with dielectric material designed for plasmonic
mode hybridization. The hybridization is caused by SPPs excited by evanescent orders of
bimetallic grating and Fabry-Pérot (FP) cavity only. The present work uses a simpler structure
to demonstrate hybridized modes arising from SPhPs, FP and dielectric waveguide grating
resonance (DWGR) and develop a theoretical framework to explain sensitivity enhancement of
the structure due to mode hybridizations.

2. Simulation procedure

In this work, we study SiC as the phononic material having the complex permittivity expressed
by the Drude-Lorentz model [8] in the absence of free charge carriers. The frequency dependent
permittivity of SiC, εSiC (ω), is given by:

εSiC (ω) = ε∞
ω2 − ω2

LO
+ iγω

ω2 − ω2
TO

+ iγω
(1)

where the longitudinal optical phonon frequency, ωLO , = 972 cm−1 at λLO = 10.288 µm, the
transverse optical phonon frequency, ωTO , = 796 cm−1 at λTO = 12.563 µm, the damping rate
due to vibrational anharmonicity, γ, = 3.75 cm−1, and the high frequency dielectric constant,
ε∞, = 6.5. The Reststrahlen band defined where<(εSiC ) < 0 corresponds to ωTO < ω < ωLO

is shown in Fig. 2.
Results presented in this paper were calculated by Rigorous Coupled Wave Analysis (RCWA)

written in MATLAB. All the calculations have been tested for convergence and calculated with
the number of diffracted orders equal to 203, which gives the smallest feature size of 8 µm/101
≈ 80 nm.
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Fig. 2. shows complex permittivity of SiC as calculated by the Drude model with ωLO = 972 
cm−1 at λLO = 10.288 µm, the transverse optical phonon frequency ωTO = 796 cm−1 at 
λTO = 12.563 µm, the damping rate due to vibrational anharmonicity γ = 3.75 cm−1, and the 
high-frequency dielectric constant ε∞ = 6.5.

3. Results and discussion

The grating structure shown in Fig. 1(d) was assigned the following parameters to ensure that
it generates DWGR [22, 23] nH=4 (Germanium, Ge [24]), nL=2.4 (Zinc Selenide, ZnSe [25]),
WH=3.6 µm, λg=8.0 µm, hg=3.8 µm and ns=1.02 (LiF spacer [26]). Surface-normal reflectance
as a function of spacing layer thickness and incident wavelength is shown in Fig. 3(a), where only
the zeroth order was propagating and the other modes were evanescent. Multiple reflectance dips
and mode hybridizations are observed in Fig. 3(a). The detailed discussions about the resonance
modes and their interactions will be given in this subsection along with the comparison with Fig.
3.

3.1. Surface phonons (SPhPs)

SPhPs are generated from different diffracted orders from the grating. We present a heuristic
model to estimate the position of the SPhP modes generated by each grating order; this allows us
to identify the SPhP branches depicted in Fig. 3. Although the model is approximate with a few
underlying approximations it is surprisingly accurate and allows unambiguous identification of
the modes. The k-vector of a diffracted order for normal incidence is equal to an integer multiple
of the grating vector. Excitation from the mth order diffraction must therefore always have a
grating vector given by mkg , that is

kxm = mkg = m
2π
λg

(2)

where kxm is the k-vector of the mth (evanescent) order and λg is the grating period (8 µm in
this case). To estimate the wavelength at which the SPhP is excited we take a value of the spacing,
ds and determine an effective permittivity, εe f f seen by the SPhP. We then need to determine
whether there is a wavelength at which the phonon wave vector matches the value of kxm . To
obtain phonon wave vector we use the usual dispersion relation given by equation 3 below:

kphonon (λ0) =
2π
λ0

√
εSiC (λ0)εe f f
εSiC (λ0) + εe f f

(3)
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(a)

(b)

Fig. 3. shows (a) the simulated zeroth order reflectance for the system shown in Fig. 1(d) as a 
function of spacer thickness ds and incident wavelength λ0 with normal incidence and the electric 
field parallel to the grating vector and (b) corresponding phase profile (radians) of the zeroth order 
reflectance.

where kphonon is the phonon k-vector when the incident light is p-polarized, λ0 is the free space
wavelength, εSiC is the complex permittivity of SiC, and εe f f is the effective permittivity seen
by field penetration of the phonon.

In the Otto configuration the surface wave sees the gap as well as the coupling medium (prism
or grating, see Fig. 4(a). This is the reason we write the dispersion equation with an effective
permittivity, εe f f . In order to determine whether the k-vector of the phonon matches the value
we need to estimate εe f f .
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(a) (b)

Fig. 4. (a) shows penetration depth and refractive index seen by phonon field. (b) shows the lines 
where k phonon match the kg calculated from the approximate dispersion relation for the 1st 

diffracted order (blue), 2nd diffracted order (red), 3rd diffracted order (yellow) and 4th diffracted 
order (magenta) as a function of spacing layer thickness and incident wavelength.

We determine the k-vectors along the z-axis, kz for each evanescent order by:

kz (λ0) =

√
(
2π
√
εs

λ0
)2 − k2

xm (λ0) (4)

where εs is the spacing layer permittivity. We then use the following weighted average to estimate
εe f f (ds ).

εe f f = n2
e f f =

∣∣∣∣∣∣∣∣∣
∫ z=ds

z=0 nse−ikz zdz +
∫ z=ds+hg

z=ds
ngratinge−ikz zdz +

∫ z=∞

z=ds+hg
e−ikz zdz∫ z=∞

z=0 e−ikz zdz

∣∣∣∣∣∣∣∣∣ (5)

where ne f f is the effective refractive index seen by surface phonons, ds is the spacer layer
thickness, hg is the grating thickness, ns is the refractive index of spacing layer, ngrating is the
average refractive index of grating calculated by

[
nHWH + nL (λg −WH )

]
/λg .

This allows us to estimate εe f f as a function of wavelength for a particular separation. The
wavelength where the SPhPs are excited must correspond to a situation where the allowable
kxm values from the grating (for normal incidence multiples of the grating vector) match the
k-vectors from the SPhP dispersion relation. Using this approach, we determine kphonon for
each diffracted order as a function of the spacer thickness ds(and hence εe f f ). The presence
of these lines indicates the possibility of exciting SPhPs but, of course, says nothing about the
strength of excitation. The curves corresponding to each evanescent order are shown in Fig. 4(b)
corresponding to m = 1, 2, 3 and 4, respectively.

Figure 4(b) shows that the first diffraction order (blue) does not appear to excite SPhPs,
because the SPhP only exists for large gap separations. At these separations, the evanescent wave
emerging from the grating is very weak when it arrives at the SiC, so there is little observable
SPhP excitation. The phononic responses due to the second (red) and the third (yellow) diffraction
orders calculated with the simple dispersion model appear in the positions very close to the dips
labeled‘C’ and ‘D’ in Fig. 3(a). In fact, there is a faint arc along the label ‘B’ in Fig. 3(a), and
this corresponds to the dispersion relation corresponding to excitation by the 4th diffracted order
(magenta). The reason that the coupling strength between the SPhP and the fourth diffraction
order is very weak is that the evanescent field magnitude of the 4th order from a rectangular
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grating is very small. We have demonstrated that this simple dispersion model gives an insight
into phononic excitation and coupling and predicts which grating orders will be most effective in
SPhP excitation. There is, as expected, some deviation between the RCWA calculation and the
simplified dispersion model. This is due to the fact that the simple calculation for εe f f does not
account for multiple reflections inside the spacing layer, the phonon scattering due to the grating
and mode hybridization with other resonances. It is, however, a very useful tool to develop an
intuitive understanding.

3.2. Dielectric waveguide grating resonance (DWGR)

In this section we identify the DWGR modes and aid this process by adjusting the parameters
of the SiC as discussed in the following paragraph. DWGR are resonances when the grating
operates within the guided mode resonance regime as described by the following equation, valid
for lossless dielectrics [22].

max {ninc , ns } ≤
∣∣∣navg grating

∣∣∣ < ng (6)

where ninc is the refractive index of the incident layer, ns is the refractive index of the spacing
layer, navg grating is the average refractive index value of the grating, ng is the average refractive
index of the grating.

(a) (b)

(c) (d)

Fig. 5. (a) zeroth order reflectance as a function of spacer thickness ds and incident wavelength 
λ0 with normal incidence and the electric field parallel to the grating vector for case ( i) and 
(b) corresponding phase profile of the zeroth order reflectance for case (i) (real part of complex 
permittivity is zero, that is no SPhP excitation). (c) and (d) show similar results to (a) and (b) for 
case (ii) (imaginary part of complex permittivity is zero, no losses).

                                                                                                Vol. 24, No. 17 | 22 Aug 2016 | OPTICS EXPRESS 19524 



In order to identify the different modes we can modify the properties of the SiC substrate in
the simulations thus selectively suppressing various modes as follows:

(i) treat real part of complex permittivity of SiC as zero and keep the imaginary part the same,
and

(ii) keep the real part of the complex permittivity of SiC the same but treat its imaginary part
as zero.

While these will not, of course, represent real material they do provide a nice vehicle to
perform a computer experiment for modal identification.

In this work, the grating was engineered to provide evanescent wave excitation and excite
SPhPs, nevertheless, it supports strong DWGR modes. There are a number of research papers
studying the physics of DWGR grating [23, 24]; however, there is still no analytical approach to
work out the eigenmodes of the grating, so computer simulation is required [27].

For the (i) case, the real part of complex permittivity is now treated as zero, which means
phonons cannot be excited as shown in Fig. 5(a), but there is still some loss term in the SiC
material. This means that although the system has losses the resonant loss mechanism due to
the excitation of SPhPs cannot operate, this scenario still allows for the excitation of DWGR
albeit with slightly different dip widths due to the fact the SPhP coupling losses are eliminated.
The narrow vertical dip in Fig. 5(a) and 5(b) thus clearly allows us to identify the DWGR mode
in Fig. 3. If we look at Figs. 5(c) and 5(d) and compare to Fig. 3, we see that the reflectance
amplitude in Fig. 5(c) gives little information as all the loss mechanisms are removed. The phase
variation is almost the same as Fig. 3(b), indicating the excitation of SPhPs; following paths
C and D, the difference is that the transition between different modes is slightly sharper when
the loss is removed. The vertical dip at around 10.8 µm shown in Fig. 3(a) corresponds to the
excitation of DWGR, where the field pattern of this resonance is similar to the field pattern of
point A as shown in Fig. 8(a). The significant difference between Figs. 3 and 5 is that the vertical
line in Fig. 3 is discontinuous at point B due to hybridization between DWGR and SPhPs.

We can see that the arcs corresponding to the SPhPs shown in Fig. 3 now disappear in Fig. 5(a)
as expected. The FP modes are still visible at similar positions of wavelength and spacer value
but with considerably greater width due to the fact that the Q of the resonator is dramatically
reduced because the reflectivity between the spacer and this material (originally the SiC layer) is
greatly reduced when the real part is set to zero.

3.3. Fabry-Perot (FP) resonant cavity

Since the zeroth order is a propagating order inside the spacing layer in the direction normal
to the surface of the SiC, the forward propagation component will be reflected by SiC, thereby
forming an asymmetrical FP cavity resonant mode. The FP resonant condition [28, 29] is given
by:

2β + φ1 + φ2 = 2Mπ (7)

where β is the phase shift upon traveling inside the cavity given by 2πnsds/λ0 , φ1 is the phase
angle of the reflection coefficient for incidence from the spacing layer to dielectric grating, φ2 is
the phase angle of the reflection coefficient at the interface between the spacing layer and the
SiC, and M is standing wave mode number, M=1,2,3,. . .

Equation 7 allows us to work out FP cavity thickness from known φ1 and φ2. For this grating
case, the corresponding ds for each wavelength is shown in Fig. 6 for M=1; the thicknesses
agree quite well with the arc labeled‘E’ in Fig. 3(a). The values of φ1 and φ2 were determined by
calculation of the phase of reflection coefficient when the grating and the SiC were illuminated
from a semi-infinite layer of spacer material.
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Fig. 6. shows FP cavity thickness ds calculated using Eq. 7 (red curve) in comparison with the 
FP cavity position calculated using RCWA (black curve) for M=1.

3.4. Mode hybridization

(a) (b)

Fig. 7. shows (a) zeroth order reflectance as a function of spacer made of KBr with refractive 
index of 1.5, thickness ds and incident wavelength λ0 with normal incidence and the electric 
field parallel to the grating vector for ns =1.5 and (b) corresponding phase profile of the zeroth 
order reflectance for ns =1.5

When two resonances occur where the k-vectors are matched, they will avoid crossing each
other and form a hybridized mode [21]. Hybridized or coupled modes of the structure [30, 31]
appears at the positions labeled‘A and C’, ‘F’and ‘H’in Fig. 3(a). The modes ‘A and C’, ‘F’ and
‘H’ are due to hybridization between SPhPs and DWGR, between DWGR and FP cavity, and
between SPhPs and FP cavity, respectively. The modes labeled‘A and C’ is an interesting case of
hybridization. Path ‘A’ represents a DWGR mode that is hybridized with the SPhP mode excited
by the 3rd order diffracted wave from the grating which beyond a separation of approximately
1.5 µm because of DWGR mode. This assertion is borne out in Fig. 5(a) where the<(εSiC ) = 0.
suppressing the SPhP. The DWGR curve closely follows the path ‘C’ in the Fig. 3(a). The path
‘A’ dies out soon after the hybridized point because its path is too far from other excited modes
such as the SPhP. The point ‘F’ does not show as clear hybridization as some other cases. We
confirmed its nature as hybridized mode by removing the losses of the SiC where the phase
profile in the inset of Fig. 5(d) clearly shows the hybridization profile. The presence of the
losses obscure this effect since the separation of the two modes is comparable to their linewidth.
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Nevertheless, the point ‘F’ clearly arises from hybridization albeit in the presence of damping.
The reflectance dips of these hybridized modes are normally sharper than the conventional Otto
or Kretschmann configurations and this increase of sharpness does, in fact, increase the figure of
merit for sensitivity when this device is used as a sensor discussed in the section 3.6.

The position of the mode hybridization can be controlled by changing the refractive index and
thickness of the spacing layer and can create even a more complicated hybridized mode. For
example, if the spacer was made from KBr with refractive index of 1.5 for mid-IR wavelength
[26] , the SPhPs, DWGR and FP resonances occur at the same position as highlighted in dotted
red circle in Fig. 7 forming hybridization between several modes.

3.5. Field distributions

For p-polarization, the two non-zero normalized E-field components, Ex and Ez , can be de-
termined by normalized Hy , which is also parallel to the strip lines of the grating where the
waveguide modes occur. We briefly discuss the characteristics of the field distributions shown in
Fig. 8 that correspond to the marked points in Fig. 3.

Mode A: DWGR mode with SiC layer as energy dissipating layer, where well oriented
longitudinal standing wave pattern can be observed inside the grating. The maximum |Hy/Hinc |

on the SiC surface is 6.42.
Mode B: SPhPs excited by the 4th diffraction order of the grating shown in Fig. 4(b). At this

operating point, it can be seen that the standing wave pattern inside the grating has been disturbed
and the phonons are only weakly excited. The maximum |Hy/Hinc | on the SiC surface is 2.60.

Mode C: SPhPs excited by the 3rd diffraction order of the grating shown in Fig. 5. The field
inside the grating is strongly oriented to the grating structure, but it is not so well aligned as in
the pure mode A. More energy is directed towards the SiC material, which is manifested as an
increase in |Hy/Hinc | on the SiC surface. The maximum |Hy/Hinc | on the SiC surface is 10.88.

Mode D: SPhPs excited by the 2nd diffraction order of the grating. The resonance effect inside
the grating has disappeared. This phononic effect is comparable to mode C with |Hy/Hinc | on
the SiC surface of 10.35.

Mode E: FP cavity standing wave pattern can be seen inside the spacing layer. |Hy/Hinc | on
the SiC surface is 1.67. This mode has its k-vector determined by the FP mode.

Mode F: Hybridized mode between DWGR and FP cavity. The maximum |Hy/Hinc | on the
SiC surface 5.17.

Mode G: FP cavity with the maximum |Hy/Hinc | on the SiC surface is 11.95.
Mode H: Hybridized mode between SPhPs due to the 2nd diffraction order of the grating and

FP cavity with the maximum |Hy/Hinc | on the SiC surface of 6.06. The FP resonant pattern was
disturbed by the SPhPs and most of the energy was trapped inside the grating.

Mode I: FP cavity with the maximum |Hy/Hinc | on the SiC surface is 11.03. The FP cavity
pattern was restored after being disturbed by SPhPs as described in mode ‘H’. The grating was
feeding more energy to the spacing layer and dissipating energy by heat loss on the SiC layer.

Note that for the conventional Otto configuration the magnitude of |Hy/Hinc | field distribution
on the SiC surface was 1.03. Therefore the high index contrast grating coupling device can be
employed to store the energy and the spacing layer can provide us a fine control to select the
mode and the field strength for the SPhPs.

3.6. Sensitivity and figure of merit enhancement

The sensitivity calculation was performed by keeping the total spacing layer thickness fixed and
varying the height of the coating thickness on the top of SiC layer as shown in Fig. 9.

The terms sensitivity (S) and figure of merit (FoM) are defined as: Refractive Index Sensitivity
(S) is calculated as a ratio of the shift in the wavelength of a resonance with the change in sample
refractive index given by: ∂λ0/∂nsample , where λ0 is free space wavelength where the dip
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Fig. 8. shows normalized magnetic field distribution,| Hy /Hi nc |, for the following operating 
points. (a) DWGR mode at λ0 of 10.67 µm and ds of 0.25 µm corresponding to ‘A’ in Fig. 3(a). It 
is clear this mode is strongly confined to the grating. (b) SPhPs excited by the 4 th diffracted order 
at λ0 of 10.90 µm and ds of 0.25 µm corresponding to ‘B’ in Fig. 3(a). (c) SPhPs excited by the 
3rd diffracted order at λ0 of 11.12 µm and ds of 0.25 µm corresponding to ‘C’ in Fig. 3(a). (d) 
SPhPs excited by the 2nd diffracted order at λ0 of 11.98 µm and ds of 0.25 µm corresponding 
to ‘D’ in Fig. 3(a). (e) FP cavity mode at λ0 of 10.34 µm and ds of 2.00 µm corresponding to 
‘E’ in Fig. 3(a). (f) Hybridized position between DWGR and FP cavity at λ0 of 10.79 µm and ds 
of 3.66 µm corresponding to ‘F’ in Fig. 3(a). (g) FP cavity at λ0 of 10.85 µm and ds of 3.82 
µm corresponding to ‘G’ in Fig. 3(a). (h) Hybridized position between SPhPs excited by the 2nd 

diffracted order and FP cavity at λ0 of 10.87 µm and ds of 3.82 µm corresponding to ‘H’ in Fig. 
3(a). (i) FP cavity at λ0 of 10.90 µm and ds of 3.82 µm corresponding to ‘I’ in Fig. 3(a).

occurs and nsample is the refractive index of the sample layer refractive index. FoM accounts for
the sharpness of the reflectance dip and the magnitude of sensitivity, and is defined as S/FW H M ,
where S is the refractive index sensitivity and FWHM is the full width at half maximum of the
reflectance dip.

In this section, we compare the sensitivity and figure of merit of the modified grating cou-
pled Otto configuration with conventional Otto configuration for 0.25 µm spacer thickness to
demonstrate the device sensitivity and figure of merit enhancement. There are 3 modes for this
thickness as show in Fig. 3(a) DWGR mode at 10.67 µm (labeled ‘A’ in Fig. 3(a)), SPhPs excited
by the 3rd diffracted order at 11.12 µm (labeled ‘C’ in Fig. 3(a)) and SPhPs excited by the 2nd
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Fig. 9. shows local refractive index sensitivity measurement method.

(a)

(b)

Fig. 10. shows (a) sensitivity and (b) figure of merit for a hybrid device with spacing layer made 
of LiF of 0.25 µm thickness. The local refractive index on the top of SiC material was varied by 
changing the refractive index of LiF from 1.02 to 1.03 [32] with varied thickness h.

diffracted order at 11.98 µm (labeled ‘D’ in Fig. 3(a)) respectively.
Figure 10(a) shows that the DWGR mode is not sensitive to local refractive index change,

whereas the other two modes can provide comparable sensitivity to the conventional Otto system.
The sensitivity for the modified SPhPs is better than the conventional Otto for the coating
thickness greater than 90 nm for the SPhPs excited by the 2nd diffracted order and 140 nm for the
3rd diffracted order respectively. However, the dip of the SPhPs excited by the 2nd evanescent
order is not as deep as the conventional Otto and the SPhPs mode due to the 3rd evanescent
order; hence the FOM performance of the 2nd evanescent order is worse than the conventional
mode. The FOM performance of the SPhPs excited by the 3rd evanescent order is significantly
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better than the conventional Otto, giving rise to sensitivity enhancement of 43.32% and FOM
enhancement of 37.18% respectively. The reasons that this structure can provide sensitivity
and FOM enhancement are that (i) the SPhPs field is confined within the spacing layer gap as
shown in Fig. 8(c) and (d) and (ii) the reflectance dip excited by this structure is sharper (smaller
FWHM) than the conventional one due to guided mode resonance.

The sensor structure described here has several potential sensor applications. One example
is for gas sensing, which could be implemented using a porous spacer layer where the analyte
diffuses in changing the average refractive index. Another application is for ultrasonic and
pressure sensing where the change in the gap separation is detected by the change in reflectivity.
Operating close to one of the positions of mode hybridization with SPhPs will give enhanced
sensitivity. Further investigations of parameter space maybe expected to give further sensitiv-
ity enhancements, especially as the method provides considerable flexibility in the choice of
parameters.

4. Conclusion

We have numerically demonstrated that a modified grating-coupled Otto configuration system
enables us to excite different resonance modes and hybridized modes with no requirement of
plasma etching the phononic material. Since the excitation was applied through a series of
k-vectors due to grating diffracted orders, this allows us to excite more than one SPhP mode
simultaneously. Controllable operating position of resonances can be realized by changing the
refractive index and thickness of the spacing layer. It can also enhance the field strength of SPhPs
on the surface of a phononic material by a factor 10 compared to the conventional Otto mode; this
is due to the energy trapped inside the high index contrast grating. Although the structure studied
here is a solid spacing layer as we are interested in developing an ultrasonic/pressure sensor, the
method is applicable to fluid sensing by either reverting to Kretschmann configuration, albeit
with the problems of material quality referred to in the introduction or using a porous spacer
layer. We finally demonstrate that the field confinement within the spacing gap can enhance the
sensitivity and figure of merit performance for local refractive index sensing application. It is
important to note that this idea is not limited to SPhPs, but also applicable to other types of
surface waves, such as, SPPs.
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