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in the long dimension, corresponding to
~ a 0736 free-space wavelength. The im-
"nce-matching transmission line sec-
that feed adjacent elements differ
:ctrical length by 180° so that ad-
it elements are fed in opposite phase.
i, the antenna can be regarded as
isting of two interleaved subarrays

ed in Opposite phase,
1e combined effect of interferences
ng the electromagnetic fields radi-
by the various elements in like and
Jsite phases is to suppress the net
ition in the broadside direction and
coherently to produce the two off-
idside beams at £41.5° These two

oft-broadside beams are the results of
grating lobe radiation. The 3-dB width
of each beam is 2.7°; the peak side-
lobes are 15 dB below the main-beam
peaks. In practice, impertections of da-
sign and fabrication prevent exact can-
cellation of the breadside beam, which
remains about 18 dB below either main

-.beam. The measured peak gain at 5.29

GHz is 20 dB with respect 10 an isotro-
pic antenna. The coaxial power divider
and coaxial cables that feed the antenna
account for about 15 dB of insertion loss.

This work was done by John Huang
and Soren N. Madsen of Caltech lor
NASA's Jet Propulsion Laboratory.

For further information, write in 83 on
the TSP Request Card.

in accordance with Public L aw 96-
5717 the contractor has elected to retain
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ing rights for its commercial use should
be addressed to

Williarmn T. Callaghan, Manager

Technology Commercialization
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{M/S 301-350)

4800 Oak Grove Drive
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Refer to NPO-18810, volume and num-
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& steerable K/Ka-band Antenna for
Land-Mobile Satellite Applications

This antenna tracks and communicates with a
geostationary satellite from the roof of a moving vehicle.

NASA's Jet Propulsion Laboratory, Pasadena, California
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A prototype steerable microwave an-
tenna tracks and commurnucates with a
geostationary satellite. it is designed to
be mounted on the roof of a vehicle (car,
truck or van) and is only 10 cm tall, To-
gether with a stationary ground termi-
nal, tha vehicle and satellite are parts of
an expenmenta! mobile -satellite com-
munication system using NASAs Ad-
vanced Communications Technology
Satellite (see Figure 1).

The antenna includes a feedhorn and
an offset mflector mounted on a rotary
table driven by a stepping motor. A lay-
ered dielectric mdome protects these
components (see Figurs 2}. The anten-
na handies both the 20 GHz, vertically
polanzed, received (downlink) beam and
the 30 GHz, horizontally polarized. trans-
mitted (uplink) beam, both with a 300
MH2z bandwidth. It provides a peak re-
ceive sensitivity of -3 dB/K (gain to noise
temperatume ratio) and a peak transmit
isotropic gain of 24 dB, while supporting
transmit power tevels up to 10 W. The
transmitted and received beams ame
routed between the antenna and the
equipment inside the vehicle via a co-
axial rotary joint and a diptexer. ’

The position and onentation of the
faedhorn on the rotary table am fixed, but
the elevation angle of the reflector can
be adjusted manually so that it matches
that of the satellite in the geographical -
gion in which the vehicle opsrates. The
radiation patterns of the antenna at the
two frequencies are broad enough 1o ac-
commedate the typical tilting expsri-
enced by vehicles while traveling along
paved roads.
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Figure 1. This Expsrimental Communications System is designed to demonstrate and
test various aspacts of mobile satellite communications, A principal subsystem — the
subject ol this article — is the steerable microwave antenna mounted on the roof of a van.

Under control of a computer mounted
in the vehicle, the rotary table is turned
so that the antenna acquires a pilot-tone
signal that the satellite relays to the van
from the stationary ground terminal. Once
the pilot tone is acquired, an inertial turn-
rate sensor mounted to the vehicle pro-
vides most of the information needed 1o

keep the antenna pointed toward the
satellite as thae vehicle moves about, 30
that communications are sustamned while
traveling. Any residual azimuthal-angle
pointing error that develops is detected
by sinusoidally dithering the rotary table
+1° at a frequency of 2 Hz while moni-
torng the signal strength of the pitot
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Figure 2. The Steerabie KfKa-band Antenna is made sugged and compact to suil the
rooftop mobile operating environment. The more-delicate signal-procaessing and control

equipment is located inside the vehicle.

tone received through the antenna. The
resulting estimate of pointing error is the
source of feedback for the antenna
poinling subsystem.

The antenna system completes a full az-
imuthal scan and acquires the pilot tone
in about 6 seconds. After acquisition and
during tracking, the rool-mean-square
pointing error is only a small fraction of a

daegree. Tha system can compensate for
vehicle turn mtes up to 60°fs. if the pilot
tone is temporarily lost {e.g9., when the
vehicle passes under a bridge) the iner-
tial part of the antenna pointing subsys-
tem continues to function, themby fa-
cilitating immediate reacquisition.

This work was done by Arthur
Densmore, Vahraz Jamnejad, and Kenneth

NASA Tarh Ariafc  Ianiian, 1nna



Wocg of Caftech for NASA's Jet Pro-

_.pulsion Laboratory. For further infor- «

4 mation, write in 190n the TSP Requast
* Camd.

This invention is owned by NASA,
and a patent application has been filed,
Inquiries concerning nonexclusive or ex-
clusive license for its commercial devel-

opment should be addressed to the
Patent Counsel, NASA Rasident Office—
JPL [see page 20] Refer to NPO-18772.

QFrequency-Selective Microwave Reflectors

Multiple double-loop patch elements reflect at some frequencies and transmit at others.
NASA's Jet Propulsion Laboratory, Pasadena, California

Lightweight dichroic reftector panels
are being developed for use in multiplax-
ing electromagnetic waves at three or
four microwave frequencies. The basic
requirement is that the panels be highty
reflective in the X and K, bands and
highly transmissive in the K, and S
bands. The griginal intended application
1S in the subreflector of a main parabo-
loidal raflector to enable simultaneous
operation in both a prime-focus config-
uration in the K, and S bands and a
Cassegrain configuration in the X and
Kabands, as shownin Figure 1.

The reflector panels are being de-
signed according to two alternative ap-
proaches — add-on and integrated. In
the add-on approach, gach panel in-
cludes a lightweight dielectric (e.g., plas-
tic foam or honeycomb) core that sup-
ports dichroic arrays of double-loop array
elements on its front and back surfaces.
The front-surface array is highly reflec-
tive in the K, band and highly transmis-
sive in the S, X, and ¥, bands; the
back-surface array is highly reflective in
the X band but highly transmissive in
the S and K, bands. In the integrated ap-
proach, only ona surface of the dieleg-
tric panel core supports an array of dou-
ble-loop array elements that satisfies the
basic frequency-selective reflection and
iransmission requirement.

The subreflector panels for the inteng-
ed application will have to be curved.
but for the sake of simplicity. the proto-
type panels that have been buit and
tested thus far have been made fiat.
Both square anag circular double-loop
antenna elements have been designed
and have been fabricated by deposit-
ing patches of copper on thin dielectric
sheets. The sheets have then bean at-
tached to the dislectric cores to form
unitary sandwich structures. For exam-
ple, Figure 2 shows a panel according
to the add-on approach, with arrays of
square double-loop array elements on
polyimide sheets bonded to a foam core.

This work was done by Te-Kao Wu
of Caitech for NASA's Jet Propulsion
Laboratory. For further information, write
in 4on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
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Figure 1. Reflector Paneis are being developed for use in the subrellector of the dual
reflector system. The subrellector is required to be highly reflective in the X and K,
bands and highly transmissive in the S and K, bands.

TOP VIEW BOTTOM VIEW
-t 20 - -t 20 -
——p={ |—0.0197 — | tu— (3.036
2] A .
] ssees 23 sevne
:.‘5’ @ 00197 Ny @ 0.036
Igl Copper Strigs @ Coppar Strips
0.0098 Wide 0.003 wide
0.1575 Etched on Potyimide 0.288 Etched on Polyimida
o Sheet 0.001 Thick ° Sheet 0.001 Thick
20 L4 20 ®
o Totalol 69 by 69 S Totalol69 by 69
® Double-Square-Loop ® Double-Square-Loop
Antenna Elemants Antenna Elomants
Y
Top Anay: —— Bottom Amay.
Highly Reflective 2 o"<" Rigid Foam Spacer <% =" Highly Reflactive
in K ,Band. o2t o7sThek  © :i;‘nﬁ"?‘* ,
"  ce AR O ransmissmwe
Heghly T':";";“:,‘:g : in S and K, Bands
K, Bands SIDE VIEW

Note : Dimensions are in inches.

Figure 2. This Flat Reflector Panel of the add-on type incluges two surface arrays of
double-square-ioop patch elements. This panel is one ol several prototypes of the
curved subreflector of Figure 1.

Quires conceming nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent

Counsel, NASA Resident Office - JPL
[see page 20]. Refer to NPO-18701.
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