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Abstract—In this brief, a compact high isolation filtering
power divider (FPD) with wide stopband and wide-band three-
port reflectionless operation is proposed. Such FPD consists of
a trigonometric substrate-integrated defected ground structure
(SIDGS) based resonator and three absorptive networks. The
good stopband performance is achieved by using the trigono-
metric SIDGS. Meanwhile, the absorptive networks based on
common-gate topology capable of absorbing the out-of-band
reflected signals are connected to the SIDGS resonator, which
provides the wideband reflectionless operation in all three ports
of the FPD. To verify the mechanisms mentioned above, a FPD
operated at 2.10 GHz (i.e., f0) is fabricated, which exhibits a
42 dB stopband rejection level up to 20 GHz (i.e., 9.5f0). The
measured reflectionless range with return loss lower than −10 dB
is up to 10 GHz in all three ports. The core size of the FPD is
about 0.36 λg × 0.38 λg, where λg is the microstrip guided
wavelength at the center frequency.

Index Terms—Filtering power divider, high isolation, reflec-
tionless, substrate-integrated defected ground structure (SIDGS),
wide stopband.

I. INTRODUCTION

AS ONE of key components in practical wireless systems,
power divider with high performance is dramatically

demanded. To reduce the out-of-band interferences, the fil-
tering power dividers (FPDs) with high isolation and wide
stopband are presented [1]–[7]. However, those power dividers
reflect the out-of-band signal back to the source. Such reflected
signal may cause the intermodulation interference and gain
fluctuations once the power divider is connected to the non-
linear devices, e.g., mixer and high gain amplifier. Recent
researches show that the system performance degeneration
caused by the out-of-band reflection signals can be elimi-
nated by using the reflectionless components [8]–[10]. The
reflected signal is absorbed by the reflectionless components.
Conventional reflectionless components using a symmetrical
networks with complementary even- and odd-mode equiv-
alent circuits [11]–[14] to achieve a two-port reflectionless
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operation. However, the passband performance of such reflec-
tionless components is relatively poor due to the requirement
of multiple lossy lumped components. By introducing an aux-
iliary signal path to absorb the out-of-band reflection signal,
a wideband reflectionless operation can be obtained without
sacrificing the passband performance [15]–[21]. Nonetheless,
such topology suffers from the relatively larger circuit
size, especially for the multi-port reflectionless components.
Therefore, the design of compact FPD with three-port reflec-
tionless operation still remains great challenge.

In this brief, a compact FPD is proposed, which can
achieve wide reflectionless range in three ports. A trigono-
metric substrate-integrated defected ground structure (SIDGS)
with T-stub feed-line is introduced for the filtering function of
the power divider. The absorptive networks based on common-
gate (CG) topology are cascaded in the input and output ports
to achieve the three-port reflectionless operation. Based on the
structures mentioned above, a reflectionless FPD is designed
and fabricated. A good agreement between measurement and
simulation is achieved.

II. SCHEMATIC AND OPERATION

Fig. 1 shows the configuration of the proposed FPD, which
consists of trigonometric SIDGS cells and three absorptive
networks. The SIDGS resonator located on the Ground I layer
is fed by three T-stub at the top layer. Meanwhile, a resistor
at the top layer is connected between the microstrip feed-line
of port 2 and port 3. Besides, the absorptive networks are cas-
caded with the microstrip feed-lines of the SIDGS resonator.
To investigate the mechanisms of the proposed structure, the
RO4003 substrate (i.e., εr = 3.55, h1 = 0.203 mm and
h2 = 0.303 mm), EM simulator IE3D, and design tool ADS
are used.

A. Power Divider With Trigonometric SIDGS Cell

The configuration of the proposed SIDGS resonator cells
are shown in Fig. 2(a) and (c). Such SIDGS cell is com-
posed of two ground planes connected by surrounding metal-
vias [22]–[23]. As discussed in [5], the SIDGS resonator is
similar to a λ/2 SIR with two ground ends. The fundamen-
tal resonant frequency can be calculated by equation (1)–(3),
shown at the bottom of the next page. The resonant frequency
of the proposed SIDGS cell 1 is varied with s3 and d4, while
the resonances of cell 2 and cell 3 are adjusted by s4 and d5.
Fig. 2(b) and (d) reveals that the calculation shows good agree-
ment with simulation. To verify the harmonic characteristic
of the SIDGS cell 1, the simulated transmission responses in
the weak-coupled feeding scheme is presented in Fig. 3. Note

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

https://orcid.org/0000-0002-3944-2514
https://orcid.org/0000-0001-7225-1309
https://orcid.org/0000-0001-9009-6613
https://orcid.org/0000-0001-7955-7191
https://orcid.org/0000-0002-1318-9418


3130 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—II: EXPRESS BRIEFS, VOL. 69, NO. 7, JULY 2022

Fig. 1. (a) Schematic of the proposed three-port reflectionless FPD. (b) 3D
view of the layout. (c) Layer diagram. (d) Details of the middle layer.
(e) Details of the top layer.

that the harmonic of the SIDGS cell 1 is mainly caused by
the TEM spurious resonant mode due to the rectangular metal
patch in Reg. I. To suppress the harmonic, a strong-coupled
T-stub is located symmetrically over the cell [5]. As shown in
Fig. 4(c), compare to the weak-coupled feeding scheme, the
harmonic can be suppressed by strong-coupled T-stub. The
harmonic characteristic of cell 2 and cell 3 is similar to cell 1.
Thus, the T-stub can also be used to suppress the harmonics.
Besides, a transmission zero (TZ) is created by the short-
circuited λ/4 lines embedded in the SIDGS structure. Such
TZ can be controlled by adjusting the distance from the metal-
vias to resonator (i.e., w5) [24]. To achieve the filtering power
division, three coupled SIDGS resonant cells are utilized, as
exhibited in Fig. 4(a). The cell 1 is the input cell, while the
cell 2 and 3 are configured into a symmetrical structure to
form the output cells. The 2-port second-order topology are
used for simplifying the analysis of the symmetrical 3-port cir-
cuit, where k12 is equal to k

′
12/

√
2 to achieve the same source

impedance in two circuits [25]. Then, the coupling matrix [Mp]
to meet the design specifications (i.e., center at 2.10 GHz with

Fig. 2. Configuration of the proposed SIDGS resonant cell. (a) 3-D view of
cell 1. (b) Simplified equivalent circuit model and comparison of calculated
and simulated fundamental resonance of cell 1. (c) 3-D view of cell 2 and
cell 3. (d) Simplified equivalent circuit model and comparison of calculated
and simulated fundamental resonance of cell 2 and cell 3.

Fig. 3. (a) The resonant cell without T-stub. (b) The resonant cell with T-stub.
(c) Simulated frequency responses of the SIDGS resonant cell in different
configurations.

3-dB bandwidth of 24%) is expressed as:

[Mp] =
⎡
⎢⎣

0 0.85 0 0
0.85 −0.06 0.72 0

0 0.72 −0.02 0.85
0 0 0.85 0

⎤
⎥⎦ (4)

The theoretical S-parameters calculated by coupling matrix
exhibits a good agreement with the EM-simulation, as shown
in Fig. 4(b). Fig. 5(a) exhibits that the coupling coefficient
k12 is adjusted by the dimension w5 and s6. Meanwhile, an
additional etched defect is placed between cell 2 and cell 3
to decrease the coupling between R2 and R3. Fig. 5(b) shows
that the coupling coefficient k23 is tiny with suitable s5 and
s7. Besides, Fig. 5(c) exhibits that the external quality Qe is
effected by the size of T-stub. Then, a resistor is introduced
to achieve good isolation between port 2 and port 3. Here, the

Yin1 = −j
1

Z1

Z1Z2 − Z1Z3 tan θ2 tan θ3 − Z2Z3 tan θ1 tan θ3 − Z2
2 tan θ1 tan θ3

Z2Z3 tan θ3 + Z2
2 tan θ2 + Z1Z2 tan θ1 − Z1Z3 tan θ1 tan θ2 tan θ3

(1)

Yin2 = 1

jZ6 tan θ6
+ Z5 + j tan θ5/YA

Z5(1/YA + jZ5 tan θ5)
(2)

YA = −j
1

Z5

Z5Z4 − Z5Z6 tan θ4 tan θ6 − Z4Z6 tan θ5 tan θ6 − Z2
4 tan θ5 tan θ6

Z4Z6 tan θ6 + Z2
4 tan θ4 + Z5Z4 tan θ21 − Z5Z6 tan θ5 tan θ4 tan θ6

(3)
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Fig. 4. (a) Coupling topologies of the proposed FPD and simplified 2-port
circuit. (b) Simulated and calculated |S11| and |S21| of the FPD.

Fig. 5. (a) Effects of dimension w5 and S6 on the coupling coefficient k12.
(b) Efforts of dimension S5 and S7 on the coupling coefficient k23. (c) Effects
of dimension l1 and l2 on the external Qe. (d) Effects of the resistor Ri on
the isolation.

isolation resistor is directly loaded on the feed-line of cell 2
and cell 3. As shown in Fig. 5(d), the optimized resistance Ri
of 560 � is used to achieve improved isolation.

B. Input and Output Absorptive Networks

The reflectionless operation in the input- and output-ports
are provided by the absorptive networks. Such absorptive
networks are implemented based on CG topology in this brief,
as shown in Fig. 6(a). The small signal equivalent circuit of
the proposed absorptive network is exhibited in Fig. 6(b). The
input and output impedance (i.e., Zin and Zout, respectively)
can be calculated by equation (5)–(6), shown at the bottom of
the page, where the parameters Zgd, Zgs, Zds, Zd, and K are
expressed as:

Zgd = Rg + 1/sCgd (7)

Zgs = Rg + 1/sCgs (8)

Zds = rds||1/sCds (9)

Zd = Rd + sL (10)

K = 1/Zds − 1/Rb − 1/Zgs

(gm + gmb)(1 − Rg/Zgs) + 1/Zds
(11)

Fig. 6. (a) Schematic of the proposed absorptive network based on CG
topology. (b) Small signal equivalent circuit of proposed absorptive network.

Fig. 7. (a) Simulated |S11| and |S21| of the input absorptive network.
(b) Simulated |S22| and |S21| of the output absorptive network. (c) Calculated
input and output impedance of the FPD with different Rg1 and Rd2 from dc
to 20 GHz.

Here, the gm and gmb are the transconductance of the tran-
sistor FET, while the rds, Cgs, Cds, and Cgd are the parasitic
resistor and capacitors of the transistor FET, respectively. The
complete reflectionless FPD has been exhibited in Fig. 1(a),
two identical output absorptive networks are loaded to the P2
and P3, while the input absorptive network is connected to
the P1. As shown in Fig. 7(a) and (b), good reflectionless
performance can be achieved at the three ports of FPD by
using the proposed input- and output-absorptive networks. The
reflectionless operation at port 1 is achieved by the intrin-
sic wideband impedance matching of CG topology, while
the out-of-band reflection signals are mainly absorbed by the
resistor Rg1. Meanwhile, the output impedance of the absorp-
tive network can be adjusted by the Rd2 and L2 to achieve
wideband reflectionless operation. To achieve a good reflec-
tionless operation without affecting the passband performance,
the absorptive networks should match to the SIDGS resonator
in the passband and provide a wideband impedance matching
at the input- and output-ports of the FPD. Here, the induc-
tors L1, L2 and capacitors C2, C3 are optimized to achieve a
good in-band impedance matching with the SIDGS resonator.

Zin = Zds + Zd

[(gm + gmb)(Rg/Zgs − 1) − 1/Rb − 1/Zgs]Zds − (1/Rb + 1/Zgs)Zd + 1
(5)

Zout = 1

(1 − K)/Zds + K(gm + gmb)(Rg/Zgs − 1) + 1/Zd + 1/Zgd
(6)
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TABLE I
COMPARISON OF STATE-OF-THE-ART FPD

Fig. 8. Effects of the absorptive networks on the frequency responses of the
proposed FPD. (a) |S11| and |S21|. (b) |S22|, |S33| and |S23|.

As shown in Fig. 7(c), the output- and input-impedance cal-
culated by equation (5)–(6) are located in the matched zone
(i.e., |S11| and |S22| < −10 dB) within a wide frequency
range by utilizing the optimized resistors Rg1 and Rd2. Besides,
the source resistors (i.e., Rb1 and Rb2) are used for proper
transistor biasing and improving the stability, while the dc-
block capacitors (i.e., C1 and C4) are optimized to reduce
the insertion loss. Based on the aforementioned mechanisms,
the GaAs FET ATF-34143 from Avago, high Q capacitors,
resistors, and RF inductors from Murata are utilized to imple-
ment the input and output absorptive networks. As shown in
Fig. 8(a) and (b), the reflection coefficients (i.e., S11, S22,

Fig. 9. Measured and simulated S-parameters of the proposed FPD prototype.
(l1 = 3.3, l2 = 3.4, l3 = 3.2, l4 = 3.9, l5 = 3.3, l6 = 3.4, l7 = 13.1, l8 = 9.1,
s1 = 4.8, s2 = 7.0, s3 = 1.7, s4 = 1.5, s5 = 1.5, s6 = 0.7, s7 = 2.8, s8 =
4.1, s9 = 8.3, w1 = 0.1, w2 = 0.2, w3 = 1.7, w4 = 0.4, w5 = 2.8, d1 = 0.1,
d2 = 1.9, d3 = 1.7, d4 = 1.3, d5 = 1.4, g1 = 0.4, g2 = 0.3, and g3 = 0.4,
unit: mm. L1 = 43 nH, L2 = 1.3 nH, C1 = 1 nF, C2 = 100 pF, C3 = 33 pF,
C4 = 1 nF, Rg1 = 43 �, Rg2 = 18 �, Rd1 = 100 �, Rd2 = 56 �, Rb1 =
470 �, Rb2 = 180 �, Ri = 560 �, Vb1 = −0.3 V, Vb2 = −0.3 V, Vd1 =
1.9 V, and Vd2 = 1.0 V).

and S33) of the proposed FPD are significantly reduced with-
out suffering from the passband degeneration by introducing
the absorptive networks. Meanwhile, the proposed absorptive
networks improve the stopband performance. The isolation S23
is increased due to the directional transformer function of the
proposed absorptive networks.
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III. FABRICATION AND MEASUREMENT

Based on the principles mentioned above, a FPD operating
at 2.10 GHz is fabricated, as shown in Fig. 9. The proposed
FPD consumes 6.7 mW (i.e., 2.3 mW of the input absorptive
network and 4.4 mW of the output absorptive networks) from
the dc supply. The measurement is performed using the Agilent
5230A network analyzer over the frequency range from 0.1 to
20 GHz. The measured minimal insertion loss is 1.2 dB in
passband (excluding 3 dB division loss) with in-band isola-
tion higher than 20 dB. Meanwhile, the reflectionless ranges
with return loss lower than −10 dB are extended to 10 GHz at
the input port (i.e., port 1) and 13 GHz at the output ports (i.e.,
port 2 and port 3). Besides, the measurement shows an ultra-
wide upper stopband up to 20 GHz (9.5f0) with a rejection
level greater than 42 dB. The fabricated FPD exhibits a com-
pact circuit size of 27.3 mm × 29.1 mm (i.e., 0.36 λg × 0.38
λg, where the λg is the microstrip guided wavelength at 2.10
GHz). The comparison with state-of-the-arts in Table I reveals
that the proposed FPD shows advantages of wide reflectionless
range, good stopband performance, and high isolation.

IV. CONCLUSION

This brief presents a compact FPD using novel trigonomet-
ric SIDGS cell and CG based absorptive networks. The SIDGS
cells can not only provide a low-loss bandpass response
but also extend the stopband to 20 GHz. Meanwhile, the
proposed absorptive networks introduce a three-port wideband
reflectionless operation in the FPD. Besides, high isolation
is achieved by the optimized isolation resistor and the direc-
tional transfer function of reflectionless networks. Therefore,
the proposed filtering power divider is attractive for practical
applications with nonlinear devices.
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