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Metal-based surface plasmon resonance (SPR) plays an important role in enhancing the photonic spin Hall effect
(SHE) and developing sensitive optical sensors. However, the very large negative permittivities of metals limit their appli-
cations beyond the near-infrared regime. In this work, we theoretically present a new mechanism to enhance the photonic
SHE by taking advantage of SiC-supported surface phonon resonance (SPhR) in the mid-infrared regime. The transverse
displacement of photonic SHE is very sensitive to the wavelength of incident light and the thickness of SiC layer. Un-
der the optimal parameter setup, the calculated largest transverse displacement of SiC-based SPhR structure reaches up to
163.8 um, which is much larger than the condition of SPR. Moreover, an NO; gas sensor based on the SPhR-enhanced pho-
tonic SHE is theoretically proposed with the superior sensing performance. Both the intensity and angle sensitivity of this
sensor can be effectively manipulated by varying the damping rate of SiC. The results may provide a promising paradigm
to enhance the photonic SHE in the mid-infrared region and open up new opportunity of highly sensitive refractive index

SEensors.

Keywords: photonic spin Hall effect, refractive index sensor, surface phonon resonance, SiC
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1. Introduction

Surface polaritons, as the surface electromagnetic waves
propagating along a surface of a medium, have aroused sig-
nificant attention both experimentally and theoretically due
to their revolutionary sensing applications in environmental
monitoring, food safety, and medical diagnostics.!!3! Gen-
erally, polaritons can be classified into three different types:
plasmon polariton, exciton polariton, and phonon polariton.
Among them, surface plasmon polariton is the mostly well-
studied one, and metals-based plasmon has led to much ad-
vancement such as improved chemical detection from the ul-
traviolet to near-infrared spectral ranges.*-%1 However, their
very large negative permittivity at longer wavelengths lim-
its their utilizations beyond the near-infrared regime.!”) Sur-
face phonon polariton, which originates from the interaction
between the electromagnetic fields and phonons (lattice vi-
brations) of polar dielectric materials (SiC, SiO,, BN, etc.),
can be considered as a mid-infrared counterpart of surface

(8-101 Similar to surface plasmon resonance

plasmon polariton.
(SPR), surface phonon resonance (SPhR) exhibits a narrow
resonance spectrum with Lorentz shape. In recent years, opti-
cal sensors based on SPhR operating in the mid-infrared range

have been successively proposed and demonstrated with su-
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perior sensing performance.!!'~13] Note that, the polar dielec-
tric materials usually have more durability than metals, which
make them attractive in sensing applications for chemically
aggressive analytes.

As a novel optical phenomenon, photonic spin Hall ef-
fect (SHE) provides a new platform for precision metrology
and sensitive sensing.!'*"'%! The photonic SHE is an optical
analogy of SHE in electronic systems, where the spin pho-
tons and refractive index gradient play the roles of spin elec-
trons and electric potential gradient, respectively. The pho-
tonic SHE manifests itself as the spin-dependent transverse
splitting of left- and right-handed circularly polarized com-
ponents when a light beam reflects or refracts at an inhomo-
geneity interface, originating from the spin—orbit interaction
between the photon spin (polarization) and the light beam tra-
jectory (orbit angular momentum).!'7~1°1 Due to the high sen-
sitivity of transverse displacements on physical parameters in
material, the photonic SHE exhibits the unique potential for
applications in precision metrology, such as the measurement
of metal film thickness,?"! the identification of graphene layer
numbers!?!! and ultrasensitive detection of ion concentration
in solution.?”) Furthermore, any changes in the refractive in-

dex of sensing medium will result in the great variation of spin
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displacements in photonic SHE.[?*->3] Therefore, the photonic
spin-Hall displacements offer important information of the op-
tical interface, making it to be exploited as the effective pointer
for surface analysis and refractive index sensing. In addition,
it is important to note that, in contrast to conventional sen-
sors based on surface polaritons, the photonic SHE sensors
exhibit the excellent sensitivity, desirable accuracy and high
signal-to-noise ratio.?®! Until now, the photonic SHE sensing
scheme have been theoretically put forward in the real-time
analysis of gas environment!”’! and highly sensitive detec-
tion of DNA hybridization,?®! by taking advantage of surface
polariton- (e.g. SPR or surface exciton polariton) enhanced

(29-32] However, as another type of surface

spin displacements.
polaritons, there are few reports on the relationship between
SPhR and photonic SHE. Questions naturally arise: whether it
is possible to enhance the photonic SHE by SPhR? If yes, can
we design a novel refractive index sensor based on the SPhR-
enhanced photonic SHE?

In this work, we proposed a new mechanism for en-
hancing photonic SHE and refractive index sensor via SiC-
supported SPhR in the mid-infrared regime. Under the opti-
mal parameter setup, the maximal transverse shift of 163.8 um
can be achieved at the incident wavelength of 10.4 pm, which
is about 54 times that of SPR condition. A highly sensitive
NO; gas sensing is further investigated, based on the SPhR-
enhanced photonic SHE. In addition, the photonic SHE and
sensing performance can be effectively tuned by adjusting the
damping rate of SiC. Our research provides a promising way
to improve and modulate the photonic SHE in the mid-infrared
region and may open a platform for developing highly sen-
sitive mid-infrared photonic SHE sensors to detect harmful
gases.

2. Theory and model

Following the generation of traditional SPR, SPhR can
be excited by a typical Kretschmann—Raether configuration, !
where the metal film is replaced by a surface-phonon-
supporting SiC film, as illustrated in Fig. 1(a). The proposed
structure comprises a thin layer of SiC deposited over a Ge
prism, and the sensing analyte is in contact with the SiC layer.
Figure 1(b) shows the atomic lattice oscillations in a polar
crystalline material (SiC), with the positively charged and neg-
atively charged lattice points moving in the same and oppo-
site directions of the incident electromagnetic field, resulting
in a negative dielectric constant. Analogous to metals, the
frequency dependent complex permittivity of SiC can be ex-
pressed by the Drude—Lorentz model !

22
o*— o’ +iyw

!/ sl
&sic () = &5c +i€gc = € P R R
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where the longitudinal optical phonon frequency is W o =
972 cm™!, the transverse optical phonon frequency is wro =
796 cm™!, the damping rate due to vibrational anharmonicity
is set to be ¥ =3.75 cm~!, and the high-frequency dielectric
constant €. = 6.5. The reststrahlen band defined by £§;,- < 0
corresponds to @;, < ® < ®,,. The refractive index of Ge

prism is given by[*3

0.21307A2
A2 —3870.1°

6.728812
A2—-0.44105

NGe = \/9.28156 + @

in which A is the incident light wavelength in micrometers.

Sensing medium

Optical phonons
(b) P P

Mid-infrared

Fig. 1. (a) Schematic illustration of photonic SHE in the SPhR struc-
ture consisting of Ge prism, SiC, and sensing medium. Here, 6 and
0~ are the transverse displacements of the left- and right-handed cir-
cularly polarized components, respectively. (b) Conceptual diagram of
atomic displacement in the form of optical phonons for SiC.

A monochromatic Gaussian beam is incident into the
SPhR structure of Fig. 1(a) with an incident angle ;. Due
to the photonic SHE, the reflected light will split into two bun-
dles of left- and right-handed circularly polarized components.
In order to calculate the transverse displacements, a general
beam propagation model using angular spectrum theory is em-

ployed. The angular spectrum of incident beam can be written
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as [34]

w

M axpl —
V21 p{ 4

where wy is the beam waist. By matching the boundary con-

Eiyr = (e +ejy) H

k2 + k2 ) w?
il )wo}, 3)

dition, the angular spectrum of the reflected light beam can be

expressed as!3]

ky cot 6; (rp +75)

Ef P ko Ef @
BV |7 | —keycot6(rp + 1) ) BV |
ko :
Here, £ and EY.. represent the horizontal (H) and vertical

(i) r(i)
(V) components of the angular spectrum with the reflected and

incident beams, respectively. kg = 27/A is the wave number

in free space. The spin-dependent transverse displacements of

reflected light beams can be obtained with[33)

2
L //Yr|E§,V| dx.dy;

Vo 2 :
//|E}iIV| dx;dy;

From Egs. (3)-(5), it can be obtained that the transverse dis-

®)

placement of the photonic SHE in H and V polarization states
is[351
is

kow3Re(1+ ry/rp) cot 6;

S = 5 NG
k(z)w(z)+|a;(;:p| +](1+ry/rp) cot 6]
k 2R 1 . te'
5t = owgRe(1 4 rp/rs) cot 6; -

¥ 2.2 1 dlnrg 2 2
kgwg + | 26 |+ [(14rp/rs)cot 6]

Here rp5 = |rps|exp(i@ps) are the Fresnel reflection coeffi-
cients for the H and V polarization states, which can be de-
termined by the transfer matrix method. It is obvious that the
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transverse displacements for left- and right-circularly polar-
ized light are the same in magnitude but opposite in sign, and
the value is intimately related to the ratio between 7, and rs.
For simplicity, we only present the case of the left- circularly
polarized component in the following discussion.

3. Simulation results and analysis

Figure 2(a) shows the real and imaginary part of the SiC
permittivity as a function of incident light wavelength. In or-
der to excite phonon polaritons, the real part of the permittiv-
ity for the phonon material must be negative, corresponding
to the so-called Reststrahlen band.!'! This condition is simi-
lar to the negative permittivity of the plasmonic materials be-
low their plasma frequency.!®! For the phononic material SiC
in this work, the Reststrahlen band ranges from 10.3 pum to
12.5 pm. It should be noted that, this Reststrahlen band de-
fines the operational range of SPhR devices; and the changes
of crystal lattice properties for SiC can effectively modify
the Reststrahlen band. Therefore, the applications of SPhR
optical devices in a broad or adaptable frequency range are
anticipated.!'”! To further confirm the excitation of phonon
polaritons within this Reststrahlen band, we provide the re-
flection coefficient |rp| for Ge prism-SiC-air structure (with a
random SiC thickness of d = 650 nm) at the wavelength re-
gion of 10.3 um-11.0 um. As shown in Figs. 2(b) and 2(c),
the reflection coefficient produces an obvious resonance dip
at each incident wavelength, which is mainly caused by the
SPhR effect. In the following calculation, the wavelength of
incident light is arbitrarily set to be 10.6 pm with a beam waist
of 0.5 mm, and the complex dielectric constant of the SiC is
calculated as &gic = —1.3940.111.

11.0
10.9
10.8
10.7
10.6
10.5

10.4
10.3

1.0

-

0

40
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60 80

1.0
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0.3f '
0 1

2 *
10.3 10.5 10.7
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Fig. 2. (a) The complex permittivity of SiC and its reststrahlen band. (b) Variation of reflection coefficient |rp} with respect to the incident
angle for the Ge prism-SiC—air structure under different incident wavelengths. (c) The reflection coefficient ‘rp| varies with the wavelength of

incident light.
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Fig. 3. (a) Dependences of transverse displacements 8y as functions of
the SiC film thickness and the incident angle at the incident wavelength of
10.6 pum. [(b), (d)] The variations of transverse displacements and the ra-
tio |rS / rp} at three different thicknesses of SiC layer. (c) Fresnel reflection
coefficients changing with the incident angle under the optimal condition.
Figure 3(a) displays the transverse displacements of pho-
tonic SHE for Ge prism—SiC—air structure under different in-
cident angles and SiC thicknesses. It is clearly seen that, the
transverse displacements are very sensitive to the thickness of
SiC layer, and the sign of displacement changes from positive
to negative by increasing the SiC thickness. There should be
an optimal parameter of SiC thickness to generate the promi-
nent photonic SHE. Here, the transverse displacement versus
the incident angle is shown in Fig. 3(b) with three different
SiC thicknesses of 1.02 wm, 1.05 um, and 1.08 um. For the
case of d = 1.02 um, the transverse displacement presents an
obvious peak of 33.9 um at the incident angle of 22.4°. When
the SiC thickness increases to 1.05 pm, the valley of transverse
displacement becomes more pronounced, accompanied by the
gradually decreased peak. Then a negative displacement of
32.4 um is obtained at 22.9° with d = 1.08 um. Therefore,
the value of 1.02 um may be the optimal SiC thickness for Ge
prism—SiC-air structure, which results in the maximal positive
transverse displacement of 33.9 um. The Fresnel reflection
coefficients as a function of incident angle under this optimal
parameter are depicted in Fig. 3(c). Thereinto, |rs| changes
monotonically with increasing the incident angle, and it keeps
almost stable (~ 1) under a large incident angle. Unlike |rg],
there is a narrow resonance dip (~ 0.06352) at 22.4° in the
’rp| reflection curve, corresponding to notable SPhR effect in
SiC-based Kretschmann—Raether configuration. For the case
of d =1.05 um and 1.08 um, the minimum |r, | are 0.007381
and 0.04874, respectively. As previous reports indicated, this
condition of big |r| and tiny ’rp| would lead to a large ratio of
’rs / rp| around the resonance angle, conducive to the achieve-
ment of giant photonic SHE. Thus we describe the dependence
of |rS / rp| ratio versus the incident angle in Fig. 3(d). Obvi-
ously, both the maximal positive and negative displacements

are partly attributable to the large value of |rS / rp| ratio. When
d =1.02 um and 1.08 um, rs/rp| ratio gets 15.5 and 20.3 at
the resonance angles of 22.4° and 22.9°, respectively, which

are in agreement with the maximal displacements by SPhR ef-
fect around resonance angles. Note that,

r/rp| ratio reaches
a larger value of 133.8 for d = 1.05 um, however, the trans-
verse displacements are not greater than that of d = 1.02 um
and 1.08 pm.

According to Eq. (6), the photonic SHE is closely re-
lated to the value of |ry/rp

, nevertheless, other items (e.g.,
dlnr,/d6;) should also be considered. To demonstrate this
conjecture, the effects of numerator Re(1 + rs/rp) cot6;, de-

2
nominator |(1+rg/rp)cot6; ? and ‘8 Inr,/d6;| on transverse

displacements for d = 1.02 pm, 1.05 pm, and 1.08 pum are

shown in Fig. 4. It is clearly found that the denominators

|(14rs/rp)cot 6;)* and |0 Inr,/d6; ’ are much more 3-orders
of magnitude larger than the numerator Re(1 + r/rp) cot6;,
which also plays an essential role in determining the value of
transverse displacements. More precisely, the denominators
for d = 1.05 pm are about 30 times greater than the conditions
of d =1.02 pm and 1.08 wm, detrimental to the generation
of giant photonic SHE. Hence, the transverse displacement for
this proposed SPhR structure has intimate correlation with the
magnitude of |ry/ry| ratio, but other items (e.g., dInr,/96;)
cannot be neglected.

-
5 300f(a)

£ 200}

£ 1007

T 0

s 10f(m) T |01 L os

8 ---1.02 ym
£35 — 1.05 pm
3205 - 1.08 um
X AN

= 0 = =

RO

2

< 0

20 21 22 23 24 25 26
Incident angle (°)

Fig. 4. The numerator Re(l + rg/rp)cot6;, the denominator
(1 +rs/rp)cot61|2, and the denominator |81nrp/89i|2 versus

the incident angle in Eq. (6).

To further elucidate the underlying mechanism of this gi-
ant transverse displacements based on SPhR, we introduce the
concepts of normal mode (spin maintenance without geomet-
ric phase) and abnormal mode (spin reflection with geometric
phase). 3% Previous studies have demonstrated that when cir-
cularly polarized light is incident on the interface, both nor-
mal and abnormal modes are generated in the reflected beam.
Similarly, for linearly polarized light incident on the inter-
face, the internal spin components of the reflected beam can
also be regarded as the combination of normal and abnormal

084201-4
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modes corresponding to different helicities. The reflection co-
efficient for the normal (7porma) and the abnormal (rypnormal)
modes can be expressed as follows: 20! 7o = (rp+715)/2,
Fabnormal = (7p — 7s)/2. As illustrated in Fig. 5, the opposite
sign (i.e., Fnormal = —7Tabnormal) appears at the resonance angle
of 22.4°, thereby destructive interference between such modes
leads to the vanishing of the reflection of the p-polarized inci-
dence and then a significant photonic SHE.

0.6 0.6

Tnormal = —Tabnormal

\

! 22.4°

V4
22 23

Incident angle (°)

o
N~
i~

Tnormal
—Tabnormal

0.2

o

Fig. 5. Variation of Fresnel coefficients (rormal, 7abnormal) With incident
angle.

In addition to the incident wavelength of 10.6 pum, the
transverse displacement of photonic SHE for Ge prism—SiC-
air structure under different wavelengths of incident light has
also been investigated, as exhibited in Table 1. To realize the
strong photonic SHE, each wavelength corresponds to its op-

timal SiC thickness, and as the incident wavelength increases,
the optimal thickness of SiC layer experiences a dramatic in-
crease. For example, the optimal SiC thickness of 10.3 pum
is only 30 nm (0.05 nm) to generate the maximal positive
and negative transverse displacements, while it exceeds 1 um
for 10.6 um. Moreover, the maximal transverse displace-
ment firstly increases to a great value, and then it sharply
declines with the increase of incident wavelength. For the
case of 10.4 um, the positive and negative transverse displace-
ments simultaneously reach the giant values of 163.8 um and
—161.6 um around the resonance angle of 23.6°, respectively.
With the further increment of wavelength, both the positive
and negative values of maximal transverse displacements are
slightly decreased. As a consequence, by optimizing the in-
cident wavelength to 10.4 pum, the calculated maximal trans-
verse displacement of photonic SHE for this proposed SPhR
structure (Ge prism—SiC-air) can be up to 163.8 um, which is
55 times and 21 times that of photonic SHE enhanced by SPR

29351 1t is generally accepted that half

and long-range SPR.!
of the incident beam waist (w/2) is the theoretical limit of
transverse displacement.!'%! The calculated value of 163.8 um
is about 0.65 times of the upper limit. The results suggest that,
as a new mechanism, SPhR effect shows the promising poten-

tial to enhance the photonic SHE in the mid-infrared regime.

Table 1. The maximal positive and negative transverse displacements (8 max and 8_ max) around resonance angles at different
wavelengths of incident light, under the optimal SiC thickness.

Wavelength (pum) Resonance angle (°) d (nm) d_ (nm) 84 max (pm) O max (um)
10.3 14.6 30 0.05 15.4 -28.1
104 23.6 330 332 163.8 -161.6
10.5 26.5 649 654 125.5 -126
10.6 224 1020 1080 339 -324
10.7 19.5 1180 1430 155 -12.2
10.8 18.4 950 1660 11.2 6.1
Yr Given the close relationship between photonic SHE and
Laser GLP2 GLP2 . . . .
A A ceD refractive index changes of sensing medium, the photonic SHE
GLP1 .. .
\, HWP 7 \ opens up a novel platform for the refractive index detection of
L1 Lo sensing medium. In comparison with other optical sensors, the
photonic SHE sensors generally exhibit the superior sensitiv-
GLP1 GLP2 . T
‘ ity. Up to present, the refractive index sensors based on pho-
tonic SHE has been played an important role in the detection
Preselection Giéer Postselection of harmful gases. Nitrogen dioxide (NO;) is one of the major

Weak coupling
Sample
I

Fig. 6. The possible experimental setup: it is composed of laser, half-
wave plate (modulating the intensity of the light field), two lenses (L1
for focusing the beam and L2 for collimating the reflected beam), two
Glan laser polarizers (GLP1 and GLP2), CCD (a charge coupled device
for detecting the signal, with the resolution of 1 wm),??! and sensor
structure (Ge prism—SiC—sensing). The illustration shows that the angle

between the axes of GLP1 and GLP2 is 90° +A.

ambient air pollutants. Short-term (or long-term) exposure to
high (or low) concentrations of NO, has caused catastrophic
harm to human and animal health, and even death. There-
fore, it is necessary to detect the concentration of NO; in the
air. In this work, by taking advantage of the enhanced pho-
tonic SHE via SPhR, we develop a sensitive sensor based on
the Ge prism—SiC-sensing structure (see in Fig. 1(a)) to de-
tect NO; concentration. The possible experimental device is
shown in Fig. 6, which is divided into three steps: preselection,

084201-5
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weak coupling, and postselection. For the refractive index of
NO; and air mixture, we use the formula of linear interpo-
lation: nmix = nNO, - CNO, + Mair - (1— CNOZ),[37] where Cno,
is the concentration of NO, in the mixture, n,, = 1.00027,
nno, = 1.40.181 The sensing performance of photonic SHE-
based sensors can be evaluated by both intensity sensitivity
and angle sensitivity. The intensity sensitivity is defined as
Ss = AS/Ang, where AS is the difference of transverse dis-
placement (under a fixed incident angle) caused by a refractive
index change Ang of sensing medium. Similarly, Sg = A6 /Ang
is used to describe the angle sensitivity, in which A6 is the
variation of incident angle, corresponding to the peak/valley
of transverse displacement.

For our proposed photonic SHE sensor, the transverse dis-
placement is very sensitive to the refractive index variation of
sensing medium. Since exposure to NO, at different concen-
trations has different levels of harm to the human body, we

150} (a)
— ny=1.00027
100 — ng=1.00107
50
g
=
~— 0 L
jas]
E
_50 L
Ad=72.41 ym
—100 ¢}
---YiAg=o0.18°
—150 : : - -
21 22 23 24 25 26

Incident angle (°)

6n (pm)

—~
o
~

2
o)
=

Incident a

selected 0.5 ppm, 50 ppm, 100 ppm, 500 ppm, 1000 ppm,
1500 ppm, and 2000 ppm, and the corresponding refractive
index range of the gas mixture is 1.00027-1.00107.53%" As de-
picted in Fig. 7(a), the transverse displacement undergoes a
significant difference of 72.41 um by fixing the incidence an-
gle of 23.92°. Likewise, the incident angle corresponding to
maximal negative transverse displacement varies from 24.1°
to 23.92°, with the decreased AO of 0.18°. Figures 7(b) and
7(c) describe the transverse displacement and incident angle
as a function of refractive index for sensing medium at dif-
ferent concentrations of NO;, which basically exhibit the lin-
ear relation in the refractive index range of 1.00027-1.00107.
Consequently, it is quite easy to obtain the sensitivity from
the slope of the linear fitting curve. The calculated intensity
and angle sensitivity of this NO, photonic SHE sensor are
9.07 x 10* um/RIU and 237°/RIU, respectively.

) 0 =23.92° ]

50 S5=9.07x10* um/RIU]
—120
—120

1.0003 1.0005 1.0007 1.0009
n,

24.10

24.05 Sy=237°/RIU
24.00

23.95

23.90

1.0003 1.0005 1.0007 1.0009
Ns

Fig. 7. (a) Description of intensity and angle sensitivity for photonic SHE-based sensor to detect NO, concentration. (b) and (c) Dependence
of transverse displacement and incident angle on the refractive index of the sensing medium.

For our proposed SPhR structure, SiC is the fundamental
material to excite surface phonon polaritons. In experiments,
the growth of SiC on different substrates results in the alter-
ation of damping rate ¥, which will affect the refractive index
of SiC,B! as shown in Eq. (1). Therefore, the damping rate
of SiC can be regarded as a new degree of freedom to manip-
ulate the photonic SHE of SPhR structure and then the sens-
ing performance. Figure 8(a) plots the relationship between
the photonic SHE and damping rate of SiC. With the increase
of damping rate, the resonance angle becomes gradually de-
creased; moreover, the tremendous differences take place in
the positive and negative value of transverse displacements.
When the damping rate is set to be Y = 4 cm~!, the maximal
transverse displacement of 152 pm is positive around the res-
onance angle of 22.8°. However, the transverse displacement
for y =6 cm™! converts to a negative value of —120 pm at
19.8°. Therefore, the damping rate of SiC can be regarded
as a new degree of freedom to manipulate the photonic SHE
and then the sensing performance. Here, the sensitivity of NO,
photonic SHE sensor versus damping rate is shown in Fig. 8(b)

by further optimizing the thickness of SiC layer. It is clear
that the sensing performance will sharply deteriorate when the
damping rate of SiC exceeds a certain value (y > 4 cm™!).
The sensing performance is excellent within the damping rate
range of 3 cm~'-4 cm™!, the maximal intensity sensitivity
and angle sensitivity can be up to 9.07x10* um/RIU and
275°/RIU, respectively. Table 2 compares the sensitivity of
our sensor with some other photonic SHE sensors based on
SPR and SEP effects. From Table 2, the previously reported
photonic SHE sensors based on SPR have the maximal in-
tensity/angle sensitivity of 6.43x10° um/RIU and 208°/RIU,
respectively. >34 The maximum intensity/angle sensitivity of
the SEP-based photonic SHE sensors is 6320.4 um/RIU and
81°/RIU, respectively.3%-3?1 In this work, the calculated inten-
sity sensitivity of our SPhR sensor is close to 10° pum/RIU;
meanwhile, the angle sensitivity reaches 275°/RIU. Therefore,
the proposed photonic SHE sensor based on SPhR structure
is extremely superior in both intensity and angle sensitivity,
which demonstrates the excellent performance.
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Fig. 8. (a) The relationship between transverse displacement and incident angle under different damping rates of SiC. (b) The influence of
damping rate on intensity and angle sensitivity for SPhR-enhanced photonic SHE sensor to detect the NO; concentration.

Table 2. Comparison of our proposed sensor with some other photonic SHE sensors based on SPR and SEP effects.

Structure Intensity sensitivity (wm/RIU) Angle sensitivity (°/RIU) Mechanism Reference
BK7-graphene—analyte—BK7 6.43x10° 37.7 SPR [23]
Prism—gold—analyte—glass - 208 SPR [40]
Prism—TDBC-analyte 6320.4 - SEP [32]
Prism—Au-TDBC-analyte - 81 SEP [30]

Prism—SiC—-analyte 9.07x10* 237 SPhR this work

4. Conclusion

To summarize, the enhancement of photonic SHE and
a highly sensitive refractive index sensor in the mid-infrared
range are theoretical demonstrated by exploiting the strong ex-
citation of SiC-supported SPhR. Under the optimal parameters
of incident wavelength and SiC thickness, the calculated max-
imal transverse displacement of photonic SHE in Ge prism—
SiC-air structure can reach as high as 163.8 um, which is 55
times and 21 times that of photonic SHE enhanced by SPR and
long-range SPR. Moreover, the damping rate of SiC can effec-
tively control the photonic SHE and the sensing performance
of our proposed SPhR-enhanced photonic SHE sensor for de-
tecting NO; concentration in the air. The maximal intensity
sensitivity and angle sensitivity are 9.07x10* um/RIU and
275°/RIU, respectively, indicating the excellent sensing per-
formance. These findings reveal the positive effect of SPhR on
photonic SHE in SiC-based Kretschmann—Raether structure
and offer the opportunity for developing highly sensitive pho-
tonic SHE sensors in the mid-infrared regime to detect harmful

gases.
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