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Abstract— Topological edge states have gained significant
attention due to their exceptional capability to transmit signals
without being affected by defects, which make them promising
for applications in microwave and terahertz integrated circuits.
In this article, supercell structures based on topological pho-
tonics crystals (TPCs) under dual-edge state are proposed. The
energy bands of the proposed supercells are different from
those of traditional supercells in that they exhibit forbidden
bandgaps in addition to edge state and bulk state, facilitating
an effective out-of-band rejection filter function through the
use of dual-edge state transmission. The robustness of this
new structure against bends and fabrication defects has been
experimentally validated. To demonstrate the feasibility of the
proposed structure, we design and realize a topological duplexer,
which delivers superior transceiver performance and exceptional
isolation capabilities. The duplexer is configured with two distinct
channels (first channel spanning from 13.20 to 13.43 GHz, while
the second one ranging from 13.88 to 14.25 GHz), offering
isolation of exceeding 27 dB and reaching up to 35 dB. The
research findings offer flexible approaches for implementing
frequency selection applications, serving as a reference for the
future designs and application of integrated package duplexers.

Index Terms— Duplexer, millimeter wave devices, topologi-
cal edge state, topological photonic crystal (TPC), topological
waveguide (TW).

I. INTRODUCTION

OPOLOGICAL waveguide (TW) devices composed of
topological photonic crystals (TPCs) have garnered
significant attention due to their unique transmission charac-
teristics and potential applications [1], [2], [3]. Topological
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insulators are currently categorized into 1-D, 2-D, and higher
order topological insulators [4]. At present, 2-D TPCs pri-
marily include spin Hall effect-based TPCs [5], [6], [7],
[8] and valley Hall effect-based TPCs [9], [10], [11], [12],
[13]. Topological edge states can be induced by selectively
combining different types of TPCs. A major application of
topological edge currents is the case of insulators of closed
shape where the current flows at their boundary [14], [15].
Even in the presence of defects and sharp bends, these states
exhibit topological protection and robustness [16], [17], [18].
In addition, there are ongoing discussions about nonlinear
TPCs and discontinuous TPCs. From a theoretical perspec-
tive, it has been proposed that using nonlinear media can
tailor bandgaps and achieve higher order topological protec-
tion [19], [20]. Discontinuous topological structures, such as
those sandwiched between two metallic surfaces, are also
employed in antennas and waveguides, offering significant
potential for terahertz and optical communications [21], [22],
[23]. TPCs and TWs are widely utilized in numerous electro-
magnetic device applications, including optical switches [24],
wavelength division multiplexers [25], [26], [27], [28], [29],
lasers [30], frequency converters [31], antennas [32], [33], and
beyond.

At present, a range of duplexers utilizing TPCs and demon-
strating frequency-selective properties have emerged [25],
[26], [27], [28], [29]. In [28], a duplexer achieving approxi-
mately 20-dB isolation has been demonstrated; however, it has
a significant insertion loss of 10 dB (approximately), indicat-
ing low transmission efficiency. Another optimized duplexer
discussed in [25] has been developed using topology opti-
mization algorithms to achieve high transmission efficiency
but features a relatively narrow bandwidth of approximately
1.5%. In [29], a duplexer utilizing tunable edge states has
exhibited an insertion loss ranging from 7 to 10 dB, along
with a common but not high isolation of up to 24.9 dB.
The bottleneck in achieving high isolation, low insertion loss,
and wide bandwidth simultaneously in the aforementioned
devices stems from the energy band characteristics of TWs
and the complexities involved in designing devices utilizing
them. For TWs, the bulk state does not fully confine electro-
magnetic wave transmission, limiting isolation to 10-20 dB.
In contrast, higher isolation is achievable within the forbidden
bandgap. Therefore, the key to enhancing isolation is designing
supercells with distinct forbidden bandgaps. Moreover, most
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existing TWs suffer from low excitation efficiency due to
their specific excitation needs, which typically involve chiral
sources carrying phase vortices. This limitation restricts their
practical applicability across diverse domains [21], [34], [35],
[36], [37], [38]. Hence, there is an urgent necessity to enhance
TWs by improving the frequency selectivity and in-band
flatness of constituent supercells as well as by developing more
efficient excitation methods [39], [40].

In this article, design of a topological duplexer characterized
by high isolation and high transmission efficiency is presented.
A distinctive TW is introduced based on the dual-edge state
achieved by altering the arrangement way of TPCs. The energy
bands of the constituent supercells in this TW exhibit for-
bidden bandgap in the high-frequency region. The forbidden
bandgap enables the TW to achieve exceptionally high out-of-
band rejection, reaching up to 35 dB in the forbidden bandgap
region. The dimensions of TPCs can modify the widths of their
energy bandgap. Leveraging this, another TW that operates
in the high-frequency range is devised. A phase-shifting TPC
within the dual-edge state TW is introduced to further enhance
the isolation between the two ports and reduce insertion loss.
The proposed duplexer features a low-frequency passband
spanning from 13.20 to 13.40 GHz and a high-frequency
passband ranging from 13.90 to 14.20 GHz. Its insertion loss
is minimized to 0.5 dB in the passband while maintaining a
maximum threshold of 1.0 dB, whereas isolation exceeding
25 dB and reaching up to 35 dB is achieved. The proposed
duplexer based on a TW structure can be efficiently and
directly excited using microstrip lines, supported by its low
return loss of less than —12 dB. The duplexer was fabricated
and tested, and the measurement results are consistent with
the numerical simulations. The proposed design is shown to
significantly enhance the supercell energy band characteristics,
promising substantial advancements in on-chip microwave
devices.

II. DUAL-EDGE STATE TRANSMISSION AND STRUCTURE
DESIGN OF TWS

The topological duplexer is designed utilizing the hexagonal
TPC unit arranged with C3 symmetry. By adjusting the
dimensions and arrangements of the TPC units, TW con-
figurations with different frequencies and bandwidths can be
achieved. Subsequently, two TWs with distinct passbands are
integrated at two ports to fulfill the duplexer function. The
TPC units’ physical functioning relies on the quantum valley
Hall effect [35], [41], [42]. Within the bandgap, TPCs with
two different orientations exhibit opposite Chern numbers.
According to the bulk-edge correspondence principle, trans-
mission between the domain walls is made possible through
topological edge states [10], [33], [43].

A. Dimension Parameters and Energy Band Properties of
TPCs

The prototype design of the valley TPC is depicted in
Fig. 1(a). With a lattice constant (a) of 5.6 mm, each TPC
unit is a regular hexagon made up of six metal grid lines
that have a width of w and one hexagonal metal patch. The
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Fig. 1. (a) Prototype design and (b) energy band of TPC. The red lines
represent the energy band lines of the Dirac point that was opened in the
K(K’) valley.
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Fig. 2. Structures and energy bands of two types of supercells. (a) A-B type.
(b) B-A type. (c) Energy bands of two types of supercells.

hexagonal metal patch exhibits C3 symmetry and features two
sides of different lengths, /; and I, [35]. The energy band
of a single TPC unit is illustrated in Fig. 1(b). The TPC
characterized by C3 symmetry opens a Dirac cone at the K/K’
valley, resulting in the formation of an energy bandgap [as
depicted by the red line in Fig. 1(b)], spanning from 13.0 to
14.7 GHz. This type of TPC is labeled as Size I ([} = 1.0xa,
0.5 * a, and w; = 0.1 % a). The architectures of
A-B-type and B-A-type supercell configurations are shown
in Fig. 2(a) and (b), whereas the energy bands of these two
structures are depicted in Fig. 2(c). Type A-B refers to the
configuration where the narrow sides of the TPCs face each
other, known as the face-to-face type. Conversely, Type B-A
refers to the configuration where the wide sides of the TPCs
face each other, known as the back-to-back type. In addition,
the valley Hall edge states within the energy bandgap of the
two types of supercell structures are shown in Fig. 2(c). The
metal grid structure facilitates direct excitation of microstrip
lines applied to the domain walls of TWs. Specific details are
reported in [35].

L =

B. Dual-Edge State Transmission and Low-Frequency TW
Structure Design

A unique supercell structure with multiple layers of B-type
TPCs and a single layer of A-type TPCs positioned centrally
among the B-type layers is proposed to realize low-frequency
TWs. The unique structure of the supercell is named dual-edge
supercell and depicted in Fig. 3(a). Following energy band
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Fig. 3. Structure and characteristics of the proposed supercell with dual-edge
state transmission. (a) Supercell structure with red dashed lines denoting
A-B domain walls and black dashed lines representing B-A domain walls.
(b) Energy band diagram of the supercell, where the purple region indicates
the forbidden bandgap, while the green and pink regions depict the dual-edge
state transmission range. Some of the energy band lines of the trivial mode
are hidden. The green region represents eigenmodes where the energy flux
mainly is confined in B-A-type domain, whereas the pink region signifies
those where the energy flux is confined in A-B-type domain. Points A and B
denote positions on the energy band peak located between the edge state and
the forbidden bandgap. Furthermore, points A and B are positioned in the K’
and K valleys, respectively. The electric field distributions of the eigenmodes
at points A, Ay, and A are displayed in the bottom right. The time-mean
power flux distribution diagram at point A is displayed with red arrows.

scanning simulation using COMSOL, the energy band is pre-
sented in Fig. 3(b). This dual-edge supercell structure exhibits
a forbidden bandgap ranging from 13.6 to 14.2 GHz [high-
lighted in purple in Fig. 3(b)]. An electric field transmission
mode, termed the dual-edge state, closely resembling the edge
state transmission mode within the supercell, emerges within
the frequency range of 13.0-13.6 GHz, depicted by the green
and pink colored segments in Fig. 3(b). Two distinct types of
edge state transmission occur within the dual-edge supercell
structure due to different TPC orientations in the middle layer.
These transmissions are represented in Fig. 3(a) as B-A-type
transmission on the top side (domain walls denoted by black
dashed lines) and A-B-type transmission on the bottom side
(domain walls represented by red dashed lines).

Points A(k, = —0.18) and B(k, = 0.18) represent two
points of the highest frequencies of the energy band between
the dual-edge state and the forbidden bandgap in the K’
and K valleys, respectively. The energy band diagram at the
bottom-right corner of Fig. 3(b) illustrates the eigenmode of
point A. At point A, an edge state transmission mode is present
in the domain walls on both sides of the interlayer B-type
TPCs, where the electric field is focused. In this structure,
these two edge states propagate in opposite directions in the
K and K’ valleys. As a result, multiple energy flux vortices
are generated in the interlayer TPCs and are illustrated in
the mean power flux distribution diagram at point A. This
result agrees with the transmission characteristics of A-B-type
and B-A-type edge states as inferred from the analysis of
single-edge states [35].

To understand the mechanism of the dual-edge state, the
transmission modes of the edge states around peak point
Ak, = —0.18) at 13.63 GHz are examined, as shown in
Fig. 3(b). In particular, the electric field eigenmodes at selected
points within the passband range on both sides of point
A are observed and are denoted as A, (k, = —0.22) and
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Fig. 4. TW structure comprised of supercells featuring dual-edge state
transmission and its transmission performance. (a) Structure of dual-edge
state TW. (b) Electric field distribution of the TW at Port 1 feeding (13.3 GHz).
(c) S-parameter of the dual-edge state TW. The green region depicts the TW’s
passband.

Ag(k, = —0.14) in Fig. 3(b). In the close proximity to the
left-hand side of point A, the dual-edge state concentrates
the energy flux in the bottom side of the interlayer TPCs
(A-B-type edge state). In contrast, in close proximity to
the right-hand side of point A, the dual-edge state directs
the energy flux toward the top side of the interlayer TPCs
(B-A-type edge state). We observe the other eigenmodes in the
energy band that are in the dual-edge state and get the conclu-
sion, as shown in Fig. 3. The pink and green segments denote
the regions where energy flux concentrates in the A-B and
B-A domain walls, respectively. The energy band diagrams in
Figs. 2 and 3(b) clearly show that the dual-edge state’s energy
band arises from a combination of the A-B and B-A edge
state forms. Within the frequency range of 12.9-13.6 GHz, the
weak interaction and diffusion between these edge states cause
alternating dominance when the wave vector traverses through
the corresponding positions. This leads to the formation of
new energy bands within this frequency range. Within the fre-
quency range of 13.6-14.2 GHz, the energy band structures of
the two edge states exhibit a high degree of similarity, leading
to a more pronounced mutual influence. Due to their oppo-
site energy flux transmission directions, these states impose
constraints and counterbalances on one another, resulting in
the creation of a forbidden bandgap. Thus, the energy band
illustrated in Fig. 3(b) facilitates effective filtering inside the
forbidden bandgap, with the optimal passband ranging from
12.9 to 13.6 GHz.

After analyzing the energy band of the new supercell, the
designed TW structure is utilized for low-frequency range fil-
tering. The TW structure shown in Fig. 4(a) is simulated using
Computer Simulation Technology (CST) software to observe
the dual-edge state transmission and filtering effects. Upon
exciting the TW through Port 1, energy flux is predominantly
transmitted through the A-B domain wall. The constraints on
energy flux at the B-A domain wall are imposed by valley
momentum locking properties. The electric field of the TW at
13.3 GHz is illustrated in Fig. 4(b), whereas the S-parameters
of the TW are shown in Fig. 4(c). It can be observed from
Fig. 4(c) that the dual-edge state TW offers superior isolation
in the high-frequency range, with S21 exceeding 25 dB and
reaching a peak value of 38 dB between 13.8 and 14.2 GHz.
It is evident that S21 significantly surpasses S31 in the
passband, indicating a predominant energy flow toward Port 2
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Fig. 5. Bending dual-edge state TWs to experimentally validate the
function of the phase-shifting TPC. (a) Bending dual-edge state TW without
phase-shifting TPC. (b) Bending dual-edge state TW with phase-shifting TPC.
(c) Phase variation of the TWs. The dashed and solid lines represent the phase
of TWs before and after the phase modulation. The red and blue lines represent
S21 and S31 cases, while the green region indicates the low-frequency filtering
range. (d) S21 of the TWs, where the red and black lines represent S21 of
TWs before and after the phase modulation.

along the A-B-type domain wall. Port 3 receives minor energy
coupling, with S31 maintained below —13 dB.

The experiment is devised to directly demonstrate the
supercell’s filtering capability. When the device is in opera-
tion, using the conventional TWs to excite one side of the
dual-edge state instead of directly exciting with microstrip
lines will reduce the return loss and guarantee a higher level
of transmission efficiency. Furthermore, by adjusting the phase
of the two energy paths in dual-edge state TWs, it is possible
to mitigate energy loss. When there is only one output port
in the device, coupling the energy from Port 3 to Port 2
necessitates phase synchronization between the two energy
paths. To achieve the synchronization, it is necessary to modify
the type of TPCs on Port 3. Two bending dual-edge state TWs
with and without a phase-shifting TPC are created in the CST
for testing, as depicted in Fig. 5(a) and (b). The phase results
of these two TWs are depicted in Fig. 5(c) for comparison.
It is to be noted that the dashed and solid lines indicate the
phase of TWs before and after the phase modulation, whereas
the red and blue lines correspond to S21 and S31. The green
region signifies the low-frequency filtering range. Based on
the results, it is evident that without the phase-shifting TPC,
the phase difference between Ports 2 and 3 in the passband
ranges from 90° to 120°. However, inclusion of phase-shifting
TPC results in a substantial alteration of the phase of S31. As a
result, the phase difference between the two ports is optimized
to a range of only 5°-30°. The impact of phase-shifting TPC
on insertion loss is illustrated in Fig. 5(d). At 13.18 GHz, S21
exhibited a depression when no phase-shifting TPC was added,
which can be attributed to the phase difference between the
two paths. This situation improved considerably following the
use of phase-shifting TPC, which is evident from the reduced
insertion loss at the output port and the improved in-band
flatness.
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(a) Dual-edge state bandwidth versus side-length ratio, with the width of
grid line set to 0.1 % a. The purple region indicates the energy bandgap,
whereas the darker shade represents the dual-edge state. The energy bands
for supercells with TPCs of Size I and Size III are represented by green
and black lines, respectively. (b) Dual-edge state bandwidth versus width of
grid line, with side-length ratio fixed as 0.5. The orange region signifies the
bandgap, whereas the darker shade represents the dual-edge state. The energy
bands for supercells with TPCs of Size I and Size II are depicted in green
and red lines, respectively.

C. Relationship Between Dimensions and Energy
Bandwidths of TPCs

Prior research on TPCs has demonstrated that altering
the dimensions of TPCs leads to changes in the energy
bandgap [29], [44]. The TPCs studied in this article have
adjustable dimensions, which include the lengths of the
hexagon’s sides (/; and /;) and the width of the metal grid lines
(w). It has been observed that altering the side-length ratio
of hexagon (i.e., [5/ly, when [; > [,) results in comparable
changes in the bandwidth, as depicted in Fig. 6(a). In the
figure, w is fixed at 0.1 xa, and the purple region enclosed by
the red line represents the energy band frequency range. As the
side-length ratio of the two sides increases, the topological
frequency window becomes narrower. This is due to the fact
that as the side-length ratio decreases (when I,/I; < 1),
the spatial inversion symmetry of the TPC is disrupted to a
greater extent, leading to increased degeneracy and, as a result,
a larger bandwidth.

Furthermore, width of the grid lines (w) is an additional
degree of freedom. The relationship between the energy
bandgap width and the width of grid line, as shown in
Fig. 6(b), depends on the side-length ratio of the hexagonal
metal patch. In Fig. 6(b), the side-length ratio, /5 /1, is fixed at
0.5, and the orange region bounded by the red line represents
the frequency range of energy band. Adjusting the width
of grid line induces a shift in the low-frequency boundary
[shown in blue in Fig. 6(b)] of the TPC energy bandgap.
TPCs with w = 0.05 % a are selected for the high-frequency
channel, exhibiting a corresponding bandwidth range from
13.6 to 14.5 GHz, as indicated by the red line in Fig. 6(b).
This type of TPC is designated as Size II (/; = 1.0 % a,
b =0.5%a, and w; = 0.05 x a).

The relationship between energy band characteristics and
size remains consistent for supercell structure with dual-edge
state. The regions shaded in dark below the black colored
line in Fig. 6(a) and (b) represent the topological frequency
window of the dual-edge state. The following are the key
inferences: the frequency range of the dual-edge state aligns
with the lower frequency range of the energy band of original
topological edge state. As the side-length ratio decreases,
the center frequency shifts to the lower frequency region.
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Conversely, reducing the thickness of grid lines results in an
increase in the shift of the center frequency. At the dimension
changes, the frequency range of the dual-edge state will also
change. In this study, TPCs with dimensions (/; = 0.9 % a,
I = 0.4%a, and ws = 0.1xa), called Size III, are employed to
construct the dual-edge state TWs. The decreased side-length
ratio of Size III TPC results in a broader bandwidth in the
low-frequency range, improved in-band insertion loss, and
out-of-band rejection due to better matching with the public
port. TPCs with Size III are also selected considering factors,
such as port matching, energy bandwidth, and transmission
performance of TW.

D. Robustness Verification and High-Frequency TW
Structure Design

A straight TW structure composed of Size I TPCs, con-
nected directly with microstrip lines and excited by Port 1,
is illustrated in Fig. 7(a). To evaluate the effectiveness of
TWs in transmitting signals when there are sharp bends and
manufacturing defects, a TW with two sets of Z-bending,
as shown in Fig. 7(b), is considered. The simulation results
of the S-parameters for both TWs are depicted in Fig. 7(c).
Both TWs demonstrate comparable transmission performance
within the passband ranging from 13.0 to 14.2 GHz. It can
be seen that the TWs composed of TPCs of Size I have good
bending robustness.

To verify the transmission performance and bending robust-
ness of TWs composed of TPCs of Size II, both straight and
curved TWs were designed using TPCs of Size II, following
the structure depicted in Fig. 7(a) and (b). The S-parameters
for these TWs exhibit comparable transmission performance
in the frequency range of 13.5-14.3 GHz, as illustrated in
Fig. 7(d). These are consistent with the energy bandwidths
depicted in Fig. 6(b). Furthermore, the bending structure of
the TW provides superior isolation in the low-frequency range,
with the S21 values exceeding 24 dB and reaching up to
45 dB between 13.1 and 13.4 GHz. The aforementioned results
indicate that the TWs of various diameters exhibit robustness
against sharp bends when excitation by microstrip line.

Three common machining defects exist in TWs involving
microstrip structures, namely, crystal defects, size disorder,
and microstrip line loss. To evaluate the robustness of TWs
to defects, these defects are introduced into the bent TW
composed of TPCs with Size I, as illustrated in Fig. 8(a).
Defect 1 corresponds to crystal breakages, defect 2 to size
disorder, and defect 3 to microstrip line loss. The S-parameter
results depicted in Fig. 8(b) demonstrated that these TWSs
exhibited a comparable transmission performance to that of the
standard ones, indicating robustness against machining defects.

Similar to the traditional TWs, we also verify the topological
robustness of the dual-edge TWs. On the basis of the dual-
sided TW, two defects are added, respectively, as shown
in Fig. 9(a). In the figure, defect 1 corresponds to crystal
breakage, and defect 2 corresponds to size disorder. The
S-parameter results depicted in Fig. 9(b) demonstrated that
these TWs exhibited a comparable transmission performance
to that of the standard ones, indicating robustness against
machining defects.
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III. TOPOLOGICAL DUPLEXER IMPLEMENTATION AND
PERFORMANCE

A. Structure Design and Performance of Topological
Duplexer

Based on the discussed principles, a three-port topological
duplexer is designed, as shown in Fig. 10(a). Port 1 employs
TPCs of Size I, represented by light blue (A-type) and light
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green (B-type). Port 2 uses TPCs of Size II, represented
by gray (A-type) and purple (B-type). Port 3 utilizes TPCs
of Size III, represented by yellow (A-type) and dark green
(B-type). Dual-edge state TWs are used for low-frequency
channel, whereas TWs with TPCs of Size II are employed for
high-frequency channel. The intersection point of duplexer is
indicated by the brown dotted line, where the energy from the
public port is divided into high- and low-frequency channels.
The energy of different frequencies is routed into separate
channels by TWs, ultimately reaching distinct ports. The
microstrip lines are used to independently connect the three
ports, with specific center frequencies and impedances. Ports
1-3 are connected to microstrip lines with the characteristic
impedances of 32, 69.6, and 38 2. The quarter-wavelength
converters ensure each port to a 50-2 microstrip line, allowing
for smooth integration with the device.

When operating in the low-frequency range, Ports 1 and
3 are active, effectively isolating Port 2. When Port 1 is
excited, energy travels through the public channel indicated
by black arrows. Upon reaching the intersection knot, energy
travels down the low-frequency channel marked by red arrows,
as illustrated in Fig. 10(a). The energy flux on the other path
of the dual-edge state TW is unable to propagate downward
because of the forbidden bandgap of high-frequency TW.
A sharp bend in the low-frequency channel merges the energy
edges, improving the insertion loss of Port 3. The electric
field distribution has shown energy transmission from Port 1 to
Port 3 at 13.3 GHz, which is depicted as red lines in Fig. 10(b).

At high frequencies, Ports 1 and 2 are active, effectively
isolating Port 3. Energy transmission initially follows the
public channel as shown by the black arrows. Upon reaching
the intersection node, energy transmission follows through the
high-frequency channel as indicated by blue arrows, as illus-
trated in Fig. 10(a). The low-frequency channel’s TW prevents
upward transmission, redirecting energy toward the high-
frequency channel. Due to topological chiral spin locking,
energy associated with the high-frequency channel is directed
downward toward Port 2. The distribution of the electric field
at a frequency of 14.0 GHz with Port 1 excited is illustrated
in Fig. 10(c), which demonstrates the energy transmission
from Port 1 to Port 2 along red lines. Fig. 10(e) shows the
electric field intensity distribution near the three ports. The
black square, red circle, and purple triangle represent Ports
1-3, respectively. Fig. 10(e) demonstrates that at 13.3 GHz,
the device provides excellent isolation for Port 2. Similarly,
at 14.0 GHz, it provides excellent isolation for Port 3.

The simulated S-parameters of the topological duplexer are
shown in Fig. 10(d). The topological device and the microstrip
line ports demonstrate excellent impedance matching, with
a return loss in the passband as low as —12 dB. Findings
from the simulations indicate that the low-frequency passband
spans from 13.20 to 13.43 GHz, whereas the high-frequency
passband ranges from 13.88 to 14.25 GHz. The insertion loss
within both passbands ranges between 0.5 and 1.0 dB. The
insertion loss at the frequencies of 13.38 and 14.09 GHz
is precisely measured to be 0.5 and 0.6 dB, respectively.
Furthermore, the level of isolation within the passbands is a
minimum of 25 dB, reaching a maximum of 35 dB.
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Fig. 10. Design of three-port topological duplexer, electric field distributions,
and transmission performances. (a) Design drawing of the three-port topologi-
cal duplexer, with dark blue dotted lines representing the high-frequency path
and red dotted lines representing the low-frequency path. The intersection
node of the duplexer and the phase-shifting TPC are marked by brown dotted
line hexagons. (b) Electric field distribution diagram at 13.3 GHz. (c) Electric
field distribution diagram at 14.0 GHz. (d) Simulated S-parameters of the
duplexer. (e) Electric field intensity distribution of three ports at three different
frequencies.
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Fig. 11. (a) Photograph of the fabricated prototype of topological duplexer
and (b) measured S-parameters of topological duplexer. The green region
indicates the low-frequency band, whereas the yellow region represents the
high-frequency band.

B. Experimental Results

The fabricated prototype of the topological duplexer in
Fig. 10(a) is depicted in Fig. 11(a), whereas its transmission
performance measured using vector network analyzer is shown
in Fig. 11(b). The green and orange regions indicate the
low- and high-frequency ranges, respectively. The measure-
ments indicate that there is no frequency deviation from the
expected frequency within the specified frequency range. The
low-frequency passband extends from 13.20 to 13.40 GHz,
while the high-frequency passband ranges from 13.80 to
14.45 GHz. The insertion loss varies from 3.8 to 5.4 dB, while
the isolation surpasses 26 dB and can reach up to 46 dB within
the passband.

Errors commonly arise during machining and measure-
ments, including losses caused by the SMA interface and
impedance mismatches due to port welding. Insufficient
dielectric plate hardness leads to losses caused by bending
deformation during measurement. While TWs are generally
robust against defects, the presence of plate bending or uneven-
ness can disrupt the symmetry of TPC, hence impacting the
transmitting performance of all TWs.
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IV. CONCLUSION

This article introduces the design of a high-isolation topo-
logical duplexer, employing valley TPCs that are directly
excited by microstrip lines. By conducting thorough simu-
lation and experimental studies, the duplexer is optimized
by integrating three different types of 2-D TPCs with
varying dimensions. First, a unique type of supercell is
presented for transmitting under the dual-edge state, which
facilitate a high out-of-band rejection. Furthermore, the
analysis revealed the nuanced relationship between TPC
dimensions and energy bandwidths, leading to the devel-
opment of a high-frequency TW with robust out-of-band
rejection. The designed duplexer demonstrated efficient con-
nection and stimulation of microlines and TWs, validating
their practical applications in microwave frequency and elec-
tromagnetism. Topological devices offer advantages over
conventional on-chip devices due to their inherent immunity
to defects and sharp bends. This study provides a foundational
framework for future designs and applications, particularly
in the areas of hybrid assemblies and integrated package
duplexers.
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