1 MOBI LE W RELESS COVMUNI CATI ONS DEVI CE COVPRI SI NG MULTI - FREQUENCY BAND
ANTENNA AND RELATED METHODS Field of the Invention [0001] The present
invention relates to the field of commuri cations devices, and, nore
particularly, to nobile wreless comuni cati ons devices and reI at ed

met hods. Background of the Invention [0002] Cellular conmunications systens
continue to grow in popularity and have becone an integral part of both
per sonal and busi ness commni cations. Cellular tel ephones allow users to
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personal digital assistant (PDA) features such as cal endars, address

books, task lists, etc. Morreover, such nulti-function devices may al so
al low users to wirelessly send ;Fmdaf«ﬂm/kw‘enMr onic mail (email) nessages
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demand for sndller are easier and nore conveni ent users
to carry. Ametheddsult, one style of cellular telephones which has gai ned
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. uch. ghones may be on either

t he upper housing or the | ower oS F—dep Y RO ypon the particul ar
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when not in use the upper an housi ngs can er to be
mor e conmpachave become an integral part of both personal and business communications.

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.




2 [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 mounted on the lower 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
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they are also are preferred over external antennas for mechanical and
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effect the overall size or footprint of the phone. Cellular telephones typically
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.c., 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




is that they are in relatively close proximty to the user's head when the
phone is in use. As an antenna noves closer to a user's body, the anount
of radio 3 frequency (RF) energy radi atiZon absorbed by the body wl|
typically increase. The anobunt of RF energy absorbed by a body when using
a nobile phone is called the specific absorption rate (SAR), and the

all owabl e SAR for nobile phones is typically [imted by applicable
government regulations to ensure safe user RF energy exposure |evels.
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Summary of vention [001 nobi e w rel ess comruni cations devi ce may
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angle so that 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




of the main | oop conductor and a second end defining a second feed point.
Moreover, a third branch conductor has a first portion within the nmain | oop
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] The multi-frequency band antenna may
therefore be arranged to take up a relatively small footprint yet stil
provi de desired perfo nce. reover, .the antenna configuration allows
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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




[0014] The main | oop conductor may advantageously have at |east one tuning
feature therein. By way of exanple, such tuning features may i nclude
meanders, zig-zags, |oops, as well as otther geonetrical shapes. The first,
second, and/or tuning branch conductors may al so include simlar tuning
features therein. The nobile wrel ess comuni cati ons device may further S
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 onduct or, each conprise a respective copductive trace on
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described briefly above. Brief Descrjption of the Drawings [0016] FIG 1
i s a schemaWilieless dramseniugl ciraustry garrast by thy dilestiic substimteansbeanpsstedevi ce in
accor dance {ﬁ%& thﬁ. resent inggn%ion illustrating certain internal
conponent s % éB'fl.l"er@‘ieﬂcyr—ha@ A3, £ ront el evational view of the nobile
wireless c¢ i i [ : 1 oF 3.1 chematic
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be used in ganlidizeqmncy basd ahtanne weithistha hoasipgGuch.as thoopefesuribed7 is a
perspective, vi gw of an enbodi nent of a dielectric substrate and associ ated
ant enna forbﬂgﬁyﬁ'oY%e mobi | e wirel ess comuni cations device

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 1s a front elevational view of the mobile wireless
communications device of FIG. 1.

[0018] I'IG. 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.




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
enbodi nent of a dielectric substrate arfd associated antenna for use in the
nobil e wirel ess comuni cations device shown fromthe top of the substrate
| ooki ng down, and fromthe bottom of the substrate | ooking up,
respectively. 6 [0023] FIGS. 11 and 12 are flow diagrans of nethods for
making a nobile wreless comunications device in accordance with the

present inventioqn. [0024] FIG 13 is a schematic, bl ock diagram of an
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now be descrommecunivatéorfsulevicenter esaafittethewrédent irsfegtionece to the acconpanyi ng
drawi ngs, in which preferred enbodinments of the invention are shown. This
i nventi on nﬁ@@ﬂ&@geﬂfl-l@ear@ﬁdwn@t@p fliagnamy of dit¢matecembedmentsseidthehoul d not
be construe%&ﬁﬁ tJISi mted.to,the enbﬁﬁge ts set forth herein. Rather, these
enbodi ment s -Treisnge hand apteapa OfiFdGyPs el osure will be thorough and
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prime notation is used to indicate simlar elenents in alternate
enbodi nents. [0028] Referring now nore particularly to FIGS. 1 and 2, a
mobi |l e wirel ess comietaited Deseriptivn of the Profersed Fmbodimens| ul ar devi ce
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such as a prin crrcul
the invention are shown. This invention may, however, be embodied in many

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] Referriﬁg now more particularly to FIGS. 1 and 2, a mobile wireless
communications device, such as a mobile cellular device 20, in accordance
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 circuifry, etc., as will be appreciated by those




(PCB) substrate, for exanple, carried by the housing. The illustrated
housing 21 is a static housing, for exanple, as opposed to a flip or
sliding housing which are used in many ¢tellul ar tel ephones. However, these
and ot her housing configurations nmay al so be used. [0029] Vari ous
circuitry 48 is carried by the dielectric substrate 67, such as a
m cr oprocessor, nenory, one or nore wireless transceivers (e.g., cellular,
WLAN, etc.), audio and power circuitry, etc., as will be appreciated by
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housi ng 21 @gd connected to the circuitry 48. One or nore user input
interface devices, such as a keypad 23, is also preferably carried by the
housi ng 21 §eB0jdunbetradrd, antaodiccoutput traysdiBSer 43 (ep., aspaniEres atrieder i nput
interface devices include a scroll wheel 37 and a back button 36. O

course, it WyIthe gepepemEenAbcef thedousingl abeonngpied tp theeirewity 48vi ces
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as wll be dxampssast dser idper intbeheydeByepinehidet $dr6ll avieehB? adl adshickcent t he
| ower portion 47 of the housi nﬁH)ZL t hi s advant ageously i ncreases the
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21 very cl oggddifksishead so that the audio output transducer 49 is

[0031] The cellular device 20 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

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 is, 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.




directly next to his ear. Yet, the |lower portion 47 of the housing 21 where
an audi o input transducer (i.e., mcrophone) is |ocated need not be placed
directly next to a user's nmouth, and is8typically held away fromthe
user's nouth. That is, holding the audio input transducer close to the
user's nouth may not only be unconfortable for the user, but it may al so
distort the user's voice in sone circunstances. In addition, the placenent
of the antenna 45 adjacent the |ower portion 47 of the housing 21 al so
advant ageou aces the antenna _farther away fromithe user!s brain. 8
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from the auxiliary I/O device(s) 50, this may allow for reduced interference
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] It should be noted that the term “input/output™ as used herein for the
auxiliary I/O 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




and a canera lens for providing digital camera capabilities, an electrical
device connector (e.g., USB, headphone, secure digital (SD) or nenory
card, etc.). [0036] It should be noted® hat the term"input/output" as
used herein for the auxiliary 1/0 device(s) 50 nmeans that such devices may
have i nput and/or output capabilities, and they need not provide both in
all enbodinents. That is, devices such as canera |enses may only receive
an optical input, for exanple, while a headphone jack may only provide an
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synbol uponpféisphcdHERER] §4 actuating the alternate function key 25.
Simlarly, the space key 27, shift key 28 and backspace key 30 are used to
enter a "0" [GOR8] The nexekpe?6 ivalky nsedptneriter st gginbal ipeh fike paddsionat e
function key 25. The keypad 23 further illustratively includes a send key
31, an end Refjating thgaltanatsfuadiiamkey 25. Similarkshdhe ipacedwy Yloshifbkey 28
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while the tamludsy syhddtes 31, an end key 32, and a convenience (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 first 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 leiters 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

(1.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




are entered by first pressing the alternate function key. As seen in FIG

2, the multi-synbol keys 24 are arranged in the first three rows on the
keypad 23 below the send and end keys 32, 32. Furthernore, the letter
synbol s on each of the keys 24 are arranged to define a QAERTY | ayout.

That is, the letters on the keypad 23 are presented in a three-row format,
wth the letters of each row being in the sane order and rel ative position
as in a standard CMERTY keypad. [0040] Each row of keys (including the

fourth row of, fungtion, . ,40-29). are arran in five colu The
mul ti - synbofmﬁ?é?sg‘ ﬁ§#s@eeﬁéirswﬁwmga ietince FARCHO0ES 0% o4 he
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10 enter a "*" , and "#" upon first actuating the alternate function
key 25, as ﬂnmbsﬁﬂkﬂaneheaﬂls set of keys defines a standard tel ephone
keypad | ayout woul d be found on a traditional touch-tone tel ephone, as

wiil be app[@fﬂd oglnglyntheemehile p@uullahdemeaﬂtma)[ advartaggopsiydieefed, t he
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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




meet applicable SAR requirenents over a relatively w de bandw dth and

mul tiple cellular frequency bands. By way of exanple, the antenna 45
preferably operates over five bands, nahk&ly a 850 MHz 3 obal System for
Mobi | e Conmmuni cations (GSM band, a 900 MHz GSM band, a DCS band, a PCS
band, and a WCDVA 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 advant ageously be inplenmented in three dinmensions, as seen
in FIGS. 7 through 10, .although it nmay be jnplenmented |in two-di nensional
or planar efBbSIHBEHRE Saéew?s >3 MY B baRasitipge pnmpamg\ﬁ@ﬁg Oﬁlmq kdes a

first sectign 6 the P 67, second s ion, 62 fromthe
pce 67" ont o P BRshf Gehdde 5540 BERRHs AR Sipwohh IPRPSHNER 11 e 63
whi ch incl uggggayvyghtohcal portion 51 extending outwardly fromthe PCB 67,
and an overhang porti on 68 extending outwardly fromthe vertical portion

and above af0®pfjdtentcqal ¢detion@?2 ditbe ReEnnk ASsitloetrdtivedyidadudesd sausi dewal | s
55 may al so be positioned on opposing ends of the L- shaped dielectric

ext ensi on 6¥apanieand eendugin G ing ageprthereint defdringdirs{ andbsecpnéendy and
9). [0044 e.secand section 62 of the antenna 45, i strati i ncl udes
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branch condqgt gid a tdningbearfeht cbhidaetde 720 dore pascticifl oy, tBe fibrtganei ticul arly,
the first branch conductor 70 has a first éend connected adjacent the first

end 52 of t kendwitor 70 bapa fwstcnck amneatedadghcant thedimit emdiS2ef thd mgin fi r st

feed point, which jn th i Il ustrated, exanple j.s conpected to a signal
source 54 (& 0 U9t 80 24 PRE ERY dFRTINE el e dertP B A TINOR St or 71

has a first.qidconRech o is A AGEIN oo DSioRErAee8H (BZ., AwhlfRsdri n 1 00p

conductor 6 a se
transceiver). The second branch conductor 71 has a first end connected

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




defining a second feed point, which in the illustrated exanple is connected
to a ground plane conductor 69 of the PCB (FIG 8). [0045] The tuning
branch conductor 72 has a first end conhécted to the main | oop conduct or
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 | oop conductor 64 at sone point along the |ength thereof between
the first and second branch conductors 70, 71. The position of the branch

< gni 11 cant 1 GEEL S of RsceRt pop.seaner 64 i ihe spnisdatbelmiphe, 1 ne
Tl udi g aohsrpfeudolea B RTRSIThl  ERFCL AR, BRI YR dyberny * O

opposi ng fi bdnch@0Hde@6PMY neAdBe éSanltbd thhee kbédid $a674 ¢ @RHesEtthbons 61,

62 of the antenna 45 may be fornmed using printed or patterned conductive
circuit trafiedandsesmahends 7FI188S. 7-10. [0046] While the respective first

ends of the first branch conductor 70, the second branch conductor 71, and
the tuning HH4TEAsOeiRebore, the sacend spetin 63of therantenna 43 mey bsi de of t he
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and second ends 79, 7] As noted above, the second section 62 of the

antenna 45 (iry, diecuipepsitc oficite POBt 610/ siigﬁﬁlcapﬂ?rtrbmeﬂlmrebm, L- shaped
dielectric extension 63. This advantageously allows the overall footprint
of the ant enadions ofthe main kep qanductorddrmay alsp)wsipcwound ph theB 67 to be
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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
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 conductdrs 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




in two dinensions (i.e., where the first and second sections 61, 62 are in
the sanme plane), in certain enbodinents if enough space is available, and
that other 3D configurations are also pdssible, as will be appreciated by
those skilled in the art. [0048] The main | oop conductor 64 is defined by
sections 74-80. The first branch conductor 70 nmay be connected to the
signal source 54 with or without a passive matching network, as will be
appreci ated by those skilled in the art. The second branch conductor 71 is
preferably connected to ground without a patching network, .and the tuning

branch condifeagder4 (KG. 14 ahganch 41 withn lor?@c{fﬁ@eflﬁas te Yadous ¢fhel sour ce
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used for the.section 73. Such tuning features may include, for exanple, a
"dog bone" 5N dqRero torpdaey t@%owﬁgtmlfozﬁ@g siegpes gt ﬁéhqf%)ifﬁﬁ@!z (FIG
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enmbodi ment s {§#%1 ]84 kiruit element is needed in certain embodiments to adjust input
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 (FIG. 6C).




mai n | oop conductor 64 may take one of the foregoing shapes or others,
rather than just a section(s) thereof. [0051] If a circuit elenent is
needed in certain enbodi nents to adjustl#nput inpedance and/ or w den
bandw dth, a | oop type pattern nmay be used, which creates an additi onal
resonant tuning stage, as will be appreciated by those skilled in the art.
| f adequate space is available, straight-line portions may be wused in the
appropriate length. Yet, space is typically at a premumfor interna

cel lul ar device antennas and particularly so for conpact nodels, and thus
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shrunken circle to the 50 Ohm center point, as will be appreciated by those

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.




[ 0055] Regarding the S 11 inpedance characteristics of the antenna 45, to
provi de wi de bandwi dth a good match is needed over the frequency range of
interest. Thus, it is desirable to shrimnk the S 11 circle and then nove the
shrunken circle to the 50 Chm center point, as will be appreciated by those
skilled in the art. The area 73, as well as other portions of the antenna
45, may be used to shrink and/or nove the S 11 circle, which is preferably
done in a distributed fashion. Further, the matching network and
meandering portions of the antenna 45 may al so be used to nove the S 11
circle tonal®IN atieovs changs intherbatiadasoup of the antpenadhmay kst made ishr unken
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[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°.




68 of the L-shaped dielectric extension 63 are relatively positioned so as
not to overlap the ground plane conductor 69. This has been found to
provi de enhanced antenna performance chéracteristics. Simlarly, it is

al so preferable that none of the first, second or tuning branch conductors
70, 71, 72 overlap the ground plane conductor 69. [0059] In accordance

w th anot her enbodi ment di scussed now with reference to FIG 14, the
antenna 45' nmay al so advantageously include a third branch conductor 100
whi ch wi dens the antenna bandw dt h at hlgh frequenci es. way  of exanple
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45' may be 0 opera erent requen as wel |

wi I'l be apptigciliabeate@obp Bl aHothecodsibilifieisahit the M6ortion JB1LP eathyar , the
third branch conductor 100" illustratively includes a first portion 101

within the bmarpalttzh)&FIGodGDLcASJdlseuSsedinrther sheoemith oespeonto the2tharonnect ed to
t he second f{eed pohr;t whi ch in éhe |IIu rat ed 5 ’étdl ment is Sground
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shapes/ conf . r application. In the
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100" is COW ®4bksBr édﬂ%uﬁﬁqe@f(fr%ﬁ%ﬁ’é?hﬁthaﬁng?the &fnﬂgﬂ@udﬂ ifluktrsregdecond
branch conductor 71'. 16 [0061] In another enbodinent illustrated in FIG

15, the secanBI{pol4 iscshotaPin thewyapteo£ BihetT.ddchiistomodf the tlurd hearnched poi nt
(here ground). The first and/or second q?ortl ons 101", 102" may.al so define
various t uncarducier 1B advaniageaesly previded ingreased gaimand S&i bandwidihher

possibility_i.s that th first on 10 FIG 16). As
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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 (MHz) 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 1960.0000 -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




branches 70-72, nunerous other tuning features and configurations may al so
be used, as will be appreciated by those skilled in the art. [0062]
Measured return loss for an antenna havilig the configuration illustrated
in FIG 14 is shown in the graph of FIG 17. Inclusion of the third branch
conductor 100" advantageously provided increased gain and S 11 bandw dth
W th respect to the antenna 45 shown in FIG 3 over the illustrated
frequency range. The corresponding frequency and S 11 val ues for
measurenent points 1- 8 shown in the graph are listed in Table 1, bel ow

Poi nt No. Fr ®§titac46 prghiz)lewer partiom4h 4 digotric adwtats®’ ogogd dydhe
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47, a dielectric substrate 67 carried by the housing, circuitry 48 carried

by the di el botusing andizonnatted tatheacidiwtrpuatpBitocktildnIte ceathad futhari ed by t he

upper portion of the housjng and connected to the c¢ircuitry, and user
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device 50  at Block 112, and positioning an antenna 45 within the lower portion 47 of the

housing and comprising a pattern of conductive traces on the dielectric
substrate, at Block 113, thus concluding the illustrated method (Block 114).
'[0064] Another method aspect of the invention for making a mobile wireless
communications device 20 is now described with reference to FIG. 12. The
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
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 thin the upper portion 46 of the housing 21 and connected to the
circuitry 48, at Block 112, and positioning an antenna 45 within the | ower
portion 47 of the housing and conprisihg a pattern of conductive traces on
the dielectric substrate, at Block 113, thus concluding the illustrated
met hod (Bl ock 114). [0064] Another nethod aspect of the invention for

maki ng a nobile wireless comrunications device 20 is now described with
reference to FIG 12. The nethod begins (Block 120) with form ng an
L-shaped dielectric extension 63 conprising a vertical portion 51 and an
over hang potltusgiatiselydreldas adousined08) ¢ keypad 1400 ¢rd an eipubdeyicen, with at
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over hang poptdceRsiB dexicen®vidbeustaniedatitb@eMe hdakinkar200fandtibeonsled
dielectric substratfe 67, and the at | east one conducti ve trace does not

overl ap a gbeowatnghakeypahld@l and 68 displapd 600eThe pracessinpdeviaed 808t Bl ock
122. Further, the main dielectric substrate 67 may be unted.in housi ng
21, at Bl ofROIYS the ABerabign of des ﬂl@pfaerel 00, as Wﬁﬁtaédﬁw Qsrgion 9ba) . of
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various stegg Ry be perforned in different orders in different

enbodi nents. [0065] Another exanple of a hand-held nobile wrel ess

communi cat i ¢iH6]TheihoasihgOi2Mi0haty e eldgateskvertivaldy, crrmantaketdmeothere s ent
invention is further described in the exanple below with reference to FIG
13. The devpizes andshamssi(incledipgclapashell hpusingsructwsssilhg keypad maskeypad

1400 d . deyi 16Q0. Th devi h i s.a.displ 1600,
whiohi's or iR plteERetion e, PEORREh R wrE o SRR RustiBrMED: 22s ay
alternati Veb¥m@é’en%}éﬂ érﬁ:%dancf‘felgﬂﬂﬁﬁr%h% device 1800 is contained within

| ple

t he housi ng 1200 an S “cou
[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 m other types of memory devices, such as a read only memory
(ROM) or similar storage element. In addition, system sofiware, 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.




bet ween t he keypad 1400 and the display 1600. The processing device 1800
controls the operation of the display 1600, as well as the overal

operation of the nobile device 1000, ihSresponse to actuation of keys on

t he keypad 1400 by the user. [0066] The housing 1200 nay be el ongated
vertically, or may take on other sizes and shapes (including clanshell
housi ng structures). The keypad may include a node sel ection key, or other
har dware or software for switching between text entry and tel ephony entry.
[0067] In addition to the processing device 1800, other parts of the nobile
devi ce 1000 8691 dhsproecsragedavacs Ifiﬂql, a0 pditiondo itspsEatingcyytean a
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vari ous other device subsystens nobi evice 1 I's preferably
a two-way Bpeoionsiiuchtaks dat gelveiee baminhghivaiGs B09Aaid 1300BLUnLE dki ons
capabilities. In addition, the nobile device 1000 qﬁ)r_e_f erably has the
capability mtaltﬁﬁmﬂiecéﬁvec;mmﬁﬂ mnmnwg&g:ttmehhys dittenya pensg@all nt er ggg .
0068 erating system so e execute t he cessin evice 1 S
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vol atile store, such as the random access nenory (RAM 1180.
Conmmuni cat i epglisitpmais silsormeéiraely dapableeofimehiding abewiecelvirgydath stentsevistior ed i n
t he RAM 1180., éQ [ 0069]. The pf)ro&gssi ng device 1800, in addition to its
operating sydteess netwetk d4Q1. rptenplly, GeddM data gems areseamdessbbl i cati ons

L300A- 1300N; 0. L hey (05 4ix65iA00%a BoRlRh HhIWARTet Fordlr@RRV SRHIRLS that
device user's corresponding data items stored or associated with a host
computer system.

[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 1000.




operations, such as data and voi ce comruni cati ons 1300A and 1300B, nay be
installed on the device 1000 during manufacture. In addition, a personal

i nformati on manager (PIM application n89 be installed during nmanufacture.
The PIMis preferably capabl e of organi zing and nanagi ng data itens, such
as e-mil, calendar events, voice nmails, appointnents, and task itens. The
PIM application is also preferably capable of sending and receiving data
items via a wreless network 1401. Preferably, the PIMdata itens are

sean essly _integrated, synchronized and updated via the w re|ess network
1401 with t k0714 BTk, 3eGess rereapbh ity lepsndingrunen the &YRefor associ at ed
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1500, which provides for signal amplification, frequency down conversion,

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.

[06073] 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] In 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

1s then further processed by the processing device 1800 for an output to the




nmobi | e devices are registered on the network using a uni que personal
identification nunber or PIN associated with each device. In GPRS networks,
however, network access is associated weith a subscriber or user of a
device. A GPRS device therefore requires a subscriber identity nodul e,
coormonly referred to as a SIMcard, in order to operate on a GPRS network.
[ 0072] When required network registration or activation procedures have
been conpleted, the nobile device 1000 nay send and receive comuni cati ons

si gnal s over,the ni cati on network 1401. Sign ecei fromthe
comuni cat i Elﬁgi]%fmf ff@rlnaglye&h@ Sé’ﬁ@"eﬂ‘i‘&r i%k)‘g%ata%‘i}’ﬂ%yfa]ﬁﬂe recei ver
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1000. In addition, the display 1600 may also be utilized in voice
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.




di splay 1600, or alternatively to sone other auxiliary 1/0O device 1060. A
devi ce user may al so conpose data itens, such as e-mail nessages, using the
keypad 1400 and/or sonme other auxiliary2pk/ O device 1060, such as a
touchpad, a rocker switch, a thunb-wheel, or sone other type of input
device. The conposed data itens may then be transmtted over the

comuni cations network 1401 via the comuni cations subsystem 1001. [0075]
In a voice communi cations node, overall operation of the device is
substantially simlar to th nj cations. node, except that received
signals are output to a spei!‘ﬂg&m% é Eﬂfﬁ transm ssion are
generated by a m crophone 1120. Alternative voice or audio |I/O subsystens,
such as a voice nessage recordi ng subsystem may al so be inplenmented on
the device 1000. In gddi tipmotiRavHERE 8OmARRECARNs AebReRDifridingzed in

voi ce comuni cations node, for exanple to display the identity of a
calling party, the darlatisorg;afida voice call, or other voice call related

i nformation. [0076] The short-range conmuni cati ons subsyst em enabl es
communi cation bet weed BAKI-fgAREncYdARdantammocagred sithdn spiddiqustngeandy st ens
or devices, which. need not necessarily be simlar devices. For exanple,
the short - r AP muni cati ons subsystem may include an infrared device
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W ll come to the mnd of one skilled in the art having the benefit of the
teachings presented in tha fitst bipsichgotdeetor bavioga fanstiendeonrsstesd at ed

drawi ngs. Therefore, it is uynderstopd.that the invention is not to be
limr:)ﬁ Ej_ed t? t he spe;:i fiaéjacg%rg‘&&eﬁéﬁ?‘%‘{)ﬂf%aﬂéaéﬁio%hﬁpq OrrﬂS’;ﬂlitIE}:&%ﬁ F‘onsdagd
enbodi nents are inten e scope o e appende
claims. 22 THAT WHI CH%E%’I&%PW‘%&%% Hedond

a second branch conductor having a first end connected

adjacent the second end of said main loop conductor and a second
end defining a second feed point,

a third branch conductor having a first portion within said
main loop conductor, and a second portion connected to the
second feed point, and

a tuning branch conductor having a first end connected to
said main loop conductor between the respective first ends of said

first and second branches.

2. The mobile wireless communications device of Claim 1
wherein at least one of the first and second portions of said third branch

conductor defines a loop.

3. The mobile wireless communications device of Claim 1

wherein the first portion of said third branch conductor comprises a patch.




1. Arnobile wreless comuni cati ons device conprising: a housing;, and a
mul ti-frequency band antenna carried within said housing and conprising a
mai n | oop conductor having a gap thereif3defining first and second ends of
said main | oop conductor, a first branch conductor having a first end
connected adjacent the first end of said main | oop conductor and having a
second end defining a first feed point, a second branch conductor having a
first end connected adjacent the second-end of said main | oop conduct or
and a second end defining second feed point, .a third bra conduct or
having a f1rst portiof vi LM RSHIF WiEless Compifeiselevice el Glaiidong
portion Conﬁﬁfé}&ﬁéﬁ@séd%%dlp%?ﬁéwgféﬁﬁ hR8tRhncPOhddc @%@&rgéc?emtﬁenductor
en or be

; i
having a first connected to sald main [oop conduc tween the

respective bédodid fead pobit vidsald sééarsl branch sesdindohr anches. 2. The nobil e
Wi rel ess communi cations device of Claim1l wherein at | east one of the

first and second portions of said third branch conductor defines a | oop.
3. The nobile wireless co ni cat.j ons device of Caim]1l wherein.the first
portion of said third>bran eé’bﬂﬂ WHPP%ﬁsmr%@sw%fl%tﬂ%amcez@e@.almﬂe mobi | e
w rel ess co i i . I I I rtion of
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wherein the gap is in the first side of said main loop conductor.

6. The mobile wireless communications device of Claim 5
wherein the respective first ends of said first branch conductor, said second
branch conductor, and said tuning branch conductor are connected to the first

side of said main loop conductor.

7. The mobile wireless communications device of Claim 1

wherein said main loop conductor includes non-planar portions.

8. The mobile wireless communications device of Claim 1

wherein said main loop conductor has at least one tuning feature therein.

9. The mobile wireless communications device of Claim 1
wherein at least one of said first, second, third, and tuning branch conductors

comprises a tuning feature therein.

10.  The mobile wireless communications device of Claim 1
further comprising a dielectric substrate supporting said multi-frequency band
antenna; and wherein said main loop conductor, first and second branch
conductors, and tuning branch conductor each comprises a respective

conductive trace on said dielectric substrate.




wherein said main | oop conductor has a generally rectangul ar shape with
opposi ng first and second sides and opposing first and second ends; and
wherein the gap is in the first side of24aid main | oop conductor. 6. The
nobi |l e wirel ess comruni cations device of Claim5 wherein the respective
first ends of said first branch conductor, said second branch conductor,
and said tuning branch conductor are connected to the first side of said
mai n | oop conductor. 7. The nobile wrel ess conmuni cations device of Caim
1 wherein said main | oop conductor includes non-planar portions. 8. The
nobil e wirel ess comruni cations device of Claim1 wherein said main |oop
conductor has at Ieas one t un e re there nobi.l e. wi rel ess
comuni cati ons devi ce Wﬁ!fk{’% fﬂﬁ ﬂg tholgges}mrg}eés 8?%‘1”50%

second, thlﬁg?ﬁg@gHgH# ] branch conductors conprises a tuning feature

t her ei n. e W reless comuni cations device of Claim1 further
conprising a diel ectr pgovididgtd Rdssisgtp@@r ting said multi-frequency band
antenna; and wherein said main | oop conductor, first and second branch
conductors, and tuni ngositianitg a:muﬁﬁ;r&ranueaay:hand)amiﬁnn@mﬁmm tudeatsing:
conductive trace on said dielectric substrate. 24 11. A nethod for making a
mobi | e wi r ePBSSOBWHINE cati ons device conprising: providing a housing; and

positioning a nulti-freque

conprising a main | oop con lﬁqgg%ggﬁ H%hF%Qéég%h§%§§@$%H“ iTs and
second ends of the nahﬁdgggﬁupQQQQﬁﬁgéIngmﬁédﬁ%oﬂah@ﬂﬁh conductor having a
first end connected

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,

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,

a third branch conductor having a first portion within the
main loop conductor, and a second portion connected to the
second feed point, and

a tuning branch conductor having a first end connected to
the main loop conductor between the respective first ends of the

first and second branches.

12.  The method of Claim 11 wherein at least one of the first

and second portions of the third branch conductor defines a loop.

13.  The method of Claim 11 wherein the first portion of the

third branch conductor comprises a patch.




adj acent the first end of the main | oop conductor and having a second end
defining a first feed point, a second branch conductor having a first end
connected adjacent the second end of tB& main | oop conductor and a second
end defining a second feed point, a third branch conductor having a first
portion within the main |oop conductor, and a second portion connected to
the second feed point, and a tuning branch conductor having a first end
connected to the nain | oop conductor betmeen the respective first ends of
the first and second branches met hod of, Claim 11 wherein at |east
one of the first and é@conahﬁéﬂ@h6ﬁ§féﬂa¥%é1Wﬂﬁi@ﬂﬂhﬁﬁﬁﬁnﬁhﬁﬂﬁeﬂ@flﬁéflnes

a | oop. 13. f Claim1ll n the f n of t third
br anch” condlEroPEs s Qusoh A Brbe 3 The' sdea e baGha i sfoald ey of

t he second third branch conductor is connected to the
second feedB%%#ﬁ?%@?ngEe second branch conductor. 15. The nethod of O aim
11 wherein the main |oop conductor has a generally rectangular shape with
opposing first and second sides and posing first and second ends; and
wherein the gap is inlfhe ffhﬁsnetbpd@f&ﬁamélWimrwmtbgpilamdmm@mducm The
met hod of aimill erein at ast on of thegﬂlrst rd, and

tuni ng bran8hs 888 asrrecte%lbw eaith APRgSIAG S 56PRN Ak A0 e et hod
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feature thef
main loop conductor.

16.  The method of Claim 11 wherein at least on¢ of the first,

second, third, and tuning branch conductors comprises a tuning feature therein.

17.  The method of Claim 11 wherein the main loop conductor

has at least one tuning feature therein.




