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Two- and Three-Way Filtering Power Dividers With
Harmonic Suppression Using Triangle

Patch Resonator
Yanyuan Zhu, Jianpeng Wang , Jiasheng Hong , Fellow, IEEE, Jian-Xin Chen , Senior Member, IEEE,

and Wen Wu , Senior Member, IEEE

Abstract— This paper presents a new approach to design filter-
ing power dividers (FPD) with regular triangle patch resonator
(RTPR). According to the electric-field (E-field) distributions of
the resonator modes, the TM10 and TM11 modes have been
selected to realize two- and three-way power dividers respectively,
showcasing the flexible characteristic of the RTPR. Afterwards,
an in-phase multiway excitation scheme for the RTPR is devel-
oped to well excite the designated modes and suppress multiple
spurious modes, simultaneously. Subsequently, to further reject
the harmonics so as to extend the upper stopband greatly,
shorting posts are deployed at the locations with null electric
field distribution for the specified operation mode. Ultimately,
to validate the design concept, a two-way and a three-way second-
order FPD employed at TM10 ( f10 = 1.27GHz) with fractional
bandwidth (FBW) of 7% and at TM11 ( f11 = 2.2GHz) with FBW
of 4.5% are designed and measured. The measured results of the
two fabricated circuits well agree with the simulated ones. Results
indicate that both of the two FPDs exhibit properties of good port-
to-port isolation, high selectivity with transmission zeros near
both sides of the passband, as well as wide stopband extended
to 3.35 and 2.9 times of fundamental operation frequencies,
respectively.

Index Terms— Filtering power divider (FPD), regular triangle
patch resonator (RTPR), multiway excitation, harmonic
suppression.

I. INTRODUCTION

NOWDAYS, the continuous evolution of wireless stan-
dards and applications put forwards increasing demands
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for low cost, low loss and miniaturized passive microwave
components. To accommodate this trend, an effective solution
is to integrate multiple functions into one device. Accordingly,
the research on filtering power divider (FPD), which integrates
the functions of signal selection and power splitting/combining
into one circuit, has been a hot topic in both academic and
industrial fields.

As a general design approach, microstrip structures imple-
mented on planar circuit boards (PCB) are widely used
for the FPD designs [1]–[9]. Besides, dielectric resonator
(DR), metal cavity, and substrate integrated waveguide (SIW)
have been comprehensively applied to design FPDs in recent
years [10]–[15]. However, most of FPDs reported in [9]–[15]
with DR/metal cavity and SIW did not considerate the demand
of isolation, which limits their practical applications. Hence,
to achieve isolation between the outputs, extra ports are
introduced in the FPDs with DR/metal cavity and SIW.
However, they are all focused on two-way or even-way topol-
ogy [16]–[18]. The design of three-way or odd-way FPD is
still a challenging work so far and there are few works on
it. As well known, a conventional three-way Wilkinson power
divider requires a 3-D floating node to connect all isolation
resistors together. This requirement will increase the difficulty
and complexity in circuit designs, especially in planar inte-
grated circuits. To tackle this problem, several methods are
developed. In [19], a three-way filtering Bagley polygon power
divider based on composite right/left-handed transmission
lines is presented, whereas the isolation is only around 10 dB
due to no isolation resistor in circuit. In [20], a three-way
Wilkinson FPD by asymmetrically dividing input energy into
1/3 and 2/3, and then subdividing the part of 2/3 into 1/3 and
1/3, is realized to avoid a 3-D construction. Although the
two-stage power division scheme enable the isolation resistors
to be introduced easily, it causes the circuit bulky. Moreover,
the asymmetric outputs lead to a large imbalance of the phase
and amplitude, and the in-band phase and amplitude difference
is up to 5.5◦ and 0.6 dB, respectively.

On the other side, owing to symmetric electric-field
(E-field) distribution in the axisymmetric patch resonator,
several configurations of patch resonators including square
resonator [21], isosceles right triangle resonator [22] and
circular resonator [23] are studied for the two-way FPD
design with almost consistent phase and amplitude at output
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Fig. 1. Geometry of the RTPR.

ports. Different from the patch resonators mentioned above,
the regular triangle patch resonator (RTPR) not only possesses
axisymmetric E-field modes such as TM10 mode, but also
has centrosymmetric E-field modes with identical phase and
amplitude in three sides such as TM11 mode. Therefore,
the flexible E-field modes of the RTPR are very suitable and
meaningful for even- and odd-way FPDs design. Nevertheless,
to the best of our knowledge, no FPD prototypes based on the
RTPR have been carried out till now.

In this paper, a new design method of the two- and three-
way FPDs with harmonic suppression based on the RTPR
is proposed. Firstly, the E-field distributions of the resonant
modes in RTPR are analysed in Section II. Afterwards, a two-
way second-order FPD by utilizing the resonant property of
TM10 mode is developed in Section III, where the two bisected
RTPRs involved in the design is to suppress the degenerate
modes and the T-shaped line with two in-phase feeding points
and three shorting posts employed in the RTPR are to further
suppress undesired modes in the upper stopband. Meanwhile,
by virtue of the centrosymmetric E-field distribution property
of TM11 mode a three-way FPD is presented in Section IV,
where three uniform isosceles triangle patches divided from
the RTPR are employed to construct a compact three-way
second-order FPD. And the undesired modes in the FPD have
been suppressed by using a three-blade excitation scheme
and loading the isosceles triangle patches with shorting posts.
Good port-to-port isolation of both the two FPDs have been
achieved by elaborately deploying resistors between adjacent
output ports. Finally, a summary and the most relevant con-
clusion of this paper are provided in Section V.

II. GEOMETRY AND ANALYSIS OF RTPR

For the applications of a RTPR, it is desirable to investigate
the E-field distribution of its resonant modes at first. According
to [24], a detailed analysis of the E-field distribution of cavity
model is summarized. In this section, a prototype of the
RTPR on a dielectric substrate with a bottom ground plane
is constructed as shown in Fig. 1. Attributing to the close

Fig. 2. Normalized resonant frequencies of the TMmn modes in the RTPR
(TMd

mn represents TMmn degenerate mode).

proximity between the patch and the ground plane, this model
can be treated as a cavity bounded by magnetic walls (M.W.s)
along its three edge sides and electric walls (E.W.s) on the
above and bottom plane. With resorting to the cavity model
function, the E-field EZ for TMmn modes can be written as

Ez (x, y)
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where Amnl is a constant and a is the length of the RTPR
side. m, n, and l, are integers, their sum is equal to zero
(m + n + l = 0). Note that the PRTP owns many degenerate
TM (TMd

mn) modes. In order to mathematically represent the
E-field distribution of the TMd

mn in the (x , y, z) coordinates,
a method of linear superposition by rotational coordinate
system is utilized, the function can be denoted as [25]

Ed
Z
(x, y) = E �

z(x �, y �) − E ��
z (x ��, y ��) (2)

where Ed
z (x, y) are the degenerate E-fields of the RTPR. The

rotational coordinate system can be expressed as

x � = x cos(α) + y sin(α)

y � = −x sin(α) + y cos(α)

x �� = x cos(β) + y sin(β)

y �� = −x sin(β) + y cos(β) (3)

where α = 2π /3 and β = −2π /3 are the coordinate rotating
angles as shown in Fig. 1. As such, the resonant frequencies
of the modes in a RTPR can be computed by the expression

fmn = ckmn

2π
√

εr
(4)

where c is the light speed in free space. The wavenumber kmn

in the RTPR at resonance is estimated by the function

kmn = 4π

3a

�
m2 + mn + n2 (5)

Till now, all the modes in the RTPR can be derived from
(1)-(5). For simplification, Fig. 2 portrays the resonant fre-
quencies of all the TM modes normalized to that of the
fundamental TM10 mode.

As for the mode E-field distribution, taking the TM10
and TM11 modes as examples, their analytical and simulated
E-field distributions are intuitive as in Fig. 3. From Fig.3 (a),
the computed TM10 mode is even symmetric with equal-
amplitude and in-phase E-field distribution on both sides of
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Fig. 3. E-field distributions of TM10, TMd
10 and TM11 modes in the RTPR.

(a), (b) and (c) Theoretical results. (d), (e) and (f) Simulated results.

cross-section A-A�, which means a virtual M.W. is alone the
cross-section A-A�. Whereas the TMd

10 mode in Fig 3 (b) is
odd symmetric with equal-amplitude and out-of-phase E-field
distribution about the cross-section A-A’. Fig. 3 (c) shows the
computed TM11 mode. Its centrosymmetric E-field distribution
results in identical phases and amplitudes on three sides of the
RTPR, and the virtual M.W.s are along the cross-section A-A�.
Moreover, the TM11 mode has no corresponding degenerate
mode due to the Ed

Z is null from (2). They are consistent
with the results in Fig. 3 (d), (e) and (f) simulated by the
full-wave electromagnetic simulator, i.e., ANSYS HFSS. The
characteristics of the other adjacent modes are summarised
in the Table I. It is clear that all the centrosymmetric modes

TABLE I

CHARACTERISTICS OF THE E-FIELD DISTRIBUTION IN THE RTPR

do not possess their degenerate modes, and all the degenerate
modes are odd symmetric along the A-A�. Thus, two FPDs
based on the E-field distribution of the RTPR are proposed
and designed in the following discussion. To help us determine
the location of E-field nulls so as to improve the selectivity
of designed FPD in next section, equipotential lines of the
E-field distributions for the modes adjacent to TM10 and TM11
are portrayed in Fig. 4.

III. DESIGN AND IMPLEMENTATION

OF TWO-WAY RTPR FPD

On the basis of the mode analysis in the RTPR, the TM10
mode is employed as operated mode to realize a two-way
FPD at first. As indicted in Fig. 3, a virtual M.W. exists
along the cross-section A-A� in the RTPR for TM10 mode.
Attributing to the intrinsic M.W. condition along the edges
of the RTPR, the resonant frequency of TM10 mode can
be kept unchanged after bisecting the RTPR along A-A� as
shown in Fig.5. Furthermore, from Table I, all the TMd

mn

modes exhibit a virtual E.W. along the A-A�, which means
the TMd

mn modes cannot be excited in this half-TM10 mode
RTPR. In this context, a prototype of two-way FPD with
single-fed excitation as Type I is initially proposed in Fig.6 (a).
It is implemented on two-layer substrate. The common ground
is arranged between two substrates. A complete and two
half-TM10 mode RTPRs are located on the top layer of the
structure. The input (Port 1) is deployed along the cross-
section A-A� and output (Port 2 and 3) ports are symmetrically
placed with respect to the A-A�. All of them are at the bottom
layer by connecting the RTPRs with via holes. As the via
hole involved in the input port is located along A-A�, i.e. the
E.W. of the TMd

mn modes, all the TMd
mn modes cannot be

excited in the intact RTPR. And considering of the analysis
on the half-TM10 mode RTPR mentioned above, the TMd

mn

modes can be fully suppressed in Type-I. For clarity of the
proposed two-way FPD, Fig. 6 denoted the top layer as solid
lines and bottom layer as dashed lines.

To improve out-of-band rejection in upper stopband,
a T-shaped microstrip excitation line with two symmetric via
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Fig. 4. Equipotential lines of the E-field distributions in the RTPR under the modes adjacent to TM10 and TM11 mode. (a) TM20. (b) TM21. (c) TM30.
(d) TM22. (e) TM31. (f) TM32. (g) TM41. (h) TM33.

Fig. 5. Bisecting the RTPR in before and after the E-field distributions.
(a) Intact TM10 mode. (b) 1/2-TM10 mode.

holes to offer a pair of in-phase input signals is developed to
replace the initial single-fed scheme as shown in Fig. 6 (b).
Compared with the single-fed counterpart, the FPD in Type II
has a better balance of phase and amplitude and its input
external quality factor can be adjusted by the T-shaped line.
According to the TMd

mn modes with out-of-phase E-field on
both sides of the A-A� from Table I, it cannot be excited in
Type II. Beyond that, to suppress the TM20 and TM21 modes,
two via holes are exactly located in their computed E-field
null cross-points by MATLAB software, whereas the operated
TM10 mode is unaffected. Meanwhile, the TM11 and TM30
modes have a slight suppression due to two via holes are also
close to their E-field nulls. In addition, three shorting posts
are introduced in the RTPR to further suppress the TM11 and
TM30 modes [26], [27]. They are loaded at the E-field null of
the operated TM10 mode while keeping symmetrically with
respect to the cross-section A-A� in Fig 6 (c). Thus, the TM10
mode can be excited with invariant resonant frequency whereas
the TM11 and TM30 modes are hardly excited. Fig. 7 shows
the input impedance by feeding a single RTPR with three types
of schemes in Fig. 6. Therefore, an extended upper stopband

Fig. 6. Top view of the proposed two-way second-order FPD (The middle
layer is not represented in this figure). (a) Type I. (b) Type II. (c) Type III.

due to the harmonic rejection can be achieved. To demonstrate
the feasibility of the proposed two-way second-order FPD, one
demonstrator is designed on Rogers RO3010 substrates with
two layers. Each layer has a dielectric constant of 10.2 and
thickness of 25 mil.

To investigate the performances of the prototypes shown
in Fig. 6, a parametric study is conducted. The operation
frequency of the RTPR FPDs is designated at 1.27 GHz.
At this frequency, the unloaded Q-factor of RTPR for TM10
mode is 290, and the value of the half-TM10 mode RTPR is
285. For the provided three Types of FPDs, a common TZ
emerged at the upper stopband attributing to the introduced
cross coupling between source and load. It means that the
position of the TZ will be varied when change the distance
between two via holes connecting the half-TM10 mode RTPR

Authorized licensed use limited to: University of Edinburgh. Downloaded on October 07,2021 at 15:08:52 UTC from IEEE Xplore.  Restrictions apply. 
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Fig. 7. Input impedance of the RTPR with three feeding structures in Fig. 6.

Fig. 8. TZ control of the proposed FPD at (a) upper band frequency in
Type II (b) lower band frequency in Type III.

with bottom microstrip lines. For illustration, a linear trend
of the TZ is depicted in Fig.8 (a), as the spacing l1 between
two via holes for output decreases, the TZ will move closely
to upper side of the passband. Besides, an additional TZ is
generated in Type III owing to the loaded shorting posts that
behave like equivalent shunt inductances in the RTPR model.
Fig. 8 (b) plots the results of S21 under different diameter d1
of shorting post. Since the inductance can be decreased as
via diameter enlarges, it can be observed that large d2 result
in increased frequency of the TZ at low side of the passband,
whereas the position of another TZ near upper stopband keeps
almost unchanged. In this context, simulated results of S12 for
the FPD in Type III versus counterparts of Type I and Type II

Fig. 9. Simulated S12 of the two-way FPD in Type I, Type II and Type III.

Fig. 10. Topology in (a) the proposed two-way second-order FPD (b) a
second-order BPF.

are indicated in Fig. 9. Compared with the frequency responses
of Type I and Type II, the Type III exhibits higher out-of-band
rejection.

To simplify analysis of the RTPR FPD topology
in Fig. 10 (a), the FPD can be treated as a second-order BPF
considering in Fig 10 (b) due to a virtual M.W. appears along
its symmetrical axis. As such, the coupling matrix of second-
order BPF topology can be expressed as

MBPF =

⎡
⎢⎢⎢⎢⎣

S 1 2 L
S 0 MS1,BPF 0 MS L ,BPF
1 M1S,BPF M11,BPF M12,BPF 0
2 0 M21,BPF M22,BPF M2L ,BPF
L ML S,BPF 0 ML2,BPF 0

⎤
⎥⎥⎥⎥⎦

(6)

The coupling matrix for the FPD topology in Fig. 10 (a) can
be expressed as

MS1 = MS1,BPF (7)

M2L = M2L � = M2L ,BPF (8)

M12 = M12� = M12,BPF√
n

(9)
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Fig. 11. Layout of the two-way FPD.

where n represents the n-way FPD. Thus, the required cou-
pling coefficient (k) and external quality factors (Qe) for the
FPD can be calculated by

k12 = FBW × |M12| (10)

Qein = 1

FBW × MS1
2 (11)

Qeout = 1

FBW × M2L
2 (12)

Based on the above analysis, a second-order FPD designed
in Fig. 11 with the 3-dB fractional bandwidth (FBW) of
6.5% centered at 1.27 GHz, an in-band return loss of 15 dB,
is designed. Meanwhile, two TZs are designated at 0.85 and
1.75 GHz, respectively. The isolation resistor R is added
between two outputs. Based on the advanced coupling matrix
synthesis method in [28], the initial coupling matrix can be

Fig. 12. Variation of the odd- and even-mode input impedance versus
different resistor R in the two-way FPD.

given as

MBPF =

⎡
⎢⎢⎢⎢⎣

S 1 2 L
S 0 1.3644 0 1
1 1.3644 −1.3085 1.0692 0
2 0 1.0692 1.2547 1.5673
L 1 0 1.5673 0

⎤
⎥⎥⎥⎥⎦ (13)

From (6)-(12), the desired coefficients of the FPD can be
calculated as follows: k12 = 0.049, Qein = 8.27, Qeout =
6.26. Then, the simulator ANSYS HFSS is employed to deter-
mine geometrical parameters with resorting to the coupling
matrix. The Qe and k can be extracted by

Qe = f0

� f±90◦
, k = ± f 2

odd − f 2
even

f 2
odd + f 2

even
(14)

where f0 and � f±90◦ indicates the central frequency and
±90◦ bandwidth with respect to the absolute phase at f0. fodd
and feven denote the odd- and even-mode resonant frequen-
cies, respectively. Then, the method of odd- and even-mode
analyses is applied for extracting the reflection coefficient Ã
by

�o = Zino − Z0

Zino + Z0
, �e = Zine − Z0

Zine + Z0
(15)

where Z0 = 50 � is the port impedance and Zino and Zine
are the odd- and even-mode input impedance at Port 1. For
the two-way FPD, the parameter of resistor can be determined
by setting S23 to be zero, where the S23 can be derived as

S23 = �e − �o

2
= Z0(Zine − Zino)

(Zine + Z0)(Zino + Z0)
(16)

The selection of resistor R corresponding to different values
of Zino and Zine are illustrated in Fig. 12. Accordingly,
the resistor between two outputs is set as R = 180 �.
Finally, the design of FPD is accomplished with dimension
of 0.68 λg × 0.6 λg . The detailed parameters are given as:
a = 50 mm, l1 = 14 mm, l2 = 4.2 mm, l3 = 16 mm,
l4 = 1 mm, l5 = 5.5 mm, l6 = 35.2 mm, l7 = 28 mm, l8 =
10 mm, l9 = 8.8 mm, l10 = 42 mm, l11 = 10 mm,
w1 = 0.6 mm, w2 = 3.5 mm, w3 = 2 mm, w4 = 2 mm,
w5 = 0.6 mm, g = 0.7 mm, d1 = 1 mm, d2 = 1.2 mm and
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Fig. 13. Photograph of the fabricated the two-way FPD.

Fig. 14. Measured and simulated results of the proposed two-way FPD.
(a) S11, S12 and S13 (b) S22, S33 and S23 (c) Phase and amplitude difference
between S21 and S31.

d3 = 3 mm. Fig. 13 depicts the photograph of the developed
two-way second-order FPD.

Till now, the design procedures of the proposed FPD can
be summarized as follows:

1) Determine the resonant frequency of the operated TM
mode.

Fig. 15. E-field distributions of the RTPR before and after trisecting.
(a) TM11 mode. (b) 1/3-TM11 mode.

2) Determine the initial dimensions of the RTPR according
to the (4).

3) Calculate the coupling matrix based on the desired center
frequency and 3-dB bandwidth.

4) Determine the positions of excitation points according to
operation and undesired modes to suppress harmonics.

5) Introduce shorting posts at locations of E-field nulls of
the operating TM mode to further suppress spurious modes.

6) Adjust the value l1 and d1 to achieve extra TZs.
7) Determine the isolation resistor R according to odd- and

even-mode impedances at input port.
8) Adjust the coupling gap g and the microstrip line widths

w2, w3 and w4 to achieve desired k and Qe.
9) Fine tune the dimensional parameters for optimum

performance.
Fig. 14 shows the simulated and measured results, which are

in good accordance. As depicted in Fig. 14 (a), the measured
center frequency f0 is 1.27 GHz with a 3-dB FBW of 7%.
The measured in-band insertion is smaller than 1.2 dB (with
SMA connector) and return loss is better than 15 dB. Two TZs
are generated at 0.85 and 1.75 GHz, engendering the sharp
roll-off skirt. The harmonic suppression is up to 4.25 GHz
(3.35 f0) with a rejection level of 25 dB. Besides, the isolation
performance between Port 2 and 3 with a criterion of better
than 20 dB in the passband is shown in Fig. 14 (b). The phase
and amplitude difference between S21 and S31 are indicated
in Fig. 14 (c). Owing to the employed T-shaped line to
excite TM10 mode in the RTPR with even-symmetric E-field,
the measured phase difference between Port 2 and 3 is only
within ±0.3◦, and the magnitude difference is less than 0.2 dB
in the operation band.

IV. DESIGN AND IMPLEMENTATION OF

THREE-WAY RTPR FPD

To realize average power allocation in odd-way, a three-
way FPD based on TM11 mode in the RTPR is extended.
Attributing to centrosymmetric E-field distribution of the
TM11, the RTPR has coincident phase and amplitude in the
three sides, which is suitable for the three-way FPD design.
Furthermore, based on the analysis of E-field distributions in
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Fig. 16. Layout of the second-order three-way FPD.

the Section II, the undesired modes near the TM11 can be
suppressed in the three-way FPD design.

Owing to three virtual M.W.s in the cross-sections
A-A� of the TM11 mode in Fig 15(a), the RTPR can
be trisected along these three M.W.s to result in a
1/3-TM11 mode resonator in Fig. 15 (b) so as to apply to
the three-way FPD. Hence, a three-way second-order FPD
prototype can be constructed by following the summarized
design procedures in Section III. For validation, a second-order
three-way FPD prescribed with 3-dB FBW of 4.5% centered at
2.2 GHz, an in-band return loss of 15 dB, is developed. At this
frequency, the unloaded Q-factor of RTPR for TM11 mode is

Fig. 17. Variation of the odd- and even-mode input impedances versus
different resistors R in the three-way FPD.

Fig. 18. Photographs of the fabricated the three-way FPD.

285, and the value of the 1/3-TM11 mode RTPR is 294. Herein,
the desired coefficients of k12 = 0.048, Qein = Qeout = 14.31
can be calculated. Then, the Qe and k can be extracted by
formula (14) with other geometrical parameters determined
by optimization. To realize a good isolation among three
output ports, the isolation resistors are implemented as shown
in Fig. 16 with additional half-wave (λ/2) transmission lines
according to Luzzato divider [29]. In addition, the prototype
responses of the FPD keeps almost unchanged when the gap
g3 is greater than or equal to 1.3 mm. Accordingly, the values
of the resistor R with respect to Zino and Zine are extracted
and illustrated in Fig. 17. From (15)-(16), the resistors between
two output lines are set as R = 75 �. Finally, the dimension of
the three-way FPD is 1.4 λg ×1.4 λg . The detailed parameters
in Fig. 16 are given as: a = 50 mm, l1 = 11.56 mm, l2 =
29.09 mm, l3 = 11.68 mm, l4 = 7.8 mm, l5 = 20.04 mm,
l6 = 20 mm, l7 = 22.04 mm, w1 = 0.3 mm, w2 =
0.50 mm, w3 = 1.30 mm, w4 = 1.00 mm, g1 = 0.3 mm,
g2 = 0.13 mm, g3 = 1.3 mm, d1 = 0.6 mm, d2 = 1.20 mm,
d3 = 0.6 mm and d4 = 2 mm.

Fig. 18 depicts the photographs of the three-way FPD.
Fig. 19 shows the simulated and measured results with good
accordance. As depicted in Fig. 19 (a), the measured center
frequency f0 is 2.2 GHz, with a 3-dB FBW of 4.7%. The
measured in-band insertion is smaller than 1.05 dB (with SMA
connector) and return loss is better than 15 dB. At the lower
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Fig. 19. Measured and simulated results of the proposed three-way FPD. (a) S11, S12, S13 and S14 (b) S22, S33, S44, S32, S42 and S43 (c) Phase and
amplitude difference among S21, S31 and S41.

TABLE II

COMPARISONS AMONG THE PROPOSED AND PREVIOUSLY REPORTED FILTERING POWER DIVIDERS

edge of passband, the TZ1 caused by the open-ended branches
of the Y-shaped coupling lines in output ports is generated at
2.0 GHz. As such, the position of TZ1 can be calculated by

fTZ1 = c

4
√

εr l1
(17)

Besides, two TZs appear near the upper edge of the pass-
band, thus ensuring sharp roll-off skirt. Moreover, the har-
monic suppression is up to 6.38 GHz (2.9 f0) with a rejection
level of 15 dB. As for the isolation performance shown in
Fig. 19 (b), the isolations among Port 2, 3 and 4 are better than
19 dB inside the whole passband. Meanwhile, the measured
phase and amplitude differences among S21, S31 and S41 in the
operation band are depicted in Fig. 19 (c), which indicates that
among Port 2, 3 and 4 the phase and magnitude differences
are only within ±0.25◦ and less than 0.25 dB, respectively.

Table II summarizes the performance comparisons for two-
and three-way FPDs between the proposed prototypes with the
RTPR scheme and the reported works in the literatures. It can
be seen that compared with the listed three-way FPD in [20],
the proposed three-way FPD has a wider upper stop-band

and an improved isolation by around 10 dB. On the other
hand, with a comparable isolated performance, the proposed
two-way design can provide an out-of-band rejection up
to 3.35 f0, which is better than the two-way counterparts
in [4], [10], [14] and [22]. Beyond that, benefiting from
harmonic suppression schemes and the symmetric E-field dis-
tributions of the employed modes, not only the two-way FPD
but also the three-way FPD exhibit almost consistent phase
and amplitude in the output ports over the listed counterparts.

V. CONCLUSION

In this paper, a new design method of the two- and
three-way FPDs with harmonic suppression are presented by
virtue of the modes E-field distributions in the RTPR. Both
of theoretical formulation and modes analysis have exten-
sively investigated. Afterwards, the TM10 and TM11 modes
are selected to design two- and three-way filtering power
dividers respectively, showcasing the flexible characteristic of
the RTPR. The feasibility of enhancing out-of-band reject in
the RTPR FPD is verified by utilizing the in-phase multiple
excitations scheme and loading shorting posts. Both the two
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FPDs are designed and fabricated, and the predicted results are
well confirmed in an experiment as expected. The proposed
FPDs with almost equal power division have achieved low
insert loss and good isolation in passband as well as harmonic
suppression in the upper stopband. Furthermore, the proposed
design concept is not only restricted to the applications in this
paper but also can be applied to other categories of FPDs,
including unequal power division and multiband operation.
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