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DUAL POLARIZATION CURRENT LOOP RADIATOR WITH INTEGRATED
BALUN

FIELD
[O001]  The concapts, systems, oircults, devices and techniguss describad herein
rafate generally fo radio freguency (RF) circuits and more particulardy to RF

anfennas,

BACKGROUND

0021 As s known in the ar, in aray antennas, performances is often limited by
the sive and handwidih Emitations of the anlenna slements which make up the
array. improving the bandwidth while maintaining a low profile enables array
system performance fo meet bandwidth and scan requiremants of next generation
of communication applications, such as software defined or cognitive radio.
Thase applications also frequently require antenna elements that can support

afther dusl insar or ciraudar polarizations.

00031 Asis also known, attempis have besn made {o fabricate low profile
antenna slements and array antennas. Such aray antennas include an array of
tightly coupled dipole slements which approximates the performance of an ideal
current shest, as wall as so-caflad “bunny sar” antennas, and tightly coupled
patch arrays. While these antenna olement designs are all low profile, they sither
fail to operate over a desired bandwidth or present significantly increased
complexities to provide feed structures nacessary to support either dual linear or
circular polarizations (8.0, requiring external componsnts difficult to it within the
unit osll of an array antenna). Other antenna slements, such as Vivaldi noteh
antenna slements, can provide & relatively wide bandwidth, but are not low profils.

00041 Hwould, thersfors, be desirable to provide an antenna slement and an
array antenna having a relatively fow profile and which Is responsive to either dusal
inear or siroular polarization over a wide frequency bandwidth and scan volume,
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SUMMARY

I0008]  Describad hersin is an antenna slement having an integrated balunffeed
assembly. The antenna slement may alse be provided having an integrated
balunfesd and radoms {the combination of which is referred {0 hersin as a
racliating element). Such an antenna alement andfor radiating slement s sultable
for use in wideband {(WEB) or ultra wideband (UWEB) phased aray anterna
applications. Such an antenna slement and array of such antenna elemants may
he sullable for uss In applications and designs requiring fractional bandwidths of
greater than 311 and that would benefit from not having an expliclt (separate)
halun In the feed structure, The antenna slement with infegrated balunffesd and
radomae is sullable for use in applications reguiring & low antenna profile (e, a
combined antenng element and radoms assembly having a reducad height).

000681 Such an antenna element and antenna aray is suitabls for use in
applications where performance improvements, including volumetric
improvements and installation height reductions, may be desired.

IOO07]  In accordance with the concepts, systems and clreults descoribed herein, &
duai polarization current loop radiator includes & matal patch radiator in a phased
array dislectrically spaced from a shaped metal tower which is conductively
attached to a metal backplane. The backplane provides a groundplane for the
raciating element. A pair of fesd dircuits, each comprisad of a vertical conductor
and a fsad line, are coupled o the patch radiator. The dusl polarization current
inop radiator is responsive to RF signals within a frequency band of inferest through
hwo different coupling mechanisms as follows. RF signals couplaed or otherwise
nrovided o the feed giroults are coupled into the desired radiating mode. The feed
choults {Le. the feed lines and vertical conductors) guide current to Teed points by
quiding them along the sidewalls of the shaped metlal ower. Al lower frequencles
within the band of interest, RF signals are coupled (e, efther recaived by or emitied
by} from the fesd points to the palch element. Al higher frequencies within a band
of inferest, RF signals are coupled from the feed points info the desired radisting
mode via a guided path siotiine mode formed within the current foop radiator

siructure hotween the feed circult and the vertical wall of the shapad metal tower.
2
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Thus, the radiator supports two radiation mechanisms: a first radiation mechanism
dus o the patch slement and 8 second radiation mechanism dus to the guided
path, The two radiation machanisms are seamiess (Le. thare b & seamiess
fransition bebween these two differant types of radiation) which leads to a significant

increase in operational bandwidth and scan of the radistorn

ID008]  With this particudar arrangement, a compact patch radislor sullable for use

i & phased array anlsnna is provided,

00081 A plurality of anterna slements provided In accordance with the concapls
and structures desoribed hersin resulls in an array antenna operable over a wids
sancwidth and scan volumes while maintaining a relatively low profile. Inone
embodiment, an aray antenna provided in accordance with the concepts and
structures describad hearsin provides broadside parformancs over a frequency
range of about 2.4 GHz to about 17.8 GHz at a height {or profile, including all
radome and balun spacings and components) of about ons inch above the metal
backpians.

I0O10] The height {or profile) for such a complete radistorfradome’balun
combination is relatively low comparad with the profile of prior art antenna

alements and array antennas having similar operating characteristics.

0011] In accordances with the concepts desoribed hersin, for spplications
requiring less bandwidith, the antenna height may be raduced o less than one
inch. For example, i an antenna having 2 bandwidth from 24178 GHz {ie. &
fractional 7.33:1 bandwidth) if | is desired fo operats, for sxample in the frequency
rangs of about 8 GHz to about 17.8 GHz, the antenna could be provided having a
height approximately or about 4", I, howevar, It was desired to only operate in
the range of about 12 GHz to about 18 GHz, the antenna could be provided
having a height of about .2°. These sxamples assumes the scan performance
requirad ramaing the same. | the scan angles required are reduced, the height
can be reducead further, Furthermore, the scan performance degrades gracsfully

groviding performance out fo 70 dagress In both B- and M-planes. The antenna
3
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alement described herein alse provides good isolation and cross-polarization

parformance over scan,

G121 In accondance with & further aspect of the concapts descoribed hersin, an
ardenna slemant includes a radiglor unit call structure having an antenna slement
and a feed circult disposed such that at a first frequensy, the fesd ciroult couples
signals fo the antenna slament and &t a second, higher fregquenoy, the feed cireutt
generates RF signals in 8 guided path within the radiator unit cell structure.

0131 In one embodimant, the fead oircuit is coupled to a vartical conductor
disposed in the radiating unil cell structure which couples signals to the anlenna

glament,

0014} In one embodimant, the antenna slement includes first and second vertical
gonductiors couplad o first and second fesed oiroults whersin the first and said
sacond verfical conductors and first and second feed circuits are disposad in the
raciator unit call strusture to couple orthogonaily polarized RF signals such that
the anterma element is responsive (o RF signals having duatl linsar polarizations.

00181 In one embodiment the anfenna slement is a pateh antenna slemeant.

G018} in one embodiment the antenna element includes a patch antenna element
provided as a conductor on a dislectric substrate and the patch antenna slement
is fad by a fsed circult from an adiacent unit call.

0171 In one embodimeant the feed oircult comprises a fesd line provided as one
of. 2 conductive vig, & probe, or an exposed coaxial fead and wherein the Teed
girquit uses part of & vertical conductor to guide current 1o a fead point of & paleh
antenna slement that is capacitively couplad o the vertical condustar,

(0181 In one smbodiment, a portion of sald al conductor is disposed on & ground

plans,
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00181 In accordance with a further aspect of the concapts desaribed harsin, a
radiator includes {8) 2 radoms; and (b) an antenna slemant comprising a radiator
unit cell structure having a conductive back plane corresponding to 8 ground
olang, 2 vertical conductor electrically couplad o the backplane, & a pateh
anterma slement capacitively coupled to the vertical conductor; and a feed circult
disposad proximats the vertical conductor and coupled {o the backplans and 8
faed point proximate the horizontal conductor with the feed cirout positionad such
that at a first frequency, the feed ciroult couples signals 1o the palch antenna
alament and at 8 second, higher fraquency, the fead circuit generates RF signals

in a guided path within the radiator unit cell structure.
100201 In one embodiment, the radome comprises 8 dislactric pixiiated assembly,

{00211 In one smbodimant, the radoms comprises a dislectric pixilated assambly

comprising thres or more layers.

100221 In one embodiment, the radomes comprises 3 dislactrin pixiiated assembly
comprising three or more layers wherein al least one of said three or more layers

corresponds o an alr laver.

0231 In one embodiment, the vertical conductor disposed in sald unit cell
structurs is a first vertical conducior and the feed oirouit is a first fead cirauit and
tha antenna element further comprises 8 second vertical conductor, and a second
foed olroult wherein the second vertical conducior and the sscond feed cliroult are
disposed in the unit cefl structure o couple RF signals which are orthogonatl o RF
signals coupled fo the first vertical conductor and the first feed circult such that the

antenna slement is responsive to RE signals having dual linear polarizations,

0241 In one smbodiment, the palch antenna slement is provided as g conductor
on & dislectric substrate and sald patch anterna slament is fod by a Teed circulf

from an adiacent unit cell.

[0025] In one embodiment, the feed clrcult comprises & Tead iine provided as one
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of: a conductive via, a probs, or an sxposad coaxial feed and wherain the fesd
ciroult uses part of the vertical conductor to guide current to a fead point of a patoh

arienna slemant that is capacitively couplad to 8 vertical conductor.

I028] In accordance with a further aspect of the concepts desoribed herein, a dusl
nolarization cwrent loop radiator includes (8) an antenna slemsent having first and
second fead circuils each of which couple RF signals 1o 8 patch antenna elemeant
and at 2 second, higher fraquency, each of which generate RF signals in a guided
nath within a radiator unit cell structure and (b} a radome disposed over the pateh
antenna element with at least 2 portion of the radome disposed in the radiating
urtit call structure such that &t least a portion of the radoms is integrated with the

radiating slement,

D027 In one embodiment, the radiating unit cell structure has a closed end and
an open end with the closed end coresponding to & ground plane; a first vertical
conductor disposed in the radiating unit cell structure and slsctrically coupled o
the ground plane: a8 second vertical conductor disposed in the radiating unit ol
structure and slactrically couplad o the ground plane and arthogonally disposed
with respect to the first vertical conductor. A patch antenns slement is disposed in
the radiating unit cell struciure and is capacitively couplad to each of the first and
second verfical conductors. A first fesd ciroult is disposad proximate the first
vartical conductor and a first end of the feed circul! is coupled © 2 baciplans and
a sscond end s couplad {o a first feed point proximats the patoh antenna slemant

with the first fesd oircult

I0B028] In one smbodiment, sach of sald first and second fesd circults comprisa
respactive ones of first and second fesd lines and the first and second fesd lines
are provided as one of: 2 conductive via, a probs, or an exposed coaxial fead
using part of respective onas of first and sscond vertical conductors to guide
surrent fo 3 respective one of the first and sscond fesd points,

0281 In one embodiment, the radoms comprises a dislectric pikilated assembly.

o,
(73
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100301 In one embodiment, the radoms comprises g dislectric pixiated assembily
comprising three or morg layers.

00311 In one smbodiment, the radome comprises a dislectric pisliated assembly
comprising thres or more lavers whersin at lsast one of sald three or mors layers
corresponds 10 an alr layer.

IN032Y In accordancs with & Turther aspect of the concepts desaribed herein, &
phased aray antenna comprising @ plurality of unit cells with sach of the unlt cells
comprising & dual polarization current loop radiator, sach dusl polarization curment
ioop radiator Including {a) an antenna slement having first and sscond fead
gircuits each of which couple RF signals {0 a patch antenna slement and at s
sacond, highsr frequency, each of which generate RF signals in a guided path
within a radiator unit cell structure and () & radome disposed over the pateh
antenna slement with at lzast a portion of the radome disposed in the radialing
unit cell structure such that at least a portion of the radomes is inlegrated with the
radiating slement,

100331 In one embodimant, the radome comprises a dislectric pixiiated assembly.

10341 In one embodiment, the radome comprises a dislectrie pikilated assembly
comprising thres o mors iayers.

[0035] In one embodiment, the radome comprises a disleclric pixilatad assembly
comprising three or more lavers whersin at least ons of said thres or more layers
corresponds {0 an alr layer,

F00368]  # should be appreciated that this Summary is provided 1o introduce a
selaction of concepts In & simpiifiad form that are further desoribed below in the
Detalled Description. This Summary is not infended to idently key features or
sasential fastures of the claimed subject matter, nor is it infended o be usad o
imit the scope of the claimed subjsct maller,
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BRIEF DESCRIPTION OF THE DRAWINGS

00371 The foregoing and other objects, features and advaniagss of the
invention will be apparent from the following description of parlicular embodiments
of the invention, as Hlustrated in the accompanying drawings in which like
reference characters refer fo the same parls throughout the different views, The
drawings are not necessarly {o scale, emphasis instead being placed upon

Hustrating the principles of the invention.

038 Fig. 1 is an isometric view of 2 unit call of a dual! polarization current loap

radiator having an integrated baluny;

[O038]  Fig. 1A is a side view of a unit cell of the dual polarization current loop

radiator of Fig. 1,

I0040]  Fig. 2 is 2 top view of a unit celf of the dual polarization current loop

radiglor of Fig. 1,

I0041]  Fig. 24 is a fop visw of a pluraiity of unit cells of the dual polarization

currant loop radiator of Fig. 1,

00421 Fig. 3 is an isometric view of a dislectric pixelated assembly,

00431 Fig. 3A is a top view of a first pixelated layer of the dislectric pixelated
assembly of Fig. 3;

[0044]  Fig. 3B is a top view of a second pixelated layer of the dislectric pixelated
assambly of Fig. &;

[O048]  Fig. 4 i a plot of vollage standing wave ration (VSWR) of the antenna
slement vs, frequenay;

048] Fig. 8is a plot of antenna isolation vs, frequengy;
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I0047]  Fig. 8 is a plot of antenna ransmission vs. frsquency;

00481 Flg. 7 is a plot of antenna oross polasization performances v, fregqusnoy,

and,

048] Fig. 8 is a perspective view of a phased array antenna comprised of a
plurality of unit cells sach of which comprises & dual polarization current loop
radiator which may be the same as or similar to the dual polarzation current loop

radiator described above In conjunction with Figs, 1-4.

DETAILED DEBCRIPTION

00501 Desoribed hereln are struciures and technigues for exciting and
oropagating clsctromagnetic waves in wave guiding structures. As used harsin,
the ferm “vartical plane” refers {0 a plans which exends slong 8 length of the
wave guiding structure and the termm “horlzontal plane” refers {0 a plane which is

pampendicular fo the verlical plane.

G811 Referring now fo Figs. 1, 14 and 2 in which ke slameants are provide
having like reference designations throughout the several views, 8 dual
nolarization current loop radiator 8 includes an antenna slement portion including
an integrated balun to and a radome portion 11, The balun is formed using an
‘inside’ conductive surface of 8 shaped conductive towser, The shaped conductive
fower is provided from a pair of vertical conductors 18, 18a altachead or othanwise
slectrically coupled to the backplane. An culside surface of the shaped
conductive tower supports the guiding of the radiated wave, The balun structre
is essentially & high impedance {comparad o the fesd ling) cavily that directs the
anargy up the feed structure and guides | into the desired radisted mode. The
unit call 12 has a width W, a helght M and a length L. Ths length of the shaped
metal plecs is generally chosen to be approximataly quartesr wavelength of the
canter fraquency in the material (alr in this case). The exact value may be
adjusted somawhat from a starting value of a guarter wavalength as part of the

feration of the design.
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G082 In the exermplary embodiment of Figs. 1-2, and for reasons which will
become appanent from the description hereinbelow, unit cell 12 i here provided
having 8 square cross-sectional shape (e, WeH as shown in Fig. 2). Uniteell 12
may be ai-fillad {Le. hollow) or filled {aither partially or wholly flled) with a
gislsoiric material, For broadest handwidth and scan performanas, ainfillad is

praferrad.

ID083] Unit call 12 has dispossd across one end 12a thersof a backplane 14
which serves as a ground plane while a second end 12b of unit cell 12 is open.

00841 A first conductor 18 having a width W, aheight H1 and alength Lt is
disposad it 8 first varticad plang within unit cell 12, Since conductor 18 is disposed
in & vertical plane, first conductor 18 is sometimes refarred as first vertical
conductor 16 {or mors simply “vertical conductor 187 or “vertical wall 187}, Vertical
conducior 18 is slectrically coupled to backplane 14, In ong embodiment, this is
accomplished by placing at least a portion of {a.g. one end of} verlical conductor 16
in physioal condact with at least a8 portion of backplane 14, Other technigues may
also be used to couple vertical conductor 18 to backplane 14 {e.g. using a ribbon
conductor o grovide an slectrical connection belween backplang 14 with verticeld

gonductor 18,

[O0ES]  The plecement of the vertical walls 18, 18a are controlied by two factors.
The first facior is the desires to maximize the bandwidih performance of the balun,
particularly at the low frequencies. This is normally done by maximizing the
volume bebween the inside walls of the shaped metal toward and the fesd circul,
For this reason, | is desirable for the walls of the shaped metal fower to be thin,
The second factor Is controlling the impedance of the guided transmission
structure formed by the feed oiroult and the vertival walls of the shaped metal
fower., To maintain a sultabls impedance, it is generally desirable for the feed
cireult and the vertical wall fo be proxdmate to each other, This proximity also alds

it improving isolation and cross-polarization performance.

0881 i should be appreciated that vertical conductor 16 may be provided using
10
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& variety of different techniques. For example, vertical conductor 18 may be
stamped and atlached {o.g. bonded) to backplane 14 {a.g. via an aulomated pick
and place operation). Altermnatively, verlical conductor 18 may be formed or
othanwiss provided as part of backplane 14, Other lechnigues for providing
vertical conductor 18 may, of course, also be usad.

{00571 A first fead signal path 18 {or more simply “fead ling 18"} is electrically
couplad to vertical conductor 18, The combination of fesd Ine 18 and vertical
conductor 18 forms a feed circult 18, In the exemplary embodiment of Fig. 1, fead
line 18 is provided as & coaxdal ine disposed through the ground plane and thus
fead ciroull 19 corresponds {o 8 coaxial feed ciroult 18.

[0058] | showld be appreciated that although in the exemplary embodiment of
Figs. 1-2 & coaxial fead circul 18 s shown, thoss of ordinary skilf # the art will
recognize that fead line 18 may be implemented as one of a variely of differant
types of ransmission ines including but not limited {0 any type of strip
transmission line {a.g. & Taxling, 8 microstip ine, 8 stipling, or the fike) In sl
other embodiments, the fead may be provided as conductive via hole {or more
simply "a via"), a probe, or an sxposad center conductor of a8 coaxial line (a8
shown in the examplary embodiment of Fig, 1), In still other embodiments, the
foad may ba provided as a coplanar waveguide feed line {either with or without a
ground} or from as a slotliine feed ine. Those of ordinary skill in the art will
understand how {o selscl the particular manner in which to implement fabricate)
fead ciroult 18 for a particular application. Soms faciors to consider in selecting
the type of feed Hne o use for a particudar spplication includs but are not fimited fo
frequency of operation, fabrication simplicity, cost, reliability, oparating
gnvironmant {e.g. operating and storage temperaturse ranges, vibration profiles,

ste. b

005881 In the examplary embodimant Hustrated in Figs, 12, coadial feed ine 18 1is
stectrically couplad to backplane 14 and at least a portion of coaxdia! fead line 18
passes through an opaning in backplans 14, In particular, portions of cuter

conductor of coaxial feed lins 18 are removed {0 exposse g center condustor and
11
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surrounding dislectrie {a.g. Teflon®) lackel. The center condustor and dislectric
jacket axtend into the unif cefl. The dislectric jacket! prevents the center conductor
of coaxial ine 18 from contacting vertical structure 18 which is coupled fo ground.
Coaxial feed line 18 and vertical metal structure 18 guids current to a fesd point
24 which is coupled to into a radiated mods in the unit celt 12, In the axemplary
ambodimeant desoribed hersin, the outer conductor of the coaxial ing stops at a
surface of the backplana. In other embodiments, howevear,  may be desirable or
sven necessary 1o exdand the outsr conductor of the comudal line past the

backplane and into the unit cell,

00601 A horizontal substrate 30 having 8 matal plate structure 32 provided as
part thereof is disposed across the vertical metal structure and spaced apar! from,
but capacitively coupled o the vertical metal structurs 18, Metal plate structure 332
operates 88 8 pateh antenng slement and contacts fead point 24 of fead clrouit 18,
in ons embodiment, horizontal substrate 30 s provided from a dislectric material
having a conductive materal disposed on first and second opposing surfaces
thereof, In one smbodimend, the conductive material on the opposing surfacas of
dislectic subsirate are electrically couplad by one or more conductive via holes
which sxtend through substrate to electrically coupls the conductors disposed on
the first and second oppasing surfaces of substrate 30, Ths sifective thickness of
metal plate 38 is important and i can be detarmined empivically (2.g. determinad
by Heration), but typically is thickened to improve antenna parformance at the

iower frequencies within the operational bandwidth of intarast,

00811 A fop edge of vertical conductor 18 s spaced apart from horlzontal
conductor 30, The space betwsen the top of vertical conductor 16 and horizontal
conductor 30 may sither be air-filled or filled with a dislectric material or & non-
conductive adhesive material. The purpose of the spacing is so the patch is not
shorted to the shaped meatal tower, | is sensitive to this distance. Decraasing the
distance will increase the capacitance. The distance is chosen as part of the
design, which is Rerated to find the optimal capacitance value for mesting
porformances requirements. In one embodiment, the spacing is accomplished

using a dislectric spacer 32 having a thickness typically on the order of 2 few mils,
12
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In one exemplary embodiment, dislectric spacer 32 s providad as a dislectric
material of the type manufactured by Rogers Corporation and identified as
RO4350 having a thickness of about .01 Inch and having a relative dislectric
constant of about 3.68.

0821 As noted above, patch slement 32 may be formad on substrate 30 using
additive or sublractive techniques as is generally known. For exampie conductors
3A2g, 38h may be provided on the substrate 30 by patterning sopper palches 3da,
32b on opposing surfaces of substrate 30 and then providing one or mors plated
through holes generally denoted 34 through the conductors 32a, 32b to provide the
affact of a thick msis! conductor through subsirate 30, Also, slactrically coupled to
oatoh slement 32 are feed circul! slements 34 and 28 which fead palch 32 as
describsd abovea,

083 Radiator 10 is responsive to RF signals within a frequancy band of infersst
through two different coupling mechanisms as follows. RF signals coupled or
otherwise provided fo the exposed end 17 (Fig. 1A} of coandal line 18 are coupled
into the unit cell 12, Coaxial feed line 18 and vertical conductor 18 guide current
to fead point 24 which is coupled {0 a guided siofiine mode which then radiates
into free space. At ower frequencies within the band of interest, RF signals are
coupled (Le. either recelved by or amitted by} to the patch element 32, Al highey
frequencies within a band of inferest, RF signals coupled info unit cefl 12 through
fesd ciroult 18 are emitled via & guided path siol mode within the unit cell stuclure
12, Thus, radiator 10 supports two radiation mecharisms: a first radiation
mechanism due to the patch slement and 2 second radiation mechanism via g
guided path. The two radiation mechanisms are seamisss {(La. there b a seamiess
fransition betwsen these two different types of radiation which laads o a significant

increase in operational bandwidth and scan of the radiator).

00841 The abova describad fead clroull 18 may be used 1o couple an RF signal
having & singls near polarization toffrom radiator 10

NOART  The sxemplary radiator 8 in Figs. 1-2, however, also includes a sscond
13
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fead ciroull 182 comprisad of a sscond coaxdal faed ling 183, a second verticsl
conductor 18a, and a second fesd point 248, The second fesd clroult 18a is
arvanged o axcite RF signals on pateh 32 and within unit cellf2 which are
grthogonal to RF signals sxclted by fesd circult 18, in this way, the antenna

slement 10 is responss o dual inear or ciroular polarizations.

IGO881  As mantionsd above, radome 11 s disposed within unit cell 12 over
antenng slemant 10, Radome 11 b provided form a pluraiity of substrates 38 and
44, In this sxemplary embodiment, radome 11 profects antenna element 18 {e.g.
from exposurs fo snvironmental forces ~ e.g. wind, rain, et} and also performs
an impedancs matching function to mateh the antenna slement impedances (o fres
space impedanse. Thus, in this axemplary embaodiment, the physical and
glactrical characteristics of the components which make up bolh antenng element
18 and radome 11 are sslacted {o coopearats in providing radigtor 8 having a
desired impedancs malch for RF signals received by and transmitiad thersio.

0087 In the exemplary embodiment of Figs. 1-2, radoms 11 ingludes a
disfeciric pixilated assembly 38 having a plurality of, hare three (3}, layers 40, #1
and 42, Athough layers 40, 42 are here provided having some sides 8 having 8
radius, {o provids lavers having 8 particular shape, § should be appraciated that
lavars 40, 42 may also be provided having other shapes {8.g. squarg, reclangular,
friangular, oval, or sven ireguiar shapes). With layers 40, 42 having the
axemplary geometric shape shown herain, whan a plurality of radiators 8
comprised of layers 40, 42 having the sames shaps ars amanged logsther, the

radiators 8 provide the patiem shown In Fig, 24,

0881 Also, sithough thres layers are shown, those of ordinary skill in the art will
appreciate that pikilated assembly 38 may include fewer or greater than three
layers, The number of layers is 8 function of performancs neads of bandwidth
and scan requiremsents and allowable construction complexity, | could be any
numbar from ong layer to dozens of layers. More layers allows for more fine
tuning of performance, but at the cost of Increased sensithity 1o olerance and

complexity of bulld, In many practical applications, a number of layers in the
14
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range of ons 1o five (1-5) will result in an antenna having acceplable performances

chargcteristics,

00687 In ong embodiment, pikilated assembly 38 is spaced from surfase 33a of
& substrate 32 by an alr or foam layer 48 having a relative dislectric constant of
foam layer 48 having a thickness of sbout 08", Laver 43 of pixilated assembly 38
is provided from a dislectric having a relative dislectric constant of about 8.15 and
a thickness of about 08 in one particular smbodiment, layver 43 may be
provided from commarcially avallable material such as RO4380 manufacturad by
Raogers Corporation. Laver 41 may be provided as air or from g foam substrate
having a relative dislectric constant of about 1.0 and having s thickness of abowt
217 Laver 42 may be provided from a material having a relative dislectric
constant of about 2.33 and & thickness of about 08", Laver 42 may be provided,
for sxample, as Arlon Clad233 having all copper removad.

0070 Substrate 44 may be provided from a CE/Quantz material having &
relative dislectric constant of about 3.2 and having a thickness of about 018" &
boltom surface 443 of a substrals 44 is spaced from a top surface 423a of 8
subsirate 42 by a region 48 having a thickness of about (333", Region 48 may be
alr filled or may be provided from a foam material having & relative dislectric
constant of about 1.0

D071 As mentionad above, the specific dimensions, dislectric constants and
other charactaristios mantionsd above are exemplary only for operalion in a
frequency rangs of abouwt 2.4 to 17.8 Gz, After reading the disclosure hersin,
those of ordinary skill in the ant will understand how o adiust dimsensions,
dislectric constants and other characteristics of the structures describad herain for

gperation within other frequency ranges.

072 Refarring now to Figs. §, 34, 38 in which ke elements are provids
having ke reference designations throughout the several views, an exemplary
dislectric pixilaled assembly 38 which may be the same a8 or similar to assembly
38 desoribed above in conjunclion with Figs. 1-2, includes first layer 40, second

-
=
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later 417 and a third laver 42°. Here second {or middie) layer 41 is an air laver.
Layvaer 41 has a plurality of holes S0 provided therein with sach hole having a
diameter of about 2327 with a center-to-center spacing of the holes being 327
Other hole spacings and hole patterns {8.g. a nanguiar lattice pattemn} may of
course also be used. H should be appreciated that the hole dismeters and hole
spacings are selected (o oplimize impsdance match and scan performance,
Certain scan performance s sensitive fo dislestric modes. If the dislectric s
ramoved in the region where thess modes are active, then the performancs is
improved. Lavers 40 and 42 {and layar 41, when not provided as air} nead not
have the sams hole patterns, hole sizes, and geometric shapes and sizes, bt
doing so can result in efficiencies in cost, material and other resources in the

manufacture of the radoms

IDOT3] 1 should also be appreciated that the holes sizes and patterns of sach
laver in assembly 38 nead not be the same {(Le. each layer in assembly 38 may
be provided having & unigue hole paltern and unigue holes sizes. Furtharmore,
the diamsters of sach hole on the sames layer need not be the same, Different
hole size are alfowsd both layver to laver and within the layer,

074l Figs. 4 - 7 llustrate that 2 radiating olement provided in accordance with
the concepts described herein oparates with bwo different radiation mechanisms o
which resulls in a radisting element having 2 wide operational and that the
fransition between the two different radiation mechanisms within the oparaling

fraquency band is ssamiess.

I007E]  Refarring now to Fig. 4, 8 plot of voltage standing wave ration (VEWR] of
the antenna slement ve. frequensy at a plurality of different scan angles ranging
from O degrees o 70 degrees lustrates no "drop ouls” over 8 wide range of

frequencies,

0078 Referring now to Fig. 5, a plot of antenna isolation vs. frequency at a
olurality of different scan angles ranging from 0 degrees to 7O degress Husirates

ne areas of poor isolation over 8 wide range of frequancies,
18
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DOTT Refaring now fo Fig. §, a plot of antenna transmission ve. frequancy at a
plurality of different scan angles ranging from O degrees o 70 degrees llustrales
sffactive antenns transmission characieristios over & wide range of frequancies.

100781 Referring now fo Fig. 7, 8 plot of antenna cross polarization performancs
v, fraquency at 8 pluralily of different scan angles ranging from { degrees o 70
degrass Hustrates effective antenna cross polarization characteristios over a wide

rangs of frequencies.

{30781 Refering now fo Fig. 8, a phased amay antenna 80 is comprised of a
plurality of unit colls 82, Each unit cell 82 is formad from and comprises a dusl
polarization current loop radiator 8§ which may be the same as or simiar to the
dusai polarization current loop radiator 8 descoribed above In conjunction with Figs.
1-2. Saveral foed ines 84 {which may be the same as or similar 1o coaxial fead

fings 18, 18s desoribed above in conjunction with Figs. 1-2 } are visible In Fig. 8

[GO801  While particular embaodiments of the present invention have been shown
and described, B will be apparent fo those skiiled in the art thal various changss
and modifications in form and details may be made therein withowt departing from
the spirlt and scops of the invention as definad by the following claims.
Accordingly, the appendad clalms encompass within thelr scope all such changes

and modifications.

17
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GLAIMS
i olaim
1. An antanna slement comprising:

a radiator unit call structure having a first open and and 2 second end with
a conductive back piane disposead thersover, with the back plane corresponding to
a ground plane;

a vertical condustor disposed in sald radiating unit cell structure and
alactrically ma‘gg:séaii o said back plang;

a horizontal conductor disposad in said radiator unit caell strusture and
capacitively couplad fo sald vertical conductor, saild horizontal conductor
goresponding o a paich antenna slemeant; and

a fead circult disposad proximate said vertical conductor and having & first
angd coupled o sald bhackplans and having a second end coupled 10 a fead point
proximate sald horizontal conductor with sald fead ciroult positioned such that at a
first frequeanay, said feed circult couples signals to said patch andenna slement
and at a second, higher frequency, sald feed ciroult generates RF signalsina

guided path within said radistor unit cell structure,

2. The antenna slement of clabm 1 whersin sald vertical conducior disposed in
said radiating unit cell structure is a first vertical conductor and sald feed Circuit is
a first foed clrcult and the antenna slement further comprises:

a sacond vertical conductor;, and

a sscond fead circull wherein saild second vertical conductor and said
sacond feed ciroult are disposed in saild radiator unit cell shructure o coupls RF
signals which are orthogonal {o RF signals coupled {o saild first vertical conductor
and said first feed circulf such that the antenna slement is responsive to RF

signals having dua! inear polarizations.
3. The antenna element of claim 2 wherein sald paleh antenna slement is

provided as a conducior on & dislectric subsirate and sald patch antenna slement

is fad by a fead circuit from an adiacent unit cell,

18
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4, The antenna slement of claim 1 wherain said feed clroult comprises a feed
iine provided as one of a conductive vig, & probe, or an exposed coaxal fead and
wharsin said fesd olroult uses part of sald vertical conductor to gulde current o
the feed point of said palch antenna slement that is capacithely coupled o said

vartical conductor,

5. The antenna element of claim 1 wherein a portion of said vertical conductor
is dispossd on sald ground plane.

£, A radiator comprising:
{8} & radoms; and
{bY  an antenna slement comprising:

a racliator unit cell structurs having a first opan end and 8 second
and with & conductive back plane disposed thereover, with the back plane
corresponding (o a ground plane;

a vertical conductor disposed in sald radiaior unit cell structure and
sisctrically couplad o sald backplans;

a horizomntal conductor digposad i said unit cell structure and
capacitively coupled to said vertical conducior, said horizontal conductor
corrasponding fo a palch antenna slement; and

a fead ciroult disposead proximats said vartical conductor and having
a first end coupled o said backplane and having 2 sscond end coupled o &
fead puint proximate said horizontal conductor with sald feed clroutt
positioned such that at a firsl frequency, said fesd oiroull couples signals fo
said patch antenna element and at & sscond, highsr frequency, sald fead
cirouit genarates RF signals in a guided path within said radiator unif oadl

struclure,
7. The radiator of claim 8§ wherein said radome comprises a dislectric pixilated
sasembly.
8, The radistor of olaim 7 wherein said dislectric pixiialed comprises thras or

mors layers.
18
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8. The radiator of claim 8 wherein at least one of sald thres or more layvers

corrasponds o an alr layer

10, The antenna slement of claim 8 wherein sald vertical conductor disposed in
said unit cell structurs is a frst vertical conductor and said feed ciroull is a firgt
feed olrcult and the antenna slement further comprises:

a sscond vertical conductor, and

a second feed ciroult wherein sald second vertical conductor and said
seoond fead ciroult are disposad in sald unit call structurs o coupls RF signals
which ars orthogonal o RF signals coupled to sald first vertical conductor and
said first foed ciroult such that the antenna slement is responsive to RF signals

having dual linsar polarizations.

11, The antenna slement of claim 8§ wherein sald patch antenna element is
provided as a conducior on a disleclric substrate and sald pateh antenna slament

is fad by a feed circult from an adjacent unit cell

12, The antenna slement of claim 8§ whersin said fead circult comprises a feed
fine provided as one of a conductive via, a probe, or an expossd coaxial feed and
wharein sald feed ciroull uses part of sald vertical condudtor to guide current o
the feed point of sald patch antenna olement that is capacitively couplad {o sald

vartical conductor,

13, The antenna slement of claim 8 wharsin g portion of said vertical conductor

is disposad on saild ground plans,

14, A dual polarization current loop radiator comprising:
{a}  anantemnna slement comprising:
a radiating unit cell structurs having & closed end and an open end
with the closed snd corresponding o 2 ground plansg;
a first vartical conductor disposed i sald radisting unit cell structure

and slectrically coupled {0 said ground plane;
20
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a second vertical conductor disposed in sald radiating unit cell
structure and electrically coupled 1o sald ground plane and orthogonally
disposed with respect to said first vartical conducior.

a patch antenna element disposad in said radiating unit cell struchure
and capacitively coupled 1o aach of said first and second vertical
conductons;

a first feed clroult disposed proximate sald first vertical conductor
and having a first end coupled fo said backplane and having a sscond end
couplad o & first fead point proximate sald pateh anterna element with sald
first foad ciroult positionad such that at & first frequency, said first feed
ciroult couples RF signals to sald patch anterna slement and at & second,
higher fraquency, said frst fead circult generales RF signals in a guidad
nath within said radiator unit cell structurs;

a second fead circult disposed proximate said second verticsl
sonducior and having & first end coupled o sald backplans and having a
second end coupled fo a second fead point proximate sald paloh antenna
alement with sald second fead ciroul! positionsd such that at s first
frequency, sald second fesd circult couples RF signals to said paleh
antenna slement and at 8 second, higher frequenoy, sald second feed
circuit generates RF signals in a guided path within said radiator unit call
structurg; and

(b} & radome disposad over sald antenna element with at least a portion of
said radome disposad in sald radialing unit cell structure such that at least s
gortion of said radoms is integrated with said radiating slement.

15, The dual polarization current loop radiator of claim 14 wherein each of sald
first and second fead cirouils comprise respactive ones of first and second fesd
ines and whevrein said first and second fead lines are provided as ons ot &
conductive via, a probe, or an exposed coaxdal fead using part of respective onas
of first and sscond vartical conductors o guids curent fo 8 respactive ang of the

first and sscond fead points.

18, The dual polarization current loop radiator of claim 14 wherein said radoms
21
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comprises a dislectric pixilated assembly.

17, The dusl polarization current loop radiator of claim 18 wherein sald

dislectric phdiated assembly comprises three or mors layers,

18 The dual polarization current loop radiator of claim 17 whersin at least one

of said three or more layers corresponds 1o an air layer,

18, A phased armray antenna comprising 2 pluraiity of unit calls with sach of the
unit cells comprising a dusl polarization current loop radiator comprising:
{#8) an anienna slement comprising:

a radiator unit csfl structurs having a closed end and an open end
with the closed end corresponding o a ground plane;

a first vertical conductor disposed in said radigtor unit cell structure
and slectrically coupled o said ground plane;

a second vertical conductor disposed In sald radiator unit gell
structure and slectrically couplad 10 saild ground plane and orthogonally
disposed with respect o said first vertical conductor,

a pateh antenna slement disposed in sald radiaior unit cell structure
and capacitively coupled to sach of said first and second vertical
gonductors;

a first feed circul disposed proximate said first vertical conductor
and having a first end coupled o said backpliang and having a second end
coupled to a first fead point proximate said pateh antenna slement with said
firs! foad circull positionad such that at & first frequency, said first feed
gircuit couples RF signals 1o sald patch andenng siement and at a second,
higher freguency, said first feed ciroult generates RF signals in g guided
path within said radistor unit cell struclure;

a sscond fead circult disposad proxdimats said second verticsl
conductar and having 2 first end coupled fo salg backplane and having &
second end couplsd to a second feed poind prodmats said patch antenna
slement with sald second feed circult positionad such that at a first

fraquency, sald second feed cirouit couples RF signals to said pateh
232
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antenna slement and at & second, higher frequency, said sscond fead
girouit generates RF signals in a guided path within sald radistor unit cell
structure; and
{bY  aradome disposed over sald antenna slement with at least a portion of
said redome disposed in said radiator unit cell structures such that gt least a

porion of said radoms is Inlegrated with said antenna slemesnt.

20, The phased array antenna of olaim 19 wherein said radome comprises a

dislectric pixilated assembily.

£1.  The phased amray antenna of claim 20 wherein sald dislectic pixilated

assambly comprises thres or mors layers.

22, The phased array antenna of claim 21 wherain at least one of said three or

oS layers corresponds o an air layer,

23
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