g Mil ti-Position Patch Antenna and Method Therefor Field of the Invention 5
The present invention pertains to. antennasfor conmumrcation apparatus.
Background of the Invention 10 RadinQ shifiddBesaebided devi ces i ncl ude

a transmtter and/or receiver coupled to an 1 enits and/ or
i Ji m crophone for
- outputti

detects radi o frequency signals. The device

inputting audio signals to a transnmitter  or

signals received by a receiver. Exanples of such radi o conmuni cat i(gﬁOi(‘J)SlR
devi ces include one way radios, tw way radio radj o ,ﬂlephnes, per sonal

conmmuni cati on devi MultidositioraPateh Antennsansgvietnoe: 1 MereL;

gommnl cation devices often have a standby configuration, wherein the

- device is collapsed for storage,_, and active, comuni cation configuration
~ wherein the antennae is ex_tendeglgl&@ga‘e f’éﬁ??ﬁ'ﬁm per f ormance. For radio

t el ephones and two-way radios, it is typically desirable that these devices

have a s | size ring a stand nmode to facili . ransport
t her eof . maPrIor exanp?jé‘,‘e H&pg%gven%pgﬁa{%{o ?ﬂ'@#%éi?g?%%eﬂpﬁogggogre snal |
enough.in the gpardbys.node to permt storage in a shirt or jacket pocket.
Inf]Ehe act:ve conmuni cation state, it is desirable for the device to be
sufficiently long to position the speaker adjacent,to the user's ear, the
m crophone near the user's w&ackgren@d%thﬁ{lenﬁatmy fromthe 3 0

user's body. It is desirable for the antenna to be positioned away fromthe

adi o fradbency i deadio eIz o deviosk AR p FrEnemRrey andlas ot - "
: ga;;t :c ?g;nn?h;%g??)ﬁg%léwgg afn?ﬁﬁehm \ghieh' emitsdndior deteetstraddo t he ant enna
col | apses for ESPIERFE s&g%alg.x ?&g&&e‘ﬁ%‘, m3Y iRcfude Lhi%oPphBHe 20r AP RERZ Wi ch

audio signals to a transmitter or a speaker for outputting signals

received by a receiver. Examples of such radio communication

15  devices include one way radios, two way radios, radio telephones,

personal communication devices, and a variety of other equipment.

These communication devices often have a standby configuration,

wherein the device is collapsed for storage, and an active

' communication configuration, wherein the antennae is extended for

2h

20  optimum performance.

For radio telephones and two-way radios, it is typically
desirable that these devices have-a small size during a standby
mode to facilitate storage and transport thereof. For example, users

25  prefer that the radio telephones are small enough in the standby
mode to permit storage in a shirt or jacket pocket. In the active
communication state, it is desirable for the device to be sufficiently
long to position the speaker adjacent to the user's ear, the
microphone near the user's mouth, and the antenna away from the

30  user's body. Itis desirable for the antenna to be positioned away
from the user's body since the user's body is a grouhd plane that
interferes with radio frequency signal reception. One particularly
effective way of positioning the antenna away from the user's body is
to extend the antenna away from the device body during use. By

'35  providing an antenna which collapses for storage and extends for
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2 active comruni cation, an antenna with optinum active node operation is
provided in a readily storable device. A difficul ty encountered W th such .

reconfigurable 5 comuni cati on devi ces i s . p¥hissh hxperfornance
antenna in the standby node. For exanpl e, r adi re known t hat
recei ve paging signals, electronic mail, and c |gnals |n t he
st andby node. However, the body of the deV|ce |nc udlng the i nt erdab1081R

el ectronic circuitry within the body, is typically in the 10 reactive
near-field of the antenna in the storage p03|t|pn This mass,in the
reactive near -dctivedonmgaination: anoaniensa Wit t%“&ﬁ%ﬁ%"emd@n is

detrimental t%r;fewgahléﬁf@ﬁﬂb&%'awauﬂysgtafmwm Accordingly, it is

desirable to pro e an antenna system 15 havi.ng hi gh performance
characteristics when the conmuni cation device is extended in an active

communi cati on node RQJsReGRY éri%@uﬁtéféﬂrvmhtsheh réevtifigurablecol | apsed in a
st andby node of operation.,Brief. Desc if! G lis
front per ect‘i"%‘ﬁvm tion %%‘F?‘?ﬁ]isrﬁog g?fgg@e}gogpiﬁ@% ep one 4 ncI udi ng
an antenna syshenstandby tiode. tEortéwmmpleenadmrt;elQ;ﬂlones are knowm thati s a front
perspective view . l| laedd ng to FIG
1 which is inPHEVE pmgig%g’flé‘ egé)éa &Bﬁ‘?ﬂﬁl géiétgcﬁﬁ ﬁféalsxggnggﬂi
perspective vithestandoy nmdend‘lowevmbhebﬁémgfﬂge ‘P‘H@e'rl udling %ency ( RF)
E“ nted cir f“'ﬁnéi%%‘lG@lefmfmé elrtGitdy Qrtlthlﬁrth@tbﬁdyc}d ; éall;omﬁhe and tge r fear

ousi ng section | a ustra Jng r ide o
the radi dQ el &sastize WGGE‘IM&&E‘H?GPEE}“}%HF*@ stfrgg%pg ti‘%‘SI ‘Pg %howi ng a
transcei ver; 3B the reactive near-field degrades performance of the antenna, which

is detrimental to signal reception in the standby mode.

Q

Accordingly, it is desirable to provide an antenna system
15 having high performance characteristics when the communication
device is extended in an active communication mode and when the
communication device is collapsed in a standby mode of operation.

Brief Description of the Drawinge

20
FIG. 1 is a front perspective view illustrating an extended
radio telephone including an antenna system according to the
invention;
25 FIG. 2 is a front perspective view illustrating a collapsed radio

telephone according to FIG. 1 which is in the standby configuration;

FIG. 3 is an exploded top perspective view illustrating the
front housing, the radio frequency (RF) printed circuit board, the logic
30 printed circuit board, and the rear housing section;

FIG. 4 is a fragmentary view illustrating the inside of the
radio telephone housing according to FIG. 1 and schematically
showing a transceiver;
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3 FIG 5 is a plan view of a cover of the radio telephone according to FIG
1 wth the cover front housing sectiont+enreved—and-+Hustrating a first

antenna; 5 FIG 6 is a side el evaiispplias\d he cover antenna,
FIG 7 is a top exploded perspective vie i as el ke lt'me%’he cover; FIG 8 is
a bottom expl oded perspective view il]us Iﬂﬂmlg no cover; FIG 9 is
a top plan illustrating a patch antenha; . top plan vi e£01081R

i : : ustrating a patch antenna; 15 FIG 11 s a side elevational view
illustrating schematically a radio tel ephone coveyr, antepna in the open
position; and FI G FIG.pdsa plansdewaf s eovar oﬂt@a&p&&@pﬁpnﬁgcw Rver

taken 20  al ghgr@! #RGEtKkhe Ehver Mot Fousihg sBeticn ké@soled ahdpt i on of the
Drawi ngs A radi 0" conmuni ﬁat lon device radio frequency circuitry 25

posi tioned i nillwstratingia HENBGi ti on. A second housing portion is
novably supported on the first housing portion to nove between an extended

open posi tion and ol l.apsed position, the 0 | portion

proj ect i né out war d&g&‘f ﬁdﬁ@t*ﬁgef’f "é’%“’r‘i‘&&&%%@f‘? Poglr?g%lr#&%ﬁlga’open posi ti on.
An antenna assenbly is positioned in the second 3 0 housi ng portion. The
antenna assenbly i alg%]: @[E@d . ; sbeép: the
ground. member posi ?ﬁgr{lg@gﬁz@\?ee i e g%%gﬁggaf’:on ugﬁ)érﬁﬁggttﬁg radlz’o
frequency circuitry when the first and second housing portions are in the
col I apsed position.prgp 8 is a*'bottom exploded perspective view illustrating the

10  cover;
FIG. 9 is a top plan illustrating a patch antenna;

FIG. 10 is a top plan view illustrating a patch antenna;
15
FIG. 11 is a side elevational view illustrating schematically a
radio telephone cover antenna in the open position; and

FIG. 12 is a cross sectional view illustrating the cover taken
20  along plane XII-XII in FIG. 11.

Detailed Description of the Drawings

A radio communication device radio frequency circuitry

25  positioned in the first housing portion. A second housing portion is
movably supported on the first housing portion to move between an
extended open position and a collapsed position, the second housing
portion projecting outwardly from the first housing portion in the
open position. An antenna assembly is positioned in the second

30 housing portion. The antenna assembly includes an antenna
conductor and a ground member, the ground member positioned
between the antenna conductor and the radio frequency circuitry
when the first and second housing portions are in the collapsed
position.
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The ant enna system according to the invention is illustrated in a radio
t el ephone 100 including a cover 103 (FI G—I)7 wherernm the—imedi ate

Lnvention is particularly advantageous. qu‘sg,_remgslg@enlmgiﬂ glfii on may al so be

advant ageously enployed in other devices ~way and two way
radi os, or any ot her communi cati on device e mﬂlﬂ
Accordi ngly, "device" as used herein reflers qui pnent ﬂlb?@kr

t enna.
equi val ents. A radio tel ephone 100 is ililustrated in FIG 1. The r
t el ephone includes a housing 102 including a first housing portion 101 and
a second housi ng pdThé anterfifh systemhaccordingt tohedn¥ention ie Hlustrated | (st

housi n ortiqgn 1 DewdedeitOthe
porti og 203 i 04 g%dlke)?eﬁp ﬁﬂ gqégﬁﬁe %86& ﬂ’kg I‘..btotg eThe ?:l Rgum ng

portion 103 mme@m&mwr@mm;antiﬁw anly advgntagrous. &%WFY%%‘PI ustrated

in FIG 1 duriideAfiof thay ﬁlwm @Gl.lé‘[?@inﬁlbsiedlmotlhapdadces;r cl osed
position, illustrated 1n FIG in a

| ephone
body 101 ihcl MB%%Waﬁmmg’?ﬂd'a s, OEéB?'l gﬁerlﬁ%n rg}é&flérgnt body
housi ng secti qievi@bembldifingan drtennaodweotdingly "deficelcammsédiherdinr vol une
housi ng el ectroni c .ci heui try inclu circuit board 315
(FIG 3) and a"? ito adeﬁlb ‘('ﬁpl%‘fﬂctt oar%lﬁgﬁgi‘}élgﬁ%y pad 106 incl udes keys
109 (only sonme of which are nunbered) associated with the keypad. Keys 25

109 are accessi bl ezA? ms@m&%t%iﬁﬁmtétaalﬂm t10 'PRE @&diovel y close

poppl e svm tches 32 are nunbef ed The il Iustrat ed

cover hoddd ng tetenh 05!@ des a housing J.02iipcluding SHE PO A

cl Osedh “The COMﬁraﬁ&'ésée%n&?{ohbﬁ{ktﬂ&thdiﬁld)?nmlthéﬂlﬁﬂ!‘&tedal| t he key; me
cover housing pojtion preve ctuati on,.o e en
the cover |sg&e€ } oify the %ﬁ%? ﬁ?“smﬁé’mgrfm‘o{?sar %"e’ﬂﬁfﬁp&ﬁ’%ﬁa&&%{ ac)é t he
t el ephone in 3ax§d mmom%mpommd%wa cover pivotaklyrapnpmectedote 103

| ncl udes an an n%gn?ﬁh%ggﬁegmou%mé ﬁoft?3§i6§$&%srb%'iﬁb9n an éktERd&d,

antenna. The c _ ) .
15  oropen, position illustrated in FIG. 1 during an active

communication mode and a collapsed, or closed position, illustrated
~ in FIG. 2, in a standby mode.

The radio telephone body 101 includes a back body housing
20  section 104 and a front body housing section 105 which are '
interconnected to define an interior volume housing electronic
circuitry including an RF printed circuit board 315 (FIG. 3) and a
logic printed circuit board 314. A key pad 106 includes keys 109
(only some of which are numbered) associated with the keypad. Keys
25 109 are accessible for manual actuation by the user to selectively
close popple switches 322 (only some of which are numbered). The
illustrated cover housing portion 103 at least partially covers key
pad 106 when closed. The cover housing portion may be longer to
cover all the keys. The cover housing portion prevents actuation of
30  the keys 109 thereby when the cover is closed. Additionally, the cover
housing portion may place the telephone in a standby mode when
closed.

The cover hoﬁsing portion 103 includes an antenna 107, which
35 is referred to herein as a cover antenna. The cover antenna is
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positioned between a front cover housing 111 (FIGs. 7 and 8) and a back

cover housing section 112, and thus is illustrated |n phantom in FIG 1.

The front cover and back cover housing sect i ofbis ee lagee general |l y
pl anar nmenbers. The back cover housing sectlon les a recess
439 for receipt of antenna 107 and front hOUSI -The cover

housi ng sections are manufactured of a suitable dielectric materi 0iB8HR
asme)m orgaﬂl c polymer. The cover antenna 107 is sandwi ched between these
menbers. The cover antenna 107 is in an extended rated in
FIG 1 when t tposifoned betsveeroa frontspuer b qﬂ@nsdklr&ﬁﬁssh 4@% 2

Tranabet ver ci PN %?‘ef@“’e‘;‘g. P dockion e Mﬁ““ﬂ‘@“ﬁﬁﬁm’p"mma’%‘h
ustrated i

transcei ver cikF¥aikr W%agathﬁﬁﬁ ﬁi‘?uﬁﬂﬁtsac%‘l%sn}ﬁ %’dﬁ e
Igﬁvfa :] ?Inz ﬁ eiv ﬁrgcgéx@iany plim_l_ Rembarse miretlm:bklmvng hanging gechionel 12

ei ver ranscei,v d
first hous!ng ’}Fﬁf‘{ &5 18FeS 3383 ESrEIRS o?ar#géﬁg IWﬁ%Iﬁégghb h%g%isﬁ OIn:angI "
print efl Ci r cui portioar 1l B 1Fhe covérchéusing sbcmmmgres meanufactuged offae transcei ver
circuitry is cqQn h
whi ch connect ss‘{l g&ﬁ%&%@a@g@ﬂ&?@gh&?ﬁ% ?f ex lﬁswﬁeﬁﬁ%ﬁgtg:}d??zfo
a hinge assenbanteand. 103 iscrandysiched petrreen Haesequembers, eecoz(gg As
|11 ustrated ingflGna50% ﬂeinflr{‘GEte%ﬂ%a'"ﬁUsYh&iﬂlﬁtiﬂtddrEﬂ FI®s1 fhen thenuckl e

420 on cover housing _portion to en knuckl ,419., The fl conduct or,
or transm@si dPPVIeFr]rg3 189pens Sf@&gﬁrg“’t }’Fe‘nc%(?@a%ﬁ?fleﬂﬁg th’? rough t he
hi nge assenbl ypgsifionhelier bsve203ris tlsted(FiGnBRct ed to the body 102. The
transm ssion | | ne and hinge assenbly 418 providing the connection between

t he cover antenna 3 0 107 and the transceiver circuitry 415 nmay have any
sui tabl e const r uct | Transcebterairauitryr4 ige scheniasicallyiilustrated isddGes pat ent

appl i cat i on S GNon QB iy L B0 FPRIMUIRAEFDoAPTIS IS name

of Tanya Rush IL.ch_1s incorporated
15 3). The transceiver circuitry may be implemente ulsoing any suitable

conventional transceiver. The transceiver circuitry 415 is positioned
in first housing portion 101 by conventional means, such as by
assembl{ng printed circuit board 315 to the front housing section
105. The transceiver circuitry is connected to an elastomeric

20 connector 319 or other means, which connects to a flex conductor 320.
The flex conductor 320 extends into a hinge assembly 418. Hinge
assembly 418 includes a knuckle 419

As illustrated in FIG. 5, the hinge assembly 418 also includes

25  aknuckle 420 on cover housing portion 103 to engage knuckle 419.
The flex conductor, or transmission line, 320 is connected to the cover
antenna 107 through the hinge assembly 318 when the cover 103 is
connected to the body 102. The transmission line and hinge
assembly 418 providing the connection between the cover antenna

30 107 and the transceiver circuitry 415 may have any suitable
construction, such as the hinge disclosed in United States patent
application Serial No. 08/148, 718, filed on 08 November 1993 in the
name of Tanya Rush et al., the d1sclosure of which is incorporated
herein by reference thereto.
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her ei n by reference thereto. 35 6 The cover antenna 107 is a patch
antenna which will be described with referem:e—%e F1G.76, 9 and 10. The

antenna includes a patch conductor 542, g‘%&tﬁaggeeh e544, and a
ground | ayer 446. The patch conductor 542 [ tch The
conductor 542 (FIG 5 9) is illustrated as \mm m ngth, generally
rect angul ar conductor applied as a thin fil electric Iay 1R
Al ternately, the patch conductor 542 can be a quarter wavel ength con uctor
with the edge renote fromfeed |ine 440 connected to rgun& *)ayer 546 by
conduct i ng connect oFbe 8ever antepnn| 1Q%isia:patehi anignga w gl‘i ¢led in 10

f) Cg | ar; S; B:ﬁ e&éfsgfmggfwﬂyrrafdreﬁc@% FiGs. nsa]gg:an& qu mi@gr%mmablgmmdysrazl e, an
ot her su nfi qurati e conductar may be

manuf act ur ed ol’at&hfo!i‘dpt’%l@zeﬁéi‘aﬁ%‘ a\Peg’r'?é‘\‘"éff iégt:h a>s/

copper, a COpPpPEhe thoxﬁIho@bﬂBl@iHﬁnﬁéﬂoﬁtﬂp patcnyThe bendachotﬁhtﬂe(FﬁGt erial

materi ol i aa%plaaﬁasér?aaa%%l%%.alfﬁfr. {iﬁﬁ@%@? viebiddatfonfias 00 17

an a]ghezi ve. Tapplied aé acthin filboto the die nnéab'em544 aA&'@@h@t&thhQ:w try 415
via feedline c C 2t W &g(ﬁ,&ompé 440 is
connected to pé@éﬁctg%ﬁ ? %Jffob‘ggqxgny swfge‘%i ﬁkﬂ{ SclECh sol deri ng,

S
direct 20 coedmemte(fromrf@edm }’965 &’9’ ot her
gg'nts fg 'nte rr”gfgf‘lzogﬁiﬁt g%?%&t?oﬁg ?ﬁﬂe Mt $AH Be’irelét 6&&%@%&%&@ btnil‘llldtdl mlhecth ri ﬁ
i in ar ni z a e hi gher
the 25 kel ctheart &ﬁk‘g’&@m fémi‘rﬁfgi“? H? ?13 bﬁci rect rlgc

| ia%/er t hle Sgaéh elfral ?quiﬁi&é Sérany othsrdinitable Bdﬁﬁgamti!m The condwatorri c may
Tater 1l v crEBXba maReaFyTEA bt Bay BMfiaRIE e Bibqdy Soiikfen"! v @ Stronger
material, such as copper, a copper alloy, an aluminum alloy, or any
other suitable material which can be applied in a thin layer to the
15  dielectric by spraying the material in a liquid state or attaching the
material in a solid state using an adhesive. The patch conductoris
connected to transceiver circuitry 415 via feedline conductor 440,
strip 320, and conductor 319. Conductor 440 is connected to patch
conductor 542, by any suitable means such as soldering, direct
20  connection of the two conductors using tape, or any other suitable
means.

The dielectric layer 544 is preferably a high dielectric constant
material. Those skilled in the art will recognize that the higher the

25  dielectric constant of the material utilized for the dielectric layer, the
smaller the pattern of conductor 542 can be. The dielectric may
altei'nately be a loaded dielectric. The dielectric is preferably a
stronger material which can withstand forces exerted on the device if

_ it is dropped or otherwise mishandled. Accordingly, Duroid 6010,

30 having a dielectric value of 10, is a preferred dielectric material
because it will not break if the radio telephone 100 is dropped.
Ceramics having higher dielectric values can be used instead of

. Duroid 6010.



i t i s dropped or otherw se ni shandl ed. Accor di ngly, Duroid 6010, 3 O
having a dielectric value of 10, is a preferred diel'ectric material because
it will not break if the radio tel ephone 100rhisShekt ehR;ﬁE«eam' cs having

hi gher dielectric values can be used instead 7 The
ground |l ayer 446 is provided by any suitable I mlﬂE mduCtor. For
exanpl e, the ground |l ayer is a copper alloy, rectangular plate. T fﬂ
| ayer, or menber, 446 is connected to ground through conductor 44??E§EQ§

strip 420, and a conductor 338. 5 Gound conductor 338 is connected to
ground circuit, whiThe graindimyen 446tiaproedetl bycanypuitable electrinali nt eri or

radi o tel epho L.n t ' d nb
426, by any S(PPARLRi Fok Stanidle ¥l doyidtayer %?iée“é“?"c% g ¥ o the tvio.
ggn_cli_uct ors W tmchmlwphteyélm uod laperor eempen; 44678.coBReetedite neans.

0 asse i | snd r1338. 439
T e i
pat ch conaduc r i f
760 in.back cagyetaliveddaper sppliedvo tHe intBeivr rabio téleplmdm&hausimgolﬁﬁ.n[:] iclzi is
housi hge nay. eondfet 34T f5 cidessd fo B BBG46 by iy shitghle AT 1o
Flex strips 44fieansisuch agsoldheringdivecticontact of thetwe gendugiors witksi ng _
portion. Thesq:faggqugﬁrtﬂé ﬁ%ﬁfaﬁte ﬁﬁﬁﬂ:,egr bRy Qthérsuithblelndgfls, Fl ex strip 320 is

inserted to ex hrough t I'nge 418 and 1nto the body housing section
105. The ldbnductors in the flex strip are separated for connection to

ground conductor 33f, ggsbrhblRtheover, thelcover antehkia 10Pis inserted into
recess 439 (FIG. 7) with ground layer 446 facing upwardly. In this
orientation, the patch conductor 542 faces downwardly and abuts
with the interior surface 760 in back cover housing section 112. The
15 front cover housing 111 is then placed into recess 439 over the patch
antenna 107. The front and rear housings may be attached by
suitable adhesives, fasteners, or the like.

Flex strips 440 and 441 extend outwardly from the cover
20  housing portion. These conductors are merged into flex strip 320.
Flex strip 320 is inserted to extend through the hinge 418 and into
the body housing section 105. The conductors in the flex strip are
separated for connection to ground conductor 338 and transceiver
circuitry 415.
25
In operation, in the open position illustrated in FIG. 11, the
user's face (not shown) is positioned such that the user's ear is
pressed against ear piece 160 (FIG. 1) and the user's cheek is located
adjacent to keypad 106. The patch antenna 107 is positioned in the
30  cover such that the ground member abuts front housing section 111
facing the user. Consequently, the patch conductor 542 (FIGs. 11 and
12) faces away from the user, and into free space. Thus, the ground
member 446 is positioned between the patch conductor and the user
and operates as a shield between the user and the patch. The user's

.



In operation, in the open position |Iluer_Led in FIG 11, the user's face
(not shown) is positioned such that the ser s ear |s pressed agai nst ear
piece 160 (FIG 1) and the user's cheek laedant to keypad 106.
The patch antenna 107 is positioned in t , uch that the ground
menber abuts front housing section 111 f Consequent |y, the
patch conductor 542 (FIGs. 11 and 12) faces away fromthe user, r@ b@hglR
free space. Thus, the ground nmenber 446 is positioned between t he I&‘
conductor and,the user and operates a .shi et ween the user_ and the
patch. The usé?ola? Rotnger ?Wﬁbﬁhq tindpg @a%‘ti't eondyctor,adan she pat ch
conduct or 542 dchiviehpositibnve position. In the closed position illustrated in
FIG 2, back housing 5 section 112 faces away fromthe internal
electronic circuit boards 314 and 315 within radi o tel ephone body 102. The
ground | ayer 446 pdmﬂwemlmtdammmﬂﬂumatmﬂ@ez,tbaukhdlﬂsmgl G 12),

whi ch abutss wigh 1BHQI2%9€sda%Qg frq e 1hjﬁngi Qf&gz[’clxﬁg gfrﬁﬁlftaodﬁgdgg;f | oned

bet ween the patch conductor _an The 10
ground | ayer Mﬁ thinradieitelephena bel%dTbefgrequdrlayecheuu try wthin

the radio tel gpl g S%ﬂ@&ﬁbﬁﬂc@%ﬂde@ﬁoﬁqalaﬂﬂd h@ CRRIBACABIS withch | ayer

542. This gro | ts,the e anscejver circuitry on
the tuning of %ﬁﬁgeﬁa?éﬁognt hﬁ%ﬂ@é&%&%@lﬂqsﬁonq‘ﬁbe%% ant enna
t hus has substheipasti goﬁdmomnd tlectronid citGuity & B6hiSiNgSI0ZL SThe both the
col | apse oSt or t he ded ctive position. Consequently,
operat i og conﬁgﬁ%y }%8"5%?&1%3 f‘ﬁbetﬁ" a‘&éé‘b SAYCRERFREUMEE 't i ons i s
-signi fi cant | y Witlpinotheoradio telephone body housingosortion 102 anditheoned t hat a
flexible diel gghdi | gbl e from
Roger s Cor portj on ?t%l %ﬁl{cglﬁy&p5&2 %%&y& gi %re_%%h’ OZ
di el ectric, atlﬁgtlfarwﬁelger circuitry on the tuning of the patc antenna in the

closed position. The patch antenna thus has substantially the same

15  tuning characteristics in both the collapsed storage position and the

extended active position. Consequently, operation constancy of the

antenna _in the collapsed and stored positions is significantly

improved.

20 In practice, it is envisioned that a flexible dielectric layer, such
as Duroid 6010 commercially available from Rogers Corportion in
Chandler Arizona will be employed. For such a dielectric, a half wave
length for an 800 MHz opérating frequency of the transceiver
requires approximately 5. 92 cm and the quarter wavelength requires

25  approximately 3 cm. For 1500 MHz, the half wavelength
implementation requires approximately 3.2 cm and the quarter
wavelength embodiment requires approximately 1.6 cm. The
dielectric and ground members preferably have outer dimensions.
larger than the patch conductor, as illustrated in FIGs. 9 and 10.



| ength for an 800 MHz operat i_ng' frequency of the transeeiver-requires
approximately 5. 92 cm and the quarter wavel ength requi

s 25 _ _
:szsasﬁ'eza;smﬁ.tnersfB%zOSm%ﬁﬂmmaﬁﬁwmgsgezﬂg; LA

requires approximtely 1.6 cm -, and ground menbers préeferably

have outer dinmensions |arger than € patch conductor, as illust réﬁgg gTR
FIGs. 9 and 10. CLAINS What is clained is: 5. 1. A pdrEQdp

radi o communi cati on device (100), conprising: a first housing portion (101)
radio frequency circuitry (415) posi@ MSin the first housi ng portion; 1
0 a second housi ng port.ion (103) novably supported on the first

housi ng porti 1Q ve between an extended open position and a col |l apsed
position, the%éééﬁg&%m?g’iﬁg portion projecting outwardly fromthe first

housi ng portion in the open position; an antenna assenbly (107) positioned
in the sg,)cond housj ng 1A5 &grti&n, t he ant gana assez@ﬁ i ncl-udi ng an

ant enna conduct or '542),p8r$' QB lé”fﬂnéﬁnél&?arémfgﬁ‘é‘rce %}' t he antenna
conduct or nouwonseprisingt he fl exible dielectric layer, a ground conductor

(446) attached to P dielectric layer, the ground
conduct or position%ﬁf%%*%éﬁg‘?ﬁgﬁgﬂt%%la conductor, and the radio frequency

circuitry when theadio frequancy eirewidry (AiH) pgsitinneadsinsthe farst housing ol | apsed
posi tion; andp(g.tiﬁ,ﬁgdl ine strip (440) coupl ed between the antenna conduct or

2 h io f .Ci R
> anclot e radi C)a séc%% noC su?é Bgytlutn; )(103) movably supported on the first

housing portion to move between an extended open position and a’
collapsed position, the second housing portion projecting outwardly
from the first housing pbrtion in the open position;
an antenna assembly (107) positioned in the second housing
15  portion, the antenna assembly including
an antenna conductor (542),
~ aflexible dielectric layer (544), the antenna conductor
mounted to the flexible dielectric layer, _
a ground conductor (446) attached to the flexible
20 dielectric layer, the ground conductor positioned between the
antenna conductor and the radio frequency circuitry when the
first and second housing portions are in the collapsed position;
and _
a feedline strip (440) coupled between the antenna conductor
25  and the radio frequency circuitry.

2. The portable radio communication device as defined in
claim 1, wherein the ground conductor (446) is a planar member
having a perimeter dimension larger than a perimeter dimension of

30 the antenna conductor (542).

3. The portable radio communication device as defined in-
claim 2, wherein the flexible dielectric layer (542) is a high dielectric
constant materiel.

35



2. The portable radi o conmuni cati on device as defined in claim1, wherein
the ground conductor (446) is a planar nenber having a perinmeter dlnen5|on
larger than a perinmeter dinmension of 3 D t he ant'enna conduct or (542). 3.
The portable radi o communication device Ilm[ " m 2, wherein the
flexible dielectric layer (542) is a hi g T Img Ic"lllmm ant materiel. 35
10 4. The portable radio comunication devi‘cetas®defined in clai §

~ wherein the second housing portion is a cover including dielectri 6@ 39?8%5
(111, 112) and the antenna asserrbly 107) is sandw ched between the
dielectric secti ons4 5 5The portablsra ip/communisativpndeiiesas definedilpe as
defined in clgj ?ﬁh%%c@ﬂhbﬁ&n%%dﬁﬁ&sis%rﬁveﬁﬁmﬂﬁ by a hinge

assenbl 418) and fhe edl 1 ne str |'udes a fl exi uct or
ext endi xg( t hr Zgl}gkacpn@. lpﬁt?@és §,and the antenna assem%lly d6N s

sandwiched between the dlelectrlc sections.

5 . .
5. The portable radio communication device as defined in

claim 4, wherein the housing portions are connected by a hinge
assembly (418) and the feedline strip includes a flexible conductor

extending through the hinge assembly. - - . o
Sheet Has Been Reﬂlaced

T

-10 -



