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CLOSELY- POCSI TI ONED ANTENNAS Technical Field 5 The present invention

rel ates generally to diversity antennas and, nore particularly, to a
diversity antenna structure which permts two antennas configured in a
diversity arrangement to be positioned {n close proximty to q@@bégggﬁer.
10 Background of the Invention A conmunication systemis conprised, a
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communi cation systemis a communi cati on systemin which the transm ssion
channel conprises a radio frequency channel defined by a range of
frequenci es of t fechhival Fieldgneti ¢ frequency spectrum A 20 transmtter
operative in 2 radi o communi cation system nust convert the comruni cation
signal into a"formsuitable for transm ssion upon the radio-frequency
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is conmonly referred to as a "carrier signa I gnal, once
nodul at ed by theCklsmpmimaltydn engyandthers comonly referred to as a
nodul at ed car5| er signal. The

Background of the Invention

A communication system is comprised, at a minimum, of a
transmitter and a receiver interconnected by a communication
15 channel. A communication signal is transmitted by the transmitter
upon the transmission channel to be received by the receiver. A radio
communication sysfem is a communication system in which the
transmission channel comprises a radio frequency channel defined by a
range of frequencies of the electromagnetic frequency spectrum. A
20 ftransmitter operative in a radio communication system must convert
the communication signal into a form suitable for transmission upon
the radio-frequency channel.
' Conversion of the communication signal into a form suitable
for transmission upon the radio-frequency channel is effectuated by a
25 process referred to as modulation. In such a process, the
communication signal is impressed upon an electromagnetic wave.
The electromagnetic wave is commonly referred to as a "carrier
signal." The resultant signal, once modulated by the communication
signal, is commonly referred to as a modulated carrier signal. The
30 transmitter includes circuitry operative to perform such a modulation

process.



30 trahsmitter includes circuitry operative to perform such a nodul ation
protess. -2- Because the nodul ated carrier-si-gnal. my be transmtted.
t hrough free space over |arge distances, radi o communication systens are
widely utilized to effectuate comuni cati on between a transmtter and a
renot el y-positioned receiver. ‘5 The2receiver of the radio

communi cati on system which receives the nodul ated carrier signal contains

circuitry anal ogous Becaudelthefibdtiated carrier g mae B G8ndnithed hat of , the
circuitry of the trapnsmtter and is opﬁratlve to,performa process referred
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el ectromagnetic frequency spectrum Regulatory bodies e divided portions
of the el ectronande remotelyrpostionederaceiveri nt o frequency bands, and have
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nmodul ated carrier signal from cation and reception at such | ocation of
a nodul at ed cardemoditlgtign. Each | ocation of such a two-way

10 Numerous modulated carrier signals may be simultaneously

fransmitted upon differing radio frequency channels of the
electromagnetic frequency spectrum. Regulatory bodies have divided
portions of the electromagnetic frequency spectrum into frequency
bands, and have regulated transmission of the modulated carrier
.15  signals upon various ones of the frequency bands. (Frequency bands
are further divided into channels, and such channels form the radio-
frequency channels of a radio communication system.)
A two-way radio communication system is a radio
communication system, similar to the radio communication system
20 above-described, but which permits both transmission and reception of
a modulated carrier signal from a location and reception at such
location of a modulated carrier signal. Each location of such a two-way
radio communication system contains both a transmitter and a
receiver. The transmitter and the receiver positioned at a single
25 location typically comprise a unit referred to as a radio transceiver, or
more simply, a transceiver.
A two{_way, radio communication system which permits
. alternate traﬁémission and reception of modulated carrier signals is
referred to as a simplex system. A two-way radio communication
30 system which permits simultaneous transmission and reception of

communication signals is referred to as a duplex system.



radi o conmuni cation system contains both a transmtter and a receiver. The
trahsmitter and the receiver positioned at a single 25 location typically
conprise a unit referred to as a radio transceiver, or nore sinply, a
transcei ver. A two-way, radi o conmuni cation systemwhich permts alternate
transm ssion and reception of nodul ated cafrier signals is referred to as a
sinpl ex system A two-way radi o communication 30 system which permts

si nul t aneous transni gsiceliulap¢oremanicationafystammisiohe dype of twgrwhy radio
referred to as a dupl ex system . -.3- A cellular.comunicatian systemis
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cel lular comrunication
communication system. Such portions are referred to as cells. Each of
the plurality of cells is defined by one of the base stations of the
plurality of base stations, and the plurality of cells together define the

coverage area of the cellular communication system.

15 A radio fransceiver, referred to in a cellular communication
system as a cellular radiotelephone or, more simply, a cellular phone,
positioned at any location within the coverage area of the cellular
communication system, is able to communicate with a user of the
conventional, wireline, telephonic network by way of a base station.

20 Modulated carrier signals generated by the radiotelephone are
transmitted to a base station, and modulated carrier signals generated
by the base station are transmitted to the radiotelephone, thereby to
effectuate two-way communication therebetween. (A signal received
by a base station is then transmitted to a desired location of a

25 conventional, wireline network by conventional telephdny
techniques. And, signals generated at a location of the wireline
network are transmitted to a base station by conventional felephony
techniques, thereafter to be transmitted to the radiotelephone by the
base station.)

30 Increased usage of cellular communication systems has resulted,
in some instances, in the full utilization of every available
transmission channel of the frequency band allocated for cellular

radiotelephone communication. As a result, various ideas have been



system as a cel | ul ar radiotel ephone or, nore sinply, a cellular phone,
posi'tioned at any location within the coverage area of the cellular
communi cati on system is able to communicate with a user of the
conventional, wreline, telephonic network by way of a base station. 20
Mbdul ated carrier signals generated by the4adiotel ephone are transmtted
to a base station, and nodul ated carrier signals generated by the base
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a modulated signal, a greater number of modulated signals may be
sequentially transmitted.

~ By converting a communication signal into discrete form prior

to transmission thereof, thereby to form a digital code, the resultant

15 modulated signal is typically of a smaller modulation spectrum than a
corresponding modulated signal comprised of a communication signal
that has not been converted into discrete form. Additionally, when the
communication signal is converted into discrete form prior to
modulation thereof, the resultant, modulated signal may be

20 transmitted in short bursts, and more than one modulated signal may
be transmitted sequentially upon a single transmission channel.

A transmitter which converts the communication signal into
discrete form converts the communication signal into a digital code
which is modulated and then transmitted upon the communication

25 channel.

While, ideally, the signal received by the receiver is identical
with that of the signal transmitted by the transmitter, the signal
actually received by the receiver is not a single signal but rather the
summation of signals transmitted thereto by differing paths. While

30 one or more shortest-distance paths interconnect the transmitter and
the receiver, a multiplicity of other signal paths also interconnect the
transmitter and the receiver. For instance, the signal transmitted by

the transmitter may be reflected off of both man-made or natural



may be i'ncreased by minimzing the nodul ati on spectrum of the nodul at ed
signal transmitted by a transnitter to pernmt thereby a greater nunber of
nodul ated signals to be transmtted sinultaneously. 10 Additionally, by
mnimzing the amount of tinme required to transmt a nodul ated signal, a
greater nunber of nodul ated signals may be-%equentially transmtted. By
converting a comruni cation signal into discrete formprior to transm ssion

t her eof , It Iher e]E)yijQcté ?frtﬁratoch';@ielbﬁbn@gdme ﬁebﬁveﬁanatsagxﬁalﬂrarﬁﬁdgbat@bmi gnal
is typically of a smaller modulatjgon spectrumthan a cor.respondin

modul at ed si gnal® é&eé?ceév%{)%hfﬁgdfﬁf‘?lﬁﬁ“#%% {%E{neréfga%‘_fﬁ 9‘been
converted into ddiéﬁilﬁtt?aﬂs&ﬁmedﬁégéﬁ méahbﬂesﬂﬂi@&ﬂcaq)m&%' SFsuhgnal

is converted into discrete formprior to nodul ati on-t hereof, the resultant,

modul at ed si gnal mudijplicityof tranamissionepaths, shoatualcomsunicationchanneh one
modul ated si gnaly, gy, %\m%sr f‘%@fpeﬁttgdﬂssf ath | halRA"af %ﬂl@g%?tai 5'?&?9&& ston
channel . A transmtter Whi ch converts the | I NTO

mmunt cat1 on si gn
di screte form cdny thé seceiverdsinenver atsummmationadf thetplusalitypftsignalsde whi ch

is nodul ated and then, transmited upgn the cqomyuni.cation, 25 channel.

Wi e, T deal |y, EpRSSitiah frareta. lAng B BT POGEY R A RsTiaSRn B ¢ h ¢ hat
of the signal trgaabé sRMHaY taRSniiftéd Hldbhg dther HANSIHE GHorfGt-dadthiice €cei ved
by the receiver is not a mg&{se signal but rather the summation of signals

transmtted thertsansmissione pathsasrivat atsthe\igceivepdelayed iar time zelative to the
short est - di s{,an t | &%&—Qﬁ@a I : r’;?a“tﬁi , a
mul tiplici tyioof ng% er@%‘%ﬁgﬁ{)g%g}és% nter conhggttratq‘%gu%érigﬁ m ttléir?eLand
the receiver. Farrivisg aigrals ihterfere vaith tpramionisiy-edrived signals.aihen the may
be reflected of fsigjtalbt%rr\]anﬁpe_d@gwrﬁar}%tn% aelr comprises the modulated, digital

code, such interference is referred to as intersymbol interference.

3

When such intersymbol interference is significant, the signal actually
15  transmitted by the transmitter cannot be recreated by the receiver.
Receivers have been constructed which have two or more
spaced-apart antennas for receiving signals transmitted thereto. The
signals received at one or the other of the two or more spaced-apart
antennas is utilized by circuitry of the receiver to recreate the signal
20 actually transmitted by the transmitter. The antennas are positioned in
relative orientations (such as, in a two-antenna configuration, in a
mutually-orthogonal orientation) such that when a signal received at
one of the antennas includes significant interference or is weak, a
signal received at another of the antennas includes, typically, a lesser
25 amount of interference or is of a greatér strength. When two or more
antennas are configured in such manner, the antennas are referred to
as being in diversity (or, diversity antennas), and a receiver including
such antennas configured in diversity are referred to as diversity
receivers. And, transceivers including such antennas are referred to as
30 diversity transceivers.
When the two or more antennas configured in diversity are
spaced-apart from one another by more than one quarter wavelengths

of the frequencies of the signals transmitted to the receiver, such



objepts‘prior to reception by the receiver and signals transmtted upon
such paths are received by the receiver, delayed in tinme relative to
signals transmtted upon the shortest-di stance paths. Because of such
multiplicity of transm ssion paths, an actual comuni cation channel 5 is
oftentines referred to as a nultipath channfel and the signal received by
the receiver is, hence, a summation of the plurality of signhals transmtted
thereto al ong t h&Ekhi L:ahﬁghiraﬁ&fs WhAR S WRll teabvVircoBRCthieset et bhl S
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is of a greater é‘f’l‘hﬁﬁf‘ﬁés %ﬁe“t wm%qﬁﬁ?%wgg%@éﬁﬁaﬂﬁ?sed in such
manner, the antennas Whatigheéd&d therefore, is a diversity antenna structure

which permits antennas configured in diversity o be positioned in

15 close proximity to one another without causing significant
intercoupling between the antennas.

Summary of the Invention

20 The present invention, accordingly, advantageously provides an
antenna diversity structure which permits the antennas configured in
diversity to be positioned in close proximity to one another.

The present invention further advantageously provides a
diversity receiver having diversity antennas configured in close

25 proximity to one another.

The present invention includes further advantages and features,
the details of which will become more apparent when reading the
detailed description of the preferred embodiments hereinbelow.

In accordance with the present invention, therefore, a diversity

30 antenna structure for a radio having radio circuitry operative in a radio
communication system is disclosed. The diversity antenna structure
comprises first and second antennas. The first antenna is formed of a

first conductive portion and a second conductive portion wherein the



as being in diversity (or, diversity antennas), and a receiver including
such antennas configured in diversity are referred to as diversity
receivers. And, transceivers including such antennas are referred to as 30
di versity transceivers. Wen the two or nore antennas configured in

di versity are spaced-apart from one another7by nore than one quarter

wavel engt hs of the frequencies of the signals transmtted to the receiver,
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needed, therefor&ndm@ggﬁiﬁbytﬁgmpgn&hgcture whi ch permts antennas
conflgured in diversity to be positioned in 15 close proxinity to one

anot her without causing significant intercoupling between the antennas.
Summary of the lﬂi’i@f‘beg&ipﬁon of the Drawings

The present invention will be better understood when read in
light of the accompanying drawings in which:

FIG. 1 is a block diagram of a diversity transceiver of a first,

15 preferred embodiment of the present invention;

FIG. 2 is a block diagram of a diversity transceiver of an alternate,
preferred embodiment of the present invention;

FIG. 3 is a partial perspective, partial circuit schematic diagram of
the diversity antenna structure of a preferred embodiment of the

20 present invention;

FIG. 4 is an exploded, perspective view of the diversity antenna
structure of the preferred embodiment of FIG. 3 positioned above an
electrical circuit board; -

FIG. 5 is a perspective view taken from beneath a bottom surface

25  of the patch antenna forming a portion of the diversity antenna
structure of the preferred embodiment of the present invention shown
in FIGS. 3 and 4; and

FIG. 6 is an exploded view of the diversity antenna structure of

an alternate, preferred embodiment of the present invention.



20 " The present invention, accordingly, advantageously provides an
antehna diversity structure which pernmits the antennas configured in
diversity to be positioned in close proximty to one another. The present
i nvention further advantageously provides a diversity receiver having
diversity antennas configured in close 25 p¥foxinmity to one another. The
present invention includes further advantages and features, the details of

whi ch will beconpedmirtici B tied Prafopred EaiodémbAg det ai | ed descri ption of
the preferred enbodi msI nts herei nbelow. I n accordance with the present
I nvention, therefore, a diversity 30 antenna structure for a radi o having

radio circuitry Oper%f\é?ﬁf\ﬁfﬁ-str&)dﬂﬁ m??‘???éﬁﬁ* BPFﬂ?‘,%@iiv%réi' cl osed. The
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conduct i ve port ieomfigured dnidiversitynitshauld i wnderstanst that franneeiver (198
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in diversity.)

When receiving a modulated signal transmitted to transceiver
100, antenna 106 is operative to receive such transmitted signal and to
convert such transmitted signal into an electrical signal on line 118.

15 Antenna 112 is similarly operative to receive such transmitted signal
and to convert such transmitted signal into an electrical signal on line
126.

Lines 118 and 126 are coupled to switch 130, here shown to be a
single-throw, double-pole switch. Switch 130 may, of course, be

20 embodied by an electronic device, such as a multiplexer circuit.
Depending upon the switch position of switch 130, either line 118 or
line 126 is coupled to line 136, thereby either to supply the signal
generated on line 118 or the signa'l. generated on line 126 to receiver
circuitry 166. Receiver circuitry 166 is operative, typically, to down-

25 convert in frequency the signal applied thereto, to demodulate the
down-converted signal, to decode such demodulated signal, and to
supply the decoded signal by way of line 172 to a transducer, here
speaker 178.

A transmit portion of transceiver 100 is further shown in the

30 figure and includes a transducer, here microphone 182 which generates
an electrical signal on line 186 which is supplied to transmitter circuitry
190. Transmitter circuitry 190 is operative in a manner analogous to,
but reverse to that of, receiver circuitry 166 and is operative to generate



l'i ght of the acconpanying drawings in which: FIG 1 is a block diagramof a
diversity transceiver of a first, 15 preferred enbodi nent of the present
invention; FIG 2 is a block diagramof a diversity transceiver of an
alternate, preferred enbodi ment of the present invention; FIG 3 is a .-
partial perspective, partial circuit schemafirc di agram of the diversity
antenna structure of a preferred enbodi nent of the 20 present invention;
FIG 4 is an exphafiedulaped sfpgell iorecline 896 oihichds douplesd to/eithércamtenan ridét ur e
of the preferred enbodi nent of FIG_ 3 ned above an.electyi cal
circuit board; FPEante Wﬁ%@%&ﬁ%}@ﬁﬁé&bﬁﬁﬂ’éﬂ%ﬁ?%}%}% é 2hot t om
surface 25 of t Rodighedd gggt,ﬁprgﬁe,fegfdﬁlng a portion of the diversity antenna
structure of the preferred enbodlnent of the present invention shoyn in

FIGS. 3 and 4; and FI Brogsser 198 furbhestorms apogtion pk tnsesiver J0Gandrna
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that a received signal is to be applied to receiver circuitry 166. In the -

10 preferred embodiment of the present invention, such control
algorithm is operative to cause positioning of switch 130 to permit
sampling by receiver circuitry 166 of signals received by both antennas
106 and 112. Responsive to such sampling, a determination is made as
to which of the antennas is to be coupled to receiver circuitry 166.

15 FIG. 2 is a block diagram, also of a diversity transceiver, here
referred to generally by reference numeral 200. Diversity transceiver
200 includes circuitry permitting both transmission and reception of
modulated signals. Diversity transceiver 200 also includes two
antennas, here antennas 206 and 212 positioned in diversity with one

20 another.

When receiving a modulated signal transmitted to diversity
transceiver 200, antenna 206 is operative to receive such transmitted
signal and to convert such transmitted signal into-an electrical signal
on line 218. Line 218 is coupled to demodulator circuit 222.

25  Demodulator circuit 222 is operative to demodulate the signal applied
thereto and to generate a demodulated signal indicative thereof on line
226.

Similarly, when transceiver 200 is operative to receive a

modulated signal, antenna 212 is operative to receive such transmitted

30 signal and to convert such transmitted signal into an electrical signal
on line 226. Line 226 is coupled to demodulator circuit 228 which is
operative to demodulate and to generate a demodulated signal on line
232.



configured in diversity. (Wile transceiver 100 includes two antennas
configured in diversity, it should be understood that transceiver 100 10
could simlarly include greater nunbers of antennas, each configured in
diversity.) Wen receiving a nodul ated signal 1¥ansmtted to transceiver
100, antenna 106 is operative to receive such transmtted signal and to

convert such transmtted gign |0t I | . Sl | G%ﬁi
Antenna 112 is simlarly %%@@W@%&%@%%@%?ﬁ@%‘#@gna nglig
to convert such transpefative teidmaﬂeiamiﬁnair_a[qﬂmlﬁiewﬂo. dDematiutatots 202 drrb228
Lines 118 and 126 are %éplagftﬁ)ﬁ swi tch 130, ,here shown to be a1

si ngl e-t hrow, doubl e2PBI4EC ) togpthencopprise pecefyer Gircuitty analogousiBodi ed
by an el ectroni c devi&ived ituliPy 3680 tdHseaiver 100 68 FIG. PeBAER rBgiv@on t he
switch position of swtch 130, efther line 118 or line 126 is coupled.to

line 136, therebys ei cinewitnyoissndisiajed irethe figure hyreference pumerale26b1ehish  he
signal “generated on Héik‘fq%zyﬁlei Qelfititd ¥ihtathd Withih eiiploERCENGh ifi Kfith! 'Y

166 is operative, typica convert in frequency the signal
applied thereto, to denpdAl désedetisigimligenerated byddedodenl36 isogetwrated anuline

denodul at ed signal, Q ,suppl v. t decoded signal Db f line 172 to
a transducer, here S%ngc}l%)péj#%ﬁg% BF?ti’gﬁr ?P%'%kgﬁéé% ver 100 is

further shown in the 30 Theuyrsnspiittet PorHROfadivE GAsceiver 200ninchoddsone
182 which generates an electrical signal on |lLine 186 which is suppl h]g%ria?

transmitter circi triramsducer; heemicrophone 282t whichogeneratesarelegica _
manner anal ogous to, o Qi ENREH B dfflledlo traBSREMES citbitty 390/ EhfhsRlittet S

operative to generate _
circuitry 290 is operative in a manner analogous to, but reverse to that

of, operation of receiver circuitry 266, and is operative to generate
modulated signals alternately on lines 292 and 296 which are coupled to
15  antennas 206 and 212, respectively.

Processor circuitry 298 further forms a portion of diversity
transceiver 200. Processor circuitry includes appropriate control
algorithms to control operation of component portions of receiver
circuitry 266 and transmitter circuitry 290. Such control algorithms

20 embodied therein include algorithms for controlling operation of
demodulators 222 and 228. Demodulators 222 and 228 are alternately
operative to generate demodulated signals such that demodulated
signals generated by only one of the demodulators is supplied to
decoder 236 by way of line 226. Operation of one or the other of the

25 demodulators 222 and 228 is determinative of whether signals received
at antenna 206 or antenna 212 are applied to decoder 236.

The process of selection from which antenna a received signal is
utilized to generate the decoded signal on line 272 is analogous to the
process of selection by which the processor circuitry 198 of transceiver

30 100 makes selection of antennas, and such process shall not again be
described. As processor 298 causes operation either of demodulator 222
or demodulator 228, control signals generated by processor circuitry 298



-9 - a nodul ated signal on line 196 which is coupled to either antenna 106
or antenna 112 by way of switch 130 to permt transm ssion of a nodul ated
signal therefrom Processor 198 further forns a portion of transceiver 100
and is 5 operative to control operation of receiver and transmtter
circuitry 166 and 190 as well as to controtlthe switch position of switch
130. Processor 198 contains appropriate control algorithnms enbodied therein
to determ ne froontbl sélectivre ofantemic206 ot 282 dn manhrensarkl@goustd tle

received signal is, to be applied t.a receiver ciycuitr 6. |In.the .10
preferred enbodF%ﬁPP%lgn?%eé)eﬂ}eégﬁgﬂtobx R&%ﬁ?ﬁ??fn,ﬂif?cﬂo’b%?hl&ﬁl swhteh, PP?‘#RH s
operative to caysewireh 1300F thansbivenogh 130 to permt sanpling by receiver
circuitry 166 of signals received by hoth antennas 106 and ,112. Responsive .

to such sanpling, a & mentioredohereinahaye, yehen aptennasqposiiengdtiBnnas is to
be coupled tp r | | RS dirftfn ' | agr am
al so of a di%erg?‘fé)fg ﬁggésgé‘g#\?gré,bﬁggg re ecr:?seac} 1?%*58#5?%‘?‘15?‘%%%%%
nuneral 200. Di wavelengths afisheimedul2adad sigrialsitmnsinitted tthergter there isig bot h
transm ssion an ecepti.on.of nodul ai ed ,si gnal Di.ver sit ran LV 200
20" I not udes. 1 HAERPRRAAR biwHRR ShEh RSS! Brosues Rieh 4ALaRRRAEE
diversity \C/Im' th gfepaﬁﬁoaadtiheniose\/}smxiﬁﬁ to/ ong anothet) catipling ibgtween
transmtted to diversity transceiver, 200, aptenna 206, s operative to

recei ve such {r SHEnPRIGaE dRRERdes Antegne peFrEARse R e eEradet ffal i nto
an el ectricag Sp@fﬁh@ﬂcé ofQ rebBivekifl€o atifig GALR| AfefRasi esRE l:@&ﬁﬁn

circuit 222. 25" Denodul ator circuit 222 is operative to denpdul ate the
signal applied Phas:at least inopapsnas thecantennap are eommanlygroundeddata ve

t hereof on Ii N .ommon ground.

Turning next to the partial-perspective, partial-electrical
schematic diagram of FIG. 3, a diversity antenna structure, referred to
15  generally by reference numeral 400, of a preferred embodiment of the
present invention is shown. Antenna structure 400 of FIG. 3 may
advantageously form a portion of a diversity transceiver, such as
diversity transceivers 100 and 200 of FIGS. 1 and 2, respectively, even
when the antennas are positioned in close proximity to one another.
20 - Diversity antenna structure 400 includes first antenna 406,
represented in the figure by elements within the block shown in hatch.
Diversity antenna structure 400 also includes second antenna 412
similarly represented by the elements within the block shown in hatch.
First and second antennas 406 and 412 are analogous to antennas 106
25 and 112 of diversity transceiver 100 of FIG. 1 or antennas 206 and 212 of
diversity transceiver 200 of FIG. 2.
Antenna 406 is comprised of first antenna portion 416, here
illustrated to be a helical, quarter wave antenna coupled to line 418
upon which a signal received by first antenna portion 416 is generated.
30 Line 418 extends to pin member 418'. Pin member 418' facilitates
coupling of antenna portion 416 to transceiver circuitry of a diversity

transceiver.



226. Simlarly, when transceiver 200 is operative to receive a nodul at ed
signal, antenna 212 is operative to receive such transmtted 30 signal and
to convert such transmitted signal into an electrical signal on line 226.
Line 226 is coupled to denodul ator circuit 228 which is operative to
denodul ate and to generate a denodulated sli2gnal on |ine 232. - 10- Lines
226 and 232 are coupled to inputs of decoder 236 which is operative to
decode a signal appl Fadt higir@la006RIFEkH @Rpfise’decdnd Zrfénaa poltiondse20, 236

t oget her conprise receiver circuitry anal ogqous to recejver circuitry 166 of

transcei ver 100here shawvnio by @ gerpensingshaped; conductive line., dn @praferrgd; ne
figure by refergnge HINIRE é{"‘ﬂ’ﬂ e t '

wi thin the bl oc%, shown |?fh%tg§hr\.@§ eg’%&?ﬁ%?ﬁ%gﬁggﬁgﬁgtﬁéﬁ?&‘@%r 236
i s generated onsédomgd @mennaipsirtion 4200k ifermed of a stzipsHoe dlispasedewithimRar
278. The trapsm{ter porti of .digversit ranscei ve 0.1 10
transducer, Mher Sfeﬁﬁl?gﬁfﬁﬂ'ﬁ%dm\ésﬂﬁﬁgﬁéé’%eéo oré?%(%?sr ?%‘Qﬁ%f*éﬁ%\a on
line 286 whi ch ekctixpl igtduhd pland)disre indicatedcby line £20coupled toilcusing
circuitry 290 Iil’?g@;rgaktyl ve in a manner anal Qqgous to, byt reverse,jo that
of, operation o ¢l dprins dhe cORYOB GTOMRA Teeranes BOlS &f @ PREAbIE o

modul at ed si gnakgingédiér) 3Leh sy {)/itﬂﬁl‘é, eAtu1aP dadidcléphbne.21eneappl ed to 15

antennas 206 and 212, respectively. Processor circuitry 298 further forns a

portion of diveextendsttopinonember2dl’ andod2d's AWhile euhousing efjapestable
appropri at e ,gontLal eiver is typically comprised of a thermoplastic material, such

thermoplastic material typically includes a coating of an electrically-
conductive material coated upon inner walls of such housing. '
Housing 423 in the figure is illustrative of such electrically-conductive
coating.)

15 Second antenna 412 is formed upon opposing face surfaces of
substrate 424 comprised of an eIectrically—nonconductive material.
Second antenna 412 comprises first antenna portion 425 formed of a
serpentine-shaped conductive line formed upon a top surface of
substrate 424, thereby to form a patch antenna. A signal received by

20 first antenna portion 425 is converted into an electrical signal which is
generated on line 426 which extends to pin member 426'. Pin member
426’ facilitates coupling of antenna portions 425 to transceiver circuitry
of a diversity transceiver includihg such antenna structure.

Second antenna includes second antenna portion 427, also |

25 comprised of a serpentine-shaped conductive line but formed on a face
surface of substrate 424 opposing that of the face surface upon which
first antenna portion 425 is formed. Second antenna portion 427 is
electrically coupled to a ground node, represénfed by housing 423, by
way of line 428, and here, more particularly, by way of pin members

30 428 and 428" to which line 428 extends.

While both second antenna portion 420 of first antenna 406 and
second antenna portion 427 of second antenna 412 are both connected

to a transceiver ground plane, represented by housing 423, second



algorithms to control operation of component portions of receiver circuitry
266 ‘and transmtter circuitry 290. Such control algorithms 20 enbodied
therein include algorithms for controlling operation of denodul ators 222
and 228. Denodul ators 222 and 228 are alternately operative to generate
denodul ated signals such that denodul ated-#gnals generated by only one of
the denodul ators is supplied to decoder 236 by way of |ine 226. QOperation

of one or the otgpgsnmf pbhﬁu%&zmdwam&ﬁ é&?c?sm&&&ehaadqoebﬁamtzi ve of
whet her signals received_ at antenng 206 or antenna 212@@ %gl i e

decoder 236. Thargphyeisallyseparated £ AR RFAPERY ZATieIw ém rs. gnal
S ut|||zedto W | 7, to the
process of selecti oﬁb‘% %Pseﬂ t he ?ﬁ%g@g&&t&gﬁﬂr\gglﬁ?e} &%L%g@ transcel ver 30.
100 nakes sel ectpostions 420 andRd toappe@am bprmmrsmllectmal isglatiorbe
descri bed. pr, S e I 222 or
denodul at or A% 28 fP§C1§ ncftpé’ ?&gﬁﬂﬁf\ gﬂge%gléu% %@é‘dg%?%%gggss%{)er gglgi&gél }?5? $98
control sel ecti anteinaantOsraral 208 (Suchldp arenﬁfmlzﬁ:oranai su:betmférhed tont r ol
150" 01 *t Panscel peaYishHeaR &spﬁaﬁ'éutﬁ?g\?@éoé’ér tc“wﬁeﬁa(’ B & tHned
0 ranscei n ne
in 5 diversity %hS é@éﬁﬁ% SR¥nH Aterhs HRRESAS 2D0O |aﬁas427a§nﬁﬁfﬂtméﬁdﬁﬁ€es ,
gquarter wavel en%gw of the nodul ated signals- transm tted thereto, there is

little coupling e Antanaas A06eanch 412 Hm\mmnumden Waﬁﬁ@bnndswduél
PosLi1 1S, 9, L8RS PR porBncE ARt cSOHRM B ARIGHIer Y
of a receiver i @mq)(smhisngomilahtemtaepmiimssmﬂamb 4gy |f013:n ground plane
portions of the respective first and second antennas 406 and 412. But
because such second antenna portions 420 and 427 are physically
separated from one another to be maintained in apparent electrical (or
15 radio frequency) isolation from one anther, coupling between the two
antennas 406 and 412 is minimal. As a result, first and second antennas
406 and 412 may be positioned in close proximity to one another (i.e.,
within the aforementioned quarter wavelength distance from one
another) while still being separately operable to function in diversity as
20 coupling between the two antennas is minimal.
FIG. 4 is an exploded, perspective view of the diversity antenna
structure of FIG. 3, here referred to generally by reference numeral 500
and positioned above an electrical circuit board 502. Transceiver
circuitry 503 is mounted upon circuit board 502 and transmission lines
25 504 and 505 extend therefrom upon a face surface of the circuit board
502. .
Analogous to first and second antenna portions 416 and 420 of
diversity antenna structure 400 of FIG. 3, diversity antenna structure
500 of FIG. 4 includes a first antenna comprised of first antenna portion
30 516 formed of a helical, quarter-wave antenna and second antenna
portion 520 formed of a strip line disposed within antenna circuit board
521. Line 518 connects first antenna portion 516 to transmission line

505 by way of a pin member (analogous to pin member 418’ of FIG. 3)



occurs, ‘at least in part, as the antennas are commonly grounded to a conmon
ground. Turning next to the partial -perspective, partial-electrical
schematic diagramof FIG 3, a diversity antenna structure, referred to 15
generally by reference nuneral 400, of a preferred enbodi nent of the
present invention is shown. Antenna structig-e 400 of FIG 3 may

advant ageously forma portion of a diversity transceiver, such as diversity

transceivers 10@)(&?\‘21&%9%\%%@ Stenhaddifbudt bHSRPSZT Wik anRNeR bRt t he

antennas are positioned, ose proximty to_one_ another. 20
Di versity antenieard b2t isiseated eponctitaptbeands302: nbiaplarlycecond gntenna ed i n

the figure by el .5 [l 0 ' T i e enna
structure 400 a g)gﬁ |&&1?Fﬁﬂaéegb‘g%l%gﬁgqgngéﬁﬁggwﬂg}ﬁkﬁﬁb} rego;fs%ﬂn? g%Q'by t he
el enents wi t hi nalseebywaykofhpin membaet (dnalégout toapih sembet 422 endaA22106 and
412 are anal ogou tenngs 106 25, and. 112 qgf..diversi franscei yer 100
of FIG 1 or5an92ﬁ§s§gﬁgteﬂaﬁlgz OBShd?Wé???gtqén‘gEﬁ?M CESBR}P%T#G 2.
Antenna 406 is ggmgﬁwq@himimﬂ@mort ion 416, here illustrated to
be a helical, quarter, wave antenna coupl ed {qo lin 44(]5)3:@0? whi ¢h a signal

received by first anPubs@aiford4 analogous o subeirae elsReFIERRetds t o

pi n menber 418’ vE ARBIHIET cif i} { kb is R M ﬁ&tnqﬁﬁﬁ portion
416 to transcei \a/ﬂe)rgbgiarcw t rglﬁ%t?thgﬁ/grz%?%‘g%f?gnscei vleé}?s -12 & First

antenna 406 f ur seating tgreo§ aponeadennaairewit boprd 52bn Adso analageustovirst o be
a serpenting;shapgd.e 604 %‘i’\%ﬂﬁ/aep&f%%s 498 G457 B 5&Snd antenna 412 of FIG.

3, diversity antenna structure 500 includes a first antenna portion 525
and second antenna portion 527 which are disposed upon opposing face
surfaces of substrate 524. First antenna portion 525 is formed of a
conductive line disposed upon a top face surface of substrate 524, and

15 second antenna portion 527 is disposed upon a bottom face surface of
substrate 524. Both conductive lines 525 and 527 are serpentine-shaped
conductive lines as defined by two nonconductive post members
formed upon the top-and bottom face surfaces of the substrate.

Line 526 extends about an edge surface of substrate 524 and leads

20 to a contact pad formed on the bottom face surface of substrate 524,
thereby to connect transmission line 525 with the contact pad. The
contact pad contacts against an electrically-coﬁductive pad formed upon
a face surface of antenna circuit board 521 and thereafter to be
electrically-coupled to transmission line 504 by way of a pin member

25 (analogous to pin member 426’ of FIG. 3) extending through circuit
board 521. Line 528 formed along a bottom surface of substrate 524
permits connection of second antenna portion 527 to an electrical
ground. _

Because second antenna portion 520 is disposed within antenna

30 circuit board 521 and is physically isolated from second antenna portion
527, the ground planes formed of such antenna portions 520 and 527 are
maintained in épparent isolation from one another. Because such

antenna portions are maintained in the apparent isolation from one



enbodi nent of the present invention, the conductive |ine conprising second
antenna portion 420 is forned of a strip line disposed within an 5

el ectrical circuit board. Second antenna portion 420 is coupled to an

el ectrical ground plane, here indicated by |line 422 coupled to housing. 423
which forms the comon ground reference nodé-of a portable transceiver,
such as a portable, cellular radiotel ephone. Line 422 extends to pin
nenbers 422" andarctBer, doliplirg Betwew the Blo antarnabivehéréin thea fissicantennas

d
typically conprised of .a {her | ast | terjgl, such thernoplastic.
materi al typi cal Ff%ﬁ’[‘ﬁ%iegf S{T‘g‘g%ﬂt?ﬁégbﬁsaﬂﬂ‘dea&?@%‘ 13 gma%ﬂ%mged
material coated YPQBrde 529807 PisOmitinedl. NR&DIriinglyiosisdhngnteasas dyBef | gure
is illustrative of such _electrically-conductive coating.) t}ug Second
ot therabys 24

antenna 412 i s fpesiianegdn cosephysical Rrexipity feanean
Ly | b i aty ;
conpri sed of an aﬁ%&gyggﬁfggﬂ@y@%eo 9b!fBHm p6Fch BF bRArdfy

conprises first enna a serpenti ne-shape
conductive |ine fransceiverpsuclaas appertablecadidtelpboneat e 424, thereby to form

a patch antenna. A sigRal received.by, 2 first _anienn rti 4 S
coP\verted into an ele iecﬁ?t ‘%T%%Im&ﬂ?%‘ﬁr@ gEqrat ?%rf%#ﬁg%?ﬁé%i ch
extends to pin nevidglayebcircdit Bosriyliaeluding, inaddition! fostheastripl lige of ant enna

portions 425 to transceiver circuitry of a diversity Irgnsp ve inc%ﬂdi ng

such antenna st renprsingseensdurtie kng 420 sheelsokelegfrisalahie gyra'&af? 427,
al so 25 congyi S:ﬂf%loés e sﬁ%ﬁgﬁpﬂmhﬁa% t W%%ééfbéﬁéﬁh%ﬁnézﬁisgﬁﬂl on a

face surface of substrate opposing t ace surface upon which

first antenna poliné 520 408 isclafed: thetefr@ndyna layerafrarcpifrboasd 5217 i s
el ectrically coupled round node. represented S] y
of Tine 428, and hr oFlGigy B DRPEERGRYS MFLFRE AR throiiEa BRHoR sultisl®
and 428" to whi céf dubstrade’5246f FIGS4. In the perspective view of FIG. 5, serpentine-
shaped conductive line 527, line 526 (which leads to the contact pad
15  formed upon the bottom face surface of substrate 524) and 528 are again

shown. When substrate 524 is seated upon a face surface of antenna
circuit board 521, lines 526 and 528 permit connection of the first and
second antenna portions 525 and 527 to transmission line 505 and an
electrical ground plane, respectively.

20 Turning next to the exploded view of FIG. 6, a diversity antenna
structure, referred to generally by reference numeral 600, of an
alternate, preferred embodiment of the present invention is shown.
Analogous to diversity antenna structure 500 of FIG. 4, diversity
antenna structure 600 is of dimensions permitting seating thereof upon

25  electrical circuit board 602 having transceiver circuitry 603 disposed
thereupon. In this embodiment, the first antenna is comprised of first
antenna portion 616 formed of a helical, quarter wave antenna and a
conductive line 620 disposed within antenna circuit board 621 (here
shown in exploded form). In this embodiment, while second antenna

30 portion 620 is once again formed of a stripline disposed within an
electrical circuit board, second antenna portion 620 is formed of a series
of parallel-extending striplines rather than a single serpentine-shaped
stripline.



Wi | e both second antenna portion 420 of first antenna 406 and second
antenna portion 427 of second antenna 412 are both connected to a
transcei ver ground pl ane, represented by housing 423, second - 13-
antenna portions 420 and 427 of first and second antennas 406 and 412 are
physical |y separated from and properly-ori¥mted to, one another. Such
physi cal separation and orientation causes such two antenna portions 420
and 427 to appear to Bmd, anahigdieno sbstiate 524 of ddversitpanterinzostracttranot her

when high freque lgnal s,.are, received by the t s 406 an 12. (Such
apparent isolati g&ﬁ/ﬁgﬁ@ 4 lipersity; anteppa 5?‘?@5(5’?&5@@93%14"3‘6‘?% i on.)
I't should furt heéu@sﬁrﬁet&qatfﬁﬂ wiitR sgﬁ’é‘&ﬁ‘é%ﬁfé?n%ﬁ%‘ggssiﬁﬁﬁgﬁ tignna

portions 420 and 427, mutu I nduct ances bet wee 412 are

m ni ni zed. Becaudispeaed upeai  fofu fdce stirfase dbereokn e fre epbodiment 06 Fid6,4 27
Is coupled toga H{@g&ﬁﬁhvﬂteﬂ#?ﬁgﬁg#a&%e%%&é QEPé}g}aaﬁtfﬁPﬂégp& deipas 420

and 427 form ground plane por the respective tirst and seco
antennas 406 andé6ZdispBséd lapoausface sahfase ob eléctniat kirauit doard 6214 Iheand 427

are physically separated fromone anqgther t e I nt ai ned j n,appar ent

ol ot oal (of 18EHSRAoATe RIBHES oF LAY PR RO AR VB S ng
between the two fiheshapofdhe ek dirfadeSof e dPduit Béard 6ZKUWhilé hbst and
second antennas 406 and 412 may be positioned in_close prorﬁl ty to one

anot her (i.e., wheWR amennapostions b46HR0;049.1and 68K arecrppleditet ance from
th [ s ' I ' ' lversit
020 coupt 1n) BanScdivds ARG CRRROPLE oLl p R MinkBrd . o e

per spective vi enandloghus @0 the shagnerstisrwhich corresponding elements of
diversity antenna structure 500 of FIG. 4 are connected to corresponding

circuit portions. _
Again, because second antenna portions 620 and 627 are

15  physically isolated from, and properly oriented to, one another (here by
way of the nonconductive material of the antenna circuit board)
ground plane portions formed of such antenna portions 620 and 627 are
thereby maintained in apparent electrical isolation from one another.
Because of such apparent electrical isolation, antennas comprised of

20 such antenna portions may be positioned in close physical proximity to
one another while not causing coupling between the respective
antennas formed therefrom. Accordingly, diversity antenna structure
600 of FIG. 6 may also be advanihgeously utilized to form the diversity
antennas of a diversity transceiver.

25 While the present invention has been described in connection
with the preferred embodiments shown in the various figures, it is to
be understood that other similar embodiments may be used and
modifications and additions may be made to the described
embodiments for performing the same function of the present

30 invention without deviating therefrom. Therefore, the present
invention should not be limited fo any single embodiment, but rather
construed in breadth and scope in accordance with the recitation of the
appended claims.



structure of -F-I-G---S,——hef-eﬂbef-e_rr”ed" to generally by reference nuneral 500

and ‘posi ti oned above an_ e trical circuit board 502. Transceiver circuitry
Iﬁj%rd 502 and transm ssion lines 25 504 and

503 is nount edu wm H
505 extend the v e surface of_the circuit board 502.

Anal ogous to first and second antenna portTB’ﬁs 416 and 420 of diversity

antenna structure 400 of FIG 3, diversity antenna structure 500 of FIG 4
includes a first antenna conprised of first antenna portion 30 516 forned
of a helical, quarter-wave antenna and second antenna portion 520 forned of

a stripline dis Wi thin antenna circuit board 521. Line 518 connects
first antenna portion 516 to transm ssion |line 505 by way of a pin nenber .
(anal ogous to pin nmenber 418 of FIG 3) -14- extendi ng through antenna

circuit board 52Whateis ddaimechis:circuit board 521 is seated upon circuit
board 502. Sign' | arly, second antenna portion 520 is coupled to an

el ectrical ground plane by way of line 522, also by way of a pin nenber
(anal ogous to pin nenber 422'A ghider§it arflerued sfruiGurdforatradib hgvinigr xaalid

circuit board 521, when the circuit begard 521 i.s seated u on@:ircui. boar d
502. Substrate 595?“’3’%?3 VeI 3 gadio, coramycafjorpystent, said dIversity | o g

above antenna ci gfiténnabsighietu®e ko "iﬁgpf di mensi ons permtting seating
t hereof upon antenna circuit board 521. Al so analogous to first 10 and

second antenna portions 425 and 427 of second antenna 412 of FIG 3,

diversity anggnna structur S\f}?@pﬁﬁﬁﬁhﬁ?h@dfdg@Bré’l%?\'&%ﬁ%rﬁdrﬁan% and
second antenna portion 527 which are di sposed upon opposing-face
second conductive portion wherein the second conductive portion of

said first antenna forms a first ground plane portion; and

a second antenna formed of a first conductive portion and
15 a second conductive portion wherein the second conductive portion of
said second antenna forms a second ground plane portion and wherein
the second ground plane portion formed of the second conductive
portion of the second antenna is maintained in apparent isolation from
the first ground plane portion formed of the second conductive portion
20 of the first antenna.

2. The diversity antenna structure of claim 1 further
comprising a first conductive path connecting the first conductive
portion of the first antenna with the radio circuitry of the radio.

25
3. The diversity antenna structure of claim 1,
wherein the first conductive portion of said first antenna
comprises a helical antenna; and \
30

wherein said second antenna comprises a patch antenna.



surfaces’ of e 524 First antenna portion 525 is forned of a
conducti ve mﬂ n a top face surface of substrate 524, and 15
second antenn s di sposed upon a bottom face surface of
substrate 524. Both confluctive lines 525 and 527 are serpentine-shaped
conductive lines as defined by two noncondud®i ve post nenbers forned upon
the top and bottom face surfaces of the substrate. Line 526 extends about

an edge surface of substratg iﬂéd@@&sicg%iﬁe&% striicfuré Oflcddim padhbinegidn

the bottom face surface of substrate t hereby to connect trans ssion
line 525 with thditsbandsecond antprnasorre-posiianed eﬁtraet\sa lhyarthes
electrically- conq;fgéx*tgg p'?d formed upon a face surface of antenna circuit
board 521 and thereafter to be electrically-coupled to transm ssion |ine
504 by way of a pin nmenber 25 (anal ogous to pin nenber 426' of FIG 3)

extendi ng thrqQugh circuit 2 ne 528 forned al.o qPottom surface
of substrate §24 permts c%ﬁﬁgg?%b%e% sam ﬁWﬁWﬁgOSSP%n 527 to an

el ectrical ground. Because second antenna portion 520 is disposed within
antenna 30 circuit board 5 and js cal i sol at ed fmlran econd
antenna portion 527, the gr‘éﬁﬂ'&“b ﬁ%"&é‘b‘%’h‘?ul?ﬂ‘téﬂﬂe S‘G?"tlons 520
and 527 are nai nta%'téi%@h is’r;?@ﬁﬁéﬁé‘d“to'e&@rﬁiirpﬂ ffr@@?la‘?ﬁ?ﬁf&hbﬁ anfecause such

antenna portions are ained 1 n the apparent 1sol ation from one - 15-
anot her, coupling between the two antennas (wherein the first antenna is

conprised of elements 516- ccor?e ﬁan%uﬁtc drﬁoﬁoggﬁ'tezge@oﬂﬁ

el ements 525-527) is mninma nnas
antenna is pos1t10ned to extend in a planar direction substantially

parallel to the first planar direction in which the second conductive
portion of the first antenna is positioned to extend.

15 6. The diversity antenna structure of claim 5 wherein said
first conductive portion of the second antenna is positioned to extend
in a planar direction substantially parallel to the first planar direction
in which the second conductive portion of the first antenna is
positioned to extend.

7. The diversity antenna structure of claim 6 wherein the
second conductive portion of the first antenna comprises at least one

conductive line.
25 8. The diversity antenna structure of claim 7,

wherein the at least one conductive line is formed along a
first substrate; and '

30 wherein the first and second conductive portions,
respectively, of the second antenna are disposed upon opposing sides of
a second substrate.



positioned I n close physical proximty to one another, thereby 5
facititatin structure 500 to forma portion of a diversity
transcei verﬂ"m!!ﬂ“llﬂﬂgﬁﬂlﬂﬂbl e radi ot el ephone. Wile not shown in the
figure, circultcboar xS preferably a nulti-layer circuit board,
including, in addition to the strip line cedptising conductive line 520, a
sheet of electrical-shielding material, 10. such as a sheet of netallic
materi al positioned beneat y t TREISSItY artbmea SBHcRIzE Jfcpdiat gd t herefrom by
a layer of circuit board 521. FIG 5 iS5 a perspective view, taken from
beneath a bottom surface of substrate 524 of FIG 4. In the perspective
view of FIG 5, serpentine- i i Firdal 3 (MRLS]

| eads to the contact pad 1§Nﬁ§%ﬁeﬁa§§gg¢%§§hiel‘gbégbpg%ﬁfécl:lé{es%??gégdo%hg%
substrate 524) afirsbtbsirate;zyud n shown. When substrate 524 is seated upon a
face surface gf antenna circuit board 521, |lines 526 and 528 perm t
connection of “the first and second antenna portions 525 and 527 to

transm ssion |i neh505 alnddamahaiemithéf G&OG@ gouiﬁh?wporﬁmbéthé wetond 20
Turni ng next to the expl oded, vi ew of_ FI, : iversity antenna structure,
referred to generdRf$RNA,SOMPFiSEs ACONEHGHEVS) rmgd alongia Bice spatace ol iBer eq
enbodi ment of the;pf &sgtatb Nvention i s shown. Anal ogous to diversity
antenna structure 500 of FIG 4, diversity antenna structure 600 is of

di mensions permtting seating thereof upon 25 electrical circuit board 602

havi ng transggi ver circuitr b ere t hi. Lnent,
the first anﬁgnna IS corrpri,:l égﬂi? ﬂf‘f‘f’g‘?ﬁ%ﬁ‘ﬁgﬁﬁa%‘g&w%ﬁfé% g’?ﬁ%@‘%ﬁ a
helical, quarter coaysrigsingeheaaditdcizcitrydopératively crufiad tdi thedhst antdririan
antenna circuit board 621 (here shown in exploded form. In this

enbodi ment, whil & rRFCQREATHENA®  portion 620 is once again formed of a
stripline disposed within an electrical circuit board, second antenna
portion 620 is forned of a series -



of parallel-extending striplines rather than a single serpenti
stripline. - 16- And, anal ogous to substrate 524 of diversi
structure 500 of FIG 4, diversity antenna structure 600 of FI
i ncl udes substrate 624 upon which serpentine-shaped transm ssion |ine 625

i s di sposed upon a top face surface thereoR®-In the enmbodi nent of FIG 6, 5
the second antenna portion of the second antenna is fornmed of strips 627

di sposed upon a face surface of electrical circuit board 621. The strips

627 are conprised of horfi 0 ,alll - extendi ng, conductive |ines formed upon
the face surface&?—ﬂ&éﬁﬁ%ﬁ?—ééw 0 d 621. Wiile not shown, antenna
portions 616, 620, 625, and 627 are coupled to 10 transceiver circuitry

603 or an electrical e‘ground_pl ane in manners _anal ogous to the manners in

whi ch correspondi ng &hdlisetsityointgnne ssiucfure580hand ar diversity beosesiven G 4

) " . . : : ) r

antenna port PondnEHPORAAE 3 dafle ¢ brotfild Pibch Sfufhe SPER SRGGRIT |

oriented to, onardemddstru¢tureds bormed obh first portimro (fléc 52Neamdbesecand of t he
t i it board | i d_ of h ant

por t1 ons. 620 andXBBPRPE ) Boered ROEFPRUCTN, Sop B aREn AR S

i sol ation from eeplabdtdan.elértidalsgrovinds phiheainzbfoit tl@éxﬁby_rgir_ﬁahdigﬁﬂhét i on,

antennas conprised of 2Q .such antenna portiqgns may be positioned in close
physi cal proxi niRartiops ¢ dhe Fesprativgantenpas. Suchisegond aptennp Bert@s t he

respective aft engag, 5299 HRe chAREGhEQ Th pitysiéalifslhbon Frd& Srid ¥ndfHegNna

structure

thereby, when receiving high frequency signals, to be maintained in
apparent electrical isolation from one another. Because such ground
plane portions are maintained in the apparent electrical isolation from
one another, antennas of the diversity antenna structure may be

15 positioned in close proximity to one another without causing coupling
between the separate antennas of the diversity antenna structure.

FIG. 4 accompanies this abstract.
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600 of FIG 6 may al so be advantageously utilized to formthe diversity
antennas of a diversity transceiver. 25 Wil e the present invention
has been described in connection with the preferred enbodi nents shown in
the various figures, it is to be understood that other simlar enbodi nents
may be used and nodifications and additions may be nmade to the described
enbodi nents for performng the sane function of the present 30 invention
wi t hout deviating therefrom Therefore, gaﬁigpresent i nvention should not be
limted to any singl t, but construed in breadth and scope

in accordance wt re¥itationTo sthe appﬁ -17- Cai'ns
What is clainmed is: 5] 118 rsity “ant ETREGEBVER garadlo.haV|ng
radio circuitry op intay dj 0JCO ' 18 d diversity

antenna structure @@npr|31ng r 3
first conductive portion gﬁg}é econd conductli ve portion wherein the second
conductive portion of said firsg anténna~~e+s—a ne
portion; and a second antenna formedjof at@gct i Ve portion and 15

a second conductive portion wherein t conductive pon@on of said
second antenna forns a second grodeJpIane po tion and wherein the second
ground plane portion forned of the s¢g
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porgfon of the second antenna is maintained in apparent isolation fromthe
¥rst ground plane portion fornmed of the second conductive portion 20 of
the first antenna. 2. The diversity antenna structure of claim1l further
conprising a first conductive path connecting the first conductive portion
of the first antenna with the radio circuitry of the radio. 25 3. The
diversity antenna structure of claiml1l, wherein the first conductive
portion of said first antenna conpriﬁgz/qghelical antenna; and 30 wherein
nte

sai d second antgefn rjgses a patc nna. The diversity antenna
structure of cﬁi?d?ﬁzgﬂgr In said first a Z gnnas are positioned
I n nutually-orthogon%l orientati ongp3 ]

antenna structure éKLcIain1325%@

first antenna is positioned jo
wherein said second g@g. ;

to extend in a plang 7 i
direction in which e

nna i s
el to the




in which the second conducti ve portion of the first antenri HE§L$6§f ARONRtEET

to extend. 20 7. The diversity antenna structure of claimjb wheregin the
second conductive portion of the first antenna conprises Dr@asif%ﬂ%L”E@ﬁ".
conductive line. 25 8. The diversity antenna :
claim7, wherein the at |east one conducti.ge-line is forned along a first
substrate; and 30 wherein the first and second conductive
portions, respectively, of the second antenna are di sposed upon opposi ng
sides of a second substrate. - 9. The diversity antenna structure of claim

7, wherein the at |ea§WERSHQDO’QﬂTEWA'$mU(HUREFHA\HN@g:H)SELﬂ
substrate; and 5 wheretnm—the—second COWUC[H&N’%&N of the second

antenna conprises a conductive |i POSTTIQMED, 4 : surface of the
first substrate. 10 ) - 10. The diversity antenna structure of
claim 1, furtherAbsirgutiofithe Disclosarti o circuitry operatively coupled to the
first antenna and the second antenna.

A diversity antenna structure (500) and a diversity transceiver

5 incorporating the same are provided. Each antenna of the diversity
antenna structure is formed of a first portion (516, 525) and a second
portion (520, 527). Second portions (520, 527) of each antenna are
coupled to an electrical ground plane and form thereby ground plane
portions of the respective antennas. Such second antenna portions

10 (520, 527) are maintained in physical isolation from one another
théreby, when receiving high frequency signals, to be maintained in
apparent electrical isolation from one another. Because such ground
plane portions are mainfained in the apparent electrical isolation from
one another, antennas of the diversity antenna structure may be

15 positioned in close proximity to one another without causing coupling

between the separate antennas of the diversity antenna structure.

FIG. 4 accompanies this abstract.



