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WD 2006/ 000973 PCT/ | B2005/ 052006 1 Pl anar i nductor
This invention relates to planar inductors and nethods
manuf acture of the same as well as their use in
‘ggﬁW%@W@u%tor devi ces such as integrated C|rc£FF§B”@§m5”m6
Pl anar inductors are frequently used where an inductor
is required which occupies mlnimal space. Typically,
l.apar i nductor conprises a conductive track, in the

ngg' %V&ﬁ spiral pattern, which is laid on a

substrate. Connections are nmade to each end of the
spiral track. Planar inductors can be realized as

di screte elenents using thin-film technol ogies, or as

i ntegrated conponents using integrated circuit (1C)
manuf acturing 10 processes. Planar inductors are often
used in radio frequency (RF) circuitry to achieve

functi onghBUERuASn ¥Rkds Q&?laﬁ‘& 'iﬁdh@tlofs%d Qetdds 8f Ahufacture of the
(VCGs) and | ow noi se a fiers NAs). There.is a
samecis el g Hheir “ﬁ‘hlﬂsséwoa‘éﬁﬂqr deiges ﬁ%ﬁh 25 GtpgERIEd SIrGUifFt her

el ectrical connection to an internedi ate point of the
conductive track. This can be a md-point. Figs. 1

and 2 show two types of planar inductor and the

posi ti onP%Laﬁn&ﬂcg)IQ%E @lte%ueﬁﬂ el Xyhefd) d induck? %quigegvﬁlich
pl anar uctor wt centric track segments” 11A,
ocuges mib@nal Apaspi Fyplicaiptaplingr indnatercolnprivnsarropdugtive track, in the

fohﬁ B} ﬂﬁilaisp%m %é;}fp{s aﬂlt Std CSQ]Q&!?A?J bgﬂle?{f%ﬁ efmg&eto ea(tjph end of the

s;mrels:rask Mamar indfictors @ean lod Jahhqaatashdlmembmemh esmg l;hm—ﬁ]m

nal s hown b .GLOS F
1ol e o ad Rpoghited pbRnil vk iFARRA el UG min MR
prodesel Pamar dudtons arecedten @edddal rddiv ﬁe@ymquF ) ciaduitry to achieve

nfi ati d bet ween
i fish & vSBee SutRl el B chF T G PegRpuias avas).
segnment SThéfé'lfsfameth Reieht in siometap%limu@fs wirsdkanderien dlectrical
resi.stance, of the tot et we
COPRSCHOT @ 20 inigrmedite %"@H’g\%ﬁ CRYCUEH prTAC 2““ %e a mid-point. Figs. 1
and 2SB6W B @ SHplautihddcicrand tHe wodtio0st a Ihwﬁr ijﬂg Kipat shows
olta e d ferences bet ween nei ghbour.in
T T SORGU Rk Sahensinbl Ay AL cH s By Py Baff formed
beHFB’éH eﬁd&eﬁﬁ%ﬂs 96, s lgémﬁﬂie&@g éh@%fﬁél EedieBR, ?ﬁmﬁ Idoiht in
hence nore ener g we stored

Fig and
tel@ﬁ@éé!ﬁiaa%d TRSAANCROL &eéotﬁlét%@weﬁéhwq#dwﬁgn%%% {sghown
bytdiss 15.eads to a | ower resonant frequency of the coil.

It i1s desirable for a planar inductor to have a hi

qual i ty Xig)2 shews emlanpioidycéar withyspei-gigalar trpcls segments gwh are

o LT Pt BB S L b R AR ominals

20, 22 by interconnecting pairs of segments. The mid-point, in terms of distance and

resistance, of the total path between the end terminals 20, 22 is shown by cross 25. The

disadvantage of such a configuration, however, is that voltage differences between

~ neighbouring winding segments (e.g. segments 26, 27) is generally larger than in case of the

spiral configuration shown in Fig. 1 and hence more energy will we stored in the capacitance

that exists between the winding segments. This leads to a lower resonant frequency of the

“coil.

It is desirable for a planar inductor to have a high quality (Q) factor. However,

the quality factor can be degraded by cuarrent crowding, resulting from the preference of the
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2 RF current to take the path of |east inductance
instead of that of | east resistance at elevated

fre %ﬁ ThIS current crowding is caused by t
wogRe o Y "proximty" effects and results ||?C§’IBZ"°5’052006

significant increase in the resistance seen in series
wth the inductor. In order tdreduce this current

owdi n t _has n _proposed to divide.the s
Rt okt Pa T B Sy e Pl a v
filelpedty. Al duptertt Rrdvati ik €dus¥d Byhthe exirfnal h@bmegc bffgad dhd results

havi ng an. i dent.i cal resi stance and anc
1%%?‘6‘?%&%‘“&@%%? ip fhed e%?“&"%\ PRYF 1 %F&‘G%YVH ‘%‘EF‘% elﬂ?%f to reduce

1ifid @SreneroRditlg # haHBMN Eﬂ@o&@&@ HMd@ twalqﬁdw&\zﬂts ké\@ralcurrent
pair_of parallel pat When a high Q factor, and

piBswhigh ﬁrefe#eéa'tsfé%gm P&W@elr"é‘é}wqﬂéﬁmfl% eash patiderieg Ao ientical
rdsisfinceSandSndcBh&. RS 03/010518Y GEscridhieipldhar ﬁﬁﬂaacsﬂtm t)?@ a8k, 3

|nterned|ate point is required, this can disturb

%h@@fetwefpoe&iﬂ@ waYssof pepvidiag pair ofpasllehpags. When phigh|Q faptor and
re@ﬁﬂaﬂ?fre ddi the/arPR elﬂe%@ Sﬁf-‘]&% Is réf&?edQHB@*%eQ when a
out prOV| pre I nvent 1 on
cmeﬁ@ntt@arpmtwmerbate Qoifits mq@rred, yipecayf digerh rﬁhﬂ:hala@ne olcuzents
r

s 8} S} a1 ol ind B B0 o BRI ity P bt uch o
hwmdmuhmk$conpr|5|ng a conductive path in the f or m of

a spiral pattern, and a conductive connecting path

whi ch connects a termnal to an internediate tap

poi nt along the conductive path, the connecting path

ti di al 20 di ed
ST o6 e rebat iy @ik pal « Bt B Rtk B s ibfaR S ap
inAmnediatt poigt ¢faiplanshindtictos, at least in part, radially
directed el nimse an di st rba ce t
current f“l%ﬁ? SH"CE H%‘g]ﬁﬁﬁeﬁeﬂi |P\r/‘?s"1 Claty ac?f‘f ‘Pﬁ‘?t“’r comprising:
- inductor acaﬁuac@wmﬂphltﬁaoﬁﬂbha sl pterrQuai@ed via the

i nside of the spiral attern The 25 connecting path
- can conphPRgeFoRsfiag pafh ihich CoMECS ALHIIRA 19 Briaterpediate tap

polftiafohg ERSRndatiRe pARthd QSedting Pt REmPrisid4 fortion which is radially
internediate tap points are commonly jolned at the

digegtse wdthagspegi o th§|§P1FaAPa'EP&'@t ern. Each path portion S
connect SThOpbiigiof 68k E&ﬁileaafg%mla{ r% d12sRpAE, rdiallyl drected

respective conductive an alternative to
hefs o manimise apy digfurhasgato ﬁlmnumentémhreéhq Hensandyctiyepath gshe
inecting path can conprise an additional section of

track which is parallel to the conductive path which

f orms t h&hesqeinnesting path eambe rohvied viadbe impide di/iaspitpé pedtern. The

cobRENH P Lol R 0P kod 16 EORFGI BOB, How AP ooty

poviivas §rom one or more intermediate tap points are commonly joined at the centre of the

spiral pattern. Each path portion connects to the desired intermediate tap point of its
1espective conductive path.

As an alternative to providing an entirely radial connecting path, the
connecting path can comprise an additional section of track which is parallel to the
conductive path which forms the spiral pattern. This has an advantage of reducing the length
of the connecting path, and thereby reduces the resistance of the connecting path. Where
there are a plurality of conductive paths, a separate radially-directed path portion connects an

intermediate point on each conductive path with the additional section.of track.
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there are a plurality of conductive paths, a separate
radiaIIy directed path portion connects an
termedi at e poi nt on each conductive path with the

"5‘&&?‘16{089?5? section of track. WD 2006/000973 PCTERS/052006
PCT/ 1112005/ 052006 3 Preferably, where an additi onal
section of track is used whicB is aligned mrth t he

spi ral pattern the position of th iate point .

i s adj ustEderpl)y.cierAadditiongseqtion O%Eﬂgeétl%e f@ld? ?léwé ith
thR 35ird1 P&kt AT dsitiBn bf @6 knterhdiateHofit IRAiREe8 tP&nPentafobte

a md-point or any other desired position along 5 the
effestiqd fuemmt paeing slopaEciipe-pat h. While the spira

pattern ige Mdlht@ Eﬁ?cﬁ%%ﬁﬂiﬁfﬁbﬂi Qr 9&}%& 6851138 pOfiidiChlong
a generally circular pattern, it be appreC|ated

the frmethi of thenenductisypaii.e rectangular, eII|pt|ca
oct agonahyfe th@%ﬁ‘gfjpaﬂéﬁﬂ iORGh ie ﬁ@%@cony&liﬁng Hﬁ@tﬂg@ bdbeing a
as

“radially-direc e construe bei ng
guterably tieghldr pakernlst wthléae@epnemeteéthat Heapba sauara, reqineiiag.clliptical,

oci%%ﬁaq 0{ indg dn %%J QEB? rﬁlﬁ? @iﬁ) tjequ{ ech!hla ﬂjegﬁﬁ 19% la@(?:’g)!tmed as

0 pran ors, e app
bmmymaxmdnmwmﬁﬂwcmmmoﬁﬁcudEM1wmﬂnﬁnﬂmwﬁ$mmf t he

T%%‘%ﬁ%t&ﬁv%nw &n 8?35 \&op STy 4 r | Py V&%I t Pl &ct&‘g %ﬂ? ft aﬁngbetﬂghedltg planar

transfaripére as @ll.pl anar |nductors, Flgs. 3 and 4 show
pl anar inductors with parallel conductive paths to
improve their quality (Q factor; Fig. 5 shows an
enbodi nent of the invention in which a connection is

made to n int rnedl i,nt, of .t uct or

a centr eEHgP%f“eBtF of the “%Vﬁt%i“‘é’l ‘g'gﬁetdﬁfcﬁ‘be‘t;}”ﬁﬁ ‘% 39?8\7\%1:
C@&ﬁﬁéﬁg{n @p&g@ﬂgmm@f the invention in which a

connectlon IS e to dlate poi nt of the

i nduct or ﬁFal%mf ?W@W“@@ﬁﬂﬁ%ﬁ ARSI i t hi n t he

spiral  pakt®id4 db@ plaﬁax&ﬁ&%ior@wﬁtﬁ phAARE] cORdMREN RS 1€ fmprove
the invention in which a connection is 25 nmade to an

theipngualipe@ decdorpoi nt of the inductor via a further

conduct i ¥ §Liafs 20Wnbbaieht e tRPhl@hion RAKAISK A codhib@ionSs made to
shows a further enbodi nent of the invention in which a

anggiepesiatopointoof theaaductos vigrt derePARIRE AcePPRiDAteras t he
i nduct or E? @s]?ow%eclﬂstﬁ% Rt Rinepf oftﬁ@m%@dtfoﬁ |1n Reich 9 rE:E‘nnechon is

" Fig. 9 s a way of connecting termnals in
madedd ai ijermdiate phinhefi thé mdugterona a er conductive track w1th1n the spiral

patiern;
Fig. 7 shows a further embodiment of the invention in which a connection is

made to an intermediate point of the inductor via a further conductive track outside the spiral
patterm;

| Fig. 8 shows a further embodiment of the invention in which a connection is
made to an intermediate point of the inductor via a centre point of the spiral pattern;

Fig. 9 shows a way of connecting terminals in the vicinity of a planar inductor.

The present invention will be described with respect to particular

embodiments and with reference to certain drawings but the invention is not limited thereto

~ but only by the claims. The drawings described are only schematic and are non-limiting. In
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30 The present invention will be described with

respect to particular enbodinments and with reference

to certain drawi ngs but the invention is not limted
WRU897hut only by the clainms. The drawi ngs PCT/B2005/052006
descri bed are only schematic and are non-limting. In

WO 2006/ 000973 PCT/ | B2005/ 052@06 4 the draw ngs, the

size of sone of the_el enents nmay be exagger at ed, and
the Gravanagvife Hae Sfcqme of fharelqm%&amﬂi%gqsﬁ%@@ g0t e g scale
fo MRt AV PSR WhED the thrén € Rritilg’t 18 @sdalif §RPresent description and

description and clains, it does not excliu e ot rher_ e
clamsnis decs ngfoxgludpethenglanentsnf stepy SYRT RRingriingef fpipaio article is
uRl Wheh Rrdring fé%%g“&?ﬂoﬂneé§ g FPadrOriBle"S iHhGHEBdes AQMRAal of that

e.g. "a" or "an", "the", This includes a plural of
nquramless segghlngriiseds sneeiistlli ekl se is specifically

stat ed, 08 R 136D the USEH, dHBuliBt I iBicHRoted as bei

shoul d nEtﬁgE}}e[ﬁ_i %théé%%t’e%wa%%ee?n *Yestri E:t ed efpge?haés e
resteioied td the meahstlisied dhefaalier; itidoerns sxahisic odhe Plgments phieps. Thus, the

. e . . I- t] |
soBhET Sefl ol BPvics WiBori sl BE MRAT PR TAERA
ddvilces candisting onffef coeponmish std Byt mvhys thit vaturppedte the fresent
.and. B. |t ns..th Wt hres present 10
miv?{l\?lgﬁ’tql%%rflﬁ eggrgr?f) %‘E’?% Eesvc'afn eéég%%%ltﬁ%]%ﬁﬁ)'f t he device

are A anfuterhore] thetenos Brst, sévend, ¢hindarid thelike is émolestription and in

third and t dke int descri.pti.on and,in, t .
i Py 2 e M ittt B R iR ¢ i B nde iy for
destribifgd eqadndial chidesiegis#llordey. If Bito behasgierstdoi mignt the terms so used

sequenti al, or .chronol.ogical order. |t is t e
arp RSP ON R SPREDTOR oS gd Hpel? eoBhdRants ebte o
mVHEieh despibadtciot e GiPabMITE bpdiatRS if Bthet d2gqtentéigthan described or
_enbodinents of the 15 i nvention described herein are
ﬂ%ﬁﬁ&ﬂﬂ?%ﬁ operation in other sequences than described
or i1l usfokb@dihd @ik Bop, BBLCRY \6@&r, uideLaddahdBld i fhe description
bottom over,_ under and the like in the descriptj.on ‘
angiep qlaims erearekionresciiig PrEoseiead rl?tmef%m&u?% gengubigg frlative
pRfbn ) BGERIR nlidkstb thARRE tekihd agls&&hl@tmty&hang@ma rfBSapptdpriate
I's to be understood that the terns so used are
ciicpmelprshv#ngebasitee caphodimeatrnt s inengion deseribedheroinare expalli @f
opkli@ibn Hbg%eﬁ gﬁo #1000 iin Qbsclib& driRRhk@RedRscr i bed herein

are cap operation in other orientations than
descri bebigss anf ﬁ@gw sveembralinaenis ofig pjanar Bidugter ig aggeedgnee with
e s ke e L L
enfhodinzenisi thel ombatimets difileris@ingthé matwer in whick odtinpations are miade to
. 1:en‘oa(r%jdi ments differing in the manner in which
mEHRRES FBNE are nade to 25 intermediate points.
Referring to Fig. 5, the planar inductor 50 comprises four concentric annular

rings, each ring being formed as two separate semi-circular segments, .g. 53A, 54D. The
segments can be formed as a layer of conducting material on a substrate using conventional
semiconductor manufacturing techniques. A useful description of inductors can be found in
the book "Design, Simulation and Applications of Inductors and Transformers for Si RF
ICs", A. M. Niknejad, R. G. Meyer, Kluwer Academic, 2000. A first terminal 51 and a
second terminal 52 form the two ends of the conductive paths through the inductor. Two
paths, which are electrically in parallel with one another, connect the first and second

terminals 51, 52, each path taking the. form of a generally spiral pattern. The term
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Referring to Fig. 5, the planar inductor 50 conprises
four concentric annular rings, each ring being forned

as two S(ﬁegarate sem -circul ar segnents, e.g. 53A
WRE00608AEnt s can be fornmed as a |ayer of coné’GE@WQsmsmOﬁ

mat er i aI on a substrate using conventional
sem conductor manufacturing techniques. A useful

.descrjption of ductors can be found in_3
SEBEplhin TG b Y A0 RSP B e BB A B o b
pﬁl@eﬁlﬁf ﬂifz( F@E@off Bé[ngd%extRE eadzho(%%ar fﬁ tlfleM enbldgne. ad, | R51G ;
yer u cadepm ¢ i.rst. _termna an
secon@aﬁmﬁﬁ%ﬂuag&@&wﬂmlﬁﬁé 2SS @b HS SEFI-pifylar segments, with
sa&mwrg Mﬁqe?xﬁéﬁﬁbé Rusdnhfd et Ohe of WBich RahBEn as 55.
e

which are electrica in parallel with one another,

Cepsideaiag opgf thy Paéqﬂeb s Buoyats ot Bpshicamal 5 andaacludes sqgments

sﬁ@tﬁBt 8¢t B 340 berdr0 hilisRing 3t BISRMBAIZD] Sﬁnﬁl@ﬂf Fhe d%e&ﬂdeﬁafbuel path
The t er m WO 2006/ 000973 PCT/ | B2005/ 052

alsestertt at fesminelS1i andsamarises lsegnras 5&éeﬁ43955é§ ?”cD heforedimighyng at
tcﬁ Rk Eﬁk%\?ﬁ ntRGeddRld 'R sHEEE Mt uBEks Bl dn® diftlent layer of

€ sense el ng next to each ot her or thelir entire

thp atricturBawith Gés Jomodging alcomeriing minptvesadhedifierendayess.
the sem 'Igé ?ﬁffelr %%u%&:g gﬁlng ix{langﬁagﬁlrﬁdsﬁf{(r& G 8 Hed eRPfTaﬂ}%ﬁgv#g a

segnent s ng i nterconne
typaldhiokwesas sEteral miGongivdech in ga@nwddw etChmgpar al | el

h
o0, e 0 ELTIR  APEce y w

ot ArphgsaBechzse oStI:mldna E‘ds;stlvtyhﬁ G didsativeataglobheto ysa o fordogiofor the

starts er. nent s 54A 4
seBifEnts BurFiop o GEIoR TR PR e RO A DTSR Progeshes v Fist o
gzﬁasﬂ: ib ®rhedin thedicR6tris (s tsilizom d:ud& ovelotvrlomkisrisldikeBCRINA darrier

di f.ferent .| ayer he st Wih vi 6 .. .
laygr &% FeRPHigd ShEN: $'ﬁ°5e%'511 bt it o e R ickness n the
rah@Y @580 nthQo $@cdhanar i nduct or can be manufactured

froma thick | ayer (havin i cal, ne

sever al %%?Bﬁé’}“e%}??]crﬁe‘ihémﬁaég?&bﬁééﬁw) @%E’Eﬁ ﬁé‘ él‘h‘é’femoved
frdrA YR PERBNREhEC Jal yRemh ih iR 888N ofm&. Thé Euipaakis indhe

can be nade b%’hW or Al pl ugs Because of the | ow
grpquep Brthe frack oftheayducior.  s° advant ageous to use ‘Cu for
bot h f or yf a1 BEIIRASCIAREcdsO bothBe Atk ELHRNRCHE Bdtections

Preferably a Cu Damasceneugrocess is used. First a 15

(vige)orsw eiched in Bhewisdpoitic aplararubseaaently dilled with adrerries weiaad f&-
or a |low Jna.{?g I r j
deposi tedlll% uc ﬁéltmh'n sequgaédr%%r?@ﬁl the,eﬁac ae%rgf?gg‘ndard
CMDSquaM caﬂqninsttezﬁ @ thh pﬁthn dinal- proﬂmh &ad. 51131 po GMOSQBogess 2
cheni c ani cal lis
ety i e e PR TbU L [ B PRIk Poimt o
vidw! i i ﬁ@vaﬁtﬁgeo@s felusP adviefl Parallel A6k sG¥ OV EnAlSwidR FBCinstdee, 8 tiny

Cu pattern in the 20 grooves is the track of the
3 L aiide tecks suffer much less from CMP dishing (in a Damascene process) than one big

24 pm wide track. A reduced dishing allows lower values for the resistance. The semi-
circular track segments are interconnected in a symmetrical configuration. The
interconnections comprise a via and a metal track. The resistance is kept as low as possible
by using Cu in the via and for the metal track. Preferably the same material having a low
resistivity is used in the via and as metal track, so that contact resistances are minimized.

The mid-point of the first spiral path is shown by cross 61A. The mid-point is

- the point that is exactly mid-way along the total iirductance of the first spiral path between -~ -~
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In a dual Damascene Cu process, both the tracks as

wel | as the connections (vias) are etched in the

di el ectric and are subsequently filled with a barr
Woy¥sMeRE cu.  The planar inductor may be nanEi’F%?’t?P%QPm“
in the back-end of a standard CMOS process or

deposited on top of the final éproduct. In a 0.13 m

process .a ical 3 mthick op er .top netal
teﬂalyélﬁ Sheitt Swnilar e B PR FeARER BB R e 61B.
TS §§}f¥im Istthd %nﬁdﬂaﬂﬁe’%ﬂ@@%d’ivﬁh s $RY1BfaRInd@srk lo€1he second spiral
tracks with a small wdth or instance, 8 tiny 3 gm

pafh betweengteraginalg p1.8¢- nuch | ess from CVP dishing (in a

Danmasc eng 9&9&5&5@ i Hémﬁd BBE ab i3 poRd wik:MItkESinipeddike atAhe intended
reduced shi ng | ower val'ues for the

opegating fremesacy mrheif@éﬁei totaé velae (This nows 4 W@a’%ﬂ ly taking the
mt SHGI MY ﬁn%hlel% i RBIREE Isalf of ﬁ@{ow %19&' on. The 30

erconn tlons conprise a via and a netal track. The
r esi st an @‘\ecqnsedklegimla@ﬁk ownggls the oui-ppiat 61y of b Higst epiral pattern to

aéé'ﬁfr )%ﬁ @Aﬂgftﬁesvemfm&m gaftJrﬁCA( ﬁuéﬁeleéoﬁﬁgcggg haias 15 8¥Bects the

avi n SIStIVItyISU eV|a
maicqmblmsslﬁmfaﬂe sbﬂmdlspmﬂ path hcacentro pDJat64 Eaehi @&thmmecamg links 62A,

%:ﬁ?{necévp r@fllg@%wg& Eot thg maera n rs; i)ell'ﬁr;eﬁc’hmﬁérttg %cﬁ of the
cUrﬁnBamiﬂgySemioﬂcuWytreak edfgldntseiha:t utt(ad)ssttsn'dihﬂ:nadlabﬁthsf@t doeoriented
first 2006/ 00Q97.3
insedy 4 B0 AT e SRR BT RiRr IR maador equa toero. o
m d- poi nfA mﬁhérhﬁlﬁmﬁdeﬁmﬂhaétmm 6B sxﬁints\mmmﬁn cemspoint 64
1B. Thi t t.hat tl i d-
o Ve 0 e e R S e g o
exb&ﬁél@@lﬁp@@hﬁl O@dvenibrkly, Buk 63T alighed wam thé gdps tiche EistdbBtween

St RS sshah S  TESTRE e Wt AP

th@ %n‘ﬁ%u@@l@r RrO¥idPBSifds Rquirékfon g difeeentifll iépReie l’ﬁsm@aﬁlce
poi nt ere the inductance is half of (its tot

| osv@aﬁqésuc}xa&éwwélaqdﬂﬁégi i6rd 18 s hoghnBra dosign et E%W%’@fimffeq“emy

mt@%r%te‘afcu&h%”%?"rsﬁ 13RI ¢ AhbrRgt URlersk) Preds PRAL re point 64
the overall inductor pattern. A further connecting

li nk 62BThisArercemerttiebasad on poygderstming that penneetiogh petween
ng
B By o 03B ol b oot
maghetiofied ahseginduced Holtigeswhigle paveramilidn b svrrens thahwry gisturtthe
L L
apperys inhmbrcbhmcﬁmgmdtsmcleclxmel pir¢underentially dirsgsed, ak. Hathg ydrddrare

mort ] s et B A Bl BB mpoims o1,

618nle tdime@yd ertiedxidredl tirmalal 6Dodly eimpathe 6%,662(&; 6B éet aremadially
can.be nade to other integrated or 15 external

ditegfifhonent s. Conveniently, link 63 is aligned with the
gaps t hafjgexilftvsRaétheelanar inductor which has the same general layout as that

shown in Fig. 5. The main difference in this embodiment is the manner in which midpoints of

the spiral paths are connected to the external terminal. _
A farther conducting track 85 is laid alongside the innermost annular ring of

the inductor. A first connecting link 83A connects a point 82A of the first spiral pattern to a

~ point 84A on the track 85. Link 83A is radially directed with respect to the spiral pattern, ie.

it perpendicularly crosses the current-carrying segments. Similarly, a further cox_mecting link
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nei ghbouring sem circul ar segnments and can be forned
on the sane | ayer of the structure as the
- ci rcul ar segments. A mid-point is required f
"&?F?"é{”@ﬁ?‘? al negative resistance oscillator gggﬁsg)gsmszooﬁ
described in fig. 16.31 in the book "The de3|gn of
CMOS radio frequency integrat?ed circuits" by T.H
Lee, Canbridge Unjversit Pres 1998, % Thi_s
83 pepmgenaRPINT S2EhallBe SR it pAy 1S PRI %Bf’héhwack 85. For

162608 Bt WilDBe HPLANREADeloROpdIAS 824, $2Bark AGHIRS M- lﬁme bf tﬁélﬁ e
the influence of the aglgetlcfleld of the coil

respagHus sriral padisy Adiiacs sadially diredted comperias ligh BT pricads bettvoen
eHEM t&mhﬁhl BOGR & ?&Et dohelk ﬁwhﬁh% ﬂaiauf Bned aﬁtﬁmhe link 87.

current distribution over the paral spiral current

Cp&‘tehgnﬂyrﬁlmk 8y Fﬁﬁhg@?ji Wigh thg g@séhﬁt VXIS%W§G]ghbounng semicircular
et ecgﬂ‘ﬁ&idgf%&cﬁ @ﬁ Bﬁ(};\#ﬁ ks Ak Whﬁ;‘ﬁq; ﬁffﬁ(ﬂ&lt & jod points 84A,

ch are nore or | ess
Sf&n@Smdtdoesmne@wbmdpms and not in radial

at hs.

Phe. oxt erth e srafiecets AR IPrip el o8 By FRNRGR M EPA (o
the haitreq:roelt 164 of thieligducids vie ditk A Radythess cartiedviora tiget denire point 64 to
th? ﬁgt?r%%lstlﬁn di%e?lt rvEVkaC@ ﬂ%ﬁl ‘ihlxqseha% %gae]‘p g?gﬁ@én% %%%ﬁ%nstﬁ(? spiral
pahdrhellengthtof ﬂﬁs pdﬂemm adiditional mhstaﬂmerand bercatvgl] gicur 28‘€blitag@d.rop.

iral .paths are connect t he ,ext rnal termn
bl i Bt Paae 5 e AR Fouf iionhe iy Bth s
sHofteredd 9 Tiking Miack 85, It ik Pessibfe to tileulhtn cibat effect the passage of current
SIG ek 5 A0 VP e b o R PR 2B CAEOR Peleterpiey ghd
diSidiveits thedgntad dfthelioileBY adjusbing e @gPREositiontoll thespdididhterconnect

(:@fﬁng e e ot 6 A IR S35 00y GuC-RORLA 1 g,82B) the indnced
E@@a‘ﬁtelaﬂﬁl el dakee M6 R0 NBSIRA0IA1a R8T {01)13%@9 &dsflp 2Eifiate the

connects a point 82B of the second spiral path to
negquwﬁgrrgwgn%n the track 85. For reasons that will be

expl ai negspe) B%h eRRIPH of Bdfh calttBahe not the
m d-points of their respective spiral paths.

A
further Thelpelf angd ratvad indaetanconMaicafithryiningier lgops ok the dngdyctor of |

U5 S BAELD A B Oty DO i

1 gne
spaiity efhliognh layd 2 Bipnkw8ié agsamad.i gned with the gaps that
exi st between nei ghbouring senmicircular segnents.
Conducting track 85 only requires a length which is

[MFUTTT[gT ent {20 | Of 3 pol Nt 84A 5 84B dnd 86 and does

—ne(——v{%m‘ -o-he—ami—-ong y fangenent shown in

! Fi g. 5%%?“} @F@E'ﬁg %?Q;E's@ &Zﬁ"ﬂr beJ 5PF3 point 61Ato the

2 cent rj@7401h{>.088-10 3. 24ke10j lﬁ@Qﬁ:i%r"— O9F40Ili nk 62A and t hen
1

3 Carrlm PeEH0 PAIEAG 10 the external
term 601 vi o | i \AKi as the | east

v s D BPERY et i A i

50E-10 [2.09E-10 [2.92E-10 4.30E-10 |7.36E-10

:\D

5

The numbering starts at loop segment 85 and ends at the loop 53A-54D. The voltage across
each of the loops can now be calculated using:

V; = joZ$_ M, 1
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paths the length of this path incurs additional

resi stance and hence will incur a voltage drop. In
contrast, in the arrangenment shown in Fig. 6 the
Vﬁ‘?&““ﬁ@l}‘ﬁfm i nterconnecting path is shortened BYTAREAMPR052006
track 85. It is possible to calculate what effect the
passage of current along tragk 85 will have on the

remai ni ng pattern as a function of angle difference

wherd weSavk wagkected thearesisiance efithe boops. W eeedlyt fthe vRjtage V across each

10%?] S%Sﬁlhagm ﬁne?ﬂg%ﬂtéﬁlo@ﬁg hi]d].plgoﬁ&f Lgtg ss[n%g hﬁkF currft:nt with a

erconnec true m - pol nt
frppicnty @2A10°and ad RIS wmimtw BiAmbpetdiB fomeCBweemhh;e mdnd:@metdntacts
can easi | corrected

5| g1 EH AR 8T ot P A BRES B st B e s ana

thB@iln?éﬁt irgtha Beg@itARI3BA, SHB &1d®S Iazemmmm iham: Il—Z}OandTi‘-‘rés—L;—Is——l A.

Se an he i.nduct or oQps

Usihe pwabom il o gind gha e St g aliage iEE Sy 8 B toops

m’eeﬁ aygo,NeEe.2anv.euserv am&la v,of 62801t Rse a)lﬂagﬁptpjﬂyddi the full
sacmgdof 10 ‘m and 2. g;geeqt_za % |\4_ 111

36 degres Snp. AGeing i pofiseporpgitba BAIOP IS Ay a50Ee fi tis vollage

mauc%& %e%eﬁsth@ eudBr dontitwill bg 339870k0 Sfcﬁc@@lgc&:@esp&ldmg current is
24E-10 5.81E-10 3. 76E-10 .92E-10.1. 74E-1

ZABEECOEGIUQe %th@decthS% betggen qentacts 3 apd 52 il 5@@‘#%1“8
%tlc%%g inkidctor %’i?mﬂ-cg g we?’&ﬁ cafdulde tﬂ_eﬁ ﬁle%m’%rﬁeﬂﬂeeﬁ ftlﬂsr&ﬁne%ﬁon from

0o0p segnent ends at the | oop H53A-
53\H310t5é§@né61eo@9tacte‘ﬁehl 6% Vph@nﬂ dhspliegmbatueanites Connectlon from 54B

to%%tﬁ%ﬁg%%g?%éig 8s61 X V_V\’n I hnm kb %IA]&)] ¥R %quﬁqgc%?e% where

ere we ave neg ect ed
the eeltage &nicE6 B6lt.tSiwe teapel voliegsdep pérass lodre3 vhh1 Hg@s pasily

aj‘ G a‘Pe%%hS%%H%q1+t‘qciR ik $o ﬁ?_gfé%é'é‘ &4 0 Beldr tﬁ@%’gﬁé&zﬁﬁ 8b& 538 ip 53C, and

oW n S assune an urrent wt
suﬁaeehpmtabyoltage dfop h&@ssdnoi) ‘ﬁﬁl RVE ivisleadlychlclamdthat midpeint 61B is

rgfe%%j #}Et ié\:ﬁel? g%??c% | n S %na 3% tg giée e %1 W a?&ﬂa%]%e preferred

pceitﬁﬁ fof the @blnecidgy 1axeh e:tAﬁaM;SAamd SBBISSB 8341Br ffhmdesucd mhbomt :

SET5b3e8 0 390 TR e B A BN 750
0. sd}em4gﬁal 3625 0.80Y Wieery/ Klah& ¥eknow dtmethmd engtﬂdiext‘endsa)f the
g SigpTag he vobsgerat g Yado B ok Y 1 1138 gne
vidgarger 1 gop. Adding the voltage across the half |oops

3.4 a’?‘g ﬁ:lSIﬁI\iv?hefur;%altalgsautmp\tllgL En%ge in this calculation that the high

frequency currents in the connecting lines 83A and 83B are zero we require Vaza=Vsaa and
Va25=Visp. Solving this gives X=0.1038 and Y=0.1428, which implies that the connecting
Jines 83A and 83B need to be located at angles of 37 and 51 degrees to the left of the
midpoint connection 60.

In Fig. 6 paths 83A, 83B connect mid-points of the spiral paths with an
additional track 85 positioned inside the overall paftern. Tn an alternative embodiment, shown
in Fig. 7, the additional track is positioned outside of the overall pattern. Here, the additional
track 90 lies alongside, and is parallel to, the outermost semi-circular segment of the pattern,
Radially-directed links 91A, 91B connect to points on the track 90 at poinis 924, 92B

respectively. A connection can be made at point 60, as shown, or at any other point along

track 90.
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i nduced between the inductor contacts will be 3.12

Volt. Since the corresponding current is 10 2A, we

concl ude that the inductance seen between contacts 51
BRQOBPU9I3 1 56 nH for this particul ar induct BFT’IB2°°5’°520°6

Simlarly we can cal culate that the voltage between

the connection from 53B to 53C and the contact 51 is
1.48 Volt, and the voltage between the connection from
54B to 9uchemhdve drscried embediments somedBny/eietmady kethe mid-points

ﬁqgg i ?% T ﬁ'fleg’n H&bﬂg Eﬂlrlﬁ)&%ﬁfl& %91&? tﬁntstﬂﬁ?can be

ol't. | nce e drop
agdredgcscdnocxpioﬁs ton$ ﬁateﬁmdlaﬂesvomaslpng/thm dengthl of theespiel rathgt The

§ rrxiraij zﬁ{ent is gﬂ‘(ﬁm P?er%%é%?n%rtgg%dtbg ﬁ%}ﬂggﬂk‘cﬁg&% s%rréeiﬁgg}wgilch together form

amniletraggs)ﬁbtm ﬂaeawexaﬁ shatpe opthé seginends ddn bk squerepeesiahgular, elliptical,

of Brel ¥ fhet 0 iR oo Palel Y SR ol ey ve
qtalraaes, ad shotvhén Piged, @ Bﬁgdothtfl@haﬁelaﬁﬂ thefwdytie whizh niescdepmepts are

|'i nes 82 3A— 84A 838 e
TP P SOOI b St B Papeglf fiapagnd lavou
régairédiages at point 84A and 84B vv| II be V84A=1.56 + 20

0. 80X and.V84B=1. 56 + 0. 80Y, a%]g\{denote he
required SF ’c”éﬁﬁ??ém?ﬂ*mgﬁ Tt hegigeal gonpestinn é‘e

ﬁ&&n}i@dting 6% cad hhRlalhireibh vich 18%& éMtﬂ'elly B8ial, V8.2 b adibnificant
57X an V82B=1.43 + 1.71Y. To fulfill the initial

ragiod epppraneRt 2 a smpher cpmroneat whirkisidgicted paralih o the gapks forming

i BB YPEREES) iviherded phihSyIRANRR6E drfigkly 1ARBisS3A 188 Hosk A of th
arsgﬁz!gro we. re%HZeVsp%A—VS4A and 25§'\{}l BISV84B fo e

inggsmodipl el is vatiedie ascommait aan 6ffecto. 1428, whi ch
TP es gk sbOR RQIREFLARGihERE S gﬁa@a Patfis o BRGHH béween

be | ocated at ang of 37 and rees to the |ef

thgfend teeminals.cipidh cmnnc,c@nneelzqmgmamo mtﬁme igte p@lqiﬁanfrb@ﬂms The

oS3 gL, B b AL byt s
a palttce betwepmtha parallgl @athatlt ig predertrd domtbe paraligh paths 036 provided in

' he additional track is positioned outside of
th%legététrv% it pattern. Here, the additional track 90

l i es al oRgitie, baskth Fig. Ipédreglldnet inthactorthara single comdittive path in

rcul.ar..se a rn. .
Rt B S S5 o) R 2B Th Aot compecsipe pptt bgfpeen the
midasoititr1&ekd 9 Qositionijact tB2hd t@Rihaly HS p2 ed thutedllycondections can be

necti on can made at i,n 60 as . shawn, . or at
iR SOHEOR Pt 1aF DGecteARE B the Wb ey gved by o

ralfielly &iE @A PaA5200 Betvled thelnti@-paiao Ve aliesEhirpéint of the pattern and

enbodl ment s connections are_ nade &lg t he in@ f?gljp%
angHehbelWeqhe ratR POIRLIRAGIOIN! DREePH ¢ sam
mhrine? 4s@8owh §1 Fil 05. e rl@lk RisBowP i Fig ) AMemafkRi), H%Choh@cchn%path

connections to any internediate point along the_| engt
to dle rpqqlepogg icpinclyds grsarc-vhaped track which lies inside (o1 outside) the segments
forming the spiral pattern, and parallel to them, in the same manner as shown in Fig. 6. The

position of the mid-point tap will need to be altered to offset for the effects of using this-

track.
The principles of the present invention can also be applied to all

interconnections that are in the vicinity of the inductor, even if the interconnection is not
intended for connection to the inductor. Fig. 9 shows an example with A representing a first

connecting peint, such as the input-of a sensitive amplifier, and B representing a-second



10

spiral pattern is shown here as being forned by
sem -circular segnents (which together formb5 annular
‘& gp hobUt the overall shape of the segnents_can
Qa @9%%%ct angul ar, elliptical, octagonal OPCFHE%QEMQWM
any ot her shape. The segnents need not be
sem -circular, but may be quamwants as shomn in Fig.
4, or. any. other shape and the way '

COBRfTERG RO, BIch phf EeRugGHivade %éeqvaplfrtsrfiﬁea‘fvéﬁh .haq tOp%?tFFf Eigrinputs

dTeheVaipliier dp@inSitiidtuble HRAY fdqatc@sigh N PR L e hﬁﬂl@éﬂng path between
required. 10 Wiile the radial Interconnecting p

nofiep and Rds madeas sherh Ackostblgy, 2sshewvn bypath dQh ﬁél@mrb@cwlﬁtge may

&%Huh@d’ﬁtoﬁhéiﬁitﬁﬁﬁé AmARichy bin dg@tongatﬁafheéhxwﬁ %Qba’ﬂh 102, the
e. it has I gni ficant onent and

%fimﬁd @Fw@éﬁqﬁdﬁmwsﬁ@ dlathy 1592@91119@%6@ @eqyamal 024+ Gt“@“‘tl??ée generally
eﬁtﬁ&qgtﬁalfﬁflf&tgg sebltfas IR, Qb.’l Jhcxrff freeled's ﬁ%l@ﬁﬁa Hlefto the
pat h I's not entirél I's use osition
trgikst fhenmg ﬂleepn@ @aidare Pp@urmd qogmmng path nwy &c vendrip deefsence to the
A, bove descri bed enbodi nents, two
parpa{ Fﬁqg@%g? agnéa@g&lgﬁof\%m between the end termi nal S,

WI th con n%tlnmﬁomslmghmwdo the dnaitodinmemthi det@ibpd hertis, which may

h d
n‘@ler 8:; %pnéirggf Fle nééﬁ%rh%é) a?]flﬁgeusé;ﬁpc &%e I%E%Itsg’ng ngf

nalnta|n|ng a balance bet ween the parallel paths, it
is preferred for the parallel paths to be provided in

~multiples of two. 20 Referring back to Fig. 1, the

pl anar inductor has a single conductive path in the
formof a spiral with a md-point 15. It is desirable
to route a connecting path between the md-point 15
and a position adjacent the end termnals 10, 12 so
that all connections can be nmde at a conmon point.
The connecting path to the m d-point can be achieved
by two radially directed paths; one between the

m d- point 15 and a centre point of the pattern, and 25
anot her between the centre point and a point between
the terminals 10, 12 in the same manner as shown in
Fig. 5. The result is shown in Fig. 8. Aternatively,
the connecting path to the md-point can include an
arc-shaped track which lies inside (or outside) the
segnents formng the spiral pattern, and parallel to
them in the sane manner as shown in Fig. 6. The
position of the md-point tap wll need to be altered
to offset for the effects of using this 30 track. The
principles of the present ‘invention can al so be
applied to all interconnections that are in the
vicinity of the inductor, even.if the interconnection
is not intended for connection to the inductor. Fig.
9 shows an exanple with A representing a first
connecting point, such as -the input-of a sensitive
anplifier, and B representing a second



WO 2006/ 000973 PCT/ 1112005/ 052006 10 connecti ng
poi nt, such as a connection to a decoupling filter
whi ch has to protect the inputs of the amplifier
agai nst disturbing high frequency signals. Wen the
Cgﬁgﬂsctlng path between points A and B is nade as
as possible, as shown by path 101, a disturbance
vol tage nmay be induced into the path due to the coil
By using a | onger path shown as path 102, the 5
L.i nduced quﬂmmbambemremanﬂmgsed Path 102 conpri ses
sections 1q€®PG Whl re generally either radially
directed ¥§ F?N%P 84 102G or are directed
substant i @EdMu@W@édnﬁécth@ paflfwhich %81lﬁ§ecfsodr t&hhihat 3%n
spiral pattern. A curved connecting path may be used
Hﬁﬁﬁngh@&éﬂkn@eiﬂ@ngﬁﬁcmnﬂkMNpp@hstralght sections shown

here. The,i nvention ted to

doscr i bec BTy i ihi e bondnfll B Bt RO wRpAE
patdeinh) ﬂiﬂcoﬁﬁ‘élﬁihglpﬁﬂl cfdhq:lﬂshfgeh $eraee whichtib eadiIMantdcRa wilhl

CLAIMS: 1. A planar inductor conprising: _a conductive

regpgetio thaepiel paencvhsreindemensaesting nesh pompriseh acﬁmm@ctw

wRch 1 By L EREE bR ROP b BN Rl i
pafternh) thesﬁrsifpdrhm beingradially difictedwithp@bet b, thé Bgiral pattern.

connecting path conprising a portion which is radially
directed with respect to the spiral pattern, wherein

2.the conne&yaﬁsgx RALRCATRIERES Faifnl T SheRQ b %ane\eﬁh%Pmnt is

joins the internediate tap point to a connecting p
subgtangtallysit thesicdiwe phithe spiralglatterpat t ern, the first portion.

being radially directed with respect to the spiral

pattern. 2. A planar inductor according to claim1l

3.wherein th ?mmaﬁétbm:c@mmg tolefalmsmﬁ&%ﬁf thadel a¥e SleddMBvo
centre of the spiral pattern. 3. A planar inductor

copducsive PAgs. aack beingelectitall e impartibal avitraneznothen snd tthm)e 1s a

se%a(}%%lfﬁét oﬁlfﬁ}aé]ﬂﬁe cgnn 0 be'agﬁgf g,l gc éf t'églcl;lg%(cgmﬁv%) tﬁs each

firptqiokrti cmjotfing b eesp@diﬂe(iﬁtbﬂ&cﬁlﬂé bpfpRiint@dsiy @l drite: paths to the
conductive paths, each first portion joining a

COPRESHBE PPPE | nt er nedi ate tap point al ong one of the
paths to the connecting point. 4. A planar inductor
according to any one of clainms 1 to 3 wherein the

4. A planar inductor according to any one of claims 1 to 3 wherein the

connecting path further comprises a second portion which joins the cormecting point
within the spiral pattern to a point outside the spiral pattern, the second portion being

radially directed with respect to the spiral pattern.

5, A planar inductor according to claim 1 wherein the first portion of the
connecting path joins the intermediate tap point to a connecting point which is located

between the tap point and a centre point of the spiral pattern.

6. A planar inductor according to claim 5 further comprising a further

- conductive track which is parallel to the conductive path.



connecting path further conprises a second portion
whi ch joins the connecting {)Oi nt within the spiral
pattern to a point outside he spiral pattern, the
second portion being radially directed with respect

to the spiral pattern. 5. .A planar_inductor accordin
T-to o ai mh Plier BeRciohiscpidiag s G uhegein fgee arc at least two
coB@iIRe bhfhe, dadh BeingicstridiRy ilpRAINE it Ghel MBLHRE M the & a

connecting point which is |ocated between the tap ]
firprostioneicthe cernecting pah fer eseh phthespndustive pathereach rst portion

. Pl ' [.NQg: laim5.further.
B A e DB A Bigh Bl Bk e g o
regpettild @nné@inghoitoaduslidryia thaédhdudidve tfackAoiRb Bdaespective
i nductor, according to claim®6 wherein there are at
copREENS PRHIS- conduct i ve paths, each being electrically
in parallel with one another, and there is a first
portion of the connecting path for each of the
8.conduct i vephathiadu@acdrcbidirgt toptuiini Dwherein the pgsidon of the

. respgctive i.nternedi ate ta oint along o of the
i %ﬁ?}f‘ Fﬂ?&%i@l&% core%@ﬁ‘é@w & %ﬁ%@tq “;B‘Giegff’?t of the

fudhd chh@iceh8+hde conductive track joins the respective
connecting points. 8. A planar inductor according to

claim7 wherein the position of the internediate tap
poi nt al g each.conductive path is osen_t o, of f set
9. Phe ot fech PaF SRS A E e B Al obS oESRRSR Lo Pt he

cofheRg phtf k@ conpeisésH RPokPpdivn MRRHGbins iR fidther dondBcetive
wherein the connecting path further conprises a

tragk tohpoipbeutside therspiral pasiers therrecdnd pavden being tastiallyedirected
Wiﬁ{,%gégg{{g tﬁ% Q@}a@ga@&{lg,i de the spiral pattern, the
on

second por eing radially directed wth respect
to the spiral pattern. 10. A planar inductor according

to claim4 or 9 wherein the connectin pat h conpri ses
103 pl ur al it PlaB#r IBGHRIACPPIEINgd sl wﬂg whetgidhe copnegiig
path BRBrisLEpaRRy P Sre Sk hinks FhIARECh jBltfle WHRH 00 gops
beingtridiglhealgged, antlwhefeip Itansecondphrtion of the@onukictigg path is
al.cI %lnm 18_‘te\/\herei n the second portion connects to a

! lES B the spiral pattern which is adjacent the

end points of the conductive path. 12. A planar

i nductor according to claim 1l wherein the connecting
llpath codypplasadnducterageordimgttd ghimtDorheren tle sgrond portion

condbeR 10 R %'0161‘1 SubsiR RS 'qu}al Sallt%n w‘ﬁ?c% i§9 Jage%tt theend points of the

conductive path.

12. A planar inductor according to claim 1 wherein the connecting path

comprises a first portion which joins an intermediate tap point along the conductive
path to a connecting point which is outside the spiral pattern, the first portion being
radially directed with respect to the spiral pattern, and a second portion which is

substantially parallel to the conductive path.

13. An electrical circnit comprising a planar inductor according to claim 1

and at least two further terminals external to the inductor, wherein the further



path to a connecting point which is outside the spiral
pattern, the first portion being radially directed
with respect to the spiral lp°‘attern, and a second
portion which is substantially parallel to the
canductive path.. 13. An .electrical. circyit co I Si ng
RIS e oRnRed i wontutR G rog s e paltpprRs taCiE
radinly HifeditPwith @Sspbatab Shesplral phiderr OF thd tdub@ECct or
V\hﬂg)r/ei n the furs?yﬁer 1366%term' nal s are connected via a
connecting path conprising path portions that are

radi al 'y gdi | espect to the spiral pattern
14(')f the i r@h%as%%ﬁg&%}%néﬁr%ﬁnﬁ i nductor conprising: a

conduct i wecopdtidtivegiath, and¢onducti ve connecting path

whi ch connects a termnal to an internediate tap

poi nt al drignendivespaerating pathavhch ernnedls pdennyad tp ant hat
: > j: 1S i s ormof a spiral
m pgﬁ?déag %%dé%g%ﬁ%é@? icﬁ%d‘%% %ﬁ%t%’npri sing a portion

whi ch i s chadc@tibed idithechechnduttive patisizdn thet forrih e aspirilal

attern, and the connecting path copprises a. first .

PaBS‘Pﬂ FORRFCHAS Pb;cRRIPEAINE RO sV aiCh 1t ‘&BH’E‘@I idh‘ie"féa it

d atS%Bjétb%i StcPflalld HR SnhQRHAS Patt Dok It BrtidnSwhich
reggtsi de the l‘épiﬁrail pattern, t%g;afi rgtﬂmggér?ﬁgérﬁ%ggdﬁév ¢
joingdin ait¢nnediateiap dinpialong tsmaductive pateto asinnedtinggtoimrwhich

. and .a,.seco ortion ich is .subs ti.al rall el

s PR eraCReRt, RDsodRgn Betki it it B fgpdet o he

spRAlTRftkS A a seRoRd OO WHMCE QubsERMRAINY PhiAfel B the conductive
conductive path, and a conductive connecting path

pathkhi ch connects a terminal to an intermediate tap
poi nt al ong the conductive path, and at |east two
further termnals external to the inductor,

15char act erArsélectiital tcrabit thapsgagiuct i ve path is in the
formof a spiral, pattern, the connecting path
conpri si AglapapBIdUrteR CRPESNg's radial |y directed with

respect to the spirg on@@c‘tﬁr@b&h and the further
ed v

term nal s are connect ila a tonnecting path
conpri si ng path pomtdoodisctivhabnrsecting pathatHigh chmectt @ederminal
to an }ntgel{neeai%?ect%p tpgintt gl%ng %;erc%lndu&%tetp%{hrj al% the inductor.
at least two further terminals external to the inductor,
characterised in that the conductive path is in the form of a spiral
pattern, the connecting path comprising a portion which is radially directed with
respect to the spiral pattern, and the further terminals are connected via a connecting
path comprising path portions that are radially directed with respect to the spiral

pattern of the inductor.



