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linear polarizations 1s described. The patch radiator includes a patch antenna
clement (12) and a pair of excitation circuits (20a, 20b). The excitation cir-
cuits include a feed line (22,24) and a tuning circuit (26,28) configured such
that a single feed line enables independent operation of each polarization.
This allows for the operation of the patch and therefore array as either linear,
slant, elliptical, or circular polarization.
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DUAL LINEAR AND CIRCULARLY POLARICED PATUN RAaIATOR

FiaLD
001 The concepds, systems, olroults, devices and techniques desanbed harein

ralate generally fo radio frequency (RF) circults and more particularly o RF

antennas.

BACKGROLUNDG
00021 As s known in the art, 8 so-callsd palch antenna slement (aiso referred

{0 8% “a pateh slement” or more simply "a pateh™) is & basic builkding Mogk a
number of diferent types of phased array antenna including so-catisd panet
chased arrays (or panal arrays) such as the types describad in UGS, Fatents

7 348,032 7,871,808, and 8,278,131, all of which are assigned o the assignes of
the prosent application. Tha patch element is intagrated within a panel armay ©
allow for the use of low cost printed wiring board (PWE]} processes in the

manufacturs of (he pansl aray.

D003 Referring now fo Fig. 1, a conventional patch element £ and fead cirout 3
are coupled to provide a conventional pateh radiator 4. The patoh slement s
orovided from a conductor disposad on a first swrface of a subsirate. Aot I8
stohad or otherwise provided in the conductor. The fead ciroull 4 is provided from
a single feed fine 7 disposad on a sscond cpposite surface of the substrale. &
firat end of the fead ling corrasponds o an antenna fead port 44 and a second
and of the feed line 48 is coupled o & ground plane through & conductive via, An
apen ended stub 8 is coupled to feed line ¥ as s generally known, Palch racialor
4 is rosponsive fo radio frequency (RF) signals having a single inear polanization,

(00041 In operation, an RF signal provided o the antenna feed port 484 I8
soupled via feed line 7 to the open endad stub 8 thereby Hluminating siot §, wiich
i turn axciies the pateh 2. Similarly, signals provided to patch conductor £
fiuminate the siot § and are counlad vig the open ended stub 8§ and fead iine 7 10
the fead line antenna fead port 44, Thus, the palch radiator 4 operates 1o hoth

fransmitting and rsceiving RF signais,
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008T As mentionad above, however, patch ragiator 4 gan be usad ondy far a
single polarization. This is due o the topology of the natch element € and fesd
cirouit 3. To support dual andfor cireular polanzation, 8 more somplicatas

geomelry is requirad as Hustrated in Fig. &

U008 Referring now fo Flg. 2, to support dual andior ciroular polarization in oneg
fvoe of conventional patch radiator, & feed ciroult comprising four fead iines {(ang
thus four antanna fosd ports! is required. Essentially, the single stub described
above in conjunction with Fig. 1 is spilt info two open ended siubs (8.4 na o
sxcite vertically polarized RF signals and ong {0 exole horizontially polanized RE
signals). To support dual insar polarization, botn stubs {for each sxciation) arg
driven in phase, This is conventionally accompiished via & THOIOWaVS Dowear
dividar ciroult (not shown in Fig. 2). Simple geometry dictates the Head four fouwr
foads. The single polarization example (Fig. 1} places the open andsd slub aiong
the ranter line.. Howaver, it is not possible to place two parpandicular open snded
stubs, sach aligned to the center line without them bang shaoriad o aach other,

Therafors two open ended stubs are required for sach polarization

0007 Ciroular polanization may be oblained by introducing a ninsty (80} degree
nhase shift between signals provided 1o {or received from) the horizontal and
vartical stubs. Such 3 80 degree phase shift can be accomplished using a ninety
(90) degree hybrid coupler {not shown in Fig. 2oy by controiiing the phasas
independantly in controf circuitry (net shown in Fig.2). Therefors, o axisnd e

operation of a pateh radiator from a singie inear noiarization (o operation with dusl
inear or sircular polarization requires the addition of much circulry (8.0, & DOwWSY

divider or hybrid coupler) o the fead oiroult,

IDOO8T  In @ phased aray anterna in which space in imited, Bis difficultto ®
such additional circuitry {a.g. additional power divider or hybrid coupier Shrouitey )
within a so-calied unit cell which includes an antenna slement {e.g. one or mare
natch elements) and the associated fead CIFCURTY. it would, thergfors, s
desirable o provide a pateh radiator operabis for use with duad inear or circuiar

3

Nt
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nolarization RF signals and which s compact enough for use in phiased anay

aniannas,

SUMMARY

008 In accordance with the concepts, systems and sircuits desoribed harain, 8
aatch radiator suitable for operation with dual tinear or circuiary aolanized radin
frequency {RF) signals includes a pateh antenna slementand a foad girogil. The
faadd pireu includes a feed line terminating In a stub region having an opan ircut
impedancs charactenistio and a luning stub disposed a selecied distance from e
opan ciroul stub reglon of the feed ine with the funing stub selacted to provids an
vpedance charactaristic which establishes resonance with the fesd ins at 8

desired fraquany.

0101 With this particular arrangemeant, & nateh radislor capabtils of Qual Inear or
circular polarization operation and suitable for use in a und call of a phased amray
antenna is provided. By wiiizing 2 tuning stub o estabiish resonance WwWith & singie
foad Iing, 8 single antarma fesd port can be used for oparalion of the patoh ragator
of dual inear or oircular polarizations without the use of ssdemal clroullry such as
aower divider cireuits, hybrid clreults or any other ype of power splitting cirouitry (alt
such circultry collectively referred to herain as "power spider circuits™). The uning
siub astablishes an appropriate impedance o sat up & standing wave Delwaan W
apan ended stubs couplad fo the patch antenna slament, This requires tuning the
apan to sat up the resonance betwesn the Tead ang the tuned shubs, 10 & Zargth
arder approximation, the length of the opens should be ¥4 wavalangth o get ihe
dasirad resonance. Howsver, dus {o the complex coupling of the design, the
correct length is oblained through Herative numernical simuiations.

0011]  Although the above-desoribed single fead inaduning stub approach works
avar & lmitad bandwidth (a.q. & 10% bandwidth), since the palch antenna slament
tealf ondy works wall over a imited bandwiagih, this is not a major imitation 1o
aneration of 8 palch radiator. Moreover, DY eliminating the nead Tor power spiifter
sireuits o achieve dual linsar or oircular polarization, the radiation eficlency of this
approach is higher than that of conventional aproaches as the losses from such

b

N
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sower spiitter oircuils arg eliminatad.

D042 Furthermors, the funing stub snables the palch radiator o operate wilh
dual inear or aircular polarization while using only two feed Iines whareas prior an
techniques require four feed Bnes. By siiminating two feed line and two  power
splitter circuits, the patoh radiator as deseribed herein (e, the combination of the
ardenna slement and associated antenna slement feed oircul} Is mads more

compact compared with conventional pateh ragiators,

00431 The compact patch antenna slement describad harein is thus able {o it
within an area definad by a unit cell of a phasad aray antanng. nons
ambodiment, the compast pateh radiator is abls to it an RF ciroult card assemidy
(RF-COA) of a phased aray operating at frequencias higher than X-8and, ine
dual polarization phased aray palch radiator has a foolprint which is smaller than
conventional dual polarization patch radistors because i aliminates the need for
nower spiiters. The relatively small footprint aliows for RE-GOA oparation at higher
frequency {o.g. Ku-Band) as the unit cell area scales inversely as the square of the
fraquency. Furthermore, the dual polarization phased aray paloh ragiator is
compatible with existing RF-CCA fabrication processes and stales with frequency.

[00M4]  The patch slement includes a single feed per potarization and s capablea of
operation in fwo polarzations. When the palch slement operates in one
nolarization, the opposits fead is terminated.  With the two insar polanzation feeg
circuits, ciroular polarization is created by corredt phasing of the wo Hinear npus,
The 80 degres phasing can be oblained by sither an analog ciroult or througn aigial
control. The snalog implementation required including on other layers of the Pwb a
90 degres hybrid circuit. The digital implementation reguires that the
attenuatorphase shifter control chip have dual culputs that have diferential phase
sontrol. For circular polarization the difference would be aither +/ 80 degreas. This

funclionality would be required for both transmit and receie,
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ST iIn accordance with the concepts, systems and circuils described harein, an
artenna comprises a patch slement having a pair of axcitation circuits with one side
of each exciiation pair grounded at an appropriately luned position and the other
side used {o ransmit or receive signals from the pateh slement. An aclual design
will require Herative numerical simulations o delermine the corecl length for a

apacific frequency and PWE design.

O8] With this particular srrangement, a palch radiator suilable for operation
with dual linear or circular polarization while sliminating need for a two sided feed
for each excilgtion is providad. Onse side of sach excitation pair is groundead at an
appropriate position and the other side is used as o transmit or receive from {he
natch slement. This eliminates the neead for power divider oirouilry nesded in
sonventional dual polarization patch radistors. The presencs of a grounded stubs
in the excitation circuils acts 85 & uned “reflectey” and keeps the poignzalion
surely inear and efficlantly couples the electric fields betwaen {he stud, slof ana
patch. Without the grounded stub, the off center excitation creales a radiation
satiem that is not linear. Without two orthogonal iinear excilations, 18 not

nossible to generale ciroular polarization with low axial ratio,

00171 The efficiency of a conventional dual stub approach 18 degradsd Dy the
sross talk batwaen the hwo stubs. In transmil mode, the micriowave radiation
munched from one stub is absorbad at the other andg then travels back o the
gsource. This is snergy that is not lsunched through the patoh. Typical sficiencies

of such conventional designs at 10 GHz are about 80%.

OMB] The shorted stub approach described herein, on the olher hand, results in

afficiencies which can be as high as 8%.

O8I sccordance with a still further aspedt of the concepts, systems ang

oircuits described herein, a circularly polarized pateh radistor includss 8 paleh

antenna olement and a palr of excitation clroulls with one sigs of each axcitation

palr grounded at an appropriate position and the other side used 1o ransmd or
.
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00201 In one embodimen, the palch antenna slemeant is provided from an
ardenna conductor disposed on 8 substrate with frst and second siols disposed n a
first direction in the antenna conductor and third and fourth siols disposst In 8

sacond, orthogonal dirgction in the antenng condustor,

0211 In one embodiment, each excitation ciroull includes & fead line ferminated
i an open ciroult impedance and 8 tuning circult disposed a seiaclad distance from
the feed ine with the tuning circult selected fo provide an impadance characlenstic

which astablishes resonancs with the fead line al a desined frequeancy.

FOGE2]  In one embodiment, the fead lines of the respective excitation circuils are

coupled to adiacent sides of the antanna conauator,

G023 In one embodiment, the tuning circul! is provided as 8 uning stud having a
shape sslecied to provide an impedancs characterislic which estadiishes

rasonance with the feed line at a desired frequency.

0241 In accordancs with a still further aspect of the concepls, sysiams ang
sircuits desoribed hersin, 8 phased aray antenna inchiies a pluraiity of pateh
radiatiors, each of the pateh radiators including 8 patch antenng siement and &
palr of excitation circuils with ons side of sach excilation pair beng grounosd at
an aporopriate position and the other side used {o transmit andfor raceive from the
natch antenna slement which snablas the patch radiators o be responsive {o Ry

signais having clreular polanzaton.

0281 In one smbodiment, the excitation cirouits comprise a feed cirout which
nclhides a feed iine lorminaling in & stub region having an opean CIFtUl Inpedancs
characteristio and a funing oircult disposad © provide an impedance charactenstio
which establishes resonance with the feed line al a Qasinsd fraguenay.
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0281 In one embodiment, the tuning oireull is provided as & uning stud having a
shape selected to provids an impedance characlenistic wiich astablishes

rasonance with sald fead ine at a desired freguenoy.

00271 In accordance with a still further aspsect of the concepts, systems and
circulis described hersin, a pateh radiator suitable for opergtion with girouiar or
dual linear polarizations includes & patch antenna slement and a pairof axcitation
cireuits. The excitation olrcuils include a fesd Bne and a fuming ciroull configured
such that 2 single feed line enables indspendent operation of sach polanzaton.
This aliows for the operation of the patch and thersfore aray as either inear,

slant, sliiptical, or circular polarization.

NO28T  # should be appreciated that this Summary s provided o nfroduce a
salaction of concents in a simplified form that are further deseribed below i the

Datallad Dasonplion.

RRIEF DESCRIPTION OF THE DRAWINGS
60281 The foregoing and other objecls, teatures and advaniagss of hs
concants, systems, circuits and fechniques describad herein will be apparent from
the following description of particular axemplary embodiments as Nusirated in the
sccompanying drawings in which lke reference characters reder © ke slamants
throughout the different views, The drawings are not necessany 1o seals,
smphasis instead being placed upon fustrating the goncapts, syslems, Cirguils

and technigues.

0301 Fig. 1 is an isometric view of a conventional paieh radiator having & pateh
slement and a single fead line and suitable for transmitling or receliving ragio

frequancy {RF) signals having a single linear noiarization;

00311 Fig. 2 fs an isometris view of & conventional natoh radiator having 8 pateh
siement and four feed lines and suitable for ransmitting or receiving RE signais

having dual or olrouiar polanzation;
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0321 Fig. 3 is an isometric view of a palch radiator suitable for transmitling

andior receivirig RF signals having dual or oircuiar polanzation;

G033 Fig, 34 s an exgloded sometris view of a patoh raciator sutiatis oy
ransmitting andfor receiving RF signals having dual or circuiar polanzation

00341 Figs. 44, 4B, 4C are a series of top views of various types of paleh
arnfenna clement fopologles sultable for usse as a palch radiator of the Hyps

describad above i conjunction with Mg, &

D038 Fig. § is a plan view of an pane! aray antenna utilizing 8 patoh radiator
which may be the same as or similar {0 the patch radiator of Fig. 3 and

0381 Fig. 8 is & perspective view of 3 panel sub-array of the type usad in pans

array antenna shown in #H, &

DETAILED DESCRIFTION

00371 Before desoribing an exemplary embaodiment of a paleh radiator
responsive to dual linear or circular polarization, { shoulkd be apprecialed that using
the concents described hersin ong can eliminate the two sided fesd for each
avcitation which is conventionally needead for anfsmna operation with dual inear or
circular polarization as shown in the exemplary embodiment OF Fig. £, Thus, the
oafch radistor desoribad hereln below ulifizes an axcitation circull having only &
single fead for sach polarization. As will become apparant from he desenplion
rerein below, one sids of sach axcilation pailr s groundsad at an appropnate

sosition and the other side is usad as 1o ransmit Or receive rom a palclh,

0381 This technigue eliminales the need for power splitfer ciroulry

conventionally required for andenna operation with dual inear or circuwiar

solarization. The presence of the grounded stub acts as a tuned “refiedior ana

keeps the polarization pursly linear and efficiently couples the slectiic Nisids

hatween the stub, siof and pateh, Without the groundsd stub, the ol center

axcitation creates a radiation patiem that is not inear and withowt two orthogonas
8
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inear excilations, it is not possible to generate circular polarization having a low

axial ratio,

N030T  Referring now to Figs. 3 and 34 in which Hke slements are provided NAVING
ke reforence designations, a patch radistor 10 includes a pateh slement 14 and a
focd cireult 14, Falch slement 12 is provided from a conducior 16 dispossd ovar a

first surface of & subsirate 18,

0401 A palr of excitation cirouits 208, 20b are comprised of respeciive fead ines
22 24 sach of which include respactive ones of stub regions J<da, 248 having opan
sirouit impadance characteristics. Excifation ciroults 208, 20D also hoiuae
respactive ones of funing circuits 28, 28, Tuning circults 28, 28 are disposad 10
orovide an impedance characteristic which establishes resonance with respeciive

foad fines 22, 24 at a desired fragusnoy.

04T In the exemplary embodiment of Figs. 3, 3A funing ciroults €8, 28 ane
implemeantad as funing stubs having a first end ferminatad i an opan oirgut
mpedance characteristic and having a second end lerminated in & short circat
impedance characteristic. In one embodiment, the fuming stubs are mplameanted
as L-shaped conductors disposed on a second opposite surface of the substrate in

which the palch slement conducior s are disposed.,

00421 Thus, as is apparent from Figs. 3, 34, one side of each sxciiation pair s
rerminatad at a position which resulls in an impeadancs characlenslic wineh
astablishes resonance with a respective fead ine a desirgd frequsnoy. The
oresence of the stub acts as a tuned reflector and keeps the solanzation purely
inear and efficiently couples the slectrie fisids betwean the slub, slof and patoh

slement conguctor.

0043]  Before describing the pateh raciaior dascribad above i conjunction with
Figs. 3 and 3A as included in 3 panel array antenna, soms INRRGUCIOTY Concepts
and terminology are explained. A "pansi arvay” (or more simply "pansi; refers {08
muitiaver printed wiring board (FWE) which includes an amay of antenna

4
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slements {or more simply “radiating slements” or “radiators”}. A pansi ayray ofien
also includes RF, logic and DO distribution oircuits In one highly integrated FVWE.
A panel is also sometimes referned to hereln as @ tiie array {(or more simply, &

e

N044]  An arvay antenna may be provided from a single panst (or g} orfrom &
olurality of panels. In the case where an aray anterna s provided from a pluraity
of panels, 3 single one of the plurality of pansls is somelimes referred W Harsin as

a “‘pane! sub-array” {or a “tile sub-array ).

048] Reference is sometimes mads herein {0 8 panel aray antenna having a
parlicuiar aumber of panals. i should of courss, be appraciated that an amay
antenna mayv be comprised of any number of pansls and that one of ordinary skil
in the art will appreciate how o select the particular number of paneis o use N

any particular application,

048] I should also be noted that reference is sometimes made heren 10 &
sansl o an array antenna having a particular array shape andior physical sizs
and lattice spacing or a particular number of antenna slemants, Une of ordinary
skilf in the art will appreciate that the fechnigues described herein are applicalis
o various sizes, lattice spacing and shapes of panels andfor array anlennas ang

that any number of anfenna slements may LDE USeT.

0047]  Similarly, referance is somstimes mads herain 1o pans or tie sub-arays
having a particular geometric shaps (e.g. squarng, reclanguiar, FOUNG } angior size
{2.g., 8 particular number of antenna slements; or a particutar iatlice hype of
snacing of antenna elemeants. One of ordinary skifl In the art will appreciate that
the patch radistor and technigues related thersto as desonbed harain are
applicable fo various sizes and shapes of aray anteniias as weall a8 I vanous
sizes and shapes of panals {or tiles) andfor panel sub-arrays {or e sub-arrays),

O04R]  Those of ordinary sidl! in the art, after reading the descnption nrovided
hereln, will appreciate that the size of one or more antenna alements may de
10
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selectad for operation at any requency in the RF frequency rangs {(8.g. any
frequency in the rangs of about 400 MMz GHz {0 about 100 Gz},

D048 # should also be appreciated that the antenna slements in each panet ar
tile sub-array can be provided having any one of a plurality of different antenna
sloment lattice arrangements including periodic latlice arangaments {or
configurations) such as rectangular, squars, angular {(8.g. squiiateral or
sosceles tangular), and spiral configurations as wall a8 non-periodic or arbitrary

atHos arangemens.

OS] Applications of al lsast some embodiments of the paten ragiator pared
arvay {(a/kfa tle array) architectures deseribad herein inciudes, but are not Hmitad
to, radar, slectronic warfare {EW) and communication systems for a wids vanety
of applications including ship based, ground based, aitborne, missiie and salelite

applications,

D081 As will also be explained further horain, at least soms ambodiments of
the invention are applicable, but not imited fo, military, alrbome, ship bome,

ground based, communications, unmanned aerlal vehiclas (UAV) anaior

commercial wirsless appiications,

DOB2] i should be appreciated that in both Figs. § and & ihe SUCCHSSVE MOWS
are staggersd, There is also the cass where the successive rows are aligned.
Also, in the general cass {rather than the specific sxemplary embodiment SHOWDN
in Figs. § and 8) the pitch iIn the x any directions may not be he same.

DOS3T Turning now to Fig. §, an aray anfenna 40 18 comprissd of & plurality of
tie sub-arayvs 4%a - 42x. it should be appreciated that in this exemplary
embodiment, x tofal tile sub-arrays 42 comprise the entire array antanna &, 0
ane embodiment, the total number of tile sub-arrays s sixtesn the sub-arays (1.8,
¥ = 18). The particular number of tile sub-arrays 42 used o provide a compiste
array artenna can be selected in accordance with & vanely of factors incluging,
nat not imited to, the frequancy of operation, aray gain, the space avaliabie for
13
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the amray antenna and the particular application for which the array antenna 40 s
itended to be used. Those of ordinary skill in the arl will appraciate how 1 ssisdd
the number of file sub-arravs 42 {0 use in providing 8 compisla aray anianna,

0S4l As Hlustrated in fles 420 and 43, in the sxemplary embodiment of FigL 5,
aach tis sub-array 428 -42x comprises oight rows 43a - 43h of antenna slements
4% with sach row conlaining eight antenna slements 48 (or more simply,

‘slements 457, Each of the tile sub-arrays 422 - 43x is thus said o ba an sight by
sight {or 8x8) tile sub-aray. i should be noled that sach anfenna slement 43 18
shown in phantom in Fig. § since the slements 45 are not directly visitis on the
sxposed surface {or front face) of the aray antenna 40, Rach slement 4§ may be
the same as or similar to patch radiator 10 described above in conjunclion with
Figs. 3 and 3A. In this particular sxemplary smbodiment, each e sub-array 448 ~
4% cOmprises sixty-four {@3} anternmna slements. in the casse whars he aray <4 18
comprisad of sixteen {18) such tiles, the array 40 comprises a folal of ong-
thousand and twenhefour {1,044) antanna slameants 48,

088 iIn another embodiment, each of the tile sub-arrays 4da-42x comprige 10
slements. Thus, in the case whers the array 40 is comprisad of sixiaen {18} Such
tiles and sach tles comprisas siklaen (18) slameants 45, the amray 40 comprises a
total of fvo-hundred and fifhesix (258) anlenna slemeants 45,

INOSST  in still ancther exemplary embodiment, each of the tie SUD-rays 448 ~
A% comprises one-thousand and bwenty-four (1024) slemeants 40, Thus, inthe
case where the array 14 s comprised of sixisan (18) such thas, the aray 40
comprises a total of sixtesn thousand thres-hundrad and sighty-four (18,384}

antenng slameants 45,

IN0ST]  In view of the above exemplary ambodiments, # should thus de
appreciated that sach of the e sub-arrays can include any desired number of
aslements. The particulay numbaer of slements {o includs in sach of tle sub-arays
42a-42x% can be ssleclad in accordance with a variely of faciors inciuding dbut not
Hmiited to the desired frequency of opergtion, aray gain, the spacs avaliabie for
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e anterna and the particudar application for which the aray antenng 40 is
ntendad o be used and the size of sach sub-array 42. For ANy given anplication,
those of ordinary skill in the art will apprecisie how to select an apnropriate
number of radiating slements to include in cach tile sub-aray. The total number
of antenng slements 45 included i a panel antenna 2TAY [UCH a8 anfenna aray

40 depends upon the number of subarrayvs included in the antenna JTAY and as
well as the number of anferma slements included i sach subamay.

D058 As will become apparent from the dascription hersinbsiow, sach sub-
array is slecirically autonomous {sxcepling of course any mutual COUDING which
OCCUrs Detween elements 45 within a2 e and on diferent tles). Thus, the RF fesd
cireuitry which couples RF energy to and from sach radiator on 2 e is
megrporated entirely within that file {(La. all of the RF fesd ang DESTHOMING
circuitry which couples RF signals to and from elements 48 in tile 43b are
comamed within e 42h). Each tile includes one or more RF connaciors and the
RE signals are provided o the tile through the RF connastons) provided on each
fils sub-amay.

OOGH]  Also, signal paths for logic signals and signal paths for DOWET signals
which couple signals 1o and from transmitreceive (TVR) circults are contained
within the tils in which the T/R cirguits exist

UUEE] The RF beam for the entire array 40 is formed by an extenal beamformer
(e, axemnal to each of the subarrays 42) that combines the RF outputs from each
of the e sub-arrays 42a-42%. Ag is known {o those of ordinary sl in the art, the
peamionmer may be conventionally implemented as a printed Winng board

stnipiing circult that combines N sub-arrays info ons RF signal pot {and hanee the
neamiormesr may be referred o as 8 1N beamformer),

OUEY) The sub-arrays may be mechanically fastened or othenwise secured to o
mounting structure using conventional techniquses such that the amay lattice
patem s Continuous across sach tife which comprises the array antenna. In one
amodimeant, the mounting structure may be provided a3 a “picture frame” o

13
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witch the Hle-subarrays are securad using fastensrs {such as #10-32 size soraws,
for axample). The olerance between interlocking sections of the e is preferabiy
it the range of about +4.008 in for 10 GHz operation although larger tolerances
may alse e acceptable and smaller tolerances may be required based upon a
vanely of faciors inciuding but not limited to the frequency of operation.

Fraferably, the arays 428 - 42x are mechanically mounted such that the array
attice pattern (winch {8 shown as & tanguiar iattics pattern in exemplary
ambodiment of Mg, 4} appears slegtrically continuous across the antive surface
40a {or Tace™) of the panel aray 440,

G82]  Advaniagsousty, the sub-array smbodiments described hersin can ba
manufaciured using standand printed w'éﬁs“sg;; board (PWEY manufacturing
Processes o produce highly inlegrated, passive RF circuits, using commaeraial,
off-the-ghell {LOTH) microwave materials, and highly infegrated, active monoiithic
THorowave infegrated circults (MMIC s}, This results in reduced manufactring
COsts. Array antenng manuiaciuring costs can also be reduced since the s sub-
Avays can be provided from relatively largs pansis or shests of PWEBs using
convantional PWE manufacturing fechniques.

OUE3]  In one axemplary embodimeant, & panel amray having dimansions of .8
meter X 0.0 meter and comprising 1024 dual coircuiar polanzed antenna slements
Was manuiaciured on one shast (or ong muililaver PWEL The fechnicues
described herain aliow standand printed wiring board processes o be used to
fabricate paneis having dimeansions up {o and including fm x 1m with up to 4088
antenna slements from oneg shest of multi-layer printed wiring boards {(PWBs).
Fabrication of aray antennas uliiizing large pansis reduces cost by integrating
many antenna slameants wilh the associated RF fsed and boamfomming ciroultry
since & "hateh processing” approach can be used throughout the manufecturing
process nciuding fabmication of T/R chamnnsls in the amray. Batch processing
refars {o the use of anges volume fabrication andior assembily of materials ang
components using avtomated equipmant. The ablity to use a balch processing
approach for fabrication of g particular antenng dasign is desirable since i
ganaraty resulls in reiatively low fatwication costs. Use of the tie srchilsoture
14
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resulls i an aray antenna having a reduced profile and weight compared with
prior art arrays of the same size {l.e. having substantially the same physioal

dimansionst,

{0064]  Referming now to Fig. € in which ke sloments of Flg, 4 are provided
having like referance designations, and taking tile sub-array 42b a8 representative
of (e sub-arrays 428 and 42¢-42x, the file sub-array 42b holudes a radiator
sirbassamily 52 which, In this exemplary embodiment, is provided as a so-called

“dual cirowlar polarized patch radiator,

085S The radiator subassembly 82 is provided having a first surface 528 which
can act as a radome and having & second opposing surface 82b. The radistor
assemoly £ is comprised of a plurality of microwave ciroult boards {(also referred
o as PYWEs} (nol visibie in Fig. §) Radiator slements 48 are shown in phantom in
igs. O and § since thay are disposed below the surface 528 and thus are not

girectly visibie in the view of Fig. &.

OO08]  The radiator subassembly 82 may be disposed over a plurality of other

MRS,

UG While particuiar smbodiments of the present invention have been shown
and described, §will be apparant i those skillad in the art that various changes
and modifications In form and detalls may be made therein without departing from
e spint and scope of the concepts as defined by the following claims. Por
sxampig, athough the desoription provided herein above descoribes the concepts
11 e cordenxt of an array antenna having @ substantially sguare or rectangular
shape and comprised of a plurality of Hile sub-arays having a substantially square
of reclanguiar-shape, those of ordinary skill in the art will aporeciate that the
CoOncaps squally apply to other sizes and shapes of array antennas and pansls
(o e sub-arrays) having & varlely of different sizes and shapes. Also, the pansls
(or tles) may be aranged in a varlely of different latlice arangements including,
out not imited 1o, periodic latlice arrangements or configurations {8.9. rectanguiar,
circliar, sguiiateral or lsoscales iangular and spival configurations) as wall as

N
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CLAIMS

| claim:
1. A dual linear or circularly polarized patch radiator comprising:

a patch substrate having first and second opposing surfaces;
an antenna conductor disposed over the first surface of said patch substrate to form a

patch element;
a slot substrate having a first surface disposed over the second surface of said patch

substrate and having a second opposing surface;

a plurality of slots in the first surface of said slot substrate, each of the slots having a
centerline which is orthogonal to a centerline of at least one other slot and wherein first and
second slots are disposed in a first direction with respect to the patch element and third and
fourth slots are disposed in a second, orthogonal direction with respect to the patch element;

a tuning substrate having a first surface disposed over the second surface of said slot
substrate and having a second opposing surface;

a pair of excitation circuits disposed over the first surface of said tuning substrate with
one side of each excitation circuit grounded at an appropriate position to provide
substantially pure linear excitation and the other side used as to transmit or receive from the
patch antenna element wherein each excitation circuit comprises:

a feed line electrically coupled to said patch element with at least a portion of
said feed line crossing one of the slots in said siot substrate and terminating in a stub

region having an open circuit impedance characteristic; and

a tuning circuit disposed a selected distance from the open circuit stub region of
said feed line with at least a portion of said tuning circuit crossing an orthogonal one of
the slots, said tuning circuit selected to provide an impedance characteristic which

establishes resonance with said feed line at a desired frequency.

2. The patch radiator of claim 1 wherein said excitation circuit feed lines are coupled to

adjacent sides of said antenna conductor.

17
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3. The patch radiator of claim 1 wherein said tuning circuit is provided as a tuning stub

having a shape selected to provide an impédahcé characteristic which establishes resonance

with said feed line at a desired frequency.

4. The patch radiator of claim 3 wherein at least a portion of said tuning stub crosses one
of the slots.
5. The patch radiator of claim 3 wherein said feed lines are provided from a conductor

having an L-shape and said tuning stubs are provided a conductor having an L-shape.

0. The patch radiator of claim 3 wherein said antenna conductor is provided having a
shape corresponding to one of:

a rectangular shape;

a triangular shape;

a semi-circular shape;

a square shape; and

a semi-oval shape.

7. A patch radiator comprising:

a patch antenna element provided from a patch substrate having first and second
opposing surfaces and an antenna conductor disposed over the first surface of said patch
substrate: and

a feed circuit comprising:
a slot substrate having a first surface disposed over the second surface

of said patch substrate and having a second opposing surface;

a plurality of slots in the first surface of said slot substrate, each of the
slots having a centerline which is orthogonal to a centerline of at least one
other slot and wherein first and second slots are disposed in a first direction
with respect to the patch element and third and fourth slots are disposed in a
second, orthogonal direction with respect to the patch element:

a tuning substrate having a first surface disposed over the second

surface of said slot substrate and having a second opposing surface:

18
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a pair of excitatio‘ﬁ circu.i'gs disposed over the first surface of said tuning
substrate with one side of each éxéitation circuit grounded at an appropriate
position to provide substantially pure linear excitation and the other side used
as to transmit or receive from the patch antenna element and wherein each
excitation circuit comprises: a feed line terminating in a stub region having an
open circuit impedance characteristic with at least a portion of said feed line
crossing one of the slots in said slot substrate; and a tuning circuit disposed a
selected distance from the open circuit stub region of said feed line with at least
a portion of said tuning circuit crossing one of the slots in said slot substrate and
wherein said tuning circuit is provided having an impedance characteristic which

establishes resonance with said feed line at a desired frequency.

8. The patch radiator of claim 7 wherein said a patch antenna element comprises:

a substrate having first and second opposing surfaces;

an antenna conductor disposed on a first one of the first and second opposing surfaces
of said substrate with first and second slots disposed in a first direction in said antenna
conductor and third and fourth slots disposed in a second, orthogonal direction in said

antenna conductor.
9. The patch radiator of claim 8 wherein said tuning circuit is provided as a tuning stub.

10. A phased array antenna comprising:

a plurality of patch radiatiors, each of said patch radiators comprising:

a patch antenna element provided from a patch substrate having first and second
opposing surfaces and an antenna conductor disposed over the first surface of said patch
substrate; and

a feed circuit comprising:

a slot substrate having a first surface disposed over the second surface
of said patch substrate and having a second opposing surface;

a plurality of slots in the first surface of said slot substrate, each of the
slots having a centerline which is orthogonal to a centerline of at least one

other slot and wherein first and second slots are disposed in a first direction

19
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with respect to the patch eleme:pt and third and fourth slots are disposed in a
second, orthogonal direction @vith. réspect to the patch element;

a tuning substrate having a first surface disposed over the second
surface of said slot substrate and having a second opposing surface;

a pair of excitation circuits disposed over the first surface of said tuning
substrate with one side of each excitation circuit grounded at an appropriate
position to provide supbstantially pure linear excitation and the other side used
as to transmit or recetve from the patch antenna element and wherein each
excitation circuit comprises: a feed line terminating in a stub region having an
open circuit impedance characteristic with at least a portion of said feed line
crossing one of the slots in said slot substrate: and

a tuning circuit disposed a selected distance from the open circuit stub
region of said feed line with at least a portion of said tuning circuit crossing one
of the slots in said slot substrate and wherein said tuning circuit is provided
having an impedance characteristic which establishes resonance with said feed

ine at a desired frequency.
11. The patch radiator of claim 10 wherein said tuning circuit is provided as a tuning stub
having a shape selected to provide an impedance characteristic which establishes resonance

with said feed line at a desired frequency.

12.  The patch radiator of claim 11 wherein at least a portion of said tuning stub crosses

one of the slots.

13.  The patch radiator of claim 11 wherein said feed lines are provided from a conductor

having an L-shape and said tuning stubs are provided a conductor having an L-shape.

20
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14.  The patch radiator of claim 11 wherein said patch antenna element is provided

a b

having a shape corresponding to one of:
a rectangular shape;
a triangular shape;
a semi-circular shape;
a square shape; and

a semi-oval shape.
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