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1. Technical Field
This invention relates generally to a slot antenna and, more particularly, to a dual
circular polarization double-layer slot array antenna which is capable of providing a dual

circular polarized beam with opt-imﬁm efficiency and bandwidth.

2. Discussion

Direct communication system's commonly employ antennas for transmitting and
receiving energy between remote locations. Modernly, antennas are widely employed for
an increasing number of épplications, many of which require a low profile, wide
bandwidth antenna that can operate with polarized radiating energy. For example,
advanced Direct Broadcast Systems (DBS) are currently being developed for future
generation cable television transmission. Currently, North America Direct Broadcast |
Systems are being developed which transmit circular polarized (CP) energy. These
systems require low cost dual circular polarization eighteen inch aperture antennas at
remote television locations for receiving the circular polarized signals via satellite
transponders.

In the past, conventional reflector antennas were used which typically consisted
of a reflector operatively coupled to a feed horn (polarizer) via a.strout and an
associated mounting structure. Such antennas include a Cassegrain antenna in which the

feedhorn is displaced from the reflector at a focal point on the front side thereof.
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However, such conventional reflector antennas generally occupy a relatively large volume
and are easily susceptible to damage from the environment.

More low profile antenna concepts have been developed which include planar siot
antennas. One type of slot antenna ncludes a double-layer structure wnich forms two
propagation layers. Double-layer slot antennas historically have included the excitation
of a transverse-electromagnetic (TEM) mode travelling wave between a pair of parallel
métallic plates. This type of slot antenna further involves radio frequency (RF) energy
leakage through radiating slots formed on the upper métallic plate so as to form a
boresight pencil beam. Such slot antennas have generally exhibited a relatively simple
mechanical structure with potentially low fabrication costs. However, there are
recognized limitations associated with the conventional slot antenna approaches. These
limitations include the fact that either single feed designs or overly complicated multiple
feed designs are generally employed to excite a pure TEM mode travellling wave between
the paraliel plates. While a number of feed design approaches have been proposed, the
prior concepts are generally limited to a single polarization (CP or linear) or involve high
complexity and exhibit low efficiency with a relatively narrow bandwidth.

Another type of slot antenna includes a radial line slot array antenna which has
either a single or double layer structure with a plurality of coupling slots formed along
a spiral pattern. An example of one such radial line slot antenna is described in U.S.
Patent No. 5,175,561 issued to Goto. Such singlé—layer slot antennas have been employed
for Direct Broadcast Systems in Japan and are generally capable of operating with single
polarization énergy only. That iﬁ, the radial line slot array may handle only either righ.t
hand or left hand circular polarization. An additional feed on another layer could be

added to the single layer radial line slot array to provide dual circular polarization beams.
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However, the two beams would be dependent upon each othe. and optix;nization of one
would degrade the other. That means if one circular polarized beam is optimized, then
thé other circular polarized beam will likely exhibit rathér poor performance. As a
consequence, the radial line slot array generally is not capable of effectively handling the
combination of both right hahd and left hand circular polarization, while achieving
reasonably acceptable bandwidth and performance criteria.

It is therefore desirable to provide for a low profile planar dual circular
polarization slot array z;xntenna which overcomes limitations associated with the above-
mentioned prior art approaches. It is further desirable to provide for a double-layered
slot antenna which is capable of operating with both right hand and left hand circular
polarization and involves relatively low fabrication costs and less complexity, while
maintaining high efficiency and Qide bandwidth capabilities. In addition, it is further
desirable to provide for such a slot antenna thch exhibits two circular polarized beams

which are optimized independent of one another.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention, a slot antenna is
provided which includes first and second oppositely disposed metallic plates with a
dielectric layer disposed therebetween. An array of horizontal and vertical radiating
elements are formed oﬁ the first metallic plate. An array of horizontal and vertical
coupling slots are formed on the second metallic plate. The antenna furthef includes a.
pair of beam formers each.coupled to a radio-wave connector. The array of horizontal
coupling slots are opcrativelly. coupled to a beam former and tﬁc array of vertical coupling

" slots are operatively coupled to another beam former so that RF energy may pass

‘therebetween. According to this arrangement, the slot antenna may operate to transmit
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and receive linearly polarized energy. The antenna may further include a polarizer
disposed above the upper metallic plate for converting between linear and circular

polarization so as to allow for antenna operation with single or dual circular polarization

energy.

BRIEF DESCRIPTIO&Q OF THE DRAWINGS

Other §bjects and advantages of the present invention will become apparent to
those skilled in the art upon reading the following detailed description and upon
reference to the drawings in which:

FIG. 1 is an exploded view of a circular polarization slot array antenna in
accordance with one embodiment of the present invention;

FIG. 2 is a tc;p view of a portion of the upper metallic sheet having radiating
elements formed thereon in accordance with the present invention;

FI1G. 3 is a view of the bottom metallic sheet with horizontal and vertical coupling
slots formed therein in accordapce with the present invention;

FIG. 4 is a schematic representation of a stripline beam forming network

employed in accordance with present invention; and

F1G. 5 is a schematic representation of a Meanderline polarizer sheet employed

by the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Turning now to FIG. 1, a slot array antenna 10 is shown therein in accordance
. with the present invention for handling dual circular polarization energy. The slot

antenna 10 described hereinafter preferably operates with transverse-electromagnetic
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(TEM) energy propagating within a pair of metallic plates and is capable of transmitting
and/or receiving both right hand and left hand circular polarized energy. Alternately, the
present antenna 10 may be adapted to operate with linear (i.e., horizontal and vertical)
polarization energy according to a second embodiment provided herein.
| According to one émbodiment, the slot array antanna 10 generally includes a pair
of oppositely disposed metallic plates 12 and 16 which are separated from one another
via a layer of dielectric material 14. Dielectric; layer 14 has a preferred dielectric constant
of approximately 4.0,. yet a dielectric constant of 2.2 may be suitable for most
applications. The upper metallic plate 16 generally includes a plurality of vertical and
horizontal radiating elements (slots) arranged in a two-dimensiona!l array, while the lower
metallic plate 12 has a plurality of horizontal and vertical coupling slots formed therein.
According to this double-layer antenna structure, the metallic plates allow a transverse-
electromagnetic (TEM) mode traveling wave to be excited therebetween. As a
consequénce, radio frequency (RF) energy which has a linear polarization with horizontal
and vertical components is able to penetrate the appropriate radiating elements and
coupling slots. |
With particular reference to FIG. 2, a portion of the upper metallic plate 16 is
shown with vertical radiating clements-34A and 34B and horizontal radiating elements
36A and 36B formed therein. The vertical and hoﬁzonfal radiating elements 34 and 36
are essentially very thin slots which extend through upper metallic plate 16 and are
formed in parallel pairs. Each pair of vertical radiating elements 34A and 34B preferably
has a vertical offset between the two radiating elements making up each corresponding
pair. The offset is equal in distance to approximately one-quarter of a wavelength (%4,),

where the wavelength A, is that of the TEM propagating within metallic plates 12 and
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16. Likewise, each pair of horizo‘ntal radiating elements 36A and 36B preferably has a
horizontal offset equal to approximately one-quarter wavelength (%4,) of the TEM
energy.

Adjacent pairs of ;rertical rédiating elemerits 34A and 34B are displaced from each
other the distance of about one wavelength 4, of.the operating TEM energy. Similarly,
adjacént pairs of horizontal radiating elements 36A and 36B are also displaced from each
other the distance of about one wavelength 4, According to the arrangement of
radiating elements shown on FIG. 2, linear polarized energy ié able to efficiently pass
thrbugh the radiating elements 34 ar;d 36. In doing so, the horizontal polafization
component thereof passes through metallic plate .16 via the vertical radiating elements
34A and 34B, while the vertical polarizatidn component of the linear polarized energy
passes therethrough via the horizontal radiating elements 36A and 36B.

Each pair of radiating elements 34 and 36 are preferably designed to have a
length that may vary in length from the other pairs. This is because the length of the
radiating elements 34 and 36 are designed such that a uniform amplitude of energy is
radiated or received so as to provide for maximum antenna aperture efficiency. Vertical
radiating elements 34A and 34B which are in closer proximity to the corresponding
vertical coupling slots on lower metallic plate 12 receive more energy and therefore have
a shorter length, while the more distant radiating elements have a longer length to
compensate for the lower of amo-unt of énergy associated therewith. Horizontal radiating
clements 36A and 36B likewise have the same dimensional variations. Accordingly, the
array of vertical radiating elements 34A and 34B cah essentially be designed and

optimized independent of the horizontal radiating elements 36A and 36B.
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The bottom metallic plate 12 is shown in FIG. 3 and has a vertical N x 1 array

of rectangular coupling slots 40 and a horizontal N x 1 array of rectangular coupling slots
42 formed therein. The vertical énd horizontal arrays of coupling slots 40 and 42 are
| arranged orthogonal to one another. The vertical and horizontal coupling slots 40 and
42 operate to either excite the respective horizohta_l and vertical polarization en;rgy onto
stripline beam forming networks 28A and 28B, respectively, or receivg energy therefrom.
The stripline beam forming networks 28A and 28B are disposed below the lower .metallic
plate 12 and séparated therefrom via a dielectric layer 26A or 26B. The beam forming
- networks 28A and 28B each have a re-spective foam sheet 30A and 30B disposed on the
bottom side thereof. A conductwe ground plane is dlsposed on the bottom side of the
foam sheets 30A and 30B to form stripline circuitry making up the beam formmg
networks 28A and 28B.
A detailed illustration of one beam forming network 28A is provided in FIG. 4..
The beam forming network 28A is formed of stripline circuit trace 44 with finger traces
that extend aéross a portion of the vertical coupling slots 40. During signal reception,
energy radiates across vertical éouplfng slots 40 and excites a current onto the stripline
circuit trace 44. The current on circuit trace 44 is fed along beam fnrming network 28A
to an input/output port 48A which in turn may be coupled to a transceiver 46 or other
electronic device. During transmission, currents are induced on stripline circuit trace 44
which. in turn excite radiating enérgy on coupling slots 40.
The beam forming network 28A is designed so as to pjovide the desired beam
pattern of the antenna 10. The design criteria may include the ?rnpcr selection of

impedance throughout the stripline circuit trace 44 so as to control the amplitude of the

signal excited across the associated coupling slot 40. The other beam forming network
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28B is identical to the beam forming network 28A shown in FIG. 4 with the exception
that beam forming network 28B is orthogonal to beam forming network 28A and is

coupled to the horizontal coupling slots 42. For dual polarization operations, there are

two input/output ports which include a first port48A-thatiscommected-tothefirstbeam -~ — -«
¢

forming network 28A and a second port (not shown) that is connected to the second
beam forming network 28B.

In addition, the slot antenna 10 further includes a pair of Meanderline polarizer
sheets 20 and 24 disposed above the upper metallic plate 16 and separated therefrom via
a foam sheet 18. A foam sheet 22 -is further disposed between the lower and upper
polarizer sheets 20 and 24 for providing a separation distance therebetween. Each of. the
Meanderline polarizer sheets 20 and 24 are conventional polérizers which employ a
square-wave printeci—circuit pattern oriented at a forty-five degree angle to provide
reactive loading to the orthogonal linear component of an eléctric field. Accordingly,
each of the polarizer sheets 20 and 24 causes a differential electrical phése shift between
two orthogonal fields. Thus, the two polarizer sheets 20 and 24 combined together
provide a ninety degree phase differential of the orthogonal incident waves so as to
provide a conversion between linear and circular polarization energy. Therefore, circular
polarized energy is_ converted to a linear polarization as the energy passes through
polarizer sheéts 20 and 24, while linear polarization energy likewise is converted to
circular polarization. |

In operation, the slot antenna 10 may be employed to transmit and/or receive dual
circular polarized energy according to one embodiment of the present invention. When
receiving, radiating energy penetrates the upper and lower Meanderline polarizer sheets

24 and 20. Energy which has a circular polarization associated therewith is thereby
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converted to linear polarized energy which has either horizontal or vertical polarization

components. The converted linear polarized energy is directed onto the upper metallic

plate 16. The vertical radxatmg elcments 34A and 34B in upper metallic plate 16 allow

the horizontal component of linear polarization to _pmrﬁe_t_tm@gh;nt_e form L
of a first set of linear polarized boresight beams. Likewise, the horizontal ;adiating
elements 36A and 36B in metallic plate 16 operate to allow the vertical component of

the liné:ar polarization to penetrate therethrough in the form of a second set of linear
polarized boresight beams.

The two sets of boresight beams are independent of one another and. essentially
propagate between the lower metallic plate 12 and the upper metallic plate 16. The RF
energy from the boresight beams is then fed to one of the two beam forming networks
28A or 28B via the vertical and horizontal coupling slots 40 and 42. For instance, the RF
energy across vertical coupling slot 40 will excite a current onto the stripline beam
forming network ZSA which is coupled thereto. The received currents are then fed to
an input/output port 48A which in turn may be coupled to a transceiver 46A or other
electronic radio-wave device.

The slot antenna 10 may likewise operate to transmit radiating energy which has
a circular polarization associated therewith. In doing so, a current is supplied to
input/output port 48A which in turn is divided into a number of currents on the stripline
beam forming network 28A such that currents flow along the stripline circuit trace 44A.
The current flow in turn exciteé a radjating signa! on each associated vertical couplfng slot
40 that is coupled thereto. The excited energy propagates between the upper and lower

metallic plates 16 and 12 and penetrates the vertical radiating elements 34A and 34B.

Another current is supplied to the other input/output port (not shown) which likewise is
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distributed along beam forming network 28B and excites vertical polarization energy n
the horizontal coupling slots 42 and which then penetrates horizontal radiating elements
36A and 36B. The vertical and horizontal polarization energy thereafter passes through |
the pair of Meanderline polarizer sheets 20 and 24 so as to convert the linear
polarizaiion to a circular polarization. The circular polarization energy thereafter
radiates from the slot antenna 10 within the selected field of view.

The slot array antenna 10 is particularly desirable for use with the Direct
Broadcast Systems (DBS) which are currently being develbped to receive cable television
broadcasts. According to this approach, the slot antenna 10 as described herein is a
compact low profile device which may have physical dimensions of eighteen inches .by
eighteen inches with a depth'of bne and one-half inches. The slot antenna 10 therefore
may easily be used by users as a cable television reception device which may easily be
installed within the local vicinity of a television. |

While the present invention has been described in connection with energy having
a circular polarization, and with particular reference to use with Direct quadcast
Systems, the present invention may be employed in connection with a vast variety of
other applications including military and space communication antenna systems. This
includes operating with linear polarized signals according to a second embodiment of the
present invention. In order to do so, the Meanderline pblarizer_shcets 20 and 24 may
be removed so as to allow for the direct transmission and reception of linear polarized
energy. According to this alternate embodimem, the vertical and horizontal components
of the linear polarization energy received from an external source are directly applied to

the upper metallic plate 16 during reception, while such linear components are

transmitted from antenna 10 during transmission.
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In view of the foregoing, it can be appreciated that the present invention enables
the user to achieve a slot antenna which provides dual circular polarization capability.
Thus, while this invention has been disclosed herein in connection with a particular
example thereof, no limitation is intended thereby except as defined in the following

.

“claims. This is because a skilled practitioner recognizes that other modifications can be

made without departing from the spirit of this invention after studying the specification

and drawings.
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1. A slot antenna comprising:

first and second oppdsitely disposed metallic plates spaced separate from
one anotﬁer;

beam forming means for providing a predetermined field of viewr;

radio-wave connecting means coupled to said beam forming means;

an array of radiating elements formed in said first metallic plate; and

an array of coupling slots formed in said second metallic plate and
operatively coupled to said beam fon;ling means.

2. The antenna as defined in Clainﬁl 1 further comprising polarization

conversion means disposed ébove said metallic plates for converting energy between a

linear polarization and a circular polarization.

3. The antenna as defined in Claim 2 wherein said polarization means

comprises a pair of oppositely disposed Meanderline polarizer sheets disposed above said

metallic plates.

4, The antenna as defined in Claim 1 wherein said array of coupling slots
comprises:
a first array of horizontal coupling slots; and

a second array of vertical coupling slots.



and optim zation of -one woul d degrade the other. That nmeans if one circul ar
pol ari zed beamis optim zed, then the other circular polarized beamw ||
I'i kel y exhiti er poor perfornmance. As a consequence, the radial |ine

nati on of b Eﬂﬂlﬂﬁ!ﬂi]ﬂﬁmmaf’i? t “hand%ei 1 cul ;?mﬁi@ﬁ%ﬁﬁmﬂﬁ &4

5. The antenna as defined in Claim 4 wherein said beam forming means

comprises:

a first beam forming network operatively coupled to said first array of

e

horizontal coupling slots; and

a second beam forming network operatively coupled to said second array

of vertical coupling slots.

6. The antenna as defined in Claim 5 wherein each of said first and second

beam forming networks include stripline circuitry.

7. The antenna as defined in Claim 4 wherein said first and second array of
coupling slots each comprise a one dimensional array of rectangular slots which are

separated from said beam forming means via a diclectric layer.

8. The antenna as defined in Claim 1 further comprising a first dielectric layer

disposed between said first and second metallic plates.

9. The antenna as defined in Claim 1 wherein said radiating elements are

formed in horizontal and vertical arrays.

10.  The antenna as defined in Claim 9 wherein said radiating elements are
further formed in pairs and have lengths which are selected to provide substantially

optimum energy transmission therethrough.
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11. A dual circular polarization slot antenna comprising:

first and second oppositely disposed metallic plates spaced separate from
one another via a dielectric medium and which allow transverse-electromagnetic energy
to propagate therebetween;

an array of horizontal and vertical radiating elements formed in said first
metallic plate; |

beam forming means for providing a predetermined field of view;

radio-wave connecting means coupled to said beam forming means and
having a first port for channeling vertical polarization energy and a second port for
channeling horizontal polarization energy;

a first array of horizontal coupling slots formed in said second metallic
plate and oberatively"coupled to said beam forming means and which cooperate with said
horizontal radiating elements so thét vertical polarized energy may pass through said
.horizontal radiating elements and coubling slots;

a second array of vertical coupling slots formed in said second metallic
blate and operatively coupled to said beam forming means and which cooperate with said
vertical radiating elements so that horizontal polarized energy may pass through said
vertical radiating elements and coupling slots; and

polarization conversion means disposed above said metallic plates for

converting radiating energy between a linear and circular polarization.

12. The antenna as defined in Claim 11 wherein said polarization means

comprises a pair of oppositely disposed Meanderline polarizer sheets disposed above said

metallic plates.
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13.  The antenna as defined in Claim 11 wherein said beam forming means

comprises:

a first beam forming network coupled to said first array of horizontal

coupling slots; and

a second beam forming network coupled to said second array of vertical

coupling slots.

14, The antenna as defined in Cl_aim 13 wherein said first and second beam

forming networks include stripline circuitry.

15.  The antenna as defined in Claim 11 wherein said first and second array of

coupling slots each comprise a one dimensional array of rectangular slots which feed said

beam forming means.

16.  The antenna as defined in Claim 11 wherein said radiating elements are

formed in pairs and have lengths which are selected so as to provide substantially

optimum energy transmission therethrough.
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i7. A methcd for receiving cir-ular :olarized energy comprising:

receiving circular polarized radiating energy;

transmitting éaid circular polarized radiating energy through a pair of Meanderline
polarizer sheets so as to convert said circular polarization to a linear polarization;

passing said linear polarization radiating energy through a first metallic plate
having vertical and horizontal radiating elements formed therein so as to a‘llo\& the
horizontal and vertical cofnponems of linear polarization to pass therethrough;

radiating said vertical and horizontal components polarization between said first
metallic plate and a second metallic plate which has vertical and horizontal coupling slots

formed thereon;

exciting currents on a first beam forming network from said honzontal coupling
slots;

exciting currents onto a sécond beam forming network from said vertical coupling
slots; and

summing eath of the associated currents on each of the bearh forming networks

to provide a horizonta) polarization reception signal and a vertical polarization reception

signal. .
heet Has Been Re‘laced
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In accordance with the teachings of the present invention, a slot antenna
I's provided which includes first and second oppositely disposed netallic
-plates with a dielectric |ayer disposed therebetween. An array of

hori zontal and vertical radiating elenents are fornmed on the first netallic
plate. An array ef—horizontal and vertlfal coupling slots are forned on
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the second netallic plate. The antenna further includes a pair of beam
formers each coupled to a radi o-wave connector The array of horizontal
-coupling slots are operatively coupled to a beamfornmer and the array of
vertical coupling slots are operatively coupl ed to anot her beam forner so
that RF energy may pass therebetween.. According to this
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arrangenment, the slot antenna may operate to transmt and receive linearly ”
pol ari zed energy. The antenna may further include a polarizer disposed

‘above the tipper netallic plate for converting between |inear and circul ar

pol ari zation so as to allow for antenna operation with single or dual

circul ar polarization energy.
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SLOT-COUPLED FED DUAL CIRCULAR POLARIZATION
- TEM MODE SLOT ARRAY ANTENNA

~ ABSTRACT

A slot antenna is provided which includes first and second oppositely disposed
metallic plates with a dielectric layer disposed thcrébétwcen. An array of horizontal and
vert.ical radiating elements are formed on the first metallic plate. An array of horizontal
coupling slots and an array of vertical coupling slots are formed in the second metallic
plate. The antenna further includes first and second beam formers for providing a
necessary field of view beam coverage. The array of horizontal coupling slots are
operatively coupled to the first beam former and the array of vertical coupling slots are
operatively coupled to the second beam former. Accordingly, the slot antenna may
operate to transmit and receive linearly polarized energy. The antenna may further
include a polarizer disposed above the upper metallic plate for convertiﬁg between linear

and circular polarization so as to allow for antenna operation with single or dual circular

polarization energy.
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FIG 2 is a top view of a portion of the upper et al ITivgs: §H@8tfenbomgl sneet
radlatlng el ements forned thereon in accor- dance with the present
#nvention; FIG 3 is a view of the bottomnetallic heet mn 'a ri zont al

and verti cal coupling slots formed therein in accor e present
I nvention; 2
—

Thls Sheet Has B

.

28% [Fig-3




FIG 4 is a schematic representation of a stripline B'bﬁni\sftﬁﬁwwacﬁ‘gf%?'?(eﬂ
empl oyed in accordance. with present invention; and FIG 5 is a ,schematic
representation of a Meanderline polarizer sheet enpl %’a@: by,gt]h;ki qesent
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tircular polarization energy. The slot antenna 10 descri bed i naft er
preferably operates with transverse- el ectronmagneti &GHEM l%ﬂ‘a@
propagating within a pair of 4 :
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metallit pl at es and I.s capable of transnmitting and/or reqp@ijé-thergniboement sheet
ri ght hand and left hand circul ar pol arized energy. Alterhately, the
present antenna 10 may be adapted to operate with linear (i.e,

ont al
and vertical) polarization energy according to a second Q?M)o ﬁw)%ﬂ ovi ded
her ei n.
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Accor di'l hg to one enbodi nent, the slot array antenna 10ng§rp§|uﬂ4 teplademeti Shest
pair oppositely disposed rret allic plates 12 and 16 which are separat ed from

one another via a layer of dielectric nmaterial 14. D|electr|%l ?{3‘5& 14 has
a preferred _ Data: ,
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di €l ecttic constant approximately 4.0, yet a dlelectng,g r 5%%? ,
may be suitable for nost applications. The upper netalllc éﬂisﬁe&t

generally includes a plurality of vertical and horlzontal ra | 4 :
el ements (slots) arranged in a two-di mensional arrayDawh |Ié— Ad 4ower

metallic plate 12 has a plurality of horizontal and vertlcal coupling slots
f or med
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thérei . According to this doubl e-layer antenna struct U8, is the replacanient sheet
plates allow a transverse-el ectromagneti ¢ (TEM node traveling wave to be
excited therebetween. As a consequence, radio frequency &RE cngLqL whi ch
has a linear polarization with horizontal and verti cal conpon s able
to penetrate the appropriate radiating el‘bn'ents and
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colplifig slots. Wth particular reference to FIG 2, Ehiads theorepldcemant sheet
metallic plate 16 is shown with vertical radiating el errents 34A and 34B and
“horizontal radiating el enents 36A and 36B forned therl§1 \’ I)tc} lgal and
hori zontal radiating ele- nments 34 and 36 are essenti very in slots
whi ch extend :
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t hrough upper net aI I | c 18 and are formed in Ei#}'tﬁ‘é réplacementafoepai r
f“E y

of, “verti cal ra’ﬂm 34A and 34B pref erabl as a vertical offset

bet ween t he tvvo nts .maki ng up each corresp q pair. The
of fset is equal approxi mat el y one-qbDatker ‘o ,Q“ %

ve- length
[err], where the wavel ength [err] is that lof the TEM

SLOT-COUPLED FED DUAL CIRCULAR POLARIZATION
TEM MODE SLOT ARRAY ANTENNA

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to a slot antenna and, more particularly, to a dual
circular polarization double-layer slot array antenna which is capable of providing a dual

circular polarized beam with optimum efficiency and bandwidth.

2. Discussian

Direct communication systems commonly employ antennas for transmitting and
réceivin-g energy between remote locations. Moderﬁly_,_ antennas are widely employed for
an increasing number of applications, many of which require a low profile, wide
bandwidth antenna that can operate with polarized radiating energy. For example,
advanced Direct Broadcast Systems (DBS) are currently being developed for future
generation cable television transmission. Currently, North America Direct Broadcast
Systems are being developed which transmit circular polarized (CP) energy. These
systems require low cost dual circular polarization eighteen inch aperture antennas at
remote television locations for receiving the circular polarized signals via satellite
transponders.

| . 1;1 gth:pz;s.t',‘ convemiona! reflector antennas were used which typically consisted
of a reflector ijcrét'i'.vely coupled to a feed horn (polarizer) via a strout and an
associated mounting structure. Such antennas include a Cassegrain antenna in which the

feedhorn is displaced from the reflector at a focal point on the front side thereof.



pr opagat i ng wi thi n metallic plates 12 and 16. Li kewThis is dbe Feplacament shoat
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However, such conventional reflector antennas generally occupyé relatively large volume
and are easily susceptible to damage from the environrﬁcnt.

More low profile antenna concepts have been developed which include planar slot
antennas. One type of slot antenna inciudes a double-layer structure whnich forms two
propagation layers. Double-layer slot antennas historically have included the excitation
of a transverse-electromagnetic (TEM) mode traQe]ling wave between a pair of paraliel
metallic plates. This type of slot antenna further involves radio frequency (RF) energy
leakage through radiating slots formed on the upper metallic plate so as to form a
boresight pencil beam. Such slot antennas have generally exhibited a rclative.ly simple
mechanical structure with potentially low fabrication costs. However, there are
fccognized limitations associated with the conventional slot antenna approaches. These
limitations include the fact that either single feed designs or overly complicated multiple
feed de-signs are generally employed to excite a pure TEM mode travelling wave between
the paralle] plates. While a number of feed design approaches have been proposed, the
prior concepts are generally limited to a single polarization (CP or linear) or involve high
complexity and exhibit low efficicﬁcy with a relatively narrow bandwidth.

Another type of slot antenna includes a radial line slot array antenna which has
either a single or double layer structure with a plurality of coupling slots formed along
a spiral pattérn. An example of one such radial line slot antenna is described in U.S.
Patent No. 5,175,561 issued to Goto. Such single-layer slot antennas have been employed
for Direct Broadcast Systems in Japan and are generally capable of operating with single
polarization .cnérgy only. That is, the radial line slot array may handle only either right
hand or left hand circular polarization. An additional feed on another layer could be

added to the single layer radial line siot array to provide dual circular polarization beams.



wavel ength [esr]-of the operating TEM energy. Simlarly, .adj A Erseetf
horizontal radiating elenments 36A and 36B are al so EWFégﬁdgﬁggénq‘gach
ot her the: di'styi i?ﬂasaﬂmuk 6@ wavel ength [err]. According to,the

arrangement of H""am nts shown on FIG 2, IjAgar Bp )aLFIzbed ener gy

is able to effi rough the radiating elenments 34 and 36. In
However, the two beams would be dependent upon each other and optimizan:on of one
would degrade the other. That means if one circular polarized beam is optimized, .then
the other circular polarized beam will likely exhibit rather poor performance. As a
consequence, the radial line slot array generally is not capable of effectively handling the
combination of both right ﬁ;nd and left hand circular polarization, while achieving
reasonably acceptable bandwidth and performanc.:c criteria.

It is therefore desirable to provide for a low profile plaﬁar dual circular
polarization slot array antenna which overcomes limitations associated with'the above-
mentioned prior art approaches. It is further desirable to provide for a double-layered
slot antenna which is capable of operating with both right hand and left hand circular
polarization and involves relatjvely low fabrication costs and less complexity, while
maintaining high efficiency and wide bandwidth capabilities. In addition, it is further
desirable to provide for such a slot antenna which exhibits two circular polarized beams

which are optimized independent of one another.

SUMMARY OF THE INVENTION

In accordanC?T with the teacl:hings of the present invention, a slot antenna is
provided which includes first and second qppositely disposed metallic plates with a
dielectric layer disposed therebetween. An array of horizontal and vertical radiating
elements are formed on the first metallic plate. An array of horizontal and vertical
coupling slots are formed on the second metallic plate. The antenna further includes a
pair of beam formers each.coupled to a radio-wave connector. The array of horizontal
coupling slots are operé_tivelyi coupled to a beam former and the array of vertical coupling
slots are operatively coupled to another beam former so that RF energy may pass

therebetween. According to this arrangement, the slot antenna may operate to transmit
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and receive linearly polarized energy. The antenna may further include a polarizer
disposed above the upper metallic plate for converting between linear and circular

polarization so as to allow for antenna operation with single or dual circular polarization

energy.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will become apparent to
those skilléd in the art upon reading the following detailed description and upon
reference to the drawings in which:

FIG. 1 is an exploded view of a circular polarization slot array antenna in
accordance with one embodiment of the present invention;

FIG. 2 is a top view of a portion of the upper metallic sheet having radiating
elements formed thereon in accordance with the present invention;

FIG. 3 is a view of the bottom metallic sheet with horizontal and vertical coupling
slots formed therein in accordance with the present invention;

FIG. 4 is a schematic representation of a stripline beam forming network
employed in accordance with present invention; and

FIG. 5 is a schematic representation of a Meanderline polarizer sheet employed

by the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Turning now to FIG. 1, a slot array antenna 10 is shawn therein in accordance
with the present invention for handling dual circular polarization energy. The slot.

antenna 10 described hereinafter preferably operates with transverse-electromagnetic
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(TEM) energy propagating within a pair of metallic plates and is capable of transmitting

and/or receiving both right hand and left hand circular polarized energy. Alternately, the
present antenna 10 may be adapted to operate with linear (i.e., horizontal and vertical)
polarization energy according to a second embodiment provided herein.

According to one embodiment, the slot array antenna 10 generally includes a pair
of oppositely disposed metallic piatcs 12 and 16 which are separated from one another
via a layer of dielectric méterial 14. Dielectric; layer 14 has a preferred dielectric constant
of approximately 4.0, yet a dielectric constant of 2.2 may be suitable for ﬁost
applications. .The ﬁpper metallic plate 16 generally includes a plurality of vertical and
horizontal radiating elements (slots) arranged in a two-dimensional array, while the lower
metallic plate 12 has a plurality of horizontal and vertical coupling slots formed therein.
According to this double-layer antenna structure, the metallic plates allow a transverse-
electromagnetic (TEM) mode traveling wave to be excited therebetweeﬁ. As a
conseq\icnce, radio frequency (RF) energy which has a linear polarization with horizontal
and vertical components is able to penetrate the appropriate radiating elements and
coupling slots.

With particular reference to FIG. 2, a portion of the upper metallic plate 16 is
shown with vertical radiating elements 34A and 34B and horizontal radiating elements
36A and 36B formed therein. The vertical and horizontal radiating elements 34 and 36
are essentially very thin slots which extend through upper metallic plate 16 and are
formed in paralle! pairs. Each pair of vertical radiating elements 34A and 34B preferably
has a vertical offset between the two radiating elements making up each corresponding
pair. The offset is equal in distance to approximately one-quarter of a wavelength (%1,),

where the wavelength A, is that of the TEM propagating within metallic plates 12 and



eI ements 34 and 36 are desi gned such that a uniform %,gwrgﬁlam@;ﬂh@‘

adi at ed or ThiscSheoy H laeé provi de fur nmaximun ant enna aperture
eff|C| ency. V ng el enents 34A and 34B which are | oser
prOX|mtyto ng vertical coupling slotPas | b ?T allic
plate 12 recei ve nDre energy and therefore ghave shorter |ength,

16. Likewise, each pair of horizontal radiating elements 36A and 36B preferably has a
horizontal offset equal to approximately one-quarter wavelength (%,) of the TEM
energy. |

Adjacent pairs of vertical raciiating elements 34A and 34B are displaced from each
other the distance of about one wavelength A, of the operating TEM energy. Similarly,
adjacent pairs of horizontal radiating elements 36A and 36B are also displaced from each
other the distance of about one wavelength 1, According to the arrangement of
radiating elements shown on FIG. 2, linear polarized energy is able to efficiently pass
through the radiating elements 34 ar;d 36. In doing so, the harizontal polarization
component thereof passes through metallic plate 16 via the vertical radiating elements
34A and 34B, while thé vertical polarization component of the linear polarized energy

_ p;asses therethrough via the horizontal radiating elements 36A and 36B.

Each pair of radiating elements 34 and 36 are preferably designed to have a
length that may vary in length from the other pairs. This is because the length of the
radiating elements 34 and 36 are designed such that a uniform amplitude of energy is

~radiated or received so as to providé for maximum antenna aperture efficiency. Vertical
radiating elements 34A and 34B which are in closer -proximity to the corresponding
vertical coupling slots on lower metallic plate 12 receive more energy and therefore have
a shorter length, while the more distant radiating elements have a longer length to |
compensate for the lower of amL;unt of energy associated therewith. Horizontal radiating
clemenis 36A and 36B likewise have the same dimensional variations. Accordingly, the
array of vertical radiating elements 34A and 34B can essentially be designed and

optimized independent of the horizontal radiating elements 36A and 36B.
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The bottom metallic plate 12 is shown in FIG. 3 and has a vertical N x 1 array
of rectangular coupling slots 40 and a horizontal N x 1 array of rectangular coupling slots
42 formed therein. The vertical and horizontal arrays of coupling slots 40 and 42 are
arranged orthogonal to one another. The vertical and horizontal coupling slots 40 and
42 operate to either excite the respec.tive horizontgl and vertical polarization en;rgy onto
stripline beam forming networks 28A and 28B, respcctively, or receive energy therefrom.
The stripline beam forming networks 28A and 28B are disposed below the lower metallic
plate 12 and separated therefrom via a dielectric layer 26A ér 26B. The beam forming
networks 28A and 28B each have a re.spectivc foam sheet 30A and 30B disposed on the
bottom side thereof. A conductive ground plane is disposed on the bottom side of the
foam sheets 30A and 30B to form stripline circuitry making up the beam forming
networks 28A and 28B.
A detailed illustration of one beam forming network 28A is provided in FIG. 4.
The beam forming network 28A is formed of stripline circuit trace 44 with finger traces
that extend across a portion of the vertical coupling slots 40. During signal reception,
energy radiates across vertical coupling slots 40 and excites a current 6nto the stripline
circuit trace 44. The current on circuit trace 44 is fed along beam forming network 28A
to an inputfoutput port 48A which in turn may be coupled to a transceiver 46 or other
electronic dcvicg. During transmission, currents are induced on stripline circuit trace 44
which in turn excite radiating energy on coupling slots 40. |
The beam forming network 28A is designed so as to provide fhe desired beam
pattern of the antenna 10. The design criteria may include the proper selection of
impedance throughout the stripline circuit trace 44 so as to control the amplitude of the

signal excited across the associated coupling slot 40. The other beam forming network
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radi plate 12
s shown in FIG THE avertrcal Nx 1 array of rectangular ling
slots 40 and a ho S%Qeg qﬂay of rectangul ar coughig F‘}iZ f ormed
therein. The vert ont,al arrays of cou- pling sI ot 40 and 42

are arranged ort h anot her .

28B is identical to the beam forming netwark 28A shown in FIG. 4 with the exception
that beam forming network 28B is orthogonal to beam forming network 28A and is
coupled to the horizontal coupling slots 42. For dual polarization operations, there are
two input/output ports which include a first port 48A dat-is conmected to the first-beam-
forming network 28A and a second port (not shown) that is connected to the second
beam forming network 28B.

In addition, the slot antenna 10 further includes a pair of Meanderline polarizer
sheets 20 and 24 disposed above the upper metallic plate 16 and separated therefrom via
a foam sheet 18. A foam sheet 22 -is further disposed between the lower and upper
polarizer sheets 20 and 24 for providing a separation distance therebetween. Each of the
Meanderline polarizer sheets 20 and 24 are conventional polarizers which employ a
square-wave printed-circuit pattern oriented at a forty-five degree angle to provide
reactive loading ro the orthogonal linear component of an electric field. Accordingly,
each of the polarizer sheets 20 and 24 causes a differential electrical phase shift between
two orthogonal fields. Thrzs, the two polarizer sheets 20 and 24 combined together
provide a ninety degree phase differential of the orthogonal incident waves so as to

* provide é conversion between linear and circular polarization energy. Therefore, circular
polarized energy is converted to a linear polarization as the energy passes through
polarizer sheets 20 and 24, while linear polarization energy likewise is converted to
circular po]arizatiorr.

In operation, the slot antenna 10 may be employed to transmit and/for receive dual
circular polarized energy according to one embodiment of the present invention. When
receiving, radiating.cnergy penetrates the upper and lower Meanderline polarizer sheets

24 and 20. Energy which has a circular polarization associated therewith is thereby
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di sposed beI ﬂ“ﬂ‘\ t aI lic plate 129and separated therefrom
converted to linear polarized energy which has either horizontal or vertical polarization
components. The converted linear polarized energy is directed onto the upper metallic
plate 16. The vertical radiating elements 34A and 34B in upper metallic plate 16 allow
the horizontal component of linear polarization to penetrate therethrough in the form
of a first set of linear polarized boresight beams. Likewi_se, the horizontal radiating
elements 36A and 36B in metallic plate 16 operate to alk')w the vertical component of
the linear polarization to penetrate therethrough in the form of a second set of linear
polarized boresight beams.

The two sets of boresight beams are independent of one another and essentially
propagate between the lower metallic plate 12 and the upper metallic plate 16. The RF
energy from the boresight beams is then fed to one of the two beam forming networks
28A or 28B via the vertical and horizontal coupling slots 40 and 42. For instance, the RF
energy across vertical coupling slot 40 will excite a current onto the stripline beam
forming network 28A which is coupled thereto. The received currents are then fed to
an input/output port 48A which in turn may be coupled to a transceiver 46A or other
electronic radio-wave device.

The slot antenna 10 may likewise operate to transmit radiating energy which has
a circular polarization associated therewith. In dding so, a current is supplied to
input/output port 48A which in turn is divided.into a number of currents on the stripline
beam forming network 28A such that currents flow along the stripline circuit trace 44A.
The current flow in turn excites a radiating signal on each associated vertical coupling slot
40 that is coupled thereto. The excited energy propagates between the upper and Jower
metallic plates 16 and 12 and penetrates the vertical radiating elements 34A and 34B.

Another current is supplied to the other input/output port (not shown) which likewise is



§ia a dielectric layer 26A or 26B. The beam for ni ng Tifs wotresrepiptement shpet
each have a respective foam sheet 30A and 30B di sposed on the bottom side

thereof. A conductive ground plane is di sposed on the bott ﬁJ of t he
f oam sheets 30A and 30B to formstripline CII’CUItI’y Pﬂa he beam
form ng networks 28A and 28B. 10

distributed along beam forming network 28B and excites vertical polarization energy on
the horizontal coupling slots 42 and which then penetrates horizontal radiating elements
36A and 36B. The vertical and horizontal polarization energy thereafter passes through
the pair of Meanderline polarizer sheets 20 and 24 so as to convert the linear
polarization to a circular polarization. The circular polarization energy thereafter
radiates from the slot antenna 10 within the selected field of view.

The slot array antenna 10 is particularly desirable for use with the Direct
Brdadcast Systems (DBS) which are currently being developed to receive cable television
broadcasts. According to this approach, the slot antenna 10 as described herein is a
compact low profile device which may have physical dimensions of eighteen inches by
eighteen inches with a depth of one and one-half inches. The slot antenna 10 therefore
may easily be used by users as a cable television reception device which may easily be .
installed within the local vicinity of a television.

While the present invention has been described in connection with energy having
a circular polarization, aﬁd with pariicular reference to use with Direct Broadcast
Systems, the present invention may be employed in connection with a vast variety of
other applications including military and space communication antenna systems. This
includes operating with linear polarized signals according to a second embodiment of the
present invention. In order to do so, the Meanderline polarizer sheets 20 and 24 may
be removed so as to allow for the direct transmission and reception of linear polarized
energy. According to this alternate embodiment, the vertical and horizontal componerts
of the linear polarization energy received from an externél source are directly applied to

the upper metallic plate 16 during reception, while such linear components are

transmitted from antenna 10 during transmission.
This Sheet Has Been
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A detailed illustration of one beamform ng network_28A is provided.in FIG
4. The beam forming network 28A is fornmed of stripl I8 l%ith%wa?m &Q‘k

with finger traces that extend across a portion of the vertiFaI coupl i ng

slots 40. During signal reception, energy radiates pggRss Mefrij¢d coupling
slots 40 and excites a current onto the stmnipline

In view of the foregoing, it can be appreciated that the .prescm invention énables
the user to achieve a slot antenna which provides dual circular polarization capability.
Thus, while this invention has been disclosed herein in connection with a particular
example thereof, no limitation is intended thereby except as defined in the following
claims. This is because a skilled practitioner recognizes that other modifications can be

made without departing from the spirit of this invention after studying the specification

- and drawings.

_
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circuit trace 44. The current on circuit trace 44 |s,. ed al ong beam f or m ng
_netvvork 28A to an input/output port 48A which in turrp‘ﬁrﬁy eﬂiﬂgpmﬁﬂtbea
transcei'ver 46 or other electronic device. During transm ssion, currents

ggrig;dgﬁ ﬂnmlmmllmmrmml rcuit trace 44 1\/\2/h| ch in Dag EXQI,t)E,QBdI ating

WHAT IS CLAIMED 1S:

1 A slot antenna comprising:

first and second oppositely disposed metallic plates spaced separate from
one another;

beam forming means for providing a predetermined field of view;

radio-wave connecting means coupled to said beam forming means;

an array of radiating elements formed in said first metallic plate; and

an array of _coupling slots formed in said second metallic plate and

operatively coupled to said beam forming means.

2. The antenna as defined in Claim 1 further comprising polarization
conversion means disposed above said metallic plates for converting energy between a

linear polarization and a circular polarization.

3. The antenna as defined in Claim 2 wherein said polarization means

comprises a pair of oppositely disposed Meanderline polarizer sheets disposed above said

metallic plates.

4. The antenna as defined in Claim 1 wherein said array of coupling slots
comprises:
a first array of horizontal coupling slots; and

a second array of vertical coupling.slots.

Sheet Has Been RTlaced
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5. The antenna as defined in Claim 4 wherein said beam. forming means

comprises:
a first beam forming network operatively coupled to said first array of
horizontal coupling slots; and
a second beam forming network operatively lcoupled to said second array

of vertical coupling slots.

6. The antenna as defined in Claim 5 wherein each of said first and second

beam forming networks include stripline circuitry.

7. The antenna as defined in Claim 4 wherein said first and second array of
coupling slots each comprise a one dimensional array of rectangular slots which are

separated from said beam forming means via a dielectric layer.

8. The antenna as defined in Claim 1 further comprising a first dielectric layer

disposed between said first and second metallic plates.

9. The antenna as defined in Claim 1 wherein said radiating elements are

formed in horizontal and vertical arrays.

10.  The antenna as defined in Claim 9 wherein said radiating elements are

further formed in pairs and have lengths which are selected to provide substantially

optimum energy transmission therethrough,
. This Sheet Has Been Reilac
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11. A dual circular polarization slot antenna comprising:

first and second oppositely disposed metallic plates spaced separate from
one another via a dielectric medium and which allow transverse-electromagnetic energy
to propagate therebetween;

an array of horizontal and vertical radiating elements formed in said first
metallic plate;

beam forming means for providing a predetermined field of view;

radio-wave connecting means coupled to said beam forming means and
having a first port for channeling vertical polarization energy and a second port for
channeling horizontal polarization energy;

a first array of horizontal coupling slots formed in said second metallic
plate and operatively coupled to said beam forming means and which cooperate with said
horizontal radiating elements so that vertical polarized energy may pass through said
horizontal radiating elements and coupling slots;

a second array of vertical coupling slots formed in said second metallic
plate and operatively coupled to said beam forming means and which cooperate with said
vertical radiating elements so that horizontal polarized energy may pass through said
vertical radiating elements and coupling slots; and

polarization conversion means disposed above said metallic plates for

converting radiating energy between a linear and circular polarization.

12.  The antenna as defined in Claim 11 wherein said polarization means

comprises a pair of oppositely disposed Meanderline polarizer sheets disposed above said
—_—
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orthogonal to beam forming network 28A and is coupl ed This ismthentapiacement sheet
coupling slots 42. For dual polarization opera- tions, there are two

ti7et’ beam for m nal IMIAIRTHBMENAE Socona port (not RABing ich 765 ° "

connected to the sec¢onél beam f &r m*ng net wor l§528B

13.  The antenna as defined in Claim 11 wherein said beam forming means
comprises:
a first beam forming network coupled to said first array of horizontal

coupling slots; and

a second beam forming network coupled to said second array of vertical

coupling slots.

14, The antenna as defined in Claim 13 wherein said first and second beam

forming networks include stripline circuitry.

15.  The antenna as defined in Claim 11 wherein said first and second array of

coupling slots each comprise a one dimensional array of rectangular slots which feed said

beam forming means.

16.  The antenna as defined in Claim 11 wherein said radiating elements are
formed in pairs and have lengths which are selected so as to provide substantially

optimum energy transmission therethrough.
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Fn addition, the slot antenna 10 further includes a pafieds the serlacement shoet
pol ari zer sheets 20 and 24 di sposed above the upper netallic |l ate 16 and

separated theref t: 18. A foam sheet 22p Ehe} | sposed
bet ween t he Iovve”mmmll ﬂlmﬂ i zer sheets 20 and 24 0r pr Vi glql%g a
separation di stanfe fherebdetweefi. Each of the nmeanderline

16
17. A methcd for receiving circular polarized energy comprising:

receiving circular polarized radiating energy;

transmitting said circular polarized radiating energy through a pair of Meanderline
polarizer sheets so as to convert said circular polarization to a linear polarization;

passing said linear polarization radiating .energy through a first metallic plate
having vertical and horizontal radiating elements formed therein so as to a'llow the
horizontal and vertical components of linear polarization to pass therethrough;

radiating said vertical and hori_zontal- components polarization between said first
metallic plate and a second rﬂeta]lic plate which has vertical and horizontal coupling slots
formed thereon;

exciting currents on a first beam forming network from said horizontal coupling |
slots;

excit.ing currents onto a second beam forming network from said vertical coupling
slots; and

summing each of the associated currents on each of the beam forming networks

to provide a horizontal polarization reception signal and a vertical polarization reception

signal.
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pol ari zer sheets 20 and 24 are conventional polari Zhis ig\mi,é:bqgmmmasheet
“square-wave printed-circuit pattern oriented at a forty-five degree angle

to provide reactive |oading to the orthogonal |inear conponent; of an
electric field. Accord- ingly, each of the polari zeﬁ#ﬁteet@?ﬁ’ d 24
-causes a differential electrical phase,shift between two orthogonal

SLOT-COUPLED FED DUAL CIRCULAR POLARIZATION
TEM MODE SLOT ARRAY ANTENNA

ABSTRACT

A slot antenna is provided which includes first and second oppositely disposed
metallic plates with a dielectric layer disposed therebetween. An array of horizontal and
vertical radiating elements aze formed on the first metallic plate. An array of horizontal
coﬁpling slots and an array of vertical coupling slots are formed in the second metallic
plate. The antenna further includes first and second beam formers for providing a
necessary field of view beam -covera'ge. The array of horizontal coupling slots are
operatively coupled to the first beam former and the array of verti'cal coupling slots are
operatively coupled to the second beam former. Accordingly, the slot antenna may
operate to transmit and receive linearly polarized energy. The antenna may further
include a polarizer disposed above the upper metallic plate for converting between linear

and circular polarization st as to allow for antenna operation with single or dual circular

polarization energy.
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while linear polarization energy |ikewise is convertedWbiscthpsgplacement sheet
pol dri zation. In operation, the slot antenna 10 may be enployed to transmt

and/or receive dual circular polarized energy accordi g0 I&h )’é)b)odi ment
of the present invention. \Wien receiving, radiating energy penetrates the
upper and 9 :
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- 8 - linear polarized energy is directed onto the uppus imtheatepiacement sheet
The vertical radiating elenents 34A and 34B in ti pper netallic plate 16

al l ow the horizontal conponent of |inear polarizati OMhiig: pﬁq?hr}&be

t heret hrough in the form of
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a first set of linear polarized boresight beans.
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radlatlng el ements 36A and 36B in netallic plate 16 operate to allo the

vertical conponent of the l|linear polarization to penet raﬁ%heq_g he
the formof a second set of |inear polarized boresight b sets

of boresight beans are independent_of one
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SLOT-COUPLED FED DUAL CIRCULAR
POLARIZATION TEM MODE SLOT ARRAY
ANTENNA

BACKGROUND OF THE INVENTION

1. Technical Field
- This invention relates gcncrally to a slot antenna and,
more particularly, to a dual circular polarization double-
layer slot array antenna which is capable of providing a dual
circular polarized beam with optimum efficiency and band-
width.
2. Discussion

Direct communication systems commonly employ anten-
nas for transmitting and receiving energy between remote
locations. Modernly, antennas are widely employed for an

* increasing number of applications, many of which require a:
low profile, wide bandwidth antenna that can operate with-
_polarized radiating energy. For example, advanced Direct
Broadcast Systems (DBS) are currently being developed for-

future generation cable television transmission. Currently,

North America Direct Broadcast Systems are being devel-
oped which transmit circular polarized (CP) energy. These’

systems require low cost dual circular polarization eighteen

inch aperture antennas at remote television locations for:

receiving the circular polarized signals via satellite transpon-
ders.

In the past, conventional reflector antennas were used
which typically consisted of a reflector operatively coupled
to a feed horn (polarizer) via a strout and an associated

mount.mg structure. Such antennas include a Cassegrain
antenna in which the feedhorn is displaced from the reflector;

at a facal point on the front side thereof. However, such.
conventional reflector antennas generally occupy a rela-
tively large volume and are easily susceptible to damagc
from the environment.



anot her and essentially propagate between the |ower meThis-is lthe repiademdm shodt
the upper netallic plate 16. The RF energy fromthe boresight beans is then
fed to one of the two beam form ng networks 28A or 28RB,via tgﬁ e %'cal and
hori zontal coupling slots 40 and 42. For instance, the *en rg}y L 0SS

vertical coupling-slet—40—w1+t—excite a current onto the
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More low profile antenna concepts have been developed
which include planar slot antennas. One type of slot antenna
includes a double-layer structure which forms two propa-
gation layers. Double-layer slot antennas historically have
included the excitation of a transverse-electromagnetic
(TEM) mode travelling wave between a pair of parallel
metallic plates. This type of slot antenna further involves
radio frequency (RF) energy leakage through radiating slots
formed on the upper metallic plate so as to form a boresight
pencil beam. Such slot antennas have generally exhibited a
relatively simple mechanical structure with potentially low
fabrication costs. However, there are recognized limitations
associated with the conventional siot antenna approaches.
These limitations include the fact that either single feed
designs or overly complicated multiple feed designs are
gencrally employed to excite a pure TEM mode travelling
wave between the parallel plates. While a number of feed
design approaches have been proposed, the prior concepis
are generally limited to a single polarization (CP or linear)
or involve high complexity and exhibit low efficiency with
a relatively narrow bandwidth.

Angther type of slot antenna includes a radial line slot
array antenna which has either a single or double layer
structure with a plurality of coupling slots formed along
spiral patten. An example of one such radial line slot
antenna is described in U.S. Pat. No. 5,175,561 issued to
Goto. Such single-layer slot antennas have becn employed
for Direct Broadcast Systems in Japan and are gencrally -
capable of operating with single polarization energy only. -
That is, the radial line siot array may handlie only either right
hand or left hand circular polarization. An additional feed on
another layer could be added to the single layer radial line
slot array to provide dual circular polarization beams. How-
ever, the two beams would be dependent upon each other
and optimization of one would degrade the other. That
means if one circular polarized beam is optimized, then the
other circular polarized beam will likely exhibit rather poor
performance. As a consequence, the radial line slot array
generally is not capable of effectively handling the combi-
nation of both right hand and left hand circular polarization,



stripline beamforning network 28A which i s coupl ed e isethe. replacemantisheet
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while achieving reasonably acceptable bandwidth and per-
formance criteria.

It is therefore desirable to provide for a low profile planar
dual circular polarization slot array antenna which over-
comes limitations associated with the abovementioned prior
art approaches. It is further desirable to provide for a
double-layered slot antenna which is capable of operating
with both right hand and left hand circular polarization and
involves relatively low fabrication costs and less complex-
ity, while maintaining high efficiency and wide bandwidth
capabilities. In addition, it is further desirable to provide for
such a slot antenna which exhibits two circular polarized
beams which are optimized independent of one another.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a slot antenna is provided which includes first and second
oppositely disposed metallic plates with a dielectric layer
disposed therebetween. An array of horizontal and vertical
radiating elements are formed on the first metallic plate. An
array of horizontal and vertical coupling slots are formed on
the second metallic plate. The antenna further includes a pair
of beam formers each coupled to a radio-wave connector.
The array of horizontal coupling slots are operatively
coupled to a beam former and the array of vertical coupling
slots are operatively coupled to another beam former so that
RF energy may pass therebetween. According to this
arrangement, the slot antenna may operate to transmit and
receive linearly polarized energy. The antenna may further
include a polarizer disposed above the tipper metallic plate
for converting between linear and circular polarization so as
to allow for antenna operation with single or dual circular
polarization energy.



therewith. In doing so, a current is supplied to inpufmdfﬁlmf@ademm sheet
which in turnis divided into a nunber of currents on the stripline beam
form ng network 28A such that cur- rents flow along t Stri I'Q g rcuit
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will
become apparent to those skilled in the art upon reading the
following detailed description and upon reference to the
drawings in which: '

FIG. 1 is an exploded view of a circular polarization slot
array antenna in accordance with one embodiment of the .
present invention;

FIG. 2 is a top view of a portion of the upper metallic
sheet having radiating elements formed thereon in accor-
dance with the present invention;

FIG. 3 is a view of the botiom metallic sheet with
horizontal and vertical coupling slots formed therein in

“accordance with the present invention;

FIG. 4 is a schematic representation of a stripline beam

. forming network employed in accordance with present
invention; and

FIG. § is a schematic representation of a Meanderline
polarizer sheet employed by the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to FIG. 1, a slot array antenna 10 is shown
therein in accordance with the present invention for handling
dual circular polarization energy. The slot antenna 10
described hereinafter preferably operates with transverse-

- electromagnetic (TEM) energy propagating within a pair of
metallic plates and is capable of transmitting and/or receiv-
ing both right hand and left hand circular polarized energy.
Alternately, the present antenna 10 may be adapted to
operate with linear (i.e., horizontal and vertical) polarization .
energy according to a second embodiment provided herein.
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According to one embodiment, the slot array antenna 10
generally includes a pair oppositely disposed metallic plates
12 and 16 which are separated from one another via a layer:
of dielectric material 14. Dielectric layer 14 has a preferred.
dielectric constant approximately 4.0, yet a dielectric con-
stant of 2.2 may be suitable for most applications. The upper:
metallic plate 16 generally includes a plurality of vertical
and horizontal radiating elements (slots) arranged in a
two-dimensional array, while the lower metallic plate 12 has
a plurality of horizontal and vertical coupling slots formed
therein. According to this double-layer antenna structure, the
metallic plates allow a transverse-electromagnetic (TEM)
mode traveling wave to be excited therebetween. As a
consequence, radio frequency (RF) emergy which has a
linear polarization with horizontal and vertical components
is able to penetrate the appropriate radiating elements and
coupling slots. :

With particular reference to FIG. 2, a portion of the upper
metallic plate 16 is shown with vertical radiating elements
34A and 34B and horizontal radiating elements 36 A and 36B
formed therein. The vertical and horizontal radiating ele-
ments 34 and 36 are essentially very thin slots which extend
through upper metallic plate 16 and are formed in parallel
pairs. Each pair of vertical radiating elements 34A and 34B
preferably has a vertical offset between the two radiating
elements making up each corresponding pair. The offset is
equal in distance to approximately one-quarter of a wave-
length (%A4,), where the wavelength A, is that of the TEM

" propagating within metallic plates 12 and 16. Likewise, each
pair of horizontal radiating elements 36A and 36B prefer-
ably has a horizontal offset equal to approximately one-

. quarter wavelength (}41.,) of the TEM energy.

Adjacent pairs of vertical radiating elements 34A and 34B
are displaced from each other the distance of about one
wavelength A, of the operating TEM energy. Similardy,
adjacent pairs of horizontal radiating elements 36A and 36B
are also displaced from each other the distance of about one
wavelength A,. According to the arrangement of radiating
elements shown on FIG. 2, linear polarized cnergy is able to
efficiently pass through the radiating elements 34 and 36. In
doing so, the horizontal polarization component thereof
passes through metallic platc 16 via the vertical radiating
elements 34A and 34B, while the vertical polarization com-
ponent of the linear polarized energy passes therethrough via
the horizontal radiating elements 36A and 36B.
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Each pair of radiating elements 34 and 36 arc prefcrably
designed o have a length that may vary ir length from the
other pairs. This is because the length of the radiating
elements 34 and 36 are designed such that a uniform
amplitude of coergy is radiated or received so as o provide
for maximum anteana aperture cfficiency. Vertical radiating
elements 34A and 34B which are in closer proximity to the

" corresponding vertical coupling slots on lower metallic plate
12 receive morc energy and therefore have shorter length,
while the more distant radiating elements have a longcr
length to:compensate for the lower of amount of energy
associated therewith. Horizontal radiating elements 36A and
36B likewisc have the same dimensional variations. Accord-
ingly, the array of vertical radiating elements 34A and 34B
can essentially be designed and optimized independent of
the horizontal radiating elements 36A and 36B.

The bottom metallic plate 12 is shown in FIG. 3 and has
a vertical Nx1 array of rectangular coupling slots 40 and a
horizontzal NX1 array of rectangular coupling slots 42
formed therein. The vertical and horizontal arrays of cou--
pling slots 40 and 42 are arranged orthogonal to one another.
The vertical and horizontal coupling slots 40 and 42 operate
to either excite the respective horizontal and vertical polar-
ization energy onto stripline beam forming networks 28A
- and 28B, respectively, or receive energy therefrom. The
stripline beam forming networks 28A and 28B are disposed
below the lower metallic plate 12 and scparated therefrom
via a dielectric layer 26A or 26B. The beam forming
networks 28A and 28B each have a respective foam sheet
30A and 30B_disposed on the bottom side thereof. A
conductive ground plane is disposed. on the bottom side of
the foam shéets 30A and 30B to form stripline circuitry
making up the beam forming networks 28A and 28B.

A detailed illustration of one beam forming network 28A
is provided in FIG. 4. The beam forming nctwork 28A is
formed of strpline circuit trace 44 with finger traces that
extend across a portion of the vertical coupling slots 40.
During signal reception, energy radiates across vertical
coupling slots 40 and excites a current onto the stripline
circuit trace 44. The current on circuit trace 44 is fed along
beam forming network 28A to an input/output port 48A
which in tum may be coupled to a transceiver 46 or other
electronic device. During transmission, currents are induced
on strpline circuit trace 44 which in turn excite radiating
energy on coupling slots 40.

-6-
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The beam forming network 28A is designed so as to
provide the desired beam pattern of the antenna 10. The
design criteria may include the proper selection of imped-
ance throughout the stripline circuit trace 44 so as to control
the amplitude of the signal excited across the “associated
coupling slot 40. The other beam forming network 28B is
identical to the beam forming network 28A shown in FIG.
4 with the exception that beam forming network 28B is
orthogonal to beam forming network 28A and is coupled to
the horizontal coupling slots 42. For dual polarization opera-
tions, there are two input/output ports which include a first
port 48A that is connected to the first beam forming network
28A and a second port (not shown) that is connected to the
second beam forming network 28B.

In addition, the slot antenna 10 further includes a pair of

meanderline polarizer sheets 20 and 24 disposed above the

upper metallic plate 16 and separated therefrom via foam

sheet 18. A foam sheet 22 is further disposed between the

lower and upper polarizer sheets 20 and 24 for providing a
separation distance therebetween. Each of the meanderline
polarizer sheets 20 and 24 are conventional polarizers which
employ a square-wave printed-circuit pattern oriented at a
forty-five degree angle to provide reactive loading to the

‘orthogonal linear component of an electric field. Accord-
‘ingly, each of the polarizer sheets 20 and 24 causes a

differential electrical phasc shift between two orthogonal
fields. Thus, the two polarizer sheets 20 and 24 combined
together provide a ninety degree phase differential of the
orthogonal incident waves so as to provide a conversion
between linear and circular polarization energy. Therefore,
circular polarized cnergy is converted to a lincar polarization

as the energy passes through polarizer sheets 20 and 24,

while linear polarization energy likewise is converted to
circular polarization.

In operation, the slot antenna 10 may be employed to

transmit and/or receive dual circular polarized energy
according to one embodiment of the present inventiom..
‘When receiving, radiating energy penetrates the upper and
‘lower meanderline polarizer sheets 24 and 20. Energy which

bas a circular polarization associated therewith is thereby

-converted to linear polarized energy which has either hori-

zontal or vertical polarization components. The converted

sheet
use
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linear polarized energy is directed onto the upper metallic
plate 16. The vertical radiating elements 34A and 34B in
tipper metallic plate 16 allow the horizontal component of
linear polarization to penetrate therethrough in the form of
a first set of linear polarized boresight beams. Likewise, the
borizontal radiating elements 36A and 36B in metallic plate
16 operate to allow the vertical component of the linear
polarization to penetrate therethrough in the form of a
second set of linear polarized boresight beams.

The two sets of boresight beams are independent of one .
another and essentially propagate between the lower metal-
lic plate 12 and the upper metallic plate 16. The RF energy
from the boresight beams is then fed to one of the two beam
forming networks 28A or 28B via the vertical and horizontal
coupling slots 40 and 42. For instance, the RF energy across
vertical coupling slot 40 will excite a current onto the
stuipline beam forming network 28A which is coupled
thereto. The received currents are then fed to an input/output
port 48A which in turn may be coupled to a transceiver 46A
or other electronic radio-wave device.

The slot antenna 10 may likewise operate to transmit
radiating energy which has a circular polarization associated :
therewith. In doing so, a current is supplied to input/output
port 48A which in tum is divided into a number of currents
on the stripline beam forming network 28A such that cur-
rents flow along the stripline circuit trace 44A. The current
flow in tum excites a radiating signal on each associated -
vertical coupling slot 40 that is coupled thereto. The excited
energy propagaies between the upper and lower metaliic
plates 16 and 12 and penetrates the vertical radiating ele-
ments 34A and 34B. Another current is supplied to the other
input/output port (not shown) which likewise is distributed
along beam forming network 28B and excites vertical polar-
ization energy on the horizontal coupling slots 42 and which
then penetrates horizontal radiating elements 36A and 36B.
The vertical and horizontal polarization energy thereafter
passes through the pair of meanderline polarizer sheets 20
and 24 so as to convert the linear polarization to a circular
polarization. The circular polarization energy thereafter
radiates from the slot antenna 10 within the selected field of
view.
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The slot array antenna 10 is particularly desirable for use

with the Direct Broadcast Systems (DBS) which are cur-;
rently being developed to receive cable television broad--
casts. According to this approach, the slot antenna 10 as
described herein is a compact low profile device which may
have physical dimensions of eighteen inches by eighteen
inches with a depth or one and one-half inches. The slot
antenna 10 therefore may easily be used by users as a cable
television reception device which may easily be installed
within the local vicinity of a tclevision.

While the present invention has been described in con-
nection with energy having a circular polarization, and with
particular reference to use with Direct Broadcast Systems,
the present invention may be employed in connection with

a vast variety of other applications including military and
space communication antenna systems. This includes oper-
ating with linear polarized signals according to a second
embodiment of the present invention. In order to do so, the
meanderline polarizer sheets 20 and 24 may be removed so
as to allow for the direct transmission and reception of linear
polarized energy. According to this alternate embodiment,
the vertical and horizontal components of the linear polar-
ization energy received from an external source are directly
applied to the upper metallic plate 16 during reception, while
such linear components are transmitted from antenna 10
during transmission.

In view of the foregoing, it can be appreciated that the
present invention enables the user to achieve a slot antenna
which provides dual circular polarization capability. Thus,
while this invention has been disclosed herein in connection
with a particular example thereof, no limitation is intended
thereby except as defined in the following claims. This is
because a skilled practitioner recognizes that other modifi-
cations can be made without departing from the spirit of this
invention after studying the specification and drawings.
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CLAIMS

]

What is claimed is:

1. A slot antenna comprising:

first and second oppositely disposed metallic plates
spaced separate from one another via a dielectric
medinm, said first and second plates being adapted to
allow transverse-clectromagnetic energy to propagate
therebetween;

beam forming means for providing a predetermined field
of view; )

radio-wave connecting means coupled to said beam form-
ing means;

an array of horizontal and vertical radiating elements
formed in said first metallic plate; and

a first array of horizontal coupling slots and a second artray
of vertical coupling slots formed in said second metal-
lic plate and operatively coupled to said beam forming
means, wherein the coupling slots are electrically
coupled to the radiating elements via transverse-elec-
tromagnetic energy.

2. The antenna as defined in claim 1 further comprising
polarization conversion means disposed above said metallic
plates for converting energy between a linear polarization
and a circular polarization.

3. The antenna as defined in claim 2 wherein said polar-
ization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

4. The antenna as defined in claim 1 wherein said beam
forming means comprises:

a first beam forming network operatively coupled to said

first array of horizontal coupling slots; and

a second beam forming network operatively coupled to
said second array of vertical coupling slots.

Sheet Has Been Replaced
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5. The antenna as defined in claim 4 wherein each of said
first and second beam forming networks include stripline
circuitry.

6. The antenna as defined in claim 1 wherein said first and
second arrays of coupling slots each comprising a one
dimensional array of rectangular slots which are separated
from said beam forming means via the dielectric medium.

7. The antenna as defined in claim 6 wherein said hori-
zontal radiating elements are arranged to communicate with

-the first array of coupling slots and said vertical radiating

elements are arranged to communicate with the second array
of coupling slots.

8. The antenna as defined in claim 7 wherein each of said

- radiating elements has a length selected as a function of the

distance between each of said elements and the array of
rectangular slots communicating therewith so that radiating
elements located farther from the slots have a larger length
than radiating elements located closer to the siot.

hor1 zon

% 3‘7‘” nal

enna 10

9. The antenna as defined in claim 6 wherein each of said -

first and second array of coupling slots are substantially
centered in the second metallic plate

10. The antenna as defined in claim 1 whcrcm said
radiating elements are further formed in substantially par-
allel pairs of elements, each of said pairs of elements having
one eclement offset in length relative to the other element.

11. The antenna as defined in claim 10 wherein said pairs
of radiating elements are offset in length and separated by a
length of about one quarter wavelength of the transverse-
electromagnetic energy.

12. A dual circular polarization slot antenna comprising:

first and second oppositely disposed metallic plates
spaced separate from one another via a dielectric
medium and which allow transverse-electromagnetic
energy to propagate therebetween;

an array of horizontal and vertical radiating elements
formed in said first metallic plate;

beam forming means for providing a predetermined field
of view;
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radio-wave connecting means coupled to said beam form- -
ing means and having a first port for channeling vertical
polarization energy and a second port for

channeling horizontal polarization energy;

a first array of horizontal coupling slots formed in said
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
horizontal radiating elements so that vertical polarized
energy may pass through said horizontal radiating
elements and coupling slots; |

a second array of vertical coupling slots formed in said -
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
vertical radiating elements so that horizontal polarized
energy may pass through said vertical radiating ele-
ments and coupling slots; and ,

polarization conversion means disposed above said metal-
lic plates for converting radiating energy between a
linear and circular polarization.

13. The antenna as defined in claim 12 wherein said
polarization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

14. The antenna as defined in claim 12 wherein said beam
forming means comprises:

. a first beam forming network coupled to said first array of
~ horizontal coupling slots; and

a second beam forming network coupled to said second
array of vertical coupling slots.

15. The antenna as defined in claim 14 wherein said first
and second beam forming networks include stripline cir-
cuitry. :

16. The antenna as defined in claim 12 wherein said first
and second amay of coupling slots each comprise a one
dimensional array of rectangular slots which feed said beam
forming means. '
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17. The antenna as defined in claim 12 wherein said
radiating elements are formed in substantially parallel pairs
of elements, each of said pairs of elements having one
element offset in length relative to the other element.

18. A method for receiving circular polarized energy
comprising:

receiving circular polarized radiating energy;

transmitting said circular polarized radiating energy

through a pair of meanderline polarizer sheets so as to
convert said circular polarization to a linear polariza-
tion;

passing said linear polarization radiating energy through

a first metallic plate having vertical and horizontal
radiating elements formed therein so as to allow the
horizontal and vertical components of linear polariza—
tion to pass therethrough;

radiating transverse-clectromagnetic energy of said ver-
tical and horizontal components of linear polarization
between said first metallic plate and a second metallic
plate which has vertical and horizontal coupling slots
formed thereon;

exciting currents on a first beam forming network from
said horizontal coupling slots;

exciting currents onto a second beam forming network
from said vertical coupling slots; and

summing each of the associated currents on each of the
beam forming networks to provide a horizontal polar-

‘ization reception signal and a vertical polarization
reception signal.
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CLAIMS What is claimed is: 1. A slot antenna conprisiMyis the teplacement shaet

opposi tely disposed netallic plates spaced separate fromone angther via a
dielectric : Date: 24 97 9F
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SLOT-COUPLED FED DUAL CIRCULAR
POLARIZATION TEM MODE SLOT ARRAY
ANTENNA

ABSTRACT

A slot antenna is provided which includes first and second oppositely
disposed metallic plates with a dielectric layer disposed therebetween.
An array of horizontal and vertical radiating elements are formed on the
first metallic plate. An array of horizontal coupling slots an array of
vertical coupling slots are formed in the second metallic plate. The
antenna further includes first and second beam formers for providing a
necessary field of view beam coverage. The array of horizontal coupling
slots are operatively coupled to the first beam former and the array
vertical coupling slots are operatively coupled to the second beam
former. Accordingly, the slot antenna may operate to transmit and
receive linearly polarized energy. The antenna may further include a
polarizer disposed above the upper metallic plate for converting
between linear and circular polarization so as to allow for antenna
operation with single or dual circular polarization energy.
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medium said first and second plates being adapted to éﬂh‘%\'ﬁ tha replacement sheet
transverse- el ectromagnetic energy to propagate therebetween; fo%m ng
means for providing a predetermned field of view, radlwv@l{: r’ i ng
means coupled to said beamform
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I ng r%eans; an array of horizontal and vertical radiating eITé%Baistmefr%@g 'eﬂt she
said first netallic plate; and a first array of horizontal coupling slots €

and a second array of vertical coupling slots formed in sabd secqu g’?tq{?
lic plate and operatively coupled to said beam form ng
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means,  wherein the coupling slots are electrically coupl Baisti® the,ieniagamgnt gheet
el ements via transverse-el ec- tromagnetic energy. 2. The antenna a’s Tefi ned

inclaiml further conprising polarization conversion nmeggg.di spasiedl| gopve
said netallic plates for converting energy between a |inear polariization
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and ascircular polarization. 3. The antenna as defThisds the cdp@aoﬁnibMth
sai.d polar- ization means conprises a pair of oppositely di sposed

nmeander | ine polarizer sheets di sposed above said talli r 4. The
anténna as defined:in claimai wherein said beam nsa 5"% %

// -10-

O A cLass

What is claimed is:

1. A slot antenna comprising:

first and second oppositely disposed metallic plates
spaced separate from ome another via a dielectric
medium, said first and second plates being adapted to
allow transverse-clectromagnetic energy to propagate
therebetween

beam forming means for providing a predetermined field
of view;

radio-wave connecting means coupled to said beam form-
ing means;

an array of horizontal and vertical radiating elements
formed in said first metallic plate; and

afirst array of horizontal coupling slots and a second array
of vertical coupling slots formed in said second metal-
lic plate and operatively coupled to said beam forming
means, wherein the coupling slots are electrically
coupled to the radiating elemems via transverse-elec-
tromagnetic energy.

2. The antenna as defined in claim 1 further comprising
polarization conversion means disposed above said metallic
plates for converting energy between a linear polarization
and a circular polarization. |

3. The antenna as defined in claim 2 wherein said polar-
ization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

4. The antenna as defined in claim 1 wherein said beam
forming means comprises:

a first beam forming network operatively coupled to said
first array of horizontal coupling slots; and

a second beam forming network operatively coupled to
said second array of vertical coupling slots.

This Sheet Has Been Replaced
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form g means conprises: a first beam forning networ H*ﬂp@r@ﬁ"\?@aﬁe@&ﬂbf"ﬁa
torsaid first array of horizontal coupling slots; and a second, beam form ng
networ k operati vel y coupled to said second array of ﬂt&l ca;L })Qpﬁl ng
slots. *°

/w is Sheet Has Been Replaced
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5. The antenna as deﬁned in claxm 4 wherein each of said
first and second beam forrmng networks include stripline
circuitry.

6. The antcana as defined in claim 1 wherein said first and -
second arrays of coupling slots each comprising a one
dimensional array of rectangular slots which are separated
from said beam forming means via the dielectric medium.

7. The antenna as defined in claim 6 wherein said hori-
zontal radiating elements are arranged to communicate with
.the first array of coupling slots and said vertical radiating
elements are arranged to communicate with the second array
of coupling slots.

8. The antenna as defined in claim 7 wherein each of said
radiating elements has a length selected as a function of the
distance between each of said elements and the array of
rectangular slots communicating therewith so that radiating
eléments located farther from the slots have a larger length
than radiating elements located closer to the siot.

9. The antenna as defined in claim 6 wherein each of said
first and second array of coupling slots are substantially
centered in the second metallic platc

10. The antenna as defined in claim 1 whcrcm said
radiating elements are further formed in substantially par-
allel pairs of elements, each of said pairs of elements having
one clement offset in length relative to the other element.

11. The antenna as defined in claim 10 wherein said pairs
of radiating elements are offset in length and separated by a
length of about one quarter wavelength of the transverse-
electromagnetic energy.

12. A dual circular polarization slot antenna compnsmg

first and second oppositely disposed metallic plates
spaced separate from one another via a dielectric
medium and which allow transverse-electromagnetic
energy to propagate therebetween,;

an array of horizontal and vertical radiating elements
formed in said first metallic plate;

beam forming means for providing a predetermmed field
of view;



5. The antenna as defined in claim4 wherein each wfissaittie feplacement £aed 4
beam form ng networks include stripline circuitry. 6. The antenna as
defined in claim1 wherein said first and ]

A -

radio-wave connecting means coupled to said beam form-
ing means and having a first port for channeling vertical
polarization energy and a second port for

channeling horizontal polarization energy;

a first array of horizontal coupling slots formed in said
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
horizontal radiating elements so that vertical polarized
energy may pass through said horizontal radiating
elements and coupling slots;

~ a second array of vertical coupling slots formed in said
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
vertical radiating elements so that horizontal polarized
energy may pass through said vertical radiating ele-
ments and coupling slots; and _

polarization conversion means disposed above said metal-
lic plates for converting radiating energy between a
linear and circular polarization.

13. The antenna as defined in claim 12 wherein said
polarization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

14. The antenna as defined in claim 12 wherein said beam
forming means comprises:

. a first beam forming network coupled to said first array of
borizontal coupling slots; and

2 second beam forming network coupled to said second

array of vertical coupling slots.

15. The antenna as defined in claim 14 wherein said first
and second beam forming networks include stn'pline cir-
cuitry.

16. The antenna as defined in claim 12 wherem said first
and second amay of coupling slots each comprise a one

- dimensional array of rectangular slots which feed said beam
forming means. '

This Sheet Has Been RTlaced '
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second arrays of coupling slots each conprising a one ﬂhnigqggqaghmemysmet
rectanqul ar slots which are separated from said beam Form ng meins via the

di el ectric medium 7. The antenna ‘as defined in claimé6 vvhe_r;ﬂ {d hori -
zontal ‘radiating el enents are arranged to communi cat e Dateh THe st array
of coupling slots and said vertical radiating
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17. The antenna as defined in claim 12 wherein said
radiating elements are formed in substantially parallel pairs
of elements, each of said pairs of elements having one
element offset in length relative to the other element.
18. A method for receiving circular polarized energy
comprising:
receiving circular polarized radiating energy;
transmitting said circular polarized radiating energy
through a pair of meanderline polarizer sheets so as to
convert said circular polarization to a linear polariza-
tion; '

passing said linear polarization radiating energy through
a first metallic plate having vertical and horizontal
radiating elements formed therein so as to allow the
horizontal and vertical components of linear polariza-
tion to pass therethrough;

radiating transverse-electromagnetic energy of said ver-
tical and horizontal components of linear polarization
between said first metallic plate and a second metallic
plate which has vertical and horizontal coupling slots
formed thereon;

exciting currents on a first beam forming network from
said horizontal coupling slots;

exciting currents onto a second beam forming network
from said vertical coupling slots; and

summing each of the associated currents on each of the
beam forming networks to provide a horizontal polar-
‘ization reception signal and a vertical polarization
reception signal.
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SLOT-COUPLED FED DUAL CIRCULAR
POLARIZATION TEM MODE SLOT ARRAY
ANTENNA

ABSTRACT

A slot antenna is provided which includes first and second oppositely
-disposed metallic plates with a dielectric layer disposed therebetween.
An array of horizontal and vertical radiating elements are formed on the
first metallic plate. An array of horizontal coupling slots an array of
vertical coupling slots are formed in the second metallic plate. The
antenna further includes first and second beam formers for providing a
necessary field of view beam coverage. The array of horizontal coupling
slots are operatively coupled to the first beam former and the array
vertical coupling slots are operatively coupled to the second beam
former. Accordingly, the slot antenna may operate to transmit and
receive linearly polarized energy. The antenna may further include a
polarizer disposed above the upper metallic plate for converting
between linear and circular polarization so as to allow for antenna
operation with single or dual circular polarization energy.
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elerrents | ocated farther fromthe slots have a | ar th than radiating
eLements | ocated closer to the slot.. . The antennag§'§s Wen meniishegt
wherein each of said first and second array of coupling slots are
substantially centered in the second netallic plat P’ Hh;laﬁﬂéhna as
defined in claim1 wherein said

1.

SLOT-COUPLED FED DUAL CIRCULAR
POLARIZATION TEM MODE SLOT ARRAY
ANTENNA

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to a slot antenna and,
more particularly, to a dual circular polarization double-
layer slot array antenna which is capable of providing a dual
circular polarized beam with optimum efficiency and band-
width.

2. Discussion

Direct communication systems commonly employ anten-
nas for transmitting and receiving energy between remote
locations. Modernly, antennas are widely employed for an

* increasing number of applications, many of which require a:
low profile, wide bandwidth antenna that can operate with-
_polarized radiating energy. For example, advanced Direct
Broadcast Systems (DBS) are currently bemg developed for-
future generation cable television transmission. Currently,
North America Direct Broadcast Systems are being devel-
oped which transmit circular polarized (CP) energy. These’
systems require low cost dual circular polarization eighteen
inch aperture antennas at remote television locations for.
receiving the circular polarized signals via satellite transpon-
ders.

In the past, conventional reflector antennas were used
which typically consisted of a reflector operatively coupled
to a feed horn (polarizer) via a strout and an associated

mounung structure. Such antennas include a Cassegrain
antenna in which the feedhorn is displaced from the reflector; -
at a focal point on the front side thereof. However, such.
conventional reflector antennas generally occupy a rela-
tively large volume and are easily susceptible to damage.
from the environment.



radifating el enents are further formed in substanti aITIh“§7s 'ﬁav‘e ’&P\‘&P"‘SQ? Mf

el enents, each of said pairs of el enent.s_ havi ng one el enent ,of fset in

| engt h relative to the other elenent. 11, The anteniypgs E{IOE®in claim
10 wherein said pairs of radiating elenents are offset in |length and
separated by a |l ength of about one quarter wavel ength of the transverse-
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More low profile antenna concepts have been developed
which include planar siot antennas. One type of slot antenna
includes a double-layer structure which forms two propa-
gation layers. Double-layer siot antennas historically have
included the excitation of a transvetse-electromagneuc
(TEM) mode travelling wave between a pair of parallel
metallic plates. This type of slot antenna further involves
radio frequency (RF) energy leakage through radiating slots
formed on the upper metallic plate so as to form a boresight
pencil beam. Such slot antennas have generally exhibited a
relatively simple mechanical structure with potentially low
fabrication costs. However, there are recognized limitations
associated with the conventional slot antenna approaches.
These limitations include the fact that either single feed
designs or overly complicated multiple feed designs are
gencrally employed to excite a pure TEM mode travelling
wave between the parallel plates. While a number of feed
design approaches have been proposed, the prior concepts
are generally limited to a single polarization (CP or linear)
or involve high complexity and exhibit low efficiency with
a relatively narrow bandwidth.

Another type of slot antenna includes a radial line slot
array antenna which has either a single or double layer
structure with a plurality of coupling slots formed along
spiral pattem. An example of one such radial line slot
antenna is described in U.S. Pat. No. 5,175,561 issued to
Goto. Such single-layer slot antennas have becn employed
for Direct Broadcast Systems in Japan and are generally -
capable of operating with single polarization energy only. -
That is, the radial line slot array may handie only cither right
hand or left hand circular polarization. An additional feed on
another layer could be added to the single layer radial line
slot array to provide dual circular polarization beams. How-
‘ever, the two beams would be dependent upon each other
and optimization of one would degrade the other. That
means if one circular polarized beam is optimized, then the
other circular polarized beam will likely exhibit rather poor
performance. As a consequence, the radial line slot array
generally is not capable of effectively handling the combi-
nation of both right hand and left hand circular polarization,



el ectronagnetic energy. 12. A dual circular polari zatW%"smm&Pﬁ%m‘m
conprising: first and second oppositely disposed netallic platgs spaced
Separate fromone another via a dielectric nedi um an®aet cﬂ'glqj(ﬂﬁ
transver se-el ectronagneti c energy to propagate therebetween;
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~ while achieving reasonably acceptable bandwidth and per-
formance criteria.

It is therefore desirable to provide for a low profile planar
dual circular polarization slot array antenna which over-
comes limitations associated with the abovementioned prior
art approaches. It is further desirable to provide for a
double-layered slot antenna which is capable of operating
with both right hand and left hand circular polarization and
involves relatively low fabrication costs and less complex-
ity, while maintaining high efficiency and wide bandwidth
capabilities. In addition, it is further desirable to provide for
such a slot antenna which exhibits two circular polarized
beams which are optimized independent of one another.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a slot antenna is provided which includes first and second
oppositely disposed metallic plates with a dielectric layer
disposed therebetween. An array of horizontal and vertical
radiating elements are formed on the first metallic plate. An
array of horizontal and vertical coupling slots are formed on
the second metallic plate. The antenna further includes a pair
of beam formers each coupled to a radio-wave connector.
The amray of horizontal coupling slots are operatively
coupled to a beam former and the array of vertical coupling
slots are operatively coupled to another beam former so that
RF cnergy may pass therebetween. According to this
arrangement, the slot antenna may operate to transmit and
receive linearly polarized energy. The antenna may further
include a polarizer disposed above the tipper metallic plate
for converting between linear and circular polarization so as
to allow for antenna operation with single or dual circular
polarization energy.



ansarray of horizontal and vertical radiating el enerids isnmeeﬁplac‘emmﬁheefst
metaldic plate; beam forming neans for. providing a predeterm ned field of
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will
become apparent to those skilled in the art upon reading the
following detailed description and ‘upon reference to the
drawings in which:

'FIG. 1 is an exploded view of a circular polarization slot
array antenna in accordance with one embodiment of the .
present invention;

FIG. 2 is a top view of a portion of the upper metallic
sheet having radiating elements formed thereon in accor-
dance with the present invention; |

FIG. 3 is a view of the bottom metallic sheet with
borizontal and vertical coupling slots formed thercin in
~accordance with the present invention;

FIG. 4 is a schematic representation of a stripline beam
. forming network employed in accordance with present
invention; and

FIG. 5 is a schematic representation of a Meanderline
polarizer sheet employed by the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Turning now to FIG. 1, a slot array antenna 10 is shown
therein in accordance with the present invention for handling
dual circular polarization energy. The slot antenna 10
described hereinafter preferably operates with transverse-

- electromagnetic (TEM) energy propagating within a pair of
metallic plates and is capable of transmitting and/or receiv-

" ing both right hand and left hand circular polarized energy.
Altemately, the present antenna 10 may be adapted to
operate with linear (i.e., horizontal and vertical) polarization
energy according to a second embodiment provided herein.



-12-" radi o-wave connecting neans coupled to said bemnsli®tHe réddc .
having a first port for channeling vertical polarization energy and a
second port for channeling horizontal polarization gnergy;
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According to one embodiment, the slot array antenna 10
generally includes a pair oppositely disposed metallic plates
12 and 16 which are separated from one another via a layer:
of dielectric material 14. Dielectric layer 14 has a preferred,
dielectric constant approximately 4.0, yet a dielectric con-
stant of 2.2 may be suitable for most applications. The upper.
metallic plate 16 generally includes a plurality of vertical
and horizontal radiating clements (slots) arranged in a
two-dimensional array, while the lower metallic plate 12 has
a plurality of horizontal and vertical coupling slots formed
therein. According to this double-layer antenna structure, the
metallic plates allow a transverse-electromagnetic (TEM)
mode traveling wave to be excited therebetween. As 2
consequence, radio frequency (RF) energy which has a
linear polarization with horizontal and vertical components
is able to penetrate the appropriate radiating elements and
coupling slots.

With particular reference to FIG. 2, a portion of the upper
metallic plate 16 is shown with vertical radiating elements
34A and 34B and horizontal radiating elements 36A and 36B
formed therein. The vertical and horizontal radiating ele-
ments 34 and 36 are essentially very thin slots which extend
through upper metallic plate 16 and are formed in parallel
pairs. Each pair of vertical radiating elements 34A and 34B
preferably has a vertical offset between the two radiating
elements making up each corresponding pair. The offset is

~ equal in distance to approximately one-guarter of a wave-
Iength (%4A,), where the wavelength A, is that of the TEM
' propagating within metallic plates 12 and 16. Likewise, each
pair of horizontal radiating elements 36A and 36B prefer-
ably has a horizontal offset equal to approximately one-
. quarter wavelength (%4A,) of the TEM energy.

Adjacent pairs of vertical radiating elements 34A and 34B
are displaced. from each other the distance of about one
wavelength A, of the operating TEM energy. Similarly,
adjacent pairs of horizontal radiating elements 36A and 36B
are also displaced from each other the distance of about one
wavelength A.. According to the arrangement of radiating
elements shown on FIG. 2, linear polarized energy is able to
efficiently pass through the radjating elements 34 and 36. In
doing so, the horizontal polarization component thereof
passes through metallic platc 16 via the vertical radiating
elements 34A and 34B, while the vertical polarization com-
ponent of the linear polarized energy passes therethrough via
the horizontal radiatine alamente IKA and &R



a first array of horizontal coupling slots formed iThisis thestsplasemant sheel
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‘cooperate wi th said horizontal radiating el ements that Féf
pol ari zed energy may pass through said horizontal @ﬁ'atl E errents and
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Each pair of radiating elements 34 and 36 arc prefcrably
designed to have a length that may vary in length from the
other pairs. This is because the length of the radiating
elements 34 and 36 are designed such that a uniform
amplitude of cncrgy is radiated or received so as to provide
for maximum antenna aperiure efliciency. Vertical radiating
elements 34A and 34B which are in closer proximity to the

" corresponding vertical coupling slots on lower metallic plate
12 receive more energy and thereforc have shorter length,
while the more distant radiating elements have a longcr

~length to:compensate for the lower of amount of energy
assaciated therewith. Horizontal radiating elements 36A and
36B likewisc have the same dimensional variations. Accord-
ingly, the array of vertical radiating elements 34A and 34B
can essentially be designed and optimized independent of
the horizontal radiating elements 36A and 36B.

The bottom metallic plate 12 is shown in FIG. 3 and has
a vertical Nx1 array of rectangular coupling slots 40 and a
horizontal NX1 array of rectangular coupling slots 42
formed therein. The vertical and horizontal arrays of cou--
pling slots 40 and 42 are arranged orthogonal to one another.
The vertical and horizontal coupling slots 40 and 42 operate
to either excite the respective horizontal and vertical polar-
ization energy onto stripline beam forming networks 28A
- and 28B, respectively, or receive energy therefrom. The
stripline beam forming networks 28A and 28B are disposed
below the lower metallic plate 12 and scparated therefrom
via a dielectric layer 26A or 26B. The beam forming
networks 28A and 28B each have a respective foam sheet
30A and 30B._disposed on the bottom side thereof. A
conductive ground plane is disposed.on the bottom side of
the foam shéets 30A and 30B to form stripline circuitry
making up the beam forming networks 28A and 28B.

A detailed illustration of one beam forming network 28A
is provided in FIG. 4. The beam forming nctwork 28A is
- formed of stripline circuit trace 44 with finger traces that
extend across a portion of the vertical coupling slots 40.
During signal reception, emergy radiates across vertical
coupling slots 40 and excites a current onto the stripline
circuit trace 44. The current on circuit trace 44 is fed along
beam forming network 28A to an input/output port 48A
which in tum may be coupled to a transceiver 46 or other
electronic device. During transmission, currents are induced
on stripline circuit trace 44 which in tn excite radiating
energy on coupling slots 40.



a second array of vertical coupling slots forned in Fasds $ee replacemetitisheet -
pl ate and operatively coupled tb saird beam form ng.nmeans and which'
‘cooperate with said vertical radiating el ements so that h(g" [gal

pol ari zed energy may pass through said vertical radiQMg el e-! ments and
coupling slots; and
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The beam forming network 28A is designed so as to
provide the desired beam pattern of the antenna 10. The
design criteria may include the proper selection of imped-
ance throughout the stripline circuit trace 44 so as to control
the amplitude of the signal excited across the ‘associated
coupling slot 40. The other beam forming network 28B is
identical to the beam forming network 28A shown in FIG.
4 with the exception that beam forming network 28B is
orthogonal to beam forming network 28A and is coupled to
the horizontal -coupling slots 42. For dual polarization opera-
tions, there are two input/output ports which include a first
port 48A that is connected to the first beam forming network
28A and a second port (not shown) that is connected to the
second beam forming network 28B.

In addition, the slot antenna 10 further includes a pair of
* meanderline polarizer sheets 20 and 24 disposed above the-
upper metallic plate 16 and separated therefrom via foam
sheet 18. A foam sheet 22 is further disposed between the
lower and upper polarizer sheets 20 and 24 for providing a
separation distance therebetween. Each of the meanderiine
polarizer sheets 20 and 24 are conventional polarizers which
employ a square-wave printed-circuit pattern oriented at a2
forty-five degree angle to provide reactive loading to the
_orthogonal linear component of an electric field. Accord-
.ingly, each of the polarizer sheets 20 and 24 causes a -
differential electrical phasc shift between two orthogonal
fields. Thus, the two polarizer sheets 20 and 24 combined
together provide a ninety degree phase differential of the
orthogonal incident waves so as to provide a conversion
between linear and circular polarization energy. Therefore,
circular polarized energy is converted to a lincar polarization

as the energy passes through polarizer sheets 20 and 24,
while linear polarization energy likewise is converted to
circular polarization.

In operation, the slot antenna 10 may be employed to
‘transmit and/or receive dual circular polarized energy
according to one embodiment of the present invention..
‘When receiving, radiating energy penetrates the upper and
'lower meanderline polarizer sheets 24 and 20. Energy which
has a circular polarization associated. therewith is thereby

--converted to linear polarized energy which has either hori-
zontal or vertical polarization components. The converted



pol ari zation conversion neans di sposed above said neThis- islthcr@latmemwheet
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The antenna as defined in claim 12 wherein said pol afi zat#g r@&n
conprises a pair of oppositely disposed neanderline 31°ar 10 eets
di sposed above said netallic

linear polarized energy is directed onto the upper metallic
plate 16. The vertical radiating elements 34A and 34B in
tipper metallic plate 16 allow the horizontal component of
linear polarization to penetrate therethrough in the form of
a first set of linear polarized boresight beams. Likewise, the:
‘horizontal radiating elements 36A and 36B in metallic plate.
16 operate to allow the vertical component of the linear
polarization to penetrate therethrough in the form of a
second set of linear polarized boresight beams.

The two sets of boresight beams are independent of one -
another and essentially propagate between the lower metal-
lic plate 12 and the upper metallic plate 16. The RF energy
from the boresight beams is then fed to one of the two beam
forming networks 28A or 28B via the vertical and horizontal
coupling slots 40 and 42. For instance, the RF energy across
vertical coupling slot 40 will excite a current onto the
stripline beam forming network 28A which is coupled
thereto. The received currents are then fed to an input/output
port 48A which in turn may be coupled to a transceiver 46A
or other electronic radio-wave device.

The slot antenna 10 may likewise operate to transmit
radiating energy which has a circular polarization associated :
therewith. In doing so, a current is supplied to input/output
port 48A which in turn is divided into a2 number of currents
on the stripline beam forming network 28A such that cur-
rents flow along the stripline circuit trace 44A. The current
fiow in turn excites a radiating signal on each associated -
vertical coupling slot 40 that is coupled thereto. The excited |
energy propagates between the upper and lower metallic
plates 16 and 12 and penetrates the vertical radiating ele-
ments 34A and 34B. Another current is supplied to the other
input/output port (not shown) which likewise is distributed
along beam forming network 28B and excites vertical polar-
ization energy on the horizontal coupling slots 42 and which
then penetrates horizontal radiating elements 36A and 36B.
The vertical and horizontal polarization energy thereafter
passes through the pair of meanderline polarizer sheets 20
and 24 so as to convert the linear polarization to a circular
polarization. The circular polarization energy thereafter
radiates from the slot antenna 10 within the selected field of
view.



plates. 14. The antenna as defined in claimi2 wher & h@igqh r mheftghest
means ‘conprises: a first ‘beam fofnming network coupled to sai I rst array

of horizontal coupling slots; and a second beam forning ne H(lqgupl ed to
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The slot array antenna 10 is particularly desirable for use
with the Direct Broadcast Systems (DBS) which are cur-,
rently being developed to receive cable television broad--
Casts. According to this approach, the slot antcnna 10 as
described herein is a compact low profile device which may
have physical dimensions of eighteen inches by eighteen
inches with a depth or one and one-half inches. The slot
antcnna 10 therefore may easily be used by users as a cable
television reccption device which may easily be installed
within the local vicinity of a tclevision.

While the present invention has becn described in con-
nection with energy having a circular polarization, and with
particular reference to use with Direct Broadcast Systems,
the present invention may be employed in connection with

a vast variety of other applications including military and
space comrmunication antenna systems. This includes oper-
ating with linear polarized signals according to a second
embodiment of the present invention. In order to do so, the
meanderline polarizer sheets 20 and 24 may be removed so
as to allow for the direct transmission and reception of linear
polarized cnergy. According to this altemnate embodiment,
the vertical and horizontal components of the linear polar-.
ization energy received from an external source are directly
applied to the upper metallic plate 16 during reception, while
such linear components are transmitted from antenna 10
during transmission.

In view of the foregoing, it can be appreciated that the
present invention enables the user to achieve a slot antenna
which provides dual circular polarization capability. Thus,
while this invention has been disclosed herein in connection
with a particular example thereof, no limitation is intended
thereby except as defined in the foHOng claims. This is
because a skilled practitioner recognizes that other modifi-
cations can be made without departing from the spirit of this
invention after studying the speclﬁcanon and drawings.



array of vertical coupling slots. 15. The antenna asTﬁgfssnbdreﬂmmm&‘!Pe‘
wherein said first and second beam form, ng networks include stripline cir-
‘cuitry. 16. The antenna as defined in claim12 wherein sai d;.?;as’ﬂ?and
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CLAIMS

What is claimed is:

1. A slot antenna comprising:

first and second oppositely. disposed metallic plates
spaced separate from one another via a dielectric
medium, said first and second plates being adapted to
allow transverse-clectromagnetic encrgy to propagate
therebetween;

beam forming means for providing a predetermmed field
of view;

radio-wave connecting means coupled to said beam form-
ing means;

an array of horizontal and vertical radiating elements
formed in said first metallic plate; and

a first array of horizontal coupling slots and a second array
of vertical coupling slots formed in said second metal-
lic plate and operatively coupled to said beam forming
means, wherein the coupling slots are electrically
coupled to the radiating elements via transverse-clec-
tromagnetic energy.

2. The antenna as defined in claim 1 further comprising
polarization conversion means disposed above said metallic
plates for converting energy between a linear polarization
and a circular polarization.

3. The antenna as defined in claim 2 wherein said polar-
ization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

4. The antenna as defined in claim 1 wherein said beam

. forming means comprises:

a first beam forming network operatively coupled to said

first array of horizontal coupling slots; and

a second beam forming network operatively coupled to
said second array of vertical coupling slots.
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5. The antenna as defined in claim 4 wherein each of said
first and second beam forming networks mclude stripline
circuitry.

6. The antcona as defined in claim 1 wherein said first and
second arrays of coupling slots each comprising a one
dimensional array of rectangular slots which are separated
from said beam forming means via the dielectric medium.

7. The antenna as defined in claim 6 wherein said hori-
zontal radiating elements are arranged to communicate with
‘the first array of coupling slots and said vertical radiating
elements are arranged to communicate with the second array
of coupling slots.

8. The antenna as defined in claim 7 wherein each of said
radiating elements has a length selected as a function of the
distance between each of said elements and the array of
rectangular slots communicating therewith so that radiating
eléments located farther from the slots bave a larger length
than radiating elements located closer to the slot.

9. The antenna as defined in claim 6 wherein each of said
first and second array of coupling slots are substantially
centered in the second metallic plate

10. The antenna as defined in claim 1 whcrcm said
radiating elements are further formed in substantially par-
allel pairs of elements, each of said pairs of elements having
one clement offset in length relative to the other element.

11. The antenna as defined in claim 10 wherein said pairs
of radiating elements are offset in length and separated by a
length of about one quarter wavelength of the transverse-
electromagnetic energy.

12. A dual circular polarization slot antenna comprising:

first and second oppositely disposed metallic plates
spaced separate from one another via a dielectric
medium and which allow transverse-electromagnetic
energy to propagate therebetween;

an array of horzontal and vertical radiating elements
- formed in said first metallic plate;
beam forming means for providing a predetermined field
of view;



17. The antenna as defined in claim12 wherein sai dihimis the replacemant sbeel e
formed in substantially parallel pairs of elenents, each of said pairs of
-el enments having one elenent offset in length rel ati S to t djt%r el enent .
18. A nmethod for receiving circular polarized energéa'eorrpri si ng:
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radio-wave connecting means coupled to said beam form-
ing means and having a first port for channeling vertical
polarization energy and a second port for

channeling horizontal polarization energy;

a first array of horizontal coupling slots formed in said
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
horizontal radiating elements so that vertical polarized
encrgy may pass through said horizontal radiating
elements and coupling slots;

a second array of vertical coupling slots formed in said
second metallic plate and operatively coupled to said
beam forming means and which cooperate with said
vertical radiating elements so that horizontal polarized
energy may pass through said vertical radiating ele-
ments and coupling slots; and

polarization conversion means disposed above said metal-
lic plates for converting radiating energy between a
linear and circular polarization.

13. The antenna as defined in claim 12 wherein said
polarization means comprises a pair of oppositely disposed
meanderline polarizer sheets disposed above said metallic
plates.

14. The antenna as defined in claim 12 wherein said beam
forming means comprises:

. a first beam forming network coupled to said first array of
~ horizontal coupling slots; and

a second beam forming network coupled to said second
array of vertical coupling slots.

15. The antenna as defined in claim 14 wherein said first
and second beam forming networks include stripline cir-
16. The antenna as defined in claim 12 wherein said first
and second array of coupling slots each comprise a one
dimensional array of rectangular slots which feed said beam
forming means. '
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17. The antenna as defined in claim 12 wherein said
radiating elements are formed in substantially parallel pairs
of elements, each of said pairs of elements having one
element offset in length relative to the other element.

18. A method for receiving circular polarized energy
comprising:

receiving circular polarized radiating energy;

transmitting said circular polarized radiating energy

through a pair of meanderline polarizer sheets so as to
convert said circular polarization to a linear polariza-
tion; |

passing said linear polarization radiating energy through

 a first metallic plate having vertical and horizontal

radiating elements formed therein so as to allow the
horizontal and vertical components of linear polariza-
tion to pass therethrough;

radiating transverse-electromagnetic energy of said ver-
tical and horizontal components of linear polarization
between said first metallic plate and a second metallic
plate which has vertical and horizontal coupling slots
formed thereon;

exciting currents on a first beam forming network from
said horizontal coupling slots;

exciting currents onto a second beam forming network
from said vertical coupling slots; and
summing each of the associated currents on each of the
beam forming networks to provide a horizontal polar-
“ization reception signal and a vertical polarization
reception signal.



a first metallic plate having vertical and hori zontgle i@ Heriaprasementshest
formed therein so as to allow the horizontal and ver |cal conponent s of
linear polariza- tion to pass theret hrough radi ati ng

transverse-el ectromagnetic energy of said ver- tlcaDm‘-Id %l)’rq Lgngal
conponents of |inear polarization
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SLOT-COUPLED FED DUAL CIRCULAR
POLARIZATION TEM MODE SLOT A Y

ANTENNA

ABSTRACT

A slot antenna is provided which includes first and second oppositely
disposed metallic plates with a dielectric layer disposed therebetween.
An array of horizontal and vertical radiating elements are formed on the
first metallic plate. An array of horizontal coupling slots an array of
vertical coupling slots are formed in the second metallic plate. The
antenna further includes first and second beam formers for providing a
necessary field of view beam coverage. The array of horizontal coupling
slots are operatively coupled to the first beam former and the array
vertical coupling slots are operatively coupled to the second beam
former. Accordingly, the slot antenna may operate to transmit and
receive linearly polarized energy. The antenna may further include a
polarizer disposed above the upper metallic plate for converting
between linear and circular polarization so as to allow for antenna
operation with single or dual circular polarization energy.

Fig 1
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‘a first beamformng network fromsaid horizontal coupling 'slots; exciting
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currents on each of . the' beamform ng networks to provide a horizontal
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