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COVMUNI Qﬁuﬂﬁ | CES FI ELD OF THE | NVENTI ON The present g¥ﬁq Lon re ates
general l'y to antennas and, nore particularly, to small ak %dﬁ eff|C|ency
antennas for nobile and handset communication devices. BACKGROUND OF THE
I"NVENTI ON Mobi | e comruni cati on devi ces are becom ng smaller as the

technol ogy is devel oped. For an antenna to operate properly, it should
usually be about half a w%< ept for nonopol e-1i ke
antennas (which normally ope Siacls pl ane), where a quarter
wavel ength-is required. For advanced nDblle comuni cation devices, e.g.

cel lular handset FOR MOBLNECOMMONECATIONDEVICESNCE the overal |
handset dinmension 1s smaller than halT a wave engtn of tne appropri ate
frequency. Using. small antennas reduces their efficiency, and hence
requires higher power to be supplied in order to operate the device.

H gher power causes shortqumqjm:ynm‘egquen chargi ng and i ncreases
the radiation into the user’s head/body. The Tevel of power radiated into
the human head is nost significant, and serious limtations and
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. particularly, to small and high efficiency antennas for mobile and handset

communication devices.

BACKGROUND OF THE INVENTION

Mobile coifnmunicatio_n devices are becoming smaller as the
technology is developed. For an antenna to operate propetly, it should usually
be about half a wavelength in size, except for monopole-like antennas {which
ndr.'rr?alrly operate above a ground plane), where a quarter wavelength is
required. For advanced mobile communication devices, e.g., cellular handset
units, such dimension are impractical since the overall handset dimension is
smaller than half a wavelength of the appropriate frequency.

- Using small antennas reduces their efficiency, and hence requires
higher power to be suppiied in order to operate the device. Higher power
causes shorter battery cycles between charging and increases the radiation
into the user’s head/body. The level of power radiated into the human head is
most significant, and serious limitations and specifications are prescribed in

order to protect the users.



PCT/1L02/ 00626 Operation of such devices adjacent to a human Rqdy,f| 2005
changes. the field and/or current distribution along the anteénna, an
hence chgp@egoisks radiation pattern, as well as the radi &irghigfsieci ency.
Practically speaking, the reduction gn efficiency may be even in the range
of 10 - 20 dB qr re. The esult_i.s a. requirement for higher r to
operate the de&P@@ 1 ¢ sUeh 5%9%%%@@5@%@%@9%2@%@ %’égéﬂ%%%spﬁggve. The
- use of external whip antennas, such the "STUBBY" or retractabl e antennas,
i s al so fieldoandferesirentsdistitatn alongs the @ndennsy and Hggee dpngerditle the
pocket. They al so detract from the aesthetic appearance of the nobile

communi Cajdigio Pyt adwiR Hs tHaReiiddsH effiddifcy Reaaldatip spatitiagnthes

guasi -omi, so no enhancenent s achieved in radiation at the user's

et 11 ci BB RaPhGY BE, DR Rk RIS B T R P PR o

i nternal antennas generally do not decrease the radjation into the user's
head/ bodsesudinds ian re@uieroerte Soleiahem PPwRE o SheratRatheadeNice WiB R enna
gain is also generally poor (especially while used adjacent to the

head/ bodydnsequedt t HzadfRtbGes ctibsqibts aboveonTiRat usg o sedtemahr whijener al |y
hi gh. Anot her problemin the known internal antenna is the narrow

bandwi dt b of, ReL ] f oA b1 Al d BabBREREAWI0ARAM AR ead he | nput

i npedanc S matche tatTon"efficiency is even further reduced. The
F T equencibaREEITGs ATE  GHCEL @b 3k doreAgnBmocke iy A58 Sifiaht Ba on
devi ces are required, such as cellular GSM 900/1800, 900/ 1900,

900/ 1800119 Gixshivttic appeardbc@26D3B@4mobile communication device and most
important - the radiation pattern is quasi-omni, so no enhancement is
achieved in radiation at the user’s head/body.

| Internal antennas supplied by several companies are relatively
inefficient as compared to external antennas. Furthermore, these known
internal antennas generally do not decrease the radiation intor the user’s
head/body, and in many cases even increases such radiation. The antenna- -
gain is also generally poor (especially while used adjacent to the head/body),
and the SAR (Specific Absorption Ratio) results are generally high.

Another problem in the known internal antenna is the narrow
bandwidth of operation. In addition to the narrow bandwidth where the input
impedance is matched the radiation efficiency is even further reduced. The
latter is considered an even more difficult problem in cases where dual
frequency bands or triple-band operations of the mobile communication

devices are required, such as cellular GSM 900/1800, 900/1900,

- 900/1800/1900 MHz, etc.
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conmuni cati on devices are known that utilize a resonant ra,(ljl ation
as the m"PPE®* 8t or. In particular, printed antennas, e'g""JAt"%8&s and
slots, are very convenient to use bec use of their ease of manufacture,

their low profi |Iﬁterﬁéldaﬁtbﬁhés FBBAE! ¢ hirRthicstidn dé\f/xcééJSFé kxl%\}vﬁttﬁg g€l ements

coul d be used in nobile comunication devi-ces vmt respect I Ci ency,

Ot of t unat 15 o dHaRPn SEBREIE e il midatd dnernlelnofhshi 1o

communi cation device, wll show very | ow eff| ci ency and hence | ow gain,
and it wi @APIYERS £19.atehasoanehslets, e very ApaEaiRn toaisetbacause oheheinbi | e
comuni cation device. Cenerally, slots excited by a feed line (e.g., by

m crostri pase aftmbmifacire sthetrclow Q@ﬁlt?,rari@b/tl@ucl@w prRidicBon @bSt. Updath y narrow
band. In order to achieve matching of the slot even over a narrow band,

nput | npahRed Blerhaifts Tola be A RFTEOI R R AR d e it EEREE . "R
5,068,670, ,by ane of the inveptors in this  application and thereb
i ncor por att‘éc?fﬁ?ef‘@fregfﬂﬂc@n%@&?c?d@tc&‘ﬂﬂ 889 FaREP Ity ot tveeifld ll*sﬁ:lli'){ff—:ved by

addi ng mat chi ng networks at both sides of the slot. In the preferred
enmbodi mentbest lebokcee Unforheatelye stide alardenitf beeauser obthd bmall lsive. off lbise
direction of maxi mumradi ation of an off-center excited slot is changed

with frequgsisie e&ﬁrﬁmédt@naémwn%%'\%mm éﬁ’i@ %ﬁgt ﬁeﬂ eelocév

di stributions excited al ong t he "sl ot narr ow and ots are not

2t fact eq. nink SILEWH oo BoRaREy e b dba&m%@?ﬂ?‘ctﬁéfwbﬁ' S Gual
feed and communication device.

Generally, slots excitéd by a feed line (e.g., by microstrip or stripline
struétures) or by a coax cable, are usually narrow band. In_ order to achieve
matching of the slot even over a narrow band, the excitation of the skt is
generally made off-center, to reduce the input impedance of the slot, Which is
naturally very high. US Patent No. 5,068,670 by one of the inventors in this
application and thereby incorporated by reference describes a broadband slot
antenna achieved by adding matching networks at both sides of the slot. In
the preferred embodiment, the feed lines are located off-center of the slot.

The direction of maximum radiation of an off-center excited slot is
changed with frequency due to the asymmetrical electric and 'magnetic field |
distributions excited along the slot. While narrow bandwidth slots are net
significantly affected by this phenomenon, broadband slots are indeed

affected. The best solution is to excite the slot symmetrically by dual feed and

]oad fines, which may be split from a single excitation feed. Each of the strip



| oad l'ines, which may be split froma single excitation feed. {fga é‘%f Hes
strip WO 112/415384 4 11 January 2005 PCT/1L01/000626 arns has a quY

mat chi ng wietrwes3kti n order to wi den the bandw dth of the &6T&hAENGThe

| ength and width of each arm nmay be efual in order to achieve full

symmetrical structure, hut. may alsp differ in order, t l.m.ze e

nawi dt Armsriga A matthindote iR oarden toomaicy e RreMdCBEAE wi o
frequency. The sl ot may be a non-resonant one, by nmaking it open at both
ends (" @peennendée l)?iﬁgtgranﬁ widibrefheadnarmbypayrdiel egualtin grdeietd achiseeh ends
("short-ended"). The radiation efficiency depends on the fieltd distribution

- anpl i t fde AASMBHRSE stratiRPe, e Ala9t alsbhelifdie el rerdee net infayimpdedghen

short-ended sl ots nmust vanish at both ends of the slot; and since they are

conti nuo hel r e n i l ong,,t of. I i he

requi red%%lhgwgcﬁhasﬁ%#@@?o%{%rﬁ% EZ[%“.%'C%JE%@F'%ﬁﬁ@‘“@ﬁ%‘&ﬁgf@{t@ are
relatively large, wusually in the range of half wavel ength at the operation
f r equencyT€aHeBCH] ect romagnetic fields in open-ended slots nay have finite
value at their ends and should not vanish. It follows that a reasonable

val ue of the fiihel dotcmay ibe 4 aaphedonyenohe) by ehalting 4t gpemat hotierpids sl ot s.
The excitation point may then be optim zed for single or dual feeds. It~

shoul d begw 20 A1 L onsj | O h radi:ati gn e MR
o o en REEENARES, of PRHEBhaht Yhe ?)E{t rAhifg & §E%E§f af oy FF”ES
open-ended sl ots woul d preferably be of the {orm of ort .circuit, to
el i m nat i%hq%a@%% Ehéuﬁalagpnt §EcienCyedepends B the g@ﬁ]ﬁwq@hrt , this
configuration is nore conplex to match by nmeans of the

amplitude and phase, along the slot. The electromagnetic fields in

for

short-ended slots must vanish at both ends of the slot; and since they are
continuous, their value at any point along the slots cannot reach the required
level as with shorter slots. Therefore, short-ended slots are relatively large,
usually in the range of half wavelength at the operation frequency.
The electromagnetic fields in open-ended stots may have ﬁnite value
at their ends and should not vanish. It follows that a reasonable value of the
- field can be reached even for relatively short-length slots. The excitation point
may then be optimized for single or dual feeds. It should be taken into
consideration that radiation pattern will be different from the usual one.
Further, the load type of the strip for open-ended slots would preferably be of
the form of a shoit dircuit, to eliminate a floating ground at the far end of the
slot. As a result, this configuration is more complex to match by means of the
reactive part of the slot impedance. Fusrthermore, a floating ground ‘wouid

decrease the antenna efficiency.



reactive part of the slot inpedance. Furthernore, a floating gr aWQbﬂS
decr ease tﬁg%ﬂtﬁnna efficiency. 11 January 2005 %' O 02/ 1%}/5 S 026
PCT/ 1 LO1/ 0 “SHEP 0024797 describes.a sl ot antenna conf f)ﬁ Pt 8% n whi ch

the slot is curved along two axes, and is excited at its center poi nt by a

toax cable. Ther Q924 RJIBES a HlotdrtaslyRRbARRTatbn TV WhiGOME Qor gt i on as

suggested by this patent. Thus, the matching of such a slot is very

difficult t C ered .excj tatign.point (as described above and 'in
Us pat ent CREd rg Bva B pRA 1S el ATHE Ul Bnf 4 08K i

contri bm'iﬁ to the radiation in the desired direction is-very small while,
due to théh§rs ed Brmbesof dimdypatgesal Gychrenfigumtion as suegdasied &y are
opposite in polarization and hence cancel the radiation at nost desired

di r ect i onthis Patérite Thus h theexaatthingoof sacie aelotXis angy diffietiltydiied th ngpleement .
Finally, slots which are open-ended at one end are |less efficient as

Comar 4 Leueha SRR ke, A hachie, A 5D 1 PRI

,directions. adi ation pattern w e asynme
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simlar antennas. Such antennas. are actually |oop antennas where a "wred
sl ot" genigytheadesied Idireptiomievery. snidlbwdiler dua todhd éolded atimsadfthetskges of
such configuration as suggested by this patent. Thus, "wired slot” is open

at the COWhEhtdré@a%HeﬂL@ne fields &réloptloahe ih %l&%ﬁoﬁfanhﬁ?er%@tc%gaél @ed is also

fol ded. on the netal sheet, hence’it causes radiation I'n undesired
et o IR R RRSRLY iRRhbAS Ylttler) the" LARHHSH is Cofpidk GG *' " 1o

costly to implement. Finally, slots which are open¥ended at one end are less

ef_ﬁci‘g_?-.r.]t-j_as‘ compared to short-ended slots, and cause radiation in undesired

v‘direc'tions.- The radiation pattern will be asymmetrical due to the radiation

“from the open end of the slot, since the fields do not vanish, as

above-mentioned., |

| US Patent Nos. 5,929,813 and 6,025,802 describe similar antennas.

Such antennas are actually loop antennas where a “wired slot” generates a

loop antenna. There are a number of disadvantages of such configuration as

suggested by this patent. Thus, “wired slot” is open at the connecting points,

is cut along the edge of the antenna and is also folded on the metal sheet,

hence it causes radiation in undesired directions and with opposed

(horizontal) polarization. The “wired slot” is excited by the antenna connector

very close to the antenna (and telephone) edge; hence, radiation at the user’s

head is not reduced. Actually, because of the phone’s PCB, which significantly



"very close to the antenna (and. tel ephone) edge; hence, radi ati
user's head is not reduced. Actually, because of the phone'slgg%pﬁan?QEOS

si gni fi canDlogo§¥®t11211-c384 6 11 January 2005 PCT11 LO 1P638YE/ W6t ri but es
to the radiati on at COMAN TDMA GSM fr efjuenci es (800 and 900 MHz), it would

appear ¢ Bghuiifes t6dhe!Rh SNCOIRATMAREG Fe Ut HRPSRE oy ther

in the e nment of reguenc accor t o these
referenced patents, the radiation pattern in the higher band has . nulls, or
at | east l‘@h@nltfwiﬁtam@ang‘ﬁa%e adebpp atihg hgees heal 15 evemInCreasechei ng

omi -directional in the azinmuth plane. In this configuration each "wred

slot" affect s Fulegpier tita embotlimért of headud dnetjuneyeopdraiien motorslimposed to
i nfluence the | oop produced by this configuration is parallel to the

user's hegthise "@Pérbncegg?a‘cérﬁ@: ﬁﬁé-rﬁdiaﬁoﬂoﬁéﬁt%@g ngaﬁ@r BSRH ﬁ% ds the

nobi | e communi cati1 on I ce adjacent to h ence the fields'
di stributigns ar sjagni ficantl hanged . the human, b As a.result,
the per f SflineBablesdhStn el ety SRRNAE Eartiin gRoreh FRLBEY B SRIS T ove
woul d be required, and the sensitivity of reception would be |ess than

. requi r ed onys-dracianaiNe. the; adandb plars dni ¥ds canfiauicttios eachalwicedhsladXci t ed by
a feed line, simlar to the structure described in US Patent No.

5, 068, 67QffetitethePapariatibh Pkt &b bald e Abt Suppeted Roinflichbe feed

line to the patch through the slot along its center line, and is very

ST o BT oS, RO Rl S o o
's (are) p%éictiio%’e’d(et.)g. tahgosfiggr? vl».rlrilgree; the user holds the mobile communication
device adjacent to his head), and hence the fields’ distributions are
significantly changed by the human body.
| As ‘a result, the performance of the antenna is reduced, high
transmitted power level would be required, and the sensitivity of reception
would be less than required. |
US Patent No. 6,002,367 describes a patch-slot antenna excited by a
feed line, similar to the structure described in US Patent No. 5,068,670. The
patch is excited by electromagnetic coupling of the feed line to the patch
through the slot along its center line, and is very small as compared to the
wavelength at the operational frequency; hence it does not radiate efficiently.
The patch (or patches) added above the slot is (are) excited by the feed line;
the load line (described in several embodiments) and the grounding of the
patch tune the patch. This antenna mechanism is similar to that of the

well-known Planar Inverted “F” Antenna (PIFA), where the grounding of the

element tunes the antenna, except for the signal feeding, which is made by a



the load line (described in several enbodinents) and the grouRdi
patch tune the patch. This antenna nechanisnlis)sinilar tg thgﬁ:%?u@%%QBQS
wel | - known Pl anar Inverted "F' Antenna (PIFA), where the grounding of the
el ement tunes the antenna, except for tThe signal feeding, which is nade by
a 11 January 2005 7 feed line rather than a probe (PIFA). The performance
of the antenna is poor and its operational bandwdth is very narrow. It is

conpl i cat f‘élfecf Iﬂ1é3|'5tth€r fikh a gﬁbﬁéé gggﬂﬁa%e?&w&ar@ecbfrtﬁeraeﬁémﬁa@%@éron in

the radi ation at e user y Is achieved. In addition, the

structur eagq fr§i Sﬁératigpialab&ﬁ‘dﬁmaﬁ is ek Rarrdivimt €i§tcoﬁ1ﬁqag§t‘eaef3 bafid and ngl e

patch. For nodern no e communi cation devices, which are very conpact in

si ze, SUCFblé'ﬂix{%ﬂSé SREE dnAPhAC Fed ateduchbRein B GRBRLOANSE rtHet iisars are
described 1n 99/13528, and WO 99/36988 (US 5, 945, 954) but such antennas

al so_suf f gead HRRY 39 AchievER! B SflditibRASHIY sliaekes's Hesghtsis eakgabawsm inABEECTS AND
BRI EF SUMVARY OF THE | NVENTI ON An enbodi nent of the invention can provide

an i nt er ngimmaiteambolithent 8Pl SingRITBHIthe For omoder essbilshtemmuritationgh very
smal |l as conpared to conventional antennas, yet is neverthel ess capabl e of

oper at i ngdaficd, ohichf§ B iveRE omfyaet hersiggjbadimeithendiohd eare ningprtictical can
provide an internal antenna for nobile comuni cation devices displaying

| ow Speci DiiferAReinia oforf3ttuictions SAf) désthbed@sire VO ©9/h8528diamd oNCat the
head/ body of a human person. Anot her enbodi nent of the invention can

provi de agg9j3@E98BNAIS 5/94SHIRY) It suuhbantennasnalsoi sufférdifomieone es mérer @i n
operation in the vicinity of a human head/ body does not significantly

i nterferethd diavibaekp eidcossathalbowved, t he

OBJECTS AND BRIEF SUMMARY OF THE INVENTION

~ An embodiment of the invention can provide an internal antenna for
mobile communication devices which, although very small as compared to
cpnventional antennas, yet is nevertheless capable of operating at high
efficiency.

Another embodiment of the invention can provide an internal antenna
for mobile communication devices displaying low Specific Absorption Ratio
(SAR) with respect to the radiation at the head/body of a human person.

Another embodiment of the invention can provide an internal antenna
for mobile communication devices wherein operation in the vicinity of a
human head/body does not significantly interfere with the performance of the
antenna.

Another embodiment of the invention is to provide an internal antenna
for mobile communication devices that can efficiently operate in wide

frequency bands-single, dual or multi-band.



antenna. Another enbodinent of the invention is to provide anq{iy£iRa 2005
antenna for nobile comuni cation devices that can efficiently opera I'n
wi de frequency bands-single, dual or multi-band. 11 January 2005 8 Anot her
enbodi ment of the invention is to provide an internal antenna for mobile
communi cati on devices that can be manufactured i nexpensively in volune as
conpared to the conventional external antennas. Another enbodi nent and

advantage of tRaGotHErIHhbMImeht (P thE FtRioRNs thHrBUIR! arf He&f AR ahRnEPbi | €

comuni cation devices that presents a nore aesthetic appearance than the

compar abl &, 4eyb SR RS hklcol ARNEDH BAThaRIELIEh IABKEARRRY fECOT ding

to one aspect e present Invention, ere 1's. provi I - band
m crowave antenna which | esonant ..and radi ant at hi gh frequency band
and ot | ouBEhEhaS ctifoRrd B BB ARe SRS R RS 4 %ol ect rio substrate
havi ng opposed faces; ap electrically-conductive |ayer . serving.,as a ground
pl ane on one fﬁ‘@@ﬁﬁ' Q’HEO‘EF@"E& Ed@Iﬁ@Q?aﬁCf&bedﬁveé‘i'%ﬁ EQ:QW de &uct i ve
feed line carried on the opposite face of the dielectric substrate, the
feed |i neirfigfiahgariennafor mabile commpHpicatian adevierss thah Prewnls AR sl ot
formed in the ground plane having a feed side and a |oad side. with respect
to t he feeestbatic arappeatahcendtharhe tisé otcompargblel edevicasigraguipned y witdoupl ed

to the load end of the feed line such that the slot is resonant and

radi ant atornventionghetteesplamtendzend; and a further el ectrical conductor
el ectrically connected to the ground plane to serve as a continuation

L Q?LSOf at thactqtathgtslenefaspaet of ehe préserftuintastiort! grié iis provgsguct or
multi-band microwave antenna which is resonant and radiant at a high
frequency band and at least one lower frequency band, comprising: a
dielectric substrate having opposed faces; an electrically-conductive layer
serving as a ground plane on one face of the dielectric substrate; an
electrically conductive feed line carried on the opposite face of the dielectric
substrate, the feed line having at least one feed end and at least one load
end; a slot formed in the ground plane having a feed side and a load side
with respect to the feed end and load end, the slot being electromagnetically
coupled to the load end of the feed line such’ that the slot is resonant and
radiant at the high frequency band; and a further electrical conductor
electrically connected to the ground plane to serve as a continuation thereof
at the load side of the slot, the further electrical conductor being
dimensioned, located and electromagnetically coupled to the slot at the lower

frequency band such as to cause the slot to be resonant and radiant also at

the at least one lower frequency band.



di mensi oned, |ocated and el ectronagnetically coupled to the slqty dﬂuahEQOO
| ower frequency band such as to cause the slot to be resonant and Ian ?
also at the at |east one |lower frequency band. 11 January 2005 8a
According to anot her aspect of the présent invention, there is provided a
m crowave antenna resonant and radiant at a wi de operational bandw dth,
conprising: a dielectric substrate having opposed faces; an electrically-

Cubstrate: an AP BOpG0E: SR NENTeRIIRTIRAE [Rere MROARKEE 1 o°
face of %Wﬁnc%v@é\?é:%t ;&%%Bgé‘ﬁ ﬁ&*?ﬁdzfaﬁ‘?%t a Yr\‘/ﬁ{é‘ﬁg Enl b?ﬁ&\hnd‘?ﬂe feed

erd anﬂ a east one a curved s he ground
0 d

Fﬂinfeegvéﬂﬁﬂﬁ%@‘@ o Al e r@éﬁ@;@foeeebzzé;cgeﬁzte:% pvigtpect 1o
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oper af?opéfeﬁ‘hcﬁgﬁ%ff%yhr RN s o brind P, B AR B e BB ot
t t
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or edet er el sl e RRRATENIRY oL fehst Do TRedBR) Bt @Rl * °
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operation thereof at the predetern1ned freguenc b? g electrlcal
conduct | vénde¥g FlohbeiRgwelpgramageetically foup ﬁ'@ 28 |li'ter segR thatthe | oad

end; and a slot formed in the ground plane havi ngba feed side and a | oad
slot is resonant and radiant at the wnde operational bandwidth; the feed line

including a change in width at least at one of the ends thereof to match the
impedance of the antenna for the wide operational bandwidth.

According to another aspect of the present invention, there is provided
an antenna which is resonant and radiant at a predetermined frequency band,
comprising: an electrically-conductive ground plane of the antenna; an
electrical conductor electrically connected to the ground plane of the antenna
to serve as a continuation thereof, the electrical conductor being
dimensioned, located and electromagnetically coupled to the antenna such as
to enhance the operation thereof at the predetermined frequency band; an
electrically conductive feed line having at least one feed end and at least one
load end; and a slot formed in the ground plane having a feed side and a load
side with respect to the feed end and load end, the slot being
electromagnetically coupled to the feed line such that the slot is resonant and
radiant also at a lower frequency band than the predetermined frequency

band.



side with respect to the feed end and | oad end, the slot bein
el ect romagwetisakl y coupled to the feed line such that th@cqb,%&lﬂ;?gff%%ggﬁt
and radiant also at a | ower frequency band than the predeterm ned '

frequency ban 11 Januar 005, WD 02/115384 PCT/1L01/00626 9 The
expl anati on fo?rl?%ee’gﬁﬁ%% At the enbanereenbpBr Mk olewer ppembional is as

follows: Electrical currents are generated along the ground plane of the
ant enna, ¥W§AEeN@oist 85 Hollaws: Eletiscal aliredrito raref geieratmt elong. thengeourid ni t e
ground pl ane, these currents generate electric-and nmagnetic fields at both

ends of t blangrafufd dHtana, (WhRALoRGuNAD Mhe¥RIRRIPENHE UhehnhO T e

direction of propagation of the currents), acting eanp

currents r _ e ground pl ane, nmust .be cqnti nuous and t herefore,
if the si Eﬁﬁ%ﬁ‘ﬁg‘j S)?a%@%&f"%?%ﬁw?@sﬁmqrat%f%@n JRRgNels figlds dthpl i t ude
wll be nEChi el\ﬁd, gheoret i cally, around one-half wavel ength is required
for maxi At engs ehihe @reund eaneattbase epgds adtichgarehperpendicdlagrioutie: pl ane,
the generated currents do not need to vanish at the first ground plane's

edge and directioncof progadatioh coft the catkms), oaciilg tike #'pateh ERermeasg for the

order of one half wavelength is based on the phase of the current which
el ds at o gefcrat(fiRt Beioho AP BRps 1HFER Shitiin R IiFoRMene
cdges) yi Lt Sa GRS arasietplans a1 SigeinsanbRaTARBpoHerviBEEE 1 0 ¢ he
radi ation at desired directions. In order to keep the antenna surface snall
as usual | gchigd; (heoraticallyydrobied costhalfi wavélengtiels reesired for FR&RAGMAT ound
pl ane may be fol ded or ' _

current to be generated). By adding the second ground plane, the generated

currents do not need to vanish at the first ground plane’s edge and thus

Contribute to the radiation of the slot. The reason for the order of one half

wavelength is based on the phase of the current which has a difference of

180° at both edges. The generated electrqmagnetic fields at the edges; which

are the product of multiplication of the current and the normal to the edge

(which is opposed in direction at both edges) yields in-phase electromagnetic

fields and hence contribute to the radiation at desired directions.

In order to keep the antenna surface small as usually required for

mobile communicatjon devices, the second ground plane may be folded or

ptaced above or below the first ground plane, and then the two layers may be

connected by pins or other metal members to achieve this continuation of the

ground plane and the generated currents. The latter enables the continuation

of the currents without affecting the vicinity of the antenna. This added layer

may be located in the gap required between the antenna and the



pl aced above or below the first ground plane, and then the twq{l R\e&as PBYS
be connected by pins or other nmetal menbers to achieve this contlnuation
of the J¢¥8UHYHtane and the generated currents. The Iatté?j@ﬁﬁgw@s'the
continuation of the currents wthout'affecting the vicinity of the

ant enna. chhraufiedesh yfie, SERh othP¢BirAe fenidifs AAB SRe! TR ween the
antenna and the VINO (P2/ 05384 to 11 January 2005 PCI/ | L01/ 00626

comuni catian devic o the total wolune mai.ns.the sape. | S pis
Fequi r ed TPy ofderc i piinehe lned A of, B8 Sl e R A 0 ol o
due to reflected fields off the nobile communication device's PCB. The
fol ded gitouptegedfieldsgfTbac mohilesommuaisation dgvices/PaBan of a third | ayer,
in order to further enlarge its length, at the cost of conplexity of

producti on. A_SWfdl@é@@ro@ﬂit?piaﬁejﬁﬁysl@@%ﬁth@f¢Ql@édp|ea_¥‘l.e byl measasfves as a
reflector, which reflects the electromagnetic fields o f the user's head

and 1 non ISR SRFe e AR SR T RERoR Rl RAR PR 000k e

to the wuser. Further, The ground plane of the antenna can al so be extended
and. folRieduefon.ts feed side (instead of or in addition to the extension
at its load side), to mnimze such radiation in the direction of the

user. A practi da mevdidred, tihel folledresscoad cgrasnb niamx tases isevest asha f eed
side of the ground plane is to add another electrically conductive |ayer

e ne s Mo 1 GRRRRRIRGC TRads o i TS bl
direction. Such reflector reduces the radiation at the user's head/body, and
increases the antenna gain mainly towards the half free space opposite to the
user.

Furthér, The ground plane of the antenna can also be extended and .
folded at its feed side (instead of or in addition to the extension at its load
side), to minimize such radiation in the direction of the user. A ﬁmdical
method to implement such second extension at the feed side of the ground
plane is to add another electrically conductive layer underneath the antenna,
inr the gap between the device's PCB and the antenna, which is electrically
connected to the grounded pin (or pins).

The electrical conductor serving as a continuation of the ground piané
may also be in the form of an added stub. Such an implementation of the
invention saves the need for an extra layer, simplifying the manufacturing and

assembly processes, as well as reducing the antenna cost.

Plated-through-holes (PTH), metal pins, pads, or any type of electrical



~ the | ower

connected to the grounded pin (or pins). The electrical condughofyRefvi
as a continuation of the ground plane may also be in the for%lg:ga rg(%@gg

stub. SuchVARAUH ementation of the invention saves the nBEHF'HYMEI extra
| ayer, sinplifying the manufacturing "nd assembly processes, as well as

reduci ng ¢dieiueiive BRsmBaSt | @ el P ' pads, or
any type of electrical V\Dmé??ZI 115%%'}5%@"%1 a %ngazo%%&%?ﬁamﬁ /041626

conducti v, ne¢t the ground plane on one side and the added
stub on tﬁgﬁ%gﬁ§$%?ﬁﬁéﬁ%ﬁh§’?ﬂire_antenna may be produced on a
single-layer flexible printed circuit board then fol ded thereby

el i ni nating t helfeRatireantennsemay hecprosiiced on a single-layer Spsibleapriotethéct i ons
thereto. It may al so be produced on a single dielectric substrate in which

the el ectdifouit! boaod e olded theralgy @EmmtiY tHuakb@for PEepRatal sseshd! ane is
formed on the sane face as the feed |ines but insulated therefrom The

w dt h of s rﬁ%&{:l rQl ' | quen of the

| ower ban%?&Asbltg%P%%\[ﬁ@%%nec ?@%frﬂ%%cigr'sﬂt ﬁ’gﬂ%‘gﬁﬁf‘% @h@@pe%%nﬁvg t he

| ower banéi Eg\é\gi | e .a w der copnection increases the operation frequency of
IBleRiic Enieehichihegleddca) cansucioraspivingeas 3 gentiruation as” a

| ow pass filter, and therefor would hardly affect the upper band. The

connect i oof Bie tgneurchtplamen it dotrhed nubithe sameu faaeatas othed éaéd: dines abube

t hrough conductive pins. Either cylindrical, flat or other cross-section

pi ns can jheuteERithefdfforRl NS can be spring-loaded pins, rigid pins with
el astic :

The width of the electrical contacts controls the operational 'frequency
of the lower band. A narrow connection lowers the operational frequency of
the lower band, while a wider connection increases the operation frequency
of the lower band. The connection may be of the inductive type to act as a
low pass filter, and therefor would hardly affect the upper band.

| The connection of the antenna to the mobile communication device
can be through conductive pins. Either cylindrical, flat or other cross-section
- pins can be used. The pins can be spring-loaded pins, rigid pins with elastic
elements on either the communication device’s PCB or the antenna, or
threaded rigid pins. In another embodiment, conductive pins can be soldered
to the communication device.

Another method of connection can be through a coaxial connector.
The coﬁnection ¢an also be made using a flexible PCB as the substrate of the
antenna, which can be directly mounted or connected via connector or

through pins to the PCB of the communication dévice.



el ements on either the conmunication device's PCB or the ante
threaded rigid pins. In another enbodi nent, conductive pins CQEQEER%%Y gpgd
to the comuni cati on device. Another nethod of connection can be through a
coaxi al connector. The connection can2al so be nade using a flexible PCB as
the substrate of the antenna, which can be directly nounted or connected
via connector or through pins to the PCB of the comrunication device. 11
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conductive feed line carried on a face of a dielectric substrate opposite
to that séofvongyofihe eingineniorsinathe peasenh applicaticsy Aed inePrpREEA ddhd pl ane
having a feed side electromagnetically coupled to the feed end of the feed
| i ne, andrefeterme Herdin), il hat itdnelydes analégtricallyptargiuctive ieed ol cariedbf t he
feed line, such that the slot is resonant and radiant at a predeterm ned

hi gh frequang fabawt. a Alicletidicngulistrate appiositentoo thate pérvirig abether gemmid
i nvention, the slot fornmed in the ground plane of such an antenna is

curved. TP%n@Phéﬁﬁeﬁe@ota%hﬂéGdirWth‘e!”gﬂdwdt hftasé Ohavifgi ™ rfeedciside t he
overall slze of the antenna board. EspeCially in the caSe of a slot with

poth  endaicRfoiRiettR E00AEY 18'the tedd M BYetd Rled Mnd)l dd"Blloa@ SRIC]! Na

per f or mance, arns of su ot are in the nei ghborhood of

& short eplEONagRRyARSRRIEE i Bie. o grd B fecfis e RUcTIIHECs Ot o e
continuous, it follo hat . .
is resonant anJ‘?aaEar?t at a predetermined high frequency band. -

According to another embodiment of the present invention, the slot
formed in the ground plane of such an antenna is curved.

The enhancement achieved by curving the slot is in reducing the
overall size of the antenna board. Especially in the case of a slot with both
ends shorted, the effect of curving the slot is minimal regarding performance,
since the side arms of such slot are in the neighborhood of the slot's ends. As
described earlier, the electric and magnetic fields in a short ended slot vanish
at the end of such slot, and since they must be continuous, it follows that
their values near the ends of the slot are low and hence are not effected by
curving the slot. The region near the center of such slot is the most
significant, and the values of the fields are high.

The combination of such curved slot and a distributed feed line
(preferably similar on that described in US patent 5,068,670) provides

particularly good results especially with such small antennas.



thelr val ues near the ends of the slot are | ow and hence are rﬁtJa ﬁ?h@?s
curvi ng)the sl ot. The region near the center of such 'Lui/ﬁn( e nos

SI gnlflcaﬁ 24R%* he val ues of the f|I | ds are high. The co |nat|on of such

- curved slot and a distributed feed |ihe (preferably simlar on that

described in UR patiealtarberied diménsit Gy iadigpicap &S/ POS draguepdied (18601 t s
especially with such small antennas. 11 January 2005 WO 02105384
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frequenm%@@( E?é Mﬁzﬁﬁﬂ?gﬁobﬁé@mﬁﬁ?m?@r g&n%d%g% %0% | s Size-is
| npractical for dern nobil e conmmuni c | on ere | cal room
for an i relodedl MORE CRMETHACHIPT REVIEEH RIS B ATHICASROm H) Sl 50)
“mm Prior art slots wused so far, such US Patent Nos. 5,929, 813 and

6, 025, 802antehna Moln Hie mngefcﬁ’d:)ni'ﬂi(ﬁﬁet_%/) roapn i (12. - BQ) nhim!?rimm@‘tﬁimtﬁct ure
suggested by these patents are, in fact, |oop antennas rather than sl ot

ant ennas. | T5VERILQIPES PARANGE28G24 BY3 %%@%BE@'BDZRE?W@ grkgledant ennas

for cell uI ar handSefs. Thi's suggested antenna is y coax and therefore

there is om for npedance. mat chi n e_lt tion

poi nt @??qtgf g]ﬁl%%aﬁ%g'eﬁ gg #FH%”@OFW%%% béf nﬁ}eggal?atst%ﬁ%oﬁ%i’ e@

regar di ng assenbly, since it nust be soldered, and the wires of the coax
may be of fash PR RBEENNas GetheE than slot BAENEAB: i s strai ght rather than curved
and is very small in length as conpared to the wavel ength at the operating

frequency, and PETISDI0085¢ VIO TDFBEIBR(Is) Rangeital) presdras slog aateran
bandwi dth are inherently very poor. Thus, curving the slot while yet

exciting ¢ @ﬁuﬁar%%&égu gs E;ﬁgéj%été@%nt&%’d A7 beedbashd Rh&kesRP! Y

i ncl udi ng a transformmer ef y changi ng

there is no room for any impedance matching rather than the excitation point
position along the élot. This configuration is also complex regarding assembly,
since it must be soldered,. and the wires of the coax may_.be often broken.
Furthermore,rthe slot is straight rather than curved and is very smali in length
aé compared to the waveie;*agth at the operating freguency, and hence its
efficiency and especdially its operational bandwidth are inherently very poor.
Thus, curving the slot while yet exciting it by a distributed feed line
having a feed end (preferably including a transformer effected by changing its
length and width in order to match the slot impedance) and a load end (which
includes a reactive load - either an open stub, short stub or lumped elements
for mainly reducing the reactive part of the slot impedance to a level of zero)
provides particularly excellent results (regarding radiation-efficiency, gain and
operational bandwidth) when curving the slot, and exciting it by a distributed

feed line.



|l ength and width in order to match the slot inpedance) and a |
(which includes a reactive |oad - either an open stub, shortlgﬁggﬁgﬁp2005
| unped el ements for mainly reducing the reactive part of the sl ot

| npedance to a |l evel of zero) provideg particularly excellent results
(regarding radi ation-efficiency, gain and operational. bandw dth) when
curving the slot, and exciting it by a distributed feed line. 11 January

2005 14 A five;band, antenna was built. accordi ngl %, I . ri pg.the
entire. 800 90D METBAAEUBRNS 260 b BRI i itolahufd 4Bk ARIE on
can be made according to th n I nvention, by having two slots
excited eBQQ.Qﬁﬁsléopaﬁqow(iﬁ&mB@m line, e. g., crossing the first
slot at its excitation point, continuing to second s|ot, crossing the
second sl ot atAj mulidsiatt senfigurgbipnt camnke t Medenacsargingndo| they RgeENHart of
the feed fine. This enbodi nent enables the entire antenna to operate at

t he furt hiswentiemueyn bgvibgrisn slatcexdiedoeitiversserially hyrther samee feed éngo@i nent ,
each of the slots (in nulti-slot configuration) nmay be excited by a

separ at e §gegrobsing,thehfirst esiot bt nigsexdiwition poinbacemtiraling doesedonat blet, |1 n
anot her configuration according to an enbodi nent of the present invention,

a furthercdoggfgl theesedBid Sict dtitLagditationt Peint, "ehd tiedrd hawhy! thedlagt epid  t he
feed lines conStructed according to either the series or parallel nethods

as above. gERldraRE deed link> ThR SRpBHRIGH didbled #R it SRERNARDLI PRI sev | es

and paral Ines may apply to the ter antenna according to the

pr esent igﬁﬁﬁﬁﬁﬁ4ﬁefﬁ%ﬁd%hﬁﬁ%%hﬁﬁ' connection to the antenna can be at any

sui tabl e
According to a further preferred embodiment, each of the slots (in

multi-slot configuration) may be excited by a separate feed line, the feed lines
being in parallel to each other.

In another configuration according to an embodiment of the present
invention, a further feed line may excite each of the two slots, while each of
the feed lines constructed according to either the series or parallel
methods as above-mentioned. It is to be appreciated that any combination
of series and parallel feed lines may apply to the latter antenna according to
the present invention.

The electrical connection to the antenna can be at any suitable point
on the antenna. For exampie, plated through holes may be produced on the
antenna PCB at a pre-design stage, and pins from the communication device's
PCB may be inserted into these holes and soldered. In another possible
arrangement, spring loaded pins may produce the electrical connection by
direct contact with pads on the PCBs of the antenna and the communication

device. In a further possible arrangement, electromagnetic coupling between



on the antenna. For exanple, plated through holes nmay be prod

antenna PCB at a pre-design stage, and pins fron1theyconn5nicggﬁgﬁﬁﬁgb?ggss
PCB may be inserted into these holes and sol dered. In another possible
arrangenent, spring | oaded pins may prléduce the el ectrical connection by
direct contact with pads on the PCBs of the antenna and the conmuni cation
device. In a further possible arrangenent, el ectronmagnetic coupling between

ant %ﬁﬂ2""2éx%%@ﬁgé?a@hfeiﬁff%%éﬂbﬁ%gﬂﬁg%ﬁ%ﬁ@?@%%%ﬁ?ﬁﬁ%gﬁR"%?e G
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part of the comunication device's batter%é_) whj ch is usual i@ycgalrﬁced on the

backsi de 8pplicable-asrrapaatedayereiay dhen besa simpler metal sbeet B R&

elements will preferably be of the tg&e of spring-Ioaded pins. Akpreferred
to the front cover of the device's PCB, being electrically connected to the

antenna, e. g. by conductive pins.

A further irﬁplementation is to have the upper layer of the device's PCB
a flexible layer, containing the antenna and the conductive reflector on it, in
which either the ground panel or the conductive reflector panel is folded to
produce the final antenna.

Another preferred embodiment is to have the antenna an integral part
of the communication device's battery, which is usually placed on the
backside of the communication device. In such structure, the contact
elements will preferably be of the type of spring-loaded pins. A preferred
position to place the antenna is in the top of the back side of the
communication device, in order to minimize interference with its operation
and performance while holding the communication device in the user's hands
and/or near the user's body/head.

It will thus be seen that an embodiment of the present invention may
be implemented by an antenna comprised of a resonant slot (i.e., "short

ended” slot) cut in a



position to place the antenna is in the top of the back side 9§ {hesr 2005
communi cation device, in order to mnimze interference with ifs opepégl on
and per f oWREA®ESAhi | e hol di ng the comruni cati on devi ce i n RELIKE¥2G hands
and/ or near the user's body/head. It Will thus be seen that an enbodi nent

of the pr [ I en y C ri.sed of a
Fesonant, Spat HHE B, 2 ot A liBORHE e P bt BD BRecBRR' 13T,
January 2005. PCT/ 1]1-01/ 00626 grou_nd pl ane of a printed circuit board,
exci ted Ky0%Ng dbsislehatlgast Bl e single @xcigtiemdarbrlong fadsHotat TS si ngl e
excitation point along the slot. This excitation point is designed to
opti m ze exotadw pointpisddesigndd to foptisiee the relot pepedanet tiohthed Bs5d Bk
operation frequency. The excitation nay al so be performed by a dual feed

l'ine, t It : | t rh oAl dipat i f
ine, 10 Gy R W &é%‘aqdls);ﬂé%ﬂéﬁaﬁééf%ée&ﬁ”?% eexébé{;ﬁ'giﬁ d{/r\;h%f‘haié p&tion o

the slot, or asymetri 0 wmdent equency of operation
by a conbination, of t ifferent excitatipns. In order. to.enhance the
ot enna. SEFRETERLDY @ el dadclie. sk extie (e ek dypirarEral §5 GREE o
reactive type rather than a matched | oad. The design of the feed end of

t he feed syimechicl radiationdfdi sibi,t die awatdtiicallynty widendite fempendyng to US
Patent No. 5,068,670, to maxim ze the operational bandw dth of the antenna.

The sl ot Hamdwi@lhréreheration Hhth eAmbRRItHNC v URfPeArcWRaEBNS. LInGikief UL 1 N,

in order to ensure the smal'l size of the antenna. The load end is, as
cDove: ) s o BrF SRR NS i RS g TR o B ot 10
of a reactive type rather than a matched load. The design of the feed end of
the feed line and tije foad end of the feed line may be made according to US
Patent No. 5,668,670, to maximize the operational bandwidth of the antenna.
The Slot is preferably curved on the ground plane in which it was cut in, in
order to ensure the small size of the antenna.
The load end is, as above-mentioned, of a reactive load type. It may
be a shorted stub (simulating a short circuit, where the end of the stub is
. connected to the ground plane, e.g., by a plated-through-hoie), an opened
stub (simulating an open circuit), or lumped element/s (simulating a reactive
load which may represent an impedance other than a shorf circuit or open
circuit). Any combination of reactive loads may serve as the load end in the
described antenna constructions.
As previously mentioned, modem mobile communication devices now
reguire dual or triple band of operation. Therefore, the slot is designed to
operate in the higher band/s (e.g., in the 1806 and/or 1900 MHz for cellular

phone devices). In order for the antenna to operate also in the lower



connected to the-ground plane, e.g., by a plated-through-hol e}y fa’ﬁu%ﬂ?QBQS
stub (sinmulating an open circuit), or lunped elenent/s (shgﬁhgﬁ%&g(a

reactive “OYEHi ch may represent an,j npedance ot her tha Short circuit
or open circuit). Any conbination of reactive | oads may serve as the | oad

end in t Heequesyrbdred{eag], émilae 00 indyor QM.MH#&JrR:reﬁmh@Phbue enictoned, nodem
nobi | e conmuni cati on devices now require dual or triple band of operation.

Ther ef or t i it i e.g., in
he. 1800 AheRarerBl SR a6 plkulcd At 3nd s o SFHe ST B
antenna to operate also,.in the |lower 11 January, 2005 \VO_ 4)2/053%4

PCT/ I LO /5 BigES 1F af$'?t%§&%&‘98tﬁh%lﬁd( ally ,CO'WC‘EQ%‘IB@@ W%ﬁtl‘)@cﬂfowpﬂ f or
cel l ul ar phone devices), an extension of the ground plane may be produced

at the fgplapadooddd leefstier bind ok aperatiors ts fiketardénme (alg. cirnetia i86al | y
connected to the edge of the ground plane to add a further band of

oper at 1 oMaidyot BBO ML A8l phohe delRedh Thedititled pidofifounATpiat, | U ar

phone devices). The added piece of ground plane, 'toget e PCB of

band. S rCBCHig. e e P oo fif AR, i ubitBtion free TRHBuBR dhana i

nmost cases is independent of the antenna design, the tuning is usually
cont r ol | d@Wisy opreatismap&equengt bandsiSinde dedPEB, pkths corsmunisatipa slevicet he

extended ground plane. The above-nentioned extended ground plane may be
appl i ed ds pre-profhudeal ged i enddb @agdd Ry independiint tdftha AinesHid dedi§® e as a

second | ayer placed either at an angle, or parallel, to the antenna's PCB

| D010t SRR SHEARP oRbrydA o R Mookl Bnglc! idfIohEPLFEF AT O

connection of the extended ground plane.

The abové—rnentioned extended ground plane may be applied on a
PCB folded to the other side of the antenna’s PCB or as a second layer placed
either at an angle, or parallel, to the antenna’s PCB in order to save surface of
thé antenna. In a preferred implementation, the ground plane extension is
made by means of feed line stubs on the other side of the antenna’s PCB and
electrically connected to the ground plane by plated through hole/s or |
conductive pinfs. These stubs are designed sd they do not significantly
interfere with either the fee_d/é and load/s of the feed line exciting the slotor. -
the slot itself.

Further features and advantages of the invention will be appar_ent_

from the description below.



made by nmeans of feed |ine stubs on the other side of the ant ' R% d
electrically connected to the ground plane by pl ated through Eglr%gﬁgr 65
conduct i weopmi®ss These stubs are designed so they do not Pgirghi“f"l"é%{ntly

interfere with either the feed/s and Boad/s of the feed line exciting the
slot or. the slot itgg NGages of the invention
w |l be apparent fra o1 — WO U2105384 18 BRI EF
DESCRI PTI ON OF THE DRAW NGS 11 January 2005 PCTII LO 1 /00626 The

i nvention is hemgd mndgRioh Beferdl WaMBEISMMNE onl dxamplch onhef@ftaince to

t he acconpanying draw ngs, wherein: Fig. 1 illustrates one formof nobile
conmmuni cat.| Y] L ncl udi r t for incorporating therein
an int er%%ﬂ?gxﬁﬁ%gwyg‘p ﬁﬁa%ﬁgégpﬁgﬁ "with the present invention;
Fig. 2 illustrates a nobile conmunication device including another
arrangenent f orFignddliydraies pget ipsreph mobilergammanicatioandaviee ikeludieged in
accordance with the present invention; Fig. 3 illustrates one form of

i nternal @t enaagemeat fardheokponatimg tigsrdinge invetial tdrtenna senttruotednini on i n
its unfol ded condition, Figs. 3a - 3c diagrammtically illustrating how

such an Eé&% i +-Ej. g 4 il lustrates a construction sinmlar to
Q. @%&?iﬂ\?\ﬁﬁ%%Bg&g g{fﬁ)egitloﬁ ,

t hat of open at one end in the reflector, rather

D ose A 0L HhngelSnrwoblE communicition tevies thakuing Woter o™ ©f
arrangement for incorporating therein an internal antenna constructed in
accordance with the present invention;

Fig. 3 iI[l_Jstmtes one form of internal antenna constructed in
accérdance with the present invention in its unfolded condition, Figs. 3a - 3¢
diagrammatically illustrating how such an antenna may be folded;

Fig. 4 illustrates a construction simitar to that of Fig. 3, but with a slot
open at one end in the reflector, rather than closed at both ends as in Figs. 3;

Fg. 5 illustrates another form of internal antenna constructed In
accordance with the present invention also in its unfolded condition, Figs. 5a -
5S¢ diagrammatically illustrating how such an antenna may be folded;

Fig. 6 illustrates an internal antenna constructed in accordance with
the present invention on a single flexible PCB {printed circuit board) in its
unfolded condition, Figs. 6a - 6¢ diagrammatically illustrating how such an
antenna may be folded;

Fig. 7 iliustrates an internal antenna constructed on a single flexible
PCB in accordance with the present invention;

Figs. 7a -~ 7c illustrate how the PCB of Fig. 7 may be folded,



accordance with the present invention also in its unfolded coRdi ?g?%gbgg

5a - 5c diagrammtically illustrating how such an antenna
e £ R

Fig. 6 il ¥s an internal ant enng constructed in acc nhce wth the
present invention on a single flexible PCB (printed circuit board) inits

unf ol ded condi t Figs, SFifasan@aBb ilkRtdica @halmadnaf antenna lcoAdtrattbAdo @y such an

antenna may be folded; Fig. 7 illustrates an internal antenna constructed
on a sing id B in accordance with the present. invention; Figs.
7a -- 7c {Sﬁpusﬁg'at e(“%hlg\?v&tl?he PCB of Fig. 7 may be folded; 11 January 2005
WO 02/ 0538- PCT[I LO1/00 i and 8b_illustrate an. internal

19 Figs. 8, 8a and :
ant enna const r utife %ﬁﬂfg%géﬂ%aégmegpep@t@ 1agge of the §EB of Lt 8b
illustrate the opposite faces of the PCB of Fig. 8; Figs. 9, 9a and 9b are
vi ews corresponbigag9; Satdrak 8b afre Rigss cBrreBponding do8thosbuif Figs.u8s Baj i ng a
nodi fication in the construction of that antenna; Figs. 10, 10a, 10b and

10c i |l uskpaise, pat iuu&ﬁéﬁ@a%@ﬁ&ﬁ‘ioﬁqn?ché%ggﬁg%rﬁﬁ&ﬁ@:a?.téﬁrs?ﬁ-d PCB | ayer

with some nodifications conparing to Figs. Ig. ustrat'es anot her
formof intern ni gn pth d le, reflectors igs. lla -, 11
di agr ammat i cal Ia{?g% ﬁﬁsp@%ﬁ%afﬁﬁ%d‘wﬁeaﬂﬂ Eﬁ?ﬁ&a?ﬁﬁge%‘@ ‘F‘%ﬂ%‘%{‘}%?% ce;

Figs. 12, 12a, 12b and 12c illustrate an internal antenna constructed on a
si ngl e ri @n@ yhage|rigjé PCRilayerfwith seme woedlificaiiansoranpatingto figsafd 13a- 13c
illustrate an internal antenna constructed in accordance with the present
i nvention on a Eigndlie ilREHat@y angthHencfosiobs ednbl antenna  with double
reflectors, Figs. 11a - 11ic diagrammatically illustrating how such a-n antenna
‘may be folded twice;
Figs. 12, Iéa, 12b and 1Zc illustrate an internal antenna constructed
on a single rigid PCB layer with further modifications;
Figs. 13 and 13a-13c #liustrate an internal antenna constructed in
aé;ordance with the present invention on a single PCB having two slots fed by
two feed lines, Figs. 13a and 13b Hustrating the opposite faces of the PCB of
Fig. 13, and Fig. 13c¢ illustrating a side view.
Figé. 14 and 14a - 14c illustrate a similar construction to Fig. 13 but
with one feed line; and |
- Fg. 15 iliustrates an antenna similar to Fig. 3 but with an open siot in

the reflector, Fig. 15a being a side view, and Figs. 15b and 15¢ showing the

assembly.



two feed |ines, Figs. 13a and 13b illustrating the opposite f
PCB of Fig. 13, and Fig. 13c illustrating a side view Fi gs.a‘}iﬁéﬁl&rﬁ?go?

14c il | uswpakesmisimilar construction to Fig. 13 but w t PIAROFHEES | i ne;

and Fig. 15 illustrates an antenna si#ilar to Fig. 3 but with an open sl ot
in the reflector, fgdr ] EFERRES ¥MBODIMERTSLOb and 15¢
showi ng the asse §t i EEERRED FMEODIN PREFERRED

EMBODI MENTS 11 January 2005 PCT/1L01/00626 Fig. | illustrates the main

conponents of &Figohi flasi¢arEsutteC atdiancsiapoentssofch ambile c@rhpiuicatiohephone
handset, constructed in accordance with the present invention. Such a

ot o e AR LB PODBE bt 14003, SOy Fpdor B BT, e
battery (not shown). The foregoi ng. conponents, may be conveaéi onal ,, and

t her ef or dheuresRit uenlion Sud aslevice; geperHY desidnated dadbdudes A T present

I nvention, the nobile device 2 includes an internal antenna, generally

desi gnat esbv@r 3diasmeiePCB¢printxd titeuit beami) ACRBM abdck lteveablkusualherlsd and
connected to the PCB by feeding pins 8 In the enbodinent illustrated in

E: ghelbft‘?ﬁ‘?ﬁ?ﬂﬁ%&%f{é&naﬂ&cﬁowgt%ngm;é%é@ee ?%ﬁpigﬁg t8.he
Gesi gnat dnvEnEpEalaed Sherardu Ry Biatals Sermimet ftar Ty “To  the mai n POB 4
to which it is connected by feeding pins 18.
In accordance with the present invention, the mobile device 2
includes an intemal antenna, generally designated 6, disposed between the
‘main PCB 4 and the back cover 5 and connected to the PCB by feeding pins 8.
In the embodiment illustrated in Fig. 1, the internal antenna 6 is located
substantiaily parallel to the plane of the main PCB 4 to which it is connected
by the feeding pins 8. Fig. 2 illustrates a variation wherein the internal
-antenna, therein designated 16, is disposed substantially perpendicularly to
the main PCE 4 to which it is connected by feeding pins 18. |
The present invention deals primarily with the structure of the internal
antenna e.g. 6, 16, as described. below particularly with respect to the various
embodiments of such an intemnal antenna as illustrated in Figs. 3 - 15.
Figs. 3 and 3a - 3c illustrate one preferred construction for the
internal antenna 6 in Fig. 1 or the internal antenna 16 in Fig. 2.
Thus, as shown in Figs. 3 and 3a - 3¢, the internal antenna, therein
designated 100, is constituted of two panels 101, 102 mechanically and

electrically connected together" along one edge by one or more electrically

conductive pins 112 (only one being shown) passing through



antenna e, 5—2‘ 6, as described below particularly with ¢ Gl
vari ous é\gﬂ) % "" fts of such an interpal antenna as iIIustP(réz{?gghl

- 15. Figs. 3 and 3a - 3c illustrate one preferred construction for the

i nternal platehttaoGgh-holesg(PTH)on11d4e tinberlbalillabé eappredibtadn tihatgspidng Thus, as
shown in Figs. 3 and 3a - 3c, the internal antenna, therein designated
100, is cppaLd e I Feehaceal ectrically
connect edfe’tﬁogem{esf egﬁghr%\%ngieg'g@a%%o%%&ﬁ rm!r:'e ei @c%‘?it@gﬂ?3§&g'conductive
pins 112 (only gne bej.ng sho ssing through WO 02/ 05384 11 January 2005
PCT/ | LO1 /006%9211%91 %%&@&iﬁfﬁgﬁarﬁﬁh@ %@*%5 C?E.*ﬁ'é'—jutfifgi)g.a éte*%tﬁ“F be
appreci ated that spring | oaded pins, or other pin types, may be used for
connect i ngubshete wavingyan lectieallytcondiuictive dayREB.(3on mnedfacey serivingoaar d)
constituted of a dielectric substrate having an el ectrically-conductive

llayer 103ggngaiithd phfe &1 URGVAS a FERHNANOWIst PORNSIoRNDACIT ofichifyc I €sonant
slot 104. Slot 104 is of curved, U shaped configuration, closed af both of

d
it ds, ¢t ' I d_si 104 04b..j ol ned, b brid
10ac.  Res8rRPed) SRngYpoR0’ Bfted o Ty Ridlics fafs, L dPade RS0 cod”) 1 ne
105 carried on the face of the dielectric panel 101 opposite to that of
t he gr oun@ ¥ dRda,1831b joieed yctbridae 10¥cuBeserand slot H4is exdteddy aymetric

construction, wherein the two side arns 104a, 104b are substantially

paral | el , elettricalip sbadidtael fieet higeskBecareied! dn dnd fadedbtitheafidletiie gamsdlt ed by a
common excitation point, nanely the point where the feed |ine 105 crosses

the slot.bf opposite to that of the ground plane 103.

The present invention deals primarily with the structure of tRheq jw?ﬂ@b%
€
"ﬁRFi gs. 3

The embodiment illustrated in Fig. 3 is a symmetric construction,
wherein the two' side arms 104a, 104b are substantially parallel, of
substantially the same length and width, and are excited by a common
excitation point, namely the point where thé feed line 105 crosses the slot. It
Will be appreciated, however, that the antenna could be of a non-parallel,
andfor an asymmetrical structure, wherein the closed side arms 104a, 104b
are ﬁon-paraliel, have different lengths or widths, andfor are
non-symmetrically excited by the feed lines, respectively.

The electrically conductive feed line 105 (dashed line in_Fig. 3) carried
on the opposite side of the PCB excites the slot 104. The main feed line arm
105a connects the input signal pin 108a, passing through a PTH, dividing the
power into two feed line transformer sections 105b and 105¢, exciting the slot
104 at two points. The transformer sections 105b and 105c can be either

identical as in Fig. 3 or different in length and/or width. The feed line sections



wi || be appreciated, however, that the antenna could be of a
and/ or an asymmetrical structure, wherein the closed side ar ngg?gﬁgéwigggs
are non-parallel, have different |lengths or wi dths, and/or are

non-symetrically excited by the feed lines, respectively. The electrically

conductive f ' 105 (dashed line in. Fig. 3) carried pOpnisiieosoPPosite
side of the ‘E@gﬂéggghﬁt es the slot 104. Tthe main feed line arm 105a connects

the input signal pin 108a, passing through a PTH, dividing the power into
two feed |i A2 3RsI0GEentinse: frgmstheosrsitation polts uadenepiigthensloklepd 104 at

two points. The transfornmer sections 105b and 105c can be either identical
as in Fig. ®edprrdithe &inationiof réastiye foamsd/06a anddt(6b, Tespetibety.l i ne sections 11
January 2005 WO 02/05384 PCT/1LOL/ 00626 22 105b and 105c continue fromthe

excitation poi nt sThegesctieaidudsfer BliPembodimane e shortdtbtd roaRd @03r eacti ve
| oads 106a and 106b, respectively. The reactive | oads for this enbodi nent

ar e shor t ed ghGhé hed e 8r &%%n%matths PAHS073! Sl dfgti?bth Egﬁg%é& arfdag PTHs

107a and 107b, respectively. These reactive |oads e € and | nprove the

mat chi-ng of I i - LS, i t he..,reactive
part of therés of’ éﬂ%&géﬂ%ﬁ@%ﬁ? HéB%&gé:bgé?étE'@égg& 55%‘@%%@‘38{4 cy
range. Thus e transmitte ower_is electrqmagent cal coup| ed of f feed
| Thes 108p IndhoBEg FegrisednB reative pash b fie.4oF Aiedangn Y HHC GRSF 004 The
sanme applies to reception, where the received Bower is electromagnetically
coupl ed of f Z8M0otat1 4 bwadedtrquenes nowe. Ahus,10Be. trapsmittasht powerd/isr wi dt h
of each armof the feeding line 105, and/or the reactive |oad 106, and/or
each part ofleclemapenticeliyacoupled, off afieetidines 105b and 105c to the slot 104,

enabling radiation off slot 1'04. The same applies to reception, where the
received power is electromagnetically coupled off siot 104 to feed fines 105b
and 105c.
The length and/or width of each arm of the feeding line 105, and/or
- the reactive load 106, and/or each patrt of the slot 104a-104c, can be
changed. These parameters, as well as the excitation point of the slot, the
height above the main PCB 4, and the angle between the antenna 6 or 16
and the main PCB 4, the distance between the pins 8 and the diameter
thereof, the substrate type and thickness, etc., set the higher frequency band
of the antenna. In this illustrated preferred embodiment of the present
invention, the structure is fully symmetric, and hence the radiation pattern off
slot 104 will be symmetrical.
An important feature of the present invention is that the internal
antenna 100 is resonant and radiant not only at a predetermined high
frequency, as determined by siot 104 cut in the ground plane 103, the

feeding line 105, and the reactive loads 106, but also at a lower frequency



changed. These paraneters, as well as the excitation point of ; e
hei ght above the main PCB 4, and the angle between the antenn%tlgﬁgﬁla%zoggd
the mai n PEBAIS3$he di stance between the pins 8 and the dPaWEH {6 Xher eof
the substrate type and thickness, etc*, set the higher frequency band of

the antenpand| & LBis bb'dabéﬁl%aéfﬁ?(;%rseaf RiiP SaRERAEIIRIVE RltehS. RECHRIT

I
i nvention, the structure 1s fu symmetric, an ence t
pattern off slot, 104, will .S trical. l_mportan ature t he
present i H\‘/’E‘?ﬂsieo%h‘? anigine yﬁi"ﬁ ﬁgggHEF{US%?QQWQQE@@“asiQ%zﬁﬂaﬁt P(g%b r adi ant
not only at a predeterm ned high frequency, as determ ned by slot 104 cut

in the gr&eing an siecticad conductof ¢80 elgctrically toanedied to Hbergraund \Wane@ads 106,
but also at a | ower frequency WO D2105384 23 11 January 2005 PCT/ILO

1100626 bel'l!&b)ﬁéh@kdh‘kdﬂ?—t@ﬁ@@@vééﬁﬁ 14 Fss, BB irsBARE iRl FETHAVRY 3 ant enna.
For this purpose, the antenna 100 in Fig.” 3 includes a further panel 102

(e.g. a P i CLI] r . el egtricall cted to
e or ound anE PR3 ERbugiof B G sratty Sk Bl faddaers, =)
inserted in PIHs 111a and 111b preforned in panels 101 and 102,

respect i véil) thigs sepvascas a eomdvation of 1he arewrd plangek)3aat thebadisdaof on of
the ground plane 103 at the |l oad side of the slot 104. A slot 109 cut in

el ectri caltheosiduc1@t. Wl Gletctig9dasuiarninelebgtiiciragneductor ddd fants shotad04 at
the | ower frequency band such as to cause the slot to be resonant and

S RSy ol RN, P30 e T RS YA AL B oot
the openi ¢ uéeh&eyslg% té'j1 Bg rgslo%ta%t gr? iréciligl[s]t e?lgo %k %%We? ?rle'quency band. The
_length and/or width of each arm 109a - 109¢ of slot 109 can be changed, as
well as the direction of the opening the slot and slot’s position on electrical
conductor 110, The siot 109 may be different in length, width and shape as
compared to slot 6 or 16. These parameters affect the low frequency’s
5ehavior ot the antenna 100.

The electrical conductor 110, in addition to its contribution to the
lower frequency band, also assists in reducing radiation at the user’s head by
servingr as a reflector for reflecting the electromagnetic waves scattered by
stot 104; it thereby also reduces the SAR level. Depending on the type and | 7
structure of the antenna, the SAR is reduced by about 3 dB in a typical
CDMAfTDMA/GSM frequency bands (800 and 900 MHz), and by more than 5
dB in a typical PCS/DCS frequency bands (1,800 and 1,900 MHz). Further, the
very high efficiency of the antenna _enabies the transmitted RF power level of

the communication device to be reduced, and thereby increases the user's

safety as well as the battery operational cycle between charges.



.conductor 110. The slot 109 may be different in length, width rﬁ\%‘?‘P
conpared to slot 6 or 16. These paraneters affect the IOM/freaag%Ey S 2003
behavi or 9§ sbligsant enna 100. The el ectrical conductor 110pdmniackistd on to
its contribution to the |ower frequency band, also assists in reducing
radi ation at the user's head by serving as a reflector for reflecting the
el ect romagnet i é\sméatesic%aﬂiemd%/g.bg ilhggteded a4siot £ 04 Heving a aysunebitates t he
SAR | evel . Depending on the type and structure of the antenna, the SAR is

reduced blyahReudt stiuctbre By ardnafbreifer sédahs TOYYY &% 105e cirnacaadsad 800 and
900 MHz), and by nore than 5 dB in a typical PCS/ DCS frequency bands

(1,800 a , - = FuRt e ' ffilcd f nt enna
enabl es {1 @gét 5@633%@ e%‘jRE @%&e&my&g#&# ﬁﬂ“go‘ﬁﬁ%‘n?@‘f’@}g E@&Pg to be
reduced, and thereby increases the user's safety as well as the battery
oper at i ofEbQdipeRt: shsigaalfegH iy d 9821and araiy ¢f goasdping 083 248C pcT/1 LO
1/1)0626 As indicated earlier, Fig. 3 illustrates a slot 104 having a

symetri oal opposite Hided @iorestt Buzhbent arandenent maintiingthdOfbucnrk’d 05¢ and
reactive load 106a and 106b. Fig. 3 illustrates, three feed pins used

2000r i Gy findihRnd RO YRR he HoAIALLEE drPblad OBy RIS chftidorp! 0T ound

pi ns 108b"a on opposite si ereo an arrangenen

mai ntai ng,_the structure's s try and al sQ reduces the_characteristic
| npedancanGr FeNESEEGk HhesPik- Thechaipsiedsts | MPdance: AE A Tiwoe-pin

characteristic inpedance of a three-pin symetrical structure is about
one- hal f syheneihiealastrectiuse iis abqutdone-balff the dhamgieristit impedarce ohia nakes
it easier, in nost cases, to match the antenna

two-pin structure. This makes it easier, in most cases, to match the antenna

to the output impedance of the transmitter and/or the input impedance of the

receiv_er mrough‘these pins.

The reactive load 106 matches the reactive part of the impedance of
the'slot 104 at each excitation point at the higher band. The reflector 102, in
addition to all parameters described above as affecting the high frequency
band, also matches the slot impedance in the lower band. The combined
impedance generated by the slot 104 and the reactive load 106, or the
reflector 102, is transmitted by the transformer sections 105b or 105c¢ to the
junction between the main feed arm 105a and the transformer sections 105a
and 105b. Both impedances, from the two sides, are combined and mirrored
through the main feed arm 105a and the input pins 8 to the handset. The slot
104, the reactivé load 106, the panel 102 (reflector 110), the feed line 105,

and the input pins 8 may be designed to ensure wide band operation for the

antenna, i.e., both at the lower band, and at one or more higher bands.



to the output inpedance of the transmtter and/or the input inpe ‘5005
the recei \46r' 4diLough these pins. The reactive |oad 106 rrs,t (}t’l? Py
reactive p #25¢% he i npedance of th%sl ot 104 at each eX&if'HY'ER poi nt at
t he higher band. The reflector 102, ifii addition to all parameters

descri bed aboverrg 3afflaatites atdide Dichof fr%ltlﬁ@gﬁneﬂaﬂﬁ,, 1@'2?8ef@é%ﬂ§g the

sl ot inpedance in the | ower band. The conbi ne | npedance” generated by th'e

sl ot 104 ' 6. .0r t ref,l ector. 102, is transmtted
by the tr%ﬁ%&%&@&#@rﬁ%@%’%@%ﬁﬁ@% ﬁﬁ%&ﬁé SADEREER F he mai n
feed arm 105a_and the transforner sections 105a and 105b. Both inpedances,
from the CRBNEGHEGSte 0 paRglsnseiabiatmanehi8d canfgivingnthengromadrpleeed ar m
105a and the input pins 8 to the handset. The slot 104, the reactive |oad

106, the d88pslot 004 (aref feedtiime 10E0dverlibpahebd0? icostalifihg therefiddier 1nput pi ns
8 may be designed to ensure wi de band operation for the antenna, i.

e.,
bot h at t bhgdl guer : | ; 2005
N0 02/ 055 2Hd 1098 NRey A% Te a%“%gﬁ'fug{rr%a Is, PRI CH il ahe 2000
panel s 101, . 102, before they are nechanically and electrically connected;
Fig. 3b i FRRETS ATENOSREhaWHERb (DANeh b OV RS HRaNShoL (e ndl SPOIGAL! hat
panel 101. containing the ground plane 103, slot 104 and feed |line 105

overl i e pantannaqaracratar isi the argle fefhed betwds theabwo Pookis1D®L, (162 1al so be
asymmetrical); whereas Fig. 3c illustrates the reverse arrangenent wherein

panel 102jppesdibiestd@hghgd e a‘lhg!lé fﬂiéggééﬁ'tmeaﬁéﬁél@,atc&%gég@é gﬁ% irﬁaﬁ&e angl e

formed between the two panel s It s possi _ ge the angle
bet e Rk i AORE, SBeAIRCh Al e bRl
-upwardly, but such changes would require fine tuning of the feed line. In
addition, while Fl.gs. 3, 3a, and 3b illustrate the two panels as being
mechanically and- éfectrical!y interconnected together by a single pin 112
received within‘ plated through holes 111a and 111b, respectively, in the two
pénels, it will be appreciated that a plurality of such pins and PTHs may be
used for this purpose.
Fig. 4 illustrates an antenna, designated 1000, similar to antenna 100
of Fig. 3, except the slot 109 in the conductive reflector 110 is open at one.
end, as shown by arm 109d in Fig. 4.
Fig. 5 illustrates ancther construction of internal antenna, therein
generally designated 200, which is similar to the one iflustrated in Fig. 3,
except that it includes only two feeding pins, namely, one signal pin 208a and
one ground pin 208b. This changes the characteristic impedance of the

transmiss_ion line representing the electrical interface between the antenna



upwar dly, but such changes would require fine tuning of the f |
addition, while Figs. 3, 3a, and 3b illustrate the two panelsqggkt%@ﬁBbes

nmechani cavbyzassdiel ectrically interconnected together by BCEMhYI@6Hi n 112
received within plated through holes Z11a and 111b, respectively, in the

t | S, 0t will I at t hat | | f ch pi d PTHs
may be aRadnpdtidseL Ff Jaebonarghes s feedples afedn2Biids Ylhdna: ca
1000, simlar to antenna 100 of Fig. 3, except the slot 109 in the

conduct i gentesfof ébe antertm; ithergbene, Hie sadiatiompattas issymmetrica 109d in Fi g.
4. Fig. 5 illustrates another construction of internal antenna, therein

general |y desi-giajeest id(fg. ShinClhid smbolinéit e &iftaboRr dflthesistat@ginn Fig.
3, except that it includes only two feeding pins, nanely, one signal pin

the ¢ raRRPCLPLIE BY Py ket b G05HRERCADIE SERRABA . fod FRELHE

antenna 11 Jgnuar% 2005 WO (02/4155384 26 PCT/ 1L01/00626 and the handset.
The | ocat¢aiiverioad20b\is opeawinggdpt his feed alspuwkes the radiaien paiaRAf of t he
antenna; therefore, the radiation pattern is asymetrical. As seen in Fig.

5, in thilse antadianagyimimbiicexci tation of the slot 104 in panel 101 is by a
single feed line 205 and a single excitation point; also the reactive |oad

20 2 e 3G 08 o gt il

-antenna asymetric. Ine or the reactive

| oad as Il a the excitation point, can be changed. reflector panel
102 i ncl se>gg|$tation point, can be cRanged.‘ the reflector Sanel IBf includes a "

closed slot 109 cut in a conductive layer 110, as in Fig. 3. The characteristic
of reflector slot 109 can be different from the radiating slot 104 in the ground
plane 103. The dosed side arms 10%a and 109b of the reflector slot 109 can
be either identical or can differ from each other in length andl width.

The two panels 101, 102 may be. ‘mechanically and electrically
secured tOQether in the desired relationship, and at the desired angle,'by one
or more electrically-conductive pins shown at 112 in Figs. 5b and 5c. As
described above with respect to Figs. 3 and 3a - 3¢, the relationship between
the two panels, and the angle defined by the two panels, may be altered
according to the partictlar application, and the feed line can be fine tuned
according to the desired order of panels and anglé between the panels.

“Fig. 6 illustrates an internal antenna, therein generally designated
300, which is similar to the antenna of Fig. 3 but is built on a single,
double-size, double-sided, flexible PCB panel, rather than on two rigid PCB
panels. Such a construction eliminates the need for the PTHs 111, and pins

112 in the assembly of Fig. 3. The two faces A, B of the single flexible panel



cl osed slot 109 cut in a conductive |layer 110, as in Fig. 3.
-Char acter{‘%'i,zﬁﬁs}gf reflector slot 109 can be different frpm,;[:l%%?r,?é] |a<'5¥i2r(1)85
slot 104 in thé ground plane 103. Thg closed side arnms 109a and 109b of

the reflector slot 109 can be either identical or can differ fromeach
ot her i n illgsigetiedaindFig. db rere Thiepared paitie| the 1 Gdriouk0 2lomentb easreebaitiedal |y and
electrically secured together in the desired relationship, and at the

desi red o wit r@ogect®o IHR! 8, SnfCAd Uidivhin SRRAVRel Yrgfgiérs%-%ewh at 112 in

Figs. 5b and 5c. As  describe ove With respect to 38 and 3a - 3c,
the rel atj; hi t n. the_t panel th | e def,ined. by, the two
panel s, n%[ﬁa%eﬁ%e?gsr%% Sl E‘?‘ﬁ%dtail@%@‘ep@&aéﬁwgm Wrgg?ﬁeﬁﬂin%nd t he
feed line can be fine tuned according to the desired order of panels and
angl e bet a2k Besitiemas shomingn Bgi Bbudtindfigs6gnadmidingdd thatpenticulan her ei n
general ly designated 300, which is simlar to the antenna of Fig. 3 but is

bui 't on applicagbe. doubl e-size, doubl e-sided, flexible PCB panel, rather
than on two rigid PCB panels. Such a construction elimnates the need for

the singl o 11 exi Regnly 1058 SR S0 TRe R ibs Fogsare BE T 16856 o7

I 11 ust ratﬁd in Fig. 6 are prepared with the various el enents as descri bed
above wit es,cggsg & With. respedh o f49.sRovihe reastive 19ad 0t israR o and t he
single panel is then sinply folded along. the fold axis 317 to a

pr edet er nigaetive foad, aarnin faxi 5.i e asis kifference Fi the 8btepnai of Fig.06 idthe
according to the particular application. The feed pins 108a - 108c, and

(s 5o famaapucopen e AL, fiaBRhBL Y st Lo
of the antenna, and improves the matching of the antenna to the handset. Its
length and width Cén be changed according to the partiéular application..

The electrically conductive layer defining the ground plane 103 at one
side of the panél is formed with an enlarged cut out or interruption (i.e., an - -
afea without any conductor) 314 on the opposite side of the panel defining
the reflector, to thereby define two stub refiectors 316a, 316b at the opposite
ends of the panel. The length énd/or width of the stub reflectors 3163, 316b
can be the same for a symmetric structure, or different for a non-symmetric.
structure providing a wider bandwidth. The two stub reflectors 316a, 316b
are electrically connected via reflector feeds 318a, 318b, and electrical
juncture section 315 to the ground plane 103. The two reflector feed 3183,
318b may be of the same length and width for a symmetrical structure, or of
a different length and/or width for a non—,_symmetﬂcal structure to provide a

wider bandwidth. The juncture 315 acts like a filter and therefore its

dimensions (length and width) affect the low-frequency band.



reactive load, as in Fig. 5. The main difference in the anten jgmf 20@5
Is the addltlon of the open-ended tune stub 313. This stub_en ances
bandwi dt h'WOFHH ant enna, and i nproves the nmatching of thPeCTa{H‘Ee’HHé('to the
handset. Its |ength and wi dth can bezschanged according to the particul ar

application.. The Géﬁc]bh'éﬁd WamFB H@ngighél'bﬁit% @8 fafd?'erlﬂ id RQdgioung pl ane

103 at one SI de” of e panel arged cut out or
|nterrupt ' a W|thout conductor 314 o the opposite

Sl de of tHESp e EHe P RS PVE it | PRBNERLLDS yolé et Rensl ub
reflectors 316a 316b at the opposite ends of the panel. The | ength and/or
wi dt h of Qm&mudiménlthetmmmtsﬂmat@hm bgst Bl anaiic frespectisplymet ri c
structure, or different for, a non-symetric. structure providing a w der

bandwi dt hrhd hshap#Oof ipdbtion eji@@foﬂﬁe Hidactrid 1elbstate RlChbel vatiéy, ggnnect ed

via reflector feeds 318a, 318b, and electrical juncture section 315 to the

ground pl refl.ecto sane

| engt h an re%lo ﬁo f:ggg%é !ﬁ%ﬁ%’?ﬂtﬁ@eﬂdf g% Hfg:ﬁu??f%% ﬁuﬁ??%?lg%%ﬁ %gltﬁghgtlggngt h
and/ or W|dth for a non-symmetrical structure to provide a w der bandw dth.
The j unct@med Ofltbea@ﬂgcﬁqfk@egsfﬂ&aeﬁ]&ﬁbl Inhedditione the dlideswitspdvdrqteengt h
and width) affect the | owfrequency band. WO 02/11, 3384 28 11 January 2005
PCT/ 11L1134:@idbh 63268 fMag. bé forinsedwithndny iog\h@re dfeningned aetoimndoddielipbore it
is folded; and Figs. 6b and 6¢c illustrate two possi ble manners of folding
the panelg, ﬁ-@:’ﬁﬁ?&@ﬁdl ng to the arrangenments illustrated in Figs. 3b and
3c, respectlv e shape of portion 314 of the dielectric substrate may

be varied, as esired, ?chan t he Ienth and/ or width of the stub
reflectors 316alekenna fllustrated in Fig. 7, therein generally designated 400,

is similar to anten_na 300 illustrated in Fig. 6, and is also constructed on a
single flexible panel which is folded to produce the ground plane, slot and
feed line on one side, and the reflector on the opposite side. In this case,
hewever, the ‘_ra_clia‘l__zipg siot, therein designated 404, now formed in the
ground plane 103 is open ended, on both ends; that is, its two side arms
404a, 404b are open at one side and joined at the opposite side by a
bridge 404c. For this reason, the excitation of the slot 404 is different from
that described above with respect to Fig. 6.

Thus, in the antenna structure illustr_ated in Fig. 7, the tuning stub
313 is shorted to the ground plane 103 via a printed’through—hole (PTH) 419
to perform the main excitation of the siot 404. The feed line 105 with the
reactive loads 206 act as a secondary excitetion of the slot to achieve a
muilti-feed excited slot. The open side arms 404a and 404b can be either
identical to each other for a symmetrical structure, or can be of different

lengths and/or widths from each other for a non-symmetrical structure. The



and of the reflector feeds 318a, 318b. In addition, the diel e‘itlrjaﬁuary 2005
Substrate ‘Eé)ortlon 314 may be formed with one or nore Opeﬂéﬂ‘ﬂﬂfnﬂl@ﬁm
accomodat¥ {13 eedi ng pins 108. Thg antenna illustrate 7,
therein generally designated 400, is simlar to antenna 300 illustrated in
Fig. 6, aextiiatioal paintondtthectiod 404 sy tise rfigkd hricerdahl bepsyreinebfic ofr i s

fol ded to produce the ground plane, slot and feed line on one side, and

the refl eﬁéﬁ%yﬂ%étﬁ@a@?%@éﬁﬁéﬁ In this case, however, the radiating
ed-40

sl ot, therein’designat now torned in the ground plane 103 is open
ended on both end that ,is, de arms. 40 4 are opgen at one
side and j oi necjﬁgt %H%%%%&%OEF%\AHWB@ Pagiel @5 &1 4@"@%@51 rﬁSsarEﬁason,
the excitation of the slot 404 is different from that described above with
respect t#c Fillgstrate Ttmes , passiblch carmangamentst farctfolding | thestfiedble. ipangl g, 7,
the tuning stub 313 is shorted to the ground plane 103 via a

print ed- t GG poRMAMEL dtﬁ’n@"&rréwg%mér&sm&rs&etéa wﬁgmmaﬁexett fishectivdiy.t he sl ot

404. ' The feed I|ne 105 with the reactive |oads 206 act as a secondary

e 4043 and 4bin ScobReRieESr Sl conp Rt gtchedtialy Cpatgfesren <l O°

symmetrical structure, or can be of different |engths and/or wi dths from
each ot heP09.owhgrainbe phtenna isgonstiuded prea single, igig-PER Banehdiving - o

02/ 415384 PCTIILO/00626. 29 excitation points of the slot 4.04 by the feed
line can br uppeméice as stiowm irn FRYy Baredrid 8 Ieverdaee EstsidwabiovEg. 8bgsudta i s a

side view of the- flexible panel of Fig. 7, and Figs.. 7b and 7c
T ustrat g, tappa RRPRH QirfifbRRIGE Rbed ft8rfochbdﬂé}9bl%hﬁanél, 8xith! @ripce!
together two panels, when assembling the antenna into the handset.

The upper face of the panel (Fig. 8a) is provided with an
electrically-conductive layer serving as ground plane 103, and with the
radiaing slot 104 cut in the ground plane. In addition, the
eiectn'cat!y—conductive layer in the opposite edges of the ground plane 103 is
removed, to provide the interruptions 521a, 521b in the ground plane, that is
areas without any conductor.

The opposite face of the PCB, as shown in Fig. 8b, is formed with
feed line 105, tuning stub 313 and with the reflector comprising the two stub
reflectors 520a, 520b (corresponding to stub reflectors 316a, 316b in Fig. N,
connected by the reflector feeds 522a, 522b (corresponding to reﬂector feeds
3183, 318b in Fig._ 7). In the construction of Fig. 8, however, the stub
reflectors 52(_)a, 520b are excited by e PTH 523 connec_ted_ te the ground
plane 103 in the opposite (upper) side of the PCB. Tne feed reflectors 522a,

522b, thus act as transformers to the stub reflectors 520a, 520b, such that



respectively. Fig. 8 illustrates another antenna construction, genera
desi gnat e&0 B083s+wherei n the antenna is constructed on a $GIGLEI624Gi d PCB
panel, having an upper face as showin Fig. 8a and a | ower face as shown

in Fig. ! - the need t | exi bl e
panel , o&R?Jaﬂg‘%%wﬂbégﬁgﬁg%%%@dp%@gﬁﬁgﬁ @gsghﬁﬁpé‘g t I@lefgn nna into
t he handset The upper face of tga?nﬁranel Fig. 8a) is %E??i ded wi th an

el ect ri cdhestul reflreters $20zy 5208 fredaee fRamd 2R0osmed R W€ h t he
radiating slot 104 cut in the ground plane.. In addition, the electrically
conduct i vamayse (lowshiaceppbsié @CBIpEsel afs theefegddined 105 amel T@stuning r enoved,
to provide the interruptions 521a, 521b in the ground plane,. that is

areas wt t %!’&Rﬁo i R, faae S in Fig.
8b, is foﬁﬁggl%ﬁ%hﬁgﬂégﬁ ﬁ%‘:[ , tuélttn gt}g'egﬁ%&a}ﬁgﬁ@m%f Eétiﬁ'egge | ect or
conprising the two stub reflectors. 520a, 520 correspondi to stub
refl ect orl8 m%ﬂroﬁﬂ‘itiﬂ??\e FIP"@.V*C}% a fb‘%ﬁﬁéc‘{ rfgyé’@‘ﬁ"én&@ﬁ@& fIQWEE 5224,
522b (corresponding to reflector feeds 318a, 318b in Fig. 7). In the

const r uctfrequeasfcyFibgnd 8, andowmagr alsbhenbibobe thef | radialionh SaAwh, injEglanaee
excited by a PTH 523 connected to the ground plane 103 in the opposite

(upper) shdgn émePéFE%nﬂ_é‘.e feed reflectors 522a, 522b, thus act as
transforners togthe stub reflectors 520a, 520b, such that WD 112/03384 311

11 January 200 PCT/1 L111 /90626_%he .refl ector | ON~d N e.ant enna
construction 0?“].% g?te??lpeigf‘% I#ﬂ? 4 {Wa‘ gtrﬁlén@;ﬂgh%e??%'&%?sﬁggOa, 520b
and feed reflectors 522a, 522b forned on the ' )

reflectors 520a, 520b, and the feed reflectors 522a, 522b can be symmetrical

corresponding to the arrangenents illustrated in. Figs. 6b an‘il%ﬂuanr F?OS

as illustrated in Flg. 8, or can be non-symmetrical. The dimensions of these
elements, including their lengths and/of widths can be varied to control the
* fow band behavior of the antenna. The slot 104 cut in the ground plane 103,
the feed line 195, the tuning stub 313, and the reactive loads 206a, 206b,
may be ofr’ i'hesame configuration as described above particularly with respect
to the antenna of Fig. 6, but their dimensions would be different due to the
* fact that the length of the ground plane 103 is smaller because of the
interruptions 521a, 521b.
It will be appreciated that the single-panel construction illustrated in
Fig. 8 simplifies the manufacture and assembly of the antenna, and therefore
reduces its cost.
Fig. 9 illustrates an antenna construction, generally designated
600, which is very similar to that of Fig. 8, except the radiating slot therein

designated 604, is a half—open' slot. That is, one side arm 604a is open,



sane face (lower face) of the PCB panel as the feed |line 105 hag
.stub 313 in the antenna construction of Fig. 8. The interi;@ﬁfjag@abgg%?ﬁbg
521b in YRE¥§PBnd pl ane provide a fyrther control paramefer for the | ower
frequency band, and may al so enhance the radiati on and i npedance nmatching
of the andmhtire offfee sidd ermuGd4oisclbddd, the2tio iside bang heingl cphizeded03, t he
stub reflectors 520a, 520b, and the feed reflectors 522a, 522b can be

symetri Ll in Fig. 8, or can be non-symretrical. The
di nensi oﬁ@bg¥ tﬁgsdeﬁﬁ% %Tr?g%%s including their |engths and/ or wi dths can be

varied to control .the |ow hand behaviqr of_the antenna. T I 104 cut
in the ground gingRen\@siatiopda thecany r\‘é'olb%f a&?&”@@ﬂguﬁgd%%g'and t he
reactive | oads 206a, 206b, nmaybe of the sanme configuration as described

above par9 iic thatr it yindiidés besfeed pin® 2088, 208bnnather thag thece fad oS r
di mensi ons would be different due to the fact that the |l ength of the

ground p'mlﬁésﬁssﬁgﬂt@.ﬁehgﬁ%ﬁnﬁé 1086 dfrther dushfeed $ype? kxcitbiglb. | t

will be appreciated t -panel construction illustrated in Fig.
8 sinplifjes the nuf ur nd. ass of the antenna, and therefore
reduces i‘ih.?' 6’5?'(:'%58?15%6%?1 ﬁ@ QF@EE §ﬁpéﬁ?'enna construction, generally
designated 600, which is very simlar to that of Fig. 8, except fhe

radi ati ng sl ot Fuithesimodificatipnaisdbabda ordey o e adﬁﬁé% bapgtop N, one
side arm 604a is open, 11 January 2005 WD 112/05384 PCT111L0O1111062E 31
and the ogHeechigh Bandy mvb0Kids sofdassetve tibads veres pogvidedrsn baritegna Gtkect ed

together to a bridge 604c. _

illustrated in Fig. 9, namely: a reactive load 106 shorted via PTH 107 to the
ground plane 103, and a reactive load 206 which is open ended. Such an
arrangement provides a non-symmetrical structure, with the operation in the
low band being the same as in antenna 500 illustrated in Fig. 8.

Fig. 10 illustrates an antenna construction, generally designated
700, similar to design 500 presented in Fig. 8 but with several important
modifications. Antenna design 700 is constructed on a single rigid PCB, .
having an upper face shown in Fig. 10a and a lower face shown in Fig.
10b. Fig. 10c presents the side view. |

The upper face (Fig. 10a) is provided with .a slot 104 cut in the
ground plane 103 as in design 500, but here there is.iny one interruption
521 in the ground plane 103, while on the other side of the upper face, a
reflector extension 724 is connected to the stub reflector 520a on the
lower side through the PTH 523a. Thus a gap 725 is created between the

ground plane 103 and the reflector extension 724. The slot 104 is not in a

U shape but further folded at its ends.



Anot her variation in the construction of antenna 600 illustra | 9
Is that it includes two feed pins 208a, 208b, rather than thrggq‘fa gﬁ} ?RQS
108a - 108© w&sisa Fig. 8. The feed line 105 is of the dualRGid8ipyme,
exciting the two side arns 604a, 604% of the slot 604. Further

modi £ cati on | Sydabyel neQrdote LBANE Actifle RRNC ARERAROR.N 1de hi gh

band, two kinds reactive | Oa are pI’OVI enna strated

in Fig. 9, nane reactiyve | oad 106 shorted via PTH 107 to the ground
ol aneL03leaetiAtes 2. fajer | GHarrSe WHNERNG (Gpdssigndaty. Hue ieigiiation

arrangenent provides a non-symmetrical structure, with the operation in the
| ow band pgmntgPTHe523ymef ahei stulntefecdos0620kl aaurm@m it mdt gyménetficg. 10
illustrates an antenna construction, generally designated 700, simlar to

e RSHBREIEeed ede TR A R 0e

Ant enna design 700 i s construct on a single Fi g aving an upper

face shown in Fi r fa shown i . Fig. 1Qc
presents 'T'ﬂéers(i"?jgn9 %3 %’ﬁ’lé Vﬁ ‘ftQEgiP% 3. exI@iat?eqi go ﬁpﬁﬂ% faF?H%a . sl ot
104 cut in the ground plane 103 as in design 500, but here there is only
one i nt erthepantennasponeatachthroughritilhpi5adte tooc=flaghol extemsione? 24 hahilsi de of
the upper face, a reflector extension 724 is connected to the stub

reflectorgrbdfia efhdrhsidel BNET stibdeefiditor BP0 8s H"Bll‘ﬂﬁ%rea'fmgs the98fn725 is
created between. the ground plane 103 and the reflector extension 724. The

slot 104 | a U shape but further folded. at its ends. WO 02/05384
32 11 Jar{@?g&%gﬁ PCT/1 LO1 /00626 -

Thus, by the non-symmetrical structure of the reﬁectors an
additional frequen_cy band can be added to the antenna in the low band.
By controlling the location of PTH 523, the width and length of eag:h feed
reﬂeétor 5:223_ and 522b, each stub reflector 520a and 520b, the arm
reﬂector 726, the reflector extension 724 and the gap 725 the antenna can
be separately tuned to operate in two low frequency bands.

Another difference is the absence of the tuning stub 313 as in
design 500. Instead, the tuning stub 713 is connected directly to the signal
input pin 108a.

While the stub reflectors shown are open ended, it is appreciated

~ that each of the stub reflectors can also be grounded at its end, either by a
PTH or even directly - in the case of extended stub reflector 724.

Fig. 11 illustrates an antenna design, generally de;ignated 800,
simifar fo design 200 of Fig. 5, with two major modifications. First, the
electrically—condﬁctive layer 110 defining the reflector is continuous and

unslotted, rather than being formed with a slot as shown at 109 in Fig. 5.



The |ower face of antenna design 700, shown in Fig. 10b, demi Sfahih e‘g 905
-maj or difference conparing to design 500. The excitation $€[+ oo H % ,
of the st WOPEP¥ctors 520a and 520b j.s not symmetric thEYEMEYE" e feed
reflectors 522a and 522b are not sy trical. Further rmre on one side

the stub Setdrel tanoth0pansl, ep02EN At t@nﬁdmmppelecﬁr’malw-%nddcﬁeealﬁvéﬂ”a
connect ed through PTH 523a to reflector extension 724, while on the other

si de the i% El:e‘?ﬁ'tEHrTﬁ gﬁade'ir @%’di‘sdco d‘ﬂ@ﬁéﬂ% %ﬂ‘w&t‘?fd gﬁ?‘ 726.

Thus, by t symTe’trl o ure ors an onal
nna.in the | ow band. By control ling

frequency ban be, added to the ant

the | ocat d‘?%@h Eptc ap ol Uickiiosadd D st copesgmintioamennat Nt or 5224
and 522b, each stub reflector 520a and 520b, the armreflector 726, the
ref | ect or deMblerfeided preiticand t he gap 725 the antenna can be separately
tuned to operate in two | ow frequency bands. Another difference is the

absence of the fyniingiifisithielan ahibfina Igehaiaily Qsigratéeado, Llifi4ugh ng stub

713 is connected directly to the signal |npu pi i While the stub

refl ector e n Ci f the st ub
refl ector%ngeg'ﬁg%@' EHQB Bo%’h gﬂa ”‘%S’fﬁﬁ elgr?fﬁl%cgorgyé@t Eﬁ%ﬁg Qb

directly - in the case of ext ended stub reflector 724. Fig. 11 |IIustrates
an ant ennEMEEElYgRf Hmeicactive destignley @eb, 206 refi éhetfﬁeéeélngn 1200 of Fig.
5, with two nmgjor nodifications. First, the electrically-conductive |ayer

110 defi nirempetiMely.ef | ector is continuous and unslotted, rather than being
formed wth a slot as shown at 109 in Fig. 5. WO 02/05384 33

Fig. 13 illustrates an antenna, generally designated 1100, wherein the

antenna is constructed on a single, rigid PCB panel, having an upper face as
shown in Fig. 13a‘and a lower face as shown in Fig. 13b. The two slots, 104
and 104, cut in the ground plane' 103, have a dual feed and a symmetrical
construction. Feed line 105 and its reactive loads 206a and 206b
'symmetrical[y excite slot 104. Feed line 105' with its reactive loads 206a" and
206b’ does the same to siot 104'. The combined impedances of each slot with
its reactive !eads and its feed line are parallel summed to the input pins 108.
Although the design shown here is totally symmetrical, the slots 104 and 104,
the feed lines. 105 and 105, the reactive loads 206 and 206’ and the
excitation point of each one of them can be asymmetrical.

Fg. 13c shows a side view of antenna 1100, wherei_n the upper and
lower side of the antenna can aiter.

Fig. 14 illustrates an antenna, generally designated 1200, similar to
antenna 1100 (Fig. 13) except that the slots 104 and 104' cut in the ground

plane 103 have a single feed point and a single feed line 205. The feed line

l:“-:'



11 January 2005 PCT/ 11, 91/00626 Second, another panel, 102, #jhnua 2005
continuous electrically-conductive |ayer 110" is presented. S paﬁgl,
102', is womnesised to panel 102 with pin 112' through PTHLONvMEA6 111d.
Figs. 1l1b and 11c present the antennain its double folded position. Fig.
12 illust s..an tenna, generally .designated 900, .simlar to nt enna
500 of Fi %ﬁg g?ase?cg%{'gﬁﬁgierhé?&'qrhegwnr gg?e Br Sk o0 dﬂl?r@‘é%bt?‘%e

i nwardly of the reactive |oads 206a and 206b of the feed |ine 105,

respect i viiiching. gThusdath| sletsr haes asginglatreantiye deakr Bhe ympedanrest kerel 100,
wherein the antenna is constructed on a single, rigid PCB panel, having an

upper f acgreasummbavin sefie§l dlotd Ja4amst 3 04onave fRepmATetiibaMBrittufd, Butl 3b.  The
two slots, 104 and 104', cut in the ground plane 103, have a dual feed and

a symet rj¢ ian. ,Fee ' w105 its.r [ l,0ads 206a and
206b sy gﬁn i '@%{%&é@% ﬁg %ﬁgt'ﬁﬁ%ﬁg%gi% ”P%ﬁgs'ﬂtésa“@?’ﬁﬁ- ﬁ}l% U?ee $ve | oads
206a' and _  206b' does the sanme to slot 104 . The conbi ned i npedances of

each sl otSige WiileiRG 1Agde iside vigs and its feed line are parallel summed to
the input pins 108. Although the design shown here is totally symetrical,

the slots 104 dhgl 194llustratbe aheedtdninag sichRballndediBhated N800eaRhilareto | oads
206 and 206' and the excitation point of each one of them can be

asynmetri 8 k\?y& ' Vi) el p. the upper
and Iom&épﬁée:&g? “’t}ﬁ@ ?n enﬁgtgéérjlﬁ'a %@\f/\ﬁg@?gﬁiﬂaﬁ éus rdap@gﬁ'ﬁ#&g enna,
general |y, desi gna 1200, simlar to antenna 1100 (Fig. 13) except that
the sl ot 311%5@# g?ﬂft' ig%'ls epen ighdedatathmides| Hnis Q@g *%303‘3%{ afidparelleleed
point and a single feed Iine 205. The feed |line

side arms 1309a and 130Sb connected by the bridge 1309¢ are open at one

end. The side arms 1309a and 1309b can be different from each other to
have an asymmetrical construction. The electrically conductive plane 110 is
thus ﬁoating.

While the invention has been described with respect to several -
preferred embodiments, it will be appreciated that these are set forth merely
for purposes of example, and that many other variations of the invention may
be made. For example, any of the described antenna constructions may
include any of the descaribed feeding pins, and at any angle with res;pect to
the main PCB. Conductive paths from one side of a substrate to the opposite
side may be by conductor pins, p!ated-through;hoies (PTH), or both. The
number of signal feeding pins may vary according to the particular
application; for example, in some applications it may be desirable to have one
signal pin and a circular array of ground pins (e.g., four), to simulate a coax

feed.



11 January 2005 WO 1) 2105384 34 PCTI LO01/1)1)626 205 has a trgnsiy 2005
section bgiyeaAsdhe two slots to inprove the matching. Thysy R Auek Ot S
have a single reactive |oad. The inpegances here are summed In series.
Slots 104 and 104" have a symmetrical structure, but this in not

essential . Fi g.Mamuotharugriadioss, medifigppens sindeaprlivationg of thbinveatibower

side while Fig. 14c is a side view. Fig. 15 illustrates an antenna,

gener al | ywilldsd ginadgdtol 83e <kiilad iarthb@rt.antenna 100 in Fig. 3 except that
the slot 1309 cut in the ground continuation 110 of panel 102 is open
ended at both sides. Thus both identical and parallel side arnms 1309a and
1309b connected by the bridge 1309c are open at one end. The side arns
1309a and 1309b can be different fromeach other to have an asynmetri cal
construction. The electrically conductive plane 110 is thus floating.
Wil e the invention has been described with respect to several preferred
enbodi nents, it wll be appreciated that these are set forth nerely for
pur poses of exanple, and that many ot her variations of the invention nay.
be nmade. For exanple, any of the described antenna constructions may

i nclude any of the described feeding pins, and at any angle with respect to
the main PCB. Conductive paths fromone side of a substrate to the opposite
side may be by conductor pins, plated-through-holes (PTH), or both. The
nunber of signal feeding pins may vary according to the particul ar
application; for exanple, in some applications it may be desirable to have
one signal pin and a circular array of ground pins (e.g., four), to

sinul ate a coax '



feed. 11 January 2005 WO 02/41-:5384 PCT/11 LO 1/00626 35 Magy ﬁb%!%ZOOS
vari ations, nodifications and applications of the invention wll bé Vi ous
to those skilled in the art. 11 January 2005 36 WHAT IS CLAIMED IS: 1. A
-rul ti-band antenna which is resonant and radiant at a high frequency band
and at |east one |ower frequency band, ®enprising: a dielectric substrate
havi ng opposed faces; an electrically-conductive |ayer serving as a ground
pl ane on onWHATASATLAIMENII®! ectric substrate; an electrically conductive
feed line carried on the opposite face of the dielectric substrate, said
feed line having at |east one feed end and at | east one |oad end; a slot

formed in said grpuRgnitiaagd hawnhg whidleRdesindet Attradidn®at a Hige felddacy
respect to said feed end and | oad end, said slot being el ectromagnetically

coupl ed tobaﬁiagldfaggg%g,iﬁlg?O‘g%ﬁﬁgh%tlﬁgé’dmﬁ{ggf?ﬂgs resonant and radiant at

sai d high frequency e riccal conductor electrically

connected to said ground . pl ane.tp serve as continuation thereof at the
| oad side of said sargif:{,é"g’ﬁisa‘gﬁﬂt?ﬁaevtmg%ﬁpgéffdrﬁﬁﬁ’ conduct or bei ng
di nrensi oned, |ocated and el ectromagnetically coupled to. said slqt at said
| oner frequency barfh decHcally-¢andugiiicdayssisgrvdnges ﬁér%@drlﬁ%‘k?n‘&hf’n%fo?&e f adi ant
al so at said at | east one | ower frequency band.

the dielectric substrate; '

an electrically conductive feed line carried on the opposite face of the
dielectric substrate, said feed line having at least éne feed end and at least one load
end;

a slot formed in said ground plane having a feed side and a load side with
‘respect to said feed end and load end, said slot being electromagnetically coupled
to said feed line such that said slot is resonant and radiant at said high frequency
band;

and a further electrical conductor electrically connected to said ground
plane to serve as a continuation thereof at the load side of said slot, said further

. electrical conductor being dimensioned, located and electromagnetically couplgd to

said slot at said lower frequency band such as to cause said slot to be resonant and
radiant also at said at least one lower frequency band.

2. The antenna according to Claim 1, wherein said further electrical
conductor serving as a continuation of the ground plane is also in the form of an
electrically-conductive layer and also acts as a reflector.

3. The antenna according to Claim 2, wherein said latter

electrically-conductive layer is continuous and unslotted.



2. The antenna according to Claim1l, wherein said further 6|eﬁaﬂaﬁ%%912905
conductor serving as a continuation of the ground plane is alsd7n e Tor
of an electrically-conductive |layer and also acts as a reflector. 3. The
antenna according to Caim?2, wherein said latter electrically-conductive
| ayer is continuous and unslotted. 11 Jahuary 2005 37 4. The antenna
according to C ai g 2ThwhesRidhasahdoldid eroel erlithi 3] | ywhegdislucdaid/e lharer is
formed with a slot closed at both ends. 5. The antenna according to O aim
2, wherein i I I i [ ormed with a slot
open at at agggfhg%éﬁ%%ﬁgwﬁﬁ§#ﬂ%ﬁ%%%%gﬁgggg@g¥ thy?%h %%n11, wherein said
further electrica nductor servin as .a cgptinu§tioq§ot theypr$%pd pl ane
is a conductor shaped™o AHEPRNAGPIRE SO one WP ub?r efEETDr S THET

ant enna accordLn% to Caim6, wherein said ground plane is Jinterrupted at
the side t heleelgiraliyrcendugivedayenis formed waths SI9f qpsp pbelileast oie enfhe ant enna
according to Claiml, wherein said further electrical conductor serving as
a continuation of 6t Aegamend ptanding stos Kdped It owbetinn gaitwbirthen beleatdédlect or s
each electrically connected to said ground plane by a reflector feed. 9.
The ant ennacaieiodiseiingash aomiduatiohasfehe @aindl plant Hen @ndadtor sldped to
conductor serving as a continuation of the ground plane is carried on a

second die aﬁ‘herd.t?eﬁ%t Ll efsqsured at an angle to said dielectric
substrate o? t he groundsplane, to forman assenbly in which the two

el ectrically-condyctd ve_l.avers ar | ectri.cally nectie e 3o 10.
The ant enna accorgi #&et%ﬁ@"g’l %ﬁch,n%\%ﬁe@e}q%élggiéd ‘glrl"gllgg'c?%l?cgrsotgggtﬁaatﬁée 1|Ss

flexible; is formed on qne portion. with sajd.ground.plane, feed |ine and
sl ot . and owterrupted at the s?de thgreo% in aI]1gnment with Said s6ib reflfctér.

8. The antenna according to Claim 1, wherein said further electrical
conductor serviné as a continuation of the ground plane is shaped to define two stub
reflectors each electrically connected to said ground plane by a reflector feed.

9. The antenna according to Claim 1, wherein said further electrical

 conductor serving as a continuation of the ground plane is carried on a second
dielectric substrate secured at an angle to said dielectric substrate of the ground plane,
to form an assembly in which the two electrically-conductive layers are electrically
connected together.

10. The antenna according to Claim 1, wherein said dielectric substrate is
flexible; is formed on one portion with said ground plane, feed line and slot, and on
another portion with said further electrical conductor serVing as a configuration of the
ground plane; and is folded at a predetermined angle with the two

electrically-conductive layers connected together.



anot her portion with said further electrical conductor servingqa
configuration of the ground plane; and is folded at a predet gﬁn?"r@&%?&f’é
with the two electrically-conductive |ayers connected together. 11 January
2005 38 11. The antenna according to Cdaim1, wherein said further

el ectrical conductor serving as a contifuati on of the ground plane is
carried on the sare Tkl eheahd iaccadingt tat@aias 1savberginosaid firtee eldricalhe
antenna according to Caim1ll, wherein said further electrical conductor

serving as @nARdbl BstlngoRs af cdnfifuftiopusd it @nfint Spled id egbred éheheanme f ace
of said dielectric substrate as said feed |ine but is insulated therefrom

13. The antcﬂaggtﬁg%gg&%{ena%sﬁaﬁ%ﬁ% s wherein said further electrical

conduct or servin con the ground plane is in the form of
stub reflectors. 1 The ant enna, accordin aiml,. waerein,sali.d,sl ot
in the ground pl alr?e4“?°s a’&tﬁ?%a?cof‘%‘r‘gﬁﬂegiiaﬁ‘%eiﬁa%ﬁr@& 5?‘9\3%6’0 eé‘?cﬁﬁl%,l
wherein said feed line includes at least a pair of feed ends and a power
di vi der whiemdastor #awng B2 peRiEatier aeths sennd pancris garried opdhe samae tagg ol The
antenna according to Caim1l, wherein each feed end includes a change in
di mensi on tsidwickehtriclsebstrpedantifeed linhbutrie gselatedherp@iom. of the sl ot at the
feed side of the slot. 17. The antenna according to Caim1l, wherein each
| oad end includesia Tighangtmd acdbrdiBpsiooQldim Rt shedehe shidpadder elafri¢dhe
respective part of the slot to the |oad side of the slot. 18. The antenna

accordi ng tQabMdrvinth &Y &' brnBRERidn08H 1R GrRind! NEnd &L [thOForm of stub
reflectors. |

14. The anienna according to Claim 1, wherein said slot in the ground plane
is curved.

15. The antenna according to Claim 1, wherein said feed line includes at least
a pair of feed ends and a power divider which divideg the power between said pair of

feed ends.

16. The antenna according to Claim I, wherein each feed end includes a
change in dimension to match the impedance of the respective part of the slot at the
feed side of the slot.

17. The antenna according to Claim 1, wherein each load end includes a
change in dimension to match the impedance of the respective part of the slot to the
load side of the slot.

18. The antenna according to Claim 1, wherein each load end of the feed line

includes a reactive load.



includes a reactive load. 11 January 2005 39 19. The antennagc I
Claiml, wherein said slot in the ground plane is closed at b&flhjégi\l%ﬁg‘ggs
The antenna according to Claim1, wherein slot in the ground plane is open
at least at one end. 21. The antenna according to Claim1, wherein said
ground plane is formed with two curved3%lots el ectromagnetically coupled
to said feed |inel9.Zthe ahilkkanant@ndiag ac Chrioki hgviteoein Ghidishotlin thdhgroand pkaed
ground plane is formed wth two curved slots, and said dielectric
substrate i gRlisdest bR ch®ed lines electromagnetically coupled to said two
curved slots. 23. A mcrowave antenna resonant and radi ant at a w de

operational =_bandyh ol R dcEMAte B Elafih 9 Wiefei? WRR ih %@gtbgpgﬁﬂmmgosed

faces; an electrically-conductive [Fayer serving as a groun e on one
face of the diagl ect rti c substrate; an electrically conductive feed |ine
carried on PR BESSAOB e of the dielectric substrate, said feed |ine
havi ng at | east one feed end and_at | east one |load _end; and a_curved sl ot
formed in said gréundiepmigmea gesardige do (dam L whergingaid grovadplapgds frmed | oad
side with respect to said feed end and | oad end, said slot being '
el ect r omagnwithdwb leyrved siotsadectonmgnetidaly dovrilerbto sgidcleed hae. said slot is
resonant and radiant at said w de operational bandw dth; said feed |line
i ncludi ng a chang®g2.iThewintdnha atcordiagtio Aaionk, wiersiaisdidegprdand phaae éoforined mat ch
t he i npedance of the antenna for said w de operational
with two curved slots, and said diclectric substrate includes two feed lines
electromagnetically coupled to said two curved slots.
23. A microwave antenna resonant and radiant at a wide operational
bandwidth, comprising:
a dielectric substrate having opposed faces;
an electrically-conductive layer serving as a ground plane on one face of
the dielectric substrate;
an electrically conductive feed line carried on the opposite face of the
dielectric substrate, said feed line having at least one feed end and at least one load
end;
and a curved slot formed in said ground plane having a feed side and a
load side and-a load side with respect to said feed end and load end, said slot being
electromagnetically coupled to said feed line, such that said slot is resonant and
radiant at said wide operational bandwidth;
said feed line including a change in width at least at one of said ends

thereof to match the impedance of the antenna for said wide operational

bandwidth.



bandwi dth. 11 January 2005 40 24. The antenna according to C rﬁfa 2005
wherein said curved slot is substanti aIIy of a U-configurati on I nc r&l

two side arnms joined by a bridge. 25. The antenna according to C aim 23,
wherein said feed line includes at least a pair of feed ends and a power
di vider which divides the power bet ween*Qai d pair of feed ends. 26. The
ant enna accor di ng24.0 T adnier2B, agdeeding rfosGiaimf 88d Whaneini sead udieeeda slat uisi ng
stub to match the input inpedance of said slot. 27. The antenna accordi ng
to C ai m 25substtigilyioSaUccopdigtiratibn, fiedddiag 6so sitle thas joiedhy 4 hedgr e
symmetrically coupled to said curved slot. 28. The antenna according to

A aim 23, wherei nysargt ftehROflcofe {CCRIRNS WHE:‘PélH@Qﬁi foed hﬁ@ﬁﬁclh@egv‘étdt hto

mat ch t he |rrpedance of the respective part of the slot at the f si de of
the slot. [ [ r |n sai d_at | east one
oad end | et g 3 AR R6 RS et s iy MG B B3R! Bpflegn SR

respective art ff the slot to the |load side of the slot. 30. The antenna
accor di ng t BAEPEISH 5895 wherei n each | oad end of the feed Iine includes a
reactive |load. 31. The antenna accordin to Caim23, wherein said curved

slot in the groud® phaprtennn aqcorkieg t C Britikereigosaidrikeddinccinahidag eor di ng
to Caim23, wherein said curved slot in the ground plane is open at at

| east one ennimg’a{%ub tanmatnb érnapadmpedtinogof midklal. m 23, Wwherein said antenna
includes a further electrical conductor electrically connected to said
ground pl ane to S27.VEheditchna according to Claim 25, wherein said pair of feed ends of the

feed line are symmetrically coupled to said curved slot.

28. The antenna according to Claim 23, wherein said at least one feed end
includes a changé in width to match the impedance of the respective part of the slot at
the feed side of the slot.

29. The antenna according to Claim 23, wherein said at least one load end

~ includes a change in width to match the impedance of 1;he respective part of the slot to
the load side of the slot.

30. The antenna according to Claim 23, wherein each load end of the feed
line includes a reactive load.

31. The antenna according to Claim 23, wherein said curved slot in the
ground plane is closed at both ends.

32. The antenna according to Claim 23, wherein said curved slot in the
ground plane is open at at least one end.

33. An antenna according to Claim 23, wherein said antenna includes a

further electrical conductor electrically connected to said ground plane to serve as a

continuation thereof at the load side of said slot and electromagnetically coupled to



continuation thereof at the |load side of said slot and el ectr '
coupled to 11 January 2005 41 said slot at |east at one Iom?%%e %k/)b)j
band such as to cause said slot also to be resonant and radi ant at said
lI'ower frequency. 34. The antenna according to C aim 33, wherein said
further electrical conductor serving & a continuation of the ground pl ane
is also in dahbslhoameadt Anncdbeat fre@rhty bamhsiutt asve ¢ayesaidndotadlsot@bes as a
reflector. 35. The antenna according to Claim 34, wherein said |atter

el ectri cal | Xz R0A4GE LY B AXSH 16W9e biyous and unslotted. 36. The antenna
according to Caim34, wherein said latter electrically-conductive |ayer

i o for e edd The ulbandt hocollifig 33! LR SE°0KMO LR FleRbrieler © T

said further electr conductor serving as ‘a continuation of round

plane is a shape to define at |east ?%stub r flect?r..B . i[he apt enna
accor di ng t@NEREPHSYINg died SPRINIATIR § groypd planegts Q?ﬂé‘}ﬁtﬁooéﬂl Bfa't‘ he
side thereof in alignment with said stub reflector. 39. The antenna

accor di ng tdedtiedliyr@pdusitvsiaien ardalgo peis eherclleF®et rical  conduct or serving
as a continuation of the ground plane is carried on a second dielectric
substrate securedsat Hre amgemat coacardingli éb edtlaine Sdbstwiat@n of saiche lajteound

pl ane, to forman assenbly in which the two electrically-conductive |ayers

are el ect_ri&@dtﬁe{anty%ﬂaﬁ'&mda)te%%hﬁﬁuoﬁandiﬁhﬁommenna according to Claim
33, wherein said further electrical conductor serving as a continuation of

the ground plane i oAt | el UNRoMAGE ) Wkt ducl hiefdih sulet 1aics

carrying said feed |line but electric I nsul ated therefrom 11 January

2005 electrically-conductive layer is also formed with a slot.

37. The antenna according to Claim 33, wherein said further electrical
conductor serviné as a continuation of the ground plane is a shape to define at least
one stub reflector.

38. The antenna according to Claim 37, wherein said ground plane is

interrupted at the side thereof in alignment with said stub reflector.

39, The antenna according to Claim 33, wherein said further electrical
conductor serving as a continuation of the ground plane is carried on a second
dielectric substrate secured at an angle to said dielectric substrate of the ground plane,
to form an assembly in which the two electrically-conductive layers .are electrically
connected together.

40. The antenna according to Claim 33, wherein said further electrical
conductor serving as a continuation of the ground plane is carried on the face of said

dielectric substrate carrying said feed line but electrically insulated therefrom.



42 41. The antenna according to Caim 23, wherein said groun

formed with two curved slots el ectromagnetically coupled to sildjﬂgaé{’%or?é
42. The antenna according to Caim 23, wherein said ground plane is forned
with two curved slots, and said dielectric substrate includes two feed
lines electromagneti cal |y coupled to s&2d two curved slots. 43. An antenna
whi ch i s resonant 4hritherainanticatdiag po €témelJyiwherkid sad genmy plisrid formed
conprising: an electrically-conductive ground plane of the antenna; an

el ectrical ¢aRdweicarvealsRE élbaalmasne@anNechesled @ Sid thegli@nd pl ane of the
antenna to serve as a continuation thereof, said electrical conductor being

di mensi oned, | ocalednangahaqL(AiAg E!ﬁﬁliyvﬁlglébgrléter#fb 28 R RSO

as to enhance thé operation er e at sai d guency band,;
an el ectrical hy conduct feed lin 0&1 n east ed % nd at
| east one | 948 &KQ; C‘HHEA é?%tf’o?nq oﬁﬂﬁcg aRiN tglgi aubg“bgﬁnémg‘l“ge "evﬁ%vf “fy d"feed
side and a | oad side with respect to said feed end and | oad end, said slot
bei ng el ecteléwﬂgémnewllywouelsém ad o eurved £186d | i ne such that said slot is
resonant and radiant also at a |l ower frequency band than said
predet ernined fredtiets pntoand whith. is Tesenanitandradiantcalr alpredetennigedifraquency
wherein said electrical conductor serving as a continuation of the ground
pl ane is i nbdddgch@prizing: an el ectrically-conductive layer and al so acts as
a reflector.
an electrically-conductive ground plane of the antenna;
an electrical conductor electrically connected to said grouﬁd plane of the
antenna to serve as a contfinuation thereof, said electrical conductor being '
dimensioned, iocated and electromagnetically coupled to said antenna such as to .
‘enhance the operation thereof at said predetermined frequency band;
an electrically conductive feed line having at least one feed end and at
least one load end;
~and a slot formed in said ground plane having a feed side and a load side
with respect to said feed end and load end, said slot being electromagentically
coupled to said feed line such that said slot is resonant and radiant also at a lower
frequency band than said predetermined frequency band.
44. The antenna according to Claim 43, wherein said electrical conductor

serving as a continuation of the ground plane is in the form of an

electrically-conductive layer and also acts as a reflector.



