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Abstract
This paper presents a semi-analytical design framework for broadband, conformal, multilayer linear-to-circular
polarization converters. Each printed meander-line sheet is represented by a frequency-dependent tensor
admittance retrieved from periodic full-wave unit-cell simulations, while the intervening dielectric and spacer regions
are modeled using cascaded 4×4 transmission (ABCD) matrices. A hybrid optimization procedure combining a
genetic algorithm with gradient-based local refinement is used to synthesize multilayer configurations subject to
axial-ratio and transmission constraints over a broad frequency range. The formulation is first validated against
full-wave simulations using a five-layer test polarizer. A separately optimized five-layer polarizer is then conformed
to and integrated with the cylindrical aperture of a test horn antenna. The integrated configuration provides a
3-dB axial-ratio bandwidth of 66.6% over 10–20 GHz, with a maximum insertion loss of 0.55 dB. The conformal
implementation preserves the principal radiation patterns and provides stable polarization conversion over the
antenna main beam, demonstrating the suitability of the proposed framework for broadband aperture-integrated
polarization conversion.
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1. Introduction

Circularly polarized (CP) antennas are used in satellite com-
munications, global navigation satellite systems, radar, and
electronic warfare [1, 2]. Compared with linear polarization,
circular polarization is insensitive to the polarization-angle ro-
tation produced by Faraday rotation [3]; it also provides a
fixed 3-dB polarization-mismatch loss when receiving a lin-
early polarized signal of unknown orientation, which is use-
ful in direction-finding applications [4]. Consequently, planar
spiral and four-arm sinuous antennas are common choices for
broadband direction-finding (DF) architectures [5, 6, 7, 8, 9, 10].
Their gain, however, is typically lower than that of horn anten-
nas. Achieving high-gain CP operation over a broad frequency
range with a horn antenna, without resorting to a dual-feed
arrangement, therefore remains challenging. A conventional

approach is to perform polarization conversion within the feed
network using septum or waveguide polarizers [11, 12, 13, 14,
15, 16]. The usable bandwidth of such waveguide components
can nevertheless limit wideband systems.

An alternative is to perform polarization conversion after
the antenna aperture using a transmissive polarization converter
[17]. For broadband operation, the converter should provide the
required differential phase while maintaining low reflection and
low transmission loss. Meander-line structures are well suited
to this purpose because a multilayer arrangement can convert
linear polarization to circular polarization while preserving the
underlying radiation pattern [18]. A meander-line unit cell ex-
hibits predominantly inductive and capacitive responses along
its two orthogonal principal directions, thereby producing the
differential phase required between the transmitted field compo-
nents [19]. Chu and Lee [20] developed an analytical treatment
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of cascaded meander-line boards separated by dielectric spacers
for both normal and oblique incidence. For broadband designs,
however, a fixed lumped-L/C representation does not fully cap-
ture the distributed frequency response of the printed geometry,
particularly toward the upper end of the operating band [21]. A
more general approach is therefore to retrieve the frequency-
dependent sheet admittance from periodic full-wave unit-cell
simulations and use it in a transmission-line model [22]. This
strategy has also been used in broadband polarizer optimization
with rotated anisotropic sheets [23]. Recent simulation-driven
work has similarly used frequency-selective surfaces in compact
shared-aperture antenna architectures [24].

In this work, a meander-line linear-to-circular polarization
converter is designed for 10–20 GHz. Frequency-dependent
equivalent sheet admittances are extracted for a library of meander-
line unit cells, and the resulting transmission-line model is used
in a hybrid global/local optimization procedure. The contribu-
tion is the unified use of full-wave-retrieved broadband sheet
admittances, layer-dependent unit cells, independently rotated
anisotropic layers, and direct conformal integration of the opti-
mized multilayer polarizer with a cylindrical horn aperture.

The remainder of this paper is organized as follows. Section
2 presents the theoretical model of the multilayer meander-line
polarizer, including admittance retrieval and the transfer-matrix
formulation. Section 3 validates the semi-analytical model
against full-wave simulations and then presents the optimized
polarizer and its conformal integration with the horn antenna.
Reflection, transmission, axial-ratio, angular, and radiation char-
acteristics are evaluated. Section 4 summarizes the main find-
ings.

2. Theoretical Modeling
The proposed polarizer is modeled as a multilayer transmis-
sive anisotropic structure composed of printed meander-line
sheets, dielectric substrates, and spacer regions. The printed
sheets provide different electromagnetic responses along two
orthogonal transverse directions, while the dielectric and spacer
regions control the propagation phase and impedance transfor-
mation between successive sheets [18, 19, 20]. Each printed
sheet is represented by a shunt admittance tensor and each ho-
mogeneous region by a transmission-line matrix. An e jωt time
convention is assumed throughout, consistent with the induc-
tive and capacitive admittances used below. This formulation
is consistent with tensor-based equivalent models for printed
metasurfaces and anisotropic sheets [25].

The incident linearly polarized electric field is first decom-
posed into two orthogonal components referenced to the prin-
cipal axes of the meander-line unit cell. If the incident electric
field makes an angle φinc with the x-axis, the transverse incident
field is given by Equation (1) [19, 20].

Einc = E0 cosφinc x̂+E0 sinφinc ŷ. (1)

Here, E0 is the magnitude of the incident electric field, and x̂
and ŷ are the transverse unit vectors of the unit-cell coordinate
system. The corresponding scalar components are given by
Equation (2).

E inc
x = E0 cosφinc, E inc

y = E0 sinφinc. (2)

For linear-to-circular polarization conversion, the incident
polarization is generally chosen as φinc = 45◦ with respect to
the principal axes of the polarizer so that the two incident com-
ponents have equal magnitudes. The component parallel to the
dominant meander-line current path exhibits a predominantly
inductive response, whereas the orthogonal component exhibits
a predominantly capacitive response associated with coupling
between adjacent conductor sections [19, 21]. The resulting
differential phase delay enables polarization conversion. The
transmitted field is written as

Eout = Eout
x x̂+Eout

y ŷ. (3)

For the transmitted wave to be circularly polarized, the two
orthogonal field components must have equal magnitudes and a
quadrature phase difference. In practice, the design seeks the
approximate conditions [26]⃓⃓

Eout
x

⃓⃓
≃
⃓⃓
Eout

y
⃓⃓
, (4)

∆φ = ∠Eout
x −∠Eout

y ≃±π

2
. (5)

The sign of the phase difference determines the handedness of
the transmitted circularly polarized wave [26].

2.1. Unit Cell Analysis
A meander-line unit cell is anisotropic because its response is
not invariant under an interchange of its two principal transverse
directions. Accordingly, it exhibits distinct equivalent admit-
tances for fields polarized along those directions. When the
coordinate axes are aligned with the principal axes of a geomet-
rically symmetric unit cell, the intrinsic cross-coupling terms
are negligible and the local sheet response can be described
by two principal admittances. This interpretation is commonly
used to relate meander-line geometry to polarization-dependent
sheet behavior [21].

The first design step is to determine the target admittances
for the parallel and perpendicular principal polarizations, as
defined in Equation (6), so that the multilayer stack satisfies the
required polarization-conversion response.

Ytar( f ) =
[︂
Y tar
∥ ( f ),Y tar

⊥ ( f )
]︂

(6)

The second step is to realize these target responses through
the meander-line geometry. For a narrowband design, the two
principal admittances may be approximated by single shunt
L and C elements (Subsection 2.2). For broadband operation,
however, a fixed lumped-element model does not generally
reproduce the distributed frequency response of the printed ge-
ometry with sufficient accuracy [21]. The frequency-dependent
admittances are therefore retrieved from full-wave unit-cell sim-
ulations. The corresponding narrowband and wideband design
flows are shown in Figures 1a and 1b, respectively.

In both approaches, the response of the printed metallic
pattern must first be characterized. For the normal-incidence
retrieval used here, the unit cell is analyzed with periodic bound-
ary conditions and the two orthogonal fundamental Floquet
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(a) Design flow for narrowband operation. (b) Design flow for wideband operation.

Figure 1: Design flows for multilayer meander-line polarizers.

modes, as illustrated in Figure 2. The Floquet reference planes
are taken at, or de-embedded to, the printed-sheet plane so that
propagation through the surrounding homogeneous layers is rep-
resented separately. Under the electric-sheet approximation, in
which the tangential electric field is continuous and the disconti-
nuity in tangential magnetic field is represented by a shunt sheet
admittance, the tensor admittance of a sheet separating media
with modal impedances η1 and η2 is obtained from Equation (7)
[25].

Figure 2: ANSYS HFSS setup for tensor sheet admittance
extraction.

Yloc
s =

[︃
I−S11

η1
− I+S11

η2

]︃
(I+S11)

−1 . (7)

In Equation (7), I is the 2× 2 identity matrix and S11 is
the reflection matrix in the local principal-axis basis, given by
Equation (8). At normal incidence in isotropic media, η1 and
η2 are the corresponding scalar wave impedances.

S11 =

[︃
Sxx

11 Sxy
11

Syx
11 Syy

11

]︃
(8)

For the ith printed sheet, the local admittance tensor is
written as Equation (9).

Yloc
s,i =

[︃
Yxx,i Yxy,i
Yyx,i Yyy,i

]︃
. (9)

In Equation (9), Yxx,i and Yyy,i are the two principal sheet
admittances, whereas Yxy,i and Yyx,i represent intrinsic cross-
coupling in the local basis. For a reciprocal meander-line pattern
with mirror symmetry about its principal axes, these local off-
diagonal terms are ideally zero and are negligible in the present
retrieval, as confirmed in Subsection 3.1 [27]. This approxima-
tion applies only in the local principal-axis basis; rotation of the
sheet with respect to the global coordinates generally produces
nonzero off-diagonal terms after the tensor transformation.

Yloc
s,i =

[︃
Yxx,i Yxy,i
Yyx,i Yyy,i

]︃
≈
[︃
Yxx,i 0

0 Yyy,i

]︃
. (10)

With the local cross-coupling neglected, Equations (7) and
(10) reduce to the scalar retrieval formulas in Equations (11a)
and (11b):

Yxx,i =
1−Sxx,i

11

η1(1+Sxx,i
11 )

− 1
η2

, (11a)

Yyy,i =
1−Syy,i

11

η1(1+Syy,i
11 )

− 1
η2

. (11b)

2.2. Design approach for narrowband meander-line
polarizers

For narrowband designs, the local principal responses of a
meander-line unit cell may be represented by a shunt induc-
tance for the parallel polarization and a shunt capacitance for
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the perpendicular polarization [20, 28]. Equation (10) then
reduces to Equation (12).

Yloc
s,i ≈

[︃
Y∥,i 0
0 Y⊥,i

]︃
=

⎡⎣ 1
jωLeq,i

0

0 jωCeq,i

⎤⎦ . (12)

The dielectric substrates and spacers are modeled as transmission-
line sections, leading to the equivalent circuit models (ECMs)
for the two principal polarizations shown in Figure 3.

(a) ECM for perpendicular polarization case.

(b) ECM for parallel polarization case.

Figure 3: ECM model for a 4-layer narrowband meander-line
polarizer.

The relative permittivities of the substrate and spacer asso-
ciated with each layer are denoted by εd

r,i and εs
r,i, respectively.

For the four-layer example in Figure 3, i = 1, . . . ,4 for the
substrate/ML sections and i = 1, . . . ,3 for the spacers. Their
corresponding thicknesses are hd

i and hs
i , and η0 denotes the

free-space wave impedance. The equivalent inductance Leq,i
and capacitance Ceq,i are associated with the parallel and per-
pendicular principal polarizations, respectively. These values
can be realized by optimizing the geometrical parameters of the
meander-line unit cells [28].

Figure 4: Geometrical parameters of the meander-line unit cell.

The geometrical design variables of a representative meander-
line unit cell are collected in Equation (13); the entries may be
adapted to the selected unit-cell topology.

p =
[︁
px py my mg w e0

]︁T
. (13)

The full-wave-extracted admittance for the parallel polar-
ization is matched to the target inductive response according to

Equation (14). Admittance-based unit-cell synthesis of this type
is consistent with transmissive metasurface design procedures
based on periodic full-wave simulations [22, 23].⃓⃓⃓⃓

Y∥,i(p, f )− 1
j2π f Leq,i

⃓⃓⃓⃓
≤ ε1. (14)

Likewise, the perpendicular admittance is matched to the
target capacitive response according to Equation (15).⃓⃓

Y⊥,i(p, f )− j2π fCeq,i
⃓⃓
≤ ε2. (15)

In Equations (14) and (15), ε1 and ε2 are the unit-cell op-
timization tolerances. This matching step links the printed
geometry to the circuit-level design targets. An application of
this approach was previously presented by the authors [29].

2.3. Design approach for wideband meander-line po-
larizers

For broadband multilayer analysis, the printed meander-line
sheet is represented by the frequency-dependent two-dimensional
shunt admittance tensor of Equation (9), rather than by fixed
scalar L/C elements. A tensor formulation is required once
anisotropic sheets are rotated with respect to one another, be-
cause the response in the global coordinate system can then
contain cross-polarized terms even when the local principal-
axis tensor is diagonal [25, 30]. The printed sheet is treated as
an electric shunt discontinuity: the transverse electric field is
continuous across the sheet, while the tangential magnetic field
has the jump associated with the sheet current [25]. With the
state convention introduced below, the transfer matrix of the ith
meander-line (ML) sheet is

TML,i =

⎡⎢⎢⎣
1 0 0 0
0 1 0 0

Yxx,i Yxy,i 1 0
Yyx,i Yyy,i 0 1

⎤⎥⎥⎦ . (16)

For an unrotated layer, the admittance entries in Equa-
tion (16) are those of the local tensor. For a rotated layer, they
are replaced by the corresponding elements of the global tensor
defined in Equation (19). The tensor is obtained from the peri-
odic full-wave retrieval described above. In the transfer-matrix
formulation of Equation (16), each transverse electric-field com-
ponent is paired with the magnetic-field component that carries
power in the +z direction. Thus, Ex is paired with Hy, whereas
Ey is paired with −Hx, and the state vector is defined as

f(z) =

⎡⎢⎢⎣
Ex(z)
Ey(z)
Hy(z)
−Hx(z)

⎤⎥⎥⎦ . (17)

With this convention, the printed sheet and each homoge-
neous region can be cascaded within the same transfer-matrix
framework. Because the retrieved admittance retains the fre-
quency dependence of the periodic full-wave unit-cell response,
it provides a more appropriate broadband representation than a
fixed lumped-element approximation [21, 25]. Once the unit-
cell admittance library has been generated, candidate multilayer
stacks are evaluated by low-order matrix operations rather than
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by repeating a full-wave solution of the complete polarizer for
every optimization candidate; full-wave analysis is then used
for unit-cell characterization and final validation.

If the principal axes of the ith sheet are rotated by φi with
respect to the global x–y coordinates, the local tensor is trans-
formed using the two-dimensional rotation matrix in Equa-
tion (18) [23, 25].

R(φi) =

[︃
cosφi −sinφi
sinφi cosφi

]︃
. (18)

The corresponding tensor in the global coordinate system is

Yg
s,i(φi) = R(φi)Yloc

s,i RT (φi). (19)

Because R is orthogonal, RT = R−1. Equation (19) shows
explicitly that a diagonal local tensor generally becomes non-
diagonal after rotation. The rotation angles therefore provide
additional degrees of freedom for controlling the amplitude and
phase balance of the transmitted components over a wide band
[23]. The dielectric substrates and spacer regions are modeled
as homogeneous transmission-line sections.

For the ith homogeneous layer of thickness hi, the propaga-
tion phase delay is defined by Equation (20). This representation
is standard in transmission-line analyses of cascaded dielectric
regions in multilayer meander-line polarizers [18, 20, 31].

ψi = kz,ihi. (20)

In Equation (20), kz,i is the longitudinal propagation con-
stant inside the ith layer. For normal incidence, this propagation
constant is given by:

kz,i = k0
√

εr,i. (21)

Here, k0 is the free-space wavenumber and εr,i is the relative
permittivity of the ith homogeneous, isotropic, nonmagnetic
layer. Under the same normal-incidence assumption, its wave
impedance is

ηi =
η0√
εr,i

. (22)

In Equation (22), η0 is the free-space wave impedance. The
transfer matrix of the ith homogeneous dielectric layer (DL) is
then

TDL,i =

⎡⎢⎢⎣
cosψi 0 jηi sinψi 0

0 cosψi 0 jηi sinψi

jη−1
i sinψi 0 cosψi 0

0 jη−1
i sinψi 0 cosψi

⎤⎥⎥⎦ .

(23)
Equation (23) assumes an isotropic homogeneous layer, so

it does not couple the two transverse polarizations; anisotropic
coupling is introduced by the printed-sheet tensors. For oblique
incidence, the propagation phase is determined by the longitu-
dinal wavenumber component [20, 28]:

kz,i = k0
√

εr,i cosθi. (24)

Here, θi is the propagation angle inside the ith layer, mea-
sured from the layer normal and obtained from Snell’s law. The
wave impedance also depends on polarization with respect to
the plane of incidence. For TE polarization,

η
TE
i =

η0√
εr,i cosθi

. (25)

whereas for TM polarization,

η
TM
i =

η0 cosθi√
εr,i

. (26)

Equations (24)–(26) provide the propagation and impedance
quantities required for plane-wave angular-response analysis.
This is relevant because a multilayer polarizer can be sensitive
to incidence angle [20, 28]. In the antenna-integrated configu-
ration, the aperture illumination is not a uniform plane wave;
the oblique-incidence model is therefore used as an engineering
indicator of E- and H-plane angular stability rather than as an
exact representation of the complete aperture field.

The response of the complete multilayer polarizer is ob-
tained by cascading the printed-sheet and homogeneous-layer
matrices in their physical order. For an N-sheet polarizer, the
total transfer matrix is [20, 25]

Ttot = TML,1TDL,1TML,2TDL,2 · · ·TDL,N−1TML,N . (27)

Here, TML,i is the transfer matrix of the ith meander-line
sheet and TDL,i denotes the ordered transfer matrix of the ho-
mogeneous region between consecutive sheets. If that region
contains more than one material section, such as a substrate
followed by an air spacer, TDL,i is the product of the correspond-
ing homogeneous-section matrices. Any homogeneous section
before the first sheet or after the last sheet is included in the
same manner. The total matrix is partitioned into four 2× 2
blocks:

Ttot =

[︃
A B
C D

]︃
. (28)

The block matrices A, B, C, and D contain the complete
coupled transfer response of the multilayer stack. The first two
blocks are

A =

[︃
Axx Axy
Ayx Ayy

]︃
, B =

[︃
Bxx Bxy
Byx Byy

]︃
. (29)

and the remaining two are

C =

[︃
Cxx Cxy
Cyx Cyy

]︃
, D =

[︃
Dxx Dxy
Dyx Dyy

]︃
. (30)

The off-diagonal elements in Equations (29) and (30) de-
scribe coupling between the two transverse polarizations after
cascading the rotated anisotropic sheets. For normal incidence
with the same isotropic reference medium of impedance η0
on both sides of the stack, the forward-transmission and input-
reflection matrices follow directly from the ABCD blocks:

S21 = 2
(︃

A+
B
η0

+η0C+D
)︃−1

, (31)
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S11 =

(︃
A+

B
η0

−η0C−D
)︃(︃

A+
B
η0

+η0C+D
)︃−1

. (32)

These matrix relations are the vector extension of the con-
ventional two-port ABCD-to-S conversion and are consistent
with the state vector in Equation (17) [25]. The resulting scat-
tering representation can be written as[︃

b1
b2

]︃
=

[︃
S11 S12
S21 S22

]︃[︃
a1
a2

]︃
. (33)

Here, a1 and a2 are the incident-wave vectors at ports 1 and
2, and b1 and b2 are the corresponding outgoing-wave vectors.
The forward-transmission matrix is

S21 =

[︃
Sxx

21 Sxy
21

Syx
21 Syy

21

]︃
. (34)

For excitation from port 1 only (a2 = 0), the transmitted
electric-field vector is[︃

Eout
x

Eout
y

]︃
= S21

[︃
E inc

x
E inc

y

]︃
. (35)

The two transmitted components are therefore

Eout
x = Sxx

21E inc
x +Sxy

21E inc
y , (36)

Eout
y = Syx

21E inc
x +Syy

21E inc
y . (37)

Thus, both co-polarized and cross-polarized transmission
terms contribute to the output when anisotropic layers are ro-
tated. The phase difference between the two transmitted com-
ponents is

∆φ = ∠Eout
x −∠Eout

y . (38)

The corresponding linear axial ratio is [26]

AR =

⌜⃓⃓⎷ |Eout
x |2 +

⃓⃓
Eout

y
⃓⃓2
+
√

α

|Eout
x |2 +

⃓⃓
Eout

y
⃓⃓2 −√

α

. (39)

where

α =
⃓⃓
Eout

x
⃓⃓4
+
⃓⃓
Eout

y
⃓⃓4
+2

⃓⃓
Eout

x
⃓⃓2 ⃓⃓Eout

y
⃓⃓2 cos(2∆φ). (40)

For identical isotropic media on the input and output sides,
the field-amplitude transmission magnitude for the specified
incident polarization is

|T |=

√︂
|Eout

x |2 +
⃓⃓
Eout

y
⃓⃓2√︂

|E inc
x |2 +

⃓⃓
E inc

y
⃓⃓2 . (41)

Under the same identical-medium assumption, the transmit-
ted power fraction is |T |2 and the insertion loss is −20log10 |T |
dB. For unequal media, the corresponding wave-impedance
normalization must be included.

The design is optimized over sampled frequencies fi, i =
1,2, . . . ,N f . The objective penalizes violations of the axial-ratio
and co-polarized transmission targets across the prescribed band.
A threshold-based form is used [18, 23]:

C =WAR

N f

∑
i=1

[max(0,ARdB( fi)−ARth)]
2

+Wx

N f

∑
i=1

[max(0,Tth −|Sxx
21( fi)|)]2

+Wy

N f

∑
i=1

[︁
max

(︁
0,Tth −

⃓⃓
Syy

21( fi)
⃓⃓)︁]︁2

.

(42)

In Equation (42), WAR, Wx, and Wy are weighting factors,
ARth is the axial-ratio threshold, and Tth is the minimum accept-
able magnitude of each co-polarized transmission term. The
max operator ensures that only frequency samples that violate a
specified target contribute to the cost.

In summary, the theoretical framework has two stages. The
frequency-dependent unit-cell response is first obtained from
periodic full-wave simulations and represented by a local admit-
tance tensor. The complete multilayer response is then evaluated
by rotating the required sheet tensors into the global coordinate
system and cascading them with the homogeneous transmission-
line sections.

3. Numerical Analysis
The numerical study is organized in two steps. First, the wide-
band design procedure of Figure 1b is validated using a multi-
layer test polarizer by comparing the MATLAB semi-analytical
model with ANSYS HFSS. The validated framework is then
used to design a five-layer polarizer for 10–20 GHz, after which
the optimized structure is conformed to and integrated with the
cylindrical aperture of a horn antenna.

3.1. Full-wave validation
A five-layer test polarizer was designed over 8–18 GHz using
a single unit-cell geometry, with targets of AR < 3 dB and
reflection below −10 dB for both principal polarizations. A
genetic algorithm (GA) was first used for the global search,
followed by local refinement with MATLAB’s fmincon solver.
The resulting parameters are listed in Table 1.

Table 1: Test Polarizer Specifications & Geometric Parameters

General Specifications
Frequency Range 8–18 GHz
Stack No / Spacer εr 5 / 1.0 (Air)
Substrate Rogers 5880 (εr = 2.2, Thk=0.1 mm)

Unit Cell Geometry (mm)
py/px 7.5 / 1.75
my / e0 / wg / w 3.5 / 0.1 / 0.5 / 0.15
Rotation Angle 45◦

Inter-Layer Spacer Thicknesses (mm)
Spacer 1 & 4 3.61
Spacer 2 & 3 5.04
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The corresponding ANSYS HFSS model is shown in Fig-
ure 5, and Figure 6 compares the full-wave results with the
MATLAB model.

Figure 5: ANSYS HFSS setup for polarizer.

(a) Reflection coefficient comparison. (b) Transmission coefficient
comparison.

(c) Cross-coupling values. (d) AR results.

Figure 6: Comparison with full-wave results.

As shown in Figure 6, the off-diagonal transmission terms
of the validation stack remain below approximately −77 dB
over the plotted range. This result supports neglecting intrin-
sic cross-coupling in the local principal-axis unit-cell retrieval
for the geometry considered here. It does not remove the cou-
pling generated by intentional layer rotation, which is retained
through the tensor transformation in Equation (19). The calcu-
lated co-polarized S-parameters and the resulting axial ratio are
in good agreement with the full-wave results.

3.2. Polarizer design: integrated results
A five-layer polarizer with the symmetric cell 1–2–3–2–1 se-
quence and independently rotated layers was then designed

for horn-antenna integration. Its specifications and optimized
geometrical parameters are listed in Table 2.

Table 2: Specifications & Geometric Parameters of the
Designed Polarizer

General Specifications
Frequency Band 10–20 GHz
Stack Number / Spacer εr 5 / 1.0 (Air)
Substrate Kapton (εr = 3.4, Thk=0.1 mm)

Inter-Layer Spacer Thicknesses (mm)
Spacer 1 & 4 3.30
Spacer 2 & 3 4.87

Unit Cell Geometry (mm & ◦)
Fixed Parameters py/px = 7.5/1.75, e = 0.1, wg = 0.7
Cell 1 (my / w / Rot.) 3.0 / 0.200 / 46.00◦

Cell 2 (my / w / Rot.) 3.2 / 0.125 / 38.77◦

Cell 3 (my / w / Rot.) 3.0 / 0.275 / 50.07◦

The optimized axial-ratio, transmission, and reflection re-
sponses are shown in Figure 7.

Figure 7: Optimized response of the designed polarizer.

The optimized planar polarizer was then mapped onto the
cylindrical aperture of the horn using radius-dependent scaling
of the meander-line gaps [32, 33]. The first layer serves as the
reference; subsequent layers are scaled in proportion to their
cylindrical radii along the x-direction, which is the bending
direction, while the y-dimensions are kept unchanged under the
line-source approximation used for the integration. A 2-mm
separation is retained between the antenna aperture and the
first polarizer layer for impedance matching. LS-18 absorber
is placed along the E-plane edges to reduce edge diffraction.
Front views of the antenna with and without the polarizer are
shown in Figure 8.

A detailed view of the integrated multilayer polarizer is
provided in Figure 9.

Figure 10 compares the input reflection and realized gain
of the integrated configuration with those of the standalone
antenna. The polarizer preserves the antenna matching, with
|S11|dB < −10 dB over the operating band, and introduces a
maximum insertion loss of 0.55 dB.

7
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(a) Antenna only. (b) Antenna with polarizer.

Figure 8: Horn antenna before and after polarizer integration.

Figure 9: Detailed view of polarizer.

The boresight axial ratios of the integrated system and the
standalone antenna are compared in Figure 11.

At representative frequencies, the E- and H-plane radiation
patterns are compared in Figure 12. The comparison shows that
the added metallic layers do not materially distort the principal
radiation patterns.

The angular response of the integrated system is examined
in Figure 13. Because the polarizer is cylindrically curved
along the x-direction (H-plane), the local incidence angle on
the polarizer is reduced away from boresight in that plane. This
geometry therefore provides greater H-plane angular stability
than the corresponding planar orientation in the E-plane.

The nominal half-power beamwidths (HPBWs) are 30◦

(±15◦) in the E-plane and 40◦ (±20◦) in the H-plane. Over
these angular ranges, the polarizer maintains the intended po-
larization conversion across the antenna main beam. Figure 14
presents the co- and cross-polarized patterns at representa-
tive frequencies. After linear-to-circular conversion, the cross-
polarization discrimination (XPD) remains between 16 and 20
dB.

Table 3 places the proposed design alongside representative
transmissive LCPCs from the literature. The 3-dB axial-ratio
and −10-dB reflection bands are listed separately because satis-
factory polarization conversion does not always coincide with
good impedance matching. Values not explicitly reported are
identified as being read from plots, recalculated from published
dimensions, or conservatively inferred from transmission data;
entries that cannot be established reliably are marked as NR. Al-
though several planar designs perform well in individual metrics,
conformal implementations are better suited to cylindrical and
omnidirectional apertures, making them particularly attractive
for close-range applications despite their generally narrower re-

(a) |S11| comparison.

(b) Realized gain comparison.

Figure 10: Input-reflection and realized-gain comparison
before and after polarizer integration.

Figure 11: Boresight axial-ratio comparison before and after
polarizer integration.

ported bandwidths. The proposed cylindrical-aperture polarizer
achieves a 66.6% 3-dB axial-ratio bandwidth and a maximum
insertion loss of 0.55 dB while maintaining stable performance
under oblique incidence.

8
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Table 3: Comparison of representative transmissive LCPC designs.

Work Topology
Structure

type
3-dB AR band

(GHz)
AR FBW

(%)
−10-dB reflection

band (GHz)
Max. IL

(dB)
Total t
(mm) t/λ0(fH)

Angular stability
with AR < 3 dB

[34] ML Planar ≤ 16.0–≥ 23.0∗§ > 35.9∗§ ∼ 16.3–∼ 20.7∗‡§ ∼ 0.8∗§ 3.95† ≥ 0.303† ±60◦∗ (φ = 0◦)
±60◦∗ (φ = 90◦)

[35] Hybrid ML–loop Planar 18.0–29.0∗ 46.8∗ NB ∼ 3.0∗ 0.254 0.0246† 30◦ (φ = 0◦,90◦)
[36] MEFSS Planar 8.00–12.00∗ 40.0∗ ∼ 8.2–∼ 9.0∗‡§ < 2.7∗ 5.40 0.216† ±45◦∗ (xz)

±45◦∗ (yz)
[37] Modified JC Planar 18.0–21.9 20.0 18.0–21.9‡ ≤ 0.40 3.15† 0.230† ±45◦ (ZX/ZY )

worst-plane FBW: 1.2%
[38] Composite cross FSS Planar 5.75–11.20∗ 64.3∗ ∼ 6.2–∼ 8.0‡§ < 1.5 8.00† 0.299† 20◦∗ (φ = 0◦)
[39] Multilayer MS Planar 24.84–30.24∗ 19.6∗ 24.0–34.0 < 0.5∗ 12.0 1.210† 0◦–50◦∗ (φ = 0◦)

0◦–50◦ (sim., φ = 0◦,45◦,90◦)
[40] Grid–patch FSS Planar 11.36–17.83 44.6 ≤ 11.0–∼ 16.2∗§ < 1.5∗ 6.00 0.357† ±50◦∗ (xz)

±50◦∗ (yz)
[41] Bi-layer MS Planar 7.63–11.13 37.3 ∼ 10.0–∼ 11.1§ 2.19 2.40 0.0891† 75◦ (TE, xz; simulated)
[42] Double-U slot FSS Planar ∼ 7.3–∼ 10.6∗§ 36.6∗ ∼ 8.5–∼ 10.0∗§ < 3.0∗ 1.00 0.0354† ±60◦∗ (xz)

±60◦∗ (yz)
[43] Cross–strip MS Planar 15.3–33.1∗ 74.0∗ NB < 3.0∗

(70% common BW)
1.575 0.174† 55◦∗ (xz)

55◦∗ (yz)
[44] Crossed-dipole MS Planar 11.66–30.12∗ 88.4∗ NR 2.4∗ 0.508 0.0510† ±40◦ (sim.; plane NR)
[45] Meandered-strip MS Planar 6.00–12.85∗ (TE)

5.50–12.90∗ (TM)
72.6∗ (TE)
80.4∗ (TM)

NR 2.6∗ (TE)
2.2∗ (TM)

0.127 0.00547† 60◦∗ (TE)
60◦∗ (TM)

[32] Wrapped ML Conformal ∼ 2.37–∼ 2.70∗§ ∼ 13.0∗§ ∼ 2.20–∼ 2.55§∥ NR NR# NR ∼±45◦∗§ (plane NR)
[33] Wrapped ML Conformal 7.00–8.70§♭ ≥ 21.7§♭ 7.00–8.70§♭ NR 19.27† 0.559† ±20◦ (RX, integrated)

TX: AR > 3 dB at boresight
This work Wrapped ML Conformal 10.00–20.00 66.6 10.00–20.00 0.55 16.84¶ 1.123¶ ±20◦/±25◦ (E/H)

∗Measured result. †Calculated from the physical dimensions or electrical thickness given in the cited study. The free-space wavelength λ0 is evaluated at the upper
limit fH of the reported 3-dB axial-ratio band. ‡Conservative estimate of the −10-dB reflection band. For a passive structure, Ttot >−0.458 dB guarantees that the
total reflected power is below −10 dB. These values are therefore inferred from the reported transmission response rather than taken from a directly reported
reflection bandwidth. §Approximate value obtained by reading the corresponding curve in the cited study. ∥This band is taken from the simulated S11 response of
the combined vibrator–polarizer configuration. The study does not explicitly confirm that the plotted response corresponds to the measured three-layer prototype.
#Although a substrate thickness of 0.25 mm is specified for each sheet, the spacing between successive sheets is not given. The total profile can therefore not be
determined reliably. ♭The AR and reflection bands are obtained from the infinite planar three-layer model before the structure is wrapped around the cylindrical
surface. The angular result, in contrast, refers to the integrated conformal antenna operating in the RX band. ¶For the proposed design, the total thickness is
calculated as 5(0.1)+2(3.30)+2(4.87) = 16.84 mm. The 2-mm separation between the antenna and the polarizer is not included. NB indicates that the available
results do not contain a common frequency interval satisfying the −10-dB reflection criterion. NR indicates that the relevant value was not reported and could not
be reliably extracted using a consistent definition. ML: meander line; JC: Jerusalem cross; MS: metasurface; MEFSS: miniaturized-element frequency-selective
surface.

Figure 12: Radiation pattern comparison.

4. Conclusion

A broadband conformal meander-line polarizer integrated with
a cylindrical horn aperture has been presented. The design
procedure combines frequency-dependent full-wave unit-cell
admittance retrieval, tensor-based transmission-matrix model-
ing, and hybrid global/local optimization. Its contribution lies in

Figure 13: Oblique incidence performance.

bringing these elements together in a single broadband workflow
that supports layer-dependent unit cells, independently rotated
anisotropic sheets, and direct conformal integration with a cylin-
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Figure 14: Co- and cross-polarized radiation patterns.

drical antenna aperture. The semi-analytical multilayer model
was validated against full-wave simulations before antenna-
level integration. The final five-layer conformal configuration
achieves a 66.6% 3-dB axial-ratio bandwidth over 10–20 GHz
with a maximum insertion loss of 0.55 dB, while preserving
the principal radiation patterns and maintaining polarization
conversion over the antenna main beam. The present work fo-
cuses on development and numerical validation of the design
framework; experimental characterization of a fabricated con-
formal prototype is a natural next step. The results establish
the proposed approach as an efficient framework for broadband
linear-to-circular polarization conversion on cylindrical antenna
apertures.
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