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Abstract— This paper presents the design of broadband two way 

equal power divider in microstrip medium with defected ground 

structure suitable for broadband communication systems. Quarter 

wave broadside coupled lines are used in the place of conventional 

transformers widely used in the popular Wilkinson power dividers. 

The proposed power divider structure takes the advantage of top 

and bottom layers of the microstrip medium to create broadside 

coupled line configuration using defected ground plane. The 

floating conductor in the bottom layer plays a critical role in 

achieving the band select characteristics. Experimental results of 

two way equal power divider designed using the proposed structure 

has been verified against the full wave simulations. The isolation 

between the paths is more than 20dB and the return loss at each 

port is better than 15dB across the desired band of 3GHz to 8GHz.  
 

Index Terms— Microstrip, Power divider, Broadband, Wilkinson  

 

 

I. INTRODUCTION 

Emerging applications of radio frequency and microwave technologies demand miniaturized 

broadband components that accommodate multiple functionalities and high performance at low cost. 

There has been a paradigm shift in the design and development of microwave systems recently. A 

definite emphasis can be observed towards broadband systems as opposed to narrowband systems. 

Microwave broadband power dividers find applications in modern High data rate wireless 

communications, Microwave imaging systems, Software Defined Radio (SDR), Cognitive Radio, 

Ultra Wide Band (UWB) radio etc.  Broad band power dividers are used for distributing or tapping 

signals in various radio frequency and microwave communication subsystems. Broad band Power 

dividers having different structures are reported in [1]-[12] by researchers. In [1]-[2], design of 

broadband power dividers is reported using Lange couplers. Broadband frequency response is the 

advantage of Lange coupler, but wire bonding is the critical issue which limits the highest frequency 

of operation. Power divider with wide operating bandwidth is reported in [3]-[7] using N stage 

transformers. Multi stage transformers are easy to design and occupy more size in realization. Non 

uniform directional couplers are used for the construction of ultra wide band power divider in [8] and 

this also requires more space for the implementation. Though 3dB couplers based on left handed 

materials offers broad bandwidth, these circuits still need more space [9]. In [10], ultra wide band 

power divider with good isolation and sharp roll off is designed using short circuited stubs and 
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coupled lines. Broadband coupler has been realized using slot coupling in multi-layer construction 

and layer alignments play a critical role in the electrical characteristics in [11]. 

Following the basic idea of Wilkinson power divider and band pass filters using broadside coupled 

lines, a novel two way broadband equal power divider is reported in this paper using defected ground 

microstrip medium.  This power divider can be treated as modification to the one in [12] reported by 

authors with an offset broadside coupled lines replaced by a symmetrically coupled lines to achieve 

equal power division. In the proposed structure, floating conductor is created in the ground plane of 

microstrip to achieve broadside coupling with the quarter wave transmission lines in the top layer. 

Symmetrical broadside coupled lines have been used as the key element to construct equal broadband 

power divider. The power divider has several advantages such as size compactness, inherent band 

pass characteristics and fabrication ease. The construction of the proposed broadband equal power 

divider is explained in Section II. Experimental results of the designed power divider are 

demonstrated in Section III. Section IV concludes the present paper. 

 

II.  TWO WAY BROADBAND 3DB POWER DIVIDER   

Defected ground microstrip structure has been used to design broadband equal power divider with 

90% bandwidth. The specifications of the broadband two way equal power divider are given below.  

 

Frequency of operation                : 3GHz to 8GHz 

Power division                   : Equal (3dB)  

Isolation between the paths       : more than 20dB 

Height of the substrate ‘h’           : 0.78mm 

Permittivity‘ εr’  of the substrate  : 2.17. 

 

Fig. 1 depicts the proposed broadband equal power divider. The overall structure is different from the 

conventional Wilkinson power divider. This structure equally divides the power over wide frequency 

band through tight coupling achieved using broadside coupled lines. The power divider is constructed 

on soft substrate having thickness of 0.78mm, permittivity of 2.17 and loss tangent of 0.01. It was 

studied from the simulations[13] that dimensions (length and width of lines) of the power divider will 

be smaller for high permittivity substrates, when compared to the low permittivity substrates.  

Bandwidth of the power divider widens as thickness of the substrate reduces. 
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Figure 1. Proposed broadband equal power divider 

 

As shown in Fig. 2, transmission lines in the top layer and the floating conductor in the ground plane 

constitute broadside coupling. The center frequency of the power divider is 5.5GHz and broad side 

coupled lines are quarter wave long at 5.5GHz. Lengths L1, L2 and L1+g+L2 can be varied to alter 

the center frequency. L1 and L2 are quarterwave long and L1+g+ L2 are half wave long at the center 

frequency of operation. Dimensions of the floating conductor and spacing between the coupled lines 

‘g1’ control the coupling of power between the arms. For the proposed power divider,  Maximum 

fractional bandwidth of 110% can be achieved for the wider floating conductor(7mm) and minimum 

fractional bandwidth of 10% can be achieved for narrower floating conductor(2mm). No power 

division occurs for the uniform ground(no floating ground). In the design, a 100Ω resistor is placed 

between the coupled lines in the top layer as shown in Figure 2 to achieve good isolation between the 

output ports.  

 

The proposed two way equal power divider was simulated using ‘IE3D’ from Mentor graphics [13] 

and the results are shown in Fig. 3. It is clear from the results that the operating frequency band is from 

3 GHz to 8GHz (90%). It is observed from the simulations that the proposed power divider performs 

the integrated actions of band pass filter and power divider. Physical dimensions of the power divider 

are listed in Table I. 
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Figure 2. Different layers of proposed broadband equal power divider 

 

Figure 3. Simulation results of the proposed power divider 
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TABLE I.  DIMENSIONS OF TWO WAY  EQUAL POWER DIVIDER  

Dimensions Values(mm) 

Wo 2.4 

W1 4 

L1 8.65 

L2 8.9  

g 2.5 

g1 2.25 

g2 0.3  

W2 6 

  

 

III. EXPERIMENTAL RESULTS 

Photographs of assembled broadband two way broadband equal power divider is shown in Fig. 4. 

Standard procedure of printed circuit board (PCB) fabrication has been followed to manufacture this 

power divider. Edge mount PCB connectors are used at the input and output. The input and output 

lines along with isolation resistor can be seen in Fig. 4a. Fig. 4b shows the floating rectangular 

conductor formed in the bottom layer. The assembled power divider has been tested using vector 

network analyzer (VNA). Fig. 5 shows the measured power division and input return loss 

characteristics of the power divider. Measured results of isolation and output return losses are shown 

in Figs 6 and 7 respectively. Measured results show that proposed power divider exhibits broadband 

frequency characteristics(3GHz to 8GHz). Measured insertion loss of the equal power divider is 

0.2dB and the amplitude variation between the ports is within ± 0.2dB. The isolation between the 

ports is more than 20dB. The input/output return loss of the power divider is better than 15dB. It is 

observed that experimental results are closely reasonable with the EM simulation results. The power 

divider measures length of 39mm and width of 35mm. Another aspect of the proposed power divider 

is that floating conductor should not contact with any metal surface of the system where it is being 

used and clearance or provision has to be made in the system to take care of this. If the floating 

conductor contacts directly with any metal surface, the bandwidth of the power divider shrinks based 

on the contact scenarios. 
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Figure 4. Photograph of assembled equal power divider. a)Top layer, b)Bottom layer 

 

 

Figure 5. Measured scattering parameters(S) of power divider 

 

http://dx.doi.org/10.1590/2179-10742017v16i2757


Journal of Microwaves, Optoelectronics and Electromagnetic Applications, Vol. 16 No. 2, June 2017 
DOI: http://dx.doi.org/10.1590/2179-10742017v16i2757 

Brazilian Microwave and Optoelectronics Society-SBMO received 27 July 2016; for review 28 July 2016; accepted 29 Dec 2016 

Brazilian Society of Electromagnetism-SBMag © 2017 SBMO/SBMag ISSN 2179-1074 

 

369 

 

Figure 6. Measured isolation 

 

Figure 7. Measured output return losses  
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IV. CONCLUSIONS 

This paper has presented a novel two way broadband equal power divider. The design is based 

on broadside coupled microstrip lines. A floating conductor was created in the ground plane of 

microstrip to form broadside coupled lines to achieve tight coupling. An experimental power divider 

has been manufactured and tested to verify the electrical performances. The coupled power is 3.2dB ± 

0.2dB over 3GHz to 8GHz at the output. The return loss at all the ports is better than 15dB. The 

measured isolation between the output ports is more than 20dB over the required frequency band. The 

measured results are in good agreement with the analytical and EM simulation results.  
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