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low-profile antenna extending beneath the surface of a conductive erclosure cover
that serves as the ground plane for the antenna element. This configuration achieves
high antenna gain with a downtilt-beam, omnidirectional radiation pattern, which is
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conductive encl osure cover that serves as the ground plane for the antenna
el ement. This configuration achieves high antenna gain with a
downtilt-beam omnidirectional radiation pattern, which is highly
desirable in an in-building wirel ess |ocal area network (W.AN) application.
14 July 2004 | WD 01/45206 Al Published: For two-letter codes and ot her
abbreviations, refer to the "GQuid- Wth international search report. ance
Not es on Codes andAbbrevi ati ons"appearing at the begin- Wth anended
clainms. ning of each regular issue of the PCT Gazette.




I 14 July 2004 WO 01/45206 PCT/ USOQ 33548 QOVNI DI RECTI ONAL ANTENNA UTI LI ZI NG
AN ASYMVETRI CAL Bl CONE AS A PASSI VE FEED FOR A RADI ATI NG ElgMeNT2d04

TECHNI CAL FI ELD OF THE | NVENTI ON The present invention is directed to an
ommi di r ect WI“&O})O antenna having a radiating el ement t%é‘/dsﬁo&?&Si vely
fed with e ec{romagnetlc signals by an asymretri cal - shaped palrr of cones
or discs. The invention is particularly well suited for lowprofile
antenna applications involving the transm ssion and reception of data in
wireless |ocal area networks. 15 BACKGROUND OF THE | NVENTI ON Low profile
antennas are desirable for use in in-buildin wi rel ess | ocal area network

(WLAN) applORBYIRIRECHIGNAL ANTENNAJSERL1A ANASYMMBTRICALL 0 bal ance
the requi remegicOE A8 APASSIVEEEED HOR AGRADIAMNGHEIFNIENTS for

i n-bui |l di ng conmuni cati on applications when the antenna is limted to a
physicaPIy smal | structure. Antenna designers appreciate that antenna gain
can be inproved by placing the ,,radiating el enent above a |arge,
conductive surface, such as a ground plane. A large ground plane al so can

support 25 | i pattern. Common design
requi remntﬁeﬁ%mggxg%m%oﬂ | e antenna_are a conductive
materi al conpri si ng i&er present anyentioyeiss dicated, to yai camnyditggetamal t han 5

wavel engt NSmiditss ROWECtd VeadTRiiRs | dlerf@it GREP' iSep&isiVdy FegOlviith surface
or agrid h:ilw n(gpho es of a qlgfama er Iezé thei'ﬁi 0,1 wa(\éfl enq%th. .30 Al t hough
an infini t AGCTAPRENGHGETR]s B & gryvmpEcal-ThapsH S o ¢S B A5 onduct i ve
surface, cdiweninvenéion| as- padicularianwelinasudtedi dos dwerofile eantennal est at e”

constrai nt %pgﬁ%aﬁ%y@ﬂ%lﬁng ¢ RERéthiRidDARD @@&pﬁiroﬁ of 2R inl Wivel®d in their

per for rranccioca/l a%ezrl%cei%glqmgr ound pl ane size and the

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



limted physical size of a radiating elenent within the practical 35
constraints of an indoor, workplace environment. For exanpl ey fpfgpal e 1 14
July 2004 antenna having a direct, active signal feed and constrained by a
| ow-profile configuration can |ack sufficient gain to support effective

Wi rel ess comruni cations in the high nultipath environnment of a typical

I ndoor WLAN application. In prior antenna designs, designers have achi eved
addi tional gain and desirable 5 radiation patterns by the incorporation of
stacked cone and/or disk elements as part of the antenna assenbly.

Convent i ambemina daviegreadicas, gtise Bipnel fotdlaay ednseieddy dilek-psdfip ednfighratidnt s

t hat operate inféandenlto refl ect_ el ectromagnetic energy in a manner

similar 8 lpgauitigentgay fo supreid sHECt & WissiessrGogmmup cations 1y s s mydtinathy s o

stacked BhGoRhealoraGIENMdo WOAMapBliciohay Of radiating elements.
typically fed by a central coaxi al P ed or a waveguide 10 distribution

net wor k. For lexgmyl antermnadiesignae dengrenn have schjavddasddiéenl igapl end desidablé t h
st acked vert.ical,, holl aoaw conical. el ngs,to eli,m e . signal reflections
ondBo RO Bater hy She B RP ainR of Ttk SohermalD A CISRARE s Rt L s
have notapgeik biss@fblyNCdR¥sicial anfdias afdsBink SHave SerhBlBid @8n&br AidkoWpEPTil e

antenna application involving mninmal available real estate. 15 In view of
t he for edonends that epssefedix fandemto reflect doptpmmedznetic energyhine myee minfibyr tohaN

appl i cat ] rovi des. i ncreased. gain and,nmor.e desirable radiation

or t e neStanteh {inB Bt RRof ARE RS FEIAR R RES TEC R GHAT eieRitd e

| NVENTI QN 20ayT b€ rpdigsahelenitv@ itiital3r fudi Bes &dnfal theadlt fead\orrd agesgayer the
prior art bg providing _a IomfProfLIe antenna to transmt radi o frequency

( RF)10e nedigiroyinamnetwgrK. Jéor rexamaleg asdipeope antepe dasizp et beers implomientsd | with or
data tr L3S ' I D= | gl L T | _ @ e K. N) .

i genoraied Vefiltal hou Boniil| difihes ¥ fbBRte SOAE BRIl el e
havi ng ecamtenh thiaed widkle boweves Uhtseqeia atignah elesiph Tdvepas sixibityd tiec ghyseal a
signal feed froma 25 vertically_ stacked pajr of asymretrically_shaped cone
ol Shrant STl cGRE AR B B e o RIS BTGNS VRSB b g oot
central lyked by a coaxial cable input at a junction forned by an indirect
coupling of the apex of each cone. This inventive antenna assenbly can be
mouried wi t h Ia waevand thedforegoing e need keking-fopa ivvegradile husomasysteint Fort WEAN

| o prof ) SoBRLETNA pIXRE AL, &Y SROAY RS°ALRe B Akb) BBk R 5 cover
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



2 14 July 2004 In one aspect, the invention provides an antenna assenbly
conprising a cone assenbly conprising at |east two structurasiupf2004
conductive material for generating electromagnetic signals, a dielectric
substance separating the at |least two structures of conductive materi al,
the cone assenbly operative to passively feed the el ectromagnetic 5 signals
within the vertical plane of the antenna assenbly to an antenna el enent;
the antenna elenment nounted to the cone assenbly within the vertical plane
of the antenna assenbly, operative to radiate the electromagnetic signals
i n response tin quasspece themdentpngirotiies anedneging assembbt cenmisgzad coney t he cone
assenbly. | another.aspect, the present invention provides an antenna
assenbl y‘?ss?fﬂn‘&]V&BF’QF‘FI?SG leggs tygp S‘amfw BE eAmduet egpetegel fax sgsrating,

COMMUNI CALdREhZh85d £ 90RY A¢hd1cctdt SfRlafce ge@g%még kGt Mdst (ARV%FUBLFds @l | Y- shaped

bi cone assenbly operative to passively ectromagnetic signals wthin
t he ver t¢ondictpleanaend], thh eommaseemizly apsmatiin (o passively deviddhme cettamagnttic t he

bi co assenbl y, . ri.si.ng a nductive basal cone and a conductive upper
cone%em)u‘sﬁg’lg’t[g;O gﬁ%&ﬁ?ﬁ@x alo eogg}?eangﬁnpﬁia?‘?ef“ﬁg' Pérantepa ﬁlﬁg’ﬁﬂ"’_ T‘Ff’émﬁnt enna
assenbl Yslembigt rdintd thd &R AbsentBdy Miffn R veRfeall flabPBBhe GABAIMsEdhBlyL he
vertical plane of the antenna assenbly, operative to radiate the

el ect r oneRgIdtviedo sidigiathe dlestromepeniissignalsgn sesporsedo ppisiviegeating ¢ithe

el ectro gﬁg ' A t | assenbly; and a coaxial cable for
carryi ngae eé’{‘afgé‘%é%% aﬁ%%?ﬁ%g?es%sg'ﬁ&@én a communi cations device and a

common j unct i Branblenapact the peasad intditiol PR deQRRStenh s Bssei@bBX tidradtétiyled
conprising a central |ead conpnected to the upper cone and electrically
i sol 8t e PR M BrafilheoHiE EAtion oioE copmUBIcatiRg dpClramatneli o Siabh FeBPEYNE 80 t he

basal _ . | b L .
v pr of 1 Ericti iy SR e as BRI LEREN, o MR RS St e SED,
bi cone deghigrihewdrtica phas of e antenad agsombhntoaniahteana elemeari) the beotie agsndblyli pol e

el ement. A feed signal .can tie delivered via a conventional coaxial _cabl e,
ictiyehasql cg

whi ch ceffPRRIISE 4 G& Re SR RAYUCRATRRER FaRS TuRldebose Brediealt s
mount ed Rkt @Rk pRIEBR o-ankha SRR, bk ink S1cHRAE nidintlasb pldut €

el ectromagnetic energy froma source to the bicone el ements, wth
centdr cempsucansrwithin theecriach] plane hithe ppenna amsemblydopdngiveue eadigotiguct i ve
sheat h or. (Er{ﬁ)sh connect ment s j ch are

d.to the |ower. cone. T bi cone el i
St acked PTRTRECRE BT EaroRsrs HHeoys Eanee e dsPBom e sry PYabE oc
at a Compibehe d48EhB1 9 ankier dagiabyabid ol B5reYing electi®uadRc t@nilbBe@RexX a0f each 3
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

3



14 July 2004 cone. One or nore insulators also can be used to separate the
conbi nation of upper and [|ower stacked cones and a verti calfynpeogsed
di pole el enent. The dipole elenment is supported within the vertical plane
of the antenna by the upper cone. This configuration results in a passive
coupling of electromagnetic energy within the vertical plane of the 5
antenna assenbly and to the dipole elenent. The bicone insulator, which is
nount ed between the upper and | ower cones, can provide the sole mechani cal
support of the upper cone for one aspect of the present invention. For one
aspect ofoneh@nproggaere insnlgntsi alsy carhbe wsebtresipasid theorontanatmongl iper and

t hr eaded, | | f < conduct j ial, havi i nt UNF .4- 40

L oo oo st s @he 283, L EH R Y-SRt Bolen et arhel HERia. e iine o

of the bigpoked ReiAIR varEGE Mdme dfiBie RAIMAMLYI the Qli)ptfzrh&n'ép@'ﬁfs &ﬁﬁg%ﬁﬂent he
e

mal e contact nmenber fits within an opening of th ower cone to formthe

common | §AEtS Bna massike souiagugipeectenpgnetie energl evighin rthe tvertich planpjaf dhe

i nsulgat or_.cont i i acitance between the upper and | ower
conesf’(.’j1 @et%nausaé&%rﬁ%)t'%gdn@etﬁég%%%uec?@%ﬁof t he coaxi al feed cabl e passes
through an opEe bigohd insniatdrd wihichoiembistud detvecarte wpp& drddelowepbnéNgn thi s
I nsul ator provides_ the dielectric |loading of a |ow I npedance coaxi al

t r ansni sRP¥e| thesolg meghanical Supppst i WeedPheh £one HPE oae rAsPerat 9fotheopresent
conpone ' ' ' apd in
he abseng - TRE onf (Bfcl 67 (RO LFRRR FASMRS H05 BIBNE Siddln paRbSRR o
cabl e t othtdadedanisehata aftioatdondddtive mateniyg dravingaar mteraaiSUNFpletienidbndan of a

I ' t f L el i cati i gat|ons, such as
el Pl BordR Rl i 1 R G RA rocepE el B MECES H A TaegoR
connect i @B bditbM tih Sahé upgkr ORI M EHeGRAL @SMh& NAHE s FihIH

; . 6‘;%&1%1_5?, ke
device. In this operating environnment, the emtter elenment of the antenna
i s typi clawey consuatfotm e pammios (iretion betweso nlakispriev ené hevarswne eleowatsy The

operati as a_copductj v ropgnd pl ane. .Becayse the encl osure, and its cover
are 25 P@ﬁci’%ea}nlsgl a{‘. ucr?flgaﬁatﬁs QQF?@C ccé‘P?qlt%ceo_ R ﬁlﬂee FPRT 419 loeh Fongshe
nount ed Beda@se thePRhntth Tondl RV Bie l@WRAAT fdel &ablet Risé@throh bR aﬁrdﬂéﬂﬂnﬁ%&ﬂs,

whi ch can be provided by a solid or grid- |like surface of a netallic

cei I'ionhg kirene inpuaigs and, inte she ppner samd, tafs anulateraprguides thedlielbetpr depditgof Beam
wi dth wiihi | evat i feular. t l.nation of a
ceili ng-%@uﬁ?gg&ng&r goua%@'l %ﬁgg\g&%?r%h{%hzta{"mg’ﬁta%\?‘é“‘ﬁg@s&‘?}e lsegémﬁlé’taﬁg? I?ff or
an emn t t @mpmnentadoathe igyveatiegditennd ¢kl belsyend)efwithout tools and in the absence of

any soldering of the central conductor of the feed coaxial cable to the antenna itself. This
supports a low cost implementation of a lower profile antenna for wireless communication
20  applications, such as indoor 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

4



results in an antenna exhibiting a decreased beamw dth within the

el evation plane while exhibiting desirable downtilt beam chisir Agy 2¥04sti cs.
The resulting downtilt radiation pattern is particularly desirable in a
cei ling-nmounted WLAN application. Enbodinents of the invention that provide
an antenna having a bicone assenbly for 5 passively coupling

el ectromagnetic energy to and froma dipole elenent will becone apparent
fromthe follow ng detail ed description of the exenplary enbodi nents and
the appended drawi ngs and cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS 10

FI GA i s msulid inuai sitbimanexdiitdtihgg deoreasqdl naadwidihreigentiat tlevativh planassddabl y
of an antenna for xenpl. ar nbodi nent _of the present invention. FIG 2
i's an il PAMRIFES ﬂ%ﬁlragﬁ&@wﬂ& tpoah Bapr e o, T HeubnBeYm i RGN RS of

the exepnlialdiPidBaPR is HeWMink Andihfad WLAN Splidatich.an i1 lustration showing a
cross-sectional” view of an asSenbled 15 representation of the exenplary

ant enna shownEinhodib@ntsiof th¢ Bvertiansthatprovida et matenonhshmgwe higona asamhhoed

detaid of a cross secti,onal -view of th exenpl ary,ant enna sho in FIG L
20 48 1PV IHORND D PEASRCIITED 00 58 SO PSR FEDG M JEEPEE] on
showi ng giparit Fodre thed BfiRIMing He@iled HORFIPHOE bF A kxthSINyOEmBSHIRBAIG A the
constructed in accordance wth an alternative enbodi nent of the present

i nvent i o#Ppemied dragings anthclaimsyst rati on showi ng an expl oded view of an 5
assenbly of a pair of cones separated by a bicone insulator in accordance
with an alternative enbodi nent of the present invention. FIG 6A is an

i |l ust r aBRIEF PESGURIPTHON OFSFHE@RAWTIGSi ew of a ceiling- or wall-nounted
encl gsure for_a conputjng device connected to an antenna in accordance
wi t h1C repr esBiS-his ¢ iBpdation showing aoearlededs igpresafation el ammpsssmpleabei nent

of the PLASERtrod BRIy lbGrinffl bEmaBrdskhiUfigAbhon showing a planar view

ip gBPJs : .
of the representative antenna nounte or use i nthe operati ng environnent
FIG. 2 is an illustration showing a side view of an assembled representation of the

exemplary antenna shown in FIG. 1.
FIG. 3 1is an illustration showing a cross-sectional view of an assembled
15 representation of the exemplary antenna shown in FIG. 1.
FIG. 4 is an illustration showing an enlarged detail of a cross sectional-view of the

exemplary antenna shown in FIG.1.

e

20
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shown in FIG 6A. FIG 7 is an illustration show ng a cross sectional -view
of an 15 antenna covered by a radone in accordance w th an 1al fuy o4 ve
operating environment of an exenplary enbodi nent of the present invention.
DETAI LED DES ON OF EXEMPLARY EMBCDI MENTS The ant enn [{){3 resent

I nvention isqg}r"l?z}%ri |y useful for 20 transmtting and/o C?&@é ?"ﬁg radi o
frequency (RF) signals in applications, such as wreless |ocal area

conput er networks (Wepdy) 5AVMIenA BlivstratibRtshovAR " by BRAL bPh 1 S
desi r ed. AIthough t he mventgve ant enna ca”uc%ﬁr ate as, a rmnﬁﬁo%qg wi t hout
\a t

a ground plAASS SEFHOTRISRER 8 AL ARIEAPA LONSHYLTGh b AECRIRRPF W
conbi nat i omlwmm@ﬁmbpdangn@mgqmwt vivepbionhe antenna with a conductive

grou?ddpl ane. In itSFPG.eSH{s_egnélFﬁéﬂrﬁ?dﬂ @E@wiﬁg‘ﬁnlaéﬁlﬂaﬂ@dt_ | 364 BH i can be
mount ed .on a copductive.ground plane ch ..a celll ..le or grid. For a
Tooeal SomasSRBRESF b pG et SehRaed B b hRoRE inditttol i Sofhulbef o
surface of with agraliemoatpveerabodineiafthe pressnbinvestiony a custom or exi sting
fencl osur ed_cover , SUPFI@.%A{’E@ Mpﬁsn@?ﬁgﬂwﬂya @fbs{s'\éﬁ@ttiﬁﬁaglf-vi@ﬁv @f§gealker

or an audi 0.,0r pagi ng SYS W e appreci ated.that _a ground pl ane
s useful (i nar wal-mounidh pnclogie foga ComBRHBE GRYiek GBS ARd Wi t hi n t he
el evati on g amtenna m pegardanceawith hecprosdntalavd operatinganvgrammentfoane wit h
the ir‘l\Oentng&cei‘ﬂ%Wénib%ﬁﬂhEﬁt ofthebresin® Miveridi. bi ting a decreased beam
width 35 within the v%t%ono%lae Lleﬁxhi.bitirﬁ desirablef(%wntilt
beam 5 14 July 2004 W'olr4s2 5@’1‘?%%55} ISHENE HA BN VT c® Wen

conbi ned wirthresenadivedapicane maphiede fioreyseyinathe operaitnigy enveionmenttil e, the
antenna i s ghpRhtid FiGo@anected to a communi cations device nounted with the
ceiling enclosure to PROLt & VALAN. nsequent | t.he em.tter. el enent of
the antenna typical l lff‘g oF ﬁ’["éuﬁ%‘ﬁ#@% %?%W%’aqatoﬁ%s?crﬂ% b\pc\gfofaaq oom when
t he antiénnamntenmaneenared byer pademe in accardance wiith ag alternativigeoparating as a
conduct i ve @ftdnentof¥@ exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
The antenna of the present invention is primarily useful for
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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Exenpl ary enbodi nents of the invention will now be described with
reference to the drawings, in which like nunerals refer to t{Q juykepoal ements
t hroughout the several figures. FIG | is an exploded view illustration

showi ng th I y conponents of an exenplary enbodine ant enna.
FIG. 2 ang'o%lé%\gm side and cross-sectional views of an%@@%‘ﬁ%’?gg ver si on

of the ant enna illustrated in FIG 1. FIG 4 shows a detail ed yi ew of a
coaxi al i nighfA4&dtRest MWiReEthBInedaRItRN BrokRl pRekUhplonRneQRkyad cabl e

i nput, a nonc nductlve,ladapther, a bai}s‘ial cone,, an_.,{ nsul at or, receptacle
pin. and aROBARERVE ofEIlmE (e oiHe; IR ofSo Y PERLY A GRESH (10 Ant enna
are pri mar icoynmanpications dewicswmonntashwatht thenceiling feneiasuire to supppds@ skil | ed

in the art wirlANapPT@Eeghénttyathel Bmifibt @éiaehs of ddhe0akpak! 8pRéalBHpporting
recel ve _operatj ons base ectromagneti c

on taethrem rocal. fl ow 20 .of il]!)
si gnal s3f 0P AVERFLC JOTAH &Qﬂ’ég‘aﬂeﬁfl?,rf’f)ﬂ]e Whegy G AREIT 5 | o4 at i ng
or emitter nebumedtpdrpendipelar hy @andiliag Alle epatatingpas atdonguciive gopend of
transm ssi I(iﬂaﬁéqpl ications is also applicable to receive applications

i nvol ving reception gf electraq tic si |s by this _aptenna .elenent. 25
As shown in FlGs. 1-_%’(615‘3? eﬁ%ﬁ%%ﬁfseﬁﬁg% .lﬁﬁig?geglﬁanﬁ’g’sal?e cone |.
an upper caescidbedndtiaraferenice teltherdrawmgsTine whaehalike snenaralsarefer ke upper
cone 3 1Hor Riz DehRhes HroiBRGutAYisBdera] fRAUréRl FIGNTE an explodaflviw t he apex
of each conﬁ %%FI S fﬁd 5) ectt onapgnetlc energﬁ b% a .transn ssi,on nmedi um
such as a dBUSFHIOTasPRVIg, ey PAIBeY, EONPREeRs Phcal SR Yent r al
junction t emiydimestiof thepaicane. ddtls. 3fandnd showeddde andgoss-sedtiomaby

el ect (rjl g aL'vHex'v§ @,g%hl d%geﬁfﬂlédc\%?ﬁ'ﬂtéﬁtc%ﬂﬁﬁe %ﬁtér@ﬁqm@ﬁ%&?mq@q-. tFI‘G‘.ltf nsul at ?r .
provi ae y,an a e connect s e: u cQn 0 _aq ver cal ly-nounte
Podiat i ng SPemst SIOREERt iheoti RbiNeHRch b Stpflat aicibgns 1

pr ef er a5l y ihcluding\a deaxiwheaklsapput, sHeoncendupbve pdapters basad c®npy atter abl y

has a narr qusaang,. ahaReptatid ik Alde ahashpsYeomRL. 1 i K#ofihl fradbiissi®R4 WO
01/ 45206 PCT/ U OO”BB? configuration fcir t.h al,r cif cones 1 gtrllg 3
e athéd be ection

supports t (PPEFRRATS, 8 fenna arc primarily exp ow’ In conf
with FIGs. 1-4, those skilled in the art will appreciate that the antenna is

also capable of supporting 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 electromagnetic signals by this
antenna element. - il
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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of electromagnetic energy to and fromthe dipole elenment 5 within the
vertical plane of the antenna 20. The asymmetrical shape foridtJuly 2004e pair
affects the input inpedance at the central feed point |ocated at the 5 cone

junction, i rther supporting a relatively broad opgL Q%!
frequency %HL@’%’% the antenna 20, and increasing coupl’ 126402 e di pole
element 5. The basal cone 1 is preferably inplenented as a truncated,

wi de- based, Bﬁﬁgu&‘?f&rfo?'tﬁg g@hm O80T aAd S §ﬂ ytheqﬁéyﬁkl d‘:ﬁjplﬁ‘% material .
A represen | on,_of th an open

fat
base and’ ao? e;‘?‘i%%% IS, ggeovxfﬁl(iﬁ?%ﬁf‘ .‘HBO eglg}ﬁq%a “3 Pt e. The
i nsul at or 2ertidat plaes of ithe dnégma B.c ol aspgumeiaeal shapebier thewened to t he

exterior p%ﬁi &é th® Snp@sahp&RiRe lat thweﬁﬁhl Yo pbﬁﬁ l%Qﬁ'iTeﬂaét thgperture of

t he cone. asa

con %’g‘ﬁ‘ifn]ébe Su rfo%‘ ﬁaé Zb a {lah 7, which
i s useftil F£ORE JBUA ?Ir‘rg“f e 5t fid IR P08 bgl?q‘rﬁ 2udt et ure.
The upper fimqaescy sangeeforrths lapteamai 20, endatcreasingaouphigigeio thealipolst sol i d
al um num @Terﬁéﬂf‘d arly conductive netal. At the narrower, basal end of the

upper cone 3 IS | recess,sized.t acco dat e a 20 in [eceptacle
9. At the broader e@b‘?ﬁ)g fal T bes prefe ?me%%e?isasa ‘?’ recess
sized to amdmhaded ecohe ﬁmmpgdlrlgasaiunﬂnwnnmtccmdmmﬂarb/ cmwuqtma cal
adapt efg4. gms? r&%htsaﬂ@ 1eﬂ1eﬁmﬁﬁpé§ﬁieh9asup@6ﬁe qol@%o?nowo the
rod- Irke eele gla\%‘e &: ertéc V@‘H@ eantt?_nlga

The. di pol e valTbABrEPS ParGaRd Siehf EpPh ek, vaEN Softagh® 5, RS

typi cal | y appitoseed Ther insulasony 2y @bﬂ;}odsscmdea%atblgmmul@t@ galalbfban be
carried by nfyidad Wé;&@noﬁgeﬁwﬁ @ﬂﬂleqﬁishr/&r&di t@pﬁ:ar@rﬁtrtﬁé ckHial i on

| ocat ed between thg Cgﬁlﬁé Eﬁ t;%) cone JThe |n§ul ator 2,
whi ch pr ef 8PEBIF RLDG ‘F(HW ¢ |‘E§°rtf’e R'?r f’\}PP‘?fEeMJnPe % this
junctias batsudator Botwhicheis wsol for monwtingathg antennggertoctheedssirgtbr t he

preferred gibatittRucndrBe transm ssion nediumis inplenented by a coaxi al
cable 8 conprising n..qut r sheath 8

oyl i ndri caladapt or "TBE RRRr SRBE LS BEseBbty mnvited: aolApERLghout i1

| engt h, i scposiofisolidciluminum, or similarly conducttve metal. At the narrower,
basal end of the upper cone 3 is a central recess sized to accommodate a
20 pin receptacle 9. At 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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within the hollow portion of the basal cone 1 and receives the coaxial 35
cable 8. The adapter 10 establishes an electrical connectionghgfyw®ma the 7
14 July 2004 WO 01/ 45206 PCT/ US06/ 33548 outer conductive sheath 8b and the
conductive Lor surface of the basal cone 1. The cogxi cabl e

conduct or égéﬁkgﬁds t hrough the | ength-w se opening of%?ﬂgk'vp? dri cal
adapter 10 and protrudes through the central aperture in the upper surface

central  openyEe enductesiIl 88 ang 188 LBhd R RRNANGIGY subaeBHTTRE DRI D ol
ext eri or po??l?‘tgnlr gﬁ‘? ﬁ@axalﬁtP%]P&O&S‘f"iu%écgéa?ﬁ?n&c@ﬁ'gu&, t %gc‘{gzﬁﬁ’i’ﬁﬁt es at
t he conduct openipgnef theepylandricd) gdaptari Hhedd protrioidas dhromghstheoferittad upper
cone 3. Thegﬁaﬁﬁe fORR Lpp&idsiitsce BPfhe HASH coneMli ClTha'@ndaPoaked 10 by

t he insul at , ,operate tandemto greate an el ectronegnet)c.field
wthin the. Gendiicet S Panes dh D A hetral OnEoTuid) TN AOIDHHICH 1 act i vel y
fed to the positioncdsshadsny .toJhecttenar ippriien edt thenapprate cofetter hysdls
typically s i1e HRindRRe t | gl il onduct or
By Wi ch oo, Saie itflqtiége%i it TR0 RoPALPRYHin HeReFBEIS o' pb&HoRed oM T
el ect r omagn®E g ATEFEHS ?QEPB‘S/CQIW vertically-stacked array of the basal
cone 1 and the upper Tunbaszl seseilvaid, tHeeupert domed’ pohiehedrensepardied whi ch i s
verticajdy gRYRLSHs@ARNE2! Hera®Nh findeih Y6 Ichedté @l %@g@&% ERE fRildt he
i nsul ati ng adapter 4. .Th fentr nature of the feed t e coaxi.al cable
hco a pacr Wai i veribat ARt dge AlehaaStotly whdhe el AHETe a0
respecti ve faehtto atheabssoner essembdyi n Speeifumllyl, i slectodbmegeetic amepgetisc ener gy
to the di pobg,i% IR POAhE MPPBLBEAES itRibugh AB c8aRiall chBidpRRLtdradi ation
pattern. Th 8; i epcou | 1.ng gf electro et ¢ energy to (an frrorr) t he
i pol e e enivt HBIGH ??Wma{éény eepBseeebRalie b 4t By (RSB oTBRal by
t he di ptd e eliettrogiagnefic diald oyeated hyathedveyticallyistacked eriayt o£ the B8sahs shown
in FIGs. 3 , [ ' ; 90K, sheath to
ot 4 arld eIy icRge & pAivedP TR tHéLk!(iE?Ia ERAEHE 150 Fwitieh

e Lo LR ol B0 18 S sy UG

insulating adapter 4. The central nature of the feed by the coaxial cable
into a pair of cones, each having a symmetrical shape about their

20 respective central axes, results in the 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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central coaxial conductor 8a actively feeds the upper cone 3 by extending
through openings in both the basal cone 1 and the insulator 12 July 2604 nat e
30 in the pin receptacle 9, which is nounted within a recess of the apex of

t he upper gﬁpﬁ The insulator 2 isolates the conductiv of the
coaxi al #®8uctor 8a fromthe conductive surface O?Cf/ﬁégogggg cone
1. Siml arI y, the insulator 2 also physically separates the apex of the

conduct | ve %UF%%‘&“%W%“&&“"P%&“‘B%@ (i p0 IMETRRY d aRLer fRA, O 20
I Lo L i W L e A S At
t he ant ennahaﬁrepm«nllplme af t:henqmerfcead 3 amekihietgroyndédbasadeone dnelle and
creating a g@:gl'affﬁb% CwRi@rid Hg&gi%@ée{l betwédif e §a'['%o}i€r1t hﬁ&'&xé" %rOf the

upper cone n rqu asa su at or
i nt er posed eft PH‘% @‘A%aﬂ? d%f’hjet?l c%??é'l ghe QPPH@; th| s
el ect r omagredements sl aliannbn deﬁnd:ﬂlabwéha relative asymmetryed)ﬁt}mrin&sal f0BE manner

defi ned by]} gf,pé/f%mnetry of the basal cone 1 and the upper cone
3. The insulator 2, t er.na |velé cr| glﬁ S thebb cone uI at or,
preferably provides JBFRAQL - fran AL ordesgibg a%pg\?r 1%11%0ne 3.

For an exenpbalagore rpmﬂtraidyt providesi ﬁmumie anecharegdr support of thp egper

i e ohr 32"'584‘% ?“g D cpibcifighi, Me, frlubs) 2296 f e?.a@elstg
femal e cont “E?Rq EINEHE WPW?%% %‘ﬂ%t r cone 3

(and the pian rIéNébtlé)eMa @gtcmﬁhd:hmad, onThortopopodiont loé e m&nlﬂttarol 2
i L he G R e i B g
al ong the | hcQgte ?‘héaq%ﬁ A% éﬁa aﬁﬁe;‘{h ﬁ@t@éﬁt@ﬁ %E‘oﬂfiﬁﬁ?or of the
coaxi al 15 abinsulatorThiconmyaises gumals oonthot memberthal earobe insertad wollant he
dielectric Rgferﬁ Gt heaBptig d@l&fd&@%ﬁﬂh@%&ﬁcén@']d An%aﬁﬂgf orns a
dielectric extendin 1n Ofong lt}(l)élv léﬁ'ﬁﬁda’f‘ Ct?lec?nas)l(ﬂa%ort %g%magcsép theI conter

conductor of the coaxial cable 8. This configuration for the insulator 2

controls the dielectric capacitance between the bicone elements 1 and 3

20 and forms a dielectric loading of a low impedance coaxial transmission

line.

FIG. 5A shows an alternate 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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FIG 5A shows an alternate enbodi nent of the antenna assenbly for
| ow-profile antenna applications. Referring to FIG 5A, an faniuhn2cd4
assenbly 20' conprises a dipole elenment 5 having an open coil 25 or

spri ng-typﬁgf??ﬂgziqgur ation, instead of the linear rod con%%p)géﬁkgsggsfor t he

di pole ele shown in FIGs. 1-4. This open coil desi oVi nor e
durability for certain exposed antenna applications, while satisfying the
requirenen rvi =] " e " n t in a
| ow profil teasé‘_g{éﬂr) ti@?{ eg?lgrﬁl?reéﬁg %i mél%g?alt%{ hg %ﬁ?@rﬁfa% ﬁ'?(ﬂfﬁl, di pol e 30
el ement 5 PRsSWEhREAPIE Sleqiomagnetic anereytq and fiom Aq %Et er 4 and
can i ncl udéntahmapherstiimlaeid thatplescrbed hbowrpwithi respat dio théantesnai2fat i ng

poi nt  Of HASHEO annEBe@RABBIe Elchittht & i %uppRR bGB RarhitsighdiieCt | Y
connect ed t he 1 e Insula

0 apex..o e.base cone | tor 2. The
i nsul at ér ’ch"d?tglﬂ?gﬁféppys'%rotlhﬁta@ger’c%@sé%rﬁ‘éb%gbve surfaces of the cones
whi | e supporting 35 FHe. S§Baptavidesodn tiHesteatioom of ani edplodedhaiemerafiaml pl ane

of the ant %@E'é}nglyléf ﬂ?ﬁ%ﬁc%@&ﬂeﬂi@eéf; £ RirkhHaRIr 33 2t BorRBE With 20° . The
TR @

pair of asy tri‘ca ed con an sively ¢ | e.

el ect r onag @g\]tﬁgergﬁgvgywﬁp gm bﬁq H“@%@S@ﬁﬁﬁ%a' ?Eg‘als%ner
similar to upoatthegenctdretbraiul/ey the msnksgre2tplaced betwaenshadower andn t his
ocopt 1 GBHeR oneg AR 3.oiher Adhust PORIACLP BA s SREMBRER e toweb
r ot at i Gonr T PSR B 1810 2 ecqueciieh tsrimger soBent ot <
separ at ed lgnter ¢omsiuctardta can he condected toithé upgar adnedhby iadinstngna! ary

embodi ment (af sct?rlé%v 'Fa\lseﬁtéaﬁmg&waide%%éi er BBRA 3t HRd brMGHIE 16 or med by
the insulator 2' pla

center cond %ICSPCé'ﬁc%gg%lgE}E‘%&C&ﬁtﬁﬁeﬂ?g\gﬁﬁ%ﬂndégwgp @Srhlcsﬁgi%}s’ﬂ%’ial ‘?grBZ: : the
and i ntis a ceatepoduetafla issconppeteddoribe 3ppTheone dhwithoubfivueteoof 8a can be
connect ed to1ddedRBloR OMSheset RB¥redlid ilstABd Avitlfifla Tafcalerd fedepeli€d al ong
one side of the :%E)&)er ﬁ%ge Bér ancé 4;1)_ro>(<1| mat.e ztu? t H cone r c%&gﬁée that
accepts t heleRaside ghfiscirper qane,hahd ran he adipsied by manpally tor 8ais
connect ed tthe tsee sopgve withineths' thrgadeduteceptacles e This solderless section of
the center conductor 8a to the upper cone 3' supports a low cost assembly
20  of the antenna without a need for tools.
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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sol der connection. The set screwis inserted within a threader receptacle
along a side of the upper cone 3" and can be adjusted by nanmuJaluly2d04r ni ng
the set screwwithin the threaded receptacle. This sol derless section of
the center_conductor 8a to the upper cone 3' supports a |low cost_ assenbly
20 of the ¥MBH®without a need for tools. FIGs. 6A andP6EVSHG#*An antenna
assenbly nounted for operation in a typical operating environnent of a

LAN ity erftiddirk | HOwithid Thé Ynctilkd Immtdnag%é%ﬂy chféhdsinfs IiE Of
communi cat ORI FRYTEBHENL,| Q}}FEHPE‘?&&%&\% ]Q‘Y'PEO é}aég%teg ﬁ?ﬁuﬁ’?éﬁ?l ons

net wor k. Tmrftemﬂeammhjleerﬂ@l amgh?@'rare particulawdy oedll suitgdirithisi wirelessint i ng and
associ at ed eRFhRSYERI Oisp gaﬁgﬁmml cation device, such as a W rel ess

t wor k t dojn_d i cat
Serial Ko, 08/ 052, 2 REFFIGG BIOS 58 9 bBoror fivpreseRbiag: SHBREL o i ho

assi gnee ofmbhat ponﬁgmtatl@ﬁ fppbiacked anteamd assembl)r Vs ccmlhomwlteﬁer ein by
Wt o an Co GBIt MR P6R alGHIIG (RCEESSR 1 Waled RoeAl, D
St ruct ur o, TRUMHRE e A 0% Al Shlpbud \Bab T Fifiia dharbehiofal celling po
provi ded bytikergridid2ertas aesloshre/ typicallhbonsdsm Fd)@utlmgzﬂemcet, Isachiasenna
assenbl j 20, e1Fk§3ne%oﬂJ fhcaes%S iﬁterb%néét@dbﬁ) %ﬁuﬁ'ﬁﬁﬁnéotoasﬁﬁﬁtﬁ@t acl e,

| ocated Iin eit cover. of h m El i VWO 01/ 45206

PCl YUS00/ 33%%8 eé‘ﬁc‘F‘BEm“é“‘E?rﬂ% t rﬁ“ﬁ t At aPRuGatons:  ARGAREEPR 4| |y

ext ends i ntassemmbly rldomhiclvican freeimpleCumsed byneither thh@ntmmpassﬁmbéy

charact er i sd GBoh ih/FIGsA 1L BR kAR 'a§§elﬁ91)ﬁ2@ REIGE ipaisimpar| y vel |

t Fl Gs.
6A and 6B, ‘f%m%ﬁ\g’ @i‘@ﬁt‘i?w%%%a’rt?onﬂ% %a%é’gnﬁﬁo gr'ﬁf’ %eﬂfl él gt acked
antennalSasshﬁth’l;/hﬂ snteanaraﬂscmbimm ean beverountesd dined yttpvélesaxim@e of a

fﬁla![ 'ng t I L&ﬁ% Fin M\f”tlfé‘céﬁm h}te@zc;te(gﬁ an tmietﬁl%erﬂgn?%atm@s %ﬁi_the:ﬁ?aaéhrﬁﬁgt(r)zur e
typically HBBEE?@WHB ﬁi‘q Hge 8@'%%“& ggt&qd Ti“ h o aperture it B
ceiling tile 14. For example, a coaxial cable, connected to the computing
device mounted within the enclosure, can enter through an aperture in the
20 ceiling tile 14 to centrally feed the antenna assembly 11.

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 coﬁpling 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

11



10 a wirel ess network access point, connected to an antenna to support

W rel ess communi cations, such as WLAN applications. An ant endalula200dnbl y
11, which can be inplenented by either the antenna assenbly 20 shown in .
FI Gs. 1- 4 o P ntenna assenbly 20" in FIG 5, is noun g? Lcally,

poi nti ng domn §%§1|ts ceiling location along the ceiling R?Mﬁ%%hl4. The
antenna assenbly 20 can be nounted directly to the exterior portion of the

ceiling ti 'tﬁela%sﬂfetlcldbnhhﬁrﬁiéﬁ@%b ibiaf ap 1@3{&1 C@’ﬂeb&doﬁﬁ,“l‘s ed within

t he encl osure_.angd, extend. throu erture mn n_t he ing.tile 14.
For exanp SRCETEBN,FORESH] & AL B S oS BB, 4
wi t hin ?ﬁe frequasyr signedn that are t ansgiitedn aademqweed rilpgl:tbe agtepwal ing tile
14 to centrQﬁbﬂﬁﬁﬁgguggpw@mhgﬂﬁgaagﬁﬁnbIy 11. When the antenna assenbly 11

'gfoﬂﬁﬁ”éﬁegnivihZrdeaﬁ°”duch'£ ek ?ﬁ%ﬂg slhtwﬁkée gl %vﬁ 5%%3' e

el ect rorragrmNﬁntlf)ﬂepTQVl ian antepoptassembly dnely Q@ apem gesseotlpl forig of
el ect ronagq%s*sfve@y'eé mlét:t?cﬁnﬁ@@eﬁtﬁrsﬁ trai ang tfrorhhandhRehfiael ement 5

(or the d| e §1 Th nh [ al imately
Fesul ts, "l SRR Ty e e R R

i ndoor mrkqncmlelassetetmh@dlmqntb\nd 6s ipgerent davMentien.aAnd gibet frmmereespl ary
enmbodi NNt Sciinge Q@n Bé%ﬁﬁdeﬁhw@ﬂtwma@paﬂm fomg tian sttt andl deeppat i ves in
WLAN applic _%g 0 dﬁg $ﬁm§h f fltern tive enbodi nent of a ceiling-
nount ed ant PK%?%RW%% P %‘8 WQYone. As shown in FIG 7
the antenna assenbly 20 (or the antenna assenbly 20') can be housed wthin
a radonme 15 to protect the antenna conponents from exposure to the
operating environnment. The shape of the non-conductive surface of 35 the
radonme 15 may be varied to best fit the shape of the antenna 20 and 11 14
July 2004 WD 01/45206 PCTIUSQOQO 33548 the aesthetic considerations of the
particul ar application. The radome 15 preferably conprises a nmaterial that
is substantially transparent to radio frequency signals that are
transmtted and received by the antenna

12



assenbly housed within the radone. 5 In view of the foregoing, it wll be
appreci ated that the invention provides an antenna assenbl W4iJuti2004ng a
cone assenbly for passively coupling electromagnetic signals to and from
an antenna elenent. It should be understood that the foregoing rel ates
only to the exenplary enbodinents of the present invention, and that
numer ous 10 changes nmay be nade therein w thout departing fromthe spirit
and scope of the invention as defi nedAByIS he follow ng clainms. 12 14 July
2004 CLAIMS 5 1. An antenna assenbly, conprising: a cone assenbly
conprising at |least two structures of conductive material for generating
el ectromagnetic signals, a dielectric substance separating the at | east
two structures of conductive material, the cone assenbly operative to
passi vl y 1f eed Antrntering @sseorbdyy cemposisggnal s within the vertical plane of the

10 antenna assenbly to an antenna el enent; and the antenna, el.enent,. pount ed
to the cone assenbl § W'Y ﬁqsr‘}nt; ecomin(%tEéaﬁﬁa\?ivﬁegttr&fnlf%@%ﬁﬂ?%hﬁe %ggﬁglo Y,
operative to r @ @heratifg cleb®shiG¥ae Bighhls, FdigRaMR substal @SSl BASSI Ve
feeding of the electromagnetic signals by the cone assenbly. 15 2. The

ant enna assenblgast iz stiagtures aficandictive watarial, ihe eapetaggensily operativestof or m a

.bi cone havi ng Y 1 a n. upp cone of

conductive nm g%?%ﬁ% fefg ﬁ@l%ueg%%‘%g{c]“ née:ﬁén% nﬁ%\gﬁﬁalggi\}%vgrﬁ%ﬁlgé?gloﬂ%ne Wi t hin
4

the ventical phatwesnoisséhely taah aneAnadsaeixt ynd 20 3. The antenna assenbly
recited in Claim2, wherein each structure of the bicone conprises a

truncated cone of c&HAREIYslemansmented iaithe congassambly jwithin the vertisgb t o an
opposi ng cone. ,f., -eci t i i . .
conprising a cgaxf:gFﬁlg;h@FeZﬂ?g%S%gg@g?rﬁ g}?(%{go r? %8*331“%1? Z%tganréa g{lé %gé?lﬁlnnal s to
t he cone assemnbésppndetie pessaci fatdingof the etueproinsgnticaignelstbydhe comxassdmbdanduct or
provided to a conmon junction between the cones, the coaxial |ead

connected to the upper cone and electrically isolated fromthe basal cone.

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.

13



30 bell-shaped, with a | ower surface characterized by a broad base and a
narrower, flattened upper surface. 13 14 July 2004 6. The aptrm200ssenbly
recited in Claim2, wherein the upper cone conprises an inverted,

narr ow angl ed cone of conductive material. 7. The antenna assenbly recited
in daimZ N per

cone are conne?:hgélﬂ ?‘H 2 géggmgf &Eﬁﬁeﬁ?ﬁ %%mb?q’?lhe?&gl ﬁ%é%tg ??cgl%scuh?%'a%céép t he

di el ectri dnwuied] manoey- mgi@htmmﬁa@mﬁmﬁsuhﬁtml having | ow perm ttivity,
thereby electrically isolating the conductive surfaces of the basal cone
fromthe upper cone. 10 8. The antenna assenbly recited in Caim?7,
wherein the insyleahRhnREGERbS Iémterd%@mlﬂpi %mran% eﬁ@eﬁg&%wa?cﬁﬁé dal, the
insul ator operative to connect to a central aperture of the basal cone and
to intérf asendif thetuppenqope arccmmescteda a @oepomapinetig by theaivlettied to t he
upper cone_and op cept a conductor. of a.coaxial cable carrying
LheCel oot FofUgIEr e delssiid SoRGR I or it al S luRbh i R RmiPHOH ead

ext endi ng tH&el 168l 18018 t'hé'co@diﬁfﬁ/é«'élﬁf&fes b@c Ba®RLorfeaRSn aRdugpRf 0 the
receptacle pin via the insulator. 9. The antenna assenbly recited in Caim
8, wherei #%Bhe coaxi al cable passes through the central axis of the basal
cone, the coaxial cable conprising an outer 20 conductor that termnates in
contact with the basal cone and the central coaxial conductor that
terninates. at (e aheaepilkemblytetitedih€lgiant, er€éio @ inbulsionaeiep®a passi ng

t hough t he |nsuI ator separating the basal cone fromthe upper cone and

cont act i ngedertaclenin aheondhetivs atexigletheigsulaten pneratiyeith connegldeiacenirdled of t he

el ectrona £Fﬁ T, ssenbly
recited i % %Mrg O?B-Qq}\?\lk%ercéﬁ% e an e%en‘gﬁgﬁeré’g)e}g)oélgﬁ%rgfg%éﬁgﬁ?yﬁi nder of
conduct i veonmftc&eudltatthe upper coytlel and @pemtivathedejta dohéuampfra avaxial &ple an

i nsul ati n adapter .and nounted wi.ithipn the vertic | ane .of the antenna
assenbl y 967108 therglcomagrGe %@gaémtg P%temae%s‘?malaa '5?&?%3 lgadextending

combi pat i Qﬁl'oﬁéh g eh@s %bernﬁ'@ A HRAREAICBRE And 151&?1@19 Q@degﬁcﬂe%mbﬁ el i very of
the el ectromagnetic signhals by a coaxial cable to n junction

bet ween t hesubadores, generates an el ectromagnetic field

9. The antenna assembly recited in Claim 8, wherein the coaxial cable passes
through the central axis of the basal cone, the coaxial cable comprising an outer

20  conductor that terminates in contact 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



within the vertical plane of the antenna assenbly to passively stimulate
the antenna 14 14 July 2004 elenent, thereby resulting in radi iy zop4of the
el ectromagnetic signals by the antenna elenent. 12. The antenna assenbly
recited in Claim?2, further conprising an insulator for attachnment to the

mount i ng Sl71AEd ety AR E AR ol Bl Mo Bl R S omher o 1 e

antenna elesmmt. conprises a coil of conductive material. 14. The antenna
assenbly recited in Caim2, further conprising a radome covering the
conbi nati on of the antenna el enent and the cone assenbly, thereby
prot ecti ngst he e, Sl V4 I, e : eJhe
ant enna aggénbﬂyégggﬁﬁﬂggﬁﬁﬁgﬁg%#ﬁf?%aﬁg}%inﬁgﬁg%g%ﬁgkgggé uF%ﬁ#gJ nount ed
pr oxi mat e attactanend rudthe basak cared, therigsul atbeoffepative te eidunnife amenhesksanblyas ur e
housi ng a conmmuni cati ons devi ce connected to the cone assenbly via a
coaxi al cAMUWHBEFINASy the el ectromagnetic signals for radiation by the
antenna el enent. 16. The antenna assenbly of Claim 1, wherein the cone
assenbly conprises a basal cone of conductive material and an upper cone
of conductlBve rdeenieahs asstmeblyppeteddn faimmd) wvitesen dizoanternheldoeml cone wit hin
the vertical ﬁ%aneqy%fhe antenn§ agsenbly, the wupper cone electrically

i nsul at ed PPEHFPHECB LML ML di el ectric substance, the dielectric
substance conprising a threaded insulator having |ow permttivity and
positioned between the upper cone and the basal cone, the threaded

i nsul at or Havi rigeantepnz esserablly reeitedin GQaim Zdurthes cepipaising afradomeewsieringg a
bott om por4 i e e t hre e_cont act,. er for
Cnser 11 on A EaEhedshoAHRE e i e RO anP s o RE R o W B R R L of
t he t hr eadattnhasssbabBrfrah ppdrdmenenmml efibitei ent assenbly of a common junction
formed by the conbination of the basal cone and the upper cone. 17. The
antenna assenbly of Cl aim 16, wherein the bicone insulator controls the

di el ectri ' NG - [ . 15 14
July 2004 75, THS Tnrn ASHBE TG PRGN A b e MR Ty 2 coaxi a

cabl e f or mounted proximate to a conductive ceiling tile for a ceiling-mounted enclosure housing

a communications device connected to the cone assembly via a coaxial cable carrying

the electromagnetic signals for radiation by the antenna element.

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

connecti ongt o aﬂ%ﬁﬁé o806ty JeLiGPYe R&&}f}ggdrqlﬂ%s?naggé Ela5Eh bhle %rloadi ng of a

| ow i npedance coaxl al transnrssion |1 ne. tenna asse 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 %sﬁlWo%@%@iﬂt@B&oﬁé}ﬁn% %ﬁgﬁaﬁgﬂ% 16@1@9?@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 COQ:%%Cit formed by 15 the connection of
the recep B Vi Fvon{pﬁgalﬁﬁﬁg?x %15??8 {ﬁgpélfi’ff 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@mﬁnbléthfrﬁéalm b tvherein therqeates repsicor ot Bepersithg : 20
an asymetrd = ' . ' . iV

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 %d%&m?@g@@ 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

21.  An antenna assembly, characterized by a low-profile configuration, for
communicating electromagnetic signals, comprising :

20 an asyrmnetricalliy-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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cone conprise asymretric, truncated cones of conductive material, the basal
cone having a hollow and bell-shaped configuration, wth a14qlbr200dr f ace
characterized by a 5 broad base and a narrower, flattened upper surface and
t he upper cone conprising an inverted, narrow angled, solid cone of
conductive material. 23. The antenna assenbly recited in Claim22, further
conprising a nounting elenent conprising a non-conductive material for
mounti ng t22e upfheranteansagsemblyaretiselah Clainmcdl) evhetdiie thethysatlcond dndoik biper

i solating the conductive surfaces of the baéal_cone and the _upper cone.

24. The afPBRAUPBRSAMPIPeREE PR coprsptronductiyeapairrinlithe bavlFfieng el ement
i's oper amamgtaqmgm%]g bteh%hﬁfea%ﬁgg&r%xﬁ QAN ﬂb%ﬁmrﬁcﬁgﬂégﬁ&hﬁ%&g? & nt

shielding the | ead 15 fromthe conductive surface of t asa and
di r ect Bng bréad Hasaand anaoowacilateineduppee sudmednd theppsucdmaenmytisinganupper

cone, thereby rresulting,i n,activwe feed of the electromagnetic signals
to the up5%¥%§gﬁémoé‘§?§g}%dgs‘glhq%Wé’\fﬁg% Y§™eEEAked in O aim 21, wherein
t he antenna el enent 20 conprises a cylindrical pin of conductive material,

the pin attached to the upper cone by an insulating adapter nounted wthin
the verticddl plBsanisnng pssemblyareitedds $3aip1 32, fother Thmpasing Ampouatisgnbl y

conduct i ve Tt BrkrisiE £ 56 Soddly OPRhR £ BB Rbne RTBR Bhe f Bfhwsd
wher eitd t kengabatbycelegritalyiselHigothe poitctivé SirfadeofIhObdl rRRadgeyTpri sing a

cover plate of conductive material for a ceiling or wall-nounted. 30 17
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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