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Fiel'd*of the Invention 5 Thepraaten ntion pertai ns to antennas
for radi o commini cation devices. Background of -- nyLept-i-ei—RacFo

¢onmmruni cat i on devices, include a transmtter and/ rTmslseEEW\lﬁmSBnﬁ!‘bl ed to an
antenna which emts and/or detects radio 10 frg s. The device
may include a mcrophone for inputting audi o si gheke STtter or a
speaker for outputting signals received by a receiver. Exarrpl es of such

radi o comuni cation devices include one-way radios, two-way Tadios, Tadio
t el ephones, personal conmuni cTWOPOSITION FOLD-OVER:! y qius@t.éaﬂﬁasseenke laced

equi pnent. These 15 comuni cat’l \nave a st
configuration wherein the device t or age a

comuni cation configuration, wherein the antenna is extended

performance. For radi o tel ephone JFiRe \/ﬁ?g, mibRs, it is typically
desirable 20 t hat t hese devi ce?i%g\qe a sna |éSI ng duri ngug st andby node
to facilitdte storaa‘bearrreswfemsatmnm@taéastome ers prefer that
the radio tel eg&&mlagﬁoﬁmﬂcegnough in the standby node to permit storage
in a shirt or jacket pocket. t.he act ation state, it is
desirable for the device to bx,ﬁ%?#ﬁ‘l‘f ﬂ?§ﬁle(r3%§'qn& 1Msition the speaker
adj acent to 25 thRadiecommaricatite devices pwinde mctransindttes andformeout h, and

th t t t
e pon e LAk il bt oSO kil o
conduct or 10hat fnequemseslcyah tFhe d amemasq 8 ingigrorhonedor mputtme

particul arly ehhafd digRaltets é’f;rdiﬁ?ﬂﬁtéi"ﬁr%s#élﬂze@%ﬁaﬁﬂ) 1 glg he 30

user's body is to.exiend the antﬁnna a/ m t,he device ﬁ/ during
receive by a recelver xamp f such radio communicatio devxces

include one-way radios, two-way radios, radio telephones, personal

communication devices, and a variety of other equipment. These
15 communication devices often have a standby configuration wherein the
~ device is collapsed for storage and an active communication
configuration, wherein the antenna is extended for optimum
performance.
For radio telephones and two-way radios, it is typically desirable
20  that these devices have a small size during a standby mode to facilitate
storage and transport thereof. For example, users 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
25 the user’s ear, the microphone near the user’s mouth, and the antenna
away from the user’s body. It is desirable for the antenna to be
positioned away from the user’s body since the user’s body is a large
conductor that interferes with radio frequency signal reception. One
pax:ticularly effective way of positioning the antenna away from the
30  user’s body is to extend the antenna away from the device body during
use. By providing an antenna which collapses for storage and extends
for optimum performance during an active communication mode, the
antenna’s high performance active mode operation is provided in a
readily storable device.



use. By providing an antenna which coll apses for storage and extends for
opti mum perfornmance during an active comunication node, the antenna's high

per f or mance active node opeis$ asBeen Beplaled] | N a eax S abf & devi ce.
A difficulty encountered wit urabl e dp BUEET BASRAA cgs is
provi ding a high performance st andby! rmde.ﬁ'f‘-}'%gfti&’dui_-«t he

device, including internal electronic circuitry wthifFthe body, |s
typically in the reactive near-field of the antenna in the storage 5

position. This objeg gifgcmg ehBaTt ¥ed WAE gﬁ&?wﬁoahﬁwsb@%ﬁﬁﬁan&%oﬂegr ade
st andby perfornmance 0 evi.tes, .such as radio telep pnﬁ}s, whi E’h receive
pagi ng si gnal s de¥icesis preading 2 high performanee aptapng Bhthesstand Kdnadandby
modfe- Accor di E@["hé l;ddy_ 6ft&hdﬁﬁaivi®phfc%ﬁ&idgriﬁvéﬁﬁl %.Iécﬁ"@ﬁﬁé‘d cicliam wtlﬂnghglo o
per formance character, sti . n e .conmuni | evi ce i.s extended in
active communi ?’8 ¥Yolf %ﬁf@i%rf\g%ﬁé'ﬁafﬂge BSW@%&L&{) a’c?nmﬂﬁfwl@emi tg‘ecsgﬂaﬁs ed in

a st andby $ode pokitigrer Bhiswohjedringheleactivpneanfield dhtheantenngcall G 1 is a

front elevatio ' f ' kLN : active
conmuni cati on pr?%gr %#%#a%&bgﬂ%r%%ﬁefogn Q|§e¢erg ’s?o"gdg)f %%?‘%/ﬁ%&@g %sﬁsé radi o
t el ephone accorvhigh reecive paging signals, elestroniomail, svgallpdentingsignalsdn 3 is a

top expl oded pgheResidbsemodey | |l ustrating a front housing, a radio
frequency (RF) printed “cj ' ' ircuit 20 boar and a

eyt board, 0gi C. ( \
e o P o Aesardingly, it sriable e Prayide af Aatenna having high

10  performance characteristics when the communication device is extended
1n an active communication mode and when the communication device
is collapsed in a standby mode of operation.

Brief Description of The Drawings
FIG. 1 is a front elevational view of a radio telephone in an
15 extended, active communication position; '
FIG. 2 is a front perspective view of the radio telephone according
to FIG. 1 in a closed, collapsed, position;
FIG.3isa top exploded perspective view illustrating a front
housing, a radio frequency (RF) printed circuit board, a logic circuit

20  board, and a rear housing of the radio telephone according to FIG. 1;

FIG. 4 is a fragmentary top elevational view illustrating a front
housing interior and flap and schematically showing transceiver circuit;

FIG. 5 is an exploded perspective view of the radio telephone
antenna assemblies; : :

25 FIG. 6 is an exploded side elevational view of the antenna
housing according to FIG. 7 with the antenna system oriented in the
closed position;

_ FIG. 7 illustrates the orientation of the arms and the current
_ produced thereby with the arms in their fully extended maximum
- 30  length position; :
' FIG. 8 illustrates the antenna currents and fields when the
housing sections are in the position oriented at ninety degrees;
FIG. 9 illustrates the antenna assemblies in the fully collapsed
position;




FIG. 4 is a fragnmentary top elevational viewillustrating a front housi ng

interior and flap and schﬂnmueaallad esRen!acq!dg transce _-,_.,._;. ------ G 5 is
*an expl oded perspective vi t el ephp nﬁﬂgmﬁﬁma\P@sﬂfeﬁ%l ies; 25
FIG 6 is an expl oded si dej ew of tfe anthmaAGiam ng il
according to FIG 7 with t an enna system or i ehted—Fr— Tl 0Sed
position; FIG 7 illustrates the orientation of the arns and the current
produced thereby with the arnms in their fully extended nmaxi mum 30 I engt h

position; FIG 8 'ﬂl’é?tloai%%?shﬁﬁm @H&RQH%s&‘é"t%&"ﬂ& fBi&'tl{ré ?nééd&ﬁ@é‘

housi ng sectiops are in osition oriente rees G 9
i |l ustrates tﬁbeaqwm&uaé#&mnt@gsxtmsr@d hpwnmﬁda@sgma% g1%n; - 2-
FIG 10 is a agtémplitRed; i |l ustrating the relative inpedance of the antenna

in different posi nd haw i.npedanc t chi acconp li shed; FIG 11
0 aifferent posiiigee i qoctfesif Repemete D usinB e he JEHeTansa b e ol ephone
ant enna syst erraduahleﬂimneeahmmmlsptmnevﬁth the eadid tebejbnepantheosi ti on; and

FIG 12 is a hﬁnj Hlaust rating the inpedance of the radio
t el ephone irrpe ance W radi o tel eghone in the coll apsed storage
posi ti on. _ FIG.12is a clrcult schematic illustrating the impedance of the

radio telephone impedance with the radio telephone in the collapsed
storage position.

10 Detailed Description of the Drawings

A radio communication device includes a radio signal source

positioned in a first housing portion. A second housing portion has a
first end movably supported on the first housing portion such that the
first and second housing portions are reconfigurable into an extended

15  position and a collapsed position. A dipole antenna has a first arm
positioned in the first housing portion and a second arm positioned in
the second housing portion. An end of each of the first and second arms
is connected to the radio signal source. First and second conductors are
positioned on the first and second housing portions and electrically

20  connected to respective ends of the first and second arms. The first and
second conductors are capacitively coupled when the first and second
housing portions are collapsed and are not capacitively coupled when
the first and second housing portions are extended. Accordingly, the
impedance of the antenna remains substantially unchanged in the open

25 and closed positions, such that the antenna is appropriately tuned in
both positions. The closed position performance is thus substantially
enhanced. _ _

_ Initially, it is noted that the antenna system according to the
' invention is illustrated in a radio telephone 100 (FIG. 1) including a
30 flap, wherein the immediate invention is particularly advantageous.
~ However, the invention may also be advantageously employed in other

radio communication devices having antennas and multiple housing
portions that move relative to one another. Accordingly, “device” as
used herein refers to all such radio communication equipment.

-3 .



10 Det ai | ed Description of the Draw ngs A radl 0 cormunl cation
devi ce includes a radio si gmashesta{asBeniLlTaced oned A=At S e

‘portion. A second housing p

first housing portion such
reconfigurable into.an exten e e Position. A
di pol e antenna has a first arn1p05|t|oned I n the first houS|ng portion and
a second arntpositioned in the second housing portion An end of each -of

the first and seco con ted t 0 t d| 0_si gnal YA First
and second conduct éﬁ&ekgmlﬁ c}nﬁ?lntoh@ lah%mg ’3 Yritated,
portions and mFdGr |1Cél‘h@/raziio telephone irludes ahspsntg 102 havingof firdte first

and second ar g drtiost ﬁngnéﬁ%%ﬂgn&ﬁﬂgbi ?3; nelqsgggﬁlq SJ vely coupl ed

when the fi rst an econ OUSI n?tbpor I ONS a are not

capaci tivel y ddusiratedprahodiment, the firstih 9@%@8@@?&9@1 porradies are
ext ended. SACCQéldeQnU body enurmecbeasﬁd at)ugﬂg PORBANEDT er@ﬂaﬁ piveiBnti al ly

unchanged in the open 2 |t|ons at the anfenna is
appropri at el y P eﬁ?ﬁo gk‘t ho‘%b p@ﬁgoxﬁﬁ Qusing o ‘BBLLO% BAVESPE ce is
t hus subst ant aaldx¢endéthpesitionlilustratéd/in FIGi 3, dwting anhadtivehe ant enna system

' FIG 1
according o b EIkLAabde khAHIBEA B Ackalbhut BLeRG (1 G 1
advant ageous. FTLGV\@vma standbynmedei on may al so be advant ageousl y enpl oyed in

LTS 280 onmn e o dicprkit 0, k0GB ) Wylkg 01510
o one ey LGh 3 o bt st L0 i A S
. to deﬁne an interior volume. The first housing portion 101 houses

electronic circuit including an RF circuit board 315 (FIG. 3) and logic
circuit board 314. A transceiver circuit 415 (FIG. 4), which is a radio

15  signal source, is supported on logic circuit board 314. The transceiver
circuit transmits and receives radio frequency signals, and may be
implemented using any suitable commercially available transceiver
circuit. A keypad 106 (FIG. 1) is positioned on first housing portion 101
such that the keys 109 (only some of which are numbered) associated

20  with the keypad are accessible for manual actuation by the user to
selectively close respective popple switches 322 (FIG. 3).

The second housing portion 103 (FIG. 1) at least partially covers

keypad 106 when closed. The cover may be longer to cover all the keys
109. The second housing portion prevents inadvertent actuation of the

25 keys 109 it covers when the second housing portion is closed as
illustrated in FIG. 2. Additionally, the second housing portion may be
used to place the radio telephone in a standby mode when closed.

The radio telephone 100 includes dipole antenna 107 having

antenna arm 440 (FIG. 4) in the first housing portion and an antenna

30  arm 441 in the second housing portion. The antenna arm 440 is
manufactured of a suitable electrically conductive materiel such as
copper, a copper alloy, aluminum alloy or the like. The conductor is thin
and has a serpentine configuration such that when it is supported on
the surface 460 (FIG. 5) of the first housing portion 101, it extends

35  around keys 109 of keypad 106. In the material embodiment, antenna
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A radi o tel ephone 100 |nee|;per—art_|_ng—Lhe_|_n¥ent|on [ r ted in FIG 1.

The radi o tel ephone inclu 02 having a t A0 B4Y
*101 and a second housi ng gﬁiﬁeﬁtﬁiﬁﬁ he il ust ate ,aﬂhqd—l.ﬁen'f tihe

first housing portion 101 i telephone —-and..l-he-secon
housi ng portion 103 is a fl onnected to the body. The second
housi ng portion 103 noves between an extended position illustrated in FIG

1, during an active conmunication node and a col |l apsed, or closed position,

fLr si ng
bor L1 on 101 1 AT &40 B AIIBLARAR e AC - AltBnate embodiiferish oy B> 10,6 g
section 105 wether msgnantkang@hmémlesl such tbat aBnaMG stagy odd integerre. The

first housing np@itipleof H04. FRdLeL sfsﬁtfé&ﬂﬁla@rzﬁmgqhkohﬁsétuéltaa an RF circuit
board 315 (FIG 3) and |0gi ircuit board 314. A transceiver circuit 415

(FIG 4), whi Gransmisgsion line ﬁ%bysﬁﬁ%ﬂu“é’%ﬁé@, i s supported on |ogic
circuit bSard 314. ATblaté H80(BTGY By iscattached td ﬁﬂ&'ﬂéd%@ﬂﬂfxﬁﬁﬁﬁb&?s radio

cvai | ab o ¢ r oRObSngRRAGE THE piRTR Ty Sompitueiba b any niifuf elortBaabn 1 1 st
housi ng port i conditos stichtasaioppen; &eqppet&ﬂoypaﬂuynnmm afamalwhimim
nunbered) assg }Ellby?‘t ?‘fat?e0450 élg H\;&g}léec)é cl%ﬁ%%&? i)ﬁ]llﬁ 4342c ﬁ%cw&ﬂg s 322

actuation by t user to s 0Sse respec e popp
(FIG 3). The48&cond housi’ ng portlon 103 (FI G 1) at least partially covers

keypad 106 when cl askshel 107 Haneg op@ing8 ddowRAVIEdysal d9 éd%%r eys 109.
The second hogrsjtn: ort |§€b€“§ Eé}gs‘}ﬁﬁ];ﬂverlt actuati on (ilf ftront 5 keys
109 it covers“WiE R PEe |18 8tk
‘body housing section 105 and front flap housing section 112 is attached
to rear flap housing section 111 using a suitable adhesive or fastener.
The second housing portion 103 includes a front flap housing
15  section 112 and rear flap housing section 111. The front flap housing
- section is inserted over plate 451 and antenna arm 441 in recess 463.
The antenna arm 441 is of substantially the same construction
as antenna arm 440. In the preferred embodiment, antenna arm 441
(FIG. 5) is M4 in electrical length. Alternate embodiments may use
20  other resonant length dipoles such that arm 440 is an odd integer
multiple of /4. The antenna arm 441 also has a serpentine
configuration. Antenna arm 441 is attached to surface 462 in recess -
463 of rear flap housing section 111 using a suitable commercially
available adhesive. End 445 of antenna arm 441 is connected to
25  transmission line 417 by a conductor 446. Conductor 443 and conductor
446 are flex strip conductors that connect the dipole antenna 107 to
transceiver circuit 415 (FIG. 4). The antenna arm 440 and the antenna
arm 441 form dipole antenna 107.
Antenna arm 441 (FIG. 5) is of the same plan configuration as
30 antenna arm 440 such that these conductors are mirror images of one
another when the first housing portion 101 and the second housing
portion 103 are closed. Thus in the closed position, antenna arm 440
and the antenna arm 441 are substantially parallel with one another
are aligned, such that the antennas overlap when the first housing

-5 -



illustrated in FIG 2. Additionally, the-second housing portion may be used

TG T A PR W ] W M 4 A T AT o

to place the radio tel eph e}iln ta . de whg Siisiie

*tel ephone 100 incl udes di 3 P A eEhHER HE avi ng R8P SHERT MASBEEN-IG. 4)
in the first housing porti ﬁl na 30 farm AAERIAGHE secdnd
housi ng portion. The anten nuf act ured—of "a surtable”

electrically conductive materiel such as copper, a copper alloy, alum num
alloy or the like. The conductor is thin and has a serpentine configuration

such that when_j.t_i.$,sU rted on,the.surface 460. (Kl G fy the first

housi ng portipcﬁ’ﬁh?ﬁf,%‘?’i ﬁ)«gﬁ}eeﬁ%fgng ousg?%gﬂﬁl%%e E’gg‘%@l@é{}% d 106. In the
mat eri al enbqadsitéort., ant enna - 4- arm440 is [err] in electrical |ength.
Al ternate enbodi I» t arm
440 is an odd in?gtcI %tﬁltjgﬁg??%%rri. Enc? Q%gtgp %ﬁ%ﬁgogg%%ﬁ S

connected to am fiéﬂbmasgqr&uqtomé%,l%mplatwmrﬁ%@md tyvg suxface 462 of o p| at e
450 (FI G5 5) yesr Sapasditng Sedivr 208, PHatedd5T isutinshiited 0P aisistabA6t i ON 105.

Th | at .t t ed,of,. .t abl | ectrical ,conduct oy, such as
copper . a cogieitrigally sondveive material schasa RpRex alicy: replatainofa”
el ectrical | y generaily eettanghledonficnratidi?, dnd isoofchubistantiflily the 8ame A

bezel 447 haw. ' 6 | igned with keys 109 covers antenna arm 440
and plate 45(51.19%8%(1%%,%%?% g%f(?ached to the front body housing section 105

and front flap holBinbezedddiiandithe frentflapdiesgingseation 112preousi ng section
111 using a SHhh@fcPurid\S1Sd ¥Ritable’ FolyRIdeic material identical to the

materiel, such as polycarbonate, which is used for the front body

housing section 105, the back body housing section 104, the front flap

housing section 112 and the rear flap housing section 111. The

polymeric material utilized has a suitable, low dielectric constant, and
15 is of a conventional construction.

The RF circuit board 315 (FIG. 3) and the logic circuit board 314
are printed circuit boards. Transceiver circuit 415 (FIG. 4) for the radio
telephone 100 is mounted on RF circuit board 315. These circuit boards
are assembled into the first housing portion 101 and held in position

20  when the front body housing section 105 and back body housing section
104 are assembled by any suitable conventional means, such as using
snap connectors. A vibrator assembly 316 is supported on logic circuit
board 314 such that it is‘positioned against the front housing when the
logic circuit board 314 abuts with the front body housing section 105.

25 To assemble the antenna assembly to the radio telephone 100,
plate 450 (FIGs. 5 and 6) is attached to surface 460 of front body
housing section 105 at location 452. The antenna arm 440 is then
assembled to surface 460 of front body housing section and connected to
plate 450 by conductor 461, which may be provided by any suitable

30  electrical conductor. The bezel 447 is attached to front body housing
section 105 using a suitable adhesive, a fastener, or the like, with
antenna arm 440 and plate 450 sandwiched there between.

Plate 451 is attached to surface 462 of rear flap housing section
111 at location 453 using a suitable adhesive or a fastener. The plate

35 451 is connected to feed point 445 of antenna arm 441 by conductor 456.
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The second housing portion 103 includes a front flap hou5|ng 15 sectlon
112 and rear flap housing section 1I1. The front fl ap[fogsrASTetron= S
inserted over plate 451 and arthiiShet BasmeehReplagedr ecess : ; 3

441 is of substantially the sa as ant eflna_ar FEBURCED N t hg
preferred enbodi nent, antenna a ) is [err] 1n erectrrcal

| ength. Alternate enbodl ments nay use ot her resonant | ength .dipoles
such that arm 440 is an odd integer nultiple of [err]. The antenna arm 441

a0, has 2 SeuekbeasR LA LaRhn 1Y RV AT IR fashnh | 0 surface

462 in recess ousi n I ng a sui
comerci al |y deasingsestionhbkl u@ngaamaunablecﬂdhﬂﬂ@amthlthemiema ébmnect ed to

436 are 116 Ss"{*?rhﬂdcgﬁac?é 151 Meclr g Ul ermg‘r*&éﬂ " eona 107 1o

ar X S |p u

transceiver circui tAL ?’ ’ésa%‘ %eaﬁ?mﬁﬂ e antenna arm

441 form @& poltﬁaxmbm&lﬁdm 4P{51bymﬁdaméuwﬁﬂwhnd&r@ﬁsmmmﬁrTe pl an

configurationlas %ﬁ antenna arm 440 such that these conductors are mrror
ol he

i mges of one r when the first housing portion 101 and the second
housi ng portlon 103’1at9345(DanddﬂaM1areghne lysredtangilar,qplanant enna arm

£40 a1 11 T SBAnS T Fon WA bttt g1
porti ong103 aﬁHchﬁéagﬂ&yn%lr% i @m&weértoa:r@aﬁera ¢apacitiye ﬁ?}éééﬂg)gy tion.
10  when the flap is in the closed position, illustrated in FIG. 2. However,
the plates may have any suitable configuration to facilitate positioning
on front body housing section 105 and front flap housing section 112.
In operation, the antenna arm 440 and the antenna arm 441 are
extended to the position illustrated in FIG. 7 when the first housing
15  portion 101 and second housing portion 103 are extended in the open
position illustrated in FIG. 1. Most preferably, the antenna arm 440
and the antenna arm 441 are oriented in the same plane for optimum
performance. In this position, the impedance RL (FIG. 11) of the dipole
antenna in the configuration of FIG. 7 is selected to be in the range of
20 50 to 75 ohms, which is equal to the source impedance RS, and the
impedance of transmission line 417. The currents I1 (FIG. 7), I2 and I3
are collinear and of substantially the same directjon, and the reactive
near field of each antenna arm is predominantly in air. The dipole

antenna also performs well when the arm are not fully extended, but
25 are positioned relative to one another at an angle of approximately
120-180 degrees. .
Alternatively, if the antenna system is used in a device having a
po's@tion where the arms are angled approximately 90° relative to one
~ another, such as in personal communicator, the arms will be oriented as
30  illustrated in FIG. 8. In this position, plate 450 and plate 451 are not
coupled. Although antenna performance is degraded in this position,
the antenna impedance is not significantly altered, and performance is
good without adding a capacitance. In this position, current I1, I2 and I3
are not collinear. They are however oriented such that their effects will
35 not cancel one another.
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A plate 451 (FIG 5) is connected ta the feed—point 445 of antenna arm 441
by a conductor 456. The plate is attac ed-tq gy surface 462 of rear flap

‘housi ng section 111. Plate 45Thissh ATl 0f a suit ahke—ehectrically
conductive material, such as a H The pl ate i 3| vfisesgrEETENAS BEEN
rectangul ar configuration, and ially the s@me di REREAOBDAS |,
pl ate 450. The bezel 447 and the front flap housi ng sect i-6H e
manuf actured of a suitable polyneric naterial identical to the materiel,

such as pol ycar bonaleee il the hyMRallefs8 lof tHE rhd iR UonhAdKIGMS dkigect | on

105, the back body housing se t he I'ap housing section 112
and the rear finegsparating dinale antenna 107, wuchsg taweorienthe dexiceteia i zed has

go?lmt ? atcjlt 'ebnl %%%igg cit?d,cﬁ"se ﬁgﬁ%il Igli;ioli 103 gsnl‘c?ft?% | 0gQj %@r&gl it board
structi on. j.rcui . i,r cui
sii'ae o ebober R BlE ) Wi b ol Wbt T o o
radi o tel-&phorec ousing n ecinr 1 astra

boards are assﬁaﬁ)lr%e?# Q%x?e lihe%}l%rﬁ{? mdjﬁ'h Hﬁlo%égje %mgala% in
position 20 ~“whnen’the Tron ody  ‘houSi ng sectl on an ac ody housi ng
section 104 aiBustrstadineFlGy9.aTheantenna armsnaretnased by thatbicknessofis usi ng

snap connect of | fis tRe $HItRBELS6F £HE dieldcdriei rcui t
board 314 suck(lﬁ?lﬁgriryd Rigtbrihl afﬁ%ﬁgg7gp§a?ns? the front housi ngnvvhen t he

1t 1S posi
logic circuit Wlé’%ﬁr%ﬁ@ wngpection dd2h 04y housi ng section 105. 25

To asserioe the anfarthe falgeldsed positidis ilasiratédirePIGNS, thHeCeffaetivienedH0
105 ai Tocati ohhEsRtHEE relfledt . CRREREE L 8pd T2 b oBiNeonal B AfPRE. 00,
of front body Ifoand currents Iband i3 effectialy cancel omezanothe) CurrentdBds or 461,
which may be pREYLHGsHhiRY @i¥eritwhith émits energy. This small effective length
of the current producing portion of the antenna causes radiation
15 resistance RL’ (FIG. 12) of the dipole antenna 107 to fall to a very low
value of 3-10 ohms. This represents a serious resistance mismatch
with the transmission line 417, which is tuned to match the impedance
. of the arms in the fully extended position, which is 50-75 ohms. In
addition to the large difference in the resistance component, there is a
20  large reactance L (FIG. 12) introduced by the transmission line, the
arms of the dipole antenna and the dielectric material located there
between. The dielectric material is provfded by members between the
antennas, which are bezel 447 and front flap housing section 112. The
effect of the resistance inequality and added reactance reduces the
25 antenna performance in the stored position.

The capacitance C (FIG. 12) provided by the capacitive coupling of
plate 450 (FIG. 5) and plate 451, which are located near hinge 420 and
are ‘connected at the source end of the antenna sections, is added in
parallel with the antenna impedance only when the dipole antenna 107

30 isin the stored position illustrated in FIG. 2. The added capacitance in
parallel with the antenna resistance RL’ and the reactance L, produces

a resulting impedance that is matched to the transmission line 417.

Selection of a dielectric having desired dielectric constant and

thickness, and the close proximity of the plates, which is controlled by
35  selecting the thickness of bezel 447 and front flap housing section 112,
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30 el ectrical _conductor. The bezel 447 is attachgp=ts

Ptetnh--pOgV.. NA1S| NG
section 105 using a suitabl e adhesjve, a fastener, |pTHheHEEKBASWEER
*antenna arm 440 angS$e Replacelyi ched there bet Ween. RERLACEDL i s
attached to surfac I llr | ap housi ng secti ol LI ar—rocatiea=453
using a suitable a stener. The plate 35 451 is connected to
feed point 445 of antenna arm 441 by conductor 456. -6- The front flap

housi ng section 112 is then attached to the rear flap housing section 111

using a suit aghswa¥he dipsle adtbink 16 havk dubatAitialht thebamplidgedhmbesecur el y
sandw ched thégﬂe bet ween. Arm 440 44 .arg,el ectr.j.call.y connected to

apnd, ar
Cthe 5 transeRaTpetenRsHCiR Yh%ﬁﬁﬁlbﬁnaﬁ}?&Bg]tp&P iop Thap FEECARY ¢ r ansni ssi on
line 417. Pl ajimprivesandemhaperfébihance igeheclusky positiomgul ar, pl anar menbers

are ver Ith i;é;ff i ﬁﬂ%ﬁ@j@%ﬁéf ?ﬁ%f?ﬁﬁf %ﬁfﬁfﬁ?ﬁﬁ? f@éﬁ;@ﬁgt flop
are trwettocnded \ 5 50 O ointi B4,
Ihzvlena?‘y Sﬁi W%@%&Ldgg;ﬁz E@?é%e%%ﬁéjﬂtﬁeﬁrﬂﬁ%ﬁés‘?& ﬁgePQnH ’igih_t Ezd;’my

housi ng sectign’, ront I ng secti.on 112. 1n operation, the
ant enna ar m 4desimhlethat the upradancs Qfﬂti‘eaﬁ‘@%%?éﬁdw dttﬁé"gﬁosi tion

i|lustrated iimpédancé ofthe tidyesrhissivin livweSImthel bpen positioanf FIG. @) dheecond
N T T
orientedl@n tpesitionpwithout dielectric bezelh447 and flap housing section 142, and

without capacitor plate 450 and 451, the impedance of the antenna

would change to approximately 3 to 10 ohms . That point is

represented by Z2. If the dielectric material of bezel 447 and front flap

housing section 112 is not present, the impedance value of the dipole

15 antenna in the closed position would be Z2 and thus, uncompensatable

by a parallel component.

Because the dielectric material of bezel 447 and front flap
housing"section 112 is positioned between the arms 440 and 441, the
antenna impedance in the closed position is Z3. By selecting the

20  thickness of the dielectric material of bezel 447 and front flap housing
section 112 in view of the dielectric constant of these materials, the
impedance value of the dipole antenna moves to Z3. Appropriate
selection of Z3 allows Z4 to be reacted by a parallel capacitance
connected to the arms of the dipole antenna at the feed point, thus

25 loading the dipole antenna at the feed point. This parallel loading is
provided by plate 450 and plate 451, which are capacitively coupled to
one another only when the flap is closed, and are connected to the
respective feed points of the arms of the dipole antenna.

Thus it can be seen that an antenna is disclosed having improved

30 performance characteristics in the closed position. the irhproved
characteristics are provided by loading the dipole at the feed point by
capacitors which are only connected when the flap is closed. In the open
position, the plates are not coupled and do not effect the impedance of
the antenna arms. The thickness and dielectric constant of the

-9 .



performance. In this position, the inpedance RL (FIG 11) of the dipole
antenna in the conflguratlon of FIG 7 1s selected to be in the range of 20

50 to 75 ohns, which as cgbur ce i npedapnse-Re-—ang—t-he=i ]-edance
of transmission |ine 4 Hﬁ s 11 (FIG 7 ,T;.hgsaEETl-&S(BEEN’; I 1'i near
and of substantially t ‘on, and the ieactlePUHﬂﬁﬂiﬁ el d| of
each antenna armis predomnantly in air. The di pte=am - ar 50 per f orms

wel | when the armare not fully extended, but 25 are positioned relative
to one anot her, ernatively,
if the antennglil}bg?gbmﬁi}ghﬁgggeﬁgmlp eV| ﬁ%é‘\%%gﬂ&%gﬁ%ggl{%%ﬁi Wn%t& t%e arns
are angl ed appesirlardmpegapnse on |9attenaamtbe.elasndtmemomuch as in
personal communi cator, the arns will be oriented as 30 illustrated i'n
FIG 8. In this position, plate 450 and plate 451 are not coupl ed. Although
antenna performance is degraded in this position, the antenna inpedance is
not significantly altered, and performance.is good w thout adding a
capacitance. In this position; current |1, 12 and I3 are not collinear.
They are however oriented such that their effects will 35 not cancel one
anot her. -7- To reduce the physical size of the radi o conmunication

devi ce incorporating dipole antenna 107, such as to reorient the device to
a storage position, second housing portion 103 is rotated to the closed,
storage position of FIG 2. Wen the first housing portion 101 and 5
second housing portion 103 are in the fully closed position illustrated in

-10 -



FIG 2, the antenna arm 440 and antenna arm 441 are oriented as illustrated

in FIG 9. The antenra—arnms—are spaced by the thickness of dielectric

‘material of bezel ﬁ@?sh&masmﬁ |ckness of the dielectric material of
W_

front flap housing In the full
illustrated in FIG I veness of the anten
Currents 11 and I3 to current 12, and :
effectively cancel one anot her. Current | 2 i s the rendrspgcorrent— &
emts energy. This small effective le t he current—protduetng—portion

of the antenna_causes radiation 15 re5| Stance RL' (FIG f t he d ol e
antenna 107 tWhatiip claimed ity | ow val ue of 3-10 ohms Th q i,fm Hm u
serious resisg anceArpaaiBaé&ﬁnmrﬁghﬁ&}edgmg BhaprisPAg] | ne 4 d
to match the inpedance. of, t arns in the fuIIy extended p03|t|on WhICh S

50- 75 ohns. In add?{ff sl‘%“? Ure® ge difference in the resistance
conponent3 there isfizst?’Rousihgpoetiontiearuttio bighfal Goutcd)pdsitiowetliethdy the

transm ssi on Qf t he di pole antenna and the dielectric
mat eri al Iocaé#é&%toh ;}%ﬁ& ween. The dielectric material is provi ded by

nmenbers bet ween th%smdrmlnwbmmarthelsemdhdﬁ'smgdnoi'tlonthaﬁriwg)ahou5| ng
section 112. ﬂb@eﬁﬁfﬁﬁﬁ'aﬂsrestrd#ﬁoi‘ﬁeﬁ'tﬁiﬁf@ﬁ erﬁ&gsﬂM%trﬁ?eCt ance

reduces the ant enna ormance I n t e store oSl tion
capaci t ance éE‘-'(SﬁIaG spepnd FH&PQ?PW@I'GSSMWéb iafgexsendedt e 450
(FIG 5)1Gnd Iﬁdsaﬁlenéaaawjlﬁss@rpog]ﬁaﬁt ed near hinge 420 and are connected

h dft t tigns, i s added in. rallel with the
thtenﬁasflrjr{)ggaﬁge agm PI A sec %ﬁﬁ'{%’ﬂﬂé’ 0§ 'ﬁﬁflrpﬁ'éeah’?%t he stored
position ill leusmgpormn?aﬁd a2sec6hd axnrpositiaped in sthe se¢condohowdihgl with t he
ant enna resi ?(ﬁ'ﬁ%ﬁ Blresx?&@lvte%d ﬁeé‘écfllrlﬁg:hhﬁgf 2HH 58801t SRl cbhRSetbfredance

that is matc to the transm ssion
the radio signal source; and

15 first and second conductors positioned on the first and second
housing portions and electrically connected to respective ends of the
first and second arms, the first and second conductors being
capacitively coupled when the first and second housing portions are
collapsed and not capacitively coupled when the first and second

20  housing portions are extended.

-2 The radio communication device as defined in claim 1, further
including a hinge connected to the first and second housing portions
whereby the first and second housing portions move between the
collapsed position and the extended position.

25 3. The radio communication device as defined in claim 2 wherein
each of the first and second arms has a respective feed point connected
to the radio signal source, and wherein the first and second conductors
are connected to a respective feed point of the first and second arms.

4. The radio communication device as defined in claim 3, wherein

30 the first and second conductors are first and second plates, respectively,
and the feed points are near the hinge.

5. The radio communication device as defined in claim 4, wherein
the first and second arms are oriented on the first and second housing
portions such that they are vertically aligned when the first and second

35  housing portions are in the collapsed position.

- 11 -



Sel ection of a dielectric having desired dielectric constant and thickness,
-and the close proximty of the plates, which is controlled by 35
“selecting the thickness of bezel 447 and ftont. flap housing secti.o

- 8- al l ows the dipole ubstanti al |
characteristic in the opeﬁmmmmmuiwmﬂt ion. This
antenna performance in the*clbsed posisti en.: The Smit hilg
illustrates mapping of the reactive 5 inpedance to a desired i rrpedance,

whi ch is 50 Gans aI‘h@?étdlbc% xgﬁﬁfcait Wa&&eﬁﬂe&h&ﬁ? 'fpﬁlt-‘lﬁﬁ‘ii% of the

transm ssion 3@ is desjr é edance of antenna is
mat ched to tﬁélenéﬁ?é HéB‘%)WW’F\C 953 ‘B’ﬁ 1FYH €Y$h the open position of
FIG 2, the iTpeddlkeriioConimanitationedeiéeasdefifed irs cREmOb®hetdint he

cl osed 10 Sition,.wthout dielectpic bezel 447 and fl a hous' section
T2 “and wi t Heecan BPbE portioh B inf that Sovard A b RE R B Rant enna
woul d change keysapproximately 3 to 10 ohnms . That point is represented by

Z2. |f the digl eCtTﬁfﬁ%%hﬂhuﬁic \@%ﬁ \A@&%H&gﬁﬂ%td%lr@ﬁ QAaidzeig section

112 is not present dance ant énna in the

cl osed pomh@ﬁﬁﬁﬁlheusglmf&ml esmfc Aplcone ¢<&rwnsrrﬁr&ra| | el
conponent . %&ﬁ@é&lseﬁv@éxﬁmé ﬁﬁsﬁ@dtﬁgé@ndoﬁlab@ezﬁ seétdot Respdditatice | ap

NI T T A e KGR L
t he dielldtri® nmatBié pddiofcormanahicéfionadevide astefihedimclaim g wherein
the at least one dielectric member includes a first dielectric member
_ and a second dielectric member, the first housing portion including the
first dielectric member and the second housing portion including the
second dielectric member, wherein the first and second dielectric
15 members are positioned between the first and second plates to select a
capacitance that the first and second plates add to the dipole antenna.
10. The radio communication device as defined in claim 9, further
including keys, wherein the first dielectric member is a front flap
housing section and the second dielectric member is a face plate around
20 thekeys.

This Sheet Has Been Reilaoed
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section 112 in view of the dielectric constant of these materials, the
i npedance val ue of the dipole antenna noves to Z3. Appropriate sel ection of
< Z3 allows Z4 to be reacted by a parallel capacitance .
of the dipole antenna at the feed point, thus 25 | OBt
antenna at the feed point. This paralli) |l oading is pfo
and plate 451, which are cagaZyjively €oupled to one jangt hé
flap is closed, and are conngcfed to the respective feed

of the dipole antenna. Thus wm}can be seen that an antenna is disclose
havi ng i nproved 30  perf orfaH
t he i nproved characteristigg
poi nt by capacitors which ¢
t he open pogidion, the plfHvs
i npedance of the&\ant enpaZ
- 9- di el ectri c o
affect a parti cul S
CLAI M5 What i S8

p\provi ded by | oading the dipole at the feed
connect ed when the flapfiZjcl osed. In

ot coupl ed and do not "m" t he

22X hi ckness and di el ectrigg@\stant of the

7 -
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sttt
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a radi o signal source; 5 a first housing portion, the radio signal
source positioned in the first housing portion; a second housing portion,
‘t he second housing portion having a first end novably 0

first housing portion such that the first and second |
reconfigurable into an extended 10 - pgj%?i on and a cf
di pol e antenna havi a first arm posi ned in the f , S=pe
and a seco arn1p3@§t";:- L.y the second housing portion, a respective end
of each of N r sty JAFE s connected to the radi o signal source;

and 15 dyctors positioned on the first and
second housi ng pg N, connected to respective ends of
the first and g€ ‘ v S Rxgcond conductors being

capaci tivel f’fé _d % c-~<\housing portions are
col | apsed af 5 #\first and second 20

housi ng por

defined in & ed to t first and

' & s Wor ti ons nove
: 06 The

0
bet ween th¢0po||.u:i .
the first

radi o communi cati on dgy
and second arnms has a I 1 TN SN
source, and wherein the fIRgH|lIATSNEEE P N =-34 {0 a
respective feed point of L Ny \“\i’{>'%?f $pF e '

communi cati on devidd@—a% d& ‘
second conductors are fi g4



and the feed points are near the hinge. 5. "The radi o comuni cation device
as defined in claim4, wherein the first and second aj
“the first and second housing portions such that they
when the first and second 35 housi ng portions are if
posi tion. 6. The radi o conmuni cats'fy devi ce as defFFw
wherein the first housing portion incliudes a plurality of ys. 7.
radi o communi cation device as defined in aim6, wherein e second

housing portion is a flap that covers atAeast a portion pf the 5 eys.
8. The radj igation devj€e as he1d5i r st
housi ng por t | ekt lkydes t one diele posi t bet ween
the first an d{plates to kel ect a capaci ta t he and
second pl ate |c}_ he di pol &\ ant enna EIVER The dio ni cation
device as de LI Clal - (Merein the@ |TR?aSt one d el ecf EHE nenber

I ncl udes a fEfs lectric nge and a ywd di el ectiz me t he
first housj i ncl udip rst dielectric nmenpar a e second
housi ng B0t i l.ng 3 hey ﬁlﬂl nber , /wEer e e first
and second d j tg e e =he t and
second pl at egfltq|s ct a capagyt@dnce that|{tBeffirst and =50 ates add
to the dipol ntlerpf. 10.  The¢ radi o comynHcati on devi e ned in
claim9, fur L. \np Lsh " ' SEl == er is a
front flaﬁs : chihe Hédnnd HiHl ectric nme tlslajflace pl ate
ar ound S h E

O =T o)
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TWO PCSI TI ON FOLD- OVER DI POLE ANTENNA Abstract of the D sclosure 5 A

radi o communi cation device includes a radio signal source (415) positioned
‘in the first housing portion (101). A second housing portion (103) has a
first end novably supported on the first housing portion such thap/t

housi ng portions are reconfigurable be%ggfn an extendeg=p ) £EN
| TréE A A ?
R y Gz

col | apsed position. A dipole antenna ( has 10 a
positioned in the first housing portion and a second afim (44
in the second housing portion. A respective end of eac T arnms is
connected to the signal rce. Plates (450, 451) are positioned on the
first and second housingffporti ons and connected to the antenna arns such
that they are capacitiv coupl ed when the housing 15 portions are
col | apsed and are not ed when the housing portions are extended.
TWO POSI TI ON FOLD- OVER E ANTENNA Field of the Invention 5 The
present invention pert to antennas for radi o comruni cati on devi ces.
Background of the Inv di o comruni cati on devices include a
“transm tter and/or D coupled to an antenna which emts and/or

detects radio

il
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10 frequency signals. The device may include a m crophone for ipputting
audio signals to a transmtter or "a speaker for outpu 3 T
“by a receiver.
radi os, two-way radi os, radio tel ephones, personal co
and a variety of other equipnent. Thesgé%ﬁ cormuni catton d&vi ces of ten
have a standby configuration wherein t d

Exanpl es of such radi o comrunication d

preair e et
v U

r1ed
H B

evice is collapsed for storage

and an active communi cation configuration, wherein the antenna is extended
for optinmum performance. For radio tel ephones and two-way radios, it is
typically desirable 20 that these devices have a snmall size during a

st andby node to
users prefer t

litate storage and transport thereof. For exanple,
radi o tel ephones are snmall enough in the standby node

to permt storaleei shirt or jacket pocket. In the active conmuni cation

state, it is def
t he speaker adjg@
nmout h, and t he g
antenna to be ppea

for the deV|ce to be sufficiently long to p05|t|on

25 the user's ear, t ne near the user's
nna \away from the use ody. i's desi |l e for the
| away fromt Bper’ s body s ce the usels body is

a large conductg interfegpps with yadit\{requen signal reception

One particul ilve way O ' ] the 3 0
user's bodygyp e gnd the an . \Ng use.
By providing a enga whi chiggl{ ap ;?ptinum

perfor mancd

perfornanqﬁ5.r

[ [lan.ac : _
‘ﬂ" g%amm tlgﬂuhék UH2i ce.

\fe co

7 |
2] 451 13 b

R | FIG.9

FIG.7




2 Adifficulty encountered with such reconfigurable connunlcat|0r deviges
is providing a high performance antenna in the standhy—paee==F5"bad)
~the device, including internal electronic circuitry \u S
typically in the reactive near-field of the antenna :
position. This object in the reactive 2/&; field of t gnna can degrade
st andby perfornmance of devices, such a adi o tel ephones, ich receive
pagi ng signals, electronic nmail, or call alerting signals in the standby
node. Accordingly, it is desirable to provide an antenna having high 10
performance characteristics when the comunication device is extended in an
active communi cation node and when_the—tonmp stlon device is collapsed in
a standby node of operation. Bpee€t Descript{on of ThesQrawings FIG 1 is a
front el evational view of aadio tel ephonelin an 15 N.ended, active
[ iti [ [ the radio
, FIG 3 is a

top expl oded perspectjffe view ill
frequency (RF) printgd circuit
rear housing of the/ragipg phone
fragnentary top elgvati
flap and schematifally
perspective viewfof thefradio tele
6 is an expl odeqd side

FIG.10

45 S

w
Pl

FIG.11 FIG.12



housi ng according to FIG 7 with the antenna systemoriented in the closed
position; FIG 7 illustrates the orientation of the arns and the current
~produced thereby with the arms in their fully extended mexisam38-==1 E‘Th

position; FIG 8 illustrates the antenna currents an‘ fﬁkﬁé@s\Eﬁme\AStﬁﬁtN

housi ng sections are in the position oriented at ni nefy degqm’dsA,GEQG 9

illustrates the antenna assenblies in the fully coll aikseg=e5

FIG 10 is a Smith chart illustrating the relative inpedance of the ant enna
in different positions and hpwo W?QPPI’GN’T' [gVERaccorrpl i shed; FIG 11
Is a circuit schematic illustratrn e Tpedance ol a 5 radi o teI ephone
antenna systemw th the radio t DI 'Jnﬁ t ended open position; and

FIG 12 is a circuit schematic illustrating the inpedance of the radio

t el ephone i npedance with the radio tel gpho the col | apsed storage

poSi Itoi on. l(r)rp tra i@é ?ﬁ?f’ We t he Drpavm ngs A ?adl 0
comuni cdt i on devi.tteadimodumianm‘natnm de\acgmdludwacradmmgnabsmﬂcen a first
housi-ng porti support ed
on the first ﬁgﬁsﬁbgﬁﬁ%? e S R boiiSn3101). A sEBdRYGRNE °

portions are Rostionf(19d) has e finst endmevahly supported on the first housing

portion such that the housing portions are reconfigurable between an
extended position and a collapsed position. A dipole antenna (107) has

10  afirst arm (440) positioned in the first housing portion and a second
arm (441) positioned in the second housing portion. A respective end of
each of the arms is connected to the signal source. Plates (450, 451) are
positioned on the first and second housing portions and connected to the
antenna arms such that they are capacitively coupled when the housing

15  portions are collapsed and are not coupled when the housing portions
are extended.

—-'\
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15 posi tion and- a col | apsed position. A dipole aptenna has a first arm
_positioned in the first housing portion and a sec WI*E&%H}JEB@N QT g the

- *second housing portion. An end of each of the fir §Sﬁﬁ@£ s
connected to the radi o signal sourge. First and. sisong 0] s ar .
posi tioned on the first and second housing portio at-tyij} 20

- connected to respective ends of the first and second arns The first and
second conductors are capacitively coupled when the first and second

housi ng portions are col |l apspgrPOSIPION DBQOYVE'RJ y coupl ed when the
first and second housing portrTons are-exrengea —#Accordi ngly, the i npedance..
of the antenna remains substantlpn’om 1t [NA the open 25 and cl osed
'_[Ij_(ﬁsmionsd suchtthat thfe antenna i s approplrol ?telty ]tluned |hn bo'élh Ipos![tlf)lns

e cl osed position performance stantially enhance nitially,
it is noted that the antenna syyfédﬁggld?dpﬂﬁnﬁyq he invention is

i |l ustratsed i n a' I’Iéhﬁ presehemmw:ldtﬂﬁeﬂﬁiﬁs tolantexmasdongadio30 flap,

wherein the i is particularly advantageous. However, the
i nvention may’ lmu cgtiogvantg%gously enpl oyed in ather radio .conmuni catlon :
devi ces havi ng ant ennas and Baickigy bumboﬁt Ipyentions that nove relative to

one another. AcCogldiglchmmiiation ddvipPthlas b lrilifiilod ndldr Such radi o

_cormuni cati on equi prent one I'ngor poratj.ng t
i nvention i s rPeeiver eounladite apant esnamblcgasw ctsxadi®es a housi ng

| 102 haviiQg a fkdgusinch s&g&m& ﬂ‘h@tdéﬁhe]ﬂhzélﬁdhﬂe%ﬁﬁ&%ﬂh@hé ifogidittingn 103. In
the illustr at e da rsTPg% a traﬂsm;tttrars EJr aoslfmséaﬂ r ?Orrdut%rdtg' (r)l:é s|1§nglsr a
received by a receiver. Examples of such radio communication devices
'~ include one-way radios, two-way radios, radio telephones, personal
‘communication devices, and a varie_ty of other equipment. These
15 communication devices often have a standby conﬁguration_wherein_ the
~ device is collapsed for storage and an active communication
configuration, wherein the antenna is extended for optlmum
performance. _
- For radio telephones and two-way radios, it is typically des1rable
20 that these devices have a small size during a standby mode to facilitate
storage and transport thereof. For example, users 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
25  the user’s ear, the microphone near the user’s mouth, and the antenna
away from the user’s body. It is desirable for the antenna to be -
positioned away from the user’s body since the user’s body is a large
* conductor that interferes with radio frequency signal reception. One
partlcularly effective way of pos1t10mng the antenna away from the
30  user’s body is to extend the antenna away from the device body during
use. By providing an antenna which collapses for storage and extends '
for optimum performance durmg an active communication mode, the
antenna’s high performance active mode operatlon is prov1ded ina
readily storable dev1ce



P

5 t el ephone body and the second housi ng port i[fFFe~rs=a=tlap = |
- connected to the body. The second housi ng portiflo HEED@EMHHESHEE!\B

- *extended position illustrated in FIG 1, during an aqt i |
node and a col |l apsed, or cl esed position, |IIutr%1£eaq;ﬁ4fflw. -
standby node. 10 The firstThousing portr '

housi ng section 104 and front body housi ng section 105 mhlch are '
“interconnected to define an interior volune. The first housing portlon 101

houses el ectroni cxc gdﬁélﬂbbﬂ diﬁb?&i%ﬁuﬂlf&dh%gg? %&%—hﬁ% tioh and

| ogic circuit boar A transcelver circult s a
radio 15 . deyees isseraviding ashighoperformanee patannain the %tambyerne q. The

transceiver The®edy of thE device, Mmegqhvmemc&&ﬁ@wemyy&hﬂﬂalme and may
be i npl errent d,using a abl e commerc LA vai-l abl e transcei ver .
erourt A KBgbhae Heically o the TeSctiva RERCHRIA ¢ e pafng s G5 $orEon 101
. SUCE tﬂaj kt hpodmxm 1THis (objecy in dhe reactiie neanﬁeldmﬁtl&mﬂi)emﬁsmn ated 20
“with the ke A c
el ot 1 vely ApekaleaBRAET PobloRplailo W MHlccB SR AL Podd RBHIRGE, (0
housi ng por twbmlnﬁa:e@\m mPagibg signalsaelectranic wiaily or callralextanyy signadsimhen
closed. The paver, Beabonger to cover all the keys 109. The second

housing portion prevénts- I nadvertent_ actuation of the 25  keys 109 it
covers when the sAeenrdinglysitig desirablta provide an antennaheming bighn FIG 2.

Addi ti opgl | y eﬁfbﬁnﬁﬁé@@ﬂaf&b@&héﬁc&%@h%er&mxhﬁnwfbﬂ &eﬁb@f@eﬁt‘éﬁd@&d' 0
t el ephone |n a staﬁdb node when cl oged Thﬁ?@%ﬂl o tele ho%10 0.incl udes

di pol e ant enHhaB @UNS FPRUNURICEEIOR mpde 20d W @ romm eViRfLsi ng
portion and @collaipssddn 3 standbymddd of opératicrcond housi ng portion. The

ﬁgt gplngl a;lTC?lllgSI s manuf ag Efeﬂe%crf‘pﬁghtoatbl‘ﬁe‘llx%vtvln gl | y conducti ve
_ - FIG. 1 is a front elevational view of a radio telephone in an
15 extended, actlve commumcatlon position; :
FIG. 2 is a front perspective view of the radio telephone accordmg '
to FIG. 1in a closed, collapsed, position; '
FIG. 3 is a top exploded perspective view 1llustratmg a front
housmg, a radio frequency (RF) printed circuit board, a logic circuit
20  board, and a rear housing of the radio telephone according to FIG. 1;
FIG. 4isa fragmentary top elevational view illustrating a front
housmg interior and flap and schematically showmg transce1ver circuit;
- FIG. 5 is an exploded perspective v1ew of the radio telephone
antenna assemblies;
25 - FIG. 6 is an exploded nde elevatlonal view of the antenna
. housmg accordmg to FIG. 7 with the antenna system oriented in the
closed position; '
FIG. 7 illustrates the orientation of the arms and the current
_ produced thereby w1th the arms in their fully extended mammum
30  length position; - .
' FIG. 8 illustrates the antenna currents and ﬁelds when the
'_houSmg sections are in the position onented at ninety degrees;
FIG. 9 illustrates the antenna assemblies in the fully collapsed
position; -




oo

copper, a copper alloy, alumnumalloy or the_like —The-ecendugtor is thin

- and has a serpentine configuration such thall e ACEMENT it ed on the .
*surface 460 (FIG 5) of the first housing pprtion 101, it extghds 3 5 _
around keys 109 of keypad 106. |n3the mater aja!@_r.r_ﬂg&jj_tﬁ%ﬂﬁam nna 5 arm
440 is [err] in electrical |ength ~ Alternat e—enbed —rFEy—gse ot her
resonant | ength-di poles such that arm 440 is an odd integer multiple of _
‘[err]. End 442 of antenna arm 440 is connected to a transmission line 417 -
by a conductor 44 5101is a - ; 15ti6d & urface .
460 of front. bodyi\%\gb%? r1]s.a Se%ltﬁihgé\ﬁll‘géﬂ ﬁ%tgaa%aﬁh?ﬁ%&ég%gﬁ?ggtggégﬁ any C
suitabl e el ethe pRtgnnasindiftesent positions ansbhew 1mpedanse may 3] um num or .
an al um num gédodyplishet;e 450 is electrically connected to feed point 442 by

duct 461. 10 . A beze] 447 havi 464 ali d with keys
109 cover s ant ennEIG: 188 S phemals DG RARE S impedinel o5 o (ne

front bolly hradiortglephone@ntéfiba aysteim evith thepativuelephorecin the 112 is
attached to E sgeiion 111 using a suitable adhesive or =
fast ener. Théeﬁ%éggﬁggﬁgﬁgﬁgﬁg&%oﬁé on 103 _includes a front_ flap housing 1 5
section 112 and rE¥gz. 12aparixetiihechamatio tllugtratimgdherimnedangg ofitlei ng -

section i s i fafptETpheRh i pHdints itk he Phaiy RIAHEA (Kb EdERRSq463. The

antenna arm 441 is of, substantially the sane construction as antenna arm
440. In the $HOERES POt 0di ment, antenna arm 441 (FI'G 5) is [err] in -
electripgl |ength. Al terDetailedtDeseriptiondf theDrawings o
-' ~ Aradio communication device includes a radio signal source
positioned in a first housing_pdrtio_n. A second housing portion hasa
first end movably support.éd on the first housing portion such that the
' first and second housing portions are reconfigurable into an extended
15 - po’sition' and a collépse‘d position. A dipole antenna has a first arm o
| positione_d'in the first housing portion and a second arm positioned in
the second housing portion. An end of each of the first and second arms
is connected to the radio signal source. First and second conductors are
positioned on the'ﬁ_rst and second housing portions and electrically
20  connected to respective ends of the first and second arms. The first and
second conductors are capacitively coupled when the first and second
‘housing portions are collapsed and are not capacitively coupled when
the first and second hou_sing portions are ex'tended.' Accordingly, the
impedance of the antenna remains substantially unchanged m the open
25 and closed positions, such that tke antenna is appropriately tuned in

both positions. The closed position performance is thus substantially
- enhanced. _ o | | '
X | Initially, it is noted that the antenna system according to the
] invention is illustrated in a radio telephone 100 (FIG. 1) including a
30 flap, wherein the immediate invention is particularly advantageous.
However, the invention may also be advanté.geously employed in other
radio communication devices having antennas and multiple housing
- portions that move relative to one another. Accordingly, “device” as
used herein refers to all such radio coihknunication equipment.



20 other resonant |ength dipoles such that arm 440 is an odd i nt eger
~multiple of [err]. The antenna arm.441 al.so has, ntine configuration.

sAntenna arm 441 is attached to surface 462 inr - exf fap

housi'ng section 111 using a suitable comrerciall g %ue. End _
445 of antenna arm 441 i s -connect to 25 tra py a :
“conduct or 446. Conductor 443 and conduct or 446 ctors -

t hat connect the dipol e antenna 107 to transceiver ci rcwt 415 (FI G 4). :
The antenna arm 440Q ant a arm 441 f Ie antenna 1 ' :
Artenna arm aa1 (Aretisiesihds FfSadiporating SheksvAtin BGBMed , cnna
arm 440 suchntFEG. 1 hThe radmdts&ephcmeanmludesra)housmgdﬂﬂaung afirdther when
the first h n 103 are -

%{ﬁisﬂ?%gm‘t{l&?'i Qeédiﬁiﬁ enng ;J%QHE t’t%

cllosed. Thus 1n ose |on arm e antenna arm

441 are s ubgﬂaﬁtnadﬁdﬁmm@t the rsmbomag mrtloarl@lalﬁ gmadio such that the
ant ennas; ov el dﬂéeéh&)h&nd 'tli Ee&ﬁﬂﬁh&ﬂsm ﬁ%rﬁ%htlms@ﬁaﬁ'ﬁvéﬁ&ﬂys econd
housi ng portlon a n i.on a (FI G 75)
connected t &W“@e@ 'thg coROAGHSIRg poRUAN @génEWﬁjWMSG The

- plate is. at ta’i@bﬂén&i@dq)osiﬁémﬂms%ateameF‘IG r E&Iuﬁh?ﬁn%ﬂﬁiwg section 111.

‘Plate 451 is constructed of, a |ta ectnic ond raalerlal.,
such as a cdffERURIFagon ’ﬂ?éiep? 80 Bﬁeé! (B'e‘ﬂ@? p 1? Qﬁmﬁ?
configurati dﬁ[G eﬂ]dnlassbahdbyhnodmt ially the same dimension as plat e 450
10 - The first housing portion 101 includes a back body housmg
'section 104 and front body housing section 105 which are mterconnected
to define an interior volume. The first housmg portion 101 houses
electronic circuit 1nclud1ng an RF circuit board 315 (FIG. 3) and logic
circuit board 314. A transceiver circuit 415 (FIG. 4), which is a radio |
15 signal squrce, is supported on logic circuit board 314. The transceiver |
circuit transmits and receives radio frequency signals, and may be
implemented using any suitable commercially available transceiver
circuit. A keypad 106 (FIG. 1) is positioned on ﬁrst_hbusing portion 101
such that the keys 109 (only some of which are numbered) associated '
20 .  with the keypad are accessible for manual actuation by the user to
selectively close respective popple switches 322 (FIG. 3).
* The second housing portion 103 (FIG. 1) at least partially covers
keypad 106 when closed. The cover may be longer to cover all the keys
109. The second housing portion prevents inadvertent actuation of the
- 25  keys 109 it covers when the second housing portion is closed as
illustrated in FIG. 2. Additionally, the second housing portion may be . -
used to place the radio teléphone in a standby mode when closed.
| The radio telephone 100 includes dipole antenna 107 having
- antenna arm 440 (FIG. 4) in the first housing portion and an antenna
30  arm 441 in the second housing portion. The antenna arm 440 is |
manufactured of a suitable electrically conductive materiel such as .
copper, a copper alloy, aluminum alloy or the like. The conductor is thin
and has a serpentine configuration such that when it is supported on .
the surface 460 (FIG. 5) of the first housing portion 101, it extends
35  around keys 109 of keypad 106. In the material embodiment, antenna




The bezel 447 and the front flap housi ng. sectlon 112 are 1 0 - manuf actured
-of a suitable polymeric materi al i dentical to the m = F—as
pol ycarbonate, which is used for the front- body ho
- back body housing secticon 104, the front flap housjng s fé &8 1&an the
rear flap housihg section 111. Thespol yneric mater | abatait. B____

suitable, low dielectric constant, and 1 5 i s of la=comyentrona '
construction. The RF circuit board 315 (FIG 3) and the logic circuit board

314, are prih 8FmidEls 1/aGAEctrichl MIRAA. VATtefddtelbrhbddiérts adhudeOr 1 e

radio tel ephone 100 1s nounted oOn RFC|rCU|t I rcuit
boards are asediesiregongnilengsh dipales suchthat 9&1{44911814}10@1?1(111%6@1 in .
position 20 nMﬁ@lébﬁﬂ40E11db4J£Wof1@H§exﬁ& 61 1440is kohnesrdack body housing -

section 104 afe assenbl X 25& sui t@?' e gﬁgventional means, such as using
snap connect o &NSRUGFIGR Ib‘? L by A ponducgor 448y hported on | ogic circuit

“board 3145such thaA plate 450 (FIGi bpixdatsachedto sinfaée 260 om&mtrlg)dyhen t he

199, R R 20 10 B R o B >
(FIGs. 5 and &nducter, suches coppex;rd coppezédloyf aWumpdlyah(a]unngunECt | on

- 105 at |ocat| Qﬁ%yﬁ f’latE%OaﬁtéiQ&%éﬁh? c%ﬁ%eb%t#%e%ﬁ&ﬁﬁ)ﬁ%g%?% bS'cbo 9‘? jgg

of front body si ng section an nnec y con
whi.ch may be $8bvi ded by .any suitable 30 electrical conductor. The bezel

447 i s ached toAf éﬁ’e’ﬁ

adhesi V?Ga fastenlt:}rﬁ&al 4}4?%5%%2?@%?&4% arﬁ%ﬁﬁeﬁs 9%%3?%1%450
sandw ched th%?‘@né’@t%#‘i%% @%@1 % Mlﬁ%ﬁ@ edtethefropt rear f1ap
~ housi ng sect Ibtﬁdﬁh&u&hgl seeﬁbanDS‘l&Bd Gontdlap huuém@l secﬁdhqsnz/@ dttached

f ;antenna arm
LZT g;e{:ongngﬁ Predly %p housing se%tlgg Cﬁs(al%gtaosuﬁa PHsive or Plstanes

, The second housmg portion 103 mcludes a front ﬂap bousing
15 sectlon 112 and rear flap housing section 111. The front flap housing
section is inserted over plate 451 and antenna arm 441 in recess 463.
The antenna arm 441 is of substantially the same construction
as antenna arm 440. In the preferred embodiment, antenna arm 441
(FIG.5)is M4 in electrical length. Alternate einbodiments_ may use |
20  other resonant length dipoles such that arm 440 is an odd integer
"~ multiple of AM4. The antenna arm 441 also has a serpentine '
configuration. Antenna arm 441 is attached to surface 462 in recess
463 of rear flap housing section 111 using a suitable commercially _
available adhesive. End 445 of antenna arm 441 is connected to
25  transmission line 417 by a conductor 446. Conductor 443 and conductor
' 446 are flex strip conductors that connect the d1pole antenna 107 to
transceiver circuit 415 (FIG. 4). The antenna arm 440 and the antenna
- arm 441 form dipole antenna 107..
. Antenna arm 441 (FIG 5) is of the same plan configuration as
30  antenna arm 440 such that these conductors are mirror images of one
another when the first hoﬁsing portion 101 and the Second housing
portion 103 are closed. Thus in the closed position, antenna arm 440
and the antenna arm 441 are substantially -parallel with one another, ' |
are aligned, such that the antennas overlap when the first housing



~posi tioning Rﬂ?lﬁl

7. The front flap housing section 112 is then attached rear flap
. housing section 111 using a suitable adhesive, with 7 and
‘pl ate 451 securel y sandw ched t here between. Arm 440 an éﬂﬁﬁ‘iﬁ%ﬁ _
electrically connected to the 5 gtransceiver circuit A.‘LSHﬂy %tors 443
and 446 and transmission line 417 Plate 450 and pl alle-451. af e generarlly
rectangul ar; planar nenbers in configuration. \Wen assenbl ed, t he pl at'es
are p05|t|oned such that they are vertically aligned to create a capacitive

coupling 10 ox‘ﬁﬂﬂ‘l@&*‘ﬁn&'tﬁ@ sbéoﬂwhbﬁaxfgmnp&%ﬁlﬂibcdudyséar ated in FIG
2. However, the Bﬁat es may have any suitable configuration to facilitate

nt body housing section 105 and front flap housing
section 112. In OAqﬂate 251 (FIG. Snseonaected tdAthedoad i bmmseamnﬁ.rnﬂaMl are

Xl ended Lo 1he AL LA 8 oA AR
positiorfil Inmdhmhoumn@l gection INHst Plate 4&ildbkicpnstriuetethofa |salta|bi1e 440 and
o s B s 1 i sty S e
confi gurati osawaﬂyeectnng@l@ec guratipmp an Stqfeubata;ttlally the same to 75
ohns, which dﬁnégﬁg,!l s fa\?@@gur ce i npedance RS and the inpedance of
transm ssion Ilne,:le)fe eﬁ? %éa u |2 and 13 are collinear
and of substantiatf§ g2¥Q B §%$9§5’Gpllﬂezﬁ€9ar field of
each arttn namahiifaaupé@ dﬁmsm&falﬂd polyriefic méterililidesitical to the _
materlel such as polycarbonate, which is used for the front body .
housing section 105, the back body housing section 104, the front ﬂap
~ housing section 112 and the rear flap housing section 111. The
polymeric material utilized has a suitable, low dielectric constant and
15  isof a conventional constructmn .
. The RF circuit board 315 (FIG 3) and the loglc circuit board 314
. are printed circuit boards. Transceiver eiréuit 415 (FIG. 4) for the radio
 telephone 100 is mounted on RF circuit board 315. These circuit boards
. are assembled into the first housing portion 101 and held in position
20  when the front body housing section 105 and back body housing section
104 are assembled by any suitable conventional means, such as using
snap connectors. A vibrator assembly 316 is supported on logic circuit
board 314 such that it is .positioned against the front housing when the
logic circuit board 314 abuts with the front body housing section 105.
25 To assemble the antenna assembly to the radio telephone 100,
plate 450 (FIGs. 5 and 6) is attached to surface 460 of front body
housing section 105 at location 452. The antenna arm 440 is then
' assembled to surface 460 of front body housing section and connected to
plate 450 by conductor 461, which may be provided by any suitable
30  electrical conductor The bezel 447 is attached to front body housmg
section 105 using a suitable adhesive, a fastener, or the like, with-
antenna arm 440 and plate 450 sandwmhed there between.
Plate 451 is attached to surface 462 of rear ﬂap housmg section
111 at locatlon 453 using a suitable adhesive or a fastener. The plate
35 451 is connected to feed point 445 of antenna arm 441 by conductor 456.




antenna also perforns well when the armare not fu
are positioned .relative to one another at an angle mtely 10X
degrees. Alternatively, if the antenna systemis ugg ' ﬁﬂﬁ%ﬁﬁng a
~position where the arns are’ angled7apprOX|nater 90\ el v '

anot her, such as in personal conmumicator, the ar sl bt ori ented as 30
|IIustrated in FIG 8. In this position, plate 450 and plate 451 are not
coupl ed. Although antenna performance is degraded in this position, the

ant enna i”pe@ﬁﬂfﬁohﬁﬂ'&ﬂ%cﬁ%sgﬂgfsé&?iﬂ 1Y23k LRER d1taRAUd RE kRS ER B! S 0000

wi t hout addi ng a, capac| on, curr and 13 are"

not colli neaﬂlows%ﬁt@mbl«k\!‘ém&ﬁs@ﬁ@g Wlﬁﬁawltll’n&?era’é@@&%r% 1l 35
not cancel ong14¥d Phite 451 aééu&%dvﬁehemhef@beﬁwm of the radio .
communi cati on. dewr‘%‘f"& or ‘?ratl %% %lélfnna 10‘% i as to reorient
the device to a s é@‘ﬁp‘%ﬁ ?F’B‘n Y EonREcted fio 2 is rotated to
~the cl oséd, &rmmmr&umﬂlﬁfbﬂaﬁd@towmtﬁ ahéd 446ramid hrarsmmgsioar t i on 101
and 5 secorid #gl ng portion 103 are in the fully closed position

illustrated iM t he -antenna arm-440 and antenna arm 441 are ori ent.ed
as illustrated in Blat}; 450 anideplate b aregencnally sectevgular, phanahi ckness of

di el ect Pt C
mlafe(rafalrl o rT?‘t‘ont %ﬁﬂ{ ﬁﬂgﬁ:ﬁ%ctlor# ?ﬁséxﬂil%hnﬁﬁépﬁtey& it yédccosed
posi ti on, |||su§hrthaé €Y1arg Ver uyrﬂl@qdetwm@%waaac&tﬁ@ |

reduced oCur rehdss the flapds i thé eliRbd %Qilﬂﬁi masﬁutédam FiG. 2arm>wwé1e nt s 11

and 13 effect hvellgtecsaﬂ}%glha%%ear?; (sjltu Ble conf{guratllo% to facilitate positioning
on front body housing section 105 and front flap housing section 112.
In operation, the antenna arm 440 and the antenna arm 441 are
' 'extended to the position illustrated in FIG. 7 when the first housmg
15 portion 101 and second housmg portion 103 are extended in the open
position illustrated in FIG. 1. Most preferably, the antenna arm 440 -
and the antenna arm 441 are oriented in the same plane for optimum
performance. In this position, the im_pedahce RL (FIG. 11) of the dipole
antenna in the configuration of FIG. 7 is selected to be in the range of
20 50 to 75 ohms, which is equal to the source impedance RS, and the
impedance of transmission line 417. The currents I1 (FIG. 7), 12 and I_3
-are collinear and of substantially the same direction, and the reactive
near field of each antenna arm is predominantly in air. The dipole
antenna also performs well when the arm are not fully extended, but
25 are positioned relative to one another at an angle of approx1mate1y
- 120- 180 degrees. ' -
~ Alternatively, if the antenna system is used in a device having a
p'dSition where the arms are angled approximately 90° relative 't.o_one :
_ another, such as in personal "éommunicator, the arms will be or_ieri_ted as
- 30 illustrated in FIG. 8. In this position, plate 450 and plate 451 are not
coupled. Although antenna perforinance is degraded in this position,
the antenna impedance is not significantly altered, and performance is
good without adding a capacitance. “In this position, cutrent I1, I2and I3
are not collinear. They are however oriented such that their effects will
'35  not cancel one another. o '

L sheET 2t



t he remai ni ng current which enits energy. This s | of
- the current producing portion of the antenna caus sREﬁgA@émgn-rgHEET -
resistance RL' (FIG 12) of the dipole antenna 10% to f %Mery | ow

val ue of 3-10.ohms. This representsga serious resi bg@c h the
transm ssion |line 417, which is turmed to match the rns in.
the fully extended position, which is 50-75 ohnms. In addltlon to the large
~difference in the resistance conponent, there is a 20 | arge reactance L

(FIG 12) introdu ol e :
antenna and the d?ﬁf &l{l na;{l%’ﬁé%]%?i cat ec?r}%dé(tr) E&g‘gltiﬁv\%gﬁholl vgd electric
mat erial is pnewpgsating dmdmnteneavwan suels agto aperient the dﬁmeéo Bezel 447 -
and front fl g, f@e%dﬁuéﬁcgéceﬁd%sﬂ@eoﬁu‘:aﬁqmqé rbtited €5ithbalssadl nequal i ty

e o e peiiok SEFIRy & Whehidhe fhat Bopsinamntizpib] Aod - oner ng
of plate 5452 setdie hﬁh:ﬂigdpr C?téﬁrrgl%aremlthélfmﬂy cldsedtpgﬁltmﬂldbtng?déhi &On and
paral ol w ¢ (Fithdh e atanRasaf, f40 B @*\xﬁ@ﬁ%ﬁa%ﬁ?@rﬁtéﬁﬁ 107 30
is in.the stdledtrated in FiG. Bl (Bie antmhraarngare spacesl byithel thivkaess afice in
paratl el Wt fuiblaenan hal¥asid] 82 bBEANERT Flus ARGHIRELEAR Rl Heleotilf 0duCES 2

resul ting- i npedance e transmssion |1 ne Sel ection .
of a di el ect mhaterial offrertsilaphowsingseation tbst ant and t hi ckness, and the

- c Ihosci prQXi ][n ty OfI 21!}7% tﬂﬁse féiﬁohsﬂﬁfé%ia{ﬂéhhﬁq"m 93 the efféegeéﬁégsg the
thickness o o?(la;ﬁe antennaa l]s re uce dulgentslﬁl anr(igd f§ ‘é}é 8Pthogonal to current
' ' 12, and currents I1 and I3 effectively cancel one another. Current I2 is
'the remaining current which emits energy. This small effective length
* of the current producing portion of the antenna causes radJatmn
15  resistance RL’ (FIG. 12) of the dipole antenna 107 to fall to a very low
value of 3-10 ohms. This represents a serious resistance mismatch
 with the transmission line 417, which is tuned to match the impedance
* of the arms in the fully extended position, which is 50-75 ohms. In
" addition to the large difference in the resistance component, there is a
- 20 large reactance L (FIG. 12) introduced by the transmission line, the
~arms of the dipole antenna and the dielectric material located there
between. The dielectric material is provided by members between the
antennas, which are bezel 447 and front'ﬂap housing section 112. The
- effect of the resistance inequality and added reactance reduces the
25 antenna performance in the stored position. _
' The capacitance C (FIG. 12) provided by the capacitive couphng of
- plate 450 (FIG. 5) and plate 451, which are located near hinge 420 and
- are _connec'ted at the source end of the antenna sections, is added in
parallel with the antenna impedance only when the dipole _ante_nna 107
30 isin the stored position illustrated in FIG. 2. The added capacitance in
~ parallel with the antenna res1stance RL and the reactance L, produces
~ a resulting impedance that 1s matched to the transmission line 417.
Selection of a dielectric having desired dielectric constant and
tbmkness, and the close proximity of the plates, which is controlled by
35 selectmg the thickness of bezel 447 and front ﬂap housing section 112,



aI lows the dipole antenna to have subst anti al | y the same |rrpedance

.characteristic in the open and cl osed position. This pEy—tnproyes _'

antenna performance in the closed position. The Snith CREPLAOEMENGSHEET
illustrates mapping of the reactiveg5 i npedance to g| desir &8 iMARe C
which is 50 Chns at point Z4. The impedance of Z4 is th@aierrpeda,mce...of....t.he
transmssion line, and it is desirable that the inpedame=st—the—antenta | S
mat ched to the inpedance of the transm ssion line. In the open position of

FIG 2, the i he
closed 1 0 %i%gvlg |ond%1?hou?ﬁ3 %Flaég} é@ﬁl&gﬁ‘}h gﬂﬁ) %%lg?éng
_section 142, dm:ramemmlmam@mrban clasedgwsition;. Hais Slgmﬁqa@ﬁb’dance of the

ant enna voul g; § anRoRRR pR¥foPRisHcY iR the clésedPesitidhat point is
repr esent ed by ; W o?ﬁ%ezel 4 7 and front flap

2. he. di e terial
housi ng section 11 P§t ‘%HaE ﬁﬁi&tﬂglﬁﬂﬁg&ma\l’ﬂ%° the FRACHVSol ¢ 1 5
antenna i§ thﬁnpédlﬁﬁfé toqs dédised apedanee, ZZhiehds 50.0hmsaopgiae Z4! dhe by a

1 el di el l. I
Prap houst ng Baaeqanpett,2ads KA Pﬁp%ﬂ%ﬁﬁ%'gf o BhisPlop 1986 bRy (he”
ant enna i npeddesieable that the impedanes of the antettha Bymatbthest tothe he 20
thickness of fifedHrtletit'thl brifilriidsiin Hﬁebig%hg%égn@ﬁgﬁmt FiG2p, ty'si ng

section 112 |n 1 eW O ect cons mat erl a

i npedance valmp@lanq%RB qﬁéhé dipeleantennad9Tis 5Orhmey duthelesedel ecti on of
o e 02! pekiien: GaMicH dileeRbaLIcleT ARl |oa§%eéﬁ?ﬁ§4??§‘§?§ e
antenna at t hwltheay cBBP?htorR;fﬁ §4%9 ‘i]é{s {h?d\%eti eﬁf‘tﬁynﬂl ate 450

and plate 45lwoutd é&tm@geet@amﬁmueély 3&»1)0 olnis. qnﬁtqmnhm onl'y when the
flap is cl Oselgeprggednt%ﬁebycﬂf gFhts dle?ectnc matenal of bezel 447 and front ﬂap '
o ‘housing section 112 is not pre_sent, the 1mpedance value of the dipole
"15  antenna in the closed position would be Z2 and thus, uncompensatable
by a parallel component. :
Because the dielectric matenal of bezel 447 and front flap
housmg section 112 is positioned between the arms 440 and 441, the
'~ antenna impedance in the closed position is Z3. By selecting the
- 20 thickness of the dielectric material of bezel 447 and front flap housing
section 112 in view of the dielectric constant of these materials, the
impedance value of the dipole antenna moves to Z3. Appropriate
selection of Z3 allows Z4 to be reacted by a parallel capacitance |
_ connected to the arms of the dipole antenna at the feed point, thus
25 'ldading the dipole antenna at the feed point. This parallel loading is
provided by plate 450 and plate 451, which are capacitively coupled to '
one another only when the flap is closed, and are connected to the
respective' feed points of the arms of the dipole antenna.
' Thus it can be seen that an antenna is disclosed having 1mproved ‘_ ]
30 performance characteristics in the closed position. the 1mproved
characteristics are provided by loading the dipole at the feed point by
capacitors which are only connected when the flap is closed. In the open
position, the plates are not coupled and do not effect the impedance of
the antenna arms. The thickness and dielectric constant of the



respective feed points of the arnms of the dipole antenna. Thus it can be
seen that an. antenna is disclosed having inproved o¥s

- Ttharacteristics in the closed position. the inproveg

provided by Ioading the dipole at the feed point b
only connected when the flap is closed. In the ope 2
are not coupled and do not effect the inpedance of t#mcanteﬁﬂ B
t hi ckness and di el ectric constant of the: 10 dielectric naterlal bet ween

“the capaciti i lected t ul d on the
antenna in t h‘ﬁegchgg %%ﬂatei l{fﬁween 4 ﬁaﬁ%%%&t Bﬁﬁ%? F%ﬁ‘é’!eﬁp‘% %?&E %\ radio
comuni cat i orpaiticular ioppdancenan the anténnsinthe closed pesitipn. a first
housi ng portion, the radi o signal source positioned in the first housing.
portion; a second housing portion, the second housing portion having a
first end novably supported on the first housing portion such that the
first -and second housing portions are reconfigurable into an extended 10
position and a col |l apsed position; a dipole antenna having a first arm
p05|t|oned in the first . -




' housi ng pertion and a second ar'm positioned I n the second housing portion,
' espective end of each of 't he rst and second arns connected to the

"radl 0 sign I, ll Iiu]ml - first and second conductors positioned
on the fir si ng pottlons and. el ect ‘_ o

respective ends o e first and Second arms, the

conduct ors bei ng capaC| tively. coupled when the fi rt an Ei second housi

second 20  housing portions are ext @ISIMS?. The-LAGL6 ~CommRReat-dN
device as d ned IE%‘ clajm11, further including a hinge connected to the
first and se IRSAdmed 85 t i ons whereby the first and second housing

portions novk betAsadid bemeninieption devitetdontprsitigt he ext ended position. 25
3. The radio co csra{é}‘ squ%eCe as defined in claim2 wherein each of
the first and secoOn réspective feed point connected to the

radi o sigynal sour%ﬁrshhqumrmonh ¢ radip sigualsssvaae pesitioneddndhgr e

connect ed t Ot HHHI ¥aideed point of the first and second arms. 4. The
radi o com*rugllicatlonﬁgeb ce as defined.in clai g;oggl wher ej n 30 the first

and second conduct §6%0 ]émﬁmgtlmﬁﬁﬁn’s%?ﬁﬁf%ﬂ ing partion hgwing a and t he
feed points mse ehdiaiot BBy dulsifortéd on the eiréaﬂbﬁsmgrﬁ&mbeaéucmm\thee as
defined in claim4, wherein the first and secp %# g{e or# e(:gdonthe
first and se@B@RALePRg %Hglemat%qcomsg}r g 9t £ B | gned
when t HeD f i rpsdsition saetardlldpsed posisiomy portions are in the coll apsed _
position. a dipole antenna having a first arm positioned in the first

housmg portion and a 'second arm positioned in the second housing

portion, a respective end of each of the first and second arms connected

. to the radio signal source; and

15 first and second conductors positioned on the first and second

~ housing portions and electrically connected to respective ends of the
first and second arms, the first and second conductors being
capacitively coupled when the first and second housing portions are
collapsed and not capacitively coup_led when the first and second

20 °  housing portions are extended.

" 2. Theradio communication device as defined in claim 1, further
including a hinge connected to the first and second housing portions
. whereby the first and second housmg portions move between the
collapsed position and the extended position. .

25 8. The radio communication device as defined in claim 2 wherein
each of the first and second arms has a respective feed point connected
to the radio signal source, and wherein the first and second conductors
are connected to a respective feed point of the first and second arms.

4, The radio communication device as defined in claim 8, wherein .
- 30 the first and second conductors are first and second plates, respectively,

" and the feed points are near the hinge.

5. The radio communication device as defined in clalm 4, wherein
 the first and second arms are oriented on the first and second housing
portions such that they are vertically aligned when the first and second

35  housing portions are in the collapsed position.



REPLACEMENT SHEET 6. The radi o conmuni catio Vic in claim
1, wherein the first housing portion includes %é!\ﬁ %Hgézly 7. - The
*radi o communi cati on devi ce as defined in clai ereln nd
hou3| ng pormmmmnwm“at covigrs at | east rﬂlﬁ)rﬂkﬂ Im keys.
. The ra device as defend |l T ATMT T WHBY ST the first

hou5|ng portion® i ncl Udes at | east one dielectric nenber posi ti oned between
the first and second plates to select a capacitance that the first and
second pl at e addTheradie ctbkmﬁhm@ticﬁndemcéas defined ihltdained| ohe@siriini cati on

- device as d ak. t one dielectric nenber
I-ncludes a &Flfrs}% &Flgf'lg %l% E%?‘?aégf%r@é% &fectri c nenber, the
first housi g porTh@nadmdoumlngmatmrfde\ﬂt:e asdleﬁnediin claimi 6; whedeinhe second
“housi ng por gﬁ{:{% . first
and secaond 3%{%&{5&%3&@?&9@% ersr%iggbgzggﬂc%%gm%%%%ﬁﬁh& rs? and
second [3‘1 at &%€¥8o0 sel ect a capacitance that the first and second pl ates add

to the di'polg antmeadlb%mzﬁhmda%ﬂhpd@ﬁaaua idepdridih SlayinCE wherdghi ned in.
claim?9, furbﬁ cl udi ng keys, grel first: dlelectri)c nmenber is a.
front flap ?}rﬁ usme,Ro i lf—aa opg dielectric MAMbeY; 5 face plate

around 20 ﬁdsﬁldﬁﬁe&betweéﬁ/&@ﬁ&tﬁﬂls%{d PMtEs Bb Belebt ANApbAaAbst ract of
the Disclos that the first and second plates add to the dipole antenna.

10 9. The radio communication device as defined in claim 8, wherein
the at least one dielectric member includes a first dielectric member
and a second dielectric member, the first housing Iportion including the
first dielectric member '_and the second housing portion including the
second dielectric member, wherein the first and second dielectric

15 members are positioned between the first and second plates to select a
capacitance that the first and second plates add to the dipole antenna.

~10. . Theradio communication device as defined in claim 9, further
including keys, wherein the first dielectric member is a front flap
housing section and the second dielectric member is a face plate around

20 - the keys. | -
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-5 A radi o comunication device includes a radig_si.gnal._source (418)

- positioned in the first housing portion (101). A Secom; R

»(103) has a first end novably supported on the first H |E§bgg‘rt| on sucl
that the housing portions are reconfigurable between gh. e MARCNIOR! ..
and a col | apsed position. A. di pol e antenna (107) has 1 A tirst Ar
(440) positioned in the first housing port| on and a second arm (441)

positi-oned in the second housing portion. A respective.end of each—of—the
arns is connected to the siyTWwd POSITIONR'RPOEDOVER 451) Tais ShdeOids BeQRH: a&&'

the first -and second housi ng po iﬁ@ﬁﬁ? ted to the
such that they are capacitivel yiﬁé housi ng 1 mmmlms
col | apsed and are not coupl ed when the housing portlonslare

~ Figure 1. A radi o conmuni c%g&}&g:? fﬁ&‘(‘ﬁ@%‘ﬂg%ﬁggcr adi o signal source

positioned in the first hous ond housi ng portion
(103) ha% a fi rstAmadlmmmqnmappn eanclud@sfaradlors@gmlr@upoet| on such

that the h t
and a col | ap eﬁ”sﬁé’ﬁ”‘*‘f"%ﬂ% 5 58 Wiy BB IONCA BlhamM Sl POS) 1 | O
posi ti oned ipoREiNR €403} aﬁmﬁrﬁtge%mqvahlsamwwé@n&h&r st howsingsi t i oned
in the seconshrifmsduth ﬂthtﬂl@rhouﬁlﬂé* eﬁﬁsﬂsv@re%ﬁéoﬁﬁ f&ﬁle@et%@n%ﬁs i's

Setond hous SReRERIP “‘%‘%;loiﬁéﬁémk 3Bl i gt 10Dkas t ney
are cafdakitiyéiryt srmped) pbeitionbd ihcheifirgt houbinywpomm anillasgeeefdand are
02 rochor endlBER#HpdHBhaRR Bhé SRRtk BaFREn. 7 fibolivb R 00028

SG Recherch
each of the arms 1s connected to the signal source. Plates (450, 451) are
positioned on the first and second housing portmns and connected to the
antenna arms such that they are capacitively coupled when the housing
15  portions are collapsed and are not coupled when the housing portions

are ext_ended.

Figure 1
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TEXT OF THE ABSTRACT

A radio communication device includes a radio signal source positioned in the first housing
portion (101). A second housing portion (103) has a first end movably supported on the first
housing portion such that the housing portions are reconfigurable between an extended
position and a collapsed position. A dipole antenna (107) has a first arm (440) positioned in
the first housing portion and a second arm (441) positioned in the second housing portion. A
. respective end of each of the arms is connected to the signal source. Plates are positioned on
the first and second housing portions and connected to the antenna arms such that they are
capacitively coupled when the housing portions are collapsed and are not coupled when the

housing portions are extended.

Figure 1
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