; e3eyDvLv6TD~19 JAN 2004 SUB-HALF-M CRON MULTI - LEVEL | NTERCONNECTI ON
STRUCTURE AND PROCESS THERECF FI ELD OF THE | NVENTI ON The present invention
relates to the field of sem conductor manufacturing, and nore specifically
to processes of formng sub-half-mcron nmulti-Ievel intetgpgggngquiuctures
for integrated circuits. The t inventive structure and proc pi ke
free and that has resulted in inproved circuit performance, reliability and
process yields. BACKGROUND OF THE | NVENTI ON Current interconnection

t echnol ogi es conventionally use tungsten or polysilicon acts to
devices and also to act as a short |ocal interconnect Iim@ﬁmmﬂ@wm@mmbN 2004
2 These local interconnect lines are then joined to high i

i nterconnection lines (say ML) on a higher plane through tung®té€h

vi a-plugs. The local interconnects are separated fromthe ML | ayer usually
by a | ayer of phosphoRﬁL]' nnecti on between
the first high condu f retd =3 AN = == e el of high
conductivity nmetal |ines (S&FRNETURE ANDefPROGBEY THEREOK t h t he sane high
conductivity netal instead of tungsten. Various other schenes for

mul til evel interconnection, and nore particularly for utilization of a
conposite insulator, are taught in the prior art. U S. Patent No. 3,837,907
(Berglund et al.) and U S. Patent No. 4,309,812 (Horng et al.) use a
schene, where conposite insulators with different etching characteristics
are used to nake an overhung structure of insulator |layers in order to
reduce the spacing between the adjacent features. Berglund uses this schene
to reduce the spaci ng between the adjacent interconnect netal |ines.
However, this schene is limted to netal lines running in any one
particular direction which reduces its applicability. U S. Patent No.
4,309,812 (Horng et al.), assigned to the instant assignee, and the

di scl osure of which is incorporated herein by reference, uses the above
schenme to nake cl osely spaced device contacts. U S. Patent No. 5, 326, 426
(Tamet al.) utilize layers of different insulating material to provide a.
reflective coating for a | aser nmask. U S. Patent No. 5,403,779 (Joshi et
al.), assigned to the instant assignee, and the disclosure of which is

i ncorporated herein by reference, teaches use of an 19 JAN 2004 organic '

dielectric Iayfglgzggqiﬁhed bet ween inorganic dielectric layers. It is well
within the e f inthis field that chem cal / mechani cal
polishing of an organic |ayer produces debris thereby causing defects like
metal opens and hehrs igrdsRecnexhvdfVadn Ofrdi@LECtELC: the  field of

semiconductor manufacturing, and more specifically to

V/

processes of forming sub-half-micron multi-level
interconnect structures for integrated circuits. The

i inventive structure and process are spike free and that
has resulted in improved circuit performance, reliability
and process yields.

BACKGROUND OF THE INVENTION

Current interconnection technologies conventionally
use tungsten or polysilicon to make contacts to devices

and also to act as a short local interconnect 1lines.

R
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U.S. Patent No. 5,404,635 (Das) teaches use of a single dielectric layer to
act as a spacer and an etch stop to fabricate thin filmnmagnetic head. U S.

Pat ent No. 5,252,516 uyen et al.), assigned to the t he
RG] ol 2 of"un? oy

instant invention and the disclosure of which is inco in by
reference, teaches the use of a conpoglte i nsul at or conprlsed of a
relatively thick |ayer of a reactively ion etchable dielectric and covered
with a thin layer of an dielectric resistant to reactive etching. U S

Pat ent No. 5,466,639 (Ireland), teaches double mask process for formng
trenches and contacts during the formati on of a sem conductor nenory

device. He sh ano her | ication conposite | nsul ator  t entially
etch di el ect ri'd'S6r %(éalpulg’gtb":sléco&”e&gu DeFarfiscehide | P81 ARY Sé)es%aghset of
3 dielectric lcyslustiyitpkentevicoynediicn cbintst 6sayf ¥i)a Qnu@ amdgHeme

patterns. HowgMehe Enk-BEgkOMA énOMQf—phh@@e th%t llB@hl'ﬁﬁ(@é:Sc&fnéd’c%“' ators
causes charge trapnent azraFnd d% {“e Iﬁisesr g 4 é518 963
(Park), discl §&&s FEREHSYE 16O of faf |H§8?& An é(tl%n g¥er

sem conduct or plevirbe-sHbioses Jlesl atPBﬁg | ayer to etch a hole in one

insul ator while thensecend- ilnsakééme&rl%ectb%tt«aenrrettale undesreatdi ghf om
exposure to harrs?? %Chan S # firs |nsulat ans in.t efleld of
&g

sem conduct or éYétdycf‘?Eﬁ '?ﬁse éﬁ‘@)nla?antt%’tehé’tex Vote °di &t ri ¢
| ayers not onlcpndagsévprpcresakohplascatsiagndl, ands cmfe?mlafa@@dmmlthw JAN

2004 4 nore sicg@i Ebﬁ@nﬁ%nléoddH&Qestyh@et%VI Q{%tfaﬁacbf idteflue to
i ncreased capaC|tance SpPlI te repeate vari us schenes

ef
inthe prior art, ProbPRFECUIeT S5P5085 Lol 1rlgufa imb‘?%%oég‘se &,
‘el'ectrom grat aod fmbter eagttd.culpehpi rfenmdubélizatimat hods, a nexewsaditey with

sinpl er and fgwg[llgggges&ét@aqiﬁjhtf Qh Hﬁglgg}guﬁnalrlﬂt egr ated circuit pattern
need to be devel oped, Thus, neeiggeeis st9§ ? g oV ae%n aanBar at ui{‘ nd a
process that will Br 8vi Hﬁt%mbr%%e dr P Api P q]i‘Hbie i ¢tiron
circuitry of ®abehsl Noni dr.d09dBA@ndHonng ¢h Ripr oved prochsmeyi ehgre

reliability apdnpdLidd perfnmnts:s Anoyheh nee&@asé_steﬁtto pé@&hﬂﬁgan
|nterconnect|OHggrocess to revent formati n of und q?|re

Still anot her SHBEACERTET5 T Presiie iRt BF Fe@’él %Forttd 5rtru§%|u§8| Pi ty'
exposi ng net alinspilReorcaaygeds bynmogalergmnemedelgﬁl tirea seghne detvweesne

process. Yet anathgjjdest exbsterds. pr ONd 4R vhdl hbfe£t ¢RiBarsdsmd otpr event

acci dental etChlngeothérgEég¥¥3wﬂékg en %&!%&%gcent interconnect metal
lines. However, this scheme is limited to metal lines
running in any one particular direction which reduces its
applicability.

U.S. Patent No. 4,309,812 (Horng et al.), assigned to
the instant assignee, and the disclosure of which is
incorporated herein by reference, uses the above scheme to
make closely spaced device contacts.

U.S. Patent No. 5,326,426 (Tam et al.) utilize layers
of different insulating material to provide a. reflective
coating for a laser mask.

U.S. Patent No. 5,403,779 (Joshi et al.), assigned to
the instant assignee, and the disclosure of which 1is
incorporated herein by reference, teaches use o0f an



Still yet another need exists to provide a m ni mum nunber of the etch
barrier dielectric layers to reduce its effect on capacitance increase.
SUMVARY The invention provides a novel process and an apparatus for form ng
sub-half mcron nufti-Ilevel interconnect structures fol 9 m/gm 2@@1
circuits. 19 JAN 2004 5 Therefore, iBn one aspect thi f conpri ses
a process of formng high electrical conductivity interconnection on a
substrate having at | east one exposed netallic via-plug surrounded by at

| east one insulator |ayer, said process conprising the steps of: (a)
sequentially depositing, at |least one first insulator |ayer over said
exposed netallic via-plug and said substrate, and at | east one second

i nsul ator | ayergaver sdiglddtngic | deykat osandyierthedandewheeri ninex@rniad for
said first ingubatetrl@yelydss . different than material for said second

i nsul ator |ayer, ( definj attern for _a first_|evel of hj .

el ectri cal conduct?%/i ty Y%thgﬁlgﬂﬁé’ctq% n 6VEF AT G %Ec%’ﬁ%l?%ﬁjlﬂ?gtrhﬂsayer,
(c.) sequenti &ieydettdhitngeheni ealsimeghgoicabn Rl ishiidgsexondni nexdaatior

: aye{, and at Lgast pgot@@ééé Oﬂeﬂfifailzl‘iielf'étlfystcélfbtﬁlmgatdl?féc%}égmik:eolnféﬁam at

east one opening an 0 expqse east. a por n said netallic
vi a-plug, (d) 08‘5%%3?‘3? A 455 Ilé‘a§$eoﬂ8xﬁi]g%v é’cét ?’FSEFCEBh‘duCti vity

i nterconnection toU{®r mPetedtf iNost $ e, 635 hikgs el sebrcheal wsendottiavity
interconnecti gpnyid hyRes@ttr At LERASE ©HCaRRENSNGh Sp&bet hahaatn! @ash a
portion of said |9h {el ect rltcal CongUftl Vi t%eftl.nt ﬁr cagnectl on is in direct
el ectrical coRt@t it ECAtELPIE P i Sal8%%F et al lic via-plug, and
thereby form ng sa¥es hikpteitecoi cal2Fridibct (Nduyeni retteradonnectssdrgned sai d
'substrate. Inc@nother aspeghed hissi NEdt | O AT 119R% R iIBNOCRA Oftnkor m ng
mul til evel hi(gh electrical conductivity interconnecti.on on a substrate
having at | eaStSoHeS W& dded Ml 17 c 1O R AT UM §iile £¥by- ST EEEr one

i nsul at or | ayeeaclkes dtie ovess ofompréwipogithe igsupatof: comp@iged No20@4 (a)
sequential ly deposiJding. tilickeashyope 44 rf iRavtabeiyl aysd &hapakd
exposed netal lic_ via-pl uag1 and said suthrate,: apd at gﬁast one secqgnd

i nsul at or | ay®teHREr i % i999ETeAs 5P of FRYRr 1%y Uhetbi T T4l for
said first insesaitoanty dpereastdvefetaming-han material for said second

i nsul ator layer, (ip)sdefddimg o Pas}ese), 6B Erddisi)l, evlachbshidtiinie

el ectrical conductivit |2{erconnect| n over said second insul.ator |ayer,
(c) sequenti a'f‘fl’%}( e‘t”é‘?ﬁ%ﬁ o FOHIRIEFENGRCDf AR PERT T IWLA0at8F 1 ayer,
and at | east fopwmtion of saidehiceondugimy anemoryaydevice. f or He atshiowast one
openi ng and t o, SXROS & 1 ilc8R3bn2oPOESMYL itle SALH1ABER! L4 Gsadh sl g1 y(d)
depositing at | east one first hllgh | ectrical cor%dugtl vi)ty cg%terl al to form
said first |eS&fM ofHlGHTELECt FPTaltPEonBUER?RS t Y1i nERPREANSH TS ene
within said airé¢bast wiss opeseingef slicéi¢elattrdic |leaetrsa tpomaken cefvisai d

fir ft PI ghtﬁ'@’fi‘f"‘ cabngpgkdyf&fvw? behgr ﬁﬁ?nlqlci}lboﬁ_alt‘t@?nh.s | ffliehveet, ol
ccontact w east .a_portion of said netallic via-plug, (e) .sequentially
-deposi ti ng, a?h‘F egé’f“i’bﬂ@&rﬂ?r&’?i NS o THYET obRYeRRi 89f i’&b%ﬂlaggéﬁ of
hi gh el ectri cadusendiatnge tyapmert comheatitdlestirinelasgesai d second
insulator, and at {yefastp ARGl QL1 isABUbAS O phAYEr VRN o3RI at itfod
insul ator layer, and wherein material for said _third insulator |layer is
di fferent thafPTeiertidl9 M6Fadalt B SECYMP AP s & dSPBUT YR A &3 “Payer ,

He uses insulating layer to etch a hole in one insulator
while the second insulator protects the metal underneath
from exposure to harsh etchants of the first insulator.
Artisans in the field of semiconductor integrated
circuits are cognizant that multiple dielectric layers not

only cause process complications and cost increase but



(f) defining a pattern corresponding to at |east one first |level of high

el ectrical conductivity via-plug over said fourth insulator |ayer, {Q)
etching at |east a portion of said fourth insulator |ayer, 7 19 JAN 2004
(h) defining a pattern corresponding to at |east one ge IS ! of high
el ectrical conductivity netal interconnection line ov § & ﬁﬂt

i nsul ator layer, (i) sequentially etchinggat |east a portion of said fourth
i nsul ator layer, and at |least a portion of said third insulator |ayer, to
format | east one conbi ned opening for at |east one first |evel of high

el ectrical conductivity via-plug and at | east one second | evel of high
electrical @ ifivdnitly ifRipRded Mk deviod AMGbMNtY dfeto inftdaRiRASdchEnRt | east a
portion of said first level of high electrical conductivity netal

i nt erconnect i on | Ths, dgspite gensater ﬂe&s,aan | eaios shemes i they rréar A groblems of

conduct i vi tk’-al&a:él-eE Pﬁgﬁﬂtso B&és§ e&t?c;rﬁ cﬁfo A0 IMELERONRGE 9Ad better
structure comprised of sard¥ITst eVe el ectrical’ conductivity
vi a- pl ug anmietshads:] reeessaulyl wwtblsmplehragd feWelcrproccsasI stepsydfioc trhakiingy an integrated
|nterconnect|o§ hne mﬁ% @ d % | east one opening, such that at |east a
portion of YHM"t PRI'EH 1P I:O[IP? QA ®Ehductivity i nterconnection via-plug is in

direct contact W THusah degdekists ROprovide £ agpataud bl a drecdss it lwitlofevide iavi t'y
metal interconnection |line, and t ereby formng said nultilevel high

el ectrical Resrssder fabrigating an|inigreannection citeuriyeef s¥nhalf-micron dimepsion with
substrate. nfh¥@lq FICDGTIARARBHiL B ok NEGRHBagRIP I ses a process of
form ng mul 1 evel |g éctrical conductivity Interconnection, conprised
of via-plug and |M®hcmm¢é®mrs¢mtd proeisle aonnarmbwuoatmOMngreaentl feasaticnne
exposed ”Et%||'85&h “% surrounded by at |east one insulator |ayer, said
process coﬁb S d S éﬁ@ of : (a) sequentially depositing, at |east one
first insulat or |S%tylEiianNdil’neS(ae)€isteX@ feﬁdntr’iﬁteﬁldvlebshbktaoﬁi‘dll@bﬂmﬂeﬁﬁisﬂlg metal

substrate, ar st .one second, |n(§wg% er 19 JAN 2004 over said
first insuIScPE us;@ y mispieRmeReuring:s dapmseCensinaodess 5t i nsul at or | ayer
is different thaw&a&ﬁﬁmlnéeerex%ﬁs Go 9R6ABE of D RO barkfRY 36 prévihs deliiging 2
pattern for a first |evel hi gh el ectrical conductivity |nterconnect|on

over said gﬁdundcfﬂ@wmé@bmngayehun(c) sequentially etching at |east a

it Tnsul ator 1Sgoret R HR8l o ol 3 ouhERi fuROLdriie Herlnter

a portion daofielsetrid lay&tsaﬂolré@cemaeﬂ]ectgm c(adacmiam)mcterasug at | east. one high

el ectrical conductivity material to formsaid first |evel of high

el ectrical conductivity interconnection line within said at |east one
openi ng, sSWhMMARYat | east a portion of said first high electrical
conductivity interconnection line is in direct contact with at |east a
portion of said nEtaiPNMPRIioR ROPKEY2 nEES! ReeseAPfl AR aprarepE <P forging sub-aikt
one third | AgpdAbhal- le%{lelﬁte%%ec?@rgctflfeﬁ $or 1hﬁgf%1|teoodlrcmt9h el ectri cal
conductivity interconnection line and said cond i1 nsulator |ayer, and at
| east one fourth insulator |ayer over said third insulator |ayer, and
wherein material for said third insulator layer is different than materi al
for said second and said fourth insulator layer, (f) defining a pattern
corresponding to at | east one first |evel of high electrical conductivity
via-plug over said fourth insulator |ayer, (g) sequentially etching at

| east a portion of said fourth insulator |ayer, and at |east a portion of
said third insulator |layer, to format |east one opening and to expose at
| east a portion of said first Ievel of high electrical conductivity

i nterconnection |ine, 19 JAN 2004




(h) depositing at | east one high electrical conductivity material to form
said first level of high electrical conductivity via-plug within said at
| east one opening, such that at |east a portion of said first | evel of high
el ectrical conductivity via-plug is in direct contac] QMJuhhbzaﬂzast a
portion of said first level of high elsectrical conductivity interconnection
line, (i) sequentially depositing, at least one fifth insulator |ayer over
said first level of high conductivity via-plug and said fourth insul ator
| ayer, and at |east one sixth insulator |ayer over said fifth insulator
| ayer, and wherein material for said fifth insulator material is different
than material for said fourth and said sixth insulator layer, {j) defining
a pattern for at |Eaetefsie sedbnengd eydtedt Hiigh elvesticsalcosPrdEeti ity
i nterconnecti ppotésie ovef saiskmsing h inighl at eletayedal (K)caatiaiitiiall y
et chi ng at ! e?ﬁ&eéccpr%etci Clr<]:on0f0nsgi gugi %(J%amear}l%vfiinf t hti Pésé” tatoor{e Iea %rs’e to form
at | east one openl ng and 18 expose a east a pgr?lon 01" SAId SECSST | evel
of high el ectreeallEpnddarPingy sunreredrtheblti Gt | lersSt ( epeddpsdilEiteg at
lﬁaﬁF ﬁnelhighgﬁéfptgd%?ﬂpgaagégcgbmpfyging(ﬂﬂeabt%psf@fn1ﬁaid second :evel
o] igh electrical, conductivit nt erconnection ne, W t.hin _sai d.at | east
one openi ng, such (téh)at séetquleélgsl%lgypo??qoosrfe%fngéai ?:ljcse%:%andt | eVel %fLrﬁitgh
el ectrical cohuRieiatan ylaveer evanetidnerpaged smphaliljecviaonlagt amdt h at
I ﬁast ba Port | 941 ®f g,ga'sdr&é',stalllﬂa g_Btﬁh@ﬁ*sEi oak F@adugt livishy atbapliugerand
thereby form ng sal g. f1leve I elecfric conauct | vl .
i nt er connect i %ﬁe%nsaslzfls’nc#lsrusotstlrnzi"tur(-il.él qorlggﬁéﬁ\r 2%514 "Tq‘ﬁa rslétJ'lnl Imayt}étr lgr%otfﬁé:r
aspect this id¥vhtfbreteomauladeralpyecess @iffenantnghan materdplnifgh
electri cal cossictdaddna iinkaneesneciyesy, conprised of via-plug and
i nterconnection |ipnes, .a.substrate havi at lea ne exposed.netallic
vi a-plug surr ounde‘gD by d%{}llnéﬁgt aon%ati"etnesru a (grr aférr,gtcscaiie e?)‘r o(():ésgugE
conpri si ng t helestapsadf cqnduatdyidnt iiateycaepestidmgover Feddt segend| r st
insul ator | aygiswWMRlorsalage@sposed netal lic via-plug and said substrate, and
at | east one secon insulato;.l§¥er over sakq ng%t ins% atar l.a er y and
wherein material &) s&FqUPPFLE %s?ﬁ%ﬂ%ﬂglaay s §i PPérént Pﬁan et eri al
for said secofrRFanssulaswratayetavygh) eediakndeaspatt arartiom ofi £3id| evel
Iof hi gh( el) ect il _iﬁﬁihdlé%bir\r/]:ﬂ.h)/ej:ﬂttlﬁf GHReat p@qwejnesaigénaa@oadgi ssul ?t or
ayer, (c) seguentia etching at.le -Ror 0 it cond i nsul ator
| ayer, and at TRESt & é(???i%oﬁ %?réslaﬁ"ﬂqfnf rsgtlgi lﬁé% a locl; vﬁ%yg’rl?lgt’o form at
| east one openi ng @d depregpbirgat dteasleastpor onen Highi dedechrical
Vi a]: pl ug, (g)?mﬂﬁm{g &;ntﬁﬁﬁhnfﬂeiﬂ gﬂT ef@ﬁﬁdréa:ﬁ  EORgitICLéVEL Yormt eri al
to form sai irst level. o | el.ect.rical .conductivity interconpnection
line within sag a?l?%%ré]tcaolnec%b%uncltﬁé’,ltguér?tfaﬁg?n?fc?leoar}s/tw%a rb%)r}t ?%ﬁgof sai d
first high el®ethdastl omengpenivgt ysugh dhasnatcteait 19 meLtd opnodi Faéd
contact with pigH essdctd RNt icondatt sai €y nBitdddoangt8iPhugs (R) dsequential ly
(depositing, al) [eastoane LhLLd, | nopliat b | guer, over gl dobiv st |exel of
hi gh el ectrica conéhctiV|Py At ef connécti on Tine afd said second i nsul at or
| ayer, and atm¢tedsticoneviauplugi nsandt othpagky ofermiapd tIiidd i Rdahat or
| ayer, and wher&idrimatiecbabutoivsey diddeircdnhesti @t wn lsayer sussdrbter ent
than material for said second and said fourth insulator |ayer, 19 JA N
2004 (f) defining a pattern corresponding to at | east one first |evel of
hi gh el ectrical cdmdwnothiery agpacpl thisvErvertiionf gemrpPhisasubpabrepPceager, (Q)
sequenti al |y &f chirpgmdhg! easht2180611 ORigh Saildctousdh i esubateivieyer, and
at least a posrtion of said third hg;ﬂ%ator | ayer rmat | east ﬁne

,.ta fo
openi ng and tdSHFEIEEE1PBA’E 3 TSk eoPeX Y 3Y ﬁfﬁsﬁeﬁgﬁ oFPRP G
el ectrical comhedtling tyidrplareosneceunsied e, ath)ledsposiné ngngtletast one
hi gh el ectri cadygondiuGll pirb¥e 58t €oipdididgf ena sadpgh fds.st 1 evel of high
el ectrical condﬁctivity via-plug within said at | east one opening, such
that at |east a portion of said first |evel of high electrical conductivity
via-plug is in direct contact with at |least a portion of said first |evel
of high electrical conductivity interconnection line, (i) depositing at
| east one high electrical conductivity material over said fourth insul ator
| ayer and said first |evel of high electrical conductivity via-plug, such
that said nmaterial is in electrical contact with at |east a portion of said
first high electrical conductivity via-plug, (j) defining a pattern for at
| east one second | evel of high electrical conductivity interconnection
line, (k) reactively ion etching said defined pattern to formsaid second
| evel of high electrical conductivity interconnection line, and thereby
formng said multilevel high electrical conductivity interconnection on
said substrate. In still yet another aspect this invention conprises a

L Y T o T . a [ T . o ' 1T . N 1 Y e



19 JAN 2004 12 electrical contact with a netallic via-plug, at |east one
first insulator |ayer over the sem conductor substrate and surroundi ng the
first netallic via-plug, at least a portion of at |east one first |evel of
hi gh el ectrical conductivity interconnection line inc :@C ?D he first
metallic via-plug, wherein a second afi a third insul at 4624 g over the
first insulator |ayer and surrounds the first |level electrical
interconnection line, at |least a portion of at |east one second | evel

el ectrical interconnection in contact wwth the first |evel electrical

i nterconnection line through at |east one high electrical conductivity
via-plug, wherein at least a fourth and a fifth insulator layer is over the
third i nsul ator | aydy afGISEPFbahts tIRPoSeESRA | tel &8st r PRE| first

i nt erconnect i omdulreoranchwher erer eseid adkoposedigme sl iat ovid-gylerg i snof a
different matefda @k LN ebynd ofm PQaéé"%ﬁ@”l;&@&%JCL%ufé@% rf‘é;‘?elhav' ng

at | east one high electrical’ conductivity interconnect, In a further
aspect, the i R%EH iHCpsitsdgsyiptot il faﬁﬂmwﬁﬁrﬁiﬁhmépé’é’tﬂ cEer
conductivity issier comsectinsnlenoa Sapst rixt elifferegtathbrasstenskexpased

metal lic via-plug SWe I;)gungggupé{t@]_t 1823t one insulator layer, the process
conprising the steps a) . sequentl all'y depositing at _| east one first

i nsul ator | ayer ovélb)t h@e PHRedandBHerR fio%- gt ufiaPd LRECSuedt (e and
at | east one sﬂmtducas*.ulmmucltayuyovete:td'rmrfedtsbm rsnghratsorid a:y@fqncand
wherei n mat erigls fokorhgafbfst insulator layer is different than naterial
for the second |nsulator ayer, (b) definin attern for a first |evel of
hi gh el ectrical coddct F@ﬂ??“?ﬁlelryc&W@&P?o%toég‘?s“t h Is%ri:"o’rﬂi1 i Hsuibr

| ayer, (c) etcwocopdatinsdsitoxr payeiron aoid tdte $exondai peukddor dfaysridv th a
first etchant such 4Rabigtol CRsferd RO EboR Of 18t bhat ohBsHhRL g l@yer s

exposed, and etching at_ least a portion_of the exposed first insulator
layer with a SXPOSE 8LcheAtt sd RAFHGYY BFn?%{dI%ldﬁevb%eﬂ]r% and to
expose at |east a pdntidepoditirey net allkast vioaeplfugstand ghhesbéatmiptaar i al
for the first c%@x‘&u%@%v%@&o%%tgiﬁia%r fiokm @a%% B0 A4S ié’v@I 0\6'fd6}u'511'1t ual l'y

excl usi ve etchin avi or epositing at | east one high electrlcal
conductivity |er3rte€|té'6ﬁﬁéctci°69“f3 1Yan %’I’n%elfcior"s"tecfcéQBl lch“eh|‘”§ﬂ?héflnec"'t"i‘r%dcaI
conduct i vi ty iant aeasnnesti openirdyi Buthetbdt | #asieasneaopenthgn suctaitdhat at
|l east a portign.Qf LA h%ﬂ@o@éﬁ%ﬁr 'c%ﬂhu&@ﬂ% 1¥1'tte¥cbﬂﬁéé€9meﬁtde0rls' s in

direct electrical confact wt | east a portio he netallic via-plug,
and t her eby fdt“r’ndl’@e‘r:ﬁeCWi‘B?’F%I‘b‘(,tthr ?Ea?*e?:%‘hdauc&oir\ﬁlf’? Pﬁt%?’c%d?f‘et(ﬁ%ldﬁ on the
substrate. 1¥9a3pMug004 12a In a yet further aspect, the invention
conprises a procesge 9f oL nd g Sl i h@y@é @m{ electiLgal cmducctﬂl\ydty

i nt erconnecti gn on subs rate havi ng one exposed netal ||

vi a- pl ug surrdﬂ‘ﬁb‘é&tﬁﬁ éPYFEaQYeBnEaf‘ﬁsﬁ’r%ﬁ%rl?‘%ﬁ}erOf tThedthr ‘?J]ceé"sfs“&?r}prl si ng
the steps of . coapgusedquéenyi alintedeposettiigy atliheastargine faidt igesugnat or

‘1 ayer over th‘in%’ﬁﬁQ%SP mehal e 1Véa%“tp'dﬁ% aﬂbqlet*ﬂe 1%%*&%'&8&3’1 @%‘} Yy dreast

one second insul ator |ayer over the first insulator |ayer, wher ej n
material for SR |t|hst| MBEPAEBOT | LAMGT (i &ndi FheFehn 'F%%FrFWBH drTalsFigr the
second i nsul atttirdayesulébdr dedyer nig aliffetrenn f£han andtesiall el safidhi gh

el ectrical cogglég;]hvhw gg}&rm@p%gglgy&r thersecond insulator |ayer,

(c) etching at least a portion of second insul'ator layer with a first
etchant such that &f)l e‘é‘sf”a“}ﬂ)rat|pé‘ﬁt8F“t‘F%“f‘%srp§f‘dilﬁ§uF%t%? Yepnadr qng
exposed, and dtiekitngeatl| eashighperdédtonicafl tdoadexpbsedy fiistpliues Wvator

layer with a $66and ghehants$ds tleEPf m at | east one
(g) etching at 1least a portion of said fourth

insulator layer,



opening and to expose at |east a portion of the netallic via-plug, and
wherein material for the first and the second insulator is chosen so as to
provi de nmutual |y exclusive etching behavior, (d) depositing at |east one
first high electrical conductivity material to formthe first |level of high
el ectrical conductivity interconnectidn line within tf‘g émi ., one

openi ng, such that at least a portion of the first hi'g I-cal
conductivity interconnection line is in direct contact with at |east a
portion of the nmetallic via-plug, (e) sequentially depositing, at |east one
third insulator |ayer over the first level of high electrical conductivity
i nterconnection line and the second insulator, and at |east one fourth

i nsul at-or | ayer oveh)t hdefhinidgi asedatom cayeespamdinhdrceia Aeeeri ahe f or
the third i nsweddtd | aydel s 6l f fRI@Nt éTautdtRbgri @onbigetibergecqadaand the
fourth insulator. Ira%%r ecth)deflni ng a patt ern _gorres %r%%irngato at | east
one first level o I gh electrical conducti vi Fy vi‘a-plug GverYthe fourth

i nsul ator |ayer, (dY)et ERAHGNaE2}BasttEhiper titodeaptt AePpBlitem PhsedEd or

| ayer, (h) defidirmth aimpailsafdr Cyasponth nget 0east | gagfor@nensagonshigevel of
high electrical, gonductivyif - et al i nter cggngctaitonltleégte Quer (t:he?fou th

i nsul ator | ayer, (1) “sequenti al FV et ching at™ éast 8 port1on © T HES ourt h
i nsul ator | ayedPerdid ofoy exlst leaplor enonfbfst hkeyd reff | high aedectmieal to
form at |east QiRIC@IViIRGd REPHIDY faHd ale | a8t oA SAN-RA04eeR ahe first
| evel of high el ect ri'[c | .conductiyvity via- F’I g% and, at Ieastt_one econd

| evel of hi gh IRt FHEET oM T IARTY VALY alMet it e FBERRSITSH 19 el 1 ird
exposi ng at | east expwrincombf leswst f pr portege| obf shidh fdlrett rieyall of
conductivity malg ciBtersenanesérditdiviey hbtatdeinsiddongeat ibgasinone high
el ectrical conducti,yi tydi nt erconnection o ftor man i gﬁt.%gr at eg tri

i nterconnection st fdét ufePRBMBHISed 35t tHE T rst fevdi* % hFER-EE@Y i cal
conductivity doadyictigvany t Hetexcondeteil ofohi dhre| ecri chntemrahrstivity
i nterconnect i QM tdr@enWetbidnt er@ic drRasbnpPEs QP BAidSEEhst hadval dreast a
portion of thq\.hi i

gh gl ectri clal coagugtivity i.nterconnection.yia-plug is in
direct contact™ @t h®AECTHeRE! a SOOFECERVHYY t NdoRPGRI P0G r PRAT HHA i vity
metal intercon®eetli of higk, ebeeknivarlelspnfioetd gt Haterubenhegel ohjlgme
el ectrical coRduglinvidajdvife PLe@s@ndné NbEERORNECE AN Lhde QB lbassubstrate.
In yet anot her fl,él‘.t her aspect, the i v.er}lti on go%r.i ses a %go ests.vcnaft form ng
nul tilevel hidi¥%er&tricdt cofdd€tiviti? nt eFeonnection, CONPITsed oF
vi a-pl ug and iimtercennection [vViiaeplugn i sipstdixzecthapdmigcat veblkt adne

exposed net al hicasti a- pbegisuréOWded niynaél éeasilcain@ohdsst 8¢ Oty Inften, t he
process Conprlfﬂgg%c%ggeégfgg Piﬁe, and thereby forming said multilevel
high'electrical conductivity via-plug and interconnection

line on said substrate.

In vyet another aspect this invention comprises a
process of forming multilevel high electrical conductivity
interconnection, comprised of via-plug and interconnection
lines, on a substrate having at least one exposed metallic
via-plug surrounded by at least one insulator layer, said
process comprising the steps of:

(a) sequentially depositing, at least one first
insulator layer over said exposed metallic via-plug and

said substrate, and at least one second insulator layer



(a) sequentially depositing, at least one first insulator |ayer over the
exposed netallic via-plug and the substrate, and at | east one second

i nsul ator |layer over the first insulator |ayer, and wherein material for
the first insulator layer is differenf than materi al 4 EEQJA@fZﬂ ond

i nsul ator layer, (b) defining a pattern for a first

el ectrical conductivity interconnection over the second |nsulator | ayer,
(c) etching at |l east a portion of the second insulator layer with a first
etchant such that at least a portion of the first insulator layer is
exposed, and etching at |east a portion of the exposed first insulator

| ayer with a second etchant so as_ to format | east one_ opening and to
expose at | eastV®¥ [§6rti dhroF fﬂ%uh%ﬁ%ﬂI%Q¥QH'aaﬁPuﬁheéﬁﬂ“mﬂ%F%$+F%nﬁ?ﬁizﬂ
for the first said tfhesse¢ondlansul bayer iis chiddemeso abatomprewiale fmt ual |y

excl usi ve et chizRg Qggg;{aohs&ﬁgtd}egg%y ng at | east one hi gh eI ect rical
conductivity material ;ormtheflrst | evel of h ehect

conductivity int eréBPme‘(i,? P19 nd REHRATt HE€Tat® | gja Tt on8Vope d“gsthch
that at | east edeporicah obnthetivisy hngﬂr¢§nnﬁﬂulealCW®mdu6UKV|$@Cond
i nterconnecti QpshhAgokS1dyedi rect contact with at |east a portion of t he

nmetal lic via-plug, 19 JAN 2004 12c (e). sequentially de 05|t| , | east
one third insul at of <P ay%?q%ﬁﬂﬁlqﬁh¥1ﬁt&§ﬂ"9egél?8?S%|%FP%££iﬁql ISald

conductivity isetendorimgaflpbnr| ilageand dnde aecberst ngdubarbiohaydr sapimd at

| east one fOU&EQsh”§HééﬁéHo£f@é?éIOV%B Ebﬁmti%fféésQSBhéteﬁeh 2NEandAND
wherein material for the thi |nsulator | ayer glfferent than materi al

for the secon§*BAgct Ak #%ﬁﬁqf?lﬁﬂﬁEPQPoP | SRE¢ mﬁﬁﬁ dEF VAR % pat tern
correspondi ng to atd)easdpamict inigr st akeveleasft. hi gie el ddghi ca¢leondisstli vity

vi a-plug over cbhauéemw Ravbat 9f kaYSorm( QQaJ.%ﬁCIfJﬁEBd alb¥eft ohi Nt |east
a portion of the fourth insulator |ayer, and | east .a portiqn of 'the

third |nsulat8#9F5§é?altSoFﬂFﬁFbﬁlT%aé?t?ﬁﬁ?qﬂﬁgﬁﬁﬂ@ fget ¢ i3s3 | east
a portion of bbeléasstoﬂennﬁennhghlghchlenatlaxﬂle@endacpontigm of said

i nterconnecti @n Ling; 4 ]féi'ﬁﬂcl%‘atl' @gna&ctfaﬁéy q@,%e%enn@é@féﬁlmle is

conductivity mat eri al > ormthe first [evel ﬂ el ectrical
conductivity 9Pade%§tvﬁ?WﬁQFqI%%tQtaFeég?s%ﬁ%fﬁﬁﬁhP g TR 2 ) east a
portion of thei&tpsig)evel of high electrical conductivity via-plug is in

direct contact witheat l&ast,d-A95ti @BpEid Ry fi ket heyst ofndi Ghird

el ectrical conductivity interconnéction_|ine
insulator” layer over said flrst level of high electrical
conductivity interconnection line and said second
insulator layer, and at least one fourth insulator layer
over said third insulator layer, and wherein material for
said third insulator layer is different than material for
said second and said fourth insulator layer,

(f) defining a pattern corresponding to at least one
first level of high electrical conductivity via-plug over
said fourth insulator layer,

(g) sequentially etching at least a portion of said
fourth insulator layer, and at least a portion of said
third insulator layer, to form at least one opening and to
expose at least a portion of said first level of high

electrical conductivity interconnection line,



(i) sequentially depositing, at |least one fifth insulator |ayer over the
first level of high conductivity via-plug and the fourth insulator |ayer,
and at | east one sixth insulator |ayer over the fifth insulator |ayer, and
wherein material for the fifth insulator material is differen han
material for the fourth and the sixth® nsul ator Iayerfb(d)ﬁﬁéﬂ tng a
pattern for at | east one second |evel of high electrical conductivity

i nterconnection |ine over the sixth insulator layer, (k) sequentially
etching at |least a portion of the sixth and fifth insulator layer, to form
at | east one opening and to expose at |east a portion of the second |evel
of high electrical conductivity interconnection line, (1) depositing at

| east one high el edtxi c@pogdndngt i vitty AaR®ti aloreo iR t helsstsadalevel of
hi gh el ectri cabnd@ndiuatdywi hytditaar cenestm oBaldngiwisthivevdile @t hegst one

opening, such, {hal, Alayl €3t RO L] OPs ST 0P SRFARD che¥elcOf oL gMone

el ectrical conductivity interconnectionlinme Is in direct contact wth at

| east a porti PLHINGhSUGH dthaki g epest ri cRPrdeid@dt isdiify frgtplagel and

t hereby formdég tAghnuélédenielalhi gbn@ladtvitgal vionduet | vt yid ntiereonnect i on
on the substialadd ¥ely 0Pt hELaLUG! NR38RCG! ddie | ANt DL, LOMBE | Ses a
process. of form ng nu fl?evel I'gh el ectrical conéhc;|V|py i nt erconnecti on,
conpri sed of Wigh BlgFtaigal ¢OnduCN VAGY4 invareoRrecioitiedti™én |ines, on a
substrate having ati) easlueneigxppsebpmialihyc vat- pldagtsubneundedeipy at

| east one i nsul al O 1,846t DG, PrOCEsS ¢QUPE LSLN% 4 G gl %B?xdm:i:i'('f%
sequentially dép05| I'ng, at Pé&st®>Gne first rnsul ator l'ayer over t %
exposed net al Via RAug mindgsahd foerBubgerdasor ahry st 19@8sftoh8agkcom

insul ator | ayeix«amsulatbirr shyéNsdileait eaibayefth antbuleoei Dagarerand for
the first NSHALON | ANPEcl ) dicbleraly t PRPARLAELRRLEL! ddiR 3850NEs
?ﬁﬁ errning a pat or a first F f high

i nsul ator |ayer, attern ] evel of, ‘
el ectrical cohdtfanant ythan emebemictk | 6o ofeidt eusERordd ikt B xthyer,

insulator layer,

(j) defining a pattern for at least one second level
of high electrical conductivity interconnection line over
said sixth insulator layer,

(k) sequentially etching at least a portion of said
sixth and fifth insulator layer, to form at least one
opening and to expose at least a portion of said second
level of high electrical conductivity interconnection
line,

(1) depositing at least one high electrical
conductivity material to form said second level of high
electrical conductivity interconnection line within said
at least one opening, such that at least a portion of said
second level of high electrical conductivity
interconnection line is in direct contact with at least a
portion of said first high electrical conductivity via-
plug, and thereby forming said multilevel high electrical

conductivity interconnection on said substrate.



(c) etching at least a portion of the second insulator layer with a first
et chant such that at least a portion of the first insulator |ayer is
exposed, and etching at |east a portion of the exposed first insulator

| ayer with a second etchant so as to format |east one opening and to

expose at |least a portion of the nmetalQic via- plug,1a q# ngq mat eri al
for the first and the second insulator is chosen so 'as de nutual ly

excl usive etching behavior, (d) depositing at |east one high electrical
conductivity material to formthe first level of high electrica
conductivity interconnection line within the at | east one opening, such
that at |east a portion of the first high electrical conductivity

i nt erconnection | ile Ststliln wéitr @motbent agpedk t khbt It ignp@ompaased t he
met a: lic v: a-l ugxo(:e)sﬁse]g@snt iﬂiﬂm}ir@EPQﬁdIﬂlﬂlgsveat Ileiad|§rt oRrAQ edtiridal

I nsul ator 1ay ver. t ] .St I I C td VLL
|nterconnectf%% F%évéﬁ €§secon%cF%suratonﬁFgg%é cgnd& quféétan

fourth |nsuleﬁQﬁeq98¢@PC69€P tLhBeEhi PR ?n%%#%&ﬁﬂtq HPFENIaAY %ﬁé?élﬁ“ﬁaterlal
for the thirdipisedat aethayet |¢iampnh@re@mrﬁ$uunemat5y|ah:fa@a@he speond and

the fourth In3uhatar,! 3usE: (L4,8500ida aohakiern, o3 etandiag to at

| east one first leve rical con uct | over the
fourth insul ator KéyerSe@g?“Eéﬁl&%n|4ﬁH9?1éEEEvngF%u 4%9§§t Qnﬁorfﬂﬁﬁtof t he
fourth insul atmemlagper 1@& abvdicassid prpbésed pétdiwid hvid-pnsyl ahar

| ayer, to forglﬁF*%%’ ne openi ng fngséoogépgggoﬁé £S$|on€?Poi£Y%n of the

first |evel rlca conduct; vit erconnec

deposi ting aPVF€a§P1§nélﬁﬁ§hl@FééPF?Ea}ar%mﬂu%Fivﬁﬁyeﬁat@PFarlﬁb f@¥n1the
first level cfail gfhxelteqhehqahogomaly@fiyé tyi fetepUghwht RaBet D1 atot east
one openi ng, _such that at QL on of the first level of high

el ectrical cond&cfl VI d lnsu %%69|§g1n'dlrect contact with at least a
portion of the fi K?t) Ié?éinb'f*g higiPagiteerr ifen toAdteti veveli mierkbdhecti on

li ne, 19 JANe28@4ci2e dondudepostyi ngtatcdoasdt ione ditegh € Bt s&€6hd
conducti vity ;nat.er k%l §X§% the fourth insulator layer and the first |evel
of high el ectrical ¢on Ivity via-plug, such that the material is in

el ectrical contactcw t fegeenehatly gohingn agf lepetf arBerhigh ef es2¥d cal

second insulator layer, and at least a portion of said
first insulator layer, to form at least one opening and to
expose at least a portion of said metallic via-plug,

(d) depositing at least one high electrical
conductivity material to form said first level of high
electrical conductivity interconnection 1line within said
at least one opening, such that at least a portion of said
first high electrical conductivity interconnection line is
in direct contact with at least a portion of said metallic
via-plug,

(e) sequentially depositing, at least one third
insulator layer over said first level of high electrical
conductivity interconnection line and said second
insulator layer, and at least one fourth insulator layer
over said third insulator layer, and wherein material for
said third insulator layer is different than material for

said second and said fourth insulator layer,



conductivity via-plug, (j) defining a pattern for at |east one second |evel
of high electrical conductivity interconnection line, (k) reactively ion
etching the defined pattern to formthe second | evel of high electrical

conductivity interconnection |ine, an t her eby forniggﬁb&ﬁ‘zﬁg%ilevel hi gh
el ectrical conductivity interconnection on the subs : ot her
aspect, the invention conprises a high electrical conductivity

i nterconnection on a substrate having at |east one exposed netallic

vi a-pl ug surrounded by at |east one insulator |ayer, the interconnection
conprising: at least one first insulator layer over the exposed netallic
via-plug and the substrate; at |east one second insulator |ayer over the
first insulator |aydr, ARELBIRY MRIRAGLETIf 6PTTRRPINGiY tAsaFaterst agme i s
di ff erent thantittericale1f @i Ulh@hSéQ@BdricEES]mcair@ﬁJdtay@Ey Alatehsd SNer

opening in at J r cond insulator layer and at |east a
portion of theeﬁgfgfﬁfﬁgu#a%% ?Oé y%?é expose at |east a portion of the

metal lic via- plug,(a)flﬁgﬁu?ﬁﬁ%ﬁlkﬁ Qﬁqﬁhnéléétﬂﬁééﬁ TopRItictaviety smikri al
within the at feeash ansulperirng.aysuch driatatat 1éeastaappetibnn orf ddies hi gh

el ectrical conguehi YLV IBbET] fled S donellhogt BlLAYt phoalpgonhacingtd at

| east a portion of e net I'n yet anot
i nventi on conpfiPees ftulessleval H‘Hr&HOQI ot r?%‘fﬂ Ebftuctevetyof high
|nterconnect|(yle@mracsmbeém@ﬁdxﬂumuyngnaéréﬁnﬁﬁcﬂmma expesed netal||c

vi a- pl ug surroundethy g& pnsulater |ayer, P%gﬁ |rgfg§ tion

conprising: at |east one su?atorﬁ ayer over exposed
~via-plug and Fﬁ@dgﬁﬁéYféYe“mé?rF%bsﬁooﬁ%uﬁbdﬁﬁﬂi|ﬁ§ﬂ¥htb?v¢hy€f dVéﬁlthe
first insul at @lekayeeal Wwheh@udt IEltST ivdla-pRiugt RetHin HaildiHt aledist ayRr 1S

different thapigtgpiakulfr Al SeCld Dsubato,! 8y elysdled ast Q0

opening in at feast & portion of thHe second Insu 4y er and east a
portion of th@ffl?éghlﬁ%&F&FéFalaf@@dpété%b@%evaﬁ Pbﬁ%tlé pbRt iHirest t he
netallic via-pbugact ¥WthAd 2084kt a portion of said first level of

high electrical conductivity interconnection line,

(i) depositing at least one high electrlcal
conductivity material over said fourth insulator layer and
said first level of high electrical conductivity via-plug,
such théf said material is in electrical contact with at
least a portion of said first high electrical conductivity
via-plug,

(j) defining a pattern for at least one second level
of high electrical conductivity interconnection line,

(k) reactively ion etching said defined pattern to
form said second level of high electrical conductivity
interconnection line, and thereby forming said multilevel
high electrical conductivity interconnection on said

substrate.

In still yet another aspect this invention comprises
a semiconductor substrate having at least one high
electrical conductivity interconnect, wherein said

substrate comprising at least one  p/n junction in



12f a first level of high electrical conductivity interconnection |ine of
at least one first high electrical conductivity material wthin the at
| east one opening, such that at |least a portion of the first high

el ectrical conductivity interconnection line is in di rfstfﬁﬂtm wi th at
| east a portion of the netallic via-plug, at |east onel #h [ lfator

| ayer over the first |evel of high electrhcal conductivity interconnection
line and the second insulator, at |east one fourth insulator |ayer over the
third insulator |layer, wherein material for the third insulator layer is
different than material for the second and the fourth insulator |ayer, at

| east one cgghiipAdcsRRR with ahmetadlic ;@ia-ﬁlﬁ?,sﬁt RaftObid BinstOfnsilRr f19Mr tdver the
i nsul ator layer and at |east a portion of the third insulator layer for at

| east one fsanzigondugior selistrategind shsewndingthe dustdnetelligiviarphugaatdeasya aprioatof peast
g . i e vee .
T e ®oxposicas e Hrat Tl oP high ddsit SRR okokoetion B GREEE M@ The

conduct i vi t firstrahetallic ntisphugn ivedetéiorn kécoad amd a ritied) issutadon hiyer ¢ nwercthe ofirst

structure conprised of the firgt |evel of high.electrical conductivjt
ol ool g anobler 8B ard SyEngs the fFetdeuel oiFelefo Bl ey ne, at Tekst o

| nt er connecpeér@ibn bf Aedd bhd Secbh®ledtl 1€kl HreBMRINIDA in SohEdLt Widkith@Firdt @38 a
portion of the high electrjcal conduct|V|t{ interconnection via-plug is in
A

di rect cont eleetriggltintesgonnection linepthraughrat deast pre highreleqtideal coaductivisy aieplugi t y
netal inter CLi | i I ] t | | | ses
il 1 evel TR ot Bkt o Brn B XS AR HDES: BPARE ovel HE HINSHLLIAG BREPHIS
vi a- pl ug anshriounhds denseeond devel ieleetricabintercenrestiomidehand mdrertin leacts tdjoméng

[t or connecePUReE e Rt Rt BaBial Hof nerdS orBie she P EploctFmbols

exposed metdvingCatvéat QxhdllﬁFHBIéctri&QI cohaaétivadyanteftonhédst one second insul ator
| ayer over the first insulator |ayer, wherein material for the first

insulator layer is different than nmaterial for the second insulator |ayer,

at | east one openyIARMRP aipaet, fle mFafoncoRfiistL R Pfﬁce&é"@f f‘(ﬁhﬁiﬁ' }:ugh \éie@tf'ri%gl?g’

a first level of high electrical conductivity interconnectio ne o
| east one héqgiduetidt interednneesivnum 4 subtstratediasingat lesist denexposecametallizsvia-phug

o ect i cal Soiutae B ey CREbadinsylAe B B iacs e PRPAHPR R itee wi e ac
| east a portion ofa) sdymenciiliyl dépositing-$ol legst oak fisashsutiier ladyer dvemehiel @ipoked
: ayer over ; Qe [ r.s:[ | Sve] ol uFi %%lrl %Ec Ega(s:ta(l)necsoeggﬁjcf }rlistlllia%g; lil netr%rvgro Blgeffrgti on
ine and t Haelicovia Py the supsiips | y
insulator layer, and wherein material for the first insulator layer is different than material
for the second insulator layer,
(b) defining a pattern for a first level of high electrical conductivity
interconnection over the second insulator layer,
(c) etching at least a portion of the second insulator layer with a first etchant such
that at least a portion of the first insulator layer is exposed, and etching at least a portion
of the exposed first insulator layer with a second etchant so as to form at least one
opening and to expose at least a portion of the metallic via-plug, and wherein material for
the first and the second insulator is chosen so as to provide mutually exclusive etching
behavior,
(d) depositing at least one high electrical conductivity interconnection to form
the first level of high electrical conductivity interconnection within the at least one
opening, such that at least a portion of the high electrical conductivity interconnection is

in direct electrical contact with at least a portion of the metallic via-plug, and thereby

forming the high electrical conductivity interconnection on the substrate.



at least one fourth insulator |ayer over the third insulator |ayer, wherein
material for the third insulator layer is different than material for the
second and the fourth insulator |ayer, at |east one opening through at

| east a portion of the fourth insulator |ayer and at | east a portion of the
third insulator |ayer to expose at |east a portion o& gh fiir | evel of

hi gh el ectrical conductivity interconnecijon |ine, %@W of high

el ectrical conductivity via-plug of at Ieast one high electrlcal
conductivity material within the at | east one opening, such that at |east a
portion of the first [evel of high electrical conductivity via-plug is in
direct contact with at |least a portion of the first level of high

el ectrical conductivity interconnection line, at |least one fifth insul ator

| ayer over the filpst y¢tefu€her<ﬁ5p¢ﬁtgqhed@ma@tl iCQMpLises aapmce@ ofrferming multitevel

I nsul at or ll’ﬁéﬁ reiec\%i]cal %@E&ucﬁog ?%F&Pnﬂé?:ﬁﬁxll %%Oé H';]@Yrﬁ{e m:eagt' (gr{e exposed

i nsul at or ereln nat or t |nsu nater|

di f ferent tmauallrcavle-lpilwg siroruntére by atildakt emedinstlatos ilagten, ﬂlﬂ&pllbmﬁ lcoxlnplyﬂng thaet

| east one eni ng through at least a portion of the sixth and fifth

I nsul at or §P6°’r to expose at |least a portion of the second | evel of high

el ectri cal conduqra) \cgec;menum;ea@pmnﬁfgt aDleabi O fitst SRGMAREr e loverl tHél &lposed
el ectri cal conﬁuct Ivity interconnect |3 tkl ne of at |east one hig
9

el ectrical BeAdigcYiRPUgandathe spbiiralg, pad ot {east ene Jesenrd inshlatas Jayer myer thedist hat
at |east a 1HQJ15€0?[1\X e, ah@%vh%%ﬁ?ﬂﬁtérﬁl’%r R fifk gx%uﬁalt(ﬁ'clta&érqghlf?e‘?giﬁlfﬁ&d ?tte}'iﬁl
t a pOI’t Ion O

i nt er connect i on e’lis in ect contact Wt | 'eas
first high fet‘étf;tSﬁcmnlllnsdathchlvl ty via-plug. In yet another aspect, the

|t or connect on,  CorYIU rPGE oot sl | VA bR |5 crhccondypfity

substrate hatekagmedudnmfth@@ecc@l&ﬁmomy@[ lic via-plug surrounded by at
| east one insul ator t he |nterco necti on conpri si ng: 19 J 20 4
12h at |east one # ?tghmg ﬁ%@ﬁ%@d}omwﬁr thegreond Hsulaigs davsa Witk aafirst etc@ana

and the subtﬁatraatl@ast @bohi%ﬂ&;f tHé‘ﬁrs%%ﬁf&@or'lﬁ'y%”lﬁéﬁfosé@)éﬁﬂ NSl 5th€asft hrp%}uon
i nsul at or wherein materi al first insul ator Iay

di f f er ent t‘ﬁy ihe rrxpesadafirst ansuldter baeferowelthu mmcmﬂocrtcha@y ép,as to form at least one
opening and to expose at least a portion of the metallic via-plug, and wherein material for

the first and the second insulator is chosen so as to provide mutually exclusive etching
behavior,

(d) depositing at least one first high electrical conductivity material to form the
first level of high electrical conductivity interconnection line within the at least one
opening, such that at least a portion of the first high electrical conductivity
interconnection line is in direct contact with at least a portion of the metallic via-plug,

(e) sequentially depositing, at least one third insulator layer over the first level of
high electrical conductivity interconnection line and the second insulator, and at least one
fourth insulator layer over the third insulator layer, and wherein material for the third
insulator layer is different than material for the second and the fourth insulator layer,

(f) defining a pattern corresponding to at least one first level of high electrical
conductivity via-plug over the fourth insulator layer,

(g) etching at least a portion of the fourth insulator layer,

(h) defining a pattern corresponding to at least one second level of high electrical
conductivity metal interconnection line over the fourth insulator layer,

(1) sequentially etching at least a portion of the fourth insulator layer, and at least

a portion of the third insulator layer, to form at least one combined opening for at least



at | east one opening through at |east a portion of the second insulator

| ayer, and at |l east a portion of the first insulator |ayer to expose at

| east a portion of the netallic viaplug, a first level of high electrical
conductivity interconnection line of at |east one high electrical
conductivity material within the at |east one openina JAN 0084 at Ieast a
portion of the first high electrical congyctivity interconnection line is
in direct contact with at | east a portion of the netallic via-plug, at

| east one third insulator |ayer over the first level of high electrical
conductivity interconnection |line and the second insulator |ayer, at |east
one fourth éiesitselefs] If RV cl@dtREal chRIuchyite vialsitig addPat 1bakY 6fie scdbfd Rivel dTadig i al
for the third insulator Tayer is different than material for the second and
the fourth ¢laetiraliconduciivity mefal ingsgeqnngetionoliegiangd expesingyAt keest| petion ofdhe i on
of the four , : the third

I nsul at or I%{%Ealre%wﬁﬁé{ elL&)ﬁ@%l CPﬂa%ttl@gy 'ggeﬁltlrggrcgﬁﬁetcwﬂ 18%st | evel of high

el ectrical conduct) depoyitingttleasirome dlighoeledtiica, coadlidtuvﬁty intexoehnextiohit@form an

el ectrical c nduc IVIt I a- pl ug of at | east ope, hi | ectrical )
Conduct | vi t SraReRtes ridlerdmbeetioh: piclire  tomprilOb Jafits: Tt ot M slectricak: a

portion of édhﬂuéti\fi@twb-%li%l arff thok&dng &e! bf Hl%h efée&map&dmauwwvy ﬁn&b&ﬂxebﬁod n
direct contact with at |east a portion of the first level o

el ectrical danyithin thetz}r Ipant one apgwiag; sieh| thaleat lgast| % pettiopred ﬂhpdnglwbe@tmabal
conductivit S y

of hi'gh ol eRrRREfit O Eheli Laibe i BoRIEL RoploB Biin WD i of B
el ectri cal hightkctrical (tdmdad;tmmyaad:ta]anmmmlhmtlonﬂmchmduhemby Iﬂdngﬁng treahuliibeak]
conductivit a seco of hi. h.elec ric conductivity
i nt er connec lgla)ﬁlaef:{aﬁ@lg don%'i%wjtl( - E glﬁ?t B¢ BRy “%ﬁf:a IHRAW NGS The
features of the invention believed to be novel and the el enents
characteristic of the invention are set forth with particularity | n the
appended cl ai ns. Mh¥etganofes fartheroasnset, ithe imenton ¢RMPLISH 8 cRroegss yoia

not drawn t B r e { Saddn
the draw ng@uﬁﬁﬁgﬁllﬁven%llagﬁ@t g%n(ﬁlbﬁﬁfmg%féoﬁgéﬁﬁﬁ 0 }gmgéd(:ontf ?gat ﬁlﬂ [lg a.dd
met hod of opteresminestionnlinesy et abgibstrate r latvired ab)leaStsfompemp@SQd) mdtéhdevladph@j
descri pti 0%&%}1@%&‘@ a{tqwﬁt Br?elﬂﬁghlﬁtgr &9911, 'I.’H%Cﬁrbgegs )%I%Bn}que th%cs?e%”%%nyl ng

drawi ngs in

(a) sequentially depositing, at least one first insulator layer over the exposed
metallic via-plug and the substrate, and at least one second insulator layer over the first
insulator layer, and wherein material for the first insulator layer is different than material
for the second insulator layer,

(b) defining a pattern for a first level of high electrical conductivity
interconnection over the second insulator layer,

(c) etching at least a portion of the second insulator layer with a first etchant such
that at least a portion of the first insulator layer is exposed, and etching at least a portion
of the exposed first insulator layer with a second etchant so as to form at least one
opening and to expose at least a portion of the metallic via-plug, and wherein material for
the first and the second insulator is chosen so as to provide mutually exclusive etching
behavior,

(d) depositing at least one high electrical conductivity material to form the first
level of high electrical conductivity interconnection line within the at least one opening,
such that at least a portion of the first high electrical conductivity interconnection line is

in direct contact with at least a portion of the metallic via-plug,



13 19 JAN 2004 Figure 1, is a cross-sectional view of a nmultilevel

i nterconnection pattern of prior art, depicting a plurality of nmetal spikes
caused by the process of the prior art. Figure 2, is a cross-sectional view
of a substrate having a plurality of sem conduct or deyli gejmmi cC via
studs, which are substantially planar with the insul atlo r 1 forned
by the process of the prior art. Figure g illustrates a process step of
the present invention where a thin layer of a first insulator and a thicker
| ayer of a second insulator is deposited over the prior art structure of
Figure 2. Figure 4, shows the formation of openings in the first and second
insul ator |ayer C{E) SquertRilly. depsitad) @b Ragtlonk @kigd indulatdi 1dy@R o0ér the Girstkdval of C
via stud. Figure shows a cross-sectional view after a first |evel of

hi gh el ect rhlglwele@tm@h@@mdncvyltmtatcomace% dinacand; tha saeandpinsplates Jaxar; and at

i nside the

| ayer of a l'? %‘?ngl nsu lg%lglr%gnﬁer S ethﬁdllggﬁieare&ow& %ﬁp%hltelh{r)]@lﬁ :ralta gfrotrz?%éc])

t he pl anar ithizd irisutagdr lbygerad diifetent ﬂmnmmtd:rlai) rﬁortihe seond afd therfewr?h irshlats l4yee

sequentially etch vi a-stud _and second. | evel .of hi condyct i vit .

i nt er connecti on p@tgeél iR 2 Pattern CORFesRRAing 19 Atdedst Ogggﬁgqﬁ% qilm%ly%lgﬂrml[ ure
of the i nveﬂ,hum“@@rmg pﬁjgﬂﬁrepﬂleﬁblﬁ-ﬂﬁfnbmmrla\ﬁ@r | evel s of interconnection

| ines and via studs wi thout any netal spikes. Figures. 9, 10, 11, 12 and 13,

show anot her enbd& ?Fé]#tamb%ilﬁel*@ﬂigﬂté?ﬁst a)ﬁomﬁepé the tquish insilatgrdayesy andcpt lgashout
causing el ef%&’tlﬁfillof #HeQhird 1ﬁs§lz’9&1 19%{' t%vf%hl &t Fe%&trdtﬁ%geféﬁgtaﬂﬂ‘?é exX OnaPletagt‘%

process of this invention ustrates r 6Ss- sect Vi ew
ei ther of tpvetien ofithe firs lofel 6f lyghelemtcalasfméucté/iqydnte'r@nncn‘tionthei nsul at or

oae Daon 19w 0 o BT Rsistg e et BheShigf il BondERT hlatielal o RORLARORRT L

i nt er connedevel rbflhugleeleantal rcﬁﬁdhdwlty vidsplug avithin ehepdt A6436 Bne DE&Fﬁhg, skkh that at
DESCRI PTI OF THE, | NV [LON T h gﬁprt |n{ erconnecti,on techn

ie
convent i onaf$s)apeEiq ¢ Bpst éfrve egticak ePndURVIEoYE- a.ls{gswt%?iae& coptact

They al so agfh gSlesdd Q(rgybrtid?ﬁﬁ’lthé ﬂfs?fe@@l %h élb&fgal cORBRSEVILY %Ercbﬂﬁé%ﬁﬁﬁ’ HH@Ct
lines are then oi ne hi conduct i vi i nterconnection [ines, such

for exanple, I(i)rﬁ@qumnaﬂh dclsosamgaahhegqﬁ ene fifdiriasulatonlayer aves the fitgs ] levsh@fh
as, tungst erﬂgﬁ”cgn ety vENRub 86 e BLARIAARESH By End B EBH e AR T O

theNIlllne usua O-Si | ate ass
via-inter cdayaecdvenrhetfﬁttvmeuﬂatolnéayfer raati Whegahn mmdwcttfmwhe Yiftieinahlator reaserialMis)

and the nex evel of hi cQ d such as, for exanple,
M |ine, s‘}gj?’@f“e‘ih%wtfi‘?‘gg@r et g}t?eg ﬁé‘hs“i% AHdB¥si vity metal instead
of tungsten. 195 fibing0D Batfers E&Saﬁ 'I@GtcéﬂeOsl’éc&ﬁH Ry fehigp bleb@itaDéonductivity
mul ti-Ievel |nterconnect|on of the prior art is shown In Figure 1. pn a

silicon sudgtereongectiyn H’é\ﬁVE’e@eéW}bmﬁu}ﬁ?ﬁ&Yﬁbns 12, are fornmed. An insul ator
layer 20, is then k§ %ql 2 i ShicHifeatiehe h Op%htonlétthaeﬁtw&tdtﬂﬁms%tma é‘fetohods

interconnect or stud 2 are f . Anot her 1 nsulator | yer 30,
i s then forford abJesst phe opering andito lexpase 2 deastheporticsuphither sdcayddevad of hight hen

etcheq end qﬁ&?n@a‘f%%&@ﬁv éé?““%g“&nol orminterconnect or netallic stud

32. Simlar nsu %0 are formed and are subsequent |y

etched to for m :c r(l)&tep@ﬁﬁ@g:gtsledb?oféﬂighlettcﬁ&al ¢diidgét?x?tynﬁ@tbr1212to fémfheflsgcoﬁlhort
i nterconnects .o { st en mke gontacts to | on cont acts
Typi cal |y, SVGII|Oﬁétlglibg‘ﬁﬁPF%‘é‘d’né‘FCttVﬂWatﬂ‘ietﬁ%%‘??alofl|1tn§r}t”§tm ithe plyleast Ong OPENIAG: t he

di ffusion cQBhamht at least a portion of the second level of high electrical conductivity
interconnection line is in direct contact with at least a portion of the first high electrical
conductivity via-plug, and thereby forming the multilevel high electrical conductivity

interconnection on the substrate.

In yet another further aspect, the invention comprises a process of forming

multilevel high electrical conductivity interconnection, comprised of via-plug and



I nt erconnect 32, which basically conprises of tungsten via-plugs 32,
connects interconnects 22, to high conductivity interconnection lines (M),
such as, interconnect lines 42. Next, ML lines conprising of line 42, are
connected to the MZ Iines conprising of line 56, through V|a plug or

i nterconnect 52. The via-plugs 52, could be tungsten, P %QHPT
desirable that the via-plugs 52, are nmadg (?f hi gh electrlca con ivity
metal. This is desirable for two reasons: firstly, to avoid the presence of
dissimlar nmetal between high conductivity netals lines, such as, lines M
and Mz) which may inpede netal atomflow and that may cause

el ectrom gr igtdré@shnkedidn! lifes, a6H aS SGtRGeleY haiRg ab 1045 SéneC BfposE@ ihdllicasial gy
via-plug 52, and the M- i nterconnection |ines 56, can be S|nultaneously

formed by dimsrouadedbyaideastennivaulator daysn theoprosess comarising theswemsofi s t aught by
Dalal et al. in e 19
JAN 2004 of the lt‘)ﬁgseutg I n@e%ogﬁl g ét ﬁ%gt d]?és?i %gﬁg'gétg tl%kﬁlr g’ﬁ’ét g{é QXPOSJ&

i ncor por at enhetaﬁrcevibgpluga&mi thecsmbsthate,tand atl denat omnsecond nsdlatordapdrug sy theeﬁmt

I f th hcal |y f
 noul at or 1 By0Aor iyef g whelERimglielt BPE Breodos R Ty ciind A RlehlP '

then reacti f(glthe geem(eﬁlgllﬂgﬁbrl@ef orm vi a- hol es i nterconnection |i nes or a
conbi nati on of via-hqgle .and interconnecti_on nes in.this insula | aye
Liner materials c& f¢EHngea gpisen ¢ &y angrstthéﬂ"ﬂes‘tf bigh rfleqiealsc @‘?‘{“FF‘é‘gbbhes
can then bemftér&grglgctmrt(pvegﬁ{eagegondngﬂg{gpg?& nmetals fromthe field regions
can be renoved by chem cal - mechani cal poli$hing. However, this prior art
met hod has a probGCQmemgfa@lemstr@qmombf thpisteong insulatordsyermethna figsh elchant3uch 44

and on mot 4R §4 d % p0RTorr e s MTC, R Ehfishl 99 elchin AR Y ngrtin ¥
m sal i gnmenst thei esposed Yirst np§dhtos Paye svithda satendf exchad smﬁltd/lfcﬁnﬁ'&tuq’@st‘lane do

no.t fully land on nmetal interconnects to,a variety of, reasq

such as, duBPHIREAN ©SKPRieAL frast appftion P?ﬁ’Féﬁ%ﬂlc i plugsandcuhiersin majpra 7ok med
when vi a- st (yd<irdandie rb@&orfdutlnktﬂat'oﬁ'ikdclﬁﬂeﬁr% ab to BP&IM@&’&%UZ e%@lus%eetéh%g?‘
vari ety of reasons, such due to a m salignnent Anot her reason for
this spiki n@ehaglor,hat duri ng etching of holes for via-studs an over-etch is

Toi's over - ot chi ngly et s HcKP TR Eleh SR SoRucholS ARG (A el

formed, andlewvtli afthigh tlendizaldemduttonigyr mis:rctdmﬂemdinel within théat least amdmenmgt h,

such as, the d or |nter nsequent | net al i.kes 34,

2 ana b "l B s, et et SR Bh e i RRM Sy e BetiaR I s o

Wi th the meinaliecBSonfaRk &ithla Blaktya I&ﬁﬁ@n bﬂhEhﬂa!ttﬂBc ¥ia-plud9 JAN 2004 These netal
i are the cause of: time zero

spi kes, such as, taI sp I‘(é@‘fp §l'h(19

yi el d degradatio Efélu%tlaé Y PW!%’ aéf'f-‘éﬁttonﬁéb%gﬁ“@ﬂird%ﬁpv ¢ first hewehed
metal wiring h'e'[&?mca?%@ﬁ@dcﬁklity 1ﬁ‘t’éfb‘dﬂﬁ’ecﬁ6§6hn%5anda§1e5§39(‘/ﬂa iBulatodUagerland bt t he
met al spi ke § eep or |ong enough to contact viastuds 32; ( ) has an
exposur e t oleps Ioilalﬁﬁ)lll’ﬂt ipstlagor layer eves thothindiasulppelatien and whresifemgteniel for éhe by
cirou f per EORIRAAR jabdi T iefherh el iMe BEFCR a0 rteror By o
the adj acent |ined) defising atpattmdwr&dpmdmg tgatbedstvoan ﬁrkteleaeij afdegih eleciesl
Anot her mani f est at.j on o H‘Fﬁm art darriad ene process is the substanti al
reduction of°PPRENYIH; R OVSF Ebivity netal |ines overlaying
tungsten contact @) yéfuen@dlyifetifg Meés@a?bﬂiéh%flhe foRith lﬁs*ata@dﬁn?e? ArRICH fdakON
substantial |y reduces electromgration [ife time of high conductivity metal
i nt er connect PerHon ok ke thindviespator laxerotadion at deastanenpeningtanil iy expesent least a

si npl e and sequences of
ot oceas ot cptipn BLE et BERh el KGRl SRRcchectMn IR, 2 Mt - ar e

i mmune to msali gﬁhhﬂanSIt}ng‘ atdeasb bnel bight ededticad cnmdtmtivitpmmnal @ gonmi thienfinst

i npact on cro if.ance test d wi th del eteri.ous

ef fect on eegct rglﬁ@bgl ftfl(g% do?‘ﬁ'é(gtvht\’/'emp @lﬁith ?etetF?sé Op% PRYHEE: tSBEthtg}agPt
filled vi asleéstlaqyomatgsﬂthalﬁdst%\tehﬁf hifghleleedwar cardttivigt viuglyg Btis dédetaonduct or
| i nes on asug ate wher e H% |n erco I’]ECtIOI’l|II’l€$ on different vertical
level s are Wi 24 @ Roytiop Hst eé(eb"? ighyelgetaicalcop ‘é"t‘IVéWé‘FtETCOWFé“PM‘B?rtl on

nore particularly relates to i nprovenents in sub-half-mcron
i nterconnections utilizing



19 JAN 2004 an inproved doubl e damascene nethod. It shoul d be understood
that the invention is not restricted to any particular nmetal or dielectric;
al so, the vias and conductor lines may conprise of same or different
nmetals. Furthernore, it is well known to artisan in the igaIJjANq?Qggetal,
as referred here, may be a pure netal, an alloy, or may De conpr of

| ayers of refractory and high electrical jgonductivity netals or alloys.
Referring to the drawi ngs, wherein |ike reference nunerals represent the
sanme or simlar parts throughout, and nore particularly to Figure 2, there
is shown a crosssection of conventional sem conductor structure conprised

of various devi ce(ira@éposfiing @ MNehst 0fé highnélecteiodndatiGetiitynmhtihl Svertthél Foudth
typically tungsten with underlayers of titaniumand titaniumnitride

(under | ayer&syator dasnand the Hrstdevel (of dugh elgeirigs] epmduetiviigsviaplugrisuch gk the

I nt erconnec  ; V1 as 32, f.or b of
or or art atergh 1EH bt Gt e ot ke £ pfRfor K AL AT BLHOEL
30, defi ni ngpnidhetivatyoria-plugt er connects and via studs pattern are deposited on
the surface of th ibstrate, 10.. Basi cal | an, | nsul at.o ayer. 20, is .first
opostt ed. —pl anar Dy SRR PHAG SRR QETEAR SpoBict Ial oEieh eleksiah poigupByity

met al i nt erggpambstionNBieal i nterconnects 22, are then formed in the etched
openings in the insulator |ayer 20. Subsequently, an insulator |ayer 30, is

t hen deposited andf) spastvelyson stchingethgdefined) pattarhto ifprma the pesend devet of bighhed.
In order to e 4 ansh LC t r o [

done and \/\h%ﬁal?ﬁ% ?cﬁl!td gﬁ:‘g{ nglé% rretegF &?gﬁg,eg%%ﬁggg%r{o?ﬁggg}ﬁghxggﬁg%}ggih;% in
t he i nsul at@ecttiealeond@tivigy intereonnectioron thersubstrag?, with a spike 34, in the
overetching portion of the insulators 20/30. 19 JAN 2004 The excess
materials fromthe nmetals 22 and 32, which are deposited in the insul ator
llayer 20 and 30, Jar ansthe\askct,stieh id&ntiby Ongpriseala Migh aedtiadal pednidabiiviey
nmet hods of prior art. It is preferred that the top surflil(ées of the via-plug

22 and 32, PFEIERRGUPN QA gubsiiste Baving alblsast pne £xpser ingipliifevigubug Wiforadd of
surroundi ngyy AEBERS ink@AARE Fay€l 1R 1P QnnE&RIROpYiging: The insulator |ayers
20 and 30, dre typically deposited S Oz layers. "The spi kes 34, are forned
in the via-plugs @2easinghenfirst dnsulgter fyedeven thei exposed fmatallic ofia-phigaand the
thi nni ng asgjtpoul d be in a metal conductor line; also there is no netal
underneath to 1?or’m a short. The next step is to formhigh conductivity

met al i nt er connecitileast ofthsecpndmsslaton fayeh beerithe first imsalater laydruwherainadaterial

beginning wth Figure 3. sh i igure.3 .a first layer of insulator

30- o uch astor e rdtihir (e Al shardbhEeln? e shend RAOCBIRIT | i ng

MyO, Y203 or Al2QsgledsBorid dpehinfgGh RERag\eorlifitot BB séddnll 31Abr laPéilinga®leaO-

Next, a second .insul ator | a){er 40, of another insulator type, such as, for
Ry

exanpl e Si (2porfign phi fugipilateriaper. torfrxpes 3tdeast dporting of thegpetpllis yiaplye, 39,
formng a dual i r%f‘ﬁlrﬁt RYell 8Y & hoglebt?i%ﬁ!l 8dfu t@@{e}f nfaterial Qithlf Sthe " & Sihd: Sonet N€
material for insulators 39 ancF4., are so cﬁos.n SO as to provide nutually
excl usi ve elrehinggsusbiihatiapleast|a partioppfthe highceledtrical chrductividy mategial &stiorditecty er
39, is subs .al [.aner i | ator, |l ayer 40. After the
deposi tion %?&%%a@cb%tg%t%%?t 1%%15??Bﬁé{&g§¥§%f¢%$ﬂﬁ°%a'é¥lgi nt erconnection |ine
patterns is then partly etched in the top surface of the dual insulator

| ayer 23, such as, by usi hot ol | t hogr aphy to defi ne terns.for th
second hi gh conda[_Bt V%i ?’gptFr%t gﬁpeFtntt ¥ cB Bi GHPRTSAR .2 g‘f"ﬁ% B’rg?uf’]ﬁ?tﬁ‘fcgl _
llayer 40, ofonBfi&ivitySiteAioRhedidnlonZBsubsate hPing ANIedOshe! xPBsA mB@Hic WhLpRIg | S
foll owed by the etchi ng the thin second insulator |layer 39. This is nore
cl early showWfroppded byiatdeast onghapwatonkayer, thel inierronpegtion 2emprisiagr esul t ed i n

i nsul ator pair 3 I LD [ e [cal:l yv.conductd
metal. The inter g%ﬂl%%%\tqntgnﬁ%g? %Egrﬂﬂérf %?ert géro%lgn?’rgyggé&dé{,e?%ﬂr%%tl@g{a gaﬁdyﬁl%
defi ned phoubstiatéiogr aphi cal |y and insul ators 40 and 39, are sequentially
etched. The nutual| xcl usi ve. et.c har act f each of thesg insulatars
20 and 30, pr evert s seZonFinBERe iR Bfdrdl B FRGRRaiete Boreiiranibhid
bei ng et chefdr thelifrkt iehaatbf iaged is et tthati thateriEltfof the sedondInsusateflage, conpri sed

of titanium titaniumnitride underlayer materials are next deposited into
the openi ngs 45. atigast euspsningdn at lsast@nertionof the 6pcond Aasulateraysrand g leagts
typically de%l% ted. gl it d i b& af Folll=te: a1t _%Fg)sition
of al um num cég%gfégcﬁratlﬂ%?@&:qa?%gg?xggr%g,%hlaehitag%(k:%ss rreb%)ﬁetarlrlgét]ggi al”’can be
removed by chem cal/ nmechanical polishing in a singular or in a sequence of
multiple polishing steps. One is then left with a netal interconnection
pattern 43, which is inbedded and substantially planar with the surface of
t he surrounding insulator |ayer 40, as clearly shown in Figure 5. The next
step is to forminterlevel via-plugs and the i second | evel interconnection

o, r .




19 JAN 2004 insulator layer. This will also help in the planarity of the
final structure. Figures 6, 7 and 8, illustrate the process for the

si mul t aneous formation of the via-plugs and the interconnection |ines by
usi ng the inproved doubl e damascene process of this inveptdon ile,
Figures 9, 10, 11, 12 and 13, illustrate the process for fg)rJvAN;\QHU?r

pl anari zed set of via-plugs and then forjgsg the .second | evel

i nterconnection |lines by using the inproved nethods of this invention. Now
goi ng back to Figure 6, which illustrates the use of the inproved double
damascene process to sinultaneously formvia-plugs and the second |evel

I nterconnection |4 figs levdl REIHigPblebtrietll @raustivifyRisticdthediéh fifle oR € 1ASPGR t ed
as shown in_Figure 6. The insulator pair 49 and 50, is deposited by the

same procesfirselighglectisabcanductivity mafetialavighin phe at least onepppening sychdthatas lgast j s

preferred t . i . 20 1 I | IS
appr oxi mat e*@?éﬂggtrt@eﬁﬁ?? ?ﬁ%cﬁécrthﬁzé%ﬁ?%% E%@%ggﬂ{cﬁgg&#gﬁghgﬁ ir{“ﬁ(—fg %étl red
vi a- pl ug 53witlaadeadte pdetiin fdhsmentlit vieyphig, i nt er connection |ines 57, as nore
clearly showmn in Fiqure 8. . A.pajtern corre ndi ng, to the desired high
Conduct i vi'ty. ot i 1% SrecbirR BRI 1Rver Srerhe BB o pEhiah Sicciical SanagrEim s
are sequentjpgidonne@ionNBe and ¢hd RBordmMIaber s 50 and 49, are sequentially
etched. As shown in Figure 7h_the insulator layers 50 and 49, are etched to
create a two steptdgrshonegfogsh insylager layesavar the thisd insslatordayerhwhergisninaigrials
i s etched [ . L On: c
5, Stohed i e i Sl BOEF WORRel Va8 R (hESed iy B Bl fourh
excl usi ve ahsiatbelagen, or prevents etching of 1 9 JAN 200g the insulator'
41, while insulator 4 is etched to fagrminsul ator islan 48. .sequence
of metal Tiner |yl opmSamyRoEPecing BPuetRdeat Pnokornat e PurfapEiis
deposi ted Ryyerryd el 1dasea gepivai dfithe ikt inealator $aieh fersat 1EAE ofX &g 16vel GFRigh
(Chem cal Vapor positiaqn), .sputteri ne%{;{ el ectropl ati n]g net hods, or any

¥ S

conbi nat i orflesiriqahecondyptibheria-glugi pad Felstsidone ApRpoag clexel wét highnaleetrical
are r e”DVerh&&ivﬁ?Qﬂ&hﬁfnﬁ&Eodﬂéc@&ﬁﬂéfeéiﬁgsifii’% 2B IaRSa BEHR)B &Sthe tmg level o

. ) t
chem cal / mechani cal polishing to | eave t tegrated via-studs 53, t he

2nd | evel imgleelegrindsonductiyity neatal itgrconndstidadige n, and substantial ly pl anar

wi th, the surroundi i l. . as _.clearl en,i i gure 8. .l not her
embodi nent of ther?ﬁpglge r%f% yilﬁ%g(%)ﬁg %cr%lo hsetﬁ}cn"?gr%gfpésec\lliog- gﬂeug]??a#‘éelf‘i% &g?l
formed, whietdetiical foolntlostivitybyiatpheg faad ntht i secomf 1éviek ofelsigh celétned]l @hductivity

i nterconnectjon |ines.. Thi.%.i a@ao i eved by ,depos%ti ng ]iﬁnsul at or Iﬁa?ller_s
havi ng a t JRigFeopRgctionding within s at losst qne opEning: ek ghat at least anogtionsef; the high

I ength of tedi@tidaBeohdi@fivienintercHMHREGORSIALPM fsOh difedr dinuibt da ANeAPE poltl NY
the insulators sequentjally. The material for the high electrical

conduct i vi tof the high plegtrical gamdpetivity| rateldgterqonpediioglisgp conpri si ng al uni num
chrom um chrom um chrom um oxi de, cobalt, copper, nolybdenum nickel,

pal l adium platinum tantalum tantalumnitride, titanium titani umboride,
titani umitride, Iniyeininptheoxaspedts thalénventivmndommrised iacimddtilevel high electrical

titaniumt 0, 1 ten,..tungsten-nitri.de, tungstensilicon, ..or an alloy
thereof . t SORaAE ey ¢ PO oy ARMAERRY o Vikhang ARG omms s s (o ac o
anot her enzabitrsnthavingt &t Rastnugnekposed Thetalicotiagu@ drrstindedt by et dbast Nire
alternative enbo im*a)rgé.l Qf the invention is the same as shown up to Figure
6. 23 19 I3sMptorigrerathedpisigonnection GOMBNIGNE, pair of insul ators |ayers 50

and 49, are fir sty JeRPDnb ftst ARulalR Bfert Bee_rlstthe%uééa Wt iv?av-\glﬂ@%d! the

Figure 5, to forma structure which i§ simlar to the one sho n Figure

6. The insuybb#teate,| ayer 50, is first etched to forminsulator islands 51,
dth [ | at j - ' isl . .
an en 1 nsut at gf Ystle s&9ond i ﬁ&tﬁF%?g%@vﬁ% ?l?é;:ﬁ%?gﬁlfllg{ogTla#%e@fééggmﬂfﬁ%}eﬁﬁus

creating openi ngs %éggt as rore Clear Sired netal s
for the vi dopthadisstédsulaoeaydrandiffepons tHapdnaterial forthe sqend mgmldbér, lagerd usi ng

sui tabl e nmet hods, , such as, chem cal/ hani cal. pol.j,shi the excess netal s
are renoved, so F‘l%f’s';_t%‘g OPF’&%FWS%E??SE %pqrilﬁlgﬂlrg‘lﬂrr%%a@ﬁé’fﬁp th the
upper surface of atfigt igvelbAhibh ¢18)tEEal Thnd@divity GafekdonEie&idni IindbOa Rastbne The
next step in this process is the formation of the second | evel of high

el ectri cal highhelgetricali qopdugtivaly matedalowihiadhe ahlepstng opening; punhl thetost lpast & 59
and 60, is deposited by the sanme process as was done for the insulator pair
23. For best results it is preferred that the thickness of the second.
insulator 60, typically Si02, is approximately 25 percent thicker than the
desired second |l evel interconnection lines 73, as nore clearly shown in
Figure 13.



A pattern corresponding to the desired high electrical conductivity
interconnection line is defined and the insulators 60 and 59, are
sequentially etched. As shown in Figure 12, the insulator layers 60 and 59,

are etched to create at |east one opening 75, in an insulator i\r., 61/ 58.
The opening 75, is etched until at |east a portion of tl‘ﬁsﬁAﬁ‘gébh&f t he

vi a-plugs 63, is exposed. As stated earlj that the nmutually exclusive
etch behavior prevents etching of the insutator 61, while insulator 59, is
etched to forminsul ator islands 58. 19 JAN 2004 A sequence of netal

liner layers and high electrical conductivity netal is next deposited by

any of the gaResof tR) fifR G0 elec@ieN c@RuchiAly BXGEMRctidn/Rné %ﬁ%ﬁé&t c\éﬂ%?f

Deposition), sputtering, electroplating nmet’hods, or any conbination o
t hese or siYithatleasiatportion gfthe metablisviemleg, naterials are renmoved in a

singular or in a . Feal / hanical .. .
polishing to | eav%qﬁég&%ﬁ%ﬂpé@%’?&%nl? zérfg‘%ﬁ‘ﬁ@&‘ﬁ%'%g%m ﬁllgﬁ ei%?rlgaﬂs%r@alggwfyn’
and subst anmtea¢dnyegtiomlare anidtthe sdcbrd mgulatontadienng | nsul ator 61, as clearly
seen in Figure 13. One adyvantage.of this nethod is that the tals for, the
via-pl ugs 63, ancPt{fast g‘éec%)ﬁﬁt Ilgwtoblﬁy‘?rrﬂvéf Hsriisd dnsyptoraygr, ]‘q"j‘ﬁ’@én mpaterighy| d
be the samefoprthd Mkiyd GRsMlAoDeayet fif ifeibnt thah SmBERACR? the Reddd Gid %%é ?‘otﬂ'{h
advant age where the first level of interconnection lines 43, are defined
by, say, aligsylgiordayelhper all oys, and the desired metal for the second | evel

of interconnecti i ] , er. . en opper, wWth
an optional cl adg#rl]%gdsg a‘?p}mdr%idnj{&gﬁra B%ﬁﬁ% I; dgﬁéﬁ(;ﬁf%l%#gﬁr?%}ﬂs%}%&o(gﬁ?}%g?nd at
cobal t, copp&st a puotigrbafethathirdinskiakor 1w tadipose apleast potioh aftled firs level of
tant al um nit.ry dlg ¢ titani U{ﬁﬁ.t i.tani um oril.de, titaniumitride,
titani um sitPERFIgEtrical GoRARSHY INGESOBRECUGR By combi nation of them could be
used for via-pl ugsfiéBlevdl é1Qigls BRI ondadt v svié-bldgi &g& 138t %%S}iigﬁlmel@um

nmet a

formthe interconnection lines 73, by depositing the desire ] ayers
and react i ORGUGtyity apetpriplgvithia the akleasteene gpesingn sich thpigatrleast 4 partiom kbithed be
apparent t J I 1 il t. i 0, reLn,

o Tornate enboruE BF il SRRGRAC CoRGLNE vl bR 6 h RS Polinc il p8

i nventi on rmwytidneofsthe fiest lew! obhigh slectricelconduétivdty. intemonaedtiopllime, t he i nsul at or

| ayers .may be or i [ NsQr gani [ an 2 JAN.2004 cqmbi nati.on. of
t hem and deposi tg‘gﬁ] a)glt %Ar?yf?ﬁb?“%glea\goéﬁae,r %?r @ﬁziréﬁ%% Oﬁréla%o(ifél.guelthvétyn‘ﬂ?ﬁf?g’rgi ng,
first and saddmoifoluetiéhsubdtomiagdt, el ectrical conductivity interconnection

wiring, is used for the purpose of illustrati only and does, not bound the
use of the presert I?aﬁb%‘?'é)?lﬁ ‘E‘BUIPWB%@""F]GW&}‘% ii{hotpgplator E@X@évbl"%‘?,emtfﬁéteﬂal

met hods andof g feheibahr dRSEAAIPRAiTeFent MSn| MafthiaPRSH HRSFRAGOMY tHRYEkmOT

i nterconnection wiring can be independently used for defining the circuitry
at any desilPaetpilaser, of interconnection. Wile the present invention has
been particul arl i ! j .QN_ W ci.fic nreferre

enbodi nent, it i )sét g%?ﬁé%{)%pﬁné#g rtrlgrﬁgétg?ﬂeéra %a %é@n aorrf;%?fglu&tgﬁng n@ffﬂéﬁwupator
vari ati ons layer] tobexpnspaat derst taopartios eof sthié Isbanhdi levélhel high électticalhdondfictivity

f or egoi ng ription.. It is therefore contenplated that the appended
clainms wl ﬁﬁt%%@#lg%cg grluﬂl/le’such alternatives, nodifications and variations as

falling within theetondleselafehigneleatpicsli don@hctivitg ipeRDAMCtioR IRBIIF AP least chd JAN
2004 26 CLAl 1. A progess . of form n% hi gh el ectrical conductivity
i nt er connedigbfiegiricdl conduetiviyenpigtialwithin the a% leagfrneonsaings sysby thay atdeast a
vi a- pl ug sypriansiate BcoRl Jdvepst hfgﬂ%lécﬂf&l & c!iﬁ)ﬁ?fnteré@}{ngftﬁ’(ﬁpﬁfesﬁ in direct
conprising 'the steps of: (a) sequentially depositing, at Teast one first
i nsul at or Icapteet witle at lsast d pextppmsddhavfitshhighelectrivaptomgluetivdtysengplhegibst r at e, and
at | east one second insulator |ayer over said first insulator |ayer, and
wherein material for said first insulator layer is different than materi al
for said second ilmsyet adnother agspect, () ishehtion neneprized taemultilevel ahighr dectliealel
of high el ect iﬁalt coPducti vity int e.rg‘gnrgecti ﬁ)n over, said second insul ator
| ayer, (c) cgté(iﬂ? N 2PfeEcotneiony comprised ©of Viadig Rd dntescqngection, Haes, iuRat or
l'ayer, and sabstlaeashviag parlehNod ef@ised frhétallici Vialphdd Qurrb@MRE. by %It }‘ 1edst e

o

| east one opei‘ni ng and to expose at |east a portion of said netalli
vi a- pl ug, nsulatorlayer, the interconnection comprising:



(d) depositing at |east one high electrical conductivity interconnection to
formsaid first level of high electrical conductivity interconnection
within said at | east one opening, such that at |east a portion of said high
el ectrical conductivity interconnection is 19 JAN 2004 in direct
electrical contact with at |east a portion of said net al‘] BCJANZO% and
thereby formng said high electrical congyctivity interconnection on said
substrate. 2. The process of Claim1, wherein said. high electrical
conductivity interconnection conprises of at |east one |layer of a contact
metal, a barrier nmetal and a high conductivity netal. 3. The process of
Caim2, wherein gajeshtcotet fifst iRRARbr 1ayet lovaNtheMex B FhétaNier vidphi hAY the
thereof. 4. The process of Caim2,whérein said barrier material 1s

sel ect ed fr®WstE®r oup consisting of chrom um chroni und chromi um oxi de,
tantal um tantal il ki ! i jt 1 | =Ni kL -
tungeten, t unget anioist S Sold HETMEe bl &he b MO Wbl pareril
process of for therfirg insvlatoelayesiaidiffdrentitharomadteciti for the seedral inswdateelaget, ed from a

group consisting of alum num al. um gum copper,. CORRer, copper-tin,

copper - haf ni um cagﬂ’i?él" 9?%%?%??{0 p”ﬁé"raf{)g E%ﬁoﬂdﬁ t_ﬁ"ofetf,ong F‘PS\VE’FMQPY% g,
thereof. 6.at188t #p6EdH D thel filsh Rsilaidr INREICEPosAAtdedit §BoRIBTfhEAktallic via-
conductivity interconnection has at | éast one cap 23 19 JAN 2004 | ayer,

and wherei Pl8&i d cap layer is selected froma group consisting of chrom um

hrtrder tungst erd DR EVsARE il BREGEN FuBUI BEOREeqdd TR oP U o ©
wherei n_ saildglelectinst canaceviposstriabithin the\at deasl oip epeming, sdeldtHay askast At

| east one insul ater, | K. | anari zed prjor to ste . .8. The process
of 0 ar m 1 O B e, Bef it oBp AR iRt oyt B8 iin AT ROBRER T oo
froma groupitlwﬂsa}sﬁhipagidmfof&pamta@mm@g-pﬁ@,I i mted sputtering, |ow pressure

sputtering, reacti \(e sput L,erl, ng, chem cal vapor deﬁosi_ti on, electroplating
and evaporation. 2 leaftfned Eféwlai‘ﬁr leyegioerithe G desiehokhigh clsatrical eonduciatiep
(b) i's defiippfboifbctontiteiall tid\REEAPANIatPIayie Process of daim 1, wherein
material for said first insulator layer 1s°sélected froma group consisting
of al um num oxi dei lemageresfourth ansuthégr Isydrioventheithird desplagor| laysonwhetethematarial

/o1 om0 b RS8BT g B oo
phospho- si linsd4ter Byass and pol yi m de. 29 19 JA N 2004
at least one opening through at least a portion of the fourth insulator layer, and at
least a portion of the third insulator layer, to expose at least a portion of the first level of
high electrical conductivity interconnection line,
a first level of high electrical conductivity via-plug of at least one high electrical
conductivity material within the at least one opening, such that at least a portion of the
first level of high electrical conductivity via-plug is in direct contact with at least a
portion of the first level of high electrical conductivity interconnection line,
at least one high electrical conductivity material over the fourth insulator layer
and the first level of high electrical conductivity via-plug, such that the material is in
electrical contact with at least a portion of the first high electrical conductivity via-plug;
and

a second level of high electrical conductivity interconnection line.



12. The process of Caim1, wherein etch chemstry for said first insulator
| ayer is different than etch chem stry for said second insulator |ayer. 13.
The process of Caiml, wherein material for said netallic via-plug is
selected froma group consisting of nolybdenum titanium tungsten and

all oys thereof. 14. A process of formng nultilevel high electrical
conductivity interconnection on a substrgf;e having at a posed
metal lic via-plug surrounded by at | eastﬁolne i nsul at or"I %\?@f’qm process
conprising the steps of: (a) sequentially depositing, at |east one first

i nsul ator |ayer over said exposed netallic via-plug and said substrate, and
at | east one second insulator |ayer over said first insulator |ayer, and
wherein material for said first insulator layer is different than materi al
for said scBRHF DESCRIPHON QFFHEDRAWINGS ng a pattern for a first |eve

of high electrical conductivity interconnection over said second insul ator
| ayer, (c) sequentially etching at | east a portion of said second.

i nsul at or | ayer . Therfdatates lo€ &t ineenpiontbehevedfto aindvéliand tthe elsments chataetgstic t o

f t | i d,t t .l t i, id netalli
Vo phug, Ot BRI o ot Oy RerAg et i B srpredel clan s Bruiods ptal
conduct i vi tfgr iMis@atiéh phfbok&y ohI§aind drk Mot dr8velto REalel Burfleffidrel GiRE numbers

conductivity interconnection Iline within said at | east one openi ng, such
that at | ed8pregensdikei baatuses dmithe fdrawingpi ghhe|invantipg aitselfo howevesy i hojh as to

i nt erconnect.j i ne_1s. | i a | t (o] (o] id
nmetallic vi cgré p %Aéf,OH( %‘iﬁ éﬂ é“‘g*b"gnt{) ?%&F@B%’p@gywéﬁg ,bga?ﬁq%gsgé({dagge{egéﬁ?&g IO e

i nsul at or |deyeled desripsian dviich &ilovs taliench chnjghctelnewith itleadccompanying diamyings

i nterconnectign.line and said second insulator, and at |east one fourth

i nsul at or Pﬁ?@?dbver said third insulator |ayer, and wherein material for
said third insulator layer is different than material for said second and
said fourth insulator layer, (f) defining a pattern corresponding to at

| east one first |level of high electrical conductivity via-plug over said
fourth insulator |ayer, (g) etching at |least a portion of said fourth

i nsul ator layer, i (h) defining a pattern corresponding to at |east one
second | evel of high electrical conductivity netal interconnection |ine
over said fourth insulator layer, (i) sequentially etching at | east a
portion of said fourth insulator layer, and at |east a portion of said
third insulator layer, to format |east one conbined opening for at | east
one first |evel of high 3119 JAN 2004 electrical conductivity via-plug
and at | east one second |level of high electrical conductivity netal

i nterconnection |ine, and exposing at |east a portion of said first |evel
of high electrical conductivity netal interconnection line, (j) depositing
at | east one high electrical conductivity interconnection to form an
integrated interconnection structure conprised of said first |Ievel of high
el ectrical conductivity via-plug and said second | evel of high electrical
conductivity interconnection line within said at | east one opening, such
that at |east a portion of said high electrical conductivity

i nterconnection via-plug is in direct contact with at |east a portion of
said high electrical conductivity netal interconnection |ine, and thereby
formng said multilevel high electrical conductivity via-plug and

i nterconnection line on said substrate. 15. The process of C aim 14,
wherein material for said first high electrical conductivity
interconnection is the sane as material for said second high electrical
conductivity interconnection. 16. The process of Caim 14, wherein nmateri al
for said first high electrical conductivity interconnection is different
than the material for said second high electrical conductivity

i nt erconnecti on.




32 19 JA N 2004 17. The process of Caim 14, wherein said high electrical
conductivity interconnection conprises of at |east one |ayer of a contact
netal, a barrier nmetal and a high conductivity nmetal. 18. The process of
Claim17, wherein said contact netal is titanium tantalumor an alloy
thereof. 19. The process of Claim 17!3wherein said balr§ ) ANPBOKal is
sel ected froma group consisting of chrom um chrom unf chrom um oxi de,
cobalt, nickel, palladium platinum tantalum tantalumnitride,
titaniumboride, titaniumnitride, titaniumoxynitride, titaniumsilicide,
titaniumtungsten, tungsten, tungsten-nitride, tungsten-silicon or an alloy
thereof. 20. The process of Claiml17, wherein said higE conductivity netal
is selected from a ‘gi'ddp consi s3i 7y bt %ﬁc&ﬁPHai]véFﬁﬁl ufr CBPgertevedpper ,
copper-tin, coppgicdafesitien casgderhantdfanwnicgoppertzi rcdapuatingwl da sil ver
or alloys thasrafa1idl, Jhempr@respiRbs Cbahfed 7pyWieleei prs@d sk hbghepe
el ectrical coq%%gtgﬁk;y i nterconnecti on has at Feast one cap | ayer, and
wherein said capliayer is selected froma group consisting of chrom um
tantalum tantalumnitride, titanium titaniumnitride, tungsten, 33 19
JAN 2004 ]EuggsFenlfgighﬁ:led@,_ tmgéteﬂog%lé@moam aJilerzoﬁ hgr l%;ﬁfbstg_gte-r:“e
process o aim 14, erein said at least one expqosed netal li¢c via-plug
sur r ounded b}“?&ﬁ@'é&Wﬂ@%?ﬁl&xe°?n§ﬁWéf%ﬁéﬁ%ﬁﬁﬁ-4g§16F§naPF%8&5bFi8fato step
(a). 23. The shusGes WhgfchClaiem substaingi el hy srildnaepesthi bhestisguilgtdone
using a technisgie,sahectedmbs o5 arl QuBce89ShEtimg ifi oxputkering,
collimated sputtering, |ow pressure sputtering, reactive sputtering,
~chem cal vapor deposition, electroplating and evaporation. 24. The process
-of daim 14, wher &iigusai @ pdilleshratesied i pedcesss ngtemhoe Ol thhograpéyt 25.
The process QfnvenaiiBhldnetereivhiftiied! Jfora Sy | {15duBNHO addi g d
i nsul at or Ia¥§§ s_selected froma %ﬁaﬁf 0Q§|st|ng of smlacon-nltrlde,
magnesi um oxi de SVt FRYRFoRfd8 BRE° %ﬁ%ﬂw&ﬂ d8. 98B s Thad pPBREsEdf d ai m
14, wherei n patieri airtf streatwresadorfdgand/ dr fourth insul ator is sel ected
froma group consisting of silicon-oxide, phospho-silicate glass and
pol yi m de. 34 19.JAN 2004 27. The process of Claim 14, wherein etch
chenistry for sai G PPFS§t “andPBrvs hitpg iEIPALBR 1%y ePPPRIRET f éPenthd han
et ch chem st fjirsdr andi desendnhsadd/tor Layex hof fSguaeoB ., | &ayeexpffe dthe
process of ChakBtl4, p¥heiéh oMY mdkalPic S@ifd smal lic via-plug is
sel ected froma group consisting of nol ybdenum titanium tungsten and
al l oys thereof. 29. A process of forming nmultilevel high electrical
conductivity inteFiennechbi oahowdnpréxess-elctianpl ugiemdafireereohimett i on
lines, on a suhstratechavingiqt |easbcopecexposednbmtailicyVi a-pdua

| east one i sai d i

surrounded b t sul ator | ayer, process conprising the
steps of: (a%nggﬁﬁgﬂP?ﬁfT?ndgﬁ%s ??%g?e%f“1éﬁgfjﬁﬁgeﬂéﬁﬁ ?éghﬂ%&dﬂflayer
over said expasedenttal lic via-plug and said substrate, and at |east one
: second insulator |layer over said first insulator |ayer, and wherein
material for said_first %nsuLator Iaxgr is different than materigl for said
second insul at or éggf? + shows the- deposition of a thin layer of a
third insulator and a thicker layer of a fourth insulator

atop the planarized first level interconnection pattern.

Figure 7, shows the sequentially etched via-stud and

second level of high conductivity interconnection
patterns.



(b) defining a pattern for a first level of high electrical conductivity

i nterconnection over said second insulator |ayer, (c) sequentially etching
at |east a portion of said second insulator |ayer, and at |east a portion
of said first insulator layer, to format |east one 35 3|éA 2004
opening and to expose at |east a port'fon of said rret$9 Jz& Oblllrug, (d)
depositing at |east one high electrical conductivity material to formsaid
first level of high electrical conductivity interconnection line within
said at | east one opening, such that at |east a portion of said first high
el ectrical conductivity interconnection line is in direct contact wth at

| east a portion of said netallic via-plug, (e) sequentially depositing, at
| east one third infdburer 8/ agbewpvehe shing if istguctavel| o6f the ghneémcion cal
conductivity icon@i-eenAgCtdONph hRgr ok saiqe 51@@@@ idwuliatercbaysis i &hd at
| east one founi Lngplalel Layer e, gaid, Lhid isylator layer, and
wherein materia sal d iTd insulator Yayer i $Pdi*Fferent than materi al
for said second and sai d fourth i nsul ator layer, (f) defining a pattern
correfponding to aribeass DDEUTiUsI Pevshd013hk@bwebaathé%?émsﬁdﬁﬂgﬁdVity
vi a- pl ug over sai our | Nsul at Layer seguentia etchin

| east a portlo% og éaldﬁ %Rﬁ i Nsalat or l? fégs ﬁg %?5%%¥ {hQ4£3n of
said third i n¢aratag I89@¢Fr¥QﬁH(HﬂhQﬂﬁsle&§t @ﬁéowpehévﬁy-an@ﬂ@@tn&qwdse at

| east a porti @gaaehirea dudidfttHeyRbclbs hdghegleakegaliogonductivity

i nterconnection |line, (h) depositing at |east one high electrical
conductivity material to formsaid first |level of high electrical 36 19

. JA N. 2004 conduct F¥geye vl4. pl pstinaties saicdogs-$esstorle Wgeniqigsheguch
‘that at |eastoa pMd i oPr@de i@l dofi Fitgukéveb ofarhiegh £ gst¢i&Rl ogonglctivity

via-plug is in cont act gast ja,porfio of sai d flrst Ieve

of high electrlcaiggénducff%ﬁqgm|nféacgﬁﬁge |o% lane’p ? %hséﬁﬁéﬂ?1

deposi ting, aFoﬂéastltﬁﬁyfi$¥¢rQQﬂnﬂQ§t@ﬁsléw@m G@@vaévdorlm@@rbeWQP of

hi gh conducti gktgnai apliegeand S@fd f aughh I@&H@b@&vheyer antalidagast one

si xth insul ator égger over Séﬁ |ft |n§£Iator gﬁg and wherein materi al
i

for said fiftA"FREGPAROIIRE erSl s TAFIE EnE PHBRTAGTRYS AT 65 5%sai d
fourth and said sixth insulator layer, (j) defining a pattern for at |east
one second | evel of high electrical conductivity interconnection |ine over
said sixth in S [ i hing at | east a portion of
said sixth angﬁ#ﬁiﬁ%—#@éﬁé%%&ﬁbﬁaggFJ&Lé&héigﬁgﬁ | east one opening and to
expose at |east a portion of said second | evel of high electrical

conductivity s . iThercorgestbne Ilnﬁatéiéaod%@&lﬂdmg atcelc&aﬁ;l@geebl gh
el ectri cal cop H&% VIHy qgterlal to forn1sa|d sec e vel

el ectrical con i Vi ﬁierconneéfgﬁtepln Hséafﬁoﬁt Fgasﬂagﬁe
openi ng, suchcenb@ctd I'féastiealﬁgﬁl onTéiféYsai“eF’%e@Gﬁd fevethqft hilghal

el ectrical confluetévntect NigieoNNeahcss Ilioaali s_niterdbﬁﬁéét cpmhagt aw'eth at
| east a portlggeof sald flrst h”gh elﬁctrlc duct|V|t

t hereby forni figesard 37 ol H19evEP NG vdi (ﬂﬁq FOPH?8¥é8ﬂn&6P gn on

sai d substr at auch as, for example, M, line, which is on a higher plane

through via-plugs, such as, tungsten via-plugs. The local
interconnects are normally separated from the M, line,
usually by a layer of phospho-silicate glass (PSG).

The via-interconnection between the first high
conductivity metal lines (M,) and the next level of high
conductivity metal lines, such as, for example, M, line,
is preferably made with the same high conductivity metal

instead of tungsten.



19 JAN 2004 conductivity 30. A process of formng nmultilevel high

el ectrical conductivity interconnection, conprised of via-plug and

i nterconnection lines, on a substrate having at | east one exposed netallic
vi a- pl ug surrounded by at |east one insulator |ayer, ij r 0Cess
conprising the steps of: (a) sequentil@l|y depositi ng,fgt SZU%e first

i nsul ator | ayer over said exposed netallic via-plug and said substrate, and
at | east one second insulator |ayer over said first insulator |ayer, and
wherein material for said first insulator layer is different than materi al
for said second insulator |ayer, (b) defining a pattern for a first |evel
of high electrical conductivity interconnection over said second insul ator

| ayer, (c) sequent fal9Ps&érERFRhECAL theasgh aapdortéanofisai dnskebnievaisul at or
| ayer, and at iheéastoan@otidmrofoftheapdibi rett insuwhatar ihayegurd o f orgp at

| east one opengi t at, | east. orti of sai.d netallic

vi a-plug, (d) adggégieginngugtép igesti%he |lg(‘ralesglc%§:tp?}i1nc unccgknl &gtil\?i't )?rr?ateri al
to formsaid fPFEEIt evd JMSWilGhOEI dEVPF cAP - cdRdidenVitoymeAt Ovesnitéet i on
line within sabbsttateast, coed apamigigrisuchrthabthbdd easte mepdddtor0f said
first high el ggtaical sapdust) \é!rEyforr&gd.‘]AIXn%gQér' ThEd F0NC 4,00 ggne is in
direct contact with at |east 'a portion of sard netallrc via-plug, (Oé)
sequential |y d8pbRFRiiREmed oversEh8nt I Hiat®y A8uPEL 89 - | [Re invarlageird fir st
| evel of highleyectBDcaliscaheuciitehty hntertenveehings| ape aadisai dosecond
i nsul ator |ay an Sadctongf o { hsul |.ayer over .said third

i nsul at or | aygéfmangn%ﬁr eln cr;cnt grri aﬁ%g%igéai d?!%lﬁ{rdﬁ?/’nsul at’or-Traydr is

di fferent than"#&tbmIlavsrss4Pdadcthdundosapd andrate sihseasuentiayer
(f) defining atgia¢d et o aapendongedts at2,l @astn@nssfirst [ evel of high

el ectrical conductjmidyohndck! U, ovel, sl ?Sfo%rtofl}ti ns%ea}coor Jayer, %g)
sequentially etching at |east a portion of Sai our nsulator | 8yer, and
at | east a poFfPEETdt <aird PAK? d SAdar&eorte aydf fusdon orgamadtsast 2ene
openi ng and tDyekqmkky atal adsiera quapriesdoforsat tedriinmt deyel ietinhigh

el-ectrical co,glpl&c}&é/iitsy_uis_@heggogﬂg_cal}mslii ReeofiPldepositing at |east one

high electrical conductivity material to formsard first |evel of high
electrical conductiNAaBFoRNECH| ugdau t HH Pni dbagiqaddst opemRIpiEtisng, o§uch
that at |easttangerdn oniadplagsd3birsbnhemal nftdricohnebest phcatocapgrctivity
via-plug is ig,H .cont a | t . l.east a.porti of said. first |evel
of high electri caLfCeth(;’nl Slct i.g%l%%\éégrhngercééﬁﬁect?%%ﬁ i nggl)’ 1 GUSAN 2894 39 (i)
deposi ting atlMegonnesthilgRes| €2t rical conductivity material over said
fourth insul ator Imyer, andisaed tomprkisevel opf 1hghae] egtei eahneepductivity
vi a-plug, such,t S ai terial. i.s in.electrical_.contact with at |east a
portion of sald LP?érst2 %?Ej e([ectgarﬁcgt@rllslézlﬁ cg;(fjnghﬁ i%/blc’t yt“\ﬁ°é‘9§| l‘jé,a FF)Igd%in ning a
pattern for at"tFENS5E s¥cond ThevéliagPlRggh 5@l e cquldal beokdngstemt y
i nterconnect itk | iine,iy orfecaiekivebye i Gttty RQaspildgdebpnedrpahi@sn to
. formsaid secgnd,{ gy igh I cal, . c tivi i nterconnection
I?ne, and t hereby ?‘osén;le%rgglgé ﬁéﬁ‘?ﬁ%@gtyh?%%ggl'ecﬁll}{%afscgﬁahﬁ'f‘eﬁ’ ?ty
i nt er connect i B orf%Qai d°8688% atfeirsfly, to "avoid the presence of

dissimilar metal between high conductivity metals lines,

o
|

such as, lines M, and M, which may impede metal atom flow
and that may cause electromigration failure; and secondly,
for process cost saving, as the via-plug 52, and the M,
interconnection lines 56, can be simultaneously formed by
dual damascene method.

The method for dual damascene is taught by Dalal et
al. in U.S. Patent No. 5,434,451, assigned to the assignee



19 JAN 2004 40 31. A process of formng high electrical conductivity

i nterconnection on a substrate having at |east one exposed netallic

vi a- pl ug surrounded by at |east one insulator |ayer, said process
conprising the steps of: (a) sequentially depositing I t e first
insul ator |ayer over said exposed net@llic via-plug aﬂb G’Zaﬁ Hﬁ&st rate, and
at | east one second insulator |ayer over said first insulator |ayer, and
wherein material for said first insulator layer is different than materi al
for said second insulator |ayer, (b) defining a pattern for a first |evel
of high electrical conductivity interconnection over said second insulator

| ayer, (c) etching at |east a portion of said second insulator |ayer with a
first etchantoguE% et REESERL| dBEEN B Poritdntht SEFEHLITURR hsurktrisayer is
exposed, and etchipuraated @agt By postdmmcef. sai d exposed first insul at or
ayer Wih 2 second ehfbalinaf At W8y aL bR GRS APEN ML A0

expose at |east a portion sa| nmetall'ic vi g, ereln na er| al
for said firstomRpdatdiog sé’éon&hleﬁsul akor ‘Fléplcﬂ?déé’n £8Tm8dt oPPr ofiwet

mut ual |y excl dgpossi tainghi g hebava oy Ld})eld,ep@&tfﬁl ag, atfo|reaé>tan€1ﬂ% high
electrical candicting bt sreannect Jan oo ofig saish TLLste | f8) 08, i o

el ectrical con l}ct|V|t it ér conrfect i on W thin sal a east one openi ng,
such that at §%Edad atﬁorf?’é‘ﬁ otiasBpPdesi gh-rdisscenrpeatiednddaesvi oy 2

i nt erconnect i asmbinatiodi beEctvialrelei amd Dvdr@ohnecthbont 1irestim @oid i on of

sai d nmetal | ic; v, arRl4d.; ARG thep ghy, T ol ﬁgiﬁalé‘i‘égl&% b e bLs g# Y4t mi ng

COﬂdUCtIVIty |nterconnec ion on said substrate F0Cess

mul til evel hidf dth&tiastalofeditudialest ¢ri Arerebehetd? obhem ke stibstedt e

- having at | easitiometelposethapsadddsc meitaipl ﬂgom;LtnreOlfnded byggadnd eant one

i nsul ator | aygr ,re%k,gdpggcgﬁém&oﬂpr e%lhggl{: 3859k, (@) sequentially

depositing, at l'east one first 1nsulato over said exposed netallic
vi a- pl ug and sai d HOWEEEFat £highdPELOT e A3t o‘h‘é“&‘&oﬁésl rsuPEPBLePayr over
said first inkdndiingr meay er spdites Wakichi asnaxh@tta]alsp‘lmcbssaud farsid iswul at or

layer is diffgre Na i f S | I lsayery 41 19
JAN 2004 (b) 'Ig{ef p{lﬁéng 25 ﬁ%r%fo&e rst Ievg\ ‘ﬂfséjsq.' s elsze%trl ca

conduct i vi ty 1t eftbhhet2pdnoBy &Ltaai o‘%‘ééorﬂ@rl 4 atdr al apadetyc)ofet chi ng
at | east a parddsensQf saahdas;ecmmj uonauinas@hérar)eeft W Ehma1&r1gf sedtehant such

that at | east, %rkhona% %51 Wédé ¥ 422Y8h hst® % af d

et ching at | éast poftion o sal expose I'rst “i'nsul at or” Tayer w
second et charfi® s‘EP"aPsl t N FFIGANRECrEas, due to a variety of reasons,

such as, due to a misalignment. And, similarly, metal
spikes 34, are formed when via-studs 32, do not fully land
on metal interconnects 22, due to a variety of reasons,
such as, due to a misalignment.

i Another reason for this spiking is that during
etching of holes for via-studs an over-etch is generally
practiced to ensure complete opening of holes across the
wafer. This over-etching results in an undesired blind
hole, which is normally formed, and which extends down
towards the metal layer that is underneath, such as, the
via-stud or interconnect layer. Consequently, metal
spikes 34, 44 and 54, are formed when the grooves or over-
etched blind holes are filled with the metal, as more

clearly seen in Figure 1.



one opening and to expose at least a portion of said nmetallic via-plug, and
wherein material for said first and said second insulator is chosen so as
to provide nmutual |y exclusive etching behavior, (d) depositing at |east one
first high electrical conductivity material to form si]ugi‘lém? bﬁvel of
hi gh electrical conductivity interconhtction Iine witHhi Q | east one
openi ng, such that at |east a portion of said first high electrical
conductivity interconnection line is in direct contact with at |east a
portion of said netallic via-plug, (e) sequentially depositing, at |east
one third insulator |ayer over said first |evel of high electrical
conductivity inter%%nnectign |l ine and sai.d second insul, tor}1 and at | east
one fourth insul at SPPEyEF RV eFPEETH (T A%s MCAPIr SPAJEP, *4n8"%het ei n
materi al for <$&edthki cdusasefator |layer is different than material for said

second and said foyehh idiwd 33 &Fc | Qyela &égr&&id UM dade Pab @lBctrical
correspondi ng Sthgrgt Ie%%%t n0n¢ i rs% I ggejc 8}1 hﬁ%{] el ecfrl cal conductivity
vi a-pl ug over “$5F§ FSHER™ ASIPSEBF FAPEF, L3I et HPRY. at 1T 83t 15D ti on
of said fourtespPesibhalyr arayed, afhy défi psnghawpatinerfiigeaer dsponfdite t 0 at
| east one secqedahewylikef 91, ghi£l getpi 62l 160Q8dWGHIYNt edTBERMtact via-

i nterconnectian Li ng over said fourth insulator layer, (i) sequentially

etching at I.egstfldg 4ftion of said fourth insul ator | ayer, and at |east a

portion of said thibkd i arorexpganre ti foehialtillidystfajiareoiened
openi ng for atcilneaatep@néeﬁtrﬁéaxqufeelgéneﬁalt@a el eehbl aahnePNEYELEVida

vi a-plug and at lLL as% one 1;s.ecogfd evel of high electrical conductivity
metal intercofm8¢ti 8h R Rafd ER5oEPRY! atPHiHs™ ‘porti on of said first
1l evel of high el ec{ficatinmridu@enforpanee adegradatiomndoei b Inemegasedt2 19
JAN 2004 (] ) cdeBesthpi@i @indLaptewdén hictlB eldfdddntal 1 caluehiblY by

i nterconnection.to &orma,n |‘r§§:g,rateg i nt erconnect.i on structure conpri sed
of said first *FEYEPIoFPHi Y e chlec cﬁ?ﬁ%‘ﬂ iﬁﬁve@i'a-pl ug and said
second | evel of hifhothert mapdifegbatien i vift ythat e@xiommeettondamarragie hi n

sai d at |east ppBEeSPERENGheSEEBstARt 1Al FEARILDPYL I Ofh SAidb @
el ectrical CO@ﬂUCt}I].VIIEy I nterconnecti on él a-gl%% IS i lri direct_contact with
Fon™ oy SSPRORETRVET EcrBtedl  LORTRIcOVFLPY BE o tungsten

at | east a por
i nterconnect i 6AnkaAR, sandst heseldppfioted ngnsdiidunal Li-| evBiishi gl &trestsr i cal
conductiVvity ¥baaftuén adithdtirRiG@Npesbi®fed INRRRFoRRLHabiOSI] BEL 133 A
process of forrfnﬁ Hul tlédlevel .hi gh gl fct ri cal conguctl lt% i nt erconnecti on,
conpri sed of V a-g? C A T doRRERL | BRE 5988548 §tBSTrate having at

| east one exposed Hevevéd.c adcprging tortlrurdsmgepy anverbion ore §implleat or

layer, said papaessostonpfisdtiig d heestERuOfwhid &empenddal by denesict i ng,
at least one first insul atar | ayer over said_ex gggdwmgﬁl Irie%ugi a- pl.ug and
a S

sai d substrat @, 2and at Peaff°6ne°s8cohd i*Rsi Ao yer “over "8 ' st

i nsul ator | ayéptenpenygrtiricdm hbnes i dhatorargi dohupet tionsul sabigrimgpdn | s
'djfferent t hanrgat @i @leleterious metal spikes, has minimum impact on
cross-capacitance, and eliminates the defect with
deleterious effect on electromigration.

The invention is generally related to metal filled
vias (via-plugs) and either filled or subtractively etched
conductor lines on a substrate where the interconnection
lines on different vertical levels are separated by a
composite of two dielectric layers.

The invention more particularly relates to

improvements in sub-half-micron interconnections utilizing



for said second insulator |ayer, (b) defining a pattern for a first |eve

of high electrical conductivity interconnection over said second insulator

| ayer, (c) etching at |east a portion of said second insulator |ayer with a
first etchant such that at |east a pojgion of said flrj $kmawygpgﬁ | ayer is
exposed, and etching at |east a portion of said expose ITSt i | at or

| ayer with a second etchant so as to format | east one opening and to
expose at |east a portion of said netallic via-plug, and wherein nateri al
for said first and said second insulator is chosen so as to provide

nmut ual |y excl usive etching behavior, (d) depositing at Ieast one hi gh

el ectrical conductiyi-byelmt g5 o Qi REAdl duldd, | evel. of be

el ectrical conductiVi ty interconnection |1ne wthin sai one
openi ng, such ut"ﬁ&trséf’ofieéé‘tat st t BRCRYL i #° f PPEL rﬁ*lséﬁléF%i%t rtlocaﬁny
conductivity ipatréicaohaect metal i neri sdigleditrdet; cabsact whd h aiad easid a

portion of salcdnEtebkl ¢i4Le- fliteonpdIA 2004 43 Gekeseoperidally

depositing, at |east one th I nsul at or er over said
hi gh el ectri cAMTEBRGURET vi ’c'i/ ’r%t"@r@oﬂfﬁ@t”c‘l bh q5tdEagndnshhg §e‘%3t§thfIat’fsul at or
| ayer, and at meéadt oeneréfemtdi inegwl atey bayerpureemesai d ahlaimdyn,swrat or

layer, and whgpei npgat eafnshéea sg¢ d {ydd i ngul ?&ffaéeaﬁ%; 'asnod' hent
su aye f‘} élefl ni ng

than materi al Eor sai d_second and said fourth in at or

a pattern cor FEEFERUFAY T UChivddy BREA}F ¥t ALQEF-of hi gh eI ectr| cal
conductivity via- pRegeovirg saiod flour thawinsgs at whetanyxer ,11(<g) ﬁsexmmxtdeal |y

etching at |eﬂﬁheﬂaPQrEbBPe9$n§a’fﬂefQé'nﬁéh NS i A Jeast a

portion of said third iInsulator er ormataq{east one op |ng ‘and to
“expose at | ea®PdaMPB? t PYE U legty Prgfg‘F’é‘?/eq &heRre ghs e U™ T Hross-
conductivity Bateitconaectoovehtittall hendepaditton ﬂtrdcﬂaﬁie afwnptigled

el ectrical cogguciividus n&é€£+3| ctoBtEBEgn Sa‘?fgd I&f ot ¥8J:‘C81fln(-p(l:tgah or

el ectrical conductivity via- I n sal one openi ng, Such
that at |east™a*pbtifoht¥is sthd 'ﬂpr"éjtalllé’véP“@?t?ﬂ ghitdt etdardalvegsnadicti vity
via-plug is inidanbat a:mttafttanummhnatri@asaurﬂepmayem wdt SHadnf)i,r ahal evel

of high el ectgical;gond cgg Vénhyviél-t Ui ofhd 1 A dl)’}ée%% EE%}S' y

depositing, at_least one I NSu ator ayer over sai i rst eve
hi gh conduct i ¢f t y29¢ atpe u\jlaarﬂil”éﬁ P4 o@reh IPRBRA dtYord 4“5%F€reneaﬁ'§t§t’dﬁeast
one sixth insafapotot agrer. over said fifth insulator |ayer, and wherein

material for said f S t ern al f a for
said fourth and sallgéd tssllﬂg% :linﬁ:u E.L?HEEIaZ er WA&G)d % |agL|QIn 6§ qé%?térg{ﬁb?or

| east one sechbEFavdl ¥H RO hdélfeﬁf’f“ic%he é&ﬁﬂﬁc%’i‘%’fﬁf’n“e‘:ts and via

studs pattern are deposited on the surface of the
substrate 10. Basically, an insulator layer 20, is first
deposited, planarized and then subsequently etched to form
opening for metal interconnects. Metal interconnects 22,
are then formed in the etched openings in the insulator
layer 20. Subsequently, an insulator layer 30, is then
deposited and openings for the desired metal interconnects
are etched. In order to ensure electrical and mechanical
contact, an aoveretching is done and when the interconnect
metal is deposited in the etched opening in the insulator
layer 30, one gets interconnect 32, with a spike 34, in

the overetching portion of the insulators 20/30.



i nterconnection |ine over said sixth insulator |ayer, (k) sequentially
etching at |least a portion of said sixth and fifth insulator layer, to form
at | east one opening and to expose at | east a portion of said second | evel

of high electrical conductivity interconnection |ine, ﬁgaji b ng at

| east one high electrical conductivit'9 material to for ﬁ%é@ f!r | evel
of high electrical conductivity interconnection line within said at |east
one opening, such that at |east a portion of said second |evel of high

el ectrical conductivity 44 19 JAN 2004 interconnection line is in direct
contact with at least a portion of said first hi gh electrical conductivity

vi a- pl ug, and ther formn ai_d I IeveI h eI tr| conductivity
7Ry & erlag% %5\ pro}ée&e 8T15f % %1 ti&kel  hi gh

i nterconnection on sai stra
el ectri cal coﬁéﬁct‘?%’qvq% efBonet iloAulebepr |l§e'érof2(i/| ang| ug0 anere

i nterconnect i @Bmbi-6@5, sWh aassUbSt cakRiBayi Mg in ikk8aSho ONeh SXPaRaG Rt al lic
vi a- pl ug surrggn?glopy i;at | east one insulator |ayer, said process

conpri sing the steps ol (a) sequentially depositing, at |east one first

i nsul ator | ayer ovkt s%llﬁrﬁsfmthetatm ctop suplfageandf sthal widbptingt e, and

at |east one gsgcond 3ns C}ﬂ:le:ral'l@'yeEuﬁy@Eeﬁa'aQ‘ef lshégthﬂﬂﬁfhtﬁw Mehe and
wherein nateria for f is different than materi al

i.rst insulator
for said secon’(l:lLl n§ Fa? P&yésr“rr()b'fdélg?l ﬁpﬁéfﬁt%t{ﬂﬁf% ot % a®Pir 3011 evel
of high el ectrﬁ%mck‘—:brﬂﬁ)ttl vi Mhej ninsebatrct ilayevver2¢aiahdsedd®nd mmsul at or

| ayer, (c) etefpiganty! a@@bsataertsm ofapitisd secpd kpsibatofs | ayee With a
first etchant ‘?’H}i that al Ieaast rt| ondoEjl said first '4‘5@1“' ator | ayer is
exposed, and etching atFeatt (P%’@F 3r‘i &f Frdceexﬂbassed‘q CteRLarEt or

| ayer with a SEERFF etcdhanetab &anmft@r @sat it eastldnéepéni g artalo

expose at | easénduddedst i Bheof ai%'od t'Fi%E:@' hgcnwﬂeﬁalugmd%@@ke%ﬁr ebngppherial
for saldflrst nd saldqsecon at or s t.o provide

i
nutual |y excl u5| VE %t chifSg 5& a§| 8? ls( dy° &Z’ﬁﬁ‘sﬁl‘?}hgc%ﬁ cé%fé’tlté’n@eﬁ?bh
el ectri cal coh'd'u%ltqmrteﬁtmmrl al to formsaid first level of high

el ectrical conduciie/igibdedsebeOBRESt {AfeddiRg Wit i fusdid At Heg§aihifge
openi ng, with Figure 3. As shown in Figure 3, a first layer of
insulator 39,isuch as, for example, an insulator selected
from a group comprising MgoO, Y;% or AlL,0,, is first formed
over the top surface of insulator 30. Next, a second
insulator layer 40, of another insulator type, such as,
for example SiO,, is then deposited on the surface of the
first insulator 39, forming a dual insulator layer or
insulator pair 23. For best results, the material for
insulators 39 and 40, are so chosen so as to provide
mutually exclusive etching'behavior.

It is preferred that the first insulator layer 39, is
substantially thinner than the top insulator layer 40.

After the deposition of the insulator pair 23, a
definition of interconnection line patterns is then partly
etched in the top surface of the dual insulator layer 23,
such as, by using photolithography to define patterns for
the second high conductivity metal interconnection line.

The top insulator layer 40, of the insulator pair 23, is



such that at |least a portion of said first high electrical conductivity
interconnection line is in direct contact with at |east a portion of said
metal lic via-plug, (e) sequentially deposi ting, at least one third

i nsul ator |ayer over said first | evel hi gh el ectr I %i vity

i nterconnection |ine and said second Pnsul at or IayerllEan&N%bB st one
fourth insulator |ayer over said third insulator |ayer, and wherein
material for said third insulator layer is different than material for said

second and said fourth insulator |ayer, 45 19 JAN 2004 (f) defining a
pattern corresponding to at |east one first Ievel of high electrical

conductivity pl ver sal fourth nsu ayer, uent| ally
et chi ng at Ie\aégtgna eLtg:ht% 6n ‘0 lCglalldsf%u quat F Ieécfé‘ﬁggan attHdast  a

portion of sa?&cPﬂFr HNFREYTA¥ okavery el9 - td‘hfle’r rsamoreasieanky opeimginand t o
expose at | eaStigarpont,i afhefe sehel fhsstat@vepbaof nghhalseCzterdlﬁ%bd in

conductivity 'ﬂ%ﬁi&@&lec a‘iQ 108 1(N) detglos:jtlphnrg '?‘-:}91 evgl tol(‘) ﬁlrgh%me

el ectrical conductivit feria to’formsal r's
el ectri cal coﬁélﬁEFFWQi//ll(/l%{lf}ﬂ%lwet mehakai d at | east one opening, such
that at |east a porhé om@ércSc&lrcéd‘mbsmt pheve£n0fohl gie ebp&d iridealasconguct i vity

via-plug is i [ L heast tion of saird first |evel
of high el ect??giﬁggﬂo%d&)é%?[\l/él kttoglrl(t::(l})'n Hed |on T am{) A\nSSEOrei 49 at
| east one hi gAn@l &2¢r REAI S@@HGO&%@MYWM%M al Tl@ﬁ/emulslaaldlyf cpdlusiiveul at or

| ayer and sai dtéhr shalravebrofohi giciel 8¢t rdnedle CoMGiLYL Vao/i 8n@l UG, such

that said mat electr I tact with at |east a portion of said
first high elg%rl caf con |ng| %&eV|°§ﬂpFué?s‘('#)‘t%ref‘7r}ﬁalﬁ é’ep ?’ﬁ Mt or at

| east one secbﬁ&?%lef&h% -gh el ectrical conductivity inter connectl on
line, (k) reactivelygh osietehidi sedmhudefivied ﬂéth@[ﬁlri‘yp kor rrbgghdagecond

| evel of high, { al nduc |v1t i nt grconnect L t her eby
nﬁﬁ% 4L i %Ilrt onduet vk rJr ?erc"’d}# ¢E¥ShH on

form ng said Tevel £ gh € eetri cal con
sai d substrat®tegsialg My f@’éfctciﬁmwlt@é‘ndm-@l Ehey OPﬁtlen@@nﬁéctl Bhisn a

substrate hanélg)saittlloeasttoona?oe:mpoiﬁd MehabbéSnnd A-iRInUY 13 Wer OHG?E%QY at

first insulat Pa%aye,yaéi%ére B3] BehbhSE SR E P RO L T oumfiady "

substrate;' ]gpggqqqyyy4of aluminum, copper, or their alloys, and,
any excess metal material can be removed by chemical/
mechanical polishing in a singqular or in a sequence of
multiple polishing steps. One is then left with a metal
interconnection pattern 43, which is imbedded and
substantially planar with the surface of the surrounding
insulator layer 40, as clearly shown in Figure 5.

3 The next step is to form interlevel via-plugs and the
second level interconnection lines. This could be
accomplished either by first forming a planarized set of
via-plugs and then forming the second level
interconnection lines, or, by simultaneously forming the
via-plugs and the interconnection 1lines by a double
damascene method.

It is preferred that at least one metallic via-plug

is substantially in coplanarity with at least one of the



at | east one second insulator |ayer over said first insulator |ayer,
wherein material for said first insulator layer is different than nmateri al
for said second insulator |ayer, at |east one opening in at |east a portion
of said second insulator layer and at |east a portiorf §f JANPEG4 st
insulator layer, to expose at |east abortion of said netallic via plug,
and a first level of high electrical conductivity material within said at

| east one opening, such that at |east a portion of said high electrical
conductivity material is in direct electrical contact with at | east a
portion of said netallic via-plug. 36. A nmultilevel high electrical

conductivity i ﬂﬁ@&fmcfdé%%.onﬁiéugﬂiaéfsg‘. wing jat heast qne, exposed
metallic vi a-p|rl11% surrounded by at | east one insul ator Fafer, sard
i nt er connect i oh"€ohiftdsistFucitireast one first insulator |ayer over said

exposed nmetal lic vikiqiney and Bahd sapsilphe;raie |gastpanasecand ixsul at or
| ayer over saighdirSindRsul ak Qb daNsT - eregin materi for said first

i nsul ator | aye,rli S diq‘fere,nt t %ntalﬁg{ er%élgl ?ﬂ(# sa?’%jasp_gicuﬁsd i R8I at'die | ayer,
at |east one opEfiTfPiNecitioreadtings poP¥i oHSbRI sathie setBRECYRBUl dewhld ayer
and at | east algwaddeore pirosasd &f ridiisd AaukAatosn) ayer to expose at least a

portion of said neyglihi.Cc WiaRlkUg. g2 E'brsﬁll eﬁzl aRb lfgghiﬁ getrical
conductivity interconnection |Ine” of at [east one first ni g‘“ﬁ et ect'vi%al
conductivity rfRE¥ESS IRt APAMERY P &lapagiredneetodnivig Piuen arditthean | east
a portion of s@imhifnigr stheéhi gbc@lecleveainl i vonhutine¢kiyni Ntiaesomyecid o | i ne
s indirect ol aghMbbl AbcheSlo@ RIL! LRl el d metal I cvia plug, at
least one third insulator l'ayer over said first 1Tevel of high electrical
“conductivity inter HBHn@EEPBngWﬁethﬁdgga?dﬁ setufd ilAduFhrates they upg JAN
2004 at | east ameheoumphoiasudainlie ldayiescenverpradiedst Bor 8i bt idisikayer,

wherein materi@lym via-plugs and the second level interconnection lines.
A pair of insulators layers 49 and 50, are deposited as
shown in Figure 6. The insulator pair 49 and 50, is
deposited by the same process as was done for the
insulator pair 23. For best results it is preferred that
the thickness of the second insulator 50, typically SioO,,
is approximately 25 percent thicker than the combined
thickness of the desired via-plug 53, and the desired
second level interconnection lines 57, as more clearly
shown in Figure 8.

A pattern corresponding to the desired high
\ conductivity metal interconnection lines of second level
and of via-plugs are sequentially defined and the

insulators 50 and 49, are sequentially etched.

As shown in Figure 7, the insulator layers 50 and 49,
are etched to create a two step opening 55, in an
insulator pair 51/48. The opening 55, is etched until at
least a portion of the surface of the 1st metal
interconnection 43, is exposed. As stated earlier that

the mutually exclusive etch behavior prevents etching of



for said third insulator layer is different than material for said second
and said fourth insulator |ayer, at |east one conbi ned opening through at
| east a portion of said fourth insulator |ayer and at |east a portion of

said third insulator |ayer for at |east one first N &ael ectrical
conductivity via-plug and at | east on®? second IeveI fgmlfh ef 4rical
conductivity nmetal interconnection |line, exposing at |east a portion of
said first level of high electrical conductivity netal interconnection
line, and an integrated interconnection structure conprised of said first

| evel of high electrical conductivity vi a- pl ug and sai d second | evel of
hi gh electric conduc§|V|ry t;&ﬁgnnectlon line wthin said at | east one
o]
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| ayer over said fiFSt | nsd1°é’t ocF I% e MnePEhHF ratrian meghossi-d FARGL
i nsul ator | ay@rxqe§sd|nfeft@rlemaqehraﬁlaataem akmdoed siai ch Sﬂ)(g’lddrﬂ&iﬂ atrora | ayer,

at | east one GReficdhGeeXRISI ks, eaficnd RRILI R of il 82 198l ér?myéf pl ug,
a first |evel of, .hi qh el ect i cal conductl Vi tﬁy i Nt erconnectl on I'ine

| east one hi g &SP cofftiifot T t IntRETAteS WitrRtAdS asd - atandeddie one
‘openi ng, such?MRatleyel edstencpuredioiprof paaiatrf i 55t hinghdééectini calnd

conductivity |snbelteanme@1y0@15ha§ WEthD @hée%rf@ﬁ’ﬂcﬁq{g Widh e deast a
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third insul atgr i s ere t than materi al said se
fourth forma 1on o the second level of 1nterconnect10n

lines. This is achieved by depositing insulator layers,
having a total thickness of about 20 percent thicker than
the desired length of the via-plugs only; photomasking for
via-plug design and etching the insulators sequentially.

The material for the high electrical conductivity
via-plug could be selected from a group comprising
aluminum, chromium, chromium/chromium-oxide, cobalt,
copper, molybdenum, nickel, palladium, platinum, tantalum,
tantalum-nitride, titanium, titanium-boride, titanium-
nitride, titanium-oxy-nitride, titanium-silicide,
titanium-tungsten, tungsten, tungsten-nitride, tungsten-
silicon, or an alloy thereof, to name a few.

As stated earlier, Figqures 9 through 13, illustrate
another embodiment of this invention. The process and
structure of this alternative embodiment of the invention
is the same as shown up to Figure 6.



i nsul ator |layer, at |east one opening through at |east a portion of said
fourth insulator |ayer and at |least a portion of said third insulator |ayer
to expose at |least a portion of said first |evel of high electrical
conductivity interconnection line, a first |evel of ngJAINa?UOit,,caI
conductivity via-plug of at |east on@3high electrical conductivity materi al
within said at | east one opening, such that at |east a portion of said
first level of high electrical conductivity via-plug is in direct contact
with at least a portion of said first level of high electrical conductivity
interconnection line, at |least one fifth insulator |ayer over said first

| evel of high conductivity via-plug and said fourth insulator |ayer, at

| east one sixth |n%®I%@QWnI%ﬂwﬁlQHR9'39a@dP@HFtﬁflh%ﬁ?%ﬂ%ﬁrﬂzﬂﬁﬁerswﬁéreln
material for sadd4$) fdre imsuwtaideposnted) abn i Sodidftf @nenst @t rateriical f or

said fourth agg §?6§%?H¥ i*ﬁéy%at?|ftﬁ¥|nsdﬁhmk%ﬁﬁg Qﬂgbgpﬁggﬂglﬁgrough at

| east a portion o and ator layer, to expose at | east

a portion of EalHh§e€%%dFW%NQﬂ1QﬁFHﬁWﬁ? &l-ecThpcapsehirictianary 50, is
i nt erconnecti 6hr$t nestcaed atsecoHeutn | évesiulaetohi gislenest rbtal @ohdutienvi ty

|nterconnect|9HT$ig%%fﬁl ol €38t QQeth%Qdehﬁﬁt{ sl i nduetd Vidy ng@terlal

within said at [ east one enlng such that at least a portion of said
second | evel %% hffHsereen FE%I°€8ﬁﬁﬁ%§|9?tyaFnﬂéFﬁoﬁﬁééfibnspPHé L& in
direct contacrighid @t |east a portion of said flrst hi gh el ectri cal

conductivity via-phug. 4. 4 1%9§ANS 2(}%L 38, Av LPlu l.evels high el LGSt rical

conductivity interconnection, of "vi a- nd |dterconnec i on
lines, on a s@®ReFHE’ haitey dithel e&@?néﬁesexéésecﬁﬂﬁet #H9ing visaisphde
sur r ounded bymét hddastsudhe aisshahosal Ayethariaiad bol BsKONNatd @Rcess

comprising: afe ﬁﬁﬂiu%P ¢ ﬁé&% gyl é!’th&thapﬁﬁﬁguﬁbd ?§p9§e? gERallic

vi a- pl ug and sai " I'east one second afor | ayer “over said
first |nsulat®¥r¢QS&ﬂenﬁMﬂﬂﬁ§ ﬁhﬁaP@PPQISPﬁfag%JQFfﬁh%nlﬁsﬂéﬂﬁﬁFo#aVSyer is
di fferent thasijrederdlalardfigr seandineedgidkd Nl at or | ayer,

The next step in this process is the formation of the
second level of high electrical conductivity metal
interconnection lines. The insulator pair 59 and 60, is
deposited by the same process as was done for the
insulator pair 23. For best results it is preferred that
the thickness of the second insulator 60, typically SiO,,
is approximately 25 percent thicker than the desired
second level interconnection lines 73, as more clearly
shown in Figure 13.

| A pattern corresponding to the desired high
electrical conductivity interconnection 1line 1is defined
and the insulators 60 and 59, are sequentially etched.

As shown in Figure 12, the insulator layers 60 and
59, are etched to create at least one opening 75, in an
insulator pair 61/58. The opening 75, is etched until at
least a portion of the surface of the via-plugs 63, is
exposed. As stated earlier that the mutually exclusive
etch behavior prevents etching of the insulator 61, while

insulator 59, is etched to form insulator islands 58.



at | east one opening through at |east a portion of said second insul ator
| ayer, and at least a portion of said first insulator |ayer to expose at
| east a portion of said netallic via-plug, a first |level of high electrical

conductivity interconnection |ine of at |east one hi ﬁhge‘gmrzm
conductivity material wthin said at d4east one openi rngs at | east
a portion of said first high electrical conductivity interconnection |line
is in direct contact with at |east a portion of said netallic via-plug, at

| east one third insulator |ayer over said first |level of high electrical
conductivity interconnection line and said second insulator |ayer, at |east
one fourth insulator |ayer over said third insulator |ayer, wherein
material for said ?hfearenaulat dretedydrines dpvees emtd tivd rdtestivdicaflor said
second and Sai:dn(ilmlfi\]‘hﬂyﬂSWe&TaQr Layenexat depastiteae nperﬁrn,g tdw owgl at

least a portlggﬁ,gélél J.Qyﬁéé‘s'”él‘féﬁt | '%@r ,exgmglé %Stsa.e?r QrLion of

said third i nsul ator a er, to ‘expose af’l east { on of |rst
| evel of h|ghV%E%EtP?Eﬁﬁ1§kﬂﬂﬁnnﬁRHqF¢rﬂﬁ9er86%&&%&9%ﬂ¥%ﬁgn€@téoﬂﬁvsPrIeveI
of high el ectangatosionshucidvidy vhesdlag oimidarl e@thoase hiagh eleetsi cal

conductivity H@Edf'n?alte‘M i ”|a§ gﬁ%%é&aﬁ{ °’%§n§8?§£ ng, Such ste&ﬂ%péfs | east

a portion of sai fiTst Teve el'ectrical conductivit plug is
in.direct confhcft&PEh a‘%uq*baéﬁf abp'or‘%*}%cé‘fl/g‘a?’élalﬁqfslt P@Hﬁhb‘fg high
el ectrical conshied i whé yzmmt eéoenneﬁteﬁdﬁbﬁnaﬁ;mn pati8rdANM320Q0batidkaast one

i gh electrioal coniol LibLy.RBLENA! ol Sal dhour Ll nylatan  gyer and

said first |evel ectrlc ct|V|ty Vi a- such t
material is iH|HaRM @éh @snraeerhy t¥een Hneﬁéﬂuéepb?tlon of said first
hi gh el ectri cal C@HHIEdvwditage afplulgs ardhadsesonHatevrk abthighfor

electrical cofducj ity ddtef CUNICEHORebbAS - 1evdt A i3 nRetion
metal lines 73, could be the same or they could be
different.

This process 1is particularly of advantage where the
first level of interconnection lines 43, are defined by,
say, aluminum-copper alloys, and the desired metal for the
second level of interconnection lines 73, is, say, copper,
then tungsten or copper, with an optional cladding of
aluminum, chromium, chromium/chromium-oxide, cobalt,
copper, molybdenum, nickel, palladium, platinum, tantalum,
tantalum~nitride, titanium, titanium-boride, titanium-
nitride, titanium-silicide, titanium-tungsten, or any
combination of them, could be used for via-plugs 63.

For some applications it might be desirable to form
the interconnection lines 73, by depositing the desired
metal layers and reactively ion etching, as more clearly
seen in Figqure 14.

It should be apparent that given the guidance and the
illustrations set forth herein, alternate embodiments of
the processes and structures of the present invention may
be suggested to a skilled artisan. For example, the

insulator layers may be organic, in-organic or any
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CLAIMS

1. A process of forming high electrical conductivity
interconnection on a substrate having at least one
exposed metallic via-plug surrounded by at least one
insulator layer, said process comprising the steps
of:

(a) sequentially depositing, at least one first insulator
layer over said exposed metallic via-plug and said
substrate, and at least one second insulator layer
over said first insulator layer, and wherein material
for said first insulator layer is different than

material for said second insulator layer,

(b) defining a pattern for a first 1level of high
electrical conductivity interconnection over said

second insulator layer,

(c) sequentially etching at least a portion of said
second insulator layer, and at least a portion of
said first insulator layer, to form at least one
opening and to expose at least a portion of said

metallic via-plug,

(d) depositing at least one high electrical conductivity
interconnection to form said first level of high
electrical conductivity interconnection within said
at least one opening, such that at least a portion of

said high electrical conductivity interconnection is
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in direct electrical contact with at least a portion
of said metallic via-plug, and thereby forming said
high electrical conductivity interconnection on said

substrate.

2. The process of Claim 1, wherein said high electrical
conductivity interconnection comprises of at least
one layer of a contact metal, a barrier metal and a

high conductivity metal.

3. The process of Claim 2, wherein said contact metal is

titanium, tantalum or an alloy thereof.

4. The process of Claim 2, 'wherein said barrier material
is selected from a group consisting of chromium,

chromium/chromium-oxide, tantalum, tantalum-nitride,

titanium-nitride, titanium-oxy-nitride, tungsten,
tungsten-nitride, tungsten-silicon or an alloy
thereof.
i
5. The process of Claim 2, wherein said high

conductivity metal is selected from a group
consisting of aluminum, aluminum-copper, copper,
copper-tin, copper-hafnium, copper-lanthanum, copper-

zirconium, gold, silver or alloys thereof.

6. The process of Claim 2, wherein said high electrical

conductivity interconnection has at least one cap
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layer, and wherein said cap layer is selected from a
group consisting of chromium, tantalum, tantalum
nitride, titanium, titanium nitride, tungsten,
tungsten nitride, tungsten silicon and alloys

thereof.

7. The process of Claim 1, wherein said at least one
exposed metallic via-plug surrounded by said at least

one insulator layer is planarized prior to step (a).

8. The process of Claim 1, wherein said deposition step
is done using a technique selected from a group
consisting of sputtering, collimated sputtering; low
pressure sputtering, reactive sputtering, chemical

vapor deﬁosition, electroplating and evaporation.

9. The process of Claim 1, wherein said pattern in step

(b) is defined using photolithography.

) 10. The process of Claim 1, wherein material for said
first insulator layer 1is selected from a group
consisting of aluminum-oxide, magnesium-oxide,

silicon-nitride, silicon-oxide and yttrium-oxide.

11. The process of Claim 1, wherein material for said
second insulator is selected from a group consisting
of silicon-oxide, phospho-silicate glass and

polyimide.
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12. The process of Claim 1, wherein etch chemistry for
said first insulator layer is different than etch

chemistry for said second insulator layer.

13. The process of Claim 1, wherein material for said
metallic via-plug is selected from a group consisting

of molybdenum, titanium, tungsten and alloys thereof.

14. A process of forming multilevel high electrical
cohduétivity interconnection on a substrate having at
least one exposed metallic via-plug surrounded by at
least one insulator layer, said process comprising

the steps of:

(a) sequentially depositing, at least one first insulator
layer over said exposed metallic via-plug and said
substrate, and at least one second insulator layer
over said first insulator layer, and wherein material

- for said first insulator layer is different than

material for said second insulator layer,

(b) defining a pattern for a first 1level of high
electrical conductivity interconnection over said

second insulator layer,

(c) sequentially etching at least a portion of said
second. insulator layer, and at least a portion of
said first insulator layer, to form at 1least one
opening and to expose at least a portion of said

metallic via-plug,
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1nterconnect10n line is 1in direct contact with at

least a portion of said metallic via-plug,

(e) sequentially depositing, at least one third insulator
layer over said first level of high electrical
conductivity interconnection 1line and said second
insulator, and at least one fourth insulator layer
over said third insulator layer, and wherein material
for said third insulator layer 1is different than
material for said second and said fourth insulator

layer,

(f) defining a pattern corresponding to at least one
first level of high electrical conductivity via-plug

over said fourth insulator layer,

(g) etching at least a portion of said fourth insulator

layer,

(h) defining a pattern corresponding to at least one
second level of high electrical conductivity metal
interconnection 1line over said fourth insulator

layer,

(i) sequentially etching at least a portion of said
fourth insulator layer, and at least a portion of
said third insulator layer, to form at least one

combined opening for at least one first level of high
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electrical conductivity via-plug and at least one
second level of high electrical conductivity metal
interconnection line, and exposing at least a portion
of said first level of high electrical conductivity

metal interconnection line,

(j) depositing at least one high electrical conductivity
interconnection to form an integrated interconnection
structure comprised of said first level of high
electrical conductivity via-plug and said second
level of high electrical conductivity interconnection
line within said at least one opening, such that at
least a portion of said high electrical conductivity
interconnection via-plug is in direct contact with at
least a portion of said high electrical conductivity
metal interconnection line, and thereby forming said
multilevel high electrical conductivity via-plug and

interconnection line on said substrate.

15. The process of Claim 14, wherein material for said
first high electrical conductivity interconnection is
the same as material for said second high electrical

conductivity interconnection.

pu—

16. The process of Claim 14, wherein material for said
first high electrical conductivity interconnection is
different than the material for said second high

electrical conductivity interconnection.
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17. The process of Claim 14, wherein said high electrical
conductivity interconnection comprises of at 1least
one layer of a contact metal, a barrier metal and a

high conductivity metal.

18. The process of Claim 17, wherein said contact metal

is titanium, tantalum or an alloy thereof.

19. The process of Claim 17, wherein said barrier
material is selected from a group consisting of
chromium, chromium/chromium-oxide, cobalt, nickel,
palladium, platinum, tantalum, tantalum—nitride,
titanium-boride, titanium—nitride, titanium-oxy-
nitride, titanium-silicide, titanium-tungsten,
tungsten, tungsten—-nitride, tungsten-silicon or an

alloy thereof.

20. The process of Claim 17, wherein said high
conductivity metal is selected from a group
consisting of aluminum, aluminum-copper, copper,

copper-tin, copper-hafnium, copper-lanthanum, copper-

—

zirconium, gold, silver or alloys thereof.

21. The process of Claim 17, wherein said high.electrical
conductivity interconnection has at least one cap
layer, and wherein said cap layer is selected from a
group consisting of chromium, tantalum, tantalum

nitride, titanium, titanium nitride, tungsten,
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tungsten nitride, tungsten silicon and alloys

thereof.

22. The process of Claim 14, wherein said at least one
exposed metallic via-plug surrounded by said at least

one insulator layer is planarized prior to step (a).

23. The process of Claim 14, wherein said deposition step
is done using a technique selected from a group
consisting of sputtering, collimated sputtering, low
pressure sputtering, reactive sputtering, chemical
vapor deposition, electroplating and evaporation.

24. The process of Claim 14, wherein said pattern is
defined using photolithography.

25. The process of Claim 14, wherein material for said
first and/or third insulator layer is selected from a
group consisting of silicon-nitride, magnesium-oxide,

yttrium-oxide and aluminum-oxide.

26. The process of Claim 14, wherein material for said
second and/or fourth insulator is selected from a
group consisting of silicon-oxide, phospho-silicate

glass and polyimide.
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27. The process of Claim 14, wherein etch chemistry for
said first and/or third insulator layer is different
than etch chemistry for said second and/or fourth

insulator layer.

28. The process of Claim 14, wherein material for said
metallic via-plug is selected from a group consisting
of molybdenum, titanium, tungsten and alloys thereof.

29. A process of forming multilevel high electrical
conductivity interconnection, comprised of via-plug
and interconnection lines, on a substrate having at
least one exposed metallic via-plug surrounded by at
least one insulator layer, said process comprising

the steps of:

(a) sequentially depositing, at least one first insulator
layer over said exposed metallic via-plug and said
substrate, and at least one second insulator layer
‘over said first insulator layer, and wherein material
for said first insulator 1layer 1is different than

material for said second insulator layer,

(b) defining a pattern for a first level of high
electrical conductivity interconnection over said

second insulator layer,

(c) sequentially etching at least a portion of said
second insulator layer, and at least a portion of

said first insulator layer, to form at least one
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opening and to expose at least a portion of said

metallic via-plug,

(d) depositing at least one high electrical conductivity
material to form said first level of high electrical
conductivity interconnection line within said at
least one opening, such that at least a portion of
said first high electrical conductivity
interconnection line 1is in direct contact with at

least a portion of said metallic via-plug,

(e) sequentially depositing, at least one third insulator
layer over said first level of high electrical
conductivity interconnection line and said second
insulatér layer, and at least one fourth insulator
layer over said third insulator layer, and wherein
material for said third insulator layeriis different
than material for said second and said fourth

insulator layer,

(f) defining a pattern corresponding to at least one
first level of high electrical conductivity via-plug

over said fourth insulator layer,

[

(g) sequentially etching at least a portion of said
fourth insulator layer, and at least a portion of
said third insulator layer, to form at least one
opening and to expose at least a portion of said
first level of high electrical conductivity

interconnection 1line,

(h) depositing at least one high electrical conductivity

material to form said first level of high electrical
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conductivity wvia-plug within said at least one
opening, such that at least a portion of said first
level of high electrical conductivity via-plug is in
direct contact with at least a portion of said first
level of high electrical conductivity interconnection

line,

(i) sequentially depositing, at least one fifth insulator
layer over said first level of high conductivity via-
plug and said fourth insulator layer, and at least
one sixth insulator layer over said fifth insulator
layer, and wherein material for said fifth insulator
material is different than material for said fourth

and said sixth insulator layer,

(j) defining a pattern for at least one second level of
high electrical conducﬁivity interconnection 1line

over said sixth insulator laver,

(k) sequentially etching at least a portion of said sixth
and fifth insulator 1layer, to form at least one
opening and to expose at least a portion of said
second level of high electrical conductivity

interconnection line,

(1) depositing at least one high electrical conductivity
material to form said second level of high electrical
conductivity interconnection 1line within said at
least one opening, such that at least a portion of
said second level of high electrical conductivity
interconnection line is in direct contact with at
least a portion of said first high electrical

conductivity via-plug, and thereby forming said
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multilevel high electrical conductivity

interconnection on said substrate.

30. A process of forming multilevel high electrical
conductivity interconnection, comprised of via-plug
and interconnection lines, on a substrate having at
least one exposed metallic via-plug surrounded'by at
least one insulator layer, said process comprising

the steps of:

(a) sequentially depositing, at least one first insulator
| layer over said exposed metallic via-plug and said
substrate, and at least one second insulator layer
over said first insulator layer, and wherein material

for said first insulator layer 1is different than

material for said second insulator layer,

(b) defining a pattern for a first level of high
electrical conductivity interconnection over said

second insulator laver,

(c) sequentially etching at least a portion of said
second insulator layer, and at least a portion of
said first insulator layer, to form at least one
opening and to expose at least a portion of said

metallic via-plug,

(d) depositing at least one high electrical conductivity
material to form said first level of high electrical
conductivity interconnection line within said at
least one opening, such that at least a portion of

said first high electrical conductivity
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interconnection line is in direct contact with at

least a portion of said metallic via-plug,

(e) sequentially depositing, at least one third insulator
layer over said first 1level of high electrical
conductivity interconnection 1line and said second
insulator layer, and at least one fourth insulator
layer over said third insulator layer, and wherein
material for said third insulator layer is different
than material for said second and said fourth

insulator lavyer,

(f) defining a pattern corresponding to at 1least one
first level of high electrical conductivity via-plug

over said fourth insulator layer,

' (g) sequentially etching at least a portion of said
fourth insulator layer, and at least a portion of
said third insulator layer, to form at least one
opening and to expose at least a portion of said
first level of high electrical conductivity

interconnection line,

(h) depositing at least one high electrical conductivity
material to form said first level of high electrical
conductivity via-plug within said at least one
opening, such that at least a portion of said first
level of high electrical conductivity via-plug is in
direct contact with at least a portion of.said first
level of high electrical conductivity interconnection

line,
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(i) depositing at least one high electrical conductivity
material over said fourth insulator layer and said
first level of high electrical conductivity via-plug,
such that said material is in electrical contact with

at least a portion of said first high electrical

conductivity via-plug,

(j) defining a pattern for at least one second level of

high electrical conductivity interconnection line,

(k) reactively ion etching said defined pattern to form
said second level of high electrical conductivity
interconnection 1line, and thereby forming said
multilevel high electrical conductivity

interconnection on said substrate.
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sa1d process comprising the steps of:

(a) sequentially depositing at least one first insulator layer over said exposed
metallic via-plug and said substrate, and at least one second insulator layer over said first
insulator layer, and wherein material for said first insulator layer is different than material

for said second insulator layer,

(b) defining a pattern for a first level of high electrical conductivity

interconnection over said second insulator layer,

(c) etching at least a portion of said second insulator layer with a first etchant
such that at least a portion of said first insulator layer is exposed, and etching at least a
portion of said exposed first insulator layer with a second etchant so as to form at least
one opening and to expose at least a portion of said metallic via-plug, and wherein
material for said first and said second insulator is chosen so as to provide mutually

exclusive etching behavior,

(d) depositing at least one high electrical conductivity interconnection to form
said first level of high electrical conductivity interconnection within said at least one
opening, such that at least a portion of said high electrical conductivity interconnection is
in direct electrical contact with at least a portion of said metallic via-plug, and thereby

forming said high electrical conductivity interconnection on said substrate.

32. A process of forming multilevel high electrical conductivity interconnection on a
substrate having at least one exposed metallic via-plug surrounded by at least one

insulator layer, said process comprising the steps of:

(2) sequentially depositing, at least one first insulator layer over said exposed
metallic via-plug and said substrate, and at least one second insulator layer over said first
insulator layer, and wherein material for said first insulator layer is different than material

for said second insulator layer,
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interconnection over said second insulator layer,

(c) etching at least a portion of said second insulator layer with a first etchant
such that at least a portion of said first insulator layer is exposed, and etching at least a
portion of said exposed first insulator layer with a second etchant so as to form at least
one opening and to expose at least a portion of said metallic via-plug, and wherein
material for said first and said second insulator is chosen so as to provide mutually

exclusive etching behavior,

(d) depositing at least one first high electrical conductivity material to form said
first level of high electrical conductivity interconnection line within said at least one
opening, such that at least a portion of said first high electrical conductivity

interconnection line is in direct contact with at least a portion of said metallic via-plug,

(e) sequentially depositing, at least one third insulator layer over said first level
of high electrical conductivity interconnection line and said second insulator, and at least
one fourth insulator layer over said third insulator layer, and wherein material for said
third insulator layer is different than material for said second and said fourth insulator

layer,

(f) defining a pattern corresponding to at least one first level of high electrical

conductivity via-plug over said fourth insulator layer,
(g) etching at least a portion of said fourth insulator layer,

(h) defining a pattern corresponding to at least one second level of high electrical

conductivity metal interconnection line over said fourth insulator layer,

(i) sequentially etching at least a portion of said fourth insulator layer, and at
least a portion of said third insulator layer, to form at least one combined opening for at
least one first level of high electrical conductivity via-plug and at least one second level
of high electrical conductivity metal interconnection line, and exposing at least a portion

of said first level of high electrical conductivity metal interconnection line,
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integrated interconnection structure comprised of said first level of high electrical
conductivity via-plug and said second level of high electrical conductivity interconnection
line within said at least one opening, such that at least a portion of said high electrical
conductivity interconnection via-plug is in direct contact with at least a portion of said
high electrical conductivity metal interconnection line, and thereby forming said

multilevel high electrical conductivity via-plug and interconnection line on said substrate.

33. A process of forming multilevel high electrical conductivity interconnection,
comprised of via-plug and interconnection lines, on a substrate having at least one
exposed metallic via-plug surrounded by at least one insulator layer, said process

comprising the steps of:

(a) sequentially depositing, at least one first insulator layer over said exposed
metallic via-plug and said substrate, and at least one second insulator layer over said first
insulator layer, and wherein material for said first insulator layer is different than material

for said second insulator layer,

(b) defining a pattern for a first level of high electrical conductivity

interconnection over said second insulator layer,

(c) etching at least a portion of said second insulator layer with a first etchant
such that at least a portion of said first insulator layer is exposed, and etching at least a
portion of said exposed first insulator layer with a second etchant so as to form at least
one opening and to expose at least a portion of said metallic via-plug, and wherein
material for said first and said second insulator is chosen so as to provide mutually

exclusive etching behavior,

(d) depositing at least one high electrical conductivity material to form said first
level of high electrical conductivity interconnection line within said at least one opening,
such that at least a portion of said first high electrical conductivity interconnection line is

in direct contact with at least a portion of said metallic via-plug,
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(e) sequentially depositing, at least one third insulator layer over said first level
of high electrical conductivity interconnection line and said second insulator layer, and at
least one fourth insulator layer over said third insulator layer, and wherein material for
said third insulator layer is different than material for said second and said fourth

insulator layer,

(f) defining a pattern corresponding to at least one first level of high electrical

conductivity via-plug over said fourth insulator layer,

(g) sequentially etching at least a portion of said fourth insulator layer, and at
least a portion of said third insulator layer, to form at least one opening and to expose at

least a portion of said first level of high electrical conductivity interconnection line,

(h) depositing at least one high electrical conductivity material to form said first
level of high electrical conductivity via-plug within said at least one opening, such that at
least a portion of said first level of high electrical conductivity via-plug is in direct contact
with at least a portion of said first level of high electrical conductivity interconnection

line,

(i) sequentially depositing, at least one fifth insulator layer over said first level of
high conductivity via-plug and said fourth insulator layer, and at least one sixth insulator
layer over said fifth insulator layer, and wherein material for said fifth insulator material

is different than material for said fourth and said sixth insulator layer,

(j) defining a pattern for at least one second level of high electrical conductivity

interconnection line over said sixth insulator layer,

(k) sequentially etching at least a portion of said sixth and fifth insulator layer, to
form at least one opening and to expose at least a portion of said second level of high

electrical conductivity interconnection line,

(1) depositing at least one high electrical conductivity material to form said
second level of high electrical conductivity interconnection line within said at least one

opening, such that at least a portion of said second level of high electrical conductivity



10/ 10/7 "10% & ()- yy510% & ()- ,S210% & ()-,@!10% & ()-, ('10% & () -
b2q222?334dEYNC! [, f "10%& ()- , @"10%&' ()-109& ()-,s: 10%& ()-y1l0% ()-
-109&' () - 45nmB66066( 7AEYNC! [ , " "10%& ()-,! "109%& ()-109& ()-, "10%& ()-,3
"109&' ()-109%& ()-(7778UBBSAEYNCI [ ,, 2109%&' () -
0109%& ()--10%&' ()-,s*-10%& ()-(10%& () -, & " 109%& () - z48: JAN:208@1 ! d,
"109&' ()-m T10% ()-Z 10 10 10,: "10%&' ()-z,6 "10%& ()- S510%& () -
+===>>MPn??2dEb@ [ ! Y09 () - @ 109&' ()- @ 109%&' () - 109&' () -

interconnection line is in direct contact with at least a portion of said first high electrical

conductivity via-plug, and thereby forming said multilevel high electrical conductivity

interconnection on said substrate.

34. A process of forming multilevel high electrical conductivity interconnection,
comprised of via-plug and interconnection lines, on a substrate having at least one
exposed metallic via-plug surrounded by at least one insulator layer, said process

comprising the steps of:

(a) sequentially depositing, at least one first insulator layer over said exposed
metallic via-plug and said substrate, and at least one second insulator layer over said first
insulator layer, and wherein material for said first insulator layer is different than material

for said second insulator layer,

(b) defining a pattern for a first level of high electrical conductivity

interconnection over said second insulator layer,

(c) etching at least a portion of said second insulator layer with a first etchant
such that at least a portion of said first insulator layer is exposed, and etching at least a
portion of said exposed first insulator layer with a second etchant so as to form at least
one opening and to expose at least a portion of said metallic via-plug, and wherein
material for said first and said second insulator is chosen so as to provide mutually

exclusive etching behavior,

(d) depositing at least one high electrical conductivity material to form said first
level of high electrical conductivity interconnection line within said at least one opening,
such that at least a portion of said first high electrical conductivity interconnection line is

in direct contact with at least a portion of said metallic via-plug,

(e) sequentially depositing, at least one third insulator layer over said first level
of high electrical conductivity interconnection line and said second insulator layer, and at
least one fourth insulator layer over said third insulator layer, and wherein material for
said third insulator layer is different than material for said second and said fourth

insulator layer,
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conductivity via-plug over said fourth insulator layer,

(g) sequentially etching at least a portion of said fourth insulator layer, and at
least a portion of said third insulator layer, to form at least one opening and to expose at

least a portion of said first level of high electrical conductivity interconnection line,

(h) depositing at least one high electrical conductivity material to form said first
level of high electrical conductivity via-plug within said at least one opening, such that at
least a portion of said first level of high electrical conductivity via-plug is in direct contact
with at least a portion of said first level of high electrical conductivity interconnection

line,

(1) depositing at least one high electrical conductivity material over said fourth
insulator layer and said first level of high electrical conductivity via-plug, such that said
material is in electrical contact with at least a portion of said first high electrical

conductivity via-plug,

(j) defining a pattern for at least one second level of high electrical conductivity

interconnection line,

(k) reactively ion etching said defined pattern to form said second level of high
electrical conductivity interconnection line, and thereby forming said multilevel high

electrical conductivity interconnection on said substrate.

35. A high electrical conductivity interconnection on a substrate having at least one
exposed metallic via-plug surrounded by at least one insulator layer, said interconnection

comprising:

at least one first insulator layer over said exposed metallic via-plug and said

substrate;
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at least one opening in at least a portion of said second insulator layer and at

least a portion of said first insulator layer, to expose at least a portion of said metallic via-

plug, and

a first level of high electrical conductivity material within said at least one
opening, such that at least a portion of said high electrical conductivity material is in

direct electrical contact with at least a portion of said metallic via-plug.

36. A multilevel high electrical conductivity interconnection on a substrate having at
least one exposed metallic via-plug surrounded by at least one insulator layer, said

interconnection comprising:

at least one first insulator layer over said exposed metallic via-plug and said

substrate;

at least one second insulator layer over said first insulator layer, wherein material

for said first insulator layer is different than material for said second insulator layer,

at least one opening in at least a portion of said second insulator layer and at

least a portion of said first insulator layer to expose at least a portion of said metallic via-

plug,

a first level of high electrical conductivity interconnection line of at least one
first high electrical conductivity material within said at least one opening, such that at
least a portion of said first high electrical conductivity interconnection line is in direct

contact with at least a portion of said metallic via-plug,

at least one third insulator layer over said first level of high electrical

conductivity interconnection line and said second insulator,
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at least one fourth insulator layer over said third insulator layer, wherein material
for said third insulator layer is different than material for said second and said fourth

insulator layer,

at least one combined opening through at least a portion of said fourth insulator
layer and at least a portion of said third insulator layer for at least one first level of high
electrical conductivity via-plug and at least one second level of high electrical
conductivity metal interconnection line, exposing at least a portion of said first level of

high electrical conductivity metal interconnection line, and

an integrated interconnection structure comprised of said first level of high
electrical conductivity via-plug and said second level of high electrical conductivity
interconnection line within said at least one opening, such that at least a portion of said
high electrical conductivity interconnection via-plug is in direct contact with at least a

portion of said high electrical conductivity metal interconnection line.

37. A multilevel high electrical conductivity interconnection, comprised of via-plug
and interconnection lines, on a substrate having at least one exposed metallic via-plug

surrounded by at least one insulator layer, said interconnection comprising:

at least one first insulator layer over said exposed metallic via-plug and said

substrate,

at least one second insulator layer over said first insulator layer, wherein material

for said first insulator layer is different than material for said second insulator layer,
at least one opening exposing at least a portion of said metallic via-plug,

a first level of high electrical conductivity interconnection line of at least one
high electrical conductivity material within said at least one opening, such that at least a
portion of said first high electrical conductivity interconnection line is in direct contact

with at least a portion of said metallic via-plug,
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at least one fourth insulator layer over said third insulator layer, wherein material
for said third insulator layer is different than material for said second and said fourth

insulator layer,

at least one opening through at least a portion of said fourth insulator layer and at
least a portion of said third insulator layer to expose at least a portion of said first level of

high electrical conductivity interconnection line,

a first level of high electrical conductivity via-plug of at least one high electrical
conductivity material within said at least one opening, such that at least a portion of said
first level of high electrical conductivity via-plug is in direct contact with at least a

portion of said first level of high electrical conductivity interconnection line,

at least one fifth insulator layer over said first level of high conductivity via-plug

and said fourth insulator layer,

at least one sixth insulator layer over said fifth insulator layer, wherein material
for said fifth insulator material is different than material for said fourth and said sixth

insulator layer,

at least one opening through at least a portion of said sixth and fifth insulator
layer, to expose at least a portion of said second level of high electrical conductivity

interconnection line, and

a second level of high electrical conductivity interconnection line of at least one
high electrical conductivity material within said at least one opening, such that at least a
portion of said second level of high electrical conductivity interconnection line is in direct

contact with at least a portion of said first high electrical conductivity via-plug.
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at least one first insulator layer over said exposed metallic via-plug and said

substrate,

at least one second insulator layer over said first insulator layer, wherein material

for said first insulator layer is different than material for said second insulator layer,

at least one opening through at least a portion of said second insulator layer, and
at least a portion of said first insulator layer to expose at least a portion of said metallic

via-plug,

a first level of high electrical conductivity interconnection line of at least one
high electrical conductivity material within said at least one opening, such that at least a
portion of said first high electrical conductivity interconnection line is in direct contact

with at least a portion of said metallic via-plug,

at least one third insulator layer over said first level of high electrical

conductivity interconnection line and said second insulator layer,

at least one fourth insulator layer over said third insulator layer, wherein material
for said third insulator layer is different than material for said second and said fourth

insulator layer,

at least one opening through at least a portion of said fourth insulator layer, and
at least a portion of said third insulator layer, to expose at least a portion of said first level

of high electrical conductivity interconnection line,

a first level of high electrical conductivity via-plug of at least one high electrical
conductivity material within said at least one opening, such that at least a portion of said
first level of high electrical conductivity via-plug is in direct contact with at least a

portion of said first level of high electrical conductivity interconnection line,
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at least one high electrical conductivity material over said fourth insulator layer
and said first level of high electrical conductivity via-plug, such that said material is in
electrical contact with at least a portion of said first high electrical conductivity via-plug;

and

a second level of high electrical conductivity interconnection line.



