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Abstract — A 1:24 hybrid 180° unequal power divider is 

presented. The power divider is based on a radial waveguide and 

has 12 lower in-phase outputs and 12 upper out-of-phase outputs 

with two levels of power. A bandwidth of 20% for VSWR ≤ 2 was 

achieved. The measured amplitude tracking was less than 0.7 dB 

and the measured phase tracking was less than 3.5 degrees.  

 
Index Terms — unequal power divider, amplitude weighting, 

sectoral waveguide,  

I.  INTRODUCTION 

One of the popular ways for reducing side lobes in antenna 
arrays is exciting the array elements with weighted amplitudes 
and same phases (no steering). There are many ways to get 
amplitude weighting, like using a 1:N equal power dividers, 
unequal gain amplifiers or variable attenuators [1-3]. In this 
paper we present another way to get amplitude weighting with 
low phase skew between output ports, based on radial wave 
propagation. 

An equal power divider based on radial waveguide was 
presented in [4-5]. The radial propagation of the wave, from 
the center of a cylindrical structure to the output ports, 
positioned on the same radius, provides zero phase skew 
between output ports due to the fact that all output ports are 
exposed to the same wave-front of the propagating wave. 

Using the idea of the radial power divider as described in 
[4-5] we split the equal power divider volume to sectors using 
conducting walls. This split creates a sectoral waveguides 
which still have radial wave propagation but with high 
symmetry between the output ports. An unequal power 
distribution between output ports in the same sector is achieved 
from the analysis of waves propagation in sectoral waveguide 
described in [6-7]. The power density distribution in the sector 
is not uniform, while it has its maxima at the middle of the 
sector and decays with angular displacement from the center of 
the sector to the conducting side walls. The power density 
vanishes on the side walls of the sector.  

The paper describes the design of the power divider and 
shows simulations and measurements results. 

II. DESIGN 

A. Geometry 

The divider structure is based on hollow and closed 
metallic cylinder. The internal volume is divided into four 
sectors. The input port is placed in the center of the cover of 
the  top cylinder while the output ports are incorporated at the 
same radius on the top and the bottom covers, as shown in 
Figure 1. 

Each sector has three couples of output ports while the 
center couple is placed in the middle of the sector and two 
peripheral couples are placed at the same angle around the 
center couple. This placement of the output ports in each sector 
allows unequal power distribution. 

 

Figure 1.  Structure of the power divider 

B. Theoretical analysis 

An excited wave via the input port propagates radially from 
the input port to the output ports in each of the four sectoral 
waveguides. 

• The input of each sector in the power divider has a 
rectangular cross section. Using this fact we can 
assume the operating frequency range of a single-mode 
wave-propagation using fundamental mode of a 
rectangular waveguide - TE10. 



7
th

 European Conference on Antennas and Propagation, Sweden. April 2013 

 

 

• An approximation of the power distribution between 
the center output ports couple and the peripheral output 
ports couple, inside the sector, can be achieved from 
the time average power density in the sectoral 
waveguide [6-7]. Neglecting high order modes 
(assuming that only fundamental TM01 mode 
propagates in the sectoral waveguide) and backwards 
propagated waves we get an approximation of the 
power density distribution inside the sector for the 

wave propagating in positive direction of ρ
r

. 
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Figure 2.  Sectoral waveguide 

It can be seen from (1) that the maxima of the power 

density take place at the middle of the sector (at φo/2) 

and it decays with angular displacement from the center 
of the sector, while it vanishes on the side walls of the 
sector. Using equation (1) we can approximate [8] an 
angular position of output ports for getting desired 
amplitudes ratio between of them. 

• Equi-phase power distribution between output ports 
achieved due to the radial wave propagation inside the 
volume of the divider and the fact that all output ports 
are placed on the same radius, following these reasons 
all output ports are exposed to the same wave front of 
the propagating wave. 

C. Physical dimensions 

The needed power ratio between the peripheral and the 

center output ports is - 6.5 dB. Maximal frequency range is 

3.75 to 7.5 GHz (according to TE10 of the rectangular cross 

section at the input of the sector). The physical dimensions of 

the power divider are listed in Table I. Each port of the power 

divider is built using coaxial probe with addition of the 

conducted cylinder welded to the end of it conducted post as 

shown in Figure 3. This additional cylinder allows better 

impedance matching and increases the bandwidth of the power 

divider. 
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Figure 3.  Ports strucuture and positioning inside the divider 

 

TABLE I.  PHYSICAL DIMENSIONS OF THE POWER DIVIDER 

Parameter Value 

Angle of the sector φ0 = 80° 

Angular ports positions inside the 

sector  φ1  = 12.55° ; φ0/2 = 40°  

Ports positioning radius  Rp = 67 mm 

Internal radius of  the divider Rint = 90 mm 

Initial radius of the wall Rw = 31 mm 

Internal height of the divider h = 20 mm 

Input port dimensions  
D1=1.27 mm ; D2=4 mm ;  

h1=8 mm ; h2=11 mm 

Output ports dimensions  
D1=1.27 mm ; D2=6 mm ; 

 h1=4 mm ; h2=8 mm 

 

III. SIMULATION 

 

The power divider has been simulated using CST 

Microwave Studio software. The scattering parameters are 

shown in Figures 4 – 5 in amplitude and in phase.  

 

 

Figure 4.  Simulated magnitudes of S-parameters  
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Figure 5.  Simulated phases of S-parameters 

The simulated results show bandwidth of 0.87 GHz for 

VSWR = 2. The amplitude ratio between peripheral ports and 

the center port of each sector is -6.3 dB. Amplitude and phase 

variations between output ports are very small due to the high 

symmetry of the divider structure.  

 

IV. MEASUREMENTS 

 
A prototype of the power divider was build using CNC 

machining techniques. The ports were manually assembled and 
the cylinders were welded to the posts after the ports were 
assembled. 

 

 
Figure 6.  Top cover of the power divider 

 

Figure 7.  Bottom cover of the power divider 

The measured scattering parameters are shown in Figures. 8-9 

in amplitude and in phase.  

 

 
Figure 8.  Measured magnitudes of S-parameters 

Figure 9.  Measured phases of S-parameters 

It can be seen from the measured scattering parameters that 

the bandwidth of the power divider is about 0.8 GHz for 

VSWR = 2. The power weights between peripheral and central 

ports in each sector are - 6.2 dB and amplitude variations are 

less than 0.7 dB. The phase variations are less than 3.5 

degrees. Table II summarizes the results. 

 

TABLE II.  COMPARISON BETWEEN DESIGNED, SIMULATED AND 

MEASURED RESULTS 

Parameter Design Simulation Measurement 

Operating frequency range 
3.75÷7.50 

GHz 
4.35÷5.22 

GHz 
4.37÷5.17 

GHz 

Power weights between 

peripheral and central probes 

in each sector. 

- 6.5 dB - 6.3 dB - 6.2 dB 

Insertion loss 0 dB 0.1 dB 0.4 dB 

Amplitude tracking between 
output ports 

0 dB 0.2 dB 0.7 dB 

Phase tracking between in-

phase output ports 
0° 1° 3.5° 

Phase tracking between out-
of-phase output ports 

180° 179.9° 176.4° 
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V. CONCLUSION 

We have presented here an 1:24 power divider with equal 
outputs phases and unequal weighted power distribution, that 
can be most useful for high power applications. Using CST 
Microwave Studio the theoretical concept was simulated and 
demonstrated. The idea of using radial wave propagation for 
achieving low phase skew between output ports and the idea of 
using sectoral waveguide for unequal power weighting were 
proved. Good agreement between measured and simulated 
results has been achieved.  

This power divider can be designed for any power 
distribution ratios, depending only on the physical dimensions 
of the structure. Any other applications of the power divider 
like different power weightings between output ports, various 
number of output ports either balanced or unbalanced, or other 
operating frequency ranges can be achieved by changing only 
the physical dimensions of the divider. 
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