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" ANTENNA, §¥S 5608480 FI ELD OF THE | NVENTlp@HRwusesno7790 The
present i nvention rel ates generally to antenna 5 "systens ~and is
particularly apt for wuse in nobile comuni cations applications. -.
BACKGROUND OF THE | NVENTI ON "ANTRERA| SYSBEMlini cat i ons systens are
currently being 10 inplenented at an increasing rate. Such systens
general ly i nclude a pl ur al EXBLDBIOBeNEE apRVENTIONdi st ri buted base

stations that ar e mﬁre%%%%“éﬁ?lr&%%ns% CHTéBg geRk 5:311 ﬁée%?xﬂe%n%

particular area, C €N a1 user

est abl i $h asgwhems caandn dhanpalrbiiculairly ampmerfmerusehelnobmlobul‘aer
transmts a radl fr signal to the nearest base station.. = .
The base - ‘Hlb%aet?’éexg %%P%ﬁégggéﬁ%st signal at an antenna and =
subsequently transfers the request to a rmbl | e switching center (MsSC)
whi ch sets up the requested . ation then acts as a

radi o frequency link in the* i ontil the channel is
term nat ed. Mobllé)bldmmmmmEMS orsystye;usarrmmr radrinendript oypedrigar ge

above, Wen BB AERY df filiadily Ehear " SRuch, SSprons” TRFERI L,

_receiving anchdnadesnmd t pAgraldny sofo geographiscal The dingteritast ed e baweral | y '
nmount ed on pot es. 1 hat

re | gcated at_an_ el eva thin h cel |

such as on ft"h%n? 05’%&% 18 £ Iﬁ?%o%§3?%§eatfer?%u %%%l%%lég TR L615t ai n
total coveragepd tin @ lmaaruiejulaeraase kaolvar gs auabéid.of Wh@n anteimide ar e
required for_a typi.c te Lty LS _Lnportan a na
Fel'at] vely B eRGEReS & thanhphepdiah T8 ofimuni of6fon | KhAlETT e
| ocat i axs of aﬂrﬁethmnnuseu:f, |the mobilponisedt thamshiesaat eadds Ifeeoueramnt
| i ght wei ght,_and relat sy.ta.n Qn t oIe Frth rore,
the 35 ant e?ﬁ%%eiﬁoﬁlbgrb"’f g% c?r%"hghgaechsatp erTstl b5 € such
as | ow 1 oss ﬂwtionememmveslcbhe request 'signal at an ‘antenna and

' s"ub.sequen'tly transfers the request to a mobile switching

L ON

center (MSC) which sets up the requested connection. The
20 Dbase station then acts as a radio frequency link in the
communication channel until the chanﬁel is terminated.
Mobile communications systems normally employ a large
number of 'base stations to cover a .given_ area. © As
described above, each of these base stations requires at
.25 | least one antenna for receiving and transmitting signals to
‘users. The antennas'are_normally mounted on poles that are
~located at an elevated point within the cell, such ‘'as on
the top of a tall building or on a mountain peak, to obtain
~ total coverage within the cell. Because a large number of
30 antennas are required for a typical system, it is.important
that the antennas be relatively inexpensi#e_tc manufacture.
- In a&dition,-because of* the location of the mount, it is
. important that the antennas be compact, lightweight, and— -
" relatively easy to install on the pole. Furthermore, the
- 35 antennas should provide good performance characteristics,
such as low-loss and linear operation. |
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2 | n ni cations applications, it is very inpo hat . .
circuitry Wgﬁgw%nmu is i g@?R’%?SIW”J v

bstantially linear. This is esp
important in systens that utilize multiple adj acent frequency e
channel s because nonlinearities i-n'such % systens can cause interference -
bet ween i ndi vi dual channel s of the system That is, frequency :
conponents from one ebmmuniBBEEo6BARRRILS I e 8BS Retr@Sihboftahlite
monlinearity to form internpdulation pro ucts that appear in the

frequency rdmaL of SR HEFY c SRR S@ﬁ@%@ﬁ lingag. 10 This is

i nt er nodul atéé}ibci’él)ﬂycrfm%&ﬁﬂanﬁeﬁi'% ét@ﬁgfe—f:r‘r‘a&ﬁsrﬁﬁflllzepeﬁtﬁ@’c Nee.
Therefore, efforts should be made to mnim.ze_ .. ___systemnonlinearities..

To meke an @AARARGRRMHIRTS channels hesaneepnenlinepgjtiefedn such
arrangenent Gt s Wdd | dditke Tﬂ%etfer&ﬁé&%ét&éenSiﬁaiwaaﬁlcaﬂaﬁﬁb% on

two or nore vertical |ayers, rat han all on the sane | ayer, thereby
“reduci ng t he®veRal ﬁYStemf-oofTblaltntlsof ftmm@mﬁompwgn‘éﬁ &reml ene| gyer

system a. moﬁ@aeﬁamaéhsb%aar Qe Us %O%é@;gt%ﬁnehé ﬁehm@saa&ﬁ%
different |ayers. Thi s coupling nmeans nust provide a 20 rel atlvelﬂ:ém good

i mpedance @ chfoBBt weBherppdudarisnonprodustsyctiads eRPERE diffe
| ayers and 3&4&%& Crex?c_%é V4 yanothéf?“él'x&ﬁﬁel | Asadd Ebﬁarehlﬁe ‘Eﬁ'é&'e' ng

nmeans shoul e undesirable transm ssion nodes wth
antennal0  Inkermedeiabiont hexsitsg s@6ul dorertidi feduge h| ﬁY15I*|'-€mZ5

housi ng) . erformabitdeCraasefidie, Welrgh el sBBula! sanaad§0% RS e

utilize air I?oaded transm ssion |i nes wi thin the antenna housi ng to,
anong ot her SYS%R, nendhsearitiare frequency . energy between an

| nput/ out put  conngst gla kaNta g teAfhaldyid Y mSr8 RMmpact a hdd48%1e

transm ssion |i nes, I N gener al, . require sone_ neans to suspena a

center condkRY®F fged argeagement e pestihbkizedy ThatoAs, ocimsnd t

near by ggoungkryctiBtdd! Gl kit NN o HBIWI LB +ERA1aTRYENSLI Cather
| npedance. Past suspension devices invariably introduce di el ectric 35

| oading to tiHeaRr addniassi he| saRCWARYRTer dierehihdeedvaing the overall
footprint of the antenna. In such a multi-~layer system, a

means must be provided for coupling signals between the
different 1layers. This coupling means must provide a
20 relatively good impedance match between transmission
structures on the different layers and shoiild be relatively
low loss. In addition, the coupling means should not
create undesirable transmission modes within the antenna
housing (i.e., the coupling should not radiate within the

25 housing). | ' ' _ |
| 'To decrease the weight of an antenna, some systems
utilize air loaded transmission lines within the antenna
' ho:using to, among other things, transfer ‘r'adio' frequency
energy between an input/output connector and each radiating

30 el'ement.. Air loaded ‘transmission 1lines, in general,

require’ ‘some méans to suspend a center conductor a
predetermined distance away from one or more nearby ground
structures to achieve a required characteristic impedance.
Past suspension devices invariably introduce dielectric

35 . loading to the transmission line which creates undesirable
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3 ..m w@;,g and | osses on the transmssion line. ‘To peﬂusa/owgo t he
effects of -t m smatches, past systens placed suspensi on devi ces
at quarter wave |ntervals along the transm ssion |line so that -
refl ections caused by adjacent 5 device8 would cancel. Because this
practice generally ‘requires nore suspension devices than are
needed formlsma'sdpg@r@Mglgwpsngnn@hmér@@m;ssmmdcxms Eridredwaal
wei ght and s S d o] o]

- consi derati on 1 n ges%r?: n&af;ne%?ﬂ% eﬁﬁlngglﬁﬁisléglf erﬁpFl ﬁ‘:néngg)l aéfg&ed

~.communi cat i uspexisden sdeuicest-at—quastelr avave. md:sﬁmwcm bé@ngbo’vbe
typlcal ‘mob quhLe o] gn a
ool roy TPEEERBKIESTon 1600 E50ULE B IH dALUE, OFaBREANIRS 46y S0uRE
can be & nodewéces wavkdr smncxeh:;; neBgcmnehmhw opraabocelsgemmlly
associ at ed 'égﬂir%%StﬁoreThS{;% %!’n%m &Q%g%gp ?i&bﬁy are xéeé@&
instal | ati oh“Process 1's redice Sys em ns | ati on mar nt enance
costs can bsuppduténg/ smsqneanlﬂrtg ofthe acenteredo;mndmtdmsantadm:atlonal
installation I it ntinme and
I ncr ease |n‘§?§§g§ gégf 3‘:9%%%061%%56 is a&é@ée{% Eﬁé WY OF THE | NVENTI ON

The present inveAn cimpetrbant tammctauaarurrm syst e:las:xgnixhgit anj santenna

Dot b ondyst 3L Bk A 10 8 oharkl opRRSsarichO TLGRU $0ase oF

relatively LnstakhatyenandAsadyzsbm'1bed rammrfeictajrt@pmmhl msdlaile system

ddi t th t t t
antenna. system madurrE /¥ i chde! B afine hORY fudE R hir el
size of. séhv,rlsgsaeeaandlastlallqm’eldmaa:sdtsm:fcumq reafh stheese nan tennas 30
f f h
o cturr; nEEhMel AOMRANRCRNS" LRPOUNEtng many AdhIRIGEL 0P Aot U°
met al &ént awithnassocaatedndabosi ms;tast h, Thexstfioare hiigh the rMphexatycan
| ead f ' X
| ﬁ? er nodul a?FOEhQO%ngSi‘i?tfbié(:%%éc(% %e%% F%d‘ggg%?esféa‘%e#@éyglfétlon

‘and maintenance costs can be reduced. In addition, a

reduction in antenna installation complexity can reduce
system installation time and increase installer safety.
20 o o |
- SUMMARY -OF -THE INVENTION :

- ‘The present invention relates to an antenna system
that is particularly  suited for wuse in mobile
communicétibns applications. The antenna system is compact
25 and lightweight and is relatively inexpensive and easy to
| manufacture and install, In addition, the antenna system

is relatively linear in-éperatlpn. The antenna system has
a multiple layer design thét reduces the overall size of
the system andla unique transition fdr transferring radio
30 frequency energy from one layer to another. A
o In concelv1ng—-of -the - present 1nvention, it was -
appreciated that the existence of metal to metal contact in
a transmission path, qr-othér high current area, can lead
~to a nonlinear c¢ircuit effect known -és - passive
35 intermodulation. That is, a diode.éffect is created at the
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4 metal to netal | ' |
| _ junction that can result in int '
| erno
PL?S;J%(SM g?m p frequency conponents in the system Theggb@hJs%mW%
. ation conponents can create interference bet ween

E E 1 y

‘current areas ~thereby, preventi h ' irme dudedriesd
A R e el rirntismpy)
MRt 5 St (PGSO Eiafuermy TOMPORPBLS LR LRSS | e eVIrrgsgl

._t9.._.rTEt3|.__.J.'_nCt!o.ns._. . . Mre specificaLly ~; R ot 1 1

el e ()
arating ﬁaﬁh@fs Citui the | sysitefw omnd,secHRer e TP Rt t r e r}f& hly

radi ating &l ement. h i - rerf a%/er (c

radi o 5fregndesir o N9 é”@é’éc’i&’ﬁé&“gxﬂcﬁ {308 t prebent timreitionn ) 2

£ flemtliala R SIS

%be| meta pLsS im RigRa T HHE 13T At i ng

channel s -in

el ement - . . ,

Lransni ssi @heriehy, s'rr%?%ggng?q” S GLEGLIGhIOE baYsIOYoLAtotnolst o
transferring radi.p ff Y87 Center conductor, for use 20 i

the inout /Ogtra@ﬂ) &ﬁeqmwmmfgyhbetpmﬁratfipg#nLlon:siagha?n%ana
transmpssi'cslizspégmp% o ;[rhg adhald NGompris 'senﬁmtra\idsﬁrtﬁidntbeta'egsﬁnd
circuitgy | ; PREVIHPY: si gnal node are |ocagted on the -first
Centorl0ye FYers ((:toc)nmat (does sraoniintladeninasiadn FPné‘}eqi‘?;vi HanéQgchﬁd
b : oed use i tr fecrin in O
b s R
second trangfisalon (e agebihe pranadlandted WiPhEh, fhe peREaRdy
1)2 ELgn?}‘(ra;sePQra'am@ a3§’-???eéﬁ§ﬁ8§t5 e?% eget%\%ggﬁht %gqo?j?i{dﬂsmﬁm ode
on the 1175 oyer; &0 | pualayengarel edmnbeo AT Sral oy A Cecond
and t hg5secpntteentt®® cdrRRd réﬁf’:ﬁél:g??gw'e Ereghefieyt cenergy conduetor,

singl e, hompgeneRUsmTRicd | idpeﬁﬁimnaﬂaviﬁ;;;\yége}gy urﬁ’b?‘;‘nor:‘%n"reg‘%%‘?imo%e

input/output port and free space, ‘the radiating element
being located on the first circuitry layer; (dy a first
transmission line, having a first center conductor, for use

20 in -transferring radio frequency energy between a first
signal -node and the input/output port of the radiating
element, wherein the first transmi_ssion line and the first
signal node are located on the first circuitry layer; (c)
a second transmission  line, having' a second center

25 conductor, for use in transferring radio freqliency"energy
betwéen-"a' second signal node and ‘a. third signal node,
wherein the second transmis'si_on line and the second and
third signal nodes are jocated on the second circuitry
" layer; and (e} 2 transition for use in transferring radio

30 frequency energy between ‘the first signal node on the first

| circuitry layer and the second signal node on the second
circuitry layer, wherein the transition, the first center
conductor, and the second center conductor are collectively

formed from a single, homogeneous'metallic member having’

35 - uniform composition.
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5. wo?ﬁ‘/ﬁs4s6 adiating elenent can include ~any t y p@cTisesnr7o0

: rad| ating structure t hat is . capable - of
transmitting/receiving radio frequency energy into/from free space. Thi-s
‘can include, for exanple, a dipole, 55 patch, spiral, nonopole, |oo0p,
horn, helix, - doorstop, Vival di, and/or notch antenna el enent . In a
preferred - enffhe meradiatningr ébaniedtpa'caln i sneliddezedceny | t typeul dfbe

appreci at ed_t hat pI e el e such _as in ant en
array, -can 59@%1?]&% si@u%ﬁ‘[']?% a g'ra%f%‘li’red &fbodi n%ngagflet he pngent
I nvent i-on, t_ranlslnaﬁtzrm;/:te@asmmgl aradime firequenmy sedeayya mnto¢§1ro'mp -

transm ssion_nedi yum and t co n ion_Line Go d of a
stripline t TS §EF§% ‘medi ﬁlﬁﬁ% ?gg cglr%ge %°§pp?%%lﬁ%}%ﬁ ﬂgmggg
that amy pualﬁmer aipinkf f emmiopbae,t ram,sshommmdhahxenbduarsbnp,can

be i npl enen ed i.n acg, rdanc vm th.the ent nventjon
node suppr (ﬂld:‘r's Vi delal0 %‘&% n&: égsﬁ eEr?FSﬁEﬁffsAm on
nodes that eabodimgnmat camta:lrhdoaded neEtseh i . utllinedonexteshodildebte

h d I d d h
currounds  REPEeciatal PnalElyt#E812 SRQHARER YELY TRIBTLS 1B ap

met al cont aginterm ranim;spp@aimsabsoc]ae Bsedapaci tively coupled to the
ground _pl ane such, _t hat a d|o reque h t exists between. it and
syst em*gt ound. Zg[ a nﬁ@’%@’s’é’?ﬁof’?‘ S R n?lEXFPBFIOBan
also . i n@:haﬂefiarmnntakmmlfs@suomseune tiansbaptrisgd adi oafméguestyip

ener gy between the systema d an e rpor environpent. To . void the
Creat) o of BRAELILEH HES aPCAHEn g ot R Faand  CERBRPARSORIEDF OF t he
connect or ambn@mrsmab S 2 mmpﬂ&nBOtraﬁEMSstmdmeﬂmmWI tlntnshbaldnbenna

system the connec.t or - genter uct or aC|t el cou Ied
T The | AEHEREHERFon APREYEEN: or HANdLERS  FERT dbodr T eat

connectl® ls:rmrmmmmnaunedmimdesmlmm@nscoodnctm 1mp]lmerﬁgeda in

conductive Stctdp hat  prot ru%gs out of . ope .of 35 the connector. A
thin diel eclaﬁ 5 e gl ?n?ﬁ?ﬁﬁggdlnven ien. |

. A mode suppressor is provided for suppressing
undes:L_red transmission modes that can originate at the
transition.  In one embodiment, the mode suppressor .

20 includes a grounded conductive member that surrounds the
‘transition on at least three sides. To avoid metal to
‘metal contact, the mode suppressor can be capacitiirely
coupled to thé_ ground plane such that a radio frequency
_short exists between it and system ground.

25 . The antenna system of the present invention can also
include a connector for use in transferting radio frequency
e_neréy between the system and . an ex_ter._'iar environment. To
avoid the creation of metal to metal contact between the
-center conductor of the connector and a transmission line

30 _center conductor within 'the antenna system, the connector
center conductor is capacitively .. coupled to the
transmission line center. conductor. . In one embodiment, a
connector 1is provided that includes a center conductor

having a conductive strip that protrudes out of one end of

35 the comnnector. A thin dielectric layer is then interposed
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6 bet ween the conducti ve strlp and a portion of the - _ tr: ] siQn

| i ne cent YO/t or, thereby capacitively coupling thgcpﬂ%ﬂaﬂh%
structures. The transmission media used in the antenna system of_5
the present invention are preferably air .l oaded. 'In one enbodi nent of °
the present invention, a dielectric support nmeans i s provided for
suspendi NG bedgl sl G Ol EGHbbEY ve | SRUGR Ao UIANYHSSIGN 1bRe eRBl ef
conductor, di stance froma gr pl ane e support neans

i ncl udes 10tramsm@nmh§ee mta:ascgnduch@rveltﬁamew ep@paoitively
provi di ng s%r% # égp&é%narrom/end t-hat-———Tontacts the
transm ssion C CUI ause t

circuitry is rel atha/etzyamammmon me¢fdie. usgdpriaxithe entenra nsystemt of or
oo The T° TR B edant RAGRARIONGAS (B SedBbYy bikl JoAlBILC! 1A bAR]! N
on the ttansm ssron Structure cause ectric Toa

mnimzed, enboimerdanst doheoprkaentt dnventlismned atdiedectric suppoval s

al ong the tg SsLo r Og f td A duces.
system cosfn%% \r/\%%% Br%nggéfg F%%np{lggg?g,ingn&rﬁ S%fiéfles manu#: F£§
I n one emboaurint asf ahdmnmwsmtémeancen}:ast armmiuctom ackefiked

provi ded for @ﬁgﬁ Incsyéggﬁhaopga rtuﬁgésgu |££g§g.fﬂggaa%s such

as a pol e. es a I'st np can e Secure
t he ‘poli@ Aabra:apemedZSmembm ptbetdebashaa |I$1;atdoze313rymdmeemeﬂ fort he

ant enna 6,'}%{@1%%&6@ gt:?'e gﬁ%’ ytém'ﬁﬂéesuég%%;eg%;% ﬁLEng enTcPeth

br acket als asteni ng means SCrew,
securing thhedntackswithle respsmigsidheirostitry. dBamwuseThhebeadkéhatan

al so i ncl udg. gld QNIPNLR I UL, 22801 ELLITEUe P10 nedBow

| tenporarllyq racein a prede F et rdd posi TT o W respect to
the first cl@dne., appreximatieltyaopet millimetiertot |Jesmunt toet suppert

housi nglé S mean%I ?:Q‘o@%;%\ésde.c%latively little dielectric loading on the
transmission structure. Because dielectric loading is

minimized, support means do not have'to be placed at fixed
intervals along the transmission structure to reduce
reflection. This reduces systen cost; ‘weight, and
20 complexity, and simplifies manufacture. _
| In one embodiment of the antenna system, an adjustable
bracket is provided for mounting the system to a vertically
oriented support, such as a pole. The bracket includes a
first clamp that can be secured to the pole. A brace is
25 also provided that is pivotally connected to the antenna-
housing and slidably mounted to the first clamp. The
bracket also includes féstening means, such as a bolt or
screw, for securing the brace with respect- to the first
clamp. The bracket can also inciude alignment means, such
300 as an alignment pin, that can temporarily lockjthe'brace in’
a predetermined position with respédEmEE“EHé“firéfmélamp.
.A second clamp that is pivotally mounted to the housing is
also provided. ' '

end that . _contacts._the transm ssion
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7 -wo osgago BRI EF DESCRIPTI ON OF THE DRAW NGS PCT/AOSO8/07460 1 S an

isometric view of an antenna systemin accordance with the present

i nvention; the antenna system  is covered by a radone to protect its -.

internal circuitry; 5 Fig. 1b is a7close up view of an end flange of

t he antenna systemof Fig. 1la; ' Figs 2a and 2b are an

i sometric view and a toBRIESN.DE S POXt 5 RANMNGENt enna system(ﬁ

Fig. la wth the &adone renpved: g 3a te a _side view of the

antenna syst em of tfrgld 12 v&%?%“??ﬂél?a’ébﬁ’é Pgnﬁ%é‘n SRS YR THY HRe

Brlti-|ayeraccordaﬁeerwdkmomhﬁ prSéﬁte??aeﬁyﬁbﬁwtthﬁ antenﬂagsyssemis a
own up portion A-A 1.l ustr ng t he ti-

constructlo:hs0?°Yﬁeegnpé(nﬁ‘ar%gomsey&’etﬂ’?%%q ala% Jg?tf na. crrcuéfﬁy% is a .

bott om gi ew of - tEannUanﬁssaSEﬂmsﬁ p gview dﬁiant@nd Eoengegrafinthel ane

r enoved iIIus ratin ggr gs nék%the feed circuitry of the antenna

system n?igy e O4n Fiidomd@4i ¢ view of a transition for 20

coupling transm Figso zadandoabtbeeuaneﬁsmméﬂnﬂmmvﬂenuﬂnﬁ a toplvm@nrdance

with the present invepgtion; Fi gs.- 6a, 6b, tric
view, a top* espeg#:éy,e dnd Of sFhe andwn s?)%ﬁ??@epfar%f d lgﬁbp}F €sor
in accordanggdmmbhrbhevaﬁesent |nvent|on . Fig. 7 is a side vi ew of

t he antenna systen1of Fi with th one .renoved, .illus fing the-
posi ti ®Ri ng of Fi%rne %uib?%sgbﬁwoP%FF§§ agtenma syFheR t &n an

upper and | p#ekvidoufite pragemy endvldE) eﬂlugtkayeﬁg thesepsl i+ Dgyéhe
node suppressor from.the %£ nd planes Figs.~8a and 8b are an
i sometric vFERSERHCEiORGQ Egﬁ ant eﬂ&%ﬂﬁ%ﬁ 1y, illustrating the

|nterconnect|on b&gmeeaba is £OMWIRKMION ENpRrtdeRduat-anr aaﬁ apigansagssion'
line center yctor, i n accordance mnth the present entlo Fig
8b ol S0 i 11 SAipsteating |W%r’83i£éciﬁé’ﬁrbéimpag?cﬁﬁe8 fothe antenna

15 system in more detail:;

Fig. 4 is a bottom view of the antenna system of Fig.
la with a lower ground plane removed illustrating portions
of the feed circuitry of the antenna system;

‘Fig. 5 is 'an isometric view of a transition for

20 coupllng transm1551on medla on the upper and lower layers
in accordance with the present 1nventlon, -

Figs. 6a, 6b, and 6¢c are an isometric view, a top
view,nand'a side v1ew,.respect1vely, of a mode suppressor

| in accordance with the present invention, |

25 Fig. 7 is a side view of the antenna system of Fig. la

| with the radome removed, 1llustrat1ng the pesitioning of
the mode suppressor of Flgs._ﬁ_ 6b, and 6c between an
upper and 'lower ground. piane with a -dielectric layer
'separatlng the mode suppressor from the ground planes;

30 ' ' Flgs. 8a and 8b are an 1sometr1c view and a side v1ew,
respectively, llustratlng “the—interconnection between a
connector center conductor and a transm1551on line center
conductor in accordance ‘with the present invention; - Flg.'
8b also 111ustrates the 1nterconnectlon between a connector
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kgﬁg é%%j upper and | ower ground planes in the antfe%sgsm.,.,;oystem

'F| gs. are an isonetric view and a side view, respectively,
of a retal ner for use in holding a5 transnission |line center -
conductor a predeterm ned distance grom a ground pl ane in accordance
‘with the present I nventi on; Figs. 10a and 10b illustrate the

retainer ofikhge. 3l uppesd a9l hm%flggﬁohhanwaiﬁs)nlﬁl B eCetnna;
. conduct.or; 10 Fig. 11 illustrates a spacer that i's-used to suspend
~a radiati nﬁyéFﬁﬁent above a ground plane in accordance with -~ the present

Timvention; T Figs.FB@Sand29baafle 120 iidmisirial ariw kel iSiHSweiam t hat
.ls.used to. mount the antenna systemof Fig. 1 to a pole in_15 accordance

Wi th the pFESBRCLATRIMi oPf an@ Tretainerr for 3 w$e ysipat deldimgmp@ ary

| ocki ng nmegbanksizysed linel @eﬁ@é\_— hEGedifitid1g asxﬁie@lat%frrﬂ di Ak 12b.
DETAI LED DESCRI PTI ON OF THE REFERRED EMBODI NENT

The presenfXPRveft i GFREIcht é’slatrt? ar?-rhntaé‘rﬁ?&'@}&%m‘ﬂtht Hete jpresent
particul arf¥ventdohgd for wuse in nobile conmmuni cati ons
applications. The antenna system I.ncl udes both a transmt array and a

receive array i B185si 483ppng; d8bo41luskrager dbeoFetainesnole s ., the

radi ating Sh&”@ﬂt fio1dinés d Hrarfadis Sor NI @St &ONSbRduStopl I | 0aded
mcrostrip atch antennas. The el enents in each array are linearly

arrand8d and poFagi-zdth okl Hisrates ?SSHFFPFZEBE%HShéﬂs%é:O suspentdni t
and receivg ppARYEI RGN DENERECALN G OF BdouRD Bikkle 139 accordd:dcge wfth

i1l ustrates_an- antennha system 10 in accordance h the present
i nvent i on. tiFRePEREEAKA iSFENGHOID i ncl udes a pai r of end flanges 12, 14

at either end OfFJ.astﬁ!Za andpQQb' 97166+ e 'Agb%%ﬁ@ﬂﬁﬂ; Yyddign FULENA

system 10, the body portion 16 Is surround a radorie 18 that .
protects 3%s ufedctecupupy &het ﬁétgmaemmstem&ﬁt ervitoirgmlianin e

bei ng 15el apkkplrdahicRN WAL Hhd bhd¥ed AU R An&Ner 0y
Fig. 13 illustrates a temporary locking mechanism used
in the bracketing system of Figs. 12a and 12b.
20 .. S EREFERRED BMBGDDNENT
The préSent invention relates to an antenna system
' that is pafticularly suited for wuse in mobile
commuﬁications applications. The antenna system includes
both a transmit array and a receive array in. a side by side .
25 cbnfiguration._'In one embodiment, the radiating elements .
- used in each of the arrays cénsist of air loaded microstrip
patch antennas. The elements in each arréy are linearly
arranged and polarization divérsity-is.utilized so that the
~ transmit and receive arrays can be'spaced’clbsely together.
30 © Fig. la illustrates an antenna system 10 in accordance .
w1th the present invention. The antenna system 10 includes
a "pair of end flanges 12, 14 at. either end_of a body
'portlon 16. During operation of the antenna_system 10, the
body:portion 16 is surrounded by a radome 18 that protects
35 the circuitfy of the system 10 from the environment while
‘being relatively transparent to the radio~frequency energy.
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9 . weoisBdgdgpansm tted/recei ved by the antenna system peT/US%8/07790
il I"ustrated in Fig. 1b, end flange 12 includes a plurality of
connectors 20, 22 for use in coupling the antenna system 10 to -

‘transmt/receive (T/R) circuitry (not Shown) external 5 to the system 10.

The T/Rcircuitry is oEeratlve for creating and delivering transmt
signal s. being rarenspittedjsecrineds Ishetheit anhenbdasispatem ab@. f oAs

accent | ng130derarell 8PTH0TECUYS 1SR SIS T A RubLel VB AgLILAY of ¢ ne

ant enna system are an rsonetrrc view da top

“view, - ofr eopoecitesisy 20ef 22h§oanueanans_9@uphizl® the hanhennadsys tes ‘and

~end fl ana’gﬁ 2ARLRd £/ rbRedyR! g&gggg%ﬁg&fﬁ&gﬁ%?tggﬁam) &ﬁ@%gag 8 and

end flang orm-an integrate es’on an f of "the
body por thioonthé rsysi:emew 15 ThasiT4R c‘ﬁ.lxicmi&'aay ba/ afedainicve ofalri t y

Systom 16X EHID, ko | aRysbORIRY" AL i BRand 28D £ ChkeBER . "¢

‘ant enna- pyzeitarmiOof theichndenna regstior a0r egncpofbroracmamtth@ hlnalnsmt

array 20_ portion 26. The receive ar portlon 24 incl.udes a | i,

array of P Jp%?gﬁﬁfaﬁ‘g pﬁ?sﬁlgﬁemﬁﬁ f’z%’ﬁ £hafcs greatpec’]l”trf‘o 5 5 sI ant
45 | i.neashntepmiarsysremoti®@. The receive array . portion also incl udes
fee structur 32a,,.32b rtiall por deli,ver a.receive

S ol T rom t HE e B AR A 1oRR TR ufRu BB BcEORs EEY The
el enent Sr%&ae?:ﬂi’lvelypfofhtheeaartmrm’ rsysteas Velwitis Phet rademef l8he feed
structures .

ende ve_a_copducti.ve pl ate t hat
function& dg%éﬁﬁl F Sl aner%h%’% bwbg% as?’?%ﬁ?ﬁ?%ﬁi emBoaﬁﬁlFBitt’y t he
ant enna &ynicmre 108 ahke émddfitnget UrLsfSHm aﬁZa,ntég’z’tat@deaseﬁmbll@ed of

St et ur et ' 41FaB8" GO e FORPLRS' KBRS RSO0 ) B ER RS L ey

. of rext ary;i.ﬁzajy paﬂ&iiselealswnm/a(f&- $0hctlﬁahamb'eya$mpluﬁles akisemdillyy

et udes o iy SyEkeh 40, 2be ?&gﬁﬁﬁiﬁi?st s8Hbfisg of the”dystedl 1

in the field.
~ As shown in Figs. 2a and 2b, the antenna system 10
includes a receive'array portion 24 and a transmit array
20 pbrtion 26. The receive array portion 24 includes a linear .
-~array of octagonal patch elements 28a-28h that operate in
‘a dual slant 45 linearly-polarized mode. The receive array .
portion also includes feed structures 32a, 32b (partlally:
_ shéwﬁ)_for delivering a receive signal from the elements
25 28a-28h to the receive connectors 22. The elements 28a-28h
of the receive array, as well as portions of the feed
structures 32a, 32b, are suspended above a conductive plate
36 that functions as a ground plane and provides st:uctural
- rigidity to the antenna system 10. The feed structures
30 32a;"32b are comprised of -transmission line portions,
_combiner'pogtions and impedénce matching structures.
The transmit array portion 26 includes a linear array
of rectangular patch elements'BOaf30h that operate in a
linearly polarized/single pole mode. The transmit array
35 portion 26 also includes a feed structure 34 (partially
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10 . shown).. for delivering a transmt signal fromthe W S
connectbvr()%pﬁ? the transmit-array elenments 30a-30h. In ﬁéﬁ{f%@gtrpggard,

the feed structure 34 includes transm ssion | ine sections, divider _
portions, and inpedance matching 5 spructures. As with the receive array,
portion 24, the el enments 30a-30h of the transmt array portion 26 are

suspendedsaheN§ 2osORdHGWE Y A & rhsmit! h§i§9£ﬁu'ﬂbmethe tei_angs‘ﬁu@ of the
transmt array gortlon 26, however, 1s ofded up at the sides to form
wal | s 40s50UMBCHATL RO shalebhe otransmit -pragyhialerentis p3Pard0h26. InThe
valls 40anA0Dr8GEYE, thd Orbod’ Sarbctied i AlheTufEl WeFgasEdoFRRM t ~ "
array portion 26 and the receive array portion.24.. ___ kurther . .

i sol ati ont¥e@d festimnschidvédepy raytikansy end | npedancef matching
transgit ol sgephsed0a- 380 visith reﬁ@e%ae%éﬁeﬁffs 'é)%rﬁo?i SHEN! $rda- 28h.
For exanple, wth reference to Fig. 2D, _the trtansmt array can be
shifted t®lementpghiOar30kfof othe Yransmile ag3iaat i partidhe LoOndureti ve
plates 3 _ rey electt o t to. e and,
" one. SESHeHleR Mhove fat IR Cive JRIRTE . L) gy,

| ocat ed ipl3E®st3Ent PEI Ibhe heransmipl axgay portionT@&nakeowenennt dsna.

system 1 liiz )Y apgenmeRii SaUkilLi That is,
a porti ngcg eaéﬁp &%éedsisﬁﬁc %r__“é°%‘§§€a§5%, agg'i ngoégt tg_lc?eo%'fi_t & sanme _

| ayetOas of theetransmilt A28y IBIrtidda280h The wadidsedOpor diObn siexvas

| ocat ed a di t ery dhan %EWéE ;2 :+:308-.3: Fi gs.
3a and 389%1 eﬂlé%%gé\%laemgﬁ%f ]f%e sng}gm%l Esﬁ%?me ng'J.}:t ngmr%u t%—l as'er - :
const ructpentieher2$ namidy. te irecaive bdrovay wopioen od4A- A' Furthiey 3a.

and | oneri i gl alse HERERIEHY HYCRIRLFaRT, Sl Boacdiins SN0

of conductheetpbaseils edfentend s r3lesr30h awitly pespech 26. the rEoeiweper
oLtz Slalelcel E5e | POUNe B THI0ILY, roreERite 18,300 b o
of the fechlestratismids array can be shifted to the right or left to o
increase isolation. - The conductive plates 36 and 38 are-
electrically connectéd to one another 'and, in one
embodiment, the ground surfaces of the two platés are
20 located in substantially the same plane. o
' To make the antenna system 10 compact, a multi-layer
feed arrangement is utilized. That is, a_portion of each
feed structure 32a, 32b, 34 is located on the same layer as
the elements 28a-28h, 30a-30h and another portion is
25 located on a different'layer-than the elements 28a-28h,
| 30a-30h. Figs. 3a and 3b are side views of the system 10
showing the multi-layer construction} wherein'Figf 3b is a
blown up portion A-A' of Fig. 3a. The system 10 has a two
| layerlconst:ﬁction consisting of upper layer 42 and lower
30 ' layer 44. As shown, the upper layer 42 includes wall 40b
of conductive plate 38 of the transmit array portion 26.
‘The upper layer 42 also includes (élthough.not shown - in
- Figs. 3a and 3b) all of the antenna elements of the system:
- 28a~28h, 30a-30h and upper portions of the feed structures
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11 . WAF98/484800, 34. All of the transm ssion |ine secti operiusedawso
upper portlon 42 are in mcrostrip. The | ower |ayer 44 includes,

~anong ot her things, an upper. ground pl ane 46, which is preferably the
underside of 5 conductive plate 38, 1d | ower ground plane 48, and | ower
portions of the feed structures 32a, 32b,. 34. Fig. 4is a . bott om vi ew

—.of the sy%Z@nﬂézb:vﬁiklt#&#l@ﬁw#h%ﬂtnﬁnﬁqﬂSSNQn limg segpihands ihltlerating
the feed. %ﬁggt thg_%lt igon I%nltrpen uogtry | ayer 44. As illustrated, the

| ower 1 ay |nc udes cIrc ‘or connecting the feed
~structures 32aThe  lawy -Bayep ﬂéspmhucteayorﬁmm‘e‘thér Zhingent ean

conduct or S que u e nd

| oner gr ou?%e gmﬁ%%r%‘?%sw'p &fl e Hransm sé’q-'rh qﬂ-’&é]@ldsec J?on on
the | Bwercbaglectinea@l;fdr& 38, t lae I@eeir sgruundr @lene 348, and loweFig. 5
I 1 lustrat p.ar d n | ed tr n r
signal's H@?ﬁg%%ﬁgrgﬁsﬁygsF%éas?F%@?QPES %5% Fﬁe &ﬂﬁ E4§£a%d

t ransmi ssbohtetyr wdew esf dihe heysewrlo, wha;zetthé4lowe1'hegmwm apbanmei

transi ti ope 521,583 Shapads 20, LGNS SpLQ0 JRe. Rt ion thate carrigs

si gnal beftween a ransm ssSi p %? | ayer
42 antowerr dayers S bn IAaeid.é.rmtsa:rrahndjudﬂm bowehellagm-r 44ay&lso 44,

TP e SpaLpabe 188, et  LAIRLHN0s Rl Fera ALSTANY B0
or acute 3\211;} e384 tdheespdthive cohntelmetdrlmmsﬂtlm SZters:mmmmotq»rovi de
cosired | SetaRit 1qcUBAERALLS Hihedl il e ShRR TR Ga B e
conduct.or 3owert geoupgepland Iaawefoh:m)seras stidpline ﬂnarmmssttmdlhhme t he
170 1 CUBGLLiBRSbh B Faber ek LS el RS fhed BombGRRE o5 "
-threeSel edgnts are forned together as a single piece such as by
SLATPLNG, o B BSLILR0:P2eb g | Pl LRBEh et PRE O e TER™
used to transfer signals between transmission structures on
the upper layer 42 and transmission structures on the lower
layer 44. The wrap around transition 52_ is a shaped
20 transmission line portion that carries a signal betﬁeen a
transmission line center conductor on “the upper layer 42
and a transmiSSion line center conductor on the lower layer
44. | The shape of the wrap _around transition 52 is
. .preferably arcuate, althoﬁgh other shapes_can_also be used,
25 such as those including right or acute.angles. The width
of the transitiOn'SZ is chosen to provide desired impedance
-.characteristics so as . to .minimize mismatches at the
Jjunction points with the transmission .line center.
' conductors on the upper and lower layers. _

30 In one embodiment,’the wrap around tran51tion 52 is
integrelly' joinedf“t " the .transmiSSion “line center
conductors on the upper and lower layers. That is, all
three elements are formed together as a single piece, such
as by stamping. The transition 52 is later shaped by

35 appropriate means before the-entire_assembly_is installed
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12 __.into the antenna housing. By formng the transigdQfsdadrin oa. -
single m(egxmmu h the transm ssion structures, no netal to netal

contact points are created that can result in passi ve internodul ati-en
probl ens. As described above, it 5 iﬁ very irrportant t hat passive

I nternod creation be held to .a mnimumin .comruni cations applications.

As illustrated otc i) thamsonbict5Yeapl ate 38
to’ rrakEtPoBh?fB?QFﬂ’égt]?%‘Pﬁsﬁf %;Gfdlﬁner}%d%iril%ns of the gotch 56 -
are chosen $Qridyad ﬁi@c@hﬁiﬁnt Ehestransnpeéame s¢rrupFunasy trF%rE‘l"ﬁ% ion

_line_is nmintai ned and at Lon. and e | OfnanegsiI Miged. A
“transiti oo Saeka It?stjtmaﬁr%a}:ﬁgﬁr{g{aa%, can be used,to

~transter. adiddve 1ﬁﬁ@ﬁh@d\@ya’§i@rmabSoblemsoneAtsr desaridiesh aAYem b
anot her using any one of_ several. conb xgg’p},gldtag 15
transi i onscélﬁrb’e lE‘@P\FEéﬁtt Wk E?ﬁﬂ'??p %g%n de%:?im? | ayers,
between t o Strs %r@éhu&l@mﬁtiéﬁseapplayetwn& ofs klystraied
illustrated e od| ment, be n ostr esgaygr and a
stripline imediigm én aqm@m%% lsl {:Re conqﬂ@@i#@‘ PR e

prevent the creation of
undesi red paral Lgbmpldre the ttéﬁaiml&su c&?.rmd@hﬁ cimensdionmdesi 88 nodes,

- near the transi-tion 52 or. on.the 4 re¥sor
58 i s | ocatatthiuALe IOSHRH SO &h@&n Lﬁ grgégéﬁﬁégﬁé mﬂgdla(&)k\%%r %gr ound
pl anﬁ%@m iHk (Sl Sk ion ol ikdeis rxaa‘linta:DneﬁSaneradEaQSO%&n@c modeust r at e

t he e suppressor 58 renoyved m.t he SH T. e
suppr essorg&gefatighef1# minigizedy age %IO%’V\hlée)‘%ldll ngtgaigp one

subst anti a:{ii’ustr%télir rpaings g hespor gann b:é ulsedt rhosittans Ber | W@tdll%

| ocat ed | ower | ayer 44, on_three, a +pr 30
embodi ment £refeenr e #4i0Rd Soff T IRF | Eﬁa%?%ﬁgégggrgeg%gxsnet% @}ﬁfﬁ}i&% t hat

the Iengt&slmJ HAFonéi € seelralbrombiffdtions. Foragagpileat diRe t wo
times the Spacing between the roun 8. afelitdon, the
si de W&l | steamsibipnoganpge b Ok?"é‘?;l %c&?fs%g&%n%ﬁllga er#og%ﬁ ment ext.end

i nward pasy ;38,535 b NEwen stthd gliansinédin 5enb@if f@irepdnca¥®et, is

greater or, as in the jillustrated embodiment, between a microstrip
medium on one layer and a stripline medium on another

'layer. _ '
20 To prevent the creation of undesired parallel plate-

“¥ransmission modes, or other undesired modes, near the

transition 52 or on the lower layer 44, a mode sSuppressor

' 58 is- located between the upper ground plane 46 and the

lower ground plane 48, in the vicinity of the transition

25  b2. Flgs. 6a-6c illustrate the mode suppressor 58 removed

from the system 10. The mode suppressor 58 includes a

walled area 60 that, when installed, substantlal;y

sufrounds the portion of the transition 52 that is located

in the lower layer 44, on three sides. In a preferred

.30 .. embodiment, the dlmen51ons of the ‘walled area 60.are chosen
" 'so that the length of each side wall 6la, 61b is |

approximately two times the spacing between the ground

planes 46, 48. 1In addltlon, the side walls 6la, 61b of the

walled area 60 in this embodiment extend inward past an

35 endpoint on the transition 52 by a distance that is greater



WD 98/ 48480 PCT/ US98/ 07790

13 8884§lﬂua| to the spaci ng between the ground pl apegnusos/nrrsbhe
~wal | ed area 60 nmust be- w de enough to provide an accept abl e

characteristic inpedance for the transition 52 and so that precise -’
pl acement of the transition 52 is not %3 necessary. The wal l ed area 60
can be any nunber of di fferent shapes, such as rectangular (as

il lustratedthan or Fegsal 6&06(ﬁheorspac¥ﬁg bm:vd_-_emg 'elset berounangplames 52 i s

adequatel y urro su undeS|re nodes,
the -node 1t Jﬁﬁ:ﬁrdj&gorarbe? n‘ﬁgt '8 %[)?ﬁ d?l . oug etr?DdB Q¥pPPesTRY

rust--- be-: adeﬂuaéptmeummatctéfﬁtgi@undpéameé £6r t&)e tranﬁ&dmys20

provide this groun to directly contact %hg ézs.or body to
the upper ¢#B8nd<pl RFefiFs Rtacement 0ty Bﬁn&rﬁpgﬁ‘@l

g_Dde SUBpr.eﬁéeésESrys 15 Tlﬁ@emﬁll\&il areahi gb coun ele 3&:3@ haxbEer , of[l): S

| rect 0] act pr.oac can create assl| v nt erm) y Pro em;
as descri bed? g%§§F s);hapqsh, aﬁESf‘d&ﬁce‘p%tﬁP%‘#ea &&“\?&rﬁ atRd (1R

present i nVEﬂgson 6d-tBr)0ge TURVedSS s SBong alss waﬁr&nsetyoﬁowﬁ eﬂst 0

t he upper an round 20 . p| anes 46, 48 to.create an RF short between
t he node g@ WE@% orsu‘?%’ome@i'ound wi thout the need for netal to

metal contact. . progdrfie SEHoesENt unasskkblst mldRG,i N tHdS. néde 6¢,
relatively wde f Ianges 62a- 62d are provided,on the rmde 25 suppressor 58

for cré&ftin§uPRE i2§ VRRgoupei gﬁopgded (drBumd the FRde FUPPIESERFt abl e

diel ectric maker iz aaéquatewt eohplIed kel veed gestingf plhaeld am,esw?a 62d
and the corrgypondl ground, plane 46, 48 faor creating

capaci t anceCPReafeth FFOHRL stﬁ‘*%c‘ér‘allﬁg &6 &8c Rimegtdy Wn"@?"at 6@ and

the di el eCtﬂb&eC%W@ss’mﬁ Bdd¥ kwsﬁhéf upper grodmal elare q@tpid athar e
chosen to achi eve capaC| t ance hat provides substantially a short

cCireuit bet hWe¥RT ﬁ;é'ound RN e es§8F33ﬁ8 §hEUARYs SURPESIRAR Y bF _
i nterest. opelakidiee! eht rd ChiBherdtr & h&@bﬁd%mwﬁpl &hiike dfpecthat

35 is applied to the node suppressor and/or t round, pl anes; _ -
‘contact approach ‘can . create passive. intermodulation
problems as described previously. In accordance with one_
embodiment of the present invention, the mode suppressor 58_'
is capacitively coupled to the upper and lower ground

20 planes 46, 48 to create an Rf‘ short between the mode
suppressor 58 and ground' without the need for metal to -
metal contact. _

In one embodiment, as illustrated in Figs. 6a-6c,
relatively wide flanges 62a-62d are provided on the mode

25 suppressor 58 for creating the capacitive coupling to
_ground. That is, a suitable ‘dielectric material is
interposed between each. of the flanges 62a-62d and the

corresponding ground - plane -46, - 48 for ' creating a
capacitance therebetween. The surface -area of each flange

30 62‘a.—'6'2d and the dielecttric constant and thickness of the

. dielectric material are .chosen to achieve a capacitance
that provides substantially a short circuit between th.e_'
.mode suppressor and ground at the frequency of interest.

The dielectric material can include an insulative tape that

'35 . is ‘applied to the mode suppressor and/or the ground planes;
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14 a coating on the node suppressor and/or the ground_plane - S

as, for X805 sprayed-on coating or an anodi zed - | BUT{USIRG77D
dielectric sheet material that is |aid between t he ‘-node suppressor 58.
and the ground planes 46, 48 during 5 f@Senbly; O her low loss dielectric
materials, such as air or teflon, can al so be used. Fig. 7

il lustrateg theatRAg wp&?@&%dé% gﬁiéékég and/%etvxﬁf'él §PSuEPg aiad
1ower ground planes 46, 48 lelectric layers 66, 68 between the

node suppr &3 %%raﬁ@rléxaﬂﬁéegréuﬁ@qﬂﬁﬁﬂﬁanFoaQFHGT%é %@dén§dpﬁﬁéssor
S8 s 36180 o DI B i ik HH&LVE ’mé’EePié‘frtﬁ&'ttii?' faia%eﬁwaan

nmeans. For exanple, a screw can be pl aced hr.ough ...clearance. holes”mw_

in the upp&heymade] SHRRRESRRT 3R m&hemounduememéﬁgeQBGQarlegb of
the node SUVRIAG, 5%&@1‘1 lbboeﬂ:@s h?&@écﬂf?iﬂ”ﬂa@%ﬁf& 48 gpdnsgeuigd with

a fastener on the | owner . Al ternative enlng nmet hod used
can - - be amttefierd ¢ﬂ¥oal§@ h@d@sééppressor 58 through injection

mol di ng or ot herpigt hgds.; it | €he 2HohBI e%a instHapelhat
all ows the node suppressor 58 t e shapped in place etween the ground

pl anes 46, bervwesnbdhsn oVrRey. anch loweznogreund| pdemes veSentffti waddh, the
- mode Suppr%ﬁ reci%fc,afla ersb%sags “b@ﬂﬁé&npéﬁé ﬁ&déhéugﬁﬁeegoe' aaeaﬁaS' gn,

t hereb | m nati ng ‘t he nee or a separate unit or exa
wal | s t @mae%reégaﬁ%a‘l@an 48anpr i The b@mdepowpmseer cﬁe t h§ upper

and/ or | oweJe Sy q_rgepaiﬁﬁe 4@1@ screws, orléFﬂgfaéﬁiE?ﬁfét EQ@EQnﬁgg can

utilized, care nust t aken to avold to metal contact t
result in teans. cr ¥ ore¥AMDpRSi e iSAReWD@@rat ben Pdapgedentdroogh way

to 4o Tl lahded HyIRd ‘1‘%; ‘i:'h%aggB %ﬁﬁd Eg%ﬁ?é 28} téﬂh ?erd aget er

in the flanges ' 68a-68d of ressor asteners-
never cont d@wehefianAGEs 52$he§8b of cﬂ mRafie mmeemréa&i?beanﬂnébem th a

di el ecigic Teue ' éJ:ound 2 alef tzi’eefaﬂéoééizﬁréﬁe%%e% ff&é\&éﬁ{ef ref the

f ast eners. dition, dielectric washers or bush |n€§ can be prOV|ded

35 for pre\Ré‘l’ﬁ?nﬁl@Pect Altgrnadivady b dihe Frsbrning tBeERad sHged can

be integrated into the mode suppressor 58 through injection
molding or other methods. For example, an injection molded
snap that allows the mode suppressor 58 to be snapped in

20 place between the ground planes 46, 48 can be provided. . 1In
another alternative embodiment, the mode suppressor 58 can
be an integral part of the ground plane design, thereby
.eliminating the need for a.separete unit. For example, the

_ walls of the mode suppressor 58 can comprise bent portions

25 of the upper and/or lower ground planes 46, 48.

If metallic fasteners are utilized, care must be taken
to avoid metal to metal contact that can result in the
creation of passive intermoduletion'components One way to
do thls is to provide clearance holes 64 of suitable .

30 . dlameter in the flanges'68a-68d of the mode suppressor 58
so that . the fasteners never contact. the flanges.. "These =~
clearance holes 64 can be lined with a dielectric material
to further isolate them electrically from the fasteners.
In addition, dielectric washers or bushings can be provided

35 for preventing electrical contact between the fasteners and
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d pl anes 46 48. Oher insulating teChn'gHﬁﬁu 818779 al so
_ be used. WSM&&H In the illustrated enbodi ment, spacers 70 are ébprov?ded
for preventing conpression. of the node suppressor flanges 5 62a-62d as -:
this conpression can significantly changg the - characteristic inpedance
in the vicinity of the spacer 70 and/or significantly change the
capaci t anceneigiRpihd i anes fd@Noes. 626cKd ﬁ@gulaﬁlﬂéoﬁééhﬁhgﬁ%% +an 48
and thus ~ . _ reduce the effectiveness of the node suppressor 8 and the 10
‘transiti on@®° R &IRRers 70 can be separate.units or - ~i-ntegral to the

nmode suppressor- 138. the“*'ﬂlqrdlﬁ:tﬂa\t@cb/ en%@lmentf | apaesrs29o6adsopricha dade

suppressor ‘58 can be solid from op. to hottOm so_that _conpression is
avoi ded. = for Pre‘ﬁ%tln@ac"i‘@reﬁﬁlorns&fet‘rh% MRARWSUPPTa86Pat fAgnaeFe 15

int erc@“e@ZéﬂBmt%e'ﬁh&B& écﬁﬁﬁz?és&?@x@ue&ﬁr sﬁ.%rﬁffltc!a%{tsl@tchan gORRCt Or
20 and transm ssion |ine center conductor 7 transm t feed structure

34. A si Ghafacheei ebhfedPpaAance ﬁﬂrﬁhﬁ|YQQEﬁ&FYk9$EEhetﬁEaE@ﬁtQP

conduct or s fd /¥ k¥ gnificaORIRLt Bhandé aHb t&aﬁa&eshee IBOEwESAT The
conductors 20 wthin recejve feed structure As in other portions of

the systemfi@ngeg Bar®Pdf ang: direngdounsy E%%n%§nrﬁeﬁ7t oft8 andefhys

conduct or  Y@Ruded tH@ £ AdANSFERSI SThf | $1E m&e@teﬁppresseedset @hd’§ravoi ds
the creation of metal to nmetal contact, and hence the creati on of

i nt er Adtul dmansiHiRcE3, byThe snareyscAPacean vbecAeRanate wpitexeml e,
as seen in %ﬁkgral 88, tie fhbab %ﬁ?ﬁ%&éé&%ssé'p @ﬁtéfﬁ%ti§e£gnd%ﬂéve|y

coupl ed to the connector center c uct or IS situated ove a

second condi}EIgRS $2a16280 Of; e moden SURPERSEER BE cCan bpaRSAickifEem | ne

center congug o Eﬁat%ﬁhs@ th’ceeaﬁrbseégmhaxer a$%idiedosed t her ebet ween.
The surface area of - the first and second conductive strlgs 78, 80 and
the type and  Fi%i ckessisf eRe dissmairic colpyisihyuares dngi c theyer 82

deternigie tihe HAMRIdANGH BRltweeh the cenddet b&ﬁdﬁ&ﬁb?s7§8of tra®@mit N
general, the capacrtance requi red between the 35 conductive strips 78,

80. nust IRONRRGEYR 2 OangrggﬁgsmlsSLOn line center conductor 76 of
“transmit feed structure 34. A 51m11ar interconnection

method is used between the center conductors of receive
connectors 22 and transmission 1line center conductors

20 within receive feed structure 32. As in other portions of
- the system 10, the method“of'interdonnecting'the“conﬁector

. center conductor 72 to . the .tranSmission line center
conductor 76 avoids the creation of metal to metal contact,

~.and hence the'creation'cf.inpermodulatian_products, by
_25-“:using-capacitive“goupling‘: For example, as seen in Fig.

. 8a, a. first conductive .strip 78, that is conductively
coupled to the connector center conductor 72, is situated
.above a second conductive strip 80, that is an extension of -
;transpission.line.center conductor 76, with:a. dielectric

30 . layer 82 disposed.therebetween,.'The'surface.area”of the .
| . first and second conductive strips 78, 80 and the type and

~thickness of the dielectric comprising dielectric layer 82

.. determine the capacitance between the conductive strips 78,
.. 8o0. In general, the. capacitance required between the
.35 conductive .strips 78,. 80 must be . enough to create
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16 substantially an RF short circuit at the frequency of | nt erest.
That is, W8It ance formed by the capacitor shoul d” PREUSIUYIMLG o

rel ativel y low value, such as approximately 0.05 ohns, at the .
frequency of interest. 5 In a pre{ rred enbodi nent, conductlve strip
78 forns a single piece with connector center conductor 72, such

t hat no net al, ¢ont ach |s nade af.- the ungti.Qn. That  is t he
connect or - %’ﬁ@%%i‘n cta& F2 SR~ Ggcy €c8hdti@"t‘?v5r§ﬁ’ﬁeﬁl% QFe
fornmed frodnteresste prhat o0&, mehel rh&cwmﬂ:eamﬁéceday' ntive t bepaehneet or 20

by t-he--eon nuf act-urer. er at t.velt v, the nduct Il ve, st r| p 78 .
can ng’tcotkgrcqtedn?gﬂt FiB<EE neét orr on orV ac712" PHER
neans suctap@s:d:yimett@nygo est@mmsr;anatfatharfret;uéhey of iﬁnmts(tr 20. 15 °

IS very I mporj ant t hai s no col l ect between
conduct ve strlpIt Saaﬂﬁe%SFﬁﬁa tt uCtlﬂﬁ StER ﬁg
- significantd ysisga8gidde w::atpaebh&eg;eor c&e%weaohhﬁctw czm,dust:che
strips, re creatin un ired, m smat ches _at e.input t
ant enna sy&*@tﬁ/ a%o Eﬂlolf‘ﬁg?ri 1}2PRER, AR %Pﬁggagnsupport
to the bmnmtlmh, atlsérlca&xnmeao.eoveénﬁerlSc@haﬁedoar onpd hha the
junction betwegen .t.he stri,ps.¢8, 80, n i ment, a, o
s ng-an ORI e MRE B, TPog-PetaLlad) Eroh tie Rt BheGRNaACRACAS cure
seal ant0thendmetssymb1edr hénto shei nkomnepteovezd npycarhke eshhededrto
.cover the area duct | ve tr| 78 s Wth connector center
conduct or Wnuﬁlar%n&')%h né"o'ggﬁnﬁ sye é”e%’@n(‘]!é’ C{] Give s trb?hﬁ-?
direction He atacehedatosthsi Ebmttoﬂorddrm’er adonductd e Bgi enhérne
center conductor 76.

0 [ '
Cillustrati RFEP%me SUCR | % é'nng’@lld&ﬁ’%et \?Iggﬁrcoﬂﬁé‘ggﬁ‘f:t&?ﬁ ePfcofBifctor
72 and ddtﬂ'f@dtﬁmsizm Iine center conductor 76. F| g. 8b al so '

stgates ek nlgr gangeckEan BRlEs, LA P4o ot a1 FRMECLY 20
collect between conductive strip 78 and conductive strip
80. ~ This could significantly change the capacitance
‘between the two conductive strips, thereby creating
undesired mismatches at the input to the antenna system 10.
20 To avoid moisture collection, and to provide support to the
" junction, a shrink wrap covering is placed around the
junction between the strips 78, '80. In one embodiment, a
.shrink wrap having an ‘inner adhesive lining is used to
provide an enhanced moisture seal at the junction. The
25 shrink "wrap covering can be extended to cover the area
where conductive strip 78 Jjoins with- connector center:
conductor 72. The covering can also ‘be extended in the
other direction to cover a:'51gn1f1cant portlon of
transpission line center conductor 76. _

- 30 - Flg. 8b . is a 51de © view illustrating = the-
"""interconnection between connector center conductor 72 and
transmission line center conductor 76. Fig. 8b also
illustrates the -interconnection‘ between flange 84 of
connector 20 and upper and lower ground planes 46, 48 of
35 lower layer 44. Because this is-a high current area, metal



35 lower layer 44. Because this is a high current area, netal

WO 98/ 4 PCT/ US98/ 0 p&9sos/a7790

17 Qﬁggw«?%onetal contact shoul d be avoi déed when connecting the
connector flange 84 to the ground planes 46, 48. In this regard, -a
capacitive coupling is inplemented in ifhis area. First, flange extension
pl ates 88, 92 are provided that 5 extend the flange in the direction

-of .the upper m@galowsintact shouddoussl akza»wé&&méﬁ coﬂiféiﬁ:ifﬂ NgRe
ext ensi on plates 88,

e subst tlal al to the r ound
planes 46CCRBEGHPT. ffange ﬁ?etge Faﬂ@ﬁ Qgéiig! §t afohBi ghen1to
~—fit-etosekgard, a ca@@@ﬁ&dvhh%dﬁﬁlﬂﬁbFlé”KﬁPlEﬂgﬁtéaaﬁﬁetﬂxgeESEQn pl ates

.88, ' 2 a referably forne fron1 | e piece of tal with
t he connegﬂ-Sﬁ%ﬁ 28 & ipnepirtes t'alglg ﬁF&ctpr°Vlden§ thpgnever,

they ‘@an ek&enlaeﬂwédfpb@geSthEhedd&QeHEQon of tHONRHSELr ahliangReds. TO
provi de capaC|t|ve coupl.ing, dielectric |ayer_86 is_interposed

bet ween e@EeR8AoR1ANEEe 46/ 4815 ThesanflangRrexiensird shates 8Rd 82

d'e|eCtr'SrEaﬁﬁbsQQntially paralﬂgf”ﬂﬁxﬁﬁet§¥dﬁﬁﬂ]ﬁ%&ﬁ§§'@6 phet gn§2 and
| ower ground pl ane 48. 9A and 9B illustrate a

retai ner 9¥ef §?P§§étleﬁ by a dlstgneeemﬁgaﬂ@vs e%e%tmciateeleéalyszb 34

above thepkound tBR JrOWRREH1EhEONAUGd 1 SN CoxBbnsid8 p1a¥hg BB} ai ner
94 i ncl udes an upper arm 96 and  a | ower arm 98 that extend

radi 30y PRoArE BEBFCIORLY ANFMAhETOR A FELNGIE thEeFeRf metal withrm og

each incl ¢de ad@iabfbpdangh03B4 Y é%laseeltal to metalOkghBgce.
transm ssion line.center conduct or, or 25 circuit ry, at a

proper | ajionedsdre dhewsEePat easgr oRRd welded oyy| gedderpd r Eguckhe

di el ectri eoh@@ditds: Oflafi&et '@NSM 88 Yrovide caphbiive E‘é&ﬁﬂﬂg%f Igs 102,
1.04 are tapered so that "the portlon hat = cont act's

transmi ssPdglactydc ckayer 86 is integmesedolbalognn sextersion pipte

diel ag ri ganairfy i gbpubi beound Fﬁgnet e Wrdera RETd] &L r 16T Bap8E bbejgtrength
and rigidity of Fig. 9b is a sectional view

i n
i |l ust rat iRFamResed betweqrhpg?cggngp.ggs RER%ES 0 20f 2R A e LOMeE nPRgURANS 102,

104. lane Bacause. the contact area between the retaining fins 102,

104 and the transmi ssion l'ine_center conductor is very
Figs. 9A and 9B illustrate a- retainer 94 for use in

suspending the feed structures 32a, 32b, 34 above their

20 - respectivesconduCtive plates 36, 38. The retainer 954
includes an_uppef“arm 96 and a lower arm 98 that extend
~radially from a body 100. The upper arm 96 and the lower

arm 98 each include a retaining £in 102; 104 for use in

. bholding a transmission line;center.conductor, or other
25  circuitry, at a proper layer above an associated ground
' _'plané._ To reduce dielectric loading on the transmission
-line, retaining fins -102, 104" are tapered so that the
~portion. that contacts the  transmission line center

_ ;condu?tor:cqmprises very little dielectric material while
.30.  the wider portion incredses the strength and rigidity of
" the finﬂ--JEig. 9b is a sectional view illustrating the
tapered cross section of _thé _retaining fins 102, 104.

. Because. the: contact area between the retaining fins 102,
.104 and the transmission line . center conductor is very
'_,35e .small, very little moisture can accumulate at the Jjunction.



35 small, very little noisture can accunmul ate at the junction. WO

98/ 48480 L _ : PCT/ US98/ 07790

18 WO /48480 nportant as noisture can significantly affetr tie 0
characteristic inpedance of -the transmi ssion |ine. The retainer 94
also includes a retaining lip 106 ° preventing a transm ssion -

for
|l i ne sem -conductor fromsliding 5 | atleq?al |y outward from between

retaining 593 102:880rtahe os moistyl® SEHA LIS IELA P SO fbase

pl ate, fasfening ns S provi ded. _ r odi ient of

the = i nchatriemterisitioni igpedansel @f cbhpr itvensmicEiprestiveae.snaphe . -
‘that is pres; Jnto pr r D Le in _hase plate. - 0. .-Hopeyer, - -
fast eni ng %%Z%g ' c%h i%g%%defl\q/?ﬁsggfl yaam%gtifgg&%ge_g\‘l%as e6n_i ngg_]\r:/rean_s,,

such as, fprevealphy, aatsenewisisdoncdine seme ~smmeivertomtfren tshpdindgol e in
t he base p : , ' p t. retai.ner. 9¢ |4, b ruct ed
of %a dlb'g%g(%? :rlllg ﬁ}altt &R |é§1 lf%g\% %%q:r e ez?t irv(tatﬁ%qu}eionvgq Ilkoléls@%&rh%@gfﬂ :
di-electric natefMoalseshume dthve retainerl §4r tgi @ daschgilate, ufrpstewmimia| ower

arnms 96, 98_can pryi SUpport i. __the i SSi |

center con%&%?‘%r Fibe| n‘gghg?gw%ﬁﬁ e a%d#’??gﬁfr_%ﬁee%?griﬁggﬁ ugcg%l Eﬁ%ul d
not be noi snyeetion, alisstbhing meanst10& coeprisdmrgeonpressiah eshapc ™
|l oss 20. ¢ cteristi o] e Lal_significantl v o
enbod; ment CAPCL e PECERESoRntoga BHEEE) itlA G I Yipe BdbgTate.

Mat er 18 s HeweWeras fastenahg meghsnlOB6can aintlude polytaiddl erany f bype
exanpl e, .c - ecgyse e .retal t he
present i n@gn?%‘%ﬁeg‘ nlécs:rﬁ‘gg{lesé \?grcfll |ai%t't ?fésrdiee’{ag%lﬁ’caa (r;ggécﬁen"g%rg&f hgan
transni ssi be screwetk into s hEphed) hoke ain vehy baselplatélection is

created -at e rij the frapsm ssi | i bei n I n
addi tion, becaugs%’ rié | %ﬁ?ﬁﬁéthrgeégﬁggﬁl ?ﬁ %gltogllgrbse acooqxsmeé‘g%‘fe%e%% to be
peri odi cal by ¢giatedtaiicngnateriabnbavisigonr&lativety tlow chossl mi Bhatch -

B I L s S L (VL L LA
t he - ovappelr asdghbwelr amis| 86538 | can hpreida reedesyst ttan shippdhe to _
the transmission line center conductor béing held. In
addition, the material used should not be moisture
absorbing, as this can change the dielectric 1loss
20 . . characteristics of the material significantly. In one
embodiment of the invention, a nylon glass material is
used.  Materials. ‘such ' as acetal, nylon 66, and
‘polyethylene, for'éxample,ican also be used. |
Because the retainer 94 of the present invention
25 = creates very little dielectric loading on the transmission |
| line it is ‘holding, relatively little :eflection is created
at the portion of the transmission line being held. 1In
addition, because reflections are so small, retainers do
not need. to be periodically placed anhg'the transmission:
30 1lineé to cancel mismatch effects. This significantly
. reduces the number of retainers that are needed to support
- the. transmission line and correspondingly reduces the
overall weight of and losSes'injthe antenna system 10. The
- retainer 94 can also be used to support the feed structures
- 35 on the lower layer 44 so that these feed structures are at



~

retai-ner 94 can al so be used to support the feed structures 35 on the

| ower that these feed structures are at R 480
PCT/ usgslg'r?f%“‘m 19 he pr%@g?ﬁ

posi tion between the upper and | ower ground pl anes 46, 48. Wen used:
on the |ower layer, the retainers €gn include fastening neans on both
the top and the bottom of retainer-body 100. Figs. 10A and 10B are
two vi ew ofthe %ob@@'?@él@ﬂoﬁe%ﬁ&éﬂ aheoriﬂstféf Venal ai&ne%? rdube ding .
a transm ssion |ne cent er _conduct or . 11l illustrates a

spacer . 110 Pliaes 468,548 -t oWhen u§§§p@ﬁdt?ﬁe19HGFa%?ﬁ@relEhénf§t28§92§h

30a- 30h abug tikRitude faéﬁ%ﬂ%ﬁ&'ﬁ@hﬁé”%%ﬂ%éﬂﬁ Ehét€§p3§nd %QE'bo¥Q%ﬁ$ﬁacef'”
110 10 includes four radlalbg extendin arns 112a-112d that L
he

provi de no&f gfetadnstppedy 48 Figh at} ¢y andnkPR . argetwo vigwgs of
112a-112d hawe.a jidzere §éd\&k’=‘éd”1§‘o wc&ﬁa&@twétpﬂate 38 hhe Keh@iRigg

fins 102, 104 of the retai ner 94. - tapered structure reduces the
-dlelectrlcﬂ(iﬁﬁnﬁﬁ¥ﬁ§%%% lsneraanﬁerngonéugﬁeﬁb and also prevents a

collection . of pig, MiIStYignRerEReR (N phAdes’ 110 ahd Nesradiadi Rg

el enent - that_Tcan adversely affect operation. _The_spacer 110 should
be made of swspend dheyiradiating edepenss 28arRh, oB0pnd0Oh abowe: Ahedr 94.

In the '“‘i’%éﬁ’é@&@@b%ﬂ@f%lé‘e%ﬁ@i@&ces%o Bgle 1ids gyudedqign the

spacer 110 for use in secur| ng. the .spacer between the Tadi ating
el emerk0 andnakdesocfered radiaddiduekterdpngt earmshail 12813 28 r &hator

other fastgiidiide MBRANDE ithd H&FE 05 otgh fla&%ﬁlha Eﬁ%m"eﬁ%' at "I‘?x%

el enent and through hoIe 114 of spacer 110 after

secur ed to ames uhléaryiad bavye @ a%a@emed)tmu%twmtrw@h llke ltba§hmﬁ d be

appr eci at e%ﬂé‘ake@aﬁ%&rﬂcgasfﬁﬂénﬁdﬁt heda ¥ the MS-aindszed.for m@geuring
t he spacer 110 in_the proper position between t he radlatlng

el enent- d%ﬁzper?@eStr@é?tﬁ%sepoﬁﬁﬁiﬂseéoﬂ?ctqhd%l%‘lﬂé?écvm]{qmngde%r t5hey from

the 305 splfaaléeﬂngcoefeﬁ&ntheahavea&sen prE9en®%anBl € coiN@cHIRRET of
110 can be nolded with two threaded posts one_on the top and one on

the bottommabituse Prtyeen the ER2GR%ACEID 1awd the radiating element
that can adversely affect operation. The spacer ‘110 should

be made of a similar dielectric material to that of the
retainer 94. 1In theuillustréted embodiment, a clearance
20 - hole 114 is-provided'in the spacer 110 for use in securing
- the spacer between thejradiating element and the associated
- conductive plate. That is, a screw, or other fastening
means, is inserted through a hole in the radiating element
© and_ through hole 114 of 'spacer 110 after which it is
25 secured to the underlying base plate or other structure..
It should be appreciated that other fastening methods can
be. -utilized for securing the spacer 110 in .the proper
_p051tlon between the '-radiating _element and the
correspondlng conductive plate without departing from’ the-
30 - splrlt and scope of the 1hvent10nt For example,. the spacer
- 110 can.be molded with two threadéd posts, one on the top
and one on the bottom, for use in securing the spacer 110
.»in position. The posts: are pléced through the holes in the.
~radiating element and the base plate and a fastener is
35 secured to the end. -



/’J#'—hi

in position. The posts are placed through -the holes in the radi ati ng
el enent and the base pI ate and a fastener is secure Q@n&f‘d

WO 98/4ﬁéggm&mo ' PCT/U898?8%§S%

20 Fig. 12a i I Iustrat es a bracketi ng system 110 that is used

to nmount the antenna system 10 to a p bhe. The bracketing system 110

I ncl udes a pair of clam shel | type cI anps, i.e., upper clanp 113a and

| | 113b, f { betha tem 110
av0 el Ui alhpadd IHPR SRS o Bucdiiy eySEeR BLCRER em,

&when 1 nst S connected
bet ween the 4pRey fbamt 1tRe ammkdrme ersdrSftIeahgeolzlt‘bf 3 hpole- nd

system 10. The brace.l ust i 1amrghelaf tiyip@ antenna
“.system 103r$\F¥ﬁt?~E§p§ aed‘ mbfléﬂuégg It oS

race . 114 i ncl !-%%S 3%&\
slots 118z 5Ad8h mHEN,Matbper Champsilddaf Iamﬁge]so"i%ac 388 L4rPsn d of

t he brace 114 The s ots_118a, b teml1220secmed to
ear s/ 5| angetashment F {:h?:l RR5°113a; The ﬁ)e boIt 22§)’§'+én be t{}(_}C&]tened

to fix t hfﬁ@?ﬁdbsorh obrabe Wrdcetidd, wiwbens és}}ﬁ@ hed, ¢ &St IRPMFErSTI anp

113a. Both the brace 114 and.! r nel @m Fidngenddidef filmges
122a, 122besHgem idie (9RRCY oF ¢l 5 igég Fﬂdpltvot al connect i

h un|t to
the antengg¢syfibesystem 10. The braceTtié-‘lcIle?rr]5§91%_/3"a'l 2 W%%&%aﬁa

-speci al a Justabl e 20 * hi pge_nech | puspkhe Q;Ioar\fmetOpcb]aeattached
- pengdeofof ot ?n@ngg ﬁy‘ﬁmf@%ﬁ 2 one enp éilarrent of t he

]?l anp g s fr?;@?ﬂh:ﬁc@f 1%@! AghoAideeh ed palrp(ﬂiessltﬁﬁ n]glea'pgll Bn’ﬁ?@?iﬁigngl n%
romtwo to four. inches & , eac
clanp 113dntp13Hide gdﬁﬁﬁ??eggsﬁmq%ﬁb 35 & e o | o e

I rst and secaond jaw ne e;_ 126a,
1126b.  Thapfd I 8t ot@W 118a, NENbel 12k hadongpl ReAEFt 144 RS HGEL s 128

to which t he second j_.aw nmenber b t ached. b&\gtgsngenbahobepol e
di anet er jeans/dIANGESHER By CatPRER ﬁg%ﬁef%g{%ond ] aw. menber

to
the appropyy O(f}{teeﬂg&) P Gty amel pBsdriphe ofi the brace 314 Wiy rffggc%

.secure one the clanps, 113 13b h gohes bhd hhl@gddmu:ham om :
S f|1§t dppre iVRREY %ﬁmt ht} BGth '€he brac

clamp 113b include flanges 122a, 122b and 124a, 124b for
use in pivotally connecting each unit to the antenna system
10.
The clamps 113a, 113b each have a special adjustable |
20 hinge mechanism’ that allows the clamp to be attached to
poles of varying diameter. For example, one ‘'embodiment of
the clamp is capable of Dbeing attached to poles having
diameters ranglng from two to four inches. To accommodate
varying pole diameters, each clanp 113a, 113b is comprlsed
25 of a first and second jaw member 126a, 126b. The first jaw
member 126a has: a plurality of hub 1ocatlons 128 to which
the second jaw member can be attached. Adjustment for pole.
diameter is accomplished by attachlng the second jaw member:
126b to the approprlate hub 1ocatlon 128 on the first jaw
30 member 126a. To secure ohe of the clamps 113a, 113b to the
pole, . the'hlnge ‘mechanism is first appropriately adjusted
for the pole and then the clamp is placed around the pole
at the appropriate locatlon. A bolt is then placed through
"a clearance. hole in the. first jaw member 126a of the clamp
35 and is secured to a lock nut welded onto the second jaw.



for the pole and then the clanp is placed around the pole : at the

appropri ate lLocation. A bolt is then pl aced through JU? hol e
in the &P "f menber 126a of the clanp 35 and is secure 0 a f(gck”nut '
wel ded onto the second jaw WO 98/ 48480 <
PCT/ US98/ 07790 21 21 " menber of the
clanp. Teeth 130 are provided on the cont act surfaces of the first

and secondpdaye PE&P%dﬁelgfanp.ﬂ%é& 130 aqreeﬁgivﬁié&nﬁﬂ 1 ¢dgrL£Eanp on

‘the'pole once secure 12b | ustrates the
ant enna. sysexfaaes ndfinthe éhrst and psb@nﬁlaa&sm@h@r@cl&aﬁm B36&k b9 110.

AS A bustr b.i S v I ooy he end
~flange Zagl?g%nsofll &V%Zgé%%%s oh ﬁﬂb gb\%t)é’ r?%:%%gjf%on
“al'lows thephagee bet vveen t he antenna system 10° 10 and the pol e 116 to be .

vari ed I n on b r J

setti na t he ang?'—ésbf thhggﬁus{:ggtgﬁnghg %ﬁlé:% fsﬁysﬁgélg]lﬁg%%ééﬁ

vertical ta pblde 116 dugingsbiracketrdmd cystfem dlGert ﬂ@aliM@tm@, poI e.

I n a e h ' - 2 race. 1 5

pi vot al | ydgic’)%ne% egll %9%% a%%eg\%z oﬁtﬁgué%t gﬁﬁ%%%g%@ folthe %nc}

Fig. 13 i sfhangeselap artevpnfo’a teeyipdraar Y 32@cki 13,§2b Tbas urpivobalis.

used for e%&q[c% tont he
clanp 113a <giéir'llgg:ttlllaglst %"g['é)g:n}?é %881% ?%Eweﬁn one Si de m £

cl arrplbracendsmmole 116 -tghben Vanlaﬁloul drbeomdenbpdomentat Poe h

si des can r %&[&!

'great |y ﬂ:?ﬁl:ﬁg%:_ingf Seysg‘{%le ]:'ﬁss:ri %gﬁigrgg&%n@g%rheeldum g t?‘leeﬁ%}ort
required tantennectﬂixyspelal Lilonf xéra ¢I2arﬁiﬁgnae§a frosb wth@a25t0po+130 The

E;\??ﬁglilld?g%e%er #%%[I lta‘{z?l)‘fore%’[eaghv{eg&!"Hgg’il grz:ilr? ;ﬁe?igrﬁhr?npl n I134

The al i gnneddibbbes although nbbcsashewnsdnt Ritg. Udm dhegrihoe thl dnis
anot hgg “SngB\EQ cnn@l:‘tgﬁmﬁgt Bl ”fﬁ%ﬁgﬂeﬂgp%;fi‘%}ela%ﬂl%éé)c &f 2

parti cual ar FPon Wit respec ecause the

Fig. 13 is a close up view of a temporary locking

feature that is used for locking the position of the brace

114 with respect to the clamp 113a during installation.

20 Although only one side of the clamp/brace assembly is
~"7shown, it should be understood that both sides can include

- the 1locking feature. The locking feature greatly
simplifies the installation process by reducing the effort
required to correctly position the clamps 113a, 113b on the

. 25 ‘pole. The brace 114 and the upper clamp ll3a each include
| an aiignment hole having a diameter that is tailored to
receive an alignment'pin 134. The alignment holes are
located so that, when aligned with one another using the

. align@eht pin 134, the brace 114 is locked in a particular
30 position with respect to ‘the upper clamp 113a. Because the
T "prace 114 is locked in position with respect to the upper
clamp 113a; the distance between the clamps 113a, 113b is
preset and a technician only needs to set the appropriate
azimuth angle of the antenna system 10 and tighten the
'35 * bolts on the clamps. After the two clamps 113a, 113b are
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brace 114 is | ocked in position with respect to the upper clanp 113a,
the distance between the clanps 113a, 113b is preset and a technician
only nee¥¥O984848% t he appropriate azimuth angle of t REHHSEMNOsyst em

10 and tighten the 35 bolts on the clanps. After the two clanmps 113a, _
113b are WO 98/ 48480. .

PCT/ US98/ 07790 22 - pr operly
posi tioned_and secured to.the pole. 116 th E§§ 134, can be
removed ang*PR gﬁéngﬁéﬁlgﬁﬁ e 8pd Sé??ﬁﬁgnﬁehn sP@ iggh behe

adj ust ed. albgamghe pini t3d ocan belfemnnddr&nﬁ|tnsadﬂuwdnrumeéﬂguécnf
_S|an|fy t adj ust t. ce _the pr er e is s the bolts -
Too0 1Y o bR B EnRa BYSERD TR cancra: Ao SaEE o iR et
10. In a plief emaehimaﬁodi'm@mt thehebghcgnnE esa,mpll&lye theataadgls@ t hat
align nt S ntenpa _sysiem 10 in vertic Si zero
oo 008 wi BRI RELHERE o Ohes ) BhE bt 2oets angit, ThesEEanibenbo ik 4%
Eecurgd thEbe tigittened 1¢6. £ix the ezﬁéirbemghf tarey I eéfng:m:anvarttema has
een described in onj unction w t referr odi me isto
b anUBYSEBBOLOr hath RoBEFIEEFHn SnbR Ry 1% AL aRREIh Halds
resorted tarei nbaatedeearthaﬂ A1 Dgnrherer ssws tthR) GG csystemtm m
i nvention as thps kille Ehe art read er st and.

mod 1 cati BnZePERERL RPFEELORs Wb e 20rq ciestnps i BESHAHH £2 R Pur vi ew
and saope pblehel6) whewekheorlangst heeapropdad lstidired to the péle

98/ 48480 PCT/U898/07790 :

23 11e6. .

' ‘Although the present invention has been described in
conjunction with its preferred embodiments, it is to be
understood that modifications and variations may be

15 resorted to without departing from the spirit and scope of.
the invention as those skilled in the art readily
understand. Such modifications and variations are
considered to be within the purview and scope of the

invention and the appended claims.
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What is clainmed is: - 1. An antenna system conpri sing: a
housi ng; W098148480 a ground plane located wthin saidpdiaosesogreoand 5
separating a first circuitry layer froma second circuitry | ayer;
a radiating elenent, having an input/output port, for transferring -. -
radi o frequency energy in a predeterm ngsl operational frequency range

bet ween sai d input/output port 10 and free space, said
bei ng | OCG.W{ st ci I‘CUI t ry I ayer “I mm“m lﬂnm

transm ssi on I|31e aving a first cen ductory feor wseig *
transferring radio f %%e§§§tem ce’BBHEéﬁga first signal node and
sai d input/outpy Hwisimg; 15 said radiating el enent, wherein said first-

transm ssi on “ line and sai d fngt S|8nal IQode are Iocgted .on said first. _

circuitry layer:@ ground 2RR ontPFRERS M YEFBAR | fieidhaBPH§1RYse

center 5 sepRldwihy a fMrstseiftiitngsf rayénorradi @ seeananeyirenergy 20
bet ween a second signal node and a third signal node, - wherein said -
second tra &<ion line and said second and - third signal nodes are

| ocated on sai d aemithtGine Wlldnent, hdwies; a@nﬂnput/outputapbﬁ:aosrfblron for
use in transferr¢n radio f{ﬁequ%ncy 25 ener%é bet ween salg Sjl rst, = sj gnal
node on <HAPSEETEINT raqlq chreapengyer o4 g.é’ai’tf‘_s@coﬁﬁe ByR

sai d secongperationzQuifiraquenef ,rafs eherweed $a88Sihpod/ovtpdtf bosit

center conductor, and sal.d second. center onduct or are

col | ecd vedpd ofHE8 SRR sTAbfe raddAtdaik Rk eRRR ) he&n:go Logabed R&Ving:
subst ant i algdas q/ng £y @%@@ﬁtiyomayer, : 2. The antenna .system of
Claim1, further ri sing a copnector,_, coupled to- sai d

housing, for use fﬁ-rSt ’t Pé‘ﬁ%sﬁqri’g L&BBo fRA¥ERHACYE erfé-rrgif: bEPREST sai d
antenna  condud¥d¥8/ #8#8lse in transferring radio frequency energy

PCT/ US98/ 07790
between .a first signal node and said input/output port of
15 said radiating element, whereln said first transmission
‘line and said first signal node are located on said first
c1rcu1try layer; _
a second transm1551on line, having a second center
~conductor, for use in transferring radio frequency energy
20 between a second signal nodé and a.third signal node,
wherein said second transmission line and said second and
third signal nodes are located on said second circuitry
. layer; and .
a tran51tlon for use in transferrlng radio frequency
.25 energy betwegn said flrst signal node on said first
circditry layer and said second signal node on said second
circuitry layer, wherein said transition, said first cénter
conductor, and said second .center conductor are
collectively formed from a single, homogeneous metallic
30 _membe} having substantially uniform composition. . _
_ 2. The antenna system of Claim 1, - further ~
_comprlslng. S | S |
a connector,, coupled to said housing, for use in
transferring radio frequency ehergy;be;ween said antenna
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system and an exterior environnent,. sai mmj! \!\“\““19 a connect or
center conductor, -and a thi r-d\' ) sl ine, W@% & tai Td
center WOBMMBY or, for use in transfetrithg radio freque % 6{7 5

bet ween sai d connector and said third signal node; wherein  said
connector .center conductor is : zqgaci tively coupled to said third
center conductor. 3. The. antéhha system of Caim 1, further

Fr anom sei ofVEEeBLANY 4 SEbEYEhef SPRYLFrolBRRe, satd stfthector JEPEE.
from 3ai d agbtann@qﬁom&en_ima:’ d’:or_s%ufm:r;--gém; -d i'n(r:lrgdi ng at | east nog:i ld
t sSu ort--mer L -havi na-a—wi- S . .ar . - OW, . .

nar 0w end. Cont o SCEAF 16 SR PAREHICR; ohiy vty o ehida, ERE

antenna sygbaductior,Cfoxmude ifiutrhasferringnueidiionErequency emergy

adj ustahl e bracket, caqupled to .sald housing,..for . ' unting said
antennal%sysg WEG T P -F@%‘}%F‘%{)‘l %}#)e%?"'e% %%b’ﬁ%r?fglgga?dhﬁgggket

i-ncl udi ng: wherein a $aidt ctanpectipabl ecehtleei ng dandulttyont t athed

to said vertically.ori.ented su rt; . . b lL.ng a first
end and a s&EBREH Xelé’aicd)uﬁ'éﬁ)gm %?Ja%et}bjeﬁigc%ﬁn@%)fa{:%sﬂggé% éd to said
housing at- said 23  The fi asttetunch andystemlablyf no@itadch t olgai dfdrtsércl anp
at ' sai d second end; and . fastening neans for

s

ecuring saF@BFAEEAS: a substantially fixed position with
respectit o said dielectridirstppdatp meahbat feai d vm® eniga hsuspenydiag be

(1700 30 ot do168 CHGRg W DS IR, LAY Kt o
further digdgrdsi nipom  said gedumdneplameanssddd tsmpponti |meanski ng
said brace ) 30aidgPhedTeebl 888 LLXEHROS AN Ut ESReGing Ca SRl el 1 St
25 - ‘end and a narrow end, wherein said narrow end contacts said
i5 transmission circuitfy. o
4. ?he antenna system of Claim 1, further
comprising: '
an adjustable bracket, ceupled to said housing, for
use in mounting said antenna system to a vertically
20 oriented suppcrt, said bracket including: - |
' ~‘a first clamp capable of being fixedly attached
to said vertically oriented support;
' a brace having a first end and a second end, said
. brace being pivotally mounted to said housing at said
25 -first end and slidably.mounted to said first clamp at
‘said second end; and
_fastening means for secﬁring said brace in a
substantially fixed position with respect to said
first clamp so that said antenna housing can be fixed
30 at a desired angleiwith respect to said vertically
- “oriented support. = ' |
5. The antenna system of Claim 4, further
comprising: o ' _ ) _ |
alignment means for temporarily locking said brace in
35 - a predetermined fixed position with respect to said first



clanp during ;{: [ n}-ti al ijnz_t al | “ ﬂml\“fm\el n Sﬁl d al i gnnent -f
means i s W@ ﬁscr) r api | senaéwm ﬁ 6. The am@ﬂg sTFSdpEM- O

Claim 4, conpri si ngs M assetond clanp capable of being
fixedly attached to said vertically oriented support, said second cl anp
bei ng pivotally mounted to said houggng. 7. The ant enna
systemof Claim1l, wherein: sal d second transmission |ine
conprises iemy deid§ aholihewiag: m%ﬂalqraqtdﬂ ppéff@ém wAkeBihi RRiNd a
stripline transm ssion |ine. antenna system of

Claim 1, siigEmant meapfpifsrapable. of“rapadwéeémwe@@s&-, separat e

f roem-sai d- -transigionrher- Jéltmregys%ﬂmdggl regid{@NSM SSi ¢ Fess
originating at said transition. . The antenna syst em of

Claimil, weemEysing: ‘sai d node suppr essor conprises a conductive

menber 5 . that SUEEQUARS c'iaa'.rdi': té%é‘ét&v&] OBfOBeihgl e@ﬁiedﬂ eStE!aEﬁéd 4%

10. The antenna system of Caim de suppressor '
i s subst antsiadid W%@@aélycgméﬂted Sﬁl@mﬁun(ﬁaw s%?@%@eéé@@?nh?é@

OPEfat'Onag IRHLIY Inc@A0Ed to Bhigahgukagial | ng el ement. 11.

The antenn alm 8 ere| n sal d”node 25 suppressor is
capacitively coubl ed '-Fl@egm‘eaana system of Claim 1, wherein:

said second transmission line comprises one of the
10 following: a microstrip transmission line and a stripline
traﬁsmission line.
8. The antenna system of Claim 1, further
comprlslng. . |
- a mode suppressor, separate from said transition, for
15 suppressing undesired transm_lssn.on modes originating at
said transition. '
o. The antenna system of Claim 1, wherein:
said mode suppressor comprises a conductive member
that surrounds said transition on at least three sides.
20 10. 'i‘he- antenna syst.em of Claim 8, whereih:
© said "mode “suppressor is substantia‘ily' short circuited
to ground in said predetermined operational frequency range
of said radiating element.
11. The antenna system of Claim 8, wherein said mode
25 suppressor is capacitively ooupled to ground. '



