DESCRI F’TI ON PATCH- TYPE M CROMVE ANTENNA HAVI NG W DE: BANDW DTH ANf)(‘%M%l 8345
CRO5S- POL The present invention relates to a patch-type m crowave an % Oopy
In particular, the present invention relates to an inproved patch-type

antenna which has a wi de bandwi dth and | @y.cross-pol so that it can be used

as a base-station antenna for cellular_tel ephone systens and ot her
applications. Cellular telephone sysm ransnit and receive both

anal og and di gipAICEATHEY UICROHAVE MNTENAA SHARING DY ESE WmRNser DYSt e s the
Arreri can LOW CROSS=POL
The present invention relates to a patch-type
microwave antenna.
In particular, the present invention relates to
an improved patch-type antenna which has a wide
bandwidth and low cross-pol so that it can be used as

LY

a base-station antenna for cellular telephone systems
and other applications. '

Céllular telephone systems today transmit and receive both analog and
digital signals. One example of an accepted analog system is the American
Advanced Mobile Phone System (AMPS), which operates in the 824 to 894 MHz
frequency band, and one example of an accepted digital system is the Groupe
Speciale Mobile System (GSM), which operates in the 890 to 960 MHz frequency
band. To be usable in both frequency bands, a base-station antenna must have a
wide operational bandwidth with a low VSWR across the entire bandwidth. For
example, the AMPS and GSM frequency bands require 8 VSWR of less than 1.5
over a bandwidth of approximately 16%.

The base stations in a cellular telephone system typically use antennas
mounted on 30-meter towers to communicate with mobile units over a range of
up to 3 kilometers. Both sector-coverage aﬁd omni-directional-coverage antennas
are employed, depending upon the cell geography and the traffic density. Sector-
coverage antennas have traditionally been of the co-linear, corner- reflector type,
can be physically large and are often considered objectionable from an

environmental standpoint. As many as twelve corner-reflector antennas may be

used on a single tower platform. These antennas often end up physically
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units having antennas installed wvertically on
vehicles, cellular systems typically use signals which
are vertically polarized. It is, therefore, desirable
to minimize the amount of energy transmitted with
unwanted horizontal polarization {"Cross~pol”)} because
the transmission of such signals merely reduces the
efficiency of the system.

According to the present invention there is
provided a patch antenna comprising: a plurality of
radiating patches on a dielectric substrate, each
radiating patch including a plurality of spaced slots
to suppress the radiation of energy that is polarized
in a direction transverse to the direction of the
desired polarization, and a plurality of probes within
said substrate for coupling said radiating patches
with a distribution network for transmitting and
receiving signals within said antenna, one end of each
probe being connected to said distribution network,
and the other end of each probe being coupled to one
of said radiating patches.

The present invention provides an improved
microwave antenna which has a gain, return loss and
bandwidth suitable for use in a base-station of a
cellular telephone system, and which also has a low
cross~pol level. In this connection, the present
invention can provide a single antenna which has a
bandwidth and other characteristics that will
accommodate the transmit and receive functions of both
analog and digital cellular telephone systems.

The present invention further provides an
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cangberphysically | arge and are often consi dered objectionable from an
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improved microwave antenna which can be arrayed in a
planar array and excited in relative phase and
amplitude to provide the desired electrical beam
downtilt and sidelobe levels.

Further, the present invention provides an
improved microwave antenna which can be accommodated
in a compact assembly which is relatively small and
aesthetically pleasing.

Also the present invention provides an improved
microwave antenna which will readily provide the
requisite angular sector coverage, in both azimuth and
elevation, for any type of cellular telephone system.

Further, the present invention provides an
improved microwave antenna which avoids spurious
radiation by the feed system for the radiating
patches. : '

Also the present invention provides an improved
microwave antenna which can be efficiently and
economically manufactured.

A preferred embodiment of the present invention
comprises a plurality of radiating patches on a
dielectric substrate, each radiating patch including a
plurality of spaced slots to suppress the radiation of
energy that is polarized in a‘'direction transverse to
the direction of the desired polarization. The
antenna also includes a distribution network for
transmitting and receiving signals within the antenna,
and a plurality of probes within the substrate for
coupling the radiating patches and the distribution
network, one end of each probe being connected to the
distribution network and the other end of each probe
being coupled to one of the radiating patches. To
further suppress undesired cross-polarization, a
plurality of chokes may be connected to the ground
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vehi cl es, cellular systens typically use signals which are vertically
polarized. It is, therefore, desirable to mnim ze the anmount of energy
transmtted with unwanted horizontal polarization ("cross-poll") because
the transm ssion of such signals nerely reduces the efficiency of the °
system An aimof the present invention is to provide an inproved m crowave
antenna which has a gain, return |loss and bandwi dth suitable for use:.in a
base-station of a cellular tel ephone syste and whi ch also has a | ow
cross-pol level. In this connection, the b?%sent i nvention can provide a
single antenna pliatle fax &he distribution network.

The present invention will now be further
described, by way of example only, with reference to
the accompanying drawings, in which:-

Fig. 1 is an elevation view of a patch-type
microwave antenna embodying the present invention; -

Fig. 2 is an enlarged section taken generally
along line 2-2 in Fig. 1;

Fig. 3 is an enlérged section taken generally
along line 3-3 in Fig. 2;

Fig. 4 is a front elevation view of a patch
element and an associated pair of chokes using an
alternative design; and

Fig. 5 is a bottom elevation taken from the left-
hand side of Fig. 4.

A patch-type antenna constructed according to the
present invention and comprising a stacked array of
six linearly polarized radiating patch elements 10a-
10f mounted on the front surface of a substrate 11
made of a rigid, closed-cell dielectric foam, is shown
in Figs. 1 and 2 of the accompanying drawings. The
substrate 11 is enclosed by the combination of a rigid
fiberglass rear panel 12 and a protective fiberglass
radome 13. The radome 13 is bonded to the periphery
of the panel 12 and extends around the front surface
of the substrate 11 and the patch elements 10a-10f
mounted thereon. This encapsulation of the antenna

within the sealed enclosure formed by the rear panel
12 and the radome 13 protects the antenna from ambient
water and moisture. Any necessary backing or mounting
hardware may be easily attached to the rear panel 12.

The use of the same material for the rear panel
12 and the radome 13 avoids differential expansion
problems, and also facilitates the bonding together



bandwi df h and other characteristics that will acconmpdate the transnit and
recei ve functions of both anal og and digital cellular telephone systens. A
further aimof the present invention is to provide an inproved nicrowave
antenna which can be arrayed in a planar array and excited in relative
phrase and anplitude to provide the desired ectrical beam downtilt and

si del obe | evel s. - 2a- . —
of these two members. When the common material for these two members is a

fiberglass sheet molding compound, it also facilitates the production of a fairly
complicated shape, easily and cheaply. It is also strong and remains stable when
exposed to ultra-violet radiation.

To permit the patch elements 10a-10f to be stacked in a vertical array of
first-order-mode radiating elements, the substrate 11 is elongated in the vertical
direction. The patch elements 10a-10f are mounted on the front surface of layer
11a of the substrate 11 at equally spaced intervals, as can be seen in FIG. 1, with
the feed points for the six patch elements in vertical alignment with each other.
Thus, the six patch elements 10a-10f are all located in a common vertical plane.
This vertically stacked array of patch elements provides the angular sector
coverage, in both azimuth and elevation, required in ceﬁular telephone systems.
In general the azimuth (hoﬁzontal) beamwidth varies inversely as the width of
the antenna is increased.

In accordance with one aspect of the present invention, each of the
radiating patch elements includes a plurality of slots to suppress the radiation of
energy that is polarized in a direction transverse to the direcﬁon of the desired
polarization. In the illustrative embodiment, eéch of the radiating patch elements
102-10F inclxdes forr parallel vertical slots (see Fig. 4) which divide the patch into five
vertical strips or fingers F1-FS. The slots terminate short of the top edge of the
patch,. thereby forming a base portion B from which the fingers F1-F5 project.

A probe 20 is connected to each patch element 10 at about the center of
the base portion B. The slotted configuration of the radiating patches forces the

currents in the patches to flow in one predominant direction, which in turn



A still further aimof the present invention is to provide an inproved

m crowave ant enna whi ch can be accommbdated in a conpact assenbly which is
relatively small and aesthetically pleasing. A still further aimof the
present invention is to provide an inproved m crowave antenna which will
readily provide the requisite angul ar sector 6coverage, in both azinmuth and

el evati on,

| further aim
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spurious radiation by the feed systemfor the

portion of the energy is radiated with the desired polarization, such as the vertical
polarization typically desired in a cellular communication system. Consequently,

the gain of the antenna is much better than that of antennas which produce

- excessive amounts of cross-polarized radiation. In addition, the antenna

maintains the desired wide bandwidth, e.g, it is capable of operating over a band
of 820 to 960 MHz with low levels of cross polarization across the entire band.

The fingers of the radiating patch elements 10 may also be used to control

- the beamwidth produced by the antenna. For example, the beamwidth may be

reduced by making the two end fingers F1 and F5 outboard of the endmost slots
larger than the intermediate fingers F2-F4 in the inboard portion of the patch. In
general, the end fingers F1 and F5 should be about 15 to 20% longer than the
intermediate fingers F2-F4. Increasing the end fingers by this amount can reduce
the beamwidth from about 80° to about 40-60°.

Alfhough the illustrative embodiment of the invention has four slots in

each radiating patch element 10, it will be understood that different numbers of

- slots may be utilized within the scope of this invention. In general, it has been

found that four slots represent an optimum design. Fewer slots do not reduce the

cross-pol sufficiently for most applications, and the use of more than four slots

does not reduce the cross-pol much more than four slots.

The overall dimensions of each patch element are not narrowly critical,
but in general it is preferred that the width of the patch element be between
0.254 and 0.75A at the center frequency of the operating bandwidth, and that the
height of the patch element be between 0.0754 and 0.25A. For the 820-960 MHz



radi ati'ng patches. A still further aimof the present invention is to
provi de an inproved nicrowave antenna which can be efficie ]

econoni cal | y manufactured. According to the present inventfon-t
provi ded a patch antenna for transmtting and receiving m
having a desired polarization, said antenna conprising: a dielectri

substrate, a plurality.of di ating. ches ,on sai d substrate, ch .
radi ati ng pat (I? mﬁﬁﬁéﬂ‘l’f&‘{:\g‘b‘?‘(ﬁ & ﬁ%ﬂéﬁiﬂ sigg) forse cpaéabf’ ntys 13& mm, by 410
non-radi ati ng slots

mm.

A pair of ground planes 14a and 14b, slightly spaced apart from each
other, are located in the rear portion of the substrate 11. Specifically, the ground
plane 14a is located between layers 11a and 11b of the substrate 11, and the
ground plane 14b is located between layer 11c and the front surface of the rigid
rear parel 12. Both groxd plares 14a and 14b are parallel to the front surface of the
substrate 11 and, therefore, paréllel to the radiating patch elements 10a-10f.
Each ground plane 14a and 14b is preferably made of a single thin (e.g.; 1 mm.)
aluminum plate.

T acoodroe with ancther aspect of the present: inventtion, chokes are provided
on the ground plane to suppress ground-plane currents that produce radiated
energy that is polarized in a direction transverse to the direction of the desired
polarization. These chokes are preferably located on opposite sides of each
radiating patch. In the illustrative embodiment of FIGS. 1-3, a pair of chokes 15
and 16 are located adjacent the top and bottom edges of the patch 10a. The
impedances provided by these chokes 15 and 16 tends to hlock ground-plare
currents which would produce radiation of unwanted po}arization, and yet the
chokes do not reduce the broad bandwidth of the antenna.

An alternative choke arrangement is illustrated in FIGS. 4 and 5. In this
arrangement a pair of chokes 17 and 18 are located on opposite sides of a

radiating patch 10, with the free ends of the chokes overlapping the lateral edges

of the patch.
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whi-ch are open at one end along only a single edge of -3- said radiating
patch to suppress the radiation of energy that is polarized in a direction
transverse to the direction of the desired polarization, a distribution
network for transmtting and receiving signals within said antenna, and a
plurality of probes within said substrate fog coupling said radlatlng
patches and said distribution

For the purpose of exciting the radiating patch elements 10a-10f, a strip-
line distribution network 19 is provided within that portion of the substrate 11
between the two ground planes 14a and 14b, i.e., beﬁween substrate layers 11b
and 11c. This distribution network 19 is centrally supported on both sides by the
rigid dielectric foam which forms the substrate. The foam layers 11b and 11c
may be fwo separate layers of foam of equal thickness, e.g., about 5 mm. each.
The input of the distribution network 19 is connected to the center conductor of a
conventional N-type connector 19a mounted on the rear panel 12. The network
19 distributes radio-frequency power to the feed points of the patch elements 10a-
-10f with a relative phase and amplitude to produce the desired electrical beam
downtilt and sidelobe levels.

For example, to produce a pattern with side lobes 20dB below the main
beam, and a main beam downtilt of 6°, the output powers (for a one-watt input)

and phases, relative to the bottom element, may be as follows:

Element Amplitude (W) Phase (deg)
1 (bottom) 0771 - 0.0
2 1592 26.3
3 2637 52.7
4 2637 79.0
5 : 1592 1054
. 6 (top) 0771 131.7

The "sector coverage" (azimuth or horizontal beamwidth) is controlled by
the physical width (horizontal dimension) of the antehna. The wider the antenna
the narrower the azimuth beamwidth.

In order to couple the distribution network 19 to the radiating patch

elements 10a-10f, for the purpose of exciting the patches, six probes 20a-20f are



net-wor k one end of each probe being connected to said distribution

network, and the other end of each probe being coupled to one of said

radi ati ng patches. A preferred enbodi nent of the present invention

conprises a plurality of radiating patches on a dielectric substrate, each

radi ating patch including a plurality of spaeed slots to suppress the

radi ati on of energy that is polarized in a direction transverse to the

direction of t lenbbekiedewithinl thei snbstrate. 11ThOnemf ¢hese priobes isshowdein detail in

distribution network for transmitting and receiving signals within the

antenna, and a gIGQ!rRl ThY m4djoPceRpon¥nt 6F felpiBbé I8 cbadEctive metal cylinder 21
which is connected to the network 19 by means of a metal bolt 22 and a metal
spacer 23. The bolt 22 is threaded into the spacer 23, and a threaded extension
on the spacer 23 is threaded into the cylinder 21. The spacer 23 passes through
the ground plane 14a and is insulated therefrom by a dielectric sleeve 24. To
prevent the sleeve 24 from passing through the ground plane 14a, the rear
portion of the sleeve forms a flange 24a which abuts the rear surface of the
ground plane. Similarly, to prevent the metal spacer 23 from passing through the

- sleeve 24, and thus the ground plane 14a, the portion of the spacer 23 rearwardly
- of the sleeve 24 has a larger diameter than that portion of the spacer 23 which

extends through the sleeve 24. The resulting shoulder on the spacer 23 abuts the
dielectric sleeve 24.

To facilitate electrical matching and to reduce assembly problems, the rear
portion of the metal cylinder 21 is stepped inwardly so that the diameter at the
input end of the cylinder matches that of the metal spacer 23. A dielectric sleeve
27 is disposed around the reduced-diameter portion of the cylinder 21 to abut
with the dielectric sleeve 24 when the bolt 22 is tightened. It will be noted that
this arrangement rigidly attaches the probe feed to the ground plane 14a.

The forward end of the metal cylinder 21 is spaced away from the
radiating patch element 10b so that the probe is not in direct electrical contact
with the patch element, but is coupled to the patch element by the field in the

space between the probe and the patch element. The gap between the forward

end of the cylinder 21 and the inside surface of the patch element 10b is filled



coupling the radiating patches and the distribution network, one end of
each probe being connected to the distribution network and the other end of
each probe being coupled to one of the radiating patches. To further
suppress undesired cross-polarization, a pluyality-of chokes may be
connected to the ground -4- plane for the{@istribution net wor k. The

present invent i\%'{'h \QA ciilelercl:f)r\n'g: Pp%.cgluﬁg Wlich maintains a constant gap between the cylinder
21 and the patch element 10b. To hold the patch element 10b firmly in position
against the substraté 11 and the spacer 25, a dielectric bolt 26 is passed through
the patch element 10b and the dielectric spacer 25 and threaded into a tapped
hole in the forward end of the metal cylinder 21.

The feed arrangement described above provides the antenna with the
desired broad bandwidth by spacing the radiating patch elements 10 a substantial
distamaqlf;maegmxﬂplaelda; The bardwidth gererally increases as
this distance is increased, and the distance should be great enough to-provide a
bandwidth of at least 10%, and preferably at least 15%. Attainment of these

- . ‘bandwidths generally fequires that the patch elements be spaced from the ground
plane by at least 0.1 at the center frequency of the operating band.
Oecf1heaiam3g5<£1heam£na<f1hep&satinwnﬁnnisfhaexawﬂh
which it can be assembled. For example a typical sequence of assembly steps is
as follows:

1. The connector 19a is attach‘ed to the rear surface of the ground
plane 14b.

2. The foam layer 1lc is placed on the front .surface of the ground
plane 14b.

3. The metal spacers 23 are attached to the distribution network 19 by
the bolts 22, and the resulting subassembly is placed on the ﬁont
surface of the foam layer 1lc.

4. The input to the network 19 is soldered to ;he inner conductor of

the connector 19a.



descri bed, by way of exanple only, with reference to.the acconpanyi ng
drawings, in which:- Fig. 1 is an elevation view of a patch-type m crowave
ant enna enbodyi ng the present invention, Fig. 2 is an enlarged section
taken generally along line 2-2 in Fig. 1; Fig. 3 is an enlarged section
taken generally along line 3-3 in Fig. 2; Fil 4 is a front elevation view
of a patch elenent and an associ ated pair of chokes using an alternative

design; and Fig. 5 i% a bbhe feamilayert11bnistplaced an the front $ll;'fa¢e of the stripline
feed network subassembly, using the metal spacers 23 to properly
locate the foam layer 11b onto the distribution network.

6. The dielectric sleeves 24 are placed on the metal spacers 23.

7. The common ground plé.ne 14a is placed on the front surface of the
foam layer 11b, with preformed holes in the ground plane 14a
receiving the dielectric sleeves 24.

8. The metal probes 21, including the dielectric sleeves 27, are
threaded onto the threaded extensions of the spacer 23 which
protrude through the dielectric sleeves 24 located in the ground
plane 14a.

| 9. The foam layer forming the substrate layer 11a is placed on the
front surface of the common ground plane 14a, with preformed
holes in the foam layer receiving the probes 21.

10.  The dielectric spacers 25 are placed on the front ends of the probes
21, and then the patch elements 10a-10f are fastened to the
respective probes 21 by means of the dielectric bolts 26.

The laminated subassembly comprfsing the two ground planes 14a and
14b, and all the members between those two ground planes, may be held together
by a plurality of rivets (not shown). If desired, rigid spacers may be locatea
between the two ground planes 14a and 14b to ensure that the distance between
the two ground planes remains constant. The substrate layer 11a that supports
the patch elements 10a-10f may also be adhesively bonded to the common ground

plane 14a. Alternatively, that portion of the substrate may be held in position by



hand 51 de of Fig. 4. A patch-type antenna constructed according to the
present invention and conprising a stacked array of six Ii
radi ati ng patch elenments 10a- | O nounted on the front sur
substrate 11 nmade of a rigid, closed-cell dhelectric foam®™~
Figs. 1 and 2 of the acconpanying drawi ngs. The substrate 11 is enCroses
the conbi nati ofhetfeed probesiand ke presssrer @rited dyahe pateinelementd 1 BL10f sttached
fi bergl ass radone 13. The radone 13 is bonded to the periphery of the panel
12 and extendswa{hg%gdtﬂ}sb&ront surface of the substrate 11 and the patch
el emrents 10a-1

The illustrabed. antenna has been demonstrated to have a bandwidth, more
than ample for handling both the analog and the digital frequency bands of
typical cellular telephone systems. One example of such an antenna that is
capable of operaﬁng over the 824 to 960 MHz frequency band has a substrate
having a thickness of 45 mm between the patch elements 10a-10f and the ground
plane 14a, and an overall size of 1490 mm high by 390 mm wide by 98 mm deep.
The probe diameter is 20 mm, and the spacing between the ground planes is 10
mm. This antenna provides the required gain (typically a minimum of 13 dBd

- gain), a cross-pol level that is 10 to 15dB down over the entire operational
handwidth, and good E- and H- plane radiation pattern integrity over the entire
operétional bandwidth.

While the invention is susceptible to various
modifications and alternative forms, a specific
embodiment thereof has been shown by way of example in
the drawings and will be described in detail. It
should be understood, however, ‘that it is not intended
to limit the invention to the particular form
described, but, on the contrary, the intention is to
cover all modifications, equivalents, and‘alternatives
falling within the scope of the invention as defined
by the appended claims.
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nDunted thereon. This encapsul ation of the antenna within the seal ed
encl osure forned—by-the'rear panel 12 and the radone 13 protects t he
ant enna frontanble sture Any necessary or nounting
har dware nmay be e &“@g the rear panel 12. h'H-ug@.,EE'

material for the 13 and t he radone 13 avoid dlffﬁé
expansi on probl enms, and also facilitates Be bondi ng t e+

CLAIMS

1. A patch antenna comprising: a plurality of
radiating patches on a dielectric substrate, each
radiating patch including a plurality of spaced slots
to suppress the radiation of energy that is polarized
in a direction transverse to the direction of the
desired polarization, and a plurality of probes within
said substrate for coupling said radiating patches
with a distribution network for transmitting and
receiving signals within said antenna, one end of each
probe being connected to said distribution network,
and the other end of each probe being coupled to one
of said radiating patches.

2. A patch antenna as claimed in claim 1, in
which said slots are oriented vertically.

3. A patch antenna as claimed in claim 1, in
‘which each of said patches has a base portion that is
coupled to said probe, and said slots do not extend
into said base portion.

4. A patch antenna as claimed in claim 1, in
which each of said patches has at least four of said
slots, and the portions of each patch that are
outboard of the endmost slots are longer than the
inboard portion of the patch.:

5. A patch antenna as claimed in claim 4, in
which the length of said outboard portions of each
patch relative to the inboard portion is: selected to
produce a desired beam width.

6.. ‘A patch antenna as claimed in claim 1, which
includes a ground plane supported by said substrate in
generally parallel and spaced relationship to said
patches. _

7. A patch antenna as claimed in claim 6, which
includes a plurality of chokes connected to said
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of -t hese two menbers: -Wien the-common naterial for these two menbers is a
fiberglass sheet no ound. it also facilitates the p ' _
fairly conplicated s; iﬂ!’ Ei ,ﬂl’tﬂlm heaply. It is also Str@&ﬂEETr i
st abl e when exposed adi ation. To permt the patRfp

10a- 10f to be stacked in a vertlcal array of first-order-node H v
el enents, the substrate 11 is el ongated i_qathe vertical direction. The
pat ch el enents 10a- 10f are nounted on the front surface of layer 1la of the
substrate 11 at 9&quadl plapacend assogdiadedayithnspadspakchesrita 1, with

the feed po'ntssﬁﬁbrégg gh¥ EﬁH&Qt&b%ﬁ%&t%nb&gyethhﬁahsa bqamwyedMﬂhh each
other. Thus, the SIXx ch el enents 10a- 10f ar | oca I n a commpn

vertical plane. aTﬁFEWEF—PPc&FP}‘%@&@I@e&"aFP&y 6Feﬁ'&P-EH Qlfeﬁé‘ﬁ’t desigeddes
the angul ar secpelagd¥atief. in both azimuth and el evation, required in

| 1 ul ar | ephon
celfular telephone SXSteHFpatch antenna as claimed in claim 7, in

which a pair of said chokes are located on opposite

sides of each of said patches.

9. A patch antenna as claimed in claim 6, in
which said patches and said distribution network are
located on opposite sides of said ground plane.

10. A patch antenna as claimed in claim 6, in
which said probe includes an electrically conductive |
cylinder whose axis is perpendicular to the plane of
said patches;.and a dielectric sleeve separating said
cylinder from said ground plane.

11. A patch antenna as claimed in claim 1, in
which said distribution network is a strip
transmission line. .

12. A patch antenna as claimed in claim 1, in
which a dielectric spacer is disposed in the space
between said probe and said patches.

13. A patch antenna as claimed in claim 1, in
which said probe is wider at the patch end of the
probe than at the distribution network end of the
probe.

14. A patch antenna as claimed in claim 1, in
which said distribution network is embedded in said
dielectric substrate.

15. A patch antenna comprising a plurality of
radiating patches on a dielectric substrate, with a
ground plane in generally parallel and spaced
relationship to said patches, a plurality of chokes
connected to said ground plane and associated with
said patches to suppress the radiation of energy that
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I'n-general the azrmuth—(horizontal) beamw dth varies inversely as the width
of the antenna is i I rdance with one as ' resent
i nvention, each of Immﬂm:m"'““ﬂmfm el enents includ aHA

slots to suppress t readicat kons of+ energy that is pol agize '
transverse to the direction of the desired polarization. In -

Il lustrative enbodi nent, each of the radlg%ing patch el enents verti cal
strips or fingers F1-F5. The slots term nate short of the top edge of the
pat ch, thereby forpolkarizddisin pordipecBiénobrahseérsdetditigers F1l-F5

proj ect A probe [.S: GO ' . t

center of the b%lgeép%ﬁgf gcgt'e %ﬁedrh%gséfggﬁeﬁgié%%?%ﬁgg { 0%119%?lé tﬁgggéa]d’f'gfi ng
pat ches forces afhepmabesmithin t$migdasehetrate f fow ¢ouphingrsaibdi nant

direction, whigfhdibfifd patches and a distribution network for
transmitting and receiving signals within said

antenna, one end of each probe being connected to said
distribution network, and the other end of each probe
being coupled to one of said radiating patches.

16. A patch antenna constructed and arranged
substantially as hereinbefore described, with
reference to and as illustrated in the accompanying

drawings.
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6 suppr.esses the radiati on of energy having an undesired pol arization. The
maj or portion of the energy is radiated with the desired polarization, such
as the vertical polarization typically desired in a cellular comrunication
system Consequently, the gain of the antenna is nuch better than that of
ant ennas whi ch produce excessive anounts of cross-polarized radiation. In

addi tion, the antenna mai ntains the desing_mﬁde bandwi dth, e.g., it,is
capabl e of operating over a band of 820 to 960 MHz with |ow | evel s of cross
pol ari zation across the entire band. TABSTRAGErs of the radiating patch

el ements 10 may a#ﬁ@tﬁeTﬂﬁﬁdMi@RéﬁﬂVEOgﬂfﬁﬁnﬂeﬂﬂVEﬂéhwﬁﬁﬁdﬂﬁﬁﬁWEﬁThhe
antenna. For exanpl €, the beamm dih_nay be
' AND LOW CROSS~-POL
A patch antenna having a dielectric substrate
(11); a plurality of radiating patches (10) on the
substrate (11), each radiating patch (10) including a

plurality of spaced slots to suppress the radiation of

energy that is polarized in a direction transverse to
the direction of the desired polarization; a ground
plane (1l4a) supported'by the substrate (11) in
generally parallel and spaced relationship to the
patches. (10); a distribution network (19) for
transmitting and receiving signals within the antenna;
and a plurality of probes (20) within the substrate
(11) for coupling the radiating patches (10) and the

. distribution network (19), one end of each probe being
connected to the distribution network (19), and the
other end of the probe (20) being coupled to one of
the radiating patches (10). In a preferred
embodiment, a plurality of chokes (15,16) are
connected to the ground plane (1l4a) and associated
with the patches (10) to further suppress the
radiation of energy having undesired polarization.
(Fig. 2)




re‘d.uced by meki ng the two end fingers F1 and F5 outboard of the endnost

slots Targer than the internediate fingers F2-F4 in the inboard portion of
t he pat (i’ﬂisSlﬁthmB&ﬁm"bme end fingers F1 and F5 should

| onger t| diate fingers F2-F4. Increasing | PlSeSKERT QaeT
this anou ' ,g
Al t hough fTTustrative ernodi-re M—t-Re—-Rverd| on has fou—sldls

aboREp
each radi ating patch el enen ' BB
%;W@
# crasg-poj| su
slqty| F%l

pyood that different
nunbers of slots may be uti
1 1

t he beamit d om about [err] t

i n

In

it has been found et an opti mum desi gn.

general ,

Fewer slots do not reduce tjf sufciently fgb nost applications,
and the use of nore than fol nbt | redugg @ross-pol much nore
than four slots. The overal]fdi rrqnqi;ohplllofﬂ eq pejch el enent are not
narromy critical, 400 i :
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but in génerq&
bet ween [err]

S

the substrate 11, and thefdround
the front surface of the rigid

19— |

193

\ =

14b

143~

> o
- » oLt N
H ’ Zf
2 : .
MEX) - .
ot —
Y & A
s
N E
A
3
X

t at e

. por ti on ofhe 34
& Wt weenyq ayers 1la 3 Q
bet ween | ayer 11c and

15

10a
20a

16

11a

10b
20b

L referred that the width of the patch el enent be
ﬁ 0 center frequency of the operating bandw dth,
and that the h I atch el enent be between [err]
820- 960 MHz d above, a suitable size for g
80 mm by 110 nm A pair of ground planes 14a and 14b,
apart from each other, are | ocalffd ey
Specifically, the ground plane &3 ‘

[err] he

and For t

ana

RE

10c
20c

FIG. 2



sufj's,tra,te 11 and, therefore, parallel to the radiating patch el enents
10a- 10f. Each ground pl ane—l4a-and-14b i s preferably nade of a single thin
(e.g., 1-mmalum num pl ate. In accord n th a further devel opmant of t he

present invention, chokesTb e ground pl a $ ; .
ground- pl ane currents that ted energy that g §M 'Tﬂgg EENE
direction transverse to the the desired poliaL] zaﬁEBMCE_ﬂ”'ese
chokes are preferably | ocated on opposite sides of each radiati n

the illustrative enbodiment of FIGS. 1-3, a pair of chokes 15 and 16 are
| ocat ed adj acent the top and bottom edges of the patch 10a. The i npedances
provided by these chokes 15 and 16 tends to bl ock ground-plafg currents
whi ch woul d produce radj ati on of unwanted pol ari zati on, d yet the chokes
do not reduce the broad _bandwi dth of th

106—_

42—

FIG. 3



An: al ternative choke arrangenent is illustrated in FIGS. 4 and 5. Inthis

arrangenent a pair of chekes 17 and 18 are | ocated on gsite sides of. a
- radiating patch 10, with thg fraepenteplaéd t he chokes pyRyg '
| at eral edges of the patﬁ\s\ m pur pose of e mU% thi ng
patch el enents 10a-10f, a stribution n qrovi ed
e

within that portion of th bet ween the two ground pl anes 14a
and 14b, i.e., between: substrate Iayers 11b and 11c. This distribution
network 19 is centrally supported on both sides by the

11b

11a

FIG. 4
FIG. 5
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rigid'diel ectric, foam which forns the substrate. The foam | ayers 11b and ;;

11c may be two separate | ayers of foam of equal thickness —e—fr aTamA K
mm each. The input of the distribution network 19 is con REPEHCEﬂﬁﬁﬁLSﬂEET
center conductor of a conventional N-type connector 19a

ufted on the redr
panel 12. The network 19 distributes radio-frequency power} tio nbeJUhéﬂqﬁ'
|

points of the patch elenents 10a- | O with/4 rel ative phas nd anplitude
tilt and sidel opeld-evets. For

to produce the desired el ectrical q@a

exanpl e, to produce a pattern . : Qel ow t he mai n_bea: g
~a main beamdowntilt of [err], {(Fre=sTrEpeETponeT a one- "1 nput) and
phases, relative to the bottoniH ; j! ows: El enent
Anplitude (W Phase (deg) 111 0.0
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enbedded within,the substrate 11. One of these probes is shown in detail in
FIG 3. The mmjor conponent of the probe is a conductive I gﬁﬁhﬁ%gy;fi“-
which i s connected to the network 19 by neans of a netal Y i ML
nmetal spacer 23. The bolt 22 is threaded into the spacer and a thre d?d

ext ensi on on the spacer 23 is threaded into the cylinder The suchgaz
passes through the ground plane 14a and is insulated thergqfrqomby a-
dielectric sleeve 24. To prevent the slzmve 24 from passifjg througirthe
ground pl ane 14a, the rear portion of the sleeve forns a ffl_ ange 24a which
abuts the rear surface of the ground plane. Simlarly, to prevent the neta
spacer 23 from passing through the sleeve 24, and thus the-d8ound pl ane
1l4a, the portion of thg spacer 23 rearwardly of the sle as a | arger
di anmeter than that portd '

10b—_

14a

~—12

FIG. 3



extends through,thé sl eeve 24. The resul ti ng shoul der on 4b&Dp Eﬁﬁﬁssﬂﬁﬁf
abuts the dielectric sleeve 24. To facilitate electrical n Bfg‘ﬁn

[Aeh
reduce-assenbly problens, the rear portion of the netal C)Iindi j& é§9
stepped inwardly so that the dianeter at the input end of |t e él' b dy?6
7
abu

mat ches that of.the netal spacer 23. A dielectric sleeve 37}is _disposed

around the reduced-di aneter portion ofg/ghe cylinder 21 tojabut wth the
dielectric sleeve 24 when the bolt 22 is tightened. It w [Y4—-be—hoted-that—I

this arrangenent rigidly attaches the probe feed to the ground plane 14a.
The forward end of the netal cylinder 21 is spaced away fromthe radqating
patch el enent 10b so that the probe is not in direct el ectri cal conygct
with the patch elenment, but is coupled to the patch & eng by the fjeld in.
t he space between the probe and the pa&gh el ement. Twe g

forward
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"f t he cyllnder 21 and the inside surface of the patch elepent 10b is
fillped" 10 with a dielectric spacer 25 which narntayns A constiant gap
en the cylinder 21 and the patch el enent :10b.* To ‘hold the" pat ch

nt 10b firmy in position against the substrate 11 and the spacer 25,
a lelectric bolt 26 is passed through the patch el enent 10b and the

difel ectric spacer 25 and threaded into a tapped hole in the forward end of
fhe netal cylinder 21. The feed arrangenent described above provi des the
f’ntenna with the desired broad bandw dth by spacing the radiating patch

lements 10 gy SuAbSiBvEd 8o minimize cell overshoot, and the

resultant untidy appeérance compounds the
environmental problems.

Because of the need to commuﬁicate with mobile
units having antennas installed vertically on
vehicles, cellular systems typically use signals which
are vertically polarized. It is, therefore, desirable
to minimize the amount of energy transmitted with
unwanted horizontal polarization ("cross-pol") because
the transmission of such signals merely reduces the
efficiency of the system.

An aim of the present invention is to provide an
improved microwave antenna which has a gain, return
loss and bandwidth suitéble for use in a base-station
of a cellular telephone system, and which also has a
low cross-pol level. 1In this connection, the present
invention can provide a single antenna which has a
bandwidth and other characteristics that will
accommodate the transmit and receive functions of both
analog and digital cellular telephone systems.

A further aim of the present invention is to
provide an improved microwave antenna which can be
arrayed in a planar array and excited in relative
phrase and amplitude to provide the desired electrical

beam downtilt and sidelobe levels.

This is the replacement shost
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this. distance s increased, and the distance sitould be gr.eat enough to
prOV|de a bandwi dth of at |east 10% and preferdbl’y at-iledst 18% -
nment of these bandwi dths general |y requit-es «that "t hé-patch €l enents
paced fromthe ground plane by at least [err] at the center frequency
offt he operating band. which it can be assenbled. For exanple a typical
sgquence of assenbly steps is as follows: 1. The connector 19a is
‘gttached to the rear surface of the graygad plane 14b. 2. The foam | ayer
#lic is placed on the front surface of the ground plane 14b. 3. The netjal
spacers 23 are attachedlloftirehdirshimboli @hengireReintld Mierdtivmald s 22, fand
the resulting subassenbly is placed on the front

to provide an improved microwave antenna which can be

accommodated in a compact assembly which is relatively
small and aesthetically pleasing.

A still further aim of the present invention is
to provide an improved microwave antenna which will
readily provide the requisite angular sector coverage,

in both azimuth and elevation, for any type of

~ cellular telephone system.

A_still further aim of the present invention is
to provide an improved microwave antenna avoids
spurious radiation by the feed system for the
radiating patches.

A still further aim of the present invention is
to provide an improved microwave antenna which can be
efficiently and economically manufactured.

According to the present invention there is

o provided a patch antenna for transmitting and ’

receiving microwave signals having a desired
polarization, said éntenna comprising: |

a dielectric substrate,

a plurality of radiating patches on said
substrate, each radiating patch including a plurality
of edges and a plurality of spaced non—radiéting slots

which are open at one end along only a single edge of

This is the replacement shest
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surfage of the foamlayer 1lc. 4. The input to the netwark 19 is sol dered
to thé inner conductor of the connector 19a. ~ 55. The'foanmlayer 11b is
pl aced on the front surface of the stripline f eed- Ret Wer k *subasseml vy,

the netal spacers 23 to properly locate the foan1|ayer 11b onto the
ri bution network. 6. The dielectric sleeves 24 are placed on the

' al spacers 23. 7. The common ground plane 14a is placed on the front
rface of the foamlayer 11b, with prefgrned hol es in the ground plane 1l4a

di

said radiating patch to suppress the radiation of
energy that is polariéed in a direction transverse to
the-direction_of the desired polarization,

a distribution network for transmitting and
receiving signals within said antenna, and

a plurality of probes within said substrate for
coupling said radiating patches and said distribution
network, one end of each probe being connected to séid
distribution network, and the other end of each probe
being coupled to one of said radiating patches.

A preferred embodiment of the present invention
comprises a plurality of radiating patches on a
dielectric substrate, each radiating patch including
a plurality of spaced slots to suppress the radiation
of energy that is polarized in a direction transverse
to the direction of the desired polarization. The
antenna also includes a distribution network for
transmitting and receiving signals within the antenné,
and a plurality of probes within the substrateifor
coupling the radiating patches and the distribution
network, one end of each probe being connected to the
distribution network and the other end of each probe
being coupled to one of the radiating patches.

To further suppress undesired cross-polarization, a

plurality of chokes may be connectad to the ground

heet Has Been R laced This is the replacement sheet
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r ecel‘vl ng the diel ectr| c sleeves 24. 8. The petad. probes 21,.inel uding
the ‘di el ectfic sl eeves 27, are threaded onto t he g-hreaded’-exten-smns of the
er 23 which protrude through the di el ectrit..steeves 24.1 ocatedt in the

Sp

gr @@nd pl ane 1l4a. gmnsSha'dnHasfmam r formng the substrate layer 1lla is

pl Aced on the front common ground pl ane 14a, with preforned

hgl es inthefoamla he probes 21. 10. The dielectric
ends of the probes 21, and then the

spacers 25 are placed on
atch el enents 10a- 10f are fastened to the respective probes 21 by neans of

he dielectric bolts 26. The |am nated supassenbly conprising the two

ground pl anes 14a and .
band mentioned above, a suitable size for each patch element is 180 mm. by 110

mum.

A pair of ground planes 14a and 14b, slightly spaced apart from each
other, are located in the rear portion of the substrate 11. Specifically, the ground
plane 14a is located between layers 112 and 11b of the subsu'atc 11, and the
ground plane 14b is located between layer 11c and the front surface of the rigid
-:earpaetlz-_aommptasuaaﬂmazepamuelmﬂnfmtsmofﬁn
substrate 11 and, therefore, parallel to the radiatinig patch elcments 10a-10f.

Each ground plane 142 and 14b is preferably made of a single thm (e.g, 1 mm.)

aluminum plate.

In accordance with a further deve'lommt of the pnesent mverrhon, chokes are provided
on the ground plane to suppress ground-plane currents that produce radiated
energy that is polarized in a direcn’on transverse to the direction of the desired
polarization. These chokes are preferably located on opposite sides of each
radiating patch. In the ilustrative embodiment of FIGS. 1-3, a pair of cho;ces 15
and 16 are located adjacent the top and bottom edges of the patch 10a. The
impedances provided by these chokes 15 and 16 tends to hlock grodplace
currents which would produce radiation of unwanted polan'ztition, and yet the
chokes do not reduce the broad bandwidth of the antenna.

An alternative choke arrangement is illustrated in FIGS. 4 and 5. In this
arrangement a pair of chokes 17 and 18 are located on opposite sides of a

radiating patch 10, with the &ee ends of the chokes overlapping the lateral edges

of the partch. This is the replacement sheet J
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14b,- and al | t"h%er—s-- between those two greund.pl anesy may be<held

E pl anes remai ns constant. The substrate

' ‘together by a pluralit ool RABESE (Ot shown)” *1d destyéd, rigix,spacers
' be |ocated be® ﬁ jWr ound pl anes d4a.and 14kt 0 ansUre that the

/

Yayer 1lla that su

tance between ﬂ
h el enents 10a-10f may al so be adhesively

bonded to the conmon ground pl ane 14az2 Alternati vel y, that portion of fhe

substrate nmay be_hel d i n position_ by 12 the fe_egﬁﬁrobes and the pregsure
excited by tHeepheeR BreRest 8nfoshe0PresENfe 834 terk e ddiRAeh

elements 10a-10f attached to the feed probe.

The illustrated éntenna has been demonstrated to
have a bandwidth, more than ample for handling both
the analog and the digital frequency bands of typical
cellular telephone systems. One example of such an
antenna that is.capable of operating over the 824 to
960 MH=z frgquency band has a substrate having a
thickness of 45 mm between the patch elements 10a-10f
and the ground plane 14a, and an overall size of 1490
mm high by 390 mm wide by 98 mm deep. The probe
diameter is 20 mm, and the spacing between the ground
planes is 10 mm. This antenna provides the required
gain (typically a minimum of 13 dBd gain); a cross-pol
level that is 10 to 15dB down over the entire
operational handwidth, and good E- and H- plane
radiation pattern integrity over the entire
operational bandwidth.

While the invention is susceptible to various
modifications and altérnative forms, a specific
embodiment thereof has been shown by way of example in
the drawings and has been described in detail
hereinbefore. It should be understood, however, that
it is not intended to limit the invention to the
particular form described, but, on the contrary, the
invention is to cover all modifications, equivalents,
and alternatives falling within the scope of the

invention as defined by the appended claims.

This is the replacement sheet
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Ml_-l_ustrat ed"ant énna has been denonstrated to have 2. bangw,df h, ,qog-e

han anpl e for handH-ng—bot-h- t-he_anal og and the digistal.sfrefjudnty bantts of

typical cellular- hone systens. One exanpl e of such’an-&nfenna-shat" is

capabl e of operatbm to 960 MHz frequency band has a substrate

havi a thi cknesS,or; #¢n t he patch el ements 10a-10f and the

ground pl ane 14a, and an overall size of 1490 mm high by 390 nmm wi de by 98
"deep. The probe dianeter is 20 mm and the spaci ng between the ground

ganes is 10 mm This antenna provi deslhe required gain (typically a

m ni rum of 13 dBd gain), a cross-pol CLATMS

1. A patch antenna a patch antenna for
transmitting and receiving microwave signals having a
desired polarization, said antenna comprising:

a dielectric substrate,

a plurality of radiating patches on said
substrate, each radiating patch including a plurality
of edges and a plurality of spaced non-radiating slots

~ which are open at one end along only a single edge of
said radiating patch to suppress the radiation of
energy that is polarized in a direction transverée to
the direction of the desired polarization,
a distribution network for transmitting and
receiving signals within said antenna, and
a plurality of probes within said substrate for
. coupling said radiating patches and said distribution
network, one end of each probe being connected to said
o/ distribution network, and the other end of each probe
being coupled fo one of said radiating patches.

2. A patch antenna as claimed in claim 1, in
which said slots are oriented vertically.

3. A patch antenna as claimed in claim 1, in
which each of said patches has a base portion that is

coupled to said probe, and said slots do not extend

into said base portion.

— This is the replacement sheet
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i 7
level that s ¥ to 15dB down over the entire operational handw. dth, and
‘good E- -and H pirane Tadiation pattern integrity over the eftite .-.'°-
oper ati onal bandwi nvention i s susceptible to vayious °
modi ficati ons and m‘m‘ lm“mmwml“s a specific embodient ‘ther eof--has» been
sh by way of e Ln drrawi ngs and has been described in detai
'nbefore It should be understood however, that it is not intended to

At the invention to the particular_ igrn1descr|bed but, on the contjrary,
he invention is to cover all nodifications, equivalents,

4. A patch antenna as claimed in claim 1, in

hel

which each of said pafches has at least four of said
slofs, and the portions of each patch that are
outboard of the endmost slots are longer than the
inboard portion of the patch.

5. A patch antenna as claimed in claim 4, in
which the length of said outboard portions of each

patch relative to the inboard portion is selected to

produce a &esired beam width.

6: A patch antenna as claimed in claim 1, which
includes a ground plane supported by said substrate in
generally parallel and spaced rélationship to said
patches.

7. A patch antenna as claimed in claim 6, which
includes a plurality of chokes connected to said
ground plane and associated with said patches to
suppreés the radiation of energy that is polarized in

v a direction transverse to the direction of the desirea

polarization.

8. A patch antenna as claimed in claim 7, in
which a pair of said chokes are located on opposite
sides of each of said patches.

9. A patch antenna as claimed in claim 6, in
which said patches and said distribution network are

located on opposite sides of said ground plane.

Sheet Has Been Replaced . This is the replacement sheet
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gnd al tern%fVé‘T ating-within-the scope of the i nyepty oresasy ‘gef ished by

t he appended MENT SHEET - 13- CLAINE * A.paﬁ ¢h an: erma a

pat ch antenna m iﬁ,ﬂ“@ﬁﬁi&ﬁ and receiving m croyvavé Si _g’ﬁal S haVfng*a

des;* ed pol ari z~a lcony. enna conprising: a dielectric substrate,
-15-

10. A patch antenna as claimed in claim 6, in
which said probe includes an electrically conductive
cylinder whose axis is perpendicular to the plane of
said patches, and a dielectric sleeve separating said
cylinder from said ground plane.

11. A patch antenna as claimed in claim 1, in
which said distribution network is a strip
transmission line.

Y 12. A patch antenna as claimed in claim 1, in
which a dielectric spacer is disposed in the space
between said probe and said patches.

13. A patch antenna as claimed in claim 1, in
which said probe is wider at the patch end of the
probe than at the distribution network end of the
probe.

14, A patch anténna as claimed in claim 1, in
which said distribution network is embedded in said
dieiectric substrate.

15. A patch antenna for transmitting and
receiving microwave signals having a desired
polarization, constructed and arranged substantially:
as hereinbefore described with reference to and as

illustrated in the accompanying drawings.

—
\-

Th;
7 This is the replacement sheet
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‘a pluwrality of radiating patches on said substrate, each rgghatTTIgH
Including a plurality of edges and a plurality of spaced n Eﬁtﬁﬁéhﬁ
slots which are open at one end along only a single edge o
patch to suppress the radiation of energy that is polarized § n{a6 JULe#So0r
transverse to the direction of the desired pol arizati on,

Gl

R

 SHEET

aid radiatind

dy stribution

network for transmtting and receiving signals wthin said{ anterms;
probes within said substratg for coupling saif radiating
pat ches and said distribution network, e end of each probe bel ng

plurality of

connected to

alld d

id . ...
g@étllted to minimize cell overshoot, and the

resultant untidy appearance compounds the
environmental problems.

Because of the need to communicate with mobile
units having antennas installed vertically on
vehicles, cellular systems typically use signals which
are vertically polarized. It is, therefore, desirable
to minimize the amount of energy transmitted with
unwanted horizontal polarization ("cross-pol") because
the transmission of such signals merely reduces the
efficiency of the system.

An aim of the present invention is to provide an
improved microwave antenna which has a gain, return
loss and bandwidth suitable for use in a base-station
of a cellular telephone system, and which also has a
low cross-pol level. 1In this connection, the present
invention can provide a single antenna which has a
bandwidth and other characteristics that will
accommodate the transmit and receive functions of both
analog and digital cellular telephone systems.

A further aim of the present invention is to
provide an improved microwave antenna which can be
arrayed in a planar array and excited in relative
phrase and amplitﬁde to provide the desired electrical

beam downtilt and sidelckb=2 levels.

magmt « oA




- distribution network, and the other end of each probe bei 3 Tt SHEEE
of "sai d radiating patches 2. A patch antenna as clalned:RI-'

which said slots are oriented vertically. 3. A patch anté¢nja as

claim1, in which each of said patches has a base portio halﬁ‘zuﬁc%%d
to said probe, and said slots do not extend into said bagef}portion.

~-2a-

A still further aim of the present invention is
to provide an improved microwave antenna which can be
accommodated in a compact assembly which is relatively
small and aesthetically pleasing.

A still further aim of the present invention is
to provide an improved microwave antenna which will
readily provide the requisite angular sector coverage,
in both azimuth and elevation, for any type of
cellular telephone system.

A_still further aim of the present invention is
to provide an improved microwave antenna avoids
spurious radiation by the feed system for the
radiating patches. |

A still further aim of the present invention .is
to provide an improved microwave antenna which can be
efficiently and economically manufactured.

According to the present invention there is
provided a patch antenna for transmitting and
receiving microwave signals having a desired
polarization, said antenna comprising:

a dielectric substrate,

a plurality of radiating patches on said
substrate, each radiating patch including a plurality
of edges and a plurality of spacsd non-radiating slots

which are open at one 2nd along cnly a single edge of



~ 4. A patch antenna as clainmed in claim1, in which each C)Rﬁﬁhﬁﬂﬁiﬁﬁiﬁéﬂﬂﬁﬁﬁ
at least four of said slots, and the portions of .each patichf that are

out board of the endnobst slots are |onger than the inboard rt1i@3mf99?e
patch. 5. A patch antenna as clained in claim4, in which tjhe | ength
sai d outboard portions of each patch relative to the inbgare=pett+oef—s
sel ected to produce a desired beamw dth. 6. A patch antgnna as clained in
claim1l1, which includes a ground pl ane _supported by said substrate in
generally parallel and spaced relatioﬁéﬁip to said

- said radiating patch to suppress the radiation of

energy that is polarized in a direction transverse to
the direction of the desired poiarization,

‘a distribution network for transmitting and
receiving signals within said antenna, and

a plurality of probes within said substrate for
coupling said radiating patches and said distribution
network, one end of each probe being connected to said
distribution network, and the other end of each probe
being coupled to one of said radiating patches.

A preferred embodiment of the present invention
comprises a plurality of radiating patches on a
dielectric substrate, each radiating patch including
a plurality of spaced slots to suppress the radiation
of energylthat is polarized in a direction transverse
to the direction of the desired polarization. The
antenna also includes a distribution.network for
transmitting and receiving signals within the antenna,
and a plurality of probes within the substrate for
coupling the radiating patches and the distribution
network, one end of each probe being connected to the
distribution network and the other end of each probe
being ccupled to one of the radiating patches.

To further suppress undesired crcss-polarization, a

plurality of chokes may be connzc:ed to the ground



patches. 7. A patch antenna as claimed in claim®6, which ing REFEACEMENT QHEEZ}
plurality of “‘chokes connected to said ground plane and assodi gted wih said} ;
pat ches to s-Up_press the radiation of energy that is polarized|i nfa JuL 1598 ;
direction transverse to the direction of the desired pol ari 4agion. 8. A !
patch antenna as clainmed in claim7, in which a pair of sai( chokes—eare-

| ocat ed onb Ho‘ﬁééﬁﬁé‘gv\,ﬁo%{ f?‘&ﬂ@alﬂE PRl A gﬁ;b"afc(? % meéd but B0 34 a

clained in al m sal d patches an

mm.

A pair of ground planes 14a and 14b, slightly spaced apart from each
other, are located in the rear portion of the substrate 11. Specifically, the ground
plane 14a is located berween layers 11a and 11b of the substrate 11, and the
ground plane 14b is located between layer 11c and the front surface of the rigid
re=r perel. 12. Both graxd places 14a 2nd 14 are perallel to the front sucface of the
substrate 11 and, thefefore, parallel to the radiaﬁg patch elements 10a-10f.
Each ground plane 14a and 14b is preferably made of a single thin (e.g., 1 mm.)
aluminum plate. |

In accordance with a further development of the present invertion, chokes are provided
on the ground plane to suppress ground-plane currents that produce radiated
energy that is polarized in a direction transverse to the direction of the desired
polarization. These chokes are preferably located on opposite sides of each
radiating patch. In the illustrative embodiment of FIGS. 1-3, a pair of chokes 15
and 16 are located adjacent the top and bottom edges of the patch 10a. The
impedances provided by these chokes 15 and 16 tes to hlock grand-plae
currents which would produce radiation of unwanted polarization, and yet the
chokes do not reduce the broad bandwidth of tte antenna.

An alternative choke arrangement is iﬂuszrazéd in FIGS. 4 and 5. [n this
arrangement a pair of chokes 17 and 18 are lgcated on opposite sidc*;s of 2
radiating patch 10, with the ez ends of the chckes overlapping the lateral edges

of the patch.



S - ;
-Iocated on opposite sides of said ground plane. -15- 10. A él;ﬂ%%ﬂﬂ£5§&5~

as clained in claim6, in which said probe includes an electrifcdlly
conductive cylinder whose axis is perpendicular to the plane df {saftd JUL 198
pat ches, and a dielectric sleeve separating said cylinder from qaid ground

pl ane. 11. A patch antenna as claimediB2n-claim11, in which saiyd

di stribution E?tQ%e oro égrééh the pressure excited by the iy

elements 10a-10f attached to the feed probe.

The illustrated antenna has been demonstrated to
have a bandwidth, more than ample for handling both
the analog and the digital frequency bands of typical
cellular telephone systems. One example of such an
antenna that is capable of operating over the 824 to
960 MHz fr equency band has a substrate having a
thickness of 45 mm between the patch elements 10a-10f
and the ground plane 1l4a, and an bverall size of 1490
mm high by 390 mm wide by 98 mm deep. ‘The probe
diameter is zd-mm, and the spacing between the ground
planes is 10 mm. This antenna provides the required
gain (typically a minimum of 13 dBd gain), a cross-pol
level that is 10 to 15dB down over the entire
operational handwidth, and good E- and H- plane
radiation pattern integrity over the entire
operational bandwidth.

While the invention is susceptible to various
modifications and alternative forms, a specific
embodiment thereof has been shown by way of example in
the drawirngs and has been described in detail
hereinbefore. It should be understood, however, that
it is not intended to limit the invention to the
particular form described, but, on the contrary, the
invention is to cover all modifications, equivalents,
and alterratives falling within the scope of the

invention as defined by the appended claims.



-transmssion line. 12. A patch antenna as clained in claim1, in which a

dielectric spacer is disposed in the space between said pr -
pat ches. 13. A—ﬁa%ch—aﬁfeﬁﬂa—as claimed in claimi1, in whi 'Pbﬂﬂihﬁﬂ$5éﬂﬁ§ﬁ‘
METWOr K- ena

wi der at the pat be than at the distributi
t he probe. 14. ﬂﬁq clained in claiml1, in ch1%guﬁ
~distribution net in sagg di el ectric substr k pat ch

antenna for transn1tt|ng_and

— — =

CLAIMS
1. patch antenna a patch antenna for

transmitting and receiving microwave signals having a
desired polarization, said antenna comprising:

a dielectric substrate,

a plurality of radiating patches on said
substrate, each radiating patch including a plurality
of edges and a plurality of spaced non-radiating slots
which are open at one end along only a single edge of
said radiating_patch to suppress the radiation of
energy that ié'polarized in a direction transverse to
the direction of the desired polarization,

a distribution network for transmitting and
receiving signais-within said antenna, and

a plurality of probes within said substrate for
coupling said radiating patches and said distribution
network, one end of each prdbe being connected to said
distribution network, and the other end of each probe
being coupled to one of said radiating patches.

2. A patch antenna as claimed in claim 1, in
which said slots are oriented vertically.

3. A patch antenna as claimed in claim 1, in
which each of said patches has a base portion that is
coupled to said.probe, and said slots do not extend

into said base portion.




‘recei ving m crowave signals having a desired pol arization__construct.ed. and.

arranged substanti atl-y -as -herei-nbef ore-described with ref

illustrated in the: ajﬂiﬂﬂﬂﬂniﬁj"ﬂj mijlngs-__ o | 16 JUL B
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4. A patch antenna as claimed in claim 1, in
which each of said patches has at least four of said
slots, and the portions of each patch that are
outboard of the endmost slots are longer than the
inboard portion of the patch.

5. A patch antenna as claimed in claim 4, in
which the length of said outboard portions of each
patch relative to the inboard portion is selected to
produce a desired beam width.

6. A patch antenna as claimed in claim 1, which
includes a ground plane supported by said substrate in
generally parallel and spaced relationship to said
patches.

7. A patch antenna as claimed in claim 6, which
includes a plurality of chokes connected to said
ground plane and associated with said patches to
suppress the radiation of energy that is polarized in
a direction transverse to the direction of the desired
polarization.

8. A patch antenna as claimed in claim 7, in
which a pair of said chokes are located on opposite
sides of each of said patches.

9. A patch antenna as claimed in claim 6, in
which said patches and said distribution network are

located on opposite sides of said ground plane.
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10. - A patch antenna as claimed in claim 6, in
which said probe includes an electrically conductive
cylinder whose axis is perpendicular to the plane of
said paﬁches, and a dielectric sléeve separating said
cylinder from said ground plane.

1i1. A patch antenna as claimed in claim i, in
which'said disfribution network is a strip
transmission. line.

- 12. A patch antenna as claimed in claim 1, in
which a'dielectric spacer is disposed in the space
between said probe and said patches.

13. A patch antenna as claimed in claim 1, in
which said probe is wider at the éatch end of the
probe:than at fhe'distribution network end of the
probe.

14. A patch antenna as claimed in claim 1, in
which séid distribution network is embedded in said
dielectric substrate.

iS. A patch antenna for transmitting and
receiving microwéve signals having a desired
polarization, constructed and arranged substantially
as hereinbefore described with reference to and as

illustrated in the accompanying drawings.



