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1 . I NTROOUCT I ON 
Recentry in Japan , satellite communications in Ku-band has come 

into commercial use with SUPERBIRO and JCSAT, and it is used for 
business network, CATV , and so on . 

Generally , conventional parabolic reflector antennas are used for 
the receiving antenna, but planar antennas are desired to be the 
same as in the direct broadcasting system ( OBS ) case, because it 
is small,easy to set up, and easy to transport. On the other hand, 
the receiving antenna for satell ite communication must be larger 
than that for OBS, because of the difference in satellite E.I.R.P. 
But efficiency of the large planar array antenna is lower, because 
of its feeding loss. 

We have developed a new planar array antenna, in which a few LNA 
are put into the feeding network and high equivalent efficiency is 
realized. This paper describes design concept, configuration and 
performance of the antenna. 
2.0ESIGN 

In a microstrip array antenna, if the aperture s ize increases, the 
antenna efficiency decreases due to feeding loss , and the antenna 
G/ T is lower than that of the parabolic reflector antenna . To compen 
-s ate this feeding loss, we adopted a method of dividing the antenna 
into several sub-arrays and putting a Low noise amplifier ( LNA) in 
to the feeding network for each sub-arrays. A model of this method 
is shown in Fig.1. (I, In this figure,the sum of L, and L, is the 
total loss of the antenna . G/T of the antenna is , 

( G I T) = Ga I Ts 
where , 

Ts = Ta + (L , - 1)To 

( 1 ) 

+ L T + ( (L - 1)T + L T ) L I G 
I I '2 0 2 r I 1 

(2 ) 

Calculated G/ T is shown in Fig . 2. In this figure, N is a number of 
sub-arrays. It i s found that , if N increase s, feeding loss before 
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LNA ( L, ) decreases, so antenna GIT becomes greater . 
On the other hand, antenna GIT must be greater than 16dB to obtain 

good receiving performance from Hokkaido to Kyushu. SO,design target 
of 17dB for antenna GIT was set, and 900mm aperture size Land 6 
division number N were selected. 

3.Antenna configuration 
A photograph of the developed planar array antenna is shown in 

Fig .3 and the configuration of the antenna is shown in Fig .4. This 
antenna consist s of 6 sub-arrays, 6 LNAs, a power combiner and a LNB . 
(Low noise block converter) Each sub-array is a triplate line fed 
microstrip array antenna with ab out 2BO elements,and total number of 
elements is about 1600. In each LNA, a HEMT-FET is employed. Its 
gain is about lldB ,a nd its noi se fi gure is less than 1.2dB . Moreover , 
sub-arrays and a power combiner are compo sed on a thin fi 1m, and LNA 
boards is put into a same plane , so the antenna is very thin and its 
thickness is le ss than 76mm. 

4.Experimental re sul ts 
Electrical and mechanical performance s are summarized in Table 1. 

GIT greater than 16dB was obtained in al I frequency band s,a nd 16.BdB 
wa s obtained in 12.5GHz. At this frequency, equivalent efficiency 
(sub-ar ray efficiency) is greater than 60~. 

Figure 5(a) show s the H-plane pattern at 12 . 5GHz and Fig .5( b) 
shows the E-plane pattern at 12.5GHz. It was found that mea su red 
pattern s are in good agreement wi th calculated patt er ns in both 
planes, and that high cross polarization discrimination (XPD ) 
performance ( ;" 40dB)has been obtained. 

Further, some receiving tests have conduc t ed at Ki tami Ci ty and 
Kagoshima City. Clear pictur es have been obtained at both place s . 

5.Co nclusion 
A planar array receiving antenna wa s developed for Ku-band 

satel li te communication s. It ha s 970mm x970mm ape rtur e (elec t r ical 
size is 900mmx900mm) and is only 76mm thick . Its GIT is greater 
than 16dB in al l CS frequency band . It is appr ica bl e for use in wide 
area, f rom Hokkaido to Kyushu . 
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Ga:~ntenna gai n 
Ta:anlenna no ise temperature 
Ll: feeding loss before LNA 
L2 :fe eding loss after LNA 
Gl:LNA gain 
Tl:LNA noise temperature 
TI:LNB no i se temperature 
TO : ambien! temperature 
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Fig.3 Oeveloped planar array antenna 
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Tab l e 1 Electrical and Mechanica l Pe rf ormance 

Fr equency 12.25GHz--12.75GHz 

Polarization Ve r tical or Horizonta l 

Gain ;;:OdB (wi t h LNA) 

Output VSWR "1. 7 

G / T " 1 6d B 

XPD "40dB 

Dimensions 970(W)X 970 (H)X 76(0) (mm) 

Weight 15k g f 

Rated Wind Velocity 5 Om/ s 
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Fig.5 Radiat ion pattern a t 12.5GHz 
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