INTEGRATED CIRCUIT SHIELD STRUCTURE AND METHOD OF
FABRICATION THEREOF FIELD OF THE INVENTION [0001] The present
invention relates to an integrated circuit. More particularly, the invention

relates to shield structures employed in integrated circuits. BACKGROUND
OF THE INVEINTBRRBAJID (GIRS K D §ERY RIS AN hip radio

frequency (RF) ICs em%ﬁg the use of inte&rrated inductors to perform a
range of functions. DQOPE FARBIGATEANAEHERER s ubstrate which is

grounded. Typically, the inq}iﬁ}_%s(ﬂ;eﬁ&rm?&electric layer formed
over the substrate. Inductor COIlS carrying varying current at high operating
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The magnetic field induces an image curient (eddy current) that penetrates

rdR6s R BUREHAIG RO ARNS A ThmRPRRSIIE difgction as the coil current. The
eddy current generates Its own field, which opposes the original magnetic

field of the inductor. Thia degRIENIN®BURityIFacENT@NOf the inductor.
Additionally, the electric potential difference between the inductor and the

[0§02ndebhsiheon subsiratEcreatdsas e bipriaditefc@enass(Ri® dislecyioyalyense of
pointing towards the substrate. When the coil voltage changes, varying

ingegnased (dibislaterm astfonmrentrgenof dundtiras g enisitatiagg 1Eyaretbaehe silicon
substrate, causing undesirable power dissipation. [0003] It is therefore
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SUMMARY OF THE INVENTION OOO4J?It is an aim of embodiments of the

OYRU KRNG5t oNIHE I SIS R ShYATY P8 A e AV BPetPipElR requencies generate

magnetic field that penetrates into the substrate below. The magnetic field induces an image
current (eddy current) that penetrates into the substrate and flows in the opposite direction as the
coil current. The eddy current generates its own field, which opposes the original magnetic field
of the inductor. This degrades the quality factor (Q) of the inductor. Additionally, the electric
potential difference between the inductor and the grounded silicon substrate creates an electric
field across the dielectric layer, pointing towards the substrate. When the coil voltage changes,
varying current (displacement current) can flow through the insulating layer to the substrate,
causing undesirable power dissipation.
[0003] It is therefore desirable to increase quality factor (Q) and reduce power loss of
inductors.

SUMMARY OF THE INVENTION
[0004] It is an aim of embodiments of the invention to provide an improved shield for an
integrated circuit.
[0005] It is a further aim of embodiments of the present invention to provide a fabrication

method for an improved shield for an integrated circuit.



[0005] It is a further aim of embodiments of the present invention to provide a

fabrication method for an improved shield for an integrated circuit. 1 [0006]

According to a first aspect of the present invention there is provided an

integrated circuit structure comprising: a substrate; a shield structure
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wherein the shield member comprises a non-metallic portion, and the ground
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£QUbstate! and & shield member and A ground Strap Tormed on the - subStrate; =

pdhsIendhe SR REmPGLAATPISeEAPBYANY of conductive regions

formed from'a non-metallic material and arranged substantially to inhibit an
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disposed adjacent to a shield portion, and the ground strap comprises a
stroedaticopgiticing [ G008} shecorahagataadiirsaspachad thesioventidnpheieisl on the
provided a method of forming an integrated circuit structure comprising the
sudtepseov pneindirgsbicdbstralter; fonming sonpdaiditgult stvadeca ghiedibsir fiotued from a
comprising a shield member and a ground strap, whereby the shield member
ngpmgialissiaisonal astaiienpettiohstanich e groihd stradussmprisésddmetattis in the
portion. [0009] According to a fourth aspect of the invention there is provided
shielthiBfanSEURIT EUBFNEIR ARty ditbeiedadsiatig ashiil dufifnind the ground
formed on a substrate wherein the shield elements comprise a first material.

SRS YRR (RS B HBAKSP comprises a shield strap coupled to the shield
ents which comprises a sec material wherein the ond material .
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comprises a metalic materi and is erentirom St materia
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substrate a shield structure comprising a shield member and a ground strap, whereby the shield
member comprises a non-metallic portion, and the ground strap comprises a metallic portion.
[0009] According to a fourth aspect of the invention there is provided a shield structure for
an integrated circuit comprising: shield elements formed on a substrate wherein the shield
elements comprise a first material. The shield structure further comprises a shield strap coupled
to the shield elements which comprises a second material wherein the second material comprises
a metallic material and is different from the first material.

[0010] Some embodiments of the invention have the advantage that a shield structure may be
provided having the benefit that a portion of the shield structure is metallic, and therefore of
relatively high conductivity. Such a shield structure may be provided without using one of the

metallisation levels (e.g. metallisation level 1, M1) to form a portion of the shield structure in a

region where said metallisation level might otherwise be used to form a portion of the inductor.



provided having the benefit that a portion of the shield structure is metallic,
and therefore of relatively high conductivity. Such a shield structure may be
provided without using one of the metallisation levels (e.g. metallisation level
1, MI) to form a portion of the shield structure in a region where said
[0k lisdifs mrEcenFigheehhelrgiseodes saeap XS Paape Hid ot thBsrsdhe fymber of
[0011] For mare mature technology nodes such as 0.25m and 0.35m, where
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of the invention have the advantage that the conductivity of the structure Is

[doedier thanw SHesiurs: farmed Qnynramea derumekallic matefidl conductivity of the
Embodiments of the invention have the further advantage that the number of

stroefatisatiphdeviels availedle fermtabsigatingnihentidhietonisttatig. iISSAiodiments of
reduced by the fact that a part of the structure is formed from a metallic

thenatesialofORh3] the émthodimientsaf the iheentiorer o ortiohi ofithrelsidtlcivailable for
structure that is within the lateral confines of the inductor is formed from a

fahyparnat s ndegeralrurhus ismeh cednersl by ahertnasthrhrepastroictg stimaiech formed
the shield structure is formed in a plane generally parallel to a plane of the

frifRacisFRIE OB bf the shield structure that is within the radial boundary

fined by the quter perimeter of the inductor (as viewed along an axis of the
T or PN Hhabe O R AU MR oA WO b e the
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embodiments of the invention, a ground strap portion of the shield structure is
plane of the inductor, a portion of the shield structure that is within the radial boundary defined

by the outer perimeter of the inductor (as viewed along an axis of the inductor normal to the
plane of the inductor), is formed from a non-metallic material and not from a metallic material.
This feature allows the inductor to be formed to comprise a portion of a metal layer that would
otherwise be required to be used to form a portion of the shield structure.

[0014] In embodiments of the invention, a ground strap portion of the shield structure is
provided outside the lateral confines of the inductor structure, around an outer edge of the shield
structure. The ground strap portion is formed from a metallic material.

[0015] In embodiments of the invention, a portion of the inductor and said ground strap
portion of the shield structure may be formed from the same metal layer. For example, metal 1
(M1) can be used to form both a portion of the inductor (e.g., a portion of an inductor
interconnect or inductor track) and at least a portion of the ground strap portion of the shield

structure.



provided outside the lateral confines of the inductor structure, around an
outer edge of the shield structure. The ground strap portion is formed from a
metallic material. [0015] In embodiments of the invention, a portion of the
inductor and said ground strap portion of the shield structure may be formed
from the same metal IBREFDESSEHPIEOMBPRAWINGS be used to form

both a portion of the inductor (%.ﬁ,, a portion_of an inductor._ interconnect or
[
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a schematic illustration of a shield structure according to one embodiment of
thhsveNEaition; [0018] Fig. 2 is a graphical plot of quality factor Q as a function
of frequency for an inductor formed on a silicon substrate (a) without a shield

[0BIBFtUresigh) v agegidangondinganay e dmentaicths tveafiena@mer (@) inductor
with a conventional shield structure; [0019] Fig. 3 is a schematic illustration of

faanskleloh strudivee acbardingdp amtlembedsmddt sfuthednyentiomd@o@0icEigvith one
is a schematic illustration of a shield structure according to one embodiment

eppoim¢niehtienn Yoo #id) (B kit schavaatienilubicdiomuofuseshield structure

accordin&g to an embodiment of the invention; and [0022] Fig. 6 shows a
(WAL matidsd stratiehrBricaHisrEtt e lif dctBraRicl it rgrfo an embodiment of

the invention;
[0020] Fig. 4 is a schematic illustration of a shield structure according to one embodiment of
the invention;
[0021] Fig. 5 is a schematic illustration of a shield structure according to an embodiment of
the invention; and
[0022] Fig. 6 shows a schematic illustration of a shield structure in accordance with an
alternative embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0023] The following embodiments are intended to illustrate the invention more fully
without limiting their scope, since numerous modifications and variations will be apparent to
those skilled in the art.
[0024] Fig. 1 shows a shield structure 100 according to one embodiment of the invention.
The shield structure can be formed on, for example, a silicon oxide layer on a substrate of an
integrated circuit (IC), such as an RF IC. The substrate typically comprises a silicon substrate.
Forming the ground shield on other types of substrates, such as gallium arsenide, silicon

germanium, or any other suitable substrate or other types of ICs is also useful. The shield



alternative embodiment of the invention. DETAILED DESCRIPTION OF THE

INVENTION [0023] The following embodiments are intended to illustrate the

invention more fully without limiting their scope, since numerous

modifications and variations will be apparent to those skilled in the art. [0024]
stprigfune dhénricsl Sislery dtrindtister100- aAdsrantiyay-che wirklotinseHe 6heHe formed on

invention. The shield structure can be formed on, for example, a silicon oxide
YRt SlERRRIONSH rdyrata ehdfctlessusiedeyah RbeEmppg bstate” as
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on other fypes of subs rafes, such as gaehum arsenide, silicon” germanium, or
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structure Is located below an inductor 170. Alternatively, the shieldstructure

e;&@x_ﬁgk‘? fRrmgR Qs thensuhghiate, fRrexampisRear, siperiase AlitkeSIHERN The
oxi

e layer. The term "substrate" as used herein can refer to a substrate or

inquasuhshisée withdayeiséanyed shaream [Pdahalhe Spigld strustiirighigddsassing
circuit elements from electric fields generated by, for example, the inductor.

thidweghndusotor offntien@dnbodiment, comprises an inductor axis. The inductor
member axis is arranged to be substantially normal to a plane of the shield

(0936l pasbingnahrobghimasenthe ohitieé gttt JOORGIcH DReri@asbadimergerttiean an
shield structure comprises a surface area larger than an inductor 170.

ingyeteirdify, drefeiicdhsratiresafititntifisigulioldsrel ciieti dremiettdfmfrom
fringing electric fields. of the inductor, The.distance which the shield extends
R IRERES ;
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beyond the inductor is about 35um. Other distances are also useful.

[0027] In accordance with one embodiment of the invention, the shield structure comprises a
plurality of shield elements 110 separated by slots 111. The shield elements serve as locally
isolated conductive lines which are mutually grounded by a ground strap 140. In one
embodiment, the ground strap and the shield elements are disposed on different planes of the IC.
For example, the ground strap is located on a metal layer above the shield elements. To connect
the ground strap and shield elements on the different levels, contacts can be provided. The
shield elements can also be patterned such that they are coupled on one side, for example, on the
side where the ground strap is to be coupled by contacts.

[0028] In one embodiment, the shield elements comprise a first conductive material and the
ground strap comprises a second conductive material. The first conductive material comprises
polysilicon. Preferably, the first conductive material comprises doped salicided polysilicon.

Other types of conductive materials are also useful. The second conductive material comprises a

metallic material. Preferably, the second conductive material comprises a metallic material used



[0027] In accordance with one embodiment of the invention, the shield
structure comprises a plurality of shield elements 110 separated by slots
111. The shield elements serve as locally isolated conductive lines which are
mutually grounded by a ground strap 140. In one embodiment, the ground

insthg diEhengid hrine ntd WEH¥pBsed O TrerEat dRas it gRRTises Gppper.
example, the ground strap is located on a metal layer above the shield
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shield élements comprise a first conductive material and the ground strap

p&OBARISES RSEeondueRduEtive faigrial, Thridirsicordugtivg Maketdlddy currents
comprises polysilicon. Preferably, the first conductive material comprises

indopedtsaticidadup@ly sifitenlo@thgntypes ok condacivadmatardaiscasaisufficiently
useful. The second conductive material comprises a metallic material.

nRreferablyythergaecond tencuctivéiomeafeltatrgofigpdisetha imiptallicanbteribdtrate. The
used 5 in the first metal layer of the IC. Typically, the second conductive
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0029] The shield elements are arranged to reduce or prevent the flow of
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elements are arranged to be substantjally perpendicular to the inductor’ )
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inductor, The slots separating the shiel ements, are preferably sufficientl
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or prevent noise. [0030] As shown, the shield structure comprises a
ar@ﬁ@nG%ﬁEﬁhﬁp&Xﬁ@hﬁﬂlﬁptﬁgﬁmal The members, similar to the shield elements, are

separated by gaps.

[0031] In one embodiment, the members comprise triangular shapes which, when arranged
together, form a square. For example, the members are in the form of generally isosceles
triangles. The members are also in the form of right-angled triangles. The shield elements are
configured to form comb-like members. Shield elements 110 of each respective comb-like
member 130 are oriented perpendicular to respective edges 121, 122, 123, 124 of the shield
structure 100. Such configuration produces conductive lines which are substantially parallel to
the inductor.

[0032] Mutually confronting edges of adjacent comb-like members 130 are separated by a
small gap of substantially the same width as the gap between adjacent shield elements 110 of

each comb-like member 130. In one embodiment, the width of the gap is about 0.5um. In



shaped inductor. Other types of inductor and shield structure shapes are also

useful. The shield elements 110 can be in the form of strips of polysilicon

and/or be configured to form four groups or members. In one embodiment,

the members are identical in shape. Providing members which are not
alfgentivacmbsidapents Aiseusery brneHensbErgesthiita)- i thelBRRING etehadipents of

are separated by gaps. [0031] In one embodiment, the members comprise

e iaNgRgP-Jhe SaR e rranged together, form a square. For
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respective comb-like member 130 are oriented perpendicular to respective
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produces conductive lines which are substantially parallel to the inductor.
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separated by a small gap of substantially the same width as the gap
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one embodiment, the width of the gap is about 0.Spm. In 6 alternative
caniigogingesied, ithéhgahiphd lomesrivall Y. or il éntenterc® Wi thesbehé of the inductor.

embodiments of the invention, the gap is about 0.38m. [0033] In one
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elements 110 each of width about 25m. In some embodiments, the width of
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odiments, the number of,shield elements 110 in each comb-like member
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be selected to provide optimal performance for different types or shapes of inductors. For

example, as shown in Fig. 3, eight triangular shaped members are arranged to form an octagonal
shaped or “radial” shield structure 300. The shield elements 310 of each respective member are
oriented perpendicular to respective edges of the shield structure.

[0035] Referring back to Fig. 1, a ground strap 140 in accordance with one embodiment of
the invention is provided around the periphery of the shield structure. In one embodiment, the
ground strap comprises at least one gap 145. Providing a gap prevents closed-loop current
formation within the ground strap 140. As shown, the ground strap comprises first and second
gaps, forming a pair of C-shaped strap portions 141, 142. The strap portions 141, 142 are
provided around respective halves of the outer periphery of the structure formed by the four
comb-like members, i.e. along respective edges 121, 122, 123 and 124 of the shield structure

100. A gap 145 is provided between opposed ends of the strap portions 141, 142. The strap



can be generated in the shield elements 110, which interferes with the field of

the inductor. Consequently, limited enhancement of the Q value of the

inductor is observed in the presence of the shield structure 100 when the

shield elements 110 are too narrow. [0034] Providing members with other
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is also useful. The shapes and configuration of the shield elements can be
p%rélfétlﬁéé]tolﬁ%ovide optimal performance for different types or shapes of

inductors. For example, as shown in Fig. ight triapgular shaped memb
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perpendicular to respective edges of the shield structure. [0035] Referring
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invention is provided around the periphery of the shield structure. In one
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gap prevents closed-loop current formation within the ground strap 140. As
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C-shaped strap portions 141, 142. The strap portions 141, 142 are provided
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each side 121, 122, 123, 124 of the comb-like members 130.

[0038] In one embodiment of the invention, one or more diffusion regions are provided in
the substrate. In one embodiment, a diffusion region mirroring the ground strap is provided in
the substrate. The ground strap is coupled to the diffusion region or regions by, for example,
contacts. The diffusion region or regions serve as a grounding point for the shield elements and
the substrate underneath.

[0039] In one embodiment of the invention, the straps 141, 142 are arranged to be connected
to ground, thereby to sink to ground a displacement current that is generated in the shield
elements 110. The displacement current is generated by the electric potential difference between
the inductor and the ground shield.

[0040] In one embodiment, the shield elements 110 are formed from polysilicon strips. In
alternative embodiments, the shield elements 110 are formed from diffusion regions such as P+

or N+ regions in the substrate.



In still further embodiments of the invention, a greater number of gaps 145
are provided. [0037] Alternatively, the ground strap can be provided within
the shield structure or in a combination of at the periphery of and within the
round shield. The ground strap is configured to avoid closed-loop current
[@Hatiommmrtﬁ@é?ﬁgm@@um rdigldgirolfipnadriy hotb. mbysiligeimstestae well as
q ‘gﬁround strap, can be configured as an X shaped ground strap along the
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embodiment, a diffusion region mirroring the ground strap Is provided in the
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or example, contacts. The diffusion region or regions serve as a grounding
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embodiment of the invention, the straps 141, 142 are arranged to be
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generated in the shield elements 110. The displacement current is generated
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shield. [0040] In one embodiment, the shield elements 110 are formed from
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high resistance polysilicon. In some embodiments, the undoped high resistance polysilicon has a
resistance that is sufficiently high to prevent displacement current flow in the shield. In some
preferred embodiments, the polysilicon has a resistance in the range of megaohms (M£).

[0043] Undoped high resistance polysilicon with a resistance in the range of MQ has been
found to prevent the flow of displacement current in the shield, whereas doped polysilicon,
having a lower resistance, is sufficiently electrically conductive to sink away any displacement
current via the conducting ground strap.

[0044] Inductors having shield structures formed from doped polysilicon, and inductors
having shield structures formed from undoped high resistance polysilicon, are found to have
higher Q values than inductors having shield structures formed from materials having values of
resistivity intermediate between those of undoped high resistance polysilicon and doped

polysilicon.



first material, such as polysilicon while the second shield elements are
formed from a diffusion region in the substrate. As such, the first and second
shield elements are disposed on different planes or levels of the IC. The
shield elements can be staggered in the shield structure. As shown, the
[0debnd SkieltSlemé&sinaleeprividetnay Bebrolaseadiest shfeidiglérplemants may be

Other configurations of shield elements are also useful. Furthermore, the

focﬁWf‘éHfﬂ%‘é‘?ﬂ%%F§li:°é\qf)ﬂ)é)°§ﬁﬁ‘r‘i§]é&%%rém,r%}sgﬂﬁ?ﬁﬁlél}%@élé%g?‘ﬁ'eabom 6 to
identjcal or h t 1e st i t. / h first shield
o SR o B BOS SRS e PSIEED™ Bl d ikt o SicThect
above one, some or.all the second elements are alsg useful. 42] In some

Rty b etk e e T o e

[dyigg) resiptance p?%%%ﬂé]%e%tslntﬁgn]%e?gn gdiment Otg?eur?ldc?é)%? DIgh pination of
resistance polesi icon has a’resistance that'is su |ciently?||gh 0 prevenl%

d@%ﬁﬁ@ﬁ’e@lgﬁ‘tﬁ'ﬂqﬁé‘_tclfg)%‘ﬂzéﬁi_éﬂﬁ sl 19 fl%.‘%).p TGS hRARPRAMMEN R Wftusion

polysilicon has a resistance in the fange of megaohms (MQ). [0043] Undoped

redigh [ESIRIBRAGIPOSUICOR Wil afesstanselin thahaRYR AVQUIRE €8 Rriented as
ound to prevent the flow of displacement current in the shield, whereas
sidepethpelysticomhehaving o lesweimrasistanteoisssidiisiestiyrelectricallype formed by
conductive to sink away any displacement current via the conducting ground
catrapti¢0@44inindudtiors Frewicwgishietdistuestures formed from doped
polysilicon, and inductors having shield structures formed from undoped high
[MiktanddpataineornlameforintheodiansomhisenQl Vhleed pehisilinguctegon 112 are

having shield structures formed from materials having values of resistivity

SR HEiata Be SR B irIb9Ed KigRYRESRtanke Hisyalivtrs aheriments. the
dig g]g)gl’ %Xﬁ#ﬁ%ﬂg%ﬁﬁﬁ}?g ér%eélt ggl%%grll)r(]) }!Sol 1¥0%nrgg?§nnm£?(igl}gll% ¥alternative
embodiments, the diffusion region 111 has a lower volume than the polysilicon region 112. It
will be appreciated that in some embodiments, the shield elements 110 have a diffusion region
111 only and no polysilicon region 112, whilst in other embodiments the shield elements 110
have a polysilicon region 112 only and no diffusion region 111.

[0048] In some embodiments of the invention, electrical contact is provided between the
ground strap (formed from the metal 1 (M1) layer) and both the diffusion region 111 and the
polysilicon region 112 of the shield elements 110, in order to directly ground both of these
regions and the substrate.

[0049] According to one embodiment of the invention, the ground straps 141, 142 are made
of copper. In alternative embodiments, the ground straps are made of aluminum. In still further
embodiments, the ground straps 141, 142 are made of a mixture of aluminum and copper. In

some embodiments, at least one ground strap 141, 142 is made of aluminum, and at least one

ground strap 141, 142 is made of copper. In further alternative embodiments, any other suitable
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formed from doped salicided polysilicon having sheet resistance in the range
from about 6 to about 8 n/square. Alternatively, doped unsalicided polysilicon
may be used. The sheet resistance of doped unsalicided polysilicon ranges
from about 75 to about 320 n/square. [0046] In some embodiments, the
msfiilig) BRéeHiehts sambapatioiHisTsraicarBittatisn of deadifrnsioh tsgraernd ey 141,
a polysilicon region 112 (Fig. 5). In some embodiments, the diffusion region
19241 is provided below the polysilicon region 112, with respect to a substrate 5

rented.as shown in Fjg. 5. The diffusion region 111 an lysilicon regjon.
O e oo b A R e Ao B USSR ien the

inARAA] Jhenislatiye velumes of Mg Asien &R 1L AePRYPHIRORES 9 ments

112 are substantially equal in some embodiments of the invention. In

1 AitERAtVR eRlodin@Risnth&: dilfpaion draieredlilubasaBighee rltmadhais 110,

the polysilicon region 112. In further alternative embodiments, the diffusion
atregiendilct bpsailoweareqbnnedthas itk pelysilicon region 112. It will be
appreciated that in some embodiments, the shield elements 110 have a
[09fUsioninegibndibichts iy tsn oh vem fooly giticbie keg ool 1He2shadhil stamethies substantially
embodiments the shield elements 110 have a polysilicon region 112 only
thamgribadithesibin depibaf1ha nfgedd]framerhisleibiditd efaanisid Grve ntida,
electrical contact is provided between the ground strap (formed from the
[0k 1 Goliridsrbpphnticrntis e afrflisiBisired mateabn@irmppg/&icbisld elements
region 112 of the shield elements 110, in order to directly ground both of
! {ﬁ g&laferté‘& R th 8(’?886&?&%3?6611‘“9?"/28&8?& H&‘t8f6%ﬁ%%‘r‘?ﬂ§88‘?ﬁ%8ﬁla8ﬁﬁ%m can

nienton: ihe Araund et ans hdhsddz are made of copper. In alteraive
embodiments, the ground straps are made of aluminum. In still further

[R3ROUIMENTS, BIOrUPD SURRS dédnolés 2iRMAME Ak MK & PlAlURINRation
and copper. In some embodiments, at least one ground strap 141, 142 is

pﬂ@&gﬁ Qﬁ@eﬂlm’”ﬂmi),%ﬁﬂ AliRRstQNe 0.31um, whilst the second layer of the metallisation
process, ‘metal 2’ (M2) has a thickness of 0.42um. The polysilicon thickness, on the other hand,
is about 0.16pum.

[0054] Examples of the dimensions of polysilicon and copper layers from which shield
elements and a ground strap, respectively, have been fabricated in 0.13um technology node are
as follows. For polysilicon at 10GHz, having a resistivity of 1.12 x 10® Qm, the skin depth is
about Sum and the shield element thickness was fabricated to be about 0.16um. For copper at
10GHz, having a resistivity of about 1.69 x 10® Qm, the skin depth is around 0.65um, and the
ground strap 140 was fabricated to be about 0.31um in thickness.

[0055] For polysilicon at 2.45GHz, having a resistivity of 1.12 x 10 Qm, the skin depth is
about 10.7um and the shield element thickness was fabricated to be about 0.16um. For copper at

2.45GHz, having a resistivity of about 1.69 x 10® Qm, the skin depth is about 1.3um, and the

ground strap 140 was fabricated to be about 0.31um in thickness.
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ground strap 141, 142 is made of copper. In further alternative embodiments,

any other suitable 10 metallic material or combination thereof is used to form

at least one of the ground straps 141, 142. [0050] In order to avoid unwanted

attenuation of the magnetic field associated with the inductor, and hence the
[0076LtveTibrIskiarisebf theruibesr, dhel HiiEknEssRoming shidii Bieniaisisthel typical

should be much less than the skin depth of the material used to form the

thigliarss abireiiisld 1 SbgrarddaiPed aprt &ibal frequency of the mductor

[03039 [oogl}u 1ma{:)dodlmegts o{lthe inve ntlon th((fanmkn ess 0 th rmatlon of the
r%ents is'SU stan la f thmneru[ an tﬁe SKin fhé materla rom

sh“l"J‘&CHrEB? S0 ‘%‘édah%'t%eﬂt& 19, IS e, d 004l SalGided Rel %&%?a(iq*%%ﬂ%e used

of the preferred materials for forming the shield elements 110 since the

woiiigknassiphdenechRQrIUgaR pr-aRpuULb 3l thalsal the tRRESLMBIBHIRYET In some

that can be formed in standard CMOS metallisation processes. [0053] For

elakadmplardar il teahnelagmihediistoneiaktoyed pihthedmelalisatianing from the
process, metal 1' (M), has a thickness of 0.31m, whilst the second layer of

lothesmetallisgtiomaabtess itngidb8i¢M2) has a thickness of 0.42m. The
polysilicon thickness, on the other hand, is about 0.16m. [0054] Examples of
[09RS HimeFsidinst ofepd ipsiticem.dnddsbippe brayead tfrédrmmwhictrahiékirapléAfantde case
and a ground strap, respectively, have been fabricated in 0.13m technology
ol Bue hrEugeTsI B2 edidsyeiRes FEPabimeRs oh Ang S TeQRs i of 4t oSt in part
166 Qm, the skin depth ?%about 5ma d the s |eld e ment thickness was

PHSHEAPE D B A0, TS AP GOPBBr 4 RS RAUALE MLl o e
e o e q16§m AR o o
an inductor 170 of a transformer structure, in addition to being used to form the ground strap 140
of a shield structure 100.

[0059] The use of a metal layer to form the ground strap 140 has the advantage that
improved grounding of the shield structure 100 may be conveniently provided. This is at least
partly due to the fact that the resistivity of metals is generally about 100 times smaller than the
resistivity of salicided polysilicon.

[0060] It is important that sufficient and relatively even grounding of all the shield elements
110 is provided. In some embodiments of the invention, the ground strap 140 is longer than the
shield elements 110. Therefore forming the ground strap 140 from a material having much
lower resistivity than the material from which the shield elements 110 are formed has the
advantage of ensuring that currents induced in the shield elements 110 are conducted to ground
in an efficient manner.

[0061] The shield elements 110 are formed so that the shield elements are generally at an

angle of at least 30° to portions of an inductor coil formed directly above respective strips.
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[0055] For polysilicon at 2.45GHz, having a resistivity of 1.12 x 10-6 Qm, the
skin depth is about 10.7m and the shield element thickness was fabricated to
be about 0.16m. For copper at 2.45GHz, having a resistivity of about 1.69 x
10-8 Qm, the skin depth is about 1.3m, and the ground strap 140 was
(087 catetheeprmsb i i1 ircint fficRefe PPy ifocbsefiel skivt erspamlefin the case of

silicon at 10GHz is about 5m; in this case, the typical thickness of the

S}Eﬁ%lﬁr\‘ﬁésl Hbfitad §a e Aottt 1% ﬁ?%ﬁ%‘?ﬁhﬂsﬁﬁtﬁﬁ%sr HOAFEGE DY the (O the
Ili al.for the f shiel 1
SRS MistR for e formmatian o e shild s 40 1308

ayer 0] satlon process can e use

1f§”T‘1 H‘%H’ﬂ#ﬁ&% g&ﬂ%@% Pﬂaﬁlﬁu r B‘%@OE@@&P %foq ﬁlt&\?&&dno overl%rnég these

transformer). In sdme embodiments, a stacked transformer may require th
stHPE of all the metal layers starting from the lowest metal layer (metal 1) for
its fabrication. [0058] The first metal layer can, in addition, be used to form

[063 proupig stired-4@ninthe aseuabshiglisteiwies 306 @ceardirgl td at®rding to
embodiment of the invention. This is at least in part because the ground

ostrepbbdirfeingestibenyenipienAot thiirghieldmstrucborinamd dods hnotutidertie shield
any portion of the inductor 170. Therefore, the same metal layer can be used

sttaoforen] @Qpoitofs dftaplinbeiaod a7 Quitrpaplsiormdhsindentee | 9 adetltiontd 75 has
being used to form the ground strap 140 of a shield structure 100. [0059]

m‘#ﬁ%“lﬁééaéf é%éfafma%rdt@lfﬁrﬁf the gryeiea sttisp 4o HdEOmdsdvertigdanatds an
GO ERIARE A TAMO IR R RIS Do o
b P%%%%% I S

oisﬁﬂ@igdﬁt‘%pq%sand outer edges of the shield structure 121, 123, 124 is about 55um.

[0064] The length B is known as the inductor lead length. Changing B affects the inductance

value and hence the self-resonant frequency of the inductor 175.

[0065] In alternative embodiments of the invention, the length B of the inductor leads 177 is

at least Sum. In some embodiments, B is from about 15um to about 55um. In further

embodiments of the invention, B is about 35um.

[0066] In some embodiments of the invention, the length A is at least Sum. In some

embodiments, A is from about 15um to about S5um. In further embodiments of the invention, A

is about 35um.

[0067] The larger the values of A and B, the larger the area of the silicon substrate occupied

by the shield structure 100. Therefore, in some embodiments of the invention, the values of A

and B are adjusted in order to reduce the amount of substrate area occupied by the shield

structure without overly compromising the value of Q of the inductor. In an embodiment of the

invention, the shield structure has a value of A and B of about 35um.
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110 is provided. In some embodiments of the invention, the ground strap 140
is longer than the shield elements 110. Therefore forming the ground strap
140 from a material having much lower resistivity than the material from
which the shield elements 110 are formed has the advantage of ensurin
[091}] currépesTBa dedont theRedens Wl istsveotione dsnatietdsiargrsudOiss of a

an efficient manner. [0061] The shield elements 110 are formed so that the

S SRRERERre BRI SCAI CANRIB P bl ASERPRo PO BfgHre may be

inductor coil formed directl ove respective strips. 12 [0062] The geometr
o R AL 5 0 Bt e U P R gt

bSPSIE SRR i ellﬁorlé?ﬁﬁl}f%,]i?ﬂ%{y GA0:DE F8&N INARIDESE; FIURS QHEAY sides, 8

generally 45 to the portion 172 of inductor 170 overlying these strips.

si;Nilan et canRepsesisinat shield strips 115, 116 and 117 are generally
perpendicular to the portion 173 of inductor 170 overlying these strips. [0063]

[06§9]4 shawmarincictedisl ustoie chisoiimadomaishiatbsiucl ey hexagonal
according to one embodiment of the invention. According to one

steipeb ollimginbohphesdimrerhtion thhershigte sigubtufehed extendsnaterglble number of
beyond an outer periphery of the inductor 175. Inductor 175 has inductor

sifgadegly 7sat sgposesidands sflehe’intdastdr sdsichr exte ndhdroitahte ingubesr In some
towards an edge 122 of the shield structure 100. A length B of the inductor

erbadinen, o Ry FafiRy 1o ilusibis ainserrra it sHIAE SRS is about 15m. A

length A of the distance between a periphery 176 of the inductor 175 and )
O, oo EFHRE ST S AFSCTORE 19814 i SBOTEBERh oo Ry spiral

length B is known as the inductor lead length. Changing B.affects the
e T S R L AR R or 175
[dPAG5] Inaliar "b%“%’ﬁn%@?@&“{ﬂﬁrﬁ? Qhibe Aentiens Be dengi Bidf B&h wm of the

inductor leads 177 is
inductor is of substantially the same diameter, successive turns being displaced with respect to

one another along a direction normal to the plane of the shield structure. In other words, the
inductor may be of a generally helical construction, being formed in a ‘stacked’ configuration.
[0072] It will further be appreciated that in some embodiments of the invention, the shield
structure is fabricated above the inductor, in addition to or instead of below the inductor.

[0073] Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.

[0074] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.
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at least 5pm. In some embodiments, B is from about 15m to about 55m. In
further embodiments of the invention, B is about 35m. [0066] In some
embodiments of the invention, the length A is at least 5pm. In some
embodiments, A is from about 15m to about 55pm. In further embodiments of
(095 Inve hfdiHrea: iielsEuE BEASITODET] PP raRger themjeliBeistizs aharaipthdescribed
_larger the area of the silicon substrate occupied by the shield structure 100.

IR e RIS AASRTE o PR S1UEHiBh STHED I st A VERUPR & to be
e ool (s ol of SR ale e REUBIed R e untes

Shield structur@without ov rﬁ/ compromising the Value or® of the |n8uc ofr.
in%ﬁgﬁ@@%%@ﬁ.of the inventiop, the shield structure has a va_llue of_A and

B of about 35m. 13 [0068] According to one embodiment of the invention, the

shield structure 100 is of a generally square shape. In alternative

embodiments of the invention, the shield structure may be of rectangular,

circular, or elliptical shape. In still further embodiments, the shield structure

may be polygonal in shape. For example, it may have 3 sides, 4 sides, 5

sides, 6 sides, 7 sides, 8 sides, or a greater number of sides. [0069] An

inductor according to one embodiment of the invention is of generally

hexagonal shape. It will be appreciated that the inductor may be formed to

have any suitable number of sides, such as 3 sides, 4 sides, 5 sides, 7

sides, 8 sides or any other suitable number. In some embodiments of the

invention, the inductor is of generally circular shape. [0070] Furthermore, an

inductor according to the first embodiment is of generally spiral shape. In

other words, successive turns of the structure are of decreasing diameter.

[0071] It will be appreciated that in some embodiments of the invention, each

turn of the
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inductor is of substantially the same diameter, successive turns being

displaced with respect to one another along a direction normal to the plane

of the shield structure. In other words, the inductor may be of a generally

helical construction, being formed in a "stacked' configuration. [0072] It will
WhittiefBEappieciated that in some embodiments of the invention, the shield

structure is fabricated above the inductor, in addition to or instead of below

the inductor. [0073] Throughout the gMion and claims of this

speu}&catl tio fatthg v%/rolrltljtsS tr%gpwl%r s?n "contain” and variations of the

Words or e‘%(amp ec'compnsmg Oana ™ §mprlses" means "including but not

Imﬁe&iﬁ%;&&d is pot intended to (and does not) exclude other moieties,

additives, components, integers or steps. [0074] Throughout the description

and qa&ma@fsfth!étﬁ&e%tﬂﬁﬁ}i%gtﬁesﬁieﬁluﬁéﬁﬂ&oﬁ]ﬂa%g%umﬁ Ql‘dﬁ%&ﬁi@@%n the

the context otherwise requires. In particular, where the indefinite article is
subsegkethe specification is to be understood as contemplating plurality as well

as singularity, unless the context requires otherwise. 14 [0075] Features,

integeiissreinarketdriskic syaraapoumgsisehamicanmaidtiegoaiaroups desgrioed strap

in conjunction with a particular aspect, embodiment or example of the
compsiviion metatdcrertimderstood to be applicable to any other aspect,

embodiment or example described herein unless incompatible therewith. 15

What is claimed is: CLAIMS 1. An integrated circuit structure comprising: a

substrate; and
2. structure as claimed in claim 1 wherein the shield member comprises at least one

conductive region.

3. A structure as claimed in claim 2 wherein said at least one conductive region is arranged
substantially to inhibit an inducement of eddy current in the shield structure by a current in an

inductor associated with the shield structure.

4. A structure as claimed in claim 3 wherein said at least one conductive region comprises a

comb pattern of a plurality of conductive line elements.

5. A structure as claimed in claim 3 wherein the inductor has an inductor axis, the inductor
axis being arranged to be substantially normal to a plane of the shield structure, the inductor axis

passing through a centre of the inductor.

6 A structure as claimed in claim 5 wherein the at least one conductive region is oriented at

an angle of at least substantially 30° to corresponding conductive track portions of the inductor,
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a shield structure comprising a shield member and a ground strap formed on
the substrate, wherein the shield member comprises a non-metallic portion,
and the ground strap comprises a metallic portion. 2. A structure as claimed
in claim 1 wherein the shield member comprises at least one conductive
syidfigiicspopdite canfechscclEitkawinodrahei R Witaikdriisssdatheys phelow the at least
conductive region is arranged substantially to inhibit an inducement of eddy
ORI REAEH YRESBITR I QA GRRETE B HEEIASRATLH “9ribE O isBtfated with the
shield structure. 4. A structure as claimed in claim 3 wherein said at least one
conductive region comprises a comb pattern of a plurality of conductive line

7lemants, auf LGS 35 SRS d ML ElRIm; S WRSEEh NS MAYRIOL A% arranged

inductor axis, the inductor axis being arranged to be substantially normal to a

n&'ﬁﬂ&a&fﬁi}@@hiﬁﬁi%ﬁﬁ&%f%me inductor axis passing through a centre of
the inductor. 6 A structure as claimed in claim 5 wherein the at least one

conductive region is oriented at an angle of at least substantially 30 to
corresponding conductive track portions of the inductor, 16 said
8.corresponding epoidintdétridk portiors bisingitdd atedairect grabodetap are formed
below the at least one conductive region with respect to a direction parallel
inggherraipleietor axis. 7. A structure as claimed in claim 5 wherein said at least
one conductive region is arranged not to pass through said inductor axis. 8.
A structure as claimed in claim 1 wherein the shield member and ground

strap are formed in the substrate. , _ _ _ ,
9. pA structure as cﬂumed 1n claim ?Wherem the substrate comprises a dielectric material.

10. A structure as claimed in claim 1 wherein the shield member comprises doped

polysilicon, undoped high resistivity polysilicon, or salicided doped polysilicon.

11. A structure as claimed in claim 1 wherein the shield member comprises at least one

diffusion region in the substrate, or at least one polysilicon region or a combination thereof

12. A structure as claimed in claim 1 wherein the shield structure extends from an inductor

axis beyond a periphery of an inductor.

13. An integrated circuit structure comprising:
a substrate; and
a shield member and a ground strap formed on the substrate,
wherein the shield member comprises a plurality of conductive regions formed from a

non-metallic material and arranged substantially to inhibit an inducement of eddy current in the
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9. A structure as claimed in claim 1 wherein the substrate comprises a
dielectric material. 10. A structure as claimed in claim 1 wherein the shield
member comprises doped polysilicon, undoped high resistivity polysilicon, or
salicided doped polysilicon. 11. A structure as claimed in claim 1 wherein the
shiplid RISHERA DS rcHpRiss At ndasrb AsPaifrl alireeation thitlé RubStatad dieaground
least one polysilicon region or a combination thereof 12. A structure as
SUERIFBWTS 1A P UHREIRYhe shield structure extends from an inductor axis
beyond a periphery of an inductor. 13. An integrated circuit structure
comprising: a substrate; and a shield member and a ground strap formed on
14he substrale whrginthe Sgid memberFamRESES AR R egpductive
regions formed from a™~ non-metallic material and arranged substantially to
inhibit, ap;indueemantof gddy current in the 17 shield member by a current in
an inductor disposed adjacent to a shield portion, and the ground strap
compisama saedalic RRitien a il meiboe: afoiapming anhdRUmMeBGIGdta ground
structure comprising the steps of: providing a substrate; and forming on said
stsybhstrate a shield structure comprising a shield member and a ground strap,
wherein the shield member comprises a non-metallic portion, and the ground
strapwberaiprides shiphétaltiapsorgomplisesAashistdnstalletuperfomanidtdegy agesgnd strap
circuit comprising: shield elements formed on a substrate, the shield
CUREA & TRei{riBR O st material; and

15. A shield structure for an integrated circuit comprising:

shield elements formed on a substrate, the shield elements comprise a first material; and

a shield strap coupled to the shield elements, the shield strap comprises a second
material, wherein the second material comprises a metallic material and is different from the first

material.

16.  The shield structure of claim 15 wherein the first material comprises undoped
polysilicon, doped polysilicon or salicided doped polysilicon and the second material comprises

aluminum or copper.
17.  The shield structure of claim 15 wherein the shield elements comprise first and second

shield elements, the first shield elements comprise the first material and the second shield

elements comprise doped diffusion regions.
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a shield strap coupled to the shield elements, the shield strap comprises a
second material, wherein the second material comprises a metallic material
and is different from the first material. 16. The shield structure of claim 15
wherein the first material comprises undoped polysilicon, doped polysilicon

13r salférigdclbpetpeysintdn e treisdbeAdatanacbrpidasodidmpsarhery
or copper. 17. The shield structure of claim 15 wherein the shield elements

ol BfPrEd SFEE U SERBHEC ShigsURNEReS AR ORUARRF S ments comprise
the first material and the second shield elements comprise doped diffusion
regions. 18 18. The shield structure of claim 15 wherein the shield strap is

1§1ISDO§§QSR{8H rs]gu%tgl%rbq Qﬁﬂn ?g Wﬁe?gﬁeﬁge %Hfé?&"é[&p%%‘ﬂ)&ge% %Iﬂlglgifferent plane
structure or a combination thereof. 19. The shield structure of claim 15

of¥herein the shield strap is disposed on a different plane of the IC. 20. The
shield structure of claim 15 wherein the shield strap further comprises a
diffusion region formed on the substrate. 21. The shield structure of claim 15
wherein: the shield elements comprise first and second shield elements, the

26irst shielsheldmentsreofeprisel theterstmoatehial dnchplferseconosivedd diffusion
elements comprise doped diffusion regions; and the first material comprises

regirddipatiedsly shikcomsasped polysilicon or salicided doped polysilicon and the
second material comprises aluminum or copper. 19

21.  The shield structure of claim 15 wherein:
the shield elements comprise first and second shield elements, the first shield elements
comprise the first material and the second shield elements comprise doped diffusion regions; and
the first material comprises undoped polysilicon, doped polysilicon or salicided doped

polysilicon and the second material comprises aluminum or copper.
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