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AWARDS ABSTRACT

The invention relates to a circularly polarized microstrip array

antenna as shown in FIGs. 1-3 utilizing a honeycomb substrate made of

dielectric material. Very large multiple beam satellite antennas

required for NASA's mobile satellite communications program must be

low in profile and light in weight in order to be compatible with the

launching vehicle for the satellite. This invention makes such large

array antennas feasible.

The microstrip patch elements of each subarray, such as shown in

FIG. Ib, are supported on one side of the honeycomb substrate as

shown in FIG. 4a which is a cross section taken on a line 4--4 in

FIG. lb. Probes 20 and 20' connect the stripline circuit shown in

plan view in FIG. 5 to microstrip elements 14 and 14', which are the

elements numbered 1 and ] that are in 180 ° orientation and phase

relationship. The probes are teardrop shaped to introduce capacitance

between the probes and the antenna ground plane which consists of the

upper sheet of metal 12a of the stripline circuit, as shown in FIG.

4b. The particular shape of the teardrop probe is not critical.

What is important is its maximum diameter, which can be empirically

determined for tuning out the probe inductance. For L-band having an

array antenna supported by a half-inch substrate, the maximum diame-

ter was experimentally determined to be 0.30 inch. An aluminum

baffle 21 is provided around each subarray, as shown in FIG. 6, to

block out most of the surface waves and thus reduce mutual coupling

effects between subarrays.

FIGs. 7a, b and e illustrate measured patterns at (a) ¢_O °,

plane cut; (b) ¢_45 ° plane cut and (c) ¢-90 ° plane cut of the array

shown in FIG. 6 by using a spinning linear dipole and feeding the

array with 1.54 GHz signal. FIGm. Ba, b and c illustrate measured

patterns at (a) ¢=0 °, plane cut, (b) ¢=45 ° plane cut and (c) ¢_90 °

plane cut of the array shown in FIG. 6 by using a spinning linear

dipole and feeding the array with I;66 GHz signal. FIG. 9 illus-

trates in a graph the desired array amplitude taper for an array

cluster of seven subarrays shown in FIG. 6.

The novelty of the invention resides in the teardrop shape of

the probes to effectively tune out the undesired probe inductance,

and in the provision of baffles around subarrays to block out most of

the surface waves between subarrays.

.L
i ___.L I_ -

C_ nt__ctNo. NAST-gi8



NPO-17548-I-CU

=90 °

4 3
=0 °

i

=0 °

FIG .'].e
(Prior Art

2 • =90 °

=270 °

14-

4

4

15 F

I

I
I

_,1= 180 °

18

3

FIG. lb
(Prior Art)

4

_-14'



NPO-17548-I-CU

Y

FIG.2
( Prior Art )

df

FIG 3



NPO-17548-I-CU

14

Circuit
(Fig.5)

FIG. 4e

.ojk

FIG. 4b



NPO-17548-I-CU

19
( 2 70 °)

II

(18o°)

15

FIG.5

f 7-Suborroy

e Cluster

Aluminum
Baffle

21

FIG. 6



NPO-17548-I-CU

(a)

0 "'_

80°_

90°__ :'.i

0o 0°

2 r_.

2

-40

10 °
20 °

o

_oo

70 o

80 o

__9o °
-30 -20 -10 0

dB

(b) 10° 0 °

-40

10°
---.._.20 °

_/_/-><o
_/_o
_oo
_oo

70 o

80 o

__9o °
-30 -20 - 10 0

dB

k.

(c)
2o_

90°__. __,__ i

0o 0 ° 10°

-40 -30 -20

t'-'_f'_ --2 dB

0o

o

_0o

8:O°0
-10 0



NPO-17548-I-CU

(a)
20 °

80°_

90° t.___- ,) _._

10 ° 0°

-40

10 °

o

O

70 o

80 o

__,,_o_. ,_t_ go°
-30 -20 -10 0

dB

(b) 10 °

60(: _

80_7 ..: ,.. i_t

90 °l ! 'I _!!, :I_

-40

O° 10 °

_o

U¢__A _800

-30 -20 -10 0

dB

(c)
20o

30oj.--'_

4oo_ \ _1,

10 ° 0° 10 °
• _ 20 °

___.__ _ooN D" 80 o

.......... ;, 2,o_L__.'_ L°_-_- _ O°

-40 "30 -20 -10 0

dB

E" I I" C)



NPO-17548-I-CU

1.6

1.4

1.2

>

x 0.6l..iJ

0.4

0.2

0

I I I

/

/
/

/

/

/
/

O./- .. • ,,.

/
/

I I
-2.0 -I.5 -I.0

DISTANCE

/:
/:

/ •
i :

/ ,
I •

i •

i i

Elements
Location

--.u
.\

-\
• \

I I

-----¢ =0 ° Plane

.... <it>=90 ° Plane -

-\
• \
", \
", \

• \

•. \

: \

\
- \

\

\
\

\

I I I I
I

-0.5 0 0.5 I .0 1.5 2.0

FROM ARRAY CENTER (WAVELENGTHS)

FIG.9



JPL Case No. 17548

NASA Case No. NPO-17548-1-CU

Docket 89/114

i,

r_:c_:: :'t no. NAS7-918
PATENT

Co'_ .... _or Caltech I JPL

Pas:_::;ena CA. £ !109

(City) (State) (,_,pj"/:'

STRIPLINE FEED FOR A MICROSTRIP ARRAY OF

PATCH ELEMENTS WITH TEARDROP SHAPED PROBES

Origin of the Invention

The invention described herein was made in the perform-

ance of work under a NASA contract, and is subject to the

provisions of Public Law 96-517 (35 USC 202) in which the

Contractor has elected not to retain title.
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Technical Field

This invention relates to a stripline feed for a micro-

strip array of patch elements using a single probe for connec-

tion between a stripline feed circuit and each element through

a honeycomb substrate, and more particularly to the use of

probes that are teardrop shaped to provide capacitance that

cancels inductance to the probe, thereby to provide input

impedance matching and thus achieve wide bandwidth coupling

into the array of patch elements.
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Background Art

Very large, multiple-beam satellite antennas in the 20

to 55m range in size have been planned for mobile communica-

tion outlined in a paper presented at the 35th Annual Interna-

tional Astronautics Federation Congress, Laussane,

Switzerland, October 10, 1984, titled "NASA's Mobile Satellite

Communications Program; Ground and Space Segment Technolo-

gies." To cover the continental United States, from 40 to 90

contiguous beams are to be generated from overlapping cluster

feed arrays with diameters of up to six meters. In order to

be compatible with the launching vehicle for the satellite,

the antenna arrays should have the capability of being folded

and stowed in the launch vehicle. Consequently, the array

should be low in profile and light in weight. The problem is

then to provide an array of elements for a satellite antenna
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with sufficient broadband performance to meet the requirements

of the land mobile communications system and at the same time

meet the low profile and lightweight requirements of the

satellite.

A paper, titled "A Technique for an Array to Generate

Circular Polarization with Linearly Polarized Elements" by the

present inventor published in IEEE Transactions on Antenna

and Propagation, Vol. AP-34, No. 9, September 1986, pp. 1113-

1124, presents theoretical and experimental results that

demonstrate an array which generates circular polarization

with wide axial ratio bandwidth (_I0 percent) can be con-

structed with single feed linearly polarized elements. The

following paragraphs are essentially excerpted from that

paper.

The reason that a circularly polarized array can be

constructed by linearly polarized elements is primarily at-

tributed to a four-element subarray with unique angular and

phase arrangements. This basic subarray has its elements

arranged in a 2x2 square or rectangular grid configuration

with element angular orientation and feed phase arranged in

either a 0°, 90 ° , 0°, 90° or a 0°, 90 °, 180 ° , 270 ° relation-

ship. The purpose of different angular orientations of the

patches is to generate two orthogonally polarized fields,

while different feed phases are used to provide the required

phase delays for the desired circular polarization. It is

well known that circular polarization can be achieved in the

broadside direction of an array composed of two linearly

polarized elements with angle and phase arranged in a 0°, 90 °

relationship as shown in FIG. Ib for the bottom two patches.

The same relationship is used for the other two elements, but

reversed.

When only two linearly polarized (rectangular) patch

elements are used and they are oriented at 90 ° with respect to

each other, the circular polarization becomes very poor at

angles greater than 5o off the broadside direction. This is
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caused by the spatial phase delay formed between the two

orthogonally polarized elements. This spatial phase delay,

which disturbs the required 90 ° phase differential, contrib-

utes to the poor circular polarization quality at angles off

broadside. With the 2x2 subarray, shown in FIG. la or Ib,

this spatial phase delay no longer exists. This is because,

within the two principle planes, the spatial phase delay in

one row or column is opposite to that of the other row or

column and, consequently, they cancel each other.

With such a system, not only is the feed complexity

reduced, but also the bandwidth performance is improved. The

reason for reduced feed complexity is because this technique

only requires a single feed for each element while four feeds

might be needed for each element in a conventional array with

wide axial ratio bandwidth requirement. Due to the orthogonal

orientation of neighboring elements, the mutual coupling

effect is found to be significantly reduced from that of a

conventional array. Finally, this uniquely arranged array can

scan its main beam in the principle planes from its broadside

direction to relatively wide angles without serious degrada-

tion of its circular polarization quality.

The concept presented in that paper is good for many

different types of antenna elements, such as microstrip

patches, dipoles, open-ended waveguides, horns, etc. However,

this invention places special emphasis on the microstrip

element as a result of a need for a large antenna array with a

low profile and light weight. The present invention uses

microstrip patches and the phase relationship between elements

selected are as shown in FIG. lb.

For a microstrip array antenna with a relatively thick

substrate, there is a distinct advantage if the array antenna

has its 2x2 subarrays arranged in the 0°, 90 ° , 180 ° , 270 °

fashion for both its element orientations and feed phases as

shown in FIG. lb. In this fashion, the axial ratio bandwidth

of the array can be increased substantially. This is because
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most of the radiation impurity (due to higher order modes of

the thick substrate) from the O° element cancels that from the

180 ° element and likewise for the 90 ° and 270 ° elements.

One important advantage found to be associated with the

2x2 array discussed here is that the mutual coupling of the

array is significantly less than that of a conventionally

arranged array. This is due to the fact that all the adjacent

elements of this uniquely arranged array are orthogonally

oriented and hence cause very little coupling between immedi-

ate neighboring elements.

The monolithic array with microstrip elements is play-

ing an important role in the advance of phased array technol-

ogy. It is more feasible to build a linearly rather than

circularly polarized element with a quarter-wave long micro-

strip patch, and then provide a feed line circuit with phase

shifters as required to realize 0°, 9° , 180 o , 270 ° phase

relationship for circular polarization from a single feed

point to the 2x2 subarray. With such a uniquely arranged

subarray, it is possible to construct a circularly polarized

monolithic phased array with enough room left for active

devices to be etched on the same substrate.

The following describes the development of a new array

which has a relatively broadband performance sufficient to

cover the bandwidth requirements of the satellite antenna of

the land mobile communication system. To cover both downlink

frequencies (1545 to 1550 MHz) and uplink frequencies 1646 MHz

to 1660 MHz) with a maximum of 1.5:1 input voltage standing

wave ratio (VSWR), the microstrip antenna patch with a half-

inch thick honeycomb-supported substrate has been selected as

an example for the linearly polarized radiating element in

arrays for circularly polarized radiation. Since a half-inch

(0.07 wavelength) substrate is relatively thick for microstrip

radiators, four feed probes would be required per single

element of an array to suppress the undesired higher order

modes and thus to generate acceptable circular polarization
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across the total bandwidth. For a large array, such a four-

probe feed system for each microstrip patch would increase the

complexity of an already complex feeding and beam-forming

network, and would make it heavier and more prone to RF

losses. For that reason, a 2x2 microstrip patch array is used

and fed as a subarray from a single coaxial connector to

function as a circularly polarized antenna element.

Statement of the Invention

A circularly polarized microstrip array antenna is

comprised of a cluster of seven subarrays, one subarray at the

center and six subarrays spaced around the center subarray.

Each of the seven subarrays of a cluster is comprised of a

square grid array of four linearly polarized rectangular

microstrip patch elements with a feed phase and angular orien-

tation for circular orientation. The feed into the grid at

the center utilizes a Wilkinson stripline power divider to

divert energy into both a left and right branch with a longer

line length in one branch for 180 ° phase shift relative to the

other branch. Two additional Wilkinson stripline power divid-

ers then divide the energy at each branch into two paths with

longer line lengths in one path to introduce a 90 ° phase

difference in the energy at the two ends of the branch so that

at the four corners of the grid there is a phase difference in

the energy delivered to the four microstrip patch elements

having a physical orientation relative to each other of 0°,

90 °, 180 ° and 270 ° . The result is a circularly polarized beam

from each subarray of four linearly polarized patch elements,

each element being fed through the stripline circuit of power

dividers and delay lines.

For rigidity and light weight, a suitably thick honey-

comb construction is used for the substrate that supports the

microstrip patches in each subarray of a cluster (or overlap-

ping clusters) on one side and the stripline feed circuits

subarrays on the other side. Each subarray of four microstrip
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patches is surrounded by an aluminum baffle about one inch
tall to prevent mutual coupling between subarrays. In each

subarray, the microstrip patch on one side of the honeycomb
substrate is fed from the stripline circuit on the other side

through a probe that is teardrop shaped to effectively tune
out inductance around the feed probe and provide 7.5% band-

width for 1.5:1 VSWRimpedance match by introducing capaci-
tance to cancel the undesired probe inductance. The exact

teardrop shape is not critical; only the maximumdiameter is

important, and that may be determined empirically for the

operating frequency.
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Brief Description of the Drawings

FIGs. la and Ib illustrate a grid array, referred to

herein as a subarray, of four identical linearly polarized

patch elements with specific 0°, 90 ° , 0 °, 90 ° , and 0 °, 90 ° ,

180 ° , 270 ° angular orientation and feed phase, respectively,

for radiating a circularly polarized beam.

FIG. 2 illustrates a single cluster of seven subarrays,

where the orientation and phase arrangement is the same for

each subarray as shown in FIG. I.

FIG. 3 illustrates two overlapping clusters of seven

subarrays with a separation distance, df, between the two

cluster feeds.

FIG. 4a illustrates in a cross section taken on a line

4---4 of FIG. Ib with a separate teardrop probe from the strip-

line circuit shown in FIG. 5 to each one of the microstrip

patch elements shown in FIG. Ib of a subarray, and FIG. _b

shows the gradual change in the electric field introduced by

the teardrop shape between a probe and a ground plane.

FIG. 5 illustrates a four-way power divider stripline

circuit with line lengths selected to achieve 0°, 90 ° , 180 °

and 270 ° feed phases from a single feed point in the center.

FIG. 6 illustrates a single cluster of seven subarrays
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with 28 patch elements on a honeycombsubstrate and with a

one-inch tall aluminum baffle around each subarray.

FIGs. 7a, b and c illustrate measured patterns at (a)

¢=0° plane cut, (b) ¢=45° plane cut and (c) ¢=90 ° plane cut of

the array shown in FIG. 6 by using a spinning linear dipole

and feeding the array with 1.54 GHz signal.

FIGs. 8a, b and c illustrate measured patterns at (a)

¢=0 ° plane cut, (b) ¢=45 ° plane cut and (c) ¢=90 ° plane cut of

the array shown in FIG. 6 by using a spinning linear dipole

and feeding the array with 1.66 GHz signal.

FIG. 9 illustrates in a graph the array amplitude taper

for the 7-sub array cluster of FIG. 6.
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Detailed Description of the Invention

An example of the present invention utilizing the

subarray of FIG. |b and a cluster of seven subarrays as shown

in FIG. 2 will be described for use in a satellite to provide

L-band communication via a satellite which receives the upllnk

communication from a land mobile unit and processes it for

retransmission to a land mobile unit at a different frequency

using the same array antenna for both the uplink and the

downlink.

In order to provide contiguous beams covering the

United States, overlapping cluster arrays are to be employed.

An earlier experiment has demonstrated the feasibility of

generating beams with 3 dB crossover levels and very low

sidelobes by using this overlapping cluster concept. In that

experiment, relatively narrowband 7-subarray clusters of

microstrip patches were used as shown in FIG. 3. For this

invention, to be described with reference to FIGs. 4a through

6, the microstrip antenna was made with a half-inch thick

honeycomb panel 10 to support the overlapping clusters. A

cross section of the honeycomb panel is illustrated schematic-

ally in FIG. 4a where hexagonal cavities extend perpendicular

to a dielectric substrate 11 sandwiched between a pair of
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metal sheets 12a and 12b of a stripllne circuit which serves

as an antenna ground plane. This cross section is taken on a

line 4-_ of FIG lb.

A dielectric sheet 13 closes the hexagonal cavities on

the side opposite the dielectric substrate 11, and microstrip

patches 14 of the array antenna are deposited on the dielec-

tric sheet 13. For each 2x2 subarray, there is embedded in

the dielectric sheet 11 a metal pattern shown in FIG. 5 (with

the patch elements indicated by dotted lines) to form a strip-

line Wilkinson 4-way power dividing circuit electrically

insulated between the metal sheets 12a and 12b.

Referring to FIG. 5, the Wilkinson 4-way power dlviding

circuit uses conductive lines from a coaxial connector feed

point 15 of different lengths to achieve 0°, 90 ° , 800 and 270 o

phases to feed points 16, 17, 18 and 19 for the four patch

elements I, 2, 3 and 4 of the 2x2 subarray of FIG. I. The

conductive line from the feedpoint 15 is first divided through

two halves of a circle to feed two branches, upper and lower

as viewed in FIG. 5, and the conductive line of each branch is

further divided into two (left and right) halves. The line

length to the upper branch is longer than the one to the lower

branch by an amount sufficient to introduce a 180 ° phase delay

in the conduction to the right. In the upper and lower

branches, a further 90 ° phase delay is similarly introduced in

one half of the conductive line beyond the Wilkinson power

divider in the branch, i.e., beyond semicircular conductive

paths into the right and left halves of the upper and lower

branches. In that way the necessary quadrature phase rela-

tionships is obtained from a single feed at point 15 between

the successive pairs of the microstrip patches I, 2, 3 and

of FIG. Ib for the desired circular polarization. It is of

course possible to accomplish the same circular polarization

in a similar way using the known Wilkinson power dividers and

appropriate conductive line lengths with the phase relation-

ship between successive pairs of the patches 1, 2, 3 and 4
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shown in FIG. la, namely 0°, 90 °, 0 ° and 90 °, but the phase

relationship of FIG. lb is preferred for the reason noted

above. Thus, the stripline feed circuit uses different line

lengths to generate the required phases and uses Wilkinson

power dividers to isolate any returned power due to mismatch

and mutual coupling, in a manner well known to those skilled

in the art. The measured insertion loss of this stripline

power divider circuit is 0.7 dB maximum across the total

bandwidth. Note that because of the section taken along the

line 4---4 in FIG. Ib for FIG. 4a, the microstrip patches 14

and 14' are the ones numbered I and 3 in FIG. lb.

Since a half-inch (0.07 wavelength) substrate for an

L-band array antenna is relatively thick for microstrip radia-

tors, four feed probes are required per single patch element

to suppress the undesired higher order modes and thus to

generate acceptable circular polarization across the total

bandwidth. See John Huang, "Circularly Conical Patterns from

Circular Microstrip Antenna," IEEE Trans. Antennas Propaga-

tion, Vol. AP-32, No. 9, PP. 991-998, September, 1984. For a

large array, such a single-patch four-probe feed system would

increase the complexity of an already complex feeding and

beam-forming network and would make it heavier and more prone

to RF losses. Consequently, it is preferred to obtain circu-

larly polarized radiation from single-probe fed linearly

polarized patch elements. The circularly polarized radiation

is achieved by the prior-art 2x2 subarray of FIG. Ib with

specific orientation and phase arrangement for the four patch

elements. With such a system, not only is the feed complexity

reduced, but also the bandwidth performance is improved.

In feeding a microstrip antenna patch through a rela-

tively thick substrate, a large inductance generally occurs

around the feed probe due to its length. Normally, an imped-

ance matching circuit can be provided for each feed probe to

tune out the probe inductance, but that would introduce com-

plexity and additional loss to the stripline feed circuit.
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Furthermore, there may not be enough space available in the

stripline dielectric substrate 11 to accommodate the impedance

matching circuits, so additional stripline circuit layers

would be needed. To reduce this complexity, a teardrop shaped

probe have been used, as shown in FIG. 4a for probes 20 and

20' to effectively tune out the probe inductance and provide

7.5% bandwidth for 1.5:1VSWR impedance match. This impedance

match results from the teardrop shape which introduces an

appropriate amount of capacitance between it and the ground

plane (sheet 12a) with a gradual change in the electric field

as shown in FIG. 4b to cancel inherent inductance of the

probe. The exact shape of the teardrop probe is not critical.

What is important is its maximum diameter for the operating

frequency. That diameter was experimentally determined to be

0.30 inch for the L-band requiring a half-inch honeycomb

substrate 10.

A similar teardrop probe has been successfully scaled

to 0.55 inch diameter for a UHF frequency at 850 MHz requiring

a 1.0 inch thick honeycomb substrate. A teardrop probe for

any frequency band may be readily scaled or empirically deter-

mined. In each case, the shape of the teardrop probe provides

for a gradual change of the electric field around the probe

used to couple through the thick substrate of the microstrip

antenna array as shown in FIG. 4a. Looked at another way, the

surface of the teardrop shape from its maximum diameter down

and the metal sheet 12a provides the capacitance necessary to

cancel the undesired inductance that is inherent in the probe.

The fabricated array and stripline power dividers are

as described and illustrated in FIGs. 4 and 5, respectively.

The positions of teardrop feed probes for the four patch

elements numbered I, 2, 3 and 4 of each subarray are as indi-

cated by dots in the rectangular patch elements shown in FIG.

lb. Since the microstrip substrate is relatively thick, as

noted above, it generates relatively large surface waves which

cause significant mutual coupling between subarrays. These
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surface waves and the consequent mutual coupling effect cause

asymmetry in the field components and degrade the circular

polarization performance. Introduction of aluminumbaffles 21

around the subarrays, as shown in FIG. 6, can block out most

of the surface waves and thus reduce the mutual coupling

effect. It is found that one-inch tall baffles are required

between all the subarrays to bring the on-axis axial ratio

from 3 dB to less than I dB. Within each subarray, however,

most of the unwanted field componentscaused by surface waves

are cancelled and field symmetry is preserved due to the 0°,

90° , 180° , 270° angular orientation and field phase.

In the paper of John Huang, "A Technique for an Array
to Generate Circular Polarization with Linearly Polarized

Elements," cited above, the theoretical background and experi-

mental verification was presented for obtaining a circularly

polarized array from single-probe fed linearly polarized patch
elements. To demonstrate the concept, a single cluster array

composed of seven subarrays with 28 single-feed linearly

polarized patches was constructed and tested, as shownin FIG.
6.

The overlapping cluster array concept can be demon-

strated by two clusters of arrays as shown in FIG. 3. The two

large circles represent the arrays to generate two contiguous

beams, and each small circle is a subarray consisting of four

microstrip patches. Each 7-subarray cluster has a total of 28

microstrip patches. The distance df between the two adjacent
7-subarray clusters is essentially the same as the distance

between adjacent 2x2 subarrays. The relatively sparse element

spacing is a result of the overlapping cluster arrangement for

optimum reflector illumination with a minimumnumber of ele-

ments in the array.
A single cluster array shown in FIG. 6 is provided with

an amplitude taper so that the reflector is illuminated with

the proper edge taper required for achieving low sidelobe

levels. The outer six subarrays are powered equally and 13 dB
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below the center 2x2 subarray. As noted above, each of the

seven 2x2 subarrays is fed by a stripline 4-way hybrid power

divider so that 0°, 90° , 180° , 270° feeding point phases for

the elements can be realized. In practice, a satellite sta-

tioned at a height of 22 miles may receive signals at one

frequency and retransmit the signals at the same or other

frequency. The satellite thus functions as a "relay tower"
for communication between land mobile units using a large

multiple-beam array antenna to receive and transmit.
The measured radiation patterns of the array shown in

FIG. 6 are illustrated in FIGs. 7a, b, c and FIG. 8a, b, e.

These are produced by a spinning-linear-dipole technique to

graphically demonstrate the axial ratio performance of the
array. FIGs. 7a, b, c are patterns measuredat 1540 MHzfor

_:0°, 45° and 90° plane cuts, respectively. FIGs. 8a, b, c

are similar patterns measuredat 1660 MHz. The axial ratio on
the main beampeak is less than 0[8 dB for both frequencies.

The main beamof the array is rather symmetrical, and

its 10 dB beamwidths for _=0°, 45° and 90° planes are nearly

equal, as can be clearly seen in the experimental patterns of

FIGs. 7a, b, c and FIGs. 8a, b, c. The rest of the pattern

and the sidelobe levels, however, are quite different for

various cuts. The design goal was to achieve circular symme-

try for the main beam region of the array down to about 20

degrees from the center axis, which is about half the sub-

tended angle from the focal point to the reflector. An edge

taper of about 15 to 20 dB at this angle will produce better

than 35 dB sidelobe levels (better than 30 after accounting

for the reflector surface errors and other tolerances). Due

to the inherent circular asymmetry of the 7-subarray feed,

however, perfect symmetry for the feed pattern in all the cuts

is hardly feasible. The effective amplitude taper in any

plane of the array can be thought of as equivalent to the

amplitude summation of all the orthogonal column elements. For

example, the _=0 ° plane effective amplitude distribution is



89/I 14 13

I

i0

15

2O

25

3O

0.448, 1.344, 2.896, 2.896, 1.344, 0.448 which has three

discrete steps, while the @=90 ° plane amplitude distribution

is 0.896, 0.896, 2.896, 2.896, 0.896, 0.896 which has only two

discrete steps. This is graphically shown in FIG. 9.

The relatively high feed array sidelobe levels which

result in a larger spillover past the reflector edge and hence

lower reflector efficiency compared with a peak gain optimized

reflector, are a consequence of the relatively large separa-

tion of the subarrays (1.5 and 1.3 wavelengths in 0 ° and 90 °

planes) imposed by the overlapping cluster requirement of the

contiguous multibeam system. However, a complete three-dimen-

sional pattern integration shows that the relatively high

sidelobes encountered in the _=45 ° and 90 ° planes will con-

tribute to less than 0.3 dB of gain loss. The markedly higher

sidelobe levels occurring in the _=45 ° plane is primarily the

result of the particular arrangement of the four linearly

polarized elements.

A circularly polarized feed array for a satellite or

spacecraft reflector antenna has been disclosed using linearly

polarized microstrip elements. The array achieves better than

0.8 dB axial ratio at the array pattern peak and better than 3

dB down to 20 degrees from the peak, across a 7.5% frequency

bandwidth. A teardrop shaped feed probe is used to achieve

wideband input impedance matching for the relatively thick

microstrip substrate. A circularly polarized microstrip array

thus provided can have simplified feed mechanism, reduced RF

loss in the feed circuit and improved radiation performance

over a wide frequency bandwidth. It is expected that 10% to

15% bandwidth can be achieved by using the same technique if

the substrate thickness is further increased.

Although particular embodiments of the invention have

been described and illustrated herein, it is recognized that

modifications and variations may readily occur to those
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skilled in the art. Consequently, it is intended that the

claims be interpreted to cover such modifications and varia-

tions.
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STRIPLINEFEEDFORA MICROSTRIPARRAYOF
PATCHELEMENTSWITHTEARDROPSHAPEDPROBES

ABSTRACT OF THE DISCLOSURE
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A circularly polarized microstrip array antenna utiliz-

ing a honeycomb substrate made of dielectric material to

support on one side the microstrip patch elements in an array,

and on the other side a stripline circuit for feeding the

patch elements in subarray groups of four with angular orien-

tation and phase for producing circularly polarized radiation,

preferably at a 0°, 90 ° , 180 ° and 270 o relationship. The

probe used for coupling each feed point in the stripline

circuit to a microstrip patch element is teardrop shaped in

order to introduce capacitance between the coupling probe and

the metal sheet of the stripline circuit that serves as an

antenna ground plane. The capacitance thus introduced tunes

out inductance of the probe. The shape of the teardrop probe

is not critical. The probe capacitance required is controlled

by the maximum diameter for the teardrop shaped probe, which

can be empirically determined for the operating frequency. An

aluminum baffle around each subarray blocks out surface waves

between subarrays.


