- 5- JUL 2004 | Antenna for a transponder as clained in the introductory
part of .claim 1. Background of the invention The present invention is .
connected with transponder systens for wireless paynent, 5 e.g. for pgerE b
of a toll for vehicles. Q Free ASA has manufactured such systens for rﬁy 3“)‘
years. These systens are used in several Icountries naned as the "Qfree
box". The expression "box" is related to the transponder elenent in this

system provi degtenrih RY @hxnsgondenvdsdiained ahthe hrodlbRry panspamgen. recei ves data
froma device placed near the road, and as an answer it sends individual

data back to the road device. 10 The technol ogi cal devel opment within this

area has ingthe neanti owards active transponders operating with
m cr owave rga%rpgﬂﬁiohﬁfﬁemg?@%& of 5,8 Hz, that is wavelengths in the area

of centi net erghe picahindaimtordis kakiedted valtir@Rpaeder ¥ sterBOfSMMIielet p@ment,
controller. The transponder receives data as anplitude nodul ated radiation
and sends$ daga ferpaymgaeoii@ll far e dlesd (b ies S A Bastranufagied suchemsmsient  of

such a transpon [ “di ' - i "
! tude. dERBAUrE? | eSS P P URAGR okl Bt R sy b8 0 B M he
current i sexgédsionl "bexnNitrelajedito tHeeangpaider elednent ih Shis efdtan providabiafdvesi ent
I's thus changi r]g, and accordingly this gives phase .nodul ation. The

princi pl e nekeddyal velsls; bhetrarspaaded regetvss data fipgpa devige pigecd negs theeador on
the transponder, Aihshby i SeddiQMivRTal RROKR ¢ iHeGbid evice20 Because of the

| arge production rate tor 'such- transponglers It 1s adfficult task to make
transponder &fiieaactamiogicat devedopemdnt mtithen thessdreehasng tha eadinodhmessd tvevapdsoduced

as,sinple and cheap as possi.ble. Known antennas whjch ar tQ.
Tanu a6t ur eAAIVE TNEHBSERS EEDE MR CTEDE o honnilhs 58 Ol AT 448 Basi | y
realizabl e QQy&eSHRSINAL 4 bPOGHMARterWiiiich Hove Bdtted)f addih £Bvei rcuitry. The

probl emregarding mcrostrip antennas is that they ‘are based on resonance

where a | ar ggmmuhicalieh camsdiar. (iheitonspendergeteneesadipeasamnltiedeanedinpigd el enent

arises t Owalta%lsation and sends data as phase modulated radiation.

15 The simplest embodiment of such a transponder is a diode coupled into an antenna,
leading to amplitude demodulation by rectifying the cammer wave. By séndin g, a current
is sent alternately in the diode, and its reflection coefficient is thus changing, and
accordingly this gives phase modulation. The principlé makes it possible to send without
‘use of a local-bscillator on the-.transpo'nder anditis krio_wn: as "back-scattering"”.

20 Because of the large p—fodﬁction' rate for such transponders it is a difficult task to make
transponder antennas which have little scattering and which may be produced as simple
and cheap as possible.

Known antennas which are easy to manufacture are microstrip antennas. These are
antennas which are easily realizable on a substratum together with the rest of the

25 circuitry. The problem regarding microstrip antennas is that they are based on resonance
where a large e-field concentration along the edge of the antenna element arises towards
the earth plane. The effectiveness of the antenna and the resonance frequency are very
dependant on the dielectric constant in the substratum and the thickness of the
substratum. Accordingly, a usual printed circuit board laminate, such as "FR-4" glass

30 fibre laminate, is not suitable for the production of such antennas. Good microwave

laminate based on PTFE (teflon) is the most common in use, but this laminate is



the earth plane. The effectiveness of the antenna and the resonance:
frequency are very dependant on the dielectric constant in the suisjliaiién
and the thickness of the substratum Accordingly, a usual printed circuit
board | am nate, such as "FR-4" glass 30 fibre lamnate, is not suitable for
t he production of such antennas. Good mi @ owave |am nate based on PTFE
(teflon) is the nost common in use, but this lamnate is - 5, J UL 2004 2

expensi ve, &@oivebRBIEAeABRMbATHHUGLR AAUsESRS dn@oBAYAEIPNIFRIMNEB) prbcdstdsendl y
processes during the manufacturing. Lately, |am nates have becone

avai | abl e tdvamgdhemapwaehiing. bet ween gl ass fibre lamnate (FR-4) and PTFE
| am nat e, suc¢h, as,” RS 4300". but.stild . this is.not .an alternative
abl e 1o comp oSl PG aLs BRI g abSmRebs R BeS Fhe nai n
obj ect of tARIMtEERY) AWPTFE Miningte! iciRK CROGERY £3002, Kf stihehibfwidianed
kind, that despite of good antenna performances still nakes them possible

to be naruféiématizg abledo gempete idndzndard lamingie.e (FR-4), which is suitable
for frequencies considerabl e above 20 GHz, al so by vol une production of
such systens. The invention The invention is stated in claiml1l, with the
new el enent@bjeet ofthetiat@tionn t he 15 characterizing part. Further

advant ageous features of the invention are stated in the clains 2 to 18.
| ndependent &hean gbieat ¢fdhe preseid inyeptien ifrte maks a8 anteppi of e Mmantighedgad.g

consi der ab't{?:ﬁ ﬁfg@;ﬁ@%@@ﬁggaggrﬂ]a%e&%ngﬁgggn . yfbefe {6 AL A5LRR

effect for east S transverse to the
pl at e shapadinpamnaridard lablieats (FR-@),athich is shitaide 26 freeauhdiss donsideabirdbena 20
accordi ng Bﬁéth?' inwgntion Qﬁvin a'gigher efficiency factor and antenna
gai n. Mor edvid? 23nRy YR CFP%%G%W PY¥FMEhe ant enna becomes | ess
dependant on the dielectric of the antenna carrier. H gh concentrations of

electrical field in the
The invention

The invention is stated in claim 1, with the new elements being stated in the
15 characterizing part. Further advantageous features of the invention are stated in the
claims 2 to 18. |
Independent of the details of the structure chosén, this solution has a considerable
advantage compared to known antennas where the direction effect for the antenna _
extends at least sﬁbstamial]y transverse to the plate shaped carrier (the substrathm). This -
20 results in the antenna according to the invention having a higher efficiency factor and
antenna gaih. Moreover, the resonance frequency of the antenna becomes less dependant
on the dielectric of the antenna carrier. ngh concentrations of electrical field in the
dielectric of the antenna carrier, which appear with known antennas, do not appear with
antennas according the invention. Together with a camer having a high dielectric
25 qualty, such as PTFE (teflon), it is also possible to use the antenna according to the
invention in areas of millimeter waves (30 - 300 GHz).
The dielectric constant and the dielectric losses of the substratum have little influence
- on the resonance frequency of the antenna and dielectric losses. This gives little
scattering due to volume production and thus it is suitable for products with high

30 production rates.



dielectric of the antenna carrier, which appear with known antennas, do not
appear wiwth antennas according the invention. Together with a carrie JU
having a high dielectric 25 quality, such as PTFE (teflon), it is also L 2004
possi ble to use the antenna according to the invention in areas of
mllimeter waves (30 - 300 GHz). The dieBectric constant and the dielectric
| osses of the substratum have little influence on the resonance frequency

of the ant enpgotitd agiplRetWittCreb 0836 She abiénma gtatedin itd tHepreseaainvaitiongs due to
vol unme production and thus it is suitable for products wth_high 30
product i on thaitiels very propd bosied3typisatinéf - aa‘i{oaq{tth@@e%rtqupwar §hys ttiR¥eRAnt enna

accordi ng tfgvor?@a[yggﬁasfﬁé.b*&ﬁg{“ llEﬁlonEhat it is very broad banded,
er

typically 1 e cen re quency. Thus, it is very f avor abl e
regardi ng broadband applications. 5 Exanple The invention is further
described below, with reference to the draw ngs, where fig. |I shows a part
of a print &!%P'G whi ch supports an antenna elenent in a side view, fig. 2

shows the prg@&ﬁ*ﬁl]eﬁﬁ ,s%@nertcﬁ-@ r?d’ép%’éfb%« %ﬁmage}reﬂceté oy aﬁr;w@ngg%mé with an

apldltlonal enna e enen fects t rection ect, and 10
fig. 3 showsfig. pehepegparyef ¥ pented tardvehigh supperts ematenma dlérgent ih atsalgetdver
with an addi ti onal antenna el epnent which affects.t edlretlo al effect of

the antenna, figogeheves thgipprted caghvith theanteone elemest Br lt’P%"rt FraEfdrmi ng the

pol ari zati hnmtapﬁn (Bl chrh O WSSCIHERE e ERRERLAIRHY, 80 1T om the ant enna
el enent . ovvs a part of a printed card or substratum 11 of a

dielectr l(!': rrﬁlgeB isbows 4 perspexiaaples afthgprsted tirdrie ﬁgahmath@r WiR-ap"addiengh i s

1 ansponders ot REAPhH ORI TGH §rectREH AP R PUR oot PRe functi on
of ‘an ant enifarfA4RBR trhfffornd} 6N ARfdrinndHe ?bﬂﬁz&iﬂnflﬂfﬂﬁt rhdiaGiuf pevehvedan

antenna elenent 1.3. The antenna elenent 13 is connected to a conmuni cati on
control | er respectively sent from the antenna element.

15 Fig. 1 shows a part of a printed card or substratum 11 of a dielectric material, for
example of glass fibre laminate "FR-4", which is used to manufacture printed circuits.
The printed card 11 may be in a transponder of the kind mentioned in the i_ntroduction
and has the function of an antenna supporter, which on its bearing surface 12 supports an
antenna element 13. The antenna element 1'3 is connected to a communication controller

20 via an antenna cable (not shown) and is in the preseht case the excited element in the -
antenna according to the invention. |

The antenna element is in this embodiment made as a Quad ahtenna, however, as the
antenna element not only consists of a simple, quadratic shaped frame, but consists of
two frames 14 and 15 (fig. 3) situated in the same plane, one in the other. The frames 14

25 and 15 are made of.copper tracks (not further described) having a fixed width and
height, situated in the plane of the bearing surface 12 of the printed card 11. The
individual frame parts in the two frames 14 and 15, which extend in parallel, have a
predetermined mutual distance. The circumference of the two frames 14 and 15 may be
utilized to achieve a significant directional effect, without additional antenna elements

30 amplifying this effect being necessary, and in size is near the wavelength A. The
relatively small difference between the size of the circumferences of the two frames 14

and 15 also means that the resonance frequency of these two frame elements are



20 via an antenna cable (not shown) and is in the present case the excited
el enent.in the antenna according to the invention. The antenna elenegﬁéhi

in this enbodi nrent made as a Quad ant enna, however, as the antenna e re004
not only consists of a sinple, quadratic shaped frane, but consists of two
frames 14 and 15 (fig. 3) situated in thg sanme plane, one in the other. The
frames 14 25 and 15 are made of copper tracks (not further described)

having a fiy gstp\gilgli%?lya&@lferehﬁisgm 'Ehaﬁél_ %éef'@aﬁxfﬁrgbﬂ'b effdcanGRhay Rideari ng

surface 12 ols e I'nted card 11 I vidual franme parts in the two
frames 14 #mdudibthisdyiechal extigndtiomofaaoaDiasl antdrae elemnenpr dtstbeoad rand effgttual

di stance. The ci.rcunference of the two frames 14 and,15 may be wutilized to
achi eve a ﬂ%ﬁq’Pgﬁﬁe%dﬁyrsgéﬁ‘PBH%ﬁ twé‘fel‘l\%ﬁ‘fs, 184\/&“?1%1?&"358@!3‘[ i onal antenna

el ements 30 AR LAXiBRaitBieins blehfcht, 38EMG11AGESE SHWh infdl 2 MdS, ZRalgeangar the
wavel ength X. The relatively small difference between the size of the

ci r cunf esetlcegppobite fide piuhefprmtadscatid] 1 eoropat&d Wl ho exetedsntehnd ekehwnt.esdnance
frequency of these two fr el enents .are 5JUL7Q J orrespondi ngly

di {Tor ont , TEER SFRC R Gan s G T ard BT RErets AT ety LB Bved
through t hiegaripies bAbare QEUIBAEA98r Sfecidt® 1 FRURGLANERRBsEH BPBRLIS to AApIFHyDr 0ad
band effect nay be increased by shaping the two franes 14 and 15

aperi odi c. tisdizastiguaieffeoief] thaantemaacxierdegiacross thebeasmgalanesl 2. s shown in
fig. 2 and

conpared 1o THERRRr PR A At dniLr BRBREL R i Rk R BB, o

di st anceof kPmbbittes eRRtrRANG 2 0dsaidBEhatidaly tdh@hlludtiag the diBaivhal éfanpltaricof
parasite elenments or directors 17, 18 and 19, whose_ purpose is . to anplify

t he direct ibyribg antemacaccoinge HHeahon covsen eeMlYfytead MBS Tash EaRIErehep™d| ane
12. The arr. | nclusi - WaleR rand ow in
fig. 1, 10 ]g};/\.?n%%%cggg&é% gét?faga ]0\}/{\/3)\534;8 %@ﬁ%&ngﬁ/%%f {rgt?jgglr{gaﬁﬁl%ust r%’?(g)l’t he
-di rect i onal21ef foeledt suppteassdednd imgtebdiehamntearinaefetoridi wi! arhgifynlverdiadon in
consequent@/ fxt endi I?g acros;';:| the printed card 1 1. The reception and the
radi ation & PFREUPRAT NGB Yertrgy in the direction of the arrow

15  The directional characteristic which is achieved using the described elements and
precautions, has the consequence that the dielectric material in the printed card has no
influence on the frequency of the antenna any longer, and that losses arising 1n the
dielectric under influence of the antenna are kept low.

Fig. 3 shows a polarize.r or polarization transformer 22 placed in front of the

20 substratum 11, while the reflector 16 is placed on the back side. The polarizer serves to
transform the linearly polarized microwave radiation radiated from the antenna element
13 to circular polarized waves, and to transform circular polarized waves recerved to
linearly polarized waves respectively.

The mentioned antenna elements, 1.e. the antenna element 13, the reflector 16, the

25 parasite elements 17 to 19 and the polarization transformer 22, are preferably radiation
connected to each other via air as the dielectric. However, a foam matenial having a low
dielectric constant and low dielectric losses may also be used, as this foam matenal then
operates as a holder for the different antenna elements.

To achieve good performance according to the object of the invention it is important

30 that no high concentration occur in the electric field in the substratum 11. The anterma
element therefore becomes a resonator having a relatively low Q-factor, preferable a Q-

factor between 5 and 10.



21 is to be suppressed, and instead, the use of a reflector 16 will anplify
the.radiation in the direction of the arrow 20. 15 The directi onal
characteristic which is achieved using the described el enents andq#ULzm‘
precautions, has the consequence that the dielectric material int

printed card has no influence on the freguency of the antenna any | onger,
and that |losses arising in the dielectric under influence of the antenna
are kept | oW.THd o Erasdieusn Gepaleani Z@rcomiecpal tahicoaplitykdpaans f20ranere 22
placed in front of the 20 substratum 11, while the reflector 16 is pl aced
on the backcaingetionpiethp svafsedmg s ¢ sA dipdeSceunested betwesn trlilééwmfrabﬁﬁ ari zed
m crowave ragiat.i

ol ar zed wivds, ORAst BBt sRalR BREE AT S HFEERL U b2 BREURR |
l'inearly pofg¢ dzed voRy@Scangsimest is Vad ysvermecmmh‘g@mitammnﬂseémmsn i.e.
the antenna el enent 13, the reflector 16, the 25 parasite elenments 17 to
19 and thé ﬁ@ﬁé@*&%ﬁﬂ%ﬁ?4:ransforner 22, are preferably radiation connected
to each other via air as the dielectric. However, a foam material having a
low dielectric constant and low dielectric | osses may al so be used, as
this foammaterial then operates as a holder for the different antenna

el ements. To achi eve good performance according to the object of the
invention it is inportant 30 that no high concentration occur in the
electric field in the substratum 11. The antenna el enent therefore becones
a resonator having a relatively low Qfactor, preferable a Q@ factor
between 5 and 10. -5 JUL 2004 5 The two branches in the antenna are
connected to a coupling capacitor 23 at the connection of the two feeding
lines 24. A diode 25 connected between the two frames 14, 15 towards the
poi nt of connection serves as a receiver rectifying the carrier wave. The
direct voltage conponent is laid over the coupling capacitor 23 and is | ed
out over 5 the feeding lines 24.



6 Revised clains: - 5 Jul 2004 1. Antenna for sending and receiving

‘m crowave radiation, e.g. for use in a transponder in a transponder system
for wireless paynent of a toll or the like, having a excited 5 antenna

el ement (13) extending nainly as a surface, specially in a plane, the said
antenna being placed on a dielectric antﬁnna supporter or substratqg}dlﬂﬁ
in such a way that it gets a directional effect mainly perpendlcul Lt %
beari ng pl%&vt%&Z%HQf the substratum (11), characterized in that the

exci ted antenn "ehent (13) is at least nmainly linearly polarized, and
assigned in a predeterm ned distance to a antenna elenent 10 (22) operating
as a polarization transforner, to transformlinearly polarized radiation to
circul ar orl &nfanpe |f%raﬂenﬁbab APY RSB VInEIMIrowive Tadiation 6-8y &Maise 1R hHRNSPRRCET

pol ar zat | o LA0RNBL Ehicn{ RPhIRSTBdR PRRIPYAnE RS LG AN ¢ hat

t he excited ante as a antenna. 15
2. Ant ennsa aa0o4 dlen@nt a 3¢é>aemﬂ1ﬂ,g meirdy ach emnfatepbpieaatljnat a phee, ebm:sen@d ant enna
el enent (13) is_assi ?ned to a reflector at a @r edet er m ned

di stance f rP8ienankeIag pfacedionAdisleriric %ﬂtwpp@efﬂﬁf‘gﬁ%‘“&b 3PN SENOVRY ai m
1, charact ggiizeghid Qd&%n%lﬁfe_%%@dgﬁg&mr%%%mnéa@ae (129of fheassi gned

to one or m)re%]rectors in a predeterm hed di stance from
t he excit edubsitaim4! Bl ehm'latteriated mnthenthe eacitadragionga tlemehu{lid) s arledst
characterized

i onal .anten a el e he refle tor
The i ect grantyinesdy pbRB2ahRn p3Een s PERGETRIES SBACL LY BHEWHLTHL  pe
excited aniempephipigeRh ﬁoi&hatlérﬁtrm@érﬁ{ek M6 t:aR4TBRE linthriyOhdIrfze@¥adikiRs 8Nt enna
el enent via a nediumhaving a dielectric constant as much as possi bl e near

air, pref @ﬂrablayowlhn’mh pylatiz¢digdition.om vacef \savh labideipelanizationatransfprmer
d! el ectr ! C nSt a}%gs? ggerlatce)véya ?ln% ;r 'a%g Ithat T gitet} %t%n‘é%lénb%t (P%’ﬁ%ghaﬁ% ative

di el ectrlc ém ‘ennha accordihg to claim
characteri zaed frdind dieloop Betedieci t ed ant enna el enent

15 2. Antenna according to claim 1, characterized in that the excited antenna element (13)
is assigned to a reflector (16) lving at a predetermined distance from the excited antenna

element.

3. Antenna according to claim 1, characterized in that the excited antenna element (13)
20 1is assigned to one or more directors (17 - 19), placéd in a predetermined distance from

the excited antenna element.

4. Antenna according to claim 1 or 3, characterized in that the additional antenna
elements (the reflector 16, the directors 17 -19, the polah’zation transformer 22) assigned
25 to the excited antenna element (13), is radiative connected to the excited antenna
element via a medium having a dielectric constant as much as possible near air,
preferably by mainly using air or a foam plastic with a low dielectric constant and low

electrical losses, to give the lowest relative dielectric rate possible.

30 5. Antenna according to claim 1 or 3, characterized in that the excited antenna element

(13) and/or the additional antenna elements (16 - 19, 22) are arranged with strip-line



{ 13) and/or the additional antenna elenents (16 - 19, 22) are arranged
wth strip-line - 5 JUL 2004 7 technology on a thin plastic film said film
being held-in a predeterm ned distance from the bearing plane (12) of the
antenna carrier or substratum (11) in the transponder. 6. Antenna aQ ﬂﬁ‘
to claim1, characterized in that the sabd antenna i s such shaped, a
e.g. by increasing the antenna capacity or increasing the antenna

chi eve .a

o ractor. ey il BEGLE bin R b ine hetddh adrElelbiner e e o
charact eri ze@ Pefiriid)gland Q) bF BidRINRhnk 048 PG sRBSPatum QMDY ih $RStrindPonder.
substantially equal shaped franmes or | oops, which are placed at a 10

predet erm ned di stance, the franes or |oops (14, 15) for the purpose of

Corodul oLl 08 ARERHCLRRPEIRACLINEREH AR if Al Biben s AR,

according to clarm acteri Z ramnmes or oops

are conngcthate. gOb}amC&BaﬁgthHané&ﬁ}waﬂa‘ﬁlt?or ARteaBing tl@&'&ﬂélﬂiaﬁf@litm@l wml,
characterized. in that the reflecto is anmetallic plate or the like.
10. Ant ennaa%%VGracﬁeFF@"'ttlf‘“éWéFFM@as éﬁ%{ﬁta‘t,ebé}q“z@dfaptﬁr,t%@b% thetiagehar 19-
shaped -netallic 20 plate or the like is used as polarization transforner
(22). 11. Antenna according to claim 10, characterized in that the frane or
| oop ant enna Amenﬂmpedirgtoaclm chatagterizeddw ithg thenfearne onfoop agteads at i ¢
franmes or enn accor Opg t.0 cl ai

charact eri z% ﬁ”ﬁsgf hxe s‘?@‘f@"f‘?ﬁ%éq'iﬁf\n'?"@% AMER AR W}Eﬂhﬂéd’%gﬁt%ne or nore

ri ng- shaggdpre8édehPink& alstadite, %EY&%'or {dopEeRs, 95) foR MSpurpce oAaERBARaAEE OF di NG
to claim 3, characterized in that the circunference of the franes or the

| oops is i nPIIEIf@a@Vbém@fcotlh@tqﬁavélm(ﬁf’l X) of the received-and respectively
sent 30 m crowave radiation.

8. Antenna according to claim 7, characterized in that the frames or Joops (14, 15) are
connected to a capacitor (23).

15
9. Antenna according to claim 1, characterized in that the reflector (16) is a metallic

plate or the like.

10. Antennia according to claim 9, characterized in that an octagonally shaped metallic

20 -plate or the'like 1s u:;ed as polanzatlon transformer (22)

11. Antenna according to claim 10, characterized in that the frame or loop antenna is
shaped as a Quad antenna having one or more quadratic frames or loops (14, 15).

25 12. Antenna according to claim 10, characterized in that the frame or loop antenna is
shaped with one or more ring-shaped, elliptical or polygonal frames or loops.
13. Antenna according to claim 3, characterized in that the circumference of the frames
or the loops ts in the size of the wafelength (M) of the received and respectively sent

30 microwave radiation.



