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FIELD OF THE INVENTION
This invention relates to a compact, multi-band planar antenna for
wireless communication devices such as cellular telephones, PCMCIA cards,

20 etc.

DESCRIPTION OF THE RELATED ART
For a given physical size and set of antenna performance parameters,
such as gain and antenna pattern, multi-band antennas have often been of lower

25  performance than single band antennas of the same size, or conversely have been



25 performance than single band antennas of the sane size, or conversely
have been 1 WO 03/088417 PCT/US03/ 04726 physically larger than single
band ant ewpas/ogf411 he sanme performance. Additionally, rmnul PcThsnsio€ré ennas
have often been nore conplex in structure than single-band antennas, hence
mul ti-band antennas have been of higher cost than single band antennas. In
many cases where nulti-band antennas have been applied the nmulti-band 30

ant enna i npedancgy6RalAGherl thi difgld §anﬂ%teﬁ§?a§ 6%655@ i %eq&dﬁﬁdmﬁﬁe
desired bands, hénce’'requiring a matching network be used in

conj unction wi t Hmelfebangdpy Pm%h%ve OfFit agA &0Tq Wmﬁéwnéwtiuééhap@mgle-@nd
mul ti-band ant enfgenhs; Héﬁbhﬁl@l-gind n&ﬁ%eﬁie&@of}cﬁ%} costﬁﬁﬂsiﬁglmlaﬁé:' ty of a

si ngl e-band ant enna. The need anar antennas. been descri bed
in US. Patent Nmtenn@s mﬁma@mses@vk@mgmﬂazba@m@t@nmvsmnamh@lth@ pioliieband a 35

need for pl as it %Lné&ﬁ%%ﬁ% é}%ﬁ% ‘%3 ﬂe‘é‘%o%@%hrﬂgé(taaﬂttﬁeg@%nﬁbaﬁd?' anar

antenna suc ent t operates at two ofr
frequenci es andlamaawqmnmang@hﬁmgamwmhemanmswnac@@muhenw@hﬂkpamaﬁmnd|n

e 7% TR T R e

U S. Patent No. #&d30dplksR) opetihgdedbsnd ateananlhe heddedodplart enteranag Basbleercivell

conmbi nes el enents of a. i of . U. Pat e . 44 and 6,.249, 254
with a multipl ex&< b&ﬁé{bd@ g%@@ﬁ’&‘iﬁ%@ﬂ@%49%‘3%‘2?@?{6%53@‘8“0 ¢ 84uency.
Wi le the a3 eniad @r planer, nkbbiadtaenings ehidhrhase hx edediapg of awkinhr Mrgnhas
been successful | commergcialized, it is relativel I e and eneral is
P ger Cran t e SrhECBIY AT puft B cpRpbraro pEmbe Ea e A e 451
introduction of Jdd@r ik theRhieX@I ofElhe S4H Saicdhd Ih@&ﬁl&ﬂﬁcﬁ%tﬁﬁff&cb aﬁﬂ@Sde\emsch
reduce the gain of the antenna in the 525 patent, fﬁké ésone C ses t he
S

patterns of the bR Juianator 81 typ arimpy detvgk Bﬁq‘teﬂ‘ée R ML
and 1920 MHz [PCS]). U.S. Patent No. 6,307,525 pertains to a multi-band antenna

40  which combines elements of a design of U.S. Patent Nos. 6,157,344 and 6,249,254

with a multiplexer capable of separating the RF energy based on frequency. While the
antenna of the ‘525 patent performs exceedingly well and has been successfully
commercialized, it is relatively large and in general is larger than the area of the
antennas which it replaces.Further, the introduction of the multiplexer circuit

45  introduces some losses which reduce the gain of the antenna in the ‘525 patent, and in
some cases, the patterns of the antenna radiation are affected by the presence of the
multiplexer. The main advantage of the antenna in the ‘525 patent is the single port

and the planar shape thereof.

SUMMARY OF THE INVENTION

50 A planar antenna is described which comprises a dielectric substrate
fabricated from a commercial PCB laminate or other materials, and a radiating
element formed on one side thereof which is formed in the shape of a right

triangle or related shape. A slot extends into the radiating element from one



mul ti pl exer. The main advantage of the antenna in the 525 patent is the
single port and the planar shape thereof. SUMMARY OF THE | NVENTI ON 50 A
pl anar arwernasd4s7 descri bed which conprises a dielectric PaatS0H04726
fabricated froma commercial PCB |amnate or other materials, and a
radiating elenent formed on one side thereof which is forned in the shape
of aright triangle or related shape. A slot extends into the radiating
el ement fromone 2 WO 03/088417 PCT/US03/ 04726 side thereof. In sone
enbodi nents, a groungiefh@Bst InSoRk eMbBMRE a0RGuINAMIRS idhrodleddndds oPhothhe
substrate. It is therefore a principal object of the invention to provide a
conpact, mHsti-bandigkanae saitrggna which is small enough to be used in
nost applications. Yet another object of the invention is to provide a

conpact, nulti-band 60 m@wef@eta%ﬁﬁapmbﬁ& df$heSHPIntio R RAHENAL PcdipabiSed i n
nost applications without sacrificing gain, pattern and bandw dth

performance. A furt hﬁﬁlu%h@ﬁlfaneﬁfanﬁeﬁ}?a WIHM?iB Tsx'nﬂ[‘ erlodigh B 1RNRM Hengdt conpact ,

mul ti-band planar antenna which includes an antenna el enent in the form of
a right triangle orpbhelgbd shape. 65 Yet another object of the invention
is to provide a corrpact mul ti-band planar antenna which is | ess expensive

to manufacture than cert aj0tfietyBLaARfle inARKGOASprotHES Cofils Aulibalbl eot s

will be apparent to thos in the art

60 planar antenna which is small enough to be used in most applications without
sacrificing gain, pattern and bandwidth performance.

A further object of the invention is to provide a compact, multi-band
planar antenna which includes an antenna element in the form of a right triangle
or related shape.

65 Yet another object of the invention is to provide a compact, multi-band
planar antenna which is less expensive to manufacture than certain other planar
antennas.

These and other objects will be apparent to those skilled in the art.
BRIEF DESCRIPTION OF THE DRAWING

70 Figure 1A is a top view of the radiating element side of this invention
which also has an optional ground plane element mounted on the same side of
the substrate;

Figure IB is a top view of the other side of the substrate of Figure 1A

which illustrates a ground plane provided thereon.



BRI EF DESCRI PTI ON OF THE DRAW NG 70 Figure IAis a top view of the

radi ati ng el enent side of this invention which also has an optional ground
pl ane el ewerB/ossaunt ed on the sane side of the substrate; PETgs0®04B i s a
top view of the other side of the substrate of Figure A which illustrates
a ground pl ane provided thereon. 3 WO 03/088417 PCT/US03/ 04726 75 DETAI LED
DESCRI PTION Figure lAis atop view, i. e., aviewfromthe radiating

el enent sidegs of an antenna 10 iggpgeCEBAESCRIPFIOR S i nvention wherein a
final protective non- conductive plastic coating has not been applied to

t he antenna, and wherein the centrally located long -axis of antenna 10 is
shown by arrow 12. Fi gur &igee IPSIS;& 'QOViIpGL iteo i Weveliomithegadiating 4lewent sidenof he
ground pl ane el enent side, of an antenna 10. The nuneral 14 refers to a
t hrough hol e whi ch esetaateeRn thincaghdanprewile timdvenpbanberts, 2 fgubotegtive m8; and
the antenna element 20 to facilitate the connection of a feed cable to the
ant enna. Wt hout | i ndondudiggpleisrcettong hasnet bperedppliedstd therdntrnmand whéreinkike
invention, 85 substrate 18 of antenna 10 is formed froma relatively thin
comerci al PCB | ami seatr@dlydodssadriengeaxssaflantggnagl Oais shoamdyyarrovhil. FigpredRds dot t om
flat surfaces 22 and 24 of substrate 18 carry a thin |ayer, coating, or
filmof a netlal suchbatemoupper., a vigpppen thelgadnd plast elament 58lej f aproewssidd, f or
exanpl e, by using well-known masking and etching techniques, to provide
(1) a first metal pdfhesumennhl4 hefer9® FRhguplehdldwhiclextefidstthreughuths broahdé 18,
this first nmetal pattern conprising a right-
plane 16, substrate 18, and the antenna element 20 to facilitate the connection
of a feed cable to the antenna.
Without limitation thereto, in a preferred embodiment of the invention,
85 substrate 18 of antenna 10 is formed from a relatively thin commercial PCB
laminate substrate such as glass epoxy. The top and bottom flat surfaces 22 and
24 of substrate 18 carry a thin layer, coating, or film of a metal such as copper.
Copper-clad substrate 18 is processed, for example, by using well-known
masking and etching techniques, to provide (1) a first metal pattern on the
90 Figure 1A side of the substrate 18, this first metal pattern comprising a right-
triangle-shaped metal radiating element 20 whose base 26 is positioned
coincident with, or closely adjacent to, a first side edge or edge surface 28 of
said substrate 18, and to provide a metal feed line 30 which extends from the
apex 32 of the triangle, and to provide (2) a second metal pattern on the Figure
95 2 side of the substrate 18, the second pattern comprising a metal ground plate

element 16 having a first edge 32 that is positioned coincident with, or closely

adjacent to, the second side edge or edge surface 33, and having a second edge



triangl e-shaped netal radiating el enment 20 whose base 26 is positioned
coincident with, or closely adjacent to, a first side edge or edge surface
28 of sawo oswksiTate 18, and to provide a netal feed |in@C3WSakd4he ext ends
fromthe apex 32 of the triangle, and to provide (2) a second netal
pattern on the Figure 95 2 side of the substrate 18, the second pattern
conprising a netal ground plate elenent 16 having a first edge 32 that is
positioned coincident with, or closely adjacent to, the second side edge

or edge surface 33, 3nbathiavéns@nalyseenid agdgin of fAAD10SEE)B0dEs REDVERP3/ 04726
36 that dinensionally overlaps a portion of feed Iine 30, but does not
overlap radiating ehéntelefbntd®0 I n the preferred enbodi ment of the
invention, but without limtation thereto, substrate 18 is a rectangle,

radiating ef@ent 20 is fiRk¥Rkefasedenibodittent sfthanoéioN it Hehsit BSadsh and 40
extending fromthe base 26 to the apex 32. The manner of electrically

connecting the antenfge, §udtaad 1918 2 @RABRL radidfn SdEmEH 00 RGoMANSE 2 @icBITEN 16
may take a nunber of forns within the spirit 105 and scope of this

i nvention. For exanplignglOMRiRdaRs 9 LA &fendial idnbfe 6R0DEE) B af sheed |ine
30, and a second edge connector could be connected to ground plane el enent

16. In the enbodi ment sheo nlahndrlb@ eIdEAVAINGSnebe the REHaR kg bRArM ts a
co-axial cable to be operatively connectéd to the ground planée el enent 16

and the antenna el e%%d%%bunéé%n% aeﬁ&gqm AR Ay fbeﬂcﬂ?oﬁﬂlg‘éﬁmﬂtﬂgls%ﬁt second

ground pl ane el enent 42 “may ormed on the radiating elenent side of the

antenna 10 ggs seen Tl mistnfintith 1P QERN th RO CorBLATRMGHR Naving a
cut-out portion 44 Ich'recelves
connected to feed line 30, and a second edge connector could be connected to
ground plane element 16. In the embodiment shown in the drawings, the
through hole 14 permits a co-axial cable to be operatively connected to the
ground plane element 16 and the antenna element 20.
110 In an embodiment of the invention, a second ground plane element 42
may be formed on the radiating element side of the antenna 10 as seen in Figure
1 with the ground plane element 42 having a cut-out portion 44 which receives
the feed line 30 as illustrated in Figure 1A.
Radiating element 20 has a slot 46 formed therein which provides for a
115 multiplicity of current paths which give rise to the multi-banding characteristics
of this invention. As seen in Figure A, one end of slot 46 is open while the
other end thereof is closed. Slot 46 produces multiple current paths leading ;[O
the multiple radiating resonances from the structure without additional antenna
size. The dimensions and geometry of the slot 46 may be altered to achieve a

120 desired frequency for the second primary resonant band. If needed, a simple

microstrip transmission line matching network may be added to the antenna



the feed line 30 as illustrated in Figure I A Radiating elenent 20 has a
slot 46 forned therein which provides for a 115 nultiplicity of current

pat hs whiwb 0giogs21Ti se to the nul ti-bandi ng characteri sti c®CTafSos/mni7se6
invention. As seen in Figure |IA one end of slot 46 is open while the

other end thereof is closed. Slot 46 produces nultiple current paths

|l eading to the nmultiple radiating resonances fromthe structure w thout
addi ti onal antenna size. The di nensions and geonetry of the slot 46 nay be

altered to achi eve afed@fbiteDith @drchscaBeBMaWi IR indiie®BEOME: R bf A8 HYsifESONant
band. If needed, a sinple mcrostrip transm ssion |ine matchi ng network

may be added to the @mngfiRa The MBI rA8SHhIdiRBERALSRY: QbiLbefl 8Ba[spOi Nt 30

to increase the bandw dth and i npedance match of the desired resonances.

The antenna of this j.aMeRY in@ndiRBolt WPiPsle MRHE WMEBHLizdRFEFomentsadindtbbsig 1N a
nonopol e or di pol e node, Wth the size requi rements bei ng about 125 fifty

percent of fde curr emty er@éﬂﬂ@ﬁh&b\ﬁfe'miﬁQorﬁtﬁér@ﬂaﬂibd%teﬁﬁheoftﬁ)‘él‘%élzpﬁét@rﬁtwﬂfoﬁth0Ut
any additional conponents. In sonme applications, a PCB is required for the
addi tion of conmponents . daifibed c@spdnfs LNA stage of a GPS recei vi ng ant enna.
The antenna of this finvention prOV|des the required PCB area as part of

the existing ground pl anQn%m%%hg%ﬁ)%l threqﬁlré@wrﬁﬁ aﬂdlpgﬁ @fﬁ_(l)mp&&élts

cost-effective and smal | an a separate

ant enna assenbl y, Wu@l@aﬁ@éLﬂ%eﬁag%?a%}Pb‘f%de% F‘eﬂn@l‘hgh}& oftfks the past,

and allows a nore cost-effective and snal t1on than the existing

8;'5?; egr E Oagtee””as- ihPor®b 5o vRBP e FafulrA'PeB Bred G PRCo Freb:AthE BRANATRRIG Y 1S

130 the antenna, allowing a more cost-effective and smaller solution than a separate

PCB for the GPS antenna assembly, which has been the solution used by others
in the past, and allows a more cost-effective and smaller solution than the
existing prior art antennas.

In other applications, a second GPS antenna assembly is desired to be

135 integrated with the antenna. In such an application, the GPS antenna assembly
requires a ground plane. The invention herein provides the necessary ground
plane as part of the antenna, allowing a more cost-effective and smaller solution
than a separate ground plane, which has been the solution used by others in the
past, and which allows a more cost-effective and smaller solution than the

140 existing prior art antennas.

The antenna of this invention allows a single antenna to be used for
multiple bands without additional cabling or connections to the
transmitter/receiver. In cases where multiple carriers desire to connect to one
system, such as a multi-carrier in-building voice system, the use of one multi-

145 band antenna replicated in times may permit economies of scale for the single



135 integrated with the antenna. In such an application, the GPS antenna
assenbly requires a ground plane. The invention herein provides the
necessar yworoooss#17 pl ane as part of the antenna, allow ng ®CTarse3/04726
cost-effective and snmaller solution than a separate ground plane, which
has been the solution used by others in the past, and which allows a nore
cost-effective and snmaller solution than the 140 existing prior art
antennas. The antenna of this invention allows a single antenna to be used
for multiple bands paitri@iber @chei thixOval orGieé dirlf séparaCOpHRe EdritRNribes t he
transmtter/receiver. In cases where nultiple carriers desire to connect to
one system such asteyubitidsi U§iag the @pprbathlditidih ARGVt eelSicRPplidatinsuse of
one nmulti 145 band antenna replicated in tines nay permt econom es of

scal e for the singl eyllofs Yo% QBBAch Ao BETWEAR/ 1RAAREratdAaf i e BiRREach atther

than two or three or in separate parts for the varrous Tfrequencies. Using
the approach of thi sdvMgRtdrens hiosntbe et ForaRnikss atd Q8Sth aflchQUSyiAns el | er
antenna to be used than the i nt egrated di pl exer approach. The advantage of
this inventismn is cCrihddt6ahs Ml LPo@idss and steal th antennas which 150
must be as small as possible. The planar antenna of this invention is

i deal Iy suited in wirel esg, %ﬁ‘z‘eln%‘eﬂ?égﬁgm%@ﬁ%ﬁ?ﬁﬂﬁuﬂ&ﬁ@d‘ﬂ%@é@ required

for mnimal visual inpact stealt in telemati cs applications where

N
smal | planar ant ennag,algohSEhdit smilCanfinhQWrd %ﬁyi%%?ﬁnﬁlﬂ%t%%ugﬂi g?& within a

vehicle. In addition, the antenna Is 155 use In portable wreless

devi ces incl udi ng P%@%ﬂ@%ﬁﬂ& ﬁscel\%}gﬁcgig lecgg%ﬁ iwq'l@re%tnallglﬁflglg@ee Jgfare useful

predet erm ned t hereb ting t e Ich1's av
to allow the device to be hidden within a vehicle. In addition, the antenna is

155 useful in portable wireless devices including PCMCIA cards wherein the size of
the card is predetermined thereby limiting the space which is available for
antennas. Due to the small size of the antenna of this invention, it is useful in
linear array antennas since it minimizes the resulting size of the array.

The antenna of this invention is approximately one-half the size of the

160 MicrosphereTM antenna described in U. S. Patent No. 6,157,344 with identical
gain, pattern and bandwidth performance. The antenna of this invention is ideal,
suited for all the uses (applications) set forth in the ‘344 patent.

Thus it can be seen that the invention accomplishes at least all of its

stated objectives.



antennas. Due to the small size of the antenna of this invention, it is
useful in linear array antennas since it mnimzes the resulting size of
t he arraywobhessamt enna of this invention is approxi mat el y pamarshzab472¢ he si ze
of the 160 M crosphereTMantenna described in U S. Patent No. 6,157, 344
with identical gain, pattern and bandw dth performance. The antenna of
this invention is ideal, suited for all the uses (applications) set forth
in the 344 patent. Thus it can be seen that the invention acconplishes at
| east all of itsyeslighpd objectives. 7 WO 03/088417 PCT/ US03/ 04726 We
claim 1. A nulti-band planar antenna, conprising: a flat dielectric
substrate having a first %&ace’ second surface that is generally
parallel to said firsk sug b—pangp?qnprsztnte@a@épmwgé second edge 5 which is
| ocat ed generally opposite sajd first edge; a netal radiating elenment on
said first surface oftilislestisshsiaiehaung uiipshamies. dgeconf swrgie tibbi ng a
generally right triangle shape including a |inear base |ocated generally
adj acent to said first edgeussrlydarayeldnpad fiest surfage. piffratedgs, arachy segprieedge
extending fromone end of said base, and a second |inear side extending
from 10 the other end of shis|lqcaied censedle opresite sidfirshedssy el ement having a
triangle apex which is fornmed by the intersection of said first and second
|inear sides; a |Ii neﬁafﬂetﬁ]éﬂ@ﬂmgé‘iﬂﬂqnt eresaidniastaiiaey dndd psiveld; saisl ragjating
extension of said triangle apex, said feed line extending in a direction
away from said tri angllemdshbayingrrseneibenghit tripngleshapsanaduding akegaebap bratedwar d
sai d second edge of said substrate; a

generally adjacent to said first edge of said substrate, a first linear side

extending from one end of said base, and a second linear side extending from
10 the other end of said linear base, said radiating element having a triangle apex
which is formed by the intersection of said first and second linear sides; a
linear metal feed line including and formed as an extension of said triangle
apex, said feed line extending in a direction away from said triangle base and
extending from said triangle apex toward said second edge of said substrate; a
15 metal ground plane element on said second surface of said substrate, said
ground plane element having a first edge located generally adjacent to said
second edge of said substrate; said ground plane element having a second edge
that dimensionally overlaps said feed line and only said apex of said radiating
element; said ground plane element being electrically connected to said
20 radiating element; said radiating element having a slot formed therein which
extends inwardly into said first side of said radiating element.
2.  The antenna of claim 1 wherein said slot is generally parallel to said

base of said radiating element.



15 metal ground plane el ement on said second surface of said substrate,
said ground plane elenent having a first edge |ocated generally adjacent
to said wewafsBietige of said substrate; said ground pl anePelTarsesno47d@vi ng a
second edge that dinmensionally overlaps said feed Iine and only said apex
of said radiating elenent; said ground plane el enent being electrically
connected to said 20 radiating elenent; said radiating el ement having a
slot fornmed therein which extends inwardly into said first side of said

radi ating el ement. 2.3Thahashtennafehintbaihsiel wied@infosaédinshigtadifingener al | y
parallel to said base of said radiating element. 8 WO 03/088417

PCT/ US03/ 04726 3. The ant ennglebntGldptdh: aidiet &gd of sdidlsubk@dte.i s formed in
said radiating 25 elenment adjacent said first edge of said substrate. 4.

The antenna of clai m b wgeehtend FeREAHwABERa SERH Rt cARNAd BlaBdBlBhertSs
provided on said first surface of said substrate. 5. A nulti-band pl anar

antenna, conprising: a flat dixRhRedbh SaidHRBIHRESHT shidvlihgai first surface, a
second surface that is generally parallel 30 to said first surface, a

first edge, and a second Regf:-WhHdGadaSakt@fAl HpHSRS 3k HieRBRRShksG a2l d
first edge; a netal radiating elenment on said first surface of said

substrate; said radiating el Qmegd 2 RAVIAEcR 2 9QBES Alrtale G0 bedeFdP e Qeishape
including a linear base |located generally adjacent to said first edge of

said 35 subsfyate, a first |ipeals mdarmoet AL} El&e,fdiﬁ@s%bﬁd%&% WhicsRl d base,

and a second |inear side extending fromthe other end of sal
located generally opposite said first edge; a metal radiating

element on said first surface of said substrate; said radiating
element having a generally right triangle shape including a linear
base located generally adjacent to said first edge of said
35 substrate, a first linear side extending from one end of said base,
and a second linear side extending fromthe other end of said
linear base, said radiating element having a triangle apex which
is formed by the intersection of said first and second linear sides;
said radiating element having a slot formed therein which
40 extends inwardly into said first side of said radiating element.
6. The antenna of claim 5 wherein a metal ground plane element is
provided on said second surface.
7.  The antenna of claim 5 wherein a metal ground plane element is
provided on said first surface.
45 8. The antenna of claim 7 wherein a metal ground plane element is also

provided on said second surface.



| i near base, said radiating elenent having a triangle apex which is formed
by the intersection of said first and second linear sides; said radiating
el enent woicgss1sl ot forned therein which 40 extends i nwacdlysos/mt7os sai d
first side of said radiating elenent. 6. The antenna of claim5 wherein a
metal ground plane elenent is provided on said second surface. 7. The
antenna of claim5 wherein a netal ground plane elenent is provided on
said first surface. 45 8. The antenna of claim7 wherein a netal ground

pl ane el enent is al s09. privestecha®f chih d wheRnifuf haekfee®lindRxRa4OB&A17

PCT/ US03/ 04726 9. The antenna of claim6 wherein a linear netal feed |ine
extends from said apex of sakdd fimsliofkdidgdRtiBsEBkent10. The antenna of claim
9 wherein said feed line extends to a feed point. 50 11. The antenna of
claim 10 wherein sai did. eatie hitBnalt@slan P @RIt B&MinelcRRAINt0AMEEMWHEN SO as
to formpart of a matching network. 10

50 11.  The antenna of claim 10 wherein said feed line has a predetermined

length and width so as to form part of a matching network.

10



