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continuum in compound grating waveguide structures
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The photonic spin Hall effect (PSHE) plays an important role in both fundamental science and precision
metrology. In this paper, we theoretically propose a polarization-dependent bound state in the continuum
(BIC) in a compound grating waveguide structure based on the selectable guided resonance at near-infrared
wavelengths. Empowered by the unique resonant property and polarization-dependent property of the quasi-BIC,
the transverse shift of the PSHE can be intensively enhanced to the order of hundreds of micrometers. Besides,
the enhancement of the transverse shift of the PSHE is robust against the geometric parameters. Our work
not only provides an all-dielectric platform to achieve giant PSHE, but also offers a viable approach to design
high-performance PSHE-based optical devices.
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I. INTRODUCTION

As an optical analogy of the spin Hall effect in electronic
systems, the photonic spin Hall effect (PSHE) has attracted
rich attention over the past decades [1–4]. The PSHE refers
to the displacement perpendicular to the incident plane for
the splitting of left and right circularly polarized components
when a linearly polarized light beam launches onto a structure
[5–8]. The underlying physics of the PSHE is the spin-orbit
interaction [9–11]. To date, the PSHE has been widely uti-
lized in biosensing [12–15], layer thickness measurement
[16], optical conductivity measurement [17], optical imaging
[18], and optical computing [19]. The PSHE is also related
to the Imbert-Fedorov effect [20–25]. The Imbert-Fedorov
effect was theoretically predicted by Fedorov in 1955 [26] and
experimentally verified by Imbert in 1972 [27]. In the case of
total reflection, the transverse shift of the PSHE is generally
on the subwavelength scale owing to the weak spin-orbit in-
teraction [28,29]. Such tiny transverse shift poses a challenge
in direct measurement in experiments. Enabled by the weak
measurement technique, researchers can observe the subwave-
length transverse shift of the PSHE in experiments [30–34].
To enhance the PSHE, researchers proposed various nanos-
tructures, including metasurfaces [35–40], photonic crystals
[41–44], surface plasmon resonance configurations [45,46],
graphene-based nanostructures [47,48], nanoapertures [49],
dielectric particle arrays [50], and hyperbolic metamaterials
[51–53].

Over the past two decades, bound states in the continuum
(BICs) have been widely explored due to their unique physical
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properties [54–57]. Different from conventional discrete
bound states, BICs are embedded in the continuous spectra
[54–57]. When the parameter perturbation is introduced, true
BICs with infinite Q factors will turn into quasi-BICs with
ultrahigh Q factors. To date, a series of nanostructures have
been proposed to achieve quasi-BICs, including waveguides
[58–60], metasurfaces [61,62], photonic crystal slabs [63–67],
subwavelength gratings [68–77], and nanoparticles [78]. In
2019, Jiang et al. enhanced the PSHE by the quasi-BIC in
an epsilon-near-zero material slab [79]. For a lossless epsilon-
near-zero material slab, the transverse shift of the PSHE can
be enhanced to the order of hundreds of micrometers. How-
ever, it is known that epsilon-near-zero material possesses
inevitable optical loss at optical wavelengths [80]. When con-
sidering the optical loss of the epsilon-near-zero material,
the transverse shift of the PSHE only reaches the order of
micrometers [79]. Very recently, Wang et al. discovered a spe-
cial PSHE (spin-related in-plane-oblique lateral beam shifts)
by the quasi-BIC in a photonic crystal slab [81]. The strong
spin-orbit interactions of light are induced by the topological
vortex around BIC. The measured beam shift of the PSHE
reaches the order of micrometers. In this paper, we theoret-
ically propose a polarization-dependent BIC in a compound
grating waveguide structure based on the selectable guided
resonance at near-infrared wavelengths. Empowered by the
polarization-dependent quasi-BIC, the transverse shift of the
PSHE can be intensively enhanced to the order of hundreds
of micrometers. Our work provides a feasible route to achiev-
ing giant PSHE and designing high-performance PSHE-based
optical devices.

This paper is organized as follows. In Sec. II, we start from
the guided-mode resonance (GMR) conditions in a compound
grating waveguide structure composed of a four-part period
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FIG. 1. Schematic of the unit cell of the compound grating
waveguide structure. First layer is a four-part period grating layer
with the period � and the height hG. First and third parts are HfO2

ridges with the refractive index nH, while the second and fourth
parts are air grooves with the refractive index nL. Widths of two
HfO2 ridges are set to be the same value, wH = fH� = 0.3�. Widths
of two air grooves are set to be wL1 = fL1� and wL2 = fL2�, re-
spectively. Second layer is a HfO2 waveguide layer with the height
hWG. Third layer is a SiO2 substrate with the refractive index nS.
Suppose that a plane wave obliquely launches onto the structure with
the incident angle θ = 5◦. Incident plane is xOz plane.

grating and a waveguide layer under s and p polarizations.
When the four-part period grating reduces to a two-part period
grating, the grating-induced tangential wave vector doubles.
Therefore, the previous excitable odd-order guided resonance
becomes unexcitable. Based on such selectable guided res-
onance, a BIC can be theoretically realized. Owing to the
polarization-dependent property of the dispersion relation of
the guided mode, the BIC is also polarization dependent. In
Sec. III, we utilize the polarization-dependent quasi-BIC to
enhance the PSHE. Specifically, the transverse shift of the
PSHE can be intensively enhanced to the order of hundreds of
micrometers. The influences of the geometric parameters on
the transverse shift of the PSHE are also investigated. Finally,
the conclusion is given in Sec. IV.

II. POLARIZATION-DEPENDENT BICS IN COMPOUND
GRATING WAVEGUIDE STRUCTURES

The unit cell of the compound grating waveguide struc-
ture is schematically shown in Fig. 1. The first layer is a
four-part period grating layer with the period � = 962 nm
and the height hG = 750 nm. The first and third parts are
hafnium dioxide (HfO2) ridges with the refractive index nH

while the second and fourth parts are air grooves with the
refractive index nL = 1. The widths of two HfO2 ridges are
set to be the same value, wH = fH� = 0.3�. The widths of
two air grooves are set to be wL1 = fL1� and wL2 = fL2�,
respectively. We define a tunable geometric parameter � =
(wL1 − wL2)/(wL1 + wL2) to reflect the width difference be-
tween two air grooves. The second layer is a HfO2 waveguide
layer with the height hWG = 320 nm. To investigate the be-
havior of the BIC, we ignore the intrinsic and scattering losses
of HfO2 in Sec. II. The refractive index of HfO2 is set to
be nH = 1.88 [82]. In Sec. III, we will consider the intrinsic
and scattering losses of HfO2. The third layer is a silicon

dioxide (SiO2) substrate with the refractive index nS = 1.44
[83]. Suppose that a plane wave obliquely launches onto the
structure with the incident angle θ = 5◦. The incident plane is
xOz plane.

The functionality of the waveguide layer is to provide the
guided mode. The functionality of the four-part period grating
layer is to provide the additional tangential wave vector called
the grating-induced tangential wave vector due to the discrete
periodicity of the structure. Owing to the grating-induced
tangential wave vector, the incident light can strongly couple
with the guided mode at some specific frequencies [84]. Such
phenomenon is known as the GMR [84].

When the tunable geometric parameter � �= 0, the widths
of two air grooves are different (wL1 �= wL2). Therefore, the
grating layer is a four-part period grating with the period �.
The GMR condition is expressed as [84]

kx,m = k0 sin θ − m
2π

�
= β (m = ±1, ±2, . . .), (1)

where k0 sin θ = ω sin θ/c represents the tangential
wave vector of the incident light, m × (2π/�) represents
the grating-induced tangential wave vector, and β represents
the propagating constant of the guided mode in the waveguide
layer.

In the case of s polarization, we focus on the TE0 guided
mode. The dispersion relation of the TE0 guided mode can be
expressed as [85]
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The dispersion relation of the TE0 guided mode is shown
by the black solid line in Fig. 2(a). The normalized angular
frequency is set to be ω0 = 2πc/hWG. The cutoff angular
frequency of the TE0 guided mode is ωc, TE0 = 0.0933ω0. The
dispersion relations kx,+1 and kx,+2 are shown by the blue
and red dashed lines in Fig. 2(a). Apparently there are two
crossing points, which are marked by A+1 and A+2. The cor-
responding angular frequencies are ω+1 = 0.2027ω0 (λ+1 =
1578.7 nm) and ω+2 = 0.3724ω0 (λ+2 = 859.3 nm). At these
two angular frequencies, the GMR condition is satisfied and
gives rise to Fano resonances.

In the case of p polarization, we focus on the TM0 guided
mode. The dispersion relation of the TM0 guided mode can be
expressed as [85]
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FIG. 2. (a) GMR in the compound grating waveguide structure under s polarization when � �= 0. (b) GMR in the compound grating
waveguide structure under p polarization when � �= 0. (c) GMR in the compound grating waveguide structure under s polarization when
� = 0. (d) GMR in the compound grating waveguide structure under p polarization when � = 0. Other parameters are set to be � = 962 nm,
hWG = 320 nm, nH = 1.88, nL = 1, and nS = 1.44.

The dispersion relation of the TM0 guided mode is shown
by the black solid line in Fig. 2(b). The cutoff angular fre-
quency of the TM0 guided mode is ωc, TM0 = 0.1658ω0. The
dispersion relations kx,+1 and kx,+2 are shown by the blue
and red dashed lines in Fig. 2(b). As demonstrated, there
are two crossing points, which are marked by B+1 and B+2.
The corresponding angular frequencies are ω+1 = 0.2150ω0

(λ+1 = 1483.7 nm) and ω+2 = 0.3884ω0 (λ+2 = 823.9 nm).
At these two angular frequencies, the GMR condition is satis-
fied and gives rise to Fano resonances.

When the tunable geometric parameter � = 0, the widths
of two air grooves are the same (wL1 = wL2). Hence, the
four-part period grating layer reduces to a two-part period
grating layer. The period of the grating becomes �′ = �/2.
As a result, the grating-induced tangential wave vector be-
comes m′ × (2π/�′) = m′ × (4π/�). The GMR condition
turns into

kx,m′ = k0 sin θ − m′ 4π

�
= β (m′ = ±1, ±2, . . .). (4)

In the case of s polarization, the dispersion relation k′
x,+1

is shown by the blue dotted line in Fig. 2(c). Clearly, the
dispersion relation k′

x,+1 overlaps with the previous disper-
sion relation kx,+2 since the grating-induced tangential wave

vector doubles. Now, there is only one crossing point, which
is marked by A′

+1 (previous A+2). As the tunable geometric pa-
rameter changes � from a nonzero value to zero, the previous
excitable guided resonance at point A+1 (λ+1 = 1578.7 nm)
becomes unexcitable. Based on such selectable guided res-
onance, a BIC can be theoretically realized. However, the
previous excitable guided resonance at point A+2 (λ+2 =
859.3 nm) is still excitable, giving rise to a conventional Fano
resonance.

In the case of p polarization, the situation is similar. In
Fig. 2(d), the blue dotted line represents the dispersion relation
k′

x,+1. Now, there is only one crossing point, which is marked
by B′

+1 (previous B+2). As the tunable geometric parameter �

changes from a nonzero value to zero, the previous excitable
guided resonance at point B+1 (λ+1 = 1483.7 nm) becomes
unexcitable. Based on such selectable guided resonance, a
BIC can be theoretically realized. However, the previous ex-
citable guided resonance at point B+2 (λ+2 = 823.9 nm) is
still excitable, giving rise to a conventional Fano resonance.
Owing to the polarization-dependent property of the disper-
sion relation of the guided mode, the BIC is also polarization
dependent.

Then, based on the rigorous coupled-wave analysis
[86,87], we calculate the reflectance spectra of the compound
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FIG. 3. Reflectance spectra of the compound grating waveguide structure under (a) s and (b) p polarizations for different �. Other
parameters are set to be � = 962 nm, wH = fH� = 0.3�, hG = 750 nm, hWG = 320 nm, nH = 1.88, nL = 1, and nS = 1.44.

grating waveguide structure under s and p polarizations for
different � as shown in Figs. 3(a) and 3(b), respectively.
For better visuality, the reflectance curves are shifted in the
unit of 1. Under s polarization, a Fano peak occurs at the
wavelength λ = 1520.5 nm when � = 0.8. As � decreases,
the resonance width of the Fano peak reduces rapidly. As
� continues to decrease to zero, the resonance width van-
ishes completely, which indicates that a BIC appears. The
BIC wavelength under s polarization can be extracted as λ =
1543.2 nm, which slightly deviates from the BIC wavelength
predicted by the GMR condition (λ+1 = 1578.7 nm). The
relative error is only 2.25%. The underlying reason is that
the top grating layer slightly changes the effective refractive
index of the waveguide layer [84]. Under p polarization, a
Fano peak occurs at the wavelength λ = 1469.4 nm when
� = 0.8. As � decreases, the resonance width of the Fano
peak reduces rapidly. As � continues to decrease to zero,
the resonance width vanishes completely, which indicates that
a BIC appears. The BIC wavelength under p polarization
(λ = 1476.1 nm) slightly deviates from the BIC wavelength
predicted by the GMR condition (λ+1 = 1483.7nm). The rel-
ative error is only 0.51%. It is known that the electric-field
distributions in compound grating waveguide structure under
s and p polarizations are different. Hence, the degrees of
the change of the effective refractive index of the waveguide
layer under s and p polarizations when a top grating layer is
introduced are also different. As a result, the relative errors of
the BIC wavelength under s and p polarizations are different.

Next, we calculate the dependences of the Q factor of
the quasi-BIC on � under s and p polarizations as, re-
spectively, shown in Figs. 4(a) and 4(b). The Q factor is
calculated by [88]

Q = fpeak

� f
= fpeak

| fpeak − fdip| , (5)

where fpeak represents the frequency of the reflectance peak,
fdip represents the frequency of the reflectance dip, and
� f = | fpeak − fdip| represents the resonance width. Under
s polarization, the Q factor is 9.7 × 102 when � = 0.25. As
� gradually decreases to near zero, the Q factor increases

dramatically. When � = 0.02, the Q factor reaches 1.5 × 105.
When � = 0, the Q factor becomes infinite. Under p po-
larization, the Q factor is 3.9 × 102 when � = 0.25. As �

gradually decreases to near zero, the Q factor also increases
dramatically. When � = 0.02, the Q factor reaches 3.7 × 104.
When � = 0, the Q factor becomes infinite. According to
the perturbation theory, the Q factor of the quasi-BIC is pro-
portional to the negative quadratic power of the perturbation
parameter, i.e., Q ∝ �−2 [61]. Hence, the Q factor of the
quasi-BIC dramatically increases as the perturbation param-
eter � approaches to zero.

III. GIANT PSHE EMPOWERED BY
POLARIZATION-DEPENDENT QUASI-BICS

In this section, we utilize the polarization-dependent quasi-
BIC to enhance the PSHE. Figure 5 schematically illustrates
the PSHE when a linearly polarized Gaussian beam obliquely
launches onto the compound grating waveguide structure
with the incident angle θ = 5◦. The z axis of the laboratory
Cartesian frame (x, y, z) is perpendicular to the interface of
the waveguide layer. The incident and reflected electric fields
are presented in Cartesian frames (xi, yi, zi ) and (xr, yr, zr ),
respectively. δ∓ represent the transverse shifts of the left and
right circularly polarized components, respectively. In the spin
basis set, the angular spectrum of the incident Gaussian beam
can be expressed as

Ẽ
H
i = 1√

2
(Ẽ i+ + Ẽ i−), (6a)

Ẽ
V
i = j√

2
(Ẽ i+ − Ẽ i−). (6b)

Here, the superscripts H and V represent horizontal and
vertical polarizations, respectively. The subscripts ± represent
the left and right circularly polarized components, respec-
tively. j represents the imaginary unit. Supposing that the
beam waist of the incident Gaussian beam is w0, we have

Ẽ i± = w0√
2π

exp

[
−w2

0

(
k2

ix + k2
iy

)
4

]
(eix ± jeiy). (7)
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FIG. 4. Dependences of the Q factor of the quasi-BIC on � under (a) s and (b) p polarizations. Other parameters are set to be � = 962 nm,
wH = fH� = 0.3�, hG = 750 nm, hWG = 320 nm, nH = 1.88, nL = 1, and nS = 1.44.

According to Appendix A in Ref. [89], the angular spec-
trum of the reflected beam and that of the incident beam can
be related by a 2 × 2 matrix:[

ẼH
r

ẼV
r

]
=

[
rp

kry

k0
(rp + rs) cot θ

− kry

k0
(rp + rs) cot θ rs

][
ẼH

i

ẼV
i

]
,

(8)

where rs and rp represent, respectively, the reflection coeffi-
cients of the compound grating waveguide structure under s
and p polarizations. It should be noted that the incident plane
is xOz plane in our work. There is no polarization conver-
sion effect between linearly polarized lights [86]. Therefore,
Eq. (8) is still applicable for compound grating waveguide
structures [90].

Supposing that the incident Gaussian beam is wide enough
(the angular spectrum is narrow enough), we can obtain
the expressions of the angular spectrum of the reflected
beam [89]:

Ẽ
H
r = rp√

2

[
exp

(+ jkryδ
H
r

)
Ẽr+ + exp

(− jkryδ
H
r

)
Ẽr−

]
, (9a)

Ẽ
V
r = jrs√

2

[− exp
(+ jkryδ

V
r

)
Ẽr+ + exp

(− jkryδ
V
r

)
Ẽr−

]
, (9b)

FIG. 5. Schematic of the PSHE when a linearly polarized
Gaussian beam launches onto the compound grating waveguide
structure. δ∓ represent, respectively, the transverse shifts of the left
and right circularly polarized components.

where

δH
r = λ

2π

(
1 + rs

rp

)
cot θ, (10a)

δV
r = λ

2π

(
1 + rp

rs

)
cot θ, (10b)

Ẽr± = w0√
2π

exp

[
−w2

0

(
k2

rx + k2
ry

)
4

]
(erx ± jery). (11)

Here, λ represents the wavelength of the incident Gaussian
beam.

As seen from Eqs. (9a) and (9b), the terms exp(± jkryδ
H
r )

and exp(± jkryδ
V
r ) represent the spin-orbit interaction terms

under horizontal and vertical polarizations, respectively.
Clearly, the real parts of the spin-orbit interaction terms rep-
resent the transverse shifts of the PSHE under horizontal and
vertical polarizations. Hence, we have

δH
± = ∓Re

(
δH

r

) = ∓ λ

2π

[
1 + |rs|

|rp| cos(ϕs − ϕp)

]
cot θ,

(12a)

δV
± = ∓Re

(
δV

r

) = ∓ λ

2π

[
1 + |rp|

|rs| cos(ϕp − ϕs)

]
cot θ,

(12b)

where rs = |rs|exp( jϕs) and rp = |rp|exp( jϕp). Notice that
Eqs. (12a) and (12b) are only applicable when the incident
Gaussian beam is wide enough. Under current experimental
condition, it is not difficult to generate a Gaussian beam with
the width of 750 µm [91].

Now, we consider the intrinsic and scattering losses of
HfO2. According to the experimental measurement on the
optical constant of the HfO2 thin film [92,93], the extinction
coefficient of HfO2 at near-infrared wavelengths is lower
than or equal to the order of 10−6. Such nonzero extinc-
tion coefficient is mainly contributed by the intrinsic loss
of HfO2. However, for the grating structure, both the intrin-
sic and scattering losses should be considered. According to
the measured reflectance spectrum of the HfO2-based grat-
ing structure [94], the total extinction coefficient of HfO2

contributed by the intrinsic and scattering losses can be
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FIG. 6. Reflectance spectra of the compound grating waveguide
structure under s and p polarizations for � = 0.25. Other parame-
ters are set to be � = 962 nm, wH = fH� = 0.3�, hG = 750 nm,
hWG = 320 nm, nH = 1.88 + 10−4 j, nL = 1, and nS = 1.44. Two
green dashed lines represent the positions of the quasi-BICs under
s and p polarizations.

fitted as κH = 3 × 10−5. In this work, the extinction coef-
ficient of HfO2 is selected as a higher value, κH = 10−4.
Hence, the refractive index of HfO2 becomes nH = 1.88 +
jκH = 1.88 + 10−4 j. As we discussed in Sec. II, to obtain

a polarization-dependent quasi-BIC, the geometric parameter
� should be set to be nonzero. Since the geometric parameter
� = (wL1 − wL2)/(wL1 + wL2) reflects the width difference
between two air grooves, a smaller geometric parameter �

makes the fabrication more difficult. Considering the diffi-
culty of the fabrication, we set the geometric parameter to be
� = 0.25. The widths of two air grooves are wL1 = fL1� =
0.25� and wL2 = fL2� = 0.15�, respectively. The width dif-
ference between two air grooves reaches �w = wL1 − wL2 =
0.1� = 96.2 nm, which is well within the reach of current
fabrication technique [95]. Figure 6 gives the reflectance
spectra of the compound grating waveguide structure un-
der s and p polarizations. As marked by two green dashed
lines, the quasi-BIC under s polarization is located at the
wavelength λ = 1540.9 nm while that under p polarization
is located at the wavelength λ = 1475.3 nm. Owing to the
optical loss of HfO2, the reflectance does not reach unity.
The wavelength difference of the quasi-BICs under s and p
polarizations reaches �λ = 65.6 nm. The Q factors of the
quasi-BICs under s and p polarizations are 1.0 × 103 and
4.0 × 102, respectively. Under current fabrication technique,
the measured Q factors of the quasi-BICs can reach or exceed
the order of 104 [65,95].

According to Eq. (12a), the terms |rs|/|rp| and
cos(ϕs − ϕp) play dominant roles in the transverse shift

FIG. 7. (a1) |rs|/|rp|, (a2) cos(ϕs − ϕp), (b1) |rp|/|rs|, and (b2) cos(ϕp − ϕs ) as functions of the wavelength for � = 0.25. Other parameters
are set to be � = 962 nm, wH = fH� = 0.3�, hG = 750 nm, hWG = 320 nm, nH = 1.88 + 10−4 j, nL = 1, and nS = 1.44. Green dashed lines
in (a1) and (a2) represent the position of the quasi-BIC under s polarization. Green dashed lines in (b1) and (b2) represent the position of the
quasi-BIC under p polarization.
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of the PSHE under horizontal polarization δH
+ . In Figs. 7(a1)

and 7(a2), we give |rs|/|rp| and cos(ϕs − ϕp) as functions
of the wavelength, respectively. The green dashed line
represents the position of the quasi-BIC for s polarization,
i.e., λ = 1540.9 nm. At the quasi-BIC wavelength under
s polarization, |rs|/|rp| reaches its maximum 82.38 since
|rs| = √

Rs reaches 0.85 and |rp| = √
Rp is only 0.010. Notice

that a secondary peak of |rs|/|rp| occurs at the wavelength
λ = 1534.2 nm. The reason of the formation of the secondary
peak can be explained as follows. As shown in the inset of
Fig. 6, a dip of |rp| occurs at the wavelength λ = 1534.8 nm.
The minimum of |rp| is only 0.0067. At the wavelength
λ = 1534.2 nm, |rs| reaches 0.27 and |rp| is only 0.0068.
Hence, |rs|/|rp| still reaches 39.59. Around the quasi-BIC
wavelengths under s and p polarizations, cos(ϕs − ϕp)
changes dramatically due to the resonances of the quasi-BICs.
Similarly, according to Eq. (12b), the terms |rp|/|rs| and
cos(ϕp − ϕs) play dominant roles in the transverse shift
of the PSHE under vertical polarization δV

+. In Figs. 7(b1)
and 7(b2), we give |rp|/|rs| and cos(ϕp − ϕs) as functions
of the wavelength, respectively. The green dashed line
represents the position of the quasi-BIC for p polarization,
i.e., λ = 1475.3 nm. At the quasi-BIC wavelength under p
polarization, |rp|/|rs| reaches its maximum 2.47 since |rp|
reaches 0.86 and |rs| is 0.35. Notice that |rs| at the quasi-BIC
wavelength under p polarization is much higher than |rp| at
the quasi-BIC wavelength under s polarization. Therefore,
the maximum of |rp|/|rs| is much lower than the maximum
of |rs|/|rp|. Around the quasi-BIC wavelengths under s and p
polarizations, cos(ϕp − ϕs) changes dramatically due to the
resonances of the quasi-BICs.

Then, we calculate the transverse shifts of the PSHE δH
+

and δV
+ as functions of the wavelength according to Eqs. (12a)

and (12b), as shown in Figs. 8(a) and 8(b). The green dashed
line in Fig. 8(a) represents the position of the quasi-BIC
for s polarization, i.e., λ = 1540.9 nm. The green dashed
line in Fig. 8(b) represents the position of the quasi-BIC for
p polarization, i.e., λ = 1475.3 nm. Both the values of the
terms |rs|/|rp| and cos(ϕs − ϕp) determine the value of δH

+ .
Since −1 � cos(ϕs − ϕp) � 1, the sign of δH

+ can be positive
or negative. At the wavelength λ = 1541.0 nm, δH

+ reaches
its positive maximum 215.3 µm since |rs|/|rp| is close to its
maximum and cos(ϕs − ϕp) is close to −1. Owing to the
resonance of the quasi-BIC under s polarization, δH

+ changes
dramatically at the wavelength λ = 1541.0 nm. Hence, if one
would like to observe a giant δH

+ in experiments, the wave-
length resolution of the spectrophotometer is required to be
relatively high. At the wavelength λ = 1532.4 nm, δH

+ reaches
95.9 µm since |rs|/|rp| is close to the value of the secondary
peak of |rs|/|rp| and cos(ϕs − ϕp) is close to −1. The reso-
nance width of the secondary peak of δH

+ is wider than that of
the main peak of δH

+ , which could be easier to be observed in
experiments. At the wavelength λ = 1540.2 nm, δH

+ reaches
its negative maximum, −86.1 µm. Similarly, both the values
of the terms |rp|/|rs| and cos(ϕp − ϕs) determine the value
of δV

+. Since −1 � cos(ϕp − ϕs) � 1, the sign of δV
+ can be

positive or negative. At the wavelength λ = 1475.1 nm, δV
+

reaches its negative maximum, −6.6 µm, since |rp|/|rs| is
close to its maximum and cos(ϕp − ϕs) is close to 1. At the

FIG. 8. Transverse shifts of the PSHE (a) δH
+ and (b) δV

+ as func-
tions of the wavelength for � = 0.25. Other parameters are set to
be � = 962 nm, wH = fH� = 0.3�, hG = 750 nm, hWG = 320 nm,
nH = 1.88 + 10−4 j, nL = 1, and nS = 1.44. Green dashed lines in
(a) and (b) represent the positions of the quasi-BICs under s and p
polarizations, respectively.

wavelength λ = 1475.6 nm, δV
+ reaches its positive maximum,

0.5 µm. Notice that the enhancement of the transverse shift
of the PSHE under vertical polarization δV

+ is much weaker
than that under horizontal polarization δH

+ . If we select other
geometric parameters of the compound grating waveguide
structure, the enhancement of the transverse shift of the PSHE
under vertical polarization δV

+ can be much stronger than that
under horizontal polarization δH

+ .
Finally, we discuss the influences of the geometric param-

eters �, hG, and hWG on the positive maximum of δH
+ . Figure

9(a) gives the dependence of the geometric parameter � on
max(δH

+ ). Two other geometric parameters, hG = 750 nm and
hWG = 320 nm, are kept unchanged. As the period of the
grating layer � changes within 960 ± 10 nm, max(δH

+ ) ranges
from 109.6 to 280.5 µm. Figure 9(b) gives the dependence
of the geometric parameter hG on max(δH

+ ). Two other geo-
metric parameters, � = 962 nm and hWG = 320 nm, are kept
unchanged. As the height of the grating layer hG changes
within 740 ± 10 nm, max(δH

+ ) ranges from 54.9 to 215.3 µm.
Figure 9(c) gives the dependence of the geometric parame-
ter hWG on max(δH

+ ). Two other geometric parameters, � =
962 nm and hG = 750 nm, are kept unchanged. As the height
of the waveguide layer hWG changes within 320 ± 10 nm,
max(δH

+ ) ranges from 72.3 to 217.3 µm. Therefore, when con-
sidering the geometric parameter errors during the fabrication
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FIG. 9. Dependences of the geometric parameters (a) �, (b) hG, and (c) hWG on max(δH
+ ) for � = 0.25.

process, the transverse shift of the PSHE can be at least on the
order of dozens of micrometers.

IV. CONCLUSIONS

In summary, we theoretically propose a BIC in a com-
pound grating waveguide structure based on the selectable
guided resonance at near-infrared wavelengths. Owing to the
polarization-dependent property of the dispersion relation of
the guided mode, the BIC is also polarization dependent.
Empowered by the polarization-dependent quasi-BIC, the
transverse shift of the PSHE can be greatly enhanced to the
order of hundreds of micrometers. In addition, the enhance-
ment of the transverse shift of the PSHE is robust against
the period of the grating layer, the height of the grating layer,
and the height of the waveguide layer. These results provide
a feasible route to achieving giant PSHE and designing high-
performance PSHE-based optical devices.
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