| ~veu~ei ~ 1 *159159* Antenna for a transponder as clained in the
introductory part of claim1. Background of the invent|

ent
invention is connected with transponder systens for walhlmaiﬁ%ﬂmlﬂﬁmmnt 5
e.g. for paynent of a toll for vehicles. Q Free ASA h ed such
systens for nmany years. These systens af e used in several"®¥Bltri es naned
as the "Q free box". The expression "box" is related to the transponder

el enent in thigSY35 s c}(ﬁd@?&'s e@nﬁaﬁqm mﬂgagyet&gg)'anvo?ma% The

transponder receives roma devi ce ace the roa and as an
answer it sends individual data back to the road device. 10 The
t echnol ogi nt wwthin this area has in the neanti nme noved

devel o
t owar ds gch\lfgrq%@ngﬁggfegtla Berating with microwave radiation in the area

of 5,8 Hz, thgt +e§em\4\@%eheﬁlgst&%nédae4 @ﬁh%’aﬂﬁ;oﬁﬁe&?ﬂ%h@&ﬁfzﬁe aghhefiave a
battery and an actlve communi cati on control The transpo er recel ves

data as dnpld.tledpayneehtiodn éall for adhigles dErFafwdASéﬁds mu&cmedmals eystooufoat ed

radi ation. 15 The szﬁplesa enbodi nt of §uch a tranapopﬁ % 6 |9ge
coupl ed i nt"6™&n ARt eARE,>Y° F'B%&ruen“gse 1 Serpel YU S ARBEE Pao R BYC PEEL TPSi ng
the carri erexpi¥son Byox3eeblngd todth€ taMispohderietense@nin lstsyEat @byidedid feryfi ode,
and its reflection coefficient is thus changing, and accordingly this

gi ves phasdndiyiiyrbyshisic. T'Pﬁéraﬁm%é?fp‘le%e*ﬁ%%@éa ﬂr@ma&@§1cs|péac%n§3éﬁlap Wedhout
use of a | Oa?lalas Qﬁﬁﬁgw@tltosren@ﬁnhh?dda?]aﬁ? BQ&%fth@% 'dtewb;s known as

"back-scatterin Because o arge production rate for such
t ransponder s The tachncaiogmcﬁlfdew]lopmbalskltmm tha lkeea hias anthp aredetimeantoynd &svanlis ch
have little scatterln and whi ch.

ma oduced. a S|npl nd, cheap as
possi bl e. KBYRITEIPE %OW?%}% ‘&%"%%{eva Nolesi:ipivha éﬂ:? aa?rfg %Tﬁérteétt‘ﬁ p

antennas. I@R%%n§m§1nﬁﬁ%@&ﬂﬁ%eﬂhh&@ma&%KQQQVéXbé@é&hﬁ@@ﬁ%nRQ a substratum
together with the rest of the 25 circuitry. The probl em regarding

m crostrip canneymeationsontiglicrt Heg/transporisigs eageigps datg ahamplétude modulated

radiation 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 carrier wave. By sending, a current
is sent alternately in the diode, and its reflection coefficient is thus changing, and
accordingly this gives phase modulation. The principle makes it possible to send without
use of a local-oscillator on the transponder and it is known as "back-scattering".

20  Because of the large pfodﬁction 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
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where a |arge e-field concentration along the edge of the antenna el ement
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 |lanm nate, such as jFR-4" glass 30 fibre lam nate, is
not suitable for the production of such antennas. Good m crowave |am nate

based on P f .St i - LS inate is
TSR o1 1 e ! SR B R SO el o fhinctenla M T L BB

envi r onmentdatihy tHermemndhorupigocesses  during the manufacturing. Lately,

| am nat es haxe Pe&@ge avgil bl e that are somethi ng between glass fibre

| ami nat e ( FREAFDYaPIPHEENPEHCAATE 2valaels that ar@mb%nﬂéeweﬁn@ s8PF9 | this is
not an 5 AhfhRAFRYS AR FEOLEHRE G REGBRIABO, B Mtk fis iCRbEG! of the
i nvention The main object of the present invention Is to nmake an antenna of
t he nent iSordédmiiivriable thenmpiés pith etanflard dodinatet enna per f or mances still makes
t hem possi ble to be manufactured 10 using standard |am nate (FR-4), which
is suitable for frequencies considerabl e above 20 GHz, al so by vol une
producti on GHjestsTthépleati®n The invention The invention is stated in claim

1, with the new el ements being stated in the 15 characterizing part.
Furt her advahhagabuebied &f theayessnt inmentjionve fr male ay antematodthe mentipaed kindi ns 2

hos o cona TR SR GHagbd EndAld Brflnd:0G hlale HER HRARE, nb Rlafy RSl O

has a consi a vant age co own ant'ennas

di recti on ekingstanflard laheamasnF@aa whichtie stisabid fol Gagiensigh séranddradle ypbdve@osver se
to the plate shaped carrier (the substratum. This 20 results in the

ant enna acégﬂﬁﬁﬁﬁﬁ?ﬁ“ RE PYYGUERRD JSURASSHESa hi gher efficiency factor and
antenna gain. Mreover, the resonance frequency of the antenna becones | ess

dependant
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 chosen, this solution has a considerable
advantage compared to known antennas where the direction effect for the antenna
extends at least substantially transverse to the plate shaped carrier (the substratﬁm). This -

20 results in the antenna according to the invention having a higher efficiency factor and
antenna gain. Moreover, the resonance frequency of the antenna becomes less dependant
on the dielectric of the antenna carrier. High 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 carrier having a high dielectric

25 quality, 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.



on the dielectric of the antenna carrier. H gh 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 carrier having a high dielectric 25 quality, such as PTFE (teflon),
it is also possible to use the antenna agcording to the invention in areas
of mllinmeter waves (30 - 300 GHz). The dielectric constant and the

diel ectrc | R5%GS: Sliahlice HATLLA WHDANENRL A LRI HENGEn A\ gy [esonance

frequency of e antenn rc losses. ves |

scatteri ng tighié ik Ocrydirottebqadedlugicaly Bnd20% v thetcehtar feqieaby. eCHuerit Breeuct s
with high 30 production rates. 3 Another advantage with regard to the

ant enna_ac gy raeardineberdaad epplicpiAtS - on is that it is very broad
banded, typically 10 - 20% of the center frequency. Thus, it is very
favorabl e regardi ng broadband applications. 5 Exanple The invention is
further dedoxantpdel bel ow, with reference to the drawi ngs, where fig. 1 shows

a part of a printed.car ich s rts an, antenna elenent. in a side view,
Fi 622 chows P Eitiit s dudliy G5 BRE PSRl SRR Eincht T e B Gget her

with an addfifi Oshhwsarniendta @imeedid mmﬂugir;]cfmnmﬂa@ieh%_t ironade efehect

and 10 fig. 3 shows a perspective view of the printed card in fig. 1

toget her wi t figahshesksithe pivated cardivdintic entenenelempridn figf 1 éagether Wéthdinr ect i onal
effect of %H&tiﬁﬂ&l%ﬂfbﬁna E@ﬁl%h#\%ﬁic}?‘aﬁt’@c@thC?Pcﬁ{e@ﬁMa%fo& énga”Sf ormer f or
g the po onintherada

transformn ari zati on receive respectively sent
f rom t helcant ggriastehmametrspediivdvigw off tishmisedcapdin figfl tdg@hémiietda additictal
substratum 11 of a dielectric terial, for, exanple of glass fibre

| ani nat e " BREAN elgmeptwhigh glfegts the digsarianad eiisc opierpisgngi tpegingravith arpe
printed cand kladBHr R dref d tANSBARTE thfolhiuibh ROEIR MANEL difed he
|ntroduct|8n and has the function of "an antenna supporter, mﬁlc% on its
beari ng suréspeeivily supfromttbe anienzaglemers. el enent 13. The antenna el ement 13
is connected to a comuni cation controller

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 1s used to manufacture printed circuits.
The printed card 11 may be in a transponder of the kind mentioned in the introduction
and has the function of an antenna supporter, which on its bearing surface 12 supports an
antenna element 13. The antenna element 13 is connected to a communication controller

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

The antenna element is in this embodiment made as a Quad antenna, 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

element in the antenna according to the invention. The antenna elenent is

in this enbodi rent nade as a Quad antenna, however, as the antenna el enent
not only consists of a sinple, quadratic shaped frane, but consists of two
frames 14 and 15 (fig. 3) situated in th sane plane, one in the other. The
frames 14 25 and 15 are made of copper tracks (not further described)

having a fixed w dt n ei ght, situated in the.plane of the bearing
cart age 128 TepRbiy Aereloh R e A o b St BT 1o wo
frames 14 aneughbhiswpeshl @xiteidiohdf pos Aube bntehav@erentprRAShRaAbART: A ual

di stance. The circunference of the two franmes 14 and 15 may be wutilized to

achi eve a giybefincaeased By seaningothatwefiraes 14 and hoaperiodifi ti onal ant enna

vevel ength X Rhiddh S il ERLEE, PRANJPTERIRBRK I B"S i & dfnbu BRET 11
ci rcunf eﬁedeéfppoiitetdm dfivbe primew sariid 1 canghaikd takiscexwiahantéimateldnhent ramdonance

frequency of these two frane elenents are 4 correspondi ngly different, such
that a cer P&Y'RA8 BP&‘étheBEHﬁgéifslwé’@? ?‘Egl 'ilsr*’é’maﬁ meebi’aﬂﬂ?lh 18@%"0[% s speci al

conbi nat i o0py ShplEYOr feraste ARLRAND & REBAT @-,égﬁhélQr\Q?cﬂe Bandselslisamplifpy be

increased by shaping the two frames 14 and 15 aperiodic. As an additional
ant enna el éwshiectienal efftaof dre ah6ning, extemdmg aerdsp ghe tanngipBne &2r anged on 5

t he oppositenside of,1h rinted card 11 ¢ ared to the excited antenna
ol oot anaT iR I Bty SITRRBEH fil ol bk o orent

Fur t her , j0f kgmbdlizZ2k 6MbtriceaiRk esheafatipallyaahd Rluslr@BEHY dircdtionh] kEBétAhEended, 18
and 19, whose purpose is to anplify the directional effect of the antenna,
ext endi ng A¥ thssanternma aproading ghepinyensioppconsequeptly gxignding agiassAhe pripef gaidve of
the curves hw : OW. 1 LQ ik | 7285, i .~ waves
schenmat i callk'yTﬁ%ﬁgﬁ%?II%ﬁSQ?&ae? géltg ﬁ%d{;:llqtﬁnéec dll%nr?gljegg gfgﬁl ei(ﬁlt%gtﬁglﬁagp&gﬁﬁtg he

ant enna ac@olidiorbg stipgressed canidiiongadc dressguatdfiecex i @ mdil agpé €y s sadiftenpni nt ed
card 11. The receptjon and the radiation of the radiation energy in the
direction & ‘PT’F@“%"?P%R%F ag9%is to be suppressed, and instead, the use of a

reflectors 167N hikec@BRAIIchYrabBBsticAfhidk iORhieVed 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 in the
dielectric under influence of the antenna are kept low.
Fig. 3 shoWs a polarizér 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 received to
linearly polarized waves respectively.
The mentioned antenna elements, i.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 material having a low
dielectric constant and low dielectric losses may also be used, as this foam material 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 antenna
element therefore becomes a resonator having a relatively low Q-factor, preferable a Q-

factor between 5 and 10.



the -direction of the arrow 20. 15 The directional characteristic which is
achi eved using the described el ements and precautions, has the consequence
that the dielectric material in the printed card has no influence on the
frequency of the antenna any |onger, and that |osses arising in the
dielectric under influence of the antenna are kept Iow. Fig. 3 shows a

pol ari zer or polarization transfornmer 22 placed in front of the 20
Supstratum e 10 benbfig f Hd £ERE afednfe LA ABIREEAREK B oy The

pol ari zer serves to transtorm near pol ar Crowave radiation
radi at ed f roommddnen afittenna feédmghﬁes ZHBAtdaodﬁ Iﬁmectp@baWezxememefﬁameand to
transforn1C|r glanﬁgolarlzed waves . received to . linearly polarized waves

respect i vel y H° GRBY CAAENALTEICEYRS 4F & FeqeiveT ICHEY iBmiNe fATIE Méivent 13,
the reflectmfe diRct ¥d1Rge gémﬁ@t{e%§lstlﬁld@v@fr@l@tc%ﬂhzlgtc@ Ao g aﬁ(!f'% l@@l)ﬁ’trdv%?‘t Ion
transforner 22, are preferably radiation connected to each other via air
as the di%eltbefaeiling linosder, a foam materi al having a low dielectric
constant and |ow diel ectric |osses may al so be used, as this foam nmateri al
then operates as a holder for the different antenna el enents. To achieve
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 Q- factor, preferable a Q factor between 5 and 10. 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 franes
14, 15 towards the point of connection serves as a receiver rectifying the
carrier wave. The direct voltage conponent is laid over the coupling
capacitor 23 and is |led out over 5 the feeding lines 24. 6 C ai ns:



1. Antenna for sending and receiving mcrowave radiation, e.g. for use in a
transponder in a transponder systemfor wrel ess paynent of a toll or the

| i ke, having 5 a excited antenna el enent (13) extending mainly as a
surface, specially in a plane, the said antenna being placed on a

di el ectric antenna supporter or substratgm (11), e.g. on a printed circuit
board lam nate with a copper covered plastic basis suitable for

manuf act urigipge-called printed circuits, characterized in that the antenna
elenent is placed in such a way that it gets a |lo directional effect mainly
perpendi cular to a bearing plane (12) of the substratum (11). 2. Antenna
according to claim1l, characterized in that the antenng in addition to the

excited antledH¥enmadnpsnding3nd reeqiping JUErQiyaYe 5d1aRe € 1AL P& enent s (16

-19, 22) af - . i OGP i ta.glains 1
or 2, " ohar AriopgrdBr MeUanindls HELR! B yiaichs pAARERR TP 0L BB BalhEL T 1
a refl ectyra dxtfigd antgnmigeleen (D3)eskedraling mewhiydassd aréef spediatliién &ptink ethe
antenna elenent. 20 4, Antenna according to claim2, characterized in that
t he excit edaidranegnaa beingrlaned (on3) diplctiisAngpnas) seRPoOBiSE obsubsgpam dil).ce 8o (17

- 19), placed.in a predeterm.ned di.stance fromthe excited.antenna

e enent " oa iy S BEOGTIMARS VT PRy OB PR LSRR (he
excited, atmidfdfcturill $V-dallet pemtddyciraltar i zed, antenna elenent (13) is
assigned in a predeterm ned distance to a antenna el ement (22) operating as

a pol ari zathavactenizedsinghatethe antonna elewéwsrisrplacerbar Jugh poyayrthateit geta@i ati on to

Clr Ul ar O PR BB AR AR 8% W ing rabd 6% YRl 1 £ €70

2. Antenna according to claim 1,

characterized in that the antenna in addition to the excited antenna element (13)

comprises one or more parasite elements (16 -19, 22) after the Yagu-Uda principle.
15

3. Antenna according to claims 1 or 2,

characterized in that the excited antenna element (13) is assigned to a reflector (16)

lying.at a predetermined distance from the excited antenna element.

20 4. Antenna according to claim 2,
characterized in that the excited antenna element (13) is assigned to one or more
directors (17 - 19), placed in a predetermined distance from the excited antenna

element.

25 5. Antenna according to claim 1,
characterized in that the excited, at least mainly linearly polarized, antenna element
(13) is assigned in a predetermined distance to a antenna element (22) operating as a
polarization transformer, to transform linearly polarized radiation to circular or
elliptical polarized radiation, or vice versa.

30



characterized in that the polarization transforner (22) is nmade to operate
as a- director. 5 7. Antenna according to claim2 or 5, characterized in
that the additional antenna elenents (the reflector 16, the directors 17
-19, the polarization transformer 22) assigned to the excited antenna

el ement (13), is radiative connected toythe excited antenna elenent via a
nediun1having a dielectric constant as much as possible near air,

preferably E@” I a foamplastic io with a low dielectric
const ant and oW gla}eé%(%Jr I@%Pac:l%rgg%s to give the lowest relative dielectric

rate possi Rh@racleriAdianna A€ @nadmgmttmxﬁfoamm B2 45 madetvaspredterns aed in that
the excited antenna el enent (13) and/or the additional antenna 15 el enents

(16 - 19, 2ikectore arranged with strip-line technology on a thin plastic
film said filmbeing held in a predeterm ned di stance fromthe bearing
plane (12) of the antenna carrier or substratum (11) in the transponder.

9. Antenna ﬁ%gérgiarhgc&gnfgltglcmlga23,05char acterized in that the said antenna
is such shaped, that e.g. by increasing the antenna capacity or increasing

t he ant enna:han-t&umdcla thataheedididoral aneend eemeintafdwircidetor 16, taesdigeatersat i vel y

| ow Q factor, . about the size of 5 - 10 Ant epna acc rdin o claim
1, 25 char adt éPI g’@d"’i‘*ﬁ”@ﬂ%‘i U{ﬂlﬁ%foré%&2tzéassé§{}€8ﬁﬁ§1€ef}x§%(ﬂﬁmﬂ@) ?’Eergﬂé\%)ed as a

mei nly bal alggﬁﬁl%t ﬁ(}hﬁé&&i © Jﬁg@%neﬁ%{eﬁﬁéﬂ%le}rﬁﬁt @iﬁ%"rﬁécﬁﬁlﬁ%a@fng%x@l’e@ﬁk“ cal

field streng roun ment1 oni ng . Antenna according to
claiml1, 3Q:0ﬁ§taﬂitaastrﬁuith&des§lbteh&hr hineprefesitile by amtislynaing| drment f(abBplastic
shaped as a frane or loop anter ia. 8 12. Antenna according to c¢laim 10 or
11, 10 with a low dielectric constant and low electrical losses, to give the lowest relative

dielectric rate possible.

8. Antenna according to claim 3 to 5,

characterized in that the excited antenna element (13) and/or the additional antenna
15 elements (16 - 19, 22) are arranged with strip-line technology on a thin plastic film,

said film being held in a predetermined distance from the bearing plane (12) of the

antenna carrier or substratum (11) in the transponder.

9. Antenna according to claim 1,
20 characterized in that the said antenna is such shaped, that e.g. by increasing the
antenna capacity or increasing the antenna resistance, to achieve a certain bandwidth it

has a relatively low Q-factor, e.g. about the size of 5 - 10.

10. Antenna according to claim 1,
25 characterized in that the excited antenna element (13) is shaped as a mainly balanced
exciting element, without the occurrence of an electrical field strength to the ground

worth mentioning.

11. Antenna according to claim 1,

30 characterized in that the excited antenna element (13) is shaped as a frame or loop

anter .aa.



characterized in that the frame or | oop antenna conprises two substantially
equalr shaped frames or |oops, which are placed at a predeterm ned di stance
as the franes or |oops (14, 15) for the purpose of denodul ation are
preferably connected to a diode 5 (25). 13. Antenna according to claim12,
characterized in that the frames or | oopg (14, 15) are connected to a
capacitor (23). |10 14. Antenna according to claim 3, characterized in that

the reflectpy Ari'(@na'a%c@rdéﬂ’gtl%ldl imfdateor the like. 15. Antenna according

to claimb5, characterizedn t at  an octagonal |y shaped netallic plate or
the |ike i schazaélefized ikﬁthpotlhalftami éroloop aaesfiznconeprise? Byo suBtansiall e eqal
according to claim 11 or characterized in that the frane or

antenna is @Iﬁa?fbﬁa@§5 ar @aﬁ el AFEAPIAGERI 84 @ PrefleieTBYnGHaRRs AS g frémFgaﬁes or
| oops (14, ‘°P€> %%10 r'AlQé gﬁ}?gsea&c&%dﬁﬁt%g afd ?fef’@r&b]ly Qbnrefted 403 dGIET | 2€d

in that the oop enna 1s s one” or nore ring- shaped
el l'iptical @s)pol ygonal frames or |l oops. 25 18. Antenna according to claim
3, characterlzed in that the circunference of the franes or the loops is in
the size of the vvavel ength (X) of the received and respectively sent

m crowave r
?Bd ﬁ tenna according to claim 12,

characterized in that the frames or loops (14, 15) are connected to a capacitor (23).

10 14. Antenna according to claim 3,

characterized in that the reflector (16) is a metallic plate or the like.

15. Antenna according to claim 5,
characterized in that an octagonally shaped metallic plate or the like is used as

15 polarization transformer (22).

16. Antenna according to claim 11 or 12,
characterized in that the frame or loop antenna is shaped as a Qqad antenna having
one or more quadratic framés or loops (14, 15).
20
17. Antenna according to claim 11 or 12,
characterized in that the frame or loop antenna is shaped with one or more ring-

shaped, elliptical or polygonal frames or loops.

25 18. Antenna according to claim 3,
characterized in that the circumference of the frames or the loops is in the size of the

wavelength (1) of the received and respectively sent microwave radiation.



