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1. Introduction 
 
     New configuration and test results of ka-band dual gridded antenna with improved intercostals 
design that used for broadband satellite communication has been demonstrated.  Although the dual 
gridded antenna has features of orthogonal purity of two polarizations [1]-[4], which consists of grid 
front reflector, rear reflector and intercostals that support both reflectors, the diffraction from the 
intercostals degrade radiation performance especially in ka-band. The specific improved intercostals 
design, which is thin thickness of the ring shaped intercostals surfaces compared traditional 
intercostals, has been introduced to reduce reflection and diffraction from the intercostals by 
decreasing intercostal occupation volume. Consequently, it can improve shaped beam performance 
even in ka-band. In order to estimate improved intercostals effectiveness, one meter-sized dual gridded 
antenna has been fabricated and tested in ka-band.  
 
2. Configuration of improved intercostal design 
 
     Fig.1 (a) and (b) show the outline of dual gridded antenna and its application. The horizontal 
polarization wave is reflected on the front reflector that has horizontal direction grid, while the vertical 
polarization is reflected on the rear reflector that consists of solid without grid. The front and rear 
reflectors are supported by outer and inner intercostals, which hold reflectors firmly against severe 
vibration in launching. Since this combined reflector configuration suffers from difference of wide 
temperature range, large thermal deformation is arisen between front and rear reflector due to its 
substrate inherent coefficients of thermal expansion (CTE) difference. Therefore the intercostal is 
needed to minimize thermal deformation of combined different substrates. However, the reflection and 
diffraction from the intercostals make beam shaping and sidelobe reduction worse. 
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 (a) Satellite communication application           (b) Outline of dual gridded antenna 
                      Fig.1 Configuration of dual gridded antenna 
 
     In order to overcome this problem, new inner intercostals configuration that has thin thickness 
of the ring shaped intercostal compared to conventional large thick intercostals and connecting 
structure is proposed as shown in Fig.2 (a) and (b). This configuration can reduce reflection and 
diffraction from the intercostal surfaces by removing intercostals volume. Further this thin ring is also 



effective to reduce thermal deformation of the front reflector as well as thick ring because ring shaped 
structure can inherent hold out of surface deformation even though the thickness is thin. Consequently 
improved thin ring shaped intercostals has advantage of not only reducing diffraction but also 
minimizing thermal deformation. Outer intercostal does not affect on the performance degradation 
since it is located outside area of wave radiation.   
 
 
 
 
 
 
 
 
 
 
 
 

(a) Conventional               (b) Improved 
Fig.2 Improved intercostals configuration 

 
3. Analysis of dual gridded antenna with intercostal 

 
Antenna radiation performance is calculated by PO ( Physical Optics ) method [5] with taking 

into account the reflection and transmission coefficients of the grid on the front reflectors and inner 
intercostals as shown in Fig.3. The front reflector and inner intercostal consist of sandwich layered 
configuration, skin, core and skin. Fig.4 shows analysis model in which cylindrical shape inner 
intercostal is replaced by twelve plane intercostals easy for calculation.  

Fig.5 shows analysis results of radiation contour pattern with/without inner intercostals in 
Japan area coverage for example.  As for comparison, contour analysis of conventional full height 
intercostals is shown in Fig.5(a), and that of thin 1/4 height is shown in Fig.(b). It is notice that gain 
variation between with and without inner intercostal on Edge of Coverage (EOC) in Fig.5(a), the 
difference is large and around one to three dB and side lobe level raised 10dB up in worst point. On 
the other hand, the difference between with and without thin intercostals is small and gain variation is 
less than 0.5dB in Fig.5(b). 

Thermal deformation analysis is performed in cases of half sun and cold condition, which 
represents worst case of thermal conditions obtained from thermal analysis on orbit. Fig.6 shows 
temperature distribution on the reflector in case of half sun and the temperature difference reaches 
around 150 degree. In cold case the temperature is assumed as –140 degree uniform. Analysis results 
of thermal deformations are indicated in Fig.7 and found that it in case of thin 1/4 height inner 
intercostals is almost half of that of no intercostals case. And also the difference of full height and 1/4 
height is small, and which means that ring shaped ring can is effective for thermal deformation 
mitigation even thickness is thin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3  PO analysis method  
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Fig.5 Comparison of radiation contour pattern 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Temperature distribution 
       on the front reflector (half sun) 
 
 

Fig. 7 Comparison of temperature deformation 
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4. Fabrication and test results 

 
One meter-sized dual gridded antenna with a cirlularly symmetric parabolodal surface has been 

designed and fabricated in ka-band. The front reflector is composed of sandwich honeycomb panel 
made by aramid fiber reinforced plastic and polarization grid is patterned on the surface. The rear 
reflector is composed of honeycomb sandwich panel made by carbon fiber reinforced plastic (CFRP), 
which does not have grid patterns. Rear and front reflectors are connected by improved inner and outer 
intercostals which are the part of circular cylinder whose axis is along the antenna axis. For the 
substrate, cyanate resin which has low hygroscopic properties and is resistant to micro-crack, and ultra 
high modulous pitch graphite fiber were applied. Simple grid patterning method, transcribing a grid 
pattern etched on a plane onto a curved reflector surface, is applied [6].  In this method, only plane 
shaped grid pattern are used to obtain a desired pattern on a curved reflector surface, which is easily 
etched by conventional photo-etching technique and equipments.  



Fig.7 shows comparison of calculated and measured radiation pattern of front reflector. Low cross 
polarization under -40dB was obtained as shown in the figure, and cross polarization of discrimination 
was confirmed in ka-band. The antenna gain was also measured and 0.4dB high gain at peak gain was 
obtained in case of improved thin intercostals compared to full height conventional intercotal.  Fig.8 
shows photo of fabricated dual gridded antenna when radiation pattern was measured. 
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Fig.8 Comparison of calculated and measured  Fig.9 Photograph of fabricated reflector 
     (one meter size) radiation patterns of improved intercostals design 

 
 
5. Conclusions 
 
    New configuration and test results of ka-band dual gridded antenna with improved intercostals 
has been demonstrated.  The improved thin intercostal design has been introduced not only reducing 
diffraction from the intercostal but also minimizing thermal deformation. One meter-sized dual 
gridded antenna has been fabricated and tested in ka-band. The result of the measurement showed 
cross-polarization level was obtained. The validity of the dual gridded reflector antenna in ka-band has 
been shown and advantage of thin intercostals has been confirmed. Thermal test will be done in future. 
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