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DESCRIPTION 
PATCH-TYPE MICROWAVE ANTENNA HAVING WIDE BANDWIDTH AND 

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

Cellular 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 lisable 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 a 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 and 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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downtilted 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 p_olarization {"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 
acconunodate the transmit and receive functions of both 
analog and digital cellular telephone systems. 

The present invention further provides an 

---·· ·--··-- ----



THIS SHEET HAS BEEN' 
L REPLACED 

-3-

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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plane for the 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 enlarged 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 lOa-

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 surf ace 

of the substrate 11 and the patch elements lOa-10£ 

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 
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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 

lla 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 cellular telephone systems. 

In general the azimuth {horizontal) 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 plur~ty of slots to suppress the radiation of 

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

polarization. In the illustrative embodiment, each of th~ radiating patch elements 

l.Ca-lOf :irrl1xJ:s :fOlr raraJlel ~ s1cts (s:e F.i.g. 4) t.t.hi.dl divide tre p:itd1 intD fi~ 

vertical strips or fingers Fl-FS. The slots terminate short of the top edge of the 

patch, thereby forming a base portion B from which the fingers Fl-FS 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 tum 
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suppresses the radiation of energy having an undesired polarization. The major 

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 Fl and FS outboard of the endmost slots 

larger than the intermediate fingers F2-F4 in the inboard portion of the patch. In 

general, the end fingers Fl and FS should be about 15 to 20% longer than the 

intermediate fingers F2-F4. Increasing the end fingers by this amount can reduce 

the beam.width from about 800 to about 40-60°. 

Although the illustrative embodiment of the invention bas. four slots in 

each radiating patch element 10, it will b~ 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. Fe\'\~er 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 

0.251 and 0.751 at the center frequency of the operating bandwidth, and that the 

height of the patch element be between 0.0751 and 0.251. For the 820-960 MHz 
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band mentioned above, a suitable size for each patch element is 180 mm'. by 110 

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 lla and llb of the substrate 11, and the 

ground plane 14b is located between layer llc and the front surface of the rigid 

substrate 11 and, therefore, parallel to the radiating patch elements 10a-10f. 

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

alUIIlinUIIl plate. 

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 ~ottom edges of the patch lOa. The 

impedances provided by these chokes 15 and 16 t:enE to b1aX groxd-p1.cre 

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 

arran~ement 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. 



8 

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., between substrate layers llb 

and 1 lc. This distribution network 19 is centrally supported on both sides by the 

rigid dielectric foam which forms the substrate. The foam layers llb and llc 

may be two 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 lOa-

· lOf 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 (deB:) 

1 (bottom) .0771 0.0 
2 .1592 263 
3 .2637 52.7 
4 .2637 79.0 
5 .1592 105.4 
6 (top) .0771 131.7 

The "sector coverage" (azimuth or horizontal beamwidth) is controlled by 

the physical width (horizontal dimension) of the antenna. 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 
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embedded within the substrate 11. One of these probes is shown in detail in 

FIG. 3. The major component of the probe is a conductive 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 tightem;d. 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 lOb 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 lOb is filled 
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with a dielectric spacer 25 which maintains a constant gap between the cylinder 

21 and the patch element lOb. To hold the patch element lOb firmly in position 

against the substrate 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 

disb:lxE atHJ fum ttE gmni p1ae 14a.. '1lE lHllozidt:h g:n:r:ally iu:xease; cs 

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 requires that the patch elements be spaced from the ground 

plane by at least O.ll at the center frequency of the operating band. 

ere cf t:l2 ~ c£ ttE all:a1a cf ttE µ:e:mt m.atim is t:l2 ease with 

which it can be assembled. For example a typical sequence of assembly steps is 

as follows: 

1. The connector 19a is attached to the rear surface of the ground 

plane 14b. 

2. The foam layer llc 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 front 

surface of the foam layer 1 lc. 

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

the connector 19a. 



-- -----:-~--:--:-~· --,----,---------------
.. 

11 

5. The foam layer llb is placed on the front surface of the stiipline 

feed network subassembly, using the metal spacers 23 to properly 

locate the foam layer llb onto the distribution network. 

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

7. The common ground plane 14a is placed on the front surface of the 

foam layer llb, 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 lla 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 elen;tents 10a-10f are fastened to the 

respective probes 21 by means of the dielectric bolts 26. 

The laminated subassembly comprising 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 located 

between the two ground planes 14a and 14b to ensure that the distance between 

the two ground planes remains ·constant. The substrate layer Ila 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 
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the feed probes and the pressure excited by the patch elements 10a-10f attached 

to the feed probe. 

'Re jllu;I ta! Erl. 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 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 

bandwidth, 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 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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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. Apatch 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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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. 

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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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 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 
b~ing coupled to one of said radiating patches. 

16. A patch ant~nna constructed and arranged 
substantially as hereinbefore described, with 
reference to and as illustrated in the accompanying 
drawings. 
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