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The invention is particularly well suited for low-profile antenna
applications involving the transmission and reception of data in wireless
local area networks.
15
BACKGROUND OF THE INVENTION

Low profile antennas are desirable for use in in-building
wireless local area network (WLAN) applications. However, it has been
technically difficult to balance the requirements for high gain and

20 desirable antenna patterns for in-building communication applications
when the antenna is limited to a physically small structure.

Antenna designers appreciate that antenma gain can be
improved by placing the radiating element above a large, conductive
surface, such as a ground plane. A large ground plane also can support

25  the desired shaping of an antenna pattern. Common design requirements
for a ground plane of a low-profile antenna are a conductive material
comprising a relatively large surface, typically greater than 5
wavelengths. This conductive material can comprise either a solid
surface or a grid having holes of a diameter less than 0.1 wavelength.

30 Although an infinitely large ground plate provides a theoretically ideal
conductive surface, conventional low-profile antenna designs often face
“real estate” constraints. Consequently, low-profile antennas are often
limited in their performance by a reduced ground plane size and the
limited physical size of a radiating element within the practical

35 constraints of an indoor, workplace environment. For example, a dipole
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15 In view of the foregoing, a need exists for a low-profile antenna system for WLAN
applications that provides increased gain and more desirable radiation patterns than is
possible with existing antenna designs.

s
SUMMARY OF THE INVENTION

20 The present invention provides significant advantages over the prior art by providing
a low-profile antenna to transmit radio frequency (RF) energy with high gain and desirable
output patterns, typically for data transmission in an in-building, wireless local area network
(WLAN). In general, embodiments of the present invention are directed to an antenna
having an emitter element, such as a dipole, which passively receives a signal feed from a

25  vertically stacked pair of asymmetrically shaped cone elements. The cone elements or discs
form a bicone assembly that is centrally fed by a coaxial cable input at a junction formed by
an indirect coupling of t-he apex of each cone. This inventive antenna assembly can be

mounted with a standard wall or ceiling-mounted enclosure, with the low-profile antenna

typically extending beneath a metallic enclosure cover that serves as a ground plane.

2



10 antenna having a radiating elenent that is passively fed with

el ectromagnetic signals by an asynmetrical -shaped pair of comaerly200d scs.
The invention is particularly well suited for |ow profile antenna
applications involving the transm ssion and reception of data in wreless
| ocal area networks. 15 BACKGROUND OF THE | NVENTI ON Low profil e antennas
are desirable for use in in-building wreless |ocal area network (W.AN)
applications. However, it has been technically difficult to balance the
requi renents for high gain and 20 desirable antenna patterns for
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support 25 the "desired shaping of an antenna pattern. Common design
r equi r eneomductiviegnaterialr thawdngisagmeblyfoperativevoprassivély fenditbaelactameagacdonduct i ve

terdal . | Si relatively | , _typicall ter than 5
wevelengtREn Tiiid Bt pliee pEimbrlrig aRepbRER et ih ngts SR Gendtr T ace
or a gridehaminicint 8shdfond adicalBy itlif B vehaal flade ¥ome et ass@PbiH t hough
an infinitely large ground plate provides a theoretically ideal conductive

sur f ace, OREGHIVEH® Fasirdt thelecoorEnaticaignalsin repensgis patsiverfeddirgof theeal est at e”
constr ai ‘95&l‘ogﬁcéﬁﬂgt?cq%%%E%B’sgtrh%%ﬁ%%ﬁ%hé@ antennas are often |imted in their

performance by-a re Size and the I|imted physical size

of a radi ati nig ®beREMNpewy, theipieseittindntioh ipe@lide3ancanahs adsaiblyptharactériv@aor ,
wor kpl ace envi ronnent. For exanple, a dipole 1 14 July 2004 antenna havi ng
a ditlectby alow-prids eppfiuratien, fon soapHatcAtingdectipmagnetitsignaly, cPBPEHRE AYur at | on

I  olent o . : e .
the b gty R bibheuRRN) oS b P PR e | ]
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to form electromagnetic signals in response to passive coupling of the electromagnetic signals by the
bicone assembly; and a coaxial cable for carrying electromagnetic signals between a
communications device and a common junction between the basal and upper coneé, the
coaxial cable comprising a central lead connected to the upper cone and electrically isolated
20  from the basal cone and an outer conductor connected to the basal cone.
In an embodiment, the present invention generally provides a low-profile,
omnidirectional antenna system, employing an asymmetrical bicone design with a passive
feed for an emitter element, such as a dipole element. A feed signal can be delivered via a
conventional coaxial cable, which centrally feeds a pair of stacked, conductive bicone
256  elements mounted below the dipole element. The coaxial cable is used to distribute
electromagnetic energy ﬁom a source to the bicone elements, with the center conductor
connected to the upper cone and the outer conductive sheath or mesh connected to the lower

cone. The bicone elements, which are stacked within the vertical plane of the antenna, are

indirectly coupled at a common junction formed by an insulator mounted to the apex of each
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an array of radiating elenents, typically fed by a central coaxial feed or
a wavegui de 10 distribution network. For exanple, a discone fnjugnrepadesi gn
has been inplenmented with stacked vertical, hollow conical elenments to
elimnate signal reflections and to i nprove antenna bandw dth. However,

t hese prior antenna designs have not exhibited the physical

characteristics required of a lowprofile antenna application involving

m nimal available real estate. 15 In view of the foregoing, a need exists
for a lowprofile antenna system for WLAN applications that provides
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a dielectric substance separating the at least two structures o
conduct i lpwepaens toaform theecayomen gurstinh bytvwsge the iper tiod paweiopet ylerests. The

el ectro netic si gnal ithi,n t.he vertical plane of the anfenna assenbly
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the el ectromagnetic signals in response to passive feeding of the
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cone withih the vertic ane of the antenna asse enna
el erdént , appbioationd, such shimdoor applications.

In another embodiment, the antenna can be used in connection with a ceiling-

mounted enclosure housing a communications device. In this operating environment, the
emitter element of the antenna is typically mounted perpendicular to a conductive enclosure
cover operating as a conductive ground plane. Because the enclosure and its cover are
25  typically mounted along the ceiling of an interior location, the mounted antenna points
downward toward the interior. The ground plane, which can be provided by a solid or grid-
like surface of a metallic' ceiling tile, 1s useful for increasing antenna gain and shaping the
beam width within the elevation plane. In particular, the combination of a ceiling-mounted

ground plane with the inventive passive feed network for an emitter or radiating element
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15 upper cone within the vertical plane of the antenna assenbly, operative
to radiate the electromagnetic signals in response to passimMejuho2fl4 ng of
the el ectromagnetic signals by the bicone assenbly; and a coaxial cable
for carrying el ectromagnetic signals between a conmunications device and a
common junction between the basal and upper cones, the coaxial cable
conprising a central |ead connected to the upper cone and electrically
isolated 20 fromthe basal cone and an outer conductor connected to the
basal cone. In an enbodi ment, the present invention generally provides a
| ow pr of ickwls inoamamtemmcéhibithg anicervasedslystre midik nfpittoy ithg elavatimypiamd whial
bi cone desi.gn wi.th passi. feed for. an emtter element, such as a dipole
el ement . €3k E%%ld%%lfgﬁ'a dowgiilihsamhepgienatic; Theresiling dAVGh B amARFTdaD e,
whi ch ceplialibnyy §&68961e3n RRLTin®mcthARKRE AN ARGty e bi cone 25 el enents
mount ed bel ow t'he di pole elenent. The coaxial cable is used to distribute
el ect r omagnet Embedioregts dfitharinyestonr thet providhen bnteonehsliegre hicone aisembiyhfor
cent conduct or ﬁonnzc%fd totthe uggﬁr cone and t.he oqter coqg ctive
sheath oPPHEEH COWHRE: BFPFERL] SUBY 1R Fofk apipiteolemente WL PGPER are
stacked Mfigaktinf ﬁfohet}\éﬁf(ﬂlo‘ﬁrhdg gk@anel gésch ﬁo@@f@l’i@éxer?l@ry EfBbdifehls Yandop! ed
by an insulator nounted to the apex of each 3

at a common junction forme
14 Jul y spendedghiawingpendelaimse i nsul ators al so can be used to separate the
conbi nati on of upper and |ower stacked cones and a vertically-nmounted

di pole elenent. The dipole element is supported within the vertical plane
of the aBREEMBESCRIPEION O THBMRAWINGSToNnfiguration results in a passive
coupling of electromagnetic energy within the vertical plane of the 5

ant effha assen®liG/l dhan ibustptony shovingancpateded pigpreseigion ohanpgembly ahekh is
nmount ed H@mgg : > .provide the sol e nmechanica
support %?&ﬁﬁggﬁ%g%$ on eﬁﬁgmgﬁﬁ?gg%ggﬁgquﬁﬂgugéesent i nvention. For one
aspect of t heFlgh @ssnin illnsteatioh showinlgea hide vivey bfi am hedembl edarepresenatideofathe

t hreaded i nsul at or of _non-.c i&u tive material having an internal UNF 4-40

t hr ead aﬂﬁmﬁﬁﬂlén%ﬁk?ﬂﬁwﬁﬁng: etnal thread. The femal e contact receptacle
of the bi conepiNsyl &f O FEERESn HISIROLS OFbdsiRc@dnal NFieWPREN af ORGcARIda t he
mal e contact nenber fits within an opening of the lower cone to formthe
conmitdn j ignesserdatidnerfibeekenipdary ppennasidwnondilGebne el enents. The bi cone

i nsul ator co |s. the. dielectric. capacitan bet ween the u r. an ower
cones. Bec aslgfg’c‘)t%lé apdiipsration r?é ST atrﬁ‘édcgggli |°¥éﬂlﬂ?1 cf%gécfe%téfg‘ggvﬁ?gs%e%e

t hrough eRnPREDaf@nhdsHokg idFIQiIcone insul ator and into the upper cone, this
i nsul ator provides the dielectric loading of a |ow inpedance coaxi al
transmssion line. It will be .appreciated that this conbination of
conponents for the inventive antenna can be assenbled without tools and in
t he absence of any soldering of the central conductor of the feed coaxi al
cabl2® to the antenna itself. This supports a |low cost inplenentation of a
| ower profile antenna for w reless conmmunication
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20 applications, such as indoor applications. In another enbodi nent, the
antenna can be used in connection with a ceiling- nounted enelRsuEE@4housi ng
a communi cations device. In this operating environment, the emtter

el enent of enna is typically nounted perpendiculargk ductive
encl osure covgr-%perating as a conductive ground plane.P gg@%%g@he
enclosure and its cover are 25 typically nounted along the ceiling of an

interior |ocation, tFeGMBANiEAnaNhRRAAcRAUNMWENg FAVEBNRFsEd Qv of he _

i nterior. Theﬁgro%d%ﬁl ane, gmch &an be ol ed bzr\é a solid ﬁh rid- like
surface of AOFeSEYYIRATETYi A 4 ARIEIPE G 'gF[HF ot 8?’5%&?19“’ t#hna gain
and shapi ngltemeativtreembaidunentofithe preseat inventionon pl ane. In particul ar, the

conbi nation of a cei FGISEWARAIuSEAURI SROWIR: Whidkp1B8ed WaPLHVan PasSi ve
feed network fo

an-em ttex or radiati element .4 14 July 2004 results in
an_ant erina, 4SXRBIE Ph B DarsehaieschPplutd fy G FIORAE instaiol TabsaiEnR ol ane
whil e exhiwithiangligssatieberabadinent| af the presechbinvenéionst i cs. The resul ting
downtilt radiation pgEiGesA iken iBakfrassh shéwimes cfeRleclibna-FelW bhg- nount ed
WLAN appl i cat,. on. Enbr?&(_il manﬁsd of -t he i,@\r/ent I on f.hatq;ﬁpr.ow de a rtltenna
havi ng a biCHHE=sSRlroigied snclasure for A COBPHAG q6Vacs POPRGHET R ener gy
to and fromnmeantepod an ateordancavmith deeprasentaipyes pperatinganvitonnent! foni ng
det ai | ey descdidphplary efnbodemeneoPiR e eVt and the appended
drawi ngs and cl ai s. Fﬁl DESCRI.ﬁTI ng: g‘EE.DRAW GS 10. Fl Gﬂflﬁ an
illustration showing 'E%pllﬁdigﬂ THERT L), SPFRE ot BIAYs SR8 ¢ RS an
ant enna f orrepresent@tiyeaanteandcupneied &r use ipr thee wperatinghenyironmieBt 2 is an
i | lustrati omoShPitd FIGa6AI de view of an assenbl ed representati on of the

exenpl ary antenna sh Ln_ Fl G G, 3is an illustration show ng a
cross-sectional Vi evv?m' Zr\s aggléw%tfaetbon howiig A G0 E?W%TW?Weor}oe%&rrpl ary
ant ennal5shamterna ¢0Gred byrs domé in aacondanes wath am alihowitivg eperatitgr ged

detail of rRiRHMERUIINA '1@13 @ﬁlbbﬂﬁneﬁmbgy’r&’sei‘l@ﬁﬁﬁ?ﬁioﬁpm in FIG L
20 4a 14 July 2004 WO 01/45206 PCTI US00133548 IG 5Ais an illustration

showi ng an enl arged detail of a cross sectional-view of an antenna

const ruct ed®ERAd DENCERIPTION OF ZXEMPILARY EMBOIMMENFS t he present
invention. FIG 5B i Thatmitérdntsbf @iid presehomvestion RXRiSAelly \Wsefil oor an

20 transmitting and/or receiving radio frequency (RF) signals in applications,
such as wireless local area computer networks (WLAN), where efficient,
unobtrusive operation is desired. Although the inventive antenna can
operate as a monopole without a ground plane, the preferred operating
environment comprises the combination of an exemplary embodiment of

25 the antenna with a conductive ground plane. In its preferred application,
the antenna assembly can be mounted on a conductive ground plane, such
a ceiling tile or grid. For a typical wall or ceiling-mounted antenna
application, the conductive surface of the ground plane is typically
provided by a custom or existing enclosure cover, such as the type

30 covering an HVAC vent or a speaker for an audio or paging system.

It will be appreciated that a ground plane is useful for
increasing antenna gaimn or shaping the beam width within the elevation
plane. In particular, the combination of the gtound plane with the
inventive antenna results in an antenna exhibiting a decreased beam width

35 within the elevation plane while exhibiting desirable downtilt beam
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5 assenbly of a pair of cones separated by a bicone insulator in accordance
with an alternative enbodi nent of the present invention. FlGq fify 26h4an
illustration showing a cross sectional-view of a ceiling- or wall-nounted
encl osure ;vr nputi ng device connected to an antenn dance
with arep §s°éﬁ?2§?i ve operating environnment for 10 an eggjﬁ’%ﬁg)%& nmbodi ment
of the present I nvention. FIG 6B is an illustration show ng a planar view

of the gﬁﬁﬁ:@éﬁétidée W&%&nﬁﬁtéat\eﬁhf@grm pfhnTeh%qﬂEﬁfeﬁHd‘BP/%V' ronment
shown |n Fl ust.rati on show sectional -vi ew

- FI G |
of an 15 &HPQHQ}&V%OGEIJI@& lﬂ} ﬂxg R 45c Y BYR E@ \?ﬁq?{?%gﬁdalttoer%at i ve
operating cenunnpiuations skeving mntﬂdawthetmo@m}mgtemiom tprsappart & nventi on.
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f requency Waar FORBE 5t ‘FF%"r of & fog@ hedy B anifie & eq
conput er nenmﬂc ;(emm@lcukme@e esifing itde operaiinghas asonduetive grownd i s
desired. Agifuigh the inventive antenna can operate as a m)nopol e w t hout

a ground plane, the preferred o | ron C ses t.he

conbi nati on of an exE i r‘?ﬂﬁ) “ﬁ%’ﬁp foeng ?Hgngﬂ{l%?l lE‘?)nduct I ve
ground pl ardesciibed mﬂpr@’ﬁmnpedo dho drawinigsnin whneh blkeemmerab?smfm {0 can be
mount eGloon 1&&&@%&1&3 ﬂﬁoﬁgm&cthelsev&al Fidies, aFI@I | iigentdxipfoddd 9idwl. For a

typi cal {1 or ceili ﬂ m)untt antenna _a a‘gl on, the condulct i ve
surface of WHSTHYUNSG ﬁ C t I y©O 89?131 ) Ac KW exi sting
encl osure coves rrmmrmfathctan@nnyp 1G802 shgwasidetend ovess-santionatpeaker

for an audlv@e@é o 38l RSerBlRideFBrsibh cw'thb abGerARnlesiraeddntHIG 12 BIGUWNd pl ane

i s useful i Ncy ea ant nna hapi t he beam wi dth W|th|nthe
o evati on SHPReR Geriiing P o5t cofdal abrian R RstemiaR, A B ane w th
the i $entingluding amoaxiabsablesnput, amenvondnativs Biapter,mbasadlsoneased beam
wi dth 35 Wlﬁ.mlatdrhe Rlcepakied 1tp|£{t15‘aﬂhh reddiedi tAlfgnies iranbiessionmnt i | t

beam 5 14 July 20D 4 1/ 45206_PCI/. us 335 { t
combi ned WIOlan |agﬁeglq CeHEM jgln%amﬁfvlei}f@é%??w\é#tl l e, the
antenna is Wl;ﬂplﬁi l)} 4 Q%@:S@dﬂeddﬂathe iappreciate thet theeantsunadd with the

cei ling engli@sedpubi® of Y@Rsrting receive operations based on the reciprocal flow

20 of electromagnetic signals for the antenna design. Consequently, the
reference to a radiafing or emitter element for the inventive antenna
operating in support of fransmission applications is also applicable to
receive applications involving reception of electromagnetlc signals by this
antenna element.

25 As shown in FIGs. 1-2, an exemplary antenna 20 comprises
a basal cone 1, an upper cone 3, and a dipole element 5. The basal cone 1
and the upper cone 3 form a bicone clement having a central junction
formed by the apex of each cone and is fed electromagnetic energy by a
transmission medium, such as a coaxial cable. An insulator 2 can be

30 placed at this central junction to physically separate each of the cones 1
and 3, thereby electrically isolating the conductive surfaces of the cones.
An insulator provided by an adapter 4 connects the upper cone 3 to a
vertically-mounted radiating element provided by the dipole element 5.
The basal cone 1 preferably has a wide cone shape, whereas the upper

35 cone 3 preferably has a parrow cone shape. This preferred asymmetrical
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WLAN. Consequently, the emtter elenent of the antenna typically 5 points
downward toward the interior of a roomwhen the antenna is aoluht 2004
perpendicular to a ceiling tile operating as a conductive ground plane.

Exenpl ary ,oents of the invention will now be descy |
reference ‘?ggﬁﬁ%ﬁ%raw ngs, in which |like nunerals ref erﬁ%&(}ﬁ?@w‘é‘%s&g el ement s
t hroughout the several figures. FIG | is an exploded view illustration

s Pg\év' "9 ; Egogﬁgﬁ%ﬁbncﬁﬁﬁ@?ﬂﬁopéo@% E%8AT &ipporRiePaasRe Qfupliig ant enna.

de. - [ . f nb), ed [
of the ant BhFACSNTREISHO APy Focang frosm dfe Aipoftlsmerd ) TRY Weew of a |
coaxi al i nverticat @laue ofidhe anterinar 30.anflen asymuagtiical | dhapadion thoaarg! cabl e

i nput, a ngpconguiql itMe iRplAPipedahcBatahe (RNfral #ed pORH! REQed & fiRCept acl e
pin, and a ugper cone. A tho

h transm ssion. operations of t.he antenna
are pri frar FPYC JRPBFUPTred’ At’l M‘ﬂ' EOPRREEEEOR Te%at{‘%?héﬁtﬁQ?al?ﬂ?fafTRB% skilled
in the art frequenappangs fordhe hatennas2( andnnereasingaionplingpianthe dpokupporti ng
receive opgihdfts based on the reciprocal flow 20 of el ectromagnetic

signal s for the antepna,desi gn. nsequent.! v he ference t radi ati ng
or emtter elenent f ePﬁ@i%ﬂﬁ%@rgﬁf%ﬁﬁdmpgwﬁﬁ{?ﬁn PW@&% of
transni ssi eridefipbed aconnscospaisE apphiivaml cont @ sigukarie eppductane ons
| nvol vighg hﬁg@ﬁ&l OR &br@éeﬁatmmlﬁg;nefﬂeﬁtaﬂcﬂm{f fhelbashcéne anisHyIBow] ement . 25
r
A

As shown in . ElGs. 1-2. an eaengli ﬁ'é (?ntennﬁ, 20 gﬁnﬁ)rlsgs a has ll cone |.
an upper cOfith 80 Rl hagg BBt fit WPCITHACH, QU™ COREMS LEH " e upper
cone 3 f or apertbiec offheeinsniator Banlsogdescribetrad ajhinens ensulatorneandye t he apex
of each CO%xﬁﬁéﬁi k& tHeebk BHBF hORIBOBL HORIPEHE g,ytyﬂicaql@adﬁﬁb gehaal medi um
such as a coaxl a g le. An 1 subataﬁr 2 Cﬁn be ,30 Iaocé_ﬁd g)t th%s central
junction t8PERYS OLIHS &llfar 4% 690G e S hEs SHPPARE Y PnBIsshy

el ect ri16al hysulatok &t,i wichhis wssiial fori wusting dbe sangénnah @0cionthe. desared nsul at or

provi ded by, girAdaghefurd. connects the upper cone 3 to a vertically-nounted
radi ati ng ePerrent pravi ded b The. basal fﬁ ne 1

’ _ C%th%@li oelge %herrent 5'e Al 3
preferably has a wi de"%&WBTEHAPE, \5\%@? seably, &0 Efted s napoa-angied: o o)y
has a narr cane ofsolidaglamimning opsyhdany coadyeties metall At the pampwesp4 WO
01/ 45206 PCRLMSHIY SBAASBusH der Rid Rleeh@hl kdtesPaized b ee0REnddABG 3
supports the passiv upl.i . .
20  pin Qeceptacﬁecd? A+ the broader, opposite end of the upper cone 3 is a
central recess sized to accommodate the formed base of a nonconductive,
cylindrical adapter 4. The cylindrical adapter 4 connects the upper cone 3
to the rod-like, dipole element 5 within the vertical plane of the antenna
20. The dipole element 5 terminates with a plastic end cap 6, which is
25 typically employed for safety reasons.

An electromagnetic signal can be carried by a transmission
medium and delivered to a central junction located between the basal
cone 1 and the upper cone 3. The insulator 2, which preferably has a low
dielectric permittivity, is mounted at this junction between both the lower

30 cone 1 and the upper cone 3. For the preferred embodiment, the
transmission medium is implemented by a coaxial cable 8 comprising a
center conductor 8a and an outer sheath 8b. A cylindrical adapter 10,
which includes an opening extending throughout its length, is positioned
within the hollow portion of the basal cone 1 and receives the coaxial

35 cable 8. The adapter 10 establishes an electrical connection between the
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of electromagnetic energy to and fromthe dipole elenment 5 within the
vertical plane of the antenna 20. The asymmetrical shape forigthg, sggae pair
affects the input inpedance at the central feed point |ocated at the 5 cone
junction, | rther supporting a relatively broad operatj.onal

frequency %g@#dér t he antenna 20, and increasing coupl ﬁ’ﬁ%ﬂsg({)?ﬁ@ di pol e
el ement 5. The basal cone 1 is preferably |rrpl enented as a truncated,

W de- based goRe cﬁﬁaﬁéﬁv‘% Sikafth BEAAHO boRdSitiVe Rfdrio ‘dEtdf\fﬁe badymaterial .
A representati Vi ,@eemant w th an open
en

base and a FOUR EimRel FAE mdhnior S xrLTnTuaneR A0 legshovise. The
i nsul at or 2¢pating off v cidndraeal sadapteynk) iand ytratrudes dhrough theocerttesd t o t he

teﬁte e(r: Io gre po drftireOfn iéﬁg;ﬁlel urgeot thd lrbtagéla%éﬁé 3t The Rkl %ng%?e;t ure gL

s usef il f%?ﬂfﬁﬁiﬂ& B Baps %%Cﬁﬁyneﬂgl%&rw&w% PRBIERI, ot ur e,

The upper cpositisned gefjadent dbl theaexterior poetion rdr thevwaperiredof thenbasil sol i d

al um num Ogo&,m | Bid YefSRIANA! bt/ hdRoRtuciie i RREPALRS 9 pBSHReANd Of the
onmmo 0

upper cone to ac pin receptacle

f;’a% centzpif recess si
9. At the bPYAHRAICEHHSLiHEYBRE % e upper cone 3 is a central recess
si zed to accommodat e Theebésal woue Hawel tife wpparnemediicwhic, arecsepiarated cal

?ggpltlerkle& ‘Ef & exh@gﬁfdrcz\' oﬁm&tﬁ&tﬁf taﬂld%\%gr@(t?fégéaté% H@Eﬁ?l‘f Etlﬁtﬁeélﬁat hgo
The di poi e @%m GEibn] Plase ol e s s by RO Sl el o2
typi cal | y efgd dgethef biconaf esspmﬁasor&)ccﬁmaéllyeo&ICMQagnetm singngy isan be
carried by ?ﬁéﬂl}séﬁ ié21”totﬁ€ Bt 8fite 9ht etﬂefcgaﬁ‘la?%%l%aéoﬂ&ﬁ r on

| ocat ed bet Ween t‘ﬁ“a asal 1 .and t he 9 ) b ator 2,
whi ch pref eP&pA §er5mP6WS ]H P, JECEPEFIR Pratvk }?eg ‘f'ﬂﬂ?ﬂ F this
j uncti obs betleroniagnhtic Hi;:ldWe@@yc%evmlamldiy-ﬁtwkaﬂmra;coﬁda@baﬁ%ﬂr t he
preferred e%}%j'l@ﬂtthehgtﬁ)ertcbﬁe §S%E\%'T§rf€€d§1fﬂe' *gblg)él%ﬁf‘éﬁt%d vmicﬁ coaxi al

cable 8 co |S|ng]rly a and ut.er eat

r cond@lpt or (ﬁ'b
cylindricall® oun URRE afay, yain e dRieEestHen ¢ téi't‘ighout its
length, is msula:tlrrgl&hptw 'Elhl'Phet bentral |natwrepal thicofeedfbyt e beasdal cale 1 and

recei ves thgg03 %ﬁ} b c%ﬁ@!: €efich -ﬂ}ﬁnﬁglaapts%rn%@trﬁ?a‘l aghdpehaBod tRéigct ri cal
connectjon betweenh the 7 14 'Jul

20 respective central axes, resYﬂts in 1he coupling of electromagnetic energy
to the dipole element 5 and the generation of an ommidirectional radiation
pattern. This passive coupling of electromagnetic energy to (and from)
the dipole element 5 ultimately yields a transmitted (received) signal by
the dipole with significantly increased gain characteristics.

25 As shown in FIGs. 3 and 4, the coupling of the coaxial outer
conductor or sheath to the interior portion of the basal cone 1 is
accomplished by an interconnection with the adapter 10. In contrast, the
central coaxial conductor 8a actively feeds the upper cone 3 by extending
through openings in both the basal cone ! and the insulator 2 to terminate

30 in the pin receptacle 9, which is mounted within a recess of the apex of
the upper cone 3. The insulator 2 isolates the conductive surface of the
coaxial cable conductor 8a from the conductive surface of the basal cone
1. Similarly, the insulator 2 also physically separates the apex of the
basal cone 1 from the apex of the upper cone 3, thereby isolating the

35 conductive surfaces of this cone pair. A signal that is transmitted through
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WD 01/ 45206 PCT/ US06/ 33548 outer conductive sheath 8b and the conductive
interior surface of the basal cone 1. The coaxial cable condurfy2008a
extends through the | ength-wi se opening of the cylindrical adapter 10 and
pr ot rudes the central aperture in the upper sur e basal
cone 1. Th c'g coaxial 5 conductor 8a passes throug%gi’%é&ﬁ’f’%g openi ng
i n the insulator 2 which is positioned adjacent to the exterior portion

of the aperpica altéa%lé)eéﬁaucte%ﬁ t ‘rh@rkﬁlt zﬁ{ggzgeﬁﬁefmﬁg 4 aﬁ gopgdyct i ve pin

receptacle 0sI t,1 one re ess e basal
cone | and %% I%Heumec@e%@ﬁ SRRHC ﬁ%@%t or 2,
oper at e i n thaneeticdlplaneaf ﬁmmpmlr@oncarmgh‘énelgroﬁn&cﬂbamltcbm 1t HEhwer t i cal

leigrerb?fy t ﬁe‘??gﬁn@ ﬁﬁfgéh%f?‘?&a‘%i’t"?"é&gﬁ“‘d D o e et e (o
the upper ﬁP&%gﬂ“?f‘F CEH%B? ﬁﬁﬁfé‘gﬁaﬁﬁ% BP CH cFairm' nat es

in the pin eflemeptm &nEnaer dhﬁnubbyrthcwletlﬁe aE'YmmEEryed)ﬁtherhasabnem c field
created by { heq s ddﬁesg acked array of the basal cone 1 and the upper
cone 3 passi ve{lly fee

t he S ve ally nounted
above the cone array “Wct A%% @Oi n er?}g hB%lyo%qeﬁ be‘# n&ll &H pter 4.
The cent r alinsalatore poéferallyf provides theesaloankeliarsedd| suppiont of ath@auppenf cones,

ooul t 8 Nbqhe> 30T B xS rgﬁ*ﬁ"r?'é’?l?*c‘fe% LRSRAGH 2 fofftRlesla BTt 5
and the gerﬁi‘na ?&d"r?%o %l@ﬁ&%ﬁgﬁﬁ g AL SF?%}mﬁa‘i'pﬁrﬁrg% gpasm ve
coupl i ng ofarell&N(t dPePrhetiternahetbggad o Thmdopr pogtiont lod dicpaismlatben®nt 5
ultirrl ate'c?brﬂ?ﬁéélsa Fefnh R eShiabEfbcepfietd YIpd)ackk éthehibttdlﬂeh oP3he Wi th

si gni fi cant ncrea 1N arac eri S. own .n F 3 and 4,
the coupl i iPRSE ¢HE g@ﬂ@ﬁh%lﬂl TeCRRIA clt))cn ﬁm RYtPR ’%%%rl or
porti onisof inkelabasAicovynises a malcacmninpt meimdwrithataeari he ansartadewtithom with t he

adapter 10. tthe t r 8An; y f eeds
t he upper C%Erbﬁe%’iﬁg Soithin tBS Oﬁ%t e %Qﬂ%b%?g th a&b%ésﬁailﬁ cone 1

t h
g UPRel iSading)afope S fnet 08 BE PRUMOEY Bno ftlny e GRRter
mount ed wi tdundustorecbtie odaxiakcaipes8. ofThis kenfigpmtionofor ibe inkelators2l at or 2

50l e5 ORI BB Sipetintepoigii) pshbaicals| w1 om
physi osld y ShiTEGS GFECIIORISE RE @ Hw IMhesARed cPRRl (OSAREROB! ¢ he
upper cone Ie.t hereby isolating the 35 conductive surfaces of this cone
pair. A signal that Gt ransgidwetn BieHEfe embodiment of the antenna
assembly for low-profile antenna applications. Referring to FIG. 5A, an
antenna assembly 20' comprises a dipole element 5' having an open coil
25 or spring-type configuration, instead of the linear rod configuration for
the dipole element 5 shown in FIGs. 1-4. This open coil design provides
more durability for certain exposed antenna applications, while satisfying
the requirement for conserving available “real estate” for an antenna in a
low-profile operating environment. Similar to the antenna 20, the dipole
30 element 5' is coupled to the upper cone 3 via the insulating adapter 4 and
can include the plastic end cap 6 at the opposite end, the terminating point
of the coil. The opposite end of the upper cone 3 is indirectly connected
to the apex of the base cone 1 via the insulator 2. The insulator 2
electrically isolates the conductive surfaces of the cones while supporting
35 the stacking of these cones within the vertical plane of the antenna
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8 14 July 2004 WD 01/45206 PCT/US00133548 the coaxi al cable conductor 8a to
the antenna 20 provides a direct feed, exciting the upper -clanu326dd
creating a desirable electromagnetic field in the vertical plane of the

upper cone he grounded basal cone |I. The insul at his
- whefli Penbspopstit

| nt er posed n the basal cone 1 and the upper 5 cone this
el ectromagnetic field to bUI|d between the conical elenents in a manner

defi ned byl?%g‘%grﬁjzayo.vemgy amgﬁsﬁ{ap@gn nes dndnd e er cone

3. The ins I nsul at or,

al.te
pr ef er abl y DasevERecoynle eiﬁﬂ%@ i OHE% D P'OH? ﬂ?%i‘m%p%]?m%%cone 3.
For an exeinnlaangneehsidiitas o thatrdescmbed abave mﬂmxﬂmemée thae aimtepna 20.

non- conduct I t RhSSHis UNC
10- 24 ext erh@%agg{gﬁ th%ad‘i or ggﬁ%?o@hh&yﬁoﬁsu ati(li)lr gig)?rlp?l?@es a
femal e éontrﬁﬁqpq%%‘?régf)@sf‘PFa’E’eéﬁE‘& g{)omtl p of the upper cone 3
(and the pin recept afl@. §B. pitheddsoan ctugtmatioronf ah expdoddd viemlaftany 2

conpri ses aasgahg feﬁﬁ%peré%ﬁa tsts@ﬁ%ras ?%n'xﬂ&ﬁhfcﬁ%‘éﬂcwx‘dﬁncé Retppeni ng

within the at sur

%%o enl n ext endi ng
al ong the [BAJLEOBHVE FECHR dénhegi of %HIV AR or of the
coaxi al cabjpmn&hejhnstlmfdmdhy tleninfsulatoh?2' plasad h@tmeeﬁ thc&mmcbalsdt he

S: g: ect ;: glﬁ%%%he@qeaaatswe% éé]ﬁexggéﬂ&f‘cco t6¢ BHTHs §§5§ n%*??? 1 tRO 16wer fF orms,_a
chove. an aiGoBPnlt DIISEIAGAL 251 1P Sdseenngte SfsCBBIFEame Bu Fior | 1 o

ant enna appmentatdomdmnctdR3aecan hg cooneeied 16 she au@peanom Bhbasaslﬁrﬁmirgg 20

Cont gur at | ShARI G1ECHA afong G AT 1AE Ubpes "*’%??ﬁ‘d %p‘“l?%éé i pol e

el enent 5 ¢ %(ﬁﬁnPﬁe?—qF@%‘ﬁefﬂ%ft acﬁﬁpgsatﬁd‘ﬁ&?n%ﬂmégg{ rrﬁﬂ

dur abi |15t y dentercmmidactorBapssennaatedrtngdhe pppec aono swmhhut ﬁlesma efying the

requi rem“tsoﬁ&ér @ﬁ&@ﬁ&hnm%'saﬂ!v@ls ﬁﬁehe&sahﬁhﬁa fiRfeadBr AP i N @
nt enna the di pole 30

el eront 5 AGEBRHGH 1 PO PGS 28 bR AUURES HeBrRAARY CHHPE er 4 and
can i ncl udehe set ptrest ivdthindtheahréaded regeptaplzosiThes eolderless: seattori pfit i ng
poi nt of ttﬂe € ter cohBBc@PRASL! the ©f @gept:oﬁ@s' SRRy %obtsaés@fﬁﬂl?(:t ly
gonnect ed fothe Anterha wﬂfloutaneecffor tooFs via he ' nsulator 2.
i nsul at%®
FIGs. 6A and 6B show an antenna assembly mounted for
operation in a typical operating environment of a WLAN, i.e., a ceiling
tile (or wall) mounting within the interior of a facility having one or more
wireless network access points that communicate with a central computer
25 via the wireless communications network. This operating environment
and the cetling/wall tile mounting and associated enclosure for a
commmunication device, such as a wireless network access point, is
described in detail in U.S. Patent Application Serial No. 09/092,621, filed
on June 5, 1998, which is assigned to the assignee of the present
30 application and is fully incorporated herein by reference. For example, a
wireless network access point can be enclosed within an ceiling- or wall-
mounted enclosure in an interior building structure. The antenna for this
wireless network access point can be provided by the antenna assembly
20 shown in FIGs. 1-4 or the anfenna assembly 20' of FIG. 5A. This
35 antenna can be mounted to a receptacle, located in either the cover of the
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electrically isolates the conductive surfaces of the cones while supporting
35 the stacking of these cones within the vertical plane of whrilyzicanna 9
14 July 2004 WO 01145206 PCT/ US00/ 33548 assenbly 20'. The pair of
asynnetrlcal shaﬁed cones 1 and 3 can passively couple el ectronmagnetic

energy to P8f t he di pole elenment 5 -in a manner si AP0 “t'38 hat
descri bed above Wth respect to the antenna 20. In this manner, the dipole
el ement 5 FB}r %vn'?ﬁ)ﬁ hing re’ﬂ&fd@u%é':%@lia%d 1€élﬁpfek%d§gi?{t@tﬂ19”3 for

t he antenna asse 0 a at | an expl oded
view of an TIOR8 éﬁmrénannb. CseRlighl, e opt pabitls SacierRedt of oS

accor dance asiteimna assen‘ll:ﬂmsr?é)taner@'mcrquulmr}jam]hﬂntedafortthxs Wneh?rsm ve
antenna. FoeUsHRe: % aliBfction formed by the insulator 2' placed

bet ween the lower a upper ne the center conductor 8a
passes through the | q:mn(goweFi@,s. 6‘ﬁea1?‘ﬁg%’ g'%la TSPICSERE Vit %e}g feceptacl e
of the uppemounneosfigitationc thy stackod dutenma Bsembly kre centnaldy meolintedt he upper
cone 3' by Qgirugel BshdhctivBl st fdRVoLq LAt eﬁeah@ngnﬁae i§iwaded tbhg upper
cone 3' an oanaﬁ:?éﬂ g f?e cone rqug{ %% bhat acce s t.he fenter
conduct or . IPH“PHP% BP0 0&&% i %P‘%%“? B%ﬂdﬁﬁlgﬁ to the
upper cone tlle giid ﬂautTluh@nuhBuIﬁ typically Heusasomp@upirting devices stick@sew i s
| nsertegy W i‘?el%s§ hfe%@éﬁ& ac@és%p aﬁhe coﬁheaeciatos Iaﬂeaﬁtfenmetou@ﬂ%oﬁone 3
and can be a ste Qéb n|n set,.Screw d%gln e threaded
receptacl e.W s‘EﬂIHéP’II’é °§’§ctsi 8 c BRPltasS ® the
upper cone ﬁsembhpdd; svhach oandn'sm‘lp]@mmd/bymthﬂ' thh@nm:mlanmemhlyiout a
ggg?aI or !t ?m %oﬁh@g aljl@% gwoﬁauégﬁbgngg a§§l§rﬁﬁﬁﬁ2@§ﬁq”1@ % q@%ﬁﬁeg or__
iling
tile (or wa‘l'qrﬁc Pqn'q&n%({l nf? jrtﬁt ﬂfrﬁgr E%Qatlamf %’%flgl% ‘I"F?R}Pﬁgﬁ ne or
nore w5 elkbss Hat mtdnnacasesmbb)mm can fest meombach dirgctly viot theaexterior al
conput er  25,5kidnt HE 1 CEIMSS RO MHUGY, GAL the A tdiahtips, kihisl Rhfen@RCEA bBJ
envi ronment. and thehcellln ﬁmall ééﬂ 6$ﬁiﬁg'@éa”d aSSOC|at§§ encl osure
for o comRARiEd BROTLYECIERue pd ExtGadheaten ab apeRte Suflun dhe,, ) <
descri bed mn:ﬁing aile 1én Rarsxamplena copyial cablieonosmcited tonthe owhpoting21, filed
e oA B WA DAk S S Tt BN
X
mnreleég’néﬁﬁg?ﬁtﬁiag§gCSB?%QY@§HE&§‘BH ﬁ#ﬁ% ﬁ an ceiling- or wall-
When the antenna assembly 11 is mounted over the
conductive surface of the ceiling tile 14, the larger ground plane afforded
by the metal tile surface produces a stronger electromagnetic field. This
results in a stronger passive coupling of electromagnetic energy within
25 the vertical plane to the dipole element 5 (or the dipole element 5'). The
enhanced signal quality which ultimately results, along with the
unobtrusive nature of the ceiling mounting in an indoor workplace setting,
provide significant advantages for exemplary embodiments of the present
invention over existing antenna alternatives in WLAN applications.
30 FIG. 7 shows an alternative embodiment of a ceiling-
mounted antenna installed within a protective radome. As shown in FIG.
7, the antenna assembly 20 (or the antenna assembly 20') can be housed
within a radome 15 to protect the antenna components from exposure to
the operating environment. The shape of the non-conductive surface of
35 the radome 15 may be varied to best fit the shape of the antenna 20 and
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nmount ed enclosure in an interior building structure. The antenna for this

W rel ess network access point can be provided by the antennadakse2diley 20
shown in FIGs. 1-4 or the antenna assenbly 20" of FIG 5A. This 35 antenna
can be nou qg a receptacle, located in either the co 10 14
July 2004 9&3 f%§%206 PCI YUS00/ 33548 encl osure or mnth|n¥?ﬁ%géﬁ% gsure
itself, and typically extends into the room environnent. Consequently, the

| ow prof i | epe %&ﬁfeftl%rdo‘iﬁiﬁatﬂinst dﬁetheé}ﬂﬁ'ﬁ&ﬂﬁr ﬁﬁﬁﬁ@ﬁﬁdxﬁSTﬁQ ﬁyarén?@l sare

particul arl sui t ed. ol gss . ation tion.

et er i ng. tirekedly ganriscsa il b BaSnsfatRy fdond t%‘;atpﬁo{ﬁﬁﬁ

confi gur at i frequeriey §1g1ﬂl83cthahtaéﬁnﬁalmﬁtﬂdl ylntisrmwdalbyy uaniganaover the
conducti ve sudEfRee h@{lsﬁwﬁﬁﬂﬁ,ﬂadbﬁlel4 which is welded to a nounting

frame 13 of an enclo ure that. fit |onal tile grid
5 i encrosure ¢ 0 Ea SEHbS iosre%&&&nﬂﬁt‘vﬁg”v&e PRl thaﬁq%
wirel ess nemwonkoncm@ eﬁoalhﬂﬂteémﬂr?é?@@ ndig argrnet asssupPyrior wirel ess
comuni cat I;%’éw %@ﬂﬂhﬁg@éﬂ@@&:gnam Wta@lanffrorﬁsaﬁnbhﬁenﬁé whi ch

Che ant enneBE8Hp I?ysbﬁ éf@%@%ﬁﬂﬂoﬁlﬁfﬁo’*@g@gﬁ%&%ﬁ? by dodbEng donn
fromits ceddenmplatycembedimanss pft e pegsenhgnventéon,sand. th:ihenumrenﬁa

assenbl y 20:iGREeHn uehﬁﬂednheﬁéihlxﬁm@ttdt@aﬂxﬁgﬁo@ﬁ th@@;ﬁi&it%d@‘coﬁbe tcﬁl ling
I n e

tile 14 or the Itern b h% tenna can mounted wit

encl osure d%%ﬁ%ﬂ?g ThED %ﬁ &6 ?f aﬂn§he ceiling tile 14. For
exanpl e, a coaxial cable, connected to the conputing device nmounted within
t he encl osure, can enter through an aperture in the 20 ceiling tile 14 to
centrally feed the antenna assenbly 11. Wien the antenna assenbly 11 is
nmount ed over the conductive surface of the ceiling tile 14, the |arger
ground plane afforded by the netal tile surface produces a stronger

el ectromagnetic field. This results in a stronger passive coupling of

el ectromagnetic energy within 25 the vertical plane to the dipole elenent 5
(or the dipole elenent 5 ). The enhanced signal quality which ultimtely
results, along with the unobtrusive nature of the ceiling nounting in an

i ndoor workpl ace setting, provide significant advantages for exenplary
enbodi nents of the present invention over existing antenna alternatives in
WLAN appl i cations.

F'
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30 FIG 7 shows an alternative enbodi nrent of a ceiling- nounted antenna
installed within a protective radone. As shown in FIG 7, taeuimopana
assenbly 20 (or the antenna assenbly 20') can be housed wthin a radonme 15
to protect the antenna conmponents from exposure to the operating
environment. The shape of the non-conductive surface of 35 the radone 15
may be varied to best fit the shape of the antenna 20 and 11 14 July 2004
WD 01/ 45206 PCTI USOQ 33548 the aest@iBAildISconsi derations of the particul ar
application. The radone 15 preferably conprises a material that is
substantially transparent to radio frequency signals that are transmtted
and received by the antenna assenbly housed within the radone. 5 In view
of the foregoing, it will be appreciated that the invention provides an
ant enna adsenblAn dnterina dbsegbly, comprisisgenbl y for  passi vel y coupling

el ectromagnetic signals to and from an tenna el enent. | hould b
under st ood t hat theafCSP%ﬁnglﬂggfrcé’Fmglgoag?‘?srt Ot%%CWé%&%Plé#‘Va&%%gFﬁEms of
the present inygdenomtin@BdciidiberiRHEBIoAMS, aldlclbRRAGEBstATRY sBRriBHans her ei n

wi t hout departing fromthe spirit and scope of the invention as defined by

the fol |l owi ng &4a8 e, strpptutes of gpyduetive metenalshecone assenzhly epavativesieenbl y,
Oi o SRS _ :
conpri sing. a 8&%eﬁ$fe§§"ﬁleye1&?ﬂ$5{d§§éﬁe§se@al4 Stk t@é"%rﬁ&% ‘Iﬁ)g:{ng%@ 0

. e,. .
conductive material genéera ronagneti c Sl dielectric

subst abice sepabaatehigass@biytio ah afehnd semsiht ket ures of conductive material,
the cone assenbly operative }o ?assi vely feed the el ectromagnetic_signals
within the vertical ¥ aamaelansat, poountedinibe cansantamply gvithin thervertital el ement ;

and the antenn t : i3 00 i cal
pl'ane of the. angon iacmieiRl aeheh? oblif PRt RaRIRE bR Rt BEndEl [ C
signal s in resgpose tb papasdeading efilic vipcobmb fectie lseptkbyahnedneassangial s by
the cone assenbly. 15 2. The antenna assenbly recited in aim1, wherein
the two structures forma bicone having a basal cone of conductive

materjgl and amhyRRRAnLAREMBYy rEQRAUS CIc 1,HeRSH o tWoBubiRRE ToPRe mount ed
above the basal cone within fhe vertical plane of the antenna assenbly.

bicone having a basal cone of conductive material and an upper cone of conductive
material, the upper cone mounted above the basal cone within the vertical plane of the

antenna assembly.

20 3. The antenna assembly regited in Claim 2, wherein each structure of the bicone
comprises a truncated cone of conductive material that is asymmetrical relative to an

opposing cone.

4, The antenna assembly recited in Claim 2 further comprising a coaxial cable for
25  carrying the electromagnetic signals to the cone assembly, the coaxial cable comprising
a central coaxial conductor provided to a common junction between the cones, the

coaxial lead connected to the upper cone and electrically isolated from the basal cone.
5. The antenna assémbly recited in Claim 2, wherein the basal cone is hollow and

30  bell-shaped, with a lower surface characterized by a broad base and a narrower,

flattened upper surface.
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20 3. The antenna assenbly recited in Caim2, wherein each structure of
the bicone conprises a truncated cone of conductive materi al4 Juha2004s
asynmetrical relative to an opposing cone. 4. The antenna assenbly recited
in Caim2 further conprising a coaxial cable for 25 carrying the

el ect romagneti ¢y Sl I ne ¢ ] cabl e. conpri sing
a central gsgoaxiTz;]I ag%n %%{SOIPB rg@?@?aﬁ%ﬁgac%hﬁr%ﬁﬁfeuﬁ%ﬁ gér{l ebcgﬁwglgﬁs Eﬁie
cones, t hénvestedxiandow-sagedaneed cottuctivé hatewipher cone and el ectrically
isolated fromthe basal cone. 5. The antenna assenbly recited in Caim2,
wherein the basal cone is hollow and 30 bell-shaped, with a | ower surface
characteriszed itPYEl hereih ! r ﬁé%{ ace. 13
14 July 20704 6%%%3%?%ﬁﬁg§§srggﬁ%dﬁ§@%m t’e(}lﬁIﬂLéﬁtgl}lﬁgggeyﬁ%?g?n t de upper
cone cbnpransed ofithe upperawnedre cvaneaded aragloatnoojvacadn bothe didleorec mat eri al . 7.

The antenn ssenbly. recited in Caim2, wherein an.end of the basal cone
and 5 an Sﬁh@”ﬁ?’%ﬁé”ﬁfﬁﬁé SU2% ceaﬁ”@%ﬁ}ge%'tlaﬂﬁgf’r av&ﬁr:]ﬁﬁ'rmr{‘jlﬁeﬂ%n by the
di el ectri Gh&bdséladnseallytibdlath £ihe ebhduetiSs AFTRBE ST the BRal SodRdrd th At or
having |low perm ttivity, thereby electrically isolating the conductive
surfaces &Png.-he basal cone fromthe upper cone. 10 8. The antenna assenbly
recited in aim?7, wherein the insulator accepts a receptacle pin of
conductive material, the insulator operative to connect to a central
apertyoe & thdhkasrhng aRemBideticed i (C4itAT avivréih thdiastigpeiccepie, the
receptacle pin _connected to the upper cone and operative to accept a
conduct or Tefeptclegan phrondusive m%tamlyﬁlﬁgn&uw@r@&trrverﬁ%@@i@@ﬁd@@i gptEtls to the
antenna a ' ' r.o, At ral
aperture osaP Q{Eﬁg$gg{sea%3agg§éé %deéoiqﬁ@{)fgﬁ‘gﬂgkeﬂégl&} grc%dgleb@g%cltegﬁ £ ]%gml nsul at or .
9. The antcenmztedds @nbipper emietand operaGlatonc8eptwdtendudtorn dfe wasixl adblecabl e
passes through the central  axis . of the basal cone, the co%xi al cabl e

t

conpri si nGAARNG heF e‘ﬁ’@“@@ﬁﬁ%?@?al‘? L% ef‘%tf"'ﬂ‘i'arﬁ?"égt_’ Ynthe saxdaliead extendig basal
cone 35d tRBuSeiMe'cBhtrdl q?mle of R4 Qnd B int P ERbGEIeHin LaGns ecept acl e

pin, the central coaxial conductor passing though the insulator separating
t he basal imatori rom t he upper cone and contacting the receptacle pin,
thereby resulting in an active feed of the electromagnetic signals to the
upper cone. 25 10. The antenna assenbly recited in Claim2, wherein the
antenna elgementTheaaf¥RRA 5R86mBlyG¥Litddd8 IC14in &aMetih ittecoaRiaBEdM paskie cyl i nder

attached to the upper cone by ) )
through the central axis of the basal cone, the coaxial cable comprising an outer

20  conductor that terminates in confact with the basal cone and the central coaxial
conductor that terminates at the receptacle pin, the central coaxial conductor passing
though the insulator separating the basal cone from the upper cone and contacting the

receptacle pin, thereby resulting in an active feed of the electromagnetic signals to the

upper cone.
25
10.  The antenna assembly recited in Claim 2, wherein the antenna element
comprises a cylinder of conductive material, the cylinder attached to the upper cone by
an insulating adapter and mounted within the vertical plane of the antenna assembly.
30 11.  The antenna assembly recited in Claim 10, wherein a combination of the basal

and upper cones, responsive to the delivery of the electromagnetic signals by a coaxial
cable to a common junction between the cones, generates an electromagnetic field

within the vertical plane of the antenna assembly to passively stimulate the antenna

14



an insul ating adapter and nounted within the vertical plane of the antenna
assenbly. 30 11. The antenna assenbly recited in Caim 10, waeigi 2004

conbi nati on of the basal and upper cones, responsive to the delivery of
the el ectromagnetic signals by a coaxial cable to a common junction

b . el ic field it .hi h i cal
ol ane. of B RBsAE RSudng s T el iy R Gk Rnssatnels ol Akttt 501

2004 el emefdment.hereby resulting in radiation of the el ectromagnetic signals
by the antenna element. 12. The antenna assenbly recited in Caim 2,
further conprising an insulator for attachnment to the basal cone, the

| nsul at o japer aiguech, ARMALIDE:ATh £ ATBRNH hublsfe MR AGOB U T 2CC-

13. The antenna asse recrted in e antenna el enent
conpri ses attachmadnt af the bachli coriey therimdubatbdperdtive td hwuanthe antenas ssehbly toaci t ed
in daim2, further, conprising a radonme covering the conbination of the
ant enna elHOHPE SH&Che cone assembly, thereby protecting the antenna
assenbly fromenvironnental effects. 15. The antenna assenbly recited in
Claim 1, wherein the cone assenbly is nounted proximte to a conductive
ceiling tilBe fdheantseid assgmhlyuncited i Gdios)véhenon ghenapteraa ebammenhi cat i ons
devi ce connect.ed to.tt}e ccgmta assgnb y via a coaxial cable carrying the
el ect r omagRBPIESE G SOPGYEHEE %N by the antenna el ement. 16. The
antenna assenbly of Claim1, wherein the cone assenbly conprises a basal
cone of conductive material and an upper cone of conductive material, the
upper cond4 noUheasateapbessemhly rpeited|in Edaimn iftithey comprisisgriraddmeéusangf t he

cone by 1 M grenelopfor AiOThuRR G 85 feEBac VobliSl, e kNG

t hreaded iansxhabBembbMidg chayorpeneal effestst y and positioned between the
upper cone and the basal cone, the threaded insulator having a threaded,
femal e contact receptacle for receiving a bottom portion of the upper cone

and a thngadedmedBiding AREAGH BEIAG Cillin | WRELL A LA As@pPNt NO W Lhin a

top portion of the 0 wherern t I nsul ator supports an
ef fi ci ent namelprgxiofateato acondwnivewaiting sile foo aredinhymbleecantosomtHoagingf t he

basal cone and the qung .cone. 17 Ttge ant enn assenblaé. f ?l ai m.16,
wher ei n t REOBIRBHEAtIORS fFvigesronnesied t9rtae cone assimahly a3 o ﬁgama%raen%emeen
the upper 1GodectafthehBic §88M fof PBatichhyltfle dedn200deA8. The antenna assenbly

of Claim16 further conprising a coaxi'al cable for

16.  The antenna assembly of Claim 1, wherein the cone assembly compriseé a basal
cone of conductive material and an upper cone of C(;nductive material, the upper cone
mounted above the basal cone within the vertical plane of the antenna assembly, the
upper cone electrically insulated from the basal cone by the dielectric substance, the
dielectric substance comprising a threaded insulator having low permittivity and
positioned between the upper cone and the basal cone, the threaded insulator having a
threaded, female contact receptacle for receiving a bottom portion of the upper cone and
a threaded, male contact member for insertion into an opening within a top portion of
the basal cone, wherein the threaded nsulator supports an efficient assembly of a

common junction formed by the combination of the basal cone and the upper cone.

17.  The antenna assembly of Claim 16, wherein the bicone insulator controls the

dielectric capacitance between the upper cone and the basal cone.
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carrying el ectromagnetic energy to and fromthe antenna assenbly, the

coaxi al cable having a center conductor and an outer conductfaiuly 20024 center
conductor passing through the opening of the basal cone and into an

openi ng extending along the length of the 5 threaded insulator for
connectiongto t : i dihg. | [y oadi ng of a
| ow i rrpedggbe (;I?)]g)?lﬂ %Pﬁ% ?%ﬁrg%tyscg(‘%{# ¥6n§&m%fggd%ﬁna%% gdna%gdtl gélg%%rl y of Caim
18, wher eicarrying cetrbmagmtioadnetzgito aid frive thoakemla asoamttle, the cexximiesttled t o t he

upper cone via a receptacle pjn positiqgned at a tip of the center 1
conduct or TaY g ateREprabop S PaRonguT R Bl BAICHGoPHE THBER cone
when the PHRLiMEAUTShd @salwo%eqﬁ@iﬂt@moﬁé}ﬁng %ﬁgﬁ@ﬁgﬂ% 16%14?91?@6' e of the

t hreaded i nsul ator. 20. The antenna assenb aim 18, erein the
cent er Scoriegededringyftatohior cormectadn todhbigper somd, derehyqubvidingandidettad to t he
upper conff a@/ a?#ilroeclt el.ectri cql cog&l%cit formed by 15 the connection of
the recep B Vi Fvon{pﬁgalﬁﬁﬁg?x %15??8 {ﬁgpélt?ﬁ‘ avoi di ng use of a sol der
joint for the electrical connection of the coaxial cable to the antenna
assenbly. 21. An antenna assenbly, characterized by a |owprofile

confi gur atlPon, Tfh@rante@mﬁnbla'tqfrﬁéalm b tvherein therqeates repsicor ot Bepersithg : 20
an asymetrd = I . i . | V

ol ot ommerl T B B PR S RS AT e bR P piSb AR T e S
t o an10antcendi@] theeaicptatieeibexontingise abbyentenethe upigr dowowHectheve basal
cone and a conductjve upper cone nounted above the basal cone within the
vertical PPRFEONSHS @f?@d%ﬁhﬁ%@@@ fentgct reeeptacleofthe @Fﬁﬁée@ném@mr-, mount ed
to the upper cone within the vertical plane of the antenna assenbly,
operative to radiate the el ectromagnetic signals in response to passive
coupl i ng @b. t h&helastcnnoasmgmbly of Aaignt8, wheyeit He dehteo nenduaws efithleycpadnad a

coaxi al cabjJe.far caryying el ectronagnetic signals betwen a 30

Communi cathBihds Qevicul e eE b TRCOICH bErh Bl GaLs lme B per
cones 45t hghCQnk@lonCAThEreCQIRIE HinN8 1t PRt Edtle, 1heRBY GORARGHRE of 8 sb1B&r upper
cone and electrically isolated fromthe basal cone and an outer conductor

connect ed jeipt for He deptrgal comectiarsofithe godxyal 20014 t@the anteana ptsembly. assenbl y
recited in Claim2l, wherein the basal cone and the upper cone conprise
asymmetric, truncated cones of conductive material, the basal cone having

a hol l ow and bedd attiapesscadl, cikihsieiifdt by low-profidy\ednfipurdtiagcfoghar act eri zed
by a 5 broad base and a narrower, flattened upper surface and the upper

cone conprPBIHEIGHHNE eleglsornagnetin sigpai- GMPNSEIE 'sol i d cone of conducti ve

mat er gl . an asymmetrically-shaped bicone assembly operative to passively feed

electromagnetic signals within the vertical pI»ane of the antenna assembly to an
antenna element, the bicone assembly comprising a conductive basal cone and a
conductive upper cone mounted above the basal cone within the vertical plane
of the antenna assembly ;

25 the antenna element, mounted to the upper cone within the vertical plane
of the antenna assembly, operative to radiate the electromagnetic signals in
response to passive coupling of the electromagnetic signals by the bicone
assembly; and

a coaxial cable for carrying electromagnetic signals between a

30 communmnications device and a common junction between the basal and upper
cones, the coaxial cable comprising a central lead connected to the upper cone
and electrically isolated from the basal cone and an outer conductor connected to

the basal cone.
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23. The antenna assenbly recited in Caim22, further conprising a nounting
el ement conprising a non-conductive material for nounting tHd JupgO4cone to
t he basal 10 cone, thereby electrically isolating the conductive surfaces
of the basal cone and the upper cone. 24. The antenna assenbly recited in
Claim 23, wherein the nounting elenent is operative to accept the | ead of
the coaxial cable, nounting el enent shielding the lead 15 fromthe

conduct i v@2sur fieentzhni haechbbakcicadia Ciaich 2, wéetdimthetbagal lcoadlandthe appaact with
the conductive surface of.the upper con the_reby%%%iulti ng.in an active

feed of t If80C EYTRRASCSEYMSHI S tryp PERHO foadygiysm ’.th9§‘?‘sall'9@wan_t enna
assenbl y ﬁﬁ@ink%%o}ll@w%gib@}(l%ﬂape\ﬂ*l%ﬁﬁgﬁ}?ﬁ&? vaﬁl:)aeﬂa% ﬁlrgaﬁgghmzae I Ses a

cylindrical prn of conductive materfal, the pin atta to the upper cone
by anbi ndupasthaseambapareywarpliaitendd wpeniswfadeend ére uppat cpleanmpeikinglae ant enna

assenbly. .26.. The ant enna, a nbly . recited in Caim2l, wherein the antenna
el ement ¢B -Frsléagoév '@Eﬁq?d’(%?ﬁ‘g%%t?éf?wcﬁﬁ? ’éﬁafeﬁllaf 25 27. The antenna
assenbly recited in Claim2l1l, wherein the basal cone is nounted proximate

to a ground plane conpri si ng a cover plate of conductive material for a
ceiling or23wal IThepntenagassgmblyrecited in Claim 22, further comprising a mounting

element comprising a non-conductive material for mounting the upper cone to the basal
10  cone, thereby electrically isolating the conductive surfaces of the basal cone and the

upper cone.

24.  The antenna assembly recited in Claim 23, wherein the mounting element is

operative to accept the lead of the coaxial cable, mounting element shielding the lead
15 from the conductive surface of the basal cone and directing the lead in contact with the

conductive surface of the upper cone, thereby resulting in an active feed of the

electromagnetic signals to the upper cone.

25.  The antenna assembly recited in Claim 21, wherein the antenna element
20  comprises a cylindrical pin of conductive material, the pin attached to the uppef cone by

an insulating adapter mounted within the vertical plane of the antenna assembly.

26.  The antenna assembly recited in Claim 21, wherein the antenna element

comprises a coil of conductive material.

25
27.  The antenna assembly recited in Claim 21, wherein the basal cone is mounted
proximate to a ground plane comprising a cover plate of conductive material for a
ceiling or wall-mounted.

30
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