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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
, technicaily 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 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
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




35 constraints of an indoor, workplace environnment. For exanple, a dipole”l
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SUMMARY OF THE INVENTION
. The present invention provides significant advantages over
25 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 fransmission in an in-building, wireless local area
network (WLAN). In general, the present invention is directed to an
antenna having an emitter element, such as a dipole, which passively
30 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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internal UNF s4ouplingr efidelgottomagnetic energy within the vertical plane of the
antenna assembly and to the dipole element. ,

20 The bicone insulator, which is mounted between' the upper
and lower cones, can provide the sole mechanical support of the upper
cone for one aspect of the present invention. For one aspect 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

25 UNC 10-24 external thread. The female contact receptacle of the bicone
insulator accepts the bottom tip of the upper cone and the male contact
member fits within an opening of the lower cone to form the common
junction between the upper and lower cone elements. The bicone
insulator controls the dielectric capacitance between the upper and lower

30 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 provides the dielectric loading of a low impedance coaxial
transmissiont line, It will be appreciated that this combination of
components for the inventive antenna can be assembled without tools and

35 in the absence of any soldering of the central conductor of the feed
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radiation pattern is partlc arly desirable in a ceﬂmg-mountcd WLAN
application. '
20 That the invention provides 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.
25 . :
'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.
30 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
35 sectional-view of the exemplary antenna shown in FIG. 1.
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application. 20 That the invention provides an antenna having a bicone
assenbly for passively coupling electromagnetic energy to and froma
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FIG. 7 1s 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 system.

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 combination 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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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 with an alternative
operating environment of an exenplary enbodi nent of the present invention.
DETAI LED D%C&,EJI ON OF EXEMPLARY EMBCDI MENTS The ant enng of,JlS:Rr esent
invention is primarily useful for 20 transmtting and/or Teceiving radio
frequency (RF) signals in applications, such as wireless local area
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surface of mnuntquop@me pignlarite a yeiling|tily opsrapingias amprglugtive grosrd exi st i ng
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for an audlo or pag| th [ oyl nd pl ane
I's useful for i ncre ié&t &H}H@ dé"g}eﬁtsorofgﬁg% ﬁ'd%bﬁg gﬁ% %{%{ %i thin the
el evati on desanbed wﬂpm regede, the keawings, iawhish dikermemegadurefeptane with
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dth | whi | hi d bl |
beam s o dUF8a88S R Bely 208, DAL Fafibepeht " oo Rith a

ground pl ambaqlﬂmﬁrﬂfébﬂ laptennac JAiise 2 angd 3 shpwhgjde iand crosseseatiangha i s
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antenna. fy%?ve %%%@%?ﬁe%ﬁ,&?%ﬂaiaé‘f%fﬁcﬁ 8, BEATOIE 2R wnen ¢ ne
ant ennd5i s inphdingad geaxpd sablsuinput.teonencaiductye edpptespe bagal tgngs am
conduct i ve igk@lafst, adkeéveptacle 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 fransmission 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 cenfral 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 narrow cone shape. This preferred asymmetrical
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Exenpl ary enbodi nents of the invention will now be described with
reference to the drawi ngs, in which like nunerals refer to 10 |like el enents
throughout thwogeyseal figures. FIG 1 is an exploded view pdi/osibssss on
show ng the primary conponents of an exenplary enbodi ment of the antenna.
FIGs. 2 and 3 show si de and_cross-sectional _views of an assenbl ed version
of the antenngonfigusation &or the paicof cones & and 3 swipperts thetpassive qullmg‘ a
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PCT/ USOQl 33548 conf i gurati SRPFHCORR Pi"e Xn%% ui"’%‘ﬁ BH%BﬁGWEICEjhe
passi ve coupl comg of solid aluminum, or smnlarly conductive 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

v 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

QJ
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of electromagnetic energy to and fromthe dipole elenment 5 within the
vertical plane of the antenna 20. The asymmetrical shape for the cone pair
affects the iwpuwi4sopedance at the central feed point |ocatefichisdongssg cone
junction, while further supporting a relatively broad operational

frequenCy range for the antenna 20, and increasing coupling to the dipole
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si zed to Comt gstiliftof 2 ’%rg@ﬁl %@n@%%ﬁﬂe% Erecuosﬂé@kq{d ﬁ%Ld

adapter 4. The drical nects t er cqne

rod-1ike, di p&ﬂ%tﬁwmﬁ%ﬂ Hftth%av&nm@éﬁela nattﬂgnahsme »0.
The dipol e el ﬁasdartb the ebmmmt&ssemhly aSpeas{ﬁaaﬂyen&iecmpnﬁgmﬁccbm
typically enp e
carrad by a ERAESy SipRRLA Y (he BpRRTcofY ?3‘&1?&}31‘%?%%5‘%%@%@#{5§€§‘O§

| ocated betwe ﬂ: Clbé%ﬁpmaé%énl Srﬂntﬁ-‘é’eﬂﬁﬁ 9catnthezuppere cone - atkhe 2,
whi ch prefsr ablegtioasagnetionfiell] etentéd by ther vertichMy-syackied ﬁﬁ’a{sﬂtﬂ‘qhétbzisﬁl S

breferred embadinind Reubfitord 3 piRiveIfiEedd 4R SBREE efthints, i 7

cable 8 corrprlfssWﬁ@cé1 ymeJate@@iwmtbﬁ ‘Eﬁl@a&ﬂa}ém £ IQ'@'QORM Oﬂthe

cylindrical afmplatingl@dapter 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 couplmg 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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mhlch i ncl'udes an openi ng extendi ng throughout its I ength, is positioned

withi'n the hol | ow Portlon of the basal cone 1 and receives the coaxial 35
cabl e 8. The aW2%472040 establishes an el ectrical connection REvugsesssihe 7
WD 01/ 45206 PCT/ USOQ 33548 outer conductive 'sheath 8b and the conductive

interior surfa e of th ? 0 The coaxi al _cabl e, onductor 8a

ext ends t hroug ‘?ﬁ@a*@ig"taﬁ’ %\Fg’é&ugﬁékﬁn@ anenes, 20providas adhipacs feed, and
protr lljde_sr ht hr oegobitingetheempperl conaBeand ceeatimgt Hdediriie e&hﬁ)@ﬁ@gx@hdﬂ@ldbﬁism
cone e ce t e cent

openi.ng in t heﬁ‘fl n@E{tgé?ﬂijﬂ%ue 3}5?%% Ehg%??lgtﬁﬁ% éré’%ﬁ'ggﬁﬁaf% iexhé?el or.
portion of t he%ﬁ?@r:’e ighis Bemposed betwacn ﬁlﬁ:lba@irﬁum bsmalt thenepper
conducti ve pi ncpaseht aﬂbm%ﬁ@%ﬂédmﬁslgnemd field 2o rtﬂﬁﬁ%e%eéﬁ‘%lilﬁkﬁﬁﬁ gione

3. The basal [~CO h are separa 0

i nsul ator 2, E@e&ﬁ%%tgq'ﬂ %&ﬁﬁﬁﬁf&%ﬁ%‘%@ﬁyg}]ﬁm@ﬁgﬁﬁﬁ PE%F‘? bagal G«Wlehl n
the verti cal e upperoonedia assenbly when a signal is actively fed

to the bicone assenbl c e r al I
supplied to the up ryco$H§ hgér'ifr[%hkyzi %mg&l%ﬁ ﬁ ?ﬁégﬁesggn%cﬁ)? B%:g)h% y
termnates in F}ﬁy b PE%E ¥I$°§%§ts ‘!tjhﬁeSfﬁEd@Fd&%Hﬁa Isuppest of the upper

el ect r omagh®et i coti¢ €3.d Eoemdxbmpﬂzhg em’dudnﬁbhu ticablisuthtar rRcoth ﬁﬂ% Rasal -
cone 1 and theg h is
vertically rmu gﬁ% é‘e@‘zﬁgﬁ%{?ﬁ%{/ﬁ Fﬁﬁér@o‘tlwﬂwa&h d
_i.nsul ati ng ada%‘ﬂ m@"t@ﬁffﬂ&ﬁl ré{e@ﬂe ofhe H@Pfﬁ@dlqw Otfhﬂlﬂcoasaﬂatorcabl e
into a pair ofcmgﬂsﬁs eafdmﬂavc(m!a@t eyopRrLld dalt :28apre theBdttdriei '

o the i pol o SPBHEE 3 (A géﬂ’e?%?’epéf%a@f“;% e RS pi oy

to the dipole
pattern. THis wyla 08 ZC%QR}PPﬁ@S aMmaleccantactagent ectbh'@cgybcansam@d fwithin  t he

g| pO: e el ?Eentt'rﬁ: em}m?tﬁmm tp fat rsﬁfﬁﬁbfdfﬁtﬁe(ﬁﬁtﬁpb&ﬁ@)l Siagn heﬁ’ﬁﬁg the
Fl G, 3'and 4. &ﬁfﬁﬁﬂﬁ% s n%“ﬁfe?ﬁi%‘ﬁagif;rﬂa? "SRG CEinaficpeons; B omlen
the interior pfémidlmﬁ%p tthe ceasial ceble 8 This configuration for the insulator 2
controls the dielectric capacitance between the bicone elements I and 3
20 and forms a dielectric loading of a low impedance coaxial fransmission
iine. ' _ ) . :
- 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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acconpl i shed by an interconnection wth the adapter 10. In contrast, the

central coaxi
t hrough openi

ctor 8a actively feeds the upper cone 3 b extend|
oo 6 FOPOU i hat e

oth the basal cone 1 and the insul ator

ng

30 in the pin receptacle 9, which is nounted within a recess of the apex of

t he upper con
coaxi al cable
1. Simlarly,

e%%ﬁaﬁ@?orﬂs”'?@%rﬁ%ﬁ S apbrted PELRMAE, Bfed L .8 e

passively ¢oupls cgpmmmumrgyytcsa@émshe dépalpelement ﬁb

basal cone 1 fi&PﬂﬁdﬁﬂeﬁB@ﬁﬂQﬁdﬂﬁt%@@ﬁb&@Qﬁo@e wtiﬂhefe ¥ct't%%@tdn a’“h

transmitte

conductive surfages of th C pa

8 WD 01/ 95206 S aSeniets 1S BReidkinc 3 SR updiu,bos taRsTusieR and
20 provides a MBpmnb@emtlorm&mtthugntehmawpanbboﬁe‘ 3 and creating a
desirabl e el ectromagnet ifgd |

and the grounded ba aI one %%{P{hdl nsu ﬁ%ln Wt%ﬁﬁ féloﬁ?ﬁ ﬁgg'?%%%n

bet ween t he baASSE i bieone ?kglftm%éﬁp@a&%by an insulaier inesordance with

el ectronmagnet i
defined by th
3. . The insu

iz ﬂt@hﬁnwe dxeinpslabe ebodiineat of the Blventive@itbAini.N Fdc

pr ef er abl W0pr dippeascanes Eomd Aedharmenter eonghster 8a palssemﬂmulghx thectoveer3.
For an exenpl &ioneel™h gk i@smatome S Shidt Blrede aélerdfs&;% epa%e s‘!' The
1®

duct 1 1
non: conduct | Ve IRk %%ﬂﬂ?'@?ﬁ%ﬁ%f Thel UPRet, Fa
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e
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e 3
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a

femal e cont actset em &6llecaﬂ@dtaleng opessidbefitbe uppet coneB' ahd progimatecione

.3 (and the &pe cbﬁ%eemel&am IEé‘erﬂ%QttEQ BLRRE tcbﬁﬂu@tfort flﬁ this m} A i
conprlses a mal e cont I nsert e oﬁbnln
SPUP e i3 O RSl CanCIIcEa B OIS A L HEDET Cope 5 Ahagt the ush @it e
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g

al ong the | engoldafcamectiosul Biosetssarew isdnegtied dthiand ethrezﬁimdaeémcw t he

coaxi i cabl e dlond Bistde BRthEPBEL End 3 ahdSah B dhfledy fRBHN

dielectric ca
dielectric lo

20

P ance bet
éﬁ?ﬁﬁ t gereyy Mﬂm%ﬁgdﬁﬁeaﬁ@gaﬁ?@ta@kanm% §ol<51¢r1ess section of
the center conductor 8a to the upper cone 3' supports a low cost assembly

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

30

on June 5, 1998, which is assigned to the assignee of the present
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

35

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
antenna can be mounted to a receptacle, located in either the cover of the

10
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line. FIG 5A shows an alternate enbodi nent of the antenna assenbly for

| ow-profile antenna applications. Referring to FIG 5A, an antenna
assenbly 20' wengudbés a di pol e el enent 5 having an open coptT/880088548
spring-type configuration, |nstead of the linear rod configuration for the
di pole elenent 5 shown in FI.Gs., 1-4. This open coi|l design provides nore -

durability forenslosuae rpre%@%dhﬁr@@ﬂ%mﬁplﬁm Eatnd tgpicaly| exteads dnto rthe t he
requirenent f aoogpeaeirehAenty aConddm enﬂ athe fdwiofil® chath A §it2of Th

I fil l e 30
el enpnt 5 °pa§a%§;'r32%ss?§1“q1¥s§%i4 2@‘&@ pi‘arre%b@aﬂwew?ﬂguﬂsﬁ fﬁgﬂaaaw%teﬁﬁ and
can incl ude tominasi¢atiosrmpploptionat t he opposite end, the terninating
point of the coil. TheR?:Eﬁ?ﬁi F'.I'GsofSAtQﬁd‘ﬁﬁ)eﬂbr%o{’éfﬁéséxﬁa‘glag_ﬁe‘fﬁﬁéy

connected to the a eX. of ase. c 3 via t'he

insul ator 2 &PeER} ‘E%ﬁglfa ee§ap € W?W@Yﬂﬁ@t@ﬂlﬁm%%s
whi | e support |m@r3ﬁet¢mch1cawklmfaﬁe bflmseellmgnale \M41; iichhis weldedab »! ane

of the antenn
asymetri cal - qﬁ % aﬂﬁ@% E@%&%? ﬁ ve? %QOHY%(‘?@BJ ﬁ@gc
energy to andq?cﬁﬁdi 5|e§c Smﬁfplsa y ﬁu&e%ﬁﬁg@lﬁmﬁ dgwceoswlaas

descri bed 1gbo\se witrdlbss epeotk taecegsepanitgammn&@ted te drhishitemne6 , supporedi pol e

The ant eﬁnacissiﬁ“%‘r’@r‘%ﬂ%héa%%% %%iﬁ%ﬁﬁ |a§§ﬁﬁé?$€%°p L fﬁm%ﬁéd
view of an agseembly bi, whichhear benimp the amtenhatassembly
accordance W Do skwilih SIGa! l%oﬁﬂ@%@hﬂa%@&ﬁb 20' if FId}esl ihVﬁﬂ)tu'n‘f@d

ot waon ¢ ho” JsBicallVp Piblfigl Rk ' 98 Bty locafnel” i e Sriltd $i.
passes t hisugt 4t hdheosrtenne qssermbly 2ecamdbel maymted dirsetly o dhe exteript acl e .
'of the UPPET paAgn Bf. thEh@elhﬁgnﬁl?r ég?ﬁdqﬁt@ﬂe ﬁ@elﬁaﬂvéeﬂﬁegﬁnig%ﬁ@ cfa(&}f B?ﬁe
upper cone 3 Gk HAASUR, ofbpRe 1 b ST R ol k1 o
conduct or. | nceiling tilnkér Forlegample, a coaxial cable, connected to the computmg
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 .
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.
t 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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15 center conductor 8a is connected to the upper cone 3' without the use 'of
a sol der cogﬂg Jg& The set screwis inserted within a threader
receptacl e ﬁ‘é side of the upper cone 3 and can be adj 0/B3p48
manual Iy turning the set screwwthin the threaded receptacle. This

| der |
Support o a 1 ot Bapétic b GER G 6P A IRickR: WplinBibRE Yhee dRfome 1% <
FI Gs. 6A and peferably mmm%&m msteriad | thahisusubstantially tesspatent toradio
typi cal Opefaﬁ'eQﬁeﬁév“élgﬂﬂEmth@tf a@e\%%nﬂuea an@ $6¢dived b n% e (a?ﬁeff&?d
nmounting wthin qﬁ LNt eri.qr. ﬁ] |I|ty havi ng one or re wreless
net wor k acces®® SBB? yglqlﬁﬁfl “E’&ﬁ% Mf-th a central conputer 25 via. the
W rel ess communi cat i onsineiewr &f thbi ﬁ)regeng;iitlgwﬂh\ber appeetiatedatishit the
cei i ng/wal | ﬁNeﬁnﬁﬁ SVile3fl A5RARN USRI 18&1%?11@3\ cne gag,géPAB LEabton

devi ce, such as a BEPne Yvorﬁg access pagl dg
U. S; Patent AB%‘-ISF RV g aFlagiromagnpie 6‘"’2@13%#%&“ Qﬁhe‘ﬂns amenya
which is assi gleﬁﬂantto Ithshoadditgn eedefstodé thatetienfordfomppi¢lanis enlyany the

fully incorpo n e

access point %)g%%ﬁgla?g ose%meﬁi 02 gﬁ: ggﬁenﬁéﬁgglbﬁ%,‘ |a;1\31n§fﬁh %ﬁmgﬁél\l{\%sure
in an int¥rio® amgesdna&j berngde thereinmetkontdeparting fromd he gpirt ad serpsor k
access poi nt gptheld@ventvhdgddiin % fillpwingSeatthy, 20 shown in FIGs. 1-4
or the antenna assenbly. 20" of FlI 5A. This 35 antenna can be nounted to
a receptacle, located in either the cover of the 10 WD 01145206

PCT/ USOQ' 33548 enclosure or within the enclosure itself, and typically
extends -into the roomenvironnment. Consequently, the |lowprofile
characteristics of the antenna assenblies 20 and 20" are particularly well
suited for this wireless comunication application. 5 Referring to FIGs.
6A and 6B, for a representative ceiling- mpunt configuration, the stacked
antenna assenbly is centrally nounted over the conductive surface of a
ceiling tile 14, which is welded to a nounting frane 13 of an enclosure
that fits within a conventional ceiling

12



tile grid 12. This enclosure typically houses a conputing device, such as
10 a wireless network access point, connected to an antenna to support

wi rel ess conmuni cations, such as WLAN applications. An antenna assenbly
11, which can be inplenented by either the antenna assenbly 20 shown in
FIGs. 1-4 or the antenna. assenbly 20" in FIG 5, is nmounted vertically,
pointing down fromits ceiling |ocation along. the ceiling tile 15 14. The
antenna assenbly 20 can be nounted digg to the exterior portion of the
ceiling tile 14 or, in the alternative, I's antenna can be nounted

wi thin. the enclosure and extend through an aperture within the ceiling
tile 14. F exa aX|aI cabl e, connected to the conputing device
mount ed wi t TSR OBHEWBE can enter through an aperture in the 20
ceiling tile 14 to centrally feed the antenna assenbly 11. Wen the antenna
assenbly 11 is nounted over the conductive surface of the ceiling file 14,
the | ar §er lgroun@npmtammaaﬁmlmmmviﬂghe rret al tile surface produces a

stronger el ectromagnetic fiel This. a str er_passive
coupling of el ectromdy %%?uﬁsgﬁ%x Hﬁ?ﬁﬁ §?ﬂ%qv% (gn% '5%3 ®to the
di pol e el enent %ﬂ@ﬁaltséﬁarﬁfﬂe@ﬁ Qd@él&!ﬁﬁ@&u‘tﬁt&ce ﬁgen@anﬁgm&ﬁmm@ﬁahc quality

which ultimately results, - with the wunobtrusive nature of the
cei ling mounti ngignalsatheicase @frsemb eg@e{e éQePQSSWQIY fegst bgiclpstremggneticc ant

advant ages for g i i I.OR. over

exi sting ant ennasxgﬁjéer nat iﬁggrglql g&&ﬁ& 4}? ca %?)e%gem SIBQéﬁ%ﬂafles %n\?rs an

al terndoi ve embatbured todhe eoreistenttdy aji@dpﬁrﬁﬁve&ﬁ&ﬁiﬁt@t}idkﬂé@ldnﬂgnma hin a
protective radonme. As shown in FIG t he ant enna assenbly (or the
ant enna assenbl PIZHSIDIEROBE tA HATEE fe@dlfl&pﬁths elresaerﬁégqﬂswﬁgnﬁ}swéh% CQnige

ant enna conponeq&§nhﬁ9qh@xposure to the operating environnment. The shape
of the non- conductlve surface of 35 the .radone 15 may be varied to best
fit the shape of the zagmermmmfoambréalsm‘g@a@slwﬂfﬁaﬁﬁgBﬁkhﬁﬁﬁd@ﬁﬁd&@&lbe
aest hetic conS|deraélons of the particular application. The radome 15
preferably conprVideteanigand i al that is substantially transparent to radio

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

further comprises a set screw.
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frequency signals that are transmtted and received. by the antenna
assenbly housed within the radone. 5 In view of the foregoing, it wll be
appreciated that the invention provides an antenna assenbly including 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 enbodi nents of the present invention, and that

numer ous 107.0hanﬁ?esan@a%ata@seﬁ%@'fomsh{e%ﬂ%&%iﬁg&%O Aabdcfby [Qffbdgs SP1 I

and scope of the invention as deflne owi ng clai ns. CLAI V5
The i nvent iwnhiglagieihg enslosrel. An ant enna assenbly, conprising: a cone
assenbly conprising at |east two structures of conductive material
separated by a dielectric substance for generating el ectronagnetic

signals, the conﬂlm&ﬁalayseﬁn%ya{tmﬁﬁl 5 Qv IRASH VeCAnYerin Askehiby RlBGIHQIMRgnet i ¢

signals of the antenna_assenbl’y to an antenna el enent, the antenna el enent
10 mounted wishiplevabenelagyrenbl y and operative to radiate the

el ectromagnetic signals in response to passive feeding of the

el ectromagnetic signals by the cone assenbly; and a ground pl ane for

i ncr easi ng passi Mg dne@miaagseaiblLbLahin0BgRéih Chesgrotl fland\bdrhprideea@nt enna, 15
2. The antenna assenbly of claim1l, wherein the two structures forma

bi cone  ha&AclA§uIE W¥&al cone of conductive material and an upper cone of
conductive material. 3. The antenna assenbly of claim1, wherein the ground
pl ane conprises a 20 conductive surface of a ceiling tile. 4. The antenna
assenblfp ofl| ai Thelantane mesemblhef daiauddripdrein ehecarsiueadver copgrdecin ve
surface of | . 25 5. The antenna assenbly of claim 1, wherein the

gr ound plaﬂgvgghﬁwk§8§”§vﬁ?id. 6. The antenna assenbly of claimb5, wherein
one of the conductive structures

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 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 passive feeding of the electromagnetic

signals by the cone assembly; and

14



further conprises a set screw. 13 7. The antenna assenbly of claim§5,
wherein the antenna assenbly is nmounted wthin a ceiling enclosure. 8. The
antenna assenbly of claimb5, wherein the antenna assenbly is nounted 5
within a wall enclosure. 9. The antenna assenbly of claim1, wherein the
ground pl ane conprises an enclosure cover. 10 10. The antenna assenbly of
claim9, wherein the enclosure cover conprises an HVAC encl osure cover.

11. The antenna assenbly of cIq%g%gndﬁ?ﬁéﬁﬁ?ﬁﬁggﬁ@ﬁghg§ eaﬁﬁg%§r conpri ses

a cover for a speaker of an audro sy n ant enna®syst em
conprising: a network; a desmbonslgnetivgigiiady with tHeegitdnfat he network; a client
conputer linked to the network; and an access point for linking 20 the
client conmputer to the network, the access point conprising: an antenna

assenbly compr i Sjyatintdink 9Rerd 37 B1aRh Y 2 CORREThdbcRls ﬂo@xﬁ%?ﬁ%oé@ﬁy&tfpr es of

conductive material separated by a dielectric substiance for nerating

el ect r obmgrestingurgéagioas devicdhe cone assenbly operative 25 to passively feed
the el ectromagnetic signals of the antenna assenbly to an antenna el enent,
the antenna el enent nounted to the cone assenbly and operative to radi ate

t he el ect r oRgnetteantéhng Bpdtén bf claBf RONGEerkig (RGERAI MRichR@bMBe Ateddre
el ectromagnetic signals by the cone assenbly; and 14 a ground pl ane for

i ncr easi ng apsesehly éorree blicare bivinga basal omg i sendicivgmatesialdndrantuppengrnenna.
13. The an&gQQ&h&%§égghg&Lclain112, wherein the access point further
conprises a

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 comprises a local area

20 network.

19. A method for receiving and transmitting signals with an antenna linked to a
computer network comprising the steps of:
generating data signals wit a central computer;
25 modulating the data signals onto RF signals;
separating at least two structures of conductive material with a dielectric
substance;
feeding the RF signals to a cone assembly comprising the at least two

structures of conductive material;

15



5 conmuni cations device. 10 14. The antenna system of claim 12, wherein the
two structures of the antenna assenbly forma bicone having a basal cone
of conductive material and an upper cone of conductive nmaterial. 15. The
antenna system of claim 12, wherein the ground plane conprises a

conductive surface of a ceiling tile. 16. The antenna system of claim 12,
wherein the ground plane conprises a 15 conductive surface of a wall. 17.

The ant enna system of i ..t n o) i rid.
18. The antenna systé)r?I %%a@%ﬁfr%%%E\A%g‘rﬁet?ﬁhiq%og‘%%gﬁe\%&r %c%lrr%ﬂnél%?ea rlgcal
area 20 networ knoitfiedl®.thé\cort ReanBioyankdecei ving and transmtting signals

with an antenna linked tqQ a., conmputer network conprising the steps o
generating data si gndpdiaiing thg Riarignals wath thg grdenna e HICARPISAE dat a

signal s onto RF giLonah e 8L [ res of conductive
material with a d‘l&gﬂeét rei C B%&%g?gtﬁ)ggéteé@ﬁt&%%ﬁ&s&%‘i‘@!{;’gnal s to a cone
assenbl $ conprising the at least two structures of conductive material; 15
propagating, the RF signals with the cone assenbly to.an antenna el enent
ount od to 2the: datransilednErigin IR eampRgenes b S EAME AEesHi: ant enna
el ement i n theBRPARRNIES of @BBIMIVRINtEEal Brios lfRakifg Ri-apagahad from the cone
assenbly. 5 20. The nethod of claim 19, further conprising the step of

forming a bicone with the two structures of conductive nmaterial prior to
f eedi ng the,RF signals. . 21, .Th thod of clai 9 urther conprising the
step of poglti omd“%tﬁ%‘? Bﬁ?‘}ﬁlm T%qﬁftg?{ecogﬁ’flﬁ@gﬁgg %t%p ?{%Dsgﬁjﬁglga%g'g%cfy for

i ncr eagong plafesdyRem Bhd dighe Abschib@y R isdréialgSpassive coupling of the RF signals

with the antenna.

22.  The method of claim 19, further comprising the step of receiving the radiated RF
signals with a client computer.
15
23.  The method of claim 19, further comprising the steps of:
generating data signals with a client computer;
modulating the client computer data signals onto RF signals;
radiating the RF signals; and
20 recetving RF signals generated by the client computer with the antenna

element.

24,  The method of claim 19, further comprising the step of mounting the antenna
element within an interior of a building.
25
25.  An antenna assembly, comprising;
a cone assembly operative to passively couple electromagnetic signals
within the vertical plane of the antenna assembly ; and
an antenna element, mounted to the cone assembly within the vertical

30 plane of the antenna assembly, operative to radiate the electromagnetic signals
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with the antenna. 15 20 25 22. The nethod of claim19, further conprising
the step of receiving the radiated RF signals with a client conputer. 23.
The nethod of claim 19, further conprising the steps of: generating data
signals with a client conputer; nodulating the client conputer data signals
onto RF signals; radiating the RF signals; and receiving RF signals
generated by the client conputer with the antenna elenent. 24. The net hod

of claim 19, Uk RRpoSATRELaIAG L, 8 4R SeolBHIALAY e BYLENOA, ©f eren

wWithin an interio An~ ant enna asse conprrsing: a
cone assenbly opeseaiblye to passively couple el ectromagnetic signals wthin
the vertical plane of the antenna assenbly ; and an antenna el enent,
nounted to the cone assenbly within the vertical 30 plane of the antenna

assenbly, ogper atl*h\é%nie?n{l g%%@l‘bgr feBfedhGE iR %@Ie?rgmgigg{?ﬁés'éerﬁﬁlg eag@gg&rg l”; _e

to passive coupling o ctromagneti c $igna e con
26. Theb5antadnomedssagia hasaleont eficamductive mat2bal andd an eippertdoae obomdasthenbl y

conprises 5 a.hicone having a bagsal cone of conductive materjal d an
Copor cone TSIy (16 EEPG SoRA LR HopYaBaTHR CEB D B L Bae OhB<hacal
cone W t hi nnidhga ¥@ekbfal pl ane of the antenna assembly. 27. The antenna

assenbly recited in cl'aim 26, wherein the basal cone and the upper 10 cone
conprise asynmetric, truncated cones of conductive material. 28. The

antenna assgnbl y.recited in aim 26. f ur.t onprijsing,a coaxi,al cable for
carrying the ol duerBghatPebb il SERERL bE b forCRe Bouifd) ©
cabl e q@npProosié BEmpraseGBPinfrttric; @aNtatd EREYEEuP@Vhatedalt 0 a comon j uncti on
bet ween the cones, the

28.  The antenna assembly recited in claim 26 further comprising a coaxial cable for

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

15  coaxial lead connected to the upper cone and electrically isolated from the basal cone.

29.  The antenna assembly recited in claim 26, wherein the basal cone is hollow and
bell-shaped, with a lower surface characterized by a broad base and a narrower,
flattened upper surface.

20
30.  The antenna assembly recited in claim 26, wherein the upper cone comprises an

inverted, narrow-angled cone of conductive material.

31.  The antenna assembly recited in claim 26, wherein an end of the basal cone and
25  an end of the upper cone are connected at a common junction by an insulator having
low permittivity, thereby electrically isolating the conductive surfaces of the basal cone

from the upper cone.

32.  The antenna assembly recited in claim 31, wherein the insulator accepts a

30  receptacle pin of conductive material, the insulator operative to connect to a central
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15 coaxi al | ead connected to the upper cone and electrically isolated from
t he basal cone. 29. The antenna assenbly recited in claim26, wherein the
basal cone is hollow and bell-shaped, with a | ower surface characterized
by a broad base and a narrower, flattened upper surface. 20 30. The
antenna assenbly recited in claim26, wherein the upper cone conprises an

i nverted, narrow angl ed cone of conductive material. 31. The antenna

assenbl y 1 @ekh@d of theWaddl TorEandOShRERcARiR Bk Wpet Smeb@3dbccpRBR @D 25 an
end of the upper cone are connected at a common junction by an i nsul ator

havi ng | owcpepasteditp e ypper eaneaing opkrative focaricent a nflustomef a dvexiebeablet i ve
surfaces of _the sgl .cone fromth er cone. 32..The ant.enpa assenbly
Ceci toq i neArae e Engtd AT BuPE AT RS ape L e ARUER G PR 3
conduct i ve thfehgh thlcentidl@pbrssbttRrbasdlenné uint®theebdpiclelin diaGRet ral 17
aperture of the basal cone and to interface with the upper cone, the
recepta@lelﬁﬁﬂﬂo%onnected to the upper cone and operative to accept a
conductor of a coaxial cable carrying the electromagnetic signals to the
antenna assenbly, the coaxial |ead extending through the central aperture

of the basdB. comheanttnhnbBembdy reaicselihatdim 32, whesed theeoaSalicablelpatses. 33. The

antenna assenbly recited jn _claim32, erein . the coaxial cable passes
t hr ough t hdhTeBgl ﬂ’&lce’é?*ﬁé‘x@foﬂﬂP‘ng%%Is‘é’Peggﬁé?a"t“’rlé’a]%]S&?inQPS‘E&BPéu%npri sing an

outer con@yghRborithaterBAdILN RIS Atab WAL HeAfabaltoht at B RR2R) 604 and the

central coaxial 10 conductor that term nates at the receptacle pin, the
cent r ali0coaridictadhd dertonatgras shawgceptide gh, theecehimaldoatiol condpetoapassiggt he

basal cone fro he er cone contacting.the receptacle pin,. thereby
estl tng M APy BRF st e o SR b ST S RS gR AP CRTAE By pper
cone. 15 346&5&@1%,&1?&%@1%%@1%?% hﬁgdﬂv@qeédrbfqh@bmt?&na%{eﬁé @ir'f_z,ﬁaIE Remant enna
el ement conprises a cylinder of conductive material, the cylinder attached

to the uppéPpegc®8e.by an insulating adapter and nounted within the verti cal
pl ane of the antenna assenbly. 35. The antenna assenbly recited in claim
34, wherein a conbination of the basal 20 and upper cones, responsive to
the dehsveny. of THeenehesbssambpnetitad igictal 2%, eRic®aXh@hna 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.

35.  The antenna assembly recited in claim 34, wherein a combination of the basal
20  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
element, thereby resulting in radiation of the electromagnetic signals by the antenna
element.
25
36.  The antenna assembly recited in claim 26, further comprising an insulator for
attachment to the basal cone, the insulator operative to mount the antenna assembly to a

mounting surface.
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cable to a common junction between the cones, generates an el ectromagnetic
field wthin the vertical plane of the antenna assenbly to passively
stinulate the antenna elenent, thereby resulting in radiation of the

el ectromagnetic signals by the antenna elenent. 25 36. The antenna
assenbly recited in claim26, further conprising an insulator for
attachnent to the basal cone, the insulator operative to nount the antenna

assenbl y toyA  NAUNG e SWCEAR ool B S ARLAICARREHP bR Led 10

cl ai m 26, érein the antenna e conprises a col conductive

mat eri al . 3@®mplises acdibsihwndsatebhatediatci ted in claim 26, further conprising
a radone covering 5 the conbination of the antenna el enent and the cone
assenbly, thereby protecting the antenna assenbly from environnent al

effects. 3%g Theranl, @A 23aBIPletitd Bl dBH Jd) afhik ﬁﬁ%siw?gﬂo&éég@eﬁﬂge

assenbly is nounted proxinmate to a conductive ce
cei | i ngSnouht ecmbmetigseithe Mtawiaderiéhtand trenaone asseinbhs thteehoprototimetieed t o

the cone assenbly via.a.coaxial cahle_carrying the electromagnetic signals
for rad: ar, SHOGy SerOLAER A Bputiaty ok

> An antenna assenbly,
characterized by a |lowprofile configuration, for conmunicating

el ectromagnetic signals, conprising: 15 an asymmetrically-shaped bi cone
assenbl y op¥k at i The angenpa gssenblyregiterhineclaiml 25 wherediy thetcone gisgmhblysiswi t hi n t he

vertical pl t he antenna .assenbl t.h bi cone assembly conprising a
bosal Caons ARG prhR il T O RRRl e ( for A HRIE B RET B e ST RO
vertical plaggnainitdfnsdbasneomesedt the cone aRbAPRai£h €6BAil cablRWRi§Egt O t he
upper cone within the vertical plane 20 of the antenna assenbly, operative

to radi at e thpelceiranegnstia gigatls fordpdiatensby e apkegppplémen passi ve coupling of
the el ectromagnetic signals by the bicone assenbly; and a coaxial cable
for carrying el ectromagnetic signals between a conmunications device and a
common j uncil. on Aebnver: dshanigsdiaraatedizeabpen loprafiloesnfigsticapéoe al cabl e
conprising a central |ead connected {o the_ugper cone
communicating electromagnetic signals, comprising:
15 an asymmetrically-shaped bicone assembly operative to passively couple
electromagnetic signals within the vertical plane of the antenna assembly, the
bicone assembly comprising a basal cone and an upper cone mounted above the
basal cone within the vertical plane of the antenna assembly;
an antenna element, mounted to the upper cone within the vertical plane
20 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
communications device and a common junction between the basal and upper
25 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.

41.  The antenna assembly recited in claim 40, wherein the basal cone and the upper

30  cone comprise asymmetric, truncated cones of conductive material, the basal cone
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and electrically isolated fromthe basal cone and an outer conductor
connected to the basal cone. 41. The antenna assenbly recited in claim40,
wherein the basal cone and the upper 30 cone conprise asymetric,
truncated cones of conductive material, the basal cone 19 having a hol |l ow
and bel | -shaped configuration, with a | ower surface characterized by a
broad base and a narrower, flattened upper surface and the upper cone

conpri si ng P r S0l - ne._of .conductij ve terial.
SOm0 | The' dind DNk Eing OIS ANATARE SR i £ AP Bl R el e BLE
mounting elrefttivdse @ndp hisbwer, fatiaid eppetsatfhsttandahe tipdr ch@d compiiingsh t he
upper cone to the basal cone, thereby electrically isolating the
conductive‘§WFF§C@§“B¥QPH@¢BEEQPm36ﬁ€oaﬁﬂjvﬁémﬁﬁﬁber cone. 10 43. The
antenna assenbly recited in claim42, wherein the nounting elenent is
operative to accept the |lead of the coaxial cable, nmounting el enent

shi el di Bg t42e | €Bt antennmatdembbioreditat inwdaisw#lf fotheotorhpsibas alouating and
directing the lead in contact with the c?gguctive %gé{ace of tg§ upper
cone, t her by FESAIPHHGERRCRICRMIGYE Mokt it mreting fhenpsheriide the kasgnal s
to the UpPe&ionEAR&eby EledficallPBoRAAEMRRASRETVE LM ARS bt @€ bkl b MddfRe Wherein
the antenna el enment” conpri'ses a cylindrical pin of conductive material,

t he pin attwpheeneo t he upper cone by an insulating adapter nounted within
the vertical plane of the antenna assenbly. 20 45. The antenna assenbly
recited in claim40, wherein the antenna el enent conprises a coil of

conductiigve 4Bt erTial anteha addembiieBROBInasARMY, WheRSt theGhduhtifp dlefeAPis Wherein
the basal cone is nounted proxinate to a ground plane conprising a cover

pl ate of comgERsvE@acespiche kdad phthegoapa! abld, meynioes clekentrbiptdiag thedgad The

antenna as f J | e_as conprises basal
cone of coﬁ?ucb%vgmﬁg#gkgg %HﬁngéﬁﬁgBéggégﬁg"% ”%@ﬁ%%%?ﬁbgRW§§3??h ® the
upper cone coftumnivedudhavwd thdweppeasale, thersdyweduliting ihhaa avevd feedbf leane of the

antenna assenbly, the 30 upper cone electrically insulated fromthe basal
cone by a t ?Cér&a“@an?trfs%wiw theJRnsE 95w 20

15
44.  The antenna assembly recited in claim 40, wherein the antenna element
comprises a cylindrical pin of conductive material, the pin attached to the upper cone by
an msulating adapter mounted within the vertical plane of the antenna assembly.

20 45.  The antenna assembly recited in claim 40, wherein the antenna element

comprises a coil of conductive material.

46.  The antenna assembly recited in claim 40, wherein the basal cone is mounted
proximate to a ground plane comprising a cover plate of conductive material for a

25  ceiling or wall-mounted.

47.  The antenna assembly of claim 25, wherein the cone assembly comprises a basal
cone of conductive material and an upper cone of conductive material, the upper cone
mounted above the basal cone within the vertical plane of the antenna assembly, the

30  upper cone electrically insulated from the basal cone by a threaded insulator having low

20



permttivity and positioned between the upper cone and the basal cone, the
threaded insulator having a threaded, fenmale contact receptacle for
receiving a bottomportion of the upper cone and a threaded, mal e contact
menber for insertion into an opening wthin a top portion of the basal
cone, wherein the threaded insul ator supports an 5 efficient assenbly of a
common junction formed by the conbination of the basal cone and the upper

cone. 48. %@m&ﬂ%ﬁg%ﬁ ﬁo%ﬁ‘r’&i‘f%h %et[%reeﬁ h’?e'b &/ on) ﬁﬁiep%arsﬂ%ogé ity ﬁzaéap%&l lator

controls t C capacrtance We€ern the upper core an e basa

cone. 10 49nsullner Antiend threRied nfeindlefontictiettptaclé for rd@ivigOaPskcih PertRne@Iaxi al
cable for tE‘arryi ng el ectromagnetic energy to and fromthe antenna
assenbl y, tHeUBRRDEPRE andpihgcadfid, nale contaet sacanbeg dordntarianm RiRRLePBinger

conduct or, \Fvﬁ'ﬁn%ec@% gﬁrti%ﬁ AP kA Rdze MsTomncla ﬁ%qﬁ%ﬁ%‘%ﬁﬂ%‘ﬁ &tgﬁ ééﬂ)%gﬁ% ﬁrIE he basal

cone and into an opeéening extendi ng along t eaded

i nsul at & faficieoaseanblynf & comimenyppeiondamesd Hyhthe etlaybipridai ofi thebasabic@leect ri c

| oadi ng of a | opw inpedance coaxial transm ssion |ine. 50. The antenna
assenbly oﬁmgﬁg?ﬁ? CO¥fherein the center conductor of the coaxial cable is
connected to the upper cone via a receptacle pin positioned at a tip of the
center 20 conductor, the receptacle pin extending into an opening of the

upper cone 4%hen Theantennp @sseobhieof dainhd B adwekin Hedicdne ifsmiptdrecontntsdd
receptacle(ﬁﬁrghe %Q&%aq%q)'nsuuﬁtor. 51, Tg% agtepna assenbly of cl aim 49,
wher ei n t he EERTSFRISHANCOSTV ST DrBPRep Sednd thepgsal 90| ectrical Iy
connecti®d to the upper cone by a direct electrical contact fornmed by 25 the
connection of the receptacle pin to the upper cone, thereby avoiding use of
a solder ¥ nt Tsrantensaapssadly ekglaigohh oPPIATisiE easxial aablefisl e to the

antenna as S&mﬂ@ elg&romagletic energy to and from the antenna assembly, the coaxial cable
having a center conductor and an outer conductor, the center conductor passing through
the opening of the basal cone and into an opening extending along the length of the
15  threaded insulator for connection fo the upper cone, thereby providing a dielectric

loading of a low impedance coaxial transmission line,

50.  The antenna assembly of claim 49, wherein the center conductor of the coaxial
cable is connected to the upper cone via a receptacle pin positioned at a tip of the center
20  conductor, the receptacle pin extending into an opening of the upper cone when the

upper cone is threaded into the ferale contact receptacle of the threaded insulator.

51.  The antenna assembly of claim 49, wherein the center conductor of the coaxial
cable is electrically connected to the upper cone by a direct electrical contact formed by
25  the connection of the receptacle pin to the upper cone, thereby avoiding use of a solder

joint for the electrical connection of the coaxial cable to the antenna assembly.
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