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WD 2004/ 031792 PCT/ US2003/ 028451 METHOD AND SYSTEM
FOR ESTABLI SHI NG A RELATI ON BETVWEEN JOULE HEATI NG AND
WE@UWRREDET DENSI TY IN A CONDUCTOR. 1. TECHNI BAl/UF1oBL/28451
The present invention is generally related to the
f i eMETHOBANR SYBIEMFOR RSTABASHINGI ARELATIGN 5
prBETWEEN VOULEHEATINGIANDA CURRENDODENSITYVI8t &AM f or
Joul e heating charagd@NDUGTOR. i N sem conductors. 2.
BACKGROUND ART In an effort to achi eve increased
speed, copper and | ow dielectric constant ("low k")
L. di e[BCHNICAE PRI repl aci ng al umi num and conventi onal
diel ectrics, suc con
St aTB R R e BEECaL e Fud SagpiCoppypips. Moropatiulary he
preSefutivemiod iseélacd ol eethaiesd syBym fot Jole héarige dhavegtdiizadior Ingentigangustors.
sem conduct or manuf acturers advantageously 10 achieve
2. r edBAEHCRQUNP-ARTyer and i ntra-|ayer capacitance

COMBA Rt @ altiRe MAPAGI shM Q@)ptarhiﬂ& lotv @kt tiSconstpt o) dielectrics are
utilization_ of conv ona

replagiii Rognug) aad pqoy el ]rdéeﬁe{jtélﬁse?“&kl‘ "fsﬁjhﬁa"é‘é’ pdg Iﬁ“eslt%(}?%e art microprocessors and
othergaa tiat@tos deies. By @sliting lowrk didkctrien sedkotidiomt reenhfecirérhggtvaniageously

achllegg 1%(?uce%&i%agj a@&( ?xrtr% %g% a? E’%E aJnlj)Xteél B tﬁéQ%&taH@tﬁﬁl results from the

heat i n 'S
il nﬁaon@n@nwwteprms Flasp ik s oSt WAL propliprmal conduciors and

res@i16 QIRASES T6\E He@ly'Sth B8}E& nletdl 1ayeiEil Adpecidlil tiippbi ﬁlﬁtalSdlyelb_ as
? 2 n.lpfgytrv%xglg 4 nl%%él};(le a@@%fleat}né S glf? ﬁlg s gr%i‘lho rresgl?s\ﬁiom a‘current ﬂo%lfv5

encolinteriag wsiganvd ih b metalshraase swisasan nggaghttectdifie inp sqoieondigigedgvice. As

terrqlﬁrgml% lincggﬁel ?eglgtl«nft‘:g inGR! nlle{aﬂtﬁ%e livﬂ 1$C¥E‘§se'§?£ RbuitSk fnUfckddde® number of
Jou heat | ng w [l further increase as

latticg, Pqnéﬁ’fls ip He metgksucturg, glhus, oule heptipgawid Aythep docy ea‘??ﬁfjéee?rrf% fpereases
beda@8 insle RBCIR atichusésiie réRiarde inSthe tbtdl ktfuetute @ indt&ke 26 @ resulisof dicreased heat
caurseg%%' g(}ul ﬁanlgg %?r% Erg%ngeﬁ(?ghg set GR chlgtor ee\\;igep (%L Be J(]i@%;e ngectetl he

adv ewgh the affidriete aebigve ghspeed, ISWH‘EOH@C@f ’F‘@quaCtt‘rérs Heigilipesh the design of

senliléogﬁhc&p@eeﬁies t@ﬁmlﬁ@wh@&ﬁﬁg ARAMEAGH W B Baxinyid z@la\l/a{b}é aﬁblﬁlh Asa
t he desig 20 sem on duct or a(il<feV| ces to

sl TGRSO RO ) R B Rt eI RS o

sendlébRdifdior deAe, dhe rdlialsilith bf thel smit-dnductan deveasa be Hetireatallcaisgetd Thus

se yon&?uc%r 1% nuF ﬁtuxleg Qre'canlf %5 tI) éﬂ&%& Crkz@ 56&1&1‘3 ﬁé‘ﬂtseﬂu&nﬁdaﬁr devices utilizing
na esli ? dj uct or

sem Cco evi ce, e reliabil ty
coppr mﬁbw@mlee@m@ togHovierdople heating ipie 6?@1%? PhrRast deviesy-
af f ec4 QflvenddidiSipproR R ThiuledRalig is GEterﬂiﬁﬁwﬁyQﬁffbmﬁfgs va&y Brge number of point

by gtgﬁ.:nlt?gsﬁx%%grttsgfgr agpé{}llc@%gx%{ﬁ{ S%rl?cltﬁzl‘ig) trc]) é)gtalc gl%%ulél?lgta cﬁ’gonﬁle heat1|2g corresponding to a
certhing@tityrof agretiirected ingl theowwtdl sructirouiecehrerery lapgg njmppbet ¢pfdata points must be

obtgﬁ(g‘dl nnd du%‘ sﬁleglgn\@ &@E‘rocegs‘rbf h&\mﬂmﬁg Y Edel h%ﬁ% correspondmg to a very
appr heating is determ ned by perfor

larmbqr aﬁqg]ectmﬁ%@fs g pﬁ%quﬁf struﬁyre ﬁdFrﬁ‘_ﬂH}.ﬁéC&g&PIgngﬁ 18r1n a
serﬁcdﬁ&fctok @dv&lc@ﬁon[ﬁﬁhﬁ’é a 1Sidnbdd 61 rhifta 1afeds, b tradut df htﬁlleamuug‘]ior @¢h metal layer

S | each mel
wo&]ﬁ ﬁ?vg hc{l;e ) ﬁm&%ﬂtl cP v1c5 liyp u%{i'%négm% tltm% cg‘ns%r%ﬁ%érgcre%.dgs@%% !eét;oge fgrf ach metal
layrery | ar ge nurrber of data points nust be obtained by

i nd IA\@dﬂUﬂh EASWL RN %ppr&aﬁ?pdéﬁe@@ RS (a0h cAied &;@mem) R@asurements are
the Joul e eat| ngﬂcorres ponding to a ver

s o e R QPN PTG Y TERPPREh SR gEE g e mus
be bl fof @dcyss hdd T8 7 Sﬂmbﬁﬂg ﬁ@asurEIUd‘ntsh Fhamekege is Ihensplaf&éﬁ in an oven, current is
inj?c 0O zp tg lfl %&ngtér%nu nc% é:le thn e{ 8‘111 tt chﬁ%ﬁ ?15(3%0 'EE& anofrespondmg Joule
heduag; ae. 1ncwgqg [irckethpeyvatirg qj tho netglpEradtyie ib tlpeﬁ determingdit |eay:h data point corresponding
to &b dubi&de Behsityh @acﬁqag{é‘feva QRS M vRIDEES 2 IRSEH1NBG abRYse to the
or each netal ayer. Additionally, in the

conventi onal approach, packagg.level (also called oven

| evel ) neasurenents are utilized to obtain Joule

heati ng data. To obtain package | evel neasurenents, a

package containing a die nust




10

15

20

25

30

35

35 be cut for access and for Joul e heating
nmeasurenents. The package is then placed in an oven,
wounw@at7ozs injected into a test structure in PO®USRM@3/028451

wi thin the package at a certain tenperature and a

correspondi ng Joul e heating, i i ncreas d%e es containing the test
procese ARFRRE fpde rptingdatasippeihe %’?‘}rﬁﬁrﬁﬁﬂé‘m t9 et g ant tRies SO
strucﬁiesﬁ@mcd@b@asmﬁibmnlmq:raclﬁgeponm ng to each current

de PaCk eating in

N Rt R T R
semidd@ttd$2003/ 028451 process of obtaining Joule heating
suMIBRES since the oven requires tinme to heat up and the
—dres containing the test structure

as Jatsey 1n|veﬁxf1@1 a&%q@g@g@resoﬁvﬁ&e nefdn‘é i;hé ayimé)r ane Efe Céeat meﬁhog F.]nd system
for cl@a[‘at:telﬁzﬁ}fg 18Ul Rtk @i s@fﬁi:orﬂﬁitd’ﬂ@d and system f or

racreri zin
ﬁgty‘lp-f(h%n )?ee gp emlbon Vneleﬁl I X I’F af d‘ﬁ eﬂgsgng ﬁgn g&?é Eleoth%i ef%r establishing
a remuh]smn baeken ifputelheatlaz in afcenducioy ansifafeprednidensitis thiranderfer isrelempicd by

perfJnRiB g &eﬁé AR LRh e, JAQEUI@nQT@ ﬁis'eﬂﬁlplaﬂr eﬁ@éﬂuﬁ@[} et iB¥eBmeasurements

are pprgfgn?%ﬁéggyéa?? %ggqﬁet\;(rgfpemﬁwrﬁﬁ%ﬁsbs&n?edl} ‘h%%“(“g I ‘s rr}nethoc{ also includes
detedmr@irat iRAGENeAstined sfeieRonioddr e THeakRthah gpsibtmeais d@mump@qdocp estapligh a
relatlfbsng %?t eé‘e% J ch?e %a‘utng in tl% c%xthth&gmth&éuggnt Heﬁisﬂymhgégﬁ&lk%g mrelamnshlp

I'evel measurenents.” Accor di ng to
so tihiod e ntpizany ryisER s eEplmel e (b v S SRR © id i the

desifloPreitble fQhibReclPdRIckd ve at a tenperature coefficient
of resistance in the ¢ n?uctor

in C’}ceﬂﬂcg%g to Efé)fh@ﬁ,eﬁfrpﬁ %e ﬁl%r}t r?a\[afef g\ée[l m aglhr%rréenoﬁys%?nhls utilized to
estamamiuatoﬁsrmp bEfveent Thge Inating firesiostugioreed & gurel depsititif th peagliciop The wafer
levelen‘?e%sa l:t)aml n r§ysan éx[ ﬁ.\ﬁ&t Ang)gg pthep thR§§ %@ﬂun]ng Hév?ce Qﬁﬁatﬂeeﬁﬂg lieﬂlcé Nhe heating

0] e current density I n the conduct iged &
dev@h@nh@rlmheefms\ﬁfephavgﬂ@the BPAIRE TS A TEFFRE gt § oilized o

dete&@rte%rcﬁﬂnglﬁn desbige btiheSadutiRadartiteiBthd @mjﬁeadtdre; coafficiero bivexistance of the
formation_to

I
condélcé?ﬁ (’l:“lberfaﬁecﬁ tB?n datgwxéeég'n tLh I(T:nglg)'r? dsgance o? Qle Qorﬁ‘%‘{" giga@%xog the temp;rature
coefBtidnoatirayBiatice whero\dé @pmabvsestanwmmeé tresiebligh B tslgignghip between Joule

heatld% hdda Itlé%grretnpdens@@ Lﬁﬁél dodictd, e{éﬁ baded @@ﬁﬁh&s@@%‘@ﬁ%ﬁsh@@&uﬁued to

In a conductor and a current
dete@alr?daa@%?ther WS vgRreme tp 2y and Vﬁ&&%?f?‘éwﬁf n‘i@% %%?ﬁes ind Sevantagesof
the ﬂr&@nlt 146RGon \amgm@mhe feadily bpant tatheowe a@uhmangsk?lewﬂxz @t aftprfevdewing the
vice Is utillized to
fOHWéné tggd 9 aa\?lﬁcgcorf‘%%%g%%%t?or t hereon while the
AWINGS| zed to 20 determine a change

' n ﬁgu?eeﬁllt%ﬁﬁ&%%l&f( dlﬁﬁﬁn SQR Q&‘éﬁ‘aﬁl&& whier 18vel thadQrdientsiem in accordance
nperature coefficient of resistance of the

Wl‘hcf’&‘h‘iﬂfﬁ’e?”&??m OFPRPISE WP P hen determines the ther nal

r esm gikemiCittusahted hep Gonducéxonplispse dronretingceéanreyition qgbodiment of
the resent nv%hgrpt of resistance where the thernmal reS| st ance

PEUutiTIzed to establish the relationship betwe

Joufigure Peiliesirpiep acerrds sepfiona ipY efftcorfusierand vigsip %@emplafy test structure of
mgfoduct or, and where the relationship so established

IS ut|I|zedto deternin

t her thi ng
ti masyy éﬁ’laphasﬁﬂm%ar“l%eﬁf?&d é@lﬁgﬁg?f&‘ 8’§?mp1€iyﬁn§ srueg@u res
andrigckvis b ggesshofindaermiiey Jonle Satits characentdtioncupies in agserdeewith one

ent to those of ordinary skill in
embtrg%mgltgﬁﬁe?frltsgnt%?%\%{; ew ng the follow ng detailed

desBiirpt is 8 flowshir aertsenprhiney? TG R4 MP ey ioEpafing to one embodiment of the
presERGERLET | ON OF THE DRAWNGS Figure 1 illustrates a

bl ock di agram of an exenplary wafer |evel neasurenent

systemin accordance wth one enbodi nent of the

present invention. 30 Figure-2A illustrates a top view

of an exenplary test structure in accordance wth one
enbodi nent of
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the present invention. Figure 2B illustrates a cross
sectional view of a conductor and vias in the
wexenpBewy test structure of Figure 2A. Fi gur eCB/US3003/028451
graph showi ng an exenplary TCR line of an exenplary
I J 4 is a graph show ng

ON
aracterization curves in

acaoe Idam Blthlbxhs @rﬁeted @Mdldq'l md mistemflortigude patag olppracterization. The
followmé gers]{ g{?&ll coxll: élﬁsl'ége%fé 1ﬂf§rm§tlot1 g&‘%ﬁ{nﬁlg Rite 1&191@15&1%981’@ kHe gretzeﬁt invention.

steps according to one enbodi ment 8
One ﬁlﬁbd mpfreéﬁ @it regogrigahat Eifﬁ presept IWIQE@@I Qyanppiepented in a manner ditferent from

that P gﬁ?{c 200340 gﬁﬂe%leser@EpWah&D N%S@ﬂsmd &Mhe Ghecifibifetails of the invention
sent_invention is directed to nethod

I ON The
are I’QWéSC?VQI”é’ﬁ‘Ief o B’J’gfﬁ’ré HedMPTRY characteri zation. The
f olTheuhwiges desepréspit iapphicationdnd theis acspaenfiigcletitefl desprptipope directed to
mer yeerxénﬂf);lap)' Jllrgo&%cqnttsj%% &he FFPLn?U{? n[to%a{n% b?efmt}} GtﬁerQﬁ@&ﬁﬁgnts of the present

the art wll recognize %tb
inveptigmarp pos spssificallyndeasibroin traipsepierlisior frd ticeq! SP?flfﬁalhlé‘IIﬁtéafe y the
preséht &rhwiggnt | :r om5 that specifi caI I y di scussed in the

present icatio eover .

d etFéﬁufeg @c?xp S ﬁléflgriarﬁ \9€E}ﬁ’tef(66‘ﬁ) ary, SF é uu dzuégcwa& der geafesi B]%gslnfelé&xts for
charm@tizibglodblsatingdn achedanmmmtonmnbodrm@t ditizaiesgsiniantionh Eertain details and
featlggs GRE Béen ﬁ:ﬂ Q)lltl of ﬁl%l!lrg i tlﬁmje Jp?a?én{ to Qﬁégqgﬁd?ﬁhd?ﬂskﬂﬁﬁ kb hre dwafer level

Crlp lon are directed ner el exenp ary d 108,
mmeaipBOR GRG0 BFiuderoaing et B valtig OO BibeRaguying device
and pbRe10arbnd] T8NuSctat 1(56hﬁ:11ﬂ£s&6ﬂﬂdﬁtor ligane rbipads 144 sdnot.

sp gACslﬁ%{w%grLﬂ’é%u? llei gifeli Y g:j ltlQlte on l tgxg cte 16‘? H‘%Etﬁlﬁ;iiéevgéeg rl]@ﬂ)qowdes a
meadsroahqatng svafeFlOg (g aededired ml;mgatare d]i{e&gqgaiml@f 10& eandg a hgs plate )Qr other
appx%%ﬁte QWi ®r céﬁrbﬁlhgzth@tg 08& othwalEl04 Qﬁ&%\kﬁ[ 8 MR A SInfod embodiment,

heat@ﬁg%gg ipgrﬁlthI ?:oxtni;].?ﬁgdbg &@ﬁ{n{gr&%\vé E? so s Crglli‘l%\{llr% g wap li 104 includes

test Sfclure ﬁ(mawmmdammle@n 1B efdttesiqads 104 arfd] 1¢isitgatdd at haal[l eng piconductor
118 a cglggc%n{ 18'can c%nggs% eroglun(%ugd %Eh\ér agglobxjiatel ntﬂetatl r@on@\fcgor 118 may be

asurenent Sy St I ncl heatin
situaghd e} asie demezl meghlsy infeyystrugterg I06ssel?11fé fnetﬁléano]s(alSWéféigtﬁrtP 1), metal

lay: e%%@éis&@fe&&%o asha2)2dslal %&bi{?ssoléfgrdea achs B3 or ahg Ei;,hes etelQdyeit @xch as metal
I NCl udes ar and t t
layeﬂ%(algwa e tﬂ s,;lﬁ%u ?nea%a tlow]te%trsmﬁfwrf 18(? WaBaﬁ)g E) éllso m%ud;: %‘[@er test

e
struch@ssincieshdk®2n Fikleat.i Fugthal ehoiwg & FiDR 1pm®wrldeéevae 1Q$an@sneetﬁd to test pads

114 hr%altlé Q&ﬁe\é@\fe r by]pQ%est ﬂo Qndd@§ ' M&Qﬂh@&@i@é fifsWhiatso Bk | bddEks 110 and 112

can E%sate or of her E\%éy? riate )
to lmm cargent igfo celtslﬁ%t?rdﬁ I%Vgaw t Pt At 1 Pdesaee “Ef’t‘f&“" fpg resistance
of cld@ 1isn the art. I n one errbodl ment, heating device

10 n b d
sho e%nﬁ nEw goot‘n%ur A gn efxg%de%gog view ofgcalqg%ﬁ gagt sgngc%.tre I/%)I6§hq31gure 1,and in

partstlinsatduntes 1106 shonts, Gbstitmeihia dasn Beneidis easiespons icprasaogige 106 i Figure

1 anﬁ %@ﬁdel— dha@f 211 GasSish WRALSH @lpai2tdund Dk, Ha r&ﬁﬂ@lﬂﬁi 0 and 264.
Conductor 118 can onpr se_copper | u

ottt AP BHP 31emhEoa BCTARATET DT gy Dl o L Phds 114 and
1165 Highed 10 fspettivaipy Ind@shieedbsadidah the pryent applicdtios exeaiplaygtstatrecture 206
TS Pk -8 S s
layef,allch @5 qoei‘uetmr?é& andto gep sd)charasterizgfgp thu?i@?f@rothq’etfﬂass I%&F@Pe mean time £0

fail ?W Hard f1Blal 1mp}oaéﬁefes1§1 rhigd. §6st ﬁaﬁ§ ﬁﬁ raﬂﬁZlB ande cd\r@acted ko measuring
dition to test structur

deVIC‘ﬁ Schfeneat g depiesios ?SFlzé’ferhI?taﬁ "émFI’éf" b§ H’QIIIII?QB‘% CﬁPdS‘CtPI 18 and to
meadure ttiedidtmte Ehavmctarnidi gure 1, neasuring device 108 is
connected to test pads 114 and 116, respectively, by
probes 110 and 112. Measuring device 108 can al so
utilize probes 110 and 112 -3
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to inject a current into conductor 118 by way of test
pads 114 and 116, respectively, and neasure the
woesigBaneze of conductor 118. Referring now t 8CFiUg§n08/028451

2A, an expanded top viem10f exenplary test structure

106 in Figure 1, and in ticular

" et Foreoe. Lisnbraremanst i o PR IR L st Gy 252
and a de€onll @8 of @hdutiet 218 & chiHSctédrio Fib gi4r elso dhoam th Higue| ?.@d@g)ugh via 252 and
routm%ﬁng g&;ﬁg&;&%& of conﬁ&or%?g is %gn%cég ﬁ)’éeés &aﬁ%olp m%ag% T v1a 254 and
routing Be264p tael el 4ncmii donglge@or RIS ijoguseted 19 festrad 210s BOB 2‘16c9f condictor 213

depengsoz{ﬁ%9§5tﬁ& thﬁ‘%ﬁ o@iﬂgpa&tﬁ:ﬁfaﬁedﬁm%k n@ﬂ@ and IR ndefdl 1hyeid BicA conductor

respecti vel n manner descr t he pr b 1v0.15 and
218 s 1% AT ERBHBI ALy S DESOBE PR Gde SOEe O gRe O15
0.40 nildrbrs.iBg ey bfangis bamnpiciakhina] @veludre At tebiErtvert approximately 250.0
aracte J hea 8. or a high
and SO%I'(I)tngcfroné Sé(rnéuctor ?HJ gﬁe %{él!itg%rﬁ %n s%?&rgg}g ﬂ& ch?ag l\/ﬁgz MS l,?(r: ?1 gher
mﬂdb%@racterlzatlon to, anong ot her thlngs detern1ne

MERL 1By Q crofs@bdtiofal W of)cor@ﬁ@or arg dn¥ Giadds2 b5 P YEHGloure 2A. As
desi gn rules. Test pa an, be c

shovn g 851 11 RRUPEE 1S EHELE AT A HHBU PR FDcor 218
situatdd Rvdrivig kiF4e Thicknb® 22 dfomidadt: 2 Entepends, ong pihertitingsl o Hie particular

B T R e

conduRerf23$ ¢an hggbetwrerripgioriamatelx 0.20 pndi0L igfpisher shown that a

f | Ketedrin® Bbk &f migRd Uﬁﬁ@gﬁes&ﬂ-&nﬂo&m@& Gﬁb@@hﬁgjdeh@e 0B @and 2 cipiter
second end. of. conduct or nnected to yia g%
conlp G B HeE GO EFIA ML GRPT A Ja st P e e
conduktom@ci26 2ondtdue 11§ in &bt sewdlr@f%,@smdwtom CuRdig ﬂp@ﬂ&@ﬂh@d‘@ﬁé@lﬂdmmr

In one e%b&d%ﬁetnt P{@Egurgl% l(lievmg"l 1|n<§5dle§/ a coﬁ‘nPJté? @&Jﬁgﬁ&&ﬂo géﬁ)m@%ulamns on data

e second conduct or 21& éf It of
acq“%‘é)ﬁiﬁ’é&f‘tpwest 140 er@slﬂz ﬁééﬂ%&reonfwaq tﬂ dlzrz%@ B PR Re ppigosult o
mmh@kﬂaﬁﬁmds anong ot her things, on the partlcular
C o %E o] g.ggn’t E%gggl 4 %?%%or%gdtorgw th% lJ10u1e gtl%é ef%e@% ses aﬁ‘d1 EIC h

an” exanpl e,
tempepa@e indreageomehdictor 113182 mamerlﬁescmﬂ W@én Aa@mrbgefuthmeéqnymvntw wafer

level ﬂ&glrengntgfge IhSEQD SdvatRee NAY esblish A pleliBilve @éfaﬁﬂﬂ@hﬁ bet*v&ﬂ gt Rmperature
conductor 218 can be be

e DYRE TSGR BT RS BTIE o JB D urement of
very l&rkd dﬂ&be& df point Bypointi@sisuratknnmed aithohtay@iring gagkdge weel kastremduB, In the
presex% Iinv n.txon glh %Eanorrsfﬁé Eétwéegy %fe heaian anE E\gxléﬁt%en%% oc’b%\é@ thﬁ)ug’x{ VQ&%% level
SECtIonar Vi ew conduct or vias 252 and
measyfmeptp gageridedhglowpepn besHikigad t9, AngnE gtll]?rélu% de‘&sefdpqxgtrulmd %ﬁ:emune mean
time t6 1 @Wof %ﬁué sSmiShriibtat: 8&icey &kh éélnﬁcr&{%&es@ﬁd a second
end of conduct v
n

R e e R S
utilizibgwvate &vel oRastilamenathe iempdrawre copicibm of regjenea (T GRYpis frest dgiermined for
o il &befe@npductor 218 is formed. By way of an

“mméégﬁél%, %ﬁ% Eﬁgss 272 of conductor 218 can be

bet ween apprOX|nater 0. 20 and 0.4 mcrons. 15

RefdBr r | ck to Fi.gu , in the present enbodi nent,

ne%ﬁﬂ?hﬂg{ i ce® gg%gﬁ be a conputer controlled

test instrument which is configured to nmeasure a

tenperat ure increase caused b e heating.j -
C MR DTRG0 COFIES B ATE NI PRSP CRUAD i ot o
remst&n@&;har@& in@otdegat! 118 Bfiengperatiirccinges.f TIOIICRET tdndwoteg hil 8tckxebe determined as

0 N=0Ne; embodi ment, neasuring device 108
mﬁ“%‘gfg lnﬂﬂmmnu)lg et configured to perform calcul ations

onRefatizg noa@q:ﬁ;weﬁ gtably 190 gftewpaneieelary) T-Raking ofjapzxqpépry metal structure.
further configured to display or otherw se output the

final result of 20 such cal€¢ul ations. Due to a

current flow ng through conductor 118, the Joule

heating effect causes additional tenperature increase

in conductor 118 in a manner described above. As a

part of the present invention, wafer
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| evel nmeasurenments are utilized to advantageously

establish a predictive relationship between the
woenp@semdare i ncrease caused by Joul e heati ngramais2003/028451

current density in conductor 118 wi thout the previous

e er. of point b
The 351 P RS P ettt S0 io U EHGG O PRI P HEPp A RA e Paref
tempereers Eor emetﬁltssllctukm st copln@sa by, ati appagiaillar owatal laylee Graph 300 includes
resistgrgla Qﬁ&sj 3@5’%' %%31930%0?” al Pgébt }eﬁgangég gOé:eHlﬁ 5 g |§c|t &Xuch as
t al ned thr e 5 neasur enent s escr §
condpyédr dig, ar@a?ﬁsmi aulempﬂiraz@eﬁ 3 dandirbin detemive fatz MAYGE O and) . sespectively,

whlcl‘ijﬁ§hsgd"to plél 168 3@kld @Qltat@ﬂthﬁﬂerﬂ% m'cmcon&dctam 11801.ef 8¢ diope oMEE302. In other
varj ous sem . condu or eVl Ces,
"'mb"mn%?PtB iler daip paints Hi**éh‘i’% P‘é&ﬂ?ﬁdé"rﬁeﬁ“ﬁ?eé‘eﬁq@% % g etal structure, such as

cmﬁmﬁkamlonshlp bet ween Joul e heating and current density
in It Jb%égntt Qrﬁbo&grﬁnt r¥51sta§ &5 50¢' aLu!i £ Tni%astn%& at te%{ ?Jatures 312 and 314,
neasurenen S nper at ure coe

respeptiyely ot nyRiE le(velmpvn}raﬁt i afCPHVQIIUO@EﬂPI@EWWb%& dfsmssed el stagsult of

usingbwbfbr Eyel Mﬁds&rénzdn@gf dmﬁle e6PLat beQiiernfitidd  rhiiRessBahe @ﬁh‘ﬁt)dlm reqmred by
he res ance of conducto

NN N e ento
pecig e PP o T OFSU S PR RSP A e P ghen o bt
up angf furthee i Sitseronainichthnge strustutomok o corand ds8entied irenaelfagds UR & noted that

almo%%gg gegi?tin%cg§0%%g3% and R g#&‘t&gsr 3 1%‘ ;1% 3584 ngwgﬁtgﬁ%%@% Eerve

owinrtr ation to Fi gure
brevigyoigothey GPP@’W@“@ gre@’ieb%’ﬁ’bg@br cHRIGRsdat Iﬁmétf( @frﬁﬂeéql IR SP‘PhI"i‘é
cond@for &13, @%ﬁ&ﬁﬂirﬁlh}’coﬁ@ipaﬂdu@ttdhl{b%tﬁ{eﬁso as to@en‘é@e%@@ﬁﬁe@ Skié@ Boints to plot

S20 451 The slope of TCR Iine 302 in graph
TCRgﬁﬁkyﬁ GPW§§?%?8 [ %¥ange of resistance versus the

¢ h&efgrangyfow t¢ Eippyet, dteurabrefigiance TRt edndwtor Uidtisdeineddy thh equgtion:
conductor 118, at a particular netal l|layer. G aph 300
i ncludes resistance axis 304 and tenperature axis
306 In graph 300, resistances 308 and 310 of a
ﬁ%gcwﬂb such as gﬁonductor 118, are neasured at
t erper gipir es FBUAME)314 to determine data points 316
and 318, respectively, 5 which are used to plot line
302 and to deternmi ne the TCR of conductor 118, i.e.
th éfhgq: @ae 1§)t]he qell':%aéatlg@lgcreqsw% foH é\fle heétﬁ;g afﬁo%lﬁ\‘pglm as a result of a current
flowifld thfogheaddudiat 88 Lo A’ Ss 188 @her chguadaiba csaattdr 018] €ABT i B xpressed by
mee%g% TCR of a netal structure, such as conductor 118.
T The present enbodi nent, resistances 308 and 310 are
measured at tenperatures 312 and 314, respectively,
fas | ev ontrast to a convention package
Ievgrmgs |scu&i &bﬁgg As a result of 10 using
waf er | evel neasurenents, TCR line 302 can be
determined in nuch less time than woul d be required by

PaGKRDe & BY SlreRERIHI SIB Dhuctord 118 afBRS RitnelrSistah@lor RAGKBLAS. “R”
| evel measurenents require tinme for an oven to heat

can b, expessed bYRfeA¥AEP™ t he di es contai ning the test

structures nust be cut and assenbl ed into packages. It

is noted that although only resistances 308 and 310

qﬂatures 312 %%f 314 are shown in graph 300 to
Brevi PR B her enbodi nents, a greater

nunber of resistance data points of a netal structure,

such as 15 conductor 118, are neasured at )

c oheEs PO o g e e atelaf 18 sondeston 18 abongesting tapreratirg, Tivp & is the
TengttOdf céhabictor IZDIH ﬁHdS‘At’ R ﬂ;@kﬁ»ﬁs secliGhR1 Jr‘taﬂ)Gco'ﬂﬂlﬁto)M 18h TRerfl@ Sdsis@de, TR, which

isa clgaéagten ?10 ofa con r%cx¥n C 0 n OL? %%nlgn Cf%g\é (}e{% elg rzltse all%vi;: '{"(ﬁge{nm are
knowe qgtatqumn (1) TR, by etferaving oafe( 123e] mgasnremetits )NTrE Systesn {0P@ Figure 1, the

tenperature increase due to Joule heating of conductor
118 as a result of a currents-
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20 flowi ng through conductor 118 and "AP" is the power
consuned by conductor 118. "AP" can be expressed by
woheosmguati on: AP =12 R equation (3) where "I PCraStiva/028451
current inputted into conductor 118 and "R' is the
chan%eﬁn reélstzarg r Ogﬁ f(%%%%% }n%r ercil ur8re'&1t calr?be ?eaguredl?)i BN l%%%ﬁ(% 1@%/ Jrom
which the tﬂa@e RreeiEtatuyes, teyd’bﬁs qq@ttatled |ﬁnm@@n@mdt)o1?he Illaegedtl temperature ie., dT,
can 3o déﬁ o QQ“A&‘?QB%&& El:[u%l()'ﬁ-&); Smée both AT NG “ANRERatRf (2) are known, TR
conduct or I'S the cross sectional area of
Can'@éﬁﬁ’a‘%‘f‘%‘rﬁ"m& Therrral resi stance, TR, which is a
char acteristic of a conductor having fixed dinmensions,
% ag d tc?t{t'ﬁ% q)e e fatgl lows: TCR and RO are 30 known
' 8fu)( n( he, by perform ng wafer [|evel
rrea@p;£qrfgnt1é.q5| ng systeqmua,{)(@) in Figure 1, the -5 WO
2004/°031792 PCT/ US2003/ 028451 change in resi stance,
i.e. dR, for a given injected current can be neasured

by Utﬁg\e;qtdrdoﬂ &) ft%&@es;tta&e R}, kQion\¥) ic&NndhBE whlRARGE 1N

tenperature, i. T, | s ascertained fromequation
(A7 Thers an eLAtA& 1-e., dT, can be
tho%%;’ht of |7a "AZI &usoe ’n equation (2). Since

both "ATJ" and "AP" |n equatr on (2) are known, TR can
be derived therefrom 5 Equation (2) can then be
r eiiirict qugent depsity [T is defiffeR as U2 A,” Rgwtped 6)icambe(efprestdd jimigrms of current
ation (4) to define resistance, R equation (5) can
en be witten as: 10 AT, = TR 12 p(T) L equation
(6) A Since current density "J" is defined as "I /
A" uat q CARXPr n ternms of current
densrgtﬁﬂl ggo'nj 5%(?6)%([’&14)5 %ﬁ?&l‘(% (L A equation
(7) since the volune of a conductor is equal to length
gl(,l)lntl k]e voﬁllm aconedugtg S%Squ%lgoﬁlg gm%?l et%%d%?en cggsrlgc%orr}al area (o_fl_ t}%e
Condwtore]ezuaﬂpr(W)Caebﬁfawftt@nas( 8) 20 where "ATJ" is the change
in tenperature of conductor 118 caused by Joule
hea 118; "TR'.is the characteristic
t’tfg(]lrﬁ; g anc'g&g)f cor?&ﬂ%tto&( 18 as defined above;
"\/' is the voI umre of conductor 118; "J" is the
current density in conductor 118; and "p(T)" is the
resistivity of conductor 118 at 25 operating
tenperature "T". Thus, as part of the present
i nwepre i “8f;” isgherchdngg ip mmatpre ioEcopdyptarbll 1B eteed b Eopipdieatingip penguctor

118; h@l@t i ﬂgctﬁt@gerﬁﬁg the2i1 rgﬁﬁﬁde toflcohd?u;t@r 1B Lk firll AB6S; BV°€is &8 volume of
in. equation (8). i S _not

0
condB B L Had) LB b Gt BRC aRD BN G o condbir 18
operiitiak @npSatdotl” e Theatk pagpfite pesehr iewritodandatioyshipyis esebly:herd Geteeen Joule

heatigggnﬁ I;:'E'Fegtrdgnsity in a metal structure as shown in equation (8). It is noted that equation (8),

dens

established as a part of the present invention, relates Joule heating to current density by relying on parameters
that are physical characteristics of a conductor. In other words, parameters TR, V, and “p(T)” are physical
characteristics of a given conductor and, as such, the relation between temperature increase due to Joule
heating, i.e. “ATy”, and current density is a unique relation for a given conductor since parameters TR, V, and
“o(T)” are unique to each conductor. Moreover, as discussed above, none of the parameters TR, V, and
“p(T)”, requires package level measurements. Thus, as a part of the present invention, the relationship
between Joule heating and current density for a given conductor in a certain metal layer is established utilizing
solely wafer level measurements.

The relationship between Joule heating and current density in a conductor, established as a part of the
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that are physical characteristics of a conductor. In
ot her words, paraneters TR, V, and "p(T)" are physical
wohemasi®ei stics of a given conductor and, as Baths240B@©28451
rel ation between tenperature increase due to Joule 30
mvenH%aEah ggadv ta?eouslfh-[l‘illze’d t@&%ﬂﬁhﬁr grﬁ‘(ﬁ% oﬂ&%ﬂg& WIPESor @ déﬂkeQiéﬁ n rules as

I ven conductor Since par amet er s

dlscuﬁﬁbbelova?sr)vay of baskgietingy METH igydefiaedrby @%ﬁ‘ﬁ%ﬁliﬂé‘t’ Jbich feyikizgdy @rpfedﬁgthe mean
time @ E9IGES SRR oA Aevidd0Rch 0k iR rdd@sod NBIhRTs SawliE onéntidhaith expressed by

"E(T) ", requires package | evel measurenents. Thus, as
theequationy ¢ of the present invention, the relationship

between Joul e heating and current density for a given

conduct or |n a ceyt nmetal |ayer is established

ut iIMTE kEnye @ Ie-le,xagggj | evehuatimag®y enents. 35 The

relati onshi p bet A4Joul e heating and current density

in a conductor, established as a part of the -6 WO

20Q44- 03482 th %QIL@X&Q 21028483k strdc e 29 Bond@@i 1 f8€ ‘A” is the cross

advanta u uti] d to determ ne,
ot CLTHE St UG SRy U SRR i O Jougter s
deperaiedt omthe fBye ofimytertdl thixalekogprabsimcipre hMikpribes ardeshn vefdr dyymit, &etketeg 1.0 and
2.0; #EQW thg\'%lh&alaod e‘?‘nerg}g Wcl%fs‘ gn éx erﬁ{eﬁtgﬁy%gn\;e SonlTEA Rat r@lét@o Eh@partlcular type

uctor device, such as a
of defyptoyeyss Pergmigretionpihadsdeins pragieteds ‘I SrRAUFRANE HEAFIGAS which relates the mean
total Enéiay Sﬁ%ﬁﬁcbé/to itt hgo1@6l téﬁhf)elilrﬂﬁe ﬁMsFapproﬁmatélﬂ yquil to B3+ 168 ulds per
S e R s L e ot U E
convénlignarpesios@Blacknaly, a ilssiragf intcgetions®)pbowst doesorot aeadlily ingltde the effect
of J oﬁlghetam@ gy}%aft%pﬁne H'QSQI%IIIII.VXHUOH Biles AR bR now b dvdfiigdbily inchide theffect of
s dependant on the type of material

J°“1ethﬁaé‘flg%sﬁ@“ﬁ‘i§t13‘|theseﬂ?5\5‘8‘t ure conprises and can be, for

exanpl e, between 1.0 and 2.0; "Ea" is the activation

energy, which is an experinentally derived constant

that rel at & Lo the padi Cular type. 10 f defect, such
as MTEct4 v )gregsp oC }V beicAglionddlct ed: "k" is

Bol t zmann' s const nt S wWhié rel ates the mean total

energy of a nolecule to its absolute tenperature and

is wa@p‘rm imeeI Bhly hﬁqngaérmta@exbre%d By ely@i@3(8)}i0 the @®sepEnvention. Thus, as
a pargj o%gx 'prese{x mvet%tllj)ir; ng‘quhe ti 1s € grgsse% 1%§J£Egarb%fyﬁ§sgaﬁ%rmmld§salsgeg Ebove and
the effeghafdovicibeating cap k@@é@@gmﬂbmc@eé\@@l@k’ﬁ lawas wew in P4l QgAs a
resul! 5& a%gﬂt'é}{tﬂ %&se(n%veﬁ@&lvéﬁuatﬁﬁ’ @8) dapbe aﬁ%ﬁgeloﬂslyl vkl vl the reliability

resent

Joul e heatin of _the
ot mii B Fich fgtargongec| P eRy e §eshs SGUAIRLY Qgan be
advaiitipeously futiedd t@évaludib thd elittdithafattérepgneats 1nemppm@saot§ fon elpdtremigration
¢ ‘E]\/?ﬂ?féfrﬂréo?ﬂ M\%Eaﬁ'ofﬂhe%resém] m}entlonhﬁg(&gé&teg Eﬁtérg(%?f g%dufbg?{cnt’hg%ewces, such
as M@%ﬁP@@%@aWn@éﬂfﬂta@éjﬁm@@?dl n the present invention.
Th Uhe prédént indenfe Jan 8o e A®vais BESH lutilizBI6 B visO ﬂlemgﬂ Al ehat 1nclude the effect
ti.ng.js asur.a
ot ol Bt dbr e &SRR s St Frel et et BT on
can be advantageously included in Black's | aw as shovvn
in equation (10). As a result, as a part of the
pr asenie L aVientliedn, equadticn(1()l0) can be advant ageously
utilized to evaluate the reli abi Iity of met al
AR elsgq,c?:(gs;z%ﬁgq%%llargée G medal I(eﬂﬁ W BRI G /PR Ficn, tickness,
and lathanthaged lisd, yespettively zEyjutﬁlangnhaéxulatsan foh &v'rie kquarin (119, quafion (8)
canthRerconnects in mcroprocessors for electromgration
(3 = ) failure. Thus, as a part of the present
i nvention, the expected lifetime of sem conductor
devi ces, such 25 as microprdtessors, can be nore
reliably predicted.
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The present invention can al so be advantageously

utilized to devise design rules that include the
wehbams179of Joul e heating. The vol ume of a net aCTiUSD®3/028451

such as conductor 118, can be expressed by the

equation: V =A L=W d L equation (11) 30 where "A" is

the cross sectional area of the nmetal line and "W"
" d AT TR $ W)edd @ I)nd > wia(fh, t hiquitiesd2) and | ength of
the netal l|ine, respectively. By utilizing the

g)e( éﬁgotrsblt caage acilvaynltwuilg gt;bzﬁilé %gé" %é%? %%g%%%ﬁgilg&% iucff & onductor
118. Bqyati¢nl RAF4nchk yeIRipdnb) cqueioat130n( 12) Equation (12) can be

advant ageously utilized to devise design rules for a
metal line, such as conductor 118. Equation (12) can

be rewitten equation (13): 5 AT; W= equation
(1 = l%ﬁp%—fquataqoaﬂqn]@}) can be
advantBRaddelye it PP(EEd by a seni conductor designer to

tune width "W of a netal line to be within a Joule

heating budget. Thus, by utilizing equations (12) and

(13), the present invention 10 advantageousl alkﬁﬁﬁv ¢

s e RREBILR) earbe abapepruk vilgedhydsrrerdyitadosierea g ora
metabiQb ko%e Redh i Rle h&tlﬁé@ﬁﬂ@t ﬂlgxudj B}Sﬂt@ﬂng edbatisns (F2) gndr(€3) Aheshesems invention

490 l ' i . sign rules.
advaxa:tﬁggﬁgg) 18 ?lgo%is %mtlc,%nductor deél nn%rs o cloQ e <I:t af %u]}g 9% ngg nlg @éusing e gn rul

Ion curv accor ance wt o .
entbidic dehmtvs exbmplhre gpp}e@@ mcluﬂlng/@pmplghl ou]@h%p‘g cheygeterization curves in

accoldhte Hf#[ﬁ)?le J&Mhﬁeﬂ %%é ﬁgseﬁ)fdv&mﬂlo 2hré}ﬂ‘ldOO iBtideIdlile HARS iy 402 and
axi s so includes Joul e heati

cursgh P PP RO fOL SO B S SHPEIE o oM GRS, 495 410, 412,
414, areland 1. TAMdHestin Elatactairathanaeied, 0kt i0oH 20l H\Aé6 akdE 8, respectively,
show ahrglauve (:‘!hafggle 1r} oule ﬁ'e:!iihﬁ& verll% inc: ﬁﬂx&%&rﬁeﬁt Jefsﬁp ﬁqgsbééﬁl/é/cond%éors in metal

nge I n eatlng ver sus
layers M@ 142 13n4 é\aﬁ Mdpand a@n@mﬂ Wafer ek BRAsPats ch WS the Felatiprship

betw%tJ &Mie hezlltﬁﬁ/ﬁﬁSurMm, deMiy esthth%s a yof wsentatﬂdntivﬁ ardtsét|forthiinguation
fer |evel mneasu r

© ahiat visdh Gk ARRB G A e itk R R e for
high@$neal Ip@rst Fokxapplesibadonduatpein triewiayarids kes thefsapetfidth,dength, and current
densﬁ)geg %li:(')nglﬂ:tor (n%)eta?ﬂ&y 11, th@coh&h@toﬁﬁ aeml lﬁfeﬁ@@m ekibifih@Bed Joule heating

part I cul ar current enS|t¥ Joul e h atl ag the 1
Coml?ar?éﬁce‘h&é@sduﬁt@frm mpfpldayer M bt Feagon Fdakin IFBW“@E(%‘W and;afo jp the typica
case ARIREHAGTaObyels subiRk aetal 1 €N 5, MbvelpRestertthicknSsa r@ulibgit A greater “V” in equation

urre densi as a conductor in netal

20
®), rlelﬁgl‘gfoqﬂ)ivem\@tﬁéayem Ctha %Ftal T erl\t)l%/a layer M6 will exhibit
i nciheasyedlidouwag: we@mezngrem@@ntpwr@erlttnaentlwead«x@f?a%%ho%chws among

otheﬂﬁih?sl a LBV éJ\getweyl@ulg RA5RMAnd c%mt,nh&tnmﬂy Torfc&ﬂu@cfrﬁﬁ @i metal layer without
exanp

requplag,éyegr lérgwﬁxb%é)%?ofg%rgl}egtp%%é 1y gldefliaaé;%% eiyléeéetugsugh relatlongnp is readily
usablelit GKAQISMTF, elsmgntrulagorl ofhevalyatéateggn 1ﬁMinat1¢n &yesalrdsipmd for example,
w1th§ Z he Fenfét o% ti‘lwmefesgrg bnvglwgl{ gﬁ%n@!ma gﬁeﬁ ng%h’eﬁi&teﬁ&u&ﬁtuﬁjes would require

1 ZI Nng wa eve nmeasur enent s,
the vteltyemp FaEsETite PRasese pit ckeprmemiay ﬁft@rg@@a § VY HEsR PERRss Of d3ABIYS to achieve

accu%ﬁed]%l@l%ﬁtm% Fﬁaﬁgt&lza@onrc@ﬂvétfbmd ks fbnbﬁ%ﬁé@ﬁﬁn&ﬁ ulefl 1h}eat i ng

ana curren onquctors .1 a

Wi tlﬁ:gzgtng tor é%lfﬁ $ ﬁ(}]vb%gr 8@}1@ sTraéers d%exﬁﬂ%é matﬂ%/d accorcla ing to ary emli:)odlment of
the pR$@R bditsut ahd fyﬂlaj@tgelemmed offtvahpiGhingpdepteéeraapas tosyplevel
measdlgam%&tlt Iny%{(l,mqb@of I ﬁkké te me'[‘ﬂkﬁ)ﬁ E{{e;ﬁ i dﬂ%vﬁ‘:ﬁz{r{ 30028 nﬁﬁlenMF d utlhzmg a

rules er va gn i nf or mati on.
systq;rmq(:lraag/@fer lg/ﬁldnqa@fem@y(taypﬁp)eloo Aisep oot %chsré ﬁ@f sztferéerveltnﬁésurements

are JRFEREND alriQY A Bk TOR of SRM¢BNT 18 ORR kxahPl) vlilifi@Ahdasiging device 108, resistance
characterization curves would require
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the very tinme consum ng process of experinentally
determning a very |arge nunber of data points to
wachi4@e7930 accurate Joul e heati ng charact eri zaCTas2003/028451
curves for various conductors in various netal |ayers.
of coktREtEY lﬁé (Qig bd BeaEdr&l% 6091 mbrk Bi¥rerE RbdberROs th Hdidimine ab &' 6R @fconductor
exenp ¥ met hod accordi ng to _an enbod|neq%x8 . 'kmmmcmmy
118 ipyp @%‘@ﬁtexﬂ RS AOY D bt STRDA AT F! GRS RS AP At O £ TR
in resishadetof 2EhcioNaR udtassult ef Algdee surien. Wadteprso, Gvmlithe change in reSIStance the
L T I
the ceesrioadingsrmbe ia mperfitare inl acepaph sugl wmpb PROAR Figiyat- e?wsm@ge ipgemperature

corre%a%;gcg tosg% ”Ofxt sftép%\% %@5\%& 2Chme¥Bf @hduk@Svak czﬂ%@ﬁéﬂé‘rﬁﬁi&d’l €% example, by

er orfmed to arrive at the TER%J@ glg CtOtl 3).
appropyigely FB‘}*UI’é%‘él’fﬁPeé’f injfeted purie Groressanei chEPEHStor c'é i glation
I esik §pang,a mﬁnamlaﬁ%fe&w&ﬁ 1 PGH ddSRi06I3 MO BA mdl respfance, TR, of

ctor 118 ca asur e i
condtlcécﬂ,ggii Cgl% lﬂf dgtgrn}me 36 teéarm h 1{1%1g_m %&ga‘ﬂg og%% ﬂ rgérﬁgleﬁﬁu?éﬁf
condactard Hindetermingy| aniteped6, atybihevalugpf t]g,q;@ﬁyergg@umw é(,)ndp%qy &18, determined at

step 56%8&‘“1(] Ecﬁ%ﬂt(ﬁ Af FpBEY, fR kB Qs Aed 2 EdRREr @Rﬂﬁgﬂizedl télestablish a
esi stance of conductor 118 as

ﬁg tT g LD i)?Ct eﬂ)ule
rlatoRp BiNeen Ale e B 6ueRt B Y REEHEN AL 1 PRlihainfeliet
heaﬂh@:ﬁd culiel derait}dn ROyducton €180 oindiessd dnlinatign Ghamgens ia part of the present
1nver6uon a rela%onsﬁl[e) be!t%%ax? ? uge h(e:aglg cfxeng gl[ol:}r?g I%%h}%: 1% @on(lﬁlc)ccir @B&qy ﬁivadtag&msly
estabjlénnp @;elabmlewmgﬂ ogle @«?ag‘gg-phgmgqqzeé@n i) puch @d orillﬁhegtil@lfpaéac§nzatlon
curv%hﬂ Qap@ hend @1gln@ 4tt§ @&Béﬂt&f Wthout @hEiS%R0RESutnBer of dAgelimentAly

detﬁa‘%tte% iiq?ﬁoq%@at A{: s6 1onsg§ getg%,ﬁ ?oouﬁ?lllé%%g%nd ]é&'r%ntc (f{lsﬂlgl% conductor
118 éstublistadlatep 612 is Eljvmatge@hslg utilizetto deaﬂmmnq:, e@pxg{o@n@@n@f MTF of conductor ‘
118 ?r‘%cﬁ‘&’e% ! &%E%S Eﬂ§s Aol Rau gt?}é QHaHJhs (- 1.??’5 s&h8ProSdRduc®r 118. The MTF of

I stance conduct or 8 i s deternjned. &
condu¢ferrlifagan pedetespingd by MHIERE cquption £(9h thePgent HEnion Bgration (10) can be
advaeiﬁgeeﬁsmuﬁ&dd fd @Xan PN AT PaBiate By rdliftaity &6 cﬁtglucttdﬁe 18/fat detrofigidive failure.
As ag(fthaég : ltg 6%12 [‘%ﬁéz aﬁlﬁ 8 3) of th% 9%3%:69{]1%% O\E,:\aél;log' g%hﬁgcﬁtg g%%@&sly arrive
at appmpnhm}ie@gn rdl4s&ind geaxne ﬂn-gwg@trmf congpcéog 133@810h qlsﬁl!edm@a afa;plildﬁﬁor 118, to

1mw&3%$m£$m§5§@m§ﬁgIﬂkagtthernal resi stance of conduct or
['1zed %o establish a, relatjons

30U HEHETTE B e B STES R GEAGT 1 s
betwbEiE ot Eheating GRiSHrdnt thﬁea’boﬂcﬁlbtbxeherdbg aitowing Jantecheging rlantterization
curvi.sl,]o@ con‘c;h}/ctorsr}n ga%&?s li'n%{a?l{awgs:l@ bd d%tehr}rmi GALL thel r@au%ﬁkﬂ@%ét@&n (&e heating

resent I nvent i on,
and prakingisH q@ erEer potliea ohoHns ol dings: g MTgFoRdsvisgdesien

ruled d&é?ﬂﬂ%%e%etﬂywa Lsaadyanhageousty 15 establ i shed,
et F cat] n ch ar %}%tir%[aﬁu% alt 1s mamfest that various

ere
cuﬂ@@%éméﬁgﬁh§§'§88 ﬁYPﬁ@'ﬁﬁﬁ? errzation curves
techhlfjue@ Eafl pé’]uséld)iﬁr ioblemérgjug e dpcepts ol rymeneinzantieh Withpui depearting from its
scopa orlecl;vlerr,1 %{uﬁ tlllezﬁ\gﬁ‘tlog ngén dQSt}rﬁ eé R §pmtrﬁleljeﬂée to@@[ttﬁf e‘iﬂb&ﬁﬂents,

relationship
persgenfloginpiaiil wghe@ﬁdvoele rqe%aetze treshangsy cou! ke HiIE fp g withou

depﬁ&lg%*alnluéhﬁﬁt aad th§§c@§k B ke idvénticd \mmea@ﬁmmmplaﬁ énhtioimehntd ge to be
det erm.ne,

o t hi ngs I
contere 8 Bt B IOr g FUrRaeRa e ey & L R0t hnnions
not 1igited ko thegpyeirdar esmphryzesbédimentsderdubed bareink b@ is cppéle mrlpan@ feag@gements,

duct ¢ id scVe ddtrk bvéiigg equat i on
mm%%ﬁcmsgg'ﬁgéﬁ?gggﬁ?ﬁﬂgggﬁ%?%ﬂ%gégﬁat|on géFcan be

advEns axg@eflmi 9ys119%1|f<rrﬂ%€ohea%?ha@%gﬁﬁ*f"é ha"FBCeé Pste the
reliability of conductor 118 for el ectrom gration
failure. As another exanple,_ equations (12) and (13)
in the present invention can e utilized to

advant ageously arrive at appropriate design rules and
to tune the geonetry of conductor 118, such as the

wi dt h of conductor 118, to neet a desired Joule
heati ng desi gn budget. 25 Thus, as di scussed above,
the present |nvent|on advantageously achleves a

- o,

1 a0
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and current density can be advantageously applied to,
anong ot her things, determ ne MIF or devise design
woubmEm3tm2det erm ne a geonetry of a conductor PATAISY03/028451
metal layer. 30 Fromthe above description of
exenplary enmbodi nent s of tdnAnugvention it is manifest
that various_ _technigues_ can use
t hé conéstied iF cstahishig ST rmerE He RprODs et (19 and 2
curredt&lﬁxait}t ih BYiH dondubeor (Il £3), ssic &ﬂmonsM?bemg\ne]uz,ed iofditErmirte la ggeometry of said
n.de icbed with specific reference
Cond?céor @é%)t Sﬁﬂﬁne%n%cog}p ISI%S% ° cg person of ordinary skill in
t heerformingueadiir & vel encesgraingriss to hraive at higmppeure engifigiens of rgipaoy of said
Cmm&gﬁﬁhgnd detail without departing fromthe spirit and
scope of the invention. The %gscrlbed exenpl ary
enﬂﬁﬁmﬁﬁﬁﬁgw@PEE?ﬁmﬁﬁﬁﬁﬂj%ﬁﬂﬁ?ﬂé din all respects as
i | hutagink adid t@ma RdisAndk td Sablish idirdgionship bstvew|Tohletegtmg pesaid conductor

derst.oo ntionis not limted to the
zmd%gc el %?yﬁi%ga)lmmrgxﬁodlnents descri bed herein, but

|sumapabhbfb@mﬂHNydﬂéampaﬁ@@Wﬁﬁv§f%mﬁﬁMW¢Wé§ﬁ?ons and
substitutions without departing fromthe scope of the

i nvention. Thus, nethod and system f.or. Joul. eat |
char act db§ %ﬁ?ﬁdSFCIHQG@rﬁlgéﬂmH@éé P PP vtilizing a\}%eﬂuonsmpqg determine a

mear2@44 OB AEA2 cddittdBAO0BAGRB d&plof uilizidl MBI therma revistatre ¢ efteflish said
rdm%%&g%h?shlng a relationship between Joule heating in a
(118) and a current density in said

conductor (118), said relationship being utilized to

d et3e rm U\esyﬁeng@@(ﬁ%r rééfatﬂgmrfgalréjam&ﬂﬁ daeden llou(elﬂﬁl)lg ing@omductor (118)

nmet ho risin formng
o St PR e e DD 5 Pl B % e B gpo o
and o @61iss tiaige ey for sl qdnductonduct or (502); determning a

th %%Erw teth %%P)%%ﬁﬁfs 9§ne§sallm% d&RAd @Illé)@)t ddfi a ﬁe’é dev1éét(ld2b zin g

Rermal resistance to establish said rel glon d£

betswebHiTIaS (Hakerig 25 @P RO dAY ¢ (D) sl Reasuring

dev1éél-{[08§3&tenﬂﬁﬁl§d dhyngk a&%sﬁhn@@ﬂdﬂ@b@lﬁctcﬂrﬁa’%ﬂlve al OTCR oflskig fandpctor (502);

igkgﬁrela%_ ?mﬁg amaE¥%Q%e1$L alﬁgﬁk%xi Sﬂ§§bﬁ6ﬂ»ﬁﬂd
therrgad registans ¢ lwglg aulgpcétp eghdblight spifd reiqﬂpggmg bdtweepr @pdalppl@bf‘gqaﬂgpn saig conductor and
said G&Feﬁrdmsﬂﬁn id dSBRBoL (5 f@? v&h@relfn 3did reRfionS 16l v LAY 8dr@ihing &iHean time

after said step of utilizin ﬁd t hermal resistance
to fagl gndele, fexisg %agﬁe%%ﬁf%}es forespid £9nEy g"ﬁ%@ (512). 15 3. A system
(100) for establishing a relationship between Joul e
heating in a conductor (118) and a current density in
said conductor (118), said relationship being utilized
t 0 4let erfe petem (1RRHS Cleimpwhetsingsgifl pyster Fﬁf”ffhﬁr ‘H‘E?Fg aAmgie & sgify
re1a&ddlh§y%etﬁv9ern s8Il GOURALIG kO con&Riofl 1 58y Sidern Cukf2B)deB Dy kdiddondpctor

ur|n devi ¢ and a heating device (102
(1182’6“%31‘“@31% P‘?’?ﬁ‘p&é\‘?ig”(‘?gg’% 102) heati ng g waf er ((104))

conprising said conductor (118) and said neasuring

devi ce (108) deternmning a change in a resistance of

said cond r a:rbve ?g a TCR of said conductor

(502) ; §Q§f¥ {188 T det ermining a t her nal

resistance of sai d conductor based on said TCR (510),

said thermal resistance being utilized to establish

said relationship between said Joule heating in said

conductor and said current density in said conductor

(5 ]_9.) wh gysteri (108 edodiprisgig atriesmitgidgyide $108) anfl p heatingrdgvice (102), said system
(IO(ﬁi %él HMQ@ for @s'taghsﬂﬁggreiahm:s‘hlp between Joule heating in a conductor (118) and a current
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25 to fail and to devise said design rules for said

conductor (514). 4. The system (100) of claim3
wohewn@smgsai d systemis further utilized to ar PCYAISa103/028451

said relationship between said Joule heating in said

density &and Ejd‘fl%hg[or (11%8331d%@ﬁn§@évge @ o) &g RS {10%) cbiﬂpr&ﬁ;g Giald conductor
conduct or

(118) aglespif ﬁléadurw deVEC?' 08) %%ﬁ%%g%cthg]ngé 12%1?%1?%{(0?' %glldg(l;] Sd%t«g to atrnve ata
TCR of(séh@&)idtﬁﬁmm)&lalﬁgys&mﬂm$wng digiraciended @ tfat08) and a
usta1 SYSEegl éﬂﬁ)gls ut%lzgxi]' %zté n%l %e%%s%%ce(o}%@co cﬁnl:tgtgoased on said TCR

I es I|s Ing a relations et ween Joul e
(510), shig derimalyesistanee beipadtiligedge es(amlﬁsym@ﬁlaﬂoaslmheﬁ@m said Jeudp %ng in said

conduc J; B8NS IdtMationshHad Wilized to determine a
-SRI s iy o

mﬂm“W&Pé?“?ﬁ@4§“%€ﬁﬁ?ﬁ§%ﬁ§S@%?Hd tor (118) and said

nmeasuri ng device (108) determ ning a change in a

L A PPl OF bSO I PLia Qa4 & oo PR Bhencinsid
ammmmh@t%cnbwn@€6mﬂnmmﬁauNM§§ﬁ@m§y§ﬁ@ﬁW@TU@Xﬂmé ut|I|zed

to determne a thermal resistance of said conductor

based on said TCR 510 Si S

D61 ng TeeToEEHA00 of e ARk B QAR HER P 3 aoondine
temper@ite €harko il seid h@dtdtar gy itlizegdad TOREFGUCt or and sai d current

density in said conductor (512), wherein said

relationship is utilized to determine a_nmean tinme to

f&il afiep syten@9d) ekelaie § wheiein widarstal 008 isjuglizedRdefere a power
consure@dykhid crducldi@sosy st em (100) of claim 5 wherein said

system (100) is utilized to inject a current in said

10 conductor (118) to determ ne said change in said

resi st @mcestaf (18R otklgo A dtigtiosaidpishying deviceThes) '§)¢SItfiéFrPd to:

(319?)“&&%&![1@41&’%0%&643?{1 Bhipai d system (100) is utilized

correspondi ng tenperature change in said
cﬁwm@mrdtwm%quwrﬁﬁfgwgaqna“@dé?506) 15 8. The
system (100) of cIa|n15 wherein said system (100) is

u5)¢1 ld Iu (Z: ?ge sty{t)eé%ﬁg)(g ' cl zurlgeqs aralcteC 2 g&% ?L\(ps?stéﬂlgo) is utilized to
arrive ankvgi relhtipnshipi bt weeressid ¥ Quiﬁgle@egﬂln @fed ‘(OM)BBOY (148) rstppid grpeaicflensyy in said
conduc'topkﬁ@)t wiRrefbhil SMiohsRip Refheg@duct or (118); and 20

determne said thermal resistance of said conductor

(510). 10. The system (100) of claim5 further

characterized in that said systen1(100) is utilized to

arrive ai7,Safr% J1€)e2f%1 OPEHi p between said Joul e heating

in said conductor” (118 and said current density in

said conductor (118), wherein said relationship is

defined by: 25 AT, (TRV)J2p(T) -11
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