1 MBI LE WRELESS COVMUNI CATI ONS DEVI CE COVPRI SI NG MJLTI - FREQUENCY BAND
ANTENNA AND RELATED METHODS Field of the Invention [0001] The present
invention relates to the field of communichations devices, and, nore
particularly, to nobile wreless comuni cations devices and rel ated

met hods. Background of the Invention [0002] Cellular conmunications systens
continue to grow in popularity and have becone an integral part of both
personal and busi ness comuni cations. Cellular tel ephones allow users to

el 1 ul ar t o eptBiTae Sy ERBIESR oM EA o BV ECr COMBIESING 1 1
of cellul ar deVildleEI-RREQUEBNGTE BANMANTENNA AN BELARED METHQDS e
personal digital assistant (PDA) features such as cal endars, address

books, task lists, etc. Mreover, such nulti-function devices may al so
allow users to wirelessly send andiektef the bivemtiosni c mai| (emil) nessages
and access t rnet via a cellylar netwar d/or a.wi.rel ess. | ocal
orea notvork [IOLARSE Prose b iufafie rilafbsf B BRI STl RicHighe G tiessi ry o
cel lul ar commﬁ' G gﬂﬁgﬁ 1 ' tO : ; e
demand for smalTer Ijg Vi éesgv{kg’let?hmg?gé Mggég;ésesr&)é#g&r%oﬁgggg%ﬁ\%ﬁﬁ?%%[?(ﬁ)?%ra{e@sers
to carry. As metleeiyl t, one style of cellular telephones which has gained
wi de popularity is the folding or "flip" phone. Flip phones typically have
an upper housing with a display and speaker, and a |ower housing or flap
whi ch carries the m crophone. The keypaﬂ on.such phones may be on either
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Cellular telephones allow users to place and receive voice calls most anywhere
they travel. Moreover, as cellular telephone technology has increased, so too
has the functionality of cellular devices. For example, many cellular devices
now incorporate personal digital assistant (PDA) features such as calendars,
address books, task lists, etc. Moreover, such multi-function devices may also
allow users to wirelessly send and receive electronic mail (email) messages and
access the Internet via a cellular network and/or a wireless local area network
(WLAN), for example.

[0003] Even so, as the functionality of cellular communications devices
continues to increase, so too does the demand for smaller devices which are
easier and more convenient for users to carry. As a result, one style of cellular
telephones which has gained wide popularity is the folding or “flip” phone.
Flip phones typically have an upper housing with a display and speaker, and a
lower housing or flap which carries the microphone. The keypad on such
phones may be on either the upper housing or the lower housing, depending
upon the particular model. The lower flap is connected to the upper housing by
a hinge so that when not in use the upper and lower housings can be folded

together to be more compact.



[ 0004] One exanple of a flip phone is disclosed in U S. Patent No.
5,337,061 to Pye et al. The phone has two antennas, a first one of which
is nounted on the Ilower flap and includes a ground plane and an active
nmonopol e fed by a coaxial feed fromelectronic circuitry inside the phone.
The flap is pivotally connected to the main or upper section of the

housi ng, and is fol ded against the main section when not in use. Another
simlar antenna is fitted in the main section, and both antennas are
connected to transceiver circuitry in the phone. The antennas are designed
to introduce [H&0dbEOnatexanipderaf elilip phpnow dischnedid €cSi RgentsMbt £BBAG6I et em
bet ween the antennas _w thout the need for separate circuit el enents.

[0005] The ant¥hibeledheirhonabinehverntenses. afiest onelofprivak inmpuatesbon the

i gni ficantl ffect t 1l si footprint of th . Cel Lul
ePaphones t yPELITp anidhnsRis & arated pittearelaf Rt esRporcie doRmDA Coiidng.
i I'tipl i ) ' ! - f
mobi e dovi cortaifidlectf L ERELARAAIT, MEDhEHE. THPAS X pROLER A Hled,

retractabl e aotthongaif ioruppdf SSotichQdf thekalbing, afileld folddtagshitant ablig

antennas are typically deployed outside, i.€., on the exterior of, a

mobi | e devi cesectinn Wherenetad Use afdothetl disdlilali pkbenaist fémethis theenainygectad) y

within (i.e. e interior of) chbi | e devi ce case, or housi nih adj acent
¢

, on t a ¢ .
the top ther eﬁélﬂ%%g[ﬂ@é@maseé%mq%e WOSEMISSEIVEr GUISRIEY Indhedheng. Bhe ow cel |
phones to hay, l,er. Nt than..do externa nt ennas. _Mor.eover,
Phey ar e al og it TRe pElighGR LD bian-B Aoty b Bl 3P BURR At oSG
ergonom c r easgish t df{%}ﬁ e
dew ce housi ng anéln% hg%tgl?igfé g@éﬁ%@%ﬁggﬁﬁﬁgﬂgﬂfg I@?ﬁg%?%px#%%na i
ant’ennas. Extebemahtsant ennas may be cunbersone and nake the nobile device

difficult to use articularly in |imted-space environments. [0007] Yet,
one pot ent i all089 atgnng gpnidgyratinn of saiellpéan talephoph oty alpe signaicantly t hat

e e b e 5 e bR e R SR T o
have antenna structures that support communications in multiple operating
frequency bands. Various types of antennas for mobile devices are used, such
as helix, "inverted F", folded dipole, and retractable antenna structures, for
example. Helix and retractable antennas are typically deployed outside, i.e., on
the exterior of, a mobile device, and inverted F and folded dipole antennas are
typically within (i.e., on the interior of) a mobile device case or housing
adjacent the top thereof.

) [0006] Generally speaking, internal antennas allow cell phones to have a
smaller footprint than do external antennas. Moreover, they are also are
preferred over external antennas for mechanical and ergonomic reasons.
Internal antennas are also protected by the mobile device housing and therefore
tend to be more durable than external antennas. External antennas may be
cumbersome and make the mobile device difficult to use, particularly in
limited-space environments,

[0007] Yet, one potential drawback of typical internal cellular phone antennas
is that they are in relatively close proximity to the user’s head when the phone

is in use. As an antenna moves closer to a user’s body, the amount of radio



3 frequency (RF) energy radiation absorbed by the body will typically

i ncrease. The anount of RF energy absorbed by a body when using a nobile
phone is called the specific absorption rPate (SAR), and the allowabl e SAR
for nobile phones is typically Iimted by applicable governnent

regul ations to ensure safe wuser RF energy exposure |levels. [0008] One
attenpt to reduce radiati on exposure fromcell phone antennas is set forth
in US. Patent No. 6,741,215 to G ant et al. This patent discloses various
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second feed p@iold so A€ the bottom portion of the housing angles away from the user's
face.
[0009] Despite such antenna configurations which allow for reduced radiation
exposure, further advancements in antenna configurations, particularly internal
antennas, may be desirable to allow for further reductions in overall device size

while still providing relatively low SAR values.

Summary of the Invention

) [0010] A mobile wireless communications device may include a housing and a
multi-frequency band antenna carried within the housing. More particularly,
the multi-frequency band antenna may include a main loop conductor having a
gap therein defining first and second ends of the main loop conductor, a first
branch conductor having a first end connected adjacent the first end of the main
loop conductor and having a second end defining a first feed point, and a
second branch conductor having a first end connected adjacent the second end
of the main loop conductor and a second end defining a second feed point.
Moreover, a third branch conductor has a first portion within the main loop

conductor, and a second portion connected to the second feed point. The



4 antenna may further include a tuning branch conductor having a first end
connected to the main | oop conductor between the respective first ends of
the first and second branches. [0011] Thes nulti-frequency band antenna nay
therefore be arranged to take up a relatively small footprint yet stil
provi de desired performance. Mreover, the antenna configuration allows
for convenient positioning at the bottomof a nobile device (e.qg.,
cellul ar phone) printed circuit board (PCB), which aids in conplying with
applicable SAR requirenments. This configuration may also allow for |ess
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an antenna than they are an antenna positioned adjacent the lower portion of
the housing.
[0012] By way of example, the first portion of the third branch conductor may
comprise a loop and/or a patch. Also, the second portion of the third branch
conductor may be connected to the second feed point via the second branch
conductor.
[0013] The main loop conductor may have a generally rectangular shape with
opposing first and second sides and opposing first and second ends, and the gap
: } may be in the first side of the main loop conductor. Moreover, the respective
first ends of the first branch conductor, the second branch conductor, and the
tuning branch conductor may be connected to the first side of the main loop
conductor. In particular, the main loop conductor may include non-planar
portions to provide further space savings, for example.
[0014] The main loop conductor may advantageously have at least one tuning
feature therein. By way of example, such tuning features may include
meanders, zig-zags, loops, as well as other geometrical shapes. The first,
second, and/or tuning branch conductors may also include similar tuning

features therein. The mobile wireless communications device may further



features therein. The nobile w reless communi cati ons device may further 5
include a dielectric substrate supporting the nulti-frequency band ant enna,
and the main | oop conductor, first and second branch conductors, and

tuni ng branch conductor may each conprise a respective conductive trace on
the dielectric substrate. The nobile w rel ess communi cati ons devi ce may

al so include wreless transceiver circuitry carried by the dielectric
substrate and connected to the nulti-frequency band antenna. [0015] A

met hod aspect, of the_ ipventign is for making a nohile wreless
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nobile wirel ess coqgunfi cations device of FIG 1. } [0019] FIGS. 4-6 are
schematic di 29rArEGH-THFUCHFY Rend ABBA# Aent s of tuning features which may
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Brief Description of the Drawings

[0016] FIG. 1 is a schematic block diagram of a mobile wireless
communications device in accordance with the present invention illustrating
certain internal components thereof.

[0017]FIG. 2 is a front elevational view of the mobile wireless
communications device of FIG. 1.

[0018]FIG. 3 is a schematic diagram generally illustrating a multi-frequency
band antenna for the mobile wireless communications device of FIG. 1.

} [0019}FIGS. 4-6 are schematic diagrams of different embodiments of tuning
features which may be used in various portions of the antenna of FIG. 3.
[0020]FIG. 7 is a perspective view of an embodiment of a dielectric substrate
and associated antenna for use in the mobile wireless communications device
of FIG. 1.

[0021]FIG. 8 is a rear elevational view of the dielectric substrate of FIG. 7.
{0022] FIGS 9 and 10 are perspective views of another embodiment of a
dielectric substrate and associated antenna for use in the mobile wireless
communications device shown from the top of the substrate looking down, and

from the bottom of the substrate looking up, respectively.



fromthe bottomof the substrate |ooking up, respectively. 6 [0023] FIGS.
11 and 12 are flow diagrans of nethods for making a nobile wreless
comuni cations device in accordance with tdhe present invention. [0024]
FIG 13 is a schematic bl ock diagram of an exenplary nobile wrel ess
conmmuni cations device for use with the present invention. [0025] FIGS.
14-16 are schematic diagrans of alternate enbodi nents of the

mul ti-frequency band antenna of FIG 3. [0026] FIG 17 is a graph of gain
vs. frequency for the antenna of FIG 14. Detailed Description of the
Preferred Enbiddi2deht(sS.[002Y] 1Thee flvesdinpranmefiictiodsifbl nadmpbe ndetsbr i bed
nore fully hereipafter with reference to the acconpanying draw ngs, in
whi ch pr ef er r8Heksh SamEHIGatENS dayécy m\/@ﬁprdﬂmcawtgﬁw*.esqrﬁixwﬁweht i on

may, however, i.ed in.many. .different fornms and shoul d..not. he
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conplete, and wi ul'l'y” convey e scope of the invention to those
skilled in tHe02FIFIGS. Kel- neakesche iR dih@rai6f AtcpnBitcmbilinkafost theand
prime notation is used to indicate simlar elenents in alternate
enbodi ment s. mylbBAsHuetyranidrantemve oOFEGphrticularly to FIGS. 1 and 2, a
nobil e wirel i.cations devjce, such as _a nobile cel|ul ar device
20, in accor daRRE G T lﬁﬁegrﬁpléggaﬁm Vi drqusncy forthe enteawaafiigy 14the
cellular device 20 illustratively includes a housing 21 having an upper
portion 46 and a |ower portion 47, and a main dielectric substrate 67,
such as a printed ci r ifhilPaBerftfdd oP HRSPFALPred RinsRNRs Carri ed by
tfh% housi ng. The il | ustratéd nous T for exanple,
as/opposed t q0827)The messitiidvergidrowili ngw bdieerided nusreduily erenatiet widhar
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different forms and should not be construed as limited to the embodiments set

forth herein. Rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the scope of the invention
to those skilled in the art. Like numbers refer to like elements throughout, and
prime notation is used to indicate similar elements in alternate embodiments.
[0028] Referring now more particularly to FIGS. 1 and 2, a mobile wireless

communications device, such as a mobile cellular device 20, in accordance

e

with the present invention is first described. The cellular device 20
illustratively includes a housing 21 having an upper portion 46 and a lower
portion 47, and a main dielectric substrate 67, such as a printed circuit board
(PCB) substrate, for example, carried by the housing. The illustrated housing
21 is a static housing, for example, as opposed to a flip or sliding housing
which are used in many cellular telephones. However, these and other housing
configurations may also be used.

[0029] Various circuitry 48 is carried by the dielectric substrate 67, such as a
MICroprocessor, memory, one or more wireless transceivers (e.g., cellular,

WLAN, etc.), audio and power circuitry, etc., as will be appreciated by those



WLAN, etc.), audio and power circuitry, etc., as wll be appreciated by
those 7 skilled in the art, and as wll be discussed further below A
battery (not shown) is also preferably catried by the housing 21 for
supplying power to the circuitry 48. [0030] Furthernore, an audi o out put
transducer 49 (e.g., a speaker) is carried by the upper portion 46 of the
housing 21 and connected to the circuitry 48. One or nore user input
interface devices, such as a keypad 23, is also preferably carried by the
itry 48, Other. exanples of user .i nput
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enbodi ments. [§031] The cellular device 20 further illustratively includes
an antenna 45 carried within the |ower portion 47 of the housing 21
conprising a HHB0pFmrtdrmaenshustdivertp@aemsdocéh® @.gl espedlerysbsiriade 67,
as will be discussed further below. By placing the antenna 45 adjacent the
| oner porti onb¥theogppen@ordes#thgf thahowding 24 avdricagededity thaeiresityst& he

di stance between the antenna Emd tfhe user's thead en gg .ph?ne IS in use
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particul arly, me i I r i usi ng
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directly nextedamplesofaser iNght intdterdeARiceRNE1AD adbrdlf wihike] BPUaliRGbadk Where
an audi o input transducer (i.e., mcrophone) is |ocated need not be placed

directly nextuttan 36.(skeowserptinill baragppreciatyditicat] dtireiheded imwatyinferfacet he
usé&'s nouth. That is, hol fli ng the audi o input transducer clgse to the
user' s nmout h HRYCGE--Ghity sedtinueipeiceR interipes) AL bedwed inethstt my al so
distort the '“Eﬁﬁ‘l';' ¥ itsce in some circunstances. In addition, the placenent
of the antenna 45 adjdacent the |ower portion 47 of the housing 21 al so

advant ageous| pp0s PELIEScINBa2ddBBO30 further illustratively includes an antenna 45
carried within the lower portion 47 of the housing 21 comprising a pattern of
conductive traces on the dielectric substrate 67, as will be discussed further
below. By placing the antenna 45 adjacent the lower portion 47 of the housing
21, this advantageously increases the distance between the antenna and the
user’s head when the phone is in use to aid in complying with applicable SAR
requirements.

[0032] More particularly, a user will typically hold the upper portion of the

'4 ) housing 21 very close to his head so that the audio output transducer 49 is
directly next to his ear. Yet, the lower portion 47 of the housing 21 where an
audio input transducer (i.e., microphone) is located need not be placed directly
next to a user’s mouth, and is typically held away from the user’s mouth.
That 1s, holding the audio input transducer close to the user’s mouth may not
only be uncomfortable for the user, but it may also distort the user’s voice in
some circumstances. In addition, the placement of the antenna 45 adjacent the
lower portion 47 of the housing 21 also advantageously spaces the antenna

farther away from the user’s brain.



farther away fromthe user's brain. 8 [0033] Another inportant benefit of
pl aci ng the antenna 45 adj acent the lower portion 47 of the housing 21 is
that this may allow for | ess inmpact on antenna performance due to bl ockage
by a user's hand. That is, users typically hold cellular phones toward the
m ddl e to upper portion of the phone housing, and are therefore nore
likely to put their hands over such an antenna than they are an antenna
nount ed adj acent the |ower portion 47 of the housing 21. Accordingly, nore
reliable performance may be achieved from placing the antenna 45 adjacent
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therebetween.
[0035] Some examples of auxiliary I/O devices 50 include a WLAN (e.g.,
Bluetooth, IEEE 802.11) antenna for providing WLAN communication
capabilities, and/or a satellite positioning system (e.g., GPS, Galileo, etc.)
antenna for providing position location capabilities, as will be appreciated by
those skilled in the art. Other examples of auxiliary I/O devices 50 include a
second audio output transducer (e.g., a speaker for speaker phone operation),

) and a camera lens for providing digital camera capabilities, an electrical device
connector (e.g., USB, headphone, secure digital (SD) or memory card, etc.).
[0036] 1t should be noted that the term “input/output” as used herein for the
auxiliary I/0 device(s) 50 means that such devices may have input and/or
output capabilities, and they need not provide both in all embodiments. That is,
devices such as camera lenses may only receive an optical input, for example,
while a headphone jack may only provide an audio output.
[0037] The device 20 further illustratively includes a display 22 carried by the
housing 21 and connected to the circuitry 48. The back button 36 and scroll

wheel 37 are also connected to the circuitry 48 for allowing a user to navigate



housi ng 21 and connected to the circuitry 48. The back button 36 and scroll
wheel 37 are also connected to the circuitry 48 for allowng a user to

navigate 9 menus, text, etc., as will be®appreciated by those skilled in
the art. The scroll wheel 37 nay also be referred to as a "thunb wheel " or
a "track wheel" in sone instances. The keypad 23 illustratively includes a
plurality of multi- synbol keys 24 each having indicia of a plurality of
respective synbols thereon. The keypad 23 also illustratively includes an

alternate function key 25, =~ a,next key 26, a,space key 27, a ift key 28,
B return (or BRVEyORYSE ogs T pn g RRss SRty Hbat BBasgolne nex
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and backspaced¢yingfinges mﬁqcbytp@d%ti;%s@at'iw%@ﬁk%a&'a pheaRscefvaliy, upon
first actuating the alternate function key 25. The keypad 23 further

i |l ustrati velsymhaldleysl24 cacls badinkeaudRis ofa phndlityeyl R2pedindt syntioriveni ence
(i.e., nenu) égey 39 _for use_in pl acit% cellular tel ephone calls, as_wll

be appr eci at é8¢l5pn¢ hbe Keyrad 33 aoiiustrdively Inqledsopn Nieairdunciipekey Abol s
on, cach key AR LIS 00192 USHRL AT 0I5 ol RERLRRPAS, o 4
D essi o0, AR v Loy 15, il e Lop ou syvinls e,
the nmulti-s)0088] Reysex24ear2é iantsanged tbentdrey AT Stmbdingen Omws passsiner ’
keypad 23 below the send and end keys 31, 32. Furthernore, the |letter
synbol s on edehiasng thaaltpapse tncips keyrdh gémiledyddie spece keyBRTshiftdsey A8
B RN e e L MR T SR8
R S S S e St ST
mul ti - synbol ikdyde2d sértl kdre3 seapasd kéy e dandidonvenience (i.e., menu) key 39
for use in placing cellular telephone calls, as will be appreciated by those
skilled in the art.
{0039] Moreover, the symbols on each key 24 are arranged in top and bottom
rows. The symbols in the bottom rows are entered when a user presses a key 24
without f{irst pressing the alternate function key 25, while the top row symbols
are entered by first pressing the alternate function key. As seen in FIG. 2, the
multi-symbol keys 24 are arranged in the first three rows on the keypad 23
) below the send and end keys 31, 32. Furthermore, the letter symbols on each of
the keys 24 are arranged to define a QWERTY layout. That is, the letters on the
keypad 23 are presented in a three-row format, with the letters of each row
being in the same order and relative position as in a standard QWERTY
keypad.
[0040] Each row of keys (including the fourth row of function keys 25-29) are
arranged in five columns. The multi-symbol keys 24 in the second, third, and
fourth columns of the first, second, and third rows have numeric indicia thereon
(i.e., 1 through 9) accessible by first actuating the alternate function key 25.

Coupled with the next, space, and shift keys 26, 27, 28, which respectively



fourth colums of the first, second, and third rows have nuneric indicia
thereon (i.e., 1 through 9) accessible by first actuating the alternate
function key 25. Coupled with the next, space, and shift keys 26, 27, 28,
whi ch respectively 10 enter a "*", "0", and "#" upon first actuating the
alternate function key 25, as noted above, this set of keys defines a
standard tel ephone keypad | ayout, as would be found on a traditional
touch-tone tel ephone, as will be appreciated by those skilled in the art.
[ 0041] Accordingly, the nobile cellular device 20 may advant ageously be
used not onl §ntasaa*trAdi endiél upen Ilrstactydingethe hilternadte fayctainsieyh2s, as
conveniently use& Eor ﬁending and/ o receiving data over a cellular or

ot her net wor KIOEHEROY¥S hissef REkeyndefingse stardar telephors Kaypasl lapputc 8ar se,

ot her keypad i ;0Ns .als be used .in ot her enbodi nent.s,

Mul ti-tap or %I’Bg%fl %’fo\iﬁédeoﬁ}?%%@é@?wﬁb@negggﬁhqw a8 RInRF anrgripted byt ¢
as W || be appheciigliedibmd hese skilled in the art. [0042] Exenplary

i npl enentations of the antenna 45 are now di scussed with reference to

FIGS. 3 throu@841pAcdirdirty ethoandilé sclhrlef @abd Y0 anduhdvantigRAUBIEYudand
ant enna whi ch provi des enhanced transm ssion and reception ~characteristics
over nultipl ¥peines adratitionsd seilelar phone it ineyladsd Ye cotneenientiyonsed 05 | s
designed to proyide hi,gh gain esired i npedance matchi ng, and neet

appl i cabl e s&ﬁ“g’é’éﬁlﬁgé‘%e‘}?g@v&%’eaﬂ‘é VEr étqgﬁéﬁ\} ORioHReTEARRE Bt CR g Intetnati pl e
cellular fre : S 0, I { . preferably
oper at os over T aipands forShalile 0L ENRR, Shel REA G g0 R s 8

Communi cat i ot (s&8V obifsrdmBoRANRMIDEIMPaNDredicHES hBRtdnodes B@g b%a“d, and
a band (i.e., up to about 2100 MHz), although it fmay be uSed for

o;t- fer bands/ fuseddemtypare esnail, ktc. povillbeTpprerisedvey tpaeakilteddnahe ertna 45
iy ough 10 - A0TSR IS riS et Bl aTienEAd S AT dransser Ypilanar
orboc ent s eptElcsa FIES T BRI LA RGB!l prdtabfthua ! 1
frequency band antenna which provides enhanced transmission and reception
characteristics over multiple operating frequencies. More particularly, the
antenna 45 is designed to provide high gain, desired impedance matching, and
meet applicable SAR requirements over a relatively wide bandwidth and
multiple cellular frequency bands. By way of example, the antenna 45
preferably operates over five bands, namely a 850 MHz Global System for
Mobile Communications (GSM) band, a 900 MHz GSM band, a DCS band, a
| ) PCS band, and a WCDMA band (i.e., up to about 2100 MHz), although it may
be used for other bands/frequencies as well.
[0043] To conserve space, the antenna 45 may advantageously be implemented
in three dimensions, as seen in FIGS. 7 through 10, although it may be
implemented in two-dimensional or planar embodiments as well. The antenna
45 illustratively includes a first section 61 on the PCB 67. A second section 62
wraps around from the PCB 67 onto an L-shaped dielectric extension or
antenna retainer frame 63 which includes a vertical portion 51 extending

outwardly from the PCB 67, and an overhang portion 68 extending outwardly

from the vertical portion and above an adjacent portion of the PCB. In some



wraps around fromthe PCB 67 onto an L-shaped dielectric extension or
antenna retainer frane 63 which includes a vertical portion 51 extending
outwardly fromthe PCB 67, and an overhang!porti on 68 extending outwardly
fromthe vertical portion and above an adjacent portion of the PCB. In sone
11 enbodi nents, sidewalls 55 may al so be positioned on opposing ends of
the I shaped dielectric extension 63 to provide additional support, if
desired (see FIGS. 7 and 9). [0044] The second section 62 of the antenna

45 il | |ydes 2 peLe Lo d 64 havi
Cher i n-deti nPRYORMRGR e Calfbs reelo B3 Foaatoped e raeing %%Véf'&ﬂaic?ﬁf’.
The Tirst SeCElﬁ %el%f:trfc'&t%ﬁ%&ﬁ'ﬁ% télg) 'dleléﬁﬁﬁ?n%ufl’?uaérfpéh?‘%k HaG AbL St

branch conduct econ ranch quctor uni ng SFanch
conductor 72. F[\@s_eﬂgga hcularly, the first branch conductor 70 has a first
end connected adjacent the first end 52 of the main |oop conductor 64, and
a second end {HI4jilhg secdrid stctibadd (pﬁj]hﬁtantaldmacﬁ illstrhevelylihdstiead ethipxanpl e
is connected }o a signal source 54 (e.g., a wireless transceiver). The
second br anchlQoFrieins condugkey 64 havigg agieg tb@f@ﬁéé@ﬁ@ﬁngafémsaa%seqqmé a¥sond

d 53 of th d 64 ef d
Foed point . wibch PhaEHRaRIRE PagldoE Ehonat Sy rREer UF el dsoong”

I d
2 has o 11 e R P PRt

respective fi7htareindaundhg bnchicontiuend 72eburd pabli@nafesthe Thet biasicht he first
end of the tuni r}g@branch conductor 72 is connected to the main |oop
conduct or 64 andistr Hbhasa Hrdwgdidoaneeingadjachnt deffitseend 83 of theymain r st and

second branch condugtors

sections 77 aNaPAENIHGIOE gﬁv@ﬁ‘iéﬁ?%‘&%&“i ﬂi’g‘gg\% ﬁ‘r?&ﬁ‘?el%ggg‘%?f“’?éﬁhggtt%gef gct
20 o Eueny IR0 U6k RS SATrd BF (08, 1 gy conductor
75-78 and t heirgapeivan), qmﬁ%&b@@d seariconddetof 41 iﬁa@csh ﬁm@@ﬁd REnhédt6d
adjacent the second end 53 of the main loop conductor 64 and a second end
defining a second feed point, which in the illustrated example is connected to a
ground plane conductor 69 of the PCB (FIG. 8).
[0045] The tuning branch conductor 72 has a first end connected to the main
loop conductor 64 between the respective first ends of the first and second
branches. That is, the first end of the tuning branch conductor 72 is connected
to the main loop conductor 64 at some point along the length thereof between
) } the first and second branch conductors 70, 71. The position of the branch 72
between sections 77 and 78 may conveniently be varied without significant
effect on frequency parameters. In the present example, the main loop
conductor 64 has a generally rectangular shape with a first side including
segments 75-78 and the gap, an opposing second side 74, and opposing first
and second ends 79, 80. The first and second sections 61, 62 of the antenna 45
may be formed using printed or patterned conductive circuit traces, as seen in
FIGS. 7-10.
[0046] While the respective first ends of the first branch conductor 70, the

second branch conductor 71, and the tuning branch conductor 72 are connected



and second ends 79, 80. The first and second sections 61, 62 of the antenna
45 may be forned using printed or patterned conductive circuit traces, as
seen in FIGS. 7-10. [0046] Wile the respective first ends of the first
branch conductor 70, the second branch conductor 71, and the tuning branch
conductor 72 are connected 12 to the first side of the main | oop conductor
64 in the illustrated enbodi nent, other configurations are al so possible.
For exanple, the first end of the tuning branch conductor 72 may be
connected to the second side 74 or either of the first and second ends 79,
80. [00471 Astnibeddsatideef thamasebmpdmeotion®dan tbe illerzded embadithenay be
posi tioned on &Qe vertical portion 51 of the L-shaped dielectric extension
63. This advabEhgesigiations aikalsnpossipical o exunpic e Hrst end of themmangs on

the top (i.e jrecuitr i f the PCB 67 to be,signjficaptly_.reduced.
Mbr eover , po?§%n§h§8§gﬁ%t§%7m% E%B%H%eﬁﬁ%@t%f? S@ﬁo%?dglrys“oow reffifhd ont o
the overhangfpentiQR:£f &idst7e gdi el ectric extension 63 to provide still
further space savings. It shoudld be noted, however, that the antenna 45

may be i npl enfdd@HAs inotddwbalicrdnrsdeenad Gection 620t iMtenha 4StmANE: second
sections 61, 62 are in the sane plane), in certain enbodiments if enough
space is avaipaeiiencdapittheneartical pstiogd loafithe Jushkepiedniickctriatdongios $i3bl e, as
will be appregiated by those .skilJed in the art. [00481 The nain | oop
conduct or 64 félsd‘g?' Pl?l'ége ?%QHPW(%Q@ ‘?X@@H.t{]’?%mtiquhe apfeaRa HIBhthedepr 70
may be connected & I 1.t 1. it Lve

mat chi ng net %’?R,Crl%gh%%l ﬁ?a%gﬂéhpc;lfggi%?t g’}%@épﬁg@&%@ﬁﬁé@?ﬂgﬁg%m The
second branchgeogyef te Main @_oprd%)fn@ﬁatfé,hﬁﬁﬁgm%ﬁwf @A REAtMichout a }
mat.chi ng network, and the tuning branch conductor 72 is floating (i.e., not

comhect ed t o aveshaigpaitiondif ckths4lielecyicoenten)siof 6848 [preilersailll furtdee spcdaey,
the I ength of brancﬁeg 70, 71, nﬁ 72 are used to set the center freguency
of oper at i on.SaYHESsHaPRldRaAGEH hgweyem it thmantesne 4S5 may be implemente

in two dimensions (i.e., where the first and second sections 61, 62 are in the
same plane), in certain embodiments if enough space is available, and that
other 3D configurations are also possible, as will be appreciated by those
skilled in the art.
[0048] The main loop conductor 64 is defined by sections 74-80. The first
branch conductor 70 may be connected to the signal source 54 with or without
a passive matching network, as will be appreciated by those skilled in the art,
The second branch conductor 71 is preferably connected to ground without a
N ) matching network, and the tuning branch conductor 72 is floating (i.e., not
connected to the signal source 54 or ground).
[0049] Generally speaking, the length of branches 70, 71, and 72 are used to set
the center frequency of operation. The square meandering or back-and-forth
patterns of the branch conductors 70 and 72 is a tuning feature which can be
used to change electric length, which varies the center frequency. Moreover,
different shapes (i.e., tuning features) of the branches 70, 71, 72 may also be
used to provide different frequencies. For example, in addition to the
meandering and straight-line shapes illustrated in FIG. 3, other geometries

which may be used for these branches include a saw-toothed or triangular



patterns of the branch conductors 70 and 72 is a tuning feature which can
be used to change electric length, which varies the center frequency.
Moreover, different shapes (i.e., tuningiBeatures) of the branches 70, 71,
72 may also be used to provide different frequencies. For exanple, in
addition to the nmeandering and straight-line shapes illustrated in FIG 3,
ot her geonetries which may be used for these branches include a
sawtoothed or triangular 13 neander 40 (FIG 4A), a branch 41 with a | oop

(FIG 4B), etc. Variou er hapes, and_copbi nations thereof may al so be
used to provi H’@d’alg?lf‘ﬁlr éﬂg ' gﬁ)eai? thuithct Kopdiles 4Basclgi Veriges other

appreciated b phled.in. rt. 0050 e section.73 of the main
| oop conduct Oér’ha%)ggﬁggll%é%n éjtl)&gleon stég’%? gmaé]oﬂ%? g? ug%ngp%moa@éq ﬁgaeﬁ%lﬁlcy. A
variety of shgpgse t : i 4 Such
tuni ng featur es%ygﬂgfauﬁﬁﬁgg?%e@%lgg? p i&?aég‘gggéﬁgﬁ ﬁﬁ%&% g?t&?::’zg%) a
hal f dog bone[(@50{ Fhé&sedBn, 7hofhthiermbin B3p(doh@ucEpd mayalsblte udsaditopi n 93
(FIG 5D), a hairpin with a loop 94 (FIG 5B), a neander 95 (FIG 5F), and
a sawt oot h 96CqQIALOPSELNENBeEURIEY, Aj variasyref e%mmiamémrscmmt@mrt@ usedi n

| oop conducto may. t ne of. t f or egoi ng .shapes or ot hers, rather
than just a s@é%%ﬁe(%})ontaﬁﬁoé%ﬁ.w?%&%ﬁm"?s Ig‘a?fi“g@HH?s @ﬁ%‘i‘?@i‘?@ ﬁ@éd@@e?n
certain enbody ' ' [ Aq/: i-€lan dwvi , a

| oop type paﬁm@ﬁ%&bgﬂggﬁé Qﬁ‘.&%ﬁl Ugir{g'a §%alf1aqrg{é‘§=9?wg§§l 5?2&0@1\%‘%@tuni ng
stage, as W |Hailytn 3BAIFEG] 8Dk RyirpiAoSRh aslkbp |9ﬂCtbP1IG. 5R8 Arfeanddr EFigUURt €
space is available, straight-line portions nay be wused in the appropriate
| ength. Yet, dpased psawypitbd6l (F1at S&)pMarkcover or some emtaldimests|thé antigevi ce
antyennas, and glarticul ar| for conpact del s, and thus one of the

S
abeve- descr i HBAINSRQPEONAY tosgﬂé?@jf ic1qne ofidae yorsgopesancs @1 oftsos aptiene

wi dth and sh i - i nfluences antenna gain. The |ength of
section 74 aﬁggn' rrsrgtggt%gﬁ@%@b g{;}é(rz(grfi ng frequency. However, it should be

9,1, | MUt ety 8 i i Lyl e

case W th a impedance and/or widen bandwidth, a loop type pattern may be used, which
creates an additional resonant tuning stage, as will be appreciated by those
skilled in the art. If adequate space is available, straight-line portions may be
used in the appropriate length. Yet, space is typically at a premium for internal
cellular device antennas, and particularly so for compact models, and thus one
of the above-described shapes (or others) will likely be preferred.
[0052] The width and shape of the section 74 influences antenna gain. The

) length of section 74 also impacts the operating frequency. However, it should

be noted that the lengths of the sections 70, 71, 72, and 73 (i.e., the length of
the entire antenna 45) also affects the operating frequency, as is the case with a
typical dipole antenna.
[0053] The main loop conductor 64 may take a plurality of shapes, widths, and
thicknesses. By way of example, the main loop conductor 64 may also be
generally circular, square, polygonal, etc., although other shapes may also be
used such as a U-shape 97 (FIG. 6A), a semi-circle 98 (FIG. 6B), and a kidney
bean shape 99 (FF1G. 6C).



typi cal dipole antenna. [0053] The main | oop conductor 64 nmay take a
plurality of shapes, widths, and thicknesses. By way of exanple, the main
| oop conductor 64 may al so be generally cércul ar, square, polygonal, etc.,
al t hough ot her shapes may al so be wused such as a U-shape 97 (FIG 6A), a
sem-circle 98 (FIG 6B), and a kidney bean shape 99 (FIG 6C). 14 [0054]
Mor eover, the section 74 may al so have notches, patches, etc. Patches may
be used to add surface area so that the section 74 can shape the beam It
shoul d be noted that, in the case of a cellular tel ephone, the beam shoul d
preferably beldiSdbblasdoessatherscotion id mey elshdmse notehes, paichendic Matheso t he

pl ane of the PC$§37. B y %f exanple, the width_of the antenna 45 nay be
about 7 cm oV §1,Sefiﬁéa\lé\€i55 fCH AR t\hﬁfr@? seglaen g cen shage He bagsutlt . 5 to
dependi ng upoinaif B8hoBla MF i BERe G s FrbeRe BR Eea shohdd one ey

| b q. . X : N

Sntenng 45 aeR 1ot EEGREALR Iy Tromithe (IR P e RRERTRECS oo lodd®

frequency rangthofCB 87eBesvay dhusample, ilse Wakhofthe ahenahdsnkad be aboddl7
circle and then nmove the shrunken circle to the 50 Chm center point, as
wi |l be appr el & desshithetheoglet ofshe (firsisection i6d may be Bboutirse® 76, asd éhed | as

ot her portions.of, t ant enpa 45, e used to shrink and/or noye the
S11 circle, \C\l}ﬁléﬁ qffs}‘gﬁrsﬁ‘? %ﬂcyoa&@é@ﬁ%s ag&?%ti‘i%i?%d?% gntPyieher

t he mat chi ng i 110 f. may al so be
used to nove @ﬁ%%ﬁle@%é{%&?%#cﬁﬂfcﬁ?t%&s@ﬁg Swtsn%g%g)%g’}égbi nt. The
center of thqoessiré@ndiBglthe §1MGhhddantesisaraéietivad obiRCAtédna £5 00

advant ageously be noved toward the 50 Ohm point as noted above in

accor dance wiprbvideevidedsadwidthvegoodmatgh [s0tsdpd Geretla frepealkiyngngd b

above-descri bed antenna, 45 al] o various, shapes _and_|engths to be
Gtilized to pREVEtel ApitRidcarabieteehtink dhe Bahgiieke andtias neke the

di-stribution.g, soIRNARER A5 EOIRL gerﬂg} sginu A1l y)‘@%ﬁf@%}a@&i b)sz rﬁ%?sees are
skilled in the art. The area 73, as well as other portions of the antenna 45, may
be used to shrink and/or move the S11 circle, which is preferably done in a
distributed fashion. Further, the matching network and meandering portions of
the antenna 45 may also be used to move the S11 circle toward the desired 50
Ohm center point. The center of the shrunken S11 circle is less critical since it
can advantageously be moved toward the 50 Ohm point as noted above in

accordance with the present invention.

—

[0056] General speaking, the above-described antenna 45 allows various shapes
and lengths to be utilized to provide appropriate electrical lengths and current
distribution. Some shapes are simple delay lines, while other shapes are
designed to affect current in a particular area. As noted above, given unlimited
space, many of the shapes and geometries described above may not be
necessary. However, it is within the space constrained environments of mobile
wireless communications devices, such as cellular telephones, where the
above-described antenna features are particularly advantageous for providing

desired performance over multiple operating bands.



designed to affect current in a particular area. As noted above, given
unlimted space, nmany of the shapes and geonetries descri bed above may not
be necessary. However, it is within the §pace constrai ned environnents of
nobile wreless communications devices, such as cellular tel ephones, where
the above-described antenna features are particul arly advantageous for
providing desired performance over nmultiple operating bands. 15 [0057]
Vari ous changes in the basic |ayout of the antenna 45 nmay be nade in
certain enbodi ments. By way of exanple, the tuning branch 72 may be noved
so that it exI{Mhd Vierigns shengasrin the pasie danpusfol dheanteana db mwesy bastagesnar e

I i bl ill..b ilated b h Killed jn.th t. [0P58

The pcb o7 hacekT i iolEnBEBAGRA TR Exviinls BiF s binsh2 BixReinaial
d d ; b. . j b d.

Prt orabl y. t hosnit e e Gl LR TGB! BB AT RO RS P0RIh o™

portion 68 opodsiigelasshapbel agpRicRitd bo thadensil@Nibecaie rel atively
positioned so as not to overlap the ground plane conductor 69. This has

been found t o[¥58yiTtie PCH 6@dasndedt sinfaena paidhotheanceitchdBas pesitioned,s.
Simlarly, it is also preferable  that none of the first, second or tuning
branch conduc¥¥t & sgepndzuriags %\/wm%ﬁﬁ@ rEounst plang condpetor 8Rdasipewrionsd. [ 0059]

| n accordanc i i t .discusse ow wmth refe C to FIG
14, the. ant enpis b BRI RS SHREIDAD L0 hd ' GhERE Rorddh
conduct or 10048 ‘éhtM%QﬁéﬁdfeK&tﬁB%ﬁ&ﬂ@io@%@%e%fht%ghb%tif)ﬁ&ﬂb'@'a§h_8§¥]o By
way of exanple, the antenna 45 may be used to provide relatively hig

ant enna gai n @vetldpotve pedunicplans soadectomébt Thischdsrbegndooyd baprssidacl udi ng
the GSM DCS, and PCS bands noted above, as well as the Universal Mobile
Telecomuni calsRseGanignae ppdnmsnereharacterisées: Sémilarlywitis alse pipfrelieat ed

Lt e A o g8 o 5, SEPURT S g BERRL SR P £ LR,

In particul argmhﬁg pqz{}{ercqmlah@{&tgggonduct or 100" illustratively includes a
[0059] In accordance with another embodiment discussed now with reference
to FIG. 14, the antenna 45’ may also advantageously include a third branch
conductor 100 which widens the antenna bandwidth at high frequencies. By
way of example, the antenna 45° may be used to provide relatively high
antenna gain and low return loss over multiple frequency bands including the
GSM, DCS, and PCS bands noted above, as well as the Universal Mobile
Telecommunications Service (UMTS) band. Of course, it will be appreciated

) that the antenna 45’ may be designed to operate over different frequency bands

as well, as will be appreciated by those skilled in the art.
[0060] In particular, the third branch conductor 100’ illustratively includes a
first portion 101” within the main loop conductor 64°, and a second portion
102’ connected to the second feed point, which in the illustrated embodiment is
a ground connection. The third branch conductor 100° may take various
shapes/configurations depending upon the particular application. In the
illustrated example, the second portion 102’ of the third branch conductor 100°
is connected to the second feed point (i.e., ground) via the second branch

conductor 71°.



first portion 101' within the main | oop conductor 64', and a second portion
102" connected to the second feed point, which in the illustrated

enbodi ment is a ground connection. The thigrd branch conductor 100" may
take various shapes/configurations dependi ng upon the particul ar

application. Inthe illustrated exanple, the second portion 102" of the
third branch conductor 100" is connected to the second feed point (i.e.,
ground) via the second branch conductor 71'. 16 [00611 In another
enbodi ment illustrated in FIG 15, the second portion 102" nay be

connect ed di r §¥41yIn anether émbddipoenttill(steated g HUGA) 5, (Absetdndpomivs/ 02’
second portions 101", 102" pmay al so define various tuni n{[:l features, such as
the il ustrat BEYI Ropnnseted diggiedyerthe dees point (here groumt). The firstrand/gror t i on

01" b . 16). .45 di d further ab i t h
T NG e SR e
confi gurati ongcMRY @488 | S{ﬁ?gnotﬁ?r Oé%sls#biﬂﬁ/ %Qﬂﬁfﬁfeaﬁ@ﬂ%&%ﬁﬁéhﬂﬁg"SIIﬁ'al'l ed

inthe art. [00621 Measured return s Tor "an ant enna hav

confi gurati onbé hipasthr @ 6€d 16). M FiiecuskddifarthBOMbiewitheeg@ph e fthé 17
Inclusion of the third branch conductor 100" advantageously provided

i ncreased gai braapliesSi0E78 amawieritus othért tuniresfeatitres and kenfiptetioas 45 yshowbei n

FIG 3 over the illustrated frequenc range. ,The correspondi ng frequency
and S| 1 val¥¥s ?%Wllﬁrél?{@ﬁpéer?é@f?gg’ait pEe %‘188dé%%am-n the graph are listed

a50. 0000 - 5. 9o Mt Bt IGSHEF ¥ ablfith gt it diconbiehtigTodBistis oo
6 1828.0000 -id¥1t04 i sASRH 1000 grabh SUIG. 17. Inclusion of the third branch
) conductor 100 advantageously provided increased gain and S11 bandwidth
with respect to the antenna 45 shown in FIG. 3 over the illustrated frequency
range. The corresponding frequency and S11 values for measurement points 1~

8 shown in the graph are listed in Table 1, below.

Point No. Frequency (MH2z) S11 (dB)

1 824.0000 -9.493

2 880.0000 -8.070

3 915.0000 -8.428

4 960.0000 -7.185

) 5 1710.0000 -8.268
6 1828.0000 -13.150

7 19606.0000 -10.319

8 2170.0000 -11.880

Table 1

[0063] A first method aspect of the invention for making a mobile wireless
communications device 20 is now described with reference to FIG. 11. The

method begins (Block 110) with providing a housing 21 having an upper



8 2170.0000 -11.880 Table 1 [00631 A first method aspect of the invention
for making a nobile wireless conmunications device 20 is now descri bed
with reference to FIG 11. The nethod bedi’ns (Bl ock 110) with providing a
housi ng 21 having an upper 17 portion 46 and a | ower portion 47, a
dielectric substrate 67 carried by the housing, circuitry 48 carried by
the dielectric substrate, an audi o output transducer 49 carried by the
upper portion of the housing and connected to the <circuitry, and a user

input interface devjce (e.g., the keypad 23) carried by the housing and
connected to P%lo&‘#ﬁg%}?({?W%P@%@@ﬁfﬂlg}?ﬁ IcystbRBater ¢ateied by the
illustratively.i DOkt i, Rl : iliary.in [ out put
ST TV Yol UsRniRos Aty fl LERRLIOSR AN Lb At DR oUt PLt
the circuitrytrdducat 4@b@1‘%i’ed%2§heﬁft§ae?%§tt‘i¢rpﬂf 12 [RusHY SNGoithecid Bithe t he
| ower portion 47 of the housi'ng and conprising a patteern of conductive
traces on thecidiwirgcand e user-inpubsiteidhe, daticB{cogk tHelRypad 23) cantddisy tig t he
illustrated net hod (Bl ock 11%;. [ 0064] Anot her nethod aspect of the

i nvention for 9HNIhandCamcted (g thelcdsyitrygwilnclke A1 ohke msthakfthars now

form ng_an L Chapedvely Sfabfet eSidEing ¥ieas ohe Girgiiaty fipuh v 31 1 i on
51 and an OV%Hﬁﬁﬂth@Q{ypgf;goﬁﬁ)rﬁﬁ 8Pl Eous %’ﬁ%ﬁhﬁoﬁﬁ@&é lfl?th‘éeéﬁrx‘tuﬁ@{ﬁ 48,

portion, with at |eas conductive trac over hang po

Bl ock 121. Tha Biethdd2f aid pegitibhingsdr aitened ¥5 witlib des lovesy bhAg dfhiBe
vertical portion 51 of the L-shaped dielectric extension 63 to a nmain
di el ectric supssing andgomprisingta paftern exftcovdiictpesr traces extherdsleotitonar dl y

Lo oo o0t e DY R R 2 2 RS GhouR AR EN
Conduct Ve {00818 SPg RIS B LU NG APHNSBUBE MRIE. oo
67 may be nowsheduhitatiohodeviog 281s naty d&ceibkd Yt rdfbinice anetadiparide
illustrated nethod (Block 124). O course, it
method begins (Block 120) with forming an L-shaped dielectric extension 63
comprising a vertical portion 51 and an overhang portion 68 extending
outwardly from the vertical portion, with at least one conductive trace on the
overhang portion, at Block 121. The method further illustratively includes
connecting the vertical portion 51 of the L-shaped dielectric extension 63 to a
main dielectric substrate 67 so that the vertical portion extends outwardly
therefrom, so that the overhang portion 68 extends above an adjacent portion of
o the main dielectric substrate 67, and the at least one conductive trace does not
overlap a ground plane conductor 69 on the dielectric substrate, at Block 122.
Further, the main dielectric substrate 67 may be mounted in a housing 21, at
Block 123, thus concluding the illustrated method (Block 124). Of course, it
will be appreciated by those of skill in the art that the order of steps described
in the above-noted methods is merely exemplary, and various steps may be
performed in different orders in different embodiments.
[0065] Another example of a hand-held mobile wireless communications
device 1000 that may be used in accordance the present invention is further

described in the example below with reference to FIG. 13. The device 1000



wi || be appreciated by those of skill in the art that the order of steps
described in the above-noted nethods is nerely exenplary, and vari ous
steps may be perforned in different ordensg in different enmbodi nments.

[ 0065] Anot her exanple of a hand-held nobile w rel ess communi cati ons
device 1000 that may be used in accordance the present invention is further
described in the exanple below with reference to FIG 13. The device 1000
18 illustratively includes a housing 1200, a keypad 1400 and an out put
device 1600. The output device shown is a display 1600, which is
preferably a flustratigeliphélodeCoho@singrl 200pekeypad dtddtndauicagsutndeyice
alternatively ilized. A, processing. device 1800 is contained within
the housing 104 di qupeludyiesisharer eedispiy keQhaehichdopeeferabhea dildpl ay

1600, as ol 12BAIECEE X SFSR ot AR BeVickR b hadlely be iR ™
response to aglualdifndick 9860 Wcoisi %yxgﬁﬁlin]tﬁg%otlﬁgiﬁlgtf(}ﬁwm is cbgﬁﬁe%] The

housi ng 1200 nay be &elongated vertically, or my zes and

shapes (i ncl usitngex tlenkdygadd Mdgsampthetdisisibynes). TROerdkRyfiad dewice 1909 ude a
mode sel ection key, or other hardware or software for switching between
text entry arPii@lepiomeration of teodisplpy11908dds wiebrasttbe oiverab operatomgf devi ce

1800, other parts .a he ile device 1000 are shown schematically jn
Fra 19, TheaBermaletiod Dildainresaansado acbefionckase on (b Saspad 1diby
connunicatioqﬁe%ggsysten1 1020; the keypad 1400 and the display 1600, al ong
with other input/output devices 1060, 1080, 1100 and 1120; as well as

menory devi cg9088Plhe Ad@n@nd00 iady BéISloRbhed WeMEASy IHBYP iR Hnle@ir The
nohi | e device 1000 is preferably a two-way RF comiuni cat’i ons devi ce havi ng

voice and datsizescmdishiapet (inolidingaplabisheetlihessingrstasdires i hetheypadhdye devi ce
1000 preferablgl Has th calpabi ljty to  communicate with other conputer
systenms via t'REULRAIPARE ¢ FWB}(GW%&WW@W%QT soft ks forsxatolingl by t he

processing deytGe. 18I0 chffy and telephony entry.
[0067] In addition to the processing device 1800, other parts of the mobile

device 1000 are shown schematically in FIG. 13. These include a
communications subsystem 1001; a short-range communications subsystem
1020; the keypad 1400 and the display 1600, along with other input/output
devices 1060, 1080, 1100 and 1120; as well as memory devices 1160, 1180 and
various other device subsystems 1201. The mobile device 1000 is preferably a
two-way RF communications device having voice and data communications

) capabilities. In addition, the mobile device 1000 preferably has the capability to
communicate with other computer systems via the Internet.
[0068] Operating system software executed by the processing device 1800 is
preferably stored in a persistent store, such as the flash memory 1160, but may
be stored in other types of memory devices, such as a read only memory
(ROM) or similar storage element. In addition, system software, specific device
applications, or parts thereof, may be temporarily loaded into a volatile store,
such as the random access memory (RAM) 1180. Communications signals

received by the mobile device may also be stored in the RAM 1180.



preferably stored in a persistent store, such as the flash nenory 1160, but
may be stored in other types of nenory devices, such as a read only nenory
(ROM or simlar storage el enent. In additi®n, system software, specific
device applications, or parts thereof, nmay be tenporarily |oaded into a
volatile store, such as the random access nenory (RAM 1180.

Commruni cations signals received by the nobile device may al so be stored in
the RAM 1180. 19 [0069] The processing device 1800, in addition to its

T300a 13008 oh el TARGHRBSGHN T @R akMhacto B On T AP RaEY ons 1 hat
control Dbasi ¢ fd¥ides, el%%saéﬂegpﬁg%%?ﬁgft%r@%?ic%ﬂ?{}%gkﬁﬁxgm Lfidht ons

1300A and 1300B, nmay be insta on the d during manufacture.

I n addition, depeed06)A prodeemainedseranagsiicatiBhMharphtefbhéd deviebe
installed during manufacture. The PIMis preferably capable of organizing
and managi ng 6agatiphemech sadataaand ecivaicbmmatieatians B and 18008, naiyl ks
appoi ntment s, . PIM application is_ also preferably

and. task.,itenms. T |
capabl e of seH’&Fﬁg’g’d&iﬁtfﬁeeﬁfﬂé@% lr@ﬁ!jﬁlﬂréng pewfagtiares In giidigioasa peesonel k 1401.
Preferably, t : I e . I i nt ted, synchroni zed and
updated via t@o@ﬁ%ﬁ%@nﬁ%@?@# Ef).l%®il%§}1$§?q%ebe H@W@g Cﬁjsrg’rg aBBfﬁc&lﬁondi ng
data i tems stOheRINY isqnenshidl publed foriaslinAPHERLe Yt k804 as
Communi cation functions, including data and voice co ications, are
per f or med t hr omegil, thkendanmverits atdion maslspaystistmdif) landaadk preasi why PIMIr ough

the short-range communi cati ons subsystem The communications subsystem
1001 i ncl udes®RPlicgtienyeplsegueierably canahietafsendisg@ndaneeiving dataritsnes via a

cnpnns 1540, RER ey YL B R SENTHRLSPLASRR, BRI, 001 =0
ilrSTIS)P’enzan? 2’? i l)ﬁr?1 o] 1a@ﬁiﬁ&ic@%ﬁh%ﬁéﬁ@é@%ﬁ;%@% eﬁqﬂggéggh?ts‘gﬁgép%hd@% hutB%n t he
comuni cat i ondeviceaswo'slcorrespdniding tdaes @bk kereé vt agot@R6d indti ahemnded to
operate. For c%)l('r?lgrlﬁlef éys?em.
[0070] Communication functions, including data and voice communications,
are performed through the communications subsystem 1001, and possibly
through the short-range communications subsystem. The communications
subsystem 1001 includes a receiver 1500, a transmitter 1520, and one or more
antennas 1540 and 1560. In addition, the communications subsystem 1001 also
includes a processing module, such as a digital signal processor (DSP) 1580,
) and local oscillators (LOs) 1601. The specific design and implementation of the
communications subsystem 1001 is dependent upon the communications
network in which the mobile device 1000 is intended to operate. For example, a
mobile device 1000 may include a communications subsystem 1001 designed
to operate with the Mobitex™, Data TAC™ or General Packet Radio Service
(GPRS) mobile data communications networks, and also designed to operate
with any of a variety of voice communications networks, such as AMPS,

TDMA, CDMA, PCS, GSM, etc. Other types of data and voice networks, both

separate and integrated, may also be utilized with the mobile device 1600.



nobi | e devi ce 1000 may include a conmuni cati ons subsystem 1001 designed to
operate with the MbitexTM Data TACTM or Ceneral Packet Radi o Service
(GPRS) nobile data comruni cati ons networkg&p and al so designed to operate
with any of a variety of voice conmunications networks, such as AWPS,

TDVA, CDVA, PCS, GSM etc. Oher types of data and voice networks, both
separate and integrated, nmay also be utilized with the nobile device 1000.
20 [0071] Network access requirenents vary dependi ng upon the type of
communi cation system For exanple, in the Mbitex and Dat aTAC networ ks,

nobi | e devi celINENcEgPrRk @acess myuiteaienst oyldapshdiggaipom thadypeosonal

identification nunber or PIN associated wt ch device. | RS net wor ks,
however, net woMRIYELELION Sy SR QLA ilﬁ‘tgez\g‘%‘%‘é‘?}i %‘E‘f f)@%aﬂ%gne&wogk&
device. A GP Vi f requj.r.es., Gl i . j.denti nodul e,
commonly ref @?P gg d[echgé Qgé %g'%{tg%erd a&lu {Ihl’? %}%gﬁy?%?lg&g%g%g%}sghéms net wor k.
[0072] When rrmuiifigsifiehiibér bEPNNaEedi AR WitlREAJVALYi08 IRIQPRYU &S oNAY e
been conpleted, the nobile device 1000 nay send and receive comuni cati ons
j signals ovehowetresrcootmwork@atewsrs nedosbrikd Wathla seh@nides or esqi ofeddéviogn A he

comuni cati ons_network 1401 by the antenna 1540 are routed to the receiver
1500, whi ch pEBRiSadevieetheselgrarequss iarsubaerniber, identdiyusadyledoommaetyer si on,

filtering, ch |, sel tc. | j.d log to digital
conver si on. ~AVAHOY! Reast ST RrerSol Er OBt pRES 808P nal al | ove t he
DSP 1580 t Loat i £ act |

dermdul at i on e Hanea g FPARCAToRIREIRRh eyl G} bRRBapREARecn,
to the netwosdmgiéfel, iempbieesie 1(M00maiReud ahededivk engagaddatdnst he DSP

1580 and are then provided to the transmtter 1520 for digital to anal og
conversion, digeaseneythgrosamyveicstion netwotkel 40y, Signgds ir¢¢edeed Gonathe

1 SSi he. ' ' k 1401 [ .h
ant enna. 1560 CPORNSice RPRARM b 1t HECRUPRE: LoMhom IHRORUETESENS. t he
DSP 1580 - pr oSy prVTlEtorSadd ntitfiRla¥sh, £R00RA0E cbhoBRIu, e

filtering, channel selection, etc., and may also provide analog to digital
conversion. Analog-to-digital conversion of the received signal allows the DSP
1580 to perform more complex communications functions, such as
demodulation and decoding. In a similar manner, signals to be transmitted to
the network 1401 are processed (e.g. modulated and encoded) by the DSP 1580
and are then provided to the transmitter 1520 for digital to analog conversion,
frequency up conversion, filtering, amplification and transmission to the

) communication network 1401 (or networks) via the antenna 1560.
{0073] In addition to processing communications signals, the DSP 1580
provides for control of the receiver 1500 and the transmitter 1520, For
example, gains applied to communications signals in the receiver 1500 and
transmitter 1520 may be adaptively controlled through automatic gain control
algorithms implemented in the DSP 1580.
[0074] [n a data communications mode, a received signal, such as a text
message or web page download, is processed by the communications
subsystem 1001 and is input to the processing device 1800. The received signal

is then further processed by the processing device 1800 for an output to the



exanpl e, gains applied to comunications signals in the receiver 1500 and
transmtter 1520 nay be adaptively controéhed t hrough automatic gain
control algorithms inplenented in the DSP 1580. [0074] In a data
comuni cati ons node, a received signal, such as a text nessage or web page
downl oad, is processed by the conmunications subsystem 1001 and is input
to the processing device 1800. The received signal 1is then further
processed by the processing device 1800 for an output to the 21 display

1600, or alt eaplVRin0, bPaR@RriobRAb M bt Yulifih IPY 68id0ffeq Ay device

user may al so conpose data items, "such as e-nal ages, using the

keypad 1400 adeVio usoneaphliercompdseidatyitéhs) deyise-hafnesuehs, aging the
touchpad, a rocker switch, a thunmb-wheel, or some other type of input
devi ce. The kuinodskeédOcandion somms othey atkidarp&Q deviserl 06@csuchers 4 toachpad,

communi cations__ network, 1401 via the conmmuni cations subsystem 1001. [0075]
In a voice confRIfCEaFitGhs? ﬁﬁﬂ’éﬂ?"’@%ﬁ&i&rls%ﬁe‘?t&?? BibedH 1ppal ‘if‘éwféérhes

substantial |y, siml.ar - i cati mde, _except .t hat received
signals are o%@%ﬁ%éeta odatéé)g %@gﬁgg}; %W&H&ﬁ@y&ﬁgﬁg%rcql]?gwgﬁgia&}%n are
generated bynawitie 190D9nethtlodmbhicaibal syky¥Rke 0@, audio I/ O subsyst ens,
such as a voice nessage recordi ng subsystem’ may al so be inplenmented on
the device 10005]Inm adide toomputiketidhsplody, A6 mpyratioamfithe deiideded in

voi ce communi %ati ons npde, for exanple to display the identity of a

cal l'ing par tyUbsifiiady sanilentodhie sateoseamumigations nmdee exeaittdbatgeeived! at ed

i nf ion. [ T - i i bsy.st, bl
o e B S SIS PR S O, R BB &S e
or Jdevices, Wi £hhicRPBBnEQY 20K 8SEHIVEN RE S ﬂdi@?l(ﬁjgﬂﬁsﬁ%?er?ﬁ%hcfééggp! €,

the short-range conmunications subsystem may |1 nclude a nfrared device
and associ at ewicemessagescandimpapmyerhs, may aRoBelaipeanbiMddcamied®atd ons
modul e to provide for conmmunication with simlarly-enabled systens and

devi ces. [ 007APPOMENGddibans theadispiag 1600 noahalso debidizedin yoide t he i nvention

il L : : . .
W cone communications mode, for example to display the identity of a calling party,

the duration of a voice call, or other voice call related information.
[0076] The short-range communications subsystem enables communication
between the mobile device 1000 and other proximate systems or devices, which
need not necessarily be similar devices. For example, the short-range
communications subsystem may include an infrared device and associated
circuits and components, or a Bluetooth™ communications module to provide
) for communication with similarly-enabled systems and devices.
[0077} Many modifications and other embodiments of the invention will come
to the mind of one skilled in the art having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore,
it is understood that the invention is not to be limited to the specific
embodiments disclosed, and that modifications and embodiments are intended

to be included within the scope of the appended claims.



to the mnd of one skilled in the art having the benefit of the teachings
presented in the foregoing descriptions and the associ ated draw ngs.
Therefore, it is understood that the invention is not to be limted to the
specific enbodi nents disclosed, and that nodifications and enbodi nents are
intended to be included within the scope of the appended clains. 22 THAT
WHCHIS CLAIMED IS: 1 A nobile mﬁrele?§ communi cati ons devi ce (20)
conprising a housing (21) and a nulti-ffequency band antenna (45-45"
carried within said housing, said nulti-frequency band antenna conprises: a
mai n | oop conductor (64'-64"") having a gap therein defining first and

second ends of said main | r fi anch conduct or
(70'-70"") having a first gﬁ@%‘ﬁ%@@(}s @#@Qfﬁ%h | oop conduct or
adj acent the first end thereof and having a second end defining a first

feed point; a second branch conductor (71'-71 "') having a first end
connected to the mainlt oop Actebile tvétielesspemannicatienséeierd 28hd t her eof and a

(100 100" NeurRenE PaSERlsy] S50 RRkBheo Gt ophd ShERENRRBTGE Shi g main
| oop conductearrjedanithia shidrtiongingy @id hultbREYEdmRY bark@ antéana dorR@ydedg a first end
connected to said main | gop conductor between the respective first ends of

said first and seconanﬁlﬁmﬁdéﬁ%@é‘{'@ﬁf’ﬂé@ﬁﬁgQE@nt@a‘iimd@fﬁﬁinﬁ branch
conduct or (300 andQeonki enOBPLE BifIRBLBARRAL LT On (102 - 102°7) | ocat ed

outside said main [oop conductor and connectéd to the second feed point.

2. The nobil e wirel ess fesrranhashionsr (eH708 " Y 12@)ngof fifsk ahdtonherdagr ei n at
| east one of g{%e first and second portions (101'-101"', 102'-102""') of
said third b¥HSRAIRSRRcanGrCier sdiacenh e firstend theesod anddwgying a second

end defining a first feed point;

a second branch conductor (71°-71°"") having a first end
connected to the main loop conductor adjacent the second end thereof and a
second end defining a second feed point,

a third branch conductor (100°-100°"") having a first portion
(101°-101""") located inside said main loop conductor; and

a tuning branch conductor (72°-72""") having a first end
connected to said main loop conductor between the respective first ends of said
first and second branches,

characterized in that said third branch conductor (100°-100°7)
comprises a second portion (102°-102""") located outside said main loop

conductor and connected to the second feed point.

2. The mobile wireless communications device (20) of Claim
1 wherein at least one of the first and second portions (101°-101°", 102°-1027"")
of said third branch conductor (100°-100"*") defines a loop.

3. The mobile wireless communications device (20) of Claim
I wherein the first portion (101°-101""") of said third branch conductor (100°-

1007"") comprises a patch.



3. The nobile wreless conmuni cations device (20) of Claim | wherein the
first portion (101'-101'""") of said third branch conductor (100'- 100"")
conprises a patch. 23 4. The nobile wirel ess comuni cati ons device (20) of
Claim 1 wherein the second portion (102'-102"") of said third branch
conductor (100'- 100"') is connected to the second feed point via said
second branch conductor (71'-71""). 5,,The nobile w rel ess communi cations
device (20) of Claim 1 wherein said main | oop conductor (64-64""') has a
general ly rectangul ar shape w th opposing first and second sides and
opposing first and second ends; and wherein the gap is in the first side
of said main | oop conductor. 6. The nobile w reless comuni cations device
(20) of Claim 5 wherein the respective first ends of said first branch

conductor (70'-70""), 4. sai Uhsaebild Wiraaskosangictiohs Gddce (1) of Clamd sai d
tuni ng branch conduct or %72' 72") are connected to the first side of said

main [ oop contifeesrihe supong portion (1 2 -e” hﬁfﬁﬂi‘étmdﬂ@ﬁ@@sc@dm@h[@?}1 ons
devi ce (20) 16h- Si?b&ﬂne%temgrﬂ% s%_c&%}%e%'gﬁt L90oR; £ e%gn % Hﬁ%gé% u?:t%(g ns devi ce

i ncl udes non-pl @anar portions mnre ess

(20) of d alm’ IIWMereln said main | oop conductor (64'-64""') has at | east
one tuning feature therein. 9. The nobile wreless comuni cations device
(20) of Caim | wherein at |east one of said first, second third, and

tuning branch conductgrs ?%‘Q@%gz#ﬁﬁ ?]ss com Q\I%cai!lggl device’ OE Lec a} co_rrpri S€s

a tuning feature therein. e W reless communi Porg Hevi ce
(20) of d ail ml4ein ]sa1ﬁuna1hémo;cmmdubts'r (‘@1 -64°d1) dhes beh@albphstahgtiar (itpk

supporting saLd mul.ti-freqgyency ntenna (45'-45"); and wherein said
malpﬁ | o opg Cgla%&@p%m% digst aga se<§ond 31 es ang opposing first and sec)ond ends; and

wherein the gap is in the first side of said main loop conductor.

6. The mobile wireless communications device (20) of Claim
5 wherein the respective first ends of said first branch conductor (70°-70°"*),
said second branch conductor (71°-71°""), and said tuning branch conductor

(72°-72°77) are connected to the first side of said main loop conductor (64°-
647"}

7. The mobile wireless communications device (20) of Claim

1 wherein said main loop conductor (64°-64") includes non-planar portions.

8. The mobile wireless communications device (20) of Claim
1 wherein said main loop conductor (64°-64""") has at least one tuning feature

therein.
9. The mobile wireless communications device (20) of Claim
I wherein at least one of said first, second, third, and tuning branch conductors

(70°-70777, 717717, 100°-100°"", 72°-72""") comprises a tuning feature therein.

10.  The mobile wireless communications device (20) of Claim



first and second branch conductors (70'-70"', 71 '-71 "'), and tuning
branch conductor (72'-72"") each conprises a respective conductive trace
on said dielectric substrate. 11. A nethod for making a nobile wreless
conmruni cations device conprising: providing a housing; and positioning a
mul ti-frequency band antenna according to any of clains | to 10 wthin the
housi ng. o4

I further comprising a dielectric substrate (67) supporting said multi-frequency
band antenna (45°-45°""); and wherein said main loop conductor (647-64""),
first and second branch conductors (70°-70"*", 71°-71°""), and tuning branch
conductor (72°-72""") each comprises a respective conductive trace on said

dielectric substrate.

11. A method for making a mobile wireless communications
device comprising:

providing a housing; and

positioning a multi-frequency band antenna according to any of

claims 1 to 10 within the housing.



