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A PLANAR DUAL-FREQUENCY ARRAY ANTENNA 

FIELD OF THE INVENTION 

The present invention relates to planar antenna assemblies for use 

in radiowave communications in general and in mobiJe satelJi~e communica-. . 

tion systems in particular.· 

PRIOR ART 

The following is a list of references which are believed to be 

pertinent to the present invention: 

Andrasic G. and James J.R. (1987). "Investigation of Superimposed 

10 Dichroic Microstrip Antennas," 5th International Conference on Antenna and 

Propagation, ICAP 87, pp. 485-488, March-April, York, UK. 

Andrasic G. and James J.R. (1988). "Mitrostrip Window Array," 

Electronic Letters, Vol. 24, No. 2, pp 96-97. 

Hiroyuki Inafuku, et al. {1989) "Mobile Receiving Antenna System of 

15 Direct Broadcast Systems for Train Applications," International Symposium 

of Antennas and Propagation, Tokyo, Japan, August. 
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Lee S.W., et al. (19$2). "Simple Formulas for Transmission Through 

Periodic Metal Gri9s or Plates," IEEE Transactions and Antennas and 

Propagation, Vol. AP:..3o, pp. 904-909. 

U.S. Patent No. 5;04.3,738 

5 U.S. Patent No. 5,262,791 

The above. references will be referred to herein by indicating, 

within brackets, the name of the author or company and the year of 

publication, or the patent.number, whatever the case may be. 

10 BACKGROUND OF· THE INVENTION 

A major teqt1iremeilt in achieving a satisfactory communication 

link between a ground_ station and a satellite is that the ground station 

antenna point in the direction of the ·satellite, i.e. that the maximum of the 
.. ..... -·. 

ground station antenna's beam pattern be aligned along the line of sight 

15 between the ground_ st~tion _and the satellite. If the ground station is a 

mobile platform and/or. the satellite orbit is geosta:tionary, high or medium 

earth orbit then the ant~11ria has to track the satellite .in order to continuously 

point in the direction ot the satellite so as to maintain a reasonable quality 

communication link. 

20 In the following description and claims reference will be made to 

Ku-band and L-band freqp,ency ranges which are general1y accepted to be 

defined as follows: 

Ku-band: 10.70 - ·12;75 GHz; L-band: 1.49 - 1.71 GHz. 

Various appro~ches are known for the architecture of antenna 

25 assemblies for mobile a)'ld non-mobile communication systems. The most 

common of these is a tw()-axis mechanical tracking ·system. The antenna 

itself may be a micr.o~trip type or anothert such as the NEC (see, e.g., 

Hiroyuki Inafuku, et aL (l989)) or KVH (KVH Industries, Inc., Middletown, 

RI, U.S.A.) systems for,,:respectively, Ku-band and L-band transmissions. . . ' •. ,~·; ... 

.. ·.. · ..... . 
SUBSTITUTE SHEET (RULE 26) 
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By another mechanical approach a single-axis mechanical tracking 

system is used, a typical example being the Nippon Steel's single-layer · 

slotted-waveguide array system for Ku-band transmission (Nippon Steel 

Corporation, Tokyo,· Japan). 

By yet another approach a combination of mechanical and 

electrical tracking is ·used, such as i.n the Ball communications system (Ball 

Telecommunication Products Division, Colorado, U.S.A.). 

There are also known non-mechanical antenna assemblies for 

mobile communication systems. One such non-mechanical antenna 

10 dl"!scrihed by CAL (CAL, Ottawa, Ontario, Canada) employs phase control 

on one axis and fixed \:>earns on the ot~er. A two-axis electrically-steered 

antenna assembly employing conventional phase control schemes has been 

described by TECOM (TECOM Industries, Inc., Chatsworth, CA, U.S.A.). (. 

All these· known antenna assemblies for mobile communication 

15 systems suffer from the common drawback of operating in a single . 

frequency band. (;onsequently, if one were interested in a mobile commu­

nication system operating in two different frequency bands then two of the 

above-mentioned antennas would have to be used which obviously increases 

significantly the spatial requirements. Jf the two-band service is provided 

20 through two differ.ent satellites, a mechanical pedestal cannot serve the two 

antennas. Furthermore,. the antennas of the first three groups mentioned 

above suffer from the additionaf drawback of having mechanical-tracking 

systems which t~~d to be cumbersome. and slow, limited in their angular 

coverage. and whkh are not planar and have to protrude from the surface 

25 to which they are.applied. Thus, if such an antenna were to be mounted on 

a mobile platform su,ch as the roof of a land vehicle, it would alter the 

aerodymimics of such, platform. 
'· 

There_ are known dual frequency planar antenna arrays in the art 

(e.g .. U.S. 5,043,738 and U.S. 5,262,791). However, none of the known 
------·-------------~------------------ ·;~:_ ...... · .. ; ·: . 
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antennas of this type are constructed from two independent planar array 

antenna units each with its own ground plane and capable of operating 

Independently in two frequency bands, that may be widely space apart (as 

used in satellite communications) with substantially no interference between 

5 the two planar array antenna units. 

SUMMARY OF THE INVENTION. 

It is the object of tl.le present invention to provide a duaJ-

10 frequency array antenna with electronic beam steering capability in both 

frequency bands independently of each other, constructed from two 

independent antenna units each operating in a separate frequency band, 

having an essentially planar structure and being suitable for mounting on an 

outer surface of either a stationary platform or a mobile platform such as a 

15 land vehicle, a marine vessel ot anaircraft without significantly altering the 

profile and aerodynamic properties of such surface. . 

A planar array antenna assembly according to the invention 

comprises first and second array antenna units, disposed in a layered 

formation, for receiving and emitting at two dif~erent frequency bands, each 

20 having at least one dielectric plate. in the receiving mode of operation the 

antenna assembly receives electromagnetic radiation from an external source 

whereas in the transmitting mode of operation the antenna assembly 

transmits electromagnetic radiation to an external receiver. The array 

antenna unit that is closer to the external source/receiver wi11 be referred to 

25 as the top array antenna unit. The other array antenna unit, which in the 

layered formation of the antenna assembly wilJ be further from the external 

source/receiver, will be referred to as the bottom array antenna unit. The 

terms "top" and "bottom" as applied to the array antenna units should not be 

misconstrued as fixing the actual orientation of the planar array antenna 
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assembly, which in practice may be horizontal, vertical, or any other 

required orientation .. In relation to both the first and second array antenna 

units the fa"C:e of a dieJectric plate oriented in the direction of an external 

source of eJectromagnetic radiation will be referred to as the "front fac~" and 

5 the face oriented in the opposite direction as the "rear face". 

The term "patch" used her~in signifies an area filJed completely 

or partially with co.nducting material applied to a face of a dielectric plate, 

e.g. by printing conducting surfaces on ~ dielectric layer or by etching 

techniques (hereinafter referred to as printing on, or etching on the dielectric 

10 layer, respectively). 

. In the following description and claims reference wi11 be made to 

feeds, feed lines and ~eed line terminals. The l~ngth of th~ feeds and the 

location of the feed line terminals have been chosen for convenience of 

· illustration and shou1d not be construed as n~cessarily indicative of any 

15 actual design. In fact, in most fabrication processes the feeds (also known 

as microstrip lines) will be terminated at, or near, the edge of the dielectric 
. . 

plate (also known as the feed substrate) on which they are disposed. 

However, the actual· geometry of the feed network, formed by the feeds, is 

not part of the invention and therefore only a small representative length of 

20 each feed is shown. Furthermore, such weJI known issues, in the design of 

microstrip antennas, as the positioning of the feed point to adjust the input 

impedance level are not discussed here. 

In accordance with the present· inveniion there is provided a 
.. 

planar antenna assemply for receiving and transmitting electromagnetic 

25 radiation in two frequency bands, said planar antenna assembly comprising, 

in a layered formation,. first and second planar array antenna units, said first 

planar array antenna unit operating in a low frequency band and said second 

planar array antenna unit operating in a high frequency band, said first 
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planar array antenn,i:i ·unit being the top planar array antenna unit and said 

second planar array ci.ntenna unit being th~ bottom planar array antenna unit; 

said first planar array antenna unit comprising at least one dielectric 

plate having front and ·rear faces, at least one planar array of patches having 

5 a plurality of patche.s, _a feed array having a plurality of feeds and a ground 

plane; 

each feed of said feed- array being coupled· to a respective one of said 

patches of said at least one planar array of patches; 

each patch of said at least one planar array of patches being resonant 

10 to frequencies in saidlow frequency band and transparent to frequencies in 

said high frequency band; 

said ground plane being reflective to frequencies in said low frequency 

band and transparent to frequencies in said high frequency band; 

said second pla~ar array antenna unit comprising at least one dielectric 
::: . : . .. 

15 plate having front an~ rear faces, a ground plane, at Jeast one planar array 

of patches having a pJµraJity of patches and a feed array having a plurality 

of feeds, each feed of said feed array being coupled to a respective one of 

said patches of said. at least one planar array of patches. 

The difference between the (i_rst planar array antenna unit and the 

20 second planar array antenna unit, apart from their operating frequendes, is 

that the patches and the ground plane of the first planar array antenna unit 

are frequency selective surfaces being tra~sparent to frequencies in the high 

frequency band enabli#,g the second planar array antenna unit to transmit and 

receive electromagnetic radiation band despite the presence of the first 

25 planar array antenna unit situated between the second planar array antenna 

unit and the external body~· Furthermore, the ground plane of the first planar 

array ~ntenna unit is,-reflective to frequencies in the Jow frequency band and 

therefore electromagnetic radiation with frequencies within the low 

frequency band do not interact with the second planar array antenna unit. 
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Due to the fact that there are a nuqibcr of embodiments of the 

first planar array antenna unit and of the second planar array antenna unit 

that are common in structure reference will be made in the··foIIowing to a 

"planar array ante~n_a unit" that wiJJ be used as a generic term for both the 

5 first planar array. antenna unit and the second planar array antenna unit. 

Similarly, the term~- planar array of patches, ·patches, feed array, feed and 

ground plane will be used in the description of the following embodiments 

as generic terms for both the first and second planar array antenna units. 

Jn accorqan·ce with a first aspec~ of the invention, the planar array 

10 antenna unit comprise~ a first dielectric plate and. a first planar array of 

patches having a· p~urality of patches, said first planar array of patches and 

said feed array befog disposed on the front face of said first dielectric plate 

with each feed ofsaid feed array being·electrically coupled to a respective 

one patch of said 'patches of said first planar a~ray of patches and said 

15 ground plane ·bei~g disposed on said rear face of said first dielectric plate. 

This defines a f~rst or second planar array ant~nna unit with electricaUy 

(directly) coupled patches. 

If desired the planar array antenna unit further comprises a second 

dielectric plate ano a second planar array of patches having a plurality of 

20 patches, said seeond planar array of patches being disp?~ed on the front face 

of said second dielectric plate, said. rear face ~f said seco~C1\iielectric plate 

facing the front fa~e ()f said first dielectric plate and each patch of said first 

planar array of patches being substantially aligned with ·a respective one 

patch of said patches ·of said second planar array of patches. This defines 

25 a doub]e stack fir~t _o~ second planar array antenna unit with electrically 

coupled patches. 

In accprdance with a second aspect of the invention, the planar 

array antenna u:ri~t · corilpris~s first and second dielectric plates and a first 

planar array of:patche,s, said first planar array of patches being disposed on 
. . ' ~- ; . ' 
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the front face of said first dielet;:tric plate and said feed array being disposed 

on the rear face of s~id first dielectric plate with each feed of said feed array 

being electromagncticalJy coupled to a respective one patch of said patches 

of said first planar array_.of patches, said ground plane being disposed on 

5 said rear face of said second dielectric plate, and. the front face of said 

second dielectric plate facing the rear face of said first dielectric face. This 
. ". . 

defines a first or second planar array antenna unit with electromagneticaJ1y 

coupled patches. 

In accordance with a third aspect of the invention, the planar 

10 array antenna unit comprises first and second dielectric plates and a first 

planar array of patches having a plurality of patches, said first planar array 

.of patches being dispos~d on the front face of said first dielectric plate, said 

ground plane being disposed on the rear face of said first dielectric plate, 

said ground plane }iaving a plurality of apertures, the front face of said 

15 secon~ dielectric plate facing the rear face of said first dielectric· face and 

said feed array being disposed on the rear face of said second dielectric plate 

with each feed of said feed array being electromagneticalJy coupled to a 

respective one of said patches of said first planar array of patches via a 

respective one of said apertures in said ground plane, said apertures being 

20 resonant to frequeneies within the operating fre9ue11cy band of the planar 

array antenna unit. . Wherein said operating frequency band is said low 

(high) frequency band if the planar array antenna unit is said first (second) 

planar array antenna unit. This defines a first or second planar array 

antenna unit with aperture coupled patches. 

25 If desired the planar array antenna unit according to either the 

second or the third. aspects of the invention further comprises a third 

dielectric plate and a second planar array of patches having a plurality of 

patches, said second planar array of patches being disposed on the front face 

of said third dielectric plate, said rear face of said third dielectric plate 
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facing the front face of said first dielectric plate and each patch of said 

second planar array of patches being substantially aligned with a resp~ctive 

one of said patches of said first planar array of patches. This defines a 

double stack first or second planar array antenna unit with, in ac~or~ancc 

5 with the second aspect of the invention, electromagnetically coupled patches 

or, in accordance with the third aspect of the invention, aperture coupled 

patches. 

In accordance with a fourth aspect of the invention, the first 

planar array antenna unit comprises first and second dielectric plates and a 

10 first planar array of patches having a plurality of patches, said planar array 

of patches being disposed on the front face of said first dielectric plate, said 

ground plane being disposed on the rear face of said first dielectric plate, 

said first dielectric plate being spaced from said second dielectric plate so 

as to form an antenna chamber, said feed array being disposed on the rear 

15 face of said second dielectric plate with each feed of said feed array being 

electricaJJy coupled to a respective one of said patches of said first planar 

array of patches by a plurality of feed probes and said second planar array 

antenna unit being located within said antenna chamber. This defines a first 

planar array antenna unit with probe fed patches. 

20 If desired the first planar array antenna unit according to the 

fourth aspect of the invention further comprises a third dielectric plate and 

a second planar array of patche8 having a plura1ity of patches, said second 

planar array of patches being disposed on the front face of said third 

dielectric plate, said rear face of said third dielectric plate facing the front 

25 face of said first dielectric plate and each patch of said second planar array 

of patches being substantially aligned with a respective one of said patches 

of said first planar array of patches. This defines a double stack probe 

planar array antenna unit with probe fed patches. 
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In accordance with the present invention the planar antenna 

assembly can be constructed from all the combinations of the first planar 

array antenna unit embodiments defined above taken together with an the 

combinations of the· second planar array ~ntenna unit embodiments defined. 

5 That is, the planar antenna assembly can be constructed from: 

(la) a first planar array antenna unit with. electricalJy coupled patches 

any of: 

(2a) .a double st~ck first planar array antenna .unit with electrically 

coupled patches, 

10 (3a) a first planar array antenna unit with electromagnetically coupled 

patches, 

( 4a} a double stack first planar array antenna unit with electromag­

netically coupled pa,tcbes, 

(Sa) a first plan~r array antenna unit with aperture coupled patches, 

.15 (6a) a double stack first planar array antenna unit with aperture coupled 

patches, 

(7a) a first planar array antenna unit with probe fed patches, or 

(Ba) a double st~ck first planar array antenna unit with probe fed 

patches; 

20 taken together with any of:. 

(lb) a second: ·.planar array antenna unit with electrically coupled 

patches, 

(2b) a double. stack second planar array antenna unit with electricaIJy 

coupled patches, 

25 (3b) a seconq planar array antenna unit with electromagnetica11y 

coupled patches, 

(4b) a double st.ack; second planar array antenna unit with electromag­

netically coupled p~t<;hes, 

(Sb) a second planar array antenna unit with aperture coupled patches, 
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(6b) a double ·stack second planar array antenna unit with aperture 

coupled patches; 

The first and second planar array antenna units can be designed 

for the reception a,11d transmission of linearly or circularly polarized 

5 electromagnetic radiation. 

When the first · planar array antenna unit is designed for the 

reception and transmission of circularly polarized electromagnetic radiation 

it is characterized in that: 

said at least on~ array of patches of said first planar array antenna unit 

10 is grouped into 2 x 2 patch subarrays having each in clockwise or counter­

clockwise sequence J~.fst, second, third a~d fourth subarray members; said 

feeds of said feed array of said first planar array antenna unit are grouped 

into 2 x 2 feed suparrays having _each in clockwise or counter-clockwise 

sequence first, second,: third and fourth subarray members; each member of 

15 a given feed subarray being coordinated with one member of a given patch 

subarray, the feeds:.and patches in a given coordinated subarray being rotated 

by 90° with respect fo_ a sequentially preceding subarray member. Each of 

the members of the fi.rst ~feed array is linked to a suitable electronics system 

as known per se conJaining a phase con~ol device. By suitably adjusting the 

20 phase control devic~ ihe currents flowing in the individual members of each 

2 x 2 feed subarray can be phase delayed by 0°, 90°, 180° and 270° in a 

clockwise (or optioP£i1ly counter-cJockw~se for replacing right hand by left 

hand circular pol~rization) sequence. 

When the ~econd planar array antenna unit is designed for the 

25 reception and transmission of circularly polarized electromagnetic radiation 

it is characterized in' that: 

· said at least one array of patches of said second planar array antenna 

unit is grouped inio 2 x 2 patch subarrays having each in clockwise or 

counter-clockwise ' sequence first, second, third and fourth subarray 
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members; said feeds of said feed array of said second planar array antenna 

unit are grouped into 2 x 2 feed subarrays having each in clockwise or 

counter-clockwise sequence first, second, third and fourth subarray 

members; each member of a given feed subarray being coordinated with one 

5 member of a given patch subarray, the feeds and patches in a given 

coordinated subarray being rotated by 90° with respect to a sequentially 

preceding subarray member. Each of the members of the second feed array 

is linked to a suitable electronics system as known pel' se containing a phase 

control device. By suitably adjusting the phase control device the currents 

10 flowing in the individual members of each 2 x 2 feed subarray .can be phase 

delayed by 0°, 90°, 180° .. and 270° in a clockwise (or _.optionally counter­

clockwise for replacing right hand by 1eft hand circular polarization) 

sequence. 

Clearly, the first planar array--ante.nna unit and the second planar 

15 array antenna unit ca11 be designed to operate either both in the circular 

polarization mode, or one in the circular polarization mode and the other in 

the linear polarization mode. 

20 

The patches of the first planar array antenna unit may· be of any 

suitable shape such as circular, polygonal or square, and the like. 

In accordance with the present invention, said patches of said first 

planar array antenna · unit are frequency selective surfaces comprising a 

periodic arrangement of apertures in each patch. Optionally, said patches 

are frequency selective surfaces comprisirig a grid of conducting lines with 

a uniform mesh. 

25 Further in accordance with the present invention said ground 

plane of said first planar array antenna unit is a frequency selective surface 

comprising a periodic arrangement of apertures in the groun9 . plane. 

Optionally, said grourid plane is a frequency selective surface comprising 

a grid of conducting lines with a uniform mesh. 
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The patches of the second· planar array antenna unit may be of 

any suitable shape $Uch as circular, polygonal or square, and the like. There 

is no necessity that· the shape of the patches· of the second planar array 

antenna unit matchthose of the first planar array antenna unit. 

5 If desired, said ground plane of the first planar array antenna unit 

can be designed as·~. frequency selective surface by forming in it apertures 

that match in shape the patches of the second planar array antenna unit. In 

accordance with ·tbis embodiment each one aperture in the ground plane is 

located opposite :011e patch of the second planar array antenna unit. 

"10 A planar antenna assembly according to the invention and each 

of its planar array -antenna units is designed for operation in both transmit­

ting and receiving ·modes. During the transmitting mode, the electronics 

system associated . with a transmitting antenna unit feeds each of the 

membf?rs of the feed· array thereof with time-varying electric power whereby 

15 the antenna unit i~. excited for radiating a beam into the surrounding atmo­

sphere. During the receiving mode external electromagnetic radiation 

incident on the. pl~nar array antenna units from the surrounding atmosphere 

excites the patches whereby an output signal is produced at the feeds. Each 

feed is equipped.: with a feed line terminal to which feed lines can be 

20 connected for l~riking the feeds to suitable electronics systems containing 

phase control devices. 

It should be noted that, the first and second antenna units operate 

t:ompletely independent of each other. Consequently, either of them may be 

transmitting or receiving while the other one is at rest. Likewise, while the 

25 first antenna unit transmits the second one may be receiving, and vice versa. 

Jn one 'embodiment of the invention said low frequency band at 

which the first antenna unit operates is the L-band and said high frequency 

hand at which the second antenna unit operates is the Ku-band. 

SUBSTITUTE. SHEET (RULE 26) 
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Prefera~ly a planar antenna assembly according to the invention 

is mounted within a suitable casing of weather resistant material. Said 

casing protects the sides of the planar antenna assembly but does not cover 

its front face. 

5 Preferably, a radome transparent to electromagnetic radiation with 

frequencies within both said first and second frequency bands, is mounted 

on the first planar antenna unit so as to cover the front face thereof. The 

radome serves to proJect the entire planar antenna assembly from adverse 

climatic and other external influences such as rain, ice, heat, sunlight, 

10 sandstorms, salt water, etc. 

Quite generally, the dielectric plates of the planar antenna 

assembly can be constructed from a plurality of dielectric plates of differing . 

electric properties, However, it should be noted that a dielectric plate whi~h 

does bear on either of its faces any structure. (i.e., patches, feeds or a ground 

15 plane) and serves m~rely lo separate between different layers in the planar 

antenna assembly ofthe invention can be replaced by an air gap, provided . 

some form of supportis applied to the edges of the separated layers in order 

to maintain their separation. 

20 BRIEF DESCRIPTION OF: THE DRAWINGS 

For a better understanding, the inven_tion will now be described, 

by way of example only, with reference to the accompanying drawings in 

which: 

Fig. 1 shows a schematic exploded side view of the planar antenna 

25 assembly of the invention and an external source of electromagnetic 

radiation; 

Fig. 2 shows a side elevation view of part of a first embodiment of a 

first planar array antenna unit; 
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Fig. 3 shows a side elevation view of a part of a first embodiment of 

a second planar array antenna unit; 

Fig. 4 shows a side elevation view of a part of a first embodiment of 

a planar antenna assembly of the invention; 

5 Fig. 5 shows a plan view of the planar array antenna unit illustrated in 

Fig. 2; 

Fig. 6 shows a plan view of the planar array antenna unit i11ustrated in 

Fig. 3; 

Fig. 7 shows a plan view of one embodiment of a frequency selective 

10 ~round plane of a first planar array antenna unit; 

Fig. 8 shows a plan view of another embodiment of a frequency 

selective ground plane of a first planar array antenna unit; 

Fig. 9 shows a side elevation view of an antenna unit of a first planar 

array antenna unit with electricaJly (or directly) coupled patches; 

15 Fig. 10 shows a side elevation· view of an antenna unit of a second 

planar array antenna unit with electrically (or directly) coupled patches; 

Fig. 11 shows a side elevation view of an antenna unit with a double 

stack electrically coupled patch;· 

Fig. 12 shows a side elevation view of an antenna unit with an 

20 electromagneticaUy coupled patch; 

Fig. 13 shows a side elevation view of an antenna unit with a double 

stack electromagnetically coupled patch; 

Fig.14 shows a side elevation view of an antenna unit with an aperture 

coupled patch, part of the antenna unit being cut away to show an aperture 

25 in the ground plane; 

Fig. 15 shows a side elevation view of an antenna uni.t with a doubJe 

stack aperture ·coupled patch, part of the antenna unit being cut away to 

sh~w an aperture in the ground plane; 
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Fig. 16 shows a schematic exploded side elevation view· of part of a 

planar antenna assembly of the invention with a first planar array antenna 

-unit having probe fed patches, part" of the assembly being cut away to show 

a feed patch terminal and holes for contactless passage of feed prob~s; 

· 5 Fig. 17 shows a schematic exploded side elevation view of part of a 

planar antenna assembly of the invention with a double stack first planar 

array antenna unit having probe fed patches; 

Fig. 18 shows a plan view of a 2 x 2 subarray of a planar array 

antenna unit> with electrically (direct) coupled patches, for a plane 

10 polarization mode of operation; 

Fig. 19 shows a plan view of a 2 x 2 subarray of a planar array 

antenna unit> with -electrically (direct) coupled patches, for a circular 

polarization mode of operation; 

Fig. 20 shows a plan view ~f a 2· x 2 subarray of a planar array · 

15 antenna unit, with el~ctromagnetically coupled -· patches, for a plane 

polarization mode of operation; 

Fig. 21 shows a plan view of a 2 x 2 subarray of a planar array 

antenna unit, with eJectromagnetically coupled patches, for a circular 

polarization mode of operation; -

20 Fig. 22 shows a plan view of a 2 x 2 subarray _of a planar array 

antenna unit, with aperture-coupled patches, for a plane polarization mode 

of operation; 

Fig. 23 shows a plan . view of a 2 x 2 subarray of a planar array 

antenna unit, with aperture-coupled patches, for a circular polarization mode 

25 of operation; 

Fig. 24 shows a plan view of a 2 x 2 subarray of a planar array 

antenna unit, with probe fed patches, for a plane polarization mode of 

operation; and 
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Fig. 25 shows a ·plan view of a 2 x 2 subarray of a planar array 

antenna unit, with probe fed patch:es, for a circular polarization mode of 

operation; 

5 DESCRIPTION PF SPECIFIC EMBODIMENTS 

Attention is first drawn to Fig. 1 showing a schematic expJoded 

side view of the ··planar antenna assembly 1 of the invention, which 

comprises three parts, a first planar array antenna unit 2, a dielectric plate 4 

and a second planar array antenna unit 6. Also shown is an external source 

10 8 of electromagne~ic radiation 10. The "front face" and the "rear face" of 

any part of the pla1i.a,r antenna assembly, and of the planar antenna assembly 

itself; are defined relative to the extern~} source 8. Hence, the front face 12 

of the first planar array antenna unit 2 is that face orientated in the direction 
. . . . ... 

of the external soti'rce 8, whereas its rear face 13 is orientated in t~e opposite 

15 direction. Clearly .then, electromagnetic radiation 10 incident on the first 

planar array antemia unit 2 from th~ external source 8 will be incident on 

the front face 12 and after passing through the first pJanar array antenna unit 

2 it will exit from.its rear face 13. Similarly, the dielectric plate has a front 

face 14 and a rearface 15 and the second planar array antenna unit 6 has a 

20 · front face 16 and'· a rear face 17. In accordance with this term inoJogy the 

planar antenna assembly 1 has a front face 12 and a ~ear face 17. 

The first planar array antenna unit 2 is designed to operate in a 

Jow frequency band and the second planar array antenna unit 6 is designed 

to operate in a high frequency band. The two planar array antenna units 2 

25 and 6 are arrange(:f in a layered formation with the first planar array antenna 

unit 2 being between the second pJanar array antenna unit 6 and the external 

source 8. The dielectric plate 4 which serves to separate between the first 

and second planar array antenna units can be replaced by an air gap 

provided some form of support is applied to keep the construction of the 
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planar antenna assembly 1 intact. AJthough the first planar array antenna 

unit 2 is positioned between the second planar antenna unit 6 and the 

· ·· external source 8 the second planar array antenna unit 6 is not prevented 

from receiving electromagnetic radiation with frequencies in the high 

5 frequency band since the first planar array antenna unit 2 is. designed to be 

transparent to frequencies in the high frequency band. 

Although the basic construction and operation of the dual 

frequency planar antenna assembly of the invention has been illustrated for 

the antenna operating in a receiving mode, the illustration could have 
. . 

10 equa1Jy been made for the antenna operating in a transmitting mode with the 

external source 8 replaced by an external receiver. 

Various embodiments for the two planar array antenna units 2 

and 6 will now be described and the construction of the planar antenna 

assembly of the invention from them· wilJ be illustrated. In the Figures 

15 illustrating these embodiments dielectric pfates> ground planes, patches, feeds 

and apertures are all shown with exaggerated dimensions for i11ustrative 

purposes only. The patches and feeds are shown with different heights in 

order to differentiate between them, however in practice they are actually 

printed or etched on the dielectric plates and are of the same height. 

20 Attention is first drawn to Fig. 2 showing a side elevation view 

of part of a first planar array antenna unit 20 in accordance with a first 

embodiment. The patches 21 and the feeds 22, which are electrically (or 

directly) coupled to each othe"r, are disposed on the front face of the· 

dielectric plate 24. Each patch is designed to be resonant to frequencies in 

25 the low frequency band and transparent to frequencies in the high frequency 

band. Each feed 22 is equipped with a feed line terminal 23 to which feed 

lines can be connected for linking the feeds to suitable electronics systems 

containing phase 'control devices. The ground plane 25 is disposed on the 

rear face of the dielectric plate 24 and is designed to be frequency selective, 
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reflecting frequencies in the low frequency band and transmitting frequencies 

in the high frequency band. 

Fig .. 3 shows a side elevation view of a part of a second planar 

array antenna unit 30, in accordance with a first embodiment. The patches 

5 31 and the feeds 32, which are electrically coupled to each other, are 

disposed on the front face of the dielectric plate 34. The patches 31 are 

designed to be resonant to frequencies in the second frequency band. Each 

feed 32 is equipped with a feed line terminal 33 to which feed lines can be 

connected for linking the feeds to suitable electronics systems containing 

10 phase control devices. The ground plane 35 is disposed on the rear face of 

the dielectric plate 34. ·Although the planar array antenna units 20 and 30 

are similar in structure there are a number of basic differences between 

them. First and foremost, the patches 31 and the ground plane 35 are 

· simply conducting surfaces, as compared to the patches 21 and ground plane 

15 25 which are frequency selective. Furthermore, the dimension~ of the 

patches 21 and 31 will in general be different. Since the patches 21 operate 

in a low frequency band and the patches 31 in a high frequency band, then 

the patches 31 will be smaller than the patches 21. Hence, for a given 

p1anar array antenna unit gain, there wiJJ be more patches 31 than patches 

20 21. Furthermore, the height and properties of the dielectric plate 24 are not 

necessarily _the same as those of the dielectric plate 34. 

(Fig. 4 shows a side elevation view of a part of the planar antenna 

assembly of the invention in accordance with a first embodiment. This 

embodiment comprises a first planar array antenna unit in accordance with 

25 Fig. 2 and a second planar array antenna unit in accordance with Fig. 3. A 

dielectric plate 38 separates between the two planar array antenna units. 

Attention is now drawn to Figs. 5 and 6 showing pJan views of 

the planar array antenna units 20 and 30, respectively. The patches 21 are 

frequency selective surfaces, designed to be transparent to frequencies in the 
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-high frequency band by any of the known techniques per se. In the 

particular illustration shown in Fig. 5 the patches 21 are conducting surfaces 

with a periodic arrangement of apertures 26 in each patch. The dimensions 

of the patches 21 are chosen such that they are resonant to frequencies in the 

5 low frequency band. Also shown are the feeds 22 along with their feed line 

terminals 23. As shown the feeds 22 are electrically (~r directly) coupled 

to the patches 21. The patches 31 of the second planar array antenna 

unit 30 are perfect conductors, with their dimensions chosen such that they 

are resonant to frequencies in the high frequency band. Also shown are the 

10 feeds 32 along with their feed line terminals 33. Again the feeds 32 are 

electrically coupled to the patches 31. 

Fig. 7 shows a plan view- of the frequency selective ground 

plane 25 in accordance with one embodiment. The apertures 27 in the 
ground plane 25 are. periodically arranged and are designed such that the 

15 ground plane 25 is reflective to frequencies in the low frequency band and 

transparent to frequencies in the high frequency band. The patches 21 and 

the ground plane 25 are .illustrated in Figs. 5 and 7 ·as having identical 

apertures 26 and 27, respectively, with identical spacings between the 

apertures. However, it is pointed out that this need not be the case, and 

20 although circular apertures can be used they are to be· understood as 

representative of any appropriate shaped aperture. Typical examples of 

acceptable shapes for apertures, as known in the art, are: a rectangular slot, 

a cross, a Jerusalem cross, a disk and an annular ring. 

The actual dimensions of the patches in Figs. 5 and 6 will depend 

25 on the choice of the frequency bands required for a given application and 

therefore the patches 21 may, in some applications be very much larger than 

the patches 31. In such applications, the frequency selective ground 

plane 25 can take on another form as shown in Fig. 8. In accordance with . . 

this embodiment the apertures 28 in the ground plane 25 can be, but are not 
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necessarily, the same shape as the patches 31 and each aperture 28 is 

substantially in aligmµent with a single patch 31. 

A number of other embodiments of the antenna assembly of the 

invention will now be described for various embodiments of the planar. array 

5 antenna units. To this end it is noted that the first planar array antenna 

unit 20, shown in Fig~ 2, can be specified by the "first antenna unit" 20' 

shown in Fig. 9, comprising a patch 21, feed 22 with terminal 23, dielectric 
. . 

plate 24 and grounq plane 25. This antenna unit is referred to as antenna 

unit with an electrically (or directly) coupled patch. The first pJan~r array 

10 antenna unit 20,. as shown in Figs. 2 and 5, is constructed from the first 

antenna unit 20'. by ~orming a planar periodic arrangement of first antenna 

units 20'. In a .similar manner, the second planar array antenna unit 30, 

shown in Fig. 3, can be specified by the "second antenna unit" 30' shown 

in Fig. 10. Therefore, instead of describing different embodiments for 

15 planar array antenna units, different embodiments for antenna units will be 

described, it being understood that these antenna units are basic buiJding 

blocks from which the corresponding planar array antenna units can be 

constructed. Furthermore, by comparing Figs. 9 and 10 it is evident that one 

of the Figures would suffice to describe both antenna units, wherein the 

20 patch and the ground plane would be frequency selective for the first 

antenna unit and perfectly conducting in the case of the second antenna unit. 

Bearing this in in:i_.nd, onJy one generic antenna unit wilJ be iJJustrated in the 

following description. 

Attentfori is now drawn to Fig. 11 showing a double stack antenna 

25 unit with an eJec!ricaUy coupled patch 40 which is constructed from an 

electrically coupled antenna unit comprising a patch 41, feed 42 and feed 

line termina] 43, pisposed on the front face of a dielectric plate 44 and a 

ground plane 45 'disposed on its rear face and a further dielectric plate 46 

adjacent to the frQnt face of the dielectric plate 44. The dielectric plate 46 
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bears on its front face a patch 47 substantially aligned with the patch 41. 

Clearly the two patches ·41 and 47 arc clcctromagnetica11y coupled. The 

presence of patch 47 serves to increase the bandwidth of the electrically 

coupled antenna unit. It should be noted that a completely equivalent 

5 structure can be f01:med by depositing the patch 41, feed 42 and feed line 

terminal 43 on the rear face of the dielectric plate 46 instead of on the front 

face of dielectric plate 44. This comment should be taken as a general 

comment for all em.bodiments in which a patch or feed is said to be 

disposed on the front or rear face of two adjacent dielectric plates. That is> 

10 the patch or feed could just as wcl1 be disposed on the adjacent face of the 

other dielectric plate. 

Fig. 12 shows an antenna unit in which the patch 51 and the 

feed 52 are electromagnetically coupled. ·The patch 51 and feed 52 along 

with its feed line termin.~J 5~ are disposed on opposite sides of the dielectric 

15 plate 54. The front face of a second dielectric plate 56 is adjacent to the 

rear face of the dielectric plate 54, and a ground plane 55 is disposed on the 

rear face of the dielectric plate 56. . A double stack electromagneticalJy 

coupled antenna unit 60 is shown, in Fig. 13, and is obtained from the 

antenna unit with an electromagnetically coupled patch 50 by depositing a 

20 dielectric plate 5.7, b~aring a patch 58 on its front face, on the front face of 

the dielectric plate 54. The patches 51 and 58 are substantially aligned with 

each other. 

Fig. 14 shows an antenna unit 70 with an aperture-coupled patch. 

The antenna unit comprises a patch 71, a feed 72 with feed line terminal 73, 

25 two dielectric plate~ 74, 75 and a ground pJa~e 76 having an aperture 77. 

The patch 71 and ground plane 76 are disposed on opposite sides of the 

dielectric plate 74 and the feed 72 is disposed on the rear face of the 

dielectric plate 75. The patch 71 and feed 72 are electromagnetically 

coupled via the aperture 77 in the ground plane 76. A double stack antenna 
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unit aperture-coupled patch 80 is shown in Fig. 15, and is obtained from the 

antenna unit with an. aperture-coupled patch 70 by depositing a dielectric 

plate 78, bearing a patch 79 on its front face, on the front face of the 

dielectric plate 74. The patches 71 and 79 are substantially aligned with 

5 each other. 

As described above, planar array antenna units can be constructed 

from the above illustrated antenna units by forming a planar periodic 

arrangement of the. antenna units. From the so constructed planar array 

antenna units planar . antenna assemblies can be constructed using the 

10 modular approach illustrated in Fig. I. The first planar antenna unit 2 can 
. . 

be constructed fr(>m any of the antenna units 20', 40, 50, 60, 70 and 80 

(where the patch~. and ground planes are frequency selective surfaces as 

described above)<cmd similar1y the second planar antenna unit 6 can be 

constructed from· ~ny of the antenna units 30', 40, 50, 60, 70 and 80 (whei:e 

15 the patches and ground planes are perfect conductors). 

In an the planar antenna assembl~es described above either the 

feeds are in the same plane as the patches and electrically coupled to them 

or they are in a dj~ferent plane and eJectromagnetically coupled to them. 

Fig. 16 shows a schematic exploded side view of part of a planar antenna 

20 assembly 90 in which the patches 91 of the first planar array antenna unit 

are in a different plane from that of their feeds 92. The feeds 92 are 

equipped with two terminals, feed line terminals 93 to which feed lines can 

be connected for linking the feeds to suitable electronics systems containing 

phase control d~vicesand feed probe terminals 94' to which feed probes 95 

25 are connected. Electrical connection between the feeds 92 and the patches 

91 is made via th~ f~~d probes 95, connected at one end to the feed probe 

terminals 94' and at' the other end to the patch probe terminals 94 ". Each 

patch 91 is equipped with one patch probe terminal 94". The patches 91 of 

the first planar ~rray antenna unit are disposed on the front face of the 
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dielectric plate 96 and the ground plane 97 of the first planar array antenna 

unit is disposed on the rear face of the dielectric plate 96. The feeds 92 of 

the firsf ptanar array antenna unit arc disposed 011 the rear face of dielectric 

plate 98. Dielectric plates 96 and 98 of the first planar array antenna unit 

5 form an antenna chamber with the second planar array antenna unit 99 

located within the antenna chamber. The ground plane 97 of the first planar 

array antenna unit is.fitted with holes 102 for the contactJess passage of the 

feed probes 95. For the sake of iJlustration the second planar array antenna 

unit 99 has been chosen to be the second planar array antenna unit shown 

10 in Fig.3, however, can just as well be any of the planar array antenna units 

that can be formed from the antenna units 40, 50, 60, 70 and 80. The holes 

104 and 105 in the patches and ground pl~ne, respectively, of the second 

planar array antenni unit 99, are for the contactless passage· of the feed · 

probes through them. 

15 The embodiment of the antenna· assembly of the invention, with 

a first planar array antenna unit having probe fed patches, as shown in Fig. 

16, can be extended to an antenna assembly with a double stack probe feed 

first planar antenna . unit, by depositing on the front face of the planar· 

antenna assembly 90 a dielectric plate bearing patches on its front face. Fig. 

20 17 shows a schematic exploded side view of part of a planar antenna 

assembly 100 with a double stack first planar array antenna unit with probe 

fed patches. A dielectric plate 110, bearing on its front face patches 112 is 

disposed on the front face 114 of the planar antenna assembly 90, having a 

probe fed first planar antenna array antenna unit. The patches 112 and 91, 

25 of the planar anten11a assembly 90 (shown in Fig. 16), are substantia11y 

aligned with each other. 

The first and second planar array antenna units comprising the 

planar antenna ass~mbly of the invention can function either in a plane or 

circular polarization mode of operation. The plan views of th~ planar array 
.. :.· 
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antenna units 20 and 30 shown in Figs. 5 and 6, respectively, mustrate a 

plane polarization mode of operation. Since the geometrical feature 

dictating the polari~tion ·mode of operation of the planar array antenna units 

is the relative orientation of the patches and the feeds, clearly Figs. 5 and 

5 6 can be replaced :by one figure without reference to whether the patch is 

frequency selective or not and without reference to the frequency band of 

operation. Furthermore, a 2 x 2 subarray suffices to demonstrate the circular 

polarization mode of operation and hence will also be used to demonstrate 

the plane polarization mode of operation. Attention is drawn to Fig. 18 

10 showing a plan vi~w of a 2 x 2 subarray of a planar array antenna unit, with 

electrically (dir:ect) · coupled patches, for a plane polarization mode of 

operation (this is the generic figure for. Figs. 5 and 6). The subarray 200 

comprises patches 202, electrically connected to feeds 204, the feeds being 

· equipped with feed: line terminals 206. The patches 202 and feeds 204 are 

15 disposed on a dielectric· pfate 208. 

Attenti<m is now.drawn to .Fig .. 19 showing a plan view of a 2 x 2 

subarray 220 of a planar array antenna un:it, with electrically coupled 

patches, for a Circµlar polarization mode of operation. As shown, each patch 

222 along with its feed 224 is sequentially rotated by 90° in a clockwise 

20 sense (or optionally counter-c1ockwise.for replacing right hand by left hand 

circular polarization). Sequential rotation of patches and feeds for a circular 

polarization mode .of operation is kriown per se and is wen documented in 

the literature (see tor example J. Huang (1986) and T. Teshirogi (1985)). 

In the case of an electromagneticaUy coupled patch, as shown for 

25 example in Fig~ . 12, the patches and feeds are on opposite sides of a 

dielectric plate but the principle is the same. Fig. 20 shows a plan view of 

a 2 x 2 sub~rray 240 of a planar array antenna unit, with electromagnetically 

coupled patches, for a plane polarization mode of operation. The patches 

242 are disposed• f:>D the front face of the dielectric plate 244, whereas the 
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feeds 246 (along wjth their feed line terminals) arc disposed on its rear face . 

. The feeds 246 are.drawn with dashed lines to signify that ·they are not in the 

same plane as the patches 242. 

Fig. 21 shows a plan view of a 2 x 2 subarray 260 of a planar 

5 antenna unit, with electromagnetically coupled patches· for a circular 

. polarization mode. of operation. Each patch 262 along with its feed 264 is 

sequentially rotated by 90°. 

Attention is now drawn to Fig. 22 showing a pJan view of a 2 x 2 

subarray 280 of a planar ~rray antenna unit, with aperture-coupled patches, 

10 for a plane polarization mode of operation. A side view of an antenna µnit 

for an aperture coupled patch is shown in Fig. 14. As can be seen from Fig. 

14 there are two dielectric plates involved and the patch, aperture and feed 

are located in three · different planes. In order to il1ustrate the relative 

position ancl orientatiOn of the patch, aperture and feed relative to each other 

15 the patches 282 3:~e drawn with solid lines, the feeds 284 are drawn with 

dashed lines and .. the apertures· 286 are drawn with dotted lines, with the 

understanding that they are located in three different planes, as indicated in 

Fig. i4. Fig. 23: shows ·a plan view of a 2 x 2 subarray 290 of. a planar 

antenna unit, with, aperture coupled patches, for a circular polarization mode 

20 of operation. Each ·patch 292 along with its feed 294 is ~eq.uentially rotated 

by 90°. The apertures 296 do not necessarily undergo sequential rotation. 

Attention is now drawn to Fig. 24 showing a plan view of a 2 x 2 

subarray 300 of the -patches 91(a,b,c,d) disposed on the dielectti~_ plate 97 

of the first planar. array antenna unit of planar antenna assembly 90 shown 

25 in Fig. 16. Also shown is a plan view of the corresponding 2 x 2 subarray 

310 of the feeds 92(a,b,c,d), .of the probe fed patches 9I(a,b,c,d}, disposed 

on the dielectric ~late 99. The feeds have been drawn with dashed lines in 

order to illustrate that they are disposed on the rear face of the dielectric 

plate 99. The feeds 92(a,b,c,d) are connected via feed probes 95 (shown in 
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Fig. 16) to the patches 91(a,b,c,d) from the four feed probe terminals 

94'(a,b,c,d) to the corresponding four patch probe terminals 94"(a,b,c,d). 

Fig. 24 illustrates an arrangement of patches and feeds for a plane polariza- .... 

tion mode of operation. 

5 Attention is now drawn to Fig. 25 showing a plan view of a 2 x 2 

subarray 300 of the patches 91(a,b,c,d) disposed on the dieJectric plate 97 

of the first planar array antenna unit of planar antenna assembly 90 shown 

in Fig. 16 for a circular polarization mode of operation. In the subarray 300 

the patches 91a, 91b, 9lc and 91d differ froin each other in that each of the 

10 patches is rotated, sequentially in a c1ockwise sense, about an axis perpen­

dicular to its center. This has the effect that the patches 91a, 91 b, 91 c and 

9ld differ from each other by the location of the patch probe terminals 

94"(a,b,c,d) of the patches which are sequenced in a clockwise sense such 

that each of the terminals 94"a, 94"b, 94"c and 94"d is angularly displaced 

15 by 90° relative to the preceding one in the sequence as reflected in Fig. 24 

by the patches' angu.Jar orientation with respect to each other including the 

relative location of each patch probe terminal within the patch. The feed 

probe terminals are nor shown, but there arrangement is similar to that 

shown in Fig. 24, except that they will be· slightly displaced so that each 

20 feed probe terminal wilJ be substailtiaJJy aligned with its corresponding 

angularly displaced feed patch terminal. For the transmission of circuJarly 

po1arized electromagnetic radiation phase delays of 90°, 180° and 270° are 

applied to the curre11ts flowing at feed probe terminals 94'b: 94'c ·and 94'd 
, 

relative to terminal 94'b, respectively. 

25 
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CLAIMS: 

1. A p1anar antenna assembly for receiving and transmitting electro-

magnetic radiation in two frequency bands, said planar antenna. ass~mbly 

5 comprising, in a layered formatio~, first and second planar array antenna 

units, said first planar array antenna unit operating in a low frequency band 

and said second planar array antenna unit operating in a high frequency 

band, said first planar array antenna unii being the top planar array antenna 

unit and said second planar array antenna unit being the bottom planar array 

10 antenna unit; 

said first planar array antenna unit comprising at least one dielectric 

plate having front and rear faces, ·at least one planar array of patches having 

a plurality of patches, a feed array ha_ving a plurality of feeds and a ground 

plane; 

15 each feed of said 'feed array being coupled to a respective one of said 

patches of said at least one planar array of patches; 

each patch of said at least one pla_nar array of patches being resonant 

to frequen~ies in said )ow frequency band and transparent to frequencies in 

said high frequency band; 

20 said ground plane being reflective to' frequencies in said low frequency 

band and transparent to frequencies in said high frequency band; 

said second planar array antenna unit comprising at least one dielectric 

plate having front and rear faces, a ground plane, at least one planar array 

of patches having a plurality of patches and a feed array having a plurality 

25 of feeds, each feed of said feed array being coupled to a respective one of 

said patches of said at least one planar array of patches. 

2. The planar antenna assembly according to Claim 1, wherein said 

first planar array antenna unit comprises a first dielectric plate and a first 

planar array of patches having a plurality of patches, said first planar array 

~-----~-------------
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· of patches and said feed array being disposed on the front face of said first 

dielectric plate with. each. fef!d of ·said feed array being electrically coupled 

to a respective one patch of said;pa,tches of said first planar array of patches 

and said ground plane being disp()~ed on said rear face of said first dielectric 

5 plate. 

3. The planar antc:~na ' assembly according to Claim 2, further 

comprising a second· dielectric ·p·J~te and a second planar array of patches 

having a plurality of patches, sai,d. second planar" array of patches being 
_·,. 

disposed on the front face of sai~.~ second dielectric pJate, said rear face of 

10 said second dielectric plate faeing'the front face of said first dielectric plate 

·and each patch of said first planar array of patches being substantially 

aligned with a. respective one paich of said patches of said second planar 

array of patches. 

4. The planar antenna assembly according to Claim 1, wherein said 

15 first planar array antenna unit C()inprises first and second die.lectric plates 

and a first planar array of patche~, said first planar array of patches being 

disposed on. the front face of Sili~ first dielectric plate and said feed array 

being disposed on the rear face ()f said first dielectric plate with each feed 

of said feed array being electromagnetically coupled to a respective one 

20 patch of said patches of sai~ .. firs\ l'Janar array of p~tches, ~aid ground plane 

being disposed on said rear face of said second dielectric plate, and the front 

face of said second dielectric. pl~te facing the rear face of said first dielectric 

face. 

5. The planar ante~l)a assembly according to Claim l, wherein said 

25 first planar array antenna unit _c6.mprises first and second dielectric plates 

and a first planar array of patches having a plurality of patches, said first 

planar array of. patches being disposed on the front face of said first 

dielectric plate, said g~ou:qd plane being disposed on the rear face of said 

first dielectric plate, ~aid groundpJane having a plurality of apertures, the 

.. · .. 
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front face of said s~cond diele~tric .plate facing the rear face of said first 

dielectric face and said ·feed~ attity being disposed on the rear face of said 

second dielectric plate with ·ead~;/fee4 of said feed array being eJectro~.ag­
neticaUy coupled to a respec~ive.~b'~e of said patches of said first planar array 

·.··.;. ;:· 

5 of patches via a respective oJie·:.(>f said apertures in said ground plane, said 

apertures being resonant to. frequencies in said low frequency band. 

10 

6. The planar antenna assembly according to either of Claims 4 or 

5, further comprising a· third die.lectric plate and a second planar array of 

· patches having a plurality of p~tches, said second planar array of patches 
. ·:· h 

being disposed on the front fac(!'. Qf. said third dielectric plate, said rear face 

of said third _dielectric plate fa¢ing the front face of said first dielectric plate 

and each patch :.of said ~eco~:d .. -planar array of patches being substantia11y 

aligned with a respective one qf'·said patches of said first planar array of 

patches. 
. . . 

15 7. The planar antenmf'ass~mbly according to Claim 1, wherein said 

first planar array antenna urifr'.c:<>µlprises first and second dielectric plates 

and a first planar array of pajches ~aving a plurality of patches, said planar 

array of patches beingdispbs~ ~n the front face of said first dielectric plate, 

said ground pJane being·:·dispps~d on the rear face of said first dielectric 

20 plate, said first dielectric platl~e_i~g spaced from said second dielectric plate 

so as to form an antenna ~harriheK said feed array being disposed on the rear 

face of said second. dielectric':61ate with each feed of said feed array being 
. . . -~ .·.·."', .. 

electrically coupl~d. to a r¢sp~¢f,_iye one of said patches of said first planar 

array of patches by a pluralltfr~f teed probes and said second planar antenna 
;.: -~··· . 

25 unit being located within s~icf.~ntenna chamber. 

8. The planar ant;nd};-::~ssembly according to Claim 7, further 

comprising a third· die]~~l~it/plat~ and a second planar array of patches 

having a plurality of . p~~dh~~~:- ~aid second planar array of patches being 

disposed on the front faee_ of sai.d .third dielectric plate, said rear face of said 

' :'_""'~ -~~··•• 111111111111111111111111 
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third dielectric piate" facing the: front face of said first dielectric plate and 
. . . ,. . . ~-· .. 

each patch of said :secdnd.pla.11~.r ~rray of patches being substantially aligned 
:.: ..... ·:··· .'·. 

with a respective one of ~a,#il"pat~hes of said first planar array of patches. 

9. The .planar ~~tenri.~:~s~embly according to Claim 1, wherein said 

5 second planar arrat>anterui~:~i~~t;tomprises a first dielectric ·plate and a first 

planar array of patc~es'.h:~:v_in·~;a:.pluraJity of patches, said first planar arra~ 
of patches and said :f"e~d ~rray>1Jc;ing disposed on the front face of said first 

dielectric plate witl.l each. te~d' of said feed array being electrically coupled 
;. .. : . ~- :· . .. 

to a respective one.p~tc~f ofsa~(:l'patches of said first planar array of patches 
.· . ·'·. ··:. . ... 

10 and said ground pl~11e beingd:i'.~p~sed on said rear face of said first dielectric 

plate. 

10. The pla:n~r .. :.";;1Iit~ll:n~. )lssembly according to Claim 9. further 

comprising· a secopg·,·aie!~ctl'fo ~late and a second planar array of patches 
. ; ... : . ~-

having a plurality:':(>f ·p~tc:hes, ~aid . second planar array of patches being 

15 disposed on the fto.nff:ac~·Q{:safd second dielectric plate, ·said rear face of 
. . . 

said second diele~tric plate facirtg the front face of said first dielectric plate 
.·_. ..... _ .. ·.. ·' .·· ···: 

and each patch of ~aid ·first:phmar array of patches being substantially 

aligned with a resped.lye:.ti~e·· p*tch of said patches of said second planar 

array of patches. · 

20 11. The plaiu~r ~nt~~n¥._as~embJy according to Claim 1, ~herein said 
. ;·: :. ·.: '· ·" 

second planar ari""ay an_teni:i~-.u.nit comprises first and second dielectric plates 
•... . ··.-. ·.· . .: 

and a ·first planar a~ray' e>,[pa'ith~s, said first planar array of patches being 

disposed on the :f~ont'-raC:ci 6(.s~id first dielectric plate and said feed array 
. . : . . . . ·"\: . .-: -~.' 

being disposed oii the r;~r: fa.ce"'<>f said first dielectric plate with each feed 

25 of said feed array·b~iri~~:~Ie2tiomagnetically coupled to a respective one 

patch of said patches::bf ~a:id_ rlisf planar array of patches, said ground plane 
... . ., ........... ' . 

being disposed on·,~a:j~·i~~t::fa~~:hr said second dielectric plate, and the front 

face of said second. ~i~l~triy ~i~te facing the rear face of said first dielectric 

face. 

. . . 

..... ·. < . . .;:· .· :.::· : 
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12. Tlle pfa~ar ~~tenna as.sembly according to Claim 1, wherein said 

~cond planar a~ray al1tenna u!iitcomprises first and second dielectric plates 

and a first plan~{ array of p~t~h,es having a plurality of patchest said first 
. . . ~ 

planar array of :patclies be:iil_g:·disposed on the front face of said first 
. . . 

S dielect.ric plate,.; ~aid .ground plane being disposeq on the rear face of said 

first dielectric {>fate, said grourid _plane having a plurality of apertures,. the 
·:-·, 

front face of said seco_nd dielectric plate facing the rear face of said first 
. . . ·. . :_; . 

. . 

dielectric fac;.e ~)id;said feed array being disposed on the rear face of said 

second dielectd~.:plate-~ith e~ch feed of said feed array being electromag-
. . . . . . . . 

10 netically couple~ i~ a respective <,>ne of said patches of said first planar array 
. :. . . 

of patches via ~.re~pective one: pf said apertures in said ground- plane, said 

apertures being.resonant to freql'lencies in said high frequency band. 
. . ... :; .. 

. . . 

· 13. The eJanar antenna assembly according· to either of Claims 11 or . 

12, further ·cornprJsing a third ·dfo1ectr_ic plate and a second planar array of 

15 patches havln$· ~:,pluralfty :·of p~t~hes, said seco~d. planar array of patches . 

being disposed 6~ 'the front. face. of said third dielectric plate, said rear face 

of said third diel~ctric· plate. ta~iµ:g the front face of said first dielectric plat~ 
... ' ':; 

· and each patch: ~fsaid second planar array of patches being substantiaJly 

aligned with a r~~tive one of s.aid patches of said fir~t planar array of patches. 
. . 

20 14. The p~·aj}ar al}tehn.~(ass('.:mbJy according to any one of Claims 2 

to 6, wherein· said,· second planai: antenna unit is in accordance with Claim 

9 and said fir$t~~d\second pl~h~~- antenna units are separated by a di~Jectric 
plate with front ·a.n~ reat fa,ces·~ ,said front and rear faces of said dielectric 

plate facing sai(:J fttst a~d se,cq,nd. planar antenna unit~ respectively. 

25 -15. The. pl~nar a11~enna:assembly according to any one of Claims 2 

. , 

to 6, wherein saifsecond pla~~r'·antenna unit is in: accordance with Claim 

10 and said ·fir~~: ,and. sc:cqJ}~'.:: planar antenna uni.ts are separated by a 

dielectric plate .~ith fro~t a:~d iea~ faces~ said front and rear faces of said 

dielectric pl~t~ ~a~i~g s~~d fir~tand second planar antenna units respectively. 
, _i:~.: ..... -~-~- ·-·····~·~-: ~~<:·:_··:_·(.:;:~. .. . · ... : . 

. · ·.·.··:.:.-··:·' 
i .. 
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. : . ;.< :~.·' . .-

··· 16. ~¢ ·pi~~~r.antenna ~ssembJy according to any one of Claims 2 

;to 6, wherein s.aid.~~2onc:I plana,ranteuna unit is in accordance with Claim 
·. ·.·.·. · .. ;·-:: 

11 and sai~ first . ancl:. SeCOJl.Cf planar antenna units are separated by a 

dielectric plat~ ~~~h.,frqnt ~n~ ·r¢*r faces, said front and rear faces of said 
, ... _. . ·_.~.:: .. 

S dielectric plat~.f!ldng ~ai:d firstan~ second planar antenna units respectively. 

17. The,·Pl~~~i;anten~a ·as~embly according to any one of Claims 2 

·to 6, wherein ~a,~d ~.~ohd plan~r ~ntenna unit is in accordance with Claim 

12 and said. firs;·;:a~d'. •second. planar antenna units· are separated by a 

dielectric plate ·~i~fi';fl"ont and te:~r faces, said front -and rear faces of said 

10 dielectric plate'(adri~ ~aid first and second planar antenna units respectively . 

.. 18. The .. pl~~ .. ;antenna il~~embly according to any one of Claims 2 
., . ; -. ~ · ... ·' .• 

to 6, wherein· ~~icl ~etbnd plail~r antenna unit is in accordance with Claim 

13 and said fi.l"~t ·faK~. second· planar antenna units . are separated by a 

:·dielectric -plat~ ~th\front .a,nc;J: r~ar faces> said front and rear faces of said 
.. ·. · .. ·'• .·· .. ·.·.... . . , .. 

15 dielectric pl~t~:ra6irigsaid firsr~rtd second planar antenna.units respectively. 

_19. Th~.~i~n:~f-ante~rui ~ssembly according .to either of Claims 7 or 

8> wherein sai~ sJc6rtd. planar;;_~nJenna unit .is in accordance with Claim 9 

an4 is locatedw;ithiil'~ald antenna chamber, with a dielectric plate interposed . .•· , .. ·.- . . 

·between said S.¢~gfi4\~ritem1a.. u11it ~nd said ground pJane of said first antenna 
. . ... ·· .. ·, ._,; ._3_· ... ·• .· •••••. 

20 unit. .·.-:--:· .. 

20. The'pla~kJ:.·anterma a:ssembly according to either of Claims 7 or 

8, wherein saiq se2o~dj)Ja11a·r antenna unit is in accordance with Claim 10 
::··-··· .. - . 

and is located.Withi~,s~i.d: ~tenria·chamber, with a dielectric plate interposed 
. . . "";""· :· 

between said· secc)D.d, a.rite,nna uni.land said ground plane of said first antenna ": -.: <~···.:· .. ·:": ''· ·. . ,. 

25 unit. 

21. The:pJ~~t;~ntenna a~sembly according to either of Claims 7 or 

8, wherein s~d<:tse~rictJ)lanar ail~~nna unit is in accordance with Claim 11 
·'·" ... · ·: .·.· 

and is ]ocated~~itlliri saic1··artfei11~~--~hamber, with a dielectric plate interposed 

:·. 

.. ' ·::: .... : : I lllllll lllllf llllUllll llJlll 
* : f L M S *' · j 
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:between· said secoi)d ant¢.nna unit .and sai<.J ground plane of said first antenna 
. . .. . . 

unit. 

22. The p1~ar antenna as~embly according to either of CJaims 7 or 

8, wherein said .• see<md·pJanar antenna unit is in accordance with Claim 12 

5 and· is located with~n· s~id antenn~··chamber, with a dielectric plate interposed 

between said secoll.d'.a~tenna unit and said ground plane of said first antenna 

unit. 

23. The pla11arantenna assembly according to either of Claims 7 or 

8, wherein said sec.rind. planar antenna unit is in accordance with Claim 13 
. . 

10 and is ]ocated within ~_aid antenna ~hamber, with a dielectric plate interposed 

. between said secoµ~ :anteJ'lQa unit and said grou1id plane of said first antenna 

·unit. 

24. A planaf ~J1t~nna assembly according to any one of Claims 1 to 

23,-wherein said/irst.~planar array antenna unit is designed for the reception 
. . . .. . -~ . 

15 · :an_d tran$m~ssi9n -of.circuJarly p~larized electromagl)etic radiation and is 
. . 

· : : characterized_ in. that: < .. · 

. said at leasto11,~ ... aIT:~Y of patches of said first planar array antenna unit 
_.,, ..... 

· is grouped into 2· x_.2. p~tch subarrays having each in clockwise or counter-

. clockwise sequeric:e' first, second,. third and fourth subarra y members; said 
':;; ·.:, 

20 · :feeds of said feecrarra,y _of"said first planar array antenna unit are grouped 

into 2 x 2 feed. sub.arrays. having- each in clockwise or counter-dockwise 
. . . ~· . 

sequence first, se(:o:ijq,:thi[d and fourth subarray members; each member of 

a given feed subart~y· being _coordh1ated with one member of a given patch 

subarray, the feeds,artq patches in a given coordinated subarray being rotated 

25 by 90° with res~ct·io a.~equentially preceding subarray member. 

· 25. A plai;iaf ~nfon~a assembly according to any one of Claims 1 to 

·23) Wh"C!i:~in ·_~a~d secong:,:,p1amii" array antenna unit is designed for the 
.. · ... _·+ :t / .:··.. -< :: .:'."'"· ~: ·, ·.. . 

reception. ·and trans:f11issipn of circul~rly polarized electromagnetic radiation 
. ~·. ·, . •' . . . ·;.',: . : : . . ' : . . 

and is characte~ized :in'. that: 
. . . . : 

. · ... 

.; .. _ .. :. ·· .. .' 
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said at least one array of patches of 'said second planar array antenna 

unit is grouped into 2 x 2 patch subarrays having each in clockwise or 

<.:ountcr-clockwise sequence first, second, th_ird and fourth subarray members; 

said feeds of said feed array -of said second planar array antenna unit are 

5 grouped into 2 x 2 feed subarrays having each in clockwise or counter­

clockwise sequence first, second, third and fourth subarray members; each 

member of a given feed subarray being coordinated with one member of a 

given patch subarray, the feeds and patches in a given coordinated subarray 

being rotated by 90° with respect to a sequential1y preceding subarray 

10 member. 

26. A planar· antenna assembly according to any one of Claims 1 to 

23, wherein said first antenna unit is in accordance with Claim 24 and said 

second antenna unit is in accordance with Claim 25. 

27. · A planar antenna assembly according to any one of the above 

15 Claims, wherein- said low frequency band at which the first antenna unit 

01)erates is the L-band and said high frequency band at which the second 

antenna unit operates is the K 0 -band. 

28. A planar antenna assembly according to any one of the above 

Claims. also comprising a radoine. 

THIS ~HEET HAS BEEN . 
R~PLACED' 

Tlllllll llllll llllUllll II lllt .· : 
· . * C · L . M S * .. : .. 

. ... ·.. . .. .:: ~-

. SUBSTITUTE SHEET (RULE 26) 


