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Abstract- In this paper we have suggested a very compact reversible equal power divider by using rectangular rings. The 
rectangular rings of different impedances on microstrip line are proposed in this design. In the proposed design 3 dB powers 
splitting from one input port to two output ports is achieved. We obtain good impedance matching at all the three ports and 
also excellent isolation between two output ports are achieved over L band (1-2 GHz), S band (2-4 GHz) and UWB( 3.1-10.6 
GHz) range. The simulated return loss is -61.56 dB at 9.2 GHz design frequency. The average insertion loss and group delay 
are around 3 dB and 0.13ns respectively. The proposed design is very compact that is size reduction of 95% as compared to 
conventional design is achieved. The design is reversible and simple. Etching a slot on the section of power divider enhances 
bandwidth and reduced return loss up to -61.56 dB at 9.2 GHz. The proposed design was simulated using CST- Microwave 
Studio. With adjusted parameters the proposed antenna exhibits a broad impedance bandwidth and good isolation between 
output ports. 
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I. INTRODUCTION 
 
Power dividers called as power splitters and when 
used in reverse it acts as the power combiner a vital 
role in various RF and communication application 
[1]. It is a passive device which is used in the field of 
radio technology which requires power to be 
distributed among different paths. The easiest way to 
approach this method can be done by using a power 
splitter/divider. Basically power dividers are 
reciprocal devices that are they can also be used to 
combine power from output ports into the input port 
[2]. A power divider for RF power division and 
combinations is basic passive component and applied 
to many millimeter-wave systems and needed in 
various microwave applications. UWB systems are 
having main features such as low cost, low 
complexity and very high data rate for short ranges. 
So, UWB is a short distance radio communication 
technology that operates over 3.1-10.6 GHz 
frequency spectrum. However, the narrow bandwidth 
provided is a serious problem for UWB systems. The 
L band and S band operates over 1-2 GHz, 2-4 GHz 
band respectively. There are various applications in 
these frequency bands like mobile services, satellite 
navigation, telecommunication, amateur radio, 
astronomy, digital audio broadcasting, satellite 
communication, amateur television and many more. 
The two main categories of power dividers are 
reactive and resistive and each can be suited for its 
own specific applications. Wilkinson Power Divider 
(WPD) belongs to reactive power divider in which it 
has some special properties such as lossless network, 
high isolation between output ports and low insertion 
and isolation loss [3, 4].It has a single input port and 
more than one output port. But the main advantage of 
divider is that all ports are theoretically matched and 
output ports are isolated from one another [5]. It is 
usual, but not mandatory, for the transmission from  

 
the input port to be identical to all output ports. It can 
be designed with different transmission line sections 
such as s strip line, coaxial, microstrip, airstrip and 
lumped element circuit topographies to realize its 
designs. Three-port networks cannot be reciprocal 
and matched without being lossy [6, 7]. The solution 
to this, in the Wilkinson Power Divider, is to add a 
resistor between the two outputs. This resistor 
absorbs energy if there is a mismatch between the 
outputs. One of the biggest drawbacks of the 
Wilkinson Power Divider is that it has a quite narrow 
bandwidth which is a serious barrier for UWB 
application. Among them, the UWB devices have 
attracted great interest in industrial communities [8]. 
In the past years, a large number of Wilkinson Power 
Dividers have been studied and reported in the 
literatures [1-16]. A new technique for suppressing 
multi-spurious pass bands of microstrip Wilkinson 
power divider by means of multi-band defected 
ground structure (DGS) has been proposed in [9]. A 
circularly symmetric power divider has been 
presented in [10] which split a signal into n equi 
phase equi amplitude parts where n can be odd or 
even. The power divider provides isolation between 
output terminals and approximately matched terminal 
impedances over about a 20 percent band. In [11], a 
novel microstrip power divider with capacitor loading 
has been proposed in which the whole size of new 
structure has been reduced to 47% of conventional 
Wilkinson power divider. A novel approach to the 
design of an Ultra- Wideband power divider was 
proposed in [12]. In order to achieve the ultra-
wideband performance, the divider is established by 
introducing rectangular rings of different impedances 
on microstrip line due to which good insertion loss 
has been achieved. Also, the circuit integration is 
enhanced because of the special placement of the 
isolation elements. A new family of planar 
Wilkinson-type power dividers with multi-band 
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operation has been proposed in [13]. In [14], a 
modified two-way microstrip Wilkinson power 
divider with the total dimensions reduced by 50% 
compared with the conventional circuit was 
presented. 
 
In this paper we have designed a reversible power 
divider by using rectangular rings of different 
impedances on microstrip line that fit within 
Wilkinson power divider. In order to achieve the 
wide bandwidth over L-band, S-band and ultra wide 
band the divider is established by using these 
rectangular rings and etching a slot on widest 
rectangular section of divider.  In the design results 
indicate that proposed power divider has wide 
bandwidth, very compact size, reversible structure, 
good impedance matching, low insertion loss and 
reduced group delay within operating band. 
 
The size reduction of 95% as compared to 
conventional power divider is obtained in this 
proposed power divider. It can be noted that such a 
design can be utilized to UWB active power 
combining system. Clearly, this type of microstrip 
planner UWB power divider is different approach 
than waveguide based power dividers. 
 
II. STRUCTURE AND DESIGN 
 
Fig.1 shows basic structure of traditional two-section 
Wilkinson power divider with matched port. The 
proposed power divider is simulated by using CST-
Microwave Studio. In this design rectangular rings of 
different impedances on microstrip line and isolator 
resistor are used. [10]. The power divider is fabricated 
on Rogers 5880 substrate with dielectric constant of 9 
and thickness of 0.8 mm and isolator resistor R=100 
ohm enhances the isolation between output ports and 
used to avoid mismatch between output ports. 
 

 
Fig.1. Top View of Proposed Power Divider 

 
In order to reduce the size of power divider we have 
used stepped impedance technique. The size is 
reduced to 95% as compared to conventional design. 
By introducing a slot of 1mm x 0.2 mm we obtain a 
wide impedance bandwidth covering entire L band, S 
band, ultra wideband and return loss less than -60 dB 
at 9.2 GHz is achieved. Along with very compact size, 
wide bandwidth and simple design the proposed 
power divider  has reversible structure that is front and 

back side of divider are exactly similar which is very 
big advantage of proposed design.   
 

 
Fig.2. Top View of Proposed Power Divider 

 

 
Fig.3. Back side View of Proposed Power Divider 

 
Fig. 2 shows the proposed 2-way power divider (that 
is N=2). For a design frequency of 9.8 GHz and ports 
impedance of 50 ohm, the proposed design area is 15 
x 5.6 mm. Another advantage of using rectangular 
shaped divider is that all output ports are designed 
together. The resistance is fixed for upper and output 
lines which give good isolation and matching. By 
etching a slot on the widest section of power divider 
we obtain wide bandwidth over L band, S band and 
ultra wideband and also return loss decays around 9.2 
GHz to value of -61.56dB. The proposed design is 
reversible that front and back side of power divider is 
similar. Fig.3. shows the back side of proposed power 
divider. The reversible structure is a big advantage of 
the proposed design. By introducing the slot on widest 
rectangular section we obtain return loss -10 dB over 
entire UWB range. 
The size reduction of 95% is achieved in proposed 
design. Table-I shows the dimensions of front and 
back side of proposed power divider. 
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Table-I 

 
 
2.1. Mathematical Analysis 

 
Fig-4: Schematic of UWB Power Divider 

 
A schematic diagram of proposed power divider, 
which shows an equal power division over an UWB 
frequency band, is shown in Fig-5. 
 

 
Fig-5: The proposed UWB Wilkinson Power Divider 

 
Each quarter-wave line of a conventional Wilkinson 
power divider is replaced by two sections of 

rectangular rings with different characteristic 
impedance Za and Zb and the physical lengths La and 
Lb, respectively. 
 
(a) Even-mode Analysis 
The equivalent circuit of the power divider in the 
even mode is shown in Fig-6. 
 

 
Fig-6: Circuit of the power divider for the even-mode analysis 

 
Since does not current flow through the plane of 
symmetry, the resistor R can be omitted and the 
characteristic impedance Z0 at port 1 is doubled. By 
introducing the equation in [9], we have 

La = Lb = 
21 
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Where RL is replaced by 2Z0 in Fig-3 and 
 
  = (tan ( 1 La) ) 2                                                      (4)  

                                                     


 2

                                                                  (5) 

By the formulas, the resonance center frequency is 
mainly determined by the length of the two sections 
of rectangular rings La and Lb. And the bandwidth Δf 
is determined by the ratio of Za and Zb. 
 
(b) Odd-mode Analysis 
The equivalent circuit of the power divider in the odd 
mode is shown in Fig-7. 
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Fig-7: Circuit of the power divider for the odd-mode analysis 

 
The input impedance at port 2 can be calculated as 
follows: 
Z'odd = jZa tan ( 1 La)                                              (6) 
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Where La = Lb 
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 For the impedance matching to Z0, resulting in 
 
Zb - Za (tan ( aL1 ) 2 = 0                                       (9) 
 
R = 2Z0                                                                   (10) 
 
According to, (1) to (5) and (9) and (10), all the 
electrical parameters of the proposed Wilkinson 
circuit are then derived. The power divider has wide 
bandwidth, good impedance matching and better 
isolation over L band (1-2 GHz), S band (2-4 GHz) 
and UWB( 3.1-10.6 GHz) range. 
 
III. SIMULATED RESULTS AND DISCUSSION 
 
Fig.8(c) shows simulated return loss of proposed 
power divider design. It can be seen from the return 
loss plot that input power has been split equally to 
two output ports. The isolation is less than -10dB and 
the performance of proposed design is excellent in 
terms of return loss over entire L bans, S band and 
ultra wideband. Fig. 8(a) shows the simulated return 
loss on proposed power divider. By etching a slot on 
widest rectangular section of power divider the return 
loss decays up to -61.56 dB and also return loss 
become less than -10 dB over entire UWB range.  

 
Fig.8(a). Simulated return loss vs. frequency of proposed power 

divider 
 
Also excellent input port matching is achieved with 
S11 -61.56 at the design frequency 9.2 GHz as shown 
in fig. 8(c) and this figure also shows that the 
transmission parameter S21 and S31 are very close to 
3dB at the desired frequency range covering L band, 
S band and ultrawideband.  The small deviation could 
be due to losses and discontinuties. The design 
provides excellent approach to design a wideband 
power divider. 

 

 
Fig.8(b). Simulated isolation and return loss at output ports 

 

 
Fig.8(c). Simulated result of proposed power divider 
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Fig.8 (b) shows the isolation between the 2-way 
power divider output ports. Good isolation between 
the output ports S23 at design frequency 9.2 is 
obtained here. Fig 8(b) shows the output ports 
matching parameters S22 and S33. The output port 
matched and achieved return loss less than -10 dB at 
9.2 GHz.  
Fig.8 (d) shows the group delay within L band, S 
band and UWB which shows good linearity within 
these bands. It means the signal reaches from input 
port to output port at same time. In our proposed 
design the groups delay also decreases. Here at L 
band, S band and ultra wideband the total group delay 
is around 0.13ns with very little variation of about 
0.02ns over desired frequency band covering wide 
bandwidth. 
 

 
Fig.8(d). Simulated group delay of proposed power divider 

 
The proposed power design structure is very compact 
that is 95% smaller than conventional power divider. 
Also the proposed design with reversible and simple 
structure stands out as a good candidate for many 
applications. We obtain good impedance matching, 
good isolation and reduction in return loss by this 
proposed design. 
 
CONCLUSION  
 
In this paper we have tried to design very compact 
reversible and simple power divider for L band (1-2 
GHz), S band (2-4 GHz) and ultra wideband (3.1-
10.6GHz). In order to achieve wide bandwidth 
rectangular rings of different impedance on 
microstrip line and etching a slot on widest 
rectangular section of power divider is suggested. We 
obtain good isolation and reduced return loss with the 
proposed design. From the simulated results it can be 
seen that good power splitting near 3dB, impedance 
matching and isolation has been obtained. The size 
reduction up to 95% and reversible structure are big 
advantages of proposed power divider design. The 
proposed design occupies 15mm x 5.6 mm area. 

Simulated results show 3dB power divider works 
efficiently over wide bandwidth. 
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