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Abstract
Wilkinson Power Divider is a passive component used in wireless 
communication as a key device, for dividing RF / microwave 
power. Defected Ground Structures (DGS) have been developed 
to improve characteristics of microwave devices & circuits, due 
to its band-stop property. In this paper, a new effective technique 
of suppression of second & third harmonic in Wilkinson Power 
Divider is proposed by using two square headed dumb-bell 
shaped DGS. The electromagnetic simulation results obtained 
by using IE3D software shows good agreement with the results 
obtained by applying  basic transmission line theory, with an 
error of 2% & 2.9% in magnitude of S21 parameter w.r.t. 2nd & 
3rd harmonic frequencies respectively.

Keywords
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I. Introduction
A Wilkinson power divider consists of two (λ/4) branches of 
transmission line and an isolation resistor, where λ is the 
wavelength of the transmission line. Wilkinson Power Divider 
matches all input and output ports simultaneously and 
provides a good isolation between the output ports for the 
power divider. Also, they can handle arbitrary power levels from 
input to output ports. Wilkinson Power Dividers are essential 
components used in many microwave and millimeter wave 
circuits such as modulators, mixers, amplifiers, antenna feed 
networks, Calibration laboratories and frequency multipliers. 
This divider has a wide range of applications in both hybrid 
microwave integrated circuit (HMIC) & monolithic microwave 
integrated circuit (MMIC) [1].
The unwanted harmonics gets generated because of nonlinear 
property of the active circuit components [2]. These harmonics 
interferes the operating frequency and badly affects the 
performance of the whole system. So to eliminate the 
harmonics, one can use an additional band stop filter. But, 
this would increase the pass band insertion loss, device cost, 
circuit size and circuit complexity [3]. Now the need of additional 
band stop filter can be replaced by ‘Defected Ground Structure 
(DGS)’ technique for harmonics suppressions. 
The DGS in microstrip technology can be implemented by 
making an intentional defect on the ground that provides 
band rejection characteristic at some resonance frequency 
corresponding to the size of defect made on the ground [4].  
DGS has advantages in the area of microwave filter design, 
power amplifiers, dividers, microwave oscillators, couplers, 
transmission lines, combiners and microstrip antennas [4].
There are two different types of generic structures used for 
the design of the compact and high performance microwave 
components, named as defected ground structure (DGS) and 
the Electromagnetic Band Gap (EBG) structures generally 
known as the Photonic Band Gap structures (PBG) [4].  The 
PBG / EBG structures are proposed by Yablonovitch and John 

in 1987 [5]. However, it is difficult to use a PBG / EBG structure 
(Periodic structure) for the design of the microwave or millimeter 
wave components due to the following reasons:
1. Difficult equivalent circuit modeling 
2. High radiation effects from the periodic etched defects 

[4]
3. Manufacturing process of PBG / EBG is very complex as 

compared to DGS [6].

Table 1:  Comparison of PBG / EBG with DGS [4]

Parameter PBG / EBG DGS

Geometry
Periodic 
etched 
structure

One etched 
structure

Microwave 
Circuit 
Properties

Similar Similar

Equivalent 
circuit 
Extraction

Very difficult Relatively 
simple

The band-rejection property of the DGS can be utilized in 
selective suppression of the harmonics [7], which depends 
on the shape and size of the DGS geometry. The shape of 
the defect may be changed from the simple shape to the 
complicated shape for better performance [4].

II. Design of DGS   

Fig. 1: Isometric View of DGS [8]                    

Fig. 2: Equivalent Circuit of Unit Cell of DGS [9]

Fig. 1 shows the isometric view of unit cell of DGS.  According to 
the circuit theory, parallel RLC circuit works as a band-stop filter. 
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By applying the same concept to defected ground structures 
in microstrip technology, the vertical slot of DGS accumulates 
charge and increases the effective capacitor of the microstrip 
line. Two defected areas on both sides and one connecting 
slot correspond to the equivalently added inductance L and 
capacitance C, respectively. Defected ground structure disturbs 
the surface current distribution in the ground plane. This 
disturbance will change characteristics of a transmission line 
such as line capacitance and inductance, which changes overall 
effective resistance denoted by R. Therefore, a resonance 
occurs at a certain frequency because of the parallel RLC circuit 
as shown in Fig. 2. The lumped parameters can be obtained 
by following equations [9].

     (1)

    (2)

   (3)         
         
The design flow of a DGS is shown in Fig. 3. It starts with 
the design specifications.  The full-wave solver is used to find 
the s-parameters versus frequency behaviour of the DGS. If 
simulation result is satisfactory, then we can go for actual 
implementation, otherwise change its dimensions & check 
its validity by trial-and-error method [8]. Analysis of DGS unit 
can be done by two ways: 
1. using full wave electromagnetic simulation and 

2. by applying transmission line theory to extracted equivalent 
RLC circuit.

In this paper, an effective technique of second and third 
harmonic suppression for a Wilkinson power divider is proposed 
by using two square headed dumb-bell shaped defected ground 
structures (DGS).  The shape of dumb-bell head is not only 
limited to square but rectangular, circular, octagonal, spiral 
also can be used. In this paper two square headed dumb-bell 
shaped DGS are used because of two following reasons:
1. by varying any one of the three parameters (slot height, 

slot thickness, length of a square head) one can achieve 
a specific harmonic suppression and 

2. the design of this type of DGS is comparatively easier.

Start

Select dielectric 
material, relative 

dielectric constant,
loss tangent & thickness

Guess 
dimensions 

of DGS

Perform full-wave
analysis

1

Is the 
frequency response

acceptable?

 Yes 

Change 
dimensions 

iteratively

 No 

Extract 
S-parameters vs frequency

1

Stop

Fig. 3: Conventional Design and Analysis Method of DGS 

III. Design of Proposed Wilkinson Power Divider
The design of proposed Wilkinson power Divider is carried out 
with operating frequency of 2.5 GHz, 50 Ω line impedance, 
on FR4 substrate, with height of 1.59mm & relative dielectric 
constant (εr) of 4.3.

Fig. 4(a): Front View of   Proposed Wilkinson Power Divider

Fig. 4(b): Back View of    Proposed Wilkinson Power Divider

Equations (4) to (11) are taken from [10].Using the equation 
no. (4) & (5) the width of starting and ending microstrip line of 
Wilkinson power divider (w1) is evaluated as 3.0963mm. 
To calculate the quarter wave microstrip line width (w2) the 
equations (6) to (9) are used and it is equal to 1.6463mm. 
And the length of the (λ /4) line is found out from equation 
(10) and (11) which is 17mm. All these dimensions are shown 
in Fig. 4 (a).
The design steps of DGS for proposed Wilkinson power divider 
is explained using flowchart as shown in Fig. 3. The dimensions 
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of final design of DGS are as shown in Fig. 4 (b). 
The defected area made by left & right side of square headed 
dumb-bell is 32.96 mm2 & 34.96 mm2 respectively. The total 
defected ground area due to two square headed dumb-bells 
is 67.92 mm2. Now the layout of proposed Wilkinson Power 
Divider with proposed DGS is ready for simulation, and it is 
discussed in the next section. 

IV. Simulation Result & Discussion
The proposed microstrip circuit of Wilkinson Power Divider is 
simulated using IE3D electromagnetic simulation software tool, 
which works on MOM (Method of Moment).  The simulated 
results of Wilkinson Power Divider without DGS and with DGS 
are obtained and compared in this paper.
The scattering parameter S21 (which implies insertion or 
coupling loss) provides maximum attenuation at particular 
frequency, called as ‘Resonance Frequency (f0)’. The frequency 
from the band-rejection starts, that frequency is called as ‘Cut-
off Frequency (fc)’ and it can be obtained from the curve of S11 
scattering parameter cutting -3dB point.
Fig. 7 compares S21 parameter of Wilkinson Power Divider with 
and without DGS and readings are noted in the Table 2. From 
this table, at operating frequency 2.5GHz, the values of S21 
parameter shows approximately equal power splitting for both 
the cases as desired. 
This table also clearly proves that when Wilkinson Power Divider 
is along with proposed DGS made on the ground plane can 
suppress the 2nd  & 3rd  harmonic frequencies (i.e. 5 GHz & 
7.5 GHz) which couldn’t possible without DGS. 

Table 2: Comparison Based On S21 

Wilkinson
Power 
Divider

Magnitude of S21

At Operating 
Frequency
2.5 GHz

At 2nd 
Harm-
onic
5GHz

At 3rd 
Harm-
onic

Without 
DGS -3.3 dB -4.5 dB -5.5 

dB

With 
Proposed 
DGS

-3.5 dB -27.3 
dB

-26.2 
dB

It can be observed from Fig. 8, the value of scattering parameter 
S11, which implies the ‘Return Loss’, is found approximately 
same i.e. -15.42dB for Wilkinson power divider without DGS 
& -14.25 dB for that of with DGS, as desired.
As shown in Fig. 9, the isolation between the two output ports of 
Wilkinson power Divider, represented by scattering parameter 
S32 is decreased from -35dB to -22dB for the proposed 
Wilkinson power divider with DGS. This is the only limitation of 
the proposed Wilkinson Power Divider with proposed geometry 
of DGS.
The location of resonance frequency can be confirmed by 
observing the graph which shows variation in phase angle of 
S21 with frequency, as shown in Fig. 10.  It is to be noted that 
a ‘jumping phenomenon’ occurs only when Wilkinson Power 
Divider is along with proposed DGS, at the resonant frequency. 
Assuming ‘ω’ as a operating frequency & ‘ωo’as a resonance 
frequency of DGS, hence
1. when ω < ωo, the values of (ωo L) < (1/ (ωo C)), 
Inductive microstrip line is obtained 

2. when ω > ωo, the values of (ωo L) > (1/ (ωo C)), Capacitive 
microstrip line is obtained  

3. at ω = ωo, the values of (ωo L) = (1/ (ωo C)), the ‘jumping 
phenomenon’ occurs [4].

V. Circuit Modelling for Proposed Defected Ground 
Structures 
Equivalent parallel RLC circuit as shown in Fig. 5 is obtained 
by using the simulated results as shown in Fig. 12 & from 
equation (1), (2) & (3).  
 Note that for the proposed DGS, there are two resonance 
frequencies; therefore its equivalent circuit consists of series 
connection of two parallel RLC circuits. R1, L1 & C1 stands for left 
DGS & R2, L2 & C2 are for right DGS. As this circuit resonate twice, 
it has two cut-off frequencies & two resonance frequencies, 
named as fc1, fc2 and fo1, fo2 respectively. The values of these 
frequencies are listed in Table 3.

Table 3: Result Obtained From Fig. 1

Cut-off Frequency Resonant  
Frequency

fc1 fc2 fo1 fo2

3.2GHz 6.8 GHz 4.6 GHz 7.5 
GHz

Fig. 5: RLC Circuit Equivalent For Proposed DGS

VI. Analysis Using Basic Transmission Line Theory

Fig. 6:  Problem Set-up To Be Solved Using Basic Transmission 
Line Theory

Now in this section the aim is to validate the simulated results 
by analysing the extracted equivalent RLC circuit of proposed 
DGS, using transmission line theory. A Fig. 6 show the problem 
set up, which is to be solved using basic transmission line 
theory. Here result validation is carried out by focusing S21 
parameter, because particularly this S-parameter decides 
resonant frequency & hence the harmonic suppression 
property of DGS. 

At the resonance frequency, the value of Z = R from equation 
(12). Now using above equations [11] the calculated values 
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for S21 are -36.88dB & -26.89dB at resonance frequency 
of 4.6 GHz & 7.5GHz respectively. Thus results obtained by 
basic transmission line theory shows good agreement with the 
electromagnetic simulated results, shown in Fig. 11.

Fig. 7: Simulated Result of S21

Fig. 8: Simulated Result of S11

Fig. 9:  Simulated Result of S32

Fig. 10: Simulated Result of Phase of S21

Fig. 11: Comparison of Results of S21, Obtained By Two Different 
Methods

Fig. 12: Simulated Results To Find fc1, fc2 and fo1, fo2

VII. Conclusion
This paper has presented a new effective technique to suppress 
two harmonics simultaneously in Wilkinson Power Divider by 
using band-rejection property of two square headed dumb-
bell shaped defected ground structures (DGS). According to 
IE3D simulation results, the 2nd  harmonic (at 5GHz) & the 
3rd  harmonic (at 7.5GHz) get suppressed up to -27.32 dB     & 
-26.2 dB respectively. Hence the second & third harmonics are 
successfully get suppressed without losing the performance at 
the operating frequency. The isolation provided by the proposed 
Wilkinson Power Divider with proposed DGS is limited to -22 
dB, which was -35dB before applying proposed geometry of 
DGS to the same Wilkinson Power Divider. 
In this paper the proposed microstrip Wilkinson Power Divider 
circuit analysis is carried out by two methods:
1. Using IE3D Electromagnetic Simulation and
2. Using ‘Basic Transmission Line Theory’.
It is observed that the results obtained by both the methods 
show good agreement with an error of 2% & 2.9% in Magnitude 
of S21 parameter w.r.t. 2nd & 3rd harmonic frequencies 
respectively.
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