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Abstract ─ Offset parabolic reflector antennas are 
well-known for their very simple configurations 
and are widely used. However, low antenna gain 
sometimes results in inconvenient operation. In 
order to increase the antenna gain, an array feed is 
generally employed to correct the antenna aperture 
distribution. However, accurate and low-loss 
realization methods for array feeds were not 
studied sufficiently. In this work, radiation pattern 
synthesis is first performed at the array feed to 
achieve uniform aperture distribution. As a result 
of this synthesis, the array excitation coefficients 
are determined. Further, accurate design methods 
for corporate feed line networks to obtain the 
required excitation coefficients and low feeder loss   
through electromagnetic simulations are described. 
Finally, the designed array feed is fabricated, and 
the measured radiation patterns are compared with 
the calculated results. Moreover, the array feed is 
combined with the fabricated offset reflector, and 
the antenna radiation patterns and gains are 
obtained. An increase in the antenna gain is 
ensured. 
  
Index Terms – Array feed, electromagnetic 
simulation, offset parabolic reflector, and radiation 
pattern synthesis. 
 

I. INTRODUCTION 
Offset parabolic reflector antennas are well-

known for their very simple configuration and 
ease of installation. Currently, these antennas are 
widely used as satellite broadcasting receivers [1] 
and vehicle mounted uses for satellite 

communications [2]. Previously, an important 
review of this type of antenna was reported [3], 
and an example of a shaped beam obtained by 
weighted array feeds [4] was cited. Recently, 
simple design formulas for linear array feeds were 
reported [5]. As for the array feeds, examples of 
the fabrication of a small-number array [6] and a 
large-number array [7] were reported. In the case 
of a small-number array, it was reported that the 
error in the corporate feed design and feeder loss 
results in 1 to 2 dB of array feed loss. For realizing 
appropriate and low-loss array feeds, accurate 
design of array excitations, arrangement of 
corporate feed lines, and accurate fabrication are 
required. 

In this paper, an accurate and low-loss 
realization method for array feeds is described. 
First, the radiation pattern of an array feed is 
determined in order to increase the antenna gain of 
the offset reflector antenna. The excitation 
coefficients of the array elements are obtained 
through radiation pattern synthesis of the array 
feed in order to achieve uniform illumination of 
the offset antenna aperture. Further, corporate feed 
line network designs are performed by using a 
commercial electromagnetic simulator called 
FEKO. The main feature of the proposed feed line 
network is a coplanar feeder line arrangement for 
achieving a single feed point. Feed lines of 
appropriate lengths and power dividing ratios are 
designed on the basis of the accurate simulation 
results of the array excitations. In order to ensure 
design accuracies, an actual array feed is 
fabricated. Finally, the radiation patterns are 
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measured by using a combination of the fabricated 
array feed and the offset reflector. 

 
II. DESIGN OF AN ARRAY FEED 

 
A. Array excitation coefficients for a shaped 
beam 

The antenna configuration is shown in Fig. 1. 
The offset parabolic reflector is fed by an array 
feed. The antenna aperture illumination Ea() is 
determined from the simple relation to the 
radiation pattern Ef (f) of the array feed as follows, 

)2/(cos)(
2

1
)( 2  ffa E

f
E  .                   (1) 

For achieving uniform illumination on the aperture 
plane, Ef (f) must satisfy the following expression, 

)2/(cos

2
)( 2 

 f
E ff  .                       (2) 

The shape of Ef (f) given by equation (2) is shown 
in Fig. 2. The strengths are normalized by the 
value at the angle u. The required Ef (f) has the 
shape of a slope. This shape is quite different from 
those of the ordinal radiators. 
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Fig. 1. Antenna configuration. 
 

For achieving the radiation pattern in Fig. 2, 
the array feed configuration shown in Fig. 3 is 
used. A planar array configuration is employed. 
The array is composed of three column arrays and 
six row patches. Radiation pattern synthesis is 
performed in the column array, and Ef (f) is 
achieved in the zf-xf plane. The three column 
arrays are used to form a radiation pattern in the zf-
yf plane. The three column arrays have the same 

excitation values in order to adequately illuminate 
the reflector. 
 

 
 

Fig. 2. Feed radiation pattern for achieving 
uniform   Ea (). 
 

 
 

Fig. 3. Configuration of an array feed. 
 
 Radiation pattern synthesis is performed by 
determining the array excitation coefficients, 
which are denoted as Vn = ane

jn. The excitation 
coefficients of the array elements are determined 
through the least mean square method [8]. The 
above calculation is performed using the following 
expression, 

 

 [V] = ([B]H[T0][B])-1[B]H[T0][A]          (3)  
 

where [V] is the excitation coefficient vector, and 
[A] is the radiation pattern vector that corresponds 
to the objective radiation pattern in Fig. 2. [T0] is a 
weighting matrix, which emphasizes the important 
direction in the radiation pattern, and [B] denotes 
the contributions of [V] to the array radiation 
pattern. 

The synthesized radiation pattern ([F]) and [A] 
are shown in Fig. 4 (a). At [A], the reflector exists 
between angles l and u. Near the edges of the 
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reflector, the radiation levels are decreased by 
approximately -10 dB in order to suppress the 
spillover from the reflector. In all the radiation 
regions, [F] is well-designed with regard to [A]. 
The radiation pattern in the zf-yf  plane is shown in 
Fig. 4 (b). At the reflector edges, the radiation 
levels are suppressed by approximately -10 dB. 
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(a) Feed pattern for uniform Ea(). 
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(b) Radiation pattern in the zf-yf plane. 

 
Fig. 4. Feed radiation patterns. 

 
The excitation coefficients designed using 

equation (3) are shown in Fig. 5. The amplitudes 
are symmetrical on both sides of the array. The 
phases are rotationally symmetrical around the 
center of the array. In the excitation phases, there 
are very steep changes at the two end elements. 
The maximum value obtained is 160. 

 
B. Accurate design of the excitation coefficients 

The design concept of the feed lines is 
illustrated in Fig. 6. Regarding the previous 
example, the radiation elements and feed lines are 
formed on a single plate in a 4 × 4 array antenna 
[9]. The objective of this configuration is to design 
a low-loss feeding network. The presence of a 

single feed point and the conformation of the 
series feed network within the column arrays are 
effective in reducing the feed network losses. 
Moreover, the conformation of the radiation 
elements and feed lines on a single plate allows for 
easy fabrication. The patch antennas and feed lines 
are formed on a Teflon substrate having electric 
constants of r = 2.6 and tan= 0.0018 and a 
thickness of 0.8 mm. The frequency in this case is 
selected as 11 GHz, by considering the use of 
broadcasting satellite (11 GHz to 12 GHz). Then, 
the patch size is 8 mm2. The /2 patch separation 
is 13.6 mm. In this configuration, the design of a 
four-port power divider at the feed point and the 
series feed network is sensitive for feed line 
parameters. Accurate feed line design is performed 
through try and error process by an 
electromagnetic simulator. 
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Fig. 5. Excitation coefficients of the feed array. 
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Fig. 6. Design concept of the feed lines. 
 

The actual series feed configuration is shown 
in Fig. 7. The phase distribution in Fig. 5 is 
achieved by adjusting the feed line length. At the 
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line length between P1 and P2, a very large phase 
lead is required. For this, the feed line length has 
to be very short when compared with the patch 
spacing. Therefore, a line length of one 
wavelength is added. The amplitude distribution is 
achieved by obtaining the appropriate power ratios 
at the power dividers. As shown in Fig. 7, D3 
denotes the power divider, and P1 through P6 
denote the power ratios in Fig. 5. ZT denotes the 
terminal resistance corresponding to the edge 
impedance of the patch antenna, and it is set to 
127 . Although the patch antennas should be 
attached to the terminal points, they are replaced 
by ZT for design convenience. At the final stage 
shown in Fig. 12, the patch antennas are attached 
to the terminals, and certain corrections are mainly 
added to the line lengths. Z0 denotes the common 
feeder line impedance, and it is set to 100 . Zi 
denotes the feeder line impedance. ZA is used to 
equally divide the source power to the half 
branches of the array antenna. 

 

 
 

Fig. 7. Series feed configuration. 

 
The fundamental design of a power divider 

(D3) is performed on the basis of the following 
equation, 

30
21

1
:

1
:

ZZ
PPPA                    (4) 

where PA is the sum of P1, P2, and P3. The relation 
of P1:P2:P3 = 0.02:0.19:1.0 is determined from the 
amplitude relation in Fig. 5. The remaining power 
dividers, namely, D2, D4, and D5, are designed in a 
similar manner. The calculated results of all the 
line impedances are shown in Fig. 8. The values of 
P1 and P6 are very small because Z1 is very large. 
The amplitudes and phases of the terminal currents 
are shown in Fig. 9. These values correspond to 
the excitation coefficients. The obtained 
amplitudes and phases of the configuration in Fig. 
7 agree very well with the objective values. 
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Fig. 8. Impedance. 
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Fig. 9. Terminal currents. 
 

Further, the feed line configuration between 
the column arrays is shown in Fig. 10. The feed 
lines to the six central patches are considered for 
design easiness. In order to achieve the same 
excitation phase in the column arrays, the feed line 
lengths are adjusted at the phase control sections. 
Similar amplitude excitations of the three column 
arrays are designed at the power divider. At the 
power divider, a power ratio of P1:P2:P3:P4 = 
2:1:1:2 is obtained by taking into account the same 
amplitude in the three column arrays. 
Modifications of the line impedances ZB and ZC 
are required because the line configuration around 
the power divider is rather complicated. As a 
result, ZB = 128  and ZC = 109  are obtained. In 
order to ensure the design results, the terminal 
currents in Fig. 10 are redrawn in Fig. 11. The 
same magnitudes and phases are realized between 
the column arrays. 

 
C. Array feed characteristic 

The final array feed configuration is shown in 
Fig. 12. Patch antennas are added to the feed-line 
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network design, as shown in Figs. 7 and 10. The 
current amplitudes are shown. Almost the same 
amplitudes are achieved in the three column arrays. 
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Fig. 10. Feed line design between the columns. 
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Fig. 11. Terminal currents. 
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Fig. 12. Array feed configuration. 
 

The excitation coefficients obtained for the 
patch antennas are shown in Fig. 13. The 
deviations in the amplitudes and phases between 
the column arrays are rather small. Excellent 
excitation coefficients are obtained in the array 
feed. 
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Fig. 13. Excitation coefficient.  

 
In order to measure the realized electrical 

characteristics, an array feed is fabricated as 
shown in Fig. 14. Patch antennas and feed lines 
are fabricated by using a cutting machine. Almost 
the same shape is achieved as shown in Fig. 12. 
First, the return loss less than -10 dB is obtained in 
9.5 GHz to 10.5 GHz. The center frequency shift 
from the calculated frequency (11 GHz) is due to 
the difference of the dielectric constant. 

 

 
 
Fig. 14. Fabricated array feed 
 

The radiation patterns of the array feed are 
shown in Fig. 15. The zf-xf plane is shown in Fig. 
15 (a). The measured and calculated results agree 
very well with each other. The maximum electric 
field level is 12.2 dBi. In order to estimate the 
feeder loss, the conductivity of the metal is set to 
infinity, and tan of the dielectric substrate is set 
to zero in the calculations. Then, the feeder loss is 
estimated to be 0.2 dB. Through this agreement, 
accurate excitation coefficients are ensured. The 
zf-yf plane is shown in Fig. 15 (b). The measured 
pattern is broader than the calculated one. This 
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pattern degradation is due to the slight phase 
difference between the column arrays. 
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(a) zf-xf plane. 

-90 -60 -30 0 30 60 90
-20

-10

0

10

20
 Simulated
 Measured

E
m

ai
n [

dB
i]

Radiation Angle [deg]

Reflector 

Radiation angle  [deg]  

E

[d

B
i]

  

 
(b) zf-yf plane. 

 
Fig. 15. Radiation pattern of the array feed. 

 
III. CHARACTERISTICS OF THE 

FABRICAED ANTENNA 
The fabricated array feed is combined with the 

fabricated offset parabolic reflector, as shown in 
Fig. 16 [10]. The reflector is composed of a carbon 
FRP material. The array feed functions in the 
horizontal polarization. The radiation angles are 
denoted as  and . The main beam direction is 
along the x axis, which corresponds to  = 90°. 
First, electromagnetic simulations are performed. 
The simulation parameters are listed in Table I. 
Although the antenna diameter is only 9.1 times 
the wavelength, rather large calculation resources 
are required. The electric near-field distributions 
are shown in Fig. 17. The radiated electric fields 
from the array feed are well-concentrated in the 
reflector region. Regarding the reflected electric 

fields from the reflector, the electric field intensity 
for a plane wave is almost constant over the 
aperture plane.  
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Fig. 16. Fabricated OPA. 

 
The effect of radiation pattern synthesis is ensured 
through the uniform intensity of the plane wave. 
At the upper and lower edges of the reflector, 
appreciable spillover levels are observed. 
 
Table I: Simulation parameters. 

Computer 
Memory 16 GB 

Clock time 3.2 GHz 

Simulator 
FEKO 

Suite 6.0 
MoM 

Frequency 11 GHz 
Antenna diameter 248 mm 

Focal length 218 mm 
Mesh size 0.02 mm (array feed) 

8.30 mm (reflector) 
Number of meshes 15498 
Simulation memory 7.9 GB 

Simulation time 6.9 hours 
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Fig. 17. Electric near-field distribution. 
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Finally, the measured radiation characteristics 
are compared with the calculated results. The 
wide-angle radiation patterns are shown in Fig. 18. 
In the x-y plane shown in Fig. 18 (a), the measured 
results for the main beam shape is in good 
agreement with the calculated results. In the x-z 
plane shown in Fig. 18 (b), the measured results 
for the main beam and side lobes are in good 
agreement with the calculated results. In particular, 
appreciable spillovers are observed in the zenith 
direction ( = 0°) and reflector backward direction 
( = 90°). 

The near-axis radiation patterns are shown in 
Fig. 19. In the x-y plane shown in Fig. 19 (a), the 
measured antenna gain of 26.0 dBi is only 0.4 dB 
lower than the calculated results. The measured 
side lobes are larger than the calculated levels by 
more than 5 dB. These increases correspond to the 
radiation pattern distortion shown in Fig. 15 (b). In 
the z-x plane shown in Fig. 19 (b), the measured 
and calculated results agree very well with each 
other. Excellent radiation pattern synthesis in this 
plane is ensured. In order to estimate the aperture 
efficiency, the antenna loss budgets are 
summarized in Table II. For uniform aperture 
distribution, the actual antenna gain is 26.8 dBi 
taking into account the losses. Further, the 
measured gain of 26.0 dBi corresponds to 83.2  
antenna aperture efficiency. High aperture 
efficiency is ensured. 
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Fig. 18. Wide-angle radiation pattern. 
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Fig. 19. Near-axis radiation pattern. 
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Table II: Antenna loss budgets.  
 

Gain 
Aperture 

Efficiency (ap) 
Uniform aperture 

distribution 
28.2 dBi 100% 

Losses 
Spill over 1.2 dB  
Feed loss 0.2 dB 

Actual gain 26.8 dBi 100% 
Measured gain 26.0 dBi 83.2% 

 
IV. CONCLUSION 

Radiation pattern synthesis of an array feed is 
performed in order to achieve uniform aperture 
illumination for the offset antenna. The design of 
the important excitation coefficients of the array 
feed is successfully performed through accurate 
electromagnetic simulations. The design 
accuracies are ensured through the measured 
results of the fabricated array feed. Moreover, the 
antenna radiation characteristics are obtained by 
combining the array feed with a parabolic reflector. 
An increased antenna aperture efficiency of 83.2 
is ensured from the measured antenna gain. 
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