7 KLe3e85(D62T%+23 February 2004 C A COVPACT ANTENNA FOR MULTI PLE
FREQUENCY ERATION Field of the invention The present in\égrrat,,-'b%alrye?logg es
gener@tlyto the field of antenna design and in particular the invention
relates to antennas designed to operate in two or nore 5 distinct frequency
bands, and nore particularly, to antennas formed as a thin |ﬂwmm’ﬁmm;‘um I[

| ocated on a non-conductive substrate material. Background i on
Due to the devel opnents in wireless comruni cations, nultiple radsosnobile
systens operating at different frequencies are gaining increasing 10

popul ar i tyA SOMPAE ANSENNARORMUL RIS FREIENS L OIRRARIOM ennas,

it is desirable to have, for signal reception, a sinple dual-frequency
antennafji&dl(i,teﬂleqbvlémoiepar ate antennas. There are several types of

dual -fr isted in patent literature. However, these are
either bulky (of the reflector' type), non-planar |5 (nulti-dielectric

| ayer mi cr ostlhepresé¢mtinvyntdn relatesi gemecadlydtectherfiebd ofihrtbnda dsigh sndes of

the plasticg ubsqt_lrate material. It is clear that the first type (bul ky

ref | ect ARrtigHay the ipgention relates tooanteppas geﬁ‘&ﬁﬁﬂﬁpdﬁ-’t%ﬁ* BHPVe It Mee  The
secod (fi2tiddt! ) i 0 , pie ce and
i's thus not dstu‘?%(@%‘?ﬂgy?ggﬁ%%e%v%?ﬁgﬁ ggﬁ{bﬁl%%qn}hl %d;gé$é?‘§ngefﬁﬁlg‘gai %S gs@‘gﬁti al .
Fi nal | y cohtdactorilochtéd pa aRof-conductive sulgtraboinatsiidle of substrate) of
antenna i s not suitable for nmounting agai nst conductive materials |ike
reinforced concrete or alumniumfalse ceiling. Summary of the invention
The pr edackgronnd of the invention i n an antenna for operation in a plurality
of distinct frequency bands, the antenna conprising an array of conductive
el ements 25 nst,r u t . of r Lerial, the. array.having
two generall ?%%n%sﬁ%%gdda&l%%?ﬁrgeg? Vtvﬁrgpeggo E“gﬁ‘g‘%ﬁe%ds" rs’uct“ﬁ‘r%1 gee%)éﬁo

i ncl udi ngobilel systbinky oplergtiigl hel didferentnIrej iieivss agxt aihiing in@eaging

per pendi cul arly extendi ng conduct or 23 February 2004 -2 form ng a back
of tiHe dmUanbpedogedyse pradustien sastandppaectrsHpiedhhyithy anggntassitdsl ect ed

to suit equ | i.dt.h td and the co haped
struct ur(%aésgl’ﬁgélfeng) ﬁ%%éa? éﬁ%ﬁaﬁ?%ghggtg scoﬁ%ﬁcg{l%i!g&ﬁ*enggj aé{:t%rr‘]l?a ’éb”ﬁ%'é ped
structurmgégﬁai@(im_ent and parallel to one another, and the respective
5 parallel elenents projecting outwardly fromthe back conductors.

Preferably, the array of conductive elenments is symmetrical about a line
| ocat ed bet weEieranargsexpral| typest iof guekiregnenmt anterstaselistedc drbpeteased

For cacr prlfRandyo AR Yoot A2 e IRRTar ofls FERRSPTRePl Rirbtater o °

t han sonqridtied eiEbdic ¢y @avicresip Ebﬂeﬂe@ J, FdtClvikhecdiiductsteprih@id anpsthi cul ar
band of operation in which case the nunber of parallel elenments provided in

each corfidehabihe plastic subdraty matepakt Itds clepnthasdhe firstdype (bwldqyi refleetort he
require width . ain aof.. the antenna in_the ban Preferably,. the

ant enn a%’? ggiist ﬂgé %‘é‘ﬁ%’q‘éﬁ% %@?“%S%P}‘é‘}‘ﬁ Yh ngﬁc_equé)r‘f‘e g}‘ge F&¢ e(]é%‘ﬁlt'éo nb

st ruct UrigyeORgcrob R patch), SR 6RiE hdYsEMIplePhded and' istREs ABPSuR4ble
operation” of the antenna, and the renmining el enents of each conb structure

bei ng f dortuse wihiear floshdnofindpg raft amtenods ihessentishnFindlhe thebthirdttgpaay
either be a flat and rigid or_sem-rigid support, such as a sheet of
fi b&@gl a‘ggnﬁv?tﬁfseancP?*&hF%ebB%F'd SHEater Pglaf‘t‘gg?hg'pg‘dt piigafe dfor sugppnppg; ¢

against conductive materials like reinforced concrete or aluminium false ceiling.

Summary of the invention

The present invention consists in an antenna for operation in a plurality of

distinct frequency bands, the antenna comprising an array of conductive elements

25  constructed on a sheet of substrate material, the array having two generally comb-
shaped structures, the comb-shgped structures each including a plurality of

parallel antenna elements extending from a perpendicularly extending conductor
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20 support, such as noul ded pl astic case or other suitable non-conductive
surface, or as a flexible sheet, such as a thin sheet or faztrepfuaRl 2841 CS
material, or a sheet of simlar non-conductive material. In preferred
enbodi ments, the conductors are fornmed on only one side of the substrate
material and are preferably applied by printing or screen printing, 25

al t hough ot her nethods of formation sugh as lamnating, gluing or formng a
conductive filmand selectively etching are al so possible. Preferred

enbodi neferming atbaski of\tha coovb-shapeiddtrunturen thenparallel eldmeints hagogdeygtimbi | e

comuni catign,.systens, that i s conpacgt, Lightsweight f |l ow.cgst, and easy
to pr odu??g?&edr%zqg,u‘lt—“etgﬁugwu?ﬁfé‘?? -agﬁTh%“éa‘%f ﬁaOfggﬂérﬂgloﬂm?ﬁ‘fle i Fgf“q’égai nst
a conducHadc SirucRftes Odemgllbca%eaf@% R PACR Scor ekt CoPhd[RERY Lonile back
frame of an art painting or other decorative material, or can be nade to

conf or m $lapedes tehctpeesdiocatiet erd joank gnd ypadtabiedt torared ar(aher, anduhe adsprctilvar s,
etc). 5 Brief scription of the Drawings An enbodi hent of the invention
will SnOV\P%@?]&Eg MR PEYICGERE By twaL fr@?n the hacgq:o&déﬁggsto t he acconpanyi ng
drawings in which: Figure 1 illustrates the general arrangenent of an

antenna accor gidfgrd ,aﬂ\e?HHﬁgideéanﬁfcﬁR/BE‘elé‘&\%ﬁ%_nis SymBRUIEN dBbuR! ANngl ew,
10 Figure 2 is an edge view of the antenna of Figure 1; Figure 3 is an

exanpl e bfcatdie betweemaand pamlick to Hieowianly chindarctorsnef reaghi cemibtshapetli eve a

particul ar set of %r,e uency responses: and .Fi %ée 4 EI Lust ates a

per f or rraﬁ'EBC'E‘ﬁ?'_v%“ fincltides at g yre e&lﬁ‘& = t @M BF"EeS SRR fﬂr

Pr eferre@a&ﬂﬁ%ﬁh&r‘? ﬁax?c? irl Oﬂﬁétﬁ&?é“&ﬁt@ﬂnalﬁgﬁﬁt .rTl‘ithEnga & QRRABHe"Y
enmbodi 0 [ e Ich's

dr awi ngs, nment s the rnvention ar ustrat erve to

expl 80 n elken@ansf remh eomdf-slkpednsasiclifrebpréotidgénéoralal particidar dsadahosf wi t h
the invention, Figure 1 shows the general arrangenent of enbodi nents of the
i nvent i oRPETRtANa which case theraHnkeref pyrallel elepiangs proyidedyagach gogrkek

Tre conatiters aHeeat in tesoef of U il RaBnuin oEMEF BERGHD BifREMA 12

appropri ahd gaondBeid AftefiR4 & tidd banthe di el ectric substrate can be rigid or

flexible. The nmaterial can be ceramc, plastics, or any other appropriate

non-conductive nmaterial. The substrate thickness is not restricted, but is
used as desi ghreferahis: e anteangilpandyGhand gnterga, congrising thrspislemsplsd

condyet ocg, gy 234808 S8 & HLARH BYed e BALE G2 BUSHCkES oy

frequency bands I'n he enna operates as we e assocCl a fed
bandwi dt lbpegdtidh of bt dntbheg Uend the penalihidg. elBhferdd atidagh 1 hptstagtutehe two

conb shaped conductors, on the other hand, is determ ned by the inpedance
mat chi ng beinguifeetherpthepband ef aperation of thoanespauary 2004 -4
The substrate may either be a flat and rigid or semi-rigid support, such as a
sheet of fibreglass printed circuit board material, a shaped rigid or semi-rigid
20  support, such as moulded plastic case or other suitable non-conductive surface, or

as a flexible sheet, such as a thin sheet or film of plastics material, or a sheet of

similar non-conductive material.

In preferred embodiments, the conductors are formed on only one side of
the substrate material and are preferably applied by printing or screen printing,
25  although other methods of formation such as laminating, gluing or forming a

conductive film and selectively etching are also possible.

Preferred embodiments of the invention provide an antenna for dual-
frequency mobile communication systems that is compact, light-weight, of low

cost, and easy to produce.



The antenna is fed via the feed points 19, 20 as shown in Figure 1. The
feeding network, while it is not part of the present I nvenyigapruaRoios be
designed in conjunction with the antenna to neet specific application

requi renents. Figure 2 on the other hand, shows the side view of the
antenna viewed 5 through line A-Ain figure 1. Enbodi nents of the invention
exhibit a planar antenna with netallisation 13, 14 on only one side of the
substrate 12. The substrate can be any plastics or ceramc material,

dependi ng on Theegutennp sl bsi mwundediftatnagainst ponadactive eeiihgapesvalind

| i | abl b i fibregl b : d
Commrer ormro (BUEh e sl BR e Pl Faskreineg D B3 tBEhE Y ot 157
speci fi cdRpaamdenditerid1e of €8 balhadd télesh@rmofo theGhape bf dther BAIGRHEnd

metal lisation is in the shape of two conb-shaped structures 13, "14 facing
back- t o-tbatdrial (&g., suntrs pilarsietger s 23, 24, 25, 26, 27, 28 enpl oyed depends

on the gain and radiation pattern requirenents. For exanple, | 5 as
iIlustraged. b Floure ant.enna is designed to have a narrow band
hi gh-"gai fi—op Jere °F~, and a broad-band | ow gain operation at

frequency f2, where f2 > f~. Thus, in each conb shaped structure 13, 14 two
el ements 23, Zf\.endbodiffert’of thegfieatish will Néw bR disbrbeadyaheypofexdmple8 i s
needed at f2, as a greater nunber of elenents inplies narrower-band and

hi gher gwith refarenepter theiaspompanying dragvings Enwdidun t hus be extended to
three or nore bands of operations and the gain at each individual band can
be adjusted by. varyi. h nber of el enents.resonating in that band.

Typ cal i menbiegs Tolstraes N Behe alaeRisnL of 38 dutia “grardihe s ARy o
The ant egfBoHimEANSH thd Gresbn® tndentio?binPlhh NiiGk; FR4 substrate 12 (see Figure
1) of 25 dinensions 130 nmx 880 nm The length of the radiating el enents
(208 mMm and 417 nm are chosen to be approximtely one quarter of the

wavel®ngt h at Fighige duapniedggyaeieiof sheyantennp ehFiguae IvHz/ ¢/ ~errr/ 4 ~ 417 nm
290 MHz/c/ ~Ee~/4 ~ 208 mm 23February 2004 -S where c is the speed of

i ght and s~ s the, effecil [ L] n f 1 Crostri

conduct or gi vgl&uﬁ??j _?%'agxséxa\ﬁ?p@ qll Eﬁ’égh%nﬁ@ (it{ E&t"l-mg')zl %nng\%ér(g enlsgor}she

t hi cknesgeifirdd® aﬁﬂh@d@p@r@ular%@tamequ&scytﬂ@eﬂaﬁs&h adl the 5 nmetallisation
=19 mm and Er is the dielectric constant of the substrate. The width 31 of
the netallisation is chosen such that the characteristic_inpedance of the
strip (metal | Figaredrillupates grreefaraasicy cgpvef the antenne of FigWwred- equati on: -
120 (In { 4h + 16 ~'| ~WZ + 2} - ~1{ In(~r [/ 2) +In(4~c) ~ ~ 2(E, +

1) W 2(~petailda Description of Preferred Embodiments of the Invention

15 Referring to the accompanying drawings, embodiments of the invention
are illustrated which serve to explain the construction of antennas 11 built
generally in accordance with the invention. Figure 1 shows the general
arrangement of embodiments of the invention in plan view. An antenna array is
formed as two back to back comb-shaped conductors 13, 14, fabricated on a

20  dielectric substrate 12. The conductors can be made of copper, aluminium, gold
or any other appropriate conducting material. The dielectric substrate can be
rigid or flexible. The material can be ceramic, plastics, or any other apprdpriate
non-conductive material. The substrate thickness is not restricted, but is used as
design parameter. The dimensions 15, 16, 17 of the comb-shaped conductors 13,

25 14 are determined by the centre frequencies of the frequency bands in which the
antenna operates as well as the associated bandwidths of the multi-frequency
operation. The spacing 18 between the two comb shaped conductors, on the other

hand, is determined by the impedance matching requirements of the antenna.



10 The spacing 32 between the two | owfrequency radiating elements (s = 10
my and the difference between the length of these two el elrgelrp:regrugry 700417 mMm
398 M =19 M) such that: cos(ks / E~g) + . j sinks [/ - . Zo tan(ke
/| Zo + Y tan(kO / where Y = (Zo cot(2~cfO~(E~)/c)), f is the frequency of
operation and c is the speed t 5 of light. The spacing 33 between the two
groups of radiators (20 mm is chosen-#e be slightly larger than the wi dt h
of the s tl’l p met a||I§3atl on 19 . The Sé)aCI ng between the two

shapes 13he 2m iy the %ff%?@H‘f%J@hz Rashpka thl%@?érlyé‘?ée‘i‘chﬂgdance

of the s u or, th the
coaxi al c%(}gpf Zve'ﬁﬁ{ ”Pgseﬁggﬁ% '?) (gii £ (238 éf%m}&%ofn hﬁaﬁyuar yg}gggd 50 ~
113. 19 - cArjuh&icigweth) tht aht&b{asw/ Mpétishc: opleltiod (reqhirether® (sp/ h) - 0. 2} {1
(sp/h)} - {0.15 + 0.231og(Er) + (sp/h)[-0. + 2.071o0g(Er)]}{10.25 -

5l og(ET) + (sg/ h){2.1-1.42109(E~)} -100(hf/c)}2 The performance of such an
antenna is gi bigirey 9nethprﬁ$baraheedg|shgws|ﬁheelﬁegnew off thenanienen viewedn be
seen ect nar r ow- band hi gh-gai n radi ati on at about 150
- 170‘St M&Bﬂ%?ﬂgkﬁéi&?%ﬁ& ?’ovvt gain radi ati on at about 280 - 300 MHz have
been well achieved. It will be appreciated by persons skilled in the art

t hat nuner ousEudroditientssofatiay imventidnfexhibit anslaray ahtenmadeithanétallisatioant i on
as shown_in the specific¢_ |0 epbodj nents w thout departl ng fromthe spirit

or scoEe 13114 pr gy, one; sdde 9§ the substratgelde r Thagub qtﬁetepaales%@n)érpémcmﬂ s
fect i ot pgantie miRdE SHRANGE] O (il Rrcy GRPEZE Sl Tirbhle " B thet

pl ural i t yhapedt ahd nabst éagurity dvaildble sutstané etk FRY filgreghsasudytrafe
conductive eI enments constructed on a sheet of substrate material, the array
conptq si Heed spmgareially|ag printed shrepitcbosrduct ures., 5 the conb- shaped
structures each including a plurality of parall eI ant enna el ements

Cont- shaped STPCATERTOTHE HRMY PFAEICKCR CoNR b A gl 8 Adfrleed ' "

suit t hedteglgﬁttﬁrm?gaﬁe and\eb@r&dmﬂhk@am‘saﬁeﬁﬁ@m e skt bheve eBhrbs
structures bein ocated with the back conductors of adjacent conb-shaped

structur é@UCtUIQS N}ddt @@I%Pa‘d@atﬂ-baﬁﬁ phe alIUIDeIPeFth f@‘ﬁ@eraﬁét %r25 3ﬁd271’ S
respecti v ar a(g 4enert1ts +r}§ ag\%ﬂout % from léjuct ors.
2. The aﬁ Pee SGB‘F% B4 %‘%g I erdid e{ﬁ Q%W%’i}eﬁ Oﬁaﬁi‘éf’}

el ement s ok $11SHFATEA i FduralBpdh a@xtéﬂr{hexdd@,?%xfe@l MWnﬂ@prBéxﬁi hﬁgh bRinl he
back conductors of each comb-shaped structure. S 3. The antenna as

cl ai med bpemthirrmtlfreqhem@ f. and earbtragdd?anddnwgalmep@aenemtsfreMWee at

| east | d_struct hf d i
which © neBHE A" oDBREBLaCh CoRIEoheEt tHicr 1S VAR RebiGithed HaupBr i
for eachohand MledRBeseh RSl ofipeon bRt ANONUTHEM I aPR AL hraligent s

provi ded in each conb-shaped 20" structure in respect of that is a

f unct i on nefimbéreofredemensdnipliedwiadtdweanbamgdianddfighéregant &rheaopemahm obdird. 5.
.The antenna as claimed in claim1, wherein  th tenna is a - band

ant edfla, 0GR Uug e s ten m@ﬂ%o’égme&aﬂﬁsg? PREfAtoas aBFI gIBRAL of

each each individual band can be adjusted by varying the number of elements

resonating in that band.

Typical dimensions of a dual-band antenna constructed are given in Fig. 3.

The antenna is constructed on a 1.56 mm thick FR4 substrate 12 (see Figure 1) of

25  dimensions 130 mm x 880 mm. The length of the radiating elements (208 mm and
417 mm) are chosen to be approximately one quarter of the wavelength at the dual

frequencies as follow:
160 MHz/c/ et/ 4 ~ 417 mm

290 MHz/c/Veeit/ 4 ~ 208 mm



conb 'structure being for one band of operation of the antenna, and the
remaining 25 elements of each comb structure being for the3othgha 4 0f
operation of the antenna. 6. The antenna as clainmed in claimb, erein the
array of conductive elenents is formed on only one side of the substrate
mat eri al . 23d February 2004 _g_ 7. The antenna as clainmed in claim®,
wherein the array of conductive elemenis is applied to the substrate by
printing. 8 The antenna as clainmed in claim®6, wherein the array of
conduct iWhergl engrthe speedpef light aads pe is the teffackiveydielackin cppstant g§.the 9.

The ant im6, wherein the array of conductive el enents
i's applﬁggﬁ?ﬁf (%QEE%g¥H§V§n%V | am nating the conductive array to the
substrate. 10. The antenna as clained in claim®6, wherein the array of
conductive el enents is piQ% 4@ the substrate by gluing the conductive
array to the5|615u8$tﬂ The antenna as clained in claim®6, wherein

t he arr a0t cpn ucggv enen s is applied to the substrate by formng a
conductive f|In1bonded to tWe Substrate and selectively etching to pattern
the antenna into the f|In1 12. The antenna as claimed in claim8, wherein

the substrate is rigi 5 sem - id structure, w.th
non- cona‘ﬁi[??'fevé‘ Sy ea gss ?getﬂﬁnﬁ‘g??ﬁé e s ér RE8- i is| tenpad Zrté‘ien t he

Substyr atrﬁe{aﬁllxédd%r eQ‘l%%mpﬁhBteeQ tﬁbr(ﬁ%’lbc Roc%lhgtafm}]) ubsthh éeThe antenna as
clained 1n ¢ n8 réin the substrate is a shaped rigid or sem -rigid

structure, wth a non- conductlve surface. 20 15. The antenna as clained in

cl ai m 8, wherbBhen widdh siib of rtht emietal Hsatioml ke dhpdems such thatutiaicharateristae

antenna as clainmed in claim8, wherein the substrate is a sheet or film of

non- condapedance| afxthe strim(elallisation) israpRieKERMEDA S0 Lavigethe; felloming s,

wherein %‘{&g%%sstrate is athin sheet or 2S filmof plastics material.
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where Y = (Z, cot(2nfAV(e.«)/c)), f is the frequency of operation and c is the speed
15  oflight.

The spacing 33 between the two groups of radiators (20 mm) is chosen to
be slightly larger than the width of the strip (metallisation 19 mm).

The spacing between the two Comb- shapes 13, 14 (sp = 2 mm) is chosen
such that the characteristic impedance of the slot thus formed has a 50 Q

20 impedance for easy matching with the coaxial cable feed to be connected to it.

Thus:
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S10% U ((ap/h){z 1 1.42log(e.)} - 100(hf/c)}?

The performance of such an antenna is given by the impedance graph in
5  Fig. 4, from which it can be seen that the objectives of a narrow-band high-gain
radiation at about 150 - 170 MHz and a broad-band low-gain radiation at about

280 - 300 MHz have been well achieved.

It will be appreciated by persons skilled in the art that numerous variations

and/or modifications may be made to the invention as shown in the specific

0 embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be considered in

all respects as illustrative and not restrictive.
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1. An antenna for operation in a plurality of distinct frequency bands, the
antenna having an array of conductive elements constructed on a sheet of
substrate material, the array comprising two generally comb-shaped structures,
5 the comb-shaped structures each including a plurality of parallel antenna
elements extending from a perpendicularly extending conductor forming a back
of the comb-shaped structure, the parallel elements having lengths selected to suit
the frequencies and bandwidths of operation, and the comb-shaped structures
being located with the back conductors of adjacent comb-shaped structures
10 located adjacent and parallel to one another, and the respective parallel elements

projecting outwardly from the back conductors.

2. The antenna as claimed in claim 1, wherein the array of conductive
elements is symmetrical about a line located between and parallel to the back

conductors of each comb-shaped structure.

15 3. The antenna as claimed in claim 1, wherein the array of conductive
elements includes at least one element in each comb-shaped structure for each

frequency band in which the antenna operates.

4. The antenna as claimed in claim 1, wherein, for each band of operation of
the antenna, the number of parallel elements provided in each comb-shaped
20  structure in respect of that band, is a function of the required bandwidth and gain

of the antenna in the band.

5. The antenna as claimed in claim 1, wherein, the antenna is a two-band
antenna, comprising three elements on each comb structure, one element of each
comb structure being for one band of operation of the antenna, and the remaining
25 elements of each comb structure being for the other band of operation of the

antenna.

6. The antenna as claimed in claim 5, wherein the array of conductive

elements is formed on only one side of the substrate material.
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11. The antenna as claimed in claim 6, wherein the array of conductive
elements is applied to the substrate by forming a conductive film bonded to the

substrate and selectively etching to pattern the antenna into the film.

12. The antenna as claimed in claim 8, wherein the substrate is a flat, rigid or

5 semi-rigid structure, with a non-conductive surface.

13. The antenna as claimed in claim 8, wherein the substrate is fibreglass

printed circuit board material.

14.  The antenna as claimed in claim 8, wherein the substrate is a shaped rigid

or semi-rigid structure, with a non-conductive surface.

20 15. The antenna as claimed in claim 8, wherein the substrate is a moulded

plastic structure.

16. The antenna as claimed in claim 8, wherein the substrate is a sheet or film

of non-conductive flexible material.

17. The antenna as claimed in claim 8, wherein the substrate is a thin sheet or

25  film of plastics material.



