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LU, LV, NAThHNDyrebnt ientih. reldfés 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 sinée 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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antenna. The antenna may he an internal antenna ﬂr an
inconvenient as the anténnas are often “caught up” inside the pocket. They also

10 detract from the aesthetic appearance of the mobile communication device.
Moreover, their radiation pattern is quasi-omni so as to provide little protection of
. 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
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- hereafter used) carrying the communication circuitry and formed with a signal
terminal and an electrically-conductive ground for the communication circuitry.
Such apparatus further includes 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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5 radiation pattern, as well as the radiation efficiency. Practically
speaki ng, the reduction in efficiency may be in the range of 10 - 20 dB or
nore. External whip antennas, such as the "STUBBY" or retractable
antennas, are commonly used to increase the antenna efficiency. However,
the use of such antennas is also incbnvenient as the antennas are often
"caught up" inside the pocket. They also 10 detract fromthe aesthetic
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gain, i gpkpgacefeaively aglagded 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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5 reproduci bility, it would be the best choice. Unfortunately, .such
el enents, Dbecause of the snall- size of the nobil e cogmni 1 deviee,
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mat ch their inpedance to that of the nobile comurjis

present invention is particularly directed to nobi|®&*o" J
appar atus which includes a housing containing a printed circuit board, or
PCB (now nore comonly referred to as a printed wired board or- PWB;, which
termw |l be hereafter used) carrying the comunication circuitry and
‘formed with a signal ermnal and an_electrically-conductive ground for
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conpact antennas, wherein the operating efficiency and bandwi dth of the
ant ennaapplicadiohanced. Anot her enbodi nent of the invention is to provide a

—met-hod - of ~enhanci the gperating. efficjiency . of such _an S..eAGRAr di ng
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an 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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the signal ~terminal of the communication circuit gNit he % dzréqma :
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the description below.
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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 ilustrates one arrangement in accordance with the present
invention for enhancing the operating efficiency of the ah?enna 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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10 asymmetrical and may have open or shorted ends, according to the
particul ar ~application. A further enbodinent is degcribed yheareiq ?
ground of the communication circuitry is carried FRoffth | a i fﬁrﬁ é/@
and the ground-enlarger is. carried on another la glgg R 1
Accordi ng to anot her preferred enbodi nent descri bed™ Yre JAN 25003
el ectrically-conductive ground-enlarger is included in a box having a :
plurality, e.g., six, sides overlying one end of the PWB, at |east one of -
the sides of the box being electrically-conductive and serving as the
‘ground-enl arger electrically connect éd to the ground of the PWB. 20
Accor di pgedent dnadrition fepecharafing lthe opesating isffideticyoof thoeardensa pndheded a
met hod of enhancing the operational efficiency of a nobile conmunication
appar at lwveryagio freddenynandidi o frequency band, or to widen its radio

frequency ba i ch.a tUs. conpr,i ses.. usLng. | dj Sy
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- signal hBpaiaead of Pigsan and enMitseBangd Rirtdrestrang@hent moacieedance withund for
the communication Circuitry, and an”antenna carried by the housing and

el eci r.i tad pyeseoh ireentidnifor ehbaidion dhe vperatingl effitienty of dhenantansatindhe
circuitry in the PWB, characterized in that the operating efficiency of

t he ant &t riag'%ﬁﬁ‘%%,%?%ﬁt icularly in the | ower portion of the radio
frequency bang:..OFi { ' U i ddar . tHi an 30
el ectrically- g'grslblég’t ?\E/e?%?%ﬁr?g@ ﬁ%é?ebt@%%tsh%rgsg% ??‘ggﬁ}b I @ggﬁﬁﬂ: ive

ground B& and FighegpedtivaB) Rlustratingthvée offer arfarigenfit2 O hay beaisedBnsuch
that the electrically-conductive ground-enlarger effectively enlarges the
gr bund aecardanewithdhe guasentdnygitiilia in the radio frequency band. In case

G180 The anfidnao gl fiarss atbr il caiffer o Bl Wher Bl e €S Dand
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--peed-this extension for hornmal opération, and only the | ower bands (e.g.,
800 or ekatdddhy-cantuctbe dates)ciEg. Ydoulustratinghenaddkample of sugd a box

g ound- o Ar i Hon, And' Fs b6 % 8L USRI ShSmatve HiSostion 6 trie' 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 illustrate.(:"l 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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operation bands in that it also adjusts the antenna operatlonal frequency

down to 10 the required |ower frequency band. As fIlf.at eﬁ ar(lbﬁg&h?

apparatus and nethod of the present invention i 5

applicable to both.internal antennas as well as t Qs ennas
Further features and advantages of the i'nvention W& ‘ i
descri ption bel ow. ‘15 BRI EF DESCRI PTI ON OF THE DRAW NGS The | nvent or
herein described, by way, of exanple only, with reference to the
acconpanyi ng dr awi*ngs, wherein: Fig. 1 is an exploded view illustrating one
form of nobile conmmunication 20 appaff atus constructed irn accordance with
the preé@rﬂhdrm&i@hl @Tﬂcu:ﬁ'y,g geﬁerdllluuﬁéﬁt?hmdaﬁ e)fatmsl @ppératus.i RVEF rfalis ant enna
whi ch may be used he apparatus o ; &%ﬁIH strates one

ar r angefarnted w1tacamsrgmh¢©*mmahirtcmf@t©ﬁl abchtand W@n@ﬂ el PRI ¢ he

t ff th d 2
Pt he. Dwad panestad B gioting Berminas €3 P, BRERO i icatpn i ithF: The 300
11 ustr fdl%gj Rn%gsééjhecon ﬁ%u@@éncﬂfcﬁv@%ﬁé%m@"ﬁ@é @ﬁéund:pm 4r by 4b and

4c are rres on to those of Figs 3c

respect pealns of Hmatdoaﬁudg/amtﬁsesemngaamarga,rnunal rforaumbﬂdléaic@mwfiﬂﬁ%e 1 28
February 2005 MM 01/00767 0 2 J,qN 2003. 7 present invention for

enhanci oftheheorpuinigatiog @icpittf-ency of the antenna in the |ower radio
frequency ban .0 , f i1 ey faeesnothd he PVB
in the appargﬂutg'e %pﬁ%@q"‘gﬁaﬁég '?ﬁl %rgflﬂﬁgm[%%he? a?fr@aﬁ)gerrent I n

accor daﬁﬁﬁemflh? supfach HfMWBed antfues tanomtéoal antenmaj, megnetally afesigriated
efficiency o he antenna in the |ower radio frequency. band; FlfganyGa 6b,

7a; 7b a0¢ cBueriidh aapertioneak the PVE gbntie dniesnal h%@"@@ ey be o
10 desired construction. Fig. 2 illustrates one construction, for purposes of example,

~ which is simifar to one of those described in our International Patent Application
PCT 1L/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
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S5a.and 5b, respectively, illustrating three other arrangenents that may be

used in. accordance with the present invention; 10gi 9 |b strat 3, -
still further arrangenent wherein the electricall mjct _ 2_/637%7
ground-enlarger is in the formof a box having one |OEEREE ~ o 11t Aams
el ectrically-conductive faces, Fi.g. 9a illustrati n@g¥ el &%I JM -“5 a
box construction, and Figs. 9b and 9c illustrating alternative '

di spositions of the box wth 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 arran'ge?“rent simlar to that of Fig. 3 -but
wher ei ndivhesanbepnael mtanwexfednifte arhefurmerrsactions (b 180, exditngahe
antenna; and 20 Figs. 1la and 11b illustrate the invention irTB_I enented in a

mobi | e slokldpafobwo Rairtse ThravargoaRCk seeions) 12 ReantC epgtinue gomm W&t r at i ng

s t1 oaptbRcpibRnuSdenBge RS PE A peithm AR bR of it 08 "
ref er engych 58! tle R 3 ab huihr 06, B, e ataael loads - 25

communi cati on apparatus cofistructed in accordance with the present
i nvent i enhancecand iimpraven bhss inmagchiggnedr the glodiépipgpdanes; that danthayt aédy of a

front cover 3 and a . back cover 5. Wthjin hqusjng 2,is . rinte . 1 ed
boar d ( ragerethesisastiyart Pgﬁé‘? SEY pegange ih\eeﬁrcﬁrrclfalﬁet% a? g)r%),

whi ch I@%hﬁ%ﬁ& Inl eOr a part of the 28 February 2005 01/00767 ! 1 502" JAN
200 8 o]y EH96h. i rcuitry, general [y,--designated 6, of the

appar at us. PVBdhésfeat@iesss the icbnstractiprabnd eperatitn ofiedatezdalaantgnnand wit h
an electrically-conductive ground connected to ground terminals 8 9 for

t he combriiludrated isifigsi t apd Zhas welbasdltematie constiidin0s HBALBIAYLRS i ve

| ayer serving asg a..dgr.oun | ane I _ _ . Vg Strips

s 1 nguarthtg: Qeswitrey 1 M P ted Foo AnplcAltih PRl fofeRt fikls

circuit t by e@% - sl indoFctatel by esfBidmebs 7 - 9 are on
M’YIZPP%@H?M acgét)ml\}\%h?%rrﬁ%ﬁ@g%g&gﬁji ﬁt er n%l antenna, generally

designated In the above-cited PCT Application, the antenna is made resonant and

radiant not only at a predetermined high frequency, as determined by the
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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10, -covering a portion of the PWB 4.. The internal antenna 10 may be of any
10 desired construction. Fig. 2 illustrates one constructlon for purf)oses

of exanple, which is simlar to one of those descf¥EAL r q.ugé" éz
LREd™D JU 00 T

| nternati onal Patent Application PCT IL/01/00626 Y[ I¥
- as nore particularly shown in Fig. 2, internal ant e Y] 5 ?*V\B
constituted of a dielectric substrate havi ng an el eCtrica y conduc
| ayer 13 15 on one face, serving as the ground plane and cut with a
radiant slot 14. Slot 14 is of a cury, U-shaped configuration, closed at
both of its ends, to define two: clos@d side arnms 1l4a, 14b joined by a
bri dge 14c. R, aBt ilkkstriatdst drs aFrarigeatbrtiy whereiol o reledlrllcgtuscmmij-@ﬂwee feed

line 15 carried on the op 05|tefa of .t he dlei EFI and Bgerefore

“i ndi cat @owyd-BRGRIST, |9ieﬁ@5a"wﬂ¢ﬁlgyat 3P isrpHaght Eﬁ’n tﬂﬁ"\’;@@ﬁ%ﬂ ngfheig. 2
f b

Subot and S%"“%fab&ériiq ST HEobaTpothie is e #Rmpof iy HisthatkttPparddd are

are eXC'c%ﬁg & @Eveicacehtaéth@nlaper Bt orﬂ@ﬁelface He is plictricaiihevanettedf eed
line 15 cr es the slot 14.. The illustrated antenna has a signal .input

t ernk nalbylﬂtahenalﬂz:fa:l & yernaibakdd nacthecPWB 4 aleths gphol the RVB0PPos8e tPhe PUB
4 (Fig. d t d, t to th
Cwo. or ol camfinga e aitegtialr aftebnapyd 10 HesaBafctdr il ¥ GIREIES ' hy ™
be by pi Qﬁg@&?ﬁ't&gtﬁé‘@ Okenh@?zﬁdﬁ *Hf%tﬂihﬁt@'n%ﬂ &REHRY. Thet benrdckien The

feed i shown 1n nes 1n Fig since it is on the opposite

face of Hohgeemt@pminglaBl df) 3nahagese abyrq:nm 39 (fdgsl Bbpe3a mnkbdhe
connected to the input signal termnal 17. Fee ine arm l15a_28 bruary
2005 P ‘conpectimmdretweepthg ARrmbgls ¢ uHefdde ?Wg denerter Wt'@?ﬁ wké E Pl ne

“tran r_.sectio the slot 14 at two points. The
trar@ rtﬁétl @E&l a&ﬁ@%s@ﬁﬁ%@ﬁ%ﬁ?%ue fromthe excitation points
underneat h t hergl 035 affishatdor fAd hpitiaincdthge of  thectpryparatiods ofwitheh are
shorted to the ground 13, as shown at 16a, 16b. These reactive Io ds 5

enhance grodnd-eptavger t he mat chi ng of the slot inpedance; that is,
Zf‘ ! 2' %r ;gidB Cﬁlugprgterset (éta:p\f) DR oftne c_?tsﬁ)usndoénIarrgr;p 15 URGehiR t‘i'@ei'egﬁéj&fve‘)f ZEro
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 conductwe layer on an insulating
25 board, by using a metal plate, metallic paint, metal plated p!astlc 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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frequency range. Further features of the construction and operatlon of the

internal antenna } 10 illustrated in Figs. | and 2 |ve
constructions that may be 10 used, are described ".‘E
~ Application PCT/L01/ 00626, filed 9 July 2001, t he puadnigiacia éﬁ
hereby incorporated by reference, In the above-cit Shif¢
antenna.is made resonant and radiant not only at a predetern1ned hi gh
frequency, as determined by the paraneters of slot 14, the feed |ine 15,
and the reactive |loads, but also at a lower i5 frequency band so as to be
‘capabl e of use as a nultl and m crowdve antenna. In the above-cited PCT
Appl i cati on, gj% Hﬁisg rcﬁErWéH!a?@era[?eﬂékﬁNSdé%igna@eﬂ e, chastruckdst ub
ground- enlarge y pro |d|ng a furt anel serving as a
cont i nuatizfiexible partgrfoinedP\WBatheon 8f éhetdmedhdme &ayaeoﬁthambomdotatlthe and
t hereby effectively enlarging round oad t ant a.na
| ower r@&P@Sllﬁ‘)ef‘ﬁé@ﬂéfﬂ@ytl"@aﬁéern§[]€ﬂ€e£§'atHJgﬂﬁéﬁ%é"ﬁ%@'m Qfm'n@ ?qum ency

of 't he f t

appli ca?ﬁ%fﬁwg 51 r?itnpthelt %@ﬁ—@ ﬂ% t&ge up er Ld;e% ﬁt@ﬁﬁﬁeq}g in P\B
4 of st hegrhamsleflarder Thigs llﬁusiﬁatédereXtﬁgdl ng tttms elasdrlmaluhﬁscoaductlve
ground of the printed wired board (PWB contai ning the 25 conmuni cati on

circuit eiecﬁrlcallytctw}dumﬁlvm layer eldt Bml\%h l%éﬁ@lﬂe@ﬁd vivt & flaxhle-pp i tedhgr ger s

or aund. %%q'y Ayrareneivs Trbaal R anPueirabf, 3h Gbl ekt 005y

band, | e fospatBv@andn the
| -ower rgg ?gpﬁ‘eﬁé}%gﬁﬁa g’%?ﬁ?ﬁ%\n@g‘éﬁg ﬁlat@@aggb\lggtﬁF@ebrSggr y 2085 PCTNI

0l / 0076 6f tihe BB AARI @) 0P at Bny .angle thareta, 40 qm;owde armmrantang@m@tn t he

el ectrically-conductive ground-enl arger, en al | ed 3

St £ 88 hedon B INBYE WhicEnRREES RS Gher i el Tof Brkana 1 th
ground- ! : e S t l: gan

& oorr e Bl sRveRol B Bhifledidhd *‘?@.éﬁ%'r@%??-'%gﬁﬁﬁé%f%ﬁﬁect ed 5

by a tegpd PRY/B F2int hyAsdiRibie RRInnd3 autht éhﬁbi’%%a?as%mg ehcbugh tihlaes:@\m _

opposite to that carrying the i nternal antenna and the signal term nal

7 of théemyiBal 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. The 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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connected to the signal termnal 17 of the internal ant enha. _ The’ onnect i on

between term nals 32 .and 33 nmay be by pin 34 (Fi gs.mitea3C)  nodd,iebp vy 2 = -
connections between the terminals 7. -9 of the P\B F&# terg?falﬁla?7619
of 10 the internal antenna 10 may be by pins 35. Fi} G A oSt Skt e
initial stage in the preparation of the ground-enlarger ogFJ(FN
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-enl arger to - 15 overlie tt}e, respective end of the PWB 4. It wll
t hus be seen that the ground-enlarger~30 acts-as a |load to the antenna in
t he | owdy bapéetier enable toaind; tdygnbancer thengparhing effiitiehqgyl efnhecintened imi n - PWB
4 (and thereby of the antepna 10). As described above, this inproving

ant ennathlowsr igdia fteIeRaY 888dt he operating efficiency of the antenna in

the 20 | ower i g fr . ~nh e, di 1ONS$ &4 -

ground- enl ar gfe:@q‘ gg,angg&\?\g@%tlgg@?ﬁgﬁ%ﬁg&!ﬂdﬁ%\ﬂl@g%?ﬁig maiﬁn%@@égfy

- Al thougbxtdift that anadstabl groueid-éslan) ndntHe ggerr@ptions aBe reverped atittel to
the main PV\B 4, it may Dbe nounted to the latter at any desired angle. The
gr ound- eespecyde they opposited facasnobiie AWBab! Ehuanaershowit in d49-n0apkRi ding a

conduct i . ayer | | ati 25 . , , | f

et al 11 St aBurive By eRehI e REPE P vt e B b B et
part of %bh% BRABH ALK thé YsteramptRnBada, Fobt ithdtahs ehy oppbsite Redesbneheover,

t he keyboard, etc. It wll also be appreciated that the antenna 10 may al so
be connewRd tarryibddheebeatdcalfy-tdnelultig: dayer 62aisdiorined with ithe stodsib8at i on to
th [ | t inal 17 of 30. the PWB 4. Feb .2005 1i . Fig. 4

11 ust r 89Bs GG 1He-SHP SGHR-cgUATErE! 647, ot G BIFHisaT CORRIGIORE dAF as a

fl exi bl \ 5 : ) | : ] -.baard, at
thotd opssERbh Bk 8 drfind-erfirobts, BIE FASHE 1h 4Re fBHRoRPTHT Boar 8360

termnabad @fe EdrmiuciBe4porithst 67ag 067 segyday 621 electaitally? cohnetting nt er nal
-antenna. The 5 ground-enlarger 40 illustrated in Fig. 4 thus al so_includes
it

an el econdediveylayentildoi the stapegronnd-winfaraerssbtanbritis: whilp fheysiate o8l e strip
42 1o tzﬁpd'ﬁéggtte%%?siwb?(?&]rgd{%“a\rlgerls PO 7Y el RN -c%ndll?&ﬁ;e%\?@'é?. the

gr ound-

Figs. 7a and 7b illustrate an arrangement also similar to that of Figs. 5a

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,




bent under the respective end of the PWB 4 (Fig. 4b), or OmFeHrﬁt&yzoos_
respective-end of the PWB 4 (Fig. 4c) or at any apgle.therel tr?\/s?
a conpact. arrangement 10 for the PWB 4 which enhang®y Iﬁ,e o%&agﬂ

efficiency of the antenna in the |ower radio freq  q§ ~as_descri bed
above. The antenna 10 is connected to the PWB 4 i if&t _i.gbLHl'fgﬁc;
such as by pins 45 passing through the signal ternminal 17 and ground
termnals 18, 19 in the antenna, and the corresponding termnals 7 - 9
(Fig. 1) in-the PWB 4. 15 Figs. 5a and 5b illustrate a construction wherein
“the -electrically-conductive ground-dAl arger is in the form of stub

gr ound- gadtar grtEical ocomgedtiont NESENd8Y, tthe RMWBuAd ojitesiption o ASkat tear ryi ng
the internal antenna 10 and the signal_input termnal 17 of the antenna.

In thi sgrase-enlaegepsatensien 7paodithedlaki 150, dhe anaip PWR 41 qap ke seRAatal | ayer

both_of jt site f ) in Fig. .l d52in Fig.
Sb. " Thetiedoa MR phe At oBafidh i B 18 Pk bing? 2 ant enna 10,
i's formed, atyife 1ARRYH bPofiFeAlbRIEr AR ald e/ bRflindtéiflarigel exRalsicrn¥@nna 10,

with a pair of slots 53a, 53b, cut” in the conductive |layer 51 defining the
grouwnd ghawe arEapenaindede itsis apprétated 3Bbt eacle bbskematancaigo badiradadedpen at
the opposite end to define two stub ground-enl argers 54a, 54b, and 25

el ect ri éhits €B8Anect i ons 55a, 55b at the ground plane 51. The

el ectrically-gopdyctive, L 1 he. Ly ﬁ%eo i E\Beh (as
shown in Fig. E@E) g?é%?ﬁr@?@ﬂ%cﬁﬂ\/\%him:‘rﬁogfgﬁg!tla f g?\g 6affT_F l%%rt?% 5’11@6 ﬁér eas
Wi t hout eg@iptURbOHSe stub ghmr@mua@aaﬁ anre asgmnhetrighl, andethe corinectites sf ub
ground-enl argers 54a, 54b. The stub ground-enl argers 54a, 54b, thus act

si hi | arthe eotenng 1360 Jhe MWBehase Hyr means ffwg termipgls dpthesthag| tareg ar ge

- the, d.pl 51 of 1t PWB , 12 t tt, b ' 2nh
e QL HAABNEnTnf, Bk, HRSrEY Buchfo b, Bllec 116 £HREY eluitlng sl ance
F10S. SRR dehfhindl] Y71 bt rly @ URbING tteAfiril M8 &n pe! Siak of the datteba and
--5h,--except that the 'stub ground-enlargers and the interruptions are

r ever setermindl, The.locatkmeot theotarminal diosan befchangedfastdesiredblm addition, as

hown in Fig. 6a, the electrically-conductive | 1 on the, s f PWB 4
car1yi nihe HeHpEeRE BoanBERaT e 1) $hs GpAdtcthe RVERalion Bre G BhEhgea,

ol cct i BN o 2B ABRIS s, 3B Sorrhelf ip TG elechitail epbitfe Joyer 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,




63b, defining the stub ground-enlargers 64a, 64b. The el ec28 Felauary 2005

connections for to exciting the stub ground-enlarg 67%3 jnlg(r‘7£e7

form of PTHs 65a, 65b, and the conductive portiong

electrically connecting ............. . conductive . éo the stub
ground-enlargers 64a, 64b; while the slots 63a, 6 , 4

ground-enl argers fromthe electrically-conductive |ayer 62. Flgs 7a and
7b illustrate an arrangenment also simlar to that of Figs. 5a 15 and 5b,
respectively, but wherein the two stub ground-enlargers are of an -

asymetrical construction. Thus, as dfown in Fig. 7a, the slots 73a, 73b,
are cut ﬁnc{j? é@s@oeéisﬁwh Cailib W3oe MEAES ty@pleanigrelddriediiyt dundavlvel whertcas. f or m

of two slots of different configurations so as to define two
st ub gr thencereaihangsides 92294, I%bndO6direfeledrcaloimsiigtingt i ons and

o he oroundThBreveer e ansB ol A PR ¥ alF (e S ™
on't o BR b0 4Pl B iR e s et BAELIARRMLISRIS 0L, Doy anter 72

- whergas ejtrRially RidrvieciEeb td Thef elactricathrapeductivenkaygurafthenP@iic s ang def i ne
a ground enl arger extension 76 on face 72 (Fig. 25 78% Grou&g enl ar ger
ext ensi suitatde ingannare £19-cas by Qé@fﬂf&:‘i@ﬂjegyc%‘duﬁt"é@ &4 PAMNGSEAY f(ngfya( or

R i T R
I
LTEL L PL A oot e oS v aRe e

gr (?J;Jnd e rcgmd-émargerm lsd:acﬂffdwwely(ﬁmarggltbe greand plane VB $02005

.01/ 00: 767 0 JAN each t 78 b,. t,h

i nt & r uﬂﬁlt@nloﬁgathec ﬁ@%%ﬁomgﬁet{@ieg g‘%ﬂ% 'lﬁ%g‘rern‘?‘g bzi'ﬁ'g eﬁlﬁg%wggb t he
P t t

mai n \é\gnéﬂ\ﬁtgé]ggﬁ SRR § fgf%eﬁ(gﬁ%g the ARS Snt iR ﬁi%&nfh%h@lffﬂécﬂfér@? in two

~l-ow-fr ground-enl arger 74a and the

ground- gghdr d&e grdusiisénlargéd bdx Sbomayatrmeﬁme@ feveed, dlfftarard; mp*pbelc iodt ed.
t hat each of them can al so be grounded at its end. Fi 8a, and

i || ust r atrangement wof rleqtaealy-eandaictive layess for effeelivaly eg iag 1 GrotiRd
of the PWB 4. Similarly, the slots 97a, 97b may be of different locations and/or

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




except that the stub ground-enlargers are asymetrical,
of | the antenna 10 to the PWB 4. are by neans of -ty
three. io termnals. Thus, the i nternal - antenna 10| f:‘ﬁf
i ncludes a signal: input term nal 17, but only a gpeik
side of the latter terminal. The location of the ternt ™ ‘
changed as desired. In addition, the interruptions 86a, 86b formed in the
conductive |layer 81 on one side of the PWB 4, and the slots 83a, 83b,
formed in the electrically-conductivge ayer 82 on 15 the opposite face of
the PWB are the sane as the corresponalng interruptions 66a, 66b and slots

63a, 63MauRted e ungarlicathe RWBeHI3 BR&NOWREN Fgel Azyionavarfie & ¢ as shon in

el ectri n r ting the stub ground-enlargers 84a, 84b in

t he F& aﬁePangtB%@y g@é‘% tggf%ﬁfhe i ke, the electrical connections 87a, 87b
el ect rl cally F@@nn%tan&gm@nmwm%do@w irfflehrntdtfors bR kha iawdtiopn iar ger s
are asymetri cal 20 . Other constructions for stub ground-enlargers

coul d bthei$en d%‘oa mmtmmlmhaﬂeehanui@tggenamllgrd%lgtateddddil dngeding @he form
0 5.5 Pt NouBRg. Bishcompgng tie Mk PWE 413 a5 derwel PO iRl ke
el ectri gal #@dﬁﬂnﬂ%c{:éﬁt‘aalmrﬁgstﬁg ﬂH&‘E’JpﬁBné QU g Ré hBHBEétem R HP; ﬁ%n@%f isin

the form a plura e., 'SIX-sl ox to be carrle t he end

of the M&Birfventipasttie gtouridratlarger priovigledhi® effadtiehakningetha gtOummft he
signal input termnal 17 of that ground-enl ap&ci The six S|des of box
[

gr ound- &g d?‘@{@r 198 d5 ecasriotnbyit ﬁ!ﬁl fliposectians dfelShow 8t dlbgalhegige 91

Fobr ua SroiEedsidss 3o ¥ SRS eI o Glethubly'd B QBEM & fLigT% 2°
gzdﬁyggogﬁéé g[g:!ds.té' ﬁﬁftﬁétcébhde&@d‘@%mthé’%xt%%r esenrtd g 14e fRighynguisatsies 92,

are electrically i nsulating. The ground-enlarger box 90 may
be nou nmauimbe,l @g' tmeamemacztruzanygcompcuve flezibey & 17 i dhe Qiyoted coeptingof case,
its-ele cal | y- caonduct j ﬁ] | a ]eé91 ‘93) are 5 electrically connected
to the ee iDrs PW‘Q éJﬁJbﬁ Oiaihg i of the PWB 4 in any suitable manner,

.g., b nd -
b St et hr sugRhy Sk BRAHS GOREHAG iegRofle Hinddns RY khollifllufich the |

si de 93housing has two sections movable relatlve to each other, (e.q., 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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As ‘descri bed above, the purpose of the electrically-conductive |ayers of

the ground-enlarger 90 is to effectively enlarge t aadind Al gn i?ﬁ '
PWB 4-so. 10 as to load the antenna 10 in the | oner¥ With fr@ojejﬁn&?

and thereby to - enhance the operating efficiency of gghge . a, ki hRea

| ower r.adi o frequency band. The ground-enl arger bm&%eféwoéﬂﬁaave
a different nunber or arrangenent of electrically-conductive |ayers for
effectively enlarging the ground. of the PW\B 4. Simlarly, the slots 97a,

- 97b may be of different |ocations and/or 15 configurations to inprove the
‘mat ching, and thereby to enhance thelﬁadiation of the antenna in the '
desired oper aWHAT IS epAIMBD §8he cases, only one slot, or no slots, may
be provided. Tn alT the above-described enbodi mnents of the invention, the
antenna is an internal antenna. It will be appreciated, however, that the
i nvention cou also 20 be inplenen i bj | e communi cati on appar at us
having_externgﬂwghﬁ%ﬁﬂ%ﬁ““Q§ﬁﬁaiﬁyﬁxg%ﬁg%Fﬁ%ﬁ?ghmks illustrated in Fig. 10,
wherein the houshagsih ananewg. &metlRicatifg cPYBitsoaMdh Privgied ereeldbaardi cat i on
circuitry of the apparatus I shown at 103, and the external antenna is
shown at (¥B) Tdrenedewithita sigabl termaad dort av antproaa@ndrdnar ger, shown at 105,
for effectively enlarging 25 tg$gprqgnd of the PWB 103 to |oad the antenna
104 in a eleakicallygraductgurrupd fensRid CRINTBRNISAYOR FIreWHYeonst r uct i ons

described above,, éﬁtéfﬁ‘aeéa?ﬁ&%ibg{?gatcﬁgﬁﬁﬁ\@&%bg%'ﬁﬂé'ﬁf‘é‘ﬁ{w gPesdctive

| ayer 106 at the poSI'té en conne to the antenna by a

pin 107 pﬁ?ﬁélﬂﬁrmh’fap@ﬁmé’ifdrﬁmixﬂﬁcatmiiomitmm tHRVBAB) daichentgnoa beiren| ar ger ,
respectively. The ground-enlarger 105 may be 15 mounted to underlie the
PWB 103 adesignachta apeiate inableasbors gadip draquensy &88dn in Fig. 10c, or at

The Cnvent i on, $ ap iy sPMud orobt e B e b S BT O
desi gnat egiediRalyf B5IARIIPiE RRUTAIPLBhAGCMERONE O tha PWE Suctpitmt PVB

113, ~an external” antenna 114, an ip section 115 containing the
ni cr ophonsaidfelddvicdiwmdadtctivengrobnd-enfevgel effectively enlargesisaishgioond afhe

d-enl i, ded ff ivel, I h d of he PWB 113 d
TS Car 11 oHRUNEB 1074 biaaniéron in saddedlr ity £aod, I eBte onlarger
116 i | ' : j 0 d i
oppos: to OAREENEERRERTER PhehRy bhedaefiha Rerictforl héfoder it of ), &1

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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manner, e.g., by an electrically-conductive flexible 117 in the pivoted

coupling of the flip section 115 to the housing 1} h?:}ﬁ&;?ﬁﬁ?%‘ﬁ,

of mnobil e tel ephone handsets are known in. which th i

sections novable relative to each other, (e.g., relajjies pziaj)é @3 .
sections), in which the PWB, conmunication circuitry>ameYMNd {2k
are in one section. The invention nay al so be inplenented-in those
constructions, e.g., by including the electrically-conductive

ground-enl arger in the other section. Wile the invention has been
“described with respect to several prefeérred enbodinents, it will be -
appreci at ed, thaphafl- M raila ,k@ﬂﬁ@ . #Set- : <JH-VIBVAh OF )T pur poses of
exanpl e, and thlhﬁr@@r%i{uﬁ?rcc%a” a%(?gﬁié@ejﬁovgﬁrib@aﬁg Sré{%rﬁ%lbng%%? r!Ocati ons of
the i nvéoardis fived teesaid VB and ireWiids TsaidSophaditdeEnd BF the PWiDI | e

conmuni cati on apparatus, conprising: a housing. including conmunication
circuitry and a printed wired board (PWB) forned with a signal term nal

for an antenng, 0, .4E, Lheald Ve duet round far.sal de. ot
“conmuni cat i on%cin‘@?f’P? ? {/‘:’?tﬁg(ﬁ%&r’f{j@gnég %Qﬁ??e%ﬁ%@{@gg '90 ﬂ@@g@ (néré"a;‘ o board

el ect ri gainkdgraM ARATROWIt saRl FWBHtGAR] opsdsiterdld krddfcand fohicciaition
circuitry in the PWB, said antenna being designed to operate in at |east
one . r adiresface tpusaid ppipesite ead of die BWESt ri cal | y- conducti ve ground- enl ar ger
carried by said PWB and electrically connected to said

el ectrically-conductive ground of the PWB such that said

el ectrically- goRgHGLy - - af fLact| - t+5ai d ground of
The PYE To 1 oad e R s ] B O e R e by o
enhance coinenunieatiun dgoudtry iiccamied orf ondlayanoépaid PAB] andlsaid y i n the | ower
~part of said radio frequency band, and/or to w den said radio frequency
band. 2dgrayd-gplasgelis Sabied e iapgthes leyetiohsald RWdein said antenna i's
connected to the signal termnal of the communication circuitry at one end
--of -the - PWB,- and said electrically-conductive ground-enlarger is connected
to the groundgofrhkthppatsimustsaingm Clhalraul, tWherdin $di@ sigpePiarhingrgf theé sai d
PWB. 3. The apparatus according to Caim 2, wherein said ground-enl arger is
car r i ed communrieatioreiccuiarision oomlayard e PAME at onelend theseef, gndsaitbct ed to
t he

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
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ground of . the communi cation ci rcwtry at said opposite end of the PWB. 4.
The apparatus according to C.aim3, wherein said ground enI ar er  board is
fixed to said PWB and underlies said opposite end Pi*T 22@@%67
2005 .01 /GOr67 0 2 JAN 2WB 1. - 5. The apparatus ac' Tq to im3;
wherein sai d ground-enlarger board is fixed to sai o ol G003 et AN=2083i o
opposite end- of the PWB.- 6. The apparatus according to d al m 3, wherein
sai d ground-enl arger board is integrally fornmed with said PWB at said
opposite end thereof, and is folded with respect to said opposite end of
‘the PWB. 7. The apparatus according tt8 Claim 1, wherein said ground of the
comruni r carried on one Iayer of said PWB, and said
ground- grarberfgéilglaggr%l%ﬁ on another |ayer of said PWB. 8. The apparatus
accordi ng to Claim1, wherein said signal termnal of the comunication
circuitry is on _one Iayer of the PWB at one end thereof, and said

ground- enl ar gb3- The appaatus acording e Claigy &2, wheraia spide”WB IpFledsp@bsi t e end

or ouna. enuicgB<ORRR Bl RoRE ot Ptk @Ot b AHBL B SR lovare by sai

PVB. 10@enﬂi§¢oﬁﬁ@@m@¢w&ma saftf Elediritally- c‘dﬁéﬂétwé gouddsned term nal

of .the cOommunication circuitry is at one end of the PWB, and said

ground lekeraupfions anedlligded veth said stuty geoundrenigrgersdn satﬁa:ﬂysaiayar the opposite

end of the PWB. 11. The apparatus according to Caim 10, wherein said

ground-enl arger includes a pair of stub ground-enlargers formed in the

electrically- r te end of the PVB.
ff'*ﬁi@é%aﬁgtu& é}{éﬂﬂjdﬁé ﬁ}'% Avhadin sé’i RPSH

12. The apparatus ac I'ng ‘erern sal opposite end of the

PVB i najroded-anlargeesintiucel élgetﬂoam/ac@nd&t:gewﬂomwmlaaottmféayerroftmd PWB,
said stub ground-enl ar gers bei ng defi ned slots formed in the

el ect r i B p-which seid stuDANBWREn argerSgar@lﬁlact@ﬁal%c@nﬂ%Ed -ayer :

15. The apparatus according to Claim 1, wherein Said‘
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.




13. The apparatus according to Claim 12, wherein. said. PV%SFGI:’IbC gosan _
el ectrical | y-conductive ground on a second | ayer of the PWB, sald second

| ayer - being formed with |nterrupt|ons in said el e@# @}I%Bﬂv?ﬁ?

ground, which interruptions are aligned with saidg ound-
said one layer. 14. .The apparatus according to C ai . ‘3 Q) Qr uﬂppg t
ground-enl argers include el ectrically-conductive portlons on anot he

of said PWB to which said stub ground-enlargers are electrically
connected. 15. The apparatus accordlng to daim1l, wherein said _
el ectrical ly-conductive ground- enlardér is included in a box having a

plurality of 15iTiesapysatyd él@td?@mﬁ%dil@lﬁ‘n thehBWEin sald dstephaenenof said-
sides of the box being electricall -conductive and serving as the

gr ound- exﬂeanaj@nt@m:came@bwsa:@mngamgcexter@aﬂ\ait@ergaﬁan@ iotlechicaly\s. 16. The
apparatus a t m 15 erein a plurality of said sides of said
el ectri %Wﬂﬁ%&)&ﬂﬁgglp&gg&’ H&a@n%\g Y49 box are el ectrically-conductive and
serve as the ground-enlarger electrically connected to said ground of the
PWB. 17. The apparatus according to Caim15, wherein said at |east one

el ectri cal | y- gonthe apparatiisecairdingi td aiouigwheteingaid dmbenna isormed with at
| east one slot to nodify the | oad Froduced by said g;ound enl arger box.
]

18. Thee@sﬁmaﬁyggn@%%@ao flae geound af said PWidpadditian £ s cannection i@,

i nternal, a ousing and is electrically connected to said
PV\B mﬁt 'ﬁbggﬂ%'ﬁkﬁglnaéﬁégNEébruary 2005 19 19. The apparatus according
to daim1l, wherein said antenna is an external antenna carried by said
housing external Iy thereof and is electrically connected to said: PWB

within said hausTrn@apgaratumecmﬁagatmﬁarat&owaerﬁ;ntsaldcmbﬁe1 wherein said

ant fpgaegﬁ%g{.sagw%o%a{r o 30 giapbie ey Shadfodacs Polpfar at us”

accor di pgy.hghone swwasg egc;\fé f@éﬁc‘l'leothépm id ABUSRB AL | S a

nobi-1-e- set an udes a housi’ aving two~sections

nmovabl ejrichiding \saidtmNBacdwnmdmatlowmrcuitns,ardi dignaditegnisat foramsantenobudi ng
said PWB, comunication circuitry, and sigpal terp1na| for an antenna,
the other of said housing sections including sald 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 tﬁe 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 housmg and electrically

connected to said signat terminal of the communication cnrcuntry 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

l'argers in
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t he other of sai d housing sections including said eIectrlcaIIy conductlve
ground-enl arger. 22. The apparatus according to C @idg.2d ereln sai
other housing section is pivotal with respect to Pl ne]l_s/ ‘?{:é?n
23..A nmethod of enhancing the operational efficienchisnm ﬁz ef
comuni cation apparatus in at |east one radio freque Wi AthUﬁaen
its radio frequency band, which apparatus conprises a housing including
communication circuitry and a printed wired board (PWB) forned with a
signal term nal for an antenna and 22 electrically conductive ground for
'sai'd- "comuni cation circuitry, and arf*antenna carried by said housing and
el ectri PWB o loadnhecintenndirssaid radigrfedquescyibaald. of the communi cation
circuitry in the PWB, characterized in that the operating efficiency of the
antenna i s enhanced, particularly in the |ower portion of said radio
frequency ban i _ i.¢ r.egu i S. W )y. .connecting an
electrically- gghﬁh%ﬂ&%géagF§WH®ﬁ%ﬁ1Q@Bﬁégﬁgﬂggéﬁy%ﬁggﬁ&?@éﬂgy-conductive
ground ednhdreedVBtise snbhRt sl &f tigd esmwrﬂtétibrp@mmgaven@r@ww ar ger
effectively enlarges Said ground of the AVNM DEET 28 February 2005 UM
01/ 0076PWHy andosaid glactrielly- cmdum gt@Undaehiamramtemmecm te thelgrautic:
'frequencg band. 24. The net &fordl to d; % ‘Wherein said antenna

confkHEPPYEtog; Giey| r'5f%tr ePasttegnd ion. 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. 25. THamathodadcarding i Qlgint Q4Chaiareiddsaidvaesigidesiarger is

ground-enlarger is carried on a separate board fromsaid PWB and is
el ectri @enrilegl Wb isepeale beakhiram w7 HWE andigl elgctically mppneded toraidret hod

accordi : erein said ground of the comrunication circuitry
IS carré@hﬁéﬁ?qgﬁtgkég%r f said PWB, and said ground-enlarger is carried
on anot her |ayer of said PWB. 27. The nethod according to Caim 23, wherein

--sai-d-si-gnal term nal of the
' 26. The method according to Clalm 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
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conmuni cation ci rcwtry is on one |ayer of the PWB. at one encP ?{greo

sai d - -ground-enlarger is carried on another |ayer : f PV'MKI&?&E

opposite end thereof. 28. The nethod according t M :
ground-enl arger includes at |east one stub ground-geegl Q rJJtm&@dam:‘]sal d
PWB. 29. The nmethod according to C aim 23, wherein sdlad alt enna s ekt
internal antenna within said housing and is electrically connected to said
PWB " within said housing. 30. The nethod according to O aim 23, wherein
said antenna is an external antennaafarri ed by said housing externally
thereof and i's electrically 28 Febru 2005 connected to said PWB within
sai d hocennegted Bi saidHENBewibiid Smctbodslng to Caim23, wherein said antenna
is electrically connected to the ground of said PWB, in addition: to its
connection to the signal termnal of said PWB. 32. The method according to

Cl aim 23, whesfi L CONMENL cad4 QN appa s.ls a. nobile

t el ephone han%geﬁ%ﬁ' Pﬁgfég%&d'@oﬂ%"ﬁ?j 3@"3’%@‘ 'ﬁﬁ@é@f’?%ﬁs novabl e

rel at i veleticalg bontdrted totke growt of SSIHPWE, FESAdIROS to I8 onAkBgorsed d PVB,
comuni cation circuitr and signal term nal for an antenna, the other of

sai d_hothé fignaldeemisya of 6IHRWRg sai d el ectri cal | y- conductive ground-en
| arger. 33. The nethod according to Claim23, wherein said
el ectrically-conductive ground-enlarger is forned with slots to nodify the

load  producesh te! fidthodaccdrdifgto 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
mground-enlarger

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






