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I. Jntroduct! on 

We are now facing at "Multi-

satellites Age~, and demands for 

multibeam anLenna are increasing 

more than ever. 

For the design of multibeam 

anLenna. it is important to sup­

press phase error . which causes 

antenna gain degradation. Most of 

multiheam antennas have respective 

solutions (or this problem. 

It is one representative method 

to control path length geometrically 

such as shaping the main reflector or 

employing shaped subreftectors. 

On the other hand. there is 

another app r oach to this problem. 

that is, to compensate the phase 

e r ror with an array-feed whose e l e-

ments are exc it ed with adequate 

ampl itude and phase. The re are some 

reports about this concept. espe­

cially from a standpo i nt of beam 

steering or compensation of antenna 

reflector surface distortion. 

The application of this concept 

to a mu ltibeam receiving an tenna 

for domestic com muni catio ns satel­

lites in Japan is d i scuss ed i n this 

report. 
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The determination of eac h exci­

tation coefficient is based on the 

concept of "'ocal -p lane match H

• 

Basically. this method is based on 

the knowledge of the field distri-

bution on the focal-plane. 

But here. we utilized the fol-

lowing approach simpl ified accord­

ing to the reciprocity theorem. 

1) At first. fix the locatio n of 

the array-feed elements. 

2) Calculate the far field made 

by one element to the des ired 

direction (to the satellit e ). 

3) Let the conjugate of the far 

field obtained in 2) be the 

excitation coef f icient of this 

element. 

Reflector 2) Calculate 
the far field 

-.-.~ 
3) Excite with 

the conjugate 

~ \./.:---a~O I) F I, "'0 the position 
Array-Feed 0 

Fig.l Determination of 

excitation coefficie nts 
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4) Repeat the above calculation 

for each element. 

The determination of the excita­

tion coefficients described above 

will max imize the antenna gain. 

3 Numerical Simulation 

I n the near future, four domes­

tic communications satellites will 

be on the stationary orbit between 

150 E and 162 E with 4 deg. inter-

val. In this report, we wi 11 examine 

simultaneous receiving from these 

fou r satellites with the off-set 

paraboloid reflector shown in Fig.2. 

These satellites will be ob-

served from the mainland of Japan on 

an arc with 4.5 deg. interval. It 

means that the antenna must have 

four beams to th' direction 

±2.25 deg. and 16.75 deg. off-axis 

as shown in Fig.2. 

These satellites make powe r 

distribution on the focal plane 

(Fig.Zl . As shown in this figu re, 

the distribution made by Sat. 1 

(6 .75 deg.l is far more distorted 

than that by Sal.Z 

R'''C,\ . ..---:c: 

(2. Z5 deg.). 

Sa t . 1 

Sat .2 

'1;::£ Sat. 3 
:: Sat .4 

6.75deg. 
2.25deg. 

\ ~ 
\~OCal D"1800mm Plane 

f"I080mm 

rig.2 Off-set paraboloid antenna and 

Therefore, we would like to restrict 

the d iscussion to the 6.75 deg. 

beam. 

Here, the following cases are 

examined. 

a) 1 horn 

bl )9 elements 

c) 16 elements 

d) 11 elements 

e) 16 elements with digitized 

excitation coefficients 

The elements of the 4 cases from 

-b- to -e- are assumed to be circu-

lar patch antennas. 

The characteristics have been 

calculated at lZ.5 GHz. The results 

are shown in Fig.3 to 7 (the posi­

tion of each elements in (Al, the 

composite primarY pattern in (8) 

and secondary pattern in (0). And 

each efficiency is compared i" 

Table I. 

4.Djscllsslan 

Since we are now considering the 

app] ication to the receiving-only 

antenna, we will discuss main ly 

paying attention to the efficiency. 

unit:mm 

r:10=====5rO====+0=0==~5====2~0}0=== 501-

o 

Focus 

-5 0~t;±C~==~~=±==~~~==~:: 
(0 deg.) Sat.2 Sat.l 

2.25des. 6.75deg. 

(
each contour group ) x OdB(peak) 

is normalized at its - -3dB 
peak respectively - -6dB 

field distribution on the focal-plane 
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4.1 Effect of the array feed 

In the case "b", we can see 

considerable improvement, especially 

in phase efficiency , by employing 

the 19 element array-feed. 

4.2 Redllction of element number 

The elimination of the elements 

is examined here. 

In the case c", three elements 

are eliminated form the case "b". 

The effect of this elimination is 

only 0.2 dB gain degradation as 

shown in Table 1. 

In the case "d", four more 

elements are eliminated from the 

case "c". The efficiency is degrad­

ed significantly due to spillover 

loss (see rig.6 and Table 1). More 

elements are required to suppress 

the spillover loss. 

4.3 Effect of djgjtjzatjoo 

In the actual implementation, it 

may be desirable to digitize the 

excitation amplitude. In addition, 

the excitation coefficients may be 

changed because of unexpected 

factors such as mutual coupling or 

manufacturing error, etc. 

Here, the effect of the digiti­

zation are examined (3 dB step in 

amplitude and 30deg. step in phase). 

As shown in Fig. ,7 and the case 

~e" in Table 1 . the effect of the 

digitization is comparably small. 

The determination of the excitation 

coefficients has some allowances. 

5 . ConciusjoDS 

In this report. we have examined 

the application of the array-feed 

to a multibeam receiv ing earthsta­

tion antenna with a paraboloid 

reflector. As a result . the follow­

ing has become clea r. 

I) The array-feed is applicable 

to mu)tibeam receiving antennas. 

2 ) Some elimination of the 

elements is possible. 

3) The determination of the 

excitation coefficients has some 

allowances. 

It I s necessary to ver i fy its 

performance through ex per imental 

evaluation. 
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Table 1 Efficiencies[dBl (!2.5GHz) 

ClSe a b c d e 

Eluent Horn 19 is 11 is' 

IlIulinatioR -I. 2S -0.97 -I. OS -I. II -I. OS 

SpIllover -0.32 -0.S7 -0.76 -]. 48 -0.92 

Cross po I. - 0 . 05 - 0. OS -0.06 -O.OS -0.06 

Phase error -5.24 -0.73 -0.75 -1.02 -0.76 

Tota I -6.87 -2.43 -2. S3 -3. 67 -2 . 80 

* Digitized coeffiCients 
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F i g.S Characteristics in the case "c" (16 Elements) 
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Character i stics in the case "e" 
16 Ele ments with dig i tized 

Excita t ion Coeffic i e n ts 
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