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1. Introduction

To meet the growing demand for broadband access and diversification of communication services, for ex-
ample, satellite communication, the high-gain multibeam antenna that can steer beams electrically is desired.
High-gain can be achieved if the antenna uses the combination of areflector and a small-scale array feed; the
aternative, the phased array antenna, is hampered by its very large-scale BFN circuit, which increases circuit
lossand cost [1]. In order efficiently to form beams with conventional reflectors, the radiating elements should
be placed on a curved surface, since the focal locus of these reflectorsis not straight. However, the curvature of
the array surfaces and the geometric relationships of the radiating elements yield many problems that are not
created by planar arrays. We previoudy proposed a modified multi-focus paraboloid design that enables the feed
points to be well controlled [2] and showed that a high-gain scanning antenna pattern can be obtained by using
aarray feeding technique [3]. In general, however, implementing the ideal feed excitation coefficientsis very
difficult. Figure 1 showsthe configuration of the conventional BFN for 4x4 array feeding. ThisBFN isimprac-
tical because of its excessive complexity and loss.

We propose a BFN simplification technique by applying some assumptions to these excitation coefficients.
This paper demonstrates that an electrically-steerable high-gain antenna can be achieved by using a modified
multi-focus paraboloid and a simplified BFN that uses couplers.

2. Concept of Modified Multi-Focus Paraboloid Design

The new multi-focus paraboloida surface is designed to offer characteristics that are intermediate between
atoroidal surface and a multi-focus paraboloida surface[4]. A torus antenna provides uniform beams over wide
scanning angles though its aperture efficiency is not high. A multi-focus parabol oid antenna provides high aper-
ture efficiency though the characteristics of the beams vary considerably. In addition, these antennas have differ-
ent feed orientations. The feeds of multi-focus paraboloid antennailluminate the general area of the aperture’'s
center, while those of the torus antenna illumi- .
nate different areas of the reflector. ‘
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defined according to the orientation of its X,
respective axis. This design feature allows L
the reflector to approach the torus reflector.
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3. BFN Simplification Technique

Figure 2 shows the basic configuration
of the planar array fed multibeam reflector
antenna. The frequency is 20GHz, aperture
sizeisA4 (623.7cnv) and desired angle for y
beam scanning is+20 degrees. The crosses
in Fig. 7 show the antenna pattern charac-
teristics obtained from a 16 element array
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the excitation coefficient of each array is Bem10 4 4array P
optimized for better efficiency at each beam Fig. 2 Planar array fed multibeam reflector antenna.
direction by o o o o
using the Table 1 Excitation coefficients optimized for better efficiency.
least-sguare Beam 0 Beam 5 Beam 10
Optimiza_ X Yt -2mm| 4mm | 4mm | 12mm 28mm | 36mm | 44mm | 52mm 68mm | 76mm | 84mm | 92mm
t| on mdhod 15 50 +49° +49° oo +19° +48° +39° oo +120 +17° +17° oo
w0 | ¥49° | +49° | 0° | | +19° | +48° | +39° | 0° | | #12° | +17° | +17° | 0°
[5].[6]. The —20.3dB—14.9 dB|-14.9 dB| 20.6 dB| |—22.5 dB|-14.8 dB|-15.8dB|-18.4dB| [-19.9 dB|-14.1 dB[-15.0 dB|-17.0 dB
excitation Som | TAL0 | #40° | +40° | +11° | | +7° | +33° | +42° | +17° | | —22° | +0° | 425° | +34°
o -15.4dB -7.4dB| -74dB|-15.4dB| |-13.8dB| -7.1dB|-8.6dB |-17.1dB| [-13.6dB| -7.5dB|-89dB |-17.5dB
coefficients | T va60 | wazo | +a30 | +a60 | | 450 | +320 [ 4520 | +e00 | [ arc | 4o [ s390 | +109°
of beam O, -17.6dB -7.2dB| —=7.2dB|-17.6dB| |-13.4dB| -6.5dB|-8.6dB |-23.3dB| [-13.3dB| -7.1dB|-89dB |-18.1dB
beam 5. and A5 O70 | #54° | #54° | 497° | | 8° | +36° | +77° | -179° | | 65° | —7° | +66° | +166°
»an -33.3d8-13.8dB|—138dB|33.3dB| |-20.2dB|-12.0dB|-149dB|-21.3dB| |-17.6 dB|-12.2 dB|-13.9dB|-156 dB

beam 10are
shownin Table 1. In this case, aperture efficienciesin the range 78% to 64% were obtained over the 40 degree
scanning range. In order to make the antenna more practical, we smplify the BFN by assuming that the excita
tion coefficients have the following characteristics.

a) The phaseinclination in the direction of the X, axisisO.

b) The amplitude ratio in the direction of the X, axisis only defined according to the element position and not
to beam orientation.

¢) Thephaseinclinationinthedirection of the Y axisis only defined according to the element position, and not
beam orientation.

d) Theamplituderatios Y =(ix8+4) to'Y =(ix8+12) are stipulated when beam i and beam i+2 have an inverse
relation.

€) For each beam, the sum of the powers of the eight rightmost element powers equals the sum of the powers of
the eight leftmost elements.

Assumptions a) and ¢) reduce the number of fixed phase shiftersto about 1/4. Assumption b) reduces the number
of asymmetric divider (4ports) to about 1/4. Furthermore, d) and €) enable some switches to be replaced by
Couplers. In addition, to reduce the difficulty of designing the asymmetric-power divider/combiner we aso
assume thefollowing.

f) The amplitude distributionsin the direction of the X, axis are symmetric.

Figure 3 shows the configuration of a BFN designed according to the above assumptions. Only the transmit-
ter design is described to smplify the explanation. Thisarray feed system consists of 4x17 elements, fixed phase
shifters, power dividers, couplersand SPDT switches. It is designed to output 14 antenna beams from O degrees
to 20 degrees. The SPDT switches, which allow switching of odd and even number beams, are not essential. If
anincrease in power loss can be alowed, a power combiner could be used in place of the SPDT.
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Fig. 3 Proposed BFN configuration.

4. Characterigticsof Planar Array fed Multibeam Reflector Antenna

The design parameters of the proposed BFN are determined by fitting the ideal excitations. At first, we
consider the phase of the center 4 elements (ideal excitation) in order to decide the value of each fixed phase
shifter. Figure 4 shows that theinclination of the phase of the feed array istaken astheline of best fit through the
average phase values of each element pair under ideal feed excitation. Next, we sample the sum of the powers of
4 and 8 element groups under ideal excitation, in order to decide the appropriate settings of the couplers and
power dividers. Figure 5 shows these powers. The parameters for couplers are obtained from the power sum of
the 8 element groups. The parameters for the asymmetric dividers are obtained from the power sum of the 4
element and 8 element groups. The complete parameter set for the proposed BFN is shown in Table 2. In order
to suppress the gain deterioration at wide scanning, the values of the 2-nd stage phase shifters are determined
from the 14-th ideal beam excitation. Examples of the excitation coefficients achieved by thisBFN are shownin
Table 3. Figure 6 shows examples of the antenna radiation patterns output by the proposed antenna design. In
Fig. 6, the broken lines plot the calculation results; the HPBW of these patternsis about 3 degrees. Figure 7
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Fig. 4 Phaseinclination of feed array.

Fig. 5 Power allocation for each feed array group.

Table 3 Design parameters for proposed BFN.

Y =-4mm y;=20mm y; =44 mm %=15mm—>»| -8 | -50
Phase[deg] |- 12mm y; =12 mm y; =36 mm %=5mm—»| -3 [ -11
(2ndstage ) ¥ =4mm ;=28 mm . %=-5mm—>»| 9 | 48
l l %=-15mm—>»( 29 [ 93
Asymmetric
divider [dB] 77 178|178 | 77| 77|76 | 75|73 |72|71]|69|68 |66 |65]|63]|62]|62
Phaefdes] | 3 | o | o | 3| 8 |16 |28 |43 |61 | 84110141 |175 |213 | 253 |204 |34
(1lststage)
Coupler [dB] 95195195193 (90 |87 (83|80 |77 |75(|72 |70 |67 |64 |61]57




shows the Table 2 Excitation coefficients of proposed BFN.

variation in Beam 0 Beam 5 Beamn 10
the aperture X; Y| 22mm| <4mm | 4mm | 120 28mm | 36mm | 44mm | 52mm 68mm | 76mm | 84mm | 92mm
efficiencies 15 +3° | o° 0° | +3° +16° [ +280 | +430 | 4610 +110° | +141° | +176° | +213°
and the beam " 23.2d8| 14306/ ~143 8| 232 d8| |-2230dB|~141dB|-141dB|-212dB| |-202d8|-137 dB]-13.7 dB|-19.2 dB}]
orientation | sem 2 0c J 0o 1 osse | [ waee |20 | aage [ sere | | watoo | earo [ azee ] s2130)
-16.3d8 —7.30B| —7.3dB |-16.30B| |-155dB| 7.5dB|—7.7dB |-149dB| |-14.3dB| -8.0dB|-8.1dB |-139dB
versus the S| 130 | 0° | 0% | #8° | | #16° | +28° | +43° | +61° | | +110° ] +141° ] +176° | +213° |
feed location, -16.3d8 —7.30B| —7.3dB |-16.30B| |-155dB| 7.5dB|—7.7dB |-149dB| |-14.3dB[ -8.0dB|-8.1dB |-139dB
+3° [ o0° 0° | +3° +16° | +280 | +43° | +61° +110° | +141° | +176° | +213°
Y., at 8mm | ™ 5 ie 14308 14308 23208 |-22:3 dB|-14.1 dB|-14.1 dB|-21.208] |-20.2 dB)~13.7 B|-13.7 dB|-16.2 aB)
intervas. The

results obtained with the proposed antenna are shown as circles. The dots plotted in beam 12 and beam 13 were
determined by omitting the 2-nd stage phase shifters. These figures tell us that the proposed antenna provides
good aperture efficiency and homogeneous patterns

over the 40 degree scanning range. Furthermore, the """ 'Bem0 'Beam5 Beam10 Beam13
aperture efficiencies of 74-58% are achieved with .
the smplified BFN circuit, and its minimum value
isonly 6dB smaller than the value of theideal BFN
circuit.
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4. Conclusion

-30 ; Mo

We created a design approach for planar array a0f . £
fed multibeam reflector antennas that is amodifica- ’ "_01; : o 10
tion of the multi-focus paraboloid design method, Direction [deg]
and demonstrated the excellent performance that can Fig. 6 Antenna Radiation patterns.
be expected. The planar array feed system can avoid
many of the problems associated with the use of a
feed system based on a conformal array. We pro-
posed an affordable BFN configuration by making
some assumptions about its excitation coefficients,
and showed that the resulting antenna provides good
aperture efficiency, 74-58%.
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