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INVENTION The present invention is directed to an omnidirectional 10 antenna having a radiating
element that is passively fed with electromagnetic signals by an asymmetrical-shaped pair of cones or
discs." 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
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gain and 20 desirable antenna patterns for i Ing communication appli e antenna
is limited to a physically small structure. Antenna designers appreciate that antenna 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 g-groLRer e |@\%ﬂf | onductive material comprising a
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1 ~app ications mvolving the transmission and reception of data in wireless
v local area networks.
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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.

' Anterna designers appreciate that antenna 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

9 o ' comprising * a rc_iaﬁvely large surface, typically greater than 35
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, chventionaI 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



antenna having a direct, active signal feed and constrained by a low- profile configuration can lack
sufficient gain to support effective wireless communications in the high multipath environment of a
typical indoor WLAN application. In prior antenna designs, designers have achieved additional gain
and desirable radiation patterns by the incorporation of stacked cone and/or disk elements as part of
the antenna assembly. Conventional antenna designs have employed cone- or disk-shaped elements
that operate amaﬂm%rgegt ARGEOMANIPHC GRBILY FeadMaRRCIVIRiRNabYf & hps,antenna.
Other prior ante]?ng %e5| ns ?gve u%%dlsfacféedu%ggg Ielaenrpe[gts to for% %r%far{la‘ieof rﬁ”%l%tslgg
%feaoBﬁ%ucfé‘ 1Pl CoHkial féed StitRivion Tetwork, Fo
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elements, tyBlrca1 C or a Wwaveguide di onne I éxample, a
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eliminate sig¥al AdNempiphisatiotio improve antenna bandwidth. However, these prior antenna designs

have not exhibited the physicalichatagtariatigad eauiieaof fedprofigRN iR RRPIERIABARYOIVIng
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possible wittFBL$tingiskielementsighdat MMRR v emaEARMRTIONORVSEtEIaah S8 /A% first
aspect of thederegeatiave siiop]ofret e tmprawidkdlashapied rdeassataithatompepaising taraieme assembly
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mounted to tAEaYoRd AsiaibN agleBisaEn B RIGatMtdaRe e ctrsivRBRbtIeaHAIs TreSeofse to
passive feedingiafgbeleletstoibagretinsignatk bl theezanep ks senddypardan gmonmdipiage foxs
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antenna designs have not exhibited the physical characteristics required of a
low-profile antenna application involving minimal available real estate.
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.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention,
there is provided an antenna assembly, comprising: a cone assembly
comprising at least two structures of conductive material separated by a
dielectric substance for generating electromagnetic signals, the cone
assembly operative to passively feed the electromagnetic signals of the
antenna assembly to an antenna element, the antenna element mounted to the
cone assembly and operative to radiate the electromagnetic signals in
response to passive feeding of the electromagnetic signals by the cone
assembly; and a ground plane for increasing passive feeding of
electromagnetic signals with the antenna.

In accordance with a second aspect of the present invention,
there is provided an antenna system comprising: a network; a central
computer linked to the network; a client computer linked to the network; and
an access point for linking the client computer to the network, the access
point comprising: an antenna assembly comprising: a cone assembly
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computer linked to the network; a client computer linked to the network; and an access point for
linking the client computer to the network, the access point comprising: an antenna assembly
comprising: a cone assembly 2 comprising at least two structures of conductive material separated by
a dielectric substance for generating electromagnetic signals, the cone assembly operative to
passively feE@RBIESRE oMhaRIGTictETgn SoF thee oMb rRRnaksivBl RS tasiahisaparalemdht, e
antenna elediriitadentedbstiiecccofierasgembiytang opexstivenipiaciate tgrelestramagretiesignals
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ed from a vertically st pair of
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asymmetrica %ﬁy H& St&td V%Itﬁt %ﬁg[&%ﬂ?énts or dISCS form a bicone assembly that is
centrally fed by a coaX|aI cabldmhadiragutictioh thempaasgah imNeItE eBu SRSk of thePEPEXIsT each
cone. This |rmgmﬁtaamadnarﬁag@mbiy@ambepmmruemyytlpmstﬁhdgrd el -gpredillagantennted 2a
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feed for an enfittEPEen®itAN0n H @@ﬁmﬁém@m mm @gnﬂn%aﬁr@ée@éww@@vgla are
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energy from a source to the bicone ts,,with the
%y asymmetric q?y -$ ape Cone aléments. 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 the apex of each cone. This inventive
antenna assembly can be mounted with a standard wall or ceiling-mounted
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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, may be
indirectly coupled at a common junction formed by an insulator mounted to the apex of each cone.
One or more insulators also can be used to separate the combination of upper and lower stacked
cones and a veglesliyansutbethdipole-pleridatamendip tipstehie nxtanding hpmate divwithial the
vertical pIanee@iﬁ;qbglg@t@m@rqhéhg@p@g@g@gmﬁﬁ@ pfguration may result in a passive coupling of
electromagnetic energy Wlthlnﬁ]% Sfﬁé{%ngf t@e g‘!}ee&:@l a%§§éHPI¥ Ettﬁe&%d'pg’é‘%] Ie[r(’gent
The bicone insulator, which is mo&g}% etwee h IOWeF cones AN prov e sole
mechanical sHEp of the Y fo?%HE ead?ggé?ﬁ inSESIEER: Ir?@'kﬁ]fﬁﬁlé‘g an
embodimentsasy thmgtresehbivversticlestge bradshalrpwlmoe daadtdmpesecattitendderimesutasorchf
non-conductig @@!ﬁﬂﬂbf@!\éﬂ&ﬁﬂ inteeRal YNA-GRHeatkARERR YNNG 1 R asHaRldbigas. The

female Coma%‘a{a%e%ﬁ'&of 'Qag'%f y LAEEELLRe %ﬁa%‘e&gf fhedppess %t & fnd the
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device. In this operating enviro men e emitter.e m(f,- ntenna’is modn
perpendiculatn?@_% @8@3&%@@‘ the vertical plane ot the antenna the upper coie
This configuration may result in a passive coupling of electromagnetic energy

within the vertical plane of the antenna assembly and to the dipole element.

The bicone insulator, which i1s mounted between the upper
and lower cones, can provide the sole mechanical support of the upper cone
for one aspect of the present invention. In example embodiments of the
present invention, the bicone insulator can comprise a threaded insulator of
non-conductive material having an internal UNF 4-40 thread and an UNC 10-
24 external thread. The female contact receptacle of the bicone insulator may
accept the bottom tip of the upper cone and the male contact member may fit
within an opening of the lower cone to form the common junction between the
upper and lower cone eclements. The bicone insulator may control the
dielectric capacitance between the upper and lower cones. Because the center
conductor of the coaxial feed cable passes through an opening in the bicone
insulator and into the upper cone, this insulator may provide the dielectric
loading of a low impedance coaxial transmission line. It will be appreciated
that this combination of components for the inventive antenna can be
assembled without tools and in the absence of any soldering of the central
conductor of the feed



cover operating as a conductive ground. plane. Because the enclosure and its cover are typically
mounted along the ceiling of an interior location, the mounted antenna may point downward toward
the interior. The ground plane, which can be provided by a solid or grid-like surface of a metallic
ceiling tile, is useful for increasing antenna gain and shaping the beam width within the elevation
plane. In partk@fxiathecediiriatiohef ap&ammpmogated dliandpaanesnppeit iavelnive sastive feed
network for ainepliiaentatiatiabig £lemarl masordisulbintanmntéanaweireibiéingcasiengdasat dieam

width within tﬁ%}?‘ﬁyﬁigﬂsglm %llﬁgé&&bﬁgﬂ%@@e downtilt beam characteristics. The resulting
ar S

downtilt radiation pattern is parsti:é% in a ceiling-mpunted WLAN application. Trggt
embodiments of the invention seekTo fieh Qfﬁgﬁ%tﬁa\%ﬁgﬂaebi@éﬁ@eggséﬁ]‘fﬁﬁ%a_ fuely
coupling electBiiBgAt! Srigydoas@nivesaadipyidhere ariingineitoind applrswtamising
following detalleddesoiptenaishizeiamplatisrobediniapteanitdnen appahdeashtinaingsrangt claims.
BRIEF DESC&F%HJ:QA}S@M[?E NN GRGHeed '%@@éﬁ@i%ﬁi@nt%hwaﬁcﬁ&ﬁw%iﬁ%sm .
representation of an assembly of an anfenna for an lary . embodiment of '%Lespresent Invention.
FIG. 2 is an IRRYSHBRSAONRG S S BB E R RIBHC P PERBAEIh SRR BE ABEA antenna
shown in FIGCQVETIGHE isyamanlistraaorieswigrecibss eeldtiomar View ontaviosdestiied, the
representatiomefitheséxeneiaiy aniennashowidoilGard. ktevatds gieillisksaiion Shawipgoangnlarged
detall of a croseysecURkVIEN LB SEMARE, A0 IRISHPUI LIS L ANOS 0B

PCTIUSO0/33548  FIG. BA IS ap illustration sh d detajl of. {
antenna constIGEA I GcEbHISHLe R HTEARUHSANE ERbEEIERCof 1B B OAIUH PIG. 58

is an illustratioil SHoviliy e atodeinipiopartislagscthblgwnhipalion core sebipgransiinied bicone

insulator in aga@dadcelane with the inventive passive feed network for an emitter or
radiating element may result in an antenna exhibiting a decreased beam
width within the elevation plane while exhibiting desirable downtilt beam
characteristics. The resulting downtilt radiation pattern is particularly
desirable in a ceiling-mounted WLAN application.

That embodiments of the invention seek to provide an
antenna having a bicone assembly for passively coupling electromagnetic
energy to and from a dipole element will become apparent from the
following detailed description of the exemplary embodiments and the
appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration showing an exploded representation
of an assembly of an antenna for an exemplary embodiment of the present
invention.

FIG. 2 is an illustration showing a side view of an assembled
representation of the exemplary antenna shown in FIG. 1.

FIG. 3 is an illustration showing a cross-sectional view of an
assembled 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.
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‘with an alternative embodiment of the present invention. FIG. 6A is an illustration showing a cross
sectional-view of a ceiling- or wall-mounted enclosure for a computing device connected to an
antenna in accordance with a representative operating environment for 10 an exemplary embodiment
of the present WOMSHOFIG. 6B is an illustration showing a planar view of the’ ¥&fi88a%4kive antenna
mounted for use in the operating environment shown in FIG. 6A. FIG. 7 is an illustration showinga

cross sectional-view of an lﬁlgy]tgm4§%e[gggyaﬁ5§dgmmg%prgﬁ%géﬂitaéfgiplaf%ative

operating envi e . X I j t sent.invention. DETAILED
DESCRIPTIOI\]E g%%%&%%ﬁ@%ﬁﬂagoﬁ 31‘%7#?%ﬁé@ﬁ@éﬁefoﬁh%%%?éﬁ%%h A% primarily
useful for 20 trAIEFHHE &8 EiRY YYIRT $RER dREGIREY -signals in applications, such as
wireless local area computeFhewdikss(WLAN)stitern ehiciwing anobspkidedpeeatiaf ismesired.
Although tise inx@sﬁfv@k}ntﬁ"rm?ﬁa@fm@egm@ﬁ@%w%@%ﬂm%ﬁ‘i‘rpé%@?g%éﬁﬁw eferred
-operating envi t thercimhinat odiment of 25 the antenna
with a conductiﬁﬁgggn%?g?ﬂéﬁglé its. preferred %ﬁéﬁgﬁé ﬁ[ﬁgl Ig%ggn}g assempbly can he mounted on
a conductive ground plane,?ﬁ% %éﬁ%]ﬁ orgt! ?‘E‘R%i%afR%%|WEQMHbWﬂ£a antenna
application, thec€bhaBctive Wahdsewnied grslerptalis i@ spmaningsliyie woamesettor existing
enclosure coveansacteasdtia tqedlicoverily amdpyesentativeropepaakeioramanei® frpaging

system. Itywill bg,apRsRE! thah ddaresmidbplanedsdsafuiesnincreasing antenna gain or shaping the
beam width within the e evatf"%} par);ei Ina%arii ula tB% c&]r%bination of the‘ground plimgl with the
h

3 rraEecrea.se\ﬁnt')%afln RIS fithid thElevation

inventive antenna results in an antenna exhibi |%g L ]
plane while exﬁﬁ?ﬁﬁ@e&&ﬂgﬁl@a@%ﬁﬁltrﬁ@&meé dRsPosNs CapeRItRg 388y B oBagaLteristics.
When combineth@itmaidiémddgiane implemented by a conductive ceiling tile, the antenna is typically

connectedtoa - FIG. 7 is an illustration showinga cross sectional-view of an
15  antenna covered by a radome in accordance with an alternative operating
environment of an exemplary embodiment of the present invention.

ot

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 systein.

It will be appreciated that a ground plane is useful for
increasing antenna gain or shaping the beam width within the elevation
plane. In particular, the comibination of the ground 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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‘communications device mounted with the ceiling enclosure to support a WLAN. Consequently, the
emitter element of the antenna typically 5 points downward toward the interior of a room when the
antenna is mounted perpendicular to a ceiling tile operating as a conductive ground plane. Exemplary
embodiments of the/hé&ntion will now be described with reference to the dralffgSakch like
numerals refer to 10 like elements throughout the several figures. FIG. 1 is an exploded view
illuitratior:]I shovgingr Haecpiiaedy Wﬁm@@@?ﬁ%ﬁ%@nﬁkﬁfﬁp@%xﬁ!' @E@ﬁ@ﬁﬂg%ﬁﬂ%@éﬁ%{ﬁ? FIGs. 2 and
3 show side an ti - Ve S versi the antenna jllustrated in FIG. 1.
FIG. 4 shows e? %qétagi:%%‘?\‘ﬁ %%?g‘mécgg%l ﬁgf%% ge%%g? ﬂgntgnrrll&efée ﬁlclﬁlﬁinag a coaxial

W O
cable input, a n%%%ﬁ&ﬂb‘fﬁié"&aa FR1CE BAUANS & dh Hirs G USRI SHRRPRF A upper cone.
Although transriidsidh. opEreiissisienths dheerfmaities prlamant exbldhsedicionairtypivadigtion with
FIGs. 1-4, thoseskite diovthevartiwib apriettiatdribat thecfhtenoerns alkercapablmehsypaaerting receive

operations basegmihe &%ﬁ&ﬂ&%&igwtaoaoée‘ﬂ%%@n@%%{i&ﬁ{g@éSaf%ﬂtﬁle%?@g]?oqﬁfdgn-

Consequently, the_referénce to a radiating or emitter element for the inventive antenna operating in
support of trandMiission applications is also applicable to receive applications involving reception of
electromagnetic signals by tHSCERVa Slebadimenta sodh e iiPERBE0D.0 7l ex@WplBE antenna 20
comprises a bakaccdresl dyHh opfseernunéhandravdipgle slewlachiikhenasahbonefdr amd the upper

cone 3 form atpiweiexlﬁgﬁmmgg@wn&a%mﬁwqrg%%@?eﬁm.tm?@ﬁg&:ﬁ ﬁ?_&&a‘f@i&?”d isgedSO
electromagnetip ANGIGH Y Wss&gegg i U ARBIARE SA0IG,“NLDSHRIEr? can be
placed at this centyal junction ically s e-eac e cones and 3,t)ﬁ i 1giectrlcally
isolating the coﬁﬁgﬁ@%ﬁﬁ,}gﬁ%@m%e ﬁ?ﬁ i%sﬁfﬂgtgr W&é@%‘%ﬁéﬁ%‘-’r‘?&l%ﬁhecs the

Upper cone 3 to/EEWe Bicamyaaseiitlad reensiimyadi heernterovdbusyated dipbléelbmBRG54 The basal
cone 1 preferallydvas a dideikaheishapd, avbetsasithateytaee 35 Qhee&@quﬁﬁsmk{rhéﬁﬁa[‘amw cone

shape. This prefgsrgdiagyaneBalisPlable input, a nonconductive adapter, a basal cone, an
insulator, a receptacle pin, and an upper cone. Although transmission
operations of the antenna are primarily explained below in connection
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 radiating or emitter element for the inventive antenna
operating in support of transmission applications is also applicable to
receive applications involving reception of electromagnetic 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 element 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 3.
The basal cone 1 preferably has a wide cone shape, whereas the upper

35 cone 3 preferably has a narrow cone shape. This preferred asymmetrical
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'6 V\/O‘01/45206 PCT/US00/33548 configuration for the pair of cones 1 and 3 supports the passive
coupling of electrgagueiig energy to and from the dipole element 5 within the vggilc@ bjd%ne of the

I
antenna 20. The asymmetrical shape for the cone pair affects the input impedance a ﬁe 2enitral feed

point located at the 5 cone junction, while further supporting a relatively broad operational frequency
range for the antenoafignamdanclenshnaiusingoethd ¢ipdd sipperts 5hEhsbeisel conglinis
prefgrably irriplem@m‘t_e!ibaﬁaﬁmgﬁatﬁqcW%%@%S@@ELﬁiB%ﬁ'%WOEavaifﬂ' Me
conductive 1o m e atign. of the basal cone | is hollow, with an open

_base and a fIatter?é%?ua&iﬁ ri%%égévﬁ#ﬂi co%%?ﬁ%@htrﬁ%@m%#m OL €8 fe&¥efibed as
a bicone insulator Péah C%Lﬁ}ﬁ%qu%é@?@@%ﬁﬁd@%f%@sﬁ@%@mﬁﬁpmaﬁtﬁmentral
aperture of thé conenthpinatiimomehilcafiithen puppedthyen hasdabvisisulbiond. whishtisuseful for
mounting the antefRg¥éhidy %g@%@‘%@%ﬁ%ﬁfﬁ%@i%@ﬂ&%é’ﬁﬁ?&%@ﬁlgt&r ?E%r%%}’ ik

e metal.

~inverted, narrow-angl e of solid aluminum, or similarly conducti e narr v?/er, 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 upE@Pc]%"i"Fé‘-bq@%‘? Leistpreterabl sitaplonacttadnasdateuhedwdyed base

of a nonconductiveyidgtpatihl ataptecdniiresoygndiloahdapteiod canngmisl BURRMI GRS to the
Tod-lke, dipof elamagtamitinihpcesicaviansatieatin - MR ARAR lemen fdgiminates
with a plast!c end Caﬂﬁax‘év%@'éﬁsbéé etyglll%fll[y Oﬁng)lo%r%d for-safgty reasqons.’An e ectromagngﬁb signal
- can be carried by%’%ransmls fon ‘mediam and deIREeTR R ﬁ%l@fﬁbﬁ%@ﬁ BefRBERLhe
basal cone 1 andaRetiFfer (;@H’e HsplaiNsdiaids e depranhadrasaplpinens [owulistecttarpdenittivity,
is mounted at thisjuoutitrddentheeatiotivthpdrticer 86 thenbakainebite Lnpei ety 3 fher dhatpipferred
embodiment, the issiitissian medtivibls IMRICBEsietBrE 0RYA! ROGHAIN H)9 8 base
15 insulator 7, which is useful for mounting the antenna 20 to the desired
substrate structure. - | |
The upper cone 3 is preferably an inverted, narrow-angled
cone of solid aluminum, or similarly conductive metal. At the narrower,
basal end of the upper cone 3 is a central recess sized to accommodate 2
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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“center conductor 8a and an outer sheath 8b. A cylindrical adapter 10, which includes an opening
extending throughqiy §gdength, is positioned within the hollow portion of the basal cone | and receives
the coaxial 35 cable 8. The adapter 10 establishes an electrical connection betweehTHESHGFESS
01145206 PCT/US00/33548 outer conductive sheath 8b and the conductive interior surface of the

basal cone 1. ThewotexiabeshiettonidhetthBbexidniie tvadabiibe iﬁﬁﬁﬁbﬁ@%@f&&?ﬂ%@%@l
cylinical adapter 4Gyl PSR TAUSILBSERAGR| APBTUE R Do aRek iope of fne Hasal
cone 1. The central coaxial 5 ductqr 8a passes through a central opening & of B&which
is positioned adjac%?%ngle(_)g@%o?}gg?f%ﬁ% ﬁ‘fiagf?é'rt HE BHLkICE ahhdhereantnak at the
conductive pin rec&PEINS poshieneppatsirtarecessthe thesapprmmeoie 3THsedeaspilconadAnd the
upper cone 3, wvhictoadusepataigshststhiitrisulakai?a DesEaia NiANICRLAIANBRS Anich is

b

electromagnetic ﬁ%‘?)s‘lﬂ%ﬁ%ﬂhﬁny%ﬁlﬁ?ﬂ Q@qﬁé)fe%ﬁg}eggﬁﬁs&%ﬁ%nvélﬁg é’ﬁ'%gt?? @gg}"lveﬁ fed to

the bicone assem )é Sp;?cmc I electromagneet)tlﬁﬁenerg IS "Iypic e3
through the coaxiata6i eoﬁﬁ]c SFOBIAkAT A% RABEYC IS g ctegratacle R tpesiiomedbne 3.
The 15 electromagWétiutielsesesaad Byamppertiamig-3tacked array of the basal cone 1 and the upper

cone $ passively feeds the dipoBiaidhuet Boybis e B HerEAled EIESUIERIRK YT
the interpositign of etﬂgsiﬂglgﬂg(ﬁdgptgpé élftgqﬁbm%%t%ec% the feed b¥|t e coaxl cgb e into a
pair of cones, each vjn%}eas mmetic sﬁa%ea But Tl b RS He e Wﬁ%e%'sﬁ?&dn the
coupling of eIectroma%Hé % 8{8}9 Bipbithe aRtenns avnemely arbeatia sighah smotiirelgtional
radiation pattern. s paddive kiswptinssetobiomalpedifientigy theEndfiapme die ginglie,elpment 5
ultimately yields a tygrisalijtechfiptietted)higngiier doasipaiesvbn siaifisaniyl Daeased gain
characteristics. 254s ShowR if%ﬁ'lﬁ'ﬁa?&é”]ﬂ %@ﬁ}ﬁ?f Eg t% fhegcgﬁﬁgl outer conducéor oF Sheath to
the interior p?rtion ?f’ the basal coneﬁ If accom e(f ygan Jrﬁerco CidRRARCARe, aptgflfio. In
contrast, the 1> clectromagnetic e d create the vertically-stacked array of the basal

cone 1 and the upper cone 3 passively feeds the dipole element 5, which

is vertically mounted above the cone array with the interposition of the

insulating adapter 4. The central nature of the feed by the coaxial cable

| into a pair of conmes, each having a symmetrical shape about their

20 respective central axes, results ﬁ the coupling of electromagnetic. energy
to the dipole element 5 and the generation of an omnidirectional 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 1 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 arvilie/dazslator 2 to terminate 30 in the pin receptacle 9, which i%&%ﬁ;&ﬁgﬂghm a
recess of the apex of the upper cone 3. The insulator 2 isolates the conductive surface ofthe coaxial
cable conductor 8a from the conduﬂcgive surface of the basal cone 1. Similarly, the insulator 2 also
physically separate$tfecapexadieARl b semMsHar18Rotn the apéxioninduppaidena iteetefyikolating
the 35 conductive sexfenésgilkinppoe qaie A sighatdhtihis irdasinites dhoneth SMQOH4R20P
PCT/US00/33548 t15.Coapth : n ides,a direct feed, exciting
the upper cone 3 ar?tzl%:r e%tin% h@%ﬁ%%@ﬂﬂﬁ%{ﬁ%%&%& é%@gﬁng e%‘rg?c?zﬁ’%%&%‘?‘ﬂ@ uﬁa@r cone
3 and the grounded%ﬁgfﬂ &n ’1‘3&191 jﬁsﬂ%’@%% e‘iﬂfb Hethben! taaddbsal epperl and
the upper 5 corfe 3;c8iRkvs thidleB@ s gletit simlagoetisl fibkdwtee bttikd coefvaer ererisrical
manner defined by #lenelatyérasyumaneisy e basatikereliand &8P e ﬁ;i%%f'q;%ﬂ tor 2,
cal's

alternatively described,a$ the o &ecg}gléator, preferably provides the sole mechani upport of the
upper 1o cone 3. For an exemgﬁ embodiment, the insulatqr 2 comprises a shaped non-conductive

material having an internal UNF'% tHHE 35% Z4n BNenglyel¥deserihrgadasThihepiostiun of the
insulator 2 comprisésalfdatal preribiyeseptidestithe snlepmdtinttainstippeithes ubBerspee 3
(and the pin raceptatiad)3Thdosttam eeetisplafnerBdasiaie AROTRERE TS ARRIRELMEmber
that can be inserted.uithi open; ithi lat surface of the ne 1, opening
extending along th((;g %%é% 8%%@?% %%%%%é?ﬁ% 2éh éptggﬁ%f;@gﬁgfgg é%%ié&ﬁﬁe 8.
~ This configuration f8fthe isul ﬁ)’ ‘(%ﬁﬁmé‘ HeERRfh ctrid e fantdrREivanRle the cinmdatoridnents
1 and 3 20 and forrfoBBETNEsHAC fomaly smiachenpptimicditastalama shisbistofineig- (3. fh shows
an alternate embodirppet cfdhe Bitéand drseiitblydespenierdie apiR b ABRYCAEPRSHRE R to
FIG.5A,an 15 insulator 2 comprises a male contact member that can be inserted within
' the opening within the top flat surface of the basal cone 1. An opening
extending along the length of the insulator 2 can accept the center
conductor of the coaxial cable 8. This configuration for the insulator 2
controls the dielectric capacitance between the bicone elements land 3
26 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. SA, 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 | 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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“antenna assembly 20' comprises a dipole element 5' having an open coil 25 or spring-type
configuration, insté&@ B¥4F@dinear rod configuration for the dipole element 5 showrpirii§assisds This
open coil design provides more durability for certain exposed antenna applications, while satisfying

the requirement for cons yall real es te for an anten ain a low-profile operating
environment. Slmllé’tsﬁ?‘iﬂ 35 %%]ethB%Fp& %mgm@lq&%ﬁ‘ﬁ@e&ﬁﬁﬂfﬁe bppafcén€®via the

‘|nfSt;]Iat|ng| adr?pter @aﬁGﬁpbﬁﬁ@M&m&%&p@gyﬁmﬁmm ¢l diiptersbimating Point

of the coll. The oppRi ef BleniPranacne SdscinBredlsennedt cone
1 via the msulatorpz{ffTEu rl%;iﬁﬁ ﬁéeatir c0 é‘/é 1@%%% t?.gconductl\?gs Bﬁ@ao?fétf%{g%%?w |Ie
supporting 35 the stackin esé cones é/an ff?e vertical ;%‘%ﬁé‘%?%sﬁ %n%&nﬁlwg@ﬂ’
PCT/US00/33548 Jmﬁwwr ef éh?rﬁﬁﬁ@fﬁl?aﬁ&?éﬁb&fc%ﬁes 1 and 3 can passively couple
electromagnetic energy to and fisHithERlipotevéfesent Blvistatianodt amwﬁpltodeétdewrtkﬁﬁﬁbove
with respect to the ggggﬁﬂﬂ gfméﬂi&rﬁ?&%h@ eqym%g;fwgﬂtﬁsoﬁ 8&1% }E}i{ﬁ%%?ﬁ'on

and 5 recept|on operat ns f r the anten a asseg1 roviaes an atign of an

exploded view of af"d ‘é’r‘ﬂ% 8f%’F§8HB BlanfEhtP Qfgr%ﬂtgg%d RBIHRE an
alternative exemplap@hibedrReHas: fﬁ&ﬁ%m&ﬁm&iﬂmw ' Rlaged fetwesiutictidoviemandby the
insulator 2' placed bgivezeroties Idivandndl,idhppentanestddands 8@93@6@&1&‘&%@ t@ﬁ@@dﬁé?‘as

through the lower ¢ang lj thRdNHERIRH :9%@%69&% %Efélt?f%%%\g%%?

conductor 8a can be connéct upper one 3'h a_set scre ca% along one
side of the upper cgﬁg% a?r?&%j%i%%% ST 8?[3&&%1&%&% BARSEESr. In
this manner, the 15ebatEewokAdernted alenarrutctids ot thepwrunemmadthandiheaximatertsolder
connection. The seflrctmnésetsptacieithin adbepesiehsanapaciomiaogor. SHe B mupRer, qaee 3
and can be anSJSteé’eme?‘é&&'&ﬂ}ftw@ﬁ%tﬁ@ﬁ%&%@%%@%é%%ﬁ@&&@%d {68 iﬁc@é 3¢iqerless

section of the center,conductor 8a to't ey cone 3: su cost
SOl Cormecion. hfhéj B §16%"is Mhberted withih 2 %ﬁrea ef receptacle

along a side of the upper cone 3' and can be adjusted by manually turning

the set screw within the threaded receptacle. 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 ceiling/wall tile mounting and associated enclosure for a
communication 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 antenna assembly 20' of FIG. 5A. This

35 anfenna can be mounted to a receptacle, located in either the cover of the
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20 ef the antenna without a need for tools. FIGs. 6A and 6B show an antenna assembly mounted for
operation in a typicahgpgsafing environment of a WLAN, i.e., a ceiling tile (or wall) m%lggélérlvgﬁ%gghm the
interior of a facility having one or more wireless network access points that communi
central computer 25 via the wireless communications network. This operating environment and the
ceiling/wall tile mowentrigsame asswaitdten rclesolesiaraitsehimumicegivit sldyicex el dsi@ Viseless

network acoess poiois depdBRHIAICICEHRL iR emé\m@rem%eemagl%@%g glgflled on

June 5, 1998, which asalgngg P;l%ﬂ%% 3%15 a% daﬁ f the rit v{:@icatr%g?%g y.in porated

herein by reference or example, a- Wireless netw olr?< é%‘é thi'can B8 RitkiFefPeeiling-

or wall- mounted eﬁ@lﬁgﬁrglflﬁaé’rpﬁrl@?lﬂr“iﬁﬁl%g structure. The antenna for this wireless network

access point cain be provided byRefeambenta BESSynbl 20668y fin E@@rbs%ﬁféﬁ?@@@

assembly 20" of FIG, 3t This & atﬁ@”s'?fcﬁwﬁfﬁgﬁﬂaa a P! I %%L% &g{{& cover
CAf y

of the 10 WO 01/45206 PCT/U 354 closu or within t re
extends into the rdOf’e roci%éjﬁf: E'gng &l ﬁeqsr/l\f/“bgoﬁlg ﬂ%ra%[ |d§ df’ﬂ%@e n@nha

assemblies 20 andrRovatEngfamarh? wdipaurse ﬂﬁzﬂﬁéhﬂréﬁésgvﬁbmmawm@mnmlcmmg
Referring to FIGs. GifeanddoB2 fo’ﬂfhlﬁepneé@maﬂwypﬁjﬂﬁg Inoawet eopdigifrations he-rackadipgienna
assembly is cayiraly GRURRK RYRoHE SEBACTNSITHITBER AARPIROHE A ‘gﬂﬁ% Ypedio @
mounting frame 13 of ap enclosure that fits within a convenfional celling tile gri hrs Rdosure
typically houses a é%lﬁ‘%%ﬁﬁrgc 83%81%(&#1 PRE10° %r&%e@ve‘fbﬁ rﬁ& allBBMt, cHvh
antenna to suppor@s§FEIBLE éémmbaffﬁih@%mmm biﬂpﬁﬁhﬁ@ﬁh%ﬁmmnasmblwbly 11,
which can be impl&fesitodhyireificishé-dnterthe assennalyas2erabbvnon inl BIGL-4,dk theaateana,
assembly 20" In FlGefi aROiaskiNer Wl BRIBNNG A %Eétﬁﬁ&“%%ﬁéaﬂ%‘ alengdngieeiling
tile 15 14. The antena gsgembly. 20 can be mo U e QAT y to the exterior
portion of the ceiling tile 14 or, in the alternative, this antenna can be
mounted within the enclosure and extend through an aperture within the
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 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 .
unobirusive 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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“portion of the ceiling tile 14 or, in the alternative, this antenna can be mounted within the enclosure
and extend througroam«sperture within the ceiling tile 14. For example, a coaxial ga@iqysyanaggted to
the computing device mounted within the enclosure, can enter through an aperture in the 20 ceiling
rile 14 to centrally feed the antenna assemply 11. When the antenna assembly 11 is mounted over the

conductive surfac86r %ﬁé@éﬁiﬁ&ﬂ#ﬁ@rﬁﬁ%mf hemmartitale é’@@lﬂé@lﬂw th@hﬂe@dﬂm@u}ﬁce
produces a strongereélminlynagnqlms‘@ch Thiseresutisatin @ sittotgeipdssty H06 & radio
electromagnetic e |n % a o [ r E ol ement 5.
The enhanced si ﬁ%&%Ye\HE Whl(:}éult,lﬁ!iteyE g%ésg?ztt?sa onggw ?heé:es trusllg e na?urgng He ceiling
mounting in an mg&gFa’ﬁX LB t?ﬂg“ dé ‘fﬁ'ﬂﬁrcant advantages for exemplary embodiments
of the presenf invention over eldstii§enehrtheloregriaginitvivill dsplrpnieeiasal Fthat7thisows an
alternative embodimentiifia pedvglem euntastanien agggm@!,eqn@mmtagpﬁomwea@gﬁm?y Ag;shown

in FIG. 7, the-ant r ) n h d within a2 radome 15
to protect the ant(?artiaéléll fdém n&iﬁ s% HIS&FBSIEeggn %%ge@%.ﬁg gﬁgnwrglnr;]ﬁéi The s%%%g%?’ the
non-conductive s 18?33? Péggr%éa é%Fﬁgmé‘% ate$ pRlxntariie 20 and
11 WO 01/45206 m@wmdﬁm%&r@ﬂdh@nmmomcﬁﬂmmamIahmppim:attmouihe

radome 15 mefer@Mngemageb@mawahmmmm@@w ARSABIANHE Spain: Higgueasy signals
that are transmlttqgfqﬁg ﬁ%%&pg B%ﬁﬂ?dvﬁ gs H}P% ghln the radome. 5 In view of the
s an

foregoing, it will be appreciated that the invention provide ntenna assembly including a cone
assembly for passively coupling electromagnetic signals to-and from an antenna element. It should
be understood that the foregoing relates only to the exemplary embodiments of the present invention,
and that numerous-10 changes may be made therein without departing from the spirit and scope of
the invention as defined by the following claims.
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12 CLAIMS The invention claimed is: 5 1. An antenna assembly, comprising: a cone assembly
comprising at least two structures of conductive material separated by a dielectric substance for
generating electromagnetic signals, the cone assembly operative to passively feed the
electromagnetic signals of the antenna assembly to an antenna element, the antenna element 10
mounted to the cone assembly and operative to radiate the electromagnetic signals in response to
passive feeding of the electromagnetic signals by t a9 Sassembly; and a ground plane for
increasing passive feeding of electromagnetic signals with the antenna. 15 2. The antenna assembly
of claim 1, wherein the two structures form a bicone having a basal cone of conductive material and
an upper cone %gq@%ﬁq}b\ﬁ A %rae}% 3. The antenna assembly of claim 1, wherein the ground plane
comprises a 20 conductive surface of a ceiling tile. 4. The antenna assembly of claim 1, wherein the
ground plane comprises a conductive surface of a wall. 25 5. The antenna assembly of claim 1,
wherein thg ground plane, ﬁ?e%?a{'gs%%ﬁtﬁyd 01@1 The antenna assembly of claim 5, wherein one of the

TSI
conductive structures further comprises-a set crew 13 7. The antenna assembly of claim 5, wherein

the antenna assembly is mo@rvteik ssitbinbéyceitingising oslaast 8wd heantesnnal assdaehilycof claim 5,
wherein the antenna assmANIaMRUICd SN ANANEICISSUE. 9 The soienna sspembly of

claim 1, wherein the grou e comprises an enc osure cove
claim 9, wherein the eﬁgm?éuréitovac emhsesmtwvmmwfeedaherelédtrdihegaltﬁnna

assembly of claim 9, Vglé%ra%nomﬁeeﬁftlorﬁ%rgsggr\ﬁgi “am agn Ptenaa element, the antenna element

10 mounted to the cone assembly and operative to radiate the electromagnetic
signals in response to passive feeding of the electromagnetic signals by the cone

assembly; and

a ground plane for increasing passive feeding of electromagnetic signals
with the antenna.
15

2. The antenna assembly of claim 1, wherein the two structures form a bicone

having a basal cone of conductive material and an upper cone of conductive material.

3. The antenna assembly of claim 1, wherein the ground plane comprises a

20 conductive surface of a ceiling tile.

4. The antenna assembly of claim 1, wherein the ground plane comprises a

conductive surface of a wall.
25 5. The antenna assembly of claim 1, wherein the ground plane comprises a grid.

6. The antenna assembly of claim 5, wherein one of the conductive structures

forther comprises a set screw.
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" cover for a speaker of an audio system. 15 12. An antenna system comprising: a network; a central
computer linked to the network; a client computer linked to the network; and an access point for linking
20 the client computer to the network, the access point comprising: an antenna assembly comprising:
a cone assembly comprising at least two structures of conductive material separated by a dielectric
substance for generating electromagnetic signals, the cone assembly operative 25 to passively feed

the clectromagnetic signalseh % AR, ASAELIAAR ANETNA SPMEDt he aptanng element

mounted to the cone assembly and operative to radiate the electromagnetic” signals innresponse to
passive feedinichihé etdéndenglsetic signals by the cone assembly; and 14 a ground plane for
increasing passive feeding of electromagnetic signals with the antenna. 13. The antenna system of
claim 12, wherein the access point further comprises a 5 communications device. 14. The antenna
system of claind-12, whegeintehaaas sntiotafedabhthevdrienn s assemblyfommblybionoertading a basal
cone of canductiye; material.and.ap.upper cone of conductive material. 10 15. The antenna system of
claim 12, wherein the ground plane comprises a conductive surface of a ceiling tile. 16. The antenna
system of claim 12, wherein the ground plane comprises a 15 conductive surface of a wall. 17. The

antenna system of clajfyy, 12, WHetRIn 1S JLPUNA PIANG ComPHReS A 4ridy 48 The antenna system of
claim 12, whereinlthe network comprises)% local'aréa 20 netwoﬁiraf%d plan§ COMPHSES an
ENCLOSUre Cover,

10 10 The antenna assembly of claim 9, wherein the enclosure cover comprises an

HVAC enclosure cover.

11. The antenna assembly of claim 9, wherein the enclosure cover comprises a
cover for a speaker of an audio system.
15
12. An antenna system comprising:
a network;
a central computer linked to the network;
a client computer linked to the network; and an access point for linking
20 the chient computer to the network, the access point comprising:
an antenna assembly comprising:

a cone assembly coniprising at least two structures of
conductive material separated by a dielectric substance for
generating electromagnetic signals, the cone assembly operative

25 to passively feed the electromagnetic signals of the antenna
assembly to an antenna element, the antenna element mounted to
the cone assembly and operaiive to radiate the electromagnetic
signals in response to passive feeding of the electromagnetic

signals by the cone assembly; and
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" OMNIDIRECTIONAL ANTENNA UTILIZING AN ASYMMETRICAL BICONE AS A PASSIVE FEED
FOR A RADIATING ELEMENT 5 Abstract An antenna assembly comprising a radiating element
which passively receives a signal fed by a vertically-stacked pair of asymmetrically-shaped, 10
conductive cone elements mounted below the radiating element. The cone elements are centrally fed
by a coaxial cable input at a common junction formed the apex of each cone element. This antenna
assembly provides a low-profile antenna to transmit and receive radio frequency (RF) energy with
high gain and desirable antenna patterns 367 0t ?ﬁéﬂ%ﬁﬂg%ﬁﬁl%ﬁﬁswﬁ?ﬁjﬁ% ess local area

network. 15 The antenna assemblyebat-bapaeiedig standard aeling or wall-mounted enclosure,
with the low-profile antenna extending beneath the surface of a conductive enclosure cover that

serves as the ground plane for the antenna element. This configuration achieves high antenna gain
with a downtilt-tleam, Taawidireatioeaiasiation nattermsrahiah i highogesisanls inan Rapyilding 20

wireless | | area network (W. application. Figure 1 16
SS %Ca corgmun}/\clatlorgs e@;!élc)a pp a gU

14, The antenna system of claim 12, wherein the two structures of the antenna

assembly form a bicone having a basal cone of conductive material and an upper cone
of conductive material,

10

15, The antenna system of claim 12, wherein the ground plane comprises a

conductive surface of a ceiling tile.

16, The antenna system of claim 12, wherein the ground plane comprises a

15 conductive surface of a wall.

17. The antenna system of claim 12, wherein the ground plane comprises a grid.
18.  The antenna system of claim 12, wherein the network compiises a local area
20  network.
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