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AN | NTEGRATED CIRCUI T Field of the invention The
present invention relates to an integrated circuit and

we@b@ammn4s2 t hereof , in particular an on-chi p anPEnRG2@w0i00035

a guard ring. Background of invention As |Integrated
Crcuits (1Cs) are progressively nmade snaller, there
arises a need for suitable small antennae which are to
be used with the | BN IRTESRATED OIRGW I ant ennae. O
the currently available types of on-chip antennae, a
certain type uses planar spiral coils, which allow
exchange of energy and signals between receivers and

. j by magnetic flux flow ng through the

i GQﬁqh ﬁ hi ennae share space on the IC chip | ayer
on which they are disposed with related circuitry. The
efficiency of antennae is an inportant factor and it

i s a disadvantage of such an on-chip antenna of this
Theperesrat inventiers relates o aerintagaatetimircuiiand abermiegtssthereof, in
such on-chi p antennae have been proposed in the
daotitwar ay obehimbatenna dndsa gBatd rilgp. 6, 373, 447 proposes
dividing an IC surface into two areas, a peripheral
area and a central area. Figure 6 of the patent, which
I's reproducedas FIG 1 herein, shows a plan view of an

i ; an 1 C chip having two antennae 104,
Eé% f 6f|i'193nt‘i7c§ns | abel  ed 112 and 114 on the IC
chip 102.

As Integrated Circuits (ICs) are progressively made smaller, there arises a need
for suitable small antennae which are to be used with the ICs, especially on-
chip antennae. Of the currently available types of on-chip antennae, a certain
type uses planar spiral coils, which allow exchange of energy and signals
between receivers and transmitters by magnetic fIQx flowing through the coils.
Such antennae share space on the IC chip layer on which they are disposed
with related circuitry. The efficiency of antennae is an important factor and it is a
disadvantage of such an on-chip antenna of this type that it has low power

transfer rate.

Designs of such on-chip antennae have been proposed in the following US

patents:

U.S. Pat. No. 6,373,447 proposes dividing an IC surface into two areas, a

peripheral area and a central area. Figure 6 of the patent, which is reproduced



The antennae and the circuitry share the central area
Wth the circuitry disposed within a portion 110 of
wa besosror al area 108 of the chip 102. If nor ePERISGIINEAE0035
are i nplenented, the antennae will occupy nore area
and therefore reduce the areaavail able for the
circuitry. U S. Pat. No. 4,724,427 proposes a
dg BIG ppherein, dtioweea planguew & aof erhbediBRIrt MO0 6F an IC chip havung
reproduced as FIG 2 herein, which is a plan view of

tMtéﬁﬁéé1b@ 4 Wetﬂbrﬁoﬁ’@%@ﬁéd 999 dnaPPey Bﬁm%ﬂ'ﬁ chip 102.

| ayout of the various types clrcurts used wt
coil 220 iS
e ahEARRg ARhe RV RS ﬁg%sgﬁiﬂ@?? A iU Gisposed
Lacat ed tre of the 20 mpl enent i ng
¥ 'emq °Bf1q5r93?§ cenral %SPNCO%s?Iéﬁe £hin b@? df BYore aniannae
200, programabl e nennr% array 202 and nenory
5 afsnmﬁm%igﬁctf@oawtem@ew BERHPYtMereaaies-and tr@referareﬂuce the
di sposed around the periphery of the chip, the antenna
arharayailatile foi theagiraitnyi.t h circuitry. The proposals in
US 6, 373,447 and US 4,724,427 lead to a reduction in

avai | abl e space on an I C chip for inplenenting
circuitry and to poor RF power transfer to the ant enna

e TN h@?éﬂmogégié’g St%@ﬁgnaé?r ddé‘g%éé ! lflg }Sf f'H%%atent

perlpheral 'devi ces ring

o L BES B i i

fl ' the nte coils. It is an ob ect of
10 %qéw%éﬂﬁ A G RGN the VRGNS HBS8 0 SHEWR sed within

structure
the transponder device. An antenna coil 220 is etched around the periphery of

the chip substrate 298. Located in the centre of the coil 220 is implementing

- circuitry of the antenna coil, such as logic circuits 200, a programmable memory
array 202 and memory control logic 204. Even though the antenna coils are

15 disposed around the periphery of the chip, the antenna shares the die area with

circuitry.

The proposals in US 6,373,447 and US 4,724,427 lead to a reduction in
available space on an IC chip for implementing circuitry and to poor RF power
20 transfer to the antenna because the antenna is too close to the circuitry and
peripheral devices, such as bond pads and guard rings. Traces of metal in the
circuitry and bond pad affect field distribution which results in less magnetic flux

flowing through the antenna coils.



whi ch alleviates at |east one di sadvantage of the

prior art, and/or provides the general public with a
wais@sor44ehoi ce. In 1 C chip design, guard ri ngSPEI/8G2004/000035

sonmetinmes used to protect the die and I1C chip

circuitry from damage. Exanpl®s of damage whi ch can

occur are contam nation by environnental foreign

It R bBjEESofUnd Shect g@m@aﬁo@m&mﬁi piR% éﬁbﬁteﬁgﬁgﬁﬁ%éure

edges of a diced chip and mechani ca amage |

. . t ' f IS, di ced.
hiEh NSRS atie T R AR BP e L Ay hBices the
from.breakdo b oviding a |l owresistance path for
asnegl R’:@ﬁ?@‘ﬂt\é\g@ uﬁﬁﬂirﬁ ?i6€. a guard ring in an ICis a
closed | oop structure forned by netal |ayers that are
connected by via-holes. It is a disadvantage of a
guard ring that, while protecting the IC, the guard

5 InilGghipdesigesgyrardemgserpeninastingesihsed to p@téetithipelie and IC chip
on-chip antenna is integrated with the I Cland al so

dirc QYRS IRATA . F0¢EnYSle 886 B8fagefWMdh Wah Jece akeddnthfnation
magnetic field and decreases the power transfer rate

%ﬂfj\’é’@g%rﬁé‘l%ra@ﬁ ?Hbﬁﬁt?é%”or‘ iﬁaf&%fqﬂl@ﬁs&g\%péﬁeﬂate exposed

In the gua ring pro
counteraetive magnetic, flux, ,Guard.rings usuall aye ..
e o P Ghod Bolr LT mebapighl Bans BOGRaIT - Rlbpka it i
uard ri ng around an ICcircuitry will be induced to
039 whep grwaler isificed. hhe guakd irg alserpyptecty the igtegrated
ring structures have been proposed in the follow ng US
10 oiyguidfros breakdpan, byspRviding adowrresistadiceRzth fér 9188 @BFrents.
di scl ose various structures of netal can be used as
guard rings offering inproved protection to the IC
Normally, a guard ring in an IC is a closed loop structure formed by metal layers
that are connected by via-holes. It is a disadvantage of a guard ring that, while
15  protecting the IC, the guard ring consumes power, especially when a coil-type
on-chip antenna is integrated with the IC, and also produces counteractive
magnetic flux which weakens the magnetic field and decreases the power
transfer rate of the antenna. The reason is that a current is induced in the guard
ring 'producing heat and counteractive magnetic flux. Guard rings usually have

20  similar structures as antenna coils, which is why any guard ring around an IC

circuitry will be induced to produce a current which absorbs RF energy.’

Some guard ring structures have been proposed in the following US patents:
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However, the guard ring still suffers fromthe problem
that current is induced and the power transfer rate to
wa tesanenna becones poor. U.S. Pat. No. 5,81 BCBI@2004/000035
di scl oses a sem conductor chip package device having a
rounded or chanfered nmetal |ayer guard ring. Figure 7

and Figure 8 of the patent, reproduced as FIG 3

Il j I t] a
%-;%?’ 9 B1P874 orea‘glgsiﬁT% b3 Rt Aot VEﬂég,é Sh3cfesor
d 32 nded 330. carners. chanf ere
BOBTHRR BBl el i areting rbihved 8rdiedianle the fc.
revention agai nst shear deformation, cracking of the
"ﬁ%\ﬂﬁvefam? @arei ring stiksuflerssfropathe pioblea theat cosent is induced
di scl oses an energy-absorbing stabilised guard ring.
ansethgupowkentrang féraate tosthel drtercia pecomespoar. its
corners. The castellated portions prevent breaking of

the guard ring during reliability tests, when shear
forces are act on the guard ring, and al so prevent

U'e. #6981 "P%?ﬁ&ﬁscﬂ@&% ¥ %&Hﬁébnﬁ)é%r %r{;bmg%l?agde 8&vitERaving

patent, reproduced as Fl G erern
{i 53 0 ard
ffb%l"g%bf‘o%c%mfg% PR B Pe il Ciatog Y o il f of the
ard rin pat ent.s not address the problem
e"%&‘i‘m@aue%ﬁ %fe ﬁﬁ“ﬁ %%RV&S ePidgoedrpttighyiemstinpstions of
power transfer to the antenna It is an object of
aa%@ndermga%b%@n 20¢hip 390 Aberauasth ring J3Rdviscehainipned 828 or
ring that alleviates this problemof the prior art,
randded 3p0 cormkrs. The chaméerald 3280dr rountled 380 corners are meant to
provide prevention against shear deformation, cracking of the metal and

passivation.

U.S. Pat. No. 6,163,065 discloses an energy-absorbing stabilised guard ring.
The guard ring has castellated portions at its comners. The castellated portions
prevent breaking of the guard ring during reliability tests, when shear forces are
act on the guard ring, and also prevent delamination of the passivation layer.
Figure 4 of the patent, reproduced as FIG. 4 herein, shows an encircled

castellated portion 453 of a guard ring 404 (in a die).

While showing alternative structures of guard rings, these patents do not
address the problem of induced current in the guard ring compromising the

power transfer to the antenna.



useful choice. Summary of the invention According to
the invention in a first aspect, there is provided an

WO oioegr4a0xed circuit antenna devi ce havi ng an aPtESGE04/000035
and processing circuitry therefor, the antenna and
circuitry being forned on separate |ayers of the
integrated circuit. Preferably the integrated circuit

I{p {écé pﬁécﬁofpéﬁgtl%rl 5% rﬂfeulln%h% {qﬂ%r%&?qeaﬂggg{d ring that

ty ot 'Conducti ve ayers

arated fr the .circuitry an in t|n
IRV BT, birHer & R0t 68 saef BroilPafacherapubiic with a
insulating |ayers. The antenna is preferably separated
RE€ircuitry by an insulating | ayer of at |east

5mm t hi ckness, nost preferably by an insulating | ayer
of a thickness in the range 5nmmto 20nm The antenna
and circuitry may be formed as separate portions of

5 Summany efitha indestigreui t . An el ectrical connection may
be provi ded between | ayers of the integrated circuit,
the electrical connection being provided with pads at
each end, a first pad being arranged to receive a

SRS DB B A A P

con | on the | nt etgr ated circuit and where
%’&P ‘?%'Ia %ﬂ%‘ﬂc? AV IRP Y 2hRERa 2RAPreeesiag Bﬁﬁulﬁmh%r@for the
| east one further electrical connection arranged for

qriernayand cipwilytheing smedeen serarate laysrsiwt therintegeated circuit.
integrated circuit and having further pads at each

10
Preferably the integrated circuit includes a plurality of insulating layers and a
plurality of conductive layers and the antenna is separated from the circuitry by

an insulating layer thicker than the conductive layers and other insulating layers.

15 The antenna is preferably separated from the circuitry by an insulating layer of
at least Sum thickness, most preferably by an insulating layer of a thickness in

the range 5um to 20pm.

The antenna and circuitry may be formed as separate portions of the integrated

20 circuit.

An electrical connection may be provided between layers of the integrated
circuit, the electrical connection being provided with pads at each end, a first

pad being arranged to receive a connection to a device external to the
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end may be provided, wherein the further pads are

smaller than the first pad. The aerial may be forned
woRroosor4ot han one | ayer of the integrated circRCT/SGA04/000035

conductive guard ring nmay be di sposed on a | ayer of

the integrated circuit and tHe guard ring is

pref erably di sconti nuous and/ or having two ends and a

19®grétbdroﬂ’@alt‘aﬁﬁra sddvhdypdd AFanged ﬂfraxbﬂe)’né]%nﬁé&%rgmthm the

t he ends may . nterengagi ng portions which

lf?fhegFﬁéé J%u& %ﬁer\kﬁé‘reﬁwt said Fipdt d%ﬁ:m‘?é RO RHh £ la%ﬂzpn& bad and

guard ring has a corner, gap 1s prefe

[ T 1o,
13805 G BGEB AR bl 4 aixsspﬁgaﬁﬁgr@aﬁﬁon@}i@n
be . separated frgmithe next by _an jinsul atlon | ayer
*ﬁ%@sgm Vels itin thenigorated cigbitnaiai fusthes pads at each
di sposed across the The i nductance of the
ayme ﬁrﬁéld@ﬁpaléthéﬁb@edﬁftbgfspfﬂdﬁaaWﬂw thandbe firsipad.
to forman energy storage network which is preferably
tuned to the resonant frequency of the network is
tuned to a working frequency of the antenna. The guard

Thegerial rpaebefedhed bAMEE than dnBlIaye! dfithe mtegn%méw elréie
segnents, adjacent segments each having a sard pair of

ends and a said gap therebetween. The guard ring is
di sposed on the sane | ayer as the aerial or the

' r i L C further conprise. at | east. .
ARRRAENR A AR e RB B e 5 e
n respective aly%Ts of the integrated circuit, wth
Bﬁgu&épag is prefe ably discontinuous and/or having two ends and a gap
therebetween. The gap is preferably not straight and the ends may inter-
engaging portions which preferable comprise at least one elongate finger. If the
ngard ring has a corner, the gap is preferably disposed at the corner. The

guard ring may be formed from a plurality of conductive layers and each layer

may be separated from the next by an insulation layer.

A capacitor and/or a high voltage breakdown circuit may disposed across the

gap.

The inductance of the ring and the capacitance across the gap may be such as
to form an energy storage network which is preferably tuned to the resonant

frequency of the network is tuned to a working frequency of the antenna.
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rings preferably being electrically connected, the

guard rings being disposed on the sane | ayers as the
W@ensar4401 he processing circuitry or both. ThePQuatzho4/000035

ring may be of spiral topology. According to the

invention in a second aspect,7there is provided an

integrated circuit conprising a circuit conponent and

Eheygaard ringnis prefarabllytfoened ap @nsinialiyhef eortiuctiee @é?ménts,
ring has first and second ends and a gap therebetween.

adjgcaiBegatebasiBhVing Y st widdierRRGAdS sSRAgapBY

i Nt er-engagi ng portions which preferable conprfse at

Aste el ongate finger. If the guard ring has a
tb%rnert‘?gﬁfe gap is preferably disposed at the corner.

The guard ring may be formed froma plurality of
conductive | ayers and each | ayer may be separated from
the next by an insulation |layer. A capacitor and/or a
Heyauais ingyis disrepedonnthe samedayaiasdhe gesishonthedstegrated
gap. The i nductance of the ring and the capacitance
ccuisndimay furtheresonterissuatieast are fusther guarhemgythe guard rings
storage network which is preferably tuned to the

beﬂﬁ%_dmpbséd enuespactive Ihpersnsfitne intedgatéd!BircLiif, With the guard
wor ki ng frequency of the antenna. The guard ring is

ﬁg%fﬁéﬁﬁéﬁlggg@iﬁﬁagleﬁﬁiéll 'c%ﬁlei:t%ﬁ, ﬁifg ﬁ%ﬂg&?gi\%i%ﬂsp&sed on

segnent s, acent segnents eac

tgg%%pl?é;%ygkss eﬁ]egfgriél,ht%reepbrgwgs“?ﬁg ci-rrglﬁtryg o %ﬂwe.nt ey
The guard ring may be of spiral topology.

According to the invention in a second aspect, there is provided an integrated
circuit comprising a circuit component and a guard ring around the component

wherein the guard ring has first and second ends and a gap therebetween.

The gap is preferably not straight and the ends may inter-engaging portions
which preferable comprise at least one elongate finger. If the guard ring has a
corner, the gap is preferably disposed at the corner. The guard ring may be
formed from a plurality of conductive layers and each layer may be separated

from the next by an insulation layer.

A capacitor and/or a high voltage breakdown circuit may disposed across the

gap.



A plurality of guard rings may be di sposed on

respective layers of the integrated circuit and the
w@msd7440ngs may be el ectrically connected. ACROF/8iG1094/000035

to the invention in a third aspect, there is provided,

an integrated circuit device $aving a plurality of

| ayers, an electrical connection between two said

| ayers of the integrated circuit, the electrical

connection being provided with pads at each end, a

T, MouPRhcE R find BRETe BpREFmPEadtob SRR Bl Ryon as
B0 PRIy Pime€ hEE ot PR ‘el raPhitinga o fir resonant
I

arger -than sajd second pad. Preferably at |east one
ff y o the petwark i ineddpiworkingfreaugney oitheiantenmal
connection between two said layers within the
S integrated circuit and havi ngfurther pads at each end
and wherein the further pads are smaller than the
The gtamiathg idqrefedalslg fornédias iamarlityosf ddhductide!sbfments,
aspect there is provided a guard ring for an

a‘fapém%bgﬁwemsaén havahaggegéiar iwamdega}daga dhfaggpd to

orm an éenergy storage~device preferably conprising at
i nductor and at | east one capacitor

thgﬁﬁégygﬁmtogether to formthe ring which may be tuned
to a resonant frequency. Were the guard ring is

provi ded adj acent an antenna, the resonant frequency
_Preferably tuned to an operating frequency of the

416 eTRRONGMIBAYICARPriSetameaerialent i on in a fifth aspect
there is providid a guard ring for an -

10

A plurality of guard rings may be disposed on respective layers of the integrated

circuit and the guard rings may be electrically connected.

15 According to the invention in a third aspect, there is provided, an integrated
circuit device having a plurality of layers, an electrical connection between two
said layers of the integrated circuit, the electrical connection being provided with
pads at each end, a first pad being arranged to receive a connection to a
device external to the integrated circuit and a second pad arranged for internal

20  connection within the integrated circuit and wherein said first pad in larger than

said second pad.

Preferably at least one further electrical connection is arranged for internal

connection between two said layers within the integrated circuit and having
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integrated circuit, wherein the guard ring is
di sconti nuous, preferably having first and second ends

waosazgep formed there between. The ant enna nEYT/6E62004/000035

spiral topology. According to the invention in further
aspects, an antenna or devi ce having an antenna of the
previ ous aspects of the invention may be arranged to

et S A\ SN L3 e

ment or in an arrangenent with a further antenna
I Sposed on one side of the device and an open | oop of
hi gh magnetic perneability material extending fromthe
further antenna to the opposed side of the device. The
various aspects of the invention are preferably used
Ageorging te Hihinveatign B a &eurtfeaspeqithere isprovided agriang sing for
Enbodi nents of the invention will now be described by

amdiytagratedaritsud,, the gharcfieg being arcarides dformpmngneargy storage
drawngs in which: FIG 1 is a plan view of a prior

ddvice preferaBlyasbniprising tat(é4st ohel iRdactePBHE 391t Uné.capacitor
Pat. No. 6, g?S,nZ%?;m%IG 2 is aplan view of a priorp

BehesRNbE BRSO bielly,,

ORGEE, YRe BRET oSl B804S ool ar e

resonant frequency preferably tuned to an operating frequency of the antenna.

According to the invention in a fifth aspect there is providid a guard ring for an
integrated circuit, wherein the guard ring is discontinuous, preferably having first
and second ends and a gap formed there between. The antenna may be of

spiral topology.

According to the invention in further aspects, an antenna or device having an
antenna of the previous aspects of the invention may be arranged to disposed
between two in phase antennae, between a further antenna and a high
magnetic permeability element or in an arrangement with a further antenna
disposed on one side of the device and an open loop of high magnetic

permeability material extending from the further antenna to the opposed side of

- the device.

The various aspects of the invention are preferably used in RFID technology.
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FIG 4 is a plan view of a prior art ICwth a guard
ring having castellated portions, according to U S

waras/oNao2 6, 163, 065; FIG 5 shows a cross-sectPOTst2004/000035

vi ew of a sem conductor wafer for an integrated
circuit, according to one enhgdi nent of the present
i nvention showi ng the structure of an on-chip
antenna.FIG 6 is a plan view of a second enbodi nment
of the invention showi ng the structure of a guard
ring. FIG 7 is a plan view of exanples of gap
capacitors of the guard ring of Fig. 6. FIG 8 is a
view of a_three-dimensional interdigital capacitor;
degcripti raw, ram of an equival ent circuit
of the guard ring of Fig. 6; FIG 10 is a circuit
di agram of an equivalent circuit of the guard ring of
Fig. 6 and the on-chip antenna of Fig. 5; FIG 11 is a
Brhbodimients of the inbéntibrewilathwbetdedicrib8e by wRnéf &ample, with
having two antenna coils conbined with a guard ring;
réfeérendeltd thedadtofibatlyfiyy @lavindS I Whicgmoodi ment of ‘the
i nvention having oné octagonal antenna coil conbined
with a guard ring; FIG 13 is a cross-sectional view
simlar to the enbodi nent of Fig. 5, of the enbodi nent

Fi.g. 12: FIG 14 . .schemat i j f.a fifth
oo ddf aiEh oW HEZ PHoE AR BIRSEBHIOTG A Gl Ageording to U.S.
structure having two in-phase antennae and a third,

Ratnblgi €394d,44hchi p

FIG. 2 is a plan view of a prior art monolithic semiconductor chip according to

U.S. Pat. No. 4,724,427,

FIG. 3 is an enlarged partial view showing two variations of a prior art metal

layer guard ring according to U.S. Pat. No. 5,811,874;

FIG. 4 is a plan view of a prior art IC with a guard ring having castellated

portions, according to U.S. Pat. No. 6,163,065;

FIG. 5 shows a cross-sectional view of a semiconductor wafer for an integrated
circuit, according to one embodiment of the present invention showing the

structure of an on-chip antenna.



antenna; FIG 15 is a schematic view of a sixth

enbodi nent of the invention show ng an antenna
w@regotane simlar to the fifth enbodi nent butP@i/BG2008800035

antenna replaced by a disc of high mmaterial; and

FIG 16 is a schematic view ¢ a seventh enbodi nent of

the invention show ng an antenna structure simlar to

FiGesf isfd Plapnhew i dTededondi b Gdinfipe Bf {hfégigvé’rﬁticm Qlib\&fihﬁ the

mat eri al repl aci ng one antenna. Detal descriptio
Huctre o‘?%ﬁﬂr&‘?ﬁ# enbodi nents FIG 5 shows a
Cross-sectT onal gieM/of an integrated circuit
according to a first enbodi nent of the present
i nvention. The view shows a sem conductor wafer 500
C rising a typical 1C portion 501 and an add-on ]
Féé??i'%ﬁ plan viephef exarpplesiod 9apeapasitonsnfihe guatt fing of Fig. 6.
bl ocks typically found in an integrated circuit. The

) add-on portion 502 provides an on-chip antenna for the
integrated circuit. The processing circuitry for the
RIG! 8riga Viewvbh threstineshsichdl herdigitaitapasitdron, but in
the IC portion, so the circuitry does not conpete with
the antenna for space in the add-on portion, thus
allowi ng the size of the antenna to be nade | arger

e Lt ] e ricated.in the sane foundr r

FIGE i pi B SRRl ot SR Ph L FEr SR PPt . o

the IC portion 501, circuitry is forned on a substrate

503 having insulating, dielectric 504 | ayers and net al

| ayers 505, 506 formed on respective dielectric |ayers
10 FG410THa direuididiagiger ofssequivalgntisineuit of the gumed riog of Fig. 6

netal |ayer of the IC

and the on-chip antenna of Fig. 5;

FIG. 11 is a plan view of a third embodiment of the invention having two
antenna coils combined with a guard ring;

15 |
FIG. 12 is a plan view of a fourth embodiment of the invention having one

octagonal antenna coil combined with a guard ring;

FIG. 13 is a cross-sectional view similar to the embodiment of Fig. 5, of the

20 embodiment of Fig. 12;

FIG. 14 is a schematic view of a fifth embodiment of the invention showing an
antenna structure having two in-phase antennae and a third, sandwiched, on-

chip antenna;
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portion 501 in a typical construction. A passivation
| ayer 510 is forned on the top netal |ayer 506 to

w@ems®eT401 he | C portion 501. The add-on porti oPCESR2004/000035

conpri ses an add-on dielectric |layer 512, which is
typically the thickest |ayer12f the wafer and is
formed on the passivation |ayer 510. An add-on netal

| ayer 513 is forned on the add-on dielectric |ayer 512
and an on-chip antenna 515 is fornmed in the sane |ayer

98,1800 Al SRR P A1, Gt o
g 0 B8 L o BB G S5 reince

on-chi p antenna 515 and the 1 C portion 501 leading to
by; 3 dise b\t v mafggakbandat e and a thickness greater
than 5nrmis preferred, nost preferably in the range
5-20 mm . Vi a-holes 516a and 516b are used to connect
the on-chip antenna 515 with the 1C portion 501. The

AIGa180¢ aschématiclview of hiddverthémbogin®siitidf & invention showing
conductive material, normally copper, connected to top

ResReRAS sfubtupd dinkiRlrto T AR eﬁ%cﬁrpgpt H_é\ﬁn@%g oggé‘?'llslgop of high

519a and 519b are in the sane netal |ayer

. T tom pads 509a and 509b are in
l{'ﬂ%@%ﬁ'fé@?‘gﬁéﬁggé}ﬁgﬁfg-of the IC portion 501. A
passi vation |layer 514 is formed on the add-on netal
| ayer 513 to protect the die and circuitry. There is
an open area 525 in the passivation |ayer 514 for
exposure of a bond pad 521. The bond pad 521 is in the
add-on netal |ayer 513
Detailed description of the preferred embodiments

FIG. 5 shows a cross-sectional view of an integrated circuit according to a first
embodiment of the present invention. The view shows a semiconductor wafer
500 comprising a typical IC portion 501 and an add-on portion 502. The IC
portion 501 has usual function blocks typically found in an integrated circuit.
The add-on portion 502 provides an on-chip antenna for the integrated circuit.
The processing circuitry for the antenna is not provided in the add-on portion,
but in the IC portion, so the circuitry does not compete with the antenna for
space in the add-on portion, thus allowing the size of the antenna to be made
larger . The portions may be fabricated in the same foundry or in different

foundries and assembled subsequently.



and is connected with the 1 C portion 501 through an

el ectrical conductor formed fromelectrical conductive
wOoraeni4adz normal |y copper, disposed in via-hot@r/$az004/000035

and bottom pad 509c. The area of the top pads 519 and

bott om pads 509 shoul d prefeqgbly be as small as

possible in order to avoid or reduce power

S L on iR aal. .
RS I Bl o el S PR oh 2Cbsha 535 ol hliating,
j [ for, ext.ernal n Lon to the IC. The .

b 52 8 it el 135210 5080508 19 ecEon ikt filectric
t he i@t eji_nal coEnectié)gs bet ween the |1 C and add-on
l2ysirs S0 Themetallaygr 29@ would uswallysimthestopmastaliisyeniof the IC
a guard ring. Two alternative types of guard ring are
PoRiEN59 hirFa dypical doastrlitlieh. Fopassivatiodlayet 5ithigHformedidn the
be understood that only one or the other will be

5 tep metdddyem5@6fo pratdédtthie #C ponticpbet.ed circuit 500.
GQuard ring 507 is only formed in the 1 C portion 501;

Guard ring 508 is fornmed in both the in IC portion 501
and add-on portion 502. Fig 5 shows the cross-section

Pl BP0 ettt 502 colrLSED s adk b RIS 1 o i
iR bR RS Rrab Yark Badie Bimed chubeinmsenalipadaver
sub-rings in the three netal |ayers 505,506 and is
5é§nﬁ~8a0%d°%weéﬁleiéwﬁ e B iscfermedandhs ads-on gielecirie tayer 512 and

vi a-hol es 508a _and al so by a sub-ring in add-on netal
10 anggrechipzmtennmbdd ésifarmedrip tbe sameslaper asitie mpgtaitayer 513.
el ectri cal
The thickness of the add-on dielectric layer 512 affects the power transfer rate
of the on-chip antenna. A thicker add-on dielectric layer 512 provides a greater
distance between the on-chip antenna 515 and the IC portion 501 leading to

15 higher power transfer rate and a thickness greater than 5um is preferred, most

preferably in the range 5-20 um,.

Via-holes 516a and 516b are used to connect the on-chip antenna 515 with the
IC portion 501. The via holes 516 a,b are filled with electrical conductive

20  material, normally copper, connected to top pads 519 a,b and bottom pads 509
a,b. The top pads 519a and 519b are in the same metal layer 513 as is the
antenna 5135. The bottom pads 509a and 509b are in the top metal layer 506 of

the IC portion 501.
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connection through via-hole 518 in the add-on
dielectric layer 512. Guard ring 508 can protect the

wonbmob/e7d4o2 egrated circuit inclusive of the addr@rSG2004/000035

portion 502. The nunber of sub-layers of the guard
ring need not be three and cqg be one (in each portion
in the case of ring 508) or nore than one, provided

Abﬁséné’?‘tﬁfrﬁlagé%ﬂ khed!dnthe %Séﬁ%tﬁﬁhge §1§{boé‘@>t@ct the

general stracture a guar ring

o B Bl Thif &%paf"e‘?i%ﬁa*e%q%' [ iR taves B4 for
Pilig ¢ Bond aﬁgﬁ%gﬁgﬁd@ Hatact 57 b the aghgéjnr metal layer 513

integrated circuit 601 show ng a guard ring 602
%\ﬂs}ﬁ@@@ﬂectﬁdaﬂlﬁmedﬁepmlon &§i1 dhrougheamy alectiiaal agndoRoi formed
conposed of segments of metal 603 such as copper or

frony etagtricad conduectiie/ mbterial, rorinally gapper pispidsed sn §24hole 517
605 which are fornmed between the segnents of neta
andDboticmp padtspoe. 607 and di odes 608a and 608b are

formed between adj acent ends of the segnents 603 in an

I C active area 610. A centre portion 606 of the active
area 610 is the area in which the circuitry of the
integrated circuitry lies. A feature of the guard ring
602 is that it is discontinuous, not being closed | oop

netal, and thys es not oroduce | arge i nduc
Therdrenc thé on.aatnats gorhaelt pads B3 Shoskbaigtiaplybe as
the guard ring 602 does not degrade the perfornmance of
sgallcan pessiklerisiorderdotayoid enresiis poweratissipatiorh Bor this reason,
on-chi p antenna. As shown in Fig 6, the ends of each

tisegnpads & simaliertthan goaventionzy 14198r siaggads such as pad 521

which is used for external connection to the IC. The relatively smaller size
pads 509,519 are adequate for the internal connections between the IC and

add-on portions.

The integrated circuit 500 is provided with a guard ring. Two alternative types

‘of guard ring are shown in Fig. 5, labelled 507 and 508 although it will be

understood that only one or the other will be provided in any particular
integrated circuit 500. Guard ring 507 is only formed in the IC portion 501;
Guard ring 508 is formed in both the in IC portion 501 and add-on portion 502.
Fig 5 shows the cross-section of guard ring 507, formed of three sub-rings in
the three metal layers 505,506 and connected by electrical connections through

three via-holes 507a between the metal layers. The guard ring 508 is formed in
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extended digits (or finger-1like extensions) which

interleave with the digits of another segnent (603,
weoesHororxanpl e) form ng adj acent but non- conGE$GIVG4/000035

surfaces between which there will be capacitance under

“an applied voltage and form{%e gap capacitors

604, 605. The gap capacitors 605 are disposed along a

oﬁtrﬁ‘@e%bt sqwétﬁrbe%é@mage € 5@6%9' ik Qof Q%d%élfa

cor ner e guard ring 6 er bot h

0 .
eﬁ%‘i’ﬂfa"i‘%@ta%é*i Sﬁﬁﬁ‘oug_i“ tﬁ#?*sﬁ*ﬁ‘%%ﬁ@fﬂaé%é%%@?&%% Bng in
B 6 B Fmeie B wecitbtemt SBp® v anaifcica
absorb tranS| ent_ current disturbance.to a certain _
cgepedionfhroughviarbale 5P iadhe aserer dislectrie layer 513t Guaed ring
same time, the guard ring protects the die from damage

569 canvrstemt thg wholecintgyratgdusiiquitésclasive afittee add-on portion 502.
contanmination in the manner of a conventi onal unbroken

Theatunisenss. sublal bRy oRthe guardlHAg theeldHbt WelthreeSihd 881 be one
capacitors, especially if the gap capacitors are at

(|h'lfacﬁcﬁd“rﬁ6n9{tﬁeh€é tthd 568 orABreMHaR ) B NiG&Y e layers
e ind S0, QErSaed fite,

shear tforces and als ter preven am na
sivati | ayer when undergm ng tenperature

a%e?f%ﬁf%ﬁfopggf@gt han a conventional guard ring, due

to broken segnents of the guard ring, since as the

extent of shrinkage of netal and dielectric are

different, shear stresses are applied on the netal

| ayer resulting in the deformation of the netal |ayer,

in the worst case, cracks in the netal |ayer and
FliGe6 abbwisca géwserahstruetusd ofod guard ring which is a second embodiment
of the present invention. The guard ring structure to be explained can be used
for all the sub-rings of either guard ring 507,508 in Figure 5. Fig. 6 is a plan
view of a metal layer of an integrated circuit 601 showing a guard ring 602
disposed in a peripheral region. The guard ring 602 is composed of segments of
metal 603 such as copper or any suitable metal/alloy having gap capacitors
604, 605 which are formed between the segments of metal 603. Capacitors 607
and diodes 608a and 608b are formed between adjacent ends of the segments
603 in an IC active area 610. A centre portion 606 of the active area 610 is the
area in which the circuitry of the integrated circuitry lies. A feature of the guard
ring 602 is that it is discontinuous, not being closed loop of metal, and thus does
not produce large induced currents in response to magnetic flux. Consequently,

the guard ring 602 does not degrade the performance of circuitry sensitive to

such eddy currents such as an on-chip antenna.
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proposed guard ring is already "broken", which has
nore flexibility for displacenent. As the

wexpansidbt ity of netal is different from di el BCT/8GI04/000035

if themetal at the corner is solid, the stresses
applied on the corner netal ¢ene fromtwo orthogonal
directions. The area of the netal at the corner
beconmes | arger than that of the dielectric when the
tenperature increases and result can be del am nation

[ r r tro
A ofSfin FRERSY, tREieRs of <plf sBURRI IbAT ¥ By 602 nave
rovid i spl.ace t flexibility to . alleviate this,

eiederf Gl 0t B aer gk cxgpmian Mct BYGHPR R the aigits of
alternative designs 701, 702; 703,704 of gap capacitors
anotherspyment {603, §QY for exampie)founingadjacentdut nonsontacting
interdigital capacitor fornmed at the corner of a guard
suifages PebvegmpwhimbebeteowillAfe capacditasicepingeranrappligdNoltage and
that has a | ower capacitance when a voltage is applied

famn dss gap chpacitdrh 6 0aE0%: Thergafdapdtitehs 805 areparépbgéas afbng a
t ort uous path for i rrpurltl €S or 1 onic contam natl on,

S of ﬁleoﬁlfa?ggfng% ﬁ\b:ﬁﬁgf%al%ﬁtg e S'comkﬁ‘ e guard ring

capacl t s an | capacrtor fornmed®n
e Jn uard ring. .The p acitor 704 is a

e TeEREL S Fadlaf Paar PHAMROERRY BEleety i ng

whi ch has the sanme advantages and di sadvant ages as

capacitor 702. FIG 8 is a three-dinensional view of a

mul ti-layer interdigital gap capacitor 800. of
Apadvantage of thengan sapacitorssthahseimoanding smagreficdluy does not

ring are interleaved in five netal |ayers 804 disposed
predvesean iralucedrdueremt iHsideethdi g@lardtringoe {2 sinidk il not a closed
loop and can absorb transient current disturbance to a certain degree while
preventing eddy currents and yet, at the same time, the guard ring protects the
die from damage by invasion of foreign impurities or ionic contamination in the
manner of a conventional unbroken guard ring. Furthermore, a guard ring with
such gap capacitors, especially if the gap capacitors are at the corner of the
guard ring, can withstand greater shear forces and also can better prevent
delamination of the passivation layer when undergoing temperature reliability
tests than a conventional guard ring, due to broken segments of the guard ring,
since as the extent of shrinkage of metal and dielectric are different, shear
stresses are applied on the metal layer resulfing in the deformation of the metal
layer, in the worst case, cracks in the metal layer and dielectric. As the metal of

proposed guard ring is already “broken”, which has more flexibility for

displacement. As the expansibility of metal is different from dielectric, if the
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| ayers 806, the netal |ayers 804 being connected by
via holes 805 filled with conductive material. . The
wo povgerEoDf each adj acent | ayer 804 are the r eREr/S€2004/000035
pattern of the next so the fingers 801 of the | ayers
804 are interdigitallydi sposéd both |aterally and
dept h-wi se. The nmulti |ayer guard ring can be

mealaesklidfery sefidathelra¥888 bpplied bAghE CoRiet thetal ¢de from
the event that a |arge current surges through the

' ; it 6
Y Db Ao TR B e e 2P e B Hgcomes targer
reyent .t.hi a.pair of diodes 608a, 608b i s connecte
BRE Yot W e B he Bt DB R Al e n eS8 G9GRo R gan be
ard ring _602. The diodes are di sposed with connected
Batieg o theseprner metakifiie shaar strespenata steeng enough. Again,
connection to current induced in any segnent. The pair
tie gap bebwesn e endsof metal\provides displagementdxibildy to alleviate
devi ce preventing any flow of current from one segnent
thie. t he ot her under nornmal operating conditions, thus
mai nt ai ni ng the open | oop condition of the guard ring.
When there is a power surge and the voltage across the
pair of diodes is greater than the breakdown voltage

. ’ , < ’ .
R 7 FobisiFR a8 S ad S ol b MMl st el
[ f, the diodes 08b bec hi ghly resistive

3.0 5r 6P enaatirs P RoL trResBe; The ofe chnafi 741§ an
quard ring 602 as a whole acts as a cl osed | oop when
intgedigital capaeder feined @t thaegraer pf a gviagth ringl Thg@ap capacitor 702

condition. The guard ring 602 also acts to reduce heat
i$ assmpleduieati ggp thatings & lovgueapgcitance when a voltage is applied
across it than the capacitor 701 which also provides a tortuous path for
impurities or ionic contamination, but is cheaper and simpler to fabricate. The
gap capacitor 703 is an interdigital capacitor formed in the middle of a guard

ring. The gap capacitor 704 is a simple end—to-end gap in the middle of a guard

ring which has the same advantages and disadvantages as capacitor 702.

FIG. 8 is a three-dimensional view of a multi-layer interdigital gap capacitor 800.
of conductive segments 802, 803 which are part of a guard ring are interleaved
in five metal layers 804 disposed between four intermediate dielectric (insulator)
layers 806, the metal layers 804 being connected by via holes 805 filled with
conductive material. . The fingers of each adjacent layer 804 are the reverse

pattern of the next so the fingers 801 of the layers 804 are interdigitally



current and the resultant counteractive nagnetic flux.

In the event that a voltage having a high frequency is
WO zs0Bdo2 N t he guard ring, the gap capacit or SPOESGIIB4/600035

| owresistive device which allows a current to flow

i nside the guard ring 602. Aygthe sane tinme, however,

as the frequency is high, the segnents behave as

dispbeedBcth 1dferfly diEdSREVRRES TRRIMERAS @r%ré?fn%hcga(ﬁrﬂ@

a resonant network of i1 nductors and capac

rﬁgrt%@&u‘?%%g?gdg%gpﬁleﬁna‘?\ﬂf&{c‘?@ﬁnréjﬁrsoté%ﬁéﬁt ransferred

et ween capacitors a t's of netal

instead of |ost as enmitted heat. Were the integrated
circuit is provided with an on-chip antenna, as the

ener is transferred between the segnents and the gap
'Eé%g%’/?rétrt@?t 3 frrgesurient sergesdhraughrtbeduasd ring 602ethe gap
antenna (which in all |ikelihood induced a current in

5  capaciierartd4, 60y may treekdaien résultingeingyamage loéthe gsard ring. To

place). In this way, the guard ring 602 boosts antenna

ppevéntithisnapainst,diodds BE8) 6088 i icoERetRdHEWBE BUedf fwo
is not a | oad which consunes signal power. To inprove

a{d@éﬁ%é@fﬂéﬁ%%&%dé"@f tﬂlégfu%rcﬁ riRg 6022 'ﬁ?egaioggg%:r%gisggied

intrinsic resonant frequency~of the qguar

ot tnbed 36 pfSES BPnbirERl s AN BhpBeeilh comadetion to
ize and t caﬁaci tors. Additional

Pl Teedin Ay actuint ol Ba pan o siedes.608s 608D ghaves as a

capacitors to tune down the resonant frequency of the

10 highhinpedangedrvica preveoting agy flowqicawssent fronhenasegmeat to the
is very low. FIG 6 shows an exanpl e of
other under normal operating conditions, thus maintaining the open loop

condition of the guard ring. When there is a power surge and the voltage across
the pair of diodes is greater than the breakdown voltage of the diodes 608a,
608b, both the diodes 608a, 608b will allow the surge of current to flow through.
15 The pair of the diodes 608a, 608b becomes highly resistive as soon as current
surge subsides. In other words, the guard ring 602 as a whole acts as a closed

loop when there is large current surge in a high voltage condition.

The guard ring 602 also acts to reduce heat loss induced by a high frequency
20  current and the resultant counteractive magnetic flux. In the event that a
voltage having a high frequency is induced in the guard ring, the gap capacitors
become a low-resistive device which allows a current to flow inside the guard
ring 602. At the same time, however, as the frequency is high, the segments

behave as inductors. Thus, the segments and gap capacitors form a resonant
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how t he additional capacitors 607 shown in Fig 6
provide this function. Additional tuning can be

w@eosorser by varying the L characteristics of P€T18G2004/000035

guard ring segnents. FIG 9 shows a circuit 901
equi val ent to the guard ring4602 under high frequency
i nduction (with mniml resistance Rignored in this

: : et . : '
B HCofeGtbrs AN caBE S T En ey b BRUEL Elirgns thus
1R BEREE Bioeaotcnaq e A xpiveis o Mol iredd b ost
di od pairs 608 a,b. FIG 10 shows an equi val ent
acﬁ‘?'@ﬁ‘setd R&0 of an IC chip having a guard ring 1001t o
denonstrate the boost effect of the guard ring.. A

power source 1005 is connected to a source antenna
1004, such as an external scanner antenna in RFID. A

Wherk thelftegratedecirmuitlisprovidid with @i dn-thipRirtéhih£ & theenergy
energy from source antenna 1004 via a receivVving

0 o Cea ond S soaenfEand I gagRRbARGSo: offhe

' ! . of an.integrated ..

RGN RrCEUEN a8 e RADER YRR ke andlcet Stcirent in
t he, enbodi nen f Fiqure apd a guard’'ring 1102 of
15 gbafe BB B brSihe enetil i the'fist Riglad-dabis way. éhe akerd
uard ring structure 508 of Fig. 5, surrounding two

f%ﬁt%ao $|a§tqmmperiqrmnce@cgwn&heuguacd fisgslin0Be pribd art, is
are fornmed on an add on | ayer and therefore do not
nob agead which eorsumes sighhkpakep circuitry which is

To improve the performance of the guard ring 602 as a booster, the intrinsic
resonant frequency of the guard ring 602 can be tuned to the working frequency
of any on-chip antenna implemented in the IC chip by adjusting the size and the
number of gap capacitors. Additional capacitors can be connected in parallel to
the gap capacitors to tune down the resonant frequency of the guard ring when
the working frequency of the antenna is very low. FIG.6 shows an example of
how the additional capacitors 607 shown in Fig 6 provide this function.
Additional tuning can be performed by varying the L characteristics of the guard

ring segments.

FIG. 9 shows a circuit 901 equivalent to the guard ring 602 under high
frequency induction (with minimal resistance R ignored in this simple model).

The inductor 902 is the equivalent device of a guard ring segments (603, 609



di sposed bel ow. A contact 1105 of antenna 1103, having

a relatively small area, is connected with the
w@20s07a0y of the 1 C portion 501. A contact 118d1/SG2004/000035

having a |l arge area, is connected either to the

circuitry in the I1C portion 581 or to an externa

antenna (not shown) to further enhance power transfer.

S A0 MR A e e
0, bl S B SOBROTBT LS oo o

an integrated circuit 1201 with a guard ring 1202
having an octagonal antenna coil 1203. The octagonal
antenna coil 1203 is laid on two add-on netallic

Higy 80 showsearvequivaleot cirdiét H0000f amiC chigr lkdving adnesd fiog
conpete for valuable active area with the chip

5 100ntoidémpnsifatecke bbaRBefiect cF2R4 garRy fify. dNﬁcﬁﬁé‘Eource 1005 is
nmetallic |ayers that are connected by electrical

c%ﬁﬂ@&%ﬁ't@%dd?ﬁ@‘ég%oﬁﬁga 1018, %ﬁlph E-Eha% Q{t%g'f‘al@%ﬁﬁhé%@rltenna in

structure of e ment o ure S S

nent ven the sa
RRUB, Added 0Bac ol e fOERG Hght R RFHY reclves b p from
OO Al d|t|o |1y, the add-on portion has two ad
sPuifs AMtenha 1004k auRaeNing aluebrAniean® 4092 a3 vigb s from the
1312, 1311b. The add-on dielectric layer 1311b need
gvard Heg 400Aite feed |aadet003.ke the | ayer 1312. Via-hol es
1320 filled with conductive material are used to
10 connect the two add on netal |ayers 1311a and 1313
electrically and the octagonal antenna can be
FIG. 11 is a plan view of an antenna layer of a third embodiment of an
integrated circuit, designated 1101 having the general structure of the
embodiment of Figure 5 and a guard ring 1102 of the structure shown in Fig. 6,
being a sub-ring of the guard ring structure 508 of Fig. 5, surrounding two
16 antenna coils 1103, 1107. The antenna coils 1103, 1107 are formed on an add-
on layer and therefore do not compete for area with the chip circuitry which is
disposed below. A contact 1105 of antenna 1103, having a relatively small area,
is connected with the circuitry of the IC portion 501. A contact 1104, having a
large area, is connected either to the circuitry in the IC portion 501 or to an
20 external antenna (not shown) to further enhance power transfer. A contact
1106, shown at the lower left corner, is a bond pad connecting to the circuitry in

the IC portion 501.



formed in add-on netal |ayers 131la and 1313. The
octagonal antenna can also be fornmed in one add-on
waoredoalo7d4eyer in the add-on portion and in the POPSEBD&N0003S
layer in IC portion. Wth such a structure in order to
prevent performance degradat pgn, the proportion of the
antenna on the top netal layer is mnimzed, for
li@ o rd Gl ' i on
A TR ® STa S Mohgrant ol St GG 1 B4 1R,
this e ifrent .is that. the antenna can, .
FHAEE, SoubiaRer B o T ntodraleafbrat A GRS ey
i rated circuit portion 501 upon which the add on
1702 YIS an clAadas BRTeTVA Qofld 295 RBe astaganal anisnmarSi1203
of Fig. 5 1In such a case, the contacts 1205 and 1206
ig kaid o8 tweeatidagn aetallic layfers,i drieeor top af themthecasd thexefore does
can be used with a differential circuit laid in the IC

S5 nubicompetd . vambl@attive ared With #id eimpacifcugk sTraédks 1203 and
1204 such as point 1207, can be used as an additi onal
1203t elin idiffeFeReme it RYersSthalate EHHREd BY "eLectﬁééﬂ RoRfections
a signal ground port, is needed. In RFID, "there are
thMRIhRPRRIAL S, the tag and the scanner, with the
scarqner reading the identity of the tag in a
contactl ess manner by RF transm ssion/reception. The
on-chip aerial described is for use with the tag, of

_ﬁ/vhi ch it formei Part. In such an application, the tag

Q& st seclignal gtraetuse f thecembadinmentaf Figirei 1@nis shewrriR Fig.
field of the coil antenna decreases rapidly if the

10 13, whene simitareimpanentsare given the same reference numerals as in Fig.

Swith the addition of 800. Additionally, the add-on portion has two add-on
layers 1311a, 1313 and two add-on dielectric layers 1312, 1311b. The add-on

dielectric layer 1311b need not be a thicker layer like the layer 1312.

15 Via-holes 1320 filled with conductive material are used to connect the two add-
on metal layers 1311a and 1313 electrically and the octagonal antenna can be

formed in add-on metal layers 1311a and 1313.

The octagonal antenna can also be formed in one add-on metal layer in the

20 add-on portion and in the top metal layer in IC portion. With such a structure in
order to prevent performance degradation, the proportion of the antenna on the
top metal layer is minimized, for example restricting this to the antenna track

portion at the point where the track crosses over itself.
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pl ane of the antenna exceeds a threshold val ue. The
power transfer rate is also sensitive to the space

whatdesroz Wo correspondi ng antennae. To i npr ovECT/$&2004/000035

power transfer rate, particularly (but not

excl usively) for an RFID appRRcation, three further

enbodi nents of the present invention will now be
Areadvantade \of this leaftridiment iscthad he.antdni® caR beldirdchi§ £8nnected
enbodi nents, the central antenna is the on-chip

18 @8R cirdLit iN&he %@gpa‘te@'&iréiﬁt %@%ﬂ{i@a&b&?whm{ 8 add on

part of the tag,as note above,,b \ e suraoundl ng
RN e lipoket G i, FRRGE BF i PO BIN G P . Ta e -

1401,and 1402 an antenna coil 1403 arranged

a5t fier %%‘ﬁdﬁé%gr?%ﬁg@?[ GaR bglisedAsa pains differgptialicontacts
used to feed or receive a signal fromthe two in-phase
that embe usad svithea difterential ecuit laid évthed G petion 50 day\wint in
a signal fromthe antenna 1403. Wth the sandw ch

tbe mntennactrackse12Q3, t11284i suchrascpoinh1 267, wanrbd bsed ¥o an

i n-phase antennae, nore energy is collected and the

ddditiohab ebmtaenif nhsretthan ohedigii contP Pk, SeEPEES dIGHA ground
uniform The performance of the antenna 1405 is also

pors fAbédeE tO position due to the conpensative
magneti c flux distribution of the in-phase antennae

| eading to small ripples in the field along axis A
upon which the antenna 1405 is disposed. FIG 15 shows
a further enbodinent with one antenna coil replaced by
a disc of high perneability mmterial 1502 such as

ferrite . A high mmterial disc 1502 is
In RFID, there are two components, the tag and the scanner, with the scanner

reading the identity of the tag in a contactless manner by RF
transmission/reception. The on-chip aerial described is for use with the tag, of
which it forms part. In such an application, the tag circuitry would be provided

on the IC portion.

The RF field of the coil antenna decreases rapidly if the distance normal to the
plane of the antenna exceeds a threshold value. The power transfer rate is also
sensitive to the space between two corresponding antennae. To improve the
power transfer rate, particularly (but not exclusively) for an RFID application,
three further embodiments of the present invention will now be described with
reference to Figs. 14 to 16. In these embodiments, the central antenna is the

on-chip antenna and in the case of an RFID application, forms part of the tag,
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pl aced opposite to antenna 1501. Antenna 1503 is
inserted in the gap between the antenna 1501 and the

waemsomdomt eri al di sc 1502 form ng a sandw ch PCT/SG2004/000035

structure. The magnetic flux can be concentrated in

the high mmaterial so that 2Be magnetic field

strength is enhanced. As a result, the power transfer
asaidted abbudy, Withcthe BifroR , '

ports of antennae 1501, ﬁ?@%ﬁ?@ﬁ%%%ﬁ?éﬁ{/ﬁ] éG%l]&]l gﬁ%év:igg
BRALORE t6HHORENFAEar@0 an open Ioop 1606 of high m
material such as ferrite is placed around and opposite

a first antenna 1603. One end 1605 of the | oop has a

disc 1608 inserted into the centre of a first antenna

y th ther end has a disc 1607 positioned opposite
Fi'ﬁeﬁ is?‘gwséwpéﬂﬁafé@ﬂtem%{si 31 and fig@Randranathereantenna
first antenna 1601 to a second antenna 1602 fl ows
coihrl40gareangedi todoma @7sandwdch stopctuGOss shawhhA pbirk ¢406R8used
and back to the first antenna 1601. The energy is thus

té temdserezeiveralsightibftom the@Rohephase apteriR. MridthdPport 1405 is
mat eri al | oop 1606. The coupling between antenna f601

used td 8 brddeie 4 E%ﬁaﬂﬁsﬁw thBaintdfisy ?&%@éﬁﬂ%ﬁgna\%r}

antenna systemis improved. The ports are

sTUCURE S R hEr &P ARERR 18 i et Ao, Mk

DRI BB =rid e R Pvbucan eodmgtsaeiamanpegames

not described, are intended to be within in the scope
mareuiiformnvihie pesforarancezafitee anfenacidiipisalse inseesitive to
form ng the gap capacitors
position due to the compensative magnetic flux distribution of the in-phase
antennae leading to small ripples in the field along axis A upon which the

antenna 1405 is disposed.

FIG. 15 shows a further embodiment with one antenna coil replaced by a disc of
high permeability u material 1502 such as ferrite . A high u material disc 1502 is
placed opposite to antenna 1501. Antenna 1503 is inserted in the gap between
the antenna 1501 and the high y material disc 1502 forming a sandwich
structure. The magnetic flux can be concentrated in the high p material so that
the magnetic field strength is enhanced. As a result, the power transfer rate is
improved. The ports 1504, 1505 are the feeding ports of antennae 1501, 1503

respectively
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may be of any form Where these are inter-engaging,
the el enments need not be fingers but any other

WO aoen74@omagi ng shapes such as inter-engagi ng pCT/SGIOE600035
or arcuate portions.; The inter-engagi ng portions need
not correspond one to the shagpe of the other and may
conprise only a single portion on each segnent. The

Fi8t ¢5 Isﬁbwefaﬁdﬂ%,s&ragsmhfeﬁt%ﬁb% dpEh BB ﬁhd@ d¥higRY material

not be a netal ng as the materi al ibits

BB GO A BB T W e e
B R o P o a0 SrE Y BIGLISR e e

the gap capacitors 605 and the diode pairs may be
other s disa HRG T pesitioneiboppesitecdtbedustrantapna 16ah. Magnetic
their anodes. O her PN junction devices such as

fluaflaesdram the fidt antgnmec16@htd a 3esorsd antennar1682 fidws through
Oxi de Sem conductor Field Effect Transistors may be

thts ¢l 18D7e Bk RbptiadEesnd frig disenBDs %ndtﬁh%k%%é’ fifdt¥htenna

may be of any d| sconti nuous form and be a single

B epﬁ@ﬂsttﬂ@nmﬁg%@éh@@apfe%ﬁeﬁs&%y%sa e igh
d h

ng%sna”ﬂﬁéop %ﬁﬁﬁiﬁ%g&@p@m it 5u58re 4887 ordcredindhys

may al so be placed in a plurality of nested rin

'%f?ﬁs%m@f thengffisianc ¢f s aBlenma sy stas i imrroved; %th ports

-An.integrated circuit antenna device having an antenna

1603, PPt asssthefeedinguparts/of antephae 160he1602 mepactively.
circuitry being formed on separate | ayers

It should be understood that the embodiments described herein are but
embodiments of underlying concepts of the invention. Alternatives to the
embodiments, though not des'cribed, are intended to be within in the scope of
this invention as claimed. For example, the ends forming the gap capacitors
may be of any form. Where these are inter-engaging, the elements need not be
fingers but any other inter-engaging shapes such as inter-engaging triangles or
arcuate portions.; The inter-engaging portions need not correspond one to the
shape of the other and may comprise only a single portion on each segment.
The material of the segments forming the guard ring may not be a metal, as
long as the material exhibits the necessary properties for example,

polycrystalline silicon may be used. The capacitors 607 and diode pairs 608



of the integrated circuit. 2. A device as clained in
claim1l wherein the integrated circuit includes a
w@taos/atd40y of insulating |layers and a plurali tBC$G2004/000035

conductive layers and the antenna is separated from
the circuitry by an insul atipg |ayer thicker than the
conductive layers and other insulating |ayers. 3. A

) . . Lai . _ .
i) bE PlatedGh Ay abBvé lRiumtar ﬂﬁé‘%é%?g?lﬁ%gﬂ?gygfangfnot

separ at ed fromtﬁe circuitry by an I

o S SR R S B  he e oy oe

circuitr, .an insulating,layer of a .thickness in the
afigngecaith b tauhedes Coonsied b bmtithl anadasy Cher PN
_of the preceding clainms wherein the antenna and
junctioni devicesrsichAswaragtors dyipelar jnstien itiensistdrst deMetal Oxide
integrated circuit. 6. A device as claimed in any one
5 SemicbedyctecErichBffettl rapsistors meay bemsed snstgadof diodes.
el ectrical connection between |layers of the integrated
Fuirthewinbre, the gahrLting eedy b‘@ﬁﬂﬁﬁ{)ﬂ&@oﬁﬁﬁd&%ﬂw FRImay 2 a
pads at each end, a first pad being arranged to

_ . pad |
sirrfﬁa;gggarégrtnggfa%m@ g)é;)ngé’%&n@?‘l’d F(gﬁc/]étWe@ﬂ fréeoe{g%sreof the

circult secon arranged

a {] i £ hien & integrated circuit .gnd
sEAbRL R ThE RGO Phythe 81 Sob Jalm ARk Rave a8tk vfathan
7. A.device_gs clainmed . in claim6 further conprising

tig maia bpoy ot e sedinrnete ficfease Capsniatis sfioet  Himeeaments
for internal connection between two |ayerswithin the
10 mayt algpdecpiaced fua plualityrfiested tingsh avithpeaish ting bavingere: or
and wherein
more segments.
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the further pads are smaller than the first pad. 8. A

device as clained in any one of the preceding clains
wob@ser4ot he aerial is fornmed on nore than oneP¢BYE2000H00035

the integrated circuit. 9. A device as clained in any

one ofthe preceding clains f26ther conprising a

conductive guard ring disposed on a |ayer of the
Olaikegrated circuit. 10. A device as clainmed in claim?9

wherein the guard ring is discontinuous. 11.A device

as claimed in claim9 or claim110 wherein the guard

ring has two ends and a gap therebetween 12. A device

as, ¢l ai pn.claiml erein the gap,is not .

15 oa ifpratad BiciiEaMebha MRSIcE Rl AT is thelan progessing

12 wherein the ends have interengaging portions. 14. A
defifnatheceiar tag anternaand ecyiingbeing foraedqn sepasate layers
each conprise at |east one elongate finger. 15.A

deofitbe integmatad eirduit.n any one of clains 11 to 14

wherein a capacitor is disposed across the gap. 16. A

2deAidevicesagtiainmedlin claimmyl vineredf thel integratéd direuitIncludes a
wherein a high vol tage breakdown circuit is disposed

a ity BEingakting faydr8 @WUGEp@Fally of cdhven afth
cﬁgigfreglt}tl? Itngalgn%h%@éi n thepguar% r?ﬁéhdlggg gé{x:éggﬁgr the

anghtbRfia e ataflS R8T e Brchift§ BiPARN Hsulating layer thicker than the
conductive layers and other insulating layers.

3. A device as claimed in claim 1 wherein the antenna is separated from the
circuitry by an insulating layer of at least 5um thickness.

4. A device as claimed in claim 3 wherein the antenna is separated from the
circuitry by an insulating layer of a thickness in the range 5pum to 20um.

5. A device as claimed in any one of the preceding claims wherein the antenna
and circuitry are formed as separate bortions of the integrated circuit.

6. A device as claimed in any one of the preceding claims further comprising
an electrical connection between layers of the integrated circuit, the
electrical connection being brovided with pads at each end, a first pad being
arranged to receive a connection to a device external to the integrated
circuit and a second pad arfanged for internal connection within the
integrated circuit and wherein said first pad in larger than said second pad.

7. A device as claimed in claim 6 further comprising at least one further

electrical connection arranged for internal connection between two layers
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18. A device as claimed in any one of claims 11 to 17
wherein the guard ring is formed froma plurality of

wa@ondutiirve | ayers. 19. A device as cl ai med i n PCEBG2008000035

wherein each layer is separated fromthe next by an
insul ation |ayer.20. A devicepgs claimed in any one of
clains 10 to 19 wherein the inductance of the ring and

PO R ReB ISRl Al Hrher 1385 28 o R B wherein
' [ : : ncy of the network
Flsﬁi%?rﬁ’i@] e}a’ggégiﬁo‘? Eﬁﬁgéfﬁ%&ﬂg’hc@éﬁ%&heyam enna. 22. A
[ [ [ [ 11 to 19
S 38R BRR A She i orses imanpesione sera s
conductive segnents, adjacent segments each having a
safdme4i on Biore trn ane layes of thejimtegratacetisduiteen.  23. A

device as clained in any one of clains 11 to 22

SwhArdeivice ae clgiraed in ang one dfitise prstkdaty ElRS AIFthdr &fprising a
as the aerial. 24. A device as clained in any one of

cl evmauctive iuadd ring 'dispisedBHPA I8)eh 3f e | e Grcuit.

further guard ring, the guard rings bein I sposed on

: ; ' ' it. ,25. /
OEARREALY s PRIRES P ol LA A Buhd il aBonhpus
connected. .26. A .device as clained in

A & MV &3 S TPERRR IS 3% 40 WhasenaPe diiaes 55aas two

ends and a gap therebetween

12.A device as claimed in claim 11 wherein the gap is not straight.

13.A device as claimed in claim 11 or claim 12 wherein the ends have inter-
engaging portions.

14.A device as claimed in claim 13 wherein the portions each comprise at least
one elongate finger.

15.A device as claimed in any one of claims 11 to 14 wherein a capacitor is
disposed across the gap.

16.A device as claimed in any one of claims 11 to 15 wherein a high voitage
breakdown circuit is disposed across the gap.

17.A device as claimed in any one of claims 11 to 16 wherein the guard ring
has a corner and the gap is disposed at the corner.

18.A device as claimed in any one of claims 11 to 17 wherein the guard ring is
formed from a plurality of conductive layers.

19.A device as claimed in claim 18 wherein each layer is separated from the

next by an insulation layer.



on the sane |layers as the aerial, the processing

circuitry or both. 27.A device as clainmed in claiml10
wob@s®e74301 he guard ring is of spiral topol ogy.P@BS@GI04/000035

integrated circuit conprising a circuit conponent and

a guard ring around the conp@gent wherein the guard

ring has first and second ends and a gap therebetween.

) AR 88 cRIMEH 3 BRY one &'cﬁ‘élmszﬁ) tgﬁﬁé FhBrdif %ﬂﬂidc?ance of

not straight. 30.A device as claine n clarm

SR B B AN atra oo

ortlo ach conprise at |east one el ongate
flﬁ E79e @9 eV|ce as clainmed in any one of clains 28
to 31 mhereln a capacitor is disposed across the gap.
ZlAxleyica as claimed in slaimi29 whgraumgwmwesonanhﬁseqa&nay & 2he
wherein a high vol tage breakdown circuit is disposed
S5  acnewwork lietuped. to Mwarkimy frequascycbfthgemhtémaany one of
clainms 28 to 33 wherein the guard ring has a corner

2NA ddvicega® claim8ll P aRFBnatof cREMEOrNGr 19 whefhif %Y%g@aﬁﬁring is
claimed in any one of clainms 28 to 34 wherein

ouAthol 50 Ao O St KoBbeF A St
CORGMAR o Sail BT P8 AP SRS hr theldSathabhon ! avers:
23.A device as claimed in any one of claims 11 to 22 wherein the guard ring is
10 disposed on the same layer as the aerial. |
24.A device as claimed in any one of claims 11 to 22 further comprising at least
one further guard ring, the guard rings being disposed on respective layers
of the integrated circuit.
25. A device as claimed in claim 24 wherein the guard rings are electrically
15 connected.
26.A device as claimed in claim 24 or 25 wherein the guard rings are disposed
on the same layers as the aerial, the procéSsing circuitry or both.
27.A device as claimed in claim 10 wherein the guard ring is of spiral topology.
28.An integrated circuit comprising a circuit component and a guard ring around
20 the component wherein the guard ring has first and second ends and a gap
therebetween.
29.A device as claimed in claim 28 wherein the gap is not straight.
30.A device as claimed in claim 28 or claim 29 wherein the ends have inter-

engaging portions.



37.A device as clained in any one of clains 28 to 36

wherein the guard ring is formed as a plurality of
wa@ondotiirye segnments, adj acent segnents each heei/6G2084/000035

said pair of ends and a said gap therebetween. 38. A

device as clained in any onepgf clainms 28 to 37

wherei n the conponent conprises an aerial. 39.A device

P ALdRicESs Eféuf\@é! u?EI%urﬂf ﬁ%ﬂ@f’n fife [5 iBhs e%b Ilgﬁbongpaat least

conprising at | east one guar rin

rin osed on respectlve | ayers of the
i n?ﬁéﬁgqr@@?%fi 40. A device a clainmed in claim 30
3vl%n in the rdrlngs are electrically connected. 4
Mqvﬂﬁeegﬁ? slemediin a0y ongeficaimeAA teg3 hwpetgiala eapasitor is

| ayers, an electrical connection between two said
I a9§PQS©¢ actessitheggpated circuit, the
el ectrical connecti on being provi ded with pads at each

5 33A devide astlaimdd reanyg oaerainithstas toe3Ewherdin a high voltage
connection to a device external to the integrate

Ci prddkdowncirtuRtes BRPoBAY aRFdANABGaor | nternal
connection within the integrated CI rCU|t and wherein

TRt PR B ERE 8 SR By o
st _one urta% eI ectr,l cal aéni}}ﬁcu on arranged for
| n 3y RaPOTGhAB %ﬁaBéf\gﬁé’R £ &M&lers within the

mé rated circuit and havi n further ‘Eads at each end
dviGen ClHBeY i BRK pnsaqi 34whergin theyguard ring is
first pad.

10 formed from a plurality of conductive layers.
36.A device as claimed in claim 35 wherein the conductive layers are separated
by insulation layers.
37.A device as claimed in any one of claims 28 to 36 wherein the guard ring is
formed as a plurality of conductive segments, adjacent segments each
15 having a said pair of ends and a said gap therebetween.
38.A device as claimed in any one of claims 28 to 37 wherein the component
comprises an aerial.
39.A device as claimed in any one of claims 28 to 37 further comprising at least
one further guard ring, the guard rings being disposed on respective layers
20 of the integrated circuit.
40. A device a claimed in claim 30 wherein the guard rings are electrically
connected.
41.An integrated circuit device having a plurality of layers, an electrical

connection between two said layers of the integrated circuit, the electrical
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43. A guard ring for an integrated circuit , the guard
ring being arranged to form an energy storage device.

walZoodogdexr d ring as clainmed in claim43 conpriBIiTI§GAN4/000035

| east one inductor and at | east one capacitor _
connected together to formthg ring. 45. A guard ring
as cl ai ned in claim44 wherein the at | east one

| NEYGT | eq’?lc'{eﬁ o‘?ﬁc}‘é&\?[ﬁﬁ %@Q%? 'ebgﬁ e‘?ﬂﬁeatf‘V&ﬁgaéf l?cﬁiﬂg arranged

resonant uar clal

m 45 acent an t.he ant enna
halh Wgcegﬁpaosgv%%q%ﬁa%@e&&awsf b e RBorded fgit and a
frequenc s tuned. 47. In conbination a device as
cl $8¢R 5@5 aranged fesrintaraalgonnection withindhe Jelegrtedinsuit and
two in phase further antennae. 48. In conbination a
dewheeeinsaid firstpad imlazgsr tbap said secundspad.t o 27
di sposed between a further antenna and a hi gh magnetic

42cArdzvind ag ylathednimtlaind 91 furthepbmpesing at fedkd bneduffer
claimed in any one of clainms 1 to 27, a further

angRefitaflbEMAREdn AR dSof! ﬁn&fn al 86n n’e‘%ﬁbﬁ %e?ﬂgel'ﬁ‘gNB SRy

| oop of hi ghmagnetic perneability material exten

B 8 B A o

OGSl R ot e oo S RS A Qe

4%r?gsgu%?g ri%g%gp an integrated circuit , the guard ring being arranged to form
an energy storage device.

44 A guard ring as claimed in claim 43 comprising at least one inductor and at
least one capacitor connected together to form the ring.

45.A guard ring as claimed in claim 44 wherein the at least one inductor and at
least one capacitor are tuned to a resonant frequency.

46.A guard ring as claimed in claim 45 provided adjacent an antenna, the
antenna having an operating frequency to which the resonant frequency is
tuned.

47.In combination a device as claimed in any one of claims 1 to 27 disposed
between two in phase further antennae. |

48.1n combination a device as claimed in any one of claims 1 to 27 disposed
between a further antenna énd a high magnetic permeability element.

49.In combination a device as claimed in any one of claims 1 to 27, a further

antenna disposed on one side of the device and an open loop of high
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formed there between. 52. A guard ring as clained in
claimb50 or claimb51l, of spiral topology. 53. An RFID

walewsoeidncl udi ng a device, guard ring or conbP@EBGZNING/000035

as claimed in any one of the preceding clainms. 54.An
RFID tag including a device 3a$ clained in any one of
clains 1 to 46 55. A conbination as clained in any one

of nﬁpabfré péiméabity mbrial extbham@efvdrﬁ Shé FurlRIBREMth ;cPthe

a RFID tag 56. A conbination as Clainmed in any one o

Clébec e‘b@u{jgo‘flﬁw%{g\gé wher ei n the further antenna is

con Scanner.

50.A guard ring for an integrated circuit, wherein the guard ring is
discontinuous.

51.A guard ring as claimed in claim 50 having first and second ends and a gap
formed there between.

52.A guard ring as claimed in claim 50 or claim 51, of spiral topology.

53.An RFID device including a device, guard ring or combination as claimed in
any one of the preceding claims.

54.An RFID tag including a device as claimed in any one of claims 1 to 46

55.A combination as claimed in any one of claims 47 to 49 wherein the device
is connected to a RFID tag

56.A combination as claimed in any one of claims 47 to 49 or 55 wherein the

further antenna is connected to an RFID scanner.



