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ANTENNA FOR A RADI O TELECOVMUNI CATI ONS DEVI CE Backgr ound
of the Invention The present invention is directed to the
fiield 5 of antennas used for radio tel ecormunications equi pnent,
particularly twos®sased to transnmt and receive a digital PCHELARbss €. J-
nodens and the |ike. There has been a proliferation in recent years in
the field of radio ANTENNEcERRuAI RAPIOEELRAOMMUNEIRAT SRS REVISEger s al ong
with 10 cordless and cellul ar tel ephones becomn ng connnnglace - items.
Radi o nodens are al so com ng bg% leh rapspit data using a
digitally nodul ated signal. s gé&hgw‘f: ée 1?%?3? gﬁs very inportant to
mai ntain a clear, st r offg s PFRAPDRhLR e e dve SirAetedt ey rihey fdeldhe
data 15 transsi seEOartennas ufsed ffor Iaaidﬁ%ém;@gh@agaﬁm?@@lqumﬁndént_,

exi sting radio r.trom er_of.. di vant ages. Prevyious
radi o ngdenlantenﬁggpgggﬁggﬁ{fggﬁng?egféﬁaﬁﬁﬁﬁéééFn? a re$% t3 %4#33
shorter operati ngsia@ﬁﬁs ettt Hosemgoandi vhe Jdgikepui FHeng bes fleeemce, thus
seriously limtingréieferatibnefinl resenefyddies riddicBemE8MY of radio

' ' nsitive to the presence_ of a
ELﬁ;hogzeﬁgsg? ng gf%%ﬁ&éﬁgy¥%t§%%sahigh iteﬁ?iéic as pagers iﬁong dith

10 cordless and cellular telephones becoming commonplace

items. Radio modems are also coming into use which

transmit data using a digitally modulated signal. With
such devices, it is very important to maintain a clear,
strong signal which preserves the integrity of the data

15 transmission.

The various antennas used with existing radio
modems suffer from a number of disadvantages. Previous
radio modem antennas typically suffer from low gain,
resulting in a shorter operating radius and also poor in-

20 building performance, thus seriously limiting the
usefulness of the radio modem.

Previous radio modem antennas are also
sensitive to the presence of a human operator. The human
body inherently retains a quantity of charge and thus

25 behaves as a capacitor. When a person moves close to the
antenna, their inherent capacitance affects the antenna
current distribution, lowering the gain and detuning the
antenna circuit. This phenomenon is called "“parasitic
capacitance" and is also caused by the presence of

30 certain objects {e.g. metallic bodies) and also various
ground plane conditions,

Previous radio modem antennas are also large

- and unwieldy, thus reducing the portability of the
device. Also, previous antennas are fixedly mounted,

35 having no structures to allow for variations in the
operating angle. 1In these ways, the antennas of previous
systems do not provide the reliable and efficient
operation necessary for the transmission and reception of
a digital signal.
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‘body inherently retains a quantity of charge and thus 25 behaves as a
capacitor. \When a person noves close to the antenna, their inherent
capaci tance affects the antenna current distribution, Iowering the gain
and detuning the antenna circuit. This phenonenon is called "parasitic

capaci t ancewpapdishg al so caused by the_presence of 30 ce;&,’g sisCt S
(e.g. netallic bodies) and al so vari ous ground pl ane conditi ons.

Previ ous radi o nodem antennas are al so | arge and unwi el dy, thus
reducing the portability of &hmary Se\¥heCIinfsPio®l €Vi OUS antennas are

fixedly nounted, 35 having No S urés.jo alJow for varjatjons in the
operating angle. In thest“gﬁﬁ #}gggngégﬁh%u]otfleﬁr 8&‘908@"'{33" $stens do not
provi de the rehsabtiated with grevious aopemrsds ontnecaidaby for the
transm ssi og a | digi ' ls. 97/ 33338

£ QGVQHE§€%§$%A8%F6€T§§8 LE b el W ich solves P

Iﬁvention previous p??P*ﬁWﬁNW@?lﬁhBIEY$¢4QQM%im9§eaﬁel§?%£gg%%%0f the

associ ated w t bffif eventisarttdrenaRsigh.woul d be 5 advantageous to provide

an antenna whi ch sol ves fﬁgiefore, there is a need for an antenna with
an increased operating radius.

10 There is also a need for an antenna with
improved in-building performance.

There is also a need for an antenna which is
less sensitive to the presence of a human operator or
other source of parasitic capacitance.

15 There is also a need for an antenna which is
small and easily stowed.

There is also a need for an antenna with a wide
range of directional positionability.

These needs and others are realized by the

20 radio telecommunications antenna of the present invention
which includes an antenna portion for substantially
receiving an electromagnetic signal. The antenna portion
is attached by an antenna mast for conducting the
electromagnetic signal. A dielectric spacer and an

25 inductor are in electrical contact with the antenna mast
and respectively in parallel with each other. &An RF
connector is in electrical contact with the dielectric
spacer, opposite the antenna mast, so as to form a
capacitor. The RF connector is also in electrical

30 contact with the inductor so that the capacitor and the
inductor form an LC circuit with values selected to
provide a predetermined impedance match with the
remainder of the antenna.

As will be appreciated, the invention is

35 capable of other and different embodiments, and its
several details are capable of modifications in various
respect, all without departing from the invention.
Accordingly, the drawings and description are to be
regarded as illustrative in nature and not restrictive.
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previous problens while providing a nore reliable and efficient antenna
desi gn. Therefore, there is a need for an antenna with an
i ncreased operating radius. 10 There is also a need for an
antenna with i mproved in-buil ding perfornmance. There is
al so a need f wooms3zast enna which is l-gss sensitive to thecidespnss of a
human oper at or or other source of parasitic capacitance. 15
There is also a need for an antenna which is smal | and easily stowed.
There is also a need for abBrhefebescsigdion wifdehe Drawiirgss of directional
positionabi lity. . rhe dB6SfndRISAMOLNGLS: ALE J LA iR Ry the
20 radi o tel ecomuni cati ons antenna o e present rnvention I'ch
i ncl udes an ant erffeSGFIREDRYT BRY sRbsexamnle oply, withereferpnae to the
el ectr omagnet i5c sigraipanitiegadigapeés patiddedh the inlsmlaiiﬁl_cﬁhl%& ?)&k%ﬂ antgpngnd
mast for conducti o] tic.signal. i el ectric spac
an 25 inductor ar%lgﬁ%]&g’lcgcf?ﬁléggi%o%?‘ggﬁ‘evﬁetlﬁ‘t he antenna mast and
respectively in parallel WFEH-ehchs Amerxplagedrview gblumtotadrinigs the
el ectrical cont acdon@ddamttbeadaebmﬂd@rrhationsI&&Caﬁ, ?Q@&Q% t%ﬁéﬁtaalkggt”?i cal
mast, so as to fo , CLLOf. onnector i.s also in e
30 contact with t%&éﬂoﬁrﬁ&&& grgpgoi))%%fa?nﬁi e?gﬁg&f“?Bf %f]dtli‘%é)resenitnductor
form an LC cilfcuiknvgntioral ues sel ected to provi de a predetermn ned
i npedance match with the pigleps fidersiciha12piepna ustrating. the As
w || be appreciated,..the i|nvent o%é%s SS@pgbl e of other and difterent
embodi ments, and SEEIIUTALLOR & AFETRLEA: APEGPRA FLGBHi @€at i ons i n
vari ous r espexsicorgiingwi o ha p refsparad egbbddmebheof Mitentdrezent

invention.

15
Detailed Description of the Invention

Referring now to the drawings which are for
purposes of illustrating only the preferred embodiment of
the present invention and not for purposes of limiting

20 the same, the figures show a monopole antenna having an
LC impedance-matching circuit. The present antenna is
especially suited for transmitting and receiving at 400
to 1000 MHz and can be collapsed down to store within a
modem case that is suitable for inserting within a

25 standard PCMCIA (Personal Computer Memory Card Interface
Association) slot.

Turning specifically to Figs. 1 and 2, the LC
antenna 10 of the present invention includes a
telescoping portion 12 for transmitting and receiving the

30 electromagnetic signal. The telescoping portion 12 is
preferably about six (6) cm. long in its storage position
and can preferably be extended to about 16 cm. long in

- its fully-extended operating position. The telescoping
portion is secured to an antenna mast, preferably a metal

35 hinge 18 with a screw 14 and accompanying washers. The
hinge 18 extends upwards through a plastic housing 16
which retains and protects the entire assembled
component.,
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Accordingly, the drawi ngs and description are to be regarded as

I tlustrative in nature and not restrictive. WO 97/ 33338

- 3- PCT/ CA97/ 00155 Brief Description of
t he Draw ngs The enbodi nents of the invention will now be
descri bed bwomsadsnag exanple only, with_geference to the 3Scpcaeiaayi ng
figures wherein the nenbers bear |ike reference nunerals and wherein:
Fig. 1 is an exploded vi &eibhings rlf iisginheontact sifore soPPERISPring

configuration gfo aRiant aPPRI 64 reuti A%nt ford6CHs Ghdlithtlad nd et gl &8
enbodi nent of the present 10 invention. Fig. 2is a

sectional vi ewSA@s rating the configuration of the assenbled antenna
circuit as theovobi hhet bingerid a1 sliechbdes neminomfparitdopr 88ent The

iRn}/ent ion. §5 spriﬁg 50 is%%&r@ﬁrﬁe%‘iﬁ:kphhoﬂn&ic&ﬂe 2'2”%?1]?'[ laloln _
only the pr of efPeASERBORI TERGeDIA - IRe BREeE Y ITARAREAB Yahas ot for
purposes of |i siquiamg shape with a central hole and retains the inductor
22 therein as a "lumped” element. The inductor 22 and
the spacer 24 are in electrical contact with an RF
10 connector 26 which receives the signal conducted through
the antenna 10. The RF connector 26 is connected to the
radio modem assembly and communicates the signal
therethrough. Upon assembly, the base of the assembled
antenna 10 is secured with dielectric epoxy 30 which
15 holds the components in place against mechanical
disassembly.

The RF connector 26 includes a plurality of
posts 28, preferably four. These posts 28 serve to
retain the dielectric spacer 24 in a secure interference

20 fit. The RF connector 26 and the metal hinge 18 both
have metallized surfaces which thereby define a capacitor
with the dielectric spacer 24 and the dielectric epoxy
30. The spacer 24 is made of a glass-filled nylon
material having a dielectric constant of about 4. The

25 epoxy 30 is made from a polymer material having a
dielectric constant of about 4. These materials provide
a capacitor with a desired capacitance.

The capacitor formed by the hinge-spacer-epoxy-
connector sandwich is retained with the inductor 22 so as

30 to form an LC circuit which matches the impedance of the
antenna

SUBSTITUTE SHEET (RULE 26)



20 the sane, the figures show a nonopol e antenna havi ng an LC

| mpedance-matching circuit. The present antenna is especially suited
for transmtting and receiving at 400 to 1000 MHz and can be col | apsed
down to store within a nodem case that is suitable for inserting within
a 25 standar dwBehsdsss ( Per sonal Conputer Menory Card | nterf agericasrooss
Associ ation) slot. Turning_specifically to Fi 1 and 2, the

. y S.
LC ant enna 10187t Hehg s MPAGENt | brF iRfhaddes Bosts %%I%fs&%’l 5]
portion 12 for tratnsmedtionPaptovédei addptidreai3@apakbetanosagnathec si gnal .
The tel escoping p | [ Y. t .Sk ; bQ its
st orage position 8,{,1'55%% c'ansrpl)lree g%‘éﬁgéﬁé’é e%aqg% eg?t%.?éaé%%féﬁggls%%@ ang I n
its fully-extendetripeing ithe Jesothenot Thee tRAsESc 48 nghich a5 B%n i s
secured to an mnt eplmmésto tHuleranabkyofi aedalpld5 thbusgndills i lam inchew 14

and acconpanyi ng \A@ﬁgeéav's&ﬁ%#g?me calll gggolge %@Q@?ﬁggﬁﬁiéyk gh a

pl astic housing 16 etalns and protects I'Te assenbl ed
conponent . changjmy/tdgs3ggterial of the housipg 16, the spacer 24 or
PCT/ CA97/ 00155  the epoxy 30. The BhigewdP, ithd Rapablashcdi ¢dh ib_eCQPIQQEd
spring 20 whigh applles SUilechgRtel m Shd LABLLE B, oL €5 Abny

10 a small, high permeability component such as Toko LL 1608
- F22NV, which has a constant inductance of 22
nanchenrys.

By wvarying the capacitance, the impedance of
the antenna 10 can thus be adjusted to match the measured

15 impedance of the modem. For example, for a 50 ohm radio
modem, the impedance of the antenna can be tuned to 50
ohm. This impedance matching significantly improves the
antenna gain by reducing internal signal reflections in
the circuit. In the radiating mode, the present antenna

20 transmits nearly all the radiant signal, reflecting very
little, as compared with previous systems which lose as
much as half to reflection, transmitting a signal only
half the strength of that generated by the modem. Thus,
the present antenna offers a significant improvement in

25 gain, greatly increasing the effective operating radius
and improving in-building performance.

Another benefit of the present invention is
that the matching circuit is guite small and compact.
This reduces the susceptibility of the antenna to

30 detuning due to parasitic capacitance. The present
antenna can function satisfactorily in close proximity to
a body, unlike the antennas used with previous systems.

. In addition to the above advantages, the
present antenna is small and easily collapsible, allowing

35 easy storage when not in use. Also, when mounted the
antenna can pivot between 0 and 90 degrees off the
vertical plane and also rotate through 360 degrees.

As described hereinabove, the present invention
solves many problems associated with previous antennas,
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‘cont act t hrough the hinge 18 to the tel escoping portion 12. The 5
spring 20 is in contact with an inductor 22 and a dielectric spacer 24.
The spacer 24 preferably has a square shape with a central hole and
retains the inductor 22 therein as a "lunped" elenment. The inductor 22
and thewpageng 24 are in electricalgecontact with an Rechfeaofdepact or 26
whi ch recei ves the signal conducted through the antenna 10. The RF
connector 26 i sncdopmesentistimpinved efifigienaycrid opanapiy)isnd communi cat es
t hte si gnfﬂ) HoRWRERT Q{ta'ﬁ@ﬁlpfl%‘taﬁﬁ%@hiedtﬂ%tba&&lﬁust &iagagaﬁmh ed

ant enna IS secure ielectric S

components in pigc gaw#‘ﬁSt MRS ¥an%en§entr$nlojt5parts whn The
RF connect or Zmawecbadeshartpim@e&aqulb@ﬁ and pb‘slt%trzfs'-edprl@f erdsryteour.
These postsg28 l‘é‘?.nt ene naE@E@'JE tdm% Qh%ﬁ@iéﬁ quaapafee&naa@ b28€h§§§ure

|nterference 20 RF connect 26_and t he, bot h

have netal | i zecfksl&llﬁgcég BT Y e &BPi ﬂ’él’é Pe Qft h'% he

di el ectri c spadaivedtiandas hexphred ssat rinc tbpoaypendecsozla'ﬁm .spacer 24 is made’
of a glass-filled nylon material having a dielectric constant of about

4. The 25 epoxy 30 is made froma polynmer material having a dielectric
constant of about 4. These materials provide a capacitor with a desired
capaci t ance. The capacitor forned by the hinge-spacer-epoxy-
connector sandwich is retained with the inductor 22 so as 30 to forman LC
circuit which matches the inpedance of the ant enna
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the radi o nodem The netallic posts 28 of the RF connector 26 provide
addi ti onal capacitance to the capacitor. The capacitance can be
primarily adjusted by trimm ng the lengths of the posts 28, which can
be 5 trinmedwopsmbker ances of a couple -t'housandt hs of an i ecivcaso0185The
capaci tance can al so_be secondarll¥ﬂyar| angi t he naterlal of
Lapacstance. con FROVEFRLPF PRzage S,

capaci tance can 115“ G vé 22 is

preferably 10 a small, high perneablllty conponent such as Toko LL 1608

- F22NV, which has a constant I nduct ance of 22 nanohenry

By varying th® capacitancel- t hédn #pégapeefer a radtlﬁetﬁﬁﬁéﬂﬁqua&d-r?ntsnus be
adj usted to nat cHetrbee neaspiriadnld | npedance of the nodem For exanple, for

2,50 ohm radio o emooem dhediTiadapse:ofn e AnieRan.ean e daned Lo SO

ohm This inpedance matching sig oves enna &al n by
reduci ng inter naPns?b‘h‘a‘Fr?fﬁqT&!Ztl%ﬁégpﬁ ; the circuit. In the radiating

rro]gile the present anltenn? a%ﬁ:érfrﬁn%mrbﬁéﬂe@éxﬁpbr@rﬂtst Eﬁrtﬁdi‘aéﬁmpﬁhgﬁﬁﬂg,.
rerliecting v Ittle ar e OUS S ich | ose as
féo refl ¢n a%tenﬁgt t"f’ﬁ 58" §X %‘ %aﬁlﬂn

much as hal f ection, trans
strength of that Pgé’ﬁé@at%‘éﬁ b%ﬂqdm’é?tﬁﬁgehhe 'I‘Ftk%:tromawﬁélﬁr%smlrant enna

offers a significant inpraoyel®ledtiidSsgatdr G RalklyriBg1 eashtyrt Rath
effective operati ngdrgtrgil__ggna mast;
an inductor in electrical contact with said
15 antenna mast, and in electrical contact with said
dielectric spacer; and
an RF connector in electrical contact with said
dielectric spacer, opposite said antenna mast, so as to
form a capacitor, wherein said RF connector is also in
20 electrical contact with said inductor so that said
capacitor and said inductor are connected to form an LC
circuit.

2. The antenna of claim 1 wherein the
25 inductor is received within a hole in the dielectric
spacer.

3. The antenna of claim 1 further including a
spring which applies a mechanical securing force to
30 retain the dielectric spacer and the inductor in
electrical contact with the antenna mast and the RF
connector.

4. The antenna of claim 1 wherein the RF
35 connector includes a plurality of posts which secure the
- dielectric spacer and provide additional capacitance to
the capacitor.

5. The antenna of claim 4 wherein the posts
40 are trimmed to desired lengths so as to provide an
SUBSTITUTE SHEET (RULE 26)
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and i nmprovi ng i n-buil ding performance. Anot her benefit of the

present invention is that the matching circuit is quite small and
conpact . This reduces the susceptibility of the antenna to 30 detuning
due to parasitic capacitance. The present antenna can function

sati sfact or ihg/esiaBaagl ose proximty to _g_a body, unlike theaboinas used
W th previous systens. In addition to the above advant ages,
t he pr esenddansbaple icapaniltanged easily col | apsible, allowing 35 easy
storage when not in use. Al so, when nmount ed t he ant enna can pi vot

between 0 and 90 degrees, of f vert and.al so rotate through
360 degrees. . e?&tl Bed ﬂt ‘gjr‘?ﬁ‘bgé’hetrﬁé“& %’é?lta’?%vent i on

sol ves many pr ébhenposssoci at ed with previ ous ant ennas,

97/ 33338 5 - 6- PCT/ CA97/ 00155 and
presents inproved efficiency and operability However, it wll be
appreci ated that various’ tharfdés apgenna; g ‘Ei]é’llé‘? & Whexedpi the ‘éﬁh’d-‘es
arrangenent s obfpahé simua:ﬂbr anidatdebeapabitredt rnmcseniebeddassl as lwstrat ed

in order to 5 pfé@i&é PcJ.chquﬂewiQYSCO l%e@)ﬁcgetﬁﬁgemﬂ/cﬂé}pse

skilled in the art W|t |nt epr|n0|

I nventi on as

expressed in tﬁBaEp‘b n‘a?-ﬁi 3 omg.elecommunlcatlons device.

10

B. The antenna of claim 1 wherein the values
of the inductor and the capacitor are selected so as to
provide an antenna circuit with an impedance that matches
that of the radio telecommunications device,

15

9. The antenna of claim 1 wherein the antenna

portion comprises a telescoping antenna portion which can
be varied between minimum and maximum extendible lengths.

20 10. The antenna of cléim 9 wherein the

extendible length of the telescoping antenna portion is

between six and sixteen cm.

11. The antenna of claim 1 wherein the antenna
mast is a hinge which permits the antenna to be pivoted

25 Dbetween 0 and 90 degrees to the wvertical.

12.  The antenna of claim 1 further comprising

a housing for receiving and securing the antenna circuit

components into an assembled unit.

30
13. The antenna of claim 12 wherein the
antenna circuit components are secured with a dielectric
epoxy which provides additional capacitance to the
capacitor. -
35

14. The antenna of claim 1 wherein the antenna

circuit components are secured with a dielectric epoxy

which provides additional capacitance to the capacitor.
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‘WO 97/ 33338 - 7- PCT/ CA97/ 00155 THE

EMBODI MENTS OF THE | NVENTI ON | N WHI CH AN EXCLUSI VE PROPERTY OF

PRI VI LEGE | S CLAI MED ARE DEFI NED AS FOLLOWS: 5 1. An
antenna for a radi o tel ecomunications devi ce conpri si ng:

an ant enna powoems3sasr substantially recedwing an el ect rerWCUde0165

si gnal ; : antenna circuit conponents further conprising: 10

an antenna mast for attaching to the antenna portion and conducting the
el ectromagneti c signal; 15. The antehn@i effeclaim Kpadmireim ehectri cal

contact w th c?ss%%gﬁt%eﬂﬂft ”Ts’ff;iivo able with 366 hd JILG! Qs '&Btglcf&gf i cal

contact with sai enna na and 1nelectrical contact with sai

di el ectric spacer; and an RF connector in electrical contact
with said 5di el ectric spacerThoppfiinng sdi dlabh enndhemsin, the afténna
forma capacitor, .%gn%i Rondbg IF]Q: conhestlbctS e &g, 2ieat kheal

contact with sai dinauct or éo (te. a? sal 3:%8 ccépam teoripan Al :En uctor are
connected to formifectcof pagastiig capacitance.

- L
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'2: The antenna of claim 1l wherein the 25 inductor is received within a

hole in the dielectric spacer. 3. The antenna of claim
1 further including a spring which applies a nmechanical securing force
to 30 retain the dielectric spacer and the inductor in el ectrical
contact w th tvwesmssssnna mast and the RF connect or. PCT/CA97/00155 4.
The antenna of claim 1 wherein the RF 35 connector includes a plurality of
posts which secure the dielectric 79§§er and provi de additional
capaci tance to t he capacitor. 5. The antenna of claim4
wherein the posts 40 are trinmed to desired |l engths so as to provide an
WD 97/ 33338 - 8- | PCT/ CA97/ 00155
]
| 12
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S
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‘adj ust abl e capacitance. 6. The antenna of claim5 wherein

there are four posts. b5 7. The antenna of claim®6
wherein the val ues of the inductor and the capacitor are selected so as
to provi de an antenna circuit with an inpedance that matches t hat
of the radi o We%83suni cati ons device. 10 _ 8. pcTiERSRRNseNNa
of claim1 wherein the val ues of the inductor and the capacitor are
selected so as to provi de an antenna ci;gy't wi th an inpedance that
mat ches that of the radio tel ecommunica s device. 15

9. The antenna of claim1l wherein the antenna portion conprises a

t el escopi ng antenna portion which can be varied between m ni nrum and
maxi mum ext endi bl e | engt hs. 20 10. The antenna of claim9
wher €in the extendi bl e | ength of MYO~anenna portion is
bet ween six and sixteen cm b of claim1l
wherei n the antenna mast i s a hinj antenna to be

12.

pi voted 25 between 0 and 90 degrees !
' recei ving and

The antenna of claim1 further conprif
securing the antenna circuit

p
_Z 16
1 =
b ]“"—- -rl '-" 20
1 d ' 22
' | N-—24
| ¢ '1 [ l——l_ (L 28
W 30
L 26
\-
30 ‘

FIG. 2
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Rinp +1PER,
*conponehts into an assenbled unit. 30 13. The ant enna ®ipy
claim 12 wherein the antenna circuit conponents are secured with a
dielectric epoxy which provides additional capacitance to 4,:.1 gRouLE29- 9
capacitor. 35 14. The antenna of claim 1l wherejh ‘.“ ant enna
Circuit corrpone;;grre SECUT G Winbrby Borili SRRy oRoaRROMON Wh RGERSY

addi tional capa ce to the capaci tluwmstional Bureau WO 97/ 33338

- 9- INTERNATIONAL B@TLICAMQIEEISHED UNDER THEPATEN’ILEOOHEIG\'EON GREATY{PCT)

claim] v RS ed T i 2l e deg
r ot at iﬁ ' The % nﬁ}ﬁ'b Pﬁ%’ﬁf q‘é"?"%frn thé’ﬁ\gﬁ)tée?%\sasss
circuit oﬁ%méngﬂaa%ormact t her § f.gdumgmtphﬂmaonmief € €2 Sepddmbed SRS WHT

capaci trenee-
+
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