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CHEM CAL COVPOUNDS The present invention relates to

pi peridine derivatives, to processes for preparing
woOherwyo0t03i nsecti ci dal, acaricidal, nolluscici#gai/mswds/052006

nemati ci dal conpositions conprising themand to

met hods of using themto conbat and control insect,

acarine, nollusc and nemat ode pests. Piperidine
Plelerindatirves wi th fungi cidal properties are disclosed

in for exanple in EP494717. It has now surprisingly

been found that certain piperidines have insecticida

properties. The present invention therefore provides a

nmet hod of conbating and controlling insects, acarines,

nemat odes or nol |l uscs which conprises applying to a

pest, to a locus of a pest, or to a plant susceptible

to attack by a pest an insecticidally, acaricidally,

n emat i ciThas inyermon ndhﬂeumlmad aidll§101(§faflé otethods afmamtfacstre af the

san&e asgi(%? ahs]tﬁ) re 1rls§ 1rr1n serrélcénd)uito c;egl Fl%cglrll? inﬁ g&?@&i glrcgf t?. C=S

nmmmedaHmM|cnngor|sa55m 6 nenbered
heteroaromatic ring; r | Z and Z' are joined by a
single or a double bond and are =C- or -N- provided
t hat botia@k ﬁldﬂ%rsN;rBﬁeq&nﬂWQJe@ &88re MIhdeirlid ¥quired which
substi t uted alﬁy optlonally substi tuted
oceupies jrimebenegs [veiseiln aalangt wdwrden Ompases jepieckive gagk, in the
forﬁ'ﬁ(f'}%gﬁl{tlﬁ)gﬂé{ﬁl wﬂi@* isQRldnY sabtiald. Efftions are made to each end of the
ocar bonyl, optionally substituted
spidhl arbcﬂo/ Pbtnamodimtdar@ngd he regdizedandibrets glsotentswsing thipfilm
tec&?oéggu?s?hl Islt%g]% t l&nﬁ eilﬁgsnug r\%qﬁt}%% ?Qir&?p@b?ﬁa?ufacmrmg
praepdsesd RAhhnindudost aﬁetd)tﬁed udedtie ranlar fréqueycy @b r:mmﬂrﬂ' 10 achleve

substi t.ut ed_ heteroc X ti onal .
iAo Ao st (S pad R ARG Al NAS)
opt i onal Thersidhstdirdinest, ﬁ%@h@&bﬁfh’da‘uoﬁkpfd 1aal d firther electrical

substituted cycl oal kenyl, fo opt i onal

COmA\GRIQN; 1P gR @Hefﬁ@@@FWSI fhe cgpiye qng}ﬁf‘avw Shineq b wishpoint. Figs. 1
an(?b gli/dv& % éggf %[an%&% 20 BleSoBidn BP& iRl foidf. @irstly, Fig. 1 shows
ependen ydrogen, CORL5, optionally substituted

a p@lnklylnduc@mw@h@lnbgnt@mwlwmw HlrAs111BoptG-ghgtitalpath is formed

subs tu r.
be S %ﬁélctylinf g?lp % e1 1%{[1]81’ 0 E#l %&ld% ﬁg fhlé\%gérhér{lj% ?’ﬂ?\'mld- oint, in
tertn® oﬁ\ﬂlstaimetdnéyeswteelcatdf dehetd] Hatix hatareegrtbel pnd feeifidls 10, 12 is shown
b éﬁ?- 7R18 or R13 and R14 together with the N atomto

‘they are attached forma five, six or

seven- NeFhRer @dwh atpRihacahdtér with@mMirellan@ack @egaﬁ@itmmale are

or two further heteroatons select d from O 'P e@ﬁ
in'RQTERCIRAAP TR SPTEUEEE A SRiT ety BHEePe igminals
20,202k 1n1ch%Hi?e%t1n alrs! oF sbdm QR TROAL-Yoifl Qﬁkhﬁ%ﬁﬂstaﬁicgﬂﬁd

optlona y substituted al koxy, optionally substituted
resssta}nb ob fheiteinkpatly betwet the endeteimaingls 38226 pshiosimdiyl gjoss 25. The

B A P RS e

nelghidﬁﬁﬁg dm{duhg/seghﬁnts |(@gve;eg1ﬁdarky16 2R18 gammiall?ﬂ@rgar 1han in case of the

i ndependent | substltuted a
spigh oAb B0 Py gE g SRiaeryers Shg ey Pall o snbfidp B tppaeitance
thabexist§ bétwebly e ‘Mﬁ/dmg)ibtghl@ﬂt@' This RERSH |at1ékilﬁdes'1bhkrﬁ>fﬁéqﬁncy of the
optionally substituted al kyl; or and R2 together
coif t h t he groups Y and N forma 5- or 6- menber ed
het er ocygld I}
further et(feéﬁlgdz}l)%f r(r)]il\g EF ?R ?)dmg%% l&lﬁ%}f?@%h?n@) Q%r However
therymylity daadqytdan ba Hbga@dﬁgtcunmt@d)v@ngglesnlt@g@pm th@prﬂerence of the
hal oal kyl or hal ogen; R3 is H, OH, hal ogen or
optionally substituted alkyl; R3a is Hor R3 and R3a
together forma bond; each R4 is independently
hal ogen, nitro, cyano, optionally substituted Cl1-8
al kyl, optionally substituted C2-6 al kenyl, optionally
substituted C2-6 al kynyl, optionally substituted

o,
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al kyl am nocar bonyl, optionally substituted

di al kyl am nocar bonyl, optionally substituted C3-7
woyalepaddkyl , optionally substituted aryl, opti 8aaiiB3005/052006

substituted heteroaryl, optionally substituted

heterocyclyl, optionally substituted al koxy,

optionally substituted aryloxy, optionally substituted
RFwitrefitaa takle eheypattopit leaan aldhgtase iisstdat of Ehdt aff 1kt telistance at elevated

optional |y substituted arylthf],](g N wher e tI?H'%lnd R
regllleélcyl APy ng W‘&P%Sé)ﬁt Crkg" 311 )Hrox1@§y7e ects and results
in & ¥ighifidart Yﬂcrea@mﬁhéﬂkk}l@ﬁﬂéa sebBmGeAtdwyitVihe ifdribr. In order to reduce

cycl oal kyl (C1-4)al kyl, C2-6 hal oal ky], Cl1-6
thigfuepry rovdisg A ey beergroBpsad r@cfieylé@ﬂ@éawl iffuctep tQ ey erep gurrent
path® ARG é%&ﬁcaﬁlg%l AR Vih OB SiHer! BEY pth GaBhl 86 Mfhical

orm a |ve oF 'seven- merber ed’ het rocyclTc ring

resistAncE amhmdlwmal\ﬁOcﬂﬁé) 161 1@ dasciiihes & pémahiatieqteraaf ¢his type. Figs. 3

oo EHE5) S B B FBIEL A P PR RGP pgor o
resghi Beqiht b echuired theananagemenasiIig. i profarel. Hoyews, when a
=NRb, =CRc¢Rd ere Rb,, Rc and Rd arg i dh{b dent
coRfieCiit tP A APIRediatrRqRt s Eguisidk his cag dil%urg alagce g oy
ﬂo%g%ﬁleaéh &fthé\ba%ﬂe@ﬁﬁhg BEA & nulli) @nE BeHRAtNA thedd focaS MRk Such a
(1) may exist in différent geometric or optical
layoyireyidesor t aut omeric forns. This invention covers all
such isoners and tautonmers and m xtures thereof in all
proportions as well as isotopic forns such as
deut er at ed corrpounds Each al kyl noiety either al one

or as p ar

o) koxy batisatoren igieh sHS KD oRlE R sBl LS EY soggstion toan
intéih&kliﬁydlﬁimma@ldnmyﬂﬁctms a strai ght or branched chain

and is, faor exa th et hyl pr n-butyl,. .

n- pent y| t{zist of ql(:s]arese J[naw jon pﬁo%{lﬁa)?lp?fréégldbﬂ?mo}/npnsmg.
- 1s0-but yAeontiﬁétfvekpuﬂmhtwfoﬂﬁef@@htaybaﬁeﬁhan@l kyl groups

are suitably Cl to C12 al k% groups, but are

pr ef er ab? (onductivegonnestes pat Wé}ca teplgneetf atgmig} dhapisfegmediate tap

| | diall

P°ﬁ‘a‘ b BB SHnRR | FhaE e i R Rl BE RS Ml ity
dlrmtect\wﬂhtdsyetcttmilesglraéailittme or as part of a larger group

such as kox
al kyl am ﬁb A4 1%8131/ 8%%? th%%hn%@ar %EP{AHJ aF‘u’E?dla“% directed
helpk tomingmizé alli};atﬂlﬁtgﬂjancertbttlid)quneymm 1nN|%mmnG:3>nﬁuct1ve path of the
d%cl oal kyl (itself optionally substituted with Cl1-6
W{rl or hal ogen), C5-7 cycloal kenyl (itself
opt i onal tpe euhsctin pﬁtﬁ@aﬂ\bé foufellvia @b KMlde@EtH’é%Fﬁ@Qﬁﬁtem The
hydr oxy, C1-10 al koxy, Cl-10 al koxx C 1-10 kox
com;ept(u(g g_a.tlyfyaaq q@mpglpq %lr @d]_a.l]g)daqep(tégi( pa oottigns, 1n which case path
0K ¥vth fth
poft oh??}éﬁﬁ)r Q%f%l f(C;an:n-gx%itl? Ea‘ﬁi@ééntsgre l&afrﬂg{ljl?ﬁ{)ls A pt tI e %eélltrle )c; the
spisal ipsttdrn.UHaekl ))ath @8rtipncyuhests|ti Wemyre@\AMemdua’ﬁ@taBPem@ af sy |
ﬂ% 1,9 |081ally substituted wth Cl-6 al kyl or
TOSRES 858?%} al kenyl oxy, C2-10 al kynyl oxy, SH,
Cl- 10 al Kyhd fltepnati€d tolftotidingah |e§tﬂu"efyl radial connecting path, the
aryl (Cl-4)al kyl thio (where the ary
coispis ) Sniering g g Honekeaan el R BIoh i Rrreleh o e
coﬁdi‘l%tn%/&ltp@hiéﬂ Ifohrﬁlfs QlliJEpSp'lI§1 I?a@ﬂéfno TRk his SRS hhths EGedcin the length
kyl or hal ogen) ri
of mea;pmekgmgpaﬂy|ap¢1heef)balrkc1n<>@ ﬁ%@reswapcq Hithe ¢opmastimgipad. Where

thef ilje agﬁq‘}@ﬁ%yf o%@&étg%? oaﬂs%f’g?‘é‘et‘ 8 | c:luegﬂle_dg)ath portion connects an

mtahﬂe;iiasapoﬁrrty)h eachleoddtaive phthyiguthé mjdlt,lonat secten digrmek.
(where the aryl group nay be optionally substituted),
tri (C 1-4)al kylsilyl, aryldi(Cl-4)alkylsilyl,
(Cl-4)al kyldiarylsilyl, triarylsilyl, Cl-10
al kyl carbonyl, HO2C, C1-10 al koxycarbonyl,
am nocar bonyl, Cl-6 al kyl am nocar bonyl, di (Cl-6
aI kyl)am nocarbonyl N-(C 1- 3 aI kyl) N-(C 1 3

o ~A ”~ o
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preferred aryl group is phenyl. In addition, the terns

"heteroaryl", "heteroaromatic ring" or "heteroaronatic
woiog/eyssem’ refer to an aromatic ring systenPCT/IB2005/052006

contai ning at | east one heteroatom and consisting

either of a single ring or of;two or nore fused rings.

Preferably, single rings will contain up to three and

bi cycl i prefpmbE®hee ah @dditiotal Betien oftraids wdet ethiahi ik bligned with

preferably be chosen fromnjtro en,@aﬁ%%gn and for th
thegpiry] ppatiernthe RoNitén %ﬁheslﬁ}@ﬁnﬁfb% Bgmlt 1§ fQgQpjpensate for the
effldd Mhent@égﬁ% Méng tRY B840l yI, i m dazol yl,

1,2,3-triazol yl, f%2,4-tr|azoLyI, oxazol yl

i soxaz o|'§he,in@milqglie(§¢ peint dag be ninag-@p'yqt or any other desired position along
2,13~ ' l .21, 2, 4-oxadi azol yl ,
ﬂwi?@@ﬁgﬁéggkgégh%ﬁ?ﬂﬁ,2,5-oxadiazonI, ' ' )
1, 2, 3- t Hivaik teepiydl patler? jséshowi aliha 20doypipanying drawings as being a

1,3, 4-thiadiazolyl. . . 1,2 5-thiadjazolyl ri L
ecsg{aly g g ey i of s ) SR PeysayB el eipica,
octagohallorlihdedd afly btherlsh@peh Thiid, @i tayn jradigibhzdifastey! is to be construed as

benzi sofuryl, benzot hj enyl beqéisothienyL, i ndol ylI ,
being Birpirsl twards theccenirs ot the Battesn. pyhateyprshape it his.

13k BhRA ok t%l}zéf% 18 p¥enar iR@MAHS B6RE @Y be applied to planar
Th%é%%%n?ﬁ?zolyl, %?1, - gﬁzgxgdiazole quinolinylp,p P
trangggerswsivellyl | ci nnol i nyl, phthal azi nyl, quinazolinyl,

qui noxal i nyl , napht hyridi nyl, benzotriazinyl, purinyl,

pteridinyl and indolizinyl. Preferred exanples of

heteroaromatic radicals include pyridyl, pyrimdyl,

i azi , i |, furyl Lyl i
D Doty of o Hivkon TR At R AGkathee to the

acdo@ipRhyiey 8la®iRGh Raicr ocycl yl refer to a non-aromatic
ring conLaining ug to 10 at@ﬂ@g%ncluding one or nore
(pr ef er By 1owe 26 O‘f’\%f)mm%% Bef bidugeect ed fromQ S
and N. Bx3iml £3 4Qhow Ppediar ind@sork Reth peeiidl o%nﬂhdﬁ)&@hﬁﬂﬁo improve
tetrahydrofuran and norpholine. Wien present, the
thegpypuplifydQ) &gkt i t uents on heterocyclyl include Cl-6
al kyl “ang %15,11%»}3%%&}85&1&(3?%%4 invfl ioh B $/RicRRlcbRARRlion is made to
subst it ueRts given above for an al'kyl noiety.
an @ytedhediakeypointrd khedaducty viagpeenpy bointgichosnaat yatteand

cycl ohexyl . cl oal kenyl, i.,ncl ud C e Ryl IS

cycl oh ex%‘ﬁy? gﬁ/c’\‘/“{ﬁ @HOtE re%rébr? fj m "E 8&?}6 I%(’%}rl}tg(f}l l{s}ﬁé‘%& % ﬁo@ﬁ?cgon s
madB tEMCInRRhkdhte @bin€ yiCthe fldkeibiyVia i fathed eordbetBreatacly withm the spiral

wel | as those optional substituents given above for an
Pati§Ry| noiety. Carbocyclic rings include aryl,

cycl oal kil RRhWeHGLAR: kaBYHin@hOsHEe invhiRdnRE #ARA, cohfition is
optional Substituents on aryl or heteroaryl are

magle et atbrnpdiate @piak o thy indpeteivin a1fedien conduetis, tracl; gufgide the spiral
NOSE Cl-6 al kyl, Cl-6 hal oal kyl, Cl1-6 al koxy-
P ~6)al kyl, C2-6 al kenyl, C2-6 hal oal kenyl, C2-6 o
al kynyl , Fig38 showsal fodhdryembpdinmset ¢f thpinvenimin|iy which a connection is

substituted.wth. Cl1-6 al kyl or hal.ogen)., - L .
oy &8 Wi oEp T B Filtian i s YRR By Birehpargmy
al kyl or Figad gigaR)a walysiTcomectifg tetr@inals Koty vioiityld¥ a planar inductor.
al koxy(C1-10)al koxy, tri(Cl-4)alkylsilyl( Ci1-6)al koxy,
Cl1-6 al koxycarbonyl (C1-10) al koxy, Cl1-10 hal oal koxy,
aryl (Cl-4)al koxy (where the aryl group is optionally
substituted with hal ogen or Cl1-6 al kyl), C3-7 .
cycl oal k¥hopyseptnsemsioniydll by dpssaibed;vvitlyraspgst fogparticular

tional |y substi . e l. : )

entbipRap ag I Siteh S B b o s W RO A0 ted heto
buabily by iealaimd - THe dradiogd degtriteid @re @ly bdh@hatdd aidieyd ndn-lgmiting. In

C3-7 cycl oal kylthio (where the cycl oal kyl group is

optionally substituted with C1-6 al kyl or hal ogen),

tri(C 1-4)-alkylsilyl(C 1-6)al kylthio, arylthio, Cl-6

al kyl sul fonyl, Cl-6 hal oal kyl sul fonyl, Cl-6

al kyl sul fnyl, C1-6 hal oal kyl sul fnyl, aryl sul fonyl,

tri (Cl-4)al kylsilyl, aryldi(Cl-4)-alkylsilyl,
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N-(C 1-6)al kyl am no, aryl am nocarbonyl-N(C 1-6)al kyl
am no where the aryl group is substituted by Cl-6
walbosloom73 hal ogen) and PCT/IB2005/052006
aryl - N- (C1- 6) al kyl am nocar bonyl -N-(C 1-6)al kyl am no
where the aryl group is substjtuted by Cl-6 alkyl or
hal ogen). For substituted phenyl nvieties,
the RedvaRQC G ik oRRAndefttRs elamyits gl bpsxdggeratd ranéﬁﬁrdrm on scale
that one or nore substituents.are. |ndg de
for dliysEpePurRosTH WA gﬁ tergp] CEMRSEE 1S @spd g ﬂ’ﬁl%"*&F‘ﬁﬂe?mpﬂon and
clalgi's ﬁ d@tlzskrﬁ% W rkte Ouak Kinen©br Ge M?é)/e arGhd&inia lop adtlaans Wirticle is
al kyl thio, Cl-6 hal oal ky th|o Cl-6 al kyl sul f nyl
use@yul@n efbroag ket gggqlarﬁy)pm @14 on['38y4 'dhg f@wpc ugep aglural of that

moGhBR Kb O lespeRRIR SR Lo yans,

CORH, ' C]Ihﬁ tatrkﬁpbmrlbogfy tused@n & dditsyshoedbohl inteRreRd Enbeing

res}rﬁ@gé%% é%%&lé’t%}irgatlé% 1??106‘611%@{0}1%% o gle?%ﬁs af ?[eps Thus, the

scoElaef 1Bk egdesionsh |dwem<sn;arsmgangahs Armhdtm shoald myl begiritaoisto
Ioalkenyl

roups are al ke ou
devgerp SPRsiSHng anlgmoef ﬁglaﬂ@eaﬁw dt I%F pﬁf’éﬁ?@ hJFspa?‘?‘? hedgsent
1nv@ﬁ o‘i’igﬁ@ ofifyQBRvant t:orh{%nteﬁts Re iherIdEEs e Qdadd @it

ylam no substituents include those where
d| al ky| Ryrtbermore, dlepcterves fisg, se¢ondh dhird 2pdghs b %ﬁhf‘cql?Sfrﬂvég?n and in
the%ﬁ ?m?taha&ﬁgg gorfﬁﬁlﬂk%ﬁlh%ﬁ m@érf(sngﬂarse%fﬁémq{o?ﬁiecessan '}17 for
Fersc IC ri may contain one or two furt
deshﬁblag aaeqmmstleé et ehrbmioglca]) oder. I‘It istto 18> wigrsigteiddhat ithe terms so used
naII stitute or .t
ore BB R 51K RO s Sl B s Bl RSB ARRbL b e
1nv@ﬁtﬁ)nfdé§di‘ﬁ>€d ByreinQir®1tapgble WO ogeraiopsn othenseqhbratothpn dd‘serlbed or
resulting rings are suitably pyrrolidine, piperidine,
ﬂhﬁﬁﬂ@%@?ﬁﬁollne and nor phol i ne each of which maybe
subst i t WsdoRY, B8 &Rt idpBotton @paenaeRt hid ®elireinatle description
(C1-6) alkyl groups. Preferably f he opti gnal
and b staimyarp vseddar %ﬁﬁcra?twylpuw&ﬁf‘éta}?d pRIeGeRsad i EorsiessHbig relptive

Q@r%n%gﬁ 1o BE lel st&ycﬁtﬂ soC(;sea- Qreq}xﬂ‘éf&iyng(ehﬁ@ ghder appropriate

op I ona y su stltute Cl- 10 al koxy)

cuangdtz(n@ds—ad;)ialhdt d)cye,m‘t@dl.nl@tsa}fklgﬂ mmn@on @gscy_lbed herein are capable of
l.car.bon

Ong 4 1ﬁ68%?%%ﬁ§f aﬁ| E&%¥§ﬁﬁg%ghrbonyl

( Cl1- 6) alyd. sanbenydw x\yo emmdlmmak bt;/a platrstindugtoe th @hmdgnic,e with

het er ocaryl ., yl ox bo Q het roar X
therpsgseRigRYRFION- al[hﬁ N 6&%%&?@% Pﬂ%ﬁ ‘73/‘%% ?Dtoé‘a f
emBBdibRAa! thé/ elﬁld&ﬁﬁlbﬁtbl Hﬁﬁr ihthé @hnfdrah Wich@bnﬂbah@g@fe made to

C3- 7 cycl oal kyl oxy, -7 cycl oal kenyl, Cl1-6

qmmﬁm@uxmﬁﬁyl C1- alkylsulflnyl tri(G-4)al kylsilyl,

tri(C 1- ( r concentric annular
aryl di ( ngf%nlﬁ% L“’Q'F tﬁ: ﬂi? I(@f)lr%lﬁd)ﬁgil?&{?/? ((J:I?Igl?ryl/sleg |foluyl and
rmgsr |eauhylﬁr@ He;dg foﬁn@ifaeﬁwb Ise;patdn@seuptcuromialt segbRis;i 41 SAds5Bh The

sedh %5]? n % | 8 80 . al 5&% :laggli ?ﬁtjyﬁ%g‘?“ﬁ%ﬁge m?\%Pgig%l oa{bf%‘ﬁé ?@@conventlonal

serﬁiébﬁdulctobl ﬁfahufﬁaﬁnﬁlgiteelﬁﬁ@)eﬁ | &/ biscifisl dedoriptiah bgmdudanetmmﬂomd in
he Q tional substltuen S for %ﬁloalk % i ncl ude
theﬂ%ﬂols FSigth PHPY ARG ARD la?twﬁ of Ilugters 487 Jranpfaras o FART
ICﬁ'uFl M Ngigftg, RO, Wgér%iumﬂxkadeﬂﬁd 0060 Blfidt @hhmhl 51 and a
(0]

gen and cyano referred groups for T,

sedand teRBinaRshforiAheved drgs phiha Agndseling mﬁts.tlerﬁughwféﬁ 6511‘10*81? éf wo
pat%s:@vhli%barrp % egt alflggg gfa@?t &Sfltha ﬂsels‘arr]l@}hly i ctgc?@ %:s’b gfc%gg({nd
terprirefle¥1a52 yaadh pah (ﬁk(ﬁg tRr fefmrodb Igyndmlly splrhypjittglge'ﬁ},le tem 6

al kyl, Cl1-6 cyanoal kyl, Cl1-6 hal oal kyl, C3-7

cycl oal ky*Cral kyl, C1-6 al koxy(Cl1-6)al kyl,

heteroaryl (C 1-6)al kyl (wherein the heteroaryl group

may be optionally substituted by halo, nitro, cyano,

Cl1-6 al kyl, Cl1-6 hal oal kyl, Cl1-6 al koxy, Cl-6

haloalkoxy, Cl 6 alkylsulfonyl C1-6 al kyl sul finyl,

~A ”~ o ' ~A ~ s
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al koxy or Cl-6 hal oal koxy), cyano, C -6 al kenyl, C2-6

al kynyl, C3-6 cycloal kyl, C5-7 cycl oal kenyl ,
waebwrooeysl yl (optionally substituted by hal o, PATABY5/052006

cyano, Cl1-6 al kyl, Cl-6 hal oal kyl, Cl-6 al koxy or Cl-6

hal oal koxy), Cl-6 alkylthio, €1-6 hal oal kylthio or

NR13R14 where R13 and R14 are i ndependently hydrogen,
el@lncﬁll? likpydralleClhab béeal wsad toydvopidGhy Gomukiox y&ht@th@eﬂallslqehdlng to be

T L DB S ) o

hal oal kapgaeh ofiMe s%ﬂl afhk ¥dmprikRt 8 k& %lthe&ﬂfhlﬂ&rcular segments, with
di al kyl am no or X al koxy carba@g

he
selgatsd @}ra ok gagmenk besr antetsannskis P ligkso ope gfa‘yltieh AR RE
Coﬁél?e%lnlgtoll% Sfjt&? %IAEeal%%a l( hlgsfallts al lfﬁél ’oernglial‘lS 13l Qﬂ@ludegzgeg]ﬂqents

, het er oar
53AmMiAy ,53@ iand &4ID bqﬁormﬁmsmngataq:rhym@ ap fS)mylhrly, @]_e gwcond parallel path

ar npon 0] S
als% ﬁtgﬁ@?t%?rpﬂlbalﬁg c%n)}pcr ses s n}eg{s] 6‘Bm§‘lé gﬂ[’: 54 b&]tll?e finishing at
terfiADST. €6hke 35 kag yé:lelalisedras blﬁirect‘o(ndydlive a:raﬁksrfgl;meldtcmel different layer of

opti onal | sub titut.ed with hal o

the P 0 aR T i EOHER BRGRyTeba s Fgisal avers.
opti onal "l"llé éﬁéllaﬁ tnidh&tbeshn DY nitdbiBctuRidt e a eMianal lafér(ﬁavmg a
al kyl , hal oal kyl , Cl-6 al koxy, Cl-6 hal oal koxy,

typ@el tkll@élﬂksy 0§ Eﬁvmhmlcm@i which| lkyat@meﬂ ibprypichingy - g
al kyl t hi '@n ﬁl%rcgn@cﬁ&ﬁy&%&ﬁll}% segfudnt of the inductor can be made by W
al kyl car bonyl am no, aryl carbony? or two adj acent

or pbplups. Bresavenof the ldveteeusn‘at}wf Csysttlemmg@ue tecuse §adfor epth for the

ot
se%elngr%lg?%rlt (v lrIlllZGrIiCOIlne rll;())e ﬂ%f%%ls a(?l?l}?lis U a9 }%ra%ees%jlsvt\is?c}ﬁ Firsta
grdo&t gefieddn tlhﬁilﬁé@fidﬁ e (smhom bxidayr ebbwelpma‘&nall likg BCB). A barrier
substltut d by nitro, cya k
Ly APy SO s TN et 5 R PAFIRGRg Pt o  tickness n the
rar@k Bpmﬁﬁl@@f‘ﬁlicr&l 6 al kyl car bonyl ani no,
phenyl o ¥carbonzlantno(%where|n the henyl group i

opt i onal The Guisshemigelapedygnipal pelidrd (EYP) 1B Mhiph, thft(i“ lﬁ removed
al k¥, TG h
ol B g e Bty S
gnawmy$dﬁﬂﬁmb06ﬂwpmbm@rantno (wherein the phenyl group

is optional t' I - :

al koxy, AXX]h Slciéeluéf?%fp%g’h aﬁjnthl3 %(;(ké/ ,aﬁ‘%'ll al\lgg,]cor%ecuons
(viay) vite etdtetl &t tha rd;ellectramndmreasubshqaéﬂtlyl fdtedrvaih)a bawierdayer and Cu.

prefera Cl-6 |, -6 _hal pal kyl , .Cl-6

al koxy( %Il}}/eéﬁl%llaﬁ {pdu Ctﬂrelf’@f ﬁ%wwg%cmél & '%ylb v i, ARtapgaad

I\E@S Bf R8s Yk defoRikR dTBp BEtHe ﬂﬁlb@l@lhlcy I8 leSlBMIMC@Eb@)irocess a
hal 0, nitro, cyano, %1 6 al kyl, Cl-6 haloalk¥ Cl-6
typadaka)xtm th@k@@pﬂw kapahétaidgyer mtt@n & usyd- $nern @ myAny: agfuirigg point of
or two ad

Vle}‘l’elﬁél %cg%{}t?g % ose Vrab gallal:lecl%racksp W]?ht | orl?wl)cll]% ﬂl)g 1nstancf: 8 tiny

cycli'sed orm a

3 IR iR tRdkLafflePEYE] les @6m tmtne dREME (in@ Dinfegcenieips@lefs) than one big
optionally substituted with hal ogen)

24 pivewide (@ek. 3) epfrsed dishingradiows {dveer ﬁh]éﬁ%/ or thedestangg- The semi-

cirg s ROR iehncitaRt il ileli R Bt cchiutby, Gt 4

1nta’f:®frlnectlit&1‘s eompiyel a via amdmme’dl ’alidkylFMesnetanc(élls Bept as low as possible

al kyl syl f onyl aIk or two adj acent
by yeaE Cudmiegip inedd tﬁ%@ o bk 5’#&9‘!‘2}@ e e Rl i Lo
resRtv l%rusgd HERADEE 86d sambacyek] % tBit cOeharessalckLart | hﬁﬂmlzed

itse gﬁylonally substituted with hal ogen), phenyl

(whi ch Thid-Roytion el firt sgiiplethtis shayvndy Hiais§gdn Themmidypoint is
the@{ifﬁf ]eg?c)}‘.ﬁl Ill@)e(\%éaeyr %cir; IhQ ?tlg%‘ellﬁclél\é agclze?f tfe lli%l ﬁﬁlal(%ﬁll/between

alkylsulfonyl Cl-6 alkoxycarbonyl or tmo adjacent

posi tions on the phenyl ring may be cyclised to forma

5, 6 or 7 nenbered carbocyclic or heterocyclic ring,

itself optionally substituted wi th hal ogen),

heteroaryl (mhlch maybe optlonally substltuted by

o o o ~A ~ - ~A ”~ o - ~A ~
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Most preferably RL is pyridyl (optionally substituted

by hal o, Cl1-3 al kyl or Cl-3 hal oal kyl) especially
woabw/eegst i t uted pyridyl. It is preferred thaPCRIB1085/052006

hydrogen, hydroxy, Cl-6 aIkyI or Cl-6 hal oal kyl. More

preferably R2 is hydrogen, 4 al kyl or Cil-4

hal oal kyl . Even nore preferabe R2 is hydrogen or Cl-4

ter@dlrk )l 51, YRS, feahiapatit )6f R2 secnd Bpiep it éndhoywn by cross 61B.
hydrogen or. net hyl . Most

ly R2.is_hyd 1t
This aggjp & '8¢ peigt Bt crestly gl Vfa?/ aEf@% %‘%gf ’&?@%taf%s Egﬁéﬁ?mﬁ spiral

patﬁli,e{éve@h l‘e)‘xhuﬁfs s¢lsH hal oal kyl . More preferably R3 is
hydr ogen, hyd roxy hal ogen, C 1-4 al kyl or Cl1-

haI oal kyThe risdeneintds defipphase apihy PRO WhemR jherigyedang? aiche iptended

oy TR B GBI S OOERABIRRI i
m1cRi361nt & the pchahahﬂreytkhynthm@aw ishalR8f mmtaﬂzsduq; oget her form

ﬁa;j 8 ; 2 ln eA go nd, Pr e Z%b@rlec?sd?x gﬁ% Igfs)’lnjt {31 €£ FP tﬂg it sgiral pattern to

a c@ﬂfﬂﬂ%ﬁ{ l@ﬂof tl@lw@raﬂ |11Km1§t56f ﬁéﬁeﬁ) | Riyther cﬁﬁn@ctlng link 62B connects the
ycl oal kyl ( C1-6) al ky

Co-
ml@@?@mb@m P e@j}n‘tipaqakg,qth égceetrgpglghg,é} Bagh o the egngegtipg links 624,
&kadh of th
A SO Oy 3 il Ohor
curadnit-eamyyiog sdywipydulat traclgyegmmenpts thatpt-agosses. The radlal paths 62 are oriented

SR SRISRINLSH: Syl e o By Bomi L,

al kynyl ox yaréreb cadjellly Qirdetéd ahiny¢t1,ngdm1kl66)cytf}addfimwd;e(n@entre point 64

an(gfhg %;?Jgié{a.} feﬁgi'ln%]%o%l_r(gg( lgitl‘l%?lo (c%&]:'ﬁe%lgh %Xn be r(r;g'&f:GCO other integrated or
extSinil oy on ety | {dakergnally Kiyl koo g atigrd bathyh €8 ads kiydt exiGlbebveen

al kyl am nocar honyl ( al kyl
nelahlzqgimS)S%wWa%ﬁ Sﬁ@&%ﬂtwﬁgﬂa{l & forgPd R fhe ST picthe structure as

Rhkidr eSS I MIdISONE RiGlir € RUR differ&ihi Yefresist
theisﬁié)%t It utresdgmy'E hal Ié)lgdejlﬁol FBq 1arll kK@e C1r4 al lﬁéggdg Ce:?Lls che
|l‘

osdildteraguily bs de@}.rlbsrd nraﬁmmédxy thecmok degiepiof G Fashg frequency
L) | kyl
AR P T e oA e A
subst i t uTlgs aﬂngnghlalmt is based on ae yaderstanding@had Icyriectiqup between

ko hal
e
ma%ﬁétg:pﬁeili ca{i@éslcl:ﬁ(ﬂligb% Y(l)lﬁlglbglz\t/hlbhl bcﬁdrgmhi inal cogremtithat mayaiysiunb the
1 a 1 al oa 1 a . Cl-6
nofl GHPRE A IDTERD 6 PIHRYA e, e HOEPDORT Fis TsErupigee only

app%llrsein %tg%l)lﬁﬁb FHROMIEH dre r&indteteatidly, directed, i.e. paths which are
(C1-6) alkglanlnocarbonyl(c 2-6) al ke

momemly%(r@zall& th gedlyindingsyjaad é?tnn f%’@l E?h%ﬁﬂhuﬁg Rpid-Roints 614,
I

61§ ké %ﬁéé &d tﬁtﬂlgese%x'télﬁ ?%nﬂ%i @(Zt) a&fgsxééAaki(},}’ 63 tﬁ:élt afe radially

dnaﬁyi heteroaryl am no or dlalkylan1no) C2- 6

al kynyl , thyls 1.NOC

oo B SRS FBPLE SN b OPLPRC BRI as
shébid fﬁlF_lé)iifﬂW ik digeandean Wi§ &nBodihanttky/ iy manfd-i6H Wthh midpoints of

alkoxycarbonyl C3-7 cycl oal kyl, ~C3-7 hal ocycl oal kyl,
thecspira! Rajhs e SEReRgddg the Yo é?wlilaé C3-7)- cyci oal kyl |

Cl-3 al kyld s Zéﬂ&ttﬁ'@’ﬁcﬁ @l.S Ké/ faldpikﬁ{g‘ﬁde @&Hhﬁe‘ﬁ'ﬂ@ét'aﬁnular ring of

substituted by hal ogen, Cl- 4 al koxy, -4
therinfhesaork | firstonnpeting ke mgonnew a pmt 82k 9f the fest émtaépwem toa

I

poglgglsﬂfg o ul%egtrdacklég ﬁfﬂé Q?A ’1st Bgtaﬁ% 8%%%(%d \%%P%E}%{&ﬁ{ylt?fe s(gir_a%pattern, ie.
it peapendicliatly cfodses thel duoent-carryD-sbgrhertn Sirkidarly) g further connecting link

het erocyclyl (wherein the heterocyclyl group is

optionally substituted by halo, nitro, cyano, Cl-6

al kyl, Cl-6 hal oal kyl, Cl1-6 al koxy or Cl-6

hal oal koxy), or 2 adjacent groups R4 together with the

carbon atons to which they are attached forma 4, 5, 6
or 7 nenbered carbocyllc or heterocycllc ring mhlch

- . L T Y 1 o o o ~A ~ o
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hal o, cyano, Cl-3 al kyl or Cl-3 hal oal kyl),

het eroaryl oxy (optionally substituted by hal o, cyano,
wQ2e@/0abkyl or Cl-3 hal oal kyl), di (G -8)al kyl aOTmB2005/052006

2 adj acent groups R4 together with the carbon atons to

which they are attached formag 4, 5 6 or 7 nmenbered

carbocylic or heterocyclic ring which may be

83BRbhrRER lalppirs BPB of thetsecbnB ¥pikid bay@d a pbint 84Won fhe tRAcloB5. For
Yet nore Ereferabl each. R4 |s |nd endent{ﬁg@flu%@ﬁ
17 4

reagefisSha Wilh be gplainghbrlow.@pinds $44eP 5 ara 00} thepykpaigss 0
resgé’c@ﬁg hikay bat% Acﬂurt%elaxlaglgl’fyy ﬁ@c%ﬁ%ﬁﬁ&ﬁh 1iflk BB eendh betvedn

referably O, or Most preferably each R4 is
extiernd btownidalr{i0l ayldfalmun on tre¢i<| By whicly rsaﬁ@allmhgne@w@ [theglink 87.

Co&ﬂ} n%eélpg,blﬁﬁtl fﬁgg ali g%vi%\’the[z%a@ tﬁ&iﬂ%ﬁ}‘eﬁ{% %ﬁﬂlﬁ&ﬁmg STTlélrcular
seghaeﬁ‘n)sabeduc(m@‘&acfbﬂ 89 doliyerequiyds agﬂfggp\lthh aﬁpsmffinclnint ltyjoin points 84A,
1-4 Cl-4 , Cl-4
843 ‘i%t@*‘?eﬁﬁ i?g%ﬁ g‘ipge’bla\ll KIOZ aryl ? hg?gr oaryl ,
am no orndh@dahafitdl Qhowihiatieg. GaduylefiGs Tirdd patiky from point 61A to

(wherein the heteroaryl group is. optiQ
thecqepiss Peipk @il mandepeiia hl%( 024\ apdcthen Cae'ftedi}f%m Kp@pntregoint 64 to

the B Mnma@éﬂ Glaqffﬂ( @8] WY ihisHs HNGRast éirsﬁ(llcblni@ﬁe%; S h¥élspiral

am no or kyl am no), aryl carbonyl-(C 1-6
pathevtherenigth @fhbls aeihlingroadditionyl revistanseiand hetio vall i ¢ veltage drop.

o R ol i, S Gt

shalicabKlyy edingioackrss. IthBEpcmklklplto gzlm]qﬁe et d:f&ct)iﬂlt Ipmsﬂel of current

i

s G w vy R PAEFa e & APV SR ERe and

diseiatd Iad baﬁtl’é Wb gleichllt Bdadjadtiag e, an@lladp@itionl of tHekradial interconnect
alkox¥ Cl- 4, hal oal k

(i eafry{n t ﬁg}l%mggp?}pt 6 olrﬁging Ijgigh %ﬂ%:g%anla l?ﬁ?i gom&!\l %t'é%B) the induced

Voﬁzléé(}ély ERLD ‘BQ ¥brrecd ﬁw&féhﬁs@rﬁﬁlﬁtl&ij%k'cﬁﬂ B4M1§ c&lehlate the
cyclise to forma 5, or 7 menbered carbocyclic or

ne¢essagy euleetions. ri ng) , heteroaryI(C 2-6) - al kenyl (wherein

the heteg t substi t ut ed
hal ogen, %?‘;’ﬁé ar?{)&iﬁle'g ﬁcﬁl a‘ %%ut%%l 4 hal oal kyl, Ci1-4
hal oal koXkhg, selfNnd N@zqal aldyd:tanchslvkgrqfahg/induqm lnepsexf the inductor of

Figh s P ST g belpRt 80 e et of gV A R Mg gne
spé%ﬁ{gbﬁq}égzrﬁﬁncpfﬂlﬁ;@ér@ﬁ%ﬁiﬂe@ ring), C2-6 alkynyl,

phenyl ( 6) al kynyl (wherein the phenyl group is
optionally substituted by halogen Cl-4 al kyl, Cl1-4

e ko — g —hatoa-y—gi—4—h oxy, ON, N2,
aryl § heterparyl, lam no lor dialkylamijno), C3-7

1 cycl cfh$2(Ey10, 2TAE-60 .06\ cihr Hothy |1;50E110q9 al kyl car bonyl ,

2 (bl;‘b JTRIEOR) w'smels' AEL100 56E-¥0 M;Eubal Iklenyl cgrtbp?ylt ;
\\'I\"Ie'r r\/ aroln nlrn\/ e faYal l f\l a Su S I u e

5 hal odetoe ) PR e T o KO 2Ed 14 hal oal Kyl CL- 4

4 hal ogl-Td&xp, 2@1&J,E~1N27,6Eal|0y6 SBHREY @r30Br1PI|, am no or

E&mgg?g

—dr?ﬂjs et HyEGEHOTB0OEYD (2 $2EM0 3=CR 54] z- R55
wher z 1s 1l or 21 RS 1 and B5 ach i ndependently

H, halo or Cl1-2 alkyl, R53 and R54 are each
7

ok RERERREE N op P AE T oty Bl P g 1B Q¥ ross
em$uﬁ3habumﬁmnMdem@ahyMWdeng preferably R8 is phenyI(C

1-4) al ky], (wherejn the phenyl group is optionally

substltuybﬁlﬁgﬁh@%bgen Cl-4 al kyl, Cl1-4 al koxy, Cil-4 )

hal oal kyl , Cl-4 hal oal koxy, CN, NO2, aryl, heteroaryl,

am no or dialkylanino), het er oaryl (C 1-6) al kyl

(wherein the heteroaryl group is optionally

substituted hal ogen, Cl-4 al kyl, Cl-4 al koxy, Cl-4

hal oal kyl , Cl-4 hal oal koxy, CN, NO2, aryl, heteroaryl,

am no or dial kyl am no), phenyl (C2-6)al kenyl (wherein

the phenyl group is optionally substituted by hal ogen,

Cl 4 aIkyI Cl-4 alkoxy, Cl 4 hanaIkyI Cl

o o o o, o o
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Most preferably pis 0. It is preferred that that ring
is a 6-nenbered aromatic ring or is 5 or 6 nenbered
waebwrooea7eamat i ¢ ring wherein the ring nmenbers 8CIHAB2005/052006
than Z and Z' are each independently CH S, N, NR4, O
or CR4 provided that there arg no nore than one O or S
atons present in the ring. Me preferably the ring is
whreRRNESPD BeelBEd L BRistaRYd biTh&ioBEs. WY §c@Zhd e WA AErBES each
triazine, pyrrole, imdazole, quinoline, isoqui nollne
loopli§ @ pinetias o 9@ @mﬂn@ flagsineinladl loqmsi bete pesump b RE Fyrrent with a
I sot hi azole Lxad
freﬁlllenﬁy @]Ot% ﬁ%)a 4z c}%M §]I\\?%1ru% %pr é&é) eklblf %Org%e ri %egzt?ésﬁdg&or contacts

51 e 3EMne], thythis dmﬁi&nt splits equiatly bﬁweq*:rymamm electribaltyaeiie] maths and
pyrazol e ring, '

ecial l benz
theHTBRIOR Ehs SSEESE A3 PIPd & i B SV i Pals G iRgste A
Usfn%reﬁﬁlﬁfonﬁm@ tin®@hat 16 RIME/ @aMids Of the%‘ﬂa@'s antced O\J‘éﬁ’d@ﬁve loops
onpounds ‘are conpounds of fornula F wherein

R2,
areR@rO;&QaVzﬂz[ZM =% Varl. ghdtné Va—,—b65¥oge’¥heﬁ%aol‘[alges apply to the full

36(?[?%%%2@&? é&gg@&%b?ta%&gggssﬁg(? féﬁf 1'09%32_’3 4, and 5 \g? fe'nflc(le trhgtbxlfo)}tage

indipedREtwaendhdindudorcostcts wilh e pda daiit SyICHhGrCOl@iSPQn@ng(WJT ent 1s

R53 4 h d d
24 i gpregpde i 3 iafSehes PO RV RELt otk s BaSBi sehis b his
alb%ulgﬂhl@ligﬁﬁl Siaditafly ¥ ekagh calCillatéd tindt mlta@mm\aéemahé«\;dnnecuon from
- al oa

3Rl 1S MR COAC HCtek Dap Pl i B BT Rgaeton from 543
to S4c anﬁ'hg ¥J)ntac@$1 % ﬁhj<V25N Theifpdiats @@ kayh 61§$hdhld be located where

hal oal het eroaryl, amn

NC2, I,
thegodip geyis ér%n‘(ﬁlb Sn@arheéot@ volfagidran aeroRdPeRf =1 e é/ it is easily
calcQiRe Hﬁ?&%@mﬁ%% 19 dég?eeég/thp ‘f‘éfpcyf thd !:diﬁ@étﬁ'h%otnh%B to 53C, and
Conpounds nventt on.
sincothp detalds ltage drop atrbss 1D@ ‘thﬁbvnlt tSh?@SI alceal!ﬁtftﬁfth@ mldpomt 61B is
i LT LG PRS0 DT o
pofitienéfithé eshnedtdigdings BIZMBA{SGA anfl 3ABFRBBARARIThe (désnteﬂ andpomt

ane as . wel se.jn s ct evj ce _
ol AR U LB THEToleRo ARG TGt ] SHLE Vo156 +
0.dorkegidant =1 . 36se0l sy ariRr@R ahd Yudsnote thérehBigid efngdlat/\hdtﬁids of the
occu ies mniml space. pi cal a planar |ndu Sg(,)
Eina;@slyéh%m%feawt peint %ﬁcwd qzﬁ VDS SembfS 4 L;‘f? apd
V%glggnrn} 2ipich is laid on a substrate. Connections are

to each end of the spiral track. Planar inductors
c an be rEafilfilktheasitidi ssemention ehadarimthss atrukigion Hlahthe high
echnol oai.es,. or as.in e _
L S S
Vsi=aRal Solntigakie gszeaKeo 403 &amdUsa14283, whxdh omplies qhae theyconnecting

( itr chi ve functj-on uch as v

oS G 63 kst P oSkl SEE R RS AR

mlalgd%%nne'ghgﬁgol S a requirenent, in some appl | cations,
ke a further electrical connection to

| nt er medlnﬁlé Gt 834 S8R comnspiguERopYS o the §p1ra4- Riths withan
adll ﬁgx?al 18R @9%&% onkd 91§1de heaREiad %ﬁéﬁ‘i’ TR iR 8SvedmHRLIARAL, shown
tor an he position ofa g d-point. Firstly
in F1gg7 the sdtbmwlahtrémkanmsmqnddjcmtslde wf thh oxeralt peiter. dlerq, ﬂ@l@ddltlonal

AR e P B P B g e b
Raafauplalﬁea@@mtgaA IR condetnoi palms dnn‘.hé eadkeo 0ot pdmtgam; 82B
and_ resi stance, of the ot al th etvveen t he 1
reﬁpé?tﬁiehaﬁscoﬁ’éﬁcui@cﬁf’s °JH tm}nfc 84ShpyD, o ad an}?@?fd?ﬁém& ong
tra\%g@ar i nductor with semi-circular track segnent s
Ich are interconnected in a symetri cal
configuration. A spiral path is fornmed between end
termnals 20, 22 by interconnecting pairs of segnents.
The m d-point, in terns of distance and resistance, of
the total path between the end termnals 20, 22 is
shown by cross 25 The di sadvant age of such a

Y o o, I o B
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i ntermedi ate point of a planar inductor. A first
aspect of the present invention provides a planar
wonads@mb@73conpri sing: a conductive path in therEonBoo$/052006
a spiral pattern, and a conductive connecting path
whi ch connects a termnal to gn internmedi ate tap point
al ong the conductive path, connecting path
conpri si fﬁgth@ Rk Hbs%ﬂFMn%bdhﬁerﬁ%nﬁ!eét%ng hie @icdde % t\% tid-points
respect to the spiral pattern provi si on of
of eavhnspicalipaty. Pawhvastthe vewgionas notdiaitediivst pramid-paietdi balr- fap be

ted hel
ap]%ur / gn(?nnfeftgovr\lg?on any ng?eﬂ{xaégﬁﬁg %&gty lgﬂéﬁlg Eéﬂgﬁ %ftﬁeos'qxrléﬁ)aths The
spird) @uitdro is. shdwe herens @emg fgmpabi sﬂaﬂcm:aalar segnedts\(ivhich hegether form

side o ern. nnectin at.h n.
anegratiesi Puring overt] Sepd S wtinshl gt B Bt BraRand: GBica
octiBbrfaloCia8& dRaY BthePsHah® Mhe béRMBne 1@ hot B2l semi- Bk @l aTFislit &la§ be

tap points are conmonly joined at the centre of the

quadspnisas phavprenfie. éa@harw@hﬁfr plspe P the riwrde pdiohdhe gggments are
intBRSAdeEdd 't(pfo%@?sglr ASp%tht &R b@ QbiMdd BFsuit iR ﬂaﬁ§9ﬁ9 EHap€ and layout

conductive path an alternative to providing an
regmed.r el y radi al connectlng pat h, the connecting path

can conpﬁp e .an f

paral | el © ﬂﬁ’ ra%%ﬁ 4o cctom\%ecué%ﬁéth \/\;1ir 2 the% fged %Oftﬁﬁgﬁ%p :thr%al
mtB@bﬁlﬁbﬁlng gdilh sSanftase adiradioa thides adt dnﬁdﬂllscradgtl tilaeit hasragignificant

t he connegctin ath and t. t he .
ro P OPROL ] & THELeE YR e PO it BE rpgs formin
th@ép%ﬁ%a'tﬁ Yr&3brabl ?nﬂh'é‘ré b p&thREHidISis ndt &Ry aldeil is used the position of the
radi al | y-direc path portion connects an
intprmediatRniniie vaidie aeemedatcapnatieti ve path with the
addi ti Onﬁ.{ the %v'e‘a@scﬁf)e& 5M1rﬁélﬁ§ &8 Qlirﬁllel‘fﬁﬁ% @re%ﬁown between
addi tional section of track Is used is aligned
tham'xtdhemﬁmls piithedonpestipes eing thadego gnt@rirrmilatﬁpogm@of both paths. The
. | at e
1n\ée]n\{ Ib% apgl&e?irofen%y nlgnslﬁgegjrclﬁl 5& ﬁiel%)gtthg Qﬂ%)o%gﬁ,%{nenf:%&ﬁs Bﬂﬁalntammg
a Halihes lbmdecai the parhihdl petas; ibie paafmetd—fpmha paralicl paths ¢t begprovided in
ﬁ |re 05|t|on along the Iength of the conductive
MyHpIRS Ple the spiral pattern is shown in the

acconp anRhﬂaﬁm‘g}rbwk Osg.as tHeeilagr ddganeliaslalsingtd doadlcsive path in
pattern, be appreC|ated that it can be s
ther oEngha élP%ﬁl Wﬂéu 3 rplﬂmoepéﬂ Toistdssigabla togpuip A Gernge %aﬂf‘éween the
mlﬁg)%ﬂﬁ 15 Iﬁ'&@ oditih ddflcBAt thAGdabiindd {®abeE that SIi E&m@cﬁlons can be

strued a bei ng  directed towards the centre of the
maslatat @common aoist dhe sormpetingtpafie themhid-privtsanbe pehyad by Hvo

I I
ra(ﬂzglgﬁdlgg&:{i g:g h¥ o%@% retglg ’g n‘hﬁﬁ@{ogﬁ ég Hﬁ\(ﬁe ? éruéﬁ;gglé !ofr"r‘%arg] , and
anbther bdtwmntthmenm Ipbmbmdobe;smmbbwemthehemaﬁés thde in 'dnetsmae
acconmp r 1 and 2.show ..
RV I e Folh xS Ml S iy g ectng pec
to ﬂle@ﬂl@fpohﬂ QaiCinokuge W hd-sRaealaelt whieh digeinside (diailf&ﬁie) the segments
i nprove their quality ( factor; Fig. 5 sho

foraming Hierviig! Patterpadipatalekip diem. in (heiSEhE HapuR AR Wéslﬁn fég- 6. The
pogiﬁgﬁa of @e Alid- 'lle{n?{a 13L& o %b Biterfd tof d¥esed fagﬂl%te%cté/bﬁ]s@hg this
centre poin he spiral pattern; Fig. shows
tragkot her enbodi nent of the invention in mhlch a
connect i nter i
i nduct or 9@ %nncm%es ftﬁ}gerprcezsg AdUe nfq]\?/jg %ﬁ (Ef}é :H%)HQJ to aﬂ
mtéﬁbﬁnﬂcn@ﬁtthﬁrafe inFhegviciitB hbﬁhls 1niluélpr tehﬁr if érbodicomuectiaf is not

t he |nvent|on in which a ¢o ction is d o an .
intepged forecpnagciop &y the ifuciep g SHieY i oraielf Y rigcsenting o firs
coﬁl%gﬁgf)élﬂte sttdh§ kheQHfs bf € sdnbiive RinpBfierPaidt B fepreséritihe aBecond

shows a further enbodi ment of the invention in which a

connection is made to an internedi ate point of the

i nductor via a centre point of the spiral pattern;

Fig. 9 shows a way of connecting termnals in the

vicinity of a planar inductor. The present invention

will be descrlbed mnth respect to partlcular

Y T L Y T e 1. .
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i nvention described herein are capable of operation in

ot her sequences than described or illustrated herein.
wohowsower73 the terns top, bottom over, under ROWIBIVE5/052006

like in the description and the clains are used for

descriptive purposes and not qﬁcessarlly for

describing relative positions. is to be understood

conh@king BEint, 8hdBas SRR oot de@b@lfﬁ@ IMGERBICE htkd§iotect the inputs
ﬂﬁé@o priate circunstances and that the enbodi nents of
Ol

miifieh pganst disQehing bigh fiememay sigealy Afags the ggnnecting path between

&FFA%H@ls dokE Q{ortoars p@gﬁ 1a® %\JJW‘pa@? 561 b lafs%r&[nce Voltage may

ilTustrated herein. Figs. 5 and 6 ShOM/tMD enbodi men
begfiduge i the pathoﬂmctt@the icoil Rycwrinanioagskipath shoren py patle 2, the
1nduce$ ﬁ s{uobancér psem 1ni11 i k%th 3?%%‘?1 é”lfise% Eegtigllﬁggﬂ%A-GQﬁHﬁlt Ers generally
il Ifaéiallﬁ glrd:dﬂed cnmmnm@c 1 0RG)hirate dimordshbsensally garatitie the

t nt er nedi at oi nts. ferring tq Fi 5, t.he
iR e G PBTE SrfgrTdseniss e BN be Riedinpitapnce to the

mhltipRStra@BCRctidnd ghdvi Rge. f ormed as two separate
sem -circul ar segnents, 53A, 54D. The segnents

can be f dPpntyeRtiongs n@t;l@mteé?to thsreahodimegtsrgs@tbed hergiy, which may
e R R P e itnton: o
i nductors can be found in the book "Design, Simnulation
and Applications of Inductors and Transformers for S
RF 1Cs", A°M N knejad, R G Meyer, Kluwer Academ c,
2000. Afirst termnal 5 1 and a second term nal 52
formthe two ends of the conductive paths through the
i nductor. Two paths, which are electrically in
paral l el with one another, connect the first and
second termnals 51, 52, each path taking the form of
a generally spiral pattern. The termelectrically in
paral l el has been used to avoid any confusion with
the paths needing to be parallel in the sense of being
next to each other for their entire path. Each of the
spiral paths conprises a series of the sem -circular
segnents, with selected pairs of segnments being
i nterconnected by |inks, one of which is shown as 55.
Consi dering one of the parallel paths, this starts at
first termnal 5 1 and includes segnents 53A, 53B, 53C
and 54D before finishing at termnal 52. Simlarly,
the second parallel path also starts at termnal 5 1
and conprises segnents 54A, 54B, 54C, 54D before
finishing at termnal 52. Links 55 can be realised as
short conductive tracks forned on a different |ayer of
the structure, with vias 56 providing a connecting
path between the different |ayers. The pl anar inductor
can be manufactured froma thick Al |ayer (having a
typi cal thickness of several microns) which is
patterned by etching. The interconnections between the
segnments of the inductor can be nade by Wor A plugs.
Because of the lowresistivity of Cu, it is
advant ageous to use Cu for both for the segnents and
for the interconnections. Preferably a Cu Damascene
process is used. First a groove is fornmed in the
dielectric (e.g. silicon oxide or a lowk materia
like BCB). A barrier layer is deposited such as TaN.
Subsequently a Cu layer is electro plated to a
thickness in the range of 500 nmto 5 mcron. The Cu
is chem cal nechanical polished (CVWP), in which the Cu
is renoved fromthe planar surface and a Cu pattern in
the groove is forned. The Cu pattern in the grooves is
the track of the inductor. In a dual Damascene Cu
process, both the tracks as well as the connections
(vias) are etched in the dielectric and are
subsequently fllled mnth a barrler Iayer and Cu The

I Y o . Y N 1 T T R | Y
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current-carrying semcircular track segnents that it
crosses. The radial paths 62 are oriented in such a

woayostones73t he i nductive coupling to the spiral PCDABII®052006
is equal to zero. A further radially directed
connecting |ink 63 extends beqyeen centre point 64 and
the external termnal 60 fromwhere a connection can

chemede to other integrated or external conponents.
Conveniently, link 63 is aligned with the gaps that
exi st between nei ghbouring sem circul ar segnents and
can be forned on the sane |ayer of the structure as
the sem -circul ar segnents. A md-point is required
for a differential negative resistance oscillator such
as described in fig. 16.31 in the book "The design of

1.CMOS 1 adin0yihfae tHaaey (sonéaeprated circuits® by T.H Lee,
Canbri dge ‘University Press 1998. This arrangenent is

- based ona&pndysie pattaindhagrmiede spisH patarp 61

_points o i: : Id . i<
magnet | o fragl ARk BRRGR0TS, I8 ST R

teinriokl €6Q) tv oh irdgrasdiatei tathpaistr(6 T As8AA) alangdhaeondeditve phtht the

d b th | {'SLYLbUT b On OV er. _
copesfe B bbb U Y 5030 vRBh oS sl wie

respatiyto ARAPALISpaktrni Nt er connecti ng paths which are
circunferentially directed, i.e. paths which are nore
or less parallel to the coil w ndings, and not in

2.radial patfgnar Hastor 4d36rdifigto RRIM Y Swiftkein tHelcBnicBng path comprises
connected to the external term nal 60 Qq% vi a pat hs

a fyeipporGaE(626 383 Aawhigl ioinsdlg mparypedipte dap rodnt (f 4y, 828) éhpgnnecting
18 L | e Refedlwith, tt
oo s B The RAHIRhOR, 0 10 oA RS AT ABRELE it rpect 0
the fpiml patteodi nent is the manner in which m dpoints of
the spiral paths are connected to the externa
termnal. A further conducting track 85 is laid
3.al ongsi de plier indoeonmsbrdangtulchim 2iwigrai tHeltenndoting paint is
first connecti | ink 83A connects a point 82A of
S“@ﬁ%m’faﬁ?’gtttg% ﬁ‘?r}t“ﬁl(g%é’lftﬂ?rsﬁlr? afeloi nt 84A on the track
85. Link 83A is radially directed with respect to the
spiral pattern, Le. it perpendicularly crosses the
4.curr ent - delpnar fgusienrrspiding taickyim 3ryReréin thegg qrp atyleast two
€D ' IGHNARG iPpeRalRP Wwith o€ Bhoifer 438 (REE RN eparat
Cogggﬁg?b%g%ﬁh?gkgéggﬁﬁgﬂagé§%nathe tPack 8§? For eparate
firstgmsidons(62 Aat2Ryidf thelyenese ih@paik dorizettoed thp einduetivg paths.gagh first

re .not the m d-poj . b ' i

pofifh B hng { Gk Relb S f bl SEERIR] bl BB iitgongss to the
coaxdceinglpoibefoeen external term nal 60 and a point on

track 85 which is radially aligned with the link 87.

Conveniently, link 87 is aligned with the gaps that
5.exi st beashr ARueBPAEIIRG 16 8RY 6hd Elldhs 3 @UNRMESin the

Conducting track 85 only requires a length which is .
cogpgefipg path durthsr Fpiispb? preandRAtionds) yhishdenathg cersstipgppomnt
L8 he B e 1 ZB0RL quifl 0 Rp 0 pASHE TR oS R Dooipg radially
diceted mathpedpatt téthespiralipettérnduct or via |ink 62A and then

carried fromthe centre point 64 to the externa

termnal 60 via link 63. Wiile this has the | east
6.di st ur bi pgplgfak atlictonadch@ing b chiim patteseii the fir@pgttidn@f the

this path incurs additional resistance and hence mﬁkl .
COpRREHRS Bath dipnige "H?raﬁshaieﬁarcwﬂr@%g), 1o 3 Loppetiag PaiRyEfentvhich is
To&RABE N &nFhStap Bolnh @2 BadPDbdHire pBin€ (649 BIHEE EpiRd pRakA | S

shortened by using track 85. IE is possible to

cal cul ate what effect the passage of current al ong

track 85 will have on the remaining pattern as a

function of angle difference and di stance to the

centre of the coil. By adjusting the angul ar position

of the radial interconnect (i.e. fromthe true

m d-point 6 1A to point 82A, and from m d-point 61B to

P — I o .

W
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since the total voltage drop across loop 4 =1.71 Vit
is easily calculated that mdpoint 61B is 27 degrees

woaodsheod7eft of the connection from 54B t o 54CPCYéEB20$/052006

now cal cul ate the preferred position of the connecting

i nes 82A-83A-84A and 82B-83B-84B. The desired

m dpoi nt voltage at position é is 1.56 Volt. The

vol tages at point 84A and 84B will be: V 4A=l -56 +

0. 80X and 0. 80Y, where X and Y.denote the required
T.angul ar éxplakddidyetor preordingio g figthegcpypprisiag § Sirthggeanductive
trétk (@ﬂ'\ﬁﬂlc@% 208 18 4R c%chdchb@ aty82A=l .48 + 1.57X and

To tul fi he 1 nitial assunptlon made in this

calculatlon that the high frequency currents in the

R ] e O

condindtige pathg (33AED,53A-HMY), S3Bbeiag dlettmddly ih@eatleldvitl one another,

Hﬁqﬂ%\lﬁgs Ottlrés7 Gl QSgﬁ %3%%% eesl-:elotar?ec Qgg%tﬁgérgzg&l t%gesconductive
paRNERE tﬁrsﬁ}p@rtﬁﬁhdlhﬁn QfreshB&ive RhteRhedR®S B pWint (324N 82B) along one of
addi ti on track 8 positioned inside the overa

the gendaetive nafhs g2 EISPHNG EPNRECtERIROdT hH 8 Eh@mwmﬁrem tje conductive
tra (4]0 A6t hsBBAve bRl SpdiS (44,0886, Out si de of 1 he
r%vérgﬁ?l C E@ Vﬁbre gﬁé)addFtlonal)track 90 lies
anngS|de and is parallel to, the outernost
sem -cirqul.ar. _se : o "
O-ad ai |y o Blos FEATPT hoeBaiteh Bl'sSbucin o pgsiign g e o,
intehBediatacap pdtht §844GHB) slofPéuch @amiuctreetl is\chbsgn toffset the effect of
ectiaqn can be de at point 60, as shown, or at
th%ﬁyﬁﬁ ﬁﬁﬁﬁ?gaﬁgﬁg track 90.1n the above descri bed
enbodi nents connections are made to the m d- points of
each spiral path. However, the invention_is ng

10:i i ted jAulena &ndueigr HEPIHNE togny opeef imad ke ?@’élle{e&}l the

coﬁg&ﬁﬁg E)btﬁrf&’[ﬁe‘f" c@lﬂ rideS'h @éc'&ﬁ&i b@xtn@n PO Whicl i0R9 thte%ﬂlxe? Redhctive
of the spiral paths. The spiral attern I's shown here

tragk thepeigt dwsidede byiral ppiereithesdcond rasgerebring fadially Rirected with

nul ar rings), but the overall shape of

Ie%%gﬁg%%%ghggﬁhgﬁ be square, rectangular, elliptical,
octagonal or indeed any ot her shape. The segnents need
not be sem.-circular r as_shown

e g, B piee e drap e iR a R A e S s

cORBPRBY Sudlify dfitbRea9id Reghe ks which eddmiaclsde & @'p matgbpmmg
be varied to suit the particul ar shape and | ay

radially,pligngd. apg wherepige ?%s?epféportlﬂle et g ﬁ?ﬂ@éfﬁﬂ}ggoaﬁal@ ﬁh%tferié’vlgh the
Ege i deal connection, the interconnecting path can
ave a direction which is not entirely radial, i.e. it
has a significant radial conponent and a smal |l er
onponent '
2? or mi ng ﬁ%m'lsag |Ehrd|§ oxdégcﬁx%ﬁr%? Eﬁﬁrﬁ I1 %&Lhe%e\}?n {hg @ectoﬁ&lgﬁﬁlon connects
toatpiotin (605 ontide dretsprre]l patteradvlath is ad]asmﬂ thelead pmststotf the chductive
g?e internmediate point is varied to accomobdat e any
PaFfect. In the above described enbodi ments, two
paral |l el paths are shown between the end term nal s,
wi th connections being made to_ internmedi ate points of
13pot h pat ﬁsp anpp @dpﬁewprémgcta Slaie Lapsraie thecannehijngpath gpmprises
o SRR T Plel o b BNEe R g R Al e BT, Pl o
cohmctlng poiph(©3A) whichag dutsidethb epipal @eﬁtmahet firshpdrtiop(9d4.) béing

raal\zll\@y{ dquc];ee%é{élll;] dl% bgtctk tl% ostpﬁalgpattfall‘,né 263 r%c%rfda portéond(gg)t \91[110{;'?

suBMﬂﬁﬁprMﬁﬂdl&ﬂwhbmhﬁhdﬁﬁﬂhable to route a connecting
pat h between the md-point 15 and a position adjacent
the end termnals 10, 12 so that all connections can
be nmade at a common point. The connecting path to the
m d- poi nt can be achieved by two radially directed
pat hs; one between the m d-point 15 and a centre point
of the pattern, and another betmeen t he centre p0|nt

T . - s A~ A PN " o o



a conductive connecting path (62A, 63; 83A, 85, 87)

whi ch connects a termnal (60) to an internediate tap
woabewsto0¢BiA; 82A) al ong the conductive path, tReET/IB2005/052006

connecting path conprising a portion (62A, 63; 83A,

87) which is radially directeg with respect to the

spiral pattern. 2. A planar inductor according to

claim1 wherein the connecting path conprises a first

portlon &A A; 83A) which joins the internediate tap

clegtyiny] GiIgUIA COIBPIHERE 3 PI§O3s ét%t%mcetdltgstol%mdeand at

l4point (6
leagp@vosfﬂft teraﬂﬁatlﬁ A %Qt%mfal {(])Stfle 919{1&510 WhbRinnge ﬁﬁ@l’eﬂehﬂmals are
|reCte t to t eS|ra attern

copbeatedvid enchmccwmg@a‘&ldﬁ Qﬁ)m:gmpusmg aatththrtmh%ﬂ@RG, I(Héi) that are
ol nt_.i.s..subst.an [ ] centre (64)

rw%%£?ﬁ5”é§g¥ e%ggﬁgﬂwSpHd &he éﬁﬁthm%%%tor accor di ng
to claim3 wherein there are at |east two conductive
pat hs, each being electrically in parallel wth one
another, and there is a separate first portion (62A,
62B) of the connecting path for each of the conductive
pat hs, each first portion joining a respective
internediate tap point (6lA 61B) al ong one of the
paths to the connecting point (64). 5. A planar
i nductor according to any one of clains 2 to 4 wherein
the connecting path further conprises a second portion
(63) which joins the connecting point within the
spiral pattern to a point outside the spiral pattern,
the second portion being radially directed with
respect to the spiral pattern. 6. A planar inductor
according to claim2 wherein the first portion of the
connecting path joins the internediate tap point (82A)
to a connecting point (84A) which is | ocated between
the tap point (82A) and a centre point (64) of the
spiral pattern.7. A planar inductor according to claim
6 further conprising a further conductive track (85)
which is parallel to the conductive path. 8. A pl anar
i nductor according to claim?7 wherein there are at
| east two conductive paths (53A-53D, 54A-54D), each
being electrically in parallel with one another, and
there is a first portion (83A 83B) of the connecting
path for each of the conductive paths, each first
portion joining a respective internediate tap point
(82A, 82B) al ong one of the conductive paths to a
respective connecting point (84A, 84B), and wherein
the conductive track (85) joins the respective
connecting points (84A, 84B). 9. A planar i nductor
according to claim8 wherein the position of the
internmedi ate tap point (84A, 84B) al ong each
conductive path is chosen to offset the effect of the
further conductive track (85). 10. A planar inductor
according to any one of clainms 7 to 9 wherein the
connecting path further conprises a second portion
(87) which joins the further conductive track to a
poi nt outside the spiral pattern, the second portion
being radially directed with respect to the spira
pattern. 11. A planar inductor according to claim5 or
10 wherein the connecting path conprises a plurality
of concentric segnments which each include a gap, the
gaps being radially aligned, and wherein the second
portion of the connecting path is aligned with the
gaps. 12. A planar inductor according to claim11
wherein the second portion connects to a point (60)
outside the spiral pattern which is adjacent the end
poi nts of the conductive path. 13. A planar inductor
according to claim1 wherein the connecting path
conprises a first portion (91A) which joins an
|nterned|ate tap poi nt along the conductlve path to a
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