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Abstract—This paper presents the study of reflection losses in a tuned 8 port power divider with circular and square slotted 

Electromagnetic Bandgap structures (EBG) by varying the dimensions of the slots as well as the transmission lines. Further, 

the tuning feature makes the proposed power divider not only compact but also to work at S, C, X and the upper Ku bands 

by introducing periodic structures and thus enhancing the bandwidth with less reflection losses. Various parameters like 

reflection coefficient, insertion loss of the tuned EBG power divider are studied by varying the number of slots in the 

ground plane using Agilent Advanced Design System 2009 and 2016 simulators respectively. 

 

Keywords— Power divider , bandwidth, insertion loss, reflective loss, X, Ku-band,ADS.  

I. INTRODUCTION 

Wireless communications are shifting towards the ultra 

high frequencies and data rates in order to meet the 

technological advancements. Usually high data rates are 

achieved using antenna arrays which are highly directional. 

The gain of an antenna depends on the power it receives 

from the preceded device which in deed acts as power 

feeder to antennas. The feeding devices for the antenna 

arrays should have high isolation, low insertion and 

reflection losses. Many power dividers like „T‟-junctions, 

Wilkinson and Geysel are used as power feeding devices 

for antenna arrays [1]. Wilkinson power divider consists of 

quarter wavelength transformers on the output lines and a 

resistor connecting the two output lines which improves the 

isolation between the output ports [2-3]. Wilkinson power 

dividers are usually narrow band devices and thereby 

require cascading of quarter wavelength transformers in 

order to increase the bandwidth. Conventional power 

dividers have one input and „  ‟ output ports. Power 

dividers are proposed with 6 output ports in order to 

achieve good insertion loss and improve reflective losses 

[4].  But, Wilkinson power dividers are limited to low or 

medium power applications.  Wide bandwidth is achieved 

in L-band by using the power divider with 6-outputs than 

compared to that of a conventional 1:2 power divider [4]. 

Performance parameters of the power dividers can also be 

improved by changing the properties of the substrate. Slots 

etched periodically on the ground plane also enhance 

bandwidth along with reduction in the surface waves and 

these structures are called as Electromagnetic Band gap 

Structures (EBG). Bandwidth of power divider can further 

be enhanced by mounting later on the EBG structures and 

introducing tuning elements like capacitor and inductor by 

varying the dimensions of the transmission line. These 

structures are often used with coupled lines where the 

power division is achieved by varying the spacing between 

the lines. Coupled lines facilitate the introduction of tuning 

elements by varying the spacing between the microstrip 

lines. These power dividers have wide bandwidth due to 

the tuning elements present inside them [5]. Apart from the 

equal power dividers, unequal power dividers are proposed 

depending on the application. Unequal power dividers 

often possess wide bandwidths without utilizing the tuning 

elements [6]. For high power applications, Geysel power 

dividers are used [7]. These power dividers not only 

improve the power handling capability but also keeps track 

on the imbalance at the output ports.  Unequal power 

dividers are designed by cascading the transmission line 

transformers which improves performance parameters [8]. 

Wilkinson power divider designed below the dielectric 

substrate using double-sided parallel strip line increases the 

bandwidth up to 4GHz [9].  Waveguide power divider is 

designed using Multi Cavity Modeling Technique 

(MCMT) and acts as an efficient feed for antenna arrays 

[10]. Waveguide power dividers also perform filtering 

functions in order to select the band of interest and 

suppress the harmonics [11-12]. The improved form of 
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waveguide called Substrate Integrated Waveguide (SIW) is 

often used to design the power dividers in order to improve 

the compactness and ease the integration. SIW power 

dividers proposed can work in K, V, W bands thus 

improves the isolation [13-14]. Ring type SIW power 

dividers with 1.5λ length are proposed [15]. Moreover, the 

impedance of SIW power divider is independent of cut off 

frequency and isolation resistance [16]. Alternate method 

for enhancing the bandwidth is realizing power dividers 

with stepped-impedance transmission lines and stubs [17].  

The transmission lines introduce capacitive path in order to 

suppress the harmonics [17]. Coplanar wave guide (CPW) 

is another form of planar transmission line which eases the 

process of integration.   

II. DESIGN OF THE PROPOSED POWER DIVIDER 

The proposed power divider is designed on the Rogers 

RT/duroid 5880 substrate of height 0.254mm and relative 

dielectric constant of 2.2.The whole design is carried out in 

ADS 2009 schematic as well as in momentum using 

method of moments. The characteristic impedance of the 

input transmission line is fixed at 50 Ω.  Quarter 

wavelength lines of with operational frequency of 10 GHz 

are designed to have the characteristic impedances of 50√  

Ω each. Dimensions of main lines (50 Ω lines) especially 

are tuned stepwise. By doing so, main lines introduce 

filtering feature to the power divider.  

 

 
 

Figure 1.  Microstrip Line 

 

From fig.1, the width and length of the input transmission 

line at 10GHz is calculated by using the following 

equations: 
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Using the above design equations, the width (    of the 

input transmission line is obtained as 0.762 mm and the 

electrical length (     is tuned to       or equivalently 

9.39mm in order to introduce the shunt L-C elements on 

the input line. Using the below equation for calculating the 

length of the quarter wavelength transformer, 

Line length=  
 

  √    
 where „c‟ is the velocity of light and 

„f‟ is the frequency of operation. The width of quarter 

wavelength lines (    is 0.457mm each. Electrical lengths 

(    of the quarter wavelength lines are tuned to 82° or 

equivalently 5.08mm in order to introduce the series L-C 

elements. The transmission line equivalent of the proposed 

power divider is designed in ADS-2009 schematic as 

shown in fig.2. The basic idea behind the proposed 

structure of power divider is to make the divider compact 

and providing power closest to the ideal value of 8 output 

power divider. 

 

S-parameter matrix of the tuned power divider is same as 

that of Wilkinson power divider given by: 
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Figure 2. Schematic of the proposed power divider 

 

Fig. 3(a) & 3(b) shows the proposed tuned power divider 

and its layout in ADS-momentum. As quarter wavelength 

line is not an impedance matcher and therefore, it 

introduces tuning elements like inductor and capacitor at 

each junction of the power divider. These tuning elements 

form a fourth order band pass filter with wide band pass 

response and divides power over a large range of 

frequencies. 

 
 

Figure 3(a).  Proposed tuned power divider 
Figure 3(b).  Layout of the proposed tuned power divider 

III. DESIGN OF THE PROPOSED POWER DIVIDER WITH 

SQUARE AND CIRCULAR EBG STRUCTURES  

The proposed power divider is implemented using 

Electronic Band gap Structures (EBG) with width (W) 

30.54mm and length (L) of 25.4mm with square and 

circular etched.  Fig. 4(a) & 4(b) shows the proposed 15 

slotted EBG tuned power divider and its layout. For the 15 

slotted EBG shown in fig. 4(a), the dimensions of square 

slot (a) are 2.54mm by 2.54mm and the radius (r) of 

circular slot is 1.25mm.  Horizontal (s) and vertical (  ) 

spacing is chosen to be 9mm and 3mm respectively.. 

 
 

 Figure 4(a). Proposed tuned power divider with 15 slotted EBG structure 
Figure 4(b). Layout of the tuned power divider with 15 slotted EBG 

structure 
 

Fig. 5(a) & 5(b) shows the proposed 42 slotted EBG tuned 

power divider and its layout. For the 42 slotted EBG 

structure shown in fig. 5, the dimensions of square slot (  ) 
are taken as 1mm by 1mm and the radius (  ) of circular 

slot is 0.5mm. Horizontal spacing (  ) between the slots is 

chosen to be 3.2 mm and vertical spacing (  
 ) is chosen to 

be 4.1mm. 

 
 

Figure 5(a). Layout of the proposed power divider with 42 slotted EBG  

Figure 5(b). Proposed power divider with 42 slotted EBG  
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IV. RESULTS AND DISCUSSIONS 

All the simulated results are observed at 3.152 GHz, 5 

GHz, 11.32 GHz, 12 GHz and 12.11 GHz respectively 

using ADS-2009 simulator using method of moments. The 

schematic of the proposed power divider is simulated using  

 
 
            Figure 6. Consolidated plot of reflection coefficient and insertion 

loss of the tuned power divider 

 

Fig. 6 shows the consolidated plot of reflection coefficient 

and insertion loss of the schematic layout of proposed 

tuned power divider shown in fig.2. 

 

 
 

Figure 7. Consolidated plot of reflection co-efficient and insertion loss of 

the proposed power divider in momentum 

 

A flat band with low ripples is observed between 8.2 GHz 

to 13.4 GHz.  Theoretical insertion loss is given by: 

                      [
             

             
] 

Theoretically the insertion loss for an 8:1 power divider has 

to be    -9.03dB. Consolidated plot of insertion loss and 

reflection coefficient for the layout in momentum are 

shown in fig. 7.   

                    [
                         

             
] 

Losses considered are conductor, dielectric and insertion 

type.        

Fig. 8(a) shows the plot of reflection coefficient (blue 

graph) and insertion loss (red graph) of a 15 slotted EBG 

power divider as shown in fig. 4(a) and fig. 8(b) shows the 

plot of reflection co-efficient for the 42 slotted EBG power 

shown in fig. 5(a).  

 
 

Figure 8(a).Reflection coefficient and insertion loss plot of 15 slotted 

EBG power divider. 

Figure 8(b).  Reflection coefficient plot of a 42 slotted EBG power divider 

 

A 0.01mm change in the side of a square slot shifts the dips 

to K and    bands and the insertion loss of less than -

15.12dB is obtained. A 0.01mm change in the radius of the 

circular slot shifts the frequencies to lower gigahertz range 

with high insertion loss. Therefore, a trade-off has been 

chosen to obtain proper return and insertion loss values. 

Table.1. shows the tabular data of reflection losses of 

normal power divider, 15 slotted and 42 slotted EBG power 

dividers in the S and Ku bands. Reflective losses are highly 

reduced at S, C, X and Ku bands. 15 slotted EBG power 

divider works at multiple bands than that of a 42 slotted 

EBG power divider. 

 
TABLE I   COMPARISON BETWEEN EBG POWER DIVIDERS AND TUNED 

POWER DIVIDER. 
 

 

 

Frequency 

(GHz) 

 

    of tuned 

power 

divider(dB) 

[Fig.7] 

 

    of 15 

slotted EBG 

power 

divider(dB) 

[Fig.8(a)] 

 

    of 42 

slotted EBG 

power 

divider(dB) 

[Fig.8(b)] 
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3.152 -10 -23.8 -17.181 

5 -11.6 -17 -0.1 

11.32 -8.1 -14 -20.458 

12 -9 -16 -0.8 

12.11 -9.1 -16.95 -1 

V. CONCLUSIONS 

Reflective losses of EBG and tuned power dividers are 
studied and compared. The designer can choose these 
power dividers depending on the type of application. High 
degree of compactness is achieved by using the proposed 
power dividers. Subsequently, the antenna array size gets 
reduced with increased gain and directivity when fed with 
the proposed power divider. EBG power dividers have low 
reflective losses with square, circular slots but frequency 
range of operation is limited. Further, EBG power dividers 
have insertion loss closest to the ideal value. These power 
dividers can be used in the TDRS (Tracking Data Relay 
Satellites) in order to feed the phased array antennas in the 
satellites. 
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