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AN ON- CHI P ANTENNA AND A METHOD OF FABRI CATI NG THE

SAME CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
woho@/oaggobi cati on clainms the benefit of priori PgTsG208%000019

provi sional application No. 60/761,571 filed January

24, 2006, the contents of which being hereby

i ncorporated by reference in jits i )
ANRIRREE AN BRI ANEAN O D F SRt LB 2baE s amE

invention relates to the field of antennas for

Wi rel ess communi cati on systens, and in particular, to

an on- c fROSSREFERENCE T RELATED ARRLIEATHORadi o

Frequency ldentification (RFID) tag. It also relates

to a nethod of fabricating the on-chip antenna on.a .. ..
[6001) of Tlds aﬁﬁic@tiwraglainmhﬁgemm@f@nom@ﬁ WRyerpryigigpal application

0003]. | L.t i ssi | .
o 21T < BEAE it e, “B0UB, o CofBAE |, SAHP Gt Rercby
%%%g?ﬁ%dﬁfrefeﬂlﬁeﬁﬁ {t§ bntifegefor Al parpbsskscat t eri ng

whi'ch is simlar to a radar system where the
tag or transponder reflects the el ectronagneti c waves

sent by the read i nodel is used
mai nly at higherqﬁ?@éﬂ@ﬁ?§ﬁ?§%8%%$ﬁ?§g'exawple 915

MHz, 2.45 GHz and beyond. The antenna used in the
backscattering nodel is a far-field

ntenna,  for .
[89631p| eThe ekt nERntion Seleieh ndbn it Tolo ApieanG TaF egreless
of an antenn ed,d GRbh&hipshteR@ehbiiGated on a chip
ileiml UF§WF%?§E%%t é%ﬂéﬁgﬁggggK%.ZS ma&glength, f or
X AR Alid Maequeney ddattifcation (RFED)s tfgorlt 2]se5refgtes to a method of
frequency. The, second nodel i etic coupling
fAbaept ePﬁW@HV%@“WﬁQH@ﬁ%H’%@H@?ﬁﬁggﬁetmeen t he
reader and the tag or transponder through a pair of
coils, which are the antenna for the reader, on the
one hand, andBAGKGRQUND OF THE INNENIIONansponder,
on the other hand. The second nodel is usually used
for RFID applications with a short detecting distance

@Q}Ok]owe!fn f%eﬁ&'dﬁ%bb HaRgRissibermeddshe He3usal Man] BDOA] system
here are two nethods to build an_ante

f FLD
betyecTaaedder sud péacherdtranspeRiier abg fast RS arfashiraligipe model
\?ﬁrlllii Sise CSJ: HarS 1S Eﬁfa? hszgg-:n{ hGRe@SARMReE of hangRtRIBA &eflects the

m

pto for tag or transponder. Antennas
Qfectrbinggrietiodvayvas sdie by the reader. The backscattering model is used mainly at

higher frequency ranges, for example 915 MHz, 2.45 GHz and beyond. The antenna

used in the backscattering model is a far-field antenna, for example dipole, slot or
patch antenna. The planar area of an antenna used in the backscattering model is
normally larger than at least 0.25 wavelength, for example about several centimeters
for 2.45 GHz frequency. The second model is a magnetic coupling model and involves
magnetic coupling between the reader and the tag or transponder through a pair of
coils, which are the antenna for the reader, on the one hand, and the antenna of the tag
or transponder, on the other hand. The second model is usually used for RFID
applications with a short detecting distance at lower frequency range, for example
13.56 MHz.



10

15

20

25

30

termed "of f-chi p” antennas as the antennas are not
fabricated directly on the chip. The second nethod is
woaod7aisédogat e t he antenna directly on the chi prairiSioatr/000019
addi ti onal assenbling process, which is called an

on-chi p antenna (OCA). The OCA has a few advantages

[00®f] t HEhdtefaie ¢b phethndse tmbnilden apterme| for agRFIL? Hagnlbe first

OCA, .t.he tire ta olune can b
eboa 5 SE LALIGPIRS00y050) MPakugtotTphl ademe we
%{tgfﬁﬂs\%ﬁﬁ‘% chifGot REANCHS the oetiagsBader Mmemys offjteistisnd can be

or a wde variety of applications. In addjtion, | ow
teomed Yefifrchip” abteanaseas the potgnnag grepat ﬁalgﬁ:a@%giuegq Y8R <?he c(f'up. The

there ar 0. separ S, | t I Hih &vi RAditional
S50 FOER T ODuey e o MblS [ 4 lhip Srifiena
%&n@ﬁ’n%’ BroessRhich alleX amphehipnamérinki (Bt The £)@A has a few
Sub-mi I Timeter dinensions are al %%%%ssi b%]?sf’d]i@ th%} tire ta
adviaptaiges oeesithe SefEwhin tRteaRs 4190 &8 ag 3 G teentire tag
addi tion,, t LD o5 c@g. WithhsieR small
PREsc@l ot ASH 8 shlaf P sB JFLBt SRl BOBkoRE P et
finRaeRAE,Y tHea e cad Nige reetbedddédom afiarfyh ebrectsafaf at Wwislet sgriety of

reduces the cost of fabricatio er, .tag. [00Q06 .
e it i R SRsBEA P Bae AU i e
B & Qja@g%n%iﬁlg do@tsgbﬂ thi GRERRa A@ah@chifV t h the snal |

| rrensPons, I's not possible to fabricate a
backscattering transm ssion nodel OCA on the chip of

the tag for_an RFID systemworking in a e C .
[0digk D abe ditsnrps o orEpoics What Fed ok grgmple in
DRERELECGRY Bl RA I &BSHiea 0k 48 Ao, poskibledf tieechip is fabricated

antenna 1s a nmetal coil and forns a transforner h d
tith abtatedcGMOS fechhelogalierdditiare e chip mﬁm@&ﬁ%ﬂ reduce
at.tenpt.s have begen, nad ' €A gn&Niddee. The
&lﬁh?‘)ﬁrﬁaﬁea s BiS chlto?lgﬁé @q W th?ntg a}g%egggluSncgr e
GatutibiCob i RgeaT thitaghttducénthe rost od fabrimatidsyerchg.onous
M crocontroller", A Abrial et al, |IEEE Journal of
Solid-State Crcuits, vol. 36, No. 7, 2001, pp. 1101 -

di s QR dICALGOACRe BnftedhIqhé E5H’s dimensions,
ﬁn@r%l czlﬁlgpegﬁi%b%d%%%mﬂ CM3S technol og?. 'Ijhe§OCA _
hasnAlmatee acat. H¥idh th@ samatl disneneiors, nig iatnof posgble to fabricate a

IWHz. [ 0008] Article "M Anngunces il - [

AR SSo TORE QAL S g Ty o IRFID system
Nporgle! m &l 85§SraABOheRkw iRE| Gk aghekfobe, (A OOAKhasgto use the
at %@gég éI\j/l-ﬁfie‘éﬂéln a {:aﬁlgp area of 2.3x2.3m2. The [

fradgnietia tewplinigt trangmssiom mapded, where the antenna is a met;

transformer with the metal coil of the reader antenna.

A s
al coil and forms a

[0007]  Several attempts have been made to fabricate an OCA on a chip of an RFID
tag. Publication “A New Contactless Smart Card IC Using an On-Chip Antenna and
an Asynchronous Microcontroller”, A. Abrial et al, IEEE Journal of Solid-State
Circuits, vol. 36, No. 7, 2001, pp. 1‘101 — 1107 discloses an OCA fabricated on a
contactless smart card chip with 0.25um CMOS technology. The OCA has an area of
4x4 mm? and is working at 13.56 MHz.
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technol ogy. Publication "The Wrld's smallest RFID
m chi p, bringing about new business and |ifestyles",

weyaalosesoa et al, 2004 Synposi um on VLSI G r cuPC%/8G2007/000019

Di gest of Technical Papers" also discloses a mchip
with OCA working at 2.45 GHz. [0009] United States .
pRosNt WSidle 62282481 dismhnsss CaitroartlépnRFE riashuglegy for Life

e ol TGRSR A By BRI G
??Fs%rkﬁﬁz lomégﬂﬁp 4 8? hiseh AP TRY ©ICA & Bbse&diéd with l0)8-pm CMOS

oating and includes a plurality of mutually isolated
rebhology. Misdication @harWerlds smallest REEDnmayehipe bringing about new

fabri cat ed. usi_ng conventi onal rocesse .
PR o SIS RIOLTRES & B0 R RV I Clfls, Digest

e Bni s {2ERE i i1l 9 45GHz. '
éiw g%’ééc?ﬁ] E&%ge%%sﬁﬁ(y\%gagg{gh}g&m ?éﬁi?g‘gﬁf]@é%; Jour naIZ
of Solid-State Grcuits, Vol. 33, No. 5, My 1998
di scl oses .a_patterned gro ield inserted be en a1 -
J00UGH cIvmpied a8 PRGBLES O SR 4® GFIO%S o TUGRR pare which is

te. Ih i i lin@Rdds o shi i52F, @lielectric 1

E %a'rﬁ]eﬂt ac .él?%oa:i]lﬁéélgth @Wsm‘?ﬁdég ass;ﬁlefl(ﬁﬁg u%?o’ce ég ’ejc ric layer
nadnal bytewid bayeheThophivhting loyeyds aéctii¢adlyi fApatingoarddecludes a

L;@%qg{i%ﬁgﬁ@g@;g Pngt%J(J%igﬁ{ng ?ﬁeggrrg&g g%tggji{% t%t?LgCtlilrg q‘ﬁ‘a{"s} B4 fabricated
%ﬁfkgd@ﬁ@éﬁonﬁ%ﬂa@% SocaubsiatSariend it Bf ariptppdard | ow

cos process has low resistivity, an eddy-current
is induced within the Si substrate by the magnetic

fi : ' ons t he_ene ' i .
Gl e R OF Cub SoERCHE Rl Vil #5lBined rbull Spields for
PELBREARIGE’ s TO. PhtE¥R Muelehsl, DEFE I@iredl of@ghidtState Cirehiids, Vol. 33,
frompenetrating into or through ob;tggf{ Sh%§$ﬁstrat e

Noof.yMiay i 1088 disgfeses jaspafferradgEUik shgeh 1S eheen Ak on-chip
coi | S - rat @t i ' 8fis fabricated
MR P A7 ) e i S s, v

beithiehe tifitercehmack ddyienn iran BinEHOS prosess, nesudllyswith thedop metal

fabricated OCA structures, of prior_.art devi T .

¥ S B GPEEOBR e d oY et Th BRI e e TR B G Bifictor coil

;@éﬂ@ﬁ?&teéﬁ%ﬁﬁgﬁ 46 5th 8 dsubdirfte afdERcatin AADHRCE] Webstiatd heed in a
esent invention is to provide an alternative

t fiatdaatioantoatEMRS progessitas loyy resistivisnean eddyngpmentdgmpdugtd within

L Lo o S B

lowers the inductor coil’s quality-factor and performance. To prevent the generated

magnetic field from penetrating into or through to the Si substrate, a polysilicon layer
is arranged between the inductor coil and the Si substrate to form a shielding layer for

the inductor coil.

[0011]  There are discrepancies between the simulation and measurement results in
the fabricated OCA structures of prior art devices. These discrepancies prove that the
known OCA structures cannot be pre-designed. Therefore, an objective of the present
invention is to provide an alternative OCA that advantageously avoids or at least
reduces some of the above-mentioned drawbacks of prior art devices in an easy and

economical manner.
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[0012] In an enbodi nent of the invention, an on-chip
antenna fabricated on a chip for wrel ess

woammsesoat i on i s provi ded. The on-chi p ant ennBCT/SG2007/000019
includes a first dielectric |ayer arranged on a
surface of the chip of the radio fre uengy '
i dentification tSHg) NoOKJEHESINVGENTRGQN ayer
arranged on the first dielectric |layer, a second
dielectric |ayer arranged on the grounded shi el di ng
| [@9%2], ahrhreenibodiaentadtieninaciohpnRgadclp ahteans Bdeibsted on a chip
d%glecaric | ayer aboyve p%gﬂgrounded.shield%gﬁ | ayer. )
[ 96 YaTelqs complipertiehis e viest: Toe optedin sjemeiipfudes arfigy delectric
L d 889 L bd e RF iYL b b4 nEPidRnRAL
[ §1 9%;%{/5%&. T&%Iffrcag??o fr elggfet% E/ialuggﬁ 17 ?2 g%lnon %}gﬁag’ 2
wgrohndad shisldihg fayanareamged o theafirst diekeetticdayenragenemt dielectric layer
i ncl udes base r{i i pcl udi t | east one
i ﬂ?@@?g%gh%gwﬁ%gﬁﬁlﬁf)ﬁ% P gnd 8 B rIE0iTIn AERE P thg second
b@&sRRR ke @bw&h@g%%awﬁﬁémng@mﬁd ed to the
integrated circuit, a first di€lectric |ayer arranged
on the. matchi ng network, a grounded shielding | ayer

ged. on the first djelectric.layer, a second, . .

OB PST ool e itncLer B e Bartia dregRme dfsngifcation tag
| RUB an 0B MipPar¥érMA 34 profided MBhehld ety {HBRIRAEONthg with an
dielectric |l ayer above the grounded shiel ding | ayer

aprtclip @ptenng ai b ytagkadrsrangemens indiedeset holsé pertine inabuding at least
0L furth dinent of the ] ti
reieibleeife il DB B AR BN e S bR Sp Bhon B

weleatiedsy @anvael ©ahé Ditedrated t@Miit] @dirst di€ledtit MY@r arranged on the
i ncl udes depositing a first dielectric layer on a

- sHpiching nstwqrkea gieppdedrshishding layeparranggd en de first dielectric layer, a

: g . i N o )

204 LRI en R L LA A s

darginged pi thel sey@rd dieletthie lgfer ebalierthe brayaded shégddiag layegamd
l.anar .antenna with two.termnals on the second

8‘?18‘&5‘84& C@“F%‘S%ﬂ,o Lgﬁﬁlam%ﬂﬁt‘ﬁ%r he shiel ding | ayer.

[0015] The following figures illustrate various

ex&gﬁlarﬁuenbodinents of the present invention.
HBWeAl er |, Inj & fusthen gnebadimenstod the insientionea prefwdraf fabricating amon-

I S mted.ta the.exenpl ar nhodi nent .
i St £ 5hab for G PR el P & R gmptiog iggluces
. Glepbbitin AV NG9O Er drl gitiract of tHRVEhiPof B9 edddg FreQlendy
radi o, frequency identification tag with an on-chip .
patHiration fagufispogitiag pghisimg layer emmthedirsheiielestic {ayer, depositing a
p om0 - . i
EioER W loBk R Thyc? Bn ple Mo 1 B 1o P Bl B i e owo
terminals on the second dielectric layer, and grounding the shielding layer.

=0

[0015]  The following figures illustrate various exemplary embodiments of the
present invention. However, it should be noted that the present invention is not limited

to the exemplary embodiments illustrated in the following figures.



enbodi nent of the present invention; [0018] Figure 2B

shows a matching network of an on-chip antenna circuit
weacoewrodésog t o an enbodi nent of the present i nvearisergo7/000019

[0019] Figure 3A shows a cross-sectional view of an

on-chip antenna circuit according to an enbodi nent of

t he present BREEMDESCRIRTIONOOFOTHE DRAIVBHEGShows a

top view of an on-chip antenna circuit according to an

enbodi ment of the present invention. DETAI LED

[PEER! PTiishyOF shbths h"t&fﬁ’ﬁé@f b 44 Jrebu@iep|idéntification tag with an

enbodi ment's of an on-chip antenna, a radio frequency

i ateettip phieand Greuitageanling teaan smbedimenhef e Reesenfdnyention;

met hod of fabricating an on-chip antenna are descri bed

in detail below with reference to the acconpanying

flo@nm es . Figir@dali $hoas,a abichBiggdppkdreh ionve SirithnChat according to an

expl ai ned based on the exenplary enbodi ments descri bed

papkagiment of $he pregsat VEEHIY ood t hat many ot her possi bl e

nodi fications and variati ons can be nmade w t hout

departing fromthe scope of the invention as clai ned.

[008]] Hrigure 2B shows @ nhapidhggyetwérka of adhi onfohgyueteoya circuit

identification (RFID) tag with an on-chip antenna

) Lag
(aceniiing to @i embodune oh iethessAt BHE¥WRNent of the
present invention. The RFID tag includes two parts,
nanely a chip of the RFID tag or tag circuit and an
Q@I 93i r cRigire BiAe shaws @i cross-sectingdludew ef peoin-¢higprantenna circuit

circui.t (RC) 102, conpected with its one connectin
risk St b et of FeuTeHHIstoR: RRE opner

connecting termnal to a direct current (DC) source.
The rectifier circuit 102 includes two diodes and a
dagi t oFigbme 3Bsshaws adep View pEdn oFeipGmAeTaraghit according to an
'ncéqﬁeg t¥é#§§%ti DS en e section is an OCA body 104
AR INE ﬁ: RS 8 e mat chi ng network 106. The
OCA body 104 includes a planar antenna or an antenna
coil. The matching network 106 may include capacitors
and i nductors and any other suitable el enents.
However, the matching network 106 preferably includes
capacitors only as inductors may share the energy
stored in the antenna coil. The matchi ng network 106
serves to ensure the delivery of maxi num generated
power fromthe OCA body 104 to the rectifier circuit
102. This is done when the input inpedance of the OCA
body 104 (Zin
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of antenna coil) is conjugately matched with the input
i npedance of the rectifier circuit 102 (Zin of RO.

wpQOZBRedH gur e 2A shows a mat chi ng approach onraTSGRa/000019

Chart according to an enbodi nent of the present
i nvention and Figure 2B shows a matchi ng network of an

on- chi a n ircuit according to an enbodi nent of
the pr gseﬁiﬁe‘fﬁ&éﬁh BE.SCMPEF@N@FC{ZHE ANVENTION
illustration, the Zin of the OCAis at point A and the

0021pf  tHreniplarys eabofivients Bfodnt BEcHp tahtchAl ta- radio frequency
Therefor.e the anj ugate Zm - of RCis at the point EL.
eriiicaton tag Wathoan pwchip: apdennevendcasagthed pé fehaicatieg an on-chip

j [ : amny e first capacito
Sk B O TBU I i B it ik B GRS fores. T
sdditiodc akﬂamjghdhg doveméiot iis g}éplmingﬁrbaédded)ﬁ tli\d);éﬁerl]nplarllry embodiments
capaci tqrs may .be connected subsequently with the =
sdgg%ﬁ’&ag’e?%ﬁ%i Qfdﬁ' Q ?)e ﬁ@ggé@aii Jﬁatvww piher pessible apedifieagions and
IVaris@dd. ; &ggla # %b?? |t ' S 1a:
shown isﬁbﬁ%?g %}Jgggvé&fak{s n %)%arrp Qe Sl% P ét %tﬁgg%)gl&ﬁé%f%SCImmed'
are used in the matching network, the first capacitor

AT ot E Shoxisadbiolossr Sh FHE° Bomaenon eptiivaig (AID) tag
Rvitthafrio@tthey dMen@ (OEAT HEEP 'agcdi@iﬂgctbta?{%ﬁlpéryg@ggtﬁg% {8 present

parallel to the first capacitor noves

- inesatione o REID Hag dndlides dwnjnagat sampelyrat clip.of AhoRIED tag or tag

le i ssu at three capagcitors | be used
RIEP o b LR T TRE o, i SRS e ot sHReb B 102,
iconrsetddesitiM itshofid) @orgRictingd terfnivil @-ANS BIYA "OMSR dd¥ewith its other
edance to the point g, the second capacitor

I& tRg terminah ¢ a|direst qaseais(RGesaungse Tha cectifier thienipbiZhincludes
he. 4 hi : Lt.or N | €S v.e

yg R B EdaR L UERE, B EEA S8 s o

sentichg ronexsectuings ai 0GA oyl 04 arfd the akHed sedtioh e a il network

O R O R FAL iy Dl snlty oot spmicoiin i matching

hé@lorle 2068 GhdyPincludle CAPAELEEshdMddiclhe alﬁj 2111}6 hﬁlteﬁ glliii(taarbgeS elements.

hi another exanple, if the point Efa _
Howevere theemetchinganetwerdk W6t prefeuaply idvéudesicapacprsostily ao igluctors

| LS. necessary.in the matching network a
TR The blesRS SERITR bk ate™fh I (ke OPRDE AeurRl Pgerves 0
Eix0s theFilgivesy SAnTR@NEmAgRERASST 5O RORI thél BWAChoBN104 to the
on-.ﬁhl‘s antenna circuit according to an enbodi ment” of _
toqRiEy deuitl 2 nllds is dnmesvhen theyinput BRedimyaof the OF Alicely 104 (Zin

of antenna coil) is conjugately matched with the input impedance of the rectifier
circuit 102 (Zin of RC).

[0023]  Figure 2A shows a matching approach on a Smith Chart according to an
embodiment of the present invention and Figure 2B shows a matching network of an
on-chip antenna circuit according to an embodiment of the present invention. In
Figure 2A, as an illustration, the Zin of the OCA is at point A and the Zin of the RC is
at point E on the Smith Chart. Therefore the conjugate Z;, of RC is at the point E". In
general, two or more than two capacitors may be used in the matching network with

the first capacitor connecting the coil of the OCA body in series and the second

6
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of an on-chip antenna circuit according to an
enbodi nent of the present invention. As shown in

woionrrosesds, t he OCA circuit includes a matchi ngCnsG2an7}000019

conprising capacitors 12 and 13, as the second section

of the OCA circuit, as described above. Furthernore, _

t FRPAEHR OPRAng 1 BasHels More eapaciters fayshe eomoedtethsubsequently with

t Lr Stc di ri.g. hay with two.vias .

i B, Apapicr e R e it AR ok o e following

| eaperit@(n pataticl asshown duFigure 2Baje b eREmpRIifFivb ichpHcitOR are used

IintSZ and 23, ~a_second dielectric |ayer 8 with two )

v nage @a%%%‘?"%x@& St fGPIcer eqnmesiGd i Serjes avithdhe anterna coil of

¢ . . e

| DA 08 R e b Lla SR M 36y i e 20, s

1the spermdradpaitor gonrteeteidriu gatailehto thb €ir@@Apaditos ltmdve$ the impedance
i.cat ed hip. front, sunface of a wreless

B B e b A5 s e it e

t CapACIRRE 4ely, bRl BY eRbtchiie éét{vﬁlgc glgﬁ'[)ﬁ{sg%h%arch@’ Enribeted in

Is deposited on said surface o ' g
t fe8iAs Pithdbe coil phtheHaC AUy queres theaipgredamendithe pointigoie second

CERRTASIARLETD i 51085 i RRn o O et
Ceapaditor CakHEEIdGR @drPes N G ifthelih dlto Mk Foift B £Uown in Figure
waf er and includes two terminals froma rectifier .

o cli angthgr egmpde tif dhe wpmh B Helloon therargiAB, flR02Sktance circle

T I e rk_ ipcludes two term.nals and each

R e R o B s r S B CRighing seRork and that

r@ppuor iseomectad wath 183 cailth S4icof Intdhetin bﬁﬁﬁﬁl_e%ﬂ'ﬂ'le péint E” falls

t hrqugh a nnecting structure so as to provide an o

% e? F‘ré’aﬁ%gdﬂﬁ derdticenetche dropgle thatmeintng. walsvong cap?mtor is

t ' ' t. na. o -

T PR a1 ciactor 3 R R e, ol im
bting structure includes a respective one of the

vias 5 and 6 in the first dielectric layer 1

connecting one termnal of the matching network to a

€02 ct IRiguRN8AOEhdwie a CRBGLSEHMRT WA oT Af 9 -chip antenna circuit
redi stribution |ines 22 or 23 in the grounded _ .
Jreaige e an sypbpdizgnt gfihe proseufiavantive and FigrretIMshavasa top view

2 ] . iLelectri .aye connect.i ng ..
Chaf DA o it 3 S0 AReS T8 bgbodiBERL o o6 B trfhgion. As
2Rown i 3Fignré¢ I3, gthe uDdad c?hii’ﬁ hisgblndes| axﬁatc;ﬁlﬁgtl%t@ﬁ& 8dmprising
nj hal 3 and 34 the antenna coil _10. hi
P G A S bl SR i namcot e

IFaMBERE, thE DA eirBiit E&Hpﬁée@,eacs hé fﬂ‘&dse%éorﬂh%rgo%r gﬁgst id:rllelec’cric
a respecti ve opening

layer 1 with two vias 5 and 6 extending therethrough, a grounded shielding layer 20
with two conductive layers or redistribution lines 22 and 23, a second dielectric layer 8
with two vias 91 and 92 extending therethrough, an antenna in form of an electrically
conductive track or coil 10 with two terminals 33 and 34 and a passivation layer 11.
According to the invention, the OCA circuit is fabricated on a chip front surface of a
wireless communication device or for example an RFID tag or transponder, meaning
that the first dielectric layer 1 is deposited on said surface of the RFID tag or
transponder with the subsequent layers mentioned above deposited thereon in a

stacked layer arrangement. The RFID tag, in tumn, may be an integrated circuit

7
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in the grounded shielding [ayer 20 in plane therew th,

but insulated therefrom [0026] In an alternative
wenhodsesmnt (not shown), no conductive | ayers BCT/SG2007/000019

redistribution lines are formed in the respective two

openi ngs in the grounded shielding layer 20. In this |
rRRRadh Be Bt on @agicononaTee sdinchides e temina)s frae) yEpstifer circuit

single via extending through the first dielectric
farapanection whHd thp O Plovi ded i n the grounded

shi el ding layer 20 and the second dielectric |ayer 8,

and el ectrically connecting each term nal of the
[OWSEhi Tae Retokkndrwotkhiacideyfe: teveinelsjand fahderpnghpf the

antenna coil, 10. [0Q27] Since the . 0 i .
omdahuE PO AL AGPROCKIR] 1 AESPRE S PR oy e ot antonna col
1b %0{1%? b gorg{esﬂ%?cﬁ%ﬂrg 8o\hd fol ravide an trgtricakbg@natdtonfbiesyatn the

rated by t

gene antenna coil 10 penetr ‘5123 t hr ou ﬂ é%th
rivhehih g getworidaid the hspetiyeiteraiedlng? BabiA L e aptennseqin L. Tn the
tag circuit and_influenci t i '

B b SR 08, Rt aieee

el ohd 118 5 BYEH O firs dieloctrid gxyes b camerting onasterminal
rgﬁﬁg%ﬂ%ﬂ%ﬁﬁluence of the antenna coil 10

th e s
dftinembhapineivak to heespegiveione ¢f thepoudyatie IpErd redigibution
1l§:{z§p gg l@?}% Er}r %?or{%e%qgglgié{gg?ﬁ?géglﬁ]@réﬁ&ﬁqg 8He of the vias 91

over phe entire
WAk oot ldiclct idiliyee 8 cohrecting thexfespeetve eatidgctive layer or,

requency identification tag, This i.s sq.that in.
fistriimtion{ionda ot i tho SEAHIHL Slag\'&‘mgg%ﬁf?oé% 879 e gér@mal_s
1‘%3%{;@{ c%ghggntgnr%k BIOC i EMAGS @b dd@abnt O ti invention, the
WO

rkst'ation or personal conputer. The _
SraunEedasds 6f ingitutipe lingdend 23 e fomnaddnAgePse i Prening

the common ground. 7 of .the tag ci.r.guit, .
jnobetoundes SEAGRG 4t b0 i Blohé it byt 3 tdFrom.
surface, for exanple Al or Cu but not so limted, is

deposited on the first dielectric layer 1 and js

j9026jer nhrart aitefroative amivediment (ned sheen)pNg CoRie TGP O
grounded shi el di I ! ' I taded
Rk ey s g e Ty Rl AR Y Pl e i difpdthded
CIRABTiNMANS 20BtAhis bRt ¢aeebmenting siruaune eepyanelude a single
serve as” a conti nuous_ grounded ﬁhieldin

| | ayer .2
VD02Snditteshresgh the fyedicleaiicdnss b@eﬁaﬁ?lgg Hé%léegagé?eﬁ“nded
two, conductive il B Shydr U bh OB cbtiinglsy Gne@g cach
Seldmng 1y uaglg tﬁ%%rc?%cgéﬁefr]egﬁgﬁ%¥ért he rrate chi ngy net wor k
ke ee & thiteldng Retimoek t ths répectivedeminals o thermntsnps goil 10-
connecting with the respective ternmnals of the
antenna coil 10. The conductive | ayers or

r[(ﬁﬁlﬁt r iS&ﬁlﬂcIei the OUAPﬁocdyzs%t G8atching network and the tag circuit or the chip

of the radio frequency identification tag, magnetic field generated by the antenna coil

10 penetrates through to the tag circuit thereby inducing eddy-current in the tag circuit
and influencing the functionality of the tag circuit. The shielding layer 20 of .the OCA
according to the invention is grounded so as to screen out the influence of the antenna
coil 10 on the functionality of the tag circuit and vice versa even if a low frequency
range is used. The grounded shielding layer 20 may be arranged over the entire surface
of tag circuit or the chip of the radio frequency identification tag. This is so that the Zi,

of the antenna coil 10 can be accurately designed and estimated by a commercial EM

8
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23 may be fornmed by corresponding patterning fromthe

netal |ayer form ng the grounded shielding | ayer 20.
wolawenosesoot he redi stribution lines 22 and 23 nRet/SIB2007/000019

electrically isolated fromthe grounded shi el di ng

| ayer 20. As an alternative, the netal |ayer may al so
d@ﬁgﬁ) 901 8 B 2EneAtibRAl R drik@atiestipegonilvrgiuteri et graundsf

conductive layers or redistribution |i 2. and
sBg]dinhlayeiR mey oai brcameeed (CBA FORTI08E" %‘E@%‘éﬂﬁ? ffg cixcuit

ngtchHﬂg network and the antenna coil 10 as earlier
U9egePed. The thi ckness of the netal |ayer can be

fromabout 0.1 mmto about 5 nm but not so |limted.
[ 0030] As described ahove,

th t chi
QR | b SutEbleREal By g A B OO HEALS SOl Al or Co
= gu{]s% lﬁﬁtea&[,) ¥ &eEgsﬁe%nﬁc ARG Hf@ie?:n‘;@la?é}dl dndl.is Phgerned to form a

owever , be constructed
bshfsenentd YL toAbrm mheegmmuieé shieldinglpyb2§ asshpwade Fighre §A.

0 548 RTEL BBty e o
éﬁ'f'tglggg R 0G5 55 Ql’:o#&ﬁl%uﬁgvéuﬁéedl dhdih BESE) 2(r oCesS,

enab the termnals of the tag chip to be
extended to the interface between the OCA body and the

hi I h
e e e

{eﬁﬁtrﬂﬁfﬂ%ﬂ i3 T DWOfkedB bR the kirmaalest th@matqhmgnehhefk
p using nmetal-insulator-metal (MN)

mnddmedahoaddﬂmlw argMiDT BEﬂenﬁﬁn@é'é;anchaﬁ “F%‘géﬁfesﬁ‘?%we
L St dl ?@ect LLS cb@ﬁ%r The %éégasfeéis%tloﬁﬂlh@mand

zocyc U pol yi m de or

Q?&‘é?%'f?x%?édyy%ﬂ%sl?‘aidh I?ittenbm% ﬁnmtthe metal payerformingshe
average thi ckness of the fiyst di tric

bevuntio iR et 26 RS 2 TSR RO ED 27 1 PRt oe
g@gt}'lggﬁ 1?}51 NG thd &t sﬂieﬁﬂﬁ%ﬁ Seff B¥lULSh blterhdiive, the metal

ckness 1 s [ess than out 0.01 mmand th
{6 inaptiso be pasdrned whbribéwo operingsthprein inatead, af tyygeconductive

t hi ckness over 2 as
et Fe B HPHIP L o2irs 2nopgiee) 3Gy Bkt Whnplion between
ﬁc&%g B&Rno(r@a&ﬁd tHRiagleBha CO 1 0 at edrHan dcmmb'léld) The thickness of the
anta but not so limted. [0032] As_an
exetalphyer czhhlm fromsibodi B got foiabopky B, PuiRgy spimiteds
Si @2 | ayer deposited on a silicon wafer on which the
tag circuit is formed, with standard Pl asma- Enhanced

Eﬁﬁﬂ] CalAsvc?e@&'ibéa%%t&@ Pt CEGY B twiotle id édngtrudibdrascording to the
embodlment shown in Figure 3A, by the two capacitors 12 and 13. The matching

network may, however, be constructed differently. As an example, it may be
fabricated with the tag circuit using complementary metal-oxide-semiconductor
(CMOS) front-end-of-line (FEOL) process or back-end-of-line (BEOL) process,
thereby enabling the terminals of the tag chip to be extended to the interface between
the OCA body and the matching network. If the terminals of the tag chip are
terminated at the rectifier circuit, the capacitors of the matching network may be
fabricated top-up on the tag chip using metal-insulator-metal (MIM) structure and by
an additional CMOS BEOL process loop.
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chal | enges when depositing the SiQ2 | ayer and creating
the vias. One of the challenges for the deposition
wonrowdsesop s waf er warp caused by the Si Q2 | ayePChsGausm00019
the SiQ2 layer is relatively thick and introduces a
relatively strong strain on the silicon wafer. Based
[6UB1} he Shendaddicceni pgerflanaPROMRcaSIR,dehoo nittide (AalNa),

i Si H4 d nj i de . )
reneoadobices GH B b dean o P LR B R g
lﬁlié%écf %P ﬁt&é\%mﬁngs Or kit iblebtic B DendBf eedbouv @01 gm to

uce er warp. [0033] Another challenge nmay .
HOUE2S parbut het setlintitadg Thé petéemantaot the Ok prighifoegpdyeed if the

o5 T e P 08 PSP AP o o

i Se520 HAMEhY viRbohad 6 shatbecfonaedronieay
lig%ﬁ%g%epiﬁf%ﬂ ci e[rqli:ﬁ et c¥1-se| ectivity fr%m_a hi g{Jﬁ)

eiitoblemattals,foocasplaatimbam (Al), sapaceiCon, Hekel (F)skppivgt
pol ymer i ]d-up.,. Eor. optim zation of the via etching,
t&“ﬁﬁ\’@ﬁ%?%“@&%éﬁ%‘%&flh Si 3Nd of approximately 2 mmin
t hi ckness may be utilized, along with a nodified -

vi aetching involving nultiple etch ste

S d .
[0032ini CAb Ry cxatyplerthagret Hislockis Byen wpy bapd> A SiO: layer

xanple framan initi . ' 1 : i
SERTELE S A iy g Wt
%hl%in%& _@{i&xﬁﬁap‘ffa@gg?po_ﬁﬁbﬂ (?Ergym ﬁa{gpﬁﬁy(”[ma)fe {naashlm frvery

e in situ applied during etching to prevent.po r
cidlengesaicordenesien o SIOb BT PO SSRISEAUOHET DI d Y pigllonges

be fil.l i he SiO
TPl sty 3y e dornccasanesio
e fsireldtivedy itpeisand intrbditien g relativklyostrdngrsiaiy on the silicon wafer.

deposition, Cu_electro 1 cal . plati. -

Bread auihe seadad recpe %5 %E?ﬁlrﬁ 81(22(4\93 Slﬁg[b%% sﬁ%@ % g 54

| | ik Mhd MegoktRa prévessddte cptimirdddy adding
g{)tgd&?%&gemk@i/?grg?ur%ﬁq ‘on tlgé% roE)nded shi Iogji g | ayer
Afrogth énts dediie): tiyet whichimay b@/@fgecg"ﬁﬁyreé‘éc emge :
material as first dielectric layer 1, for exanple

Si @2, Si3M4, BCB, polyimnmde, or conventional resin )
[OU38] | alshotiy thdlRhgs Mal/ictinedtbm Heretdhing fxtrep ot indhe thick SiO;
cost, spin-on and phot o-devel opabl e BCB }ofolla%itm fjeh%ﬁ]ngia
dayrev.SFitel dsppviarcteling hasitwpilsuenafemeorppaspd i rplatively s
select ' rbdioh BEe ®EBONRL of
SEC&P‘&?%%%d?fgy@rwga%ﬁg %’I%%ﬁlve?}g (g%%ﬁg% may be of the
SaffiembRhisalectawityt hem i agh Sich Bate prochs anidipattiadvia-eieh Apgto

lég%e;% pélyfag%?b i ’—ung’Jr%;ogE}?@fting r(r)lg 91neyvia§ lejtlcfu%g! & hﬁ%}rﬁgk sdh@fe with
Si;N, of approximately 2 pm in thickness may be utilized, along with a modified via-
etching involving multiple etch steps and dynamically adjusting the ratio of 02/ C4Fs,
for example from an initial ratio of 1:1 to 2:1 when reaching towards bottom of the
via. Meanwhile, a via-cleaning of argon (Ar) and oxygen (O2) plasma may be in situ
applied during etching to prevent polymer accumulation at the via bottom.
Subsequently, the via may be filled with Cu through a standard damascene
metallization process of CMOS BEOL with slightly modified recipes, including seed

or barrier deposition, Cu electrochemical plating (Cu-ECP) and chemical-mechanical

polishing (CMP).

10
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their stacks but not so limted. [0035] A conductive
| ayer is deposited on the second dielectric |ayer 8

wand7patder ned to formthe planar antenna or aRCESG2007/000019

coil 10. The antenna coil 10 is preferably fabricated
on the second dielectric layer 8 froma suitable netal
for exanple Cu and by a suitable netallization

[beF4 0| Tysesstiaiscteiceater 8 pivith irigkeschiiablooyy wmao about 40 pm,

achieve a relative thick netal |aye

r
istfersredionitbie oundeckshislding layisr %%c?%}?oﬁeatﬂsﬂﬂg%@“ﬂf % eﬁg may be of
plied T th | I nges, bb
B StrbS Srasglifes oL RS o ater 1 for TRhAYIIAOESUIANBED, b8
d)ﬂbohb@lti%ﬁ’ﬁl&ésm\ﬁ{&terﬁm\bm nat sEihguted Bax low fplag@itlogppﬁ,rﬁpm-on

%%? et diistorebls o RAGTEes g Pﬁeplgggagélﬁa may be
i ?elrféﬁ%gle&?&ﬂs Ofwh Qf?&%r%lléz ﬁ%)foﬁﬁecﬂﬁ)th§ sdchadbrlectric layer 8 and

ectric nateri exanpl e Si 3N4A. The aver age
{Haivedsria s 82 afay bbef fessimeanatentel las fhervias) 5 raingbe tirst digfectric layer

bout 0.1 t b
bk gy e famod g gy PpPe R R et iLh G N i P2 d by
%@hsﬁkkymggﬁkgpﬁgﬂ@@d fabricated on the second -

el'ectric layer, hi Figure 3B, the coil is
illustrated to spiral in a circular shape but, it may
al so spiral

0935k & ¢ gee [Ilﬁgetr\a/l]g? (!E%rfte(f oh2BQ! SecBhd ac[iéfle%ht?elra%fer 8 and -

power generate

%&&ﬁ-ﬂé@ 16 Yoim M Plankh @nfehn o8 anwiimaecdnlt b0.oTh antmpzh icog 10 is

a coil of a'reader antenna. The antenna coi. bl10 tal f
pfefernlolyCbricaied e gher vesonddiFlagris aer PhEOg suitable metal for

t e%rp%l?ﬁ 5 A tbhe Coly abgeo tnﬁe':(eﬁ 1%1&3%6\ Eécﬁﬁ‘élb%y CRIcH Zﬁst %ﬂactroplatmg

ace o ep-vi a
kdHhAsIe By Fladé‘chﬁeireamd'elaﬂve l%mom thétel ﬂamarvHewevcm gny other kind of

S S A B P e
Stlsﬁ%?gmgg) %ou%@@ O*olltrglo S0 efilunction of t he
'S e

ée t aI i gnnment of the
respecti-ve deep-via 9 1 or 92 with the respective

termnal of the coil 10. The.coil, 10 of
(HE\% t dn e qnalgﬁqu@lgle oW S"Ilgquﬁe’i%lariaﬁ%w%t (%}%r ].il is deposited

tllﬂ@ qlﬁﬂmﬁ@ #1di"Q, l!rn%ié%f 1Rr006A A e &hp @ENa@ut tiahponder. The

uence o he circuits underneath the OCA body ré
tﬁmmoh 1ager 1[10ﬁ838]oeAnf/ avitshio Tislasrie meferiheloneranple SisNs. The

o réiléla?&ﬁgggﬁsg% tImé S%s%ﬁn ag(gro ﬁ} Earrgﬂgca% ﬁgmna%rg{rlrta (f? gﬁm% about 1 ym,

PRI AaPT | cati on.

[0037] In Figure 3B, the coil of the OCA is shown to be spirally designed and
fabricated on the second dielectric layer. In Figure 3B, the coil is illustrated to spiral
in a circular shape but, it may also spiral in a rectangular, triangle or any other suitable
shapes. The voltage or power generated in the antenna coil 10 of the OCA is induced
through coupling with a coil of a reader antenna. The antenna coil 10 of the OCA
includes two terminals and the two terminals of the coil 10 are electrically connected
with the top surface of the two deep-vias 91 and 92 through pads 31 and 32. From the
top-view, the respective cross-section of the pads 31 and 32 can be equal to or larger

than the width of the coil 10 or cross-section of the coil 10. The function of the pads
11



[0039] The aforenentioned description of the various

enbodi nents has been presented for purposes of
woRkbargsésadi on and description. It is not intend#edsGeoosmo0019

exhaustive or to limt the invention to the precise
form di scl osed, and obviously many nodifications and
Makhfbb Q0% afale RRS aligerit Nofl thg Wespebtive decti-sial Ysed 92 with the
teaching. It is intended that the %co of the be fabricated
tespeetivd trmivel g&therned 1y Theeod| 1 ofst aéﬁ@%d%ahc’wn to be Tabr

her.et 0. 00019. CL Al ' . A L& 20 @NscEddnPout the
TS e PR, o P buddd SHALREILS 20 so 8

G AIERERIOE Bel dRuitd Miiepieatththp QUK bodpor thepoildiOng : a

first dielectric |ayer arranged on a surface of the

chip of the radio frequency identification tag; a
[g{;%j”deﬂﬁ%lrmg Is0d JraeHCA EighgedaP Be ioen Abdus 0.04 mm?” to about

ectric layer, a second dielectric |ayer arranged .

Pmikfe This dimnetstbrsib ivethiti thg sizaywéa nosmal ealm{yram&M% bation.
arranged on the second dielectric | ayer above the

grounded shielding |ayer. 2. The on-chi p antenna of

@beér%m Lil‘h%?cér@ﬁn@nﬁ&ﬁd%&@ﬁfytiﬁ{“o@nﬂﬂ@_ GAIERE | @gbodiments has been

erm nal's and two openings are provided in the |
gifesetiete dors piredodésn of | illysiratioel awl wescripliphi Mals nog intppded to be
on-chip antenna_.of. claim2, wherei : t
e
&Bﬁiﬁﬂ:raﬁ&&d% i scHisndre| I]gmbleand lighobAties diselwsad teaching. It is

e on-chip antenna of claim 3, wherein the
onedied that thel segps of the invieatiorbpdefined &Y hrerlpiysaPRRricdgroto.
grounded shielding |ayer are nmade froma single netal
| ayer. 5. The on-chip antenna of claim4, wherein the
‘metal layer is selected fromthe group consisting of
al um num and copper. 6. The on-chip antenna of claim
4, wherein the netal |ayer has a thickness between 0.1
mmand 5 nm 7. The on-chip antenna of claim1,
wherei n the grounded shielding layer is a netal

12



| ayer having a continuous surface. 8. The on-chip

antenna of claim11, wherein the grounded shiel ding
woOayeErsesmoa neshed netal |[ayer. 9. The on-chi pramsSenova/000019

of claim1, wherein the planar antenna and the

grounded shielding |layer are arranged over the entire

surface of the chip of tgEAIMS$SO frequency

identification tag. 10. The on-chip antenna of claim

1, conprising a matching network arranged between the

rf.ace. of,.the chip of the radio frequency
A F F%eéltllg'on tag and the first dielectric layer.7

000019 11. The on-chip antenna of claim 10, conpri sing
1. ANBn-CRIAN@EhTA Sibsichlde bl hehip foasiirebss nenmiunigaden, the er-ehip
%%Qﬁgggh sih#e matching network to the planar antenna.

. The on-chip antenna of claim2, conprising a

D, 906! wor tHE&Tp biheSatib Begualeyt he
) a_ﬁrgﬁg e%?g{aﬁgr%aéégéﬁgg%g%&?ﬁi de%??fi cation tglé and the
identifiqefipi a8 el ectric |ayer, and two connecting structures,

10 each connecting structur onpLi.si.ng, a via extendi ng
a grounded ghielding layer rapged (g’ctSP %Esql%é‘i}‘é(img {E o peni ng

provided in the grounded shielding | ayer and,the
a sesgcalidediielayet aranged pathegrgueded shielding [ayet dfthect i ng
the matching network to the respective termnals of .
15 aplide aiARAiaARt&OR the stlondRieedric tiepabmvedhnerosrded shigkiing
lmﬁ§f conprising a matching network arranged between the
surface of the chip of the radio frequency
2. e BALLGRIdAR ogggin"i“ﬂf’wh&@infthé fangt k&b omptisgeno and
. dhitddifk 1446t biglew the
s A S S A o i

exten through the first
BreRS ric layer and electrical ly connecting the

mat chi ng network to the, conductiyve.l aver.,.

5. Thacestmmiogsehroin: the sty AheBd MARH Gt
of thetapeuiaps ip Wenewidh hegreynded sglding lper and dyoly {hhe '
respective termnals of the planar antenna, so as to

25 4. [Thehahipmteeof claiml3, wberitihe sandrctive kryersip hetemechye
RbMBEKandibe ploendebybdding dayee arvimadestan asHglpngihieyer
antenna. 14. The on-chip antenna of claim 12, wherein

5. e O\ﬁi.éﬁj}fa&{t&ﬁﬂi JT@ 1R udbreihthefmatsltlayer is selected from the group

consisting of aluminum and copper.

20

30 .
6. The on-chip antenna of claim 4, wherein the metal layer has a thickness between
0.1 pm and 5 pm.
7. The on-chip antenna of claim 1, wherein the grounded shielding layer is a metal
35 layer having a continuous surface.

8. The on-chip antenna of claim 1, wherein the grounded shielding layer is a meshed
metal layer.

40 9. The on-chip antenna of claim 1, wherein the planar antenna tfmd the groupded
- shielding layer are arranged over the entire surface of the chip of the radio
frequency identification tag.

10. The on-chip antenna of claim 1, comprising a matching network arranged between

45 the surface of the chip of the radio frequency identification tag and the first
dielectric layer.
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dielectric |ayer, the openin rovided in th
shi el ding I ayer and the secogdpdielectric lase?r?gnded
weeb@msesdo f r om t he group consi sting of al um nurCasd2007/000019
copper. 15. The on-chip antenna of claim 13, wherein
the first via in the first dielectric |ayer and the
11. ﬁ%%ﬁr&lpfmeﬂm dffemimaopashptishetta ¢ambelingrstapareserastt ed
c ihH Srslied Roff GRS tidtgatoling hetwank to tieglaneppéennal 6.
e on-chip antenna of claim1, wherein the first
12. T e%ﬁe% ﬁxf’ayoeﬁclaﬁ‘l%dz tc&%pﬁﬁﬁgﬁ%ﬂﬁﬁh Séttviofk dreareed hetsveen
furrfaﬁ e%ﬂl CPOE) by ideR@iQhtiof tdd & the fikst con
AR SE0 semca& syEEEhdc% kSt

qo;q:g)n{s;n,gﬁwa P)étp pg Fl‘gmﬂ Jrele & 6\%&&1
imthegreumtyd shicldipg layge E FYH %ﬁfﬁ hiak]la? %ie 191
avheeating th&ma@bmmt\mrlslt@ é‘terrP%PeF%‘{FeﬁeHﬂ%?% Ffﬁ Erb{] ggtenna.
between 3 nmand 40 nm 19. The on-chip antenna of
13. TherbrieHip ambeaneofclsie3 mompeisingratrarinbing seFkaganged bytween
RELEHR oFtHd dhijbf BBgatlo rrqeerspidatifisttpgapand the f¥Econd
%ﬁel:ﬁ%tlé}}e? AnB Y66 codithctit§ Strivtured)icactacdmectngrucivae m 1,
A rﬁ:r%', ﬁf%t Qiaae&?endﬁ@ttﬁ% e fkt QiglRREic lay2r And dketrically
¢Rpnect 1et\%ﬁd t cdi‘i'aﬁétﬁ}e'laﬂ}éi‘ earfdl ;Ade@sndavihenna
‘g&ﬁqﬂggl %seé; n %ﬂw cggir c{HE‘all donnbbtng the

Brie

@q@uﬂ%gyeréﬂ ﬁ%pefs vec M i VBE AGlenh£'s8T8 8 prébide
greclopiticalicanpeetion @6@3@@8% IHF“(—? Eedy §§/‘er t E&oug terminals
rEthpelananantgrad- over | apped by the terminal of the

pl anar antenna.23. The on-chi p antenna, of_ cl
14. The beichiptdntenan ef claim f Rewherein; tge v exieRdnedhig gh g}&%ﬁt

iRI@8HC lhfanthbhpering arovidddie thegroimdad sbielding 19é(ﬁ1t

Qé(:%hh iR Tabér ipselectédHrorhhbe group lvopsistingeaf piurpiuey a@,d

?%%Pnp” sing a passivation |ayer arranged on the
nar antenna and the second dielectric layer. 25.

15. § ?13 h phElIRel?A Nt30RANAB, GhakiR B4 firdther @ithe fifte dielectric layer

via Hy il fsée%lna d 1§éz[§c9 %A;/bxcark a¥Béted &Om the group

1 O“'t[@ . erein the passivation
|°9]9/Sé§’mlg§ f‘ﬁl?lelél??allﬁdt PP%&[]. 27. The on-chip antenna of

claim 24, where h [ '
16.{Thie olrehipsantenna olf rc]:lat1me1 ev%sélselu\l/ 811: ' cilee%cemc tfygf?-:r &nd the second

dielectric layer are selected from the group consisting of silica, silicon nitride,
benzocyclobutene, polyimide and resin materials.

%’c}b
D)
5_

17. The on-chip antenna of claim 1, wherein the first dielectric layer has a thickness
between 0.1 pm and 20 pm.

18. The on-chip antenna of claim 1, wherein the second dielectric layer has a thickness
between 3 pm and 40 um.

19. The on-chip antenna of claim 1, wherein the planar antenna is formed as an antenna
strip arranged in a spiral shape on the second dielectric layer.

20. The on-chip antenna of claim 1, wherein the planar antenna is of copper.

21. The on-chip antenna of claim 1, wherein the planar antenna has a thickness between
1 pm and 20 pm. 4

22. The on-chip antenna of claim 13, wherein each terminal of the planar antenna is
connected to the respective second via in the second dielectric layer through a
respective pad overlapped by the terminal of the planar antenna.
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between 0.1 mmand 1 nm 28. The on-chip antenna of
claim 10, 12 or 13, wherein the matchi ng network
woaoroseses at | east one capacitor. 29. A radi OPCT/SG2007/000019
frequency identification tag with an on-chip antenna
conprising, in a stacked arrangenent: a base portion
including at | east one integrated circuit; a matching
23, TRER AHiéASEd1aaA 20whEefehparcuiotheqrd ivktdeast pgzl fojor
1%?&‘1%{ &d ah?a I 1eRhRET 3186 astbfitilvierlappih thetpad.

electric layer arranged on the matching network; a
rounded shi el di l.a : 8ok § hiStoed on the
24. @;&néc R ecfrgggrc?a%g 15%%&%155§?§%%ri8 Ihﬁl;er argr anged
af peRfa R dReSERP SIS 8% - and a pi anar antenna
arranged on the second dielectric.layer above,. .
25. Rhecurmhépian s ofi iy %y@f?le%?ﬁa P&isﬂ¥%%§3ﬁﬁyﬁphs‘oan%lé1§?t€8 lgyer.
the matching network. 30. The radio _frequens(c#_ a4
26. Tiobeoni-éHip amtbioroftchgma4, Wwhareim e dRSSiVasinn daeh oIt de.
29, wherein the planar antenna conprises two termnals
27. BRCo MRp SSRGSl @re24) it eie theipasivesiograyen Bagia thickness

&l Ddn] A¥er phel ow the terninal's. 31. The radio
requencg Identification tag with an on-chi p antenna

f clgi.m 30 ' h MEinl j d
e e N e s ot R o

CORRRLISES HJeIshRe caz;’ﬁ%ll? "sol ated therefrom 32. The radio
fre i dentificati t ith. - chi
BT S RS R

stcked arraegementich connecting structure conprising a via
extendi ng through the first dielectric |ayer, the
a baePpdttiog inhwiiglatdeash ondrimtegrasethelsanit hi el di ng | ayer and
the second dielectric layer and electrically
2 mSERAS GLiwek hitengeatoahhagase @ominmlant elechicatly spemtceddo the
inteb2kd LA, of the planar antenna. 33. The radio
requency identification tag with an on-chi p antenna

of ..cl al Fdh$i okt ¥R, connect i ng
aﬁ@{glﬁ%?tﬂl?ég}%rgfarg#e??ﬁﬁggﬁang sg{}?:uct ure conprising a
firstvja, extendi ng throu first diel ectric |ayer
a gTSH’é‘?eéllsb’cf‘E“ﬁP% %YF"ymg%ﬂ%ﬁ‘i et %gﬁl?ﬁdelglﬁg?fgﬁ%g’ network to
a s&gf@&gﬁgﬁtééﬁ ai‘rgr)llgegd’ onatﬂed gg)uigg(f s%jel}ﬁn% l%)f(etr;eﬁl%' ng

a planar antenna arranged on the second dielectric layer above the grouhded shielding
layer and electrically connected to the matching network.

30. The radio frequency identification tag with an on-chip ant.enna of clairr} 29, _wherein
the planar antenna comprises two terminals and two openings are provided in the
grounded shielding layer below the terminals.

31. The radio frequency identification tag with an on-chip ante}rma of claim 30, wherein
a conductive layer is arranged within each of the openings in plane with the
grounded shielding layer and isolated therefrom.

32. The radio frequency identification tag with an on-chip antenna of cla:im' 3.0, furtl}ﬂ
comprising two connecting structures, each connecting strucjcure comprising a via
extending through the first dielectric layer, the opening provided in thc? grounded
shielding layer and the second dielectric layer and electrically connecting the
matching network to the respective terminals of the planar antenna.

33. The radio frequency identification tag with an on-chip anterma of claim_ 3.1, further
comprising two connecting structures, each connecting structure comprising a first
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second dielectric layer and electrically connecting
the conductive | ayer to the respective term nals of
woheo7misesoar antenna, so as to provide an el ect PCTAIG2007/000019
connection between the matching network and the
~ respective ternmnals of the planar antenna. 34. The
videitendifietuapbythé fesntieldotrizt laper and gleairicalln aomnecting the
AREEAR Aet@oriEtorthac@uctibelagen atdesqgood miter teiding thiomgh the
| BRI did1SctAb Bkf kifidlbotricARN@ahetingitidcandgetbieriayafio thee
:? %gt\}m%otgltd%i&ﬁs o%rfe e %rﬁgjrﬁll e hia, 56 @ﬂf@i@% deelecfricaladonnection
3 ngz %ef\}gefponh?%er a_rkrange 81?1&?ﬁe pl anarO anteﬁ%ﬁagggﬁa
t he second di el?ﬁit 6

34. Fhgyp @égqqﬁ@nc‘yﬁd 1 Iﬁ? l%ét%&;'t nag‘l %nﬁéli Z {106 8f claim 29, wherein
ARE LA R e O R R
- parhen. dielectric layer on a surface of the chip of the
10 radio frequency identification tag; depositing a
35. 'She faltidi fogubagyeidentification fagrvsith afl en-elip rangennwfe?l?im 29,
denasidd Mehsaivataolgerdirmhged o thelplaper asennarraddhe sceithg
gi@pé%;clg%goa ting a planar antenna with two termnnals
on the second dielectric |ayer; and grounding the

15 36 é:: edrigds ngfai)%%(a?ﬁl a1 bn-chitSarletAQR £dhif Ftiviiredéss communication,
Jﬁ%‘ﬁf&d?{%ﬁrﬁﬂ rning tthhe shielding |ayer to form each

alf vpen g 1 tfﬁe Ishi el ding | ayer bel ow the respective
21 ( e anar antenna. 38. e t
 depexitn Bret delarits sV gndiar Bs phge el SRR B8Rl
1dent1ﬁ¢@10mt%;ponduct ive layer within each of the openings in
20 pl ane wit h the shielding |ayer and isolated therefrom
dep3$tinghehietdinpdayesfonshafirsf dGlecEinpYdsi ng patterning the
shielding layer to forma neshed |ayer. 40. The method
depBiitify 8be00RS dickamiy fagérnm theshiEidingdayat chi ng net wor k
bet ween the surface of the chip of the radio frequency
25 depositing a planar antenna with two terminals on the second dielectric layer; and

grounding the shielding layer.

30 37. The method of claim 36, comprising

patterning the shiélding layer to form each an opening in the shielding layer below the
respective terminals of the planar antenna.

35 38. The method of claim 37, comprising

patterning the shielding layer to form a conductive layer within each of the openings in
plane with the shielding layer and isolated therefrom.

40 39. The method of claim 36, comprising
patterning the shielding layer to form a meshed layer.

40. The method of claim 36, comprising

45
forming a matching network between the surface of the chip of the radio frequency
identification tag and the first dielectric layer.
41. The method of claim 40, comprising

50
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identification tag and the first dielectric |ayer. 41.
The nmet hod of claim40, conprising7 000019 form ng two
woamT@sédong structures, each connecting struct BC®SG2007/000019
connecting the matching network to the respective
term nals of the planar antenna. 42. The nethod of
formEH AW BhnedtiaERirhctr, daoh otmpcingsttuchira gonmeriirg tae matching
nem%%é{ﬁﬁé‘rés B&RtisH iRl o6 thbplaaki ataihat he radi o frequency
ntification tag and the first dielectric |ayer, and

th dies, each connection structure
42. ’ltcl’gr%&gg({]ﬁ%&l%ﬁpv?é Cex?’endlgng t hrough the first

fonrglizg? !%}%gt g ﬁéﬁ)rﬁ( ?ei;"lgﬁg DAY Bf ﬁl\é' fithe tda% frequency

idengifieationitagan Ser n é’do(h Xﬁfesaé‘ééh
contregreguciise P@ﬁﬁﬂﬁﬁgé"&ﬁ extt me sift d 21;161
openieg prodidefl i fheishichding Wﬁ’p‘m ﬁ CPBﬁi FH r EWI e y
conteetit@th niesthing netiioek tathe m§§eQ§W e figrani @P p aﬁ‘ér ?ﬂn&

frequency identification tag and the f| rst dielectric
43, TRYBEtho@bf claite 38 0dvmgeisingn structures, each connection

structure conprising a first via extending through the

b 8 b B8h ﬁétwo { @ etn ARdughRatiicalip ¥f thematio fiengerclie
fgg‘;?&%?%m d ?%ﬁe {£h8: GARAUGH ke c«lnﬁié@ﬁ%nﬁgcf:ﬁ:igg;gﬂnm d

er

conpeber FWWF S B e en Eoatdiscood
and clesically G‘émce@ r% §h m ant %lﬁ{)@ y HeO
via prtondingthaon el the ps90pS 1e5y] E eIl B ‘ﬂ%@
condedtive layen icthe FRSPPELSEHITINAS PP E‘% % Is of the
electridab normectien befeemthe mericlsng %‘FWPFK a thE OFBPY g}p %mea S

plai@paendd. ng a passivation |ayer- on the planar antenna
and the second dielectric |ayer.

44, The method of claim 36, comprising

depositing a passivation layer on the planar antenna and the second dielectric layer.
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