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effectively enl arges the ground of the PV\B to Ioad the antenna in the

The present invention relates to apparatus, and also to a method, for

5 enhancing the operation of mobile communication antennas particularly in the
low-frequency portion of the bandwidth or bandwidths for which the apparatus
was desighed. The invention is particularly useful in mobile communication
apparatus (such as mobile telephone handsets) having built-in internal antennas
or external antennas, and is therefore described below particularly for such

10  applications.

BACKGROUND OF THE INVENTION

Mobile communication equipment, including their antennas, are becoming

smaller in size as the technology is developed. For an antenna to operate
15 properly, it should usually be about half a wavelength in size, except for

monopole-like antennas (which normally operate above a ground plane) where a

quarter wavelength is requited. For advanced mobile communication devices,

e.g., cellular telephone handsets, such dimensions are impractical sinee the

overall handset dimensions are smaller than half a wavelength of the appropriate
20  frequency.

Using small antennas therefore reduces their efficiency, and accordingly
requires higher power to be supplied. Higher power reduces the intervals
between battery recharges, and increases the radiation into the user’s head/body.
The level of power radiated into the human head is particularly significant, and
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| ower portion of its radio frequency band. The reflector may include stub
reflectors integrally fornmedon the PWB, or connected thereto, preferably
-at the end of the PWB opposite to that connected to the antenna. The
ant ennawiy 48 an i nternal antenna or an external aptPRGBeo7edS February
2005 WO 02/19671 PCTI I LO /00767 APPARATUS AND METHOD FOR ENHANCI NG
LOW FREQUENCY OPERATI ON OF MOBI LE COVMUNI CATI ON ANTENNAS FI ELD AND
BACKGROUND OF THE | NVENTI ON The present invention relates to apparatus, and
also to a nethod, for 5 enhancing2the operation of nobile comunication

“ant ennas,, tyd ; 4N f rt t i1 dth or
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serious, limtations and _specificatig_ns_ are prescribed in order to reduce
_t hi-s . the user’s head/body against excessive radiation.

Internal antennas supplied by several companies are relatively inefficient

as compared to external antennas. Furthermore, these known internal antennas

15 generally do not decrease the radiation into the user's head/body, and in many

cases even increase such radiation. The antenna gain is also generally poor

(espedially while used adjacent to the head/body), and the SAR (Specific

Absorption Ratio) results are generally high.

A particular problem in the known intemal antennas is their narrow

20 bandwidth of operation. In addition, where the input impedance is unmatched,

the radiation efficiency is even further reduced. The latter is considered an even

more difficult problem in cases where dual-frequency bands, triple-frequency

bands, or other multi-band operations of the mobile communication devices are

required, such as cellular GSM 900/1800, 900/1900, 900/1800/1900 MHz, etc., or

25 in GPRS (2.5G) and UMTS (3G) applications where bandwidth is the key for

operation. Further, bandwidth is generally important for ail mobile communication
applications, in order to maximize the overall system capacity. |

Internal antennas for mobile communication apparatus are known that

utilize printed constructions, e.g. patches and slots. These are very convenient to

30 use because of their ease of manufacture, their low profile, and their low




possi bl e hazard to the users. Operation of such devices i%f Fehgugry ot ty of
a human body al so changes the field and/or current distribution along the
antenna, and hence changes its 5 radiation pattern, as well as the

radi ati .ciency. Practically speaking, the redugti | fficiency may
be in tﬁ&(’?;&%&&g of 10 - 20 dB or nore. External whi p%gﬁ{ag*r’\dr@g, such as the

"STUBBY" or retractable antennas, are commonly used to increase the
antenna efficiency. However, the use of such antennas is also inconvenient
as the antennas are often "caught uwp" inside the pocket. They also 10
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triple-frequency ands, or other nulti-band operations of the nobile
conmmuni cat i offheewsant Iavantion dsuiaridajaryudirectad & imakilar copswiicasions oo,
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to nmaxi mze the overal |l system capacity. Internal antennas for nobile
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Do o R 20 . JEBREAD oK FPRURT e oA BRSO 50 Lo
02/ 196 7dyck@ppérali¥a’r&indudes an antenna carried internally within the housing, or
15 externally of the housing, and electrically~connected to the signal terminal, and
optionally also to the ground of the communication circultry on the PWB within the
housing. While such antennas may be designed in a relatively small and compact
form for relatively high radio frequency bands, their operation at low radio
frequency bands is relatively inefficient. Where the antenna is very small, the
20  printed wired board (PWB) carrying the communication circuitry of the mobile
communication apparatus actually serves as an extension of the antenna, and
enhances its efficiency and bandwidth. However, since mobile communication
devices are becoming smaller in size, this contribution of the PWB to the antenna
performance is limited. This limitation applies to all kinds of antennas used with
25  such mobile communication apparatus, i.e., internal antennas as well as external
antennas.
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production cost. Exanples of known internal antenna constructions are
described in US Patents 5, 068,670, 5,929,813, 5,945, 954, 6,002,367, and
6, 025,802, and in European Patent EP 0924797. If such printed el enents
could be used in nobile conmunication devices with respect to efficiency,
gain, inpedance matching and 5 reprodficibility, it would be the best
choice. Unfortunately, such elenents, because of the small size of the

nobi | e conmuni cahg9PCTFEVARD BREE MARY OETHE IRVEN hence | ow gai n;
noreover it is %ﬁfmT%rwmrr!ﬂgﬂof t he nmobil e
‘communi cation device. The present invention is particularly directed to
mobi | e conmuminc aginbadimentapefar tieuspraiseth invehtioles i bougprenjde ormebilei ng a
printed circui.t board, or, PCB (naw nore commonly referred to as rinted
i r e beRMUCHRE SHREERUECmATe BRely datRaks: 2o arhert el
comuni gletihgC idkfitibAdyY aRad bhREWRANYE tha ShEstth aké' éRtimlced Aristher

el ectrically-conductive ground for the conmmunication circuitry. Such

appar at ggnbagdimiet of the investian ke enerdde ar metidd af enhandiyg Ehe ivparating
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housi ng, Qpr. 15 hnal I
si gnal PR O Skt an& 1Bnal | y also to the ground of the conmunication

circuitry on pcherdiféPra\bhé aBpédteor theysresint iNVedtons Yhdreds Rovided Mobike ,
designed in a relatively snmall and conpact formfor relatively high radio
f r equen€pMiaURicatiar eappasplisisat campeasingove r hausing f instjiing y commtnication

wred borulbeas Sl Vi poBuR bR Tl Brd it 3 Dabal fehfu B e, =
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enhances its efficiency and bandw dt h. However, since nobile conmunication

devi ces aar sntesantargiednty | the ihausingeand nelecteisalty idonnedrdoto tthe signak o t he
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BRI EF SUMVARY OF THE | NVENTI ON An_ enbodi nent of the present invention is to
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T ei 1 e ciOBCE 8 o heC bATS Yo BRCHBRTERY bRl LAY BBl

enhance
enlarger effectively enlarges the ground of the PWB to load the antenna in said

radio frequency band and thereby to enhance the operating efficiency of the
antenna particularly in the lower part of said radio frequency band and/or to
widen said radio frequency band.

Many embodiments of the invention are described below for purposes of
example.

According to further features in the described preferred embodiments, the
antenna is connected to the signal terminal of the communication circuitry at one
end of the PWB, and the electrically-conductive ground-enlarger is connected to
the ground of the communication circuitry at the opposite end of the PWB. The
ground-enlarger may be carried on a separate board from the PWB and
electrically connected to the ground of the communication circuitry at the
opposite end of the PWB. Since the electrically-conductive ground-enlarger may
be added without enlarging the physical size of the PWB, this enhancement of
the operation, and/or widening of the bandwidth, of the mobile communication
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enbodi ment of ‘the.invention is to provide a nethod of enhancing the
operating -efficiency of such antennas. Accordi ng toe@ne as s Lhe ,
present invention, there is provided nobile conmu ig‘rj “Te ) fokddd.f O (
conprising: a housing including conmunication cird !“:f AIQnsloa O i ssh
wired board (PWB) formed with a signal termnal for"am™" n&, M MArfel A
el ectrically-conductive ground for the comunication circuitry; “an antenna
carried by the housing and electrically connected to the signal term nal
of the comunication circuitry in thesPWB, the antenna being designed to
‘operate in at |east one radi o frequency band;. and an R
electr BBl e QECig SUHIE A SR BTG PetPase pribe aiwsicatisize of
el ectri \ to the electrically- conductive ground of the PWB
such thgfel {)%eergfe?{égﬁﬁaﬁgsél | y-conductive ground- enlarger effectively enlarges
the ground of pAtdrdiidB tho fliaRer tfeatuirat emasdmesaf dthe adiésaribe@qpesfesretand and
thereby to enhance the operating efficiency of the antenna particularly in
: ]Ehe | owembpdiments, shied greundenlaeggie UdRn@ P &f styb @ -eBlalg8mEdi o
requengy band. Many enmbodi nents.of the in i re.described bel aw for
pur pbsetdBted i it Blecati AT ALCHE elotinek B EB5 AR BHCHREbRE e RS
preferrad epRdIRGhR deB&ibR pRERAtScFOBAREERE (Re idpposiarald bertienal  of
the conmmunication circuitry at "one end of the PWB, and the
el ect ri PWB inchiedunt eleetripabiyradrdudtiveggound aroone dayed of dhe PHEB giheusidbof t he
communi cation circuitry at the opposite end qof the PVWB. T .
gr ound- SFUIdyRRI2FARFS 'BQr‘?‘?fH@doE)eaS'Q&i)afPHP@gb@artﬁef‘?ISﬁ:FF'F%gV‘W%'He
el ectri n i h r d e .cati ' ' -at the
oppost t Al SR PRE Bl e n e ABCe R R R b DyRheic by er
- mayjg beaageaftndd md ney Ahek rpehher BhrEed adnds, Zecofdind do ANB, patticalar
enhancement of the operation, and/or w dening of the bandw dth, of the
lrambl :cfe apprirﬁalﬁld PBat i on 28 February 2005 0l 100 767 2° JAR 2pp3 apparatus can
--be- effected w,th an L gni ficant increase i.n the physi Si ge t he
overal | appar At [}3%&&%@?‘%@“?8 f br 14 f'g@it ﬂﬂ“&%@nn @%yrreé@ﬁhgheozfdetsﬂéri bed
pref err gdmmunication circuitry is carried on one layer of the PWB, and the

_ ground-enlarger is carried on another layer of the PWB.
15 According to another preferred embodiment described below, the
electrically-conductive ground-enlarger is included in a box having a plurality,

e.g., six, sides overlying one end of the PWB, at least one of the sides of the box

being electrically-conductive and serving as the ground-enlarger electrically
connected to the ground of the PWB.

20 According to another aspect of the present invention, there is provided a
method of enhancing the operational efficiency of a mobile communication
apparatus in at least one radio frequency band, or to widen its radio frequency
band, which apparatus comprises a housing including communication circuitry and
a printed wired board (PWB) formed with a signal terminal for an antenna and an

25  electrically-conductive ground for the communication ciféii}itry, and an antenna
carried by the housing and electrically connected to the signal terminal of the
com.munication circuitry in the PWB; characterized in that the operating efficiency
of the antenna is enhanced, particularly in the lower portion of the radio
frequency band, or its radio frequency band is widened by connecting an

30 electrically-conductive ground-enlarger to the electrically-conductive ground of
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enbodi nents, the ground-enlarger includes a pair of stub ground-enl argers
5 forned in the electrically-conductive ground of _the PV\B at the posite
end of. the PWB. In sone described preferred enbodil¥ERIH. &6 $rﬂ
of the.  PWB includes an el ectrically-conductive grou 10 on one | ayer- o he
PV\B, the stub ground-enl argers being defined by SRS ‘

el ectrically-conductive ground on the one - I'ayer. i - g?jJAlN2003
ground-enl argers may be symmetrical. or 10 asymmetrical and may have open
or shorted ends, according to the par 'i cular application. A further

enbodi nent is described wherein the ground of the conmunication circuitry -

i s carr ited PYYB sHe thatdhestlectricalpam f vergafougﬁ@nlﬁfgene&e@tmem eMlaEges i ed on -

anot her ordin ref erre mbodi ment
doscrt beaE BERuR of e PUE.i ReRShE kA B PO R ERASHVARE ™ o nol uded
in a box having @sBl &f ahblor mtﬁegoper%é‘nalst’rggé r%{/%tab!dé’%h@”?eﬁ@r‘i’néﬁcé he
PWB, at | east one of the sides of the box i ng el ect'ical conductive
and’ ser enhgneameiie (ige.p wihel -aibang grirg | wotld peddtizallyc benapplied ttoothewdnvgeround of
t he PVWB. 20 Arﬁ%ordlglg t@ anot her aspect of the resent | nvention, there is
prov?de@aét hda &e dHabgrc fieguene/ g’@é‘ﬁ'étﬁ%@r&l 4G ok B0, Mz )adﬁn‘B@tl e

communt SRR nedPRIE B ir A5 PAFMAH I BRGUFRGHBABIRADYc o Wi den

its radio apparatus” donprrs ousin ¢TUdi ng
comuni §a0i OGN M) twill enenhancetli Hogvet e Hdditien OPE gtmrrraaéntargér a .
signal terminal for an antenna and an 25 ‘el ectrical l y-conductive ground for
t he con@iintheatStabraspundrientargersndnain 2ise eanbancearthee bangwidie AbuN ndieand

el ectricall ect.e | |, term nal of the omrunctlo

ci vou t Pperaic By tonEicalte MERR e iileiRe Beriainal FRGUERRY BbERYy o

t hejgnt ﬁﬁ@?edlﬁrégﬂﬁﬂ@?ﬂ% ueALy besyarly in the lower portion of the radio
frequency band, or its radl o frequency band is wi dened by connecting an 30

electrically- Aenddn:atedee@rheqnmeeaﬂ)pargars andtmettmnldeoﬁ thec ptdsent amdantionve
- ..ground-of 28 Fe 005 ~t oi/oa76 S 0.2. AN 2003 6 the PWB such .
t hat th@r%?ﬁellqa 50 gereel wegneﬁﬁarﬂeﬁtsbexfsm%@@twaﬁ enl arges

Further features and advantages of the invention will be apparent from

the description below.
i5

BRIEF DESCRIPTION OF THE DRAWINGS

_ The invention is herein described, by way. of example only, with reference
to the accompanying drawings, wherein:
Fig. 1 is an exploded view illustrating one form of mobile communication
20 apparatus constructed in accordance with the present invention;
Fig. 2 illustrates an example of an internal antenna which may be used in
the apparatus of Fig. 1;
Fig. 3 illustrates one arrangement in accordance with the present
invention for enhancing the operating efficiency of the antenna in the apparatus
25 of Figs. 1 and 2 in the lower radio frequency band, Figs. 3a, 3b and 3c being side
views illustrating possible locations of the ground-enlarger;
Figs. 4, 4a, 4b and 4c are views, corresponding to those of Figs. 3, 3a, 3b
-~ and 3c, respectively, Hlustrating another arrangement in accordance with the

AMENDED SHEET
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the ground of the PWB to load the antenna in the radio frequency band. In

case of two or m)r_e operational frequency bands, -t Qg ce

enhancenent (i.e., the antenna gain) woul d practi cERbMIRE ﬁﬂJ f(ﬂﬂ?&?

| ower 5 band. That is, thé higher frequency bands S8Rz 2%.&&“?.&8 VHz)
' Wer '

do not al ways need thls extension for normal operat®
bands (e.g. 800 or 900 MHz) wi Il be enhanced. Fbmever the addition of
the_ground-enlarger ‘or the stub-ground enl argers nmay al so enhance the
bandwi dth of all the operation bands_in-that it also adjusts the antenna
‘operational frequency down to 10 the‘required |ower frequency band. As

indi cat peeseat linggntionhforapplaarading the copeeativeg efficiehey pf éherantenna it ithe
............... are applicable to both internal antennas as well as to
ext er nalovgtradicnEequenayHeand;eat ures and advantages of the invention will be

apparent fro h _ t 0 | P I T W NGS
The i nventi onnhgg; %@r gﬁﬁ 5@ % B%SVS gf ‘bg g%g%%e gn %Bt H'Fre erence
- to the 866 SOERADBE Irrﬁ;sdqammgzsmu@&smgra fulrtiser érraﬁz‘%@ﬁemxm Qéteﬁldanc@vwm
illustrating one faorm of | e conTruni cati on apparatus constructed in
accaf dattoe prgseht irtmnpoesfenenhmng it ppEtaging2effi Icieﬂsy Dﬁtb& aptensdnpghe of an
I nternal antenna_which e used in the apparatus of Fig. 1; Fig. 3
illustr V%%”@H@ g?ﬂ‘é‘?ﬂfé{% ‘in accordance with the present invention for

enhanci ng thereREEA! 6%75! 7 ShANS, f abd GicAR! GRS pbRAAORE 3 figs, 25 o

Figs. | and 2 Irn't ‘ower requency band bei ng

si de vEawnd 3B, ustpedtively, ihetiating thﬁ@e&btlmn%mfn@hter@s thatdneyberuged;inFi gs.
4, 4a, 4b and dc are views, corresponding to those of Figs. 3, 3a, 3b and
3c) respeerfarte withithasresentigveitiitier arrangenent in accordance with the 1

28 1:06 bruary 29%5 W ﬁlysprgZe / O Zstr?[ q%%RQIS arrangement  wherein  the

electrically-conductive ground-enlarger is in the form of a box having one or more
electrically-conductive faces, Fig. 9a illustrating one example of such a box
construction, and Figs. 9b and 9c illustrating alternative dispositions of the box
with respect to the PWB;

15 Figs. 10, 10a, 10b, and 10c are views, corresponding to those of Figs. 3,
3a, 3b and 3c, respectively, illustrating an arrangement similar to that of Fig. 3
but wherein the antenna is an external antenna, rather than an internal antenna;
and _

Figs. 11a and 11b illustrate the invention implemented in a mobile

20 telephone handset having an external antenna, Fig. 11a illustrating the closed
position of the handset and Fig. 11b illustrating the open position of the handset.

DESCRIPTION OF PREFERRED EMBODIMENTS

With reference first to Fig. 1, there is illustrated one form of mobite

25 communication apparatus constructed in accordance with the present invention,
including a housing, generally designated 2, constituted of a front cover 3 and a

back cover 5. Within housing 2 is a printed wired board (PWB) 4, sometimes

referred to as a printed circuit board (PCB), which includes alt or a part of the
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7 present invention for enhancing the operating effici e'ncy of the ant enna
in the |ower radio frequency band; Figs. 5a and Qa3 ﬁu
opposite faces of the PWMB in the apparatus of Fifl&s ﬂia 0 ?ab?g a
further . arrangenent. in accordance with 5 the preypsia i entlon f or
enhancing the operating efficiency of the antenna @SV (2 wgAN m
frequency band; Figs. 6a, 6b, 7a, 7b and 8a, 8b are V|ems corresp- arhg to.

those of Figs. 5a and 5b, respectively, illustrating three other
arrangenents that ‘may be used in accordance with the present invention; 10
Fig. 9 illustrates -a still further arffangerrent wherein the ‘
el ect 1| EahhHrFQIRUC Lirdftrg) @ehéreﬁllilwﬁléﬁghaﬂ%i 6p dfhthe appactus BWB Haié ng one
or nore electricall y-conductlve faces, Fig. 9a illustrating one exanple of
such a formedcwithta signabrermainal mdg@te@@tazmar%wlﬂhm% Wl?ﬁj’vaﬁqf@Pﬁ%‘{f? ve

a5 ks, Panstbeb ¥ asti i GRS LSO oy il O 100
[ eSPECt L Glnd mlaly! S bIhiiRdodd AR RINBNERr Sérlingais & Qrbted piinefiog. may  but

wher ei n nna i s an external antenna, rafther an an i nternal

ant eqinapeadte 80 nfdrg contilietivandtribbbsarvingsds atgrouhd foningiNide qompaiattted in a
nobi |l e tel ephone handset having an external antenna, Fig. 1la illustrating
the cl osbthe powmunigation aifgbithandset and Fig. 11b illustrating the open

L0, e EN L TSR 1 W

reference fir ne form of nobil 25

comuni ﬁﬁBéﬂﬂ ?Wa@él!ﬂ RABA wdifade ian mtepialantenng ghnetaﬂymasmated
i nvention udi ng a housi ng, Vggneral | y designated 2, conshl te&ted of a
front cd@prcogeringl aapotiienkol thePVSB 4 The nntﬁmﬂua@tezna 10, My hecRf Y ed

board (PWB) 4 mes. referred to a
ohi 6 | HEPlRLSORTIIoNa s NGFres s el OhoByd bl A08RMbELD) 1 an
_ 200 ~ which is simifar to one of those described in our International Patent Application
PCT IL/01/00626 filed 9 July 2001.
'Thus, as more particularly shown in Fig. 2, internal antenna 10 includes a

PWB constituted of a dielectric substrate having an electrically-conductive layer 13
15 on one face, serving as the ground plane and cut with a radiant slot 14. Slot 14 is
of a curved U-shaped configuration, closed at both of its ends, to define two
closed side arms 14a, 14b joined by a bridge 14c. Radiant slot 14 is excited by an
electrically-conductive feed line 15 carried on the opposite face of the dielectric

panel and therefore indicated by broken lines in Fig. 2.

20 The antenna illustrated in Fig. 2 is of a symmetrical construction, wherein
the two side arms 14a, 14b are substantially parallel and of substantially the
same length and width, and are excited by common excitation point, namely the
point where the feed line 15 crosses the slot 14.

The illustrated antenna has a signal input germinai 17 electrically

25  connected to the signal terminal 7 of the PWB 4 (Fiaa. 1), and two ground
terminals 18, 19, electricaily connected to the two ground terminals 8, 9 of the

" PWB 4. These electrical connections may be by pins passing through
plated-through-holes (PTHs) or the like. The feed line 15 (shown in broken lines
in Fig. 2 since it is on the opposite face of the antenna panel 10) includes a main

30 feed line arm 15a connected to the input signal terminal 17. Feed line arm 15a

FD SHEET

r '
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8 .communication. circuitry, general [y,--designated 6, of the apparatus.

PWB 4 i's forned with a signal term nal indicated g and Wt h an. .,
el ectrically-conductive ground connected to grounm_ naks 8/ érh(?676
conmunication circuitry. The ground may be a contign ST ctj]zualm ayver .
serving as a. ground plane, or nmay 5 be one or nor & SSRUNRU &e AN2003
serving as a ground for individual conponents of the communication '
circuitry. In the apparatus illustrated in Fig. 1, termnals 7 - 9 are on
the wunderlying surface of PWB 4 and face an internal antenna, generally
~ designated 10, covering a portion of’the PWB 4. The internal antenna 10 B
may be @fideRythétpslesi md oanfleduirid oansfirger Zdctibus tbby ¢5coaxititnméiie uct i on,
for purposes of exanple, which is simlar to one of those described in our

| nt er nastbbA4l atPawve moimspThedrarsformerT seetians bois 260t 136 goREINUE OIbEIE Thus,
. _ icul ar h i n._Fi g, i | na, 10 LAGhudesqa  PVB
cont] it BohtsLpERRA s tos cind BHPARR shBdhBEh B e Gads, O
layer 1§ahfch5ar%25lﬂf§€ed £ fhe ?F‘cg%ﬁd"%,aés CRewar U6k, Pl eTHead regdtivel fohde

radi ant sl ot ot 14 1 a curved U—shaped configuration, closed at

bot Iy of ephancenaisd ithprokef tme matohingl afsthie slodlémpedsnaetathat 48, theyneainly a

bridge 14c. Radiant slot 14 is excited a | ectrically-cqonduyctjye feed

line 15reshiceitbe Rclive Rewhetithe Sfoéc@mﬁ(}j%‘ﬁ%r}&i ﬁ]eeglfc{elr i ﬂé—’f% %ﬁ’&&% \er ef or e

i ndi cat . lines in Fig. 2. 20 The antenna illustrated in Fig. 2
Pl 5P

is of a construction, wherein the two side arns 1l4a, 14b are

subst anti al | yrpanet featuresdbfahe suhstradctiorabhy opheationeofethiedntarhalaardennalt h, and
are excited by conmon excitation point, nanely the point where the feed

|i he 151@rithsstented e Rgotl Brd 2,TAe well as mltgrraivencansteudigns shal g1 be nput
terninal 17 electrically .25 ' hadde 7aaf & he PWB
2*(H o usgd, Siegiedestiriohntie bR Ried P App Tl Prrhigfhogts faew 8 P FL.

two gro b ¢ : “YE | Féfedncgonnecti ons nay
--pe by plmr}g Zggggluﬁl%‘k%tr%%sg%mgch? é%l-ﬁ léﬁ?tgyugﬁb ﬁ?l?ggsé@zgﬂ-ls) (?rc the like. The

feed |ine 15 IrsltherabovehnitekiePCT iApmsication,Fthe aptesinacis madesresanamieaddhposi t e
face of the antenna panel 10) .incl ude?‘_%r}ai n 30 feed |] ne._ardzn 153
connect Eaflians NEE PRlpuat & GrafleterPinedanigy frequendy; A defRrines bk B¢ uary

2005 parameters of slot 14, the feed line 15, and the reactive loads, but also at a lower

15 frequency band so as to be capable of use as a multi-band microwave antenna.
In the above-cited PCT Application, this is done by providing an extension in the
form of stub ground-enlargers, or by providing a further panel serving as a
continuation of the ground plane 13 at the load side of the slot 14, and thereby
effectively enlarging the ground plane to load the antenna in a fower radio

20 frequency band, such as to enhance the operating‘ efficiency of the antenna in the
lower radio frequency band.

In the present application, a similar technique is used but with respect to
the main PWB 4 of the handset 2. This is done by extending the
electrically-conductive ground of the printed wired board _(PWB) 4 containing the

25 communication circuitry 6, either with an exté;nal panel or with
stub-ground-enlargers electrically connected to that ground, so as to effectively
enlarge that ground. This effectively loads the antenna in the lower radio
frequency band, and thereby enhances the operating efficiency of the antenna in

the lower radio frequency band and/or widens that band.
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P "1 01/00767 . 02 JAN 200" 9 divi-des the power into two feed line
transfornmer sections 15b, 15c, exciting the slot 14 at two points. The
transformer sections 15b and 15c continue from t hePERALt at !yﬂ@? 6Z
underneath the ‘sl ot and performthe function of reagllVe | oadS fwhich are -
- shorted to the ground 13, as shown at 16a, 16b. Theliig# Ry
enhance and i nprove the matching of the slot inpedance;
mainly —reduce the reactive part of the slot inpedance to the order of zero
at a broad, frequency range. Furt’her’I features of the construction and
operation of the internal antenna . }"90 illustrated in Figs. | and 2, as
wel | as alter prii Seiltstateucn arsngeaientayHeseinl the seldctrigakly-eerdiudived in

t he above-cited PCT Application PCT/L0Q1/00626, fil _ 2001,..t he

~ cont ent gredndwnigrael; deneraliyydeSisted o8 é%aHy?ldP%C; £ iﬁ%g’wﬁg# g@fév'aﬁ&b‘ -cited

PCT i ti . [ ' : [ Lant. at
or edet oitfenial vy ¢ s Eh ol B facraR R R R forn B pR Mot Qoitl® 2,
the f ee‘iah‘y{?@ %liele%&ﬁh I.*t@nﬂ@étﬁié i9et Rt ohetfacd. 0 iskleatricalig rconhedtedquency

band so as capabl e of use as a nulti-band m crowave antenna. In the
above- cibyeslt?@INARA tacatewninat 33 onitbe FYMB bat BreorndrhteaRWBQRROSIEA0 n t he
formof stub ground-enlargers, or by, proyigding af LNg as a
cont i nu&b@lorAE¥iNGn egr"at;?ﬁ'ga pP'&W@"fSi/%taqqgéﬁFo%gn@i geré'hﬁﬁélt ﬁggﬁm‘?ﬁ%g and
{her ebY cofhEaE, P e bl Hch@ifdor BTruAsh MERGal! anichnd. (The apfreion! n o

| over r&d1'0 frequenc and, such as to enhance the ogeratl ng efficiency
of the aptwasa fermis 3Dvend r3dimay riseusnoyinb3Ad(Fign She Jmpsand the

application, a simlar technique is used but wth respect to_ _the in PWB
4 of theohpadinns betweendhedegpialshy ‘eﬁt%fnﬁ\en%WIBh% ang| @5@1!'131%#737- igﬁuct i ve
- ground t he printed w A 4 containing the 25 conmuni cation
cirdfit be@&eﬁqlﬁQ&eWﬂégﬂa\gg‘?égﬁi% anel or with stub-ground-enl argers
electrically fﬁl#!nefré ediisBatdat ti Omshl Stage 9 ¢hé eqirépabtionefarte t hat
ground. This effectively Ioads the antenna in the lower radio freguency
band, amgothéeatargenhances the operating efficiency of the ant ennatin

Fig. 3b illustrates the application of the ground-enlarger to underlie the respective

end of the PWB 4; and Fig. 3c illustrates the application of the ground-eniarger to

15 = overlie the respective end of the PWB 4.
It will thus be seen that the ground-enlarger 30 acts as a load to the
antenna in the lower operational band, by enlarging the ground plane of the main
PWB 4 (and thereby of the antenna 10). As described above, this improving
antenna matching and enhances the operating efficiency of the antenna in the
20 lower radio frequency band. The dimensions and shape of the ground-enlarger
30, as well as the distance from the PWB 4, may vary. Although the
ground-enlarger is shown in Figs. 3b and 3¢ as parallel to the main PWB 4, it may
be mounted to the latter at any desired angle. The ground-enlarger may be made
in any suitable manner, such as by providing a conductive layer on an insulating
25 board, by using a metal plate, metallic paint, metal platedﬂﬁp')!astic, etc. It may also
be an independent part of the apparatus, such as a part of the battery, the
housing cover, the keyboard, etc.
Tt will also be appreciated that the antenna 10 may also be connected to
the ground of the PWB 4, in addition to its connection to the signal terminal 17 of
. 30 thePWBA4.
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t he | ower radio frequency band and/or w dens that band. 28 February 2005

PCTNI 01 /00767 1JSO2 JAN 2Qa 10 Fig. 3 illustrates. anarr&ierreﬁt.,yﬂg;e_i n-
hi f 087 &7

the el ectrically-conductive ground-enl arger, generjs
“attached to the PWB 4 carrying the internal antenpmasaleessihe. .
ground-enlarger: 30 is in the formof an insul ati nFPER U rJAMauaa

el ectrical -conductive layer 31 on one face. It is electrically connected 5
by atermnal 32 to atermnal 33 on the PAB 4 at the end of the PWB
opposite to that carrying the internal antenna 10 and the signal term nal

"7 6f the PWB connected to the signalllterninal 17 of the internal antenna.
The connecti og; YRR b ~RIBradtd o i i 3034ohirgaed3b,

3c); and the F?éﬁ&%ﬁ?%%gﬁgeﬁﬁgﬁgr@ﬁ% (%&Id%ét%‘l p,ftoﬁeoP\/\B 4 and

t er m naks dlflexibkOpaft oflibet PWBI 4t er vhlthardbeduaiviOlayey obéhatybpands ag3heri g. 3a -
illustrates the initial stage in the preparation of the round- egl ar ger

30:  Fi§ppegite pndLeryingsthenbterpsl ae%ﬁnn@nf%ﬁn@ ﬁge gmmﬁrfdg'@lﬂsffag}a'% 2 ﬁ nderlie

t he td . i ' ¢l feat i

of the. SpouiBey ahgein soreiytiinger i £ o HEIHENER ditEnales’ Py

wi | st hggolai-eaRiRgdMata halgrited- e argigl 39 adhius asalso | Gadiudest hen

antenna”i n the | ower operational. band, by enlarging the %[ound pl ane of

t he mai elechi@lly-conductiveefayiey 4 wihich i cennected)by adlaxdde rstiBtabevBe thi s

' ' t chi t ' el th

ant emna eURRUV SOl O g FIRRCE Riatir DR At G B BRE O e o

Lhe or OwRflc GRLEF BRI resPtitSePlof the PWIS (RIS 200 of 098k e rédBctive Rl var y.
e -enlarg S gs.

Al t hough gr oun er is own in .7 3b and 3c as parallel to
the mai of BWBPYVB “t(Fiayic) be abanpicedla thareo, ltatpreviden ampattaivangemaiite. The

2, T e oot I el ek el R © 7 °
et ol Bl EkreL Bt B 0o s, P g peetatanen

t he keyBhRaPpgvB et #: any suitable manner, such as by pins 45 passing through the signal

terminal 17 and ground terminals 18, 19 in the antenna, and the corresponding
terminals 7 — 9 (Fig. 1) in the PWB 4.
15 Figs. Sa and 5b illustrate a construction wherein the

electrically-conductive ground-enlarger is in the form of stub ground-enlargers
formed in the end of the PWB 4 opposite to that carrying the internal antenna 10
and the signal input terminal 17 of the antenna. In this case, the PWB 4 is
provided with an electrically-conductive layer on both of its opposite faces, as
20 shown at 51 in Fig. 5a and 52 in Fig. 5b. The face 51, shown in Fig. 5a, which
carries the internal antenna 10, is formed, at the opposite end from that carrying
the internat antenna 10, with a pair of slots 53a, 53b, cut in the conductive layer
51 defining the ground plane. Each of the slots 53a, 53b-is closed at one end and.
_ open at the opposite end to define two stub ground-enlargers 54a, 54b, and
25  electrical connections 55a, 55b at the ground plane 51. Thz electrically-conductive
layer 52 on the opposite face of the PWB 4 (as shown in Fig. 5b) is formed with
two interruptions 56a, 56b i.e., areas without conductors, in the ground plane 52

in alignment with the stub ground-enlargers 54a, 54b.
The stub ground-enlargers 54a, 54b, thus act similarly to the
30  ground-enlarger 30 in Fig. 3, to effectively enlarge the ground plane 51 of the PWB
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It will also be appreciated that the antenna 10 may al so %e Connected to

the ground of the PWB 4, in addition to its connect gy tha ¢ gy =y £ = -
termnal 17 of .30. the PWB 4. 28 ‘February 2005 |i- ¥¥ 4 i Iisfzéf
ground-enl arger, general ly designated 40, construct sl _f@gxi : ’ﬂ . of
the PWB 4, or of the conductive |ayer of that board,” e © Oppo |t'.d
carrying the internal antenna 10 and the input signal termnals7 of the
PWB 4, and the corresponding termnal 17 of the internal antenna. The 5
ground-enlarger 40 illustrated in Fi g.) 4 thus al so includes an
electrically-conductive |ayer 41-whichr is connected by a flexible strip 42
to 't he 4gbedtbeticakehgbleduding torenhancer thef opdratimyBfficiemryedfethecantennd én '
gr ound- enl &Wer 0 i s .benb uader the respective end of the PW\B 4 (Fig.
4b), or theowerpadipdEgaueNCy §3BAd  of the PWB 4 (Fig. 4c) or at any angle
thereto, to p [ 3 ) Far 1L e A Why hances

t he operati ngf:@\fgf ﬁgiaﬁﬁmgﬁﬁrﬁgé é@gﬁﬂrﬁgﬁoﬁ QHEBFIt%&g?Pﬁé%V%g@%ggty band,
- as_desceikbgst thaevhe OB Goupdrenldfers andniec irgdrruiption ardBratsea veitly

sui tabl e manner, such as by pins 45 passing_through the signal termnal 17
and §r ovespecertoi thel eppesitel agas ofidhefWBN%:, ThHE, eheshow & fithdbagthe

canet 1 velechicaliephrcRave: b e e AEREET coBSufihearhal ML 7 (1

form of ;8tid tfoaﬁg& et @h@mlst@rmptfoﬁ& "853, igbbt ReherBds Phe tppoiuBrdceoppasa te_to

that carrying the internal antenna 10 and the signal input termnal 17 of
t he ant EWi 4 tarmtihg the atectricatly-enBludtive layer &2 deformediwitin the slots 633,

111 Fgb. dafiand e Sbrrgunewniare el b, ‘WioalechieaFrgtnadongioln "
car 197 ng O hEih 0T BRI ers B4 045 Sre T theToARES I ¥89, B980T

the congdugt e tantrictivelpaaidris yal he7tgr oluridya! . eibaeibalyf doneesting s 53a,
-b3b-is-closed at one end and open at the opposite end to define two stub

gr ound- enhdugiveslapan 6l sethessiuboground@ntarears edmnedh;i while 8w slots©3a: t he
gr ound ne . Jhe.electrically-conductive I . site face
of the 'ﬁs@%@ @ﬁo‘i}ﬁb SROWR «_entg%gerﬁgr%&%alqﬁrf%ﬁyica)ﬁdﬁﬁ[vtgpgu%t ons 56a,
56b i.e., aregpshizhhiid 76QMERAE ah atrBng&iRet SBSIRIANS Bt of Figs. Sa

15 and Sb, respectively, but wherein the two stub ground-enlargers are of an

asymmetrical construction. Thus, as shown in Fig. 7a, the slots 73a, 73b, are cut ’
in the electrically-conductive layer 71 of the PWB 4 in the form of two half-closed
slots of different configurations so as to define two stub ground-enlargers 74a,
74b of different configurations and electrically connected to the
20 electrically-conductive layer 71 (serving as the ground) by electrical connections
| 78a, 78b also of different configurations. Interruption 75a in the
electrically-conductive fayer 72 on the opposite face of the PWB 4 is of a
rectangular configuration, whereas interruption 75b is of an L-shaped
configuration such as to define a ground-enlarger extension 76 on face 72 (Fig.
25 7b). Ground-enlarger extension 76 is electricaifg? connected by a
plated-through-hole 77 (or pin, etc) to the stub ground-enlarger 74b on the
opposite face of the PWB 4. The electrical connections 78a, 78b to the stub

ground-enlargers are separated by gap 79 in the two slots 73a, 73b.

By controliing the location, width and length of the gap 79, and the width
30  and length of each stub ground-enlarger 74a, 74b, each half open slot 73a, 73b,




in alignment with the stub ground-enlargers 54a, 54b. The zgpébmaﬁzoos_

ground-enl argers 54a, 54b, thus act simlarly to the..30 grqguad- epl Arges 30
in Fig.- 3, to effectively enlarge the ground pl ane ﬁ_t hﬁ% ﬁ]ﬁ?%? 7
but better enable tuning to enhance the operating gnsh&ReRCY~Of Ihe. antenna
in. the | ower radio frequency band. Figs. 6a and 6D’ geJEAN
construction simlar to that of Figs. 5a and 5b, except that the stub
ground-enl argers and the interruptions are reversed with, 5. respect to

t he opposite faces of the PWB 4. Thus, as shown in Fig. 6a, the
“electrically-conductive | ayer 61 on the side of PWB 4 carrying the internal
ant ennagadf eRctrivaredomhédtionhe7da)t e8byptthensyrétad Gttarruptien edSat héhepposite
face of-the PWB 4 carrying_the el ectricall%l-conductive | ayer 62 ieg f or med
with t herasingtenlager exiatsion é6 iapdibe sy 2, sheg meain KV A eSeRatadh. The

arein fined @ oHnca e e Girebidih WG M AR SRARTons G770 of

| ayer. 62 el eciyHieahk%tGy BRAHI-89arger 74a: and the group@PEhigigey extersion 83 to the
stub g_round-e?l\lrérge'rs 64§, 64Db; whgl l e the sl ot% 63a, 63b insulate the stub

gr ound- sidvan gee Spenamdelde itek @ppradatiet \thab eddu of themanperalg? be groysdeda and
7b-illustrate an arrangenent also simlar to that of Figs. 5a 15 and 5b,
respect 8V#$ ¢Ndput wherein the two stub ground-enl argers are of an

asymmet ri cal eansts ukign Thus o R8nsiRor Qnfibfto fat dfMes e and ¥, 730,

are cut int ctricall'y-conductive layer In thé form

of two Bddptahas et sajmg_ﬁomfd-@hléﬁg%mme Gepfnngetriatl, @ng the emnectioes bfie two
stub ground-enl arg{grs 74a, 74b of different configqurations and
el éctri the hptanmanke tedhe PWRA a0e divemeans Af | o terailoals vethesytban Abreg or vi ng

-as the groun electrical, connectjons .78a, . SP; i_f :

conf{ gug‘%{m"@)ﬂé', %H?fe&'reu'ﬂ#?rgﬁl 94 npﬁ ]l[(ﬁggrr@dgﬁy ﬁﬁégﬁﬂé{gﬁh{j@? i‘g\’/gfqﬂé@/er 72
on the pRESidIdACE? Obut i i I si i dhtten,
~whereas I'nt 3%&@?0?’7‘5%& P@I@@Bgﬁowiﬁ%%‘g@aﬂﬂ gf)gnﬁiguwpgt ?Igﬁnéﬂugﬁé as to define
a grounterevihalr Jae lecatmmobihe7®rmingdl d8ecat? beRingnges aghdesiradolmaddiiion; ger

extension 76 is electrically connected by a__plated-through-hole_ 77 (or
pine et e eiriatans, Boa, BhoaHhiybhe PaRGHIEBYEr 81 or ofe side 8 fle

PWB 4, and the slots 83a, 83b, formed in the electrically-conductive layer 82 on
15 = the opposite face of the PWB are the same as the corresponding interruptions
66a, 66b and siots 63a, 63b in Figs. 6a, 6b, except that they are asymmetrical.
The electrical connections for exciting the stub ground-enlargers 84a, 84b in the
form of PTH 85a, 85b or the like, the electrical connections 87a, 87b electrically
connecting conductive layer 81 to the stub ground-enlargers are asymmetrical as

200 well.
Other constructions for stub ground-enlargers could be used. For
‘example, the stub ground-enlargers could be in the form of, or could include,
discrete reactive elements, such as described in U.S. Patent 5,068,670.
Fig. 9 illustrates a construction wherein thed electrically-conductive
25 ground-enlarger, therein designated 90, is in the form “'c’)f a plural-sided, i.e.,
six-sided box to be carried by the end of the PWB 4 opposite to that carrying the
internal antenna 10 and the signal input terminal 17 of that ground-enlarger. The
six sides of box ground-enlarger 90 are shown at 91 — 96, respectively, in Fig. Sa.
Side 91 includes an electrically-conductive layer formed with an open slot 973,




opposite face of the PWB 4.- The el ectri cal connectlons 78a28 F8lrutngy 2008 St ub’
ground-enl argers are separated by gap 79 in the t PANTOIAS 7 7
controlling the location, width and |ength of the ﬁl iﬁu\BdE?fé EO
and | ength of each stub ground-enl arger 74a, 74b, al f -gpen sl ot 73a,
73b, 28 February 2005 .01/00:767 0 2. JAN each el¢ S §nd@€N| w!& 8a,
78b, the ground, interruption 75a, the ground- enl arger extension 76. and:
the slot 75b, the main PWB 4 can be separately tuned to enhance the
antenna operation in two | ow frequency bands. \Wile the stub :
“ground-enlarger 74a and the ground- enftar ger extension 76 5 shown are open _
ended, bhd SRR §6t 9?8ds:dé@@tnseﬁa‘de ebmphealy eectatsily-tendutve)deltereat. it s
end. Figs. 8a and 8b Illustrate a construction simlar to that of Figs 6a
and 6b, theepereginingsites B2, 94,U80 gnd Goderertlegtyeally insulalisgmetri cal, and the

f h 0 h i nal
Father than ¢ FAREIONGES ”é‘ribéx s BBt b RO (RIS ST 12l o
Lhe PVBR apBk HBRR 9 A Wlher (3BB! itk ERtfRAllyldondRlttiveaerd (91093Y atr@rm nal

18 on o ["at ermna e location of the termi nal 18

- can e gRaguely aomestad o the addritamncondidmvenlayer whtthenBWS64, insabyf or med
in the conductlve | ayer 81 on one side of the PWB 4, and the sIo s 83a,

83b, f osuitable mannereEdbt A5 by SPERgrinaded eondaigtive gin 88 Passipgdh fite face
o ot o oBipted: ”Erqtuﬁﬁ.ﬂwcaé%éﬁ thg P4 R eGagifg el RhCH P RRciRPagp 3 A0

are

el ectri cal efdscABEd fabove X ehd plepddeeos thid emucnilyemnaqu@ I8dns cs4b in
the form of TH 85a, 85b or the |like, the electrical connections 87a, 87b

el éctri tad ggourmbmiangerrgj) isdncafactivelyl enjargedbetaround péanﬁoofgﬂ‘&l?w ¢hBar ger s
are asymmetrijcal as consttuctions f tub | ar gers
coulQI bas Uselpadptie a@?@&\'ﬂﬁl 136 'E‘%‘es WET i eé‘r‘\'leﬂpé Pg{r%ggw%{;he form
V. t Fd'Wé} 6 Udpeg 1N

0 5. paPHfpicd Bl tmatiol) SHighit) 8Fthe SBHATEN the e ARG TRedlenks
el ectri gghhym@ngmmv@b%ﬁrgj@ugd may! dregefore timeeandiffessnyraunatled®r is in
the formof a plural-side

arrangement of eiectncal[y—conductwe layers for effectively enlarging the ground

of the PWB 4. Similarly, the slots 97a, 97b may be of different locations and/or

Paby .

Car,

15 configurations to improve the matching, and thereby to enhance the radiation of
the antenna in the desired operational band. In some cases, only one slot, or no
slots, may be provided.

In all the above-described embodiments of the invention, the antenna is
an internal antenna. It will be appreciated, however, that the invention could also

20  be implemented in mobile communication apparatus having external antennas.

One such construction is illustrated in Fig. 10, wherein the housing is
shown at 102, the PWB containing the communication circuitry of the apparatus is
shown at 103, and the external antenna is shown at 104. The
electrically-conductive ground-enlarger, shown at 105, fgr effectively enlarging

25  the ground of the PWB 103 to load the antenna 104 in ; lower radio frequency
band may be any of the constructions described above. It is electrically connected

~ to the ground conductive layer 106 at the opposite end of the PWB 103
connected to the antenna by a pin 107 passing through PTHs 108, 109 in the
PWB and the ground-enlarger, respectively. The ground-enlarger 105 may be



si x-sided box to be carried by the end.of the PWB 4 opposi%g
carrying the internal .antenna 10. and the signal i ;,"EEr
ground-enl arger. The. six sides of box ground-enl aflGSteithe
96, respectively, in Fig. 9a. Side 91 includes anieiQ
| ayer- formed with an open slot 97a, 28 February 2005 01
14 - and a closed slot 97b. Side 93 is nmade conpletely '
el ectrically-conductive, whereas the renmining sides 92, 94, 95 and 96 are .
electrically insulating. The ground-gnrlarger box 90 may be nmounted bel ow
thé'PMB_4‘(Fugh 9b) or above fFig. 9c). 'In either case, its L

el ect ri biguRjed sngnderigstheRWBs1QD as sbayvndndrigst ey der pyeslie 1% showeiRd t o
the elegtrical|y- ive | ayer of the PWB 4 in any suitable nanner,
e.g., aE@bﬁﬁg'é%?f%@ggﬁgﬁéﬁeggﬁductive pin 98 passing through a

pl at ed- t hr ougpg0ol1 8 Uhd D16 iRudivBe ‘arttfec HEFEMRAAIERE bf ithélihvertpdust i ve

side 93. As déscribed above, the purpose of the electrically-conductive
| ayers tie foren gf cumaichilel telephor@0hapdsel, gehewlly dgsigratedrigd, tindudinguad pl ane

f the PMB 4 so 10 as to load the. 10 in the | jo f
band,  aFn AELEBY 1 CONRIVIEL ionBaip Vb g, Eniepraak ghomrer L bl o i n

the | onr, sathn {I:CaRaRg BMFhicrTRRAE APk FBhALdCTn bt Sbincrberef ore.

have a erent” nu ror’ "arrang ical l'y-conductive | ayers

for ef f#et irmenfiosntrar ?'rdlmd-@ﬂagjermvideﬁ toheffEdtRely edlange ahé \groume of| ot s
97a, 97b may be of different l|ocations and/or 15 configurations tgo inprove
the mat 88 iWBadd3t lier@stied obynthe clipt sectioni BtS @ dthowmeatadil®nndhen t he

be. pr ovorie p8aRr R A PuSiReTRER ATl dRrd Gl e T

ant gnnaghd opiibsitBl & BRAt ePhRRHIad o thé |éxté}?naﬁ&‘hlt@maat1q¢ ih gV editatii@at t he

invention could also 20 be inplenented in nobile comunication apparatus
havi ng maneenat.ggrityeanaect@ralystariductive flexibie dih/iis the Ipientedteatiplind Bf g. 10,

~wherein the housing.is hown at 102, the PWB containing the comrunication
circui t e ﬁ'P Woﬁaéértﬁttﬁg?]oé's‘f@h&i at 103, and the external antenna is

4 2?"2 f ?tec 3?%9&%&0&&3@%&%&%# HiobRB HEbh¥fe HaRHEMs SR RhERN inSHMEA tAE 105,
housing has two sections movable relative to each other, (e.g., relatively slidable
15 sections), in which the PWB, communication circuitry and signal terminal are in
one section. The invention may also be implemented in those constructions, e.g.,
by including the electrically-conductive ground-eniarger in the other section.
While the invention has been described with respect to severat preferred
embodiments, it will be appreciated, therefore, that these are set forth merely for
20 -purposes of example, and that many other variations, modifications and

applications of the invention may be made.
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25 the ground of the PWB 103 to | oad the antenna 104 in a Iower radi o

frequency band may be any of the constructions: des avf ﬁ‘? &2 :
S

electrically connected to the ground conductive | aGeliR6

end of the PWB 103 -connected to the antenna by a ‘”EZf Rh&zigjgh
PTHs 108, 109 in the PWB and the ground-enlarger, @ ' yP
ground-enl.arger 105 may be 15 . nounted to underlie the PWB 103 as shown in
Fig. 10b, to overlie it as shown.in Fig. 10c, or at any angle thereto.

" Figs. 1la and 11b illustrate another |nplenentat|on of the invention, in
‘the formof a nobile tel ephone handsé? general ly de5|gnated 110, |nclud|ng
a 5 main houg/MATIS2CEANMEDISY the main PWB 113, an external antenna 114,
and a flip section 115 containing the m crophone of the handset. In this
enbodi nent of the invention, the ground-enlarger provided to effectively

enl arge the gyoyn the PWB 113 | ar the flip section 115 as
shown at 116. {Tﬁggll‘?;f:%mﬂajrg?ﬁt%@paﬁ%% §5'iﬁ%gém cally connected to the
ground of the P%?%&I%PQF‘ICIUH J(Q)n%ﬁn&ﬂﬂ@ﬁ'cir@u"t@{ g gﬁm@oﬁ@d ti@artihe
ext ernal antenna n an U|ta e manner, e.g., by an

el ect ri ca{PWBY forduest with a‘is:gnatiieemiriﬁ?fmmam aatemnaotaed atoupling of the flip
section 115 to the housing 112. O her constructions Q{ nobi | e t el ephone

handset s Q@EUKHBWOMUWW&{OPH@ forgald icREAYRICARN SEEHT¥ns novabl e rel ati ve
to each other, :—igr? gﬂte[nr{aeéa?héﬂ %gysafd bgﬁst?hﬁ apﬁ%lé&ﬁ&élﬁ’@nné&ém §d\dt he PV,
c si-gnal” termna ne

conmuni cat i on are In section. The

i nventi 0n5|?ﬁdl tefahadef tm@t@rmmjrmatiam difvostey irottss PWE, isaitsantenga beirlyy
i ncluding tThe electrically-conductive ground-enlar er in the other section.

Whi | e t hedesigrad toaperate iieahleaskone Ao fraduency Bapd; t o several preferred

oy or oo g ph S AR e SRR b S o
0 | S onBRLLLS) LS Ig RGNS ngU s BBLVHAT 1S
i ncl udi ngsaid ehachiicatlycondoctiveuground-emthrgepeffectbvelyenlages saidiground of

the PWB to load the antenna in said radio frequency band, and thereby to

enhance the operating efficiency of the antenna particularly in the lower part of

said radio frequency band, and/or to widen said radio frequency band.

2. The apparatus according to Claim 1, wherein said antenna is connected
to the signal terminal of the communication circuitry at one end of the PWB, and
said electrically-conductive ground-enlarger is connected to the ground of the
communication circuitry at the opposite end of said PWB.

3. The apparatus according to Claim 2, wherein said ground-enlarger is
carried on a separate board from said PWB and is electrically connected to the
ground of the communication circuitry at said opposite end of the PWB.

iy

4. The apparatus according to Claim 3, wherein said ground-enlarger -

board is fixed to said PWB and underlies said opposite end of the PWB.
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(PWB) fornmed with a signal term nal for an antenna, and:an _ _
el ectrically.-conductive ground for said communi CatlQBmei F CUL LY Vi mBl g 2
antenna carried by said housing and electrically cgfphifed nifﬂ 986;@5
term nal of the conmunication circuitry in the P\B, H3Eh @,rz;a RN 2 :
designed to operate in at |east one radio frequency DTaMM Yy~ nJ LY ¢
el ectrically-conductive ground-enlarger carried by said PWB and
el ectrically connected to said electrically-conductive ground of the PW\B
such that said electrically-conductive ground-enlarger effectively
“enlarges-said ground of the PWB to |lbad the antenna in said radio -
frequency band, TaE ;jdg,@ ienh t _ 1iAGr8hihd-ehringyr of the
antenna parti ?ul-rgiralqa I nét?l%)eélclkgrv%@Eﬁgﬁgfﬂ%%rﬁ%?grﬁi%Egncy rband,
-and/ or thoamd efixezhbicdsaid diVB and venlias daich dpp@siteTérad ep plee BMBs according to
Caim1l, wherein said antenna is connected to the signal term nal of the
comunication circuitry at one end of the PWB, and said
el ectrically-¢go Ve g -enl.arger hs _ ad 1o .fhey af the
Communi cati on CeEaRPALRE SHATRR B 3y PERRE S ublint SRIRE B0 ¢
accor di igint&yrallpforibd Wik sRid PWaI St salcPopisbsielctidaperddt, andiiy fokfbdonith
separate board fromsaid PWB and is electrically connected to the ground
of the cespachiasaitd @ppobite and of the PY@.d opposite end of the PWB. 4. The
apparatus according to Caim3, wherein said ground-enlarger board is
fixed to said PWB and underlies said opposite end of the PWB. 28 February
2005 .01 / GO7G7 182 anat Ais; hi Hd ai m 3,
wherei n said gf gﬂﬁ?—%ﬁk@é@#‘%@?ﬂd@glaﬁﬁgé t%égﬁ@%@gjngpg@erl ies said
opposi t ecamiunicdtiarheirdiBy iScarfied crppre lyes ofcaidrRWBgand s@ldai m 3, wherein
~said ground-enl arger_ board, is int e?ral ly formed with said PWB at said
opposi t Srf-eRleresris caried en pppHey leyarof salkbPVE. to sai d opposite end of
the PWB. 7. The apparatus according to Caim1l1, wherein said ground of the
--comuni cati-on circuitry is carried on one |ayer of said PWB, and said
ground- enl ar ggr The dpphatated aefordif ReClalmye wdreppddid BidRal terminal of the
communication circuitry is on one layer of the PWB at one end thereof, and said

ground-enlarger is carried on another fayer of the PWB at the opposite end
thereof.

9. The apparatus according to Claim 1, wherein said ground-enlarger
includes at least one stub ground-enlarger carried by said PWB.

10. The apparatus according to Claim 1, wherein said si.gnaji terminal of
the communication circuitry is at one end of the PWB, and said ground-enlarger
includes at least one stub ground-entarger at the opposite end of the PWB.

11. The apparatus according to Claim 10, whereinﬂ_g;aid ground-eniarger
- includes a pair of stub ground-enlargers formed in the elecfricaliy—conductive
ground of the PWB at said opposite end of the PWB.

12. The apparatus according to Claim 11, wherein said opposite end of

the PWB includes an electrically-conductive ground on one layer of the PWB, said

stub ground-enlargers being defined by slots formed in the electrically-conductive




_ 28 February 2005
8. The apparatus according to Caim1l, wherein said signal termnal of the
comuni cation circuitry is on one Iayer of the PWB at one end thereof and

sai'd ground-enlarger is carried on another Iayer B P\/\?M
ey al d
" )

opposite end thereof. 9. The apparatus accordi ng tg 0 |n 5
ground- enl arger includes at |east one stub ground-BERUS (2ar AN Zsal d
rm nal

PWB. 10. The appar at us -according to C aim1, wherein said signal te
of .the communication circuitry is at one end. of the PWB, and said
ground enl arger includes at |east one stub ground-enlarger at the opposite
"end of ‘the PWB. 11. The apparatus-acd8rding to Cai'm10, wherein said

gr ound a pair of stub ground-enlargers formed in t he
electrlﬁgﬁfgqggn Hgﬁﬁveﬁé‘round of the PWB at said opposite end of the PWB
12. The apparat us accordlng to Claim1l, wherein said opposite end of the

PWB i ncl udes an electrically-conductive ground on one |ayer of the PWB,
said stub grbintheapRargiissadserdind deGlaigy 1Bywhemir spigriE indudga an

Sppar ot deckaBPEPHEE RN B'a decartll RYECOP i, R peBbRl et T

el ectri Béihb)foﬁﬁé@\mm MeerflisitHd iAkapt él@%&r&lw%wsﬁau@fvet@@uﬁa\mm d second
| ayer being formed with interruptions in said electrically-conductive

gr ound, intérirgptiorisrareraligped ovith said shiith gnehdreniargers dn saidoong @yad- enl argers in
said one layer. 14. The apparatus according to Caim 12, wherein said stub
ground-enl argers include electrically-conductive portions on anot her | ayer
ol o "o A2 SRt iRy 0 0Dl 2y ARERIASEIEG! T cal |y

e aj 0

connected. 15 aratus acco wherein said

el ectr Igl@uhgl -ariindess lrwmc@r@ectﬁc@w-emmmctwa portibnslenl anotheriayertefvsaig a

pl urallt\xl si des overlying one end of the PWB, at |east one of said

si des df H@\Mbl%h15@1dw@tUbélf@dﬂfﬁﬁ@baFQ?ESc@fﬁcﬂJ@ﬁ”@é'%ﬁ@flﬂ%fi@ﬁl ‘ng as the
ground-enl arger electrically connected to said ground of the PWB. 16. The
apparatus according to Caim15, wherein a plurality of said sides of said

el ectrical | y-ppnoiechpparaliisoacedrding 86 CRinP P xwhbreig kgt ri cal I y- conductive and
electrically-conductive ground-enlarger is included in a box having a plurality of

sides overlying one end of the PWB, at least one of said sides of the box being
electrically-conductive and serving as the ground-enlarger electrically connected
to said ground of the PWB.

16. The apparatus according to Claim 15, wherein a plurality of said sides
of said electrically-conductive ground-enlarger box are electrically-conductive and
serve as the ground-enlarger electrically connected to said ground of the PWB.

17. The apparatus according to Claim 15, wherein said at least one
electrically-conductive side of said ground-enlarger box is formed with at least

one slot to modify the load produced by said ground-enlarger box.
Ay
18. The apparatus according to Claim 1, wherein said antenna is an

internal antenna within said housing and is electrically connected to said PWB
within said housing.




serve as the ground-enlarger electrically connected.-to. salgF%brno % t he

PWB.. 17. The apparatus according to O aim15, wherejip sai da | east - one

el ectrical I'y-conductive side of said ground-enl ar ggM & él:}é@@l?fﬁ&?
| east one slot to nodify the | oad produced by saroj""’. er box _
18. The apparat us accor di ng to. Claim1, wherein sam ‘ gm
internal antenna within said housing and is electrical I y connect ed aid
PWB within said housing. 28 February 2005 19 19. The apparatus according -
to Caim1, wherein said antenna is an external antenna carried by said
housi ng external | y thereof and is el d@trically connected to said: PWB

wi thin said hwsrrﬁwapﬁ&atcfsh@cm@mg&b@am@pmhlerrgntserdtér@teﬁné iswherein said |
antenna is electrically connected to the ground of said PWB, in addi ti on

to its exhenealtantennaocartied by @':ndlhouemgramemﬂy shereoPawd ISQQIGCU’W@“‘Bppar at us
accordin n nobil e comunication apparatus is a
nobi | e F‘%‘%‘%}&) ﬁ%ﬁd’é’@g ﬁd ﬁ‘d@ "% housi ng having two sections _
novabl e rel ative to each other, one of said housing sections including -
said PWB, comunication circuitry, and signal termnal for an antenna, the
ot her -of sai d260Tise agpaatts accordingl todllaign ¢ piMiestinshid amtehpadonduct i ve
ground-enl arger. 22. The aﬁ?arat us according to ClaimZ2l, wherein said

ot her helgstritglly seppedadite the gseund of s3id P &%éeta%l%tcult% ReNREHONY secti on.

23. A ngth t operational efficiency of a nobile
comn?ﬁ?ﬁ?gﬂg t&g@@@*%ﬁ IgWBT east one radio frequency band, or to w den
its radio frequency band, which apparatus conprises a hou5|ng I ncl udi ng

comuni cation circuitry and a printed wired board (PWB) fornmed with a
signal termn 2kl Theapparatus acooadiagdodrlaien écwhereinispidcmobit i ve ground for

ol ect 1| CAMMRINGYISREREIoLS 1§ 4 Qgﬁfﬁrﬁriﬁﬁi‘%%ﬂ%eééhﬁ indiages Rollgg; 1o an
circui t gy, h@ th}on (éeacvgns AR & | n tc?}‘r%er RheOtredd hBEerﬁé@eﬁ’u@ﬁ?y of the

antenna T1s particu ar oer portion of Zaid radio
f r equengcldriing saidrPWBs comdiunication circuitry, and signal terminat for an antenna,

the other of said housing sections including said electrically-conductive

ground-entarger.

22. The apparatus according to Claim 21, wherein said other housing
section is pivotal with respect to said one housing section.

23. A method of enhancing tne operational efficiency of a mobile
.communic'ation apparatus in at least one radio frequency band, or to widen its
-radio frequency band, which apparatus comprises a housing including
communication circuitry and a printed wired board (PWB) formed with a signal
terminal for an antenna and an electrically-conductive ground for said
communication circuitry, and an antenna carried by said housrng and electrically

connected to said signat terminal of the communication crrcurtry in the PWB;
characterized in that the operating efficiency of the antenna is enhanced,
particularly in the lower portion of said radio frequency band, or its radio
frequency band is widened by connecting an electrically-conductive
* ground-enlarger to said electrically-conductive ground of the PWB such that said

electrically-conductive ground-entarger effectively enlarges said ground of the
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frequency band i s widened by connecting an eIectrlcaIIy conductlve _ '
ground-enl arger to said electrically-conductive grauagd. Ef PMB_such_that
said electrically-conductive ground-enlarger effef{ligy lr ¥ ¢
ground of the AVNM DEET 28 February 2005 UNIOl/OO?-';ﬁ,A %qaﬁ
PWB to load the antenna in said radio: frequency bafoes e vl ;
according to Claim23, wherein said antenna is connected to the. S|gnal
termnal of the comunication. circuitry at one end of the PWB, and said.
el ectrical l y-conductive ground-enlarger is connected to the ground of the
~communi cation circuitry at the opposi4te end of said PWB. 25. The method
accor di BWB to [daal the2rhtendee iresaid sadio fezquendy daindt ger is carried on a
separate board fromsaid PWB and is electrically connected to said
opposite end of the PWB. 26. The method according to C aim 23, wherein said

and said gr ol DRI SREodideFtd Heln' 2 SR SR ARBe G e, 37 The
met hod agsscied to tite SlgabMetminaMae Itﬁé Bodhshieatibipbirdfryial dhe@nd Hethe

comuni cation circuitfy is on one |layer of the PWB at one end thereof, and
said gPWHhdandndad gectiicallynondaedivengmuetkeniatgey és cofnedied RV Ehaagraune

opposite_gnd thereof. t hod a cord im23, wherein said
gr ound- Qﬁﬁéﬁ'wmqmﬁﬂt@ﬂ&rc&i{rﬂ%% dg‘?nfgo?ﬂ‘\‘g g\‘ﬁarger carried by said
PVWB. 29. The net hod according to d ai m 23 wherein said antenna is an
internal antenna within said housing and is electrically connected to said

PWB within s2bdThensthod aélordifizeton®ibime ¢4aed@rdinngid grédral-omlafgerviber ei n
said antenna is an external antenna carried by said hou5|na external |y

t her eof CRgd;an @separate hoakd frempeaid BMYE apdds elashiiedly conpectedita saiB wi t hin
sai d hoysi ke end of the PWB.

26. The method according to Claim 23, wherein said ground of the
communication circuitry is carried on one layer of said PWB, and said

ground-enlarger is carried on another tayer of said PWB.

27. The method according to Claim 23, wherein said signal terminal of the
communication circuitry is on one layer of the PWB at one end thereof, and said
ground-enlarger is carried on another layer of the PWB at the opposite end
thereof.

28. The method according to Claim 23, wherein said ground-enilarger
includes at least one stub ground-enlarger carried by said PWB.

29. The method according to Claim 23, wherein sald antenna is an
internal antenna within said housing and is electrically connected to said PWB

within said housing.

30. The method according to Ciaim 23, wherein said antenna is an
external antenna carried by said housing externally thereof and is electrically




bru
31. The met hod accor di ng to Oaim23, wherein said. antenna Fes arP’ectrl caI |y

connected to the ground of said PWB, in addition: PLTAL co CZQ-:
signal term nal of said PWB. 32. The met hod accor ct M¥ises: C| | {
sai d nobile conmmunication apparatus is a nobil e t e 1' o SRR~
i ncludes a housing having two sections novable relatlve O?ad‘fﬁélt ‘-‘5 '
of said housing sections including said PWB, comuni.cation circuitry, and
signal terminal for an antenna, the other of said housing sections
including said electrical | y- conduct i ve  gr ound-en | arger. 33. The rret hod
according to Claim23, wherein said Iectrical l y-conductive

ached to salﬂcRWBdemnrsaxl howsihg. modi fy the | oad "produced thereby.

A :D STET

31. The method according to Claim 23, wherein said antenna is
electrically connected to the ground of said PWB, in addition to its connection to
. the signal terminal of said PWB.

32. The method according to Claim 23, wherein said mobile
communication apparatus is a mobile telephone handset and includes a housing
having two sections movable relative to each other, one of said housing sections
including said PWB, communication circuitry, and signal terminal for an antenna,
the other of said housmg sections mcluding said e!ectrlcally—conductive

ground-enlarger

33. The method according to Claim 23, wherein said
electrically-conductive ground-enlarger is formed with slots to modify the foad
produced thereby. |




