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Pancharatnam–Berry (PB) metasurfaces provide a compact platform for spin-dependent wavefront manipulation, yet
conventional birefringent designs generally allow both incident spin states to access the geometric phase. Here, we establish
a unified Jones-matrix framework for PB-phase generation in reflective half-wave-plate-like (HWP-like), quarter-wave-
plate-like (QWP-like), and non-Hermitian chiral-exceptional-point (chiral-EP) metasurfaces. The analysis shows that the
rotation-induced PB phase appears in the off-diagonal channels of the reflection matrix expressed in a fixed laboratory-frame
circular basis, while the local scattering response determines the accessibility of these channels. The HWP-like metasurface
generates conjugate vortices under opposite circularly polarized incidences. The QWP-like metasurface produces a PB-
modulated vortex together with an orthogonally polarized background without rotation-induced PB phase. Near a chiral
EP, one off-diagonal channel remains finite while the opposite conversion channel is strongly suppressed, enabling incident-
spin-selective optical-vortex generation. These results provide a unified description of birefringent and non-Hermitian PB
metasurfaces and introduce spin-channel selectivity as an additional degree of freedom for geometric-phase wavefront
control.
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1. Introduction
Optical metasurfaces composed of subwavelength artifi-

cial structures provide a compact platform for manipulating
the amplitude, phase, polarization, and orbital angular mo-
mentum of light.[1–6] By engineering the local optical response
of meta-atoms, metasurfaces have enabled anomalous reflec-
tion and refraction, focusing, holography, beam splitting, and
optical-vortex generation. Their ultrathin configuration and
flexible design make them attractive for optical communi-
cation, information processing, imaging, and spin-controlled
photonic devices.[7–12] Furthermore, recent advances have
also demonstrated the highly efficient generation of complex
vectorial beams via surface-wave-excited metasurfaces.[13–15]

Among the available phase-control mechanisms, the
Pancharatnam–Berry (PB) phase[11] is particularly useful be-
cause it can be encoded solely through the in-plane orientation
of a meta-atom.[16,17] Under circularly polarized incidence,
the rotation of a meta-atom introduces a spin-dependent phase
into the cross-polarized component, thereby enabling efficient
spin-to-orbital angular-momentum conversion and optical-
vortex generation.[18–21] In a reflective half-wave-plate-like
(HWP-like) PB metasurface, the two fixed laboratory-frame
circular basis states are converted into each other and ac-
quire geometric phases with opposite signs. Because reflec-
tion reverses the propagation direction, this conversion pre-

serves the propagation-referenced circular handedness under
the convention adopted here.[12,16,17,22] The two incident spin
states therefore generate a pair of conjugate wavefronts with
opposite topological charges.

Conventional birefringent PB metasurfaces nevertheless
provide limited freedom for selecting the incident spin that can
access the geometric phase. In an HWP-like system, both inci-
dent spins generally undergo efficient but symmetric spin con-
version, producing conjugate outputs.[23–25] In a quarter-wave-
plate-like (QWP-like) system, both diagonal and off-diagonal
reflection channels contribute in the fixed circular basis. The
off-diagonal component carries the rotation-induced PB phase,
whereas the diagonal component provides a background with-
out this geometric-phase modulation. The two reflected com-
ponents have opposite circular handedness.[26] The geomet-
ric phase can therefore be encoded, but the incident-spin ac-
cess to that phase is not intrinsically one-sided. Recently,
specific symmetry-breaking designs have been proposed to
break this fundamental spin duality, enabling spin-asymmetric
geometric-phase responses.[27]

Non-Hermitian photonics introduces additional control
through loss, gain, and asymmetric modal coupling.[28,29] Of
particular interest are exceptional points (EPs), at which both
eigenvalues and eigenvectors coalesce.[30] Such degeneracies
can give rise to chiral mode conversion, asymmetric scattering,
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enhanced sensitivity, and unidirectional response. Combining
non-Hermitian EP physics with PB phase control may there-
fore provide a route to spin-selective geometric-phase excita-
tion. In such a system, the PB phase is not only determined by
the in-plane rotation of the meta-atom but can also be selec-
tively activated or suppressed by the chiral scattering response
near an exceptional point.[31–34] Recent cutting-edge studies
have further demonstrated that EPs can topologically recon-
struct PB phases for chiral spin–orbit interaction steering,[35]

and such non-Hermitian topological transitions can even be
dynamically tuned using active metasurface platforms.[36]

In this work, we theoretically establish a unified Jones-
matrix description of PB-phase generation in reflective
HWP-like, QWP-like, and chiral-exceptional-point (chiral-
EP) metasurfaces, and numerically demonstrate their distinct
optical-vortex responses at 600 nm. The HWP-like metasur-
face generates conjugate vortices under opposite circularly po-
larized incidences, whereas the QWP-like metasurface pro-
duces a PB-modulated vortex together with a diagonal chan-
nel background. The non-Hermitian design operates in the
chiral-EP regime in which one off-diagonal channel is retained
and the reverse channel is suppressed, thereby enabling spin-
selective access to the PB phase. The comparison clarifies
the common mathematical origin and different physical con-
sequences of the three mechanisms.

2. Unified Jones-matrix framework
We first consider an unrotated anisotropic reflective meta-

atom. In its local linear-polarization basis {û, v̂}, the reflection
Jones matrix is

R(0) =
(

ruu ruv
rvu rvv

)
. (1)

Here, u and v denote two orthogonal local in-plane coordinate
axes. The coefficients ruu and rvv describe reflection into the
same linear polarization, whereas ruv and rvu describe coupling
between the two linear polarizations.

We adopt the time dependence exp(−iωt) and a right-
handed laboratory coordinate system (x,y,z). The states |+〉=
(1, i)T /

√
2 and |−〉 = (1,−i)T/

√
2 are defined using the

same transverse laboratory axes for both incident and reflected
fields. LCP and RCP denote counterclockwise and clock-
wise temporal rotation of the electric field, respectively, when
viewed toward the source, opposite to the propagation direc-
tion. For incidence along +z, |+〉 and |−〉 correspond to LCP
and RCP, respectively. For reflection along −z, these assign-
ments are reversed. Thus, the± labels denote fixed laboratory-
frame circular basis states rather than propagation-referenced
handedness.

The transformation to the fixed circular basis is given by

R̃(0) =UR(0)U† with

U =
1√
2

(
1 −i
1 i

)
. (2)

The reflection matrix in the circular basis becomes

R̃(0) =
(

r++ r+−
r−+ r−−

)
. (3)

In rαβ , the first subscript denotes the reflected state and
the second denotes the incident state, with α , β ∈ {+,−}.
Throughout this work, diagonal and off-diagonal channels re-
fer to this fixed circular basis.

The positive orientation angle φ is defined by a right-
handed rotation about the laboratory +z axis, corresponding
to counterclockwise rotation when viewed from the +z side
toward the origin. Within the local Jones-matrix description,
rotation of the meta-atom gives

R̃(φ) =

(
e−iφ 0

0 e iφ

)
R̃(0)

(
e iφ 0
0 e−iφ

)
=

(
r++ r+− e−i2φ

r−+ e i2φ r−−

)
. (4)

The diagonal coefficients r++ and r−− acquire no rotation-
dependent phase, whereas the off-diagonal coefficients r+−
and r−+ acquire PB phases of −2φ and +2φ , respectively.
Under the propagation convention adopted here, the off-
diagonal channels preserve the propagation-referenced circu-
lar handedness, whereas the diagonal channels reverse it.

2.1. HWP-like and QWP-like limits

For a conventional birefringent unit cell with negligible
cross coupling in the linear polarization basis, ruv = rvu = 0.
The polarization response is then determined by ruu and rvv.
For an ideal HWP limit, the two principal-axis reflection am-
plitudes are matched and their phase difference is π , namely,
ruu =−rvv. The rotated reflection matrix in the circular polar-
ization basis becomes

R̃HWP(φ) = ruu

(
0 e−i2φ

e i2φ 0

)
. (5)

The two incident circular states are therefore transformed as

R̃HWP(φ) |+〉= ruu · e i2φ |−〉 , (6)

R̃HWP(φ) |−〉= ruu · e−i2φ |+〉 . (7)

Thus, the HWP-like response converts between the two
fixed laboratory-frame circular basis states and imparts con-
jugate PB phases of ±2φ .[37] Under the propagation and po-
larization conventions defined above, the +→− channel cor-
responds to LCP incidence and LCP reflection, whereas the
− → + channel corresponds to RCP incidence and RCP re-
flection. For a rotation profile φ (x,y) = lθ (x,y)/2, where θ

is the azimuthal coordinate, the two incident circular polariza-
tions generate conjugate vortex wavefronts with topological
charges +l and −l.
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For an ideal QWP limit, the two principal-axis reflection
coefficients have equal amplitudes and a phase difference of
π/2. Taking ruu = irvv, the rotated reflection matrix becomes

R̃QWP(φ) =
ruu

2

(
1− i (1+ i) · e−i2φ

(1+ i) · e i2φ 1− i

)
. (8)

Its action on the two circular states is

R̃QWP (φ) |+〉=
ruu (1− i)

2
|+〉+ ruu (1+ i)

2
e i2φ |−〉, (9)

R̃QWP (φ) |−〉=
ruu (1+ i)

2
e−i2φ |+〉+ ruu (1− i)

2
|−〉. (10)

For LCP incidence, the diagonal contribution is an RCP
reflected background, while the off-diagonal contribution is an
LCP reflected vortex carrying the phase +2φ . For RCP inci-
dence, the corresponding outputs are an LCP background and
an RCP vortex carrying the phase −2φ . Under the ideal QWP
condition, the two components carry equal reflected powers;
therefore, 50% of the reflected power lies in the PB-modulated
channel. The efficiency relative to incident power is addition-
ally limited by the total reflectance.[38–41]

2.2. Chiral-EP limit

We next consider a reciprocal but lossy anisotropic meta-
atom with in-plane asymmetry.[30] For normal-incidence re-
flection from the reciprocal structure considered here, using
the same transverse linear axes for the incident and reflected
fields gives ruv = rvu. The reflection matrix in the fixed circular
basis then becomes

R̃(0) =

( 1
2 (ruu + rvv)

1
2 (ruu− rvv)− iruv

1
2 (ruu− rvv)+ iruv

1
2 (ruu + rvv)

)
=

(
r++ r+−
r−+ r−−

)
. (11)

The diagonal elements satisfy r++ = r−−. At an excep-
tional point, the two eigenvalues and eigenvectors coalesce,
which requires r+−r−+ = 0, with one of the two off-diagonal
coefficients remaining nonzero. For the reciprocal system con-
sidered here, this condition gives

ruu− rvv

2
=±iruv. (12)

The two signs correspond to opposite chiral-EP branches. For
(ruu− rvv)/2= iruv, r+− = 0 and r−+ 6= 0; for (ruu− rvv)/2=
−iruv, r−+ = 0 and r+− 6= 0. A nonzero surviving off-diagonal
coefficient is essential, because a scalar matrix with both off-
diagonal coefficients equal to zero is not an EP. Thus, one
type of chiral-EP response can be represented by the lower-
triangular Jordan form[42,43]

R̃EP(0) =
(

r++ 0
r−+ r++

)
. (13)

This form permits conversion from |+〉 to |−〉, while the op-
posite conversion from |−〉 to |+〉 vanishes. After rotating the

unit cell by an angle φ , the reflection matrix becomes

R̃EP(φ) =

(
r++ 0

r−+ · e i2φ r++

)
. (14)

Its action on the circular states is

R̃EP (φ) |+〉= r++ |+〉+ r−+ · e i2φ |−〉 , (15)

R̃EP(φ) |−〉= r++ |−〉 . (16)

For the EP branch considered here, LCP incidence excites an
LCP reflected component through r−+, carrying the PB phase
+2φ , together with an RCP background through r++. Un-
der RCP incidence, the PB-modulated RCP component van-
ishes because r+− = 0, while an LCP background remains if
r++ 6= 0. Thus, the EP suppresses one PB-modulated conver-
sion channel without necessarily eliminating the total reflec-
tion for that incident polarization.[34,44]

2.3. Numerical methods and meta-atom designs

The electromagnetic responses of the proposed meta-
atoms and metasurfaces were numerically investigated using
the finite-difference time-domain (FDTD) method. For the
simulations of individual meta-atoms, periodic boundary con-
ditions were applied in the x- and y-directions, while perfectly
matched layers (PMLs) were used along the z-direction. The
structures were excited by a normally incident plane wave
propagating along the z-axis. The linear-polarization reflec-
tion coefficients were extracted from the reflected fields and
subsequently transformed into the circular-polarization basis
to obtain the co- and cross-polarized reflection responses.
Wavelength-dependent optical parameters were used for the
metallic materials. For the finite metasurface simulations,
open boundaries terminated by PMLs were employed, and the
polarization-resolved reflected fields were extracted to char-
acterize the phase and intensity distributions of the generated
optical vortices.

2.4. HWP-like and QWP-like meta-atoms

To realize the HWP-like and QWP-like responses de-
scribed above, we employ reflective metal–insulator–metal
(MIM) meta-atoms operating at λ0 = 600 nm. As illustrated
in Fig. 1(a), the structure consists of a metallic ground plane,
a SiO2 spacer, and a rectangular metallic nanoantenna. The
unit-cell period is P = 300 nm. For the HWP-like and QWP-
like designs, Ag is used for the top nanoantenna and bottom
reflector, with layer thicknesses of h1 = 150 nm, h2 = 80 nm,
and h3 = 30 nm.[45]

A rectangular top antenna provides two independent
principal-axis responses. For the HWP-like meta-atom, the
optimized dimensions are L = 186 nm and W = 84 nm. At
600 nm, the reflection amplitudes satisfy |rxx| ≈

∣∣ryy
∣∣, while

the phase retardation is ∆ϕ = ϕxx−ϕyy ≈ π .
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Fig. 1. Designs and spectral responses of the HWP-like and QWP-like metasurfaces. (a) Three-dimensional and top views of the reflective
MIM meta-atom composed of a thick Ag ground plane, a SiO2 spacer, and a rectangular Ag nanoantenna. (b) Schematic of the 20×20 PB
metasurface for generating a first-order optical vortex. (c), (d) Principal-axis reflection amplitudes and phases of the optimized HWP-like
meta-atom, showing an approximately π phase retardation at 600 nm. (e), (f) Corresponding responses of the QWP-like meta-atom, showing
an approximately π/2 phase retardation at 600 nm.

For the QWP-like meta-atom, the dimensions are changed
to L = 130 nm and W = 100 nm. The two principal-axis re-
flection amplitudes remain comparable, while the phase re-
tardation is adjusted to approximately ∆ϕ ≈ π/2. This re-
sponse produces simultaneous diagonal and off-diagonal re-
flection contributions in the fixed circular basis, correspond-
ing to a background and a PB-modulated vortex with opposite
reflected circular polarizations.

2.5. Chiral-EP meta-atom

To realize the non-Hermitian exceptional-point response,
the top structure is designed as an asymmetric coupled res-

onator composed of an L-shaped antenna and a rectangular an-

tenna, as shown in Fig. 2(a). Aluminum is used as the metallic

material because of its relatively strong optical loss in the vis-

ible range. To enhance the coupling between the top resonator

and the bottom reflector, the SiO2 spacer thickness is reduced

to h2 = 40 nm. The period remains P = 300 nm, and the opti-

mized geometrical parameters are L1 = 52 nm, L2 = 140 nm,

L3 = 121 nm, w = 50 nm, g = 70 nm. Here, L1 and L2 denote

the two arm lengths of the L-shaped antenna, L3 is the length

of the rectangular antenna, w is the antenna width, and g is the

gap between the two coupled resonators.

Fig. 2. Design and characterization of the chiral-EP metasurface. (a) Three-dimensional and top views of the reflective asymmetric meta-atom
composed of an L-shaped Al antenna and a rectangular Al antenna. (b) Schematic of the 20×20 metasurface with the spatial orientation profile
required for a first-order vortex. (c) Circular-basis reflection spectra of the optimized meta-atom. (d) Complex-eigenvalue surfaces of the local
reflection Jones matrix in the (L1,L3) parameter space at 600 nm; the marked point denotes the optimized structure operating near the EP.

The circular-basis spectra of the asymmetric Al meta-

atom are shown in Fig. 2(c). Near λ0 = 600 nm, the two off-

diagonal reflection coefficients are strongly unequal: r−+ re-

mains finite, whereas r+− is substantially suppressed. Mean-

while, the two complex eigenvalues of the reflection matrix

approach each other near the optimized structural parameters,

as shown in Fig. 2(d). The near-degeneracy of the eigenval-

ues, together with the nearly triangular circular-basis reflection
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matrix, is consistent with operation in the vicinity of an excep-
tional point. This asymmetric coupled-resonator configuration
therefore enables chiral scattering with strongly unbalanced
off-diagonal channels, providing the basis for spin-selective
PB-phase modulation.

3. Optical-vortex generation and comparison
3.1. Conjugate vortex generation by the HWP-like meta-

surface

Based on the HWP-like unit cell, we first construct a PB
phase metasurface for generating a first-order optical vortex
beam. For a vortex beam with topological charge l, the tar-
get phase distribution is ϕl(θ) = lθ where θ is the azimuthal
angle in the transverse plane. According to the PB phase re-
lation ϕPB(r) =±2φ(r), the rotation angle of each unit cell is
designed as φ (θ) = lθ/2.

Fig. 3. Conjugate vortex generation by the HWP-like metasurface. (a)
Phase of the LCP reflected component under LCP incidence, associated
with the +→− channel and a topological charge of l = +1. (b) Cor-
responding normalized intensity. (c) Phase of the RCP reflected com-
ponent under RCP incidence, associated with the −→+ channel and
l = −1. (d) Corresponding normalized intensity. Topological-charge
signs are defined in the fixed laboratory transverse coordinates.

Figure 3 shows the simulated reflected fields under the
two incident spin states. For LCP incidence, the dominant

reflected component arises from the +→ − channel and re-
mains LCP under the propagation-referenced convention de-
fined above. Its phase winds by 2π around the beam axis,
corresponding to a topological charge of l = +1 [Fig. 3(a)].
The associated intensity has a central minimum and an an-
nular profile [Fig. 3(b)]. For RCP incidence, the dominant re-
flected component arises from the−→+ channel and remains
RCP. Its phase winding reverses, corresponding to l = −1
[Fig. 3(c)], while the intensity retains an annular vortex pro-
file [Fig. 3(d)].

The HWP-like metasurface therefore generates a pair of
conjugate vortex wavefronts under opposite incident circular
polarizations. The diagonal reflection coefficients r++ and
r−− in the fixed circular basis are small near the design wave-
length, resulting in a weak unmodulated background.

3.2. Polarization-split vortex generation by the QWP-like
metasurface

The vortex-generation mechanism of the QWP-like meta-
surface is different from that of the half-wave-plate metasur-
face. The QWP-like metasurface supports both diagonal and
off-diagonal reflection channels in the fixed circular basis. Un-
der circularly polarized incidence, the reflected field therefore
contains a background without rotation-induced PB phase and
a PB-modulated vortex. These two components have opposite
circular handedness.

Under LCP incidence, the RCP reflected component
originates from r++ and forms a non-vortex background
[Figs. 4(a) and 4(b)]. The LCP reflected component originates
from r−+, acquires the phase +2φ =+θ , and forms an l =+1
vortex [Figs. 4(c) and 4(d)]. Under RCP incidence, the LCP
reflected component originates from r−− and forms the back-
ground [Figs. 4(e) and 4(f)], whereas the RCP reflected com-
ponent originates from r+−, acquires the phase −2φ = −θ ,
and forms an l =−1 vortex [Figs. 4(g) and 4(h)].

Fig. 4. Polarization splitting and vortex generation by the QWP-like metasurface. (a), (b) Phase and normalized intensity of the RCP reflected
background under LCP incidence. (c), (d) Phase and normalized intensity of the LCP reflected vortex under LCP incidence, with l =+1. (e), (f) Phase
and normalized intensity of the LCP reflected background under RCP incidence. (g), (h) Phase and normalized intensity of the RCP reflected vortex
under RCP incidence, with l =−1.
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The background contribution is intrinsic to the ideal QWP
condition and limits the fraction of reflected power available in
the PB-modulated vortex channel.

3.3. Spin-selective vortex generation near the chiral-EP

We further use the chiral-EP unit cell to construct a spin-
selective PB phase metasurface. Owing to the in-plane asym-
metric coupling and the material loss of aluminum, the de-
signed unit cell exhibits a chiral scattering response near the
working wavelength. The non-Hermitian metasurface uses the
same orientation profile as the HWP and QWP arrays.

Figures 5(a)–5(c) characterize the reflection channels and
eigenstate properties of the reflection Jones matrix in the
two-dimensional structural-parameter space (L1,L3). Near
the optimized parameters, the off-diagonal coefficient r+− is
strongly suppressed [Fig. 5(a)], while the phase rigidity ex-
hibits a pronounced minimum [Fig. 5(b)], consistent with op-
eration near a chiral exceptional point. Meanwhile, the oppo-
site off-diagonal coefficient r−+ remains finite [Fig. 5(c)], en-

abling strongly asymmetric access to the PB-modulated chan-
nels. As the meta-atom is rotated through an in-plane angle
φ , the amplitude of r−+ remains nearly constant, while its
phase approximately follows the expected +2φ dependence
[Fig. 5(d)]. With the orientation profile φ (x,y) = θ (x,y)/2,
where θ denotes the spatial azimuthal angle, LCP incidence
excites an LCP reflected component through r−+ under the
propagation-referenced handedness convention adopted here.
This component acquires the geometric phase 2φ = θ , produc-
ing an l =+1 vortex with a 2π phase winding [Fig. 5(e)] and a
central intensity minimum [Fig. 5(f)]. Under RCP incidence,
the r+− channel is strongly suppressed, inhibiting efficient
generation of the conjugate vortex. This suppression applies
to the PB-modulated channel and does not necessarily elimi-
nate the total reflected field, which may retain a background
through the diagonal reflection channel. The near-chiral-EP
metasurface thus combines geometric-phase encoding with
incident-spin-selective access to the vortex-generating chan-
nel.

Fig. 5. Spin-selective PB-phase evolution and vortex generation near the chiral-EP. (a) Amplitude and phase evolution of r+− in the structural-
parameter space (L1,L3). (b) Corresponding phase rigidity mapping. (c) Amplitude and phase evolution of r−+ in the structural-parameter space
(L1,L3). (d) Amplitudes and phases of r−+ as functions of the in-plane rotation angle. (e) Phase of the LCP reflected component under LCP incidence,
showing an l =+1 vortex. (f) Corresponding normalized intensity.

3.4. Comparison of the three PB-phase mechanisms

Although the three metasurface systems obey the same
rotation-induced PB-phase rule in Eq. (4), their different
circular-basis scattering responses lead to distinct mechanisms
for optical-vortex generation.

For the HWP-like metasurface, the off-diagonal channels
dominate and generate conjugate vortices under opposite cir-
cularly polarized incidences. For the QWP-like metasurface,
diagonal and off-diagonal channels coexist, producing a non-
vortex background and a PB-modulated vortex with orthogo-

nal circular polarizations. Near the chiral EP, one off-diagonal
channel remains finite while the other is strongly suppressed,
providing selective access to the PB phase for one incident
circular polarization. The key differences among the three PB-
phase mechanisms are summarized in Table 1.

Thus, the HWP-like and QWP-like metasurfaces pro-
vide spin-dependent PB-phase encoding, whereas the non-
Hermitian EP further introduces spin-channel selectivity, ex-
tending PB-phase engineering from spin-dependent to spin-
selective wavefront control.
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Table 1. Mechanism-level comparison of the three reflective PB metasurfaces.

System Approximate local condition Access to PB phase Main vortex response
HWP-like ruv = rvu = 0

ruu =−rvv

Both spins Conjugate vortices with l =±1

QWP-like ruv = rvu = 0
ruu = irvv

Both spins Conjugate vortices accompanied by orthogonally
polarized non-vortex backgrounds

Chiral-EP ruv = rvu 6= 0
(ruu− rvv)/2 =±iruv

Selected spin Spin-selective PB-modulated vortex

Table 2. Quantitative performance comparison of the HWP-like, QWP-like, and near-chiral-EP metasurface designs.

Regime Incident Total reflectance PCR SER Target OAM purity Relative bandwidth

HWP-like
LCP 90.8% 100%

0 dB
99.2%

21.3%
RCP 90.8% 100% 99.1%

QWP-like
LCP 84.6% 49.1%

0 dB
94.0%

26.5%
RCP 84.6% 49.1% 93.8%

Chiral-EP LCP 53.5% 76.6% 53.8 dB 99.9% 4.2%

We also provide a quantitative comparison of the HWP-
like, QWP-like, and near-EP designs in Table 2, including
the spin extinction ratio, polarization conversion ratio, to-
tal reflectance, target orbital angular momentum (OAM) pu-
rity, and relative operational bandwidth. The spin extinction
ratio (SER) compares the two off-diagonal reflection chan-
nels under equal incident powers and is defined as SER =

10log10(|r−+|2/|r+−|2). The polarization conversion ratio
(PCR) is defined as the power in the selected off-diagonal re-
flected channel divided by the total reflected power, including
both circular-polarization components. The total reflectance is
the total reflected power normalized to the incident power. The
target OAM purity is defined as the fraction of power within
the selected circular-polarization component carried by the tar-
get azimuthal order, determined through azimuthal OAM de-
composition with radial integration.

4. Conclusion and perspectives

In conclusion, we have established a unified Jones-matrix
framework for PB-phase generation in reflective HWP-like,
QWP-like, and chiral-EP metasurfaces. In a fixed laboratory-
frame circular basis, the rotation-induced PB phase appears in
the off-diagonal reflection channels, while the diagonal chan-
nels carry no such phase. Under the adopted propagation
convention, the PB-modulated reflected component preserves
the incident circular handedness. The HWP-like metasurface
generates conjugate vortices under opposite circularly polar-
ized incidences, whereas the QWP-like metasurface produces
vortices accompanied by orthogonally polarized backgrounds.
Near the chiral EP, strong imbalance between the two off-
diagonal channels enables incident-spin-selective vortex gen-
eration. These results connect birefringent and non-Hermitian
reflective metasurfaces within a common framework and iden-
tify incident-spin selectivity as an additional degree of free-
dom for geometric-phase wavefront control.
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