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(5 /) ABSTRACT

30 Claims, 9 Drawing Sheets

A RF wireless modem svith an in(egal antemta. The antenna
is a compact, horizontally-polanzed, balanced, multi-ele-
ment, dircc(iona 1 ante(usa with uitegral balun. construe((SI on
onc end of a punted wire board (PWB) (md radiatuig
preferably away front the modem circuitry on the remaining
portions of PWI3 The antenna includes a matching neuvork
for matching an impedance of the antenna with an imped-
ance of an unbalanced connection and a balun for trans-
forming a RF transmit signai received from the unbalanced
conniwtion into a balanced RF transmit signal. Thc muenna
also includes a rudra(or for uansmiuing thc balanced RF
transmit signal and a rellcctor for rcllccting at lmst some of
the energy of the transmitted signal away from the modem
circuitry. Tlie antenna can also include a director fiir direct-
ing the RF transmit siymsl in a desired direction
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1

SYSTEMS AND METHODS FOR A
WIRk:I.ESS MODKSI ASSI MIIIBF

BACK(&ROUNI) Ol& 1111 i INVI',N'I'ION

I l&ield of the 1m ent&on

1'he present invention relates to Rl'ireless modenis fiir
use in a laptop. Portable Digital Assistant (PDA). or similar
device and more particularly. to RF wireless modems v.ith
integral, compact, honzonuilly-polauzcd, balanced, mult&-

clcmcnl. direct&onal anteiuia with &ntc~al balun.
2. Bacl ground
Rccmil advancemm&ts in clcctronics have &mprovcd thc

performance of Rl& w&reless modems l&or example,
I

advancenients in integrated circuit technology have led to
hi h perfiirmance radio frequency (RF) circuits. The RF
circuits are used to constnict transmitters, receivers, and
other signal process&ng components lvp&cally lound &n RF
&tireless modmns. Also, advanccmcnm m mtc~atcd c&rcu&l

2C
tccluiology have led to a reducuon in thc size of RF c&rcuits,
thereby leading to a reduction in the overall size of RI&

wireless modems Sinularly, advancements in battery tech-
nology have resulted in smaller. lighter, and longer lasting
batteries used in RF u ireless modems. These advancements,
luivc rcsultcd &n smaller and hghtcr RF wirelcss modcnw
&lid& opcrdlc for a longer pcuod of n&i&c'. C&i a shiglc cli&irgc.

A user of a RF &s &relcss modem must be able to commu-
nicate with a wireless comniunication system' base station,
which can be located in any direction from the user and
radiates and receives Rl& signals that are generally vertically
poLsrized. Historically, this has led to the use of vertically
poLsrized antennas for RF wireless modems and other
devices. such as cellular phones, that musl conumuiicate
&& 1th w&relcss conmiun&cdl&on syslem base slalions. Eng&-
nee&s have desi ned vertically polarized antennas raagiag
fmm simple quarter-wave vertical whips or nxmopoleu to
vertical dipoles. to '/i wave and s/s &cave vertical antennas.
Some examples of smaller vertical polarized antennas are
the "pillbox" antenna„ the inverted F antenna. Ihe vertical

«&

poldnzcd mirrcnt loop an&cans, and thc vcrl&cally polauzed
patch ante&uia. Some cngu&ears lmvc also used balanced
dipole antennas typically of &i wavelength hmg.

Portable wireless communication devices such as pagers
and cellular phones are used extensively today. I&or example,
one such device &s the conventional ivireless messaging
device. which nov gives the user full text capability and
makes return phone calls less necessary by providing access
to information on anytluug Irom mccungs lor Ihc day lo
local mov&c lisuugs to thc latest global nev,s updaic. More
elaborate. w&reless messaging devices combine the benefits
and fiexibihty of two-way n&essaging, the ability to run
software applications„and personal computer connectivity
ivith the wear-ability and convenience of a conventional
ivireless &uessagng device. s.

Eleclroruc computing dev&ccs are also cxlens&vcly used
toddy. 11&esc comput&ng dcv&ccs can be lixed, such as a desk
Iop computer, or portable. Portable computui dcv&ccs &n

particular are becon&mg n&ore and more popular. I'he port-
ability of ne&v electronic organizers VDAs, fiir example, ic
combined with their longer battery life. Iar er memories,
and safe storage of information. has caused a growth in
popularity ol'hcsc dev&ccs over Ihe pasl liow years. Ncw
funcuons such as thc syucluon&zal&on w ilh a personal infor-
mal&on manager hds proven a major benctil for users of Ss

portable coniputmg devices in both their personal and busi-
ness lives

Manufacturers of RF vv&rclcss modems, mtmulbcturers of
electronic computin devices. and wireless communication
scrv&cc providcrs arc Icanung up lo produce inicgralcsI
serv&ces and products including wireless applications
capable ol'rcceivuig Iex( mimeuc. or b&nary mcssagcs, and
sometmies allowing clipped and full internet access. via RF
v ireless modems. These enterprise and consumer applica-
tions give electronic computing users the capability to
rece&ve v,ireless e-mail, up-to-the-minute news and stock
reports. remote updates on interest mtes and financial infor-
mal&on, &&cather wannngs, dnd many other applications yel
to be &mag&ncd. For example. iucluihng a RF w&relcss
modem in a computing device enables &veb-browsing over
v ireless net&cork access provided by such current and future
carrier technologies such as CDPD, CDMA, CISM. CiPRS,
UMTS. W-CDM.M Richocet. and other pmprietary netv'ork
tecluiology using either circuit switched or packet switched
tech&iologl'.

'I'he combination of portable and senuuponable comput-
ing dev&ces and r fwireless niodems presents new challenges
to the RF engineer. For example, there are several problems
that result from the inta~cation of a RF wireless modem into
dn clcclnin&c con&pufing ih:v&cc, such tis lhiulcil a&ilcn&ia

space for thc RF w&relcss modmu, thc dcgradat&on of per-
fi&rmancc of the RF w&rclcss modem due to electromagnet&c
interference (I iMI3 from the electron&c computing device,
the degradation of the performance of the electmnic com-
puting device due to uunsmitted RF energy from the RF
wireless modem~, and the degradation of the RF wireless
modmn rcccivuig c&rcu&try due Io thc transm&tlcd RF cncrgy
from thc RF wireless modem in full duplex systems.

EMI can atfect an electmnic system through conduction,
radiation. or a combination of both EMI control is a difiicult
des&gn aspect for RF wireless modem integration into the
electronic computing device. since there are so many com-
buiations ol'MI sources ui lhc elcclromc computuig
dcv&ce Additionally. Ihc &cry high scns&t&vily ol Ihe RF
v ireless modem's receiver and the close proximity of its
antenna to the circuitry of the electmnic computing device
make it very susceptible to EMI. Tlfis Iugh noise environ-
ment creates receiver desensitization when undesired EMI
signals occur at the same frequency as the receive frequency,
or al a number ol'other lbequenc&cs sm&s&tive to Ihc rccciver
circu&try (such as Ihc uilenncdiate frcxtucncyi. S&ncc the
receiver cannot differentiate between the desired and undes-
ired s&gnals, the undesired liMI signai can block out the
des&red signals to desensitize or lower the sensit&vity tiuesh-
old of the receiver. If the amplitude level of the undesired
signal can be loivered enough using EMI contml techniques,
thc rccc&vcr's scns&l&v&ty llueshold &s nol degraded or
dcgradcd mi allow uble amount.

One way to control liMI is to re-design the electronic
computing device ivith EMI in mind. For example. making
the housing of the electronic computing device a shielded
box, usuig a dcxhcatcd c&rcu&t board layer as the ground-
plauc, usuig a ground-plane arcs underneath thc RF wirelcss
modmn, or modil'ying thc clccu on&c c&rmii& dcs&gn to reduce
the 1 1M I emissions froni the electronic con&putmg device are
all advantages approaches to controlling I:MI Since the
electronic computing device is usually already in existence,
however. and most manufacturers do not want to male
changes to thc&r clcclronic computing device, these type of
malor dcs&gn modilicalions arc not des&rablc. Thcreforc, Ihe
RF vvirelcss modem must be des&gned to reduced suscc1&fi-

bility to the I&MI emissions of the electron&c computing
device l&urther, the Rl'ireless modeni should not cause
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interfcrcncc with thc computing device, and It should Iit
wltillll Ihc sp'Icc built'ItlolIs of the clcctl'onic conlputing
device

St JMMARY Oli 'l1 Iii iNVIIN'I ION

lhc present Invention is an RF wireless modem with an
integral antcnirs. Antenna w a compact, houzonIaily-polar-
ized. balanced, multi-element, directional antenna v ith inte-

ral balun. constmcted on one end of a printed ivire hoard io

/PVV)3) and radiating preferably away froin the modent
circuitry on the remainin portions of PWB.

In onc embodnumit, thc antenna is a houzontally polar-
ized antenna that includes a matching network for matching
an impedance of the antenna with an iinpedance of an
unbalanced corn)ection and a balun for transforming a Rli
transmit signal received from the unbalanced connection
into u balanced RF tmnsmit signal. The antenna also
includes a radiator Ibr transmiuing the bslmiced RF transuut
sigruil and a retycctor Ibr rcllcctuig at least some of thc zo

energy of the transmitted signal away from the modent
circuitry.

In one aspect of the invention, the maximum area of the
antenna is approxunatcly 76.2 nuu by35 nun. Bixl thc
minunum area of the mitciuw Is approximately IO nun by 4
BIIB

In another aspect of the invention, the area of the antenna
is approximately 50 nun by 27 mm.

1his compact spacing allows such an antenna to be
included in a wireless modeni assembly As such. in another
aspect of the invention the antenna is included in u wireless
modeni assembly that also includes a processor for encoding
a baseband tmnsmit signal and receiving u baseband receive
sigruil mid a trunscciver for modulating the baseband trans-
mit sigruil with u RF cairtcr sigitul to produce a RF transuut
signal and for demodulatmg a Rli receive signal with a Rli
carrier sigital to produce the baseband receive signal

Further fcaturcs und advmitagcs of tins uivtaiuon as well
as ihe structure ol'peration of various embodmicnIs arc
dcscubixl in detail below with rcfcrence to thc accompmiy-
ing drawings.

l3RII!Ii l)l!SGRIPI'IONS Oli I1 Ill l)RAWIN(LS

lhc Ibrgoing aspects aud many of thc a1)endant advan-
ta es of this im ention ivill become more readily appreciated
by reference to the following detailed description, when
taken in conjunction with the accompanying, drawings,
wherein:

FI(i I is a block diagnsm illustnsting, a wireless ntodem, o

I 1(i 2ri is a perspective illustration of a P('M('IA wireless
modem card;

FIG. 2b Is a pcrspcctive illustrauon of fiie PCMCIA
wireless modem card of I'l(i 2a plugged into a P('MC'IA

SS
slot of a laptop computer;

FIG. 3u is a perspective illustrauon OI a wircicss modmn
in the foun of an extended PGM('IA P('ard that includes
an attached antenna within a plastic enckisure. the attached
antenna being an unbakmced "F" type monopole:

FI(i 3b is a perspective cut-away illustration of the
wireless modem of lii(i 3O,

l1(i 4ri is a partial schematic illustrating a portion of a
fir»t side of a wireless niodem PW)3 card in accordance v ith
one example embodunent of the present invention: si

FI(i 4b is a partial schematic illustrating the opposite side
of the v ireless modem PW)3 card of I'l(i 4C,

FICi 5a is a partial schematic illustrating a portion of a
first side of a ivireless modem PWI) card in accordance ivith
a second example enibodinient of the present invention:

lii(i 5b is a partial schematic illustrating the opposite side
of the v ireless modem P)VB card of FICi. 5u/

FICi. 6O is a partial scheniutic illustratin a portion of a
Iirst side ol'a wirelcss modem PWB curd In accordance wifii
a third example embodiment of thc prcscnt Invention:

lii(i 6b is a partial schematic illustrating a portion of a
first side of a wireless modem PWI3 card in accordance ivith
a fourth example embodiment of the present invention;

FICi 6» is a partial schmnatic illustrauug a portion of a
Iirst side ol'a wirelcss modem PWB curd In accordance wifii
a hfth example embodiment of the present invention:

FICi. 6d is a partial scheniutic illustratin a portion of a
first side of a wireless modem PWB card in accordance with
a sixth exmnplc embodiment of thc present invention,

lii(i 7LI is a pmtial schematic illustrating a portion of a
first side of a wireless modem PWB card in accordance with
a seventh example enibodiment of the present invention;

FICi 7b is a parual schcmauc illustratuig thc opposite side
of the v ireless modem PVV)3 card of lfi(i 7IL;

FICi 8 is a partial schematic illustrating a portion of a tirst
side ol' wireless modmn PWB card in accordmicc with a
eighth cxamplc cmbodmient of thc present uivmition,

lii(i 9ii is a partial schematic illustrating a portion of a
first side of a wireless niodem P3VB curd in accordance with
an ninth example embodiment of the present invention;

lii(i 9b is a pmtial scheniatic illustrating the opposite side
of the wireless modem PVII3 card of III(i 9u.

FICi. 10a is a plot of u measurement of the noise from a
vcrtlcB11)'ohll1zixl iultcnlrs annus thc noise flout Bn an)cans
of thc prcscnt invention from 50 MHz to 2.8 GHz.

FICi. 10b is a plot of u measurement of the noise from a
vertically polarized antenna niinus the noise from an antenna
of the present invention front 1.8 CiHz to 2.0 CiHz.

DET,ILILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

I Wireless Modems
FICi. 1 iliustrates the basic components of a wireless

modem 100. Wireless modem 100 Includes a processor 102,
a transccivcr 104, balun and matching network 116 and an
an)cans 118. Processor 102 cncodcs and dccodcs baseband
information signals. I:ncoded baseband information sigital
are coupled to transceiver 104, where they are converted to
RF transmit si nal. The RF transmit signals are coupled to
antenna 118„via balun und niutching network 116. This is
thc trausnut path Ihr modmn 100. Conversely, RF cncrgy
rcccivcd by antcruia 118 is couphxl, as a RF rccmvc signai
to transceiver 104 via balun and matching network 116.
'I'ransceiver lt)4. converts Rli receive signals to baseband
signals, ivhich are coupled to pa!cessor l(12. where they are
decoded. This is the receive path for modem 100.

Processor 102 is oifcn rcibrred to as u baseband processor.
biosusc it cncodcs and decodes thc bascband signals. Typi-
cally, a processor )02 !vill con)prise a plunslity of circuits/
components. For exaniple, a typical pmcessor 102 can
include Anaio -to-Digital Converters (ADCs) for convert-
in baseband signals received from tmnsceiver 104 to digital
iufiirmation signals, and Digital-to-Analog Convencrs
/DACS) fiir converting digital informution signals to base-
band signals that arc sent to transcmvcr 104. A typical
pmcessor it)2 can also include a decoder/encoder for encod-
ing and decoding the digital infounation signals The
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i

diooiled iligital information is typically sent to a processor
core that can interpret the infiirmation and function accord-
ingly. Such a processor core may be a mica)processor,
microcontroller, or l)SP The processor core can also control
the operation of transceiver 104. There are other circuits/
components that can be included in processor 102. More-
over. any of thc components may bc implemented as stan-
dalone components separate from processor 102.

Transceiver 104 is typically split into a transnnt and
receive path I'he transmit path comprises a modulator 108 ia
that modulates baseband signals from processor 102 with an
RF carrier 110 in order to generate an RF transmit sigtal. RF
carrier 110 is a sinusoidal carrier signal with a frequency
equal to that rtx)orred by thc communication channel used by
modem 100 to conmiunicatc with die base stauon. Thc
tmnsmit pad) of transceiver 104 may also include a Power
Aniplifier (PA) 114 PAs are typically key components in
any high frequency Rii transmitter design 'I'hi ~ is because
RF transmitters typically require high output power to
compensate for path losses and to achiei e satisfactory si tml io
let cia at antenna 118.

lite rixtive path of transcmvcr 104 comprises a tlcmodu-
lator 106 that modulates a ieceived Rl'ignal with Rli carrier
)10 in order to remove the carrier and extmct the baseband
information sigttal 'I'he receive path may also include a l,ow
Noise Amplifier (LNA3 The RF signals received by antenna
118 are typically at very lov signal levels. Therefore, a LNA
is rcquirixl in order to amplify thc si nial level, bu! not
introiluce noise that could swamp thc lov; level received
signal itl

')lie receive and transniit paths are typically duplexed
over a common connection 120 to antenna 118 The intped-
ance ofconnection 120, however, needs to match the imped-
ance of antenna 118 for antenna 118 to transmit the RF
transmit signal cflicimitly. If thc impedmicc is not matclnxh is
then RF energy will be refIce(ed back ui the opposite
dirccuon win:n a transnut or rcceivc RF sigiial rwichcs
connection )20 1 herefore. the matching network portion of
be)un and niatching network I )6 can be included in order to
match the impedance between connection 120 and antenna so
118. Typically. for example. connection 120 will have
impedance of'O oluns. Thcrcfbrc. ihe matching ac(work
niwds to ad)ust thc unpedancc of anteiuia 118 to be reason-
ably close to SO oluns.

Connection 120 is often an unbalanced connection, hov-
ever, antenna IN typically requires a balanced signal.
Therefore, the balun portion of balun and matching network
116 can be included in order to balance the RF transmit
signal received from transceiver 104 tluough unbalanced
conntwtion 120. A balun is a widebmid trmislbnner capable o

of ma(clung a balanced lute, such as a twui least to an
unbalanced line. such as a coaxial cable

A common type of antenna IN used for wireless con)-
munication is the half-wave dipole. A half-wave dipole is
simply a straight conductor with a let)8th that is electrically s.
onc hall'he transmission wave)en th. Generally. a feed linc
is attichcd at thc middle of thc dipole at nght angles to its
length. Dipole an(mmes of clcctnca1 lengths shorter dian onc
half the ivavelength can also be used. Iior example. a quarter
wave unbalanced vertical antenna is often used in smaller, ro
portable devices.

As mentioned. there is a trend towards the inte ration of
RF wireless modems into both poruiblc and fixed types of
cfccxrontc computing devices. For example, FIG. 2a is a

perspcctn c illustration ofan extended PCMCIA wireless RF ss
Modem 210 that is designed to be plugged into a P('MC'IA
slot connector 230 within host computer system 200. In Iil(i.

2a, thc host computer systmn is a laptop 200. Modem 210 is
shown with an external attached. vertically polarized. mono-
pole antenna 220. )il(i 2b is a perspective illustmtion
showing modem 21U, ivith its antenna 220. fully inserted
into PCMCIA siot 230 witlun laptop 200. It should be noted
that the term "extended*'eans that a portion of the card still
sticks out beyond thc cdgc of the computer cvcn when fully
inscrtcd as shown ui FIG. 2b.

The externally attached antenna 220 of FICiS. 2u and Zb
cmi be problematic. For example. it may interfere with a
user's ability to use the keyboard of laptop 200. and it can
bc susceptible to damage due to its prone posiuon. In
contrast, FI()S. 3a and 3b illustrate a PCMCIA RF wireless
nxidem 300 ivith integmted antenna 360 Antenna 360 is
within a plastic enclosure 320 and is niounted w:ithin the
extended portion 370 of modem 3UU. Antenna 360 may, fiir
example. be an iutbalanced "F'* type monopole, as available
from Rangestar of Aptos. Calif. In FICi. 3b, the plastic
mtclosurc 320 and some of thc cxtcrnal casing 330 of thc
PCMCIA card 300 has bccn cut away fiir viewing of'hc
unbalanced "F** t)pe monopole antenna 360 mounted on an
internal Printed Wiring 13oard CPWI33 340 An area 350
around antenna 360 lins been cleared of any metal conduct-
in material.

Antenna 360 of'F wireless modem 300 is still vcnically
polarized, however, as per the industry stanchrd. Therefore,
antenna 360 and modeni 30U are still susceptible to signifi-
cmit interference from a computing device. such as device
200. in which modem 300 is installed. In addition. antenna
360 may cause significant interference with a computin
dcvicc in wluch it is installed.

2. Preferred Embodiments
To overcome these problems. the system and methods for

a wireless modem assembly use an antenna design that is
inte rated into a PWB of a wireless modem assembly. This
approach allows lor a compact. Iow profile mitcnim desi ui.
Morcovcr, thc systems anil methods for a wirclcss modem
assembly use a horizontally polarized antenna to reduce
interference with and interference front the computing,
device in v,luch the wireless modem is installed.

lif(i 4ri is a partial schematic illustrating a portion of a
first side of a wireless modem PWI) card 402 with an
inte ral anteium 400 in accordance with one embndiment of
the systems and methods for a wireless modem assembly.
Thus, anteiuia 400 is part of a wireless modem PWB card
402 that compnscs a processor (not shown), such as pro-
cessor 102, and a trmisveivcr foot shown). such as trans-
ceiver I U4 Antenna 400 comprises three elements, a direc-
tor 410, a radiator 4ZO, and a reflector 450 Ifadtator 420 is
a dipole that is driven at approxunately its midpoint by a
balanced RF transmit signai. Typically. a dipole antenna
radiates energy on all sides perpendicular to the long access.
Therefore, radiator 420 will radiate RF micrgy both toward
rel)cctor 450 and toward director 410 Tlm radiated energy
going tov srd reflector 45U, however. will be heading toivard
the con)puting device in ivhich ivireless modem PWI3 402
has been instailed. This is undesirable. because the radiated
cger~ v,ould likely cause interference with the computing
device Reflector 450 reflects at least some of this energy,
howcvcr, thcrcby rcducuig any uitcrfcrcnce with thc com-
puting device.

Reflex)or 450 also scrvcs another nnportant function. The
energy rctkwted by rcflcctor 450 is rcdircctcd toward the
front of radiator 420. i.e., toward director 410, fornun a
directional lobe. 'I'herefore, antenna 400 is a directional
anteitna that transmits )sf energy iil a horizontal mdiation
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paucm away from thc wirclcss dcvicc in wluch the wirclcss
modem VW)3 4U2 is installed.

Dcpcnding on thc spacing bctwccn radiator 420 and
reflector 450, the use of rcflector 450 cml also result in a
certain amount of directional gain for antenna 400 The
spacin of each elenlent of antenna 400 is discussed nlore
fully below.

Director 410 also helps to direct radiated energy fmm
radiator 420 away from the computing device in wlfich the
wireless modem PWB 402 is uwuilled. By spacing (455)
director 410 a distance that is sullicmntly close Io radiator
420. near-Iield coupling from radiator 420 cim cause currnlt
to flow in director 41U. 'I'he current can cmise director 410
to radiate as well 'I'he energy radiated by director 410
combines ii ith the energy radiated by radiator 420 to foml
a directional lobe that is directed away from the computing
dcvicc.

Radiator 420 is approximately an elcctncal half-wavc-
h:Ilglh III a ih:sigil ibcxtucucy li, wllh Colrcspolldlll Wilvc-
length ka. although it could be physically shorter than a
half-wavelength and still operate satisfactory v ith proper
loading and impedance matching Director 410 i ~ preferen-
tially electrically resonate at a hi her frequency than f„and
is typically 5 to 30 percent electrically shorter than radiator
420.

Rclkxtor 450. works with dirixtor 410 mid radiator 420 to
bias thc cmiucd raduiuou away lbom PWB 402. The spacing
betiveen the director 410 and radiator 420 is labeled 455 and
is measured as the area of non-conductina material 460

I i)
between the elements. The spacin between radiator 420 and
reflector 450 is Labeled 456 and is measured ns the area of
non-conducting matcnal 462 bctwecn thc elements. Radia-
tor 420 is closely spaced (456) rclativc to rcthxtor 450 at a
distance 01st Is prcli:rably bctwixn 0.01 umcs X„and 0 I

times ).a Director 410 is also closelv spaced (455) relative
to radiator 420. towards the edge of VWI3 402. at a distance
that is prefemlbly between 0.01 times La and 0.1 times ).n
This close. compact. spacing allows for a directional radia-
tion pattern without antenna 400 being too lar e for an

so
integral design.

Prefi:rably. thc frcxtucncy limits for an(erma 400 arc from
a mininnim of 300 Ml lz to a maximum of 30 (il lz

Antenna 400 includes an integrated balun and matching
ilctivol'k 425 foi'lltci'faclilg sigil'lls fi'oin 'I transcclvci'ilot
shown) to radiator 420. A top half of balun nnd matching
network 425a for radiator 420 is shovvn as a "U" shaped
feature in FICI. 4a. In this implementation, the bouom of the
'*U'* is electrically conncctcd to rcflcctor 450. For all of tile
implnncntations dcscnbcd ul tlus spccdicauon and that use
a "U" shaped balun and matching network, the bottonl of the
"U" is electrically connected to the closest retlector. One
may, Iu&wever. pmlctice the systems and methods for a
lvireless modem assembly v ithout electrically coupling the
bottonl of the "U*'haped balun to the nearest reflector. For ss
example. other balauculg and matclnng schemes may bc
used, such as RF transformers, delis and ganuna fcxds, and
discrete baluns to name a few.

'lhe area occupied by antenna 400 is determined by width
492 and extension 490. The nlaximum area tilr antenna 400 ic
occurs lv hen width 492 is equal to or less than approximately
76.2 nlillimeters (nun) and extent 490 is equal to or less than
approxunatcly 35 mm, howcvcr. Io have a reasoimblc cfii-
cicncy. antenna 400 should have a wnlth 492 that is at least
approxunatcly 10 nml and an cxtcnl 490 that is at least si
approxinmtely4 mm Preferably, width 492 is approxi-
nlately 50 mm and extent 490 is approximately 27 nun

Thc iibovc lilnlls fol'hc spacillg of Ihc ch:lllcllts. Ihc
antenna width and extent, Ihe electrical antenna element
size, and the antenna element construction techniques are
colninon and apply to all of the implementations described
in this specification.

FICi. 4b is a partial schematic illustrating a portion of the
opposite side, ol'hc modem PWB 402. The dashed lulcs
indicate the position ol'irixtor 410, radiator 420, and
reflector 45U on the first side of PW)3 402 A second part of
balun and inatching circuit 4256 is shown, and is fed by feed
line 430. Iieed line 43U connects to a comnlon Rli transmit
and RF receive connection (not shown). such as connection
120. on PWB 402.

All of thc elements of antenna 400 arc lbuucd of con-
ducting ma(coal dircxtly on PWB 402 dunng thc normal
VWB bare-board nlamifacturing The spaces between the
elements, such as 460 and 462. are areas that are free from
conducting material. Iiurther. reflector 450 comprises a top
and bottom portion 450a and 450b. respectively and, for
antenna 400, reflector 450 is actually a ground plane that is
included on PWB 402.

FICi 5a is a partial schematic illustrating an alternative
inlplementation of a ivireless modenl VW)3 502 with an
integral antenna 500 Antenna 500 conlprises three elements,
a director 510. a radiator 520. and a retlector 550. In the
implementation of FIO. 5C. director 510 and radiator 520
extend around the edges of PWB 502. Director 510 and
radiator 520 do not I'onn a closed loop. however. Rather.
FIG. 5b shows a Iirst gap 512 that exists bctwccn the ends
of the v rap around director 510 and a second gap 313
betwenl the ends of radiator 520 Moreover, spacing,
betwenl the edges of director 510 and radiator 520 and
between radiator 520 and reflector 550 are limited by the
same constraints as describe lvith respect to antenna 400.

Preferably. director 510 and radiator 520 wrap around Ihc
edge of PWB 502 and thcrc are no internal conducting vms
thai loin the Iu o sides of clnnnlts 510 and 520.

lie(lector 550 also comprises two sides 550C and 550b as
does baiun and matching network 525 'I he top side, 523m
of the balun and matching network is connected to reflector
550a, and the bottom side 525b is by feed line 530 Feed line
530 is connecnxl to a conuuon RF rcccivc and RF transrait
COIIIICC(lon (Ilot Show Il).

Thc do(tnt lules shown in FIG. 5b show the position of
antenna 500 elements with respect to the second side of
VWB 5U2 The insulatin dielectric open areas on PW)3 302
are indicated by the blank spaced on PWB 502, one ofwhich
is labeled on each side as 560C and 560b, respectively.

FICig. 6a. 6b, 6c. Snd 6d illustrate alternative unplcmen-
tations of integral antcnnac 600a, 600b, 600c, and 600d,
rcspcctivcly, in accordance with the systcnw mid methods
for a wireless modem assenlbly. I:ach antenna 600u. 600b,
600i, and 600d allows for a lower operating fmquency than
that obtainable with antenna 400 of FICI. 4a. The spacing
between antenna elements, however. are still constmlined to
thc same linuts as dcscnbc with respect to an(conn 400. Only
thc Iirst side of a PWB Is shown lbr each antnmac 600, thc
opposite sides being sunilar ul construction to that shown in
lit(1. 4b

Ill(i 6u is a partial schematic illustrating a ponion of one
side of a ~ireless modem PWB 602a with an integral
antenna 600a. Antenna 600a again comprises three ele-
meuls, whcrc Iwo ol Ihc clnuents, a dirixtor 610C and a
radiator 620a, arc linearly loaded by lblding back Ihc
conducting material compnsulg these clemente ul thc man-
ner illustrated in IIICr 6a. Reflector 650O operates as in the
previously discussed implementations Insulating space is
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labelml ds 660C and a portion of a bdlun and matclung
netivork 625a is shown and is connected tn reflector 650a

In I»I(i. 6b, on the other hand. nvo of antenna 600b
elements. a director 610b and a radiator 620b. are tilrmed in
a fan-shape to help lower and broaden the frequency
response of antenna 600b. The dimensions of the fan shape
will depend on Ihc dcsircd flex)ucncy response.

In FIG. 6c, a director 610c and raiha(or 620c, are luicarly
loaded by tilnning the conductive material that makes up
each element into a zig-zag pattenl as illustrated. 'I'here can In

be great venation in the exact zig-zag pattern depending on
the requirenients of specific implementations. The pattern
illustrated in FICi 6c is, therefore. by way of example only.

Fumlly, in FICi. 6d, inductors 670d, 680d, and 690d
mounted on PWB 602d load a director 610d and radiator
620d. I Ceding by inductors allows eflicient operation of
antenna 60Ud at a frequency that is lower than the physical
length of radiator 620d would otherwise allow

FIG. 7»i illustrates another alternative implementation of
a wireless niodem PWB 702 comprising an inte rnl antenna lo
700. In flus altemativc implcmcntauon, mltcrum 700 com-
pnses an additiooal rcflcctor 727. Ground plane 750 ofPWB
70Z still acts as a reflector, however In fact. the systems and
nlethods for a wireless modem assembly can be imple-
nlented ivith as many reflectors as desired Similarly, a
plurality of directors can also be used. It should also be noted
that the reflector or director can be omitted if required by a
piirtlculdl lluplcun:a(ation.

FIG. 76 illustrates thc opposite sale of wirclcss modmn
VWI) 702 'I he dotted hnes indicate the positions on the hrst ic
side of PWI3702 of elenlents 710, 720, and 727. resptz-
tively

FIG. 8 is a partial schematic illustrating a portion of one
side of a ivireless modem PWB 802 comprisin an inte ral
antciuui 800 in still another altemauvc implemenlation of li
thc systems and methods Rlr a wireless modem assembly.
Agaul. antciula 800 composes fluec elements. Here. how-
ever, director 810 and mdiator 820 contain nvo traps 870,
and 880, respectively 'I'raps 870 and 880 make antenna 800
resonate on two dlfi'erent frequency bands and are fomted of do

an equivalent pamllel lnductor and capacitor. The parallel
uldiictor dni! cdpiicltor drc (unix! Iii rcsollan: ill Ihc high
frcqucncy band of antenna 800 and io ofler lugh impcdancc
Io a higher frequency RF transmit signal. Efli:ctnely. traps
870 and 880 electrically disconnect the ends of director 810
and radiator 820 niaking them appear electrically shorter
when radiator 820 is driven by a lfigher frequency RF
transmit signal. Traps 870 and 880 also provide loading of
thc full length of antenna 800 so that ll cml all!1 rcsonalc at
thc lower frcqucncy band as well. With Ilus approach, a o

single;mteiurd 800 can. for example, work at thc AMPS
frequency (low frequency hand) and the V(:S frequency
(hi h frequency band)

FI()S, 9a and 9b illustrate a ninth and final alternative
implementation of the systems and methods for a wireless ss
modem assmubly FIG. 9a ls a partial schcmanc illustrating

pornon of a iirst side of a wireless modem PWB 902
comprising an integral animma 900. Integral anteiula 900
comprises three elenients. a director 910. a radiatnr 920, and
a reflector 927 Area 960 and the other blank areas in 11Ci. »I»

9c indicate that those areas are free from conducting mate-
rial. A balun and matching network 925C fiir radiator 920 is
shown as a '*U" shaped fi:dturc ui the drawing. 11le bo(1olll
ol'the '*U" is elcctncally councctcxi to thc reflector 927 The
spacing bctw cen director 910 and radiator 920 is labeled 955 (i
and is measured as the area of non-conducting niatenal
betiveen the nvn elements 1'he spacing, betiveen radiator 920

and rcflcctor 927 is labclcd 956 and ls measured as thc area
ofnnncnnducting material benveen the nvo elements All of
the elements nf the of antenna 90U are film)ed of conducting,
material directly on VW13 902 during the normal VWI3
bare-board manufacturing process.

Radiator 920 is approximately an electrical half-wave-
lcngfll lit a ilcslgn heqiicncv'd, with colrcspondhlg wave-
length k„, although it could bc physically shorter tlmn d

halfwavelength and still operate satisfactory with proper
loading and v,ith impedance matching l)irector 910 is
preferably electrically resonate at a higher frequency than fd
and is preferably 5 to 30 percent electrically shorter than
radiator 9ZU.

Reihmtor 927 works w ith director 910 aud radiator 920 to
buis Ilm cnuttcxi radiation away from PWB 902 Rcflector
927 is connected to the ground-plane 950»» along its length,
thus working similar to reflectnr 450 Radiator 910 is closely
spaced (956) ivith respect to reflector 927, at a distance that
is preferably between approximately 0.01 times ).d and
appmxunately O.l times ).d. Director 910a is also closely
spaced 955 with respect to radiator 920, towards the cdgc of
PWB 902, at a distance Ihdt ls preferably between approxi-
mately 0 0! times )v» and approximately 0 I times kd 'I'his
close, compact, spacina afloivs for a directional mdiation
pattern without antenna 900 being too large filr an integral
design

The frequency limits for antenna 900 are preferably from
a minimum ol'300 MHz Io d maximum ol'0 CiHz.

A width 992 and dn cxtmlslon 990 dcscnbc thc overall
size of antenna 900. At a maximum, the width 992 is equal
to or less than approximately 76.2 mm and the extent 990 is
equal to or less thmi approxinlately 35 mm; however, to have
a reasonable e)ficiency, ante)urn 900 should have at least a
v idth 992 of approximately 10 nmi and an extent 990 of
approximately 4 nun. Preferably, thc width 992 is approxi-
mately 50 nun imd Ihe cxtmlt 990 is approximately 27 nun.

FICi 9b shows Ihc opposite side of PWB 902. As can be
seen, director 910, radiator 920, and reflector 927 comprise
cmiducting material on both the top and bottom of VW)3
902 The top portion of each element is connected to the
lower portion by multiple conductin vias (not shown) in
PWB 902. Preferably, PWB 902 actually compnses a plu-
rality of inner layers (not shown). whcrc each outcr layer
composes antenna elcmmiis that arc rc)tltcas ol Ihe elcmcnts
on the top layer, and where all of the layers are electrically
connected through conducting vias.

A balun and matching circuit 925 ls fed through a single
pole double tiuov: RF connector 973 that is mounted
bctwimn a bottom portion of baluu and matclung network
9256 and a limd line 930. Feed linc 930 connects Io d

conunon RF Irdnsnni and RF rccelvc colulcctlon (not
shown) on VWI3 902. Rl» connector 973 allows connecting
test and measurement instnimentation to the wireless
modem assembly and disconnects antenna 900 from the
circuit when a male test connector (not shown) ic inserted.

Thc radiation pat(arm from each antciurd dcscribcd is
polarrzcd in the plmie of thc respimuve PWBs and thc
radiation mid or rimelvc pdncm is biased away from thc
circuitry on each of the respective VWI3s liach antenna
reduces interference the receive circuitry of the respective
v ireless modem assemblies cmised by the tmnsmit portion
of the respective modem assemblies ln full duplex conunu-
nications. Moreover. each mltcnna reduces the intcrfcrcnce
with Ilm w irclcss modem assemblies caused by the operation
of thc respective compuiing dcvicc, such as a personal
digital assistant (Vl)A) or OIIM equipment. in which a
wireless modem assembly is installed In addition. each
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TABLE I

Vl- V2- HI-
S(encl Wgnal )iglial

dnm(IDU dumi 0(l 6th c
I gl Kh. Kh Kh

0

9(f
13)
1 sf 7

— 73 0
— 73 '!

-75 9
-78 0
-76 (I

-75 5

-72.6
-77 8

-74.2
-69 5

— 74 7
— 79 0
—,40
-76 7
— 74 3

dulcuna lcduci:6 lhc ultcrfcrcucc 10 lhc lcapccuvc coulpU! Big
device caused by the operation of the wireless modenl
assembly

3 Test Jtesults
FIG. 10a is a plot 1010 of a measurement of the noise

from a presently used, vcrucdlly polarized anlcnna minus
the noise from an antenna designed in accordance with tlus
specihcation. The mange of pk)t 101() is from 50 MI Jz tn 2 8

(il iz 'I'he difference is plotted in dl3m/3 MI Jz. Vs frequency.
The values plotted indicate that for a very wide range of
frequencies. the vertically polarized antenna picks up a
substantial amount morc noise than a honzontal antcrula
dcstgncd ul accordance with llus spruilicdlion.

FIG. 105 is a plot 1020 of a measurement of rhe noise
from a presently used, vcrucdlly polarized anlcnna minus
thc noise from au antcturd designed in accordance wuh tlus
specihcation, where the nsnge of plot 1020 is fnlm 1.8 (il Jz
to 2.0 (illz, i e, including the PCS hand 'I he ditference rs
plotted in dBm/3 MHz. Vs frequency. The values plotted
indicate that the vertically pnlarized antelum also picks up a
substantial amount more noise for a range of frequencies
covcnng the PCS baud.

Picking up less noise Is nnt necessarily enough to ensure
adequate operation of the wtrelcss modem assembly. In the
followulg cxpcnments thc noise, thc signal. and the SNR are
mcasurcd while rccctvtng 0 PCS st nial from a PCS base
slatlnu

Measurements were taken with 3 antennas Vl. V2, and
I I I to illustrate the impmvements in Sigttal 'lo Noise Ratio 10

JSNRJ obtained with 0 wirelesc modem assembly designed
in accoriLDnce with tlus specification. Antenna Vl. not
shown but sinulnr to antenna 220 in FIG. 2(r, is a vertical
quarter wave whip antenna, mounted on 0 Iirsl comer 0
P('MCIA card A local P( 8 band base station was used to 35

pmvide signal at around 1931 Ml I/ and a noise measure-
ment was made adjacent the ('llMA signal on a "quiet"
frequency. The avera e si nal strength. the average noise
strength. and the SNR w as measured for 8 angular rotarions
about a I crtrcal axis ccntcrcd on antenna of 0", 45', 90', 40

135'. 180's 225's 270', aud 315'c rccs with 0 dcgrccs
being magnetic north of the laptop on a desk I he test was
repeated Ivith antenna V2, not sholvn but also similar to 22(J
in ill(i. 2ri Antenna V2 was mounted on the opposite side
of a PCMCIA card restive to Vl, with the card inserted Into 4

a P('MCIA slot on 0 PC laptop computer. Like Vl. antenna
V2 ts a vcrucal quarter wave wlup amcnna. The lest was
rcpcntcd one morc time. But this lime with a prototype
antenna I JI, not shown but similar to antenna 900 shown in
ill(i. 9a. 0

'table I presents the signal measurements, the units are
dBnv'300 KHz. Table 2 presents the noise measurements, the
units are dBm/300 KHz. Table 3 presents the SNR measure-
ments, the units are dBnt(300 KHz. Table 3 also includes the
avcragc of lhc SNR over thc 8 angles. )5

TABLE I-continued

Angl

Vl-
Sigliiil

113r 7

Kh

V'7.

Sigii:8
d li

Kh

Hl-
Signal

ui 30(i
Kh

— 74 4 — 7'! — 71 0

7(i — 76 8 — 74 8 — 71 3

31 ) -73 . -75 0

TABLE 2

Vl-I msc V -Vnisc HI-Kn(sc
An lc tBml300 YJiz dBrni30(l Kliz dBB(NUD Khz

4
9(i

ll
18(i

2-
270
31

— 79
— 79 5
— 79 6
— Sii I
— 8 f1

-t!(f 4
-79 9
— US

— 79 2
— 8(i 6
— 81 7
— 81 I
— 78 8
— 80 (I

-79 )
— 80 I

— 8-
— 8'I 0
— 84 if

— 81 0
— 854
-t!2 6

-f17 ff

-tu 7

TABLE 3

Angle

if\
I ".

ISD
2 2.
270
71)

AVI R-i(II

Vl-Sl R
dBni'. Di.l Khz

6 I
37

0
4.U

48

V2-SVR
dBB( "IN Khz

37
8 il

39
73
93
68
47
6 6

67

Hl-SKR
dBin" 00 Khz

7 )
40

IU 0

4
ll I

11 6
IU 8
67
91

Thc ulvcnlion claimed rs:

I A v,ireless modem assenlbly. compnsing:
a processor filr encoding 4 bascband transmit mgnal and

rccerving a basebnnd receive signnh
0 transceiver fi)r modulating the baseband tmsnsmit signal

with an RF carrier signal to produce an RF tmsnsmit
srgnal and for demodulating au RF rccervc signal wtdl
ml RF carncr signal to produce the bascband rrmcive
Slgull1,

0 horizontally polarized antenna for transmitting the RF
transmit si nal and for receiving the RF receive signal;
Bud

an unbalanced connection between the transceiver and the
antenna. the connection configured to interface the RF

intern scale. tak ru ihe f.it n. aeeiagnig. and nnreiz n U.i k tn In scale.

As is seen in Table 3. the use of the Hl antenna improves
the SNR ratio by a significant anlount over antennae Vl and
V2. While llus measuremcnl was lakin»n n rrmctve mode, 11

ts dullclpaled Ihdl 0 wui'li:ss ulixlcul Bssculbly' tlh Bu

antenna such as Ill would also pertoun better when trans-
nutting a sig/tal to the base station

While various embodiments of the present Invention have
brmu dcscnbrxl above, il should be understood that they llavs
brmu prcsenlcd by way oi'cx;mlplc only. nnd not luntlatton.
1'hus, the breadth and scope of the present invention should
not be limited by any of the above-described exempLDry
embodinients, but should be defined only in accordance Ivith
the following claims and their equivalents.
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transmit signal to the antenna Imd to uuerface lhc RF
receive signal to the transceiver, and v herein the
antenna comprises'

matching network for matching an impedance of the
unbalanced coturcclion with an impedance of thc
BBIC1111II, alui

a balun for transfomting the RF transmit signal
received from the unbalanced connection into a
balanced RF transmit si nal.

2 'I'he v ireless modenl assembly of claim 1, ivhereui the
antenna further compnses a radiator filr transmitting the
baLanced RF tmsnsmit signal

3. Thc w irelcss modem assembly of claim 2. whercul the
anlciuui lurlher compnscs a relhxlor for rcihxtul al least
some of the energy of the tnlnsmitted signal.

4. The rr ireless modem assembly of claim 3. wherein the
anlciuui further compnscs a plurahty of refleclors.

5 1 he ivireless modenl of claim 3, wherein the balun Is
electrically connected to the reflector.

6. Thc wireless modem assembly of claim 3. whereul thc
uauscervcr. and unterula are mount cxt On a pruned w ire board
diat conlprises a ground plane. and rvherein the ground plane
comprises the reflector

7. The rvireless modem assembly of claim 3. wherein the
radiator rs substantially parallel with d nwrr cdgc of thc
rcflcclor, and whcrcin the spaculg bctwccn the radiator and
the near edge of the reflector is between approximately 0 Ol
tinles a design wavelength and approximately 0 I times the
desian wavelength

ia
8. Thc wireless modem assembly of claim 3. whereul thc

antenna lurther compnscs a director for dircctmg the trans-
mitted signal in a desired direction

9. The rvireless modem assembly of claim 8. wherein the
antenna further comprises a plumlity of directors. ls

10. 'I he wireless modem assembly of claim 8. further
comprisin a pnnted ivire board wherein at least some of the
matching networl. balun, mdiator, and director are formed
ofconducting matenal directly on a top andior bortom layers
of the printed wire board.

do
11 I'he wireless modenl assembly of claim 10. v herein

the printed ivire board comprises a plunslity of inner layers,
rvherein each inner Layer comprises replicas of the matching
network, balun, mdiator. or director formed on the top layer
of thc pnnted wrnng board, and whcrcm each layer is
clcclncally conncclcd tluough vias ulcludcd in tlm prutted
w inng board.

12. The wireless modem assembly ofclaim 8. wherein the
director is substantially pamllel with the radiator, and
w barmn ihe spacing beuveen lhc radralor and tlm director is
bclwoml approximately 0 01 tunes a design wavelength and
dpproxunalcly 0.1 times thc design wavelength.

13. The wireless modem assembly ofclaim 8. wherein the
maximum area of the antenna is approximately 76.2 mm by
3.I Innl. trill whixCBI flli: tualhnultl Blc'd Of lhC BBICIltla IS

dpproxunalcly 10 nmt by 4 mm.
14. The wireless modem assembly ofclaim 8, wherein the

arcs of lhc antcnrm Is approxunatcly SO nun by 27 nun.
15. The wireless modem assembly ofclaim 8. wherein the

antenna further comprises a first and second loading induc- io
101; lhC loadulg llulrii:lorS ConilguliX! 10 Bllov, lhC BBICIBXI 10

operate clhcrently at a lower lrcqucncy than lhe physical
length of the antenna ivould otherwise allow

16. The wireless modem assembly ofclaim 8, wherein the
anlciuui further compnscs a lirsl and second trap, Ihc traps ss
configured so that the antenna tnsnsmits at two ditferent
desi n frequencies.

17. Thc w rrclcss modem assmubly ol'laun 16, wherein
the first and second traps comprise an inductor and a
capacitor in parallel with the inductor

18. The rvireless modem assembly of claim 8, v herein the
clectncal length ol'he radiator Is approximately half ol'

ilcslgn wilvi:length.
19. The rvireless modem assembly of claim 8, v herein the

electncal length of the radiator is less than half of a design
wavelength.

20. The v, ireless modenl assembly of cLaim 8, w herein the
electncal length of the director rs approximately 5 to
approximately 30 pcrccnl shorter thun thc clcctncal lengdl
Of lhc radiator.

21. The rvireless modem assembly of claim 8, v herein the
wirelcss modem assembly is urstallcd In a computulg
device, and w hereul the rcflcclor rcflccts some of the cncrgy
of the transmitted sigiral aivay fmm the computing device,
and v herein the director directs the transnutted signal out-
v ard fmm the computing device

22. Sr rvireless modem assenlbly, conlprising:
an encoding mcmls for encoding a bascbaud transrart

signal mid rrx:cu mg a baseband rccervc signal:
a modulatron means for modulatutg thc beseband transmit

srgnal w rth a RF carrier sigmil to produce a RF trans-
nuts srgnal and lbr dcmodulauug a RF rcccive signal
v ith a Rli carrier signal to produce the baseband
receive sigirak

a horizontally polarized transmission nleans for transmit-
ting the RF transmit signal and for receiving the Rl'eceivesignal;

a connection means for connecting the moduLltion means
Btld the IraflSIBISBlon tlleBils. alii 1vllCI'Cln thC ti'Basmis-
sron means comprises:

a nlatching means for nlatchin an impedance of the
connection means with an impedance of the transmis-
sion means;

a balancing memls for transforming the Rli transmit sigiral
into a balanced Rl'ransmit sigrrak

a radiator means for transmitting the balanced Rl transmit
siyrak

a rclbcctor mtutw for relhxtulg some of the cucrgy of Ihe
transmitted signai; and

a director means for directing the tratrsmrncd ugnal ul a
deurrxl direction.

23. The wrrclcss modem assembly ol'laim 22. wherein
lhc nldxlnlunl Bri'd of lhr: Irdnsllrlsslon nn atls Is Irpproxl-
mately 76 2 mm by 35 mm. and wherein the minimum area
of the transmission means is appmximately 10 mm by 4 rnm

24. Thc w rrclcss modem assmubly ol'laun 22, wherein
the area of the transmission means is appmximately 50 rnm
by 27 mm

25. Sk horrxonlally poldnzed antmmd, compnsulg.
B nldtchnlg Ilelwolk fol Indlchulg dn unpcildnci: of lhc

mucnna with an impixlancc of au unbalanced conncc-
Ilon;

a balun fiir transfonnulg a RF transnnl signal rcccived
from Ihc unbalatrcixl connection uuo a balanced RF
transmit signal;

a radiator for Irdnsnnuulg the balanccxt RF transrart
Slgnid, Bail

a rcflcctor fiir reflccung at least some ol'hc energy of Ihe
tlirnsllilllcd sl nirl, lhc lllaxununl drca of lhc Bnlciula
bculg appmxunalely 76.2 nun by 3S nun, and Ihe
minimum area of the antenna being approximately 10
mm by 4 nlnl
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26. The honzontally polanzcd anterura ol'lmm 25,
wherein the area of the antenna is approximately 50 mnl by
27 aint.

27. 'lite horizontally polarized antenna of claim 25 ls
included in a wireless modem assembly.

28. A honzontally polarized antenna. comprising:
a matclung network for matching an impedance of the

antenna with an lmpcdance ol'n unbalanced connec-
tion:

a balun for transforming a Nl tnlnsmit signal received lc
from the unbalanced connection into a balanced Nl
transmit signal„

a mdiator for transmitting the balanced RF transmit
signal,

16
a rcllcctor Iol rcllcctulg ta least scute ol thc cncrgv of thc

transmitted signal; and
a director for directing the transmitted signal in a desired

direction, the maxinulnl area of the antenna being,
approximately 76.2 nun by35 mm, and the minimum
area of the antelula being approximately l0 mm by 0
nuu.

29. Thc honzontally polanzed antcnlm of claim 28,
wherein the area of the antenna ls approximately 50 nun by
27 nun

3tl. 111e horizontally polarized antemla of claim 28 is
included in a lvireless modem assemblv.

v r r v
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