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Terahertz polarization conversion devices have significant potential applications in various fields such as terahertz
imaging and spectroscopy. In this paper, we utilize genetic algorithms to topologically optimize the metasurface unit cells
and design a reflective linear polarization conversion metasurface with ultra-broadband and wide-angle characteristics.
By partitioning the metallic pattern layer into quadrants, the encoding length is effectively reduced, resulting in a shorter
optimization time. The research results indicate that the converter possesses a polarization conversion efficiency ratio higher
than 90% and a relative bandwidth ratio of 125% in a range of 0.231-0.995 THz. Meanwhile, it can maintain excellent
polarization conversion properties when the incident angle of terahertz waves is less than 45° and the polarization angle is
less than 15°, demonstrating excellent practicality. New insights are provided for the design of terahertz wide-angle ultra-
wideband polarization conversion devices, and the proposed metasurfce has potential applications in terahertz polarization

imaging, spectroscopy and communication fields.

Keywords: metasurface, polarization conversion, topology optimization, ultra-broadband

PACS: 42.25.Bs, 41.20.Jb

1. Introduction

Terahertz (THz) waves have potential applications in
fields such as sensing, communication and imaging technolo-
gies due to their unique electromagnetic characteristics. In re-
cent years, the emergence of efficient THz emitters and sensi-
tive detectors has opened up new avenues for exploring THz
applications. THz polarization conversion devices have broad
application prospects and have been extensively researched in
THz imaging, spectroscopy and THz communication fields.
Traditional methods for modulating polarization involve the
use of birefringent materials, gratings or birefringent crystals
with delay effects. However, these polarization modulation de-
vices typically suffer from drawbacks such as a large volume,
a narrow operating bandwidth and high loss. !~

Metasurfaces have the advantages of flexible manipula-
tion of electromagnetic waves, compact size and ease of inte-
gration, providing new avenues for modulating the polariza-
tion states of THz waves. According to their different op-
erating modes, THz metasurface polarization modulation de-
vices can be categorized into reflective and transmissive types,
each having distinct application scenarios. Transmissive po-
larization conversion metasurfaces have unique applications in
holography and imaging. Transmissive polarization metasur-
faces can achieve a maximum relative bandwidth of polariza-
tion conversion of up to 135%, and mostly consist of multi-
layered metallic resonant structures composed of two orthog-
onal metal grids.[*! Compared with transmissive polariza-
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tion conversion metasurfaces, reflective polarization conver-
sion metasurfaces have important advantages in terms of en-
ergy efficiency and a wide range of applications in fields such
as radar cross-section reduction!!%!"! and stealth suits.!'?! Re-
flective polarization metasurfaces mainly comprise metallic
pattern layers, dielectric layers and metal backplanes, but rel-
ative operational bandwidths of 120% are difficult to exceed.
A reflective metasurface consisting of T-shaped resonant
layers was proposed by Ako et al.;['3] it achieved a polariza-
tion conversion efficiency above 80% in the 0.31-1.05 THz
range and maintained favorable polarization conversion per-
formance within a 45° incident angle. A reflective metasur-
face composed of crescent-shaped resonant layers was pro-
posed by Gandhi ez al.;['*) this achieved a polarization con-
version efficiency above 90% in the 0.64-1.47 THz range.
It could maintain a favorable polarization conversion perfor-
mance when the incident angle was less than 30°. Xu et al.
proposed a reflective metasurface composed of dual-split-ring
resonators,!!>! which achieved polarization conversion in the
range of 0.47-1.88 THz. The results showed that the conver-
sion performance of this device was good for incidence angles
ranging from 0° to 20°. A dumbbell shaped resonant layer
was proposed by Nagini and Chandu.!'®! This achieved a line-
polarized transition at 1.76—4.26 THz and the conversion effi-
ciency was greater than 95%. Bai et al.!'”) suggested a reflec-
tive metasurface combining C- and T-shaped resonant layers.
This achieved polarization conversion efficiency above 99%
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in the 5-10 THz range. The polarizer exhibited an excellent
angular stability up to 30° of incidence. Zhao et al.l'® de-
scribed a fully dielectric reflective metasurface that achieved
a linear polarization conversion efficiency greater than 95% in
the 1.21-1.92 THz range.

In summary, there are certain limitations to the opera-
tional bandwidth of polarization conversion, and a significant
reduction in the operational bandwidth at high conversion ef-
ficiency occurs under large-angle incidence. The wide-angle
characteristics of polarization conversion are important per-
formance indicators in practical engineering. The smaller the
dependence on the incident angle, the better the practicality
in practical measurement and application. Consequently, re-
search into ultra-broadband and wide-angle reflective polar-
ization conversion metasurfaces has particular significance.

In recent years, THz polarization modulation devices
have been gradually trending towards multifunctionality
and bandwidth tunability.
switching of multiple functions,!!®-23] polarization conver-

This mainly includes flexible

sion throughout the space!”*! and switching of the working
bandwidth?>2%] by using adjustable materials such as VO,
graphene and Dirac materials. Although metasurfaces uti-
lizing tunable materials possess certain advantages in terms
of functional diversity and tunability, they often struggle to
achieve relative bandwidths exceeding 100% in the THz fre-
quency range. Additionally, both the fabrication and external
control of metasurfaces pose certain difficulties.

Ultra-broadband and highly efficient polarization conver-
sion devices can be realized through the design of the metal-
lic pattern layer of metasurfaces. Compared with basic pat-
tern and structural parameter optimization, topological opti-
mization enhances design flexibility, thereby achieving better
performance. Sui et al.”’! used a genetic algorithm to topo-
logically optimize a microwave polarization converter, which
effectively widened the relative bandwidth of polarization con-
version up to 116%. However, the conversion efficiency could
not consistently exceed 90% across the entire operational fre-
quency band. A topological optimization method®® was em-
ployed to reverse-engineer a wide-angle polarization metasur-
face in the microwave band, achieving a relative bandwidth of
approximately 117%. However, the optimization process was
rather intricate, and to maximize bandwidth enhancement the
dielectric material was air, which had certain limitations.

In this paper, we propose a reflective THz ultra-
broadband and wide-angle polarization conversion metasur-
face based on topological optimization. The metasurface unit
cell structure consists of a metallic pattern layer, upper and
lower dielectric layers and a metallic substrate. By parti-
tioning the metallic pattern layer into quadrants and employ-
ing genetic algorithms for inverse design of the metasurface
metallic pattern layer and structural parameters, the encod-

ing length is effectively reduced, resulting in a shorter opti-
mization time. The ultra-broadband polarization conversion
mechanism of the designed metasurface is explained through
theoretical analysis and surface current distribution. Addition-
ally, the polarization conversion characteristics under oblique
incidence and different polarization angles are simulated and
analyzed.

2. Theoretical analysis of linear polarization
conversion

Based on electromagnetic field theory, we analyze the
principle of linear polarization conversion of electromagnetic
waves incident on the metasurface. As shown in Fig. 1(a), the
incident y-polarized electromagnetic wave propagates along
the negative z-axis. The electric (£) and magnetic (H) fields
are directed along the y-axis and x-axis, respectively. The x—y
axes are rotated counterclockwise around the z-axis by 45° to
obtain the u—v axes. The electric field vector of the incident y-
polarized wave can be decomposed into two components along
the u and v axes. When z = 0, the incident and reflected elec-
tric fields are respectively represented as

Ei = euEiu + einVa (1)
E.=e,E; cos(wt+¢,)+eEcos (0t +¢,), (2)

where e, and e, represent unit vectors along the # and v axes,
respectively, Ej, and Ej, are the magnitudes of the incident
electric field along the u and v axes, respectively, E,, and Ey,
are the magnitudes of the reflected electric field along the u
and v axes, respectively, and @, and ¢, represent the reflection
phases along the u and v axes, respectively. The phase differ-
ence between ¢, and ¢, is denoted as A¢p = @,— ¢,. When
A¢ = & and E,,/E,, = Ey/Eyy, Ex = —eyEy, cos (0t + @) +
e, E;, cos (@t + @,), the polarization direction of the synthe-
sized electromagnetic wave undergoes a 90° rotation, result-
ing in cross-polarization conversion after reflection, as shown
in Fig. 2(b). The polarization conversion efficiency is evalu-
ated using the polarization conversion ratio (PCR), typically
expressed in reflection mode as

2
PCR= >, A3)
ry
where r is the reflection coefficient, and ry, and r,, corre-
spond to the cross-polarization reflection coefficient and co-
polarization reflection coefficient, respectively. Additionally,
the relative operating bandwidth (FBW) is defined as

fi—f
fi+r5n

where f| and f, correspond to the upper and lower limits of

FBW =2 x

“

the operating frequency band for polarization conversion.
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Fig. 1. Schematic of (a) y-polarized incident electromagnetic wave and
(b) x-polarized reflected electromagnetic wave.

3. Topological optimization of the unit structure

The metasurface unit structure designed in this study con-
sists of a metallic pattern layer, upper and lower dielectric lay-
ers, and a metallic substrate, as shown in Fig. 2. The dielectric
layers utilize cyclo-olefin copolymer (COC),! known for its
low-loss characteristics in the THz band, serving as support-
ing and spacer material with a relative dielectric constant of
2.324 and a loss tangent of 0.0007. Both the metallic pattern
layer and the metallic substrate are made of copper. The bot-
tom of the metasurface is a metallic plate, resulting in a trans-
mission coefficient of approximately zero when a plane wave
vertically impinges on the metasurface. Due to the low loss of
the dielectric material, perfect reflection can theoretically be
achieved for incident THz waves.

II I

Z'A>T IIT v

T T |T(.\i><!\lj,/2 P, | Py | | PN—ll Py
#—— Topology ———————Parameters——
codes codes

Fig. 2. Design model of the polarization conversion metasurface unit
structure.

The essence of electromagnetic wave polarization conver-
sion through a metasurface lies in the electromagnetic reso-
nance between the metallic layers. Therefore, the design of the
surface metallic pattern layer is crucial for achieving metasur-
faces with highly efficient polarization conversion properties.

In the design of metal patterns for polarization conversion
metasurfaces, both axisymmetric structures'?”) and encoding
length are considered. The better the symmetry, the smaller
the encoding length and the greater the possibility of finding
the optimal solution within a limited range. In this study, the
metallic pattern layer is partitioned into quadrants: the first
quadrant is divided into 10x 10 pixels with diagonal symme-
try, the third quadrant is symmetric to the first quadrant about

the center, and the second and fourth quadrants are devoid of
metallic pixels. Pixels with and without metal correspond to
1 and O in binary, further shortening the length of the topo-
logical encoding, corresponding to a maximum sequence of
(M x M) /2 = 50. Structural parameter encoding involves en-
coding the period P, upper COC layer thickness /; and lower
COC layer thickness /; in binary as well. Empirical values for
the structural parameters are based on design requirements, as
shown in Table 1, where the encoding length corresponds to
the maximum binary encoding bits for the structural parame-
ters.

Table 1. Empirical values of the unit structure parameters.

Parameter Minimum value (um) Maximum value (um) Coding length

P 50 200 4
hy 25 100 4
hy 25 100 4

Generating the initial
population

| P
v‘
Calling CST for modelling,

conditioning and calculations
via VBA interface

v

Define the fitness function
and calculate

v

Tournament No
v v v
Elit .
' ? Crossover Mutation
retention
l e ]
A 4
PCR=0.87
Yes

Output of optimal surface
metal pattern sequence

Fig. 3. Flowchart of inverse design of an ultra-wideband polarization
conversion metasurface.

Genetic algorithms possess excellent global search capa-
bilities and are widely employed in the design of metasurfaces.
In this study, a combined simulation approach using MATLAB
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and CST (CST Microwave Studio) is utilized for the topolog-
ical optimization of the surface metallic pattern. The main
program runs the genetic algorithm in MATLAB, which is it-
eratively called CST for modeling, condition setting and cal-
culation. This iterative process is continued until the target
conditions are met, and the optimal metallic pattern sequence
is ultimately output. The flowchart of inverse design of ultra-
wideband polarization conversion metasurface is illustrated in
Fig. 3. The population size is set to 30, and the crossover and
mutation probabilities are set to 0.9 and 0.25, respectively.

Taking into account that increasing the incident angle
leads to weakening of electromagnetic resonances and thus
a general decrease in polarization conversion efficiency, to
obtain wide-angle characteristics the plane wave is set to be
obliquely incident at 45° during CST full-wave simulation. To
maximize the relative bandwidth, the target frequency band is
setto 0.1 < f1 < f» <1 THz. The fitness function is defined as
the average PCR PCR = %):?’:1 PCR;, where N is the number
of sampled frequency points within the operating frequency
band.

4. Results and analysis

Figure 4(a) depicts the variation of the fitness function
with the number of iterations during the optimization of the
genetic algorithm, as well as the evolution of the intermediate
topological metal patterns. A, B, C and D are the topological
metal pattern layers of 13, 32, 38 and 88 generations in the it-
erative process, and the corresponding PCR values are 0.144,
0.463, 0.687 and 0.8, respectively. From 0 to 45 generations,
the fitness function converges faster and finally converges to
the target solution at 88 generations, corresponding to the opti-
mal result D; the coding sequence in its first quadrant is shown
in Fig. 4(b).

The optimization process corresponds to the period P, the
upper COC thickness #; and the lower COC thickness 5, re-
spectively: Pa, hya and hpa of 120 um, 25 pm and 40 pum; Pg,
hig and Ay of 150 um, 40 um and 55 pm; Pe, hc and hyc of
180 wm, 80 wm and 80 pwm; and Pp, hip and hyp of 160 pum,
70 pum and 80 wm. By comparison, it can be clearly seen that
the topological pattern structures of A and D are quite dif-
ferent, while C and D have similar structural profiles and the
structural parameters converge.

D (b)

(=3 k=) k=l F=) fal Rl el Rl Bl Kol
oS|lo (o=~~~ |e
o~ S|~ IS~~~
(=3 k=N Rl e el =l ) e Rl Koo}
Ll E=2 E=R E=J Lol KN =) oy Kl o)
(=1 el = Il Il Il el Wl =) M=)
ol el Il Il Il =R Xl M) Rl )
(=3 el K=l f=) el el i) R el Ne

(=3 k=3 k=) =) il il Rl R Bl K=}
oSlo |||~ ||| —=—]|—

Generation

Fig. 4. (a) Relationship between the change of fitness function and the number of iterations during genetic optimization and the evolution of
intermediate topological metal patterns. (b) Schematic representation of the coding sequence in the first quadrant of D.

1.0

0.8HR

0.6}

PCR

0.4}

0.2

Frequency (THz)

Fig. 5. Polarization conversion rate of quadrants A-D during genetic
algorithm optimization; the incident angle is 45°.

To compare more intuitively the polarization conversion
rates and relative operating bandwidths in different cases dur-
ing the optimization process, the polarization conversion rates

of A-D are analyzed, with the incident angle at 45° being eval-
uated when the PCR is more than 80%. The results are shown
in Fig. 5. From the figure, it can be seen that from A to D
there is a gradual and progressive increase in the continuous
relative bandwidth. After calculating the relative bandwidths
as 26%, 49%, 95% and 117%, respectively, the final result
has a relative operating bandwidth of about 4.5 times that at
the beginning of the iteration. This verifies the validity of the
evolutionary process of topological metal pattern layers and
structural parameters towards the optimal solution during the
genetic algorithm optimization process.

4.1. Performance of the polarization converter

As the proposed polarization conversion unit is symmet-
ric along the diagonal direction, 5o 7y, = ry, and ry, = 7.

Firstly, the case of vertically incident y-polarized waves is in-
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vestigated. The reflection spectra are obtained by frequency-
domain simulations, as shown in Fig. 6(a). From this fig-
ure, it can be observed that within the frequency range 0.231—
0.995 THz, the cross-polarization reflection coefficient ry, is
greater than 0.9, while the co-polarization reflection coeffi-
cient ry, is less than 0.3. This indicates that the incident y-
polarized waves are converted into x-polarized waves reflect-
Subsequently, the PCR for the

corresponding frequency range is calculated, as depicted in

ing from the metasurface.

Fig. 6(b). The metasurface converter possesses a polarization
conversion efficiency ratio higher than 0.9 and a relative band-
width ratio of 125% in the 0.231-0.995 THz range, which in-
dicates excellent polarization conversion performance.

1.0

0.8

0.6

0.4

Reflection

0.2

0 N
0.2 0.4 0.6 0.8
Frequency (THz)

1.0

0.8k 0231 0.995

0.6

PCR
|

S

=)

0.4

0.2

Il ke

0 1 1 1
0. 0.4 0.6 0.8
Frequency (THz)

Fig. 6. (a) Reflectivity of co and cross-polarized for x and y polarized
waves. (b) PCR of the topologically optimized polarization conversion
metasurface.

To describe the state of reflected THz waves more accu-
rately, the Stokes coefficients for a reflective hypersurface!®!
are derived from Stokes’ formulae and are represented by the

following equations:

So= rfy + rf,y, (5)
S1=rp =14 ©)
Sp=2 |ryy‘ ’ny| COS QPyiff, @)
S3=2 |ryy| |er| sin Quitt, (8)

where @gif denotes the phase difference between the y-
polarized to x-polarized and y-polarized to y-polarized re-
flected THz waves. Figure 7(a) depicts the polarization el-
lipsoid of the reflected THz wave, where y and y denote the

ellipticity angle and polarization rotation angle of the reflected
THz wave, which satisfy sin(2y) = S3/Sy and tan (2y) =
S2/S), respectively.

We investigated the ellipticity angle and polarization ro-
tation angle of the reflected THz wave as a function of fre-
quency. The results are shown in Fig. 7(b), where the black
dashed line indicates the ellipticity angle ¥ and the red solid
line indicates the polarization rotation angle y. It can be seen
that at 0.231-0.995 THz the ellipticity angle x is in the range
of —0.89° to 0.93°, which is close to 0°. At 0.231-0.995 THz,
the polarization rotation angle y is about +89.5°, which is
close to 90°. This means that the incident y-polarized wave
is converted into an almost pure x-polarized wave, which has

high linear polarization in the broadband range.

Y
(a) | B,y
»
| E|

(b)

H . 90

] rd

orW™ :," 60

l .
Q LY
ER TR %
= é 30 g
= 10.231 :
i3] -2 0 0 9
ey [} 1 ac—é
= -3 P 17303
A | 1 m

_afli I 1-60
[} [}
| e i
0.2 0.4 0.6 0.8 1.0

Frequency (THz)

Fig. 7. (a) Polarized ellipsoid of a THz wave reflected by the polariza-
tion converter. (b) Polarization rotation angle y and ellipticity angle )
for y-polarized normal incidence.

4.2. Analysis of the polarization converter

To explain the ultra-wideband polarization conversion
characteristics of the designed metasurface, the incident and
reflected electric fields of the metasurface unit are decomposed
along the u—v axes, as shown in Fig. 8(a). THz waves in the u
and v directions are simulated, and the reflection coefficients
and phase difference A@ between the u and v directions are
obtained, as shown in Fig. 8(b). From the figure, it can be
observed that within the frequency range 0.231-0.995 THz,
the reflection coefficients r, and r, are approximately equal
in the range of 0.92-0.98 and the phase differences A@ are
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180° + 30°,116291 \which are considered acceptable for cross-
polarization convention. Therefore, based on the theoretical
analysis of linear polarization conversion mentioned earlier,
after being reflected by the metasurface the electric field di-
rection along the u or v direction will reverse. As a result,
the direction of the synthesized electric field will deviate by
90° from the y direction to the x direction, thereby achieving
ultra-wideband polarization conversion.

To further analyze the mechanism of ultra-wideband po-
larization conversion achieved by the designed metasurface,
the surface currents at four resonant frequency points of
0.313 THz, 0.488 THz, 0.778 THz and 0.943 THz in Fig. 6(a)
are simulated, as shown in Fig. 9. The red arrows represent
the direction of surface currents on the metallic pattern layer,
while the black arrows represent the direction of surface cur-
rents on the metallic substrate. At 0.313 THz, it can be ob-
served that the surface currents on the metallic pattern layer
and the metallic substrate are in opposite directions, forming
an equivalent magnetic resonator. At 0.488 THz, the surface
currents on the metallic pattern layer and the metallic sub-
strate are in the same direction, forming an equivalent elec-
tric resonator. At 0.778 THz, the surface currents on the
metallic substrate are directed towards the lower left, while
near the central and edge positions of the metallic pattern
layer they are along the upper right and lower left. This indi-
cates the simultaneous presence of magnetic and electric res-

A/m (log)
1.14X10%
10000

~1000

A/m (log)
- 57296
10000

&

onances. Similarly, at 0.943 THz, both electric and magnetic
resonances are observed. Due to the resonance enhancement
of electric and magnetic fields within the frequency range of

0.231-0.995 THz, ultra-wideband polarization conversion is

achieved.
v (@)
w
\
7/
/
/7
10p====o = =— =360
\/ -_——-— = —— -
0.9t ® oy “ 4300 =
= -7 {240 &
2 08¢t — Ay &
- =
= (M N[ £
:_"—_‘( 07 | o
2 {120 T
0.231 0.995 ?
0.6 60 £
Ay
0.5 o

0.2 0.4 0.6 0.8 1.0
Frequency (THz)

Fig. 8. (a) Operating principle of polarization conversion. (b) Reflected
amplitude and phase difference of the reflected wave along the u and v
directions.
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- 1.09%10°
-10000

2
(b)

» ! %

A/m (log)
-42361
10000
-1000

-100

&

Fig. 9. Current distribution on upper and lower metal surfaces: (a) 0.313 THz, (b) 0.488 THz, (c) 0.778 THz, (d) 0.943 THz.
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4.3. The effect of incident angle and polarization angle

The wide-angle characteristic of THz polarization con-
version devices is crucial in practical engineering applications.
Therefore, we investigate the dependence of polarization con-
version efficiency on incident angle and polarization angle.

Firstly, the dependence of the polarization conversion ef-
ficiency of topologically optimized metasurfaces on the inci-
dent angle 0 is investigated. The PCR curves with varying fre-
quencies for incident angles of 0°, 15°, 30° and 45° are shown
in Fig. 10. From the figure, it can be observed that within the
range 0°-15° the PCR remains above 90% throughout the op-
erating frequency band, exhibiting a polarization conversion
efficiency consistent with that of vertical incidence. When the
incidence angle is 30°, a narrow resonance peak appears at
0.964 THz, the converter also possesses a PCR higher than
90% and a bandwidth ratio of 123% in the range of 0.231-
0.964 THz. When the incidence angle is 45°, the PCR remains
above 80% in the range of 0.231-0.876 THz, and the relative
bandwidth is 117%. Therefore, in the range of incident an-
gles from 0° to 45°, the reduction in relative bandwidth with
increasing incident angle is relatively small, indicating good
wide-angle characteristics.
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Fig. 10. Metasurface conversion efficiency versus angle of incidence.

In practical applications, there may be deviations in the
polarization angle of electromagnetic waves that can have a
certain impact on the polarization conversion of metasurfaces.
The dependence of the polarization conversion rate on the
polarization angle of the incident wave was investigated, as

shown in Fig. 11. In this figure, it can be observed that when
the polarization angle ¢ is within the range of —10° to 10°, the
PCR values of the metasurface remain above 85% through-
out the operating frequency band and the relative bandwidth
remains almost unchanged. Similarly, when the polarization
angles ¢ are 15° and —15°, the PCR values of the metasur-
face remain around 80% throughout the operating frequency
band. Therefore, within the range of polarization angles from
—15° to 15°, the dependence of the polarization conversion
efficiency of the metasurface on the polarization angle is rela-
tively low.
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Fig. 11. Metasurface conversion efficiency versus polarization angle.

Table 2 presents a comparison between the structure pro-
posed in this paper and reported broadband polarization con-
verters for THz waves, where the maximum angle of incidence
and polarization were evaluated when the PCR was more than
80%. The proposed structure has superior performance com-
pared with other reflective linear polarization conversion meta-
surfaces. The structures proposed in Refs. [16—18] have the
highest PCR values of 95% or 99% in the operating bandwidth
range, but the relative bandwidths of the structures are all less
than 83%. The dual-split-ring structure proposed in Ref. [15]
can achieve a similar PCR value and relative operating band-
width as this work, but the incidence angle feature is only 20°.
In summary, it can be seen that the proposed reflective THz lin-
ear polarization conversion metasurface has the large relative
operating bandwidth as well as good wide-angle characteris-
tics.

Table 2. Comparison with other THz band broadband polarization converters.

Reference Design technique W?rking Rel.ative PCR (%) Incident angle Polarization
(resonators) bandwidth (THz) bandwidth (%) feature (°) angle feature (°)
[13] T-shaped 0.31-1.05 102 80 45 -
[14] crescent-shaped 0.64-1.47 79 90 30 -
[15] dual-split-ring 0.49-1.88 117 90 20 10
[16] dumbbell-shaped 1.76-4.26 83 95 40 -
[17] C- and T-shaped 5-10 67 99 30 -
[18] all dielectric 1.21-1.92 45 95 - -
[25] circular split-ring 0.912-2.146 81 90 40 10
This work topological design 0.231-0.995 125 90 45 15
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5. Conclusion and perspectives

In this paper, we utilized the topological optimization
method to inversely design a reflective THz linear polarization
conversion metasurface with wide-angle and ultra-broadband
characteristics. Simulation results demonstrate that under ver-
tical plane wave incidence, in the frequency range of 0.231—
0.995 THz, the metasurface achieves a PCR exceeding 90%
and the relative bandwidth is 125%. Furthermore, the phys-
ical mechanism underlying the realization of ultra-wideband
polarization conversion is explained through theoretical anal-
ysis of linear polarization conversion and the surface current
distribution. When the angle of incidence ranges from 0° to
45° and the polarization angle from —15° to 15°, the PCR re-
mains above 80%, and the operational bandwidth with high
polarization conversion efficiency varies minimally. Valuable
references are provided for the design of wide-angle broad-
band polarization conversion devices in the THz band, and the
proposed metasurface has potential applications in THz polar-
ization imaging, communication and spectral detection fields.
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