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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 mobile satellite communica-

tion systems in particular.
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Periodic Metal Gfijds- or Plates,” IEEE Transactions and Antennas and
Propagation, Vol. AP-30, pp. 904-909.

U.S. Patent No. 5,043,738

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

The above. ré'f_é,rcnces will be referred to herein by indicating,
within brackets, the name of the author or company and the ycar of

publication, or the pat_ént_.;number, whatever the case may be.

BACKGROUND OF THE INVENTION

A major requirement in achieving a satisfactory communication
link between a ground station and a satellite is that the ground station
antenna point in thc_:'di;_i’éc‘t_ion of the satellite, i.e. that the maximum of the

ground station antdhfnifs',beam pattéﬁi be aligned along the line of sight

between the ground:'- station and the satellite. If the ground station is a

mobile platform an;_i_[or, the satellite orbit is geostationary, high or medium-"
earth orbit then the antt_znﬁ_a has to track the satellite in order to continuously
point in the directio":n. of the satellite so as to maintain a reasonable quality
communication link. | | _

| In the following deScription and claims referencel will be made to
K,-band and L-band'--fl_'fe:q_gency ranges which are generally accepted to be
detinied as follows: |

K,-band: 10.70 -'12/75 GHz; L-band: 1.49 - 1.71 GHz.

Various app'r"_(:)#ches are known for the -architecture of antenna
assemblies for mobile and non-mobile communication systems. The most
common of these isa ;w’;)-éxis mechanical tracking system. The antenna
itself may be a micros_tr@? type or another, such a$ the NEC (see, e.g.,
Hiroyuki Inafuku, ef al. (1989)) or KVH (KVH Industries, Inc., Middletown,

RI, US.A) systems_fQ§ respectively, K,;-band and L-band transmissions.

‘SUBSTITUTE SHEET (RULE 26

PCT/IL96/00037



* WO 98/01921 - PCT/ILI6/00037
-3 -

By ano_tht;r;_mec;hanical approach a single-axis mechanical tracking
- system is used, a .typ'icéa'l example being the Nippon Steel's single-layer -
slotted-waveguide a‘rray= system for K,-band transmission (Nippon Steel
Corporation, Tokyo, Japan).

By yet another approach a combination of mechanical and

n

clectrical tracking is _'-u'séd, such as in the Ball communications system (Ball
Telecommunicalion"P’roducts Division, Colorado, U.S.A.).
There are also known non-mechanical antenna assemblies for
mobile communication systerﬁs; One such non-mechanical antenna
10 described by CAL ;(iCAL, Ottawa, Ontario, Canada) employs phase control
on one axis and fixed:beams on the other. A two-axis electrically-steered
antenna assembly employing conventional phase control schemes has been
described by TEC'(;)'_.M (TECOM Industries, Inc., Chatsworth, CA, U.S.A). |
Al.l these known antenna assemblies for mobile éommunication
15  systems suffer from the com'mlon drawback of operating in a single |
frequency band. Qonséquently, if one were interested in a mobile commu-
nication system -dﬁer'ating in two different frequency bands then two of the
above-mentioned .aintennas would have to be used which obviously increases
significantly the spatial requirements. ._If the two-band service is provided
20 through two diffeljeh_t satellites, a mechanical pédestal cannot serve the two
antennas. Furthermore,. the antennas of the first three groups mentioned
above suffer from.zthe additional drawback of having mechanical-tracking
systems which tend to be cumbersome and slow", limited in their angular
coverage, and wh_ich are not planar and have to protrude from the surface
25  to which they are__-'appl'iéd. Thus, if such an antenna were to be mounted on
a mobile platform such as the toof of a land vehicle, it would alter the
aerodynamics of siich platform. |
There are lénown dual frequency planar antenna arrays in the art

(c.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 fréquéncy bands, that may be widely spacc apart (as
used in satellite communications) with substantially no interference between

the two planar array antenna units.

SUMMARY OF THE INVENTION.

It is the object of the present invention to provide a dual-

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 scparate 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

land vehicle, a marine vessel ot an aircraft without significantly altering the |
profile and aerodynamic properties of such surface.

A planar array 'antenna as_semb]y' ‘"according to the invention
comprises first and second -array antenna units, disposed in a layered
formation, for receiving and emitting at two different frequency bands, each
having at least one dielectric plate. In thé receiving mode of operation the
antenna assembly receives electrdmégnetic 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 o the external source/receiver will be referred to.
as the top array antenna unit. The other array antenna unit, which in the
layered formation of the antenna assembly will 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

T



' WO 98/01921

10

15

20

25

-5

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 face of a dielectric plate oriented in the direction of an external
source of electromagnetic radiation will be réferred to as the "front face" and
the face oriented in the opposite direction as the "rear face".

The term "patch" used herein signifies an area filled completely
or partially with conducting material applied to a face of a dielectric plate,
e.g. by printing conducting surfaces on a dielectric layer or by etching

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

layer, respectively).

- In the following description and claims reference will be made to
feeds, feed lines and feed line terminals. The length of the feeds and the

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

" illustration and should not be construed as necessarily indicative of any

actual design. In féu':i,' 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’ _thé. feed substrate) on which they are disposed.
However, the actual geometry of the feed network, formed by the feeds; is
not part of the invehtioh and therefore dnly a small rcprescﬁtative length of
each feed is shown. - F\irthcrmore, such well known issues, in the design of
microstrip antennas, as the positioning of the feed point to adjust the input
impedance level are xit}t discussed here.

In accoxdam:e with the present inveniion there is provided a
planar antenna ass‘embiy for receiving and transmitting electromagnetic
radiation in two frequ:éncy bands, said planar antenna assembly comprising,
in a layered format_'-ion',._= 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 hfgh frequency band, said first

PCT/IL96/00037
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planar array antenna :_uﬁit being the top planar array antenna unit and said
second planar array _anignha unit being the 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
a plurality of patches, a fecd array having a plurality of feeds and a ground
plane;

each feed of saia feed. array being coupled to a respective one of said
patches of said at léaét one planar array of patches;

each patch of said at least one planar array of patches being resonant
to frequencies in said low frequency band and transparent to frequencies in
said high frequency band; . "

said ground pl"a_n'é_be_ing reflective to frequencies in said low frequency
band and transparci:j_t to frequencies in said high frequency band;

said second pl__a_n;f an_'ay antenna unit comprising at least one dielectric
plate having front and rear faces, a groﬁnd plane, at least one planar array
of patches having a piurality 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 Jeast one planar array of patches.

The difference betWeen the first planar array antenna unit and the
second planar array:;_ax:l_t_eﬁ_na unit, apart from their -operating frequencies, is
that the patches and the ground plane of the first planar array antenna unit
are frequency select-iy; surfaces being transparent to frequencies in the high
frequency band enabliiig the second planar array antenna unit to transmit and
receive electromaghetic radiation band despite the presence of the first
planar array antenna unit situated between the second planar array antenna

unit and the externalf:_'b___odyi'_ Furthermore, the ground plane of the first planar

‘array antenna unit is reflective to frequencies in the low frequency band and

therefore electromagnetic radiation with frequencies within the low

frequency band do not .inieract with the second planar array antenna unit.
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Due to the fact that there are a number of embodiments of the
first planar array antenna unit and of the second planar array antenna unit
that are common in striicture reference will be made in the following to a
"planar array ame_nna unit" that will be used as a generic term for both the
first planar array-.a_ntenna unit and the second planar array antenna unit.
Similarly, the terms. pianar array of patches,'paiches, 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.

In accordance with a first aspect of the invention, the planar array
antenna unit compnses a first dielectric plate and a first planar array of
patches having a_-;p}_prahty of patches, said first planar array of patches and
said feed array being disposed on the front face of said first dielectric plate
with each feed o_f’_s_aid feed array being-el'ectrically coupled-to a respective

one patch of said patches of said first planar array of patches and said

‘ground plane'b'ei'n"g'.diépo_sed on said rear face of said first dielectric plate.

This defines a fxrst or second planar array antenna unit with electrically
(directly) coupled patches. |

If desxred the planar array antenna unit further comprises a second
dielectric plate and a second planar array of patches having a plurality of
patches, said second planar array of patches being dxsposed on the front face
of said second dlelectnc plate, said rear face of said second dxelectnc plate
facing the front_f_a__ce,of 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
a double stack first or second planar array antenna unit with electrically
coupled patches. |

In ac__cofdance with a second aspect of the invention, the planar
array antenna umt comprises first and second dielectric plates and a first

planar array ofpatches, said first planar array of patches being disposed on
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the front face of said _firs_t_dicle(;tric plate and said feed array being disposed
on the rear face of said first dielectric plate with cach feed of said feed array
being electromagncfi;f;ally coupled to a respective one patch of said patches
of said first planar array of "pét’ches, said ground plane being disposed on
said rear face of said second dielebtric plate, and the front face of said
second dielectric pla'.tg': facing the rear face of said first dielectric face. This
defines a first or se.cqnd planar array antenna unit with electromagnetically
coupled patches.

In accor'dz_ince with a third aspect of the invention, the planar
array- antenna unit comprises first and second dielectric plates and a first

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

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

ground plane being "tiisposed on the rcar face of said first dielectric plate,

- said ground plane having a plurality of apertures, the front face of said

'secc'mc_l dielectric plaia facing the rear facc of said first dielectric face and

said feed array being dispbsed on the rear face of said second dielectric platé
with each feed of- said feed array Beiug electromagnetically coupled to a
respective one of said patches of said first. planar érray of patches via a
respective one of sa_iﬂ apertures in Said ground plane, said apertures being
resonant to freque'n(:iés Within the operating frequency 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 a_pérturé coupled patches.

If desirecil'_the planar array antenna unit according to either the
second or the third aspects of thc invention further comprises a third
dielectric plate and a second planar array of patchcs having a plurality of
patches, said second f‘lpla-n:ar array of patches being disposed on the front face

of said third dielectric ﬁiatc, said rcar 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 respective
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 acc;or_dancc
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 -
first planar afray of patches having a plurality of patches, said planar array
of patches being disposed on the front face of said first dielectric plate, said
gr;)und 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
face of said secoﬂd dielectric plate with each feed of said feed array being
electrically couplc_éd to a respective one of said patches of said first planar
array of patches by a plurality of feed pfobes and said second planar array
antenna unit being located within said antenna chamber. This defines a first
planar array antéx_ma unit with probe fed patches.
| If desired the first planar array antenna unit according to the
fourth aspect of the invention further comprises a third dieleclric 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 facing the front

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.

PCY/11.96/00037
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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 .émbodiments defined above taken together with all the
combinations of th_e_: second planar array antenna unit embodiments defined.
That is, the planar -a_n‘ténna assembly can be constructed from:

(1a) a first pl'_ax__lar-' array antenna unit with electrically coupled patches
any of: _ |

(22) a double stack first planar arr'ay antenna unit with electrically
coupled patches,

(32) a first planar array antenna unit with electromagnetically coupled
patches, ) '. |
| (42) a double stack first planar array antenna unit with electromag-
netically coupled patches, |

(5a) a first planar array antenna unit with aperture coupled patches,

~ (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

(8a) a doublé__-'_:__s_t;ick first planar array antenna unit with probe' fed
patches; o _
taken together with d_xiy of:‘. .

(1b) a second =-\p"1_anar array ﬁnienna ﬁnitﬂ with eleétrically coupled
patches, B '- |

(2b) a double "_'Stg'x__t':kisecbnd planar array antenna unit with electrically
coupled patches,

(3b) a seco;id_.,_planar array antenna unit with electromagnetically
coupled patches, - .'

(4b) a double stack second planar array antenna unit with electromag-
netically coupled patches,

(5b) a second :planar array antenna unit with aperture coupled patches,
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(6b) a double ;;s_gack second planar array antenna unit with aperture
coupled patches; | |

The first and second planar array antenna units can be designed
for the reception and transmission of linearly or circularly polarized
electromagnetic radiation. '

When the first planar array antenna unit is designed for the
reception and transrft‘iSsibn of circularly polarized electromagnetic radiation
it is characterized m that: |

said at least-'dng_ér_r_ay of patches of said first planar array antenna unit
is grouped into 2 x 2-‘2'p'a_tch subarrays having each in clockwise or counter-
clockwise sequenccj first, second, third and fourth subarray members; said
feeds of said feed array of said first planar array antenna unit are grouped
into 2 x 2 feed sub_éf_r-ays having each in clockwise or counter-clockwise
sequence first, second, tl_iird and fourth subarray members; each member of
a given feed silbarra'jbe'ing coordinated with one member of a given patch
subarray, the fceds;;a:hd éétches in a given coordinated subarray being rotated
by 90° with resp'ect-"t'-o_' a sequentially preceding su‘barray member. Each of -

the members of the_f--ﬁ_rsl]feed array is linked to a suitable electronics system

~ as known per se coniaining a phase control device. By suitably adjusting the

phase control devicé, the currents flowing in the individual members of each
2 x 2 feed subarray i:;axi be phase delayed by 0°, 90°, 180° and 270° in a
clockwise (or optiopilly counter—clockwise for replacing right hand by left
hand circular polariZaiit;n) sequence. '

' When.tﬁe_" second planar array antenna unit is designed for the
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 info 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
member of a given patch subarray, the feeds and patches in a given
coordinated subarray being rotated by 90° with réspect to a sequentially
preceding subarray member. Each of the mcmbefs of the second feed array
is linked to a suitable electronics_system as known per se containing a phase
control device. By suitﬁbly adjusting the phase control device the 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 -optionally counter—
clockwise for replacing right hand by left hand circular polarization)
sequence. ) |

- Clearly, the first planar a_rray_-;antcnna unit and the second planar
afray anténna unit can be designed to ope'rat'e' either both in the circular
polarization mode, or one in the circular polanzauon mode and the other in
the linear polarization mode. '

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 selecuve surfaces comprising a
periodic arrangement of apertures in each patch. Optionally, said patches
are frequency selective surfaces comprising a grid of conducting lines with
a uniform mesh.

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 aﬁ‘angemcnt of apertures in the ground -plane.
Optionally, said ground 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 shapé'.;s_u;ch as circular, polygonal or squarc, and the like. There
is no necessity that the shape of the patches of the second planar array
antenna unit match those of the first planar array antenna unit.

5 If desi_fc___:d-,_ said ground plane of the first planar array antcnna unit
can be designed as a3 frequcncy selective surface by forming in it apertures
that match in shape the patchés of the second planar array antenna unit. In
accordance with:'t}fi'_i___s:-fembodiment each one aperture in the ground plane is
located opposite-one patch of the second planar array antenna unit.

10 A plamif antenna assembly according to the invention and each
of its planar array_ -z_m_tenna'units is designed for operation in both transmit-
ting and receiving_fm_odes. During the transmitting mode, the electronics
system associ'a-te"d.' ‘with a transmitting antenna unit feeds each of the
members of the feed array thereof With time-varying electric power whereby

15  the antenna unit is excited for radiating a beam into the surrounding atmo-
sphere.  During ‘the recciving mode external electromagnetic radiation
incident on -the'pl'a:'r_l_ar array antenna units from the surrounding atmosphere
excites the patch‘éé &hereby an ouiput signal is produced at the feeds. Each
feed is cquippe'd' with a feed line __. terminal to which feed lines can be

20 connected for li__n'kéng the feeds to suitable electronics syStems containing
phase control devices. |

It should be noted that, the first and second antenna units operate
completely indepé‘_ﬁd__e’ht of each other. Consequently, either of them may be
transmitting or re;:'eiﬁng while the other one is at rest. Likewise, while the

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

In oné__:__'fexp_bodiment of the invention said low frequency band at
which the first ani_enna unit operates is the L-band and said high frequency

band at which the second antenna unit operates is the K -band.

SUBSTITUTE SHEET (RULE 26)
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Preferably-a planar anténna assembly according to the invention
is mounted within a-_ suitable -casing of weather resistant material. Said
casing protects the sides of the 'p_la'ma'r antenna assembly but does not cover
its front face. o

Preferably, a radome transparent to 'e]ectromagnetic 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 protect the entire planar antenna assembly from adverse

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

sandstorms, salt water, etc.

Quite gcﬁera-lly, 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 diclectric plate which _
does bear on either of its faces any structure (i.c., patches, feeds or a ground ',
plane) and serves mcrely 10 scparate between different laycrs in the planar
antenna assembly of‘th_e invention can be replaced by an air gap, provided .

some form of support 1s applied to the edges of the separated layers in order

* to maintain their separation.

BRIEF DESCRIPTION OF THE DRAWINGS
For a bettér_fpnderstanc_iing, the invention will now be described,

by way of example oxi]___y, with reference to the-accompany'ing drawings in
which: |

Fig. 1 shows a'schematic exploded side view of the planar antenna
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 cmbodiment of
a planar antenna assembly of the invention;

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 illustrated in
Fig. 3;

Fig. 7 shows a plan view of one embodiment of a frequency selective
ground plane of a first planar array antenna unft;

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 electrically (or directly) coupled patches;

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 cdupled patch;’ '

Fig. 12 shows a side elevation view of an antenna unit with an
electromagnetically 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
in the ground plane;

Fig. 15 shows a side elevation view of an antenna unit with a double
stack aperture coupled patch, part of the antenna unit being cut away to

show 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 asscmbly being cut away to show

a feed patch terminal and holes for contactless passage of feed probes;

Fig. 17 shows a schematic exploded sidc elevation view of part of a
planar antenna assembly of the invention with a double stack first planar
array antenna unit haviﬁg probe fed patches;

Fig. 18 shows a plan viéw of a 2 x 2 subarray of a planar array
antenna unit, with electrically (diret:t) coupled patches, for a plane
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 of a 2'x 2 subarray of a planar array,n'
antenina unit, with electromagnetically coupled patches, for a plane .ﬁ-
polarization mode of operation; |

Fig. 21 shows a plan view of a 2 x 2 subarray of a planar array
antenna unit, with e]edtromagnetically coupled patches, for a circular
polarization mode of operation; - | |

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 polarizatidn mode
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 _probc fed patches, for a circular polarization mode of

operation;

DESCRIPTION OF SPECIFIC EMBOD_IMENTS

Atten-tiofi is first drawn to Fig. 1 shoWing a schematic exploded
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
8 of electromagné}__i_é radiation 10. The "front face" and the "rear face" of
any part of the p}a;ni}a;r antenna assembly, and of the planar antenna assembly
itself, are defined relative to the external 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 source 8, whereas its rear face 13 is orientated in the opposite

direction. Clearly:fithen, électromagnetic radiation 10 incident on the first
planar array antenna unit 2 from the external source 8 will be incident on
the front face 12 and after passing through the first planar array antenna unit
2 it will exit from':'_i_ts rear face 13. Similarly, the dielectric plate has a front
face 14 and a reaj"facc 15 and the seéond planar array antenna unit 6 has a
front face 16 and"'a" rear face 17. In accordance with this terminology the
planar antenna assembly 1 has a front face 12 and a rear face 17.

The 'fir-s't: planar array antenna unit 2 is designed to operate in a
low frequency baﬁd and the second planar arraf antenna unit 6 is designed
to operate in a hxgh frequency band. The two planar array antenna units 2
and 6 are arrange"c__i"in a layered formation with the first planar array antenna
unit 2 being beMéCn the second planar array antenna unit 6 and the external
source 8. The diejectric plate 4 which serves to separate between the first
and second pIaiijg_‘r arréy antenna units can be 'rcplaccd 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. Although 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 frequencics in the high
frequency band since the first planar array antenna unit 2 is designed to be
transparent to frequehcies 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
equally been made for the antenna opera_ting,i-n a transmitting mode with the
external source 8 replaced by an external receiver.

- Various embodiments fof-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- will be illustrated. In the Figures
illustrating these embodiments dielectric plates, ground planes, patchés, feeds
and apcriures are all shown with exaggerated diménsions for illustrative
purposes only. The patches and feeds are shown with different heights in
order to differentiate bétWeen them, however in practice they are actually -
printed or etched on the dielectric plates and are of the same height.

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 other, are disposed on the front face of the
dielectric plate 24. Each patch is designed to be resonant to frequencies in
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 sccond planar
array antenna unit 30, in accordance with a first embodiment. The patches
31 and the feeds 32, which are elecirically coupled to each other, are
disposed on the front face of the dielectric plate 34. The patches 31 are
designed to be resonant to frei;uencies 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
phase control devices. The ground plane 33 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 33 are

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

25 which are frequency selective. Furthernﬁore, the dimensions of the

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

- in a Jow frequency band and the patches 31 in 2 high frequency band, then

the patches 31 will be smaller than the paiches 21. Hence, for a given
planar array antenna unit gain,'therc will be more patches 31 than patches
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
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 plan 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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-hig-h 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

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

terminals 23. As shown the feeds 22 are electrically (or 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
feeds 32 along with their feed line terminals 33. Again the feeds 32 are
electrically coupled to the patches 31. |

Fig.I 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
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. Ho_wcver, it is pointed out t_hat this need not be the case, and
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
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 cach apcrtﬁrc 28 is
substantially in alignment with a single patch 31.

A numbér of other embodiments of the antenna assembly of the
invention will noﬁv be described for various embodiments of the planar array
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 gmuﬁd pléne 25. Thls antenna unft is referred to as antenna
unit with an elecir_it:ally (or directly) coupled patch. The first planar array
antenna unit 20, as shoWn in Figs. 2 and 5, is constructed from the first

antenna unit 20’ by forming a planar periodic arrangement of first antenna

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

shown in Fig. 3; cém be specified by the "second antenna unit" 30’ shown

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

planar array ant_éh'r;a units, diff_eren_t embodiments for antenna units will be
described, it being understood that these antenna units are basic building
blocks from which the corresponding planar array antenna units can be
constructed. Furth'_érmbrc, by comparing Figs. 9 and 10 it is evident that one
of the Figures.w.c;uld suffice to describc both antenna units, whercin the
patch and the 'gn_')un_d plane would -be frequency selective for the first
antenna unit and p’érféctly conducting in the case of the second antenna unit.
Bearing this in__m‘__ijld,' only one generic antenna unit will be illustrated in the
following description.

Attgntién is now drawn to Fig. 11 showing a double stack antenna
unit with an cl&bgr_imlly coupled patch 40 which is constructed from an
electrically cqqﬁléd antenna unit comprising a patch 41, feed 42 and feed
line terminal 43‘, _disposed on the front face of a dielectric plate 44 and a
ground plane 45 -fdisposed on its rear face and a further dielectric plate 46

adjacent to the front 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 clectromagnetically coupled. The
presence of patch 47 serves to increase the bandwidth of the electrically
coupled antenna unit. It should be noted that a complctciy equivalent
structure can be formed by depositing the patch 41, feed 42 and feed line
terminal 43 on the reai' face of the dielectric plate 46 instead of on the front
face of dielectric piate 44. This comment should be taken as a general
comment for all embodiments in which a patch or feed is said to be
disposed on the front or rear face of two adjacent dielectric plates. That is,
the patch or feed could just as well 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 terfniqal 53 are disposed on opposite sides of the dielectric
plate 54. The front face of a s-econd. dielectric plate 56 is adjacent to the
rear face of the diel-ec_ﬁ_r,ic plate 54, and a ground plane 55 is disposed on the
rear face of the dielectric plate 56. A doﬁble stack electromagnetically
coupled antenna unit 60 is shown in Fig. 13, and is obtained from the
antenna unit with an electromagnetically coupléd patch 50 by depositing a
dielectric plate 5.’_7, bearing a patch 58 on its front face, on the front face of
the dielectric plate 54. Thc 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 cor_ripriscs a patch 71, a feed 72 with feed line terminal 73,
two dielectric plates 74, 75 and a ground plane 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—couplédf patch 80 is shown in Fig. 15, aﬁd 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
each other. - _—

As described above, planar array antenna units can be constructed
from the above illustrated antenna units by forming a planar periodic
arrahgemcnt of the antenna units. From the so constructed planar array
antenna units planar antenna assemblies can be constructed using the
modular approach __illu_strated in Fig. 1. The first planar antenna unit 2 can
be constructed from any of the antenna units 20’, 40, 50, 60, 70 and 80
(where the patche__:g.», and ground plané;s are frequency selective surfaces as
described above){é_‘nd similarly the second ‘planar antenna unit 6 can be
constructed from' _anj of the antenna units 30, 40, 50, 60, 70'anc'l_80 (where
the patches and érbﬁnd planes are perfect conductors).

In all the planar antenna assemblies described above either the
feeds are in the same plane as the patches and electrically coupled to them
or they are in ai'different plane and electfomagnetically coupled to them.
Fig. 16 shows a sfci_her_natic exploded side view of part of a planar antenna
assembly 90 in whxch :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 ﬁnki_ng the feeds to suitable electronics systems containing
phase control devices and feed probe terminals 94; to which feed probes 95
are connected. E_iéétfical connection between the feeds 92 and the patches
91 is made vxathe feed probes 95, connected at one end to the feed probe
terminals 94’ and_.'at it_ihe other end to the patch probe terminals 94”. Each
patch 91 is eqﬁipi)bd \'with one patch probe terminal 94”. The patches 91 of

the first planar array 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 diclectric plate 96. The feeds 92 of
the first planar array antenna unit are disposed on the rear face of dielectric
plate 98. Dielectric plates 96 and 98 .of the first planar array antenna unijt
form an antenna chamber with the sccond 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 contactless passage of the
feed probes 95. For thic sake of illustraﬁo_n the second planar array antenna
unit 99 has been chosen to be the second planar array antenna unit shown
in Fig.3, however, cah just as well be any of the planar array antenna units
that can be formed .frdm the antenna units 40, 50, 60, 70 and 80. The holes
104 and 105 in the patches and ground plane, respectively, of the second
planar array ante'nna": unit 99, are for the contactless passage ‘of the feed -
probes through them. o

The embodiment of the antenna assembly of the invention, thh
a first planar array "a"n'_tenna unit having probe fed patches, as shown in Fig. -
16, can be extended. fo an antenna assémbly 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 bearmg patches on its front face Fig.
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,
of the planar antenna assembly 90 (shown in Fig. 16), are substantially
aligned with each other.

The firs-t'ah'd second planar array antenna units comprising the
planar antenna assgdibly of the invention can function either in a plane or

circular polarization mode of opcration. The plan views of the planar array
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antenna units 20 and 30 shown in Figs. 5 and 6, respectively, illustrate a
plane polariza_t_i_on ‘mode of operation. Since the gcorﬁetrical feature
dictating the polari_zétion'mode of operation of the planar array antenna units
is the relative orientation of the patches and the feeds, clearly Figs. 5 and
6 can be replaced by one figure without réferen_ce to whether the patch is
frequency seleciive or not and without reference to the ffequency band of
operation. Furthermore, a2x?2 suban'ay suffices to demonstrate the circular
polarization xfxoae of operation and hence will also be used to demonstrate

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

* showing a plan view of a 2 x 2 subarray of a planar array antenna unit, with

electrically (dh_;_ect)_' coupled pat_ches, 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 feéd line terminals 206. The patches 202 and feeds 204 are

disposed on a dielectric plate 208.

Attention is now drawn 1o Fig.. 19 showing a plan view of a 2 x 2
subarray 220 of a planar array antenna unit,_With clectrically coupled
patches, for a Cii'¢j;lar polarization mode of operation. As shown, each patch
222 along with its: feed 224 is sequentially rotated by 90° in a clockwise

sense (or optionaily counter—-clockv;'isc_for replacing right hand by left hand

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

polarization mo_de' of operation is known per se and is well documented in
the literature (see for example J. Huang (1986) and T. Teshirogi (1985)).
In the case of an electromagnetically coupled patch, as shown for
example in Flg 12, the patches and feeds are on opposite sides of a
dielectric plate ';;b'u“t'.thc principle is the same. Fig. 20 shows a plan view of
a2 x 2 subarray 240 of a planar array antenna unit, with electromagnetically
coupled patchcs,_.fér a plane polarization mode of operation. The patches

242 are disposédg-@n the front face of the diclectric plate 244, whereas the
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feeds 246 (along W1th their fced 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 pzi__tches 242.
Fig. 21 shows a plan view of a 2 x 2 subarray 260 of a planar

antenna unit, with electromagnetically coupled patches for a circular

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

sequentially rotat¢d--by 90°.

Attention is now drawn to Fig. 22 showing a plan view of a2 x 2
subarray 280 of a:planar"array antenna unit, with aperture—coupled patches,
for a plane polanzanon mode of operation. A side view of an antenna unit
for an aperture coupled patch is shown in Fig. 14. As can be seen from Fig.
14 there are two dxg_l_;cctn_c. plates involved and the patch, aperture and feed
are located in th';;e:_;t_a_'_" different blancs. In order to illustrate the relative .
position and orienia’ti'on of the patch, aperture and feed relative 10 each other
the patches 282 are drawn with solid lines, the feeds 284 are drawn with
dashed lines and the apertures 286 are drawn with dotted lines, w:th the
understanding that they are located in three different planes, as mdxcated in
Fig. 14. 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
of operation. Eac"hl'p.atc}:l 292 along with its feed 294 is sequentially rotated
by 90°. The apertures 296 do not némsﬁﬁly undergo sequential rotation.

Attention js niow 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 dielectric plate 97
of the first planarf- array antenna unit of planar antenna assembly 90 shown
in Fig. 16. Also shown isa plan view of the corresponding 2 x 2 subarray
310 of the feeds 92(a,b,c,d), of the probe fed patches 91(a,b,c,d), disposed
on the dielectric 9151}!_@3 99. The fecds have been drawn with dashed lines in
order to illustrate that th___ey are disposed on the rear face of the dielectric

plate 99. The feedS-.QZ(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. | _ |

Attention xs 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 diclectric 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, 91c and 91d differ from each other in that each of the
patches is rotated, sequentially in a clockwise sense, about an axis pcrpen'-—
dicular to its center. This has the effect that the patches 91a, 91b, 91¢c and

91d 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 947a, 94”b, 94“c and 94*d is angularly displaced
by 90° relative to the preceding one in the sequence as reflected in Fig. 24
by the patches' ang.u-lar orientation with respect to each other including the
relative location of each patch probe terminal within the patch. The feed
prol;e terminals are not shown, but théfe arrangement is similar to that
shown in Fig. 24, except that they will be-slightly displaced so that each
feed probe terminal will be substantially aligned with its corresponding
angularly disp]aced-'feed. patch terminal. For the transmission of circularly
polarized electromz{gnetic radiation phase delays of 90°, 180° and 270° are
app]_ied to the currents flowing at feed probe terminals 94’b, 94'c and 94'd

relative to terminal 94’b, respectively.
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1. A planar antenna assembly for receiving and tran_smifti._xigmélectro—
magnetic radiation in two frequency bands, said planar éntenha_aésqmbly
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 ih a high frequency
band, said first planar array antenna unit being the top planar array antenna
unit and said second planar array antenna unit being the 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

a plurality of patches, 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

to frequencies in said low frequency band and tfansparent to frequencies in
said high frequency band;

said ground plane being reflective to frcq_ucncies 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
of feeds, each feed of said feed array being coupled 10 a respectivc one of
said patches of said at least onc planar array of paiches.
2. The planar antenna assembly according to Claim 1, wherein said
first planar array antenna unit comprise§ 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 beiqg disposed on the front face of said first
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dielectric plate with. cﬁch-f§§d of saxd feed array being electrically coupled
to a respective one patch oi_'fsaidi;?;fqtches of said first planar array of patches
and said ground plane bging-: dxsposed on said rear face of said first dielectric
plate. | ' '

3. The planar antenna ’a-;'f;sembly according to Claim 2, further
comprising a sec_ond'dieleciric _'_p’_léte and a second planar array of patches
having a plurality of patches, saxd second planar array of patches being
disposed on the front face of sai:a:fsecond dielectric plate, said rear face of

said second dielectric plate f&cing-ithe front face of said first dielectric plate

‘and each patch of said first p_'l;_ixia; array of | patches being substantially

aligned with :a:res;'jective one patch of said patches of said second planar
array of patches. o |

4. The planér antenna assembly according to Claim 1, wherein said
first planér ar_ray.'antexin-a unit c;'_):mprisc-s' first and second dielectric plates
and a first piané_r array of pat¢§_¢;', said first planar array of patches being
disposed on.the front face of sald first dielectric plate and said feed array
being diSpdsed on the rear fa,cei\ of said first dielectric plate with each feed
of said feed array being ele_ctr__b_mag'netically' coupled to a respective one
patch of said patches of saiaf.ffif:st' élanar array of patches, said ground plane
being disposed on 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. |

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

first planar array antenna unit comprises first and second dielectric plates

and a first plén-ar array bf’patéhé_'s having a plurality of patches, said first

planar array of.patches being '_f--'c:_!isposed on the front face of said first
dielectric plate, said ground pl,a'ﬁ'e being disposed on the rear face of said

first dielectric plate, said ground plane héving a plurality of apertures, the

A
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front face of said second die’!e'c’:tric .plate facing the rear face of said first

- 30 -

dielectric face and sald fecd array being disposed on the rear face of said

second dielectric plate w:th eac :'a"feed of said feed array bemg electromag-

netlcally coupled fo a respect:ve one of said patches of said first planar array

of patches via a r_e_spectwc_: o g_f_ said apertures in said ground plane, said
apertures being resonant to’ ‘fié'ﬁ;u:cncies in said low frequency band.
6. The planar antenna assembly according to either of Claims 4 or

5, further comiprising a-'lhi‘:d‘_,dié_lec‘.tric plate and a second planar array of

" patches having a pluralit'y of }'paft_c__:hes, said second planar array of patches

béing disposed on_the_f‘ront- face of said third dielectric plate, said rear face
of said third‘dieleét__ric p]atefacmg the front face of said first dielectric plate
and each patch :-o"f_ _Sa_i.d secondplanar array of patches being substantially
aligned with a_rcspective onc ?él_f"-said patches of said first planar array of
patphes. .'

7. The planar antennd’ assembly accordmg to Claim 1, wherein said

~ first planar array antenna umt compnses first and second dielectric plates

and a first planar array of patches having a plurality of patches said planar
array of patches being d:sposcd- on the front face of said first dielectric plate,
said ground plane being. dlsposecl on the rear face of said first dielectric

plate, said first dielectric. plate bemz, spaced from said second dielectric plate

so as to form an antenna cham r,' said feed array being dlsposcd on the rear

face of said second dlelcctnc latc with each feed of said feed array bemg
electrically coupled to a resp fe_one of said patches of said first planar
array of patches by a plurah écd probes and said second planar antcnna
unit being located within sar '

8. The planar ant nn ssembly accordiﬁg to Claim 7, further
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third dielectric plate facmg the front facc of said first dielectric plate and

-31-

each patch of sard second_pl array of patches being substantially aligned

with a respective one of s tches of said first planar array of patches.
9. The planar ante' __;embly according to Claim 1, wherein said
second planar array antcnna._ ‘_comprises a first dielectric plate and a first
planar array of patches havmg a.plurahty of patches, said first planar array
of patches and' sard feed array bemg disposed on the front face of said first
dielectric plate wzth each feed?:_._of said feed array being electrically coupled

to a respective one. patch of-

_-patches of said first planar array of patches
and said ground plane bemg r-cposed on said rear face of said first dielectric
plate. e S
10.

;_“assembly according to Claim 9, further

comprising a second'“_relecmc plate and a second planar array of patches

having a plurahty of ches ‘said second planar array of patches being
disposed on the front face of"_:saxcl second dielectric plate, said rear face of
said second drelectnc plate facmg the front face of said first dielectric plate

and each patch of sard i t planar array of patches being substantially

aligned with a respectrve -one patch of said patches of said second planar
array of patches o
. R

second planar ariay 'a'r'lte‘n r

__is_éenrbly according to Claim 1, wherein said

rlit: comprises first and second dielectric plates

and a-first planar array o__ chcs said first planar array of patches being

disposed on the front fac:'_ f :sard first dielectric plate and said feed array

being disposed- o_n.__.t_h_c ca _ ":of said first diclectric plate with each feed

of said feed arr'ay?‘:'--l‘)":' 't"omagneucally coupled to a respective one
patch of said--pat_c'h___e_s}:f: t planar array of patches, said ground plane

being disposed on:_;-,;s__:al_ _, of said second dielectric plate, and the front

face of said second diél trxc plate facing the rear face of said first dielectric

face.
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12. The:"?lanar antenna assembly according to Claim 1, wherein said

' second planar array antenna umt ‘comprises first and second diclectric plates

and a first- planar array of patches having a plurahty of patches, said first

planar array of patches bemg disposed on the front face of said first

~ dielectric plate' _sald ground plane being disposed on the rear face of said

first dielectric plate sald ground plane having a plurality of apertures, the |
front face of sard second drelectnc plate facing the rear face of said first
dielectric face and said feed array being drsposed on the rear face of said

second drelectnc plate wrth each feed of said feed array being electromag-—

~ netically coupled -to a respectrve one of said patches of said first planar array

of patches via a reSpectrve one of said apertures in said ground plane, said

- apertures bemg"esonant to frequencres in said high frequency band.
) 13. The planar antenna asscmbly accordmg to either of Claims 11 or .
- 12, further: comprrsmg a third dre]ectnc plate and a second planar array of
_ patches havrng a pluralrty cf patches said second planar array of patches |

~ being d:sposed on the front face of sald third dielectric plate, said rear face

of said third dxelectnc p]ate facrng the front face of said first dielectric plate

- and each patch of said second planar array of- patchcs being substantially
allgned with 2 rcspecnve one of sald patches of said first planar array of patches.

-14. The: planar antcnna assembly according to any one of Claims 2

to 6, wherein: sard second planar antcnna unit is in accordance with Claim

9 and said first and second planar antenna units are separatcd by a dielectric

plate facmg sard first and second planar antenna units respectwely

-18. The. p':""nar antenna assembly according to any one of Claims 2

to 6, wherein sa
10 and said fir

dielectric plate -

_second p_lan_ar--jantenna unit is in accordance with Claim

;;_and__ secénd_;ijplanar antenna units are scparated by 2

h- front andrear faces, said front and rear faces of said

ing said first and second planar antenna units rcspectively.
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ntenna assembly according to any onc of Claims 2

__---:second planar antenna units- are separated by a

ront and rear faccs said front and rear faces of said

ond planar antenna unit is in accordance with Claim

13 and said fxr ___d _second planar antenna units are separated by

8, wherein sard 's ond. planar antenna umt is in accordance with Claim 9

and is locat_e.d- yg_rt_h aid _ante_nna chamber, with a dielectric plate interposed
nitenna unit and said ground plane of said first antenna

unit.

©20. The""" lanar:antenna assembly accordmg to either of Claims 7 or

o, 2

8, wherem sard second planar antcnna unit is in accordance with Claim 10

and is located-?-:._ | d__ antenna chambcr, with a dielectric plate interposed

between said second ntenna umt and said ground plane of said first antenna
unit. | | |
21. The___ lanar’ "antenna assembly according to either of Claims 7 or

8, wherein sa1 cond 'planar antenna unit is in accordance with Claim 11

and is locat_e'c‘l-?wit_hm said -a.nt_enn___ hamber, with a dielectric plate interposed
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;between said second antenna unit and said ground planc of said first antenna

Iumt

10

22. The p]anar antenna asscmbly accordmg to either of Claims 7 or

8, wherein said. second planar antenna unit is in accordance with Claim 12

- and is located wrthrn sard antenna chamber, with a dielectric plate interposed

between said second antenna unit and saxd ground plane of said first antcnna

- unit.

;23. The planar antenna assembly according to either of Claims 7 or

8, wherein said second planar antenna unit is in accordance with Claim 13

-and is Jocated wrthm sard antenna chamber, with a dielectric plaie interposed
" between said seconcl;aantenna unrt_ and said ground plane of said first antenna
it S

.24, A planar antenna assembly according to any one of Claims 1 to

- ..23,'wherein sald first planar array antenna unit is designed for the reception

15 and transmrssron- of -cxrcularly pq__larrzed electromagnetic radiation and is

25

i characterized in. that

. said at least one array of patches of said first planar array antenna unit

-is grouped into 2- x 2 patch subdrrays having each in clockwise or counter-

. clockwise sequence ﬁrst ‘second, thrrd and fourth subarray members; said
20 *feeds of said feed’ array of sard frrst planar array antenna unit are gronped ,
.mto 2 x 2 feed subarrays havrng each in clockwise or counter—clockwise

'sequence first, second tlurd and fourth subarray members; each member of

a given feed subarray bemg coordmated with one member of a given patch

subarray, the feeds __ax d-patches in a g,rven coordinated subarray being rotated

by 90° with respcct__ __ ,a.sequennally preceding subarray member.

- 25. A planar antenna assembly according to any one of Claims 1 to

23, wherein sard second':'planar array anienna unit is designed for the

receptron and transmrssron of crrcularly polanzed electromagnetic radiation -

and is characterxzed n that

THIS SHEET HAS BEEN.
REPLACED




WO 98/01921

-35.

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

O umit s grouped into 2 x 2 patch subarrays having each in clockwise or

10

counter-clockwise sequence first, second, third and fourth subarray 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 fced 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 respcct to a sequentially preceding subarray
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

“ C_laims, wherein said low frequency band at which the first antenna unit

operates is the L-band and said high frequency band at which the second
antenna unit operates is the K,-band.

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

~ Claims, also comprising a radome.
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