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Abstract—In this paper, a novel power divider integrated with
substrate integrated waveguide (SIW) and defected ground structures
(DGS) techniques is proposed to provide both power dividing and
filtering functions. The SIW technique holds advantages of low profile,
low-lost, mass-production, easy fabrication and fully integration with
planar circuits. By integrating with defected ground structures (DGS)
technique, the size and cost of system can be effectively reduced as
the proposed power divider has a function of filtering which leads
to reduction of one filter. In order to verify the design approach,
the proposed power divider with equal power divisions at the center
frequency of 8.625 GHz is fabricated and measured. The measured
results demonstrate that the insertion loss is less than 1.2 dB and
the input return loss less than 16 dB across the bandwidth of 1.4 GHz
(FBW is 16%). Moreover, the imbalances of the amplitude and phase
are less than 0.3 dB and 0.5 degree, respectively.
1. INTRODUCTION
As a fundamental unit of microwave and millimeter-wave circuits,
power divider is a kind of microwave network that can split signal
into different routines with equal or unequal power division ratio. It
is largely utilized in the satellite communications, electronic warfare
systems, testing systems and phased array radars. Its insertion
loss, output port matching and amplitude/phase imbalances are key
specifications when it is used to build microwave and millimeter-wave
circuits and subsystems.
In the early days, power splitting techniques have focused on
waveguide-based power dividing techniques due to their high power
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handling capacity, low-loss and good heat sink. However, those
components are generally massive and require high precision machining
processes which lead to heavy difficulties for mass production. Besides,
they are not easy to be integrated with planar structure circuits
because of their three-dimensional structure.
For low power applications, power dividers are implemented based
on microstrip line because of small size and light weight. The
Wilkinson power divider has been widely used with advantages that
its output ports can be simultaneously isolated and matched, as well
as its bandwidth is extremely wide [1]. Although a large number of
designs focusing on minimizing size [2–8] or obtaining unequal power
division ratio [9–14] have been reported, some of them have poor power
handling capability and tend to have high radiation loss, which make
them to be poor choices for microwave and millimeter-wave circuit
applications.
Recently a new planar structure which called substrate integrated
waveguide (SIW) was proposed [15, 16]. SIW is a kind of integrated
waveguide structure which is implemented by metallic vias on low
loss dielectric substrate through PCB fabrication process [17, 18].
Compared with traditional waveguide structures, it is low loss, mass
productive and easily integrated with planar circuits so that it
provides a useful technology to design microwave and millimeterwave components with high performance and low cost, such as
filters, couplers, diplexers, power dividers and antennas. Similar
to conventional rectangular waveguide, TEm0 -like modes can be
propagated in a SIW. Here, the field distribution of the dominant
TE10 -like mode is shown in Figure 1.
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Figure 1. Field distribution of the dominant TE10 -like mode in SIW.
The band pass filter (BPF) is another important passive
component which is indispensable device in RF systems as it is used
to separate the desirable frequency and reject unwanted signals in a
complex electronic-magnetic environment. In order to split and select
useful signals, many microwave systems contain the power divider and
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filter at the same time, which leads to large size, high insert ion loss of
the system.
Therefore, it is demanded to integrate the two components into
one device to realize power dividing and filtering functions. In this
paper, a novel low loss, band-pass power divider which is based on
substrate integrated waveguide (SIW) and defected ground structure
(DGS) techniques is proposed. When the proposed device is applied
in microwave and millimeter-wave systems, the size, loss and cost of
the systems can be effectively reduced. Details of the proposed band
pass power divider are presented in the following parts.
2. DESIGN OF THE POWER DIVIDER
2.1. SIW Power Divider with T-junction Configuration
The structure of a typical SIW power divider is shown in Figure 2. It is
consisted of two perpendicular SIW structures, three SIW to microstrip
line transitions and an inductive post. In Figure 2, Wtaper and ltaper
are the width and the length of transition, respectively. Dpost is the

Figure 2. SIW power divider with T-junction configuration.
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diameter of inductive post, as well as lpost is the distance between the
center of the post and the center of SIW.
For convenient connection of the power divider to other
components and for testing convenience, three tapered lines are used
to act as transitions from the SIW to 50 Ω microstrip line. Another
function of the tapered lines is to match the impedance between the
SIW and 50 Ω microstrip line. The 50 Ω microstrip line with quasiTEM mode can excite a TE10 mode well and both microstrip line and
SIW have approximated electric field distributions in the profile of the
structure.
The inductive post which is short circuited between the up and
down sides of SIW is placed at the center of the power divider.
According to basic waveguide transmission theory, the inductive post
is equivalent to a parallel susceptance. It can suppress reflection in a
wide frequency band. By changing the diameter and position of the
inductive post, the reflecting and scattering signal of the input signals
can be easily adjusted. Another function of the cylindrical post is
to match the output port as the three ports of metallic waveguide T
junction power divider cannot be matched simultaneously [19]. The
cut-off frequency of the SIW power divider is designed at 8.0 GHz and
the initial dimensions can be calculated by empirical formula (1) and
formula (2) with good precision under conditions of S/D < 3 and
Wsiw /D > 10 [20, 21].
W = Wsiw − 1.08
fc =

1
√ ,
2W εr

D2
D2
+ 0.1
,
S
Wsiw

(1)
(2)

where fc is the cut-off frequency of metallic rectangular waveguide,
and εr is the relative permittivity of the substrate. W represents the
width of the corresponding metallic rectangular waveguide, Wsiw is the
width of SIW waveguide, D is the diameter of metallic via holes, and
S is the distance between two vias.
The cut-off frequency is almost monotonously determined by the
width of SIW structure from formula (1). Therefore, what needed to
be optimized to realize the output port matching after the modelling of
SIW structures are the dimensions of SIW-microstrip line transitions,
and the size as well as location of the inductive post. According to the
recommendation of [19], the diameter of the post, Dpost , is optimized
to reduce the reflection with initial value of 1/4 waveguide wavelength.
The location of the post, lpost , is optimized to get minimum value of
reflection. The optimization procedure is finished by electromagnetic
(EM) simulation tools.
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2.2. Design and Analysis of the Proposed DGS Cell
Defected ground structures (DGS) was first proposed by Korean
scholar J. I. Park in 1999 based on studying of PBG structure, and
then it became a research hotspot [22]. DGS is implemented by etching
periodic or non-periodic cascaded configuration defect in the ground
of transmission lines such as microstrip and coplanar lines. The shield
current distribution in the ground plane is disturbed because of the
etched DGS, which will change the characteristics of a transmission
line such as equivalent capacitance and inductance [23]. The DGS
technique usually utilizes an artificial defect in the ground to provide
a band-rejection characteristic [24]. Many different types of DGS cells
have been used in filter design to improve the stop band characteristics
with band-rejection properties [25].
Figure 3(a) shows a schematic of the proposed DGS unit cell. The
difference from traditional DGS is that the proposed DGS is etched in
the top plane of SIW which brings consistency of ground plane when
it is applied in the system. When excited by outside port, it behaves
as a parallel resonant unit which leads to bandstop characteristics.
It can be modeled by LC circuit as shown in Figure 3(b) [24]. The
parameters in the equivalent circuit can be determined using the
following equations [25]:
5fc
¤ pF,
π fp2 − fc2
25
nH,
Lp =
Cp (πfp )2

Cp =

£

(3)
(4)

where fc and fp are the 3-dB edge frequency and the attenuation pole
frequency in GHz, respectively. The dimensions of the DGS unit cell
determine the resonant frequency of the cell [26]. Figure 4 shows the

(a)

(b)

Figure 3. (a) Schematic of DGS cell. (b) Equivalent circuit.
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simulated result of this cell. From the results, it can be seen that
the designed unit DGS provides a band-rejection property of 45 dB
suppression at 12 GHz. And compared with traditional dumbbell DGS,
the proposed DGS structure provides deeper attenuation and sharper
cut-off edge.
In order to investigate the bandstop characteristic, the proposed
DGS with different dimensions are studied. Figure 5 shows the
variation of S21 parameter against the variation of the length l and
the width w, and Figure 6 for g1 and g2 respectively.
From Figure 5, it can be seen that with the increment of w or l,
the upper bandgap point moves to lower frequency. And an identical
phenomenon appears with increase of g2 or decrease of g1 as shown in
Figure 6. In both of Figures 5 and 6, the lower frequency almost keeps
the same as it is the cutoff frequency of SIW which is monotonously

Figure 4. Simulated results of proposed and traditional dumbbell
DGS.

Figure 5. Simulated results of
proposed DGS cell with variation
of l and w.

Figure 6. Simulated results of
proposed DGS cell with variation
of g1 and g2.
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determined by the width of SIW as mentioned above. The different
results caused by viable dimensions of DGS can be explained that the
equivalent capacitance Cp is mainly determined by slot gaps while
the equivalent inductance Lp is relative to the magnetic flux through
the defect. As for the parameter of sp, it controls the inner coupling
of the proposed DGS. To increase sp will decrease coupling so that
the bandgap point of DGS moves to higher frequency. Therefore,
an obvious advantage of the proposed DGS structure is that more
parameters can be adjusted than conventional structures in order
to achieve specific rejection band. What’s more, according to the
design requirement, cascading more DGSs can get a broader rejection
bandwidth.
2.3. SIW T-junction Power Divider Loaded by DGS
The configuration of the proposed power divider based on SIW
technology loaded by the proposed DGS is shown in Figure 7. It
consists of a T-junction with an inductive post, three SIW to 50 Ω
microstrip line transitions for testing convenience and three DGS cell
which provides band stop function. The metallic vias fences form the
narrow wall of the substrate integrated waveguide with the diameter of
0.4 mm. The space between two adjacent vias is 0.7 mm. The width of
the SIWs is designed as 12.9 mm in order to make SIW to work at its
dominant TE10 mode and to suppress the higher modes. The tapers
from the SIWs to microstrip lines are with the same length of 3.2 mm,
and width of 2.6 mm and 0.76 mm at the two ends, respectively. The
width of the 50 Ω microstrip line is 0.76 mm. The inductive post placed
at the centre of the power divider has great impact on the reflection
and scattering of the input signals. After being optimized, the diameter
and position of the inductive post are 0.8 mm and 0.1 mm.
The optimized values of all parameters are shown in Table 1.
Table 1. Geometrical sizes of the power divider (unit: mm).
symbol
S
D
l post
D post
y
w

value
0.7
0.4
0.1
0.8
9.6
5.1

symbol
Wsiw
Wtaper
ltaper
w50
l
gi

value
12.9
1.6
3.2
0.76
2
0.6
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Figure 8. Photograph of the
fabricated power divider.

3. EXPERIMENT AND MEASUREMENT RESULTS
As shown in Figure 8, the proposed band-pass power divider is
fabricated using a single layer PCB process on RT/Duroid5880
substrate with relative permittivity of 2.2, loss tangent of 0.001 (at
10 GHz) and a thickness of 0.254 mm. The measurement is taken by
using Agilent four-port vector network analyzer N5245A.
In Figure 9, the comparison between the measured and the
simulated frequency responses is shown. It can be seen that there
is a good agreement between the simulated results and the measured
results. The measured insertion loss in the pass-band is better than
4.2 dB with imbalance of about 0.3 dB between the two output ports.
And the measured input return loss is better than 17 dB across the
bandwidth from 8 GHz to 9.4 GHz. Due to the SMA connector loss and
the fabrication tolerance, the measured insertion loss is slightly larger
than the simulated one. As for the isolation performance between port
2 and port 3, the isolation is only below 7 dB which is needed to be
improved in our future work.
Figure 10 depicts the measured phase response of the proposed
power divider, it can be seen that the proposed power divider gets a
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Figure 9. Comparison of measured and simulated frequency response of the proposed power divider.

Figure 10.
Measured phase
response of the proposed power
divider.

Figure 11.
VSWR of the
input port of the proposed power
divider.

Figure 12.
The simulated
and measured group delay of the
proposed power divider.

good phase performance within the pass band. Also there is a little
imbalance of about 0.5 degree in the phase of the two output ports.
One of the reasons is the discontinuity of the T-junction which leads to
different wave distances for the two outputs. Another important reason
is that the SMA connectors for testing are not entirely identical when
the apparatus tests the multiport circuit. In addition, the fabrication
tolerances cause the asymmetry of the geometry which can also lead
to the phase imbalance.
Figure 11 illustrates the VSWR of the input of the proposed power
divider, and it shows a good reflection performance.
Figure 12 shows the simulated and measured group delay at the
two output ports of the band pass power divider. It can be seen that
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the measured group delay in the pass-band is about 0.7 ns. And the
group delay is quite smooth with variation of less than 0.1 ns which
indicates that the proposed power divider gets a linear phase.
Table 2 illustrates the performance comparison between the
proposed power divider and some reported power dividers integrated
with filers [27–31].
It shows that this work has advantage of
controllable bandwidth by easily adjusting the dimensions of SIW and
DGS, and the insertion loss of the proposed power divider is relatively
low as well as the amplitude and phase imbalance are very low too. In
addition, the proposed band-pass power divider is relatively compact,
it is smaller than other two SIW and HMSIW based band-pass power
dividers in [29] and [30]. Although, the size of power divider in [27]
and [31] is smaller than our proposed one, these two power dividers
Table 2. Comparison between this work and some other works.
Reference

Frequency
(GHz)

Fractional
Bandwidth
(3-dB)

Insertion
loss (dB)

Amplitude
Imbalance
(dB)

[27]

1.66–1.94
/2.69–3.11

8%/7.4%

< 0.8
/ < 0.9

-

[28]

14.2–16.0

12%

< 1.4

< 0.5

[29]

12.2–12.8

4.8%

<1

< 0.35

[30]

8.6–12.2

34.6%

< 1.6

< 0.6

[31]

1.373–1.629

8.6%

< 4.3

-

This
work

8.0–9.4

16%

< 1.2

< 0.3

Reference

Phase
Imbalance
(degree)

Size (λ2∗
g )

Topology

-

[27]

-

0.32/0.86

Microstrip
line

-

[28]

-

-

HMSIW

-

Multilayer
SIW

-

[29]

2

8.64

[30]

-

1.95

HMSIW

-

[31]

-

0.67

Wilkinson
coupled-line

This
work

< 0.5

1.90

SIW-DGS

∗

λg is the guided wavelength of the centre frequency of the passband.
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are based on microstrip line which means they will suffer from high
radiation loss when they are used in high frequency applications such
as in microwave and millimeter wave circuits.
4. CONCLUSIONS
In this paper, a novel power divider based on SIW and DGS is
proposed. It has advantages of controllable fractional bandwidth, high
selectivity, and good in-band balance performance. Since the proposed
power divider can get a band pass character, a filter can be erased when
the proposed power divider is utilized in the system, so that it will lead
to effective reduction of the size, loss and cost of the systems in the
microwave and millimeter-wave applications.
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