;e3e| D("6XTTZ/ 1 n1230WD Description |Integrated interconnect arrangenent 5
-The invention relates to an integrated interconnect arrangenent. The

i nterconnect arrangenent connects e.g. conponents of an |nt§m wmﬂNWImnmm
arrangement f4 Wbself a constituent part of an integrate

*From an |ntegra e8 arrangenent, individual conponents cannot be s®parated
from one anot her nechanically w thout destroying the conponents. The three

main types of integrated circuit arrangenents are: - nDnoIit j i i
ar r angenent sDegarahtshAnl5 conponents are al so arranged in a wﬁwwmmmmmwm
that serves as a carrier. - Layer or filmcircuits, in which re
used on an insulating carrier. Adistinction is nade bet ween t hi H%%2f m and
thi ck-fi| m cPREGSFatedointpyEPRRest 8EFREISMRREN are a conbi nation of the

aforenmentioned circuit types. Layer application methods and |ayer
patterning nfﬁhods are used inter alia, as fabrlcatlan { echni es for 25
a

i nt egrat GngEMETR &1 %xa’?ﬁ;iaetse%f toay 8P apBFPOLRFEH bt HeREO
screen printangangembntcaTheoﬁnthn@bﬁhddutanﬁungemgnt(ﬁonnéﬂnﬁtergng, t he

OD ret hod (g cah YR 30 Pepasilion) A ANe PYPIELIGd. (Physi cal Vapor

Deposi tion) e case of & -CIr cutt art ange

circuits. Exahpeds efcpayentpantepnrngOﬁeanodetegeatea copppheytaphi c

nmet hods, or - etching nethods. The i nt erconnect of an interconnect
arrangenent has an [ N1230W0 electrical resistance of |less than 10-4

ohm per ébntfﬁ@PqucﬁnEﬁgEﬁFﬁgmﬁrrﬁﬂgﬁmﬁ%ﬁcoﬁﬁ@é?%dﬁﬁé USRMEPPRRR ey i cat ed
from al um nuganastal bei ngepakheyd cdpal Fne Cappgierl Ir@échiﬂilﬁé@lmt erials

ensure that 5, n onnects enerate th east ssi bl e ohnlc osses
cooy cur rar v 8k "HELEIBNTRLS LHENSCRLe It S S Ale bk uta i TReS
i nventi on tooﬁpentégratednpiycnbhsarnangdmentegaaEed i nt er connect

arrangement whi chy, a&ﬁ ﬁ§?1bn p%ﬁ&kﬁﬁbreo Lowy &ﬁénkgsses sven af 4 gﬁltages

or currents with requency ver, e Fhtehtion s to speC|fy
associ attéd uses. Q%@Pe%Fééﬁ regeat @d seo @héamg@@rdehnécts%mxeﬂ@@WQﬁers 15
achi eved by neanscpitt 8eri-85e5608nestraerangenent specified in patent claim

1. Develo ments are s eC|f| in the subcl aj ns.
P ayeP fdhn c1rcd§ts, in which thin films are

used on an insulating carrier. A distinction is
made between thin-film and thick-film circuits.

20 - Hybrid circuits, which are a combination of the
aforementioned circuit types.

Layer application methods and layer patterning methods
are used, inter alia, as fabrication techniques for
25 integrated arrangements. Examples of layer application
methods are:
- screen printing in the case of thick-film
technology, or
- sputtering, the CVD method (Chemical vVapor
30 Deposition) or the PVD method (Physical Vapor
Deposition) in the case of monolithic circuit
arrangements and thin-film circuits.

Examples of layer patterning methods are:
35 - lithographic methods, or

- etching methods.

The interconnect of an interconnect arrangement has an



"The invention is based on the consideration that as the 20 frequency

i

-increases in integrated interconnect arrangenents it becones nore and nore

difficult, on account of electrodynam c phenonena, to fabricate
Iomjnpedancelﬁfggﬁgging arrangenments or connecting arrangenents that cause
| ow power | osses. The two main el ectrodynam c phenonena are the skin
effect and the proximty effect. If A€ @urrent flows through a conductor,
then an al ternation conducting nagnetic field also occurg, which induces in
t he 30 conduelestrniecalint ¥egdistagee haaf i slgeeat &9an n Yhe cobmer RET t he

conduct or . Qe RCLHAMALy Of £8i d HROUNGEF VO A0eThENE G RRInrer 1l Stdidut ed
nonuni form y over_the conductor. The current density rises fromithe center

of the condut¥eRlivwdPrirat@e freR 2 BymhHERon@Ron i ¥MeRPNe 1R ent
di spl acementcoppéheogkian ebbpet. aAloy.r edidde Ohat8LigUsT enlsudies ptigenent ,

t he conductor, cross_section is onl rtly,utilized by th C current.
Reduci nggt hetlé?fe]tﬂfi%c%rgh%ﬁ 08 e(fps"’%ate ?éﬁlf23 V@Sgc f:fo%sf}g %ti%ﬁ"’f%creased
the effectivkosssesstedde chrrértcbodsesoand| btherrpawerhdvesgsan i denti cal
or opposite direction 5 flow in adjacent conductors, then a current

di spl acenent toward the edge of the conductor arrangement or toward the
center of thEtcémdwst opbaeehngdnetriie odouestipnaddt t SBACLEYt Ive SIMMLRS f ect

on account ofchder@btesatiibaddle TagReankc! darrdAgehbnbi Gmidigquency

resi stance of the relevant conductors is thereby increased again. Moreover,
the i nvéRti diPFs BRs &P THE onsPHePRIWESN YIBReT hEVERr AEntVDEYRISSit i on
depth into tde ceatvehes, whthor aexdiphe ffafechrprsr., iMoxg®adhes ttke two

m cronmeters belom%a frfqugnc%ggfigne gigghgété . This means that in the
case of the StTTRIIPRs T hE? Ve g ud ?y be&RCulFFPzed heretofore with
structure widths of approximately two mcroneters or less, the two 20

phenomena meptd opgdede nalidiae oo ek abl fohRELHCRLE LILARURS 1g5ses.
S al s e

However, if 1t | esired to transmit signa Int requency range of,
for exadPl e, adeeGantyt zme8ns0 §ifgatda z I SRANRTabl FEFIRICNENE he | i ne

resistance CghedPrpsdeihapaednen c2aiacaQulevdildgheriiy rerd Sheel aredent
mechani sns eyen in t€§ ﬁase of structure dinensions of |less than two

mi cr onet er s. 15 TF SWHREFng of interconnects in parallel, which 30

i nterconnects also run spatially parallel, does not reduce the power | osses

because the fE0!IALh01 61CRNBEEEA0L M USANUIEN: A raNdenEd channo!

t
contribute to T he current ow on account @ e current | acenent
mechani s nseduerey Thancmessss 35 1 ows ingeoxptesdy clptereemnednly in

the outer in{gr £s e bRkemelNNastealdJaRY a¢€eielng,t ook he
I nvention . 1 n1230W) , ,
account of electrodynamic phenomena, to fabricate low-
impedance connecting arrangements or connecting
arrangements that cause low power losses.
25
The two main electrodynamic phenomena are the skin
effect and the proximity effect. If AC current flows
through a conductor, then an alternation conducting
magnetic field also occurs, which induces in the
30 conductor a countervoltage that is greatest in the
center of the conductor. On account of said
countervoltage, the current is distributed nonuniformly
over the conductor. The current density rises from the
center of the conductor toward the edge. This
35 phenomenon is called current displacement or the skin
effect. As a result of the current displacement, the
conductor cross section is only partly utilized by the

AC current. Reducing the effective conductor cross



- 4 therefore contains at |least three interconnects electrically connected
-in parallel. An electrical insulating material is arranged between the

i nt erconnects. Moreover, the interconnect arrangenent 5 contains at | east
two crossovel,198¢Wdgens arranged at different |ocations on the |ongitudinal
taxis of the 1 nterconnect arrangenent, interconnects of the interconnect
arrangenent crossing over one anot her-a3 sai d crossover sections. 10 By
virtue of the nmultiple crossover, the interconnects of the interconnect

arr angement SE&FiRR arimgrsased g.the okl eahiee oFedisEameposPEi okher

tw sting of dhldddd nterconnects about the |ongitudinal axis of the 15

i nterconnect arrangenent, in the manner of an interlacing in which the

i nterconnects are arranged alternately over another interconnect and under
anot he][ i Et erfc omerén Ps ogaei&'gveiry idehbecdlr eat L@pdﬁlﬁ@edhe@gtiuﬂi nal
axis o e d{nt ercannect lgement n t manner o

i nterwea in&Jl “Gh accountad?la Fie cro%s%@%?%or§he |§1?%I|1con?iect guﬁggﬂﬁe

di fferent pds-lsmlamenwrtthl ntolweridnt etbenneedgar r @fgenthie. Thenduttopl e
crossover Nas bRt duhalkcgach | RHE! coanect cpalLAM! e8ohdukRE,curr ent
fl ow even at verynh frequenci es. The power losses, in particular the
ohmc | osse§rrmqﬂ&§lice@lc%lyr%| ﬂ-ﬁhea@ﬂl‘t-ih@“- mGet i e sKébs ectl novne

devel opment j@fdule 'dﬂf eEE@“'&Q@er%ﬁ:&%&‘:g%@nEhéonﬁ%@t‘i‘cngfféldé‘e ipp¥ent i on,
the inter con%s of the intercaonnect arrangenent are lined up in one plane

transvetQel i{:r,e%zﬁ@&y tr@stlﬁé:qr’t?r?gﬂ%d‘i}h%l rel FERRE oﬁo%‘fiu?ﬁ‘ér? nt&r connect
arr angenent t(ma&febq;e itee@isesiS@garinsect i ons. I nterconnects arranged in this
way can be 35 fabricated in a sinple nmanner by the two-di nensional

patterni ng nmethods of the integrated technology that are customarily used.

Thus, the i Mogeoverectsheannienaioanged basedesndechidhecohhideratbor

netal | izati @Ry I¢H23 éne géﬁ%@Eagioﬁl%ﬁgbee QPﬂyetﬂQec8£H§EtbP

different netallization [ayer n a next opnent, thé intércohnects
are arrbhgedos iexaanke 4195 SANRAT | ayerira vRenthal ateat micseBabers

sections. Theldt & | f2zaiéicy ayLr ohbegiganhahitel. thithendEid engg oh a
sem conduct Oi‘ substrate on whi ch i nt eﬁrat ed corrp nents ar ecﬁl tuat ed. The

i nt er connect28 yFAFSi nPbnethet 411595k V& oHgbadlyo been
si mul t aneousity lized by heastofdrd he wahke delsmmutcmmreand vaiad ke ni ngf

processes. Lo 0ngavehopreat, of (e UALLONNBET a1 Langemeal, hayg

i nt er connectSoin-one metal | T 2ati On Tayer Crossover sec |ons ne
i nt er cotthecphienomenangeent boredr saly whek rdypert ©o agonsidehabbeher

| nt er connecpe9Lebil M YRR ANARIRI: THe 1 AgVELSErLat EpConnect

or the other interconnects are arrang i.n another netallization_layer. It
is thus 20 HEEFEBEE t &iRliScatd a ERBssEVEAVEBEY| oF alideh st t fiBr
met al | i zat i eraln@yer,s onlef gmhémvebsem rgtl@a}wmﬁc,t a i eésnsndéhebaddi ti onal

metal lizatign Iayer n di_.tional tact _holes.are required.
Si nce the cboifact -hak] n% |ir)1 %e r glf%r?rbcfet% % ac?SHSF§31P8§d50%5 to an
addi ti dfal mespwnancd, thereursentl yhaplrangmgmtf imssitanimmeeageen ninhe t ot al

resistance whgn thece af e Alycdiis oA Males dier 1ekasspien Segbi on. 1N

anot her devel opnent, the other i nterconnect iein 30 er ent
direction aPi6FOWPERFA -t he crossover

Simple connecting of interconnects in parallel, which
30 interconnects also run spatially parallel, does not
reduce the power losses because the central
interconnects of the interconnect arrangement cannot
contribute to the current flow on account of the
current displacement mechanisms mentioned. The current
35 flows, as already explained, only 1in the outer

interconnects.

The interconnect arrangement according to the invention



sections than outside the crossover sections. By way of exanple, the
-longitudinal direction of the interconnect changes at the crossover section
firstly by a specific magnitude in a specific direction. The direction of
the 35 Iongi%ﬂ%g@ axi s of the interconnect changes again at the other end
“of the cross gtion, the direction of the change in direction here

bei ng opposite to the first change in-di&rection and the magni tude of the

_, In1230W - 6 change in direction remaining the sane. Wat is achieved
by this neastiheréfotréat ddrecaimer ca@mecileastof f shteen tirterossoeets
section. The fyes rj t ace . th ' ilized b :

i nter connecte?%é?ﬁgggy?ed C:O%%teﬁ%e?osl‘s%?)vegggézglg%h t ?‘glnsvé(elrésgf]i/u\:/\?]f h
respect to timsetabingnt eredericals. Oikeral larzanged esubetyleenhi s the

arrangenent,, ; { fgr¥bah8c ek . t NotddFEL£ONRS %Eé%f@ﬁ'ﬁ@&t@ SaFRieESmeRed only

by the width of the inte\rNionnects and the width of the insulations between

10 the i Rt erCORRRLRE. aoweGEFL (1P oCREPSPNEEr RRMEEIRS c AF T8 ebir r anged
in a differeaifpeyedt tlhecfSEoOVen Sehbi Olondtwdimal eraddils vefdeylgéopnent,
the interconpects are 15 arranged in differen rretalliﬁation ayer.s outside
the crossovet™5BEFPBNEC BY \%}%ﬂge le, tRESTRYRPESHAect £Tie TR above

t he ot her i nihberconnmattdiareerigamentt hcrespiny tovexr nene anedhsfr aat

sem conduct Oéafgbé%égégvgi, ggtgtg_ghggrat ed circuit 20 arrangenent. By virtue
of this neasUre, It Is possibleé to arrange the interconnects with a snall

area red@rement with regard to the surface of the sem conductor substrate.

Moreover, itpySvRessebldF tthachitY epReJeedscaRRe,t itiR dBsOEBEbNGebes Ween
the 25 interconnects of the interconnect arrangenent. |In on develqgnent

havi ng i nt er®bnhB&t SPFRTAPPREFENATAERGTRY: i R 39 - Er os%over
sections, onehénmantemmesf bS taramsmest tivm oenttacisthiole dEarsher skéy 30

wth respect,to all of e er_ i nt,erco ts. The.co t hole ferably
| eads as farlré‘gezéc ﬁlgr??ﬁ{ég m%%)gﬁultl zaq-flll%n Pé@é%éu?ﬁgg%e %é‘\?}%l ot&néent%gvi ng
t he i nt d5conimtertennéntt heaBsanaemenrt, holin t r sy er yenpex t hofespast to

the other injgfCpiRechs. 1€ Juie&H C‘E’P%ecﬁﬁt%&ggﬂfxeic'&tserE‘B@”e&%lré’ﬁééﬂge”e”t’

in the crossover sections, are in_each case | rom one netal 1 zation
| ayer into aaltemnabely ovezpasethery iadercomnaadtt An9 Anden ragehery or

exgrrpl e uni fmﬂéycéﬂﬁ@cthe??ggaéggza%nyn illaY_GEhé?yaﬂﬁeﬁl:QSﬁr ?ﬁ tbnﬁ
substrate or_.1ntp the tall,i zatLon.l ayer I n urt her awa romthe
substrate. Sl?lhghﬁ%‘?h%gfd(?\/’%sop nt-R% h’en’f?l%/%?‘g%ﬁﬁéctargrainﬁ%éeﬁeﬁt 2bnt ai ns
preci seky twmn crhesavanneectddonen |interwdreriehy. pOssi &teovnt r efucthehe
nunber of CoplACLoPOLES W W the, {0} E5GRBDES! AT ANGRITEN 43 FPErent

fabrication . L ,
positions within the interconnect arrangement. The

multiple crossover has the effect that each
interconnect contributes to the current flow even at

25 wvery high frequencies. The power losses, in particular
the ohmic losses, are reduced by virtue of the multiple
crossover.

In one development of the interconnect arrangement
30 according to the invention, the interconnects of the
interconnect arrangement are 1lined up in one plane
transversely with respect to the longitudinal direction
of the interconnect arrangement outside the crossover
sections. Interconnects arranged in this way can be
35 fabricated in a simple manner by the two-dimensional
patterning methods of the integrated technology that
are customarily used. Thus, the interconnects can be
arranged one beside the other in one metallization



10 nethod is sinplified and the power |osses decrease. In one refinenent,
~-the two crossover sections are arranged at one third of the |ength of the

i nt erconnect arrangenent and at two thirds of the length of the 15
|nterconnectlgiﬁgagﬁnent. What can be achieved by this neasure is that the
~current flow Ts drstributed uniformy between the interconnects

i ndependently of the frequency, i.e. i-nSparticular even at very high
frequencies, i.e. between one gigahertz and 50 20 gi gahertz or higher. In a
next devel ophayerof orhe éliteegrened alpoeecohhect odheangamentdi ffidrerie

crossover Sexﬁé{:%ﬁlQQ}f?oﬁsig?Ekﬁl |y the sane structure. Alternatively or 25
cunul ativel vy, e sections o e interconnect arrangenent that |ie outside

the crossover sections also have identical spatial structures anbng one

anot her. Thi $n Maasuéec SHE’QE[LE?&%nEhe R hﬂﬂtéﬁéoﬁﬁéétﬁa{a'tfég éfh%r?c_!;é&u' t
atterns 1or one

arrangenment bpecause, 30 _exa onl
crossover setti d¢h ﬁ'}ﬁfé}ﬁt TR i deyer dgﬁf:‘r"ﬁﬁ p%%i’%g‘ﬁgtar%r?%v%ﬁl lized
for all of thecttonsov&‘hesatﬁuams.zalmmoléwr dbyeéopmau,le&acﬁb the

i nt erconnect éfnar Lag ed 0355 t41e 8 Inl[ggg&popet %ﬁ%@t%\@%r in ter Cﬁ)fc ects.

Al ter natlvely or cumulatively, eacC erconnect T'S arrange
| engt h at thmbqgeabedt Ifonipa@dEhnate &itaregeadnt ThEheHeteﬁsmn@csts:an be

used to IMLZBND g _ el0 48r2d135530035 ClaYEe | Nake! NepRUIiEI 1S

di stributed uni y over all of the interconnects even at Trequencies in
the gi gaRer tSiakERICPRS B0l her Hé’v@leéﬂﬁeﬁtf thee sameyderesiteien andrensi on

of an i ntercw@@@fniﬁgnﬁy@égggésw th respect to the longitudinal direction
of the interconnect arrangenent is |less than ten mcroneters or |ess than

five mcroneters. Alternatively or cunulatively, the length of the
i nter connectImr ren‘ger@eﬁelcsprhests tdifin tles mﬂttémarbmsctor dersangdraentone

M LI met er S P! BitbteohfiEe L e an0bpaPRd:caNI MRl NAL O the

arrangemant |es ot only |nt M area. in Whl
greater 5harF15@s$\¢‘6¢76rretS@C§ltCt§15abou9n§ mllqﬁqm@n%ﬁ‘é t $i caA¥xan@ed, but

al so in the gffcsPbrd®nQ! i LA Ci féb‘péétanq:d higifi| ¢ echnel ogyrhdhe
i nvention additional Ig%rel ates to the use of the interconnect arrangenent

as a coi |l anPEPETrRR F@nanroGPan%e&ﬁo%?leé:ﬁna AT ANGEMER t tTHG part
or froman ausntam«aeﬁéeameeebmnngcnardr the usBeds mmdorﬁfédﬂstaféle

advant age that_the uallt tor of the.cojl t hus al o the ual ity
factor of a Fesomant c¢ircti P%glgﬁt a?‘ﬁ??igf{’ﬁ%k%all dln ery 1Ri g WWen' at

f requenéPes possiklei gahtéabricahgea Thossowest seediion e\rl(ninn:iamt atrw<_angenent
as part of tfiei BiAke TOM! Mg dis AN 13N( eABA OFahboBY ts feed

i nes that have previously béen i_n discret e§€as I on now al so to be
i ntegrat ed i bt &S t hB c’:ll"recu?@th%aﬁﬁérrﬁ}ﬂta ‘#H@arﬁlgj’ﬁbs Y RPEquEHE e CREY t he

circuit arra&w;enaati.ltfl@haaxaa@heaétewﬂrdy earen dduidgphesiaceangge occur

precisely in t re%nojg of thetﬁntenng. De prent s _of thell nant(i!lon are

expl ai ned bel® ¥ ehBe 16 FHE 88c8§p§§tﬁ

Fi gure 25shdws aapl araddewiofabn mesdgtanee | i ntehahese isit eDndNneC&IS are

arranged in Q08 gnificant increase in the total resistance when
there are only two contact holes per crossover section.

In another development, the other interconnects lie in
30 a different direction at or within the crossover
sections than outside the crossover sections. By way of
example, the longitudinal direction of the interconnect
changes at the crossover section firstly by a specific
magnitude in a specific direction. The direction of the
35 longitudinal axis of the interconnect changes again at
the other end of the crossover section, the direction
of the change in direction here being opposite to the
first change in direction and the magnitude of the



In1230W0 _ g _ netallization |layer outside crossover sections, Figure 2

.shows a cross section through the integrated 5 line fromfigure 1, Figure 3

“shows a plan view of an integrated |ine whose interconnects are arranged in

three netall] z@%&p | ayers outside crossover 10 sections, and Figure 4
shows a cross Bn through the integrated Iine fromfigure 3. 15 Figure
1 shows a plan view of an integrated eimlcdit arrangenent 10 containing an
integrated line 12. The integrated line 12 contains three interconnects LB1
to LB3 el ectcharadeéy dnnnediredtiionparednaining counect samesectWharts 1ids and 16.
Arranged betygen. ths gonnegtlonealusecti ongpkd and 18,8Eecchiichlie {011 owing
order, an end Section 18, & crossovér section 20, a central section 22, a
crossover seeffset 2dnatdearcraaboan i oecion| nThaecodfgeseiivass nigseaind 26
and al so i n {QiesLapbr Anatects 0de22s -kl gL OBALEE Soh RO dit Are
arranged 25 parallel to one another in an upper netallization |ayer 50,

al so seedfi| gﬁ@ n the GrRTRNST seeerban 26reBAvaraslyomtiddt FRIREG%Rgi ons

28 and 30, afo !t hhehObtREY OfintdEdbrine@SPLCOVeRalaGt i @8 30 ésalitt hef

i nt erconnect, LBl ends. The secti onth32 Isﬁﬁb ri ght %§%I es, t.o a | ongitudinal
axis 34 of tHEFin8 I3 S ST he TAE er ¥6AT8ct 1 B2 M LB FHCE I Eer
metal | i zat | artaygemédt alsodeterinigede 8nlpt hyeithet wadtdndoft heheont act
hol e regi ons; p i ved dj, pi eqt| f i onnect
Uen that 11 eftefiShuidedy, RESPRHY NEJORRP! PrdCTreiia o hedlhéds

i nt er codfRectthBlinpervcenneagst r Bawenerendheeotiher iqt@rrannagtishecarnt r al

section 22, fespepll Vtdangdd1230W i #BerbARCRINN 4P @heLUGEs$LGRSH manner
toward the contact hole regions 28 and 30 in the crossover region. Wile
the | ongitud?®@F1@¥trection of the interconnects 5 LB1 to LB3 corresponds to
the direction of the longitudinal axis 34 in the end sections 18, 26 and in
B3 are_arr nge

h | ' he. | LB2 and L d
Obi i quely vith PBepBLECFRAERES] AT TR o0 a4 AP ARG E ot 58

et ween
20 and 66 demrmsmsgedoinl@idhifansine chet3dl tzatben layehe ouwdssidlertlection
20. The angl g/ L JENSI : h th se@%,ove t he of t
crossover seﬁ?%%‘g%%? thgeregééptg'i S g%yeci sely antffse?lt)&gf?;lt%ﬁe inttlg?connect
LB2 and of tHitergerremhRctl ieB30oneeHRRNe vERP, OFheRe Wi dEReofneymal

i nter connectgirtaeildn a diidranceelperitnweegoadj acemaiimt eqgeanecbs. @
account of the offs(?t t he inber connect | Bl can t.alée ? iré[the. central
section 22 tHIHERIRGHOTni EHPEREES: ertonnERE LB SRILAEFS heSHrtitket i on

18. 20 Ibhe amssnyemerstect Bgnvittue pd tehiedmpasureel yti ng heosasiteleay as
t he crossov sect.l 0. C eqgi 36_ an are_.situated
in the cr osgo?/er?%!g%ppén Zt}th hgﬂégﬁ{zggﬁgﬁg%e pott om of %g}% 1con fa%: hol e
regi ons endifREukrementti ¥4 th0 ofegardi nttér cohhect 3Bxtacs TRE seeleon 40

is at right aaH@snd@ctde |Rmydriadidal vaxesvdd, Altthe rpgeeeblandzot he
contact hol e regions are deldomted b%/ sectlgns of _the interconnect LB2
which |ie i RPEHEYRt afl i 220%n FBRASLIEHE | ndBREURLIBSov SEHERT ontBR, the

i nt er coppectintiddcanted38 af etlae r hmgedconnect arrangement.

In one development having interconnects in different
metallization layers, at the crossover sections, one
interconnect is arranged in a contact hole transversely

30 with respect to all of the other interconnects. The
contact hole preferably 1leads as far as a further
metallization layer.

In one development having the interconnect led in the
35 contact hole transversely with respect to the other
interconnects, the interconnects of the interconnect
arrangement, in the crossover sections, are in each

case led from one metallization 1layer 1into a



30 parallel to one another but obliquely with respect to the |ongitudinal
-axis 34 at an angle of about 30 degrees such that the interconnect LB1 and
the interconnect LB3, respectively, are offset by an interconnect w dth and
by the dlstancg é §tmeen 35 adj acent interconnects. A type of
ftransp05|t|o £3PHR interconnects LBl to LB3 is achieved by nmeans of the
routing of the I n1230WD - 11 intercomnects LB1 to LB3 just explained. A
|l ength L1 of the end section 18 , a length L2 of the central section 22 and
a length L3 ﬂésbéétﬁﬁdlye@ﬁyukéﬂiEmét&IEi&&Eﬁén sayelat fRAchexawIgONNECt

LBl to LB3 ] $ oth |nterconn cts LBl to LB reC|ser in
an end secti Of— 5%}!1\% Phg geﬂ}eﬁglllg'&?t 1R 22 Y% q%e%g y of
exanpl e, thethet Eﬂ'uhﬁtrmte LB | nasobetheemettfaé]jiruamimnnéaysrLBllymngl LB2
only in the ggptral §§§? ggogzthgnshggtgéggplary enbodi nent, the | engths 10

L1, L2 and L3 are croneters 1 n each case. By contrast, the crossover
sectlons520 and 24 are less than one-fifth of said length, e.g. ten

mi cronet ers. TNV it idy %m%&%ﬁ t'ﬁﬁe‘ niﬁteeaaﬁﬁéétLB&rr A8¢: 15 LB3

respectively, are,identical, q the end sections 6 .and in fhe central
section 22, TRREBLEPvePyecHSeld afii oﬁﬁoﬁ?BY%ﬁetéFCtAﬁqsmmn¥ﬁ|ohs
di stance A beheeehyaﬂpas&buelnkenﬁﬂhnﬁstshéBﬁumbekBﬁﬂ:tdhﬁh@ﬂCh@Dﬁéer, for

exanpl e. The t h.B.of the ne_20 12 res Its rom.t.he, s of the
widths Bl to'B and 1F\?\%ce tﬁé:czlorl{’sﬁcatt 8 “8FSEE 51e ‘A, T{" n%?‘%ﬁ’ ‘?r{n%?%mst ers

in the dRenphathodnbsdsimplifiedysndnthe pbwewoil dssesedentricalsei. s assi gned
to the 25 circuit arrangenent 10 exhibits an x axis 44, which lies in the
pl ane of the drawi ng and, corresponds to the direction of the |ongitudinal
axi s 34, a yI@xi a6, rehiReMeREes afhei gFYO argF @SSoVer re8pkiPnso 2R x axis

3_4 in the p;aﬁﬁaﬁéeahatdbaw Egarlanebfa tl’leaﬁﬂe?lgé@l ¥ ma@tiﬂgeii@oxfaﬂ@cth
irection of _the norma] to the _plane t r so, shows
the positi o of 22968 C{I 8f 1 WRni ﬁd% 3 '?]8 H‘eeq? tﬁ?e % i %he xz
pl ane. Tbe cimssrsemtech hrirahgeseats mmaﬁrnamcbanachlb&bdrbyhehﬁmd

section 18, ihgedoe | NUEr CUARCt W | BuFDEIECNLRl, SO T O, 2230 Lhe

i nt erconnect In the en section 2 ure ShOWS the Cross section |
t hrough t he Wihkonmly hetwsgw thelzlnsexgomsez@s independently of

the frequency, i.e. in particular even at very high
frequencies, i.e. between one gigahertz and 50
20 gigahertz or higher.

In a next development of the integrated interconnect

arrangement, all the crossover sections have
essentially the same structure. Alternatively or
25 cumulatively, the sections of the interconnect

arrangement that 1lie outside the crossover sections
also have identical spatial structures among one
another. This measure simplifies the method for
fabricating the circuit arrangement because, by way of

30 example, only mask patterns for one crossover section
have to be defined. Identical patterns are then
utilized for all of the crossover sections.

In another development, each interconnect is arranged
35 the same length between other interconnects.
Alternatively or cumulatively, each interconnect is
arranged the same length at the edge of the
interconnect arrangement. These measures can be used to



25 30 35 An insulating layer 49 is situated above the upper netallization
-layer 50 already nentioned with reference to figure 1. An insulating |ayer
52 is arranged between the upper netallization |ayer 50 and the | ower

nmetal lization #g gr 54. An insulating layer 56 is situated bel ow the | ower
~metal | izati of® % WO54. A seni conductor substrate and, if appropriate,
further netallization |layers 58 and ins@g ating |ayers are indicated by dots
in figure 2. The upper netallization |ayer 50, the insulating | ayer 52, the
nmetal | i zati oensayer thht atldet karreatl ats ndisayebubédhawd, fammliyhi sver der,

t hi cknesses D and D4, ¢ ectively. Lp the exenpl ary.enmbodi ment,
t he thi cknes%%% I?ff aﬁg’eDsl% %r?%lgxr%]%?%%l S a?g SO erJ',n fore
exanpl e. | n ghgabkeehpl zanpgenbodi nent, the thicknesses D2 and D4 of the
insulating |ayer are also identical and are one mcroneter, for exanple.
Ot her exenplary enbodi nents of the line 10 use nore than three

i nt er confect 30" RO thATheAeBelePBebyerthgect269es E hdR tierdle sdgension

correspondi NGEY .arBy ier@on®ed | erah8ierkBl §F GRIWIEClreapudtd E8SUthei N
three crossoyer sec Loni. dI;owever, th rehare al so |lines hawglggrmre t han
ten interconn®eFE UREAFe Y4 TSI ™ ?)freaﬁ §i Wt 6F SISt A EEFE IR t
arrangenment 140 tesstai uheg ancemt egiatedetens 102, Tess nttdgrat eflivene 112
contains thr i negt . e i L nn ed, | rall el
in a connect’ﬁgﬁfé%g{:?g%'1%&%5?%%}%%%%-%nghéggg%%%ﬁg’I ine. ﬂé‘ql%n at a
connect ildn se€ti bhe( nadntelkicgonegted pravngementheri sendl&ds t hghan netan 2.

Lyi ng bet weeg; { PEmeLEPECHYON 3CTINS ddé ARG11t6care. Ay therfoliew ng

order, an end section 118, a crossover section 120, a central section 122,
a crossover SRetfbRA19E FRBLIFaEAGNs Ot ithe CiFCWA RTFINECTReRE sbEteFon 118,

126 and W t hhett balgend atheethi@k-¥4dm tded Nt ehCciHiRM SthBekhestEe lie
one above | 1230Wg:t- 1%3 the other in three rretallﬁl iéa(LjLir on.JOQ/ers 202, 206
and 210 in t%e &FEATon"BF "t é) n%’r%?m‘?tbe]éssé-’r‘ﬁ cOnTnCt Y Ipeol?%rof t he
circuit 1&rr aagentypitadlysesed,sdut galeo 4inAtber diregl \Qf fnguokiBhic
illustrates o é‘ul@g ﬁnaegggﬁt_"k_ygmug%%ngmhg&gonnects, i.e. the

e en .t

i nt er connect alnt secti on i nterconnect LBb in the
central section 122 a_nd t he interconne_ct LBc in th_e end section _126. "~ 10
In t_he Crossgyer i%%_%ﬂtqi?onllé)ddﬂﬂi@ﬂﬁndeélfatté”se Ean:_hJe12uIs_89fdf_ i h@ bypass
section 150 of the interconnect LBb, said b{ép;;, sa%ggt égn lying int

S

e
metal | i zat i oFPFSYEPRBOBE FFERIOFISL 37 Rh F’Por?%S%%g?"fﬂg
i nt ercogMectrdddbing tedapashtennanbdcta halamsnegitdm 3 r Somhfedmi &n
expl ai ned i n_npr efall. helow wi th refer to fiqure 4. .S on the
other oide FTHINT | e B3 I Ly I A CLoriE  bieo o T ot T F EbRRCT Lee.
The bypass stheisdvaptage |thet | gheheuadisll ifantion ehyshe2i@ilwandt he aid

of the bypasghs&cCldidb 12%e t BBaL LS CRARESE HE IS kedoRast toere@ptact
hol e regi on 220. Moreover, contagt ho] e regi ons 222, 22@ and 226 that are

li kewi se il |TREF2ARMIn 5Hfir e S8 1dr e SEEOREed YFFY he sof¥eM25 Rkcti on
120. Thescr ofseyesnctgs onrl24hes gathReped pr&ngsel yThen tuye saiffe vy as the
crossover regi.o e_cr er. region 4, .the Jdnterconnect LBb is
| ed downwar |%g%&%r8nec%ﬁt %gf aﬁg?@%&égia n %ttégt tPs? & I%aﬁnegg?ﬁlér%re
detai|l bel ovtai e rafieernae aro firgur e, aatbppaspewuiton fe6d olinae

| et connecten i hhos PReRASRIYe 1der Nopbbdfed 12n! Midi crossaMLa ool on

124 in the nmetall|zation |ayer _ ass section 160 [eads 35 the
i nt er connectBRpERt LPhbecdRtTrakse 1ndG T IV LI § AR IRERMEBE t he

| ongi t udpnalTrexi1gi deds ©f £HBaukhBged1df ©Ohel RE @il &hdenPéméhe, | foe 112, a
bypass section 1 of .t he i nterconpect hBa li.es.in the | n1230WD
example frequencies in the gigahertz range, occur

precisely in the region of the antenna.

Developments of the invention are explained below with
35 reference to the accompanying drawings, in which:

Figure 1 shows a plan view of an integrated line whose

interconnects are arranged in one



- 14 crossover section 124. The bypass section 162 lies in the
-nmetallization |ayer 210 and | eads the |line LBa past the contact hole region
230. 5 The end section 118, the central section 122 and the end section 126
have a Iengtﬂntﬁéoég and Lc, respectively. The lengths La, Lb and Lc are
~identical an m cronmeters in the exenplary enbodi nent. The crossover
sections 120 and 124 are short, for exampl-e 10 just ten mcroneters, in
conparison with the length of the end sections 118, 126 and of the central
section 122, respectivméyalTheathorr conhagés LBaguttdbdand LBoosswesmi dt hs
Ba, Bb and Bc, respectiyely,,which are identical and are one microneter,
for exanple, in the 15 exenp?afy enbodi nent. A system 172 of coordi nates
exhibits an x axis 174 lying in the longitudinal direction 134 of the line
112. Ay axipjdibel besshbws! @Nlc M SedPidhethrdtyh 2hel PhrdyZaddds 180
points in the direction of the normal to the plane of the drawmng or in the
directi oR of the normaliP® fReMnhigUBRed  of a seni conductor substrate of
the circuit arrangenent 110. Figure 3 depicts the position of a cross
section |1, ich lies in the x-z_ 25.plane and ,intersect 11 of, the
i er connect’S TREE (3 LEROYR ThELBRAVAEH, Cin 118 RGP R R I MARRS | on 122
and in the end sectioniiRércomseetsi velare Fi gareahigeidows fihe cridssesecti on
Il through the line 3 i 4 il4 tes t he
sem conduct or substra?%é %%%f%?Fﬁg?ratg' éﬁginsan%?ﬁs Iaf%&ﬂﬁ%%Yéﬁhe
metal |a&Per 202, an i n3@FBiPRY, |@YEr 204, the netal |ayer 206, an
insul ating layer 208, the netal |ayer 210, an insulating |ayer 212, a netal
| ayer 35 214 and an,insul ating | ayer 216.. The [nsulating | ayers 200, 204,
208, 212 and HEFEchi AFPOUF | PoST MDXTGRLIOR SRARBFB 4018 rebreqTaked
material. The netal | ayne202omt hegunsuBati ng | ayer 204, the netal |ayer
206, the In1230WD - 15 insulating |ayer 208, the netal |ayer 210, the
insulating layer 212 and the netal |ayer 214 have, in this order,
t hi cknedSes DEguids, 1D7sh®8s B9, plgnamvied 10fr espednicegirptethecitdeknesses
D5, D7, D9 andfidemént NP 8Bhehiha)§" Srdl enkdePhiedl Pk ane O0.Phe
m croneter, for exanple. The thicknesses D6, D8 and D10 of the insulating
|l ayers are |1Kesg%tedehingal 2amPaidvhetRreeonbterconsecésakiile.tao In

the end sectimm kh&ctriddlaceabhakesedt i D ba2aandl nihhec@ngesSerdn on 126,
i of the thicknesses

the line 112 has, a width W .resulting fromthe additi

05 to Do, 1 arCtiGadt A HBe S8 AR s BESOERE chBfp| STRHH nont
15 In tRe crossoimisridi endl26 sk, nin heher doddveingegirderl24n bgnd
contrast, t i 1 has i i from 110

t hi cknesses é%%?ﬁn%?’i?%.@5&%§%?%¥€5E§?H§%Xqﬁgbr%né%%%sﬁﬁJ%%éFﬁggnplary
20 enmbodi nem2: | & SHKESAEHPFAFyierbed i sant RNy passigectdbonsIns0 to

162 Li eI 03 titge sgﬁa Séﬁ@tpi!%néhe_d [ aﬁdllé’st_uwdeo%%o tihﬁlgﬁéercéﬁﬁfponrect
can e e upwar I N e crossover sectl on n , respec vely.
o st The nia e ekl e dhe choreriermagts, BB S Y pEe 4ERRGEe
referengd t pdraliek Boamie4ahsthem tiadahy udpem urdie] lofztvicorl abdwer

netallizatiqﬂ)l s s &Y u;g fxanple, it is possible to use four
i nt erconnect’s,’ ttiree Crosscover sections then bei ng necessary. However,

there are also integrated circuit arrangenments having six or eight
metal | i zati ofhd ayPb8s09Ert BRELEBR PYHEInLdihst BERRARBEC HD 1A N -&¢i e T eased

embod ment 8,2 FRBUSH: aRtaddl HSHHON dar SPARED & IARPe 1S GRRCIOR ¢ he
contact3bol 8»rof the interconnect LBl ends. The section 32 is at
right angles to a longitudinal axis 34 of the line 12
below the interconnects LB2 and LB3 in a lower
metallization layer 54, also see figure 2. At their
other end, the contact hole regions 28 and 30
35 respectively adjoin sections of the interconnect LBl
that lie in the metallization layer 50, the sections of
the interconnect LBl, proceeding from the end section

18 and from the central section 22, respectively



1n1230W) - 16 WVIA structures, the total conductance is increased even for
-high frequencies. The total conductance can be increased further by
“increasing the interconnect width B or the interconnect width WL by
utilizing addli%gg 5 interconnects. If use were made excl usively of

i nterconnect§? ¥3 in a paral |l el fashion, then wi dening the |line would no
| onger have a positive effect starting ioon1the point in time from which
the penetration depth of the current, on account of the 10 skin effect or
the proxin tyapéfery, iirs hemddwgm&dthanhaterwumt thiedt dowtad e

i nt erconnect n the.line,,Elegtradyna tions field

cal cul ation %?%ﬁr ﬁ%lgoﬁfggn?Pﬁ é8 ¥ﬁ|gh§e§ns XETI 6% f%%edance connecti ng
| ines can be built even for high 15 frequenC|es or that their conductance

to a good apﬁﬁ?f%”%ﬂé”ﬁéﬁ&l@ﬁd%ﬁ&f Gdclidn Wt RnQf {f€eléffnect 4 N1230V0

- 17 5 Patent I ntegrated interconnect arrangenent (12, 112),
having aB | ebBl t kPee LiB3t ereuinRIRaNqs HI1t® 0 EBS) EHEECHICR | yPkonFeRted in

fﬁr al l tel hay&ﬂtlaadgiisgt achggl 314251% a%h@hgeﬁat Qét:@hof:@z)lSGJ N gae beh ween

e interconnects 0 and_havj ng a Crossoyv.
sections (20F §4Fe§‘r‘rr5‘|]rge%eca‘i%cﬂ?f garer'fthel ot ?5%@%‘?1“5%3%%@’1%&@% axis
(34) of the anéeaevanget abﬂaqge&ynw1¢h2kespucﬁwnnnthéslémﬁﬂtmdumjﬁg of

t he mtercongn)gcé ég %rg%]}gegggie(%%) X Sérpgz&vgﬁg ??2 és atcsaid

crossover sectlon erconnect arrangenen a's C ainmed in
cl ai m 110wheerimpideofnBér degmeess @{pBtheo q_rBf/_B)scaire;r Xedtien 20. i Fhene

Pl ane transvgFgeLysdi binkfspeabal audhe dhangl Walihalydl e | e ) ol the

i nt er connect arrang enment out si crossover sections 25
3. The int er%laﬂnégpw;ﬁarge%ﬁtlmz 201125 as rasaﬂf\:edlﬁnpaealrﬁelly()ra@

\lA/ner ei ?5}) )he @ﬂf@éeoage@}% (drfle st CorddBE9t ansz aaha?%‘zd ﬂl’ié aifeédtbhAéEt on
ayer en a ent Cros Lon
|nterconnect§% aﬁﬁﬁﬂ%ﬁ ?T%y’lfg g? qﬂﬂ§i |%§%§¥FOQ&&SEIRfu§t one

crossovas sextdbat{dée, Aoketiverer edjresnt( LiBlYerncormrectgen racsvensel y

with respect_ jo. hgeegkg%r IQ&ﬁ{Cg?H%f égﬂé@? Lé§3%an3ia§29/ Wheggin the

transversely arran i Nt ér conne 1) and/or the other t erconnect s
(LB2, LB3) afentrzingeetiAnarct here npoaltiont whd chaytdte (HajerconnpeoBow

LB3 has in the end section 18.

20 The crossover section 24 is patterned precisely in the
same way as the crossover section 20. Two contact hole
regions 36 and 38 are situated in the crossover section
24, the contact hole bottom of said contact hole
regions ending at a section 40 of the interconnect LB2.

25 The section 40 is at right angles to the longitudinal
axis 34. At their upper end, the contact hole regions
are delimited by sections of the interconnect LB2 which
lie in the metallization layer 50. In the crossover
section 24, the interconnects LBl and LB3 are arranged

30 parallel to one another but obliquely with respect to
the 1longitudinal axis 34 at an angle of about 30
degrees such that the interconnect LBl and the
interconnect LB3, respectively, are offset by an
interconnect width and by the distance A between

35 adjacent interconnects.

A type of transposition of the interconnects LBl to LB3
is achieved by means of the routing of the



- 18 5. The interconnect arrangenent (12, 112) as clained in claim4,
-wherein the other interconnects (LB2, LB3) are arranged in a different
“direction at a crossover section (20) than outside the crossover section
(20). 5 6. T e%%gb&éconnect arrangenment (12, 112) as claimed in one of the
~precedi ng cl ey erein the interconnects (LBa to LBc) are arranged in
different netallization layers (202, 2061 210) outside the 10 crossover
sections (120, 124). 7. The interconnect arrangenent (12, 112) as cl ai ned
in claim6, iheeeconnattsnbBir asshB8r jeett ieoplEi2@d . .ofe lievighlc ihest (LBa)

I's arranged jqn_ a n hol 220) apsvertsel | sp tq the
ot her i nterc%}qn%egf‘g %%%%l%%B?)B( zziagdléﬁ?%%%i %ﬁtﬁg ?gpr%t \z,igct r(r)ele %%é‘bjj&
preferably |2adendsaf dengshgLliucithdherneng |Sechiiiaah dGyare (deptial 8. The

i nter connects@r caRgeRytn (IfreddSindét Chahmay inss! & 87 natiRis] Nchde
I nterconnects (LBa to LBC%"H’LI‘] a crossover section (120) are led in each

case frof orRtHe¥ alinBHsINe®r LBk ote rkBdedySelSP | d@enpn end

rrFt al | idzat i 0@eéﬁ¥6ﬁh185aﬁd g_he tih@lt Q{e@wifaﬂ.mﬁtseﬁd’i&jﬂﬁaﬂ_a,ntrééﬁec&:ﬂﬁélﬁs
clained in ope of fhe_precedi.ng cl.ai ng erein t er,connect
arrangenent t42)'%onthi §&305R ’tmﬁh%réglgg\]/’é:lpn??@tt’l g‘rﬁéf(;é?sz;?ﬁ‘fw‘%&ﬁ ch
preferably |tlreatirBfexrennéctsl LRI t wwnmd hiliBds ohlyheihenghé ofentmsal

I nt er connect e t 2) 0 ' erﬁﬁﬂﬂﬁ ra menyd 112)
as clainmed i%ééﬁgggf the %%eégllnexgﬁgﬁﬁg? EFEIH'? e'c?g%sové?ééé%
secti ond0(20b1 242 angatlhdr axe | Heht MigOopetard o DWRA nCRRE -seBY i ons

(18, 22, 26)cohtdst| Ntt@iLoBRBEEcREFANGEMEIGnS 12)0 tAAE |de awesidesd he
I n1230W0 - 19 crossoggé sections (io, 24) are patterned identically. 11.
1

The i nt er conred® FReahYERRNPE (§21411909ER: cRafnel P nMdREOBREERE - pr ecedi ng
clainms, wherein each 5 interconnect (LBl to LB3) is arranged the sane

| engt h bet n.ot her.interco s f£L to_LB3 and/ aor ereit), eac
interconne\(lz\ﬁ&((i%ist%lLB iaélrg;sér%an%éedg%ﬁel?g% gﬁﬁfcﬁsatL eeLe gea% the 10
i nt er codRectLBd roageeeniveély) are identical in the end sections 18,

26 and in the central section 22, respectively, for

example one micrometer. An insulation distance A
between adjacent interconnects LBl to LB3 is 0.5
micrometer, for example. The total width B of the line

20 12 results from the sum of the widths Bl to B3 and
twice the insulation distance A, i.e. four micrometers
in the exemplary embodiment.

A system 42 of coordinates which is assigned to the

25 circuit arrangement 10 exhibits an x axis 44, which
lies in the plane of the drawing and corresponds to the
direction of the longitudinal axis 34, a y axis 46,
which lies at right angles with respect to the x axis
44 in the plane of the drawing, and a z axis 48

30 pointing in the direction of the normal to the plane of
the drawing. Figure 1 also shows the position of a
cross section I, which intersects the line 12 in the x-
z plane. The cross section I intersects the
interconnect LB1 in the end section 18, the

35 interconnect LB2 in the central section 22 and the
interconnect LB3 in the end section 26.

Figure 2 shows the cross section I through the line 12.



12. The interconnect arrangenent (12, 112) as clained in one of the
-preceding clainms, wherein the interconnects (LBl to LB3) are arranged such
that the 15 same current flows through each interconnect (LBl to LB3). 13.
The intercongeﬁb @hbangenent (12, 112) as clainmed in one of the preceding
cl ai ms, wher &f* P I"'s used to 20 conduct a current with a frequency of
greater than one gigahertz or greater-than-50 gigahertz or greater than 500
gi gahertz. 14. The interconnect arrangenent (12, 112) as claimed 25 in one
of the precefAnnginsalasingherayer t 4 | Asgesitihated alakbiveenshen (Bgeto B3)
of an interc ‘| . eSS ) I n_f1
m crorreters,nggﬁgrﬂz?ﬁggﬁe#&?ﬁr}o?&t Eelcrlren r?%%%%?ﬁegifﬁ%g%ng%#?iﬁgf 30 is
| ess than tehRonifiolmret dr.s 2or Iresslatiayg oy e |33 nes errraBgedhbetveenconnect
arrangement (#2, Lbperds fbehlBdzhpigAe aAfayidie Ps@cedhRy ol Msiopberein
t he 35 |ntercongiit arrangenent is_a constituent Eart of an integrated
circuit a raMGEREALZREAONT1BRYEENt afni nfRa HOFRLBFFREt yL1BYSE| eefr ofhfc
conponent s iQiauaeé‘acobdu?wort}SéellZJS]tdv&?é:el. me talllA3QWE on fZQaﬁIEG:- Tae A
i nt erconnect _arrangenent (12,. 1 as claimed in_one_ of, e precedi ng
cl ai s, mherE?WlFﬂggPﬁggfcoﬁﬂgﬁgr%F?aﬁﬂé nt" (1§?PF8P6§8§eas gufgﬂ?rhaving
5 an i nduct ameealéduatednf ol ayleersf urdb® | amidg ofswlatiingi t layensgeaeat ,
and/ or the i ; c r enent. hS d j ' 0 an
antenna of apOiGaERArEydAMCRNEbaEl bY IR bk OhBLat SebhERCRD 0, 4
recei vi A§ patdyer 50, the insulating layer 52, the metallization
Gé$ AYiJ- AYI dﬂazieﬁ]YSQf, A¥HdAU He Alslné]u&&jt-iﬂf- Al avér - j@lﬁ# ﬁéﬁré\FN-iQ@at{ﬁs]’ : @i:W i)
Zsv} xsni ca] cal calcalca] calca calcal calcal cal cal ca) ca] ca] ca]ca] ca
ca] ca] ca] ca] BaYtEa] c%}"& (,Szf}scg%]c'a]lﬁfa! ﬁ #8 . Xk’é&n(lf SR Gq}qﬁiw . 6B111111]
el e e e St ercal
a] ca] cal] ca c ca! : n
Nmmm@xsnid_Zf?%%?%g?%a%%%?é%?%a?éé]ca ééf%%‘%g]cg%ca%ééf%gffaﬁ%é]ggfca]ca]c
a] ca] cajlea] cekenptatryapodpddealtca)tdme MM esrde 8/PPRSBTIAT RAULLE VEBEM T[ [ A[
ubbbaef 1 Unt et yheal aaheal caeal cai sl cabealsahacl cayeal cod cabgal cal ca

] ca] ca] ca] ca] ca] ca] caJca] ca] ca] cal ca] ca] ca] ca! Uhhhh@ Pl WYI gl | dnt 0=
qqqqrrr[s}stﬂhﬁﬁ?mﬁ&ﬁﬁx[%?%sﬁﬁé@? Pea] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cai[yylz{{n1}}%}t;q
t | YVAWWAX txsnid Z]lcal.cal cal calcalca] calca caJ cal calca]ca]c
) cal o) cal cOF BaF C e ElpB R B caF cEl] dapEa O SRS ThEER () oV
" 10%90JU&20) - Ythah10¢8ree- | $nterconnects. The number of crossover
sections then increases correspondingly. By way of

example, four interconnects would result in three
crossover sections. However, there are also lines
having more than ten interconnects.

25
Figure 3 shows a plan view of an integrated circuit
arrangement 110 containing an integrated line 112. The
integrated line 112 contains three interconnects LBa to
LBc electrically connected in parallel in a connection

30 section 114 at the left-hand end of the line 112 and at
a connection section (not illustrated) at the other end
of the line 112. Lying between the connection sections
114 and 116 are, in the following order, an end section
118, a crossover section 120, a central section 122, a

35 crossover section 124 and an end section 126.

Within the end section 118, 126 and within the central
section 122, the interconnects LBa to LBc lie one above
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210 in the direction of the normal to a semiconductor

substrate of the circuit arrangement 110, see also
figure 4. Accordingly, figure 3 illustrates only the
5 respective upper interconnects, i.e. the interconnect
LBa in the end section 118, the interconnect LBb in the
central section 122 and the interconnect LBc in the end

section 126.

10 In the crossover section 110, on one side of the line
112 there is a bypass section 150 of the interconnect
LBb, said bypass section lying in the metallization
layer 206. With the aid of the bypass section 150, the
interconnect LBb is led past a contact hole region 220,

15 which is explained in more detail below with reference

to figure 4.

Situated on the other side of the line 112 is a bypass

section 152 of the interconnect LBc. The bypass section
20 152 lies in the metallization layer 210. With the aid

of the bypass section 152, the interconnect LBc is led

past the contact hole region 220. Moreover, contact

hole regions 222, 224 and 226 that are 1likewise

illustrated in figure 4 are situated in the crossover
25 section 120.

The crossover region 124 is patterned precisely in the
same way as the crossover region 120. In the crossover
region 124, the interconnect LBb is led downward in a
30 contact hole region 230 that is explained in more
detail below with reference to figure 4. A bypass
section 160 of the interconnect LBc lies on one side of
the 1line 112 in the crossover section 124 in the
metallization layer 206. The bypass section 160 leads
35 the interconnect LBc past the contact hole region 230
and then back to the longitudinal axis 134 of the line
112. On the other side of the 1line 112, a bypass

section 162 of the interconnect LBa lies in the
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the metallization layer 210 and leads the line LBa past
the contact hole region 230.

5 The end section 118, the central section 122 and the
end section 126 have a length La, Lb and Lc,
respectively. The lengths La, Lb and Lc are identical
and are 50 micrometers in the exemplary embodiment. The
crossover sections 120 and 124 are short, for example

10 just ten micrometers, in comparison with the length of
the end sections 118, 126 and of the central section
122, respectively. The interconnects LBa, LBb and LBc
have widths Ba, Bb and Bc, respectively, which are
identical and are one micrometer, for example, in the
15 exemplary embodiment.

A system 172 of coordinates exhibits an x axis 174
lying in the 1longitudinal direction 134 of the 1line
112. A y axis 176 lies at right angles to the x axis

20 174. A z axis 180 points in the direction of the normal
to the plane of the drawing or in the direction of the
normal to the main area of a semiconductor substrate of
the circuit arrangement 110. Figure 3 depicts the
position of a cross section II, which lies in the x-z

25 plane and intersects all of the interconnects LBa to
LBc in the end section 118, in the central section 122
and in the end section 126, respectively.

Figure 4 shows the cross section II through the line
30 112. Figure 4 illustrates, from the top to a
semiconductor substrate (not illustrated) an insulating
layer 200, the metal layer 202, an insulating layer
204, the metal layer 206, an insulating layer 208, the
metal layer 210, an insulating layer 212, a metal layer
35 214 and an insulating layer 216. The insulating layers
200, 204, 208, 212 and 216 contain silicon dioxide for
example as insulating material. The metal layer 202,
the insulating layer 204, the metal layer 206, the
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respectively. The thicknesses D5, D7, D9 and D11l of the

5 metal layers are identical and are 0.5 micrometer, for
example. The thicknesses D6, D8 and D10 of the
insulating layers are likewise identical and are one
micrometer, for example.

10 In the end section 118, in the central section 122 and
in the end section 126, the line 112 has a width W1l
resulting from the addition of the thicknesses D5 to
D9, i.e. a width Wl of 3.5 micrometers in the exemplary
embodiment.

15
In the crossover region 120 and in the crossover region
124, by contrast, the line 112 has a width W2 resulting
from addition of the thicknesses D5 to D11, i.e. a
width W2 of six micrometers in the exemplary

20 embodiment.

In other exemplary embodiments, the bypass sections 150
to 162 lie on the same side of the line 112. Moreover,
the 1lower interconnect can be 1led upward in the

25 crossover sections 120 and 124, respectively.

The number of interconnects of the type of line
explained with reference to figures 3 and 4 is limited
by the number of available metallization layers. By way
30 of example, it is possible to use four interconnects,
three crossover sections then being necessary. However,
there are also integrated circuit arrangements having
six or eight metallization layers, so that the number
of interconnects can be increased further.
35
To summarize, 1t must be emphasized that, in the
exemplary embodiments, although an additional

resistance arises as a result of the contact hole or

N?M
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"109%& ()-2Z! inoggagpdzENE by 109kegging the interconnect width
B or the interconnect width Wl by utilizing additional

5 interconnects. If use were made exclusively of
interconnects routed in a parallel fashion, then
widening the 1line would no longer have a positive
effect starting from the point in time from which the
penetration depth of the current, on account of the

10 skin effect or the proximity effect, is less than half
the interconnect width of the interconnects in the
line. Electrodynamic simulations with field calculation
programs confirm this. This means that low-impedance
connecting lines can be built even for high

15 frequencies, or that their conductance to a good
approximation scales with the total width of the line.
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!3"10%HH&j()l. integrated interconnect arrangement (12, 112),

5 having at least three interconnects (LBl to LB3)

electrically connected in parallel,

having an electrical insulating material (52) arranged
between the interconnects (LBl to LB3),
10
and having at least two crossover sections (20, 24)
arranged at different locations on the 1longitudinal
axis (34) of the interconnect arrangement (12),
interconnects (LBl to LB3) of the interconnect
15 arrangement (12) crossing over one another at said

crossover sections.

2. The interconnect arrangement (12, 112) as claimed
in claim 1, wherein the interconnects (LBl to LB2) are

20 lined up in one plane transversely with respect to the
longitudinal direction (34) of the interconnect
arrangement (1l2) outside the crossover sections (20,
24).

25 3. The interconnect arrangement (12, 112) as claimed
in claim 1 or 2, wherein the interconnects (LBl to LB3)
are arranged in a metallization layer (50) between
adjacent crossover sections (20, 24).

30 4. The interconnect arrangement (12, 112) as claimed
in claim 3, wherein, at one crossover section (20), one
interconnect (LB1l) is arranged transversely with
respect to the other interconnects (LB2, LB3),

35 and/or wherein the transversely arranged interconnect
(LBl) and/or the other interconnects (LB2, LB3) are
arranged in another metallization layer (54).
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in claim 4, wherein the other interconnects (LB2, LB3)
are arranged in a different direction at a crossover

section (20) than outside the crossover section (20).

6. The interconnect arrangement (12, 112) as claimed

in one of the preceding claims, wherein the

interconnects (LBa to LBc) are arranged in different

metallization layers (202, 206, 210) outside the
10 crossover sections (120, 124).

7. The interconnect arrangement (12, 112) as claimed
in claim 6, wherein, at one crossover section (120) one
interconnect (LBa) is arranged in a contact hole (220)

15 transversely with respect to the other interconnects
(LBDb, LBc), and wherein the contact hole (220)
preferably leads as far as a further metallization
layer (214).

20 8. The interconnect arrangement (12, 112) as claimed
in claim 7, wherein the interconnects (LBa to LBc) in a
crossover section (120) are led in each case from one
metallization layer into a respectively adjacent

metallization layer.

25
9. The interconnect arrangement (12, 112) as claimed
in one of the preceding <claims, wherein the
interconnect arrangement (12) contains only two

crossover sections (20, 224), which preferably lie at
30 one third and two thirds of the length of the

interconnect arrangement (12).

10. The interconnect arrangement (12, 112) as claimed
in one of the preceding claims, wherein the crossover
35 sections (20, 24) are patterned identically,

and/or wherein the sections (18, 22, 26) of the
interconnect arrangement (12) that 1lie outside the
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lnterconnect (LBl to L is arranged the same length

between other interconnects (LBl to LB3),

and/or wherein each interconnect (LBl to LB3) is
arranged the same length at the edge of the
10 interconnect arrangement (12).

12. The interconnect arrangement (12, 112) as claimed
in one of the preceding claims, wherein the
interconnects (LBl to LB3) are arranged such that the

15 same current flows through each interconnect (LBl to
LB3) .

13. The interconnect arrangement (12, 112) as claimed
in one of the preceding claims, wherein it is used to

20 conduct a current with a frequency of greater than one
gigahertz or greater than 50 gigahertz or greater than
500 gigahertz.

14. The interconnect arrangement (12, 112) as claimed
25 in one of the preceding claims, wherein the largest
lateral dimension (Bl to B3) of an interconnect is less

than 10 micrometers or less than five micrometers,

and/or the length of the interconnect arrangement (129)
30 is less than ten millimeters or less than one

millimeter.

15. The interconnect arrangement (12, 1ll2) as claimed
in one of the preceding claims, wherein the

35 interconnect arrangement is a constituent part of an
integrated circuit arrangement (10, 110) containing a
multiplicity of electronic components in a
semiconductor substrate.
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interconnect arrangement (12) is used as a coil having
5 an inductance required for the functioning of a circuit
arrangement,

and/or the interconnect arrangement (12) is used as
signal routing to an antenna of a transmitting part or
10 as signal routing from an antenna of a receiving part.



