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A compact wideband modified Wilkinson-type filtering power divider
(MWFPD) with wide stopband is presented. The MWFPD is developed by
cascading a modified Wilkinson power divider (MWPD) and a filtering
section constituting stepped-impedance resonator (SIR)-loaded three-
coupled lines (TCLs). The arms of the MWPD also consist of SIRs. By
suppressing harmonics using a single open stub at the input port only,
the upper stopband is extended up to 20 GHz with 20 dB rejection. The
designed MWFPD has also been fabricated to verify the mathematical
and electromagnetic simulation results. The measured results exhibit an
excellent agreement with the predicted results. The center frequency of
the fabricated circuit has been measured at 4.36 GHz with a fractional
bandwidth (FBW) of 44 %. The proposed MWFPD not only exhibits
competitive performance but also provides ease of fabrication and
design. °
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hipvpakt genis bantli modifiye edilmis
UG licii (MWFPD) sunulmaktadir. MWFPD,
modifiye edilmis kigson gli¢ boliicii (MWPD) ve basamak
empedans rezon & liklii ti¢ kuplajli hatlardan (TCL) olusan bir
filtreleme bolg &k kat baglanmasiyla gelistirilmistir. MWPD'nin
%’ lusmaktadir. Sadece giris portunda tek bir acik
1 1 saplama kullaniimasiyla harmonikler bastirilarak
Wl¥indi 20 dB reddetme ile 20 GHz'e kadar uzatilmaktadir.
MWFPD ayrica matematiksel ve elektromanyetik
sonuglarini  dogrulamak icin imal edilmistir. Olgiilen
ongoriilen sonuclarla miikemmel bir uyum gostermektedir.
#Uretilen devrenin merkez frekansi %44'liik kismi bant genisligi (FBW)
ile 4.36 GHz'de élciilmiistiir. Onerilen MWFPD sadece rekabetci bir
performans sergilemekle kalmayip ayni zamanda iiretim ve tasarim
kolayligi da sunmaktadir.

Abstract

Genis durdurma bandina
Wilkinson tipi filtrele

Keywords: Filtreleyen Gii¢ Boliicii, modifiye edilmis Wilkinson gii¢
boliicii, genis durdurma band.
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1 Introduction
2With the ever-increasing demands \ rn wireless

communication systems, filtering po ers (FPDs) with
wideband harmonic suppression ed rapidly. In this
context, the growing variety opologies still needs
further development to rperate different filtering
characteristics, such a passband/stopband, high

rejection, high isolatio inSertion loss and reduced size [1]-
[14]. To date, ma iques have been used to design
compact FPDs w pband [2]-[10].

i 1
%ﬂd goal, the FPD designs in the relevant

egeen generally based on microstrip structures
ited stubs [2], discriminating coupling [3],
nce coupled lines [4], dual-resonance
(DRRs) and spur lines [5], hybrid

To achieve wi

substrate integrated DGS (SIDGS) [8], HMS/SIDGS [9] and
lumped elements [10]. Furthermore, the structures based on
SIDGS, hybrid MS/SIDGS, and lumped elements are also
composed of multiple layers. All of the designs mentioned
above require extra manufacturing processes and costs. On the
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other hand, the common feature of the FPD designs in the
literature, except for studies in [11]-[13], is that they use
topologies consisting of the two-way double resonators.
Consequently, such topologies always lead to a relatively larger
occupied area, high-losses, and even complex design.

This paper introduces a modified Wilkinson FPD (MWFPD)
with a stepped impedance resonator (SIR) filtering section. The
proposed FPD uses a Wilkinson power divider (WPD) for
power splitting and a SIR-loaded three-coupled lines (TCLs) for
wideband filtering. As is well-known, two filtering sections are
generally integrated into each branch of the PD, which leads to
an increase in circuit size and transmission loss. By using only
one filtering section at the input port instead of the two-way
double resonators, both circuit size and loss are reduced. In
addition, to reduce the circuit size, each branch of the MWFPD
is also constructed from a stepped-impedance transmission
line, unlike the conventional WPD. Moreover, to suppress the
harmonic signal in the upper stopband and thus achieve a wider
upper stopband, a single open stub is connected at the input
port to create a transmission zero at the harmonic frequency.
As a result, a novel, compact, and low-loss wideband FPD
topology with a stopband extended up to 20 GHz, good in-band



isolation, and high rejection characteristics is presented. The
proposed wideband FPD was designed, implemented, and
tested for demonstration. The measured results exhibit
excellent agreement with the simulated ones.

2 Design Procedure

The layout of the proposed FPD with wide stopband is shown
in Fig. 1la. Essentially, a modified Wilkinson power divider
(MWPD) and a single filtering section are cascaded. The arms of
the MWPD consist of stepped-impedance resonators (SIRs).
The SIR increases the selectivity by highlighting one of the poles
that tend to disappear due to the cascade of the PD section and
the filtering section, and also contributes to the reduction of the
circuit size, albeit slightly. Meanwhile, an isolation resistor is
connected between the two output lines for achieving a good
in-band isolation level. It should be noted that although SIRs are
used instead of the uniform impedance resonators (UIRs) of the
classical WPD, the value of the isolation resistor R has not been
changed. The filtering section consists of a SIR loaded TCLs,
which has three transmission poles in the passband and two
transmission zeros the band edges. In addition, a single open
stub is used at the input port to extend the upper stop band up
to 20 GHz. However, 1t should be noted that the open stub is not
included in the following analyses for simplicity.

2.1 Filtering Response

The even-mode equivalent circuit with the left side excitation
can be used for transmission properties as shown in Fig. 1b. The
input impedance at port 1 in the figure can be calculated as
follows:

1
Zss = _jm(qzee + 2Z40) cot b, (11)

with
— 2(Zee - Zoo)2 - Zoe(Zoe - Zee B Zoo) - ZeeZoo
ZZee - Zoo - Zoe
In (8)-(12), the impedances Z,,, Z,, and Z,, are even-even,
odd-odd and odd-even mode characteristic impedances of each

coupled line constituting the TCLs. Their widths and{the,gaps

between them are w, and g, respectively, as shoWwimin“gig. 1a.
The electrical lengths of the TCLs are deno So, the

(12)

transmission properties of the propo can be
determined by the scattering parameterQn
511 = (13)

(14)

with 20-dB RL is he substrate used in this study is

5241 = ISKe
In this study, a comp C%p nd FPD operating at 3.4-5.3 GHz
eéhe
h

Rogers RT587 ative dielectric constant of 2.33 and a
thickness o 7 . Since the return loss (RL) within the
passband_i sén to be greater than 20 dB, the relevant
impedanges electrical lengths can be determined by
optingiz input impedance Z;;,,. The mode impedances of

ate obtained as Z,, =310 Q, Z,, = 127 Q and Z,, =
O¥The characteristic impedances of the line sections and
/)pe stubs in Fig. 1 are calculated as Z; = 155Q, Z, =40 Q,

32.56°, 6;=90° and 6, =0.37° The filtering response

Zie + jZ, tan b, Z3=7020,and Z, = 50 Q. g‘he electricah lengths of tgle lines
Iyn =7, 51 ¢ - - - - -
1lin 17, ¥ jZ, tan 6, ° (® are obtained as 6, =10.7°, 6, =35.5°, 6. =82.2° 6,

with

13
_ Zia +Z11)Z15 — Z13
Z%s — (Zig + Z11)

K
Z? Zi3 L)Q’
Li=2Z4—————+P- 1—7)Z 2
ic 11 7+ 70 + ( Zia’l'\%ls (2)

3)

(4)

(%)

\i€+ jZ,tan 6,

Zy+jZytan 0,

Zytan @y, — Z, cot 6
Nk

(6)

! Zy + Z,tan 6y cot 8,

w}%mn (m,n = 1,2,---6)is the impedance matrix
eleme of the TCLs denoted and according to the

approximation in [15] can be determined as

71 =2 =—'L(Z +zZ +i22 )C0t9 (8)
11 33 ]q+2 ee T 5 %00 2 oe c
7 =—'L(z 44 _1t2, )cote )
13 ]q+2 ee T 5400 2 oe c
Zis =—J ﬁ (Zee — Zoo) csC B, (10)
q+2

N\

calculated through the above analysis is shown in Fig. 2.
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Figure 1. (a) Layout of the proposed wideband MWFPD, (b)
equivalent transmission line circuit with input port-side
excitation (even-mode equivalent circuit for R=0), (c) output
port-side excitation and (d) simplified circuit derived from the
circuit in (c).

2.2 Isolation Response

By applying even-odd mode analysis to the simplifi
equivalent circuit in Fig. 1d, which is derived from the
mode equivalent circuit in Fig. 1c, the isolation param

3
of the proposed FPD can be calculated as ‘.§\

S. = (Zine - Zino)ZO (15)
3 (ZO + Zine)(ZO + Zina)

where the odd- and even-mode input i c-c; at port 2 (or
3), respectively, can be determined a

Zaino *
Zmo — ZZ ino

with Q
0; +Z,tan 6
meQ\bl 3124 4 a7

(16)

3
4 — Z3 tan 93 tan 94

and K x
Z3ine +jZ,tan @

Q o = 7, Bine 724 AN Ta (18)
Zy+ jZ3inetanf,

with
Zsine = 2 % (19)
Zina =7 2:?71222 (20)
Z Z11_%Z+_%3ZH+Q'(1_%)Z15 21)

0= z(Za + Z11)Z15 — Z13Z15 (22)
Zis — (Zg + Z11)(Z), + Zss)

Zy+jZytan @,
Zp=Zj—7 ¢ 23
="z +jZytanb, (23)

The isolation response calculated through the above analysis

is shown in Fig. 2.
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lementation, Results and Discussion

Qn the abovementioned analysis, an MWFPD operating

#at 4.35 GHz with 3-dB FBW of 44% and 20-dB RL is designed

and implemented on a Rogers RT5870 substrate with a relative
dielectric constant of 2.33 and a thickness of 0.787 mm. The
characteristic impedance of the section with the length Ls of the
PD is fixed to \/EZO, as in the conventional WPD, while the
characteristic impedance and electrical length of the length L4
are modified and optimized by full-wave EM simulations. Thus,
the size of the PD section is slightly reduced. However, the value
of the isolation resistor is fixed at 100 €, as in conventional
WPDs, for convenience. On the other hand, a quarter
wavelength open stub is placed at the input port of the MWFPD
to suppress the harmonic observed around 17 GHz, as shown in
Fig. 3. The simulation model is depicted in the inset of the
figure. As can be seen, the proposed MWFPD exhibited wide
stopband with an insertion loss of larger than 19.3 dB over a
wide frequency range up to 14.9 GHz, due to its filtering section
consisting of SIR loaded TCLs. By adding an open stub at the
input port, the upper stopband with 19 dB-rejection level is
extended up to 20 GHz.

The final dimensions of the proposed WB-BPF can be
determined through full-wave EM simulations performed using
Sonnet Software. The optimized final dimensions of the
proposed MWFPD with wide stopband are determined as
La=2.4 mm, Lp=5.5 mm, L,=11 mm, L2=3.7 mm, L3=9.85 mm,
L4=4.1 mm, and Ls=2.15 mm. The value of the isolation resistor
is fixed at 100 £, for convenience. The implemented circuit has
a total size of 7.4 mmx24.65 mm (0.154,4 X 0.5, = 0.07522).
Photograph of the fabricated FPD is illustrated in the inset of
Fig. 4a.
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Figure 3. The simulated S,; parameters of the proposed FPD
with and without open stub, and the open stub used for
harmonic suppression.

The simulated and measured frequency responses of the
proposed compact FPD with wide stopband are depicted in Fig.
4ain a good agreement. The measurements were performed by
Keysight N5222A PNA Network Analyzer. The measured center
frequency and 3-dB FBW are 4.36 GHz and 44%. The minimum
insertion loss was less than 0.4 dB in the measurements and the
return loss is better than 20 dB. The measured transmission
response achieves 20 dB-rejection level up to 20 GHz. The
measured amplitude and phase imbalances between the two
outputs are 0.26 dB and 1.89, respectively, as shown in Fig. 4b.
The measured in-band isolation is greater than 21.4 dB. The
matching performances of |S,,| and |S35| are also measured
around 20 dB, as shown in Fig.4c.

Finally, the comparison of the proposed wideband FPD with
circuits exhibiting similar properties is shown in Table 4. As |
can be seen from the table, the proposed wideb P
£

€

exhibits not only compact size and wide stopba
good isolation and low insertion loss. In addifion,

single-sided microstrip structure, the prop

provides the advantage of fabrication sinmli@.)

Table 1. Comparison with previous

the
FPD

ith wide stopband.

ref, Jfo FBW L 1 z&, = Stopband Tech
" GHz (%) (dB) (dBFN Rejection
to 3.9 GHz
2 1 43 3.2 % }.146 20 dB CSL
to 8.5 GHz
3 1.4 15 1% 1 0.025 50 's CSL
t09.36
4 2.02 49 22 0.051 o0 4B CSL
7 231 12 »17 o038 ©20GHz DS
. 30 dB
b to 25 GHz
8 2% 1 >20 0.10  o'un ML
to 40 GHz
9% 74 074 19 0.136 14945 ML
This to 20 GHz
work 436 44 04 214 0075 .o SSMS

FBW: Fractional Bandwidth, IL: Insertion Loss, I: In-band
Isolation, Tech: Technology, CSL: Contains shorted line, DS:
Double-sided, ML: Multi-layer, SSMS: Single-sided microstrip.
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Figure 4. The simulated and measured (a) S-parameters, (b)
phase and amplitude imbalance and (c) isolation and matching
performance of the proposed wideband FPD with wide
stopband.

4 Conclusions

By cascading a modified WPD with only one single filtering
section consisting of well-designed SIR loaded TCLs, a new
wideband MWFPD has been developed with wide stopband,
compact size, good isolation, and low-loss. By suppressing
harmonics using a single open stub at the input port only, the
stopband has been extended with 20 dB rejection out to 20 GHz.
The proposed MWFPD not only exhibits competitive
performance but also provides fabrication and design
simplicity.

As a future work, it is expected that the proposed approach will
be used to construct a MIMO filtenna for sub-6 GHz 5G
applications. The MIMO filtenna to be developed is going to be
consisted of a wideband filter and a monopole antenna. The
wideband filter proposed here will be useful for the design



methodology of this filtenna. It is also planned to insert a
controllable notch band in the frequency region of sub-6 GHz,
especially to cover the frequency range of between 5.5 and 5.8
GHz.

The FPDs not only have similar application areas with
conventional power dividers, but also have the advantages of
exhibiting filtering characteristics. Therefore, there is no need
for an additional filter structure. On the other hand, it is well
known that the power dividers can be used to feed antenna
networks, phase shifters and power amplifiers. They also play
a critical role in communication systems such as phased arrays,
transceivers, antenna front-end systems and Internet of Things
(IoT) applications.
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