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-1- ANTENNA SYSTEM FOR AN RF DATA COMMUNI CATI ONS DEVI CE

Background of the Invention 5. The present invention is
directed to the field of antennae used for RF data comunicati ons
devi ces, partWwogsd2T¥ t hose used to transmt and r ecei \RCTHGASTORGT
signals, e.g. two-way pagers and the 10 Ilike. There has been a
proliferation in recent years in the field of RF tel ecomunications
Wit h itenms such as cordless and cellul ar tel ephones becom ng
commonpl ace itens. Pagers,. in particul arqi- have becone comon anong

I ndi vi dual s who need to be 15 quickly contacted fromrenote |ocations,

e. g. technicians, etc. Wth such devices, it is very i mportant to
maintain a clear, strong signal that preserves the integrity of the
data transm ssi On.ANTENNA SYSTEM FOR/ AN Rt BATACCOMRNIUAITTIORSeBRYIGE RF dat a
20 commruni cati on devices are prone to many significant probl ens. Sone
devicces, such as pagers are usually morn on the person of the user.
However, the human body Haskgrewnd e gavedtiOmctric properties
(e.q. due to clarge and current fluctuatlons etc ) 25 that create an

el ectromagneti ¢ boundary.

h bound f the bod
of the user changes tﬁ@‘sﬁ??gﬁﬂg éggﬁﬁﬁggﬁfgaxﬁ??g%étlOqﬁﬁp the body

field of antennae used for RF data communications

devices, particularly those used to transmit and
receive digital signals, e.g. two-way pagers and the
10 1like. There has been a proliferation in recent
years in the field of RF telecommunications with
items such as cordless and cellular telephones
becoming commonplace items. Pagers,. in particular,
have become common among individuals who need to be
15 quickly contacted from remote locations, e.g.
technicians, etc. With such devices, it is very
important to maintain a clear, strong signal that
preserves the integrity of the data transmission.
The antennae used with previous RF data
20 communication devices are prone to many significant
problems. Some devices, such as pagers are usually
worn on the person of the user. However, the human
body has certain inherent dielectric properties
(e.g. due to charge and current fluctuations, etc.)
25 that create an electromagnetic boundary. The
inherent boundary conditions of the body of the user

changes the surrounding impedance, affecting the
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£ 2- antenna current distribution and the signal radi ati on
pattern, thus lowering the gain of the antenna by about 4dB. In this
way, the antenna is "detuned."” Antenna detuning is al so caused by the
5 presence foogaAal N objects (e.g. netallic bodies) PETIBAPODG VAl | OUS
ground pl ane conditions. This effect results in a shorter operating
radi us and poor in-building performance for RF data

e@omuni cati ons devi ces, especially pagers. 10 Previ ous devi ces
al so suffer from per formance probl_eé’r_s related to the polarization
characteristics of the transm ssion and reception si gnal s.

El ectronmagnetic radiation propagates in any plane and can thus be
regar ded as havi nitenhd vetiempldiztaribaticenasd tied sfignali ons. In order to
receive a strong signal, an antenna nust be properly aligned with the

pol ari zati on pl arraddatihg Pattarmg thus loweping .thdogainrof wklse a device is
i n operation, be turned in all di fferent di rections and may

20 not be opti rralqnfegpﬁghéoﬂ?‘?}“’ré@& velant¥¥ﬁdfﬁmg he anteppgais |n a
t wo- way devi ce, a’d%'tﬁhggé"prﬁ&le dewnﬁ%r:‘b%?aa °aﬁ§§g1%§ q@ﬁ]f romthe

dev! ce. Previ ous vi ¢cé ant ennae which is
nomnal Iy effepti sahcbnafeémai@gobaecﬁwe.gwnm'aq&héaﬁbm)but suffers

fromlow gain and | ow
' and also various ground plane conditions. This
effect results in a shorter operating radius and
poor in-building performance for RF data
communications dévices, especially pagers.

10 Previoﬁs devices also suffer from
performance problems related:to the polarization
characteristics of the transmission and reception
signals. Electrdmagnetic radiation propagates in
any plane and caﬁ thus be regarded as having

15 vertical and horizontal polarizations. In order to
receive a strong signal, an.antenna must be properly
aligned with the polarization plane of the incoming
signal. However, when a device is in operation, it
may be turned in all ﬁifferent directions and may

20 not be optimally aligned to receive an incoming
signal. In a two-way device, a similar problem
results in transmission from the device. Previous
device antennae incorporate a loop design, which is
nominally effective at implementing the two

25 polarizations but suffers from low gain and low

bandwidth. Environmental sources also affect the



bandwi dt h. Environnental sources also affect the W 98/12771

'PCT/ CA97/ 00671 - 3- reception of a
pol ari zed signal. For exanple, the metal in buildings effectively
"tips" a vertically pol ari zed wave, thus weakening the strength of a
signal recei woost™™ a vertically polarized antenna. 5 PCTI/CA9700671 One
nmet hod of addressing the above-noted limtations inposed by signal
reception in an RF data communi cations device, such as a pager, is to
éstabl i sh two-way communication, so that an acknow edgnent or reply
signal is transmtted from 10 the pager-dack to the source. However,
because t hese devices are usually worn or used in close

proximty to the user's body, the el ectromagnetic boundary around the

user's body al so ¥8SEPrjoncofide polarizedaigifissi FeTePKAMPIRC\ERS) SO,
transm ssion 15 bapndwidths as |ow_as |{2% are .typical wth previous
two-way pagers. | MeFhasst %i;éiﬂﬂ§ 5&?3ﬁﬁ§¥9£¥ tipk ﬁrgsFEéE?#%y'data
conmmuni cati ons deyj : p ' el ficient
operation nyggggéggd%vet’hghtu r a{ﬁg#g%%%q;gr?d# gg*e‘%‘f?o“# (;e% a 20
digital signal. gignal received with aSVeFEicaldly pd2akiyed!taienna.

In view of the difficulties and drawbacks _

5 One method of addressing the above-noted
limitations imposed by signal reception in an RF
data communications device, such as a pager, is to
establish two-way communication, so that an
acknowledgment or reply signal is transmitted from

10 the péger back to the source. However, because
these ‘devices are usually worn or used in close
proximity to the user’s body, the electromagnetic
boundary around the user’s body also sharply reduces
transmission efficiency. Also, transmission

15 bandwidths as low as 1/2% are typical with previous
two-way pagers. In these ways, the antennae of
previous RF data communications devices do not
provide the reliable and efficient operation

necessary for the transmission and reception of a

20 digital signal.

Summary of the Invention
In view of the difficulties and drawbacks
associated with previous antennae for RF data
25 communication devices, it would be advantageous to

provide an antenna system that solves the previous



associated wth previous antennae for RF data 25 conmuni cati on devi ces,
*it woul d be advant ageous to provi de an antenna systemthat solves the
previ ous WO 98/ 12771

PCT/ CA97/ 00671 -4- probl ens by

i nplementi ngugledi3yA reliable and efficient antenna dgsigkor00671
Therefore, there I1s a need for an inproved ant enna systemt hat

provi des an RF data 5 conmmuni cations device with an increased operating
«r adi us. : There is also a need for a for an inproved

antenna system that provides a two-way dggg. comuni cation device with
| mproved in-buil ding 10 perfornmance. There is also a need
Jfor an antenna system that renders an RF data conmmuni cations device

I ess sensi tpréBlbfis CHY | il ERidhtking! Usthetd @ .iable and ‘There
Is also a need for an antéenna system 15 that enables an RF data
communi cat i ons deffdeient antenmap@eatignwi th | ess sensitivity to directional
posi tion. There is also a need for an RF data

comuni cati ons devi ce t hatTheXsfickes Shaseecls @ gieed Lorgannimpy@etay dat a

conmuni cat.i on. ante system Jﬁ r%rlo;s’igéssoar? dp%%tgor a antenna system

5 communications device with an increased operating
radius.

There is also a need for a for an improved
antenna system that provides a two-way data
communication device with improved in-building

10 performance.

There is also a need for an antenna system
that renders an RF data communications device less
sensitive to environmental fluctuations.

There is also a need for an antenna system

15 that enables an RF data communications device to
operate with less sensitivity to directional
position.

There is also a need for an RF data
communications device that provides stable, high

20 gain, two-way data communication.

There is also a need for a antenna system
that permits simultaneous transmission and receipt
of data in an RF data communications device.

There is also a need for a method of

25 improving transmission and reception through an



that permts sinultaneous transm ssion and receipt of data in an RF

‘data communi cati ons devi ce. There is also a need for a

nmet hod of 25 inproving transm ssion and reception through an WO
98/ 12771 PCT/ CA97/ 00671

-5- . am@2T8yst em used in conjunction with an RF dabPGr/CA97/00671
comuni cati ons devi ce. These needs and others are realized
by the antenna of the present invention, which preferably 5

i*ncl udes a di pol e having two substantially ort hogonal el ements for
receiving and transmtting an el ectfsymagnetic signal. An

el ectromagneti c coupling is used to bal ance the signal strength

het ween each di pole elenment to establish a ,desired , 10 resgnant bandw dth.
An i npedance nat cAH@ISR gystem used in coRJURFRAQH, WiEE B, RY 2% LC | unped
mat chi ng circuit i.s ovi ded .including at | east one capacitor

and at | east oneiqﬂmmﬁﬁﬁfaggP“%I%ﬁﬁFFGaIIy connecti ng ?he dipole to
the.data communi cations  lengeyifdeds and others are ralikbd B the

appreci ated, the invention Is capabl e of other and different

enbodi ments, and idntenna ofSENEprestritaihvent boxxapdiiich preflerlhlyati ons in
various respect, all w thout departing fromthe 20 invention.
Accordingly, the dmoidudes andipole having two substantially

orthogonal elements for receiving and transmitting
an electromagnetic signal. An electromagnetic
coupling is used to balance the signal strength
between each dipole element to establish a desired

10 resonant bandwidth. An impedance matching circuit,
preferably in the form of an LC lumped matching
circuit is provided iﬁcludiﬁg at least one capacitor
and at least one inductor for electrically
connecting the dipole to the data communications

15 device.

As will be appreciated, the invention is
capable of other and different embodiments, and its
several details are capable of modifications in
various respect, all without departing from the

20 invention. Accordingly, the drawings and
description are to be regarded as illustrative in

nature and not restrictive.

Brief Degcription of the Drawinags
25 The embodiments of the invention will now

be described by way of example only, with reference



description are to be regarded as illustrative in nat ure and not

‘restrictive.

Brief Description of the Draw ngs 25

The enbodi nents of the invention will now be described by way of
exanple only, with reference WO 98/ 12771
- PCT/ CA97/ 0GQad 98112771 to the acconpanyi ng figures whepergabioerienbers
bear | 1 ke reference nuneral s and wherein: Fig. la
shows a hand-hel d data comuni cati ons devi ce having a single. antenna
~as 5 according to the present invention. Fig. 1b shows
an al ternative enbodi nent of a hangd-hel d data communi cati ons device

havi ng dual

ant ennae as according to the present invention.

;Fig. 2 illustrates the configuration and 10 operation of the antenna of
the present invejd ithe accompanying figurkbOwhéréildthe hemBeiasi be the

mat chi ng

circuit as according to the present invention.

Figs. 4A and 4B sikewrefepence vuimenalg and whergint ude and spatial response
for an under-coupl ed 15_and critically-coupl ed di pol e antenna, as

accordi ng

over - coupl ed

to the prBi®ntld Rhows; gphand-held data Figs. 5A and 5B

show respecti vel youbl@i cattond Bt 7a01lg SR LR 4 G3RARAS Lg" an

5

10

15

20

according to the present invention.

Fig. 1b shows an alternative embodiment of
a hand-held data commnications device having dual
antennae as according_tg the present inventiom.

Fig. 2 illustrates the configuration and
operation of the antenna of the present invention.’

Fig. 3 shows the detail of the matching
circuit as according to the present invention.

Figs. 4A and 4B show respectively the
amplitude and spatial response for an under-coupled
and critically-coupled dipole antenna, as according
to the present invention. |

Figs. 5A and SB show respectively the
amplitude and spatial response for an over-coupled
dipole antenna, as according to the present
invention.

Figs. 6A and 6B- show respectively a single
antenna and dual antenna configuration of an RF data
communications device incorporating the present

invention.



di pole antenna, as according to the present 20 inventi on.

Figs. 6A and 6B show respectively a single ant enna and dual antenna
configuration of an RF data comuni cati ons devi ce incorporating the
pr esent i nventi on. WO 98/ 12771

PCT/ CA97/ 006 7WO 98/12771 -7- PCT/CASMOSTIE| gur e
7A is a diagram of an RF data communi cations device utilizing a

si ngl e antenna configuration according to the present invention.
“Figure 7B is a diagramof a RF data 5 conmuni cations device utilizing a
dual antenna configuration accordi ng#.0 the present invention.
Detail ed Description of the Invention Referring now to the
drawi ngs, which are for purposes of illustrating only preferred 10
enmboedi ments of the present iRigumrei @A éﬁmﬂrﬂﬂ?ﬂﬂbﬂ Of an Eﬁnagiﬁes of limiting
the sane, the figures show one enbodi nment he. i nvention wherein a

singge di pol e ) commuRiLAL 4onS; ﬁﬁvﬁﬁeéW%&ﬁﬁﬁﬁﬂﬁgﬁeF Eg%fnﬁﬁqqﬁfaand an LC-
t t Q | d
{ranstormation. A SoRERghtatidll ABERKREES Af cne Brdglat Slinithe a2l SNCEC

ant enna confi gurati on gignaksepSLVE- dlﬂyi-aaﬁb%aanrvmﬁiler al one
or as part of a dual antenna configuration,

5 communications device utzl;zzng a dual antenna

configuration according to the present invention.
Detailed D ipti £ the I £
Referring now to the drawings, which are
for purposes of illustrating omly preferred
10 embodiments of the present invention and not for
purposes of limiting the same, the figures show one
embodiment of the;invenﬁion wherein a single dipole
antenna having an. electromagnetic coupling and an LC
impedance matching circuit that provides an
15 unbalanced to balanced transformation. A second
embodiment illustrating the use of a dual antenna
configuration is also shown. The antenna, whether
alone or as part of a dual antemna configuratiom, is
especially suited for transmitting and receiving in
20 a range of 800-1000 Mhz, although it will be
appreciated by one of ordinary skill in the art that
the antenna can be constructed so as to opefate at
other freguency ranges.
Fig. la shows, by way of example of the
25 preferred embodiment of the invention, a device 10,

such as a pager, incorporating an antenna as



especially suited for transmtting and receiving in 20 a range of
: 800-1000 Wnhz, although it wll be appreci ated by one of ordinary
skill in the art that t he antenna can be constructed so as to operate
at ot her frequency ranges. Fig. la shows, by way of
exanpl e of waenarn25 preferred enbodi ment of the inventi oggy, Me 10,
such as a pager, incorporating an antenna as WO 98/12771
PCT/ CA97/-00671 - 8- according to
~the present invention. Inits preferred enbodi nent, the device
includes a lid 12 and a body 14. The |lid 12 preferably I ncl udes an
LCD display 16 for displaying both |ncon?ng and 5 out goi ng
.al phanungric data. The body 14 receives and retains the electronic
conponents that JHcEhg to the pribed®Vifdestidid! amdiggovi de other device
functions. Antenna 20 is preferably incorporated into the device .
lid 14 and thus;hmdﬂzmeﬁremboﬂrment, theOdévice cindiuglesnwa 1id Tt ennae 30 in

a conflguratlon signed for either simnultaneous transn155|on and -
reception of dat¥b@ tbﬁdi’eélﬁce The Idésitgnpreferably dagipdREn®R i nposed by a

| h | I b d
Theo © 215°T0r s HitbTay, 16, 5on, isplaving RSu Wimiferadd ' 10 201 2,
of a horizontgl QfPcAtg?HYpRat@hdstic®/dath™ 2fne body 14 receives '

and retains the electronic components that process

the device signal and provide other device
functions. Antenna 20 is preferably incorporated
into the device lid 14 and thus hidden from view.

10 Figure 1b shows two antennae 30 in a.configuratioh
designed for either simultaneous transmission and
reception of data or to reduce the design
requirements imposed by a single antenna structure.

As shown in Figs. 1a, 1b and 2, the

15 preferred construction of antenna 20 is a dipole -
formed of a horizontal arm 22 and a vertical arm 24
for receiving the signal in each of the vertical and
horizontal polarization planes. The respective
dipole arms 22, 24 are sized to fit within the

20 device 1id 12, and in the case of the dual antenné
configuration, are placed in such a manner that each
antenna 30 is conductively isolated from the other.
The arms 22, 24 are preferably made of copper and
have a thickness of about 0.0025" on a 0.001" Kapton

25 material substrate. The horizontal arm 22 is

preferably about 2.04" in length with an extending



for receiving the signal in each of the vertical and hori zont al

pol ari zati on planes. The respective dipole arns 22, 24 are sized to
fit within the 20 device lid 12, and in the case of the dual antenna
configuration, are placed in such a manner that each antenna 30 is
conductivel y weed/sarerd from t he ot her. The arns 22, FPETIGARTIO067L.
preferably made of copper and have a thickness of about 0.0025" on
a 0.001" Kapton 25 material substrate. The horizontal arm22 is
preferably about 2.04" in length with an extending WD 98/ 12771
PCT/ CA97/ 00671 -9- - 9- portion of
about 0.54". The vertical arm24 is preferably about 2.17" long, with
a |l ower portion about 1.19" in |ength. In the preferred

enbodi ment, the hoperbhon| ofiakontdO: Be" verThe Mersicpl arm 24 48 pstantial |y

orthogonal, i.e. they _forma sfantial.l 0 As one of

ordinary skill Prgfﬁﬁal? aﬁ“ﬁ“\/\ﬁl‘iygp o JEE o&e%%,%ﬁﬁosi ti-on of

the arms need only_fa pe; g.ar}_nag%hstﬁuch tﬂ@tt@?referredtm arms are not
: 10 i . . :

in the sane line. SInce antenna is two-di mensional in shape, it

can transnit and embodiféSE) \theS haRakeéntdl koinh apldache wérphial isxat i on (as
shown in Fig. 2), thus enabling a device, such as a device to be

| ess sensitive t50 tiret substantially orthoaonak. dnreanghey FPBWidle excell ent
' n-building substantially 90° angle. Ap one of ordinary skill
in the art will appreciate, however, the position of :
the arms need only to be aﬁ an angle such that the
two arms are not in the same line. Since antenna 20 .
10 is two-dimensional in shape, it can transmit and
receive signals in both plénes'of polarization (as
shown in Fig. 2), thus enabling a device, such as a
device to be less sensitivé to tilting and
orientation and to provide excellent in-building
15 performance. The preferred comstruction of dipole
antenna 20 results in a gain of about 0AdB at 900MHz, -
at least a 54B improvement_in gain over the previous .
loop-type antenna frequently used in pagers.
In a single antenna configuration, the
20 data signal is reciprocally processed through an LC
lumped matching circuit 30, as shown in Fig. 3, that
preferably includes capacitors (Cl, C2) and
inductors (L1, L2, L3) for connecting the dipole
arms 22, 24 to a coaxial cable within the device

25 body 14. In the preferred embodiment for operating

in the 900 Mhz freguency range, Cl = 4.3pF, C2 =



15 performance. The preferred construction of dipole antenna 20
:results in a gain of about OGdB at 900MHz, at | east a 5dB i nprovenent
in gain over the previous | oop-type antenna frequently used in
pagers. In a single antenna configuration, the 20 data
signal is rnogbgi992! |y processed through an LC | unpeghciBHgpehngd
circuit 30, as shown in Fig. 3, that preferably includes capacitors
(C1, C2) and i nductors (L1, L2, L3) for connecting the dipole
arms 22, 24 to a coaxial cable within the device 25 body 14. In the
preferred enbodi nent for operating 10_|n the 900 Whz frequency range,
Cl = 4.3pF, C2 . WD 98/ 12771
PCT/CA97/00671 : -10- 7.5pF, L1 =12
= 3.9nH and L3 = 4pf)Hrat Ber,g0ad @ng and L§ab! £, 1812 ie-¥8axgabl e and
dlsplay 16, which al so can affect the val ues of Ci, C, LI, L2 and
L3, is pr edablablig a mxalcetahi\eaahdbﬂesﬁlwfnlﬁar whdohi a}.so '5 Hong

Kong as part no. CRUS 1024-V(Ch. For %gy glve data conmuni cati ons
devi ce, the int&amRbEpFE(ERecvalues off ClpeClie\ble k2 AFeldy rd8t |y measur ed

dth I I d -
ng! ﬁi gal | y f rg?ﬁ#ﬁ?ﬁ’#&k&@%&@&"@#éﬁ} i ‘%f %% urggg t ransf Q_r mer
action, mafchingidie gaE part nd3cadg ggzawwn ot Wh kp% ghown

subsequently LC circult provi des an | ance to
data communications device, the internal impedance

of the device can be directly measured and the
values for C1, C2, L1, L2 and L3 éan be calculated
empirically from that measurement. LC circuit 30
10 provides transformer action, matching action and
balancing action, as will be shown subsequently.

LC circuit 30 -provides an impedénce to
antenna 20 to match the 50 ohm impedance of the RP
device contained within device body 14. This

15 impedance matching reduces currents induced on the
device components by the presence of a human
operator and various ground plane conditions,
thereby improving the gain of the device.

The present matching circuit also provides

20 a transformer action wherein the signal energy is
proportioned between each of the arms. In a
transmission mode, an RF signal is fed through a
coaxial cable 32 into the circuit 30 where it is
split into each of the arms 22, 24 where the signal

. 25 is transformed to electromagnetic radiation which

propagates through the air. In the receiving mode,



antenna 20 to match the 50 ohm i npedance of the RF devi ce cont ai ned
W thin device body 14. This 15 inpedance matchi ng reduces currents

i nduced on the devi ce conmponents by the presence of a hunan

operat or and various ground plane conditions, t her eby |nprOV|n t he
gai n. of the dwossa2771 The present matching ci MG g‘
provi des 20 a transforner action wherein the signal energy is
proportioned between each of the arns. In a transm ssi on node, an RF
Signal is fed through a coaxial cable 32 into the circuit 30 where it
IS : split into each of the arns 22, 2dawhere the signal 25 is
transforned to el ectromagnetic radiation which pr opagat es through the
air. I1n the receiving node, WO 98/ 12771

PCT/ CA97/ 00671 the matching Iﬁﬁ#‘@ﬁﬂ-ﬁg:*Ql‘F%hltnegotBBrrB%mlﬁ he signal s

received and transforng the RF si | to det able level. The )
det ect abl e si gnal TRERIved ang H@gﬁg 0%1 R¥, sigpa ? Rable to the RF
0l nt ot oommun! G3LLERIEE IR, e detertable Iﬁengfrm;mance of the

present antenna is Pi3te y the Coupling between the
di pole arms 22, 24créoeiscamcazgmamedcesﬁzﬁ arhdleato the RF himtwr esence of

an anisotropic'nediunlin proximty 10 with the antenna is effective at
controlling the5 communications device.
The pefformance of the present antenna is

greatly facilitated by the coupling between the

dipole arms 22, 24. Applicants have discovered that

the presence of an anisotropic medium in proximity

10 with the antenna is effective at controlling the -

electrical environment within the device and

affecting the propagation vector of the antenna.

The liquid crystal material in the present LCD 16 is

anisotropic, and as applicants have discovered, its

15 anisotropic nature provides the desired coupling

properties. Aas used herein, the present "coupling” oS

is analogous to the mutual inductance in a
transformer, where electromagnetic energy propagates
across a pair of the inductors in respective

20 resonating circuits.

By carefully positioning the two dipole
arms, the feéd cable and the LCD 16, applicants have
discovered that the two dipole arms 22, 24 can be
electromagnetically coupled as are the inductors in

25 a transformer. The anisotropic material of the LCD

16 creates a non-uniform electric field effectively



el ectrical environnment within the device and affecting the

‘propagation vector of the antenna. The liquid crystal material in the
present LCD 16 is ani sotropic, and as applicants have di scovered, its
15 ani sotropic nature provides the desired coupling properties. As
used her ei Ryolkipsrir €sent "coupl i ng” i s anal ogous t opipRAdokA!

i nductance Iin a

transforner, where el ectronagneti c energy propagates

across a pair of the inductors in respective 20 resonating circuits.

-By carefully positioning the two dipole arnms, the feed cable and the
LCD 16, applicants have dlscovereg1 hat the two dipole arns 22, 24
can be el ectromagnetically couple s are the inductors in 25 a

transfornmer. The anisotropic material of the LCD 16 creates a

non- uni f or m el ecgpitedingy ¢nef beghay alransmitted ai) :Bé*ééaaébl from

PCT/ CA97/ 00671

splitting the

si gnal transm tteachriipoiecielenieft cinto perpead&hullapod:mxpdrmmst into’
per pendi cul ar cogggnents The signal propagated fromthe horizonta

di pole 22

oﬁmleyrpaaaaheﬁ i Sxm &hepbprizontabingdgeder, a 5

into the vertlca?

f th h_t LCD 1 f d
"nto the verti caP BRIeFhanon, Adgtaeitel molfrsEatbicn, g.mev}s%vta%f‘i‘id"&a”ie_

is effecti.vel g

10

15

portioé RIf tnkNbfgRY SrdpayaRingCthi-6ign Ak hep 1gnt al
is transformed into the vertical polarization, so

that the original polarized wave is effectively

split into waves having vertical and horizontal
polarization. Similarly, the polarized signal
propagating from the vertical dipole 24 is split

into perpendicular components. The electromagnetic
coupling through the LCD 16 is such that each of

these respective perpendicular components reinforce
each other in phase, so that constructive wave

fronts are produced for each polarization. In this

- way, each of the respective dipoles 22, 24 are

20

25

electromagnetically coupled.

Under-coupling of the dipoles occurs when
the mutual effects of each dipole element on the
respective other produce a single resonant amplitude
peak. Critical-coupling results in a singl;
resonant mode with maximum amplitude about a central
frequency. The resonant response of under-coupled
and critically-coupled antennae is shown in Fig. 4A.
These couplings also result in a spatial amplitude

peak as shown in Fig. 4B., in which antenna gain



polarization. Simlarly, the polarized signal 10 propagating fromthe

vertical dipole 24 is split I nt o perpendi cul ar conponents. The

el ectromagnetic coupling through the LCD 16 is such that each of

t hese respective perpendi cul ar conponents reinforce each other in
phase, so thavoesme®itr ucti ve wave 15 fronts are produced PCVCAHHPETL
polarization. In this way, each of the respective dipoles 22, 24 are
el ectromagnetical |l y coupled. . Under - coupl i ng of the dipol es
occurs when the nutual effects of each dipole el enent on the 20
respective other produce a single resonangjzanplitude peak.

Critical -coupling results in a single resonant node w th nmaxi num
anpl i tude about a central frequency. The resonant response of

under - coupl ed peakg nareund 238 Idygcgepl exet @gsmQeissthhfQrwazdri g. 4A
25 These coupllng SO ssult i n ati al l'itude eak as shown
in Fig. 4B., \M%FE %n‘ﬁ % the “Ber*agpgsl 12771 P -
PCT/CA97/00671 - 13- . around 230
degrees (where zero is the (ﬁgﬁgfdperfo Aol ﬁ& éﬁggg?}n Qﬁﬁz user.)

Ant enna. per f or rranPeeﬂérﬁé‘&Qénwdaanieﬁtt 88curs wheldl ebipl ey em)csdimat occurs
when coupling is further 5 increased so that the dipol e becones

overcoupl ed. 5 inct¢heased@wmthaznphetdipols bmcomesr cveptarplddsol e
The resonant amplitude of an overcoupled dipole
resonates at two peak frequencies of equal
amplitude, with respective peaks representing the
symmetrical and antisymmetrical modes centered about

10 a desired base-frequency,aas shown in Fig. 5A. This
results in an effectively broadened resonant
frequency bandwidth. Also, the frequency peaks are
birefringent,_;.e., each has a propagation vector
perpendicular to the other. The overcoupled dipole

15 thus propagates two perpendicular signals differing
only slightly in resonant symmetrical and
antisymmetrical frequency. The result is an antenna
with a broadened effective bandwidth in both
polarizations, thus increasing the antenna gain.

20 The overcoupled dipole also resonates with two
spatial amplitude peaks, as seen in Fig. 5B. The
gain is thus higher over a larger perimeter of the
user, and therefore the present antenna is less
sengitive to directicnal variations in gain.

25 Dipole 20 and matching circuit 30

cooperate to enable a two-way RF data communications



resonates at two peak frequencies of equal

peaks representing the symmetrical and antisymmetrical nodes
about 10 a desired base frequency, as shown in Fig. 5A This

results in an effectively broadened resonant

Al so, the fr H@69* peaks are birefringent, i.e., ea
c

propagati on ve

perpendi cul ar to the other. The ove#couple
15 thus propagates two perpendicul ar signals differing

anplitude, with respective

cent er ed

frequency bandw dt h.

é di pol e

only slightly

l-n resonant symmretrical and antisymretrical frequency. The result is

an ant enna
pol ari zati ons,

with a broadened effective bandwidth in both

t hus increasing the anteﬁﬂé'gain. 20 The overcoupl ed

di pol e al so resonates with two spatial anplitude peaks, as seen in

devidd that! Eb'ssémnﬁ%n%v?hsénéf{ﬂ?é dyalinggt er of the

user, and therefore the present antenna is |ess sensitive to

directional vari adrituEifma deg@hing ir2Tthe ambient Ehwidcami@tand matching
cooperate to enable a two-way RF data communications

Fig. 5B. The

circuit 30
WO 98/12771

Antenna detuning can occur from, adY OXDY co8ses,

- 14- device that ,is stable and |nsensrt|ve a ain%ﬁﬁge ant enna

detuning in the éﬁBﬁEﬂFlénﬁFPﬁﬁﬁﬁﬁﬂce and adyRrae gr

can occur from

anong NMany CauseS,oraieionBar aﬁééc ﬁ?eo%getsgﬂgeigg&%fprge ground pl ane

10

15

20

25

insensitive to directional orientation and signal
deflections within buildings. The present invention
offers at least a 5dB improvement in gain over
previous loop antennae and at least a 3db
improvement in gain over patch antennae used in
hand-held data communications devices and an
operative bandwidth at about 10% as compared with 1-
2% for other one-way devices and 1/2% for other two-
way devices. -

Turning now to Figs. 6A and 6B, shown are two
implementations of the invention in conjunction with
an RF data communications device. Figure 6A shows a
simple block diagram of an RF data communications
device, such as a pager, which incorporates the
instant invention. Such a device would include a
control subsystem 200 comprising a DSP 130, memory
140 and control 150; a radio receiver 110 and a
radio transmitter 120; and the antenna system 170 of
the instant invention comprising a dipole antenna 20
in conjunction with a matching circuit, and LCD

display 16 that, as discussed above, serves the dual



¥

5 conditions. Also, the present invention is I nsensitive to

directional orientation and signal ' defl ections within buildings. The
present invention offers at |east a 5dB i nprovenent in gain over

previ ous | oop antennae and at |east a 3db 10 inprovenent in gain over
pat ch.ant ennae wi sgh2imn hand- hel d data conmmuni cati ons dePCT/CA97#006Y1 an
operative bandw dth at about 10% as conpared with 1- 2% f or other
one-way devices and 1/ 2% for other two- way devi ces. 15

Turning now to Figs. 6A and 6B, shown are two I npl ement ati ons of the
i nvention in conjunction with an RF daga communi cati ons devi ce.

Fi gure 6A shows a sinpl e bl ock diagram of an RF data conmuni cati ons

devi ce, such,as a pager, which incorporates the 20 instant invention.
Such a device woul d funchide af displayiagt datasassy gagrh 260d8baprising a DSP
130, nenory 140 and control 150; a radio recelver 110_and a

radio transm.tter 13®texSaceni6e Anchas §95?%§?9§¥PR%° medium £QE | st ant

i nvention conprisin gg! n 39!5 c

mat ching circuit, %}%Lgb Sn&{‘gl SS’PQ‘?G a’%g s gc%ége w’%%ve
serves the dual from th¥OaSRd 17F the dipole antenna 20.

PCT/ CA97/ 00671 unction of drsplaying data as a part of data

interface 160 and aswitchfDapléss a7 diepiresents the elementtthamgnetic
coupling of t he signals radiating
places the antenna system 170 in either a transmit
or receive mode. Although shown as part of antemna
system 20, switch/duplexer 175 could just as easily
be represented and configured as an element that
10 functions outside antemna system 20, but cperatively
connected to it. Pigure 7A, discussed in greater
detail below, illusprates_the plaCement.of the
switch/duplexer 175.cutside the antenna subsystem.
Additionally, the function that switch/duplexer 175
15 performs could be performed with a electronic,
software or mechanical switch, or a duplexer or by
any means by which different data streams, one in-
bound and one out-bound can be separated and either
transmitted or received, as relevant, over the
20 dipole antenna 20.

Figure GB differs from Figure 6A only in
its use of a dual antenna system 171. Receive
antenna 28 and transmit antenna 29 replace the
single dipole antenna 20 to enable the RF data

25 communications device to transmit and receive

simultaneously or to reduce the design requirements



froﬁ1the arnms of the dipole antenna 20. 5 Switch/Dupl exer 175

fepresents the el enent that pl aces the antenna system 170 in either
a transmt or receive node. Although shown as part of antenna
system 20, swi tch/dupl exer 175 could just as easily be represented
and Configuﬁﬁﬂnﬁi n el ement that 10 functions outsicﬁbﬁ@ﬁ Rhdy System
20, but operatively connected to it. Figure 7A, discussed I n greater
detail below, illustrates the placenent of the swi t ch/ dupl exer 175
eut si de the antenna subsystem Additionally, the function that

swi t ch/ dupl exer 175 15 perfornms could be performed with a el ectronic,
software or nechanical switch, or a dupT% ‘er or hy any neans by
whi-ch different data streans, one in- bound and one out-bound can

be separated an ' t ' ; rel evant, over
p dagiddltea g&_th al$ARTE Eritdnfb Eslig%%.ffe&ti%i

t he 20 dipol e antenna 2 _ 6B differs from
Figure 6A only iThis configuirh6iosceDimihaties that feed £osteh@ 171. Receive

antenna 28 and transmt antenna 29 repl ace the si ngl e dipole
antenna 20 to enssltchidupRexdat 375 fourkh inc Figurecti iewauseyieaght 0 transmit
and receive §inultaneouslg or to reduce the design-requirenents
VO 987/ 12771 mode is accommodated by a separate aphemeyin)ghis

-16- assogi | a single antenna configuration. Thi s
33 fut fballcign

ponf!guration elTmh ‘need for the swi t ch/ dupl exer 175 found
in Figure 6, because eachpjgures 7a and 7B are more detailed

versions of the RF communications devices shown in
Figures 6A and 6B, respectively. Antenna 20 and
Display 16 are represented in Antenna/Display
10 Subsystem 600. Radio Receiver 110 is represented by
items 111-117, IQ demodulatorills.-auxiliary local
oscillator synthesizer 119 and local oscillator
synthesizer 200, which Radio Receiver 110 shares
with Radio Transmitter 120. Radio Transmitter 120
15 includes items 311-314, 321-324, 330-336, clock
circuit 210, and local oscillator synthesizer 200,
which it shares with Radio Receiver 110. Memory 140
is represented by flash RAM 141 and SRAM 142.
Control 150 is represented by microprocessor 500 in
20 conjunction with control line 151. Data Interface
is represented by serial line 161 in conjunction
with microprocessor 500. As previously mentioned,
display 16 could also be consider part of the data
interface 160. Additionally, any input device, such
25 as a keyboard, mouse, touchscreen, etc., would be

considered part of data interface 160.



mpde i s accommpdat ed by a separate antenna in this 5 configuration.
Figures 7A and 7B are nore detail ed versi ons of the RF coummuni cati ons
devi ces shown in Fi gures 6A and 6B, respectively. Antenna 20 and

Di splay 16 are represented in Antennal/ D spl ay 10 Subsystem 600. Radio
Recei ver 110 iwoespr@sent ed by Itemrs 111-117, |1 Q denod®CIrCxo7ds31
auxiliary | ocal oscillator synthesizer 119 and | ocal oscillator

synt hesi zer 200, which Radi o Receiver 110 shares wi th Radio
Transmitter 120. Radio Transmitter 120 15 includes itenms 311-314,

321- 324, 330-336, clock circuit 210, _gad local oscillator synthesizer
200, which it shares with Radi o Receiver 110. Menory 140 S
represented by flash RAM 141 and SRAM 142. Control 150 is represented
by m.croprocessor 500 inIn &Bitdon tocthemboveh items:, oFigures B4 andDat a

I nterface I's represented by serial line 161 in conjunction W th
i croprocessor 500. 7BsipiuStXARe Prhex: compenents of ghepRE\GakR coul d al so be

Gevi ce.  suen 25 gomegicarions Sagheds” Brmin A0l adcoht rediare
IgCC):'rI]'/S 'ng;/egoggrlt of  dRbaci AhEIt:3F 20t58rocessing da%?%zﬂétery N
addition to the aboveltagertsedscguiges. /Ac&nsl 701 and 702 represent the
circuitry for processing data from Temperature
Sensor 703. Also included in the device is Power
Management Circuitry 100.
Figure 7B differs from Figure 7A only in that
10 it includes a dual antenna cénfiguration represented
by Receive Antenna 28 and Trgnsmit Antenna 29. As a
result, switch/duplexer 175 comprising T/R switch
176 is no longer. needed. It.should be noted,
however, that because the regeive circuit and the
15 transmit circuit share Local Oscillator Synthesizer
200, it is not possible for this device to utilize
the dual antenna structure to transmit and receive
simultaneously. By replicating the functions that
are share by including an additional local
20 oscillator synthesizer, one.can eagily see that the
use of dual antennae would enable, in that instance,
simultanecus transmission and reception.
As described above, the present invention
solves many problems associated with previous
25 antennae used with RF data transmission and presents

improved efficiency and operability. Although the



7B illustrate other conponents of the RF data conmuni cat i ons devi ce.
.Items 601 and 602 represent the circuitry for processing data from
Battery 5 Vol tage Sensor 603. Itens 701 and 702 represent the
circuitry for processing data from Tenperature Sensor 703. Al so

i ncl uded i HJ5vice is Power Management Circuitr cﬁgﬁw
Figure 7B 3?#?%}5 rom Figure 7A only in that 10 it incru es gmﬁﬁal

antenna configuration represented by Receive Antenna 28 and Transmt
Antenna 29. As a result, switch/duplexer 175 conprising T/R switch
176 is no |l onger needed. It should be noted, however, that because
the receive circuit and the 15 transit8 circuit, share Local Oscillator
Synthe5|zer 200, it is not possible for this device to utilize

t he dual antenna%§é$é§§ %and%&éHéW&f HY ihSeREYSn na mul t aneousl y.

By replicating t unctions t are share by |nc I ng an

addi ti onal | ocal desé¥fibetsdn raferesyatites pagerpnmanmlbn rae that the
use of dual antennae would enable, in that instance, si mul t aneous
transni ssi on ancePRbigabidity to any devime gbetrhaedthemeed 0T present

I nvention sol ves nan robl ens aSSOCIated ggiﬁwgreV|ous 25 ant ennae

used with RF dat2Bteong f thah splves, many pr AP ci ency and
operability. %ltggigg'éfgaantennae. V%iéﬁyﬁ¥zaiﬁzt1ng the generality

PCT/ CA97/ 0067
of the instant invention, it should be noted that

among the devices to which the antenna system of the
instant invention can be applied are notebook
computers, combined cell phones and pagers, PDA’s,
10 PIM’s and other personal data devices, including
those worn on the wrist, in conjunction with |
eyeglasses or as a belt around the body.
Additionally, it will be appreciéted that various
changes ' in the details, materials and arrangements
15 of parts which have been herein described and
illustrated in order to explain the nature of the
invention may be made by those skilled in the art
within the principle and scope of the invention as

expressed in the appended claims.



- 18- preferred enbodi nent of the invention has been ~ descri bed

‘in reference to a pager, the invention has applicability to any
device that has the need for an antenna systemthat solves nany

probl ems found in Bhe@trHaaBEen iwahae. Wthout liniting the generality
of t-he i nst awDsnYRht i O e not ed t hat anPaY/CANNOMNEL | ces
to which the antenna sy lw I nstant invention can be applied
are not ebook conp |ned cel |l phones and pagers, PDA' s, 10
"PIM s and ot her personal dat a devi ces, including t hose worn on the
wrist, in conjunction with eyegl aspes or as a belt around the body.
Additionally, it wll be appreciated that various changes in the

Jdetails, materials and arrangenents 15 of parts which have been herein
descri bed and We Cladmsstrated in order to explain the nature of the

I nvention may be made by those skilled in the art wi thin_ the
principle and scope of thel-nvefiRi¥ptemna 5Y3teme§ﬁ¥é§%¥ﬁ?9#?ﬂ:hé ﬁppended

cl ai nB

Cl ai s 1. %ﬁf yngrf??olFFe‘?ﬁftfh&%ﬂ'“PﬁEaf)’e?%r%V&ES of an RF 5
data comuni cat i 0ggm : conprising a dipole an- tenna (-20;
28,29) having a firs rn1(22) extending in a first direction and
a second arm (84) extendi ng diipéle having as€iest aimantiendingainia not in
the same line as the first direction, 10

first direction and a second arm extending in a
second direction that is not in the same line as the
first direction ;

an electromagnetic coupler, wherein the

10 electromagnetic coupler balances the signal
strength between the first arm ahd the second arm
and establishesia-desired resonant bandwidth for
operating the RF data communications device; and

an impedance.matching circuit including at

15 least one capacitor element and at least one
inductor element, wherein the matching circuit
matches the impedance of the RF data communications
device to whichithe antenna is operatively
connected.

20 2. The antenna system of claim 1 wherein
the electromagnetic coupler comprises an anisotropic
medium placed in proximity to the dipole.

3. The antenna system of claim 2 wherein

the anisotropic medium comprises a liguid crystal

25 display. _
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characterized by: an el ectromagnetic coupler conprising an

ani sotropic medi um (16) placed in proximty to the dipole antenna
15 (20; 28, 29), wherein the erectromagnetic coupler

bal ances the signal strength bet ' [ RIS [ (22) and the
second arm (‘gélw est abl i shes \2,% Dl bee"kepqa‘_:ggr esonant PW&Q for
operating the ata communi - muﬂ MHHIIMEW ce; and an

i npedance matching circuit (30) in t one capacitor

el enent and at | east one inductor ele- ment, wherein the inpedance
mat ching circuit (30) mat ches t he_inpedance of the RF data

conmmuni cations 25 device to which t1Pant enna (20; 28, 29) is
operatively connect ed. 2. Antenna system according to claim

1, ch terized in 30 th ' ' ' l'i quid
characterized in ?16) ?i’hé %@?EOEXQE% aﬁdallamcthaég&na I qui

crys- tal display ntenna system according to
claim1, charactethe eatichid§ circuithdls EhaumppaedBiCEe diaicwdieng circuit is a
| unped LC circuit (30). - 20-
4. Antenna system accordi Ag tThelantemdia sysrewtef iclain 4 wherein that the

val ues of each inductor. and each capacitor: 5 are selected to provide
i npedance nat chi rgpaiplues of each Anducter; gnd each RARRGLEIRSRERmat i on

bet ween the di; | e e ( 20> : t RF data )
comuni cat i ons5 s?le‘:teg?g\%f’cgg&tnqg%%%gyéﬁn_@%%ﬁéqg%s%;@maapcor ding to
claim 1, charact esd Ztbdd) to unbalandd¥icrand et fordBetWedn tha first -

di pol e antenna (28) and the antenna system further conprises a
second di- - dipgis andnthankF (@fHa mommedicat ponsxideviee.o the first «di-'
15 pol e antenna (28) and to the el ectromagnetic coupl er. 6. RF

dat a communi cations devi ce 6w t Bhe AREARNR S¥BEAMCL claim 1, wherein

the dipole is a first ‘dipole and wherein the antenna
' 10 system further comprises a second dipole placed in
proximity to the first dipole and to the
electromagnetic coupler.
7. An RF data communications device with
improved antenna performance comprising:
15 a data interface;
a radio receiver and
a radio transmitter, wherein the data
interface, radio receiver and radio transmitter are
connected through a microprocessor; and
20 an antenna system, wherein the antenna
system comprises:
a dipole having a first arm extending in a
first direction and a second arm extending in a
second direction that is not in the same line as the

25 first direction;

* c L M S *



per formance, conprising: 20 a. data interface (160); a
radi o receiver (110); 25 a radio transmtter (120), wherein
the data interface (160), radio receiver fddfdd HafBeen Replaced ' adi 0

transmtter (120) are connected through a processor (130);
and 30 wowsaTRNna system wherei nJME Hlllgwmwstemwml

prises a di pole antenna (20; 28, 29) havi (22)
extending in a first direction and a second arm (24) extending in a
second direction that is not in 35 the sanme line as the first

di recti on, -21- -21 -

characterized in that the antenna system further com prises:

arr el ectronagnetic coupler conprising an anisotropic 5 medi um ( 16)
placed in proximty to t he chqnneéeanremngnetic couplezo; w@gre;g»the wher ei n

t he electronagnetlc oupl e bal ances t he,_ si strength betmeen
the first arm ec% %ﬁi"i"n&°§8&8ﬁdba&§ﬁ‘{ef4}‘h§n 3L it -
desired d connunl 10
cations devi ce; andﬁQQ@QéntEﬂb‘%f@&nggénce chlné Ci rcui 30) including
at | east _ ONgsEaRBLiREy aehéﬂﬂbdaﬂéséﬁadte%‘ahdﬁﬂ&th newiet or el e-

ment, wherein the inpedance matching circuit (30) 15 mat ches t he- '
i npedance of thesRFogeratimgmnhe ®F dana communicatdonsedéviawi @nd he antenna .
(20; 28, 29) is operatively connect ed. 20 7. RF data

comuni cations device accor di¥ impedrarm Batching cirenit .taeluding Ak t hat
it further conprlsei a tran t/receive sm%tch (175), wherein the

swi tch (175) §9\Ft%%scqq?§iﬁﬁaemﬁ?mﬁre ant AP M from trans-
m ssion to recepti 05152995%15‘ %ﬂéd’e%’: *vﬁgréfntil‘?é‘%at%ﬁing cifdef on, the

di pol e antenna (20; 1's used transnitting when the-
switch (175) has swinh€bRés (tie impedanc&DEf €He WHFe daBheoommuyiaions

transm ssion and the
10 device to which the antemna is operatively
connected. .
8. The RF data communications device of
claim 7, further comprising a transmit/receive
switch, wherein the switch switches the mcde of the
15 antenna system from transmission to reception and
from reception to transmission, the dipole is used
for transmitting when the switch has switched the
mode of the antenna system to transmission and the
dipole is used for receiving when the switch has
20 switched the mode of the antenna system to
reception.
8. The RF data communications device of
claim 8, wherein the transmit/receive switch is a
duplexer.
25 10. The RF data commnications device of

claim 7, wherein the dipole is a first dipole and

A



di pol e antenna (20; 28, 29) is used for receiving when the switch

(20; 28, 29) has switched the node of The an- Tenna systemto
reception. 8. RF data communigadl. Q'iﬁsﬂ&}{ cordl ng to claim?7,
characteri zed in that the transmt/re a dupl exer
U
comrunl cati ons ’8%\“ ce according to cl char actrgg{%%ﬁ t hat
the di pole antenna is a first di poI e antenna (28) and the antenna
system further 5 conprises a second dipole antenna (29) placed

I n proximty to the first dipole antenna (28) and to the

el ectromagnetic coupler. 10 10. RF d#23 communi cations devi ce according
to claimg, characterized in that RF signal reception occurs

through the fi I Stypdidaqh mdg | ac]ﬂsp . transm ssion
occurs through the secona gl pol e ant ﬁggﬂ Fhrehdl TipEs a 11. Met hod
of enhancing per fseconac aipbl&pRitied ia ﬂ?&ﬁimt% to th@' QEEQtW th an RF-data’

comuni cati ons devi ce, charac- terized by the follow ng steps: 20
pl aci ng an ani sotddmle ABdi ton s lelectwomagheti araoipler. (22,24) of a
di pol e antenna (20; 28, 29); and el ectromagnetical |y coupling the
ani sot ropi ¢ nedi um 25 1116)Theh RF; Hatai popauninasions(devies o9) so as

into orthogon conponenfs
bandwi dt h. the first dipole and RF signal transmission occurs

to split aET g_g‘al_lﬁ gg% tJ ng?f gme C*I’_]%(gel ol e _%rég‘elggatgrm 22, 24)
. through the second dipole.
12. A method of enhancing performance of
an antenna associated with an RF data communications
.10 device comprising the steps of: |
placing an anisotropic medium between two
arms of a dipole antenna; and
energizing the anisot;:"opic medium and the
- dipole antemna so as to split signals radiating from

15 - each dipole antenna arm into orthogonal components

to create a desired resonant bandwidth.

LT



