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Abstract - Very long micros~p mays have beern de\reloped at the Ku- annd Ka-bmd fie~encies. 
may b e g  an e l a t r i d  length of about 110 &ee-space wavefengh is used to feed a 

dqioyable &in-membrane ~yliindrical reflec%or f a  a spaceborne precipitation radar app4ication. 
These arrays, designed for 0O and 30" fured beam directions, achieved peak sidelobes of -20 dB 
and average sidelobes beIow -30 dB with peak cross-pol levels below -20 dB. Several unique 
challenges were encountered d u h g  the deveIopment of tkse  very long arrays, such as the strong 
coupling between very long power divider lines, the strong leakage radiation &om the lengthy 
transmission lines, anet the la& of computer analysis capability of these electrically large arrays. 

Introduction - As  part of the overall NASA Ear& science research effort, Jet PropuItsion 
Laboratory (JPL) is developing a lightweight, dual-frequency, dual-polarized, wide-swath 
scanning, hge-aperture deployable antenna tech~logy for the next generation spaceborne 
precipitation r&s [lJ1, This Advanced Precipitation Radar Antenna (ABRA), depicted iu Fig. 1, 
utilizes a 5.3m x 5.3m cylirsdrid parabolic refleetor with two eledxorricaBy s cmed  Ku- and Ka- 
band phased hear  t r y  feeds to provide global rainfall measurements at 2 km horizontal 
resolution over a cross-track s m  range of up to E3Y0. The two-ftequency radar beams with very 
low sidelobe requirement .Nil1 dlow umnbigmo(ns retxieval of the pameters in the raindrop size 
distribution. The large-aperture reflector will be a deployable thin-membrane surface witb surface 
precision justified for the &bad application. To faditate. this antenna tech01ogy deve10pment7 
JPL is cuprenntly developing a hassize (2.6~1 x 2.6raz) technology demonstration model. Two key 
challenging areas are: a deployable thin-membrane cylindrkd reflector to achieve the required 
surface a c c m y  of 0.2 mm RllaS and ele&ridlly very long linear feed mays to achieve the 
required low sidelobe level of less than -30 dB. 3 % ~  paper addresses specificaIiy the feed array 
techolagy deveEopment t31. 

i- 3%- mmiostrip antenna apprmch is selected for the feed m y s  
due to its relative simplicity of fabriciftion, lower mass and smaller size when compared to other 
types of antemas, such as the slotted waveguide array. h order to achieve two matched beams 
(is., equal beamwidths and pointing directions) h m  the cylindrical reflector for the two 
fkeqnemies (f 3.6 G& afnd 35 GI&), the Ku-band army, for the half-size model, has to have a 
length of 2 . h  with 166x2 elemeats while the Ma-band army must have a length of 1.0m with 166 
x 4 elements. To achieve the required 37' beam scan along the long-dunension of each array, 166 
TR wdu1es with phase sWers are needed. These amplifier modules, illustrated in Fig. 2, will 
alleviate the problem associated with fie high insertion loss ofthe microstxip power divider lines 
and phase shiRers. Because of their Egh cost, the modules and p b e  skifters are not kp1emented 
in this stage of the development. Several fixega-bearn arrays are developed to dernonstra$e the very- 
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feed array technology. To minimize the insertion loss and the needed real-estate of the microstrip 
potver dividers, a combination of parallel/series feed and subarray technology is used. A total of 
four arrays were developed - two for Ku-band with 0" and 30' tilted bems and the other two for 
Ma-band with 0" and 30" tilted beams. The design drawing of the Ku-band array with O0 tilted 
beam is illustrated in Fig. 3, while that for the Ma-band array is shown in Fig. 4. As can be seen, the 
parallel microstrip power divider design is used to distribute power to all subarrays for stable 
bandwidth coosideration. Within each subarray, series microstrip power divider is used, for space 
compactness consideration, to distribute power to five smaller subanays. Each smaller s u b m y  
consists of a vertical C'sti~k" of 2 patch elements for the Ku-band array zand 4 elements for the Ka- 
band amy. In order to achieve the required amplitude and phase precisions for the very low- 
sidelobe requirementJ several key issues were encountered in the array development. One was that 
sigdimnt amonat ~fm~kQa9 muplkg o a a ~ e d  between the very long power divider lines. Second 
m7as &at the relatively large amount of leakage radiation from ihe power divider h e s  raised the 
sidelobes to m anacceptable level. Third was the lack of efficient computer software to d y z e  
and design this large microstrip array as a whole unit. To resolve these issues, it was determined 
that, in order to reduce line couplings, the paridle1 power divider lirmes need to be separated much 
ftrrther apart than the conventional required separation for smaller arrays. It was dso determined 
that absorb'hg materials or T/R modules can minimize the effect of leakage radiation fiom the 
power divider lines. Finally, commercially availabb moment-method based software was used to 
analyze subsections of the complete array and, through fab/test iterations and array 
amplitude/phase diagnostics, the microstrip array development was successfL'ulfy accomplished. 

Mesasatremeat Results - For Ka-band, the radiation pattern measured at 35.0 Gfi for the 0"- 
scanned case is given in Fig. 5, where it shows a near-in sidelobe peak at -20 dl3 level prith an 
average sidelobe level of about -30 dB. The -3dB bemwidth is 0.62O. The cross-pol peak within 
the main beam region is -22 dB and is -30 dB outside the wain beam. Fig. 6 gives the measured 
co-pol and cross-pol patterns for the 30" scanned ka-band array, where it shows the near-in 
sidelobe peak, as well as the far-out sidelobe peaks, at -18dB fevel. 'Fhe %-out sidelobes are 
considered as the grating lobes due to phase aund amplitude imperfections between major subarrays 
(major submay consists of 5 smdl submys; small subarray spacing is 0.632~ and major 
submays spacing is 3.15b). The main beam has a -3dB beamwidth of 8.720. The cross-pol peak 
within $he main beam region is -22 dB, and is at the level of -30 0 outside the main beam region. 
The Ku-band mays performed similarly as the Ma-band arrays. Their measured patterns will be 
shown during the presentation. F r ~ m  these measured results one can conclude that it is feasible to 
have large microstrip army to achieve reasonable pateem p e r f o m c e  at very high microwave 
frequencies. 
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Figure 2. Concept ofa linear microstrip am? using T/R modules 

k h  jor p o w r  
/cL-kler b1es 

Figure 3. Design drawings and photo oftbe Ku-band anay with 0' beam tilt. 



Figure 4. Design dram-h~gs of the Ka-band array with 30' beam tilt. 
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Figure 5 .  Measured co-pol a ~ d  x-pol patterns of the Ka-band array nlth O0 beam tilt. 
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Figure 6.  Measured co-pol and x-pol patterns ofthe Ka-band array with 30° beam tilt. 




