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Abstract—Being developed in partnership between NASA and 

the Indian Space Research Organisation (ISRO), the NASA-
ISRO Synthetic Aperture Radar (NISAR) satellite is planned to 
launch in late 2020. NISAR will measure many aspects of how 
Earth is changing with unprecedented accuracy on a global scale 
from a Low Earth Orbit (LEO) platform. With a 12m d eployable 
mesh reflector, NISAR will feature one of the largest deployable 
mesh reflector ever launched for a scientific mission. Two large 
planar phased arrays will feed the reflector, one that will operate 
at L-Band and be developed by the Jet Propulsion Laboratory 
(JPL), and an S-band array that will be developed at the ISRO 
Space Application Centre (SAC). This paper describes the 
preliminary design of the L-Band feed array. 

Keywords—phased array; planar array; deployable mesh 
reflector; patch antenna; metal patch antenna. 

I. INTRODUCTION 

The basic operational principle of the NISAR radar with its 
SweepSAR mode is illustrated in Fig. 1. The L-Band feed will 
be an array of 2x12 patches, organized in pairs, located near 
the spacecraft bus. During transmit operation, all the patch 
elements are fed, under-illuminating the reflector in elevation. 
Consequently, the 12m reflector generates a beam that is wide 
in elevation and covers the entire radar swath on the ground. 
During receive operation, the patch pairs are processed in 
subsets using digital beam-forming. By “sweeping” through 
digital beam-formed combinations of the 12 patch pairs, the 
radar captures data from a wide swath with high resolution [1]. 
Once the radar data are processed, NISAR will provide science 
products ranging from biomass disturbance, to ice velocity and 
thickness, to surface deformation due to earthquakes, other 
natural disasters, or global effects such as climate change. This 
paper describes the preliminary design of the NISAR L-Band 
feed array. Section II covers the basic geometry of the array 
including details of the feeding network, the stacked patch 
arrangement, the feeding mechanism, and the radome. Section 
III presents the calculated return loss performance of the array. 
The secondary antenna performance is not included in this 
paper. 

II. GEOMETRY OF THE L-BAND FEED ARRAY 

The L-Band feed array consists of six tiles, with two patch 
pairs per tile. Each patch pair is required to provide horizontal, 
vertical, and circular polarization. Therefore the feeding 
network needs to accommodate all of the above possibilities in 
a compact package. 

 

Fig. 1, Sweep SAR technique will allow global coverage. 

 Differential probe feeds are used to minimize cross-
polarization and to maintain a high degree of symmetry along 
the array. Since each patch must operate in two linear 
polarizations, a total of four probes are needed per patch. A 
stripline feeding network made in Rogers 6002 provides the 
proper power splitting and phasing to feed the patch pairs. The 
patches, organized in a stacked patch configuration to widen 
the bandwidth, are supported by the feed probes plus a center 
post for structural rigidity. There is no dielectric under the 
patches. The lower patch is capacitively fed, which enables 
proper tuning of the patch. The top patch is directly soldered to 
the probes. A center post adds structural rigidity, and has the 
side benefit of naturally rejecting the second harmonic that is 
generated by the Transmit/Receive Modules (TRMs). Fig. 2 
shows the main body of the Radar Instrument Structure (RIS), 
including the top deck with both the L-Band and the S-Band 
feed arrays. The L-Band and S-Band TRMs are located both 
inside and outside the RIS. Each L-Band tile is covered by a 
radome. The radome shell is made of a 1mm thick Astroquartz 
layer and is painted for thermal control and protection from 
atomic oxygen corrosion. Inside the radome shell, a foam layer 



with cut-outs for the patches provides additional thermal 
insulation. 

 

Fig. 2, The Radar Instrument Structure (RIS) with the six L-Band Tiles on the 
top deck. The radomes of the L-Band tiles in this view are semi-transparent. 
Also visible is the base of the reflector boom at one end of the array. The 
TRMs are located on both sides of the RIS. 

 

 
Fig. 3, A L-Band tile with (top) and without (bottom) radome 

 

 
 

Fig. 4, Detail of the patch feeding mechanism. 

Fig. 3 shows a single L-Band tile with and without the radome. 
Fig. 4 shows the patch feeding mechanism in more detail. The 
four feed probes in each stacked patch are soldered to the feed 
network board. They then support a dielectric bushing which 
supports the lower patch. An upper dielectric bushing in 
combination with a metal washer is used to capacitively couple 
power to the lower patch. The upper patch is directly soldered 
to the four probes and the center post. Since each patch pair is 
fed 300W of peak power when operated in circular 
polarization, power breakdown was a concern during the 
design. Additional dielectric washers at the base of the probes 
were used to prevent multipactor breakdown at the feed 
network board interface by creating a dielectric barrier between 
the feed probes and the ground plane. Care was also used to 
minimize the potential for passive intermodulation products at 
metal-to-metal interfaces. 

III.  CALCULATED PERFORMANCE 

The six-tile L-Band feed array, including the feed network, 
was simulated in HFSSTM. Fig. 5 shows the calculated return 
loss at the input connector ports of the array for both horizontal 
and vertical polarizations. While the requirement is -15dB, all 
ports currently show a return loss better than -20dB except for 
the first patch pair in vertical polarization on one end of the 
array, therefore providing adequate margin to accommodate 
performance variations over expected manufacturing tolerances 
and the operating temperature range. 

 

Fig. 5, Calculated return loss at all ports during transmit for both polarizations. 
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