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PLANAR ANTENNA FOR MOBI LE SATELLI TE APPLI CATI ONS FI ELD
OF THE I NVENTI ON The invention relates generally to an

w@nioe/s2303 or vehi cul ar nobil e applications usiPQI/EPI904/E52312

satellite systens, and nore particularly, to a
mcrostrip fed annul ar patch antenna with a coni cal
radi ati on pattern wi th _high d| rect|V|t i n the range
of | ow dfleAN AR ‘l; N ‘-einu' B A 2AT) P of
antenna is generally designed to be a car top ant enna
fgr sg} e: l i ES ﬁﬁﬁﬁ@' cations. The invention al so
ystem ant enna. BACKGROUND OF THE
I NVENTION I n recent years, many new satellite based

servi iﬁé\nv - cyner%\ a‘f%: @éne@ﬁ@é{é an %bfeﬁhg@&ﬁn/gnyhla? fhekilé 9Ptications

Into ervi
apipp inoctle ea@llmmtems satendrg perticulanturip ednicesyinded annular patch

ahehak V\ﬁ)cﬂ%' donRa] |3%¥§P§f@rn \Aﬁﬂrfﬁ’g?%lr&ﬂ%?yﬂﬁ% range of low

gener a arran t he vehicl e,

e@qaﬂqwgieawegh@ BOHZ8s Eh'mkmﬂ’s"f@f‘te@@?\ﬁ %%?r%'lygﬂasweﬁd tobea

Whit-{ptantdrinaGotdide REROERMMCatoNS GoE itveytiornales rethtesto a multi-
data. These services are not only likely to be

SYRPRANEUE: di f f er ent frequencies but also the
radi ati on pattern requirenents fromthe antenna wl|l

%(ﬂ&éégbﬁﬁtmﬁqﬁ gp%lgr\j t el ecommuni cations may be
satellite systemrequiring

ant enna beans pointing at el evation between 20 and 60

at  EufpRRaR: Jeatd, tm&%emdt@me Ibabed sdraebd fop neﬁaulgw@bem

requi res_antenna beans at eni t

D BB ARVSAOTS? P FaTViEe v EFRe SPRICeR IS ey Sanleetiopg sueh
%@ts@felﬂﬁé civhininithhshirighabial poditioning dybtende Sonedct antennas,

i R e
%Nﬂ%dmetbersmlﬁttraf@c amd emerggnanonsacudlyirformnalipaldata. These
g?aré Eﬁﬂ%ﬁl & l%q)eedb\é‘ract@@ Seifitent f‘PedeéWcﬁ@'bUt also the

on onsi st Ing 1 n usl n? hase arra
tra@uamrngat@m equirermentsim theantannayl B%défﬁ(ﬁff% a”g%&xé@lo

E&bé&n@%’ic@t@%ﬁﬁéw&e pRYidsd @ﬁﬁb%'bdtaﬁ@lﬁléw BBtellitecsystam keyuiring
@rn%égwtngfbegﬁ{sgagﬁgzg %&glelt/%@% %B#Fﬁrﬂnggpb EEHropean Patltudes while
folewal p@mmﬁmtg $ystant ﬁeqmireaamann@bemnﬁ atzenithietaybton. nobi | e

appl ' 'd%}/%lopr-ln-gﬁtt #f%‘fl%htr \% ?Iafr Rbntdaids rle lfgs nnas wnth high

ant enn epen on't ass CI ate
Slrgntiiity in Beesiad elxevettqnm@gawﬂatfmafde éehtvwhh l@wscom |and

DeeBaR gﬂc&%rﬂﬁgfg&}%%é’u%%e segment, which
reqU| r user segment antennas wth
A solution consnstlng in using an omnidirectional antenna should not be
envisaged due to low gain. Another solution consisting in using a phase array for
tracking satellites should also not be envisaged as being too expensive for standard
consumer terminals. Printed antennas are incontestably the best suited kind of
antennas for the development of such front-ends circuits of an antenna for vehicular
mobile applications.

The requirements for user terminal antennas are tightly dependent on the

associated space segment. Several existing and foreseen services will be based on
geostationary space segment, which requires user segment antennas with

intermediate gain (2-3 to 6-7 dBi). Typical user segment antennas for such
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internediate gain (2-3 to 6-7 dBi). Typical user
segnment antennas for suchapplications can be
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latitudes. Low |atitudes appligations require antenna
with a wide beam pointing in the vertical direction
and their design does not present particular
difficulties. At high latitudes, geostationary
satellites are seen at an el evation angl e between
dRlEoRS0aN e SRR Ko SUhReRH RATNOR BRes. Low
appiitudsst apphcationssieqiise/antédTa witha widebdam @ointing injthevertical

el Sspkid L. cﬂﬂéll eslﬁij:1 88 'hS%B?e{n‘?bé{q ﬁﬁarad"fﬁmﬁatllﬁyAﬁlg@t laﬁ’c‘c?%es,

omi |re i ona
argeopigtienafy satellitgs ar eeﬁeéb Bt emeleyation angle II?QWF 6phdown to 22°. In

Prihidtcask, @Bér&ﬂit@ﬁaﬁﬁiﬂﬁfa%ﬂé Bﬂ)l@atﬂbﬂ@ Inﬁ@i hefvé@he’iﬁﬂaﬂﬁtum dlrectlwty at

i SRR A Sl aremsto A5manT ey BeCiR qriptenefip azimuin.
Gln @meawoadsdthasmmﬂeaantpamasheast hegna adnicaljragliation géttern.
nodes g fdiditdniths g%gétﬂ L8Dnical AR5/ G&Hﬁl rlé 2&?%&%@@ for

patterns grlor rt so utlon IS ose |
pdbe H?S'@(b?fl flapaser tmiug! andeimas b roakis Satﬁfﬁﬁessya%ﬁ'ﬁn%'mu'af and
r edrnlias p4tohed rbsbhatigDati Highefl mdlesarepgsical vahdriates N6 8btain such

shown on Figure 11, including a first
ci ?@% pa]dg%a'ri zation ring antenna and a second |inear

nmonopo |Peprém e salgtiarha disclosecipdeedS Catant Applicatidnl No. wPOHD10193.

: henhig didlﬂm[%rﬁn l@lréﬂ% ato Eh&v-ﬁﬂ)tﬂ%' H @(-ﬁ}%ﬁgdﬂg\}eoﬁatrﬂ%r A agi)%géh%l 4 I¥ $00, shown
T e S B MeD I B0 arePed g Ahtosia ahd s oo ingar

f anondpelesantamnd thati srlocabetboohdmrigallp Ivithip dveadrigeamiennhi THe artenna

f e,gs@ry.mg m%aéuptﬁg 3 néh.na,%%; Hidnd hévitfd LSRG ct ed

capaC|t antenna 1s di ctrica
| oaded 6 @ a0ER" eAMRiEHS A euatal spspeamlying 81 tuneA qugheasecond-
| contiesh rRddRqTVib,G ofdpRfdtion, Wiicitlisgéeby 4 metdl foag pdSA0BRARits series-

S it s TAIBITAR H5HRR, SR prsand

c ephysiodl sizriby pasitioningod tomedielgcteie plagtisi ar dietastrisming 4 0frendar resonant

di rirlg 109! &hpdﬁ@ﬁ@ﬁlecaﬂterﬁlﬁ F%gfrﬁbgsécs%vo hRed pgﬁgq OSLQp;BceH'EE dbposite

AR Erelip T e 20g 8upRsting 2 om G Mek o106 Mpshanical
nuppat for feet eostal 08 adetat monapoke pnsts 108l and datisahétalnground plane

afob%f;m vidhd %%E?Paf@ps of the conical pattern

extend gT% (&gndl cular to the planar top
sur f ac 808y the Fag a?\t?@'i‘ﬁw%{‘ 3 &1pppRole puepneaiaditsnn aicasica sadiation

Ilqiaﬁlernr W&Iﬁ)ﬂﬁﬁaklsrdf ﬂ@ &Qﬁaﬁfﬂﬁeﬂ‘ﬁéx@énd Signdrg érb&)ﬁﬁ(ﬁrar to the
P P R0R QR B s RRY B oot Gt B gl Fifonant ing
orﬂ@1m‘ndtm€éalmsi§t106 nportant requirenent for user

term nﬂomé%re[]é%tén@hpﬂﬁghérﬁ\lé 3065/b210A 0§ BRITHAL S8k ARRwbacks.

i s _an antenna havi 9
Firstly, as it has been ment oned before, one of the most important requirement for

user terminal antennas for mobile satellite communications is an antenna having a
conical radiation pattern in the desired elevation angle, i.e. for instance between 20°
and 60°, centered in the desired zone, for instance about 40-45°. In the antenna
assembly presented in US Patent Application No. 2003/0210193, both the ring
antenna and the monopole antenna are excited via metal feed posts 103 and 105
which extend between the ground plane 109 and the corresponding radiating element
101 and 106.



conical radiation pattern in the desired el evation
angle, i.e. for instance between 20 and 60, centered
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antenna assenbly presented in LS Patent Application
No. 2003/0210193, both the ring antenna and the
nmonopol e antenna are excited via netal feed posts 103
and 105 whi ch extend between the ground plane 109 and

t he corJespondi ragi.ating element 101 and 106.1t has .
been s HL’Q@?%&‘*PE?F%”’E H h'QE’!fp%"B‘F ol the Presertdpyention, Bt sygh metallic
t Heedisgipostsrintratildeqeftarpdtiorginfocthé sonicd! rauititior pattern. The resulting

P PR e hohBhehd herdhb fidbntd SulolibnRahi ool e

t Hedialienamplitydecis eaduged Taﬁ@f%rtg@wwtmmentem iatesy afficient.

anpl i t wgthesndre,diithaRe gdd) of RESrp6ratind&uch &f WhichR8 agdehIV A a car-

is | .effici . .F th th | of

| e FRRRlo et o i e iatsarly Wi S reab iyenced by
appe ceretop owtertahderieatiag oo whethier i Isi glassnineiahar plestieatd giso by the
Wi dak-tfdedidPlep¥ndify b GRSRE iﬁfé [eh€, &ledld? mtﬁaf,,?fahal shape.
dependi ng on whether 1t IS gss, net al or astic aﬁg

2 ESa L3P PiR@nieane (i3GosRtin S FRielnPEption NatA08DR1 9103/ is ground-
p| e, dependerd, the amehiin @Aptidrapatiershaite be Bafusied 8y UbiAg a metal

ag%gggg,disclosed in US Patent Application No.
2 10193 is groundpl ane dependent, the antenna

radi ati on pattern has to be adjusted by using a netal

pesigakaRy GEVMERNVERTIONE | NVENTI ON The nmi n obj ects of
the present i1nvention are to overcone afore cited

dr awbacks by providing an antenna assenbly with

| ow pr dihelnsaimbbjetts obthe pessantriavegtioh arerty owrasee aforecvited

| RirSRBYCRE by bRVMRY df Mterdh agpé}hlljl)gwﬁﬁ' Mrbﬁl@ﬁﬂicméﬁ Be B@Snged
ah attern wth a

onpgenous conical radiation 1 !
s FENEFaRE Yrayer frrsopiashioyany kindof mepile supaerped, whichbasdove
Néwiricgacusodoinizal radiatidrepie 8HWIEt a :smysea@tdrpéﬁi@@rw._er nls an
ant enn . rdi ¢l ai . rdi.n . a
mor o et BurohielS R Bl mefudef ollere i SRSt af
WiCPACErRg an apignna assemblytaceerding deslaisn trfscordinglygy more a
C OidfrRigendRSonFBNBGiktIdhaMerr i OblalnB8 whR ife et ffHeahdt Movides
el enent through th open neg. Never éhlgel g%s, .cont ?Ct
" STl e R tonladlies Hewreato of Hew e PRaadiing sfoment through
c dimm epeningy Neveérthetdses, dontast less enplingiaipbyesgrse wifid multz pedestal
e it i f , : ) _
SRS b RSl 50K S8 ML S 0 ARG o
s diARngenRtoianAdditapal doany or Hhgyss t¢9@§!§>@ wih pseeqndrgreund plane
dwehidhostiohgly veduices mﬂmﬂ@p@aﬁel. tbr’théi\:ﬁsrﬁéle I;ditfpgﬂrcb_h wmrb? the antenna
a 1 nd, al so al reduci ng. .
RS 1 SRR R BR BB YR MR P Fistange
avebyaea the vehitie gnd the antenna assembly.

Others advantageous features are considered in the dependent claims. For

instance, the use of specific dielectric layers allows an optimized radiation at low
elevation angles and further reduces the size of the antenna. Further by using a feed
line slot coupled to the patch radiating element, the antenna bandwidth is increased in
comparison with excitation by feeding post according to the prior art solution.
Furthermore, by using a particular slot disposition arrangement the circular polarization
is particularly efficient.
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el evati on angl es and further riduces the size of the
antenna. Further by using a feéd line slot coupled to

the patch radiating elenent, the antenna bandwidth is
increased in conparison with excitation by feeding

post according to, the ior art solution. Furthernore,

by usi fgoHeRHeGt ofiihgPr o5 inyaripp latesio st akiBimstiana) gtenna
Csystalh dor veblcalar gaminalrs dbfe tpaaﬁsfﬁsihﬁxl’(dmeously the requirements of

e e present invention

Je('é gnéb'lé%g@ﬁ%s%n%m% 0|t”(p§nal antenna system for

ve h| c ulnegrderdp @ichigye thigopteenabjesh thesgrosesit invention alsasoycarnsa

rrﬂ@lt—il-é)%[ﬂhﬁ]hﬁteﬁﬁa a@éﬁ{bﬁ) ?déamdﬁqo eRinehd. 'ﬁr@tlcﬁéé?doﬁﬁhts in particular
e85 8RFos 1l B ecnir G5 GBHBE PR ST PeTArepad £ fing to

antegrate agdiiondl lejeraantoant mpce acedsaidiffedsnt sybleens wigwut any increase
nﬁgﬁes%r?d erduP&iro lcggtl ar to use the space left by the

centr part and/or the external periphery of the ring
t o i nt Agyantagesys faatuanef Bis Siliheystommantpenacassgubly gee given with
ddepesident clsiyst ens wi t hout any increase in size and
production cost. Advantageous features of this
rrul ti -syst em ant enna assenbly are given with dependent

r: SRIETION P RAWINGSIE DRAW NGS The
foregm ng and addltl onal obj ects, features and
advant of the resent invention wil| be
Feadi | oS SHTERA DBl REP AV AGes ofthe present
degmtiont with be ofora rqadéy eppaseht éoindbe falowing dstalléd destriptioedf a
[ [ a
C[;r}oitsés}ﬁeéd:%ﬁwl OH?;ﬁn g&ﬁ wnlll?étn%‘(léd]ﬂﬁeeécg%&/gérﬁ%g dr’ é\&%ﬁe imhwhibss
accor dFiggre tA i§ & ¢rpss se@ﬁ%\ﬂeweh@ sigiple arierpiaesepm ly according to a

| fiistedibodimehi GfuheprbBertsm@ntishiemati ¢ top view of the

crbbdt NS 18 B S e Pl oA st R sinple eiteeng fsempy accgraing to
dhe fisstemhadispent ity ltgﬂayautsqvnmnetednt enna assenbly

ac cor diRard Pis® érbésséec\eiéﬂ VigRbf é’gmﬁ‘)lesé‘rﬁ&m a‘%@&ﬁﬂl% BB ik to a
pres nftsqlnvetl I's.a cross section

TR ERCoLs Aoad shBBtmen L Lo bIPSer SWEF g Lo n

secondFigard Rista obsd deetioredendf @slptt arearinacfssérhigly peaesding to a

' é%\ééﬂh 'v% ant/of e fcdn ndo m@ocﬁrﬁ@rﬁg)f ﬁw%%trés%ﬂt géke%‘{Yar‘?f a
enna asse accor 'var i ant

of t heFlgé'@dh@ %Wﬁ%ﬁﬁ%@n vigiy of hémp#ee@é?ﬂnau g5gemkly aepording to a

Rhigtd Varidntiof tHeCdeeemd embéda@ew&meqfreéénemaérruaﬁgerrent of

the sl Pltglsjret is scﬂematlcetop view of the arrangement of the slots towards the

radiating element;

Figure 6 is a cross section view of a simple antenna assembly according to a
third embodiment of the present invention;

Figure 7 is a top view of a first multi-system antenna assembly according to
any of the preceding embodiments of the present invention;

Figure 8 is a cross section view of a second multi-system antenna assembly
according to the first embodiment of the present invention;

Figures 9A-9B show different possible shapes of dielectric substrates;

Figures 10A-10C show different possible shapes of slots;



radiating elenment; Figure 6 is a cross section view of
a sinple antenna assenbly according to a third
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view of a first multi-system ?t enna assenbly
according to any of the preceding enbodi nents of the
present invention; Figure 8 is a cross section view of
a second mul ti -syst em ant enna assenbly accordi ng to

t he f| nt of the present invention; ures
oA 9B 3»0 ??fﬁé@rﬂesw@a I8 | aridimepeiona) view Qilaét’?\ar‘ nna

sadsembtytaesordiﬁggultlm;pr]d},értloc show di fferent possible
shapes of slots;Figure 11, already described, is a
tr| di msn5| onal view of a two- ant enna assenbly

AL IRE1QN; Qff PREFERBEPAFMBODIWHENTES PTI ON OF
PREFERRED EMBODI MENTS Fi rst of all, it ist o note

bur poddebet Ak 3gyite, g5 S S 553 Bl puroso
defdhe $dyerhl bambedinagntewhiah el readesctipedchapsisaler nd that ihe\wsoss-
0§ec$r$]’?wé“v§ £hé Hfffé&ﬁr?t%%na%§§émll}lle§%réa&ﬁd Vl'tdj&?ﬁerérﬂtl%e

erent %Frs are not necessari represente
wWhigh grediohRecessa |y frrresanted witha saing grale withinrsame Figure.
f ol | ot fendnarnt embogimenkes tHdrRsHnA a%SérﬁBl’?hsya m&:réstrlp patch

nén%rﬁ%tfy r?oﬁ@tsgpelﬁtgtcgpﬁﬁmlc% IOI{LD %é{ﬁtl%@ PP fer?ntlally at second-order

nmunit catl ons resona
s@@dﬁwﬂ%r)mcm@eltlognelpul?tedmdmthne@ﬁam iB getemdcu lagublitation

fé}ﬁltlé’d *Cﬁﬂ&uﬁﬂfl b&é‘? zbd c&ﬂéa@bﬁi@é}né o ditiAs rﬁ@?dsﬁ’fa antennas” (IEEE

e ipisoions A 2 e st wot, ABCEZ: R o cceplE 1464 enciosed
aherewitiey paygaefsremoe, vol . AP-32, No. p, Septenber

1994) miird 9854, E%s%@ekfbrh%fe%y a Qlfn"pr éagrﬁé%‘:a%serﬁblg n%:ﬁor&ﬁg toa

is a cross section vie tenna

dEeGMRoAENand oL e; pregent WS@I‘?%H’HGB'FS i firupipEes anfenna assembly 1

i pmiferatblwcrccuﬂnas & ethimsmsktsrﬁbéw of muadnoanmnﬁ@h@ﬁmbérmﬂaxns (D)
£ [

pér]% ﬁe@;ﬁ‘latv)évhﬁcéccépm 5% nctilwg{:g nta gucgﬁﬁswgﬁgyeés E%th;%imqm%lﬁr or ring-

c#ape® di vi ded into successive |ayers each being

ci rculmy 2&28 “frbﬁﬂiﬂ%ﬁ@ﬁ df Fl@@f@a’m & (grﬁ]dgéﬁvﬁrﬁ%rdso Qnt@fma assembly
c*oﬁom@s% a8 AL PPN AR SRSIL Prito BrbhERIes or Stohed on an
paretiar ey fipn fantmn{g afirsttaybeld! whichsecunespaach r@piating dlément 2 to
ftﬂé Whag aﬂtécn?w{a §§sérﬂgl9rAnT%ar%§érﬁlﬁ1 Gu&§ E:e& ah %I} Jirst Idnelec’mc

;%?'ﬁlat?ad'? {«lﬂg!sbs&fomeﬁwbu ajplasfic gnaterial d\lﬁvarthgg@? agpuiar @et»m figm L1
Sddla Yelontited @w&heh%afdhrrﬁﬁdtu@/elémﬁh@slk ldffedif igRieli dh. plastlc layer L2.
2iso B en A el attond 5re (K pRB IR 1 Boo-
chapéd etdisk-shaped vbil 3 being let in the middle. However as it will be described
hereinafter in relation with Figures 9A-9B, this plastic layer L2 can have different
shapes modifying its behaviour.

Under first dielectric layer L2, there is a second dielectric layer L3
advantageously made of polytetrafluoroethylene, generally called PTFE. This second
dielectric layer L3 is metallised on both faces. Upper metallic face 4, separating first
dielectric layer L2 fromn second dielectric layer L3, is used as a first electrically
conducting ground plane 4 for antenna assembly 1, and lower metallic face 5 is used
to support the microstrip circuit of the antenna comprising lines 6, couplers (not
shown), active elements (also not shown), etc... The different elements forming said



According to the represented enbodi nent on Figure 1A
plastic layer L2 is ringshaped, a disk-shaped void 3

wheiong3iddet in the mddle. However as it wi |l bDRCT/EP2004/052312
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descri bed hereinafter in relation with Figures 9A-9B,
this plastic layer L2 can have different shapes

nmodi fying its behaviour. Under first dielectric |ayer
L2, there is a second dielectric |ayer L3

advant a de o tetrafluqQ | ene,
B PREoE il S en debit S sno ki fomcatinsy arpavel
i Isowe ffarl thoseesitilled mttbde art bad:ﬂemrefdmawm noeba bétaited leat@with. Both

zﬁ&?ﬁlé‘ﬁcg&l 2hd ?éspgéﬁlelﬁ C4 Eénocg ek’ us#ea rté % ﬁﬁ?t%ﬂgoulsiy at least

ect as a
CBRARERINGd wvaamewsyr?esm ansd regpeetively, Hzes@wmsylppma ving in
|¢Bﬂﬁﬁlaﬁ§il§éétloﬁeﬁrﬁ&65tﬁp bSfestPHe 8O support the

Coupt & rEhEnCRaklesthat e B ERE AUt Y b ar afdercheen opening
shawhyatcreradiating é’lhmenhZéreirtmttfeeulegmne 6 providesrsignal energy in a
S&h lé‘s‘ys‘?ﬁéﬁnbpto rrerH)' p}atchvi@ﬂl&lﬁn %@n@ﬁt?% g%f] ;%nfﬁ giAe

spec desire ' cat1on, are wel or 't hose
ski | I J&elaﬁsqmﬁéy a?qveaﬂeacrth% if%'%? 2 Migrestrip gatch @nigepafor agbile
heatetiite tdmmBaoitdtions tvetidH is désa@e:m Be aaalam@@@esly lavr@hgkd iP a car-top

agaghéa%ﬂ] 9%9&\3719 ﬂ h'ég bgén ;Fbt ?Htgl(% d?ﬂg IX ’tl‘?‘et prle%"’}r? qugrrwluon that

ant ageous respec
tsweh AN BPieBRa aisembvaUststrwww lﬁ@lurenpqﬂatvyt the @aratpp mamr@aamd shape.

?E@ete@f %Q)t%hé\h&hr%f sicPeh dn'téhﬂaGassbhblySarfdﬁBQB Bﬁé&tly Bﬁ an‘éF—@p will
at_firs

Ccarong SMeiest pEELR e 60T RAterl o ivelEh BArs of AGBLC and whether

ftbedarrigp bhape i$planeur dewdsTiyns|in erter tpyguanartee ahbmopdress

%ﬂaﬁaurtf& aPélﬁtfe SRl %m%hné g&@}hgp Gt § @'tﬁénj{ufcezsahh{o%&me a space

peni n escri
et '8@%25;5“%@?*@@ ol ES PBPTRBIAA A sATPR (QTgourse, such space
aoquitenientisivaacceptsbiedbr da® maacifgturers. TRer@fbré N aglepdYeyrid of this

I
LB ol R TR B8 o BT D i v
tdlﬁ@ctw@wréﬁ SUth&sRa i[5 8 e m layersu@ler whighys arrangee A seepnd
B)é‘o%ﬂa%ééiﬁr 8 4&iRg %@b%bl@&hl@?}iﬁgsdgtg eThuldTﬂgrSf{gc fehér L4 associated
Vi
haEeP i Bire € Bprlaip SBige for gHig A FRErBcirecty on the
wiaetdpar evéreermbedded|insidet eri al is netal, glass or

pl ast 'ngu%l% Yé%P %revﬁg%ecé'% pﬁ@gntéhﬁéjgséeﬁhbg) dﬂlg to the first

curved n or uarantee a
(REPPRFmRRt Shyn en Eipie- 1&95!)/&9%{6&%&# H&@mnﬁ of Figures1A has
tmenrm@mmrfurgaaepf@mmle a space of at |east 25

d.th
Tour o EleliekE BAREAY ol ARGGRG BeflEt 2 bt aBredby an,ppoxy
rfiéon L atraugeeircsrer fkdieleciriesubisirate W2 (not wisijplsy). Ad niertfoned before,
%H@ﬁ%t él@&h&dil?ﬁ@rﬂu m@tm&m ddRe %ﬂ&ﬁn)arfég a& l&%st%a ohe.mng 7

enciyis BoPSRpod apthhich iy 2h1cast RAEk Tasing AU ch iyiling clement
e Thusatdeastion: fekd it 8isaldticobUphs t8 ahAGr Fdicteladiatigl element 2.
pl at eToTcmtéiﬂ adidﬁgle&Fc{Jia? plo%¥iesratlc%rf' (BE? ofei. %o%j left and right circular
polarisations, two excitations points positioned along the patch radiating element are
needed, therefore the electrically conducting ground plane preferably comprises two
slots 7 and below two microstrip lines 6 wvhich are fed through a hybrid coupler.
Slots 7 are angularly shifted so as to obtain both left and right circular polarisations.
Advantageously slots 7 are positioned along annular patch 2 forming an angle of 135°



wi th second ground plane 8 enables to arrange the
antenna assenbly directly on the car-top or even

w@piedsh3os i nsi de. Figure 1B is a top view of tPET/BPI9pd/e52312
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ant enna assenbly according to7the first enbodi nent
shown on Figure 1A. Only sone Tayers of the antenna of
Fi gure 1A has been represented for sake of clarity. W
retrl eve annul ar patch radiating elenment 2 which is

ort b epo filmL 1 arranged over first )
BT BGe7 e Sapbah % )t T 1< RSB SUORS SR Alp b eptained by
byedsitioing tHeewb iexsitatied slots viith aihlaygle @h 45 hévegthglessind r@dbaltiey

(cfbgicaﬁ%%munll Iggzesgtholvﬁaéﬁeoag § FelPﬁp pp&eg M¢ﬁ9 in tﬁe level of

-dissaivily aloas eiconisdicut oftbe tcisfiempattern. Fraermorg, dardhe ek of
fcﬁﬁﬂuimgﬂﬁe ﬁoﬂnﬁgéﬁeﬂ}' ot RdaRflioh Pateeim iH a’ﬁmlﬁ?cﬁttﬁél stoedirétgré@rably

ar.isation
(R o st royR0 Pl o i el B £PupBo B ottt s
t possitlec Theagxtrarteo plolsvre theosimangetesy methatncally véh pspedt to the
LAtdRqpg! ement are needed, therefore the
ectr] caPFy conduct i ngngound pl ane preferably

conpr iCopsideriig 394t Kigureatfy tpdicsrase e Rerdvddth rang thﬁ’ gdlicigney of
whe chteang & etbtiv&ly anigh dlﬁld&ybrla)@brqﬂulﬁév@fto 59 Odcu E’etﬁé@n annular

084 BB ISR 2 n@ Sfic A BRE oloihd o438 41 s

[7ar 1 Sat’i ons.
@Bquimdhléllw L3rin g¢ram059dtbm mast@rrrmgmg exentaglly|diskomade, for

1&5mpfeh of E&A 6F pidadc. Qﬁ'ﬂ%fs@lasﬂéla?erf Ein beBiile R4 Bpddy Tl 18T where

larj s tlons ca ai ned by positioning
ﬁ%p?f\% askqenprin g’f'g ‘with an angl e of 45,
never tAehgeslet T Iseeqtmed lte couplectba iepargy remrthevmidrodivp liness 6 to patch

| eveﬂ@@%émt 2, Tﬁe ré&un @ﬁj kize %reasﬁgﬁda?? Féo%lgﬁl]al' Qlﬁf W6u1d be larger

rthen evegth ,95@&&9}% pa%n P—tﬂpﬁé Mwyldencrﬁaﬁe theylevel gt eoupling between the
Qgxtitdtiod ipoids, .6 &th b el eneihly wolild bb&ressittha tirdilarpalatisdfior uality.

o ound Nereld 16 iR ol 608 Shdaid s Ride G S el been
vaesioned. Rrefergblyp epriissiot(y] ie foldedaupetr e dulty\fecing anrsilan petairadiating
didrAdtl ©9S &M EBEHE pbdditey dddigria a'ie,e§tﬂﬁ\91t ot AglirB& 168766 2l

axi s S|der|n to I ncrease
A G B 6 75 oy Wi e i oh e ddarent AveTS (L1-14) aobording
rte bqorefened d/extalm pikofdheehitsnyt e scribey éinst drdbduventt Alsdgivera ddlow are

R R b e L s e

nbhodi nent 4]1LQ_L ayer |2 j q_cnrmospd hy a plastic

ri ngapd event uall\héfe,gglsk rmde,TthQ,ges@mﬁgl e] of 6 iy of
pl astrc. this ptastic tjayer, cam be gryed am epoxy
m ere t keoyyat ch has beerﬁ-brl nted|or etchedl. A
| ong zsl ot i's r,glgéﬂcred tg coupl egt he enel gy frozéhe
ncrostriprthe—6to patchradiattngetempnt—2;
requided sjze foPTEEst andgrd rectthgul ar $l ot wok® be
lar 9 Foam (or air) 5 1.05

According to this first particular example, the overall height or thickness of the
antenna is very thin, but however the dielectric constant of the dieleciric substrate,
formed by layers L1 and L2, is greater than 2.

Radiuses R{, Rz, Rz and Ry, which are shown on Figure 1B, correspond
respectively to the outer radius of the ring dielectric layer (R4), the outer radius of the



than the width of annular patch 2 that would increase
the |l evel of coupling between the excitation ports,

WO 2@6/083365 sl ot s, and t hus woul d decrease the cPCTEPZN4/052312
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pol ari sation quality. Theref o%e to avoid this problem
sone special slots with fol ded arns have been

desi gned. Preferably, each slot 7 is folded up to be
fuI |y faci ng annul ar patch radi ati ng el errent 2. Sorre

QPé’E’”BE Eaﬁg ﬁgdeSI ?%Rj fqnsgﬁéﬂq{&%ﬂ( ﬂihe lnner radtus of
dihe fdiglentric lapgre(Ra). (RatiusA; isdheodisiance betwaem thef eentraldaxis and the

%i?i%' ;gorﬁ H&eskﬂ%’ OA’a‘?fgﬁt‘éﬁéJdts&‘%ﬁe Efafn%[er g{ﬂ%g&@htg tp'i\‘!v%é’ radlius

c'szh '%%!'gaﬂweet@f than palf thetwavelpegth obihe dasired appligation.
Accor CWIﬂGre%Qedt R ésnﬁhléﬁdes@ﬂrrééli@é& &f a ﬁ&@ﬂ@ér@us fd¥n layer, the

etegie sidfie ofbid e peapain ok Ak 3 st niEnebs of avout

d6@Sk eldus the sabrsadvantage bithimnficht prefdraeg@example Is tedrety2hiniresulting
gﬁ&éﬂt ®f thb E%nga aﬁﬁ&ﬁdﬁsfterﬁaﬁé shgﬁi% legggefﬁ&gnt [ﬁlAan tW@foﬂ&wﬁé €

shown on correspond respect

SAHdions el here R g Ao o sacai, A i eybadreorts
out er RiQuile B3 ®Erobdsationliaw opabidpld ditdnnatdieemmMPateording to a
ri?gft\%f’arg {a cdhl %}b?d:g%%{ %}?é E%a%pt ?nv%%;o'?aeAh gorimon s
dwith Haere 1|6emllmtrbetd¢écr@@dﬂrr dataibadain. and the middl e point
of o: Pgl'sh%mlfdlﬁé‘éﬁé@ﬁéﬁéélwﬁb }6révfb%sl§d§%fb8& first embodrlrggrtwt earnd
{BE R %t a0t e bpRae alsopsestbebfichn At
Vigtiatingea) emert Zalwdaelentnuall)amondeﬁmg grauved plaped. brfaet in the second
N
dpverp bt anshier? CPmpgseq ofanaterials with difierapicharaciarticst Thesad-hoc
peceipsition] ommaefthcﬁlay@rs LDeanera2 with c}l]ffér@ﬁltﬂehinitﬂ'itﬁﬁrhtﬂilﬁtckﬁéss
t R { O I { S
WAL o d——
henddirstgrausd plane deard therefaxe tohoptimisesbe sinel obihe antennaland its

epdpRehaRBEs. Figure 2 is a cross section view of a
Si n’pl ant enna, asse o a first variant
o o EoRs B E A EPbe uidet Mo pormibitybsiaies can be
agerowt ehlg e méducei théd dimensioes bAsudh antamiasheit cissctoiibe@nce the

. IHclﬂsﬁ(ﬂf ftﬁ@g%rﬂcal E@éjn rFﬁ"ierk%rg\jv%ﬁgf ﬂﬁse?&%%}ﬁﬂﬁ tﬂalf' ‘ﬁ1e usg of high

pr evi ous

RREMtigitly §‘éb5@fﬁtet%§ signéicantly reduce thesantenne Qfﬂ%’@éé’d‘ analys=s ofthe
heaw ntoRatishis PRicFbularagataidsNst RighEreBide? mdtids shows that the

SR BT sy ot vifhof ech comheuPacer g oF scal
scurmsnmnsepf tesarderona witiritedreérephodivedvelengthcah agseit én &rténnas with

bA eftitiBRgs ed of materials with different
characteristics. ad- hoc conposition of dielectric

yer 40 s1ogisdoted STRTRE P RARETIE PFFReds fargd dica frst layer

t ko1 cofnsiactic EdnH(h’\@eddhdSWHr hegidfdodrh Q)r BT Théd the fesul@hg dikRctric
d&oﬁgtgﬁttc{f lufis 8.%% tr| hgstlg?et élg%ebne aacpusyed% tlpeaéesweg value. For instance,
it has been shown within the scope of the present invention, a more efficient antenna
for a dielectric constant of the dielectric substrate being between 1 and 2. With a
plastic layer having a dielectric constant larger than 2, and a foam layer having a
dielectric constant near from 1, dielectric constants of the dielectric substrate betwveen
1 and 2 can be obtained in varying the height of dielectric layers .21 and L22.
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and first ground plane 4, and therefore to optim se
the size of the antenna and its performances. Previous

wG@wdiozsohave shown that the use of high perm PCWEP1094/052312

substrates can be used not only to reduce the

di mensi ons of such antennas blt also to influence the
inclination of the conical beam The drawback of this
approach is that the use of high permtivitty

substrate can significantly reduce the antenna

o 1 CIFIER S B ohRERULIPR Vgl FIAsH a7 PATH drierr@beniing bassot
drracgémeﬂtwwamé ihbesnaltr gatgirediatigaementdlsit sdrolesdenain this
L\nagv ?%&Q g{é Stfhn % ﬁéﬁ‘gﬁﬁh ';d&e m{dg%so? %etac?rgﬁltap%tcii’\wt I?ireashifted

CONpOosi mensi
defte iner par pheth@efaré@mgme@@"méy emadiustehiby mewng thejsfpts

admr@rtn@anmér fp;ateﬂrue\@ﬁﬂénegﬁ ft'ré?lhm%aﬁé(nt thdl bbth%kft@@ré@é?ﬂki%n
exa tric su st r irs

A6 i3 ip profir btk Taoaptae at it PEyler POBSANTS o or
a| r. TRadiwsehid amgsip corregpoiiddbding euter, mspetlisely taothe irmesradius of

Qh@éﬁrﬁﬁe{r' Stcﬁ URsdidk; %oﬁééboﬁ&s Ea%é* §\‘}e9r£’gé r‘édih? Sf t‘ﬂ@ §io’£s%’ith

F nst ance, een shown wt
d E%ﬂ?ét t81“’% ??é’t' B‘r%‘é‘e‘ﬁ’t) 4‘1’(@%9‘?%'3’ rdiyp e '%?"EPW Qfﬁ?te' than a

a@[mbﬂérrtﬂtﬁemesﬁediwewm@rtgth C const ant of the di eI ectric
substr in | c_|ayer
havi né:?gf,g?eﬁ %I e% %) ons anlpgf\/%n ‘?’Wﬁﬁg %accgr '@atﬁ]a
|sggend vasiantre the a&p@mob@vbodzun@ﬁ ok thepresaatinventiom/As for Figure 2,
Bl it élé:ﬁerﬁ@ Bﬁm%fenﬁé agébww il 86 tdbiaﬁeoshg?&hé@re

bet'v/ al ned

nei onirema Sdefea i Be anenraSa N PSSoREgp tljop with
Fideerltis alsd thp fivst dislesfricisupsiraésdi@posad aeltledn ampia patchiraglating

té@neﬂt Qtanar e%ggw&kstﬂdﬁ}q@ggﬁn% Eﬁn@ﬂ Ny ltl‘ﬁ§ ﬁgﬁ%& Oanant th%ﬁrst

r adl at |
sq'%‘fféﬂ%ﬁlgsfaaf? irRpEPORRS by thegeriayans (LAd-LAPkBPEYesR Skoke (only one
ammgl sabwﬁ)aétaibdbmgroaﬁ@ plahé i tand ahmartpatdhrm Hergeal sahawmfh of

8 0B 13 2 St R S 1AB 21 e ERL o B § pastic.

|th¢3mes@med exemple; theranller patah & direplly elthed cara laysgloéplastic L21,

b3bit bah A8sles e&ﬁe@&%fﬁnr?@pd‘x%ﬁpt' on of both ci rcuI ar
polarlsatl corres

on 0
out er ASpgd 6@2‘? .F%\&”yg tge ?W@"”%%@?‘er}cé{dﬁ nee dtqtﬂrea %llﬁ'ﬁﬁtf"ér
p:ahsﬂant oRtheki dlEtecFﬁjlc substrate Plad 23) beibdnbetaveen dgad Balichs dilectric

Xgﬁstéﬁt%%ﬁ blé‘"o .r{eﬁ%‘rP\?a"r@n@ th@%hf&‘%l?étnoﬁéye?? (53 L2 and L23.

vant ageousl'y
quar t éiwe@fbetowes as §rrawfmﬁ\@alréﬁ§eqms Ot%@lﬁil'f@r@t layers (&2 10'3%3
Samau_scm) MbRWIR tod ;ﬁéﬁﬁé@eﬁﬂﬁ;ﬂ’é‘ﬂﬂh@%&ﬁb lvé{na’M? mdﬂgum Befow

e BB al PPt (o8 s S5ieq e BR Rt or e Baver

of t hi s antenna assenbl will be detailed hereinafter.

Theysmi 0 di T @fsiee Wi th th¢hiame§@nﬁm§88bnbl Y Dc
Jﬁi’fSCIll e o——telatton—w
Epoxy or Plastic 08to5 440r23
22 Foam (or air) From0.51t0 5 1.05
23 Epoxy or Plastic 08to5 44 0r23
PTFE 0.5 3.0
Foam (or air) 10 1.05
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Figure 2 is also the first dielectric substrate

di sposed between annul ar patch radiating el enent 2 and

I n t hPGI/BPIMO41052312
variant, the first diel ectrlc substrate i s conposed by
three layers (L21-L23). Bet ie€ri slots 7 (only one

bei ng shown) etched in ground plane 4 and annul ar

patch 2, there is a sandwi ch of one | ayer of foam L22

di spos\&q bet ween twg n‘? yers L21 and L23 of epoxy or

pl ast i ¢ [5PRHE prEVRaslgnesaliipe 87 athﬁ@Os?ﬂﬂﬁ'Pg?a"b'QYththe

i diamietee siré yf thé ahtednatanchd ragwred @f aldud 20%aankd e t,hlchtdss of about

Cl?ﬁ% ah ggmgﬁale hﬁ.ﬂr‘?\gmﬁper%lélégt% &Bgt)é te all(IMQ to’e%tl glég?eqyctlon

aofdh%a@uanpatca dardevaplevajionangle @iné ae/wdenr@d@t@béaewatveth respect to

(#h8 brevibds oh@'AlﬁefhﬁéM@%br%eﬁféﬂ value R &t dlelEdifd &ﬁl&t%hﬁs

co nstané can g 0 tgffed in varying the height of

dfLTREIEEY patwegy 4,7 and L22 and L23. G ven belowis an

arr ay Rigura 4tiha cosseertionwswaf atsheplelafitbenzasseinbly eceording to a

(1#18& virtzant 8fe Egtohélenﬂs&%ém d?%e{/&e?ebrﬂ fn%r?troﬁeﬂ{iﬁfﬁﬂg%r%nt is

of the second vari ant SO %I en below are the

dftli2aether varigpi R thefiret digleofric sypsiaate dispeseddiebyasaappidar patch

Seamimg slginkit, 2 &fd @@cmﬁr,ah)amuwhgtgfmmm 4. th tAis SHirdl Vadiént, this
| S

380 53358 BB UATRASARNS (4235| YPh  Migng rotocc

28stiatd havieg anpdksiels disfectiis sanstamosith|te lrmlttuotme different layers

tiHoGwKBélatUellwa;\bekﬁ{r é&h@ﬂe%ﬁ{oggno%Q Wbérﬁ&ﬁ’ar% e‘PrW%f Fa@»ahon pattern In

imze uI a at ch
OPe PR iRT RS AHS o daich S a0y Biahesball (ep! plashe L21.
r es peclthusobdtweerpsietsi7ofosly ame . bey stfoﬁvnrlnegrbur&»(mafe Mmend ahnular

1&!}&?2 g%f'e f'gatéeﬁg%ﬁicﬁ of trhl'e(é IQ)QJPSS Blaﬂéstl'cSLflo Eﬁ érﬁﬁ%%ﬁ%g thyers

s¢fifeara. lea%aém@4a§%¢éweyey oato@awa .eﬁ@e@@ﬁcbbqhneeruwmeaﬁ@f plastic.

ofm§ hengeeits cii@sdvasl i sipstiate fhdsh Bedi a88iFbd | oV AMhBO bptimize the
anot her . vari ant of the

{'%%lcggg}@%l %nﬁ%é?(f@ftéerd%%&%& “Bet ween annul ar
pat ch Giveri kalowis aslasrag with thecdintensienst of itadiffgrentdayersclt 2 25

HrRUBILA 8BS diftg td & pl‘éﬂa‘n%d te?érﬁﬂe Y)@fh'e%‘%ve b sBb&fitVakiant.

bstrate is ayers )
SRR BVEL5anE ol ind clferBcoraents (RO Sk IR dFisg Rermitviy, of
ashchddyebl e di el ectric constant with the hei ght of the

di fferent |ayers and whose behaviour is nore

IIUIIU)%(:‘IIL us 11T aTlI LUI .l ImL [CT_IIITTI I dUI dl I_UII paL terns

| n-®Y%E present %Fe@arml e.| t h&higiess @PMbat gh is Do

di rect!|y etchepblag{ba | aygr of pl qsglc L21 .

-
Hween anlys. . _AanAd arn

4 aRdl ar

J_l‘\
STOtS 1 zulll

inul aFoa{a IR t he

hpo AVFL
UWIIQ’ QIIUV r ITI
re is a Sandwi ch

of thr&8d

| aygs s

fngm L

f  pl asH?%mc L21 ,

DD and

bet%en

& T e

two Feanefs am)‘ pl

L23 and1L825 and t

m|$¢

wo [ ayer.s of
beddad®

gstic. Thls conpog

ite 1.05

di e §Ct f

I C suﬁg @Te has
m&np or nances

been reagaj Zed to
of the~ antenna ¢

furthe
and fur

opt1'm 74
redgce i

ts si z@TFE

2ifer
3

4

Foam (or air)

1.05

With respect to the latter solution described in relation with Figure 3, the
antenna diameter is about 10% smaller and its thickness is about 30% less. In
particular this multilayer substrate allows having an annular patch size further
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G ven belowis an array wth the di mensions of the
different layers (L21-L25 and L3-L4) according to a

wpe@besaexl exanpl e of the above descri bed secoPdI/EP2004/052312

variant. Al so given below arg the dielectric constants
(Dc), also called dielectric permttivity, of each
llayer. Wth respect to the latter solution described
|n relation with Figure 3, the antenna dianeter is
ut 0% smaller and its thickness is about 30%] ess.

PEigw gevetpnangin and aa‘ﬁ'@?r rﬁﬂ'lg‘i"} baag wit GReek e g
mvnaummﬂeaﬂnrﬁtctelnt axpeemboial vakredpt thedisediric@onstant is about 1 9.

el evat; {,&}? 6@%‘% lofos8 98kt We%fr a s&ﬂil@%#tgﬁhéofst@%%tagcordmg iga

respec previ ous
thigd GE‘bP‘éif"ef'Héf tlaﬁ RSNt rrwent@anlgtﬂaﬁ thirdempediment, tree mangur e

@ﬁer@n@a WHHOBGth ﬁ.%t:émscm.memswénés an ﬂder’faédmgam&m.éﬁé@ﬂbl y
mbod |ner

SR BiraeBRca Sadple ' e DB e SRl coupled
d| ff dbmadmgvfnomthb taphoffantesta esseodlyneandsgairg deswardst e

fe?r%% 34 aﬁﬁ@) Bna g%lﬁ%&?tzr whes &ee{térféﬁ'o'n% tﬁﬂ%‘%ﬁﬁilmnat

annu I nstea beln? cou
%@wgr EarrRgPPR t?r#é ip e Tyt emhedimeal asdeehy 9n q PiRgkE lgr kgt
ofakéfivar aislectmesutgtraueevm fast disuiicosubpi@ite Bompalbiediat 1REst two
(0]
N e S
sanddichet pngy e@sm/ ar chaman@ faanyleyer|L22 disposesibetwaenttwo layers of

Slbgtlca ot ahg 1 98INFHdeA R fi Frﬁhﬁelédtﬂ‘&éult_)gﬂiﬁé QelrbfribveStHb SbdoRti €
ers

BRI SR Ale AR ol R Pl v Ak BTHE B R TrE tyer s

rme’tahreeid by beth sl diaot Spéndohie usemioyetdr oretpe byttan didé taem
h@ﬂrgw'-@n%un@ {jéé?)‘?r%elﬁle? %Wﬁ@rﬂ g{:ﬂ@? eﬁeWe‘?ﬁss ofth, (9}1 ﬂw%ttbge sité tne

ectric su

meiafizaies forms f§%@!ﬂ$¥!’°ﬂ'lyeﬂf%ldrﬂ'%’% Bswhieh @t ltaft one, and
prdfeamﬂ;atgfacsusiu)curélég ne bnlyyona shayerare bichddo. leﬁi&bﬁné’fﬁﬁﬁgh

R PP 1 AR ool o B Tl dlR o Pfedd blow
leyerd @2 whthieifirst dieleshigisubsirate Mertigal ragtallieping 11 eteccopneatyd
lSé’é\Siieérﬂﬁe&ih?i fine & BehERleRliiskd BétPNsifl® bIBTHE I'é?ér L3 and feeding line

B EbtdapR e <P ipiechhe AiSiete. B s sl i bonGmselly

coupledt{ohedcttio cordactytaheeangipphr feedjng Mmrtzi amil anmeiaepatcrc

énot her feeding line 12 is etched in the
rI%Hit%grrlgrlr%.\i%rlnate epoxy |layer L22 of the first dielectric
substfinallg ungesthe Mﬁoﬁh%qeameﬁa&IZﬁOM a foam e AijavRs & ¢ dgprovided

da@igmlm bemat Benductiey @o@fjd plére §Bdtag lab %ezﬁclbgiuéleimg §|a£ée The
e edin i,ne
PloiseSapy Meeloug ARk 26 bR LRER AR scCedBFy e
eeatitsizernd ihreeanterailcan be alsb e@ﬂu@em Teb@ﬂlcrency ofdhe amtenna is then
éfﬁ@ﬁtmréé@@@&ué t%%@erigddc'tx@r? ba@th%n&s% Eé’r{ @ by (Bﬁ'{%ﬁnsa ded by the
{ﬁgﬂl ati ng . FI nal under
bt eles 9m69f‘9§°'°8“9'%¢afﬁ?€if‘9 z§.s}lghtume efficiest thanglpteroypied

feeding. In contrast with the metallic feeding posts used in the prior art document
US 2003/0210193, the posts are here well shorter and then do not affect the radiation
pattern of the antenna.

Given below is an array with the dimensions of the different layers (L1, L21-L.23
and L3-L4) according to a preferred example of the above described third
embodiment. Also given below are the dielectric constants (Dc), also called dielectric

permittivity, of the different layers.
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along with a second conducting ground plane 8 acting

as a back shielding plate.
waele@aessns of this foam | ayer

consequently the overall

al so reduced. The efficiency

siz

slightly decreased due to size reduction,
loss is partially conpensated by the fact that
el ectromagneti c-coupl ed feeding is slightly nore

ffi el
T 1 1 Of

nt -than <l at
ATTU CITUATT JT1T OFC

coupled feeding—ln cgontrast

The thi ckness and the

L4 can be reducedPGrEHP2004/052312
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oW isS @BiREray w
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th th62_3
1-123 and

|31 p4)

escri b

accoFBPHG F@m prg
d_t 197 EBOR Ay,
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t Al so glven hel
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ow are ft
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In addition to this first antenna structure, multi-system antenna assembly 21

further comprises at least a second antenna structure for receiving signals from
another application or eventually signals coming from repeaters of the first desired
application.

For example, the second antenna structure comprises a disk patch radiating

element 33 being concentrically disposed, i.e. within the inner radius of the annular
patch, and preferably coplanar with respect to annular patch 22, in a plane
perpendicular to central axis (D) and is advantageously designed on the same
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desired application. For exam;fllg , the second antenna
structure conprises a disk patth radiating el enent 33
bei ng concentrically disposed, i.e. within the inner
radi us of t he annul ar patch, and preferably copl anar
Wlthl‘ ect to, annular patch 22, in a

u.,chre plthe apqpylar pag:)br §h|§ g’cugq fate radlatmg element 33 is
adammhﬂtggealtﬂlsdﬁand&se@aieﬂnd@n t he samesubstrate structure
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dméting%rﬁdht » ah@blebicaty tcBndudend drogid ERo4l] '\ﬁffé?éln the opening is
ngﬁJres 9A- 9B show two possi bl e shapes of the first

LOFPi ¢ substrate of the antenna assenbly accordi ng
t o t heOniFigire 8Abdiglentintlayes LAds ploballytdytinder-sbdped with at least one

MyhharS¥sdse hgr ¢ retrieve dielectric
| ayer L2 arraraﬁﬁgeegin{g Lﬁ% pat ch
n Figure 9B, dlelectrlc Iayer L2 is frusto- comcal shaped, the large base being

arranged on the side of annular patch 2 and the small one being arranged on the side
of ground plane 4.

Both solutions allow to adjust the dielectric constant of the dielectric layer
arranged between the annular patch and the ground plane.

Figures 10A-10C show different possible shapes of slots. In order to abtain an
optimized slot-coupling between the feeding line and the annular patch, it is very



radi ating elenment 2 and electrically conducting ground

pl ane 4 wherein the opening is not shown. On Figure
wO2oemi3BhECctric | ayer L2 is globally cylinder-BOEPPIH04/052312

with at | east one annul ar recqgs arranged at the

cylinder periphery. On Figure B, dielectric layer L2

is frusto-conical shaped, the Iarge base being

arranged on the side of annular patch 2 and the snal

one ar ed on_the side of ground plane 4. Both
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of the present invention. Nunmerous and varied other
arrangenents can readily be devised in accordance with
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departing fromthe scope and_qgirit of the
i nvention. WHAT |'S CLAIMED | ST1” A nmicrostrip patch
antenna ( 1) for nobile satellite comunications
conprising a first electrically conducting ground
n 4) having at |east one opening (7; 10), at
I L adi ating elenent (2), at |east one
first dielectric layer (L2; L21-L22; L21-L23; L21-L25)
di sposed between said first electrically conducting
ground plane and said patch radiating el enent and nore
par t i cullar Aynipresifie eatchantenaa (1)dersnobia saighitertommuningtions
?cai)rﬁgmﬁg:a ﬂfs;@g!eatfribé]g oehgmang grodhd bnaaét4)<htaﬂn laﬁaadt bRA€opening
r providing sign ner n .a contaciless .
A1} ¢ gt o etpitng. dlemertial. 2t iprs oap BsLeipleptic layghL2
da2 tH a2 d A1 A 3ah2i -b25) elisposkdbetlvest saidfirstaalentridallBgonducting ground
. : N Li , _
gp?léﬂg $R4 s?n‘la PN adidlinh d&heht a'ng ‘?nc?é‘a E%rﬁ%%lyf d We%elq Said at least

ectrically cqnguctl ng groun elen_ o
HNLARIILREhEH] PRIRD Fadkatiag 3’%@68 @tilegstong deast liga &) (f@)providing
agignal enligydn dioeh@eﬂééscrndrwneg oHr_é%? sjféidsﬂm-ﬁéd _ dibmfgva@nz Thent through
sal. [ ol. , fee ine. 2. :

R oD BE g S SR Rt T RS b Rery e o g anc
syaid figgt eleskisalyoreadugtisnignmynd planesvheran thetzatseda funblertomprises a
| ResEndRASINDPIAREBN P A Hikd RIRTSciricl 1 Ay @l4) ARpSd AT RtectiiaRh

IS anEuI ar-sqa ed dand %Alh@m n said at ‘| east one feed

| 5&EN §r‘§+r@t9@{)ﬁﬁﬂ #4788 Wi% annul ar patch radiating
element. 3. The microstrip patch antenna according to
claim?2 i ' ' i . N

gr ound %’I \gﬁ%{j @%érar%sﬁli%sgastéq %Egﬁoﬁ&?w_qg%_w g%é%s"hng%? S‘E’eaSt
I8PeNNG e i Slet-shHaped anskat leastipariivyiacing said paich safliating element
pehighiisatrnuishaged andhehdrein s8idtat idasiitieGoedBIk 81$18t-coupled to said

Ry B S T PO T ot o antenna

according to any of clains 2 to 4, wherein each of

sai d sl @t e fnksiRsh pHicr %t@lﬁwaféébbwin%ﬁ& b 2 3rréih BAlh Afst

patch radi at i el enent, said slot Dbein referapl
€3§F"{'E?"S{ nﬁlﬂ%%aﬁf%“ﬁwlﬂns&owgma slo (9 ufFrl¥ FB‘E%/‘? ppas to
peiceive dothdoft and dglaridind girdutar polarisdtions.ai ns 2 to 5,

wherein the antenna is substantially cylindrical and
wherein the external radius (R2) of the radiating

el enent4i sThe Migrestip patehhaniennaracaording e elgisy 3.oyhergipsaid slots are
aasdula shedlgyngsh. 7. The microstrip patch antenna
according to any of clainms 2 to 6 wherein said first
dielectric |ayer has an annul ar geonetrical cross

sect i ond.defheninivgosinp patcreantermiachccargingho é13) of claims 2 to 4, wherein
each of said slot is folded up to be fully facing said annular patch radiating element,

said slot being preferably overturned H, C or mirrored T-shaped.

6. The microstrip patch antenna according to any of claims 2 to 5, wherein
the antenna is substantially cylindrical and wherein the external radius (R2) of the
radiating element is slightly greater than a quarter of the desired wavelength.
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8. The mcrostrip patch antenna according to any
preceding claim wherein said at | east one first

wale@besa3ns c | ayer is nmade of at | east one pl aseCTEP2004/052312

| ayer, said second dielectric,Layer being nmade of

PTFE. 9. The microstrip patch antenna according to any
preceding claim wherein a thin |layer of epoxy (L1) is

di sposed between said first dielectric layer and said
pat ch . d| tin enent 0. The crostri

ant enn JE W%Wg? PP AR ing to 6“36°fp°édp Sga 6 wherein
velaiet festrdiadedinic fayes haglarebmutarigeoinetyieal arassfsedtivinaieficing aainner
shaPed ving a small and a | arge bases, said |arge
base ggp arranged on the side of said patch

radiating el enment and said small base being arranged

on thesgsi dRe phicBirp ;fdtdlﬁént@*rfé@o&br@ﬁ:b'td aﬁﬁﬁ@b@dm im, wherein

%r ?pu&? ég * qeeﬁrs%giie 8CEIC leg}eg I{so%géel\ﬁéa? gq e, pgas? it %aig %econd
oﬂ»@e@m leyer beiryemaie of§TFdr i cal - shaped with at | east

one annul ar recess arranged at the cylinder periphery

12. Th% mchr ostrip patch antenna according to _any

cl ai ns 91 {B° GICRsEPRArhantennaaccording de aneeressding Qi@/'é'r wherein
(2 iBib-I&yR of dpddeyl (R 3) isldBbosstbhetaeen shic retdidiettnt Wpaardadald patch

oLk ;i cally conducting ground plane and said
p{a@g ngeéegfﬁér{l ng el ement, including at |east one

plastic layer (L21) and one foam | ayer (L22), and
wher ei10. t TiRe heigrstrip Hatdh SlidiardceoraRg 36 &Wof%falﬁ@‘?&% #orog,

|
ofifrdio b8 msEERddae 'f%éﬁ Ry PuRdisFeodd e s h e ennatiroe
bagesmsdidlarge bit8e b¥ing amiaogerkon the sipetod kaid pateh madiating element and
%iaosfnﬁidnflﬁsé Bef rFQnQ@d o &bé‘oﬁé&foﬁﬁ t@lé‘étr%%fti éo%dh&h‘nﬁ Igf/ound

( -L23) are sposed et ween sal irst el’ectrica
uctlng ground pl ane and said patch radiating
el ement, including two Iayers of plastic or epoxy (L21

. L23), an?h@?ﬁc#o@%?an?&%n oa%@)r(il]ﬁ%g? 3%1%%% Ség,c\ﬁherem

said plastic o
SRR Sliadecrior Wﬂ@'StCM Insirl@@lmh@szed vitheatdeast pne/enruilaé mmm aganged

Iaamr@m{deZ%e,aghe r@r € di sposed between said first
electrically conductlngground pl ane and sai d patch

radi ating el enent, including three |layers of plastic
(L21 /121 2Bhe m&psmipd)atmmelmerascmﬂmg taany(df 2&jmd P9, wherein

P RaLtRe dté?éd’tﬁ@ﬁyél%' (B2 p| 884 i0G. §ylf§15|_25i?re dTJb‘%se%etween said

m crostri antenna accor dg
fiFt e@ctﬂ'rc@ﬁ/&endvetln%grewsd plane andead pateh Fadialng slemest inekding at
$edstlodd pladtic thpart(L 2 Dalndyone douhn lé_tye{ﬂﬁQZ anmv?}h@’emﬁe @@dtmg
mren | NC a
S Reolat Pl SR LT o R ey 85 Bl o

Eﬂ@ﬁ'\/?e@nd peeferaplycomprised petmveen Wifeansi 19.at | east a

13. The microstrip patch antenna according to claim 12, wherein three
dielectric layers (1-21-L.23) are disposed between said first electrically conducting
ground plane and said patch radiating element, including two layers of plastic or epoxy
(L21, L.23) and one layer of foam (L22) inserted between said plastic or epoxy layers.

14. The microstrip patch antenna according to claim 12, wherein five
dielectric layers (L.21-25) are disposed between said first electrically conducting



second feed line (12) is etched in said epoxy |ayer
(L22) and facing said patch radiating elenment which is

wa@nwehzeseshaped, both feed |ines being connectedI/EPR0#052312
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metallic pin (11) passing thr ?gh sai d opening (10) of
said electrically conducting dfound plane and wherein
said second feed line is el ectronmagnetically coupl ed
to said annul ar patch radiating elenent. 16. The
m crostri tch antenpa, according to cl ai m15, _
HBrE] plend wisLsad eqfe rrdiatingslaent, Hetdies Hrespiera ghagstic (L21,
| BB L 25)ramhd thine lapbra BF foearh Q)B2( L P4 igdtpied ibetvgeh RaidNRUE Riers.
patch radiating element. 17. The microstrip patch
antenna according to claim 16, wherein a thin |ayer of
epoxy 16t 1)The dnierpsipp satrhrntennearacsendingga clahmn d adhexein tyee
et 10 (L3 o) ol Batosbe e e i Bbctycely odctng
L e R R e e e S
pllZm endhase epaxy tayeniLAg 3 inseded bétivebn tsaid prastialalérs, yhensin at least a
C s I | .
DGR ecd e PR ool o) RE: (PP R AL flon
t RAiRENGPlemerkwhich is ajraviar-ghapsdt betB rf%eﬁweg beias gormgeted via a
f raetalib pihged) dalfsﬁiﬁ% tl*ﬁém@gggai@ apéﬂnAgi(ﬁoP E;_ éai@@lt@&bfcdllﬁtlé@ﬁdu%ﬁ}fb

e A . . mul ti-system apt enn .
(DR Hane Sl e RlchsEeaed e Tog PR Bl falpa to sad
edraglar palgh ragiatipaéleoeintg ground pl ane having at | east

first (27) and second (36, 37) openings, - an annul ar

patch radiati ng el enen 22) and a circul ar_patch
6 ?@H& RtriR @%jca' RECFRIAINGYO SR gy dthergiya foam layer

©at]
radi at"ng
ds prisentext bativbdn sadd peandy Iayeremid dhaplasticlaygrabighbduritly #id drghular

séa?rfﬁer%igti%g g}gmbﬁt@st one first dielectric |ayer

spose etween said electrically conducting ground
pl ane and said annul ar and circular patch radiating

el ementys and mMi@bsrip paichGinkebinbacbertingad clamh b6, fhefdin 20 layer

ST, A DR o0 R B A
(B8icfayed |ines for providing signal energy in a
contactl ess manner to or fromsaid annul ar and

circul.ar tch radiat] el ements respectively through
said f rsﬁ-ﬁ%\ﬂﬂcrg %H%tcg%é'ﬁr\‘?ﬁﬁccqrd'ﬁgégﬁ%%fCbﬁ"'é? &ng

:v_d}emin dais ptestidalysdonsantirgegrdurid plate hastwoapenidgs &t which two
r . pe.

N ke e T e o

vaeedysting pround plape and said third dielectric layer respectively to second and

fourth feed lines etched on said first epoxy layer and angularly shifted by 135°.

19. A multi-system antenna (21) for mobile communications comprising

- a first electrically conducting ground plane having at least first (27) and
second (36, 37) openings,

- an annular patch radiating element (22) and a circular patch radiating element
(33) concentrically arranged and coplanar with respect to said annular patch radiating
element,

- at least one first dielectric layer disposed between said electrically conducting
ground plane and said annular and circular patch radiating elements and more
particularly between said first and second openings and said annular and circular
patch radiating elements,



conprises a second ground plane and a third dielectric
| ayer di sposed between said second ground pl ane and

wa200d/0sxes] |ines. 2 1. The mnul ti-system ant ennBCT/EP2004/052312
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according to claim19 or 20, erein two first

openi ngs (26) are angularly shifted so as to receive
both left and right hand circul ar pol arisations of a
first appl ication with said annul ar patch radi ati ng
el enent mul ti - system ant enna accqor.di ng

claim ?tiea%é’féﬁ)rmdﬁﬁcg@e &R Tegstinender r{r@edm%wnaéﬁeergy ina
angukatiesymamel teok fom saidtamnuiae ahd eirduttiripatchfridigting eldngmts

Aol AP S BB pBnigEC" 2Pl ! catl on,

respect A nultl-system
ant enre? &Qmp‘# ﬂ@lﬁﬁfgw@ymr@ww petyger Raid fitss Archsecond feed lines

agRdSl BiEctrigally lcandlicing ¥hRInBigharjet f urther conpri ses
anot her antenna di sposed in said inner void region of

said mcrostrip patch antenna. 24. The nulti-system
ant enn?0. aclkherndiliirgystem edrdémmaZcondingrte iclaint 119 fwherdie it further
ﬁ%rls@?é sBcdrld d'rﬂarﬁ aer':a]é]ané 9 Qﬂﬁﬁm&&t c allggrxd %Ho%ed between said

strate wap ound sard mcros
aﬁ‘fc@ﬂ ground plane and said feed lines.

21. The multi-system antenna according to claim 19 or 20, wherein two first
openings (26) are angularly shifted so as to receive both left and right hand circular
polarisations of a first application with said annular patch radiating element.

22. The multi-system antenna according to claim 21, wherein two second
openings (36, 37) are angularly shifted so as to receive both left and right hand circular
polarisations of a second application, respectively a third application.

23. A mulii-system antenna comprising a microstrip patch antenna according
to claim 7, wherein it further cormprises another antenna disposed in said inner void
region of said microstrip patch antenna.

24. The multi-system antenna according to claim 23, wherein it further
comprises a third antenna formed by a flexible substrate wrapped around said
microstrip patch antenna.



