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Abstract—Being developed in partnership between NASA and
the Indian Space Research Organisation (ISRO), théNASA-
ISRO Synthetic Aperture Radar (NISAR) satellite isplanned to
launch in late 2020. NISAR will measure many aspestof how
Earth is changing with unprecedented accuracy on global scale
from a Low Earth Orbit (LEO) platform. With a 12m d eployable
mesh reflector, NISAR will feature one of the larget deployable
mesh reflector ever launched for a scientific missh. Two large
planar phased arrays will feed the reflector, onetat will operate
at L-Band and be developed by the Jet Propulsion Lzoratory
(JPL), and an S-band array that will be developed tathe ISRO
Space Application Centre (SAC). This paper descrilse the
preliminary design of the L-Band feed array.
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|. INTRODUCTION

The basic operational principle of the NISAR radéth its
SweepSAR mode is illustrated in Fig. 1. The L-Béeed will
be an array of 2x12 patches, organized in paicatén near
the spacecraft bus. During transmit operation,tta patch
elements are fed, under-illuminating the reflectoelevation.
Consequently, the 12m reflector generates a beatrigtwide
in elevation and covers the entire radar swathhenground.
During receive operation, the patch pairs are e in
subsets using digital beam-forming. By “sweepinbfotigh
digital beam-formed combinations of the 12 patcirspahe
radar captures data from a wide swath with higblugien [1].
Once the radar data are processed, NISAR will gdeoscience
products ranging from biomass disturbance, to @eoity and
thickness, to surface deformation due to earthcgjakther
natural disasters, or global effects such as cémhtinge. This
paper describes the preliminary design of the NISARand
feed array. Section Il covers the basic geometryhefarray
including details of the feeding network, the statkpatch
arrangement, the feeding mechanism, and the raddewtion
[l presents the calculated return loss performanfcine array
while Section IV presents some preliminary measergs
The secondary antenna performance is not includesl h

Il. GEOMETRY OF THEL-BAND FEED ARRAY

The L-Band feed array consists of six tiles, witlo tpatch
pairs per tile. Each patch pair is required to e\norizontal,
vertical, and circular polarization. Therefore tlieeding
network needs to accommodate all of the above IpitiSss in
a compact package.
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Fig. 1, Sweep SAR technique will allow global cage.

Differential probe feeds are used to minimize sfos
polarization and to maintain a high degree of sytmynalong
the array. Since each patch must operate in twealin
polarizations, a total of four probes are neededpatch. A
stripline feeding network made in Rogers 6002 ptesithe
proper power splitting and phasing to feed thelpatirs. The
patches, organized in a stacked patch configuratowiden
the bandwidth, are supported by the feed probes ploenter
post for structural rigidity. There is no dielectrunder the
patches. The lower patch is capacitively fed, whictables
proper tuning of the patch. The top patch is diyesbldered to
the probes. A center post adds structural rigidityd has the
side benefit of naturally rejecting the second harim that is
generated by the Transmit/Receive Modules (TRMg&). E
shows the main body of the Radar Instrument StradiglS),
including the top deck with both the L-Band and 8w8and
feed arrays. The L-Band and S-Band TRMs are lochtgd
inside and outside the RIS. Each L-Band tile iseced by a
radome. The radome shell is made of a 1mm thickogsartz
layer and is painted for thermal control and priddecfrom
atomic oxygen corrosion. Inside the radome shdtaan layer



with cut-outs for the patches provides additionbérinal  Fig. 3 shows a single L-Band tile with and withthet radome.
insulation. Fig. 4 shows the patch feeding mechanism in motaildé&he
four feed probes in each stacked patch are solderte: feed
network board. They then support a dielectric mghvhich
supports the lower patch. An upper dielectric boghin
combination with a metal washer is used to capastiticouple
power to the lower patch. The upper patch is diyesdldered
to the four probes and the center post. Since patfth pair is
fed 300W of peak power when operated in circular
polarization, power breakdown was a concern during
design. Additional dielectric washers at the basthe probes
were used to prevent multipactor breakdown at teedf
network board interface by creating a dielectrigibabetween
the feed probes and the ground plane. Care wasuaksb to
minimize the potential for passive intermodulatfmoducts at
metal-to-metal interfaces.
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Fig. 2, The Radar Instrument Structure (RIS) wiith $ix L-Band Tiles on the
top deck. The radomes of the L-Band tiles in thesware semi-transparent.
Also visible is the base of the reflector boom ae @nd of the array. The I1l. CALCULATED PERFORMANCE

TRMs are located on both sides of the RIS. The six-tile L-Band feed array, including the festwork,
was simulated in HFS%. Fig. 5 shows the calculated return
loss at the input connector ports of the arraybfuth horizontal
and vertical polarizations. While the requirementi5dB, all
ports currently show a return loss better than B26xcept for
the first patch pair in vertical polarization oneoend of the
array, therefore providing adequate margin to acoodate
performance variations over expected manufactudlegances
and the operating temperature range.
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Fig. 3, A L-Band tile with (top) and without (bott) radome
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g. 5, Calculated return loss at all ports dutirgsmit for both polarizations.

IV. PRELIMINARY MEASUREMENTS

In order to verify the RF design, two prototypedilwere
fabricated and tested, including a third boardtfer feeding
network alone. This latter board was “connectorizagido on
the top side where the patch probes are supposebe to
attached. This way we could measure exactly thertios loss
of the board itself. Fig. 6 shows an example of nieasured
versus calculated performance obtained with oud&s$tgn of
the feeding network. Each of those curves represeat
pertinent S-parameter between a V-pol input pod &me
Fig. 4, Detail of the patch feeding mechanism. corresponding four ports where one patch wouldolsatkd in




the complete design. As can be observed from Fighet
agreement is quite good.
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Fig. 6, Calculated Vs. Measureg, parameters for a V-pol port in the feeding
network test board.

Fig. 6 also shows about 0.5 dB of insertion logs\ePol at
center frequency which is reasonable for this lafideeding
network. The return loss of the complete tile wdsoa
measured. The first measurements were not in ggakment
with our calculations unfortunately. Then we reatizhat the
model and the actual geometry were not exactlysdme. In
particular, as shown in Fig. 4, the lower patclcapacitively
coupled to the probes. The dielectric bushingsthesefore
responsible for the RF tuning of this interfaceg amthe final
revision some small venting holes were added taldsign of
these parts. These small holes were not implementede
model, but they actually changed the equivalentedigc
constant of the tuning feature. The dielectric tamisitself
was also close to the nominal value but not quige game.
Once both of these small discrepancies were indiudeour
tile model, measured and calculated return los®again in
good agreement and most important we met our rexpant.
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Fig. 7, Calculated Vs. Measured return loss for-paHport of the complete
tiles after being retuned.

The change in effective dielectric constant alsedeel to
be compensated with a small change in the capasiter(the
metal washer above the bushing in Fig. 4). Aftesthchanges
were implemented measured and calculated datachggsen
to a satisfactory level. Also, the model shows @ idi return
loss around 1.28 GHz which is not present in the
measurements. Clearly there is still some smadildatissing
for a perfect match but the agreement was congidgoad
enough. Directivity, gain and overall insertiondosere also
measured along with radiation patterns. All measdwalues
were well within the expected ranges predicted ty RF
model and showed similar trends in frequency.
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Fig. 8, Tile model showing the orientation of theotpolarizations and the
corresponding input ports, along with the assodia¢éerence system.
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Fig. 9, Radiation pattern on the two principal datsport H1 in Fig. 8. Blue
curves are for the Elevation cut (Phi = 0°), grearves are for the Azimuth
cut (Phi = 90°). Lighter colors are calculated kéarcolors are measured.

Fig. 9 shows an example of measured and calculated
radiation patterns for one of the H1 port. The meaments
were performed in an NSI spherical near field range
Torrance, CA. As we approach the back lobe in thta,cthe
measured data progressively grow further apart fribve



calculations. This is mostly due to the presencealiforber
behind the antenna.
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Fig. 10, Radiation pattern on the two principalsciatr port V1 in Fig. 8. Blue
curves are for the Elevation cut (Phi = 0°), grearves are for the Azimuth
cut (Phi = 90°). Lighter colors are calculated kéarcolors are measured.
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Fig 10, shows the radiation pattern data for a V{Rut.
Similar considerations apply to this figure; theesgnent is
very good until we reach the back lobe were theoddes
tends to reduce the measured levels. Cx-Pol leechlao well
within our requirements and in good agreement vitih
predicted values (orange lines in Fig. 9 and F@). I is also
important to note that the subtended angle of #ileator is
about +35° and in that range the model is predictihe
performance of the radiation pattern very well. Jéhe
prototypes were also tested over temperature acieécyver
the full extent of our required proto-flight temparres which
covers almost a 200°C span. Performance mostly 'tdidn
change after thermal cycling but we noticed a $ligh
improvement in the overall insertion loss vs. fregey plots.

This, we believe, was due to some residual mechhsteess
left over in the tiles after the assembly. Thermgtling
relieved the residual stress and made the ovdmfpeérform a
little more efficiently. Changes of almost 0.1 dBere
observed.

V. CONCLUSIONS

A preliminary design of the NISAR L-Band feed aman
tiles has been completed and two prototype tilege Hzeen
fabricated and tested with good agreement with ipted
performance. A compact feeding network capable of
providing H-Pol, V-Pol and Circular Polarization sva
designed and tested with very good results. A pételding
mechanism that provides mitigation features agapwswer
breakdown was also developed and promises to proatd
least 10 dB of margin over the expected power v@verall
a compact and lightweight design for the feed tileas
finalized and we are now in the process of buildinfull set
of EM tiles which will be used to test the full ayr
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