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Abstract: - In this paper the sector microstrip multiple port power divider is analyzed by using the fullwave 
finite element method. A new design formula is derived for designing this divider with different geometrical 
and physical parameters namely the substrate dielectric constant, substrate height and power divider radius. The 
maximum error in calculating the center frequency of the power divider does not exceed ±4%. 4-way and 5-
way sector microstrip power dividers are realized on teflon substrates using thin film technology. Good 
agreement is found between the experimental and numerical results obtained from both the finite element 
method and the ready-made software package IE3D.       
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1  Introduction 
The power divider and power combiner circuits are 
used extensively at microwave and millimeter-
wave frequencies especially the planar (microstrip 
type) configurations. Two particular circuit types 
are often used namely the symmetric geometry with 
radially oriented lines [1] – [2] and the fan out 
Wilkinson-type geometry [3]. The design and 
development of 6 and 12 way fork power divider 
has been demonstrated [4]. These designs may be 
obtained by using CAD to model multiway 
microstrip line junctions followed by final 
experimental tuning. The experimental results have 
shown high performance fork power dividers. 
The use of circular disk planar segments for 
designing symmetrical power divider circuits were 
discussed in [5]. Due to their geometrical 
symmetry, they don't exhibit any imbalance in 
either the amplitude or the phase of the output 
signals at any frequency. This property makes them 
suitable in the design of multielement antenna feed 
systems, and for replacing the lossy corporate feed 
structures used in feeding a linear array of antenna 
element. Also, it can be used as a multiport power 
combiner to combine multiple oscillators or 
amplifiers in a single module thus resulting in 
higher output power capabilities. Ghadha and 
Gupta [6] derived the Green's functions for the 
circular and annular sectors in double series format. 
Abouzahra and Gupta [7] used circular sectors as 
power dividers/combiners. [8] use single series 
Green's function for both circular and annular 

sector to improve the previous solutions. In both 
papers, an unnecessary constraint is reiterated, that 
is, the restriction of the sector angle to an integer 
submultiple of π . This unnecessarily limits the 
design flexibility, as their formulation is applicable 
to any sector angle without any modification but 
leads to using fractional order Bessel functions. 
This restriction has promoted some researchers to 
use a more computational methods [8] and 
boundary element method [9], [10].    
This paper analyzes the sector power divider using 
finite element method in fullwave analysis. This 
analysis is general and neither restrict the sector 
angle nor the number of ports. The four-way and 

the five-way power dividers with o90 angle have 
been designed, fabricated, and tested. The 
measured and calculated scattering parameters are 
found to be in good agreement. 

 
2  Field Analysis 
A generalized schematic diagram of a sector power 
divider is shown in Fig.1.  

The separation between ground plane and 
the conductor (substrate dielectric thickness) h is 
arranged to be small w.r.t the wavelength in order 
to ensure that higher order modes which vary in the 
z-direction are suppressed. This assumption implies 

that only the ( yxz HHE ,, ) field components exist. 

The zE  field in a planar junction satisfies 

the Helmholtz scalar wave equation  
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Fig.1 Schematic diagram of four port 
planar sector power divider 

 
with the boundary condition that the tangential 
magnetic field vanishes on the boundary 
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At the coupling ports, 0≠tH  and zE  satisfies  
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In order to solve (1) with (3a-b), it is convient to 

introduce a Green's function G(r| or ). The Green's 

function G(r| or ) is defined as the solution to 

differential equation [11] 
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Where )( orr −δ  is the dirac delta function, and it 

satisfies the boundary conditions [11] 
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 When a magnetic field )( orH
−

 is located at 

point or , the electric field on the contour of the 

sector is evaluated as:  
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Where the integration is carried over the coupling 

port iP . 

)(rE z : applies at any point in the sector 

including the interval defined by the coupling ports. 

Expanding the Green's function as a series of 

complex eigenfunction aφ gives [12] 
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Where the eigenfunctions aφ  and the eigenvalues 
2
aK  are the solutions to the differential equation  

0)()( 22 =+∇ rK aat φ     (8) 

With the boundary conditions imposed on the 
Green's function in (5). The eigenfunction are 
orthogonal and normalized. 

Assuming that tH is constant over each coupling 

port and using Eq.(6) and(7), and assuming that all 

the coupling ports are of equal width, ijZ  is given 

by [11] 
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Where, eR  is the characteristic impedance of a 

microstrip line of width W and printed onto the 

substrate of a dielectric constant rε . 
 

 
Fig.2 Circular sector power divider discretization 

 
3  Finite Element Method 
In this work we have chosen the finite element 
method. The sector power divider is subdivided 
into elements as shown in Fig.2. The chosen 
element is a quadratic triangle element with six 
nodes in each element. This choice for the 
discretization process increases the accuracy of the 
solution and it is suitable for the circular 
circumference of the sector power divider.  

The polynomial eigen function 
'
aφ  is 

introduced to solve the problem numerically. The 
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stored energy in the circuit is minimized by 
imposing the Rayleigh Ritz condition on the 
functional, F which is given by [11]  
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S
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Where r is the position at which Ez field is 
observed. 

The polynomial eigen function '
aφ , that 

fulfills this minimization satisfies both Helmholtz 
equation and the boundary conditions for the eigen 

function aφ ; besides it is an approximation to the 

exact function aφ and it is expanded as  

 i
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Where :iC  The complex expansion coefficients to 

be determined. 

           :iN Real basis functions. 

           M: The number of the basis function to be 
considered. 
 
Using Eqs. (10) and (11) then imposing Rayliegh 
Ritz condition 
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reduces the problem to a set of simultaneous 
homogenous equations of the form  

[ ] [ ][ ][ ] 0.2 =− CBkA a               (13) 

Which is the generalized eigen value problem. 
The [A] and [B] are symmetrical matrices and [C] 
is a column vector defined as  

t

MccccC ],....,,,[ 321=  (t: transpose) 
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A polynomial expansion for eigen function aφ is 

formed for each element of )( iiNC . This enables A 

and B matrices to be calculated. The elements of 
the matrices are then assembled together to form 
the complete eigen value problem. A MATLAB 
program was built using the finite element method 
and a study was made on the effect of the number 
of the elements, the number of nodes and the 
number of modes on the accuracy of the obtained 
numerical results. It was found that taking the 
number of elements to be 78, the number of nodes 
189 and the number of  modes 100, gives sufficient 

accurate results as compared with other published 
one. Also, the results were very stable. 

Fig.3 shows some modes for electrical field 
distribution of the sector power divider. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.3 Some modes for electrical field distribution 
 
4  Design Formula 
A novel new empirical formula for designing the 
circular sector power divider was derived  by using 
curve fitting. This formula calculates the center 
frequency of the power divider as a function of the 
sector radius, substrate permittivity and substrate 
thickness. The maximum error in calculating the 
center frequency of the four port and five port 
power divider with apex angle 2/π  does not 
exceed ±4%. This formula is valid in the ranges 

105.1 ≤≤ rε , mmhmm 5.12.0 ≤≤  and 

.3510 mmRmm ≤≤ Table (1) gives some of the 
calculated results. 

( ) ( / )
[ ]

B C D R

r
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Where 

)1743746.60182( 32 hhhA −++=  

)00544.0159.0432.0952.0( 32 hhhB −+−−=  

)0383.0121.0101.0508.0( 32 hhhC +−+−=  

)138.0778.056.221.0( 32 hhhD −+−=  

h: substrate thickness 

rε : Substrate dielectric constant  
R: Radius of the sector. 
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Where:  
Fz: center frequency obtained by IE3D. 
Fn: center frequency obtained by the numerical 
FEM program. 
Ff: calculated ceter frequency of the formula. 
 

5  Numerical and Experimental 
results 
Three different cases of the circular sector power 
divider (4 and 5 ways with an angle of 90 degree) 
have been designed, fabricated and their 
performances were measured using the HP 8719ES 
vector network analyzer. A photograph of these 
circuits is shown in Fig.4. 

  
 
 
 
 
 
 

 
 
 
 

εr=2.2 , h=0.031,ً R=15 cm , Four way output 

 
Fig.4 A Photograph of 4-way and 5-way microstrip 

sector power dividers. 
 
Figs. 5-10 show the scattering matrix 

parameters of the 4-way sector power divider that 
were obtained numerically using the finite element 
method and the experimental results together with 
the published results [4] and that obtained by using  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
the IE3D ready-made simulator for two 

different substrate materials. It should be noted that 
there is a little discrepancy between our numerical 
and experimental results. This may be attributed to 
the fact that we didn't take the conductor and 
dielectric loss into account in addition to the effect 
of the launchers which can not be detected 
numerically. These results indicate that the center 
frequency is around 9 GHz and 8 GHz, where the 
minimum reflection occurs (S11) and at the same 
time the power output is divided equally between 
other ports (-6dB). These figures represent the case 
of four way-output with apex angle of 90o and 
realized either on teflon Duroid 5880 with εr = 2.2 
and h = 0.031 ًor Duroid 6006 with εr = 6.15 and h = 
0.025 ً.  

Figs. 11-14 show the case of 5-way power 
divider that was realized on teflon Duroid substrate 
5880 with εr = 2.2 and h = 0.031 ً , with an apex 
angle of 90o. The output power in each port in this 
case is -7 dB, while the reflection coefficient at the 
center frequency is -20 dB. The bandwidth is about 
18.75%. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Case 
No. 

εr h R 
No. of 
output 
ports 

Fz Fn Ff 
Error 
% 

1 2.2 0.7874 15 4 9.13 9.3 9.36 -2.48 
2 2.2 0.7874 15 5 9.25 9.3 9.36 -1.189 
3 6.15 0.635 10 4 7.9 7.8 7.585 3.98 
4 6.15 0.635 10 5 7.74 7.8 7.585 -1.524 
5 2.33 0.635 12 4 10.86 11.25 11.124 -2.39 
6 2.33 0.635 12 5 10.825 11.25 11.124 -2.76 
7 6.15 0.7874 10 4 7.84 7.95 7.718 1.045 
8 6.15 0.7874 10 5 7.83 7.95 7.718 1.43 
9 4.7 1.5 20 4 4.518 4.65 4.648 2.7 
10 4.7 1.5 20 5 4.473 4.65 4.53 1.32 
11 9.8 0.635 17 4 3.52 3.5 3.447 2.07 

12 9.8 0.635 17 5 3.5 3.5 3.447 1.51 

Table.1 The results of the formula for different values of rε , R, h. 
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Fig. 5 Reflection coefficient (S11) of a four 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 

[7] 
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Fig.9 The scattering parameter (S21) of a four 
way 90o microstrip sector power divider 

(εr=6.15, R=10 mm, h=0.025 ً ) 
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Fig.10 The scattering parameter (S31) of a four 
way 90o microstrip sector power divider 

(εr=6.15, R=10 mm, h=0.025 ً ) 
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Fig. 6 The scattering parameter (S21) of a four 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 

[7] 
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Fig.7 The scattering parameter (S31) of a four 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 
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Fig.11 Reflection coefficient (S11) of a five way 
90o microstrip sector power divider (εr=2.2, 

R=15 mm, h=0.031 ً ) 

[7] 
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Fig. 8 Reflection coefficient (S11) of a four way 
90o microstrip sector power divider (εr=6.15, 

R=10 mm, h=0.025 ً ) 
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6  Conclusion 
A full wave analysis and a new design formula was 
developed for the microstrip circular sector power 
divider (4 and 5-way), which may have many 
useful applications in the field of MMICs and RF 
circuits. This type of power dividers is very simple, 
smaller, and easier in design than common power 
dividers such as T-junction and Wilkinson power 
dividers. Finally, the experimental results give very 
good agreement with the innovated design formula.  
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Fig.12 The scattering parameter (S21) of a five 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 
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Fig.13 A scattering parameter (S31) of a five 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 
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Fig.14 A scattering parameter (S41) of a five 
way 90o microstrip sector power divider 

(εr=2.2, R=15 mm, h=0.031 ً ) 
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