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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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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
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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



35 constraints of an indoor, workplace environment. For example, a dipole 1 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.
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signal reflections and to improve antenna bandwidth. However, these prior

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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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: BAMBREHIRE adEdemsy Evimpatingtured il aceBripffY & ompiesiad serasteso Ry tures of
conductive rdiésistrgepatdiechyen figlecidnstipiancelfutganeratiogeledisaniagnetic signads, the
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art by prov'dm@ﬂmyproﬁfdanaenfowngmﬁ@d'ﬂ)fre_qaa%@exseﬁg)_ £UoX Withpbighygaingnd
desirable output  patferns, typically Jor aé} ns%n in an in-building, wireless local area network
(WLAN). In 5@%?%?, %Bgzﬁl#%ﬁt@/ ?t_Wé re&R ALY ion are directed to an antenna having an
emitter element, such as a dipﬁﬁbﬁﬁiﬁﬁeﬁé%sﬂﬁlﬁﬂécmﬁﬁ%gigﬁé(l%%@ffro?ﬁfﬁ(véﬁticm?‘é(g@ked pair
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serves as a vk bdiegRNsTile prabentmeaitionl gt Ny sssk gvention are
directed to an antenna having an emitter element, such as a dipole, which
passively receives a signal feed from a 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 the apex of each cone. This inventive
antenna assembly can be mounted with a standard wall or ceiling-mounted
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provide 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 elements
mounted below the dipole element. The coaxial cable may be used to distribute electromagnetic

energy from &Bolwsere thebitondosiemrniide withehractritecatbnduttadingrisenedto thmeiadle cone
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This configuration may result in a passive couphng 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 elements. 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




3 coaxial cable to the antenna itself. This may support a low cost implementation of a lower profile
antenna for wireless communication applications, such as indoor applications. In example
embodiments of the present invention, 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 i§@ppitHilyaablintde péagenddaninao dedndudiivis emrmsumsIRROEr dbelating 0854
conductive 9rnnptbm@nauagcaxfs@thh)wmiowﬁiwdatﬁemaerf@&e typiedis mepniedialontddhe ceiling

of an interior 99‘(; l&tggpgﬁg pQiyt downward toward the interior. The ground
plane, which ¢ e prOV| a solid org urface of agn;tgalllc ceiling tile, is useful for
increasing antenna gain and s .ﬁéi‘r‘?&lﬁé aft 8 RAINES R ?’/a%ﬁsﬁf%emlﬁ fﬂ@ul:ﬂlqhe
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DRAWINGS t
antenna for aﬁlﬁnys‘%}glﬁ%@g% nt o n@é?ri&%?\gei%sﬁcﬁ IEl %1{]&% |§91z;rn @:ﬁ?{}%ﬂ}{se%ﬁ% a
side view of & é@@gm?eds ct’gt H?ygaﬁ]rféﬁﬂ _eLE'Jllc’IC‘a’v L tlig

illustration shmthgnatbﬁ)gl@g@a@@@ an@WI@f}aw'tlcular the combination of a celhng mounted
ground plane 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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‘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. 4 WO
01/45206 PCTIUSOO0/33548 FIG. 5A is an illustration showing an enlarged detail of a cross
sectional-view SPaV4#8nna constructed in accordance with an alternative eRBEERERESF the present
invention. FIG. 5B is an illustration showing an exploded view of an 5 assembly of a pair of cones
separated by a bicone insulaeGinsieonydans it lgsmalive.AMBIGITAN Rhthe prepen
invention. FIC- &44s andiistialion shaving aiessseaianaloey ol acesling o waf maunted
enclosure for a computing enna in accordance & r&B sBhtative

eyice connecied t0 an an

operating envirbHFTEAETSY %@?ﬁ%ﬁw SRS ARY SR8 present invention. FIG. 6B is an
illustration showing a planar ¥léw 8BHé aepléssinedine sihveving moutrplicidedisedwtod aperating
environment shevemibly|6f 8AafrGf Zdacansiiatsatiohehoviras.oessisrrtinnakyvign.atan 15
“antenna coverggily arafeme iR AecoEdanceNityan é@rﬁv]egg%% ing environment of an
exemplary embodiment of ﬂr]fat esent invention. EEEI:%? D DES ION OF EXEMPLARY
EMBODIMENTS The anten G i Er@gelﬂﬂﬂ% B8RO A S aPRSioBe tMaRE g and/or
receiving radio%faHuen St (el siapunisd spplesohiorsy rmpiiiag seiseal copnamathtaer networks
(WLAN), whereasffigtntamnobtesidensperation egesieedafilitb opghdtiadroterifsameianiya can

operate aga MARNRRAIMPIDE EnsRPuchP et dhe dusieriasdaReFAlNg environment comprises the
combination of an exemplar){;f@bgg'n}gn ofi%ﬁlg%eaantenrba with a conductive &rroun plane. In its
e

preferred application, the antenna assembly can MOURtEY ane BoRIkve” B’ur‘? e, such a

ceiling tile or gHAPESCRRAGIALEPER BMEtsdUFREQushtefinghe operating environment
: shovwn in FIG, 6A.

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.

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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'appllication, 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 (i)premated that a ground plane is useful for increasing antenna gain or shaping the

beam width wum"%

H&82vation plane. In particular, the combination of the grRGHYPFSERith the
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views of an assembled version of the antenna 111ustrated in FIG. 1. FIG. 4
shows a detailed view of a coaxial interface to the exemplary antenna,
including a coaxial cable 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
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.

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
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
cone 3 preferably has a narrow cone shape. This preferred asymmetrical
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' ope'rating.in support of transmission applications is also applicable to receive applications involving
reception of electiggagpeiig signals by this antenna element. 25 As shown in qu:%,[;}ﬁ%

pr pole SEREHIE T
exemplary antenna 20 comprises a basal cone 1, an upper cone 3, and a dipole elemént 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 fedndigewatieiyifetidienpey of comenbraisdiGnsmepiarts, thechasiaceaxsligable. An
insulator 2 can be gp eflsaemaihidentiatisnalionie Hiusicaly RPAIB'BIALLY! e ARTES . 2nd 3
thereby electrica fi ces of.the cones. An.insulator prqvi y an adapter
-4 connects the upé’é%%ﬂp@??é%%aﬁ@%%t@n%% ra%?iﬁs}g%%&}@ﬁ%%gb%’%‘h 8i¥SR%lement
5. The basal cond#p éﬁﬁyﬁﬁs‘%ﬁd%ﬁﬁﬁ& thscreatrelcfopd pEntcdoentegratethbly has a
narrow cone shapeolibigymeteorgd whylanfartoar SupIME2064PETVEIS0BBH & sonfigation for
the pair of cones Y SretyPpaiisctifterRASSINAGAUPHNY A Elael: EBESRAENANG frofD the
o e I Rate

_ dipole element 5 VgllthIlﬂetHF Yertical plane of the antenna 20. The asy ‘Shape 1€ Cone
pair affects the mqulmped%mce at the central feed point located at the 5 cone junction, while further
~ supporting a relatively broad oprghi’cigﬁﬁflﬂfffé&'{?eﬂuc%ﬁrﬁf@@féb}kiei@ﬂlﬁmmada&&janmr@igoupling
to the dipole elemend&bakedasaheoneoinisrisiigrablyriniplementedzas diiflaghie ol iesed cone
_comprising ajgmingieri a1 Sinallaelyreeastaetive iﬂ)ﬁbf@ﬁi&qﬁiﬁ%ﬂ%?ﬁ@'ﬁ%ﬁ{f B}?éeW&nﬁ%[ifg of the
basal cone I Is hollo%w%h ane pggsbasedel%d flattened upperface ch contains a cen raW’ .
~ aperture. The insulator 2, afsd %es_cn%e%las a@f%%eﬁ%fﬁ)ﬁg?, fage pRbIRB Foamhe Serinal portion
of the basal cone 2P8/BE&Hy %é‘&%ﬂﬂfﬁ?r apetisie Be9RE bedcastrchigearcimmiaten bersiported
by a base 15 insutaoutedHictilie eséfnidopotdiatiog the bateboaiRd Totypecdiisiredthe central
- aperture of the cone. The basal cone 1 can be supported by a 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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“substrate structure. The upper cone 3 is preferably an inverted, narrow-angled cone of solid
aluminum, or similgrdyseghdctive 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 5’%%?[9’5%0% 3
is a. central recess sized to accommodate the formed base of a nonconductive, cylindrical adapter 4.

The cylindrical adapteier aarhestivthsheapkerionedstio tomdodtive ieipsleralarpeat 5 milainhg vertical
plane of the anten 1T inae €l i it figend gap, 6, which is 25
typically empIoyedqg?))rr?g%nl(étgf;}EE ons. EE}%E%E)% %H%%E‘? 3 \ellér?3 %gﬁbﬁgﬁr‘%}j% ;\é{% mr<sSfon
medium and delive?&§10°% ¢& tﬁ?ﬁﬁ' %‘ﬁ?&‘ @W@%m gﬂg pRekudss dtiranghnthappiteahe 3.
The insulator 2, wHiBSRHEfeifokhRa8pPRIWs Witieetef shemiaisaly conmdunt&thet deistiud cdigaxbatween
both the lowers30 asyreliictod Swepipes chreudioCHARICHERH MO IHIMALL IR, Ei?ilzs”
medium is implem : CoAx ist ter uctor 8a and ah.outer sheath
8b. A cylindrical a attﬁeq#%%?ﬂwggeih%?ﬂgjgﬁ %ﬁ@g g?ﬁ%ﬁ&ﬁ%ﬁg%%% tﬁ}% ttioned
within the hollow pSY%% £ (R AEENUSRLES At %@e%@%@%ﬂS@éﬁBf@@@Tﬁem@ﬁ@nd@
establishes an eledwitizincosaeessH e bimsppeneoni\Bd 01145206 PCT/US00/33548 outer conductive

axtonds rough (e BT SP ORI a1 P 6 LT, e At HaCH (e epley
central aper:%]%rl:e in %p%%@ﬁfgg%%%é@ggggg %ﬁl‘%ge gréer%%l%& t@?&ﬁﬁﬂ?}@fb‘? giﬂﬂasses |
through a central o P RETHSAIRATEE QRIS RuESUorsembjacehas seigradrsrastively of the
aperture of the basgH cihdhe pigesteinasesrbiyhe Bpeicidiialyin ceeptroiend pusitionagdithin a
recess of the uppetypgoglly: disphrsbtoane hit BenerPeheAlth IhWRISHAE SERRIUS ductor

‘ 8a, which terminates in the pin receptacle 9 at the upper cone 3. The

15 electromagnetic field created by 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 }E? > 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

8



- 10 by the insulator 2, operate in tandem to create an electromagnetic field within the vertical plane of
the antenna assemblg tuhseoa signal is actively fed to the bicone assembly. Specif]g;@il)[fjs001,33548

electromagnetic energy is typically supplied to the upper cone 3 through the coaxial cable conductor
8a, which terminates in the pin_receptacle 9 at the upper cone 3. The 15 electromagnetic field created

by the vertically-statRELARRIAbIARRIE £ skl 1Banie theuppenterd(spaviilaafekrs thizdihole
element 5, which isewerititiegfytiheonppen aboys thedcormtiay Qibithblntepasiionakine fAprylaling

adapter 4. The cent - t F]%F%@ i it.qf eenes, each having a
symmetrical shape g%%nﬁéyr%%g]ﬂeﬁt%g E:lg) tral ggﬁ%@%%%gﬁé% %f%?@&ﬁomjﬁgﬁetic
energy to the dipolénec‘llé t%’aA ﬁ%&eﬁ%&ﬁ%?gﬁ%%l thasal reemai na%dttbmupmsr
passive couplirfy of «d&rémadiestie dhisrglestrampgnetic thieklipaetnicid dr S obimgdie\cyisigsia
transmiitted (receivagikaignak iy sheisipeledvhsibiichaticingieasefaaib AP ¥RAIE ISlSS AR AS
shown in FIGs. 3 aqdﬁl&Qﬁ§%2%§%C%§1@§_coaxial outer conductor or sheath to the interior portion of

the basal cone | is accomplis an int rconniction with the adatlﬁter_l_o. In contrast, the central

coaxial conductor 8a actively fee e'tippéiebne:3 B]jtf‘é%%'ﬂﬁﬁ;}é EsGERbeaigthin teitome basal
cone 1 and the insulasod 2ted i iTakeaED B0 prakadpm taeeqotte tmec henitals suppote b fithin ss of

the Spetx 01;3 tf]}eg) UPRRIROE: 3. Fite m%ﬁ@?ﬁl@%@ﬁﬁﬁﬁﬁﬁ%%ﬂﬁ ?iétﬁﬁ?p?fﬁlh%cﬁgﬂﬁ § K le v
conductor 8a from v e 1_Similar splafor_2:als sica
TR AR COHARERG MRSt iiRe o IV DN eenand s

separates the apex sal.cone 1 from jhe a _ .
- conductive surface&df orfeb.' . gxLezhal tﬁéﬁqucfangmﬁtéﬁﬁhﬂﬁféwm wWoha/desdator 2

PCT/US00/33548 &RivBESRS Cabtansinduitr@acsehtaalnchng 2dcpmvides baties e b  ekeiting
the upper cone 3 amghpegatioge Gegiallalalepliomaaatielielsin %vgéi@@hpl@@%ﬁhgp@ﬂgr cone
3 and the groygded pasph6Pe dorifises 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 1 ahci 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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“insulator 2, which is interposed between the basal cone 1 and the upper 5 cone 3, allows this
electromagnetic fiedPt8186I between the conical elements in a manner defined byrihruelativeis
asymmetry of the basal cone | and the upper cone 3. The insulator 2, alternatively described as the

bicone insulator, preferably proyides the sole me hanlcal support of the upper 1o cone 3. For an
exemplary embodnﬁ%?ﬁn{hﬁ' né%at ?@Eoﬁﬁiﬁs@ STEHRETHG cﬁ?&l‘?&@#ﬁ%erlal%ﬁin@g aan

internal UNF 4-40 tpesawa]jdcanpllwdq@mmgmm ey, hhantd drpontitire efifhsl insleaten 25
comprises a femalq&@%mg@;@@ﬁl@-t{@t@@p@@@%@%@éi@gﬁ% %qtm t(aﬁt% tb_g pin
er

receptacle 9). The bot f prlses ama actm n be
inserted within the%p?ﬁ% %%ﬁh@? 91? at su%é)léle%o% asgpggr%%l rt:ll] %@ﬂm’&ls@w&
along the length offﬁ@qﬁgg%@i’@%’aﬁ%g@b ?ﬁ@bﬁd ‘the coaxial cable 8. This
configuration for the insulator 2 Eb@rdBtlpEcdweMrmcﬁh&mtancﬁ bﬂw&%xﬁhﬁb@@ﬁﬁ@lﬁ@@@ﬁ 1 and
3 20 and forms a diglegticilpadigaha %ﬂ%ﬁ@% By UATRIRRR. i acbly a?@mng g2

alternate embodiment fthe tenna anem tenna catlons

5A, an antenna as&erfl X&ﬁ%ﬁé‘é@ %@E@%r LokHsin®e
configuration, insteBR%t the jinash esdtesH %Yéheféﬁslﬂ@f@bgléﬂ mnﬂlmlﬁm and This

open coil design prapisescome Ii'umtdllﬁl,fmhearmfeﬁm@@bm@m®mgiﬁﬂﬂﬂ§gw&ﬂ@ $84dying
the requirement foreanserving %@ﬁ?ﬂ@r @ala?r?f%?tof%r?éb &%adP Q% ?f'ls%ﬁgefat'
environment. Similar t the a #{’E na 2%) (iézpole 30 el rgen ﬁéls cou&te % upe%ﬁ con V|a the
insulating adapter Zf% (?é)l)\-l GEQIL SRCATA Jif SOIRERICS 1P EORE thBY, Weting Boint
of the coil. The oppBdiRcEs bbiiecatpdrlons ons |ﬁdi¢e@ﬁﬁhﬁ)ﬁﬁ§@!é@0f€ﬁtﬁeaapbpmm¢t&sﬁmone
1 via the insulator Zhg heirstdatptackeditaicalyépoiathes tencanchiciveisnfaeesns thaaaeesubile
supporting 15 center conductor 8a is connected to the upper cone 3' without the use of a

solder connection. The set screw is inserted within a threader 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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'35 the stacl'{ing of these cones within the vertical plane of the antenna 9 WO 01/45206
PCT/US00/33548 assgimbly;20'. The pair of asymmetrical-shaped cones 1 and 3 can. agﬂsivel couple
electromagnetic energy to and from the dipole element 5' in a manner similar to that de2erbad above
with respect to the antenna 20. In this manner, the dipole element 5' can support both transmission
and 5 reception operelazusdoothe dhientie asselobly2GtsElG . A8 myyideld preitstoationef g
eﬁplodtte_d view of ?Fo@ﬁ?%&’ﬂg!yo%@&fﬁﬂe@!ﬁm@ﬁﬁ%ﬁﬁ 9@@61@%%53&%5'%&9&#5&&&8&&%”}3? ﬂl{'&g an
alternative exemplary,embodime iny ¢ antenna. Focusing.,upan unction formed by the
insulator 2' placed e%\(/av%%%n%ge%}rgnkgg %’;m_ %n%%%ér%rg %ﬁ%*‘?ﬁ?%&é%ﬁﬂf@&% oV B&'p8%ses
through the lower GQW%%HQQ@WIZQWWO a receptacle of the upper cone 3'. The center
conductor 8a can be connected Refoerimgpeo doiEs3' G adidsGBY forsat fssevedifipralach figng one
side of the upper C?x’i’&ﬁt%ﬁr@m 2 lonthecene e r.con or. In
this manner, the 15 cent(@e con léctog&a’is Hg_ggnge%%g?gﬁt%ﬁﬁég%féﬁfg}?gvé gﬁ%%@%%solder
connection. The se?%&te ﬁs‘iﬂg HEH VAN 865 <X ér FEEED . _nd)%h e 51 Weldpdeiocdne 3
and can be adjusts@@yHHiBEERE rhhel #re eaelasen Mistiditasvithinde ¢ ooseptioteal i sgderless
section of the centeitecgridutfor Fhis ¢heloppes coprallsUppets a lovtepstiassamibe, 20iehthe

antenna vithe! 2 geseliglRolse Bk 4550 OB SR ABIGRYA e HRBY St peraton

ina typical operating.environment of a WLAN, i.€., a ceiling,. tile (or wall) mounting wi interior of
a facility having onégglgriﬁ%?‘ecmg%%ﬁk gg@fésaﬁor}%l‘t#ﬂeg c,aém HORE- with 8 caNeana '
computer 25 via thasspils kbﬂﬁﬂﬂﬁl@:&ﬁ@h@%émm@@ﬁéfﬁiﬂ@%rﬁhﬁoamennmambly
ceiling/wall tile mo@ftishowna aedCiatet-maidherarftsrmacamoibigadonideFlE, SUGh asoanyigless

network access poifiriiaigspbRMfIaRkN Hom RALUARERALRCHRINC 109/083i88 i fled

15 14. The antenna assembly 20 can be mounted directly 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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“on June 5, 1998, which is assigned to the assignee of the present 30 application and is fully
incorporated herewolsy/4ef@rence. For example, a wireless network access point Gapriiegrsloged
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 assembl;}%'a@ﬁ%@?%%’ 38 tpRs P tba PR twaR @pRE cetuepthbe, tadame ih%ither
the cover of the Ifrf@in5206RETIUSONAAG4B tatloswehstanitiailiyheangasere iisefdepd
typically extends igjediencqo gmtonmantafonsaRRiampwpiaiVe g BRACIRiSUgR glibe
antenna assemblies 20 E%ﬁo ar%%w cu %’%W | suited for this wireless communication application.
5 Referring to FIGEEAL %u% a Bdnat QW&ﬁng- mount configuration, the stacked antenna
assembly is dentrally mounted 1verieve @hdbetiferegoirg, oftawdilidoctieppseniaittdisthetidhe to a
mounting frame 1hefeanienclosvizitsabfitanithing sepablipiatheding tleard isdhipigngipsure
typically houses ag:éyg] ing i u i SE rk.ac int. connected to an
antenna to suppo Wirg%lssns 0 mﬁlg %?8%2@%@@ L \gl[f)g Il(il(::%t%%?éi ﬁ%te%aa%%%bly 11,
which can be imp bﬁéﬁ%@ﬂ?ﬁn%ﬁ%@ggﬂ R fEOmE alates ondyetanthana,
assembly 20' in FEZEBIpa0erekodinraty, olbithngpiesentrdny s tteilingiat atian alangetbaseiling
tile 15 14. The aniehagzassemplycthade beerdunidd @i dbpia the exisriomaagiien ahiedsiing tile

&
14 or, in the alt i ' 1 ithi d’extend th h
e o SES R e e e e o o

aperture within the ¢ 4. For example,"a ,.connected to the computing device
mounted within the enclosure, can enter through an aperture in the 20 ceiling rile 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 '

12



‘by the metal tile surface produces a stronger electromagnetic field. This results. in a stronger passive
coupling of electromagnetic energy within 25 the vertical plane to the dipole element 5 (or the dipole
element 5. The enhanced signal quality which ultimately results, along with the unobtrusive nature of
the ceiling mounting in an indoor workplace setting, provide significant advantages for exemplary
embodiments of the present invention over existing antenna alternatives in WLAN applications. 30
FIG. 7 shows an alternative embodiment of a ceilin&- %gﬁged antenna installed within a protective
radome. As shown in FIG. 7, the antenna assemnyIZ 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 thﬁgg@gﬁ@&gg@;&g fface of 35 the radome 15 may be varied to best fit the shape of
the antenna 20 and 11 WO 01/45206 PCT/US00/33548 the aesthetic considerations of the particular
application. The radome 15 preferably comprises a material that is substantially transparent to radio

frequency gignals that %ﬁ%&%ﬂ&%&éﬁﬂ Jecs '%1’91% by the antenna assembly housed within the
radome. 5 In view of the foregoing, it wilFbe a fecifted that the invention provides an antenna

assembly including a cone assembhpfenbbassivelysongiplitg e isatraimagneticfSigndistioand from an
antenna element. It should & %ﬁ’ rSfQ! d t(%%f tq% faregoing relates only to the _exemplary
embodiments of the presenf%n\%nt%%, a%g that %ur%glr%%%ﬁ% c%ra%eélgga%a%/ E?aolfrnc’a{la f8¥in without
departing from the spisigand, shopenohsharihieotiontas defnedvelythedahowiagclaimaci’ CLAIMS
The invention C'a'megsk%h?[sloﬁﬂea&ﬁ?e%% ARRRIBRM SAMRIINTE A 5N ARSSTRN, CRIpyiping at least
two structures of conductive
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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" 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 the cone
assembly; and a ground plane for increasing passive feeding of electromagnetic signals with the

antenna. 15 2. The anigpngassemoly 8TelF b \heEIRMSIA.AHEHES I a bicang having a

basal cone of conductive material and an upper cone of conductive material. & antenna
assembly of cl&fHMR ¢rakeia ehelesviend 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 cldim 5, Whersiteerecesemdloordiievé siberteiretcanieencompribbsiametstrdw. 13 7.
The antenga agsgmbaficlaim,g,wherein the antenna assembly is mounted within a ceiling
enclosure. 8. The antenna assembly of claim 5, wherein the antenna assembly is mounted 5 within a
wall enclosure. 9. The antenna assembly of claim 1, wherein the ground plane comprises an

enclosure covey. 10 19, T Q%&%gg@&gwmﬁ cﬂ
y

. ?He?eiwg%\%%mﬁ ﬁ{‘a%@gggggggsegncompnses_ an
HVAC enclosure cover. 11. The antenna’assembly of claim 9, wherein the enclosure cover comprises

a cover for a speid@retarcaudio system. 15 12. An antenna system comprising:

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

14



" 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 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 paSSRaTEEUHG B HETersEomatKefckingals by the cone

assembly; and 14 a ground plane feldnesaasingpassive; feading ahiglggtromagnetic 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 claim 12, wherein the two structures of the

antenna asserly follieabiaeneshaving adasal conaLEROMductve PalarakardampRpercone of
conductiv% material. 10 15. The antenna system of claim 12, wherein the ground plane comprises a

conductive sur?gcr:%mo%nécggﬂﬁ‘?g f8“96. 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 compris%a grid. 18. The antenna system of claim 12, wherein the network comprises a local

area 20 network. 15 ONIRAESTEE SFERAT ANFRE RN IPeNiee ANUATRem M EFRIOmEa

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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' 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, j ble i n_jynction formed the apex of each
cone element. This gﬁ%ﬁl@ﬁ iais%éeqn?o{\liﬁ ﬁ?gv‘[ilg\é@ %ﬁ?&%@%%&ﬁnﬁ%ﬁ&%ﬁ%&ﬂ@we radio
frequency (RF) energyRiitfONGhAI8IA 2AGSEEEARE BIMOR A RADNS TONCAI frangNipsion in an
in-building, wireless local area network. 15 The antenna assembly can be mounted in a standard
ceiling 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
configuratioE achieves high antenna gain with a dowEtilt-beam,- omnidirectional radiation pattern,
- which is highly desirable in an in-building 20 wirel area network (WLAN) application. Figure 1
16 '

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 for data transmission in an in-building, wireless local area network.

15 The antenna assembly can be mounted in a standard ceiling 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-beam,
omnidirectional radiation pattern, which ‘is highly desirable in an in-building

20 wireless local area network (WLAN) application.

Figure 1
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