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ANTENNA SYSER/00867 FIELD OF THE | NVENFFES98/13178
The present invention relates generall y to antenna 5 systenms and is
particularly apt for use inwrele comuni cations applications.
BACKGROUND OF THE | NVENTI ON ANTE | SESTRY, ephone communi cati ons
system the local |oop 10 s the co cl en the custoner
prem ses and the swi t cRRRRR Lgré }{E N‘%’E}fﬁﬁéﬁg In the past, |ocal
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station services a predeterm ned nunber of custoners in a given
area. In one system 33le:. T NYENET ISt | on services 2000 20
cust oners. To use t he .system each custqner vi ced by a

er
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It is not inconcgeivable that, a |arge percentage t el ephone
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per antenna can add up to a very large savings by the time 3
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system, for example, each base station services 2000
20 customers. To use the system, each customer premises
serviced by a particular local loop base station has to be
fitted with a local loop antenna and transmit/receive
circuitry to communicate with the base station. The local
loop antenna would be mounted, for example, on an exterior
25 wall of the customer premises and would be pointing in the
general direction of the appropriate base station.

It is not inconceivable that a large percentage of the
telephone users in the United States and around the world
could someday be serviced by wireless local loops. This

30 will require the production of millions of local loop
antennas. Because the number of required antennas is so
large, it is important that the antennas be relatively
inexpensive to manufacture. That is, a small cost savings
per antenna can add up to a very large savings by the time

35 the millionth antenna is produced. Cost cutting, however,
should not compromise the performance characteristics of



2 the antenna or greatly reduce the structural integrity of

the ant ennﬂogmos . Anot her consideration for |ocal | oop-EpéRABAS. 1 N
- general, - el obe suppression. Si del obes are 5 undesi rabl e

because they can cause interference wth nei ghbori ng base

stations or other transmt/receive equi pnent in the area. To

achi eve a given |evel of si del obe2suppression in an array antenna,

anpl i tude taperin general |y enpl oyed. That _.is, the elenments 10
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. excitation profiles w1 produce sidel obe suppfession of vari ous
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i elements required to achieve a desired |evel del obe suppressi on.
} That is, afiiferfnt ne¥chkatior hevels, w1thothm e?‘ﬁététdénb}egﬁéiea& ement s
in a parti qlceHitds] %Qeag’gartleﬁﬁgf rcWF de 5&1\%% Ve it §rea@eNtha ?&0“' d be

required to achi eve _a desired | evel be suppression. uld
be advant ade¥u£%%-tadigm éef’élﬁcﬁﬁ?‘é%édatltfésq!?% qfe\F@Ie é-‘PW or C°§-Pﬂéloobe

suppr essi ors%pai@uhﬁdbl %F%hagmi%ﬁeselﬁi@némembe iévihe phage of
interest. In addltlon ude faperin genera y requires the use

| of umqual RIARS WFiudi % the taperedmwagm
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achieved if an ideal binomial taper is used. An ideal
binomial taper has an excitation profile that includes a
peak center excitation level and geometrically decreasing

20 side excitation levels that fall off by a factor of one-
half for each successive element. For example, one such
excitation profile is {a, 2a, 4a, 2a, a}. Non-ideal
excitation profiles will produce sidelobe suppression of
various degrees.

25 Because the size of a local loop antenna is normally
limited, there is not always enough space to implement the
number of elements required to achieve a desired level of
sidelobe suppression. That is, an antenna may only be able
to fit two side by side elements in a particular sidelobe

30 plane, while three or more elements would be required to
achieve a desired level of sidelobe suppression. It would
be advantageous to be able to achieve a desired level of
sidelobe suppression despite the limited number of elements
in the plane of interest. In addition, amplitude tapering

35 generally requires the use of unequal power splits to




3 achieve the required excitation |evels. These unequal
power splitwosewessi fficult to inplement and are generally PCT/USIAHGS | ¢

woul d be "advant ageous to devel op a nethod for achieving a particul ar
excitation profile w thout using 5 unequal power splits. -
SUMVARY OF THE | NVENTI ON The 3present invention relates to a | ow
cost, high performance antenna for use in comuni cations systens 10

havi ng a wi achésvel ot regmixed iexcitetidn glevellsne Thesearmmedwaal

applicationg, e .enna _of i.he. e i 2 ' | | easy
t o manuf acté?‘é’lgnggﬁégge%f%s i(%#lefr":%rég‘n ﬂ:;o ﬂn‘i)e‘l‘%dree ucaensd I%%%r%s%asfw In
addition, thesaytenit hesulxd be advahtageely btowdeareflopowntmetthbdisEsr

[ gntwer gni Senisving  pprRERBIRR EliRataH Dprofife " EHRY ERRTG,

gain 5§ uneghalnpowerr sgliited in wireless |ocal | oop comunications
appl i cations. I n one enbodi nent, the antenna provides enhanced
si del obe suppression despite having a limted 20 nunber of side by side

el ements in a plane of inter BRI EF DESCRI PTI ON OF
THE DRAW NGS

Fig. .l is.a top vjew of_ _an antenna syst 1,0
accordance with FH& p?%%%ﬁ?gi Wgﬁﬁt&ﬁ?‘ Z?ia?tes to Iﬂg.o‘ﬁ & 'sgﬁ‘iﬂanal
si de view opezfotinaniced patehha for Y edma ebmmenicabiensorsipstemsith
t he Er esent _inyention; i

D iq. 31s sectional si.de view of the
ant ehfla sysbaying a Wireless ll‘a?igogé’d’% ‘Hﬁ&nlé’ h%%?ﬂg?ug% volume
. Figs. 4a i'indnébnﬁ&e_a.ﬁpsid@tm:ﬁl\l agmeaamannhewf Bﬁehpressmeciﬁvehyiopf a
connectorless transitiqQn I nh accordance W, t t resent .. nve 1 on;
Fig. 5a, 5bj—‘-368‘,lgsﬁda%§ &REYy ?i%ﬁgug?%mr?l?ﬁgt%ﬁ%g Slgmf%ﬁﬂngiﬁf er ent
t echni ques tesueeski bgbar paicdt=l eneIni tagidition, | bheeaaetdrnren shasct ar al

' Ir:.lc-?-} ﬂ'sgé/ tlg%r? gt;ively low pva\gtggéggrsx 7emd uses commonly available,

15 inexpensive materials. The antenna is compact, lightweight
and structurally sound and provides the low loss/high gain
performance required in wireless local loop communications
applications. In one embodiment, the antenna provides
enhanced sidelobe suppression despite having a limited

20 number of side by side elements in a plane of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig., 1 is a top view of an antenna system in
accordance with the present invention;
25 Fig. 2 is a sectional side view of a "stacked patch"”
antenna element in accordance with the present invention;
Fig. 3 is a sectional side view of the antenna system
of Fig. 1 disposed within a housing;
Figs. 4a and 4b are a side view and a top view,
30 respectively, of a connectorless transition in accordance
with the present invention;
Fig. 5a, 5b, 6a, and 6b are various views illustrating
two different techniques for working a patch element to
increase the structural rigidity thereof:



4 } Figs. 7a-7g illustrate various techniques for working a

transm ssi Oﬂ?ﬂ i ?ﬁo&;‘?m er conductor to increase the ~ StrUsépigdsnss
rigidity the a3 ; Figs. 8 and 9 are a top view and a secti onal
side 5 view, respectively, illustrating a technique for increasing

the structural rigidity of a ground pl ane; Fig. 10 is a top view
of { an antenna system havi ng suppresied si del obes, in accordance with

t he present i nvention; 10 Fi‘fg. 11 is an illustration show ng

how anpl i t ude . tapeying is achieved in.the anten syst Fi.g.. 10
in accor danci‘elg{ﬁa‘t ﬁf @ &ﬁels\%s%raf%g/émg:@ﬁ%s aceC%nq%u ° I‘—fi%? Q}Cff )éll 9an
i 11 ustrati on shcargsohioys Borpl i 1ime centert apendngtos athi eecreasean thet enna
sy'st em usi ng Liz0 5 ...polarization in accordance with the present
i nvention; a ruétx?f'zﬂ hﬁ%?‘QgBe]lggr%ogf aph illustrating an antenna
pattern achiBigsl. usi rand he pmiend ptes ofiewhaarmd esesectiveali aide
DETAI L DESCRI PTI ON HE 20 . . . PREFERRED ENBODI NENT
The present i Wit ir(ﬁ?%r:eéi-\r:dtvgg.yt,o1&%u§ﬁrgﬁh%g5§,3§eeqﬁnlque fq,]:athc eamn'&E
particul arly the tetricoturs® rigidirbynbfadi gnsund plasgstens inpl enenting
wreless local [|gQops. Iln it . _preferred_ epbodi nent. the _antenna
gonpri ses an arraykoloé)’ ai]‘lp o 2 ﬁ‘@é’de‘&l%‘gaeiec?rba?% e%?eﬁXEtS eﬁ’(ﬁﬁ’@g
suspended abosgppressed gidebdbpbaneinThecentdmmas eatth opehiat prgsentdual
sl ant 45 . Iin)gar[y pol ari zed node and are fed by air | oaded

“dicrostrip traREEE?Bh 1ine feeds. The line widths of the ~ feed
i nes B0 e substant¥igly Wni ier maandi I hestrset odn 3Ghowingpehow c aardplantside mer s
s el imnat edt The el ect rorﬁi.cs gigr. t he antenna_is Igc%t.ed 3% a
ircuit boar d-3RFEIRY theachieved, ih, the aRLeRRR R¥SEER, 84uEdIrnd? 10
oot print of #deordanceawithnsthe ppesdtt invendionyel "connectorless”
oupl i ng strycture s .provide or, transferring_sigpals hetween, the
5 antenna el engjngs (;]r#d tfe BHdet %i?%‘?’e?ﬁr@%ﬁo@g‘pg now am%ude
9/ 00867 tapering is achieved in an antenmCTd #8084 hdditly horizontal

15 polarization in accordance with the present invention; and
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Fig., 13 is a graph illustrating an antenna pattern
achieved using the principles of the present invention.

DETAILED DESCRIPTION OF THE
20 PREFERRED EMBODIMENT

The present invention relates to an antenna system
; that is particularly suited for use in communications
: systems implementing wireless 1local loops. In its
preferred embodiment, the antenna comprises an array of air
25 loaded stacked patch antenna elements suspended above a
ground plane. The antennas each operate in a dual slant 45
linearly polarized mode and are fed by air 1loaded
microstrip transmission line feeds. The line widths of the
feed 1lines are substantially uniform and the use of
30 impedance transformers is eliminated. The electronics for
the antenna is located on a circuit board beneath the
antenna ground plane to reduce the footprint of the
antenna. In addition, a novel "connectorless" coupling
structure is provided for transferring signals between the
35 antenna elements and the underlying electronics.



i "stacked patrZH*e€

Fig. 1 is a top viewof an antenna system 10 in accordance with the
present i nVERPY867 The antenna system 10 i ncl udes: FPCTPYEANTBI ane
12, a plurality of "stacked pat ch" antenna el enents 14a-14d, first
and second feed 5 structures 16a, 16b, and first and second radio -
frequency connectors 18a, 18b. The ground plane 12 is preferably
made of sheet al um num and has a size arsd shape dictated by t he

4 particular application. The antenna el enents 14a-14d are operative
! for transmittingFagd/ f decedavitop reibw dF an Gneeuencysestegy 1100/ {iom

free space.__The,feed struct.ures . 16a,. 16b are operative for

t r ansf gr ri RETHHTGT Atihchhe Present dnventigRen f%%p%em% BYSHeMt s
1|4a‘- 14d andlmhéncluctiies:gor?e@fn%lmd 1183an%8h22, th:ﬂtﬂ%iigiy U@ﬁB gw@aélfééd 16b
al sa act s diyvider/c i ners., The nneGgtors 18a, 1 are_for use
15 i n RBLERY.ARYSRRY CAPBERERc L aTkdy Thetheetnd} FeCopge Teed

struckures dbauctibeand 6al,ediyniabidcifidyt! rahd Ndcsi®Wadio freqhésdyed
bel ow t he groundgﬁl ane ' [ side view of the

2. Fig.
?Eﬁn&j‘*ar 18b p| o FBAL glrbgmcf |é§%§3t LR ishPrererakly of

the el enentmadéeollsheet \dlauitwin QBAORES AOs¥k€Vard Ashapé Ugievdesd ivy Fi g.
As e ant egana el.enent 14b includes a | ower conductive

1. sho t-te .
pl ate 24b ameaﬁa%vgﬁﬁ}l BEnGRPLACAt PR e IhE 3RtGnNE) @fements ldambdduas

chosen for ahe upperativductirve tiladistmiMIECansdor recelibifige! FaaL@t es
t he gfed to.accuratel 4 posi ti or} the plate 25 rotationall about a
cent axi S¥eqUency, engggy) fo/from free snace. aithe FRAGVEFIUGCHEFeSNy
ort hogonal | y6ay misly i sréhaperative fcriIChrafis0et28AGalradi@af Feqditey Can
be used in accordange yth tjggaﬁresent i nvention. Furthernore, the
shape of theReX9Y DeEygpny the 2ap apeelepeREent LaohteheaRBap®df the

30 uppercqhmécet@fd.18a, 18b. Thellfeebo¥Etudt@tds 20645 BSPEIEEda@bove
t he ground 2, using a first spacer 28. Simlarly, the upper

| R
' plate 26 2 aélf‘r’sd%{/ Lhovel M CIPRT LN Bt k820 18P are £¥% i spacer

30. Ie entime asephbhy i paliebd £PEgLEREYUSERErdy a5680E8ENn35the HLag Whi ch
in the illusgtrated enbqQdi nent_.incluydes a screw . WO 99/ 00867
PCT/USQ8/13§€§ucgures R%%,'lﬁb and electronic circuitry (not shown)
' located below the ground plane 12.
Fig. 2 is a side view of the "stacked patch" antenna
element 14b illustrating the structure of the element. The
20 view corresponds to view A-A' illustrated in Fig. 1. As
shown, the antenna element 14b includes a lower conductive
plate 24b and an upper conductive plate 26b. A circular
shape was chosen for the upper conductive plate 26b because
this eliminates the need to accurately position the plate
25 rotationally about a center axis. It should be
appreciated, however, that any orthogonally symmetric shape
(such as octagonal, square, etc.) can be used in accordance
with the present invention. Furthermore, the shape of the
lower plate 24b can be different from the shape of the
30 upper plate 26b.
The lower plate 24 is suspended above the ground plane
12 using a first spacer 28. Similarly, the upper plate 26
is suspended above the lower plate 24 using a second spacer
30. The entire assembly is held together using a fastener
35 32, which in the illustrated embodiment includes a screw



and nut. O her fastener types can al so be used, such as clips and PEM
st uds. | wodioBé£r red enbodi nent of the present i nvemgmnw

t oget her -el enent constructlon S i npl enent ed. For exanple, in one
approach, a post is 5 "snapped” into a hole in the ground plane. The _
post has resilient conpression nenbers and support nenbers that
conformto the hole in the ground plane 12 and hold the post in a

~vertical position with respect to the ground plane 12. A first spacer

is then sli d _over t 0S d 10 t he Iace over the
first space$B8 Ru§€coﬁﬁghgr %aEEEBEF tgpﬁﬁeﬁa6159§%’§V%ru§% p%g? a8 the
upper plateclips and mee@mdyh thEnsmzopﬂesemed eﬁ\b@ﬂﬁme@ﬂtd oot wf the ol g
conpr essi on itting js then t end of. the post.to ho
e Ceonl DrEssRthdnvarkidn, Shal T85tRer! U St ok et uSe SRR L1 80
astsenbl y tlﬂﬁplementetd 14m4gex%pm@ndut@£h i Mﬁep|a’a‘5;?:l~°oa?cﬂﬁ 24d pfst hels

ant en s l4a- can ei t her C gapacitively
connett ed tosf‘ﬁt?ﬂeﬁpf’éé@ st %E%ﬁré@ @& gfé"bdeéﬁﬂi%'p st cBAfiucti ve
pl ate 26a- 2pdsdanche ecbiapfeggmductmewemo'ankiedsalsportormenaﬁizast eghhtomits

glo(ra:rgﬁ{)gn(ihélg Eligvr\%{ e‘PI Z{Zﬁﬁ gg;& in th? ngﬁo‘tul“gng’grﬁp ?rﬁ%g a%"a‘i lg‘?ifgt gﬂ%quency
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signal is dgbkteras a verﬁib@Cbok@wbnpluﬁ.ttea 2Aaspddt (itoe. thd hgréuhaen
plate) Vi a roduces cgrre ts on

feed structures 1 1 whi.ch
ho | BHERCOHAr ashIBLT St FPAdHTs \outhie S1IRPEHCOTBRoE S| BP8
24a 24b, i nther Doweteplatéi led?lé&édndvbbetheWQirBItabgacer. A 8éaordd that
i nduce currents on,the, u tes 26a-26d asitic

otoe) C U [RBaret 4¢ Enehl bhePed: fzet tha begt, andsthi BBPRE REARALF and
IhOWﬁr pl at epgh&@a Qﬁ?é&nﬁhénséﬁo?dbtsbﬁcfe&r f gelgh%p-éﬁeatecampebahwﬁl yt ]
g gal n a nna sSm eamdn lre | e (0] e
plane of £1 %tyﬂﬂaﬁﬁeﬁﬁﬁﬁ r&??eQH%tsF%EkEﬂppﬁF h°glgﬁ§n 95€4§°1 gl é

bei ng used thed d0@vEy "BEgetREE! At ITHId Sasthsiandnel featly reaheesever se

~ of tpg above. . In general, either the upper 35 pl ates 26a-26d or the

| ovelt>pl at eBRERERNZ,FSE er ‘as WD 99/ 00867
PCT/ US98/ 13178 The lower conductive plates 24a-24d4 of thetBAtdhhsen

plates. Igl@%@éﬂéﬁh4aff£éh%£nplateelgﬁer directly or capacitively
connected to the two feed structures 16a, 16b. Each upper
conductive plate 26a-26d can be either conductively coupled

20 or isolated from its corresponding lower plate 24a-24d, If
the stacked patch antenna elements 14a-14d are being used

in a transmit mode, a radio fregquency signal is delivered

to each lower plate 24a-24d (i.e., the driven plate), via

the feed structures 16a, 16b, which produces currents on

25 the lower plates 24a-24d. The currents on the lower plates
24a~24b, in turn, create fields around the lower plates
24a-24d that induce currents on the upper plates 26a-26d

{i.e., the parasitic plates). The fields created by the
currents on both the upper and lower plates then combine in

30 the far-field to create a relatively high-gain antenna
transmit beam in a direction perpendicular to the plane of

the plates. If the stacked patch elements 14a-14d are

being used in a receive mode, operation is substantially

the reverse of the above. In general, either the upper

35 plates 26a-26d or the lower plates 24a-24d can operate as
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added to the stacked patch structure to obtain additional control
over the ivwoedawsse and bandwi dth, as well as the f ar - PCATUSIHENTR n of
the el ements 14a-14d. 5 In a preferred enbodi nrent of the present

i nventi on, all four of the |ower plates 24a-24d and all of the first.
and second feed structures 16a, 16b are constructed from a single
sheet of conductive material. This single "driver circuit |ayer" 22
can be stanped, for exanple, froma 10 singl e piece of sheet al um num

Use of thisggbn@8 vl VBlates, CifcCHigHikaver, Zﬁ;fﬁ%lﬁegla&teenr@a@ssérrbly
ti me because only pi ece has to be set in place

constructloﬁdéﬁé to theféﬁaQEQQMBﬁtQQﬂﬁﬁﬁu%%ﬁﬁ%CF?oﬂétﬁé%da§695é°ﬁﬁae

|1 -a c H%Eotlow&er &Oﬁﬁﬁéa'&ﬁdzénaha baRGR TS d.ad Ree BNt 45 eth
driver CIrCUIt | ayer 22 can be set in _place in Iess than one second.

As T11ustrafas- fhetﬂgpatteFﬁeoﬁlﬁéewﬁéﬁﬁgn6ﬁ gf@-14d.  transnission |ines

wi thig the feed ghr lact;s&réa@eﬁﬁéd éﬁsoaiﬁent of &mfﬁf@seﬁbrgﬂeaﬁe&on; he
desi gn. preferred 20 enbod t he characteristic

i npedance a&t ngHEOf the %QW#ENE%E&Q#\?4?&%4%fa@ﬁeaiéeastP§c€&F§§ 16a,

16b are and 5886RAl fae&OQtﬁaeEuresUDsaorml aﬁewteha%rﬁetedusfeemta
elimnate |rrpedance transfornmers in the antenna as t hese

transforner§19§&§Iﬁ@QQHlQﬁnﬁﬁpquﬁ#$WQnmﬁ¥¢ﬁi%&steﬁhlsTélEgle "dgdNeEVe
uni form | i “el%@tﬂis 18yS£éi 69 Oéaﬁalﬂ(e V‘@ﬁﬁfnﬁgat h for exahFiﬂsmﬁ?an” al ine

sections (i.e., sections having a ectrical h of 180 de gr ees)
i s i 4Pl enensénglevphece of SheﬁﬁlﬁlumhnémengVﬁe °§e§hi§n31n9%ﬁedrlvﬁﬁut

i mpedance p%u layé b‘ﬁ% FUditlds/ FHeRnal s%aﬁbﬁgt E'ﬁne' m%ﬁa%eonly

regardless o racteristic 1 npedance o | 1 ne.
attribute one plgee m e bel sewsmbml&Q%mmgoﬁﬁnﬁtn@cmmhénd

Wth referegeg tq i gnyl s&ﬁae'z"r@&gg@@%i&%'aeeant& be maddltenpa gl ement

14a frompoint 'Di's ap roxi mat el , the inpedance
| ooki ng ont § saiapnekrgatipert omoastrucmom =i dmpdepenitest el hooensixs.

P0|n F S ngf g¥>§§/gg§6g
t 1 et in place in less than
peT) Uog) 1308 Ve lcircuit lay € s Py effective

mayelength PpGnﬁEGPﬁdp0|nt$ D and E. Therefore, poi nt F sees an
i npedance of 200a@hn$11 QekERAGeHOWH dFRG.N1, the line widths of the

transmission lines within the feed structures 16a, 16b are
uniform throughout the design. In the preferred

20 enmbodiment, the characteristic impedance of the
transmission lines of the feed structures 1l6a, 1l6b are
nominally 100 ohms. Uniform line widths were used to
eliminate impedance transformers in the antenna, as these
transformers usually introduce loss into the system. To

25 achieve uniform line widths, a series of half wavelength
transmission 1line sections {i.e., sections having an
electrical length of 180 degrees) is implemented. With a
half wavelength section, the input impedance is
substantially equal to the output impedance, regardless of

30 the characteristic impedance of the line. This attribute
was used as follows to achieve uniform line widths.

With reference to Fig. 1, the impedance looking into
antenna element 1l4a from point D is approximately 200 ohms.
Similarly, the impedance 1looking onto element 14b from

35 point E is approximately 200 ohms. Point F is one half



D or | ooki ng toward point E. This creates a parall el conmbi nati on
-that resul t syiogyopsg@veral | inpedance at point 5 F of 100 okawas9siisers

di stance between point F and point Gis al so one half effective

wavel ength so the inpedance at poi nt G | ooking back at point F.is 100 .
ohns regardl ess of the intervening line w dth. Point Gis identical
W th respect to elenents 14c and 14 as point Fis wth respect 10

to elenents 14a and 14b and, therefore, int G sees an I npedance of

200 ohns | ooki toward elt nt 14 14d hr ee

par al | el contﬁfr% Y eatd %et} eé%nf ot po’irht%nbo ‘P #b é/’of 50

ohrs at this pmnrm F se'BBa an impedacdd iefl2 0@ ngHs OIoékIWgZ’ﬁowardSﬁbﬁetgrees

whi ch ensure t th conn ctor &e?z sees,,h0 ohns en | ookj nﬁefto
e

t he cir UI tr. l%‘? ﬁ‘gr qﬂ%%n useditn TERPHRFnG tFRra

feed struct ur@oz&]ﬁbnwﬂiwh ghat d'@eﬁllt@t ime G rcﬁremmﬂdam;ﬁedance at point
tr,iansfo nmers. ﬁ}t(#(ge wi dt h f th feed. structures
BrP

16b re
chosen dased RIS - b GRaRELYER %mt fo?%?aﬁ%@%o%\é\%
a]pd Eotent I alalé&pe drﬁdll Bk EN emﬂdﬂtﬁm wavelength g0 gtBhaBa mﬁe@aw@ %tew
of the antenna s t orres w B-B | rate In
T g. 1. Fig. Xé &M5e ooking %oéj $s° stﬁ%g%’ﬁi}e $73 stem
0 and théelmtre@ﬁmefgshmnéomm&hanot be&nn:n ®ngsenidatitivel ofithe 25

present i nventi on ustrate I n P. conducti ve
Dl ares s, “Dtieet SR il eer G obae o d 4 s ‘PSLEEPE] o ith SeRPeSt ' T
“driveri@ircuitol alemensi sl44d kmwise4b and, stis@eafiete Abpeénthe wewsmdaml ane
2. Nomi nal |jne dt hs are use

et ween the dHRE fc%?%u‘?l?m? aé%‘?k%afﬁ%l"?ﬁg %r%ﬁﬁgon}.nal gffgiégr

iinches. A 14d. ciThali thiws b b parallelncogbinatsoht at egeine €l eesudus cs

8 I s dj sposed bel ow the a tenna As scussed
revi ousl y, %ea(?oﬁ‘é%’f%]\rli }gge $B6%a Pe"';/ué§d°g35‘ Scdilpl ERis Poipky; o The
requency eneéydcttm&anheemmnm islecDOLA S ol gdhedSPrees umdfcﬂxyeﬂgures

¢l ectrpnics 3 escr.i bed shor PD0867
CT/ U /1317 tAi'S:he connec%or 18a sees g({ chms wh@ 1oc\,/¥c)1n%n1%\:? eﬂﬁ%tlve

connect or | esgi reﬁﬂﬁLl ngssmiwf uu:echmques viaeordssde iw tdedim e sené

vent | on canebe,l ML SRS 18, wnicnPhiSs Foet SOV HE HBeadile O

transformers. The line widths of the feed structures 16a,

o+ =

16b were chosen based on a tradeoff between manufacturing

20 tolerance concerns and potential line radiation problenms.
Fig., 3a 1is a side view of the antenna system 10
corresponding to view B-B' illustrated in Fig. 1. Fig. 3a
illustrates the various layers of the antenna system 10 and

their relationship to one another in one embodiment of the

! 25 present invention. As illustrated in Fig. 3a, the upper
conductive plates 26a, 26b are suspended above the driver
circuit layer 22. The driver circuit layer 22 is likewise
suspended above the ground plane 12. Nominal line widths

of .225 are used with a nominal spacing between the driver

30 circuit layer 22 and the ground plane of .160 inches. A
circuit board 36 containing transmit/receive electronics 38

is disposed below the antenna system 10. As discussed
previously, the connectors 18a, 18b are used to couple

radio frequency energy from the antenna system 10 to the

35 underlying electronics 38. As will be described shortly,



between the el ectronics and the antenna circuitry. 5 In one
enbodi ment wapéo008ée present invention, as i |l ust rat RET/VSH{178 3,
t he groundpl ane surface of the circuit board 36 (i.e., the surface
opposite the surface carrying the electronics) is used as the -
groundpl ane 12 of the antenna system 10. This reduces the overall
size of 10 the antenna systemand al s sinplifies construction. It
also facilitates the inplenentation of connectorless coupl i ng
Structures. an alternaties. '@o:ﬁ%&ﬂ@rﬁé@s@ Sge P%ﬁb S's%%u\‘:It%Weanq.na top
view, respectively, illustrating a connectorless transition 15 46 in
accor dance aqppndatxﬁ@ witlaskhe presant jigventiomean be
transition é gécldﬂ%@ ééx%é’&ééi:& £8ACULBD for tRewstereiRRVidigrals
metal lic ground plane 50 di sposed upon an upper, surface. Above
the ci rCUIPEtHGQPdthE‘?Z el@t@nics and éﬂbﬁn%%%‘?}b"‘é‘éh@éy conductor 54
for. carrying radpg 2Qne fdnfiftifiis! el She ? Sjit PUyeL R Of dshe
ctor e54|s ra roun

center con i sed above t pl ane 50 and acts
as the cent ddlyminatied &h Fig r3b0ad?étﬁ rrgz;m;adplpne surfacmsafsdihen

| i ne, such ﬁ’éa?{id ee t b enna
system 10. %isecond portion 23?' 6 thfe utlaé](%:ée(':ln%elr-J o g%t (t):%l(é |s | sposed
in contact watrhrqu theheleprto;onncbdams BBeidh a8 iy @ramdgiane tiZe ofr ound
pl ane dyp Th t u r I

bent portloni%Q connec gg?%’ﬁ lor'stq“h ?sﬁ%ﬁﬁwoﬁ%goc}%érwi lég'g% %2{' 30
On t A@ undetdiedeanifenna cﬁY@tbmamdSZJIS@ asmbhﬁles constanskienion It i ne
center con or afes S nd, Si I fo

conduct or lzlhas afnaq’iln tport I on €%8 lmpleﬁeéggggghdl roggt dCH%‘eneat‘ﬁ tshe
second portm’mﬂ&n@f styucturesfirst transmission line center conductor 56
and coupl ed 35 st her ey t I ' : Ier}_g;ﬂ'u of
VO 99/ 009867 _ rid¥. fa ng 4 Brd U S&efnsl SIuE Biey, 508 =

10 ongeIwap respentivedyeehl bustraling ¢ samnegimobesmitatansytdon

quar ey wav%] N aécé&edéﬁéguegﬁ‘ﬁhm tggt e??%tsentto invent‘i@ﬂ m ZeThe
coupllng e second center conduct or pa

m crostrip, connaqiianiess ckranstiionrafbnilssiludes a dlelectrlc CerUIt

board 52 having a metallic ground plane 50 disposed upon an

upper surface. Above the c¢ircuit board 52 is a
transmission line center conductor 54 for carrying radio
20 frequency signals, A first portion 56 of the center
conductor 54 is raised above the ground plane 50 and acts
as the center conductor of an air—-loaded microstrip
transmission line, such as those used in the feed
structures 16a, 16b of antenna system 10. A second portion
25 58 of the center conductor 54 is disposed in contact with
the circuit board 52 in a region 60 where the ground plane
50 has been removed. The center conductor 54 includes a

bent portion 59 connecting the first and second portions

56, 58,
30 On the underside of circuit board 52 is a second
transmission 1line c¢enter conductor 62. The second

transmission line center conductor 62 has an end portion 64
disposed directly beneath the second portion 58 of the
first transmission line center conductor 56 and coupled
35 therewith. In a preferred embodiment, the length of



. f
5 ~medi um on the underside of the circuit board 52. The
connect or | eSﬁ, %%%4 ion 46 can be inplenmented in the SygirRiXos/13178
il lustrated 9 3b. The circuitry 38 can be directly connected to
t he second center conductor 62. Processes, such as chem cal etching,
can be used to create 10 t he required metal | i zati on patterns on the
upper and | ower surfaces of circuit_board 36. The first center
conduct or 54 woul d be part of the d tPver circuit | ayer 22 that

i ncl udes both the_, feed structures 16a, 162ﬁgpd t he ] ower conducti ve
pl ates 24a- 242V8X13Re Ofe kRS M9 FFRIELHICAWMAEPTS 13 RRPTRXHIREELY @4Ccan

be created lnqhaet&&WEWab@méh@gh at Phecegseflidhcgut 6£t hentlekugt, Citsuit
llayer 22 fromth ductive_ sheet terial %b assenbl e
0

t he connector?@§§mﬁF3n§ 3&“&6 e seconds GeRt e FANBIEERE 082 t FRD cRfit er

cofjduct or 54 parposefi Qnexdléﬁostrﬂy,er stRepigaiegn &P BANII PLafsMiggdiphane.
Thgough_hol es econd portion 58 are then allgned wi th through

in S
holes i® the %??EHWt°Bo§P8 B?dersF§§t@ﬁeFQGGGlﬁFBthEHard 2.ipserted into

the through hol es end é@ﬁﬂé@@oipeém&&k@tion 46CPARTHEONHYTERENBAdt ont he
cifcuit board 52 in the cou Ilnq: region. Alternpatively, _other

hods can bEP@sB¥StEm gfrated iphFigenfbr cBRAUEHBFULEIYn38hE2ROBSI i ng

r gion.  Fordirectl¢XaddhfecBddadieStue Oselond & eitdad BRAUERBDEspSEd.
AFso, the secgnd gortlon 58 can be hel d agai nst the CIFCUIt board b

y
.tfhe inherent EPPFRESTRr cBUGR RhcChEMER] RFeRERSr 2on besused tq greeher
“gpproagd), a nghal tégaired heyYL11LA4tn patteMShed thet gﬁpeﬁuahanﬂoﬁéﬂl on

nd the center conductor 54 can be sol dered, weld | ued (using
conduct i ve Surfacggnhedi vdyrauids dogrd 36. The ﬁ%F%ﬁs%ﬁ%%@ﬁ é%%@BCt@ﬁ a

referred enbggi rv&mwf btehep§§t ofprQﬁ@”tdrlﬂéfcenthEui'EDsia%rtQQ that
onducti ve nenbers
CT/U398/1317Bncludes both the feed structures 16a,116b and thenievesrted

rom sheet al 48hBUELiPRCEI1AdEN DUFLYEY, CNOBRE pent pdEEANPESHl df the
telatively lowin cost, has a relatlvely hi gh strength/wei ght ratio,

ils relkPi vel yC8BEPTt SASIELOM P4 scan be QRﬁitqqg%H the fane sFampPibdeh i s

eneral |y sol grByekie tﬁ%t cledNGhd tambseebei-tnied 1h@drt RO GO&Im PEhe

ntenna coul d be educed by reducing the anmount of al um num (i.e.
educe conductlve sheet material.

To assemble the connectorless transition 46, the

second portion 58 of the center conductor 54 is positioned

20 over the region 60 having no ground plane. Through holes
in the second portion 58 are then aligned with through

holes in the circuit board 52. Fasteners 66 are then
inserted into the through holes and secured to lock the

center conductor 54 to the circuit board 52 in the coupling

25 region. Alternatively, other methods can be used to secure

the center conductor 54 in the coupling region. For

example, an adhesive or double sided tape can be used.

Also, the second portion 58 can be held against the circuit

board by the inherent spring force of the center conductor

30 54. In another approach, a metallization layer can be

etched in the coupling region and the center conductor 54

can be soldered, welded, or glued (using a conductive
adhesive) thereto.

As discussed above, in a preferred embodiment of the

35 present invention, most of the conductive members are



t the thickness of the alum numplate) used in each antenna. The
“ probl em t hi OO d, however, was that the structural PCITUSO#IIIYS of

t he antenna was reduced as the thickness of the 10 al um num pl ate was

reduced. In conceiving of the present i nvention, it was appreciated
t that sone of the rigidity that is |ost by reducing the thickness of
§ the sheet could be regai ned by wotking the sheet materials. That
is, by creating, for exanple, "ridges" and "grooves" in the 15
 sheets, an &fEtdawtiad faom sheetgrdiumgnumn bSheehi aleminum waswehbsenss

mat eri al . s+ B 3 d 1 t ) C

mcrostrip p?aet%%uszfntlgnr%go Z-Iee]%e%rll"t‘%?'g&gggQﬁﬁncggEbr%%%céa%mg%%%vgi{’ ##’I@ﬁ
present investt¥emgthiweightchasdoof iBi gmlaazil\mid/ Hadp to d‘{fmkudaada:_i.z
single, con I osfkdoge 70t (2] : It ). ge
cangbe produced§i %l?fl%ggsarr}gs s?%rgr}g)?ng%lua{&tn%?sjfsépg?ﬁgfggg&s . éi ggaycﬁh?rom
§ an al dm numpaed,. it was daddirmined| tbehcther costipegrsantenna scovkdpbevi ded

f for added Moo [RAYA : of. Fi ; ng. 6b i ngclydes a 25
l rai sed "X sxéecctl?%%a?igg' g&(ﬁi&f—g?l%gleéﬁﬁ%o yta&gi r?g%rn}lg‘g)gg E’b’e" £;e#’ﬁ‘é‘apatch
1 el ements, althe rithicknests mf dhielasluminug plate) usédcknesachfaftéffai nches
1 and bel ow ¢ ’t;ﬁﬁ | : nt st 10. _Jhge strengt heni hg
1 ri dges can gfeh%?e Ferd %1#125? %%eea%ea(?’chlgésw%ﬁgg{’ligan%n%’?ﬁe %eﬁgﬂgﬁg‘ér ga,
{ 16b of Fig. Bmidity of the antenBegwas7aedycadeasrtlss skitknessobf the

{ transyf ssio ' n torsJllustrating vari gus ways o

| mrk?lnrag the%iﬁﬁﬁ%%n?%?ggoﬁgécggpg%%g'i nc ea%oencf%v’sr?qu fuolé?'m: FEr y
t her eof . Fnventigne, itFiwgs Jppredidbedhdibat ssomét o35 the coigidptef the

center conduslarsis Fb8¢- b raalcile™ iR Phickness 05‘2’839&?82@;%%%

bends at théedyegabhedhbycamrkingrthet sheetFingkerials, 7mhat/fisandy7g

illustrate vag, i d ro ppr ogche " Thi,n pgetallic
sheet mat eri%l[ésggg%éhl gf(;é]ge eus%cfﬁfeg’r t dgg:fs A ungEReXRS " of H4n Hhtenna
i n addor dancthegts, t @ pErsamted structovedt imigiddry exanplbe &tieBeds a

Eop vi ew of W ni(?@amaterial.sySt em 74 illustrating one nethod of
wor ki ng" the Shee

Figs. 5a, 5b, 6a, and 6b illustrate two circular
microstrip patch antenna elements 68, 69 in accordance with
the present invention. The patch 68 of Figs. 5a and 5b

20 includes a single, concentric ridge 70 to add structural
rigidity. The ridge can be produced in the same stamping
step that cuts the patch from an aluminum sheet.
Additional concentric ridges can also be provided for added
rigidity. The element 69 of Figs. 6a and 6b includes a

25 raised "X" section for added rigidity. By adding ridges to
the patch elements, aluminum sheet materials having a
thickness of 0.030 inches and below can be used in the
antenna system 10. The strengthening ridges can be used
for the patches 14a-14d and the feed lines l16a, 16b of Figqg.

30 1.

Figs. 7a-7g are cross sections of transmission line

! center conductors illustrating various ways of working the
center conductors to increase the structural rigidity
thereof. For example, Figs. 7a and 7b show a slight

35 curving of the center conductors. Figs. 7c and 7d show 90




} The antenna system_ 80 achi eves t he enhanced

{ opposi ng edges Qf the patch. That is, one slot
i the driven

i the edge op

|material to attain higher rigidity. The cross hat ched areas in

Fig.. 8 repreoenbosdepr essions in the ground plane 10 sur f aEeEr/usoBne17s
| ocation of the depressions is chosen so that they will not
interfere with the electrical characteristics of the circuitry.

| For exanple, the edge of a depressed regi on should be at |east 2

line widths fromthe edge of anyieenter conductor. Simlarly, the
edge of the depressed 15 region should be at least 2 line widths from
the edge of degree beﬂdsaﬁteﬁﬁé etgaBnbs. thedeefltes BohBGkieRal, S'ﬂgsw ew of
t he ant enna_of g ilde vi ew corresponds to view

Fig. 8. F|g799 frué??a gsi EBSHEBFésgéﬁlPégl§h§ge/gr°°V¢6PPPIQach#S~the
ground pl ane Al ternatively, the 20 depressed regions can be

repl aced by ralseg}re i ons, Fi 10 is_a top view of another
ant enna syst em 8GR etalllﬁc%@ﬁ?ﬁuﬂﬁ¥%ﬁ St Kanpadsenbei need: fox. thee

| antenBa sysig@®und plarfd d¥ d&&&&@%%é&&f&&&@e SHEEheEﬁteOBr'e%eth

hori zont al pl ane_despite the fact that only two antenna” el enments can
25 fit éPH@nS}OEr deFeR eRERfrefi@-n§ dsoan8Op| Hhewsef amhentenna

di mensi ons aiystem oTpuITL BbeRe: SR bfel hBLEH BE SHASMng" tneCORRLEAI Nt

pression
usi ng equal%&§ﬂ§i%blF?sqq¥%Wkahlgher &FGﬂééﬁNGoanh&'Gﬁ¢$@tbﬁ$§hedThe
system 80 i pgleadesin WiRf. 3 repredafk el &Y 028 £ANERE! §E‘Bﬂha ggan&‘c

such_as the ones described earlier. In concelving sent
i nvehli on, surface; mﬁ%eakﬁﬁ%%ﬁQﬂeﬁf1ﬂﬁ§td&Pﬁﬁéﬁanﬁlpspahchenaapathag

el ement Canth@y”ﬂﬁ@i'ﬁgtaﬁnébeHﬂé‘Wlﬁﬂ Qheréﬁééﬁf EahOEﬁéggcterlstﬁks

["0cat ed at
égethaﬁmcm%%'ﬁﬁiér SIESE rexamRls, the edgemmgaodssressed

PCT/ US98/ 1358g10n should be at least 2 line widfhs 'from the bighogdted at
riven edge. It was | scover ed t%a ? i S dual

osite
sl ot propergyycﬁﬁnB%ru??$¢9%EP¥<) Similazdli etbeaprgpet afethgpdepngsisadt he

hori 26nt al ﬁle@fi%n( abuld be hberghotep giidel QH%MWF&&'&@e'Ed?Q' 8fp' ane)

by properly 5 ali |g%-the three patches 84a-38 In addit
anpl i tude t pdr iBRF eé‘gh‘" R eved lfr’*ﬁ*ng9 ctfuicd peakional sidg| view of

Fig. 11 ill g¢pler amtSerdhe o#mbidUude, tE@K%'é&ﬁé0$1é@ecorrespéﬂake€b8918& Fi g.

10. For conyenience, the analysis W
C-C' of Fig. 8. ig. 9 1llustrates the depressed regions

76, 78 in the ground plane 12, Alternatively, the
20 depressed regions can be replaced by raised regions.

Fig. 10 is a top view of another antenna system 80 in

accordance with the present invention. The antenna system

80 provides enhanced sidelobe suppression in the horizontal

plane despite the fact that only two antenna elements can

25 fit side by side on the underlying ground plane 82. The
dimensions of the ground plane 82 are limited by system
constraints. The antenna system 80 achieves the enhanced
sidelobe suppression using equal power splits in the
divider/combiner structures. The system 80 includes three

30 "stacked patch" antenna elements 84a-84c such as the ones
described earlier. In conceiving of the present invention,

it was appreciated that a microstrip patch radiating
element can be modelled as a pair of slot radiators located

at opposing edges of the patch. That is, one slot radiator

35 is located at the driven edge and the other slot radiator
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10 be made with respect to a slant 45 pol ari zation, rather
<dual sl ant W899/04867 shoul d be appreci ated, however, tha?CT’Hé”é’éH?
result is achieved using dual slant 45 pol ari zation. As shown in Fig.

' 11, each antenna el enent 84a-84c has a driven edge 90a-90c and an -

edge 92a-92c 15 opposite the driven edge. As discussed above, these

1 edges act as individual slot radiatdors when the element is

excited. If al] of t nents. 84a-84c are d n.at th

Cavel i han oo aRa 2o iRe o, onRgs ke | RhevaEigen Sdgeyns B WER
92a-92¢ Wil ?i%cﬁﬁe’i:?%a(ﬁ this aiua120°-10td pro&gf@%%&lﬁ%@t@%ﬁm& fda- 84c
are’ arrange a po edge of, e n i S

subst anti al I%F%B?%eﬁmpfltudﬁn ttﬁ% |’tfént}éﬁgg°§é@°5‘§:ggl é?{l@rﬂe 854?:"‘% t he
vertical therdiford, ¥idedidhd %d%rééﬁ&{)mﬁlth§Ciﬂﬂa %84c
S sugrstantlal IS}/ alig h the driven ed%e 90b of 25 errent 84

e
the vertical®h Fork eTFr%"é'e&r R 84Gr cat By éﬁldéfépf‘atl?}he
profile in tdgphpfhdOntEdpdtiggt ich be ahllvieds askhgontghalapSéwer

(al t hough, because there is no peak center excitation, it is not an
i deal bi noniSR Li%$er). That is, the aligned excitations add in the

hori zontal 30 Pl@neayo Hﬁ?éi@rﬁbéfxﬁhbatdn(ﬂlﬁtﬂié' Eaﬁ&riﬂg %r 2gpe al.
Theoretically, this excitation ﬁr ofi | e produces sidel obes | evel s t hat

are 26.5 dB DESARtBR pEaklgr idRe ndo¥ |csBWenience, T anabysbe wild| s
are nmgye thagp 1§a§5 W3y f@é’gb 0088 a slax?@t @'5” W i 13 ) T PEFher

excitation profile Fig I 867
PCT/ US98/ 131tigen dual slant 45. It should be apprpplated, hqﬂpggg;at es a

measured ant@ona R CeBnkO xEBuPEl Y Aatbhiteved nsifis dRlUNSdauE ngsthe

t echni ques of the present invention. shoul d be appreciated
that the al iRfE¥rdaaEL0oRe ndts shown hiReFig. bélpeﬁaé‘é} | 3nkgnnm el epeRke

vertical diregiigicthad a @SV Ceddeded G008 URRESEHORdgedUb2a00hy
need _to be substantially aligned. That is, the level of alignnent

| must T2 enoRPPATitnding HirNen 1qdgen |y fisappeed aBopes these edges
{ originating {eemas SR ilREAL | @okn $R818L6EEONIREN PIANE elementaNdst hus

"add". 10 As illustrated in Fig 12, the sanme. princi EI es
di scussed aR¥Eitfdn r%%@’e]t % @}%rﬁlwrb‘éﬂi a$4§a@4§na§gndr1ven at

same level, than the signal amplitudes at all of the edges
90a-90c and 92a-%92c will be the same (i.e., a).

20 The antenna elements 84a-84c are arranged so that the
opposing edge 92a of element 84 is substantially aligned
with the driven edge 90c of element 84c in the vertical
direction. Similarly, the opposing edge 92c of element 84c
is substantially aligned with the driven edge 90b of

25 element 84b in the vertical direction. This arrangement
creates an excitation profile in the horizontal direction
that has a binomial taper (although, because there is no
peak center excitation, it is not an ideal binomial taper).
That is, the aligned excitations add in the horizontal

30 plane to create an excitation profile of {a, 2a, 2a, a}.
Theoretically, this excitation profile produces sidelobes
levels that are 26.5 dB below the peak of the main lobe.
These sidelobe levels are more than 13 dB lower than those
obtained using a uniform excitation profile. Fig. 13
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: be applied to a systemusing horizontal polarization. In addi tion,

the techni giesmmidy be used with el enents ot her t han nbE?Rgggtﬁ7patch
el enents,- such as, for exanple, 15 di pol e pairs or other enents where
1 a single feed creates two equal excitation |evels. I'n one
I enbodi ment of the present invention, the parasitic patch elenents are
mount ed on the radone rather tham 4 he antenna elenent itself. The

| parasitic el enents 20 can be suspended fromthe inner surface of the

“radone usi ngllustratiedsERRaBured il $htAE 'd}PednﬁHané‘tﬁ{a§urface
of the radone, or can be enbedded into the radome during t

mol di ng t hfahrdesigneshyshng 5per baehniques «of ithe myesent mven:ti@mr

| ayer and/or or ot GRhag Hes aphrdedatBiOthie dRe a1idiitedgddlldo {100
elimnates the need for fasteners | eve the proper spaci ngs.

Ot her arraR@fente Beepgrfsctly alb§§§ﬁbllé the verticaladiraathiathetpr esent

invend i on hashbees desaenBsd '@up ressfiagJ “??adt@n n%!é}f | haelr eftyy rg&’e

enbodi nents, it is to be 30 erst oo i catl ons _
vari ations Stkstaneially allégéﬁﬁied tBhak t hsut epatevely plomkignmentit and

{ scope of musttbhe &R¥EGhI 95 8RatheRe skihik8eibh hk&Ald éﬁ5§£f3%o be

under st and. For exanpl e, the inventive concepts are not mted to
use with st¥EkSPENG TNk mSiadeedesahiendik B8 hoxigental arsla/mm Wi th
virtual ly agwdtymes ofadd enna el ement . WO 99/ 00867

| PCT/ US98/ 13178 . . ) 15 Such nodifications and
vari®@ions are chsibblestrated winhiFighe Ry vitdve arsbme omx igfcipkes

invention aggséhes8@PEpded #ithMBespect to slant 45 polarization can

be applied to a system using horizontal polarization. In

addition, the techniques may be used with elements other

than microstrip patch elements, such as, for example,

15 dipole pairs or other elements where a single feed creates
two equal excitation levels.

In one embodiment of the present invention, the
parasitic patch elements are mounted on the radome rather
than the antenna element itself. The parasitic elements

20 can be suspended from the inner surface of the radome using
fasteners, can be plated onto the inner or outer surface of
the radome, or can be embedded into the radome during the
molding thereof. 1In another approcach, the entire driver
circuit layer and/or ground plane is molded into the

25 radome. This method eliminates the need for fasteners to
achieve the proper spacings. Other arrangements are also
possible.

Although the present invention has been described in
conjunction with its preferred embodiments, it is to be

30 understood that modifications and variations may be
resorted to without departing from the spirit and scope of
the invention as those skilled in the art readily
understand. For example, the inventive concepts are not
limited to use with stacked patch antenna elements and work

35 equally as well with virtually any type of antenna element.
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16 CLAI M5 1. An antenna system conpri Sing: 5

a ground pMHe5/00867 a plurality of radiating el errerﬁ‘é’r’g%qsﬁé”s
parallel to substantial portions of said ground pl ane, said plurality
of radiating elements including at least a first radiating elenment, a -
second radi ati ng el enment, and a t?grd radi ati ng el ement said first,
second and third radiating el enents being located in at |east two

colums an r, e . a__first set of transm,ssiqn lin
sections hg%'itn\r‘%g Ingcl\,’l%jf%%&%%ﬂo%?l apd s‘é?ﬁl?éhﬁ?ﬁs 3§ ngonsidergd, &y E’Fom and
bei ng paralwithin stist puirivdlewpoand ostople safd threountlveh8ien snd thest set

of transnkésion gkgg sections including at least a first transm ssion
i ne sectioﬁ?pﬁ 8goﬁ& * transm ssion line section, and a third
transm ssion line section, said first second and third transm ssi on

| ine sections of said first set being directly interconnected wherein said
first, second 15 and third transm ssion |line sections forma conti nuous

feed structure in which said first, second and third transm ssion

| ine sections of said first set are uninterrupted by said first, second and
third radiating el enents and in which: said first
transm ssion line section of said first set is connected to a first portion
of said first radiating elenment; 20 sai d second
transm ssion |ine section of said first set is connected to a first portion
of said second radiating el enent; said third

transm ssion line section of said first set is connected to a first portion
of said third radiating el enent wherein said first radiating el emrent said
second radi ating el enent and said third radiating el enent are

i nterconnected using said first second and third 25 transmssion |line
sections of said first set;



¥

17 means for coupling energy including a first connector, a
first distsedeesng defined from said first connect ®CIVusI8ABIA8fir st
radi ati ng el enent along at |least said first transm ssion |ine

section of said first set, a second distance being defi redf+omsard—FH+st-

connector to said second radi ati @@ el enent al ong
second transm ssion line section of said first set and a !!m] ml gf”l'i””“l
di st ance beBhatdési gdaimedmissid first connector to said t

el enent al ong at4l eas

rd on i ne sectlon of sald
first set and in V\/mc salgprstsygft% énc ? ??ferent from at
| east one of sai @ gyound Plamerce and said th| rd di stance; and
a second set of tr m h all f .sai d
| engt hs bei ng he%ﬂ% f%szl ?fﬂ%drﬁ gﬁéﬂﬂé par a\F&él g?g&sgggpgﬁt e Qiportlons

of saidd groamd pl ane, sal d second set of 10 transm ssi on I|ne sectlons

i ncluding a fi rst tbﬁ%@zss'cgﬁdluc{%ﬁv%ecrc' r&ul%r?gl gg&etrra | igne

section and a third*transm ssion 1T ne secfion rst s con ana' third
transm ssi opriedesermined sedistancef shovesesaid seqrcmmhg dlanet | ynd

i nt erconnec n d J 6t n S

i ne secti otﬁgg’oaygg{a% ggg%ncfrél %?%q‘g g’ %tl nuﬁ% %Te%he]é ?E%%rema?% whi ch

said first, includirgpadimm, saiid heivcwitirg nlssennhanagsecpll@ﬂrglalte’ of

unin r upt i | econd 1 s and

in \Mt%L:%cr:h: ?%dt‘%ﬁ%gd éié@%ﬁt? %21{& ta‘;’mﬁ%{#ééggx %fne{;g%%?ﬁ%ggl sal tesecond
set is connescddons Lowcleddpogt seddofradiating elemestsd wWhereinaditating

lement s deesk pe .o BalgoReandnl LRTSH 13h8"LLRToRS Y BoRb1Rd dvecond

set is conne&re 0 a secon
said means for coupllng enerqgy;

wherein said conductive circuitry layer is formed from
15 a single sheet of conductive material having substantially
uniform composition. '
2. The antenna system of Claim 1, wherein:
said conductive circuitry layer is stamped from a
single piece of sheet aluminum.
20 3. An antenna array system, comprising:
a ground plane having an upper surface and a lower
surface;
a plurality of air-loaded patch antenna elements
arranged above the upper surface of said ground plane, each
25 antenna element having a first port and a second port, the
first port being 90 degrees from the second port with
respect to a center of the element, wherein the first ports
of said elements are interconnected using a first
transmission line structure and the second ports of said
30 elements are interconnected using a second transmission
line structure; and
first and second means for coupling energy from a
region above said upper surface of said ground plane to a
region below said lower surface of said ground plane,
35 wherein said first means is directly coupled to said first
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el ement and in which said first radtatd ng e enents sald second radlatlng

el enent and said third radjating elenent are interconnected -
using said first, second and third transhi ssi on | i ne sections
of the said second set;

Dat e transmissién line structure and said second gmeans is
wherei n sai dapreeel ity upladi at £89 agrent Secéadd firsdsnfitisiin  line
transm ssion I|ne sections and sai d second set of transm ssion |ine
sections def FREUGEEERduct i ve circuitry layer that is a singl e piece
forred froma single shﬁegrggycgﬁagﬁﬁgvg gagﬁrlgbmggibaggsubstantlalIy

uni form conposi tion and in which of said plurality of radiating

el emends are in adcORRDRiRNe BaV1ng a predetermined\sizerndhaht dfina

system of C 3iEt3ed W Sydtem constralnts,aéé1&f?§6uﬂdfplﬁheam91ﬁ§CQﬂd
sets of transm ssion Ilne sections are substantially in said conmon

pl ane. 1othe x-y plane of anedFtefiaBnferrdiBasCeYSEe™ai m 39, wherein:
qportions of said pragsnéEstOrkt ifiteieal kQBheftsSabdntbasbnsghiar greunyed.

14, The antenna system of C ai m 39, wherein; at [east one
{of said firsPlaBgeof@ighEiat RRFeBRA eieBAREFnbedaG iBrionad salendi Ast
set hpg substantially straight line in the x-direction of said

Cartesian coordinate system, wherein the number of elements
in said row is limited by the size of said ground plane in
the x-direction and is not high enough to achieve a desired
level of sidelobe suppression in a plane including said
15 substantially straight 1line by amplitude tapering
techniques using only said elements in said first row;
at least one second antenna element that is displaced
in the y-direction of said Cartesian coordinate system from
said row of first antenna elements, wherein said at least
20 one second antenna element includes a center that is
between centers of two adjacent first elements in said row,
in the x-direction; and
a feed for exciting said first and second elements in
a manner that creates an amplitude taper in the x-direction
25 that achieves said desired level of sidelobe suppression,
wherein said feed drives each of said first and second
elements at the same drive level.
5. The antenna system of Claim 4, wherein:
; said row includes two antenna elements.
30 6. The antenna system of Claim 4, wherein:

said first and second antenna elements comprise
microstrip patch antenna elements.

7. The antenna system of Claim 6, wherein:

said first and second antenna elements each include a

35 first edge portion and a second edge portion, said first
"his Sheet Has Been Replaced .i”’i.’ms RS
[LTT] p——




portlons t hat non-linear and a said first, second and
‘third tl’anSI'W§§§/m5+l ne ““l“l mlﬂiml "m lﬂL sal d second set haspquousssuasst hat
are non-|linear. antenna system of C ai m 39,

wher ei n: each ‘of "sal d ¥irst, second and third radi ati ng
.elenments has a center, with a center strq@ght - line being defined that
ext ends through said centers of said first and second radi ating el enents

and in whichega ¥6EP86RNHeldly COIHhdwescSEl§ Sﬁ?b%ds'fﬂcﬁ' 8814l iseRond
unable to pass t hrough, sai d center of said radi ati ng_el enent.

19 gdge 19 ShHRPS AR ANERT CPa9 85, Saher eilment, wheredgch of

said first, gagan¢izBd bAhbUpbAe et 1Y Bl FIS bap13aCcet @ fWeldh 13 nld.r St
second and third center straight lines that "bisect said first, Second and

third radiating elerentEhe angerna wysten af Gaime f iWheredif second hal f
sections for each s‘&ﬁcﬁ%‘e@o}xﬂr %ﬁgesﬁegﬂ(ioﬁn@ft Bhkd rfa‘i'a@d' 9 y@teaBitletna |

each of said first, second transm ssion |ine sections contacting
one of sald'ﬁhamﬁnt§eéBﬁQUd€§n@ f#ﬂ$ﬁiRQ&ﬂQﬂQHﬁ;Sﬂhénéﬁﬁ§taﬁdﬁec@ﬂ@&épnarea
defined as a4 r§£180%ttacie§é€aon% CQH‘cgﬁhaafeeiga.mexﬁf'dlﬁciHaéQ

contact area, respectively, th sai I rst and second contact areas being

in a first h@lefcon%eewaﬁ,sp@@ér@imr ofatdi firshkt @ointhesst sabsdantdialda d
third contacty13eadi% 'éhﬁ"%c%%fd)%ﬁéﬂ fin 3R AdKt Spced from said

third radiating e enent center line
10 9. The antenna system of Claim 4, wherein:_

said first and second antenna elements comprise
nicrostrip patch antenna elements operating with a dual
slant 45 configuration having a polarization vector that is
approximately 45 degrees with respect to said x-axis.

15 10. The antenna system of Claim 4, wherein:
said first and second antenna elements each comprise
a dipole pair.

11. An antenna system, comprising:
a first antenna element and a second antenna element
20 aligned in an x~direction of a Cartesian coordinate system;
a third antenna element displaced in the y-direction
of sald Cartesian coordinate system from said first antenna
element and said second antenna element and located between
said first antenna element and said second antenna element
! 25 in the x-direction;
wherein said first antenna element includes a first
point, said second antenna element includes a second point,
and said third antenna element includes a third and forth
point, said first point being substantially aligned with
30 said third point and said second point being substantially
'aligned with said fourth point in the y-direction.
12. The antenna system of Claim 11, wherein:
said first and second antenna elements include patch
antenna elements.
35
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7. The antenna system of C ai m 39, 1.0: said neans for

toupl i ng emas ggyoosec| udes a second condﬂﬁ (rTuI HMLMI di st arREI/H8984g178

defined from said second connector to Qdvti ng el ement al ong at

| east said first transmssion |ine section of said second set, a fifth -

di stance being defined from said second1Sonnector to said second radiating

- elenment along at |east said second transm ssion |line section of said

" second set and alSi.xt Fhéi smdeana@wsdedefdhdld#itomn 2ai wherebnl connector to

said third radiati;ng Je d r i ne
%%18 segeghga%%g mz%me saiéé?%ﬁrkgl d DR <

section of said secon ch stance Is difTerent
from at | eapordienofarshi al seconddegg&n@@nmﬁwnuﬂhp@txan outerapsige of

and sai d sclBl oY et R od0F) BhReton, betnd Alanerntcatfy ance

:dlstaﬁbe opposed to said second edge portion, wherein said flrst

edge portion is directly coupled to a feed line.

14. The antenna system of Claim 13, wherein:

said first point is located on a second edge portion
of said first antenna element, said second point is located

10 on a first edge portion of said second antenna element,

said third point is located on a first edge portion of said
third antenna element, and said fourth point is located on
a second edge portion of said third antenna element.

I
cet Has Been Replaced 1

1L

THIS SHLET IS BEFEN
RIDL ‘( D




