MULTI LAYER | NTERCONNECT STRUCTURE AND METHOD FOR | NTEGRATED CI RCUI TS FI ELD
OF THE I NVENTION 100011 This invention relates generally to structures and
nmet hods for formng nulti-layer interconnect structures and integrated
circuits containing them BACKGROUND OF THE | NVENTI ON (00021 It is conmon
to enploy nmultiple |ayers of interconnections as a part of conplex
integrated circuits (1Cs). As used herein, the term"integrated circuit"”
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formed on a sem conductor substrat U . CGenerally, each level of the
mul ti-layered i nterconnections consists of a first |level of electrical

conductors, e.g., identifiedTBEPdHNGHEBISENNIOBovered by a dielectric
interl ayer above which is a second | evel of conductors, e.g., identified as
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that |ie one above the other. The index N identifies the particular

i nterconnection |evel in_,t i ! ion levels being referred
to. As the feature sizesBékﬁgﬁ%8QEU$§ﬁ§&§g@ﬁgggﬁjthother el ements within
the 1C are shrunk in order to achieve every nore conplex I C functions,
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i nterconnections and failure nechanisns that may arise therefromare of
gr eat Brleggpd sienits (ICs). As used herein, the term “integrated Circuit” and the abbreviation “IC”,
singular or plural, are intended to include any electronic system employing monolithic multi-
layer interconnections whether formed on a semiconductor substrate or not. Generally, each
level of the multi-layered interconnections consists of a first level of electrical conductors, e.g.,
identified as conductors My, covered by a dielectric interlayer above which is a second level of
conductors, e.g., identified as conductors Myuy, with various conductor filled vias, e.g., identified
as Vieyn, extending between the two conductor levels Myyy and My, thereby electrically
coupling some of the conductors M+ to some of conductors My that lie one above the other.
The index N identifies the particular interconnection level in the stack of interconnection levels
being referred to. As the feature sizes of the various devices and other elements within the IC
are shrunk in order to achieve every more complex IC functions, packing density limitations that
may be imposed by the multilayer interconnections and failure mechanisms that may arise

therefrom are of greater concern.
BRIEF SUMMARY OF THE INVENTION

[0003] A method for forming an integrated circuit (IC) containing a multi-layer interconnect
structure is disclosed. A substrate is provided having thereon an N™ dielectric, in or on which it
is desired to form a multi-layer interconnection having lower conductor My, upper conductor
M1 and interconnecting via V. A lower conductor My is formed on the substrate with an
upper surface of the lower conductor My recessed below an upper surface of the N dielectric.
An (N+D)™ dielectric is provided above the N dielectric and the upper surface of the lower

conductor My, An (N+1)" cavity is formed through the (N+1)" diclectric from a desired
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BRI EF SUMVARY OF THE | NVENTI ON (0003] A nethod for form ng an integrated
circuit (1C containing a nulti-layer interconnect structure is disclosed.
A substrate is provided having thereon an Nth dielectric, in or on which it
is desired to forma nmulti-layer interconnection having | ower conductor M\,
upper conductor MN-1-1 and interconnecting via VNtNN. A | ower conductor N
is formed on the substrate with an upper surface of the | ower conductor M
recessed .bel ow an upper. surface of the Nuh dielectric. An (N+1)th
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the | awer(Neantiyetior isMiledAwith Nhldlediriea WohNudisr fRpIaA0tHBRRUBO upbhE doNAudbN
dielectric froma desired |ocation of the_Uﬁper conduct or 1 and

expos ity tehd g paricsiing siceViofint trsl melie elegbivaueansict mith thaappeesuyfage oAhey i s
fille it elgactrical conductor adapted to formthe upper conductor
NN-Fi%a%%(%Hgaéﬁﬁﬁﬁbting via VNAA/N, and neke electrical contact with the
upper surface of the | ower conductor MN. [0004] In a preferred enbodi nent,
f or m fP0he Thowaelecoddmbbdimdd fhmsingdes jovWeo comdgiatM); @asidegnfolhimgdit édasict ri c
on the supstrate, etghing an Nth cavityat l.east through the h, .
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M\, TicbhbdpBnding tDihe GRYiFDYI0BAt R 6F Bt TohRlcbYdiR@IduG! g ke el @dapted to
serve as the | ower conductor M\, and renoving conductive material 1n the

Nt h calectrigally condwntivarmatppar adenicflaloescofe phdhd bwer @odaot dfn, MNdbelowirgn
upper face of the Nthadielectric within a rece ortion,of the h
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i nt er apPpatduemse bStHoeN hgicleofiiredithin o leesk Goitlon & 1Bt 3 desitialalunions grfove
conductor material in the (N#1)th cavity to | ower an upper surface of the
upper ‘@8Wductor M, H bel ow an upper surface of the (N+1)th dielectric and
then increnenting N by one and repeating providing, etching, filling,

quer Vidiibs) anghke P ¥ape JruBNYy @' inthdordEStdn§ ds TURLERIMYEE th ThETEORNE GhdoON

desirable to remove conductor material in the (N+1)"

cavity to lower an upper surface of the
upper conductor My below an upper surface of the (N+1)" dielectric and then incrementing N
by one and repeating providing, etching, filling, querying, and removing for any or all desired

successive interconnection level N up to N = Q-1.

[0006] An integrated circuit (IC) is provided, having, one or more first level conductors My,
one or more second level conductors My and at least one via conductor Vi coupling at least
one second level conductor Mys to at least one first level conductor My and wherein an upper
portion of the at least one via conductor Vs is self-aligned with the at least one second level
conductor My, and a lower postion of the at least one via conductor Vi is self-aligned with
the at least one first level conductor My.  In a preferred embodiment, there is a lateral step in the
at least one via conductor Vysim where the upper portion and lower portion meet. In a further
embodiment, the first level conductor My includes at least first and second conductors My
separated by a first lateral distance and wherein the first of the at least two conductors My
connects to the at least one via conductor Vy:yn and the lateral step in the at least one via
conductor Vysin is separated from the second of the at least two conductors My by a distance

larger than if the second of the at least two conductors My extended to the same level as the



[0006] An integrated circuit (1C) is provided, having, one or nore first

| evel conductors MN, one or nore second | evel conductors M\-F1 and at | east
one via conductor VN.i.j/N coupling at |east one second | evel conductor
M\+1 to at |east one first |evel conductor MN and wherein an upper portion
of the at |east one via conductor VNA-uN is self-aligned with the at | east
one second | evel conductor M\-id and a | ower portion of the at |east one

Vi a co -91%1: or VNFFuUN is self-aligned with the at | east one first |evel
conductor “In a preferred enbodinent, there is a lateral step in the at
| east one via conductor VitituN where the upper portion and | ower portion
nmeet . [00074 fAmidierd & pbediceni forihigg i niati-14RY elterconiuesQindiNih Girodamgat

| east first and second conductors M separated by a first |ateral distance
and. wABPERHF IRHEE PFEN GITEHACISEITiE defstPpoRbNE dhtieloloEeIN om0, WheEHe at
| east e Mi-BE0 (ALY . anal ' at | east. one via
condudror YRR acmatle M ARG bR AUT wikfPaldlehPag). ¢GRR50
condudiakaridvdhdintacdirst@npcaalcanderort Vianyj fvhéhim ise tond hdide Toft; Haeadirst wo

conductors I\fN extended to the sane |evel as t_pe %ﬂ' teral ,?tep. . [0007] A
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nul ti-layer interconnection, wherein the nulti-[ayer terconnection has a
| ower diednedicfrom avlpsingg desation od thet unpeanondictr Mye andicepasote the fastidurface in

i nt ergonnect i yha conduct or. VN-FUN, . wherein the:| ower conductor | has a
1 ot TR0REES A1 MnRe FREGHEY i B PhRtictl Giylob MG uRparctbtibacthor t ne
firstadd ehecbirceting @fdrcagivche Vi Qrhayes Mcei®f bhactah@weed Refiki b tuppad

second surfaces, etching a cavity through the interlayer dielectric froma

desi r éendustostihon apd thedastypper suslopriiche ek | and exposing the first surface
in the recess, and filling the cavity with an electrical conductor to form

t he upper conductor M%ﬁl@“ﬁE?ﬁ%l??@!@@ﬂ@HE%l%%?@}éa or VN-f-uN making

el ectrical contact between a firs upper conduc WMNid and the first
upper surface in the recess. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00081 The
i nvent@98] wiThe beeisemnt sill brdestst oodefstooth Bromeadeatnofof tthe fHbWiogi degailed
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wher ehiiknerals denote like or analogous elements, and wherein:

[0009] FIG. 1 shows a simplified plan view of a two-level interconnection for an integrated

circuit, where M+ and My are approximately orthogonal;

[0016] FIG. 2 shows a simplified cross-scctional view of the two-level interconnection of FIG. 1

according to the prior art, illustrating an adverse effect of via alighment variation;

[0011] FIG. 3 shows a simplified cross-sectional view of the two-level interconnection of FIG. 1
according to an embodiment of the invention, in which the adverse effect of the via alignment

variation illustrated in FIG. 2 is substantially reduced or avoided;

[0012] FIGS. 4-17 illustrate in cross sectional view, methods for manufacturing an IC during
various stages of manufacture according to further embodiments of the invention, of which only
the interconnection portion is illustrated, according to the arrangement of FIG. 3, and for a

situation in which My and My are substantially parallel; and



[0009] FIG 1 shows a sinplified plan view of a two-1evel interconnection
for an integrated circuit, where M+Ei and M\ are approxi mately orthogonal ;
[00101 FIG 2 shows a sinplified cross-sectional view of the two-1evel

i nterconnection of FIG 1 according to the prior art, illustrating an
adverse effect of via alignnent variation; [0011]] FIG 3 shows a sinplified
cross-sectional view of the two-1level interconnection of FIG 1 according

to an i rent, , af, i nyent,i.on, hich the adverse effect of the via
it ondSRRTTAORaYsd DRFyA VERURT ettt D CRETE A B lsg C

avoi déskludif® U2] twohiSR] idtelchnhédtisatiNadiRuddinaNGSS 3 S0 4. PNahd, i 8WirefBiNQds: for
manuf acturing an | C during various stages of manufacture according to

f ur t héRenp b JBIAERIE DS Intereonngeieait fayals. aecopding o ovilly further ientbedissntseet ilon
porti @nchgsh! I ustrated, according to the arrangement of FIG 3, and for a
situation 1n which MMFI and MN are substantially parallel; and 100131
FIGS. 18-19 show a sinplified block diagrans of a nethod for fabricating an
| C i ncluding the twolEAGLENDESCRRNECN Off THE USVENTEON n FIGS. 3 and 4-17
and, if desired, stacking themto formnultiple interconnection |evels,

accor %d]%] t[%cséxjalwlingsuzriﬁ s 'gcp id?&:ﬂgsslono filhtxsrﬁ%tei rzllv?wnct)uilgvrclzl conductor-insulator-
conductor sandwich (e.g., upper conductors My — (N dielectric interlayer) — lower conductors
My) for an integrated circuit (IC) in which some of conductors My«; are coupled to some of
conductors My by one or more clectrically conductive vias V. passing through the N
dielectric interlayer. The letter N is used as an index identifying a particular interconnection
level in a stack of such interconnection levels in the IC. Such two-level conductor-insulator-
conductor sandwich may be stacked multiple times (e.g., for N =1, 2, 3, ...) to provide a multi-
layered interconnection system of however many interconnection levels are needed to achieve
the desired interconnection complexity for the IC. For convenience of description, the
conductors Mys; and My may be referred 1o as “metals”, but it should be understood that the
words “metal” and “conductor”, singular or plural, are used interchangeably herein to include
any type of electrical conductor, whether metallic or not.  Semiconductors, doped
semiconductors, metals, semi-metals, metal alloys, semiconductor-metal alloys and combinations
thereol are non-limiting examples of such electrical conductors. The terms “diclectric”,
“insulator” and “insulating” are used interchangeably herein to describe materials whose
electrical conductivity is sufficiently low so as to have no adverse impact on the operation of the

structures, devices and circuits described herein.

[0015] FIG. 1 shows a simplified plan view of two-level interconnection 19, 39 where Myy; and
My are approximately orthogonal. Two-level interconnection 19 includes My conductors 22, 23
and Mny; conductor 24, separated in a direction normal to the plane of FIG. 1 by interlayer
dielectric 33, and My conductor 22 is electrically coupled to Mys, conductor 24, by via
conductor Vi 26 or 26” shown in cross-section in FIG. 2. Two-level interconnection 39
includes My conductors 22, 23 and My conductor 34, separated in a direction normal to the

plane of F1G. 1 by interlayer dielectric 38, and My conductor 22 is electrically coupled to Myq,
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100141 The draw ngs and associ at ed
di scussion illustrate a two-1evel conductor-insul atorconductor sandw ch
(e.g., upper conductors MNi., - (Nth dielectric interlayer) - |ower
conductors MN) for an integrated circuit (1C) in which sonme of conductors
M\+J are coupled to sone of conductors MN by one or nore electrically
conductive vias VN+1/N. passing through the Nth dielectric interlayer. The

| l | |
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C0ndUﬁtﬁlﬁfcnleﬂ&tlbﬁilﬁll’sﬁﬂﬂﬁluﬁiawonaﬁd't&VWﬁh/Nn%’ JBenFuac ked st P4 Soltd MBSk 9-
for N=1, 2, 3, % rowdearmltl-layered i nt erconnecti on systemof

howev B10UgR Al undeikigsc nle@Qlld@ﬁlol adepd die sebiddag eloviachhdueeort Ve dedf. r3édin
inter ne 0 eni enc ripti
condutters Rl ERTENR et o8 by R ERA B R R BB
under sdémoeshdt haitaligned mm& toMi; abndlﬁnﬁi 22¢ @tli’tdliﬁtdashe,d 1&ieng0 kfﬁrcoﬁﬂud@dJIUV Al are
used 'n,t s}épﬂﬁnﬁeabl herein clude any type of electrical conductor,
whet h Ysfrates e guatiagy 1% duet Bromigypelatesdhy Eendalrishy aligaedpath
sem - RE! @QluctBEd Rl al 1 oys, semi conductor-netal alloys and conbinations
thereof are non- l'imting exarrpl es of such electrical conductors. The terns
"dielectric", "insulator” and "insulating" are used interchangeably herein
to deMWHPbEIGrk grovalassimhbied ebsesactionl vcttmdimq wctlynues:osmcfamml@m“ MGl bw so

as to_ha n on heoera e ructure devi ces
ond croBifed 30 PR atneRElatll Y FePBEf M8 oP e S S v HRER e
of t wepakRielariaitonr 60 Mg don@ii:tdi9 22 39 W%@ maet@n%w %@v@:@@roxmeély
ort hogonal . Two-I|evel interconnection 19 includes M conductors 22, 23 and

MN- 4- IIQBRGeEet 124inchidsn canwgsiin layedi Flesestion oormder-tiactine 381 arsteghy® G 1
by in IS t r| I I ed to
F K P 7 B 20, Bt SO Bt % MBS B S EUBCT on
| n FI A ikludBadvik ev}ﬁdiudt(n's enconne st da. g3%i¢dﬂ¢dall§ieﬁ<nw;11g§)l&dpl¢&y@[ 2922 seebadand
fond ctar F arate?l Ina(? direction normal tq the ({)I ane of FIG 1
by in gercy Yelp ‘i“#rfgé cap laygh #0. RS WBAGEL 8 Vaam ©ndrcel 36 M porBigiited t o
M\+1 2@9&95&?&[11%@0%’27‘@@3@9@ %&Ealy\ﬁﬁf‘b n&iﬁ s Vi BRIV 193 411 restin
cross-section of . For co venl e TPust rati on, via éon Uct 6r
VN+uNoi2 endedgtiuguie 8. Undag sghoawe 2smay bolaisdmidonduaaedic k)hwg:h drtanunsldatbi,es
M\+1 conduct or, 24, 34, e jd.ljne of via co ctor VN-1-1/N 26, 36 in
I G 1SR e o gyt REU) Rl @ anblfu R s Ry iR s Rl |y
(e. 9. strde@frk.- ri@hidie:s mevhat 3m sa h@ﬂqg relsatiiy end @iqm&@'?g‘iﬁ'&@aﬁe 2o Apd the
dashed |ines of via conductor VNuu 26 36" illustrates the situation when
VN- Hi Niplerdivadetey intarcenrdclign (c@mgOSItCI laars 2i gﬂlﬂ)IGaE |ag¢h @dnmomh: Imere dhadct or
22. 1 craoss-secti two- | evel
it erlglg%%]ené@ sl%ﬁ?engx@?%ﬂ JTQ%%CL i (_}?@&C}Oﬁlnc%‘%ont(H)éllpl@ﬁ@ rcalétbF acliuﬂcgst rating an
adverse effect of lateral (e.g., Ieft-r| ght) alignnment spacing variation of
MN cojddlet RefeR gt smll\ébl-ﬂGN2p®’hduc‘dttpllcd2Ml\ptﬁm?diueler YR as@ Vi Moednavetbr 26 are at
i nt erconnect ] i)r%& g/fl ncl udes conp site I]a yer 21 resting on under- structure
28. | Micqtentet bt NeCHEPEOB3 Y e@ba’i‘ﬁi Prayr capgy dﬁéme@a?og‘é*ﬂalr af @4l b
conduyy P& 1 r nr23, a
First (g gt gt A QiR 2] S M CaRgt bR Srice x
el ectofi b b@ﬂdun‘@m?ét bng)iticapdileypsen :{GDND meublabgrin@Bacev2al bl chdm:luct or

26, M¥4-1 nd ctor 24 d el ectric region 27, substantially laterally
sur r odAd™n g? CBEdeu@'tcba@ ZCZithczécwﬁll PI2F ¢ tfo‘ﬂ)@J 33?1 %ﬁf é‘P?’hé%‘leagmi‘él 0thnder
St r UChisaReMBelTRY Q8 /R cHRMcLRNGUGTIPFespe® tOMYBdRicto 228731 NBWaL 8f skiftfina
sem conductor on insulator (S0l) substrate, or anot her underlying two-Ievel

i nt erbeariedliwdestepd diat peme Theslicpeent Ninevitable, sige lower lpeel d}éredmdnclm@ 1-3

and | G th of. t el in nnection
compoti 1 wasab? iR e B BRI Ve e S TR AR MR
st ackedaar mkaakmghep@asom edAk nther gevueahd onteamatax pid(h{galalebﬁtya@m eved.

separation distance 32 between My conductor 22 and My conductor 23 often becomes smaller
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100171 Referring still to FIG 2, when coupled, M conductor 22 and VN FuN
conductor 26 are at one potential, but M conductor 23 nmay be at another
significantly different potential. It w Il be noted that |ower |eft corner
261 of \Till-1/N conductor 26 is separated fromupper right corner 231 of
M\ conductor 23 by critical dinmension (CDN) 31 along interface 271 between
dielectric region 27 and cap |ayer 29. The actual size of CDN 31 depends

upon t f al i n N4 1/ N cqonduct t.h respect to MN
conducp %r@’ g{&ggl e@’}r?ss(folﬁ1 a8 ik(?q)‘ll\é (icﬂ%}e%\??‘f"v’\’n I ﬁf &ﬁ%ﬁe}g@tlér?dl %&"ugér
ni sal isgniftoant leakdgoeiicabl, fghreeviane, A evaluddy ZORMISHOE ddéor 23 cRh&
typically formed i n one masking operation and via VN -1-1/N conductor 26 is

f or rreéI“‘PHf:‘h“?eIﬁlélf af éﬁyﬁ*a%omgﬂm@emmﬂa@% 27 hgetysen ciglentlie lwrdl Phied &&ynné%t
ack n SEpar 32 bet C u to
pack: Randsnsllon VOSheasERReRLal o, Fhrtelf s BRIE A AN SIRE R e rpac:

of CDME@&IEIRHEGO@‘]’E&S L(a]pgem gblid, GN Sdctiosmnaldn @ betoms bighiffch@aiadingakage
current c%n how betvxﬁ 1y NN conductor. 26 and M\ conductor 23 either
thr oué‘ﬁmt b vp{ipge) GePqrgR faslgreomegliagiig. i icsitpalbe rosiatanset sewsh inderéace i of

regi o[/3 pRsrbAYS 'Wn%ghmg %e!dﬂﬁgr to WaRfha VRN &ﬁﬂgt’{@t & WEQII‘%H&JX}\I &99& Yot or

23 are nmade of somewhat nobile materials, such as copper or d

el ect fgmsiagrast i on may becone significant, leading to a tine (at vol tage)

dependent fail ure mechani sm whereby the resistance along interface 271 of

th.ti eadi event e of t whi ch

i nt er onng f@ Tgaf grnrlf‘gpgeé e ol - Bﬂgjevﬁ?@eéwgﬂ%xﬁima'telg?lﬂlﬁﬂ’?q 1G]

cr ossfcsa'@tiltqntalo MV@Wn@fcohh@:tﬁom @k‘é@ﬂdldgnﬁoezﬁﬁ@ﬂ&ﬁﬁﬁkﬂrbﬂhe Fventibn 00ARA by

two- | evel interconnection 39 according to an enbodi nent of the invention in

whi chtherdvaige srise ditheria apakiganet g1 ﬁil@éﬂlqthﬁemUSwlcfé iic FBach sewbstantially

| Il us t I u d The.| may
e aotiREarol NG, Tl Sul RS B ER AR BN S8 LA 4l SR O

may bewdiepld tbattiechaX be irepRated I\a‘uﬂie&(ﬁka efacls UﬁhzchVWt)lle\X&hlllblldbﬁfc@ﬁd%ﬂ,e eddhaits,
t wo- | evel |nterconnect|ons havi ng | ower conductors

h
ﬁ/la\llcan wulaﬂ Ié%gh%g‘f"&ﬁ dNIRILPNSEHANE BRUDE 1P WE ndectoN+My sl HPRY oAt t he
sanduet &mu&tazesgaeevg,fwt Bﬁu %ﬁ{éamgkﬂvm Gt QRAUEEN So Ié'o?rﬁ'éem'i@eﬁfmg

reg| ons gz 23, 25 and 2 st anti same In
i nt er Ybneradueiors. Qgemﬁntﬁltﬁlcgomsﬂ 23t \Rd-ahé\Zélaw nlestaoinie did @mel wih-1Bvdb 2

and th descrl i i n.connecti.on 2.1 nc| uded
OSSP AL D WG SO BB el cERRBRRHRT 38 il e cibh ghitindonay er
41 re@kiddd @RcrindeborflcttiGt Urieh 28G. 1 ntgr leﬁl’lﬁfeddh@deﬁlc%g Cefd@nbBdeTUR 18fel

| ayers 50, 58, 25 separates conductors MN and ome parts of l|ayer 25

may eXi@prImgeliund? conlides semPNND) lgemids rastng ayeundd-stnclund €. Mihedaguct or s

22! Bl ek ShGESA. SeL LIS LR 4 LR, S0 . SR
con d ulayaf 253 ﬁqay U e aMN:Irild conlduot sDM@ACo;ﬁﬁ@%ﬂdl eyt 1|n@1u6@sgl\/R{10c31?Iuct01 s 22,

subst £ ZFrI at er al I surroundi ng MN conductors 22, 23 support ed by
under - tEI 'é’t & 918““&?11 B’cblé]d“é&)rWpella}’musrpdérscé@m@t&ﬂ@CQBCﬁbfylﬂ@dd@l&) cap
seni c 0

o Byl dhati B VBRI Bl URRE M PR BB OB B L eHeR s on

str ucZ’DISLéJ%taohaN/}hIatemlbfrs.uuﬁbadaogrmu n@tdmoimso:i:z dBeeklemplpbﬂed Bgunderdtuaosd 28.

under-structure 28 js also referred to as substrate 40, [0019] Two-|evel
i nt er%BAWI;C@ﬁaHIPeW&I sErcimestmpy BF @ PROPIINBOT S5 FalFePEah sEIIGNOID of

E' G %yh&lnidlﬂ@tba |o@%’sul%f tkom 3GRudfe, ¥t anYMNENLEQNIUE 1061881 lifeRORAREES O
e self-aligned wit
structure, or whatevm The combination of dielectric region 27 and under-structure 28 is also

referred to as substrate 40,

[0019] Two-level interconnection 39 of FIG. 3 differs from two-level interconnection 19 of FIG.
2 in that lower portion 362 of via V. conductor 36 is arranged to be self-aligned with
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6 under | yi ng MN conductor 22 while upper portion 1265 of VN+NN conduct or
36 is arranged to be self-aligned with overlying M\ H conductor 34. Wth
this arrangenent, the critical dinmension (CDN) along interface 271
corresponds to separation distance 32 between MN conductor 22 and MN
conductor 23, rather than smaller CDN distance 31 of FIG 2. Upper right
corner 231 of MN conductor 23 is now separated froml|ower |eft corner 361

A N T
adj us tsehﬂght,imt kflilﬁ Sﬁfeﬂﬁzbgd\f/{;q |, aypaducids 34:D|W B thB e ovRee (BY eAtidATd@8Ension

t hereby i ncreasl ng. t he correspaondi ng leakcﬁ% path and decreasi ng the
éé@wﬁ ABE ygl %géﬂmowéﬁﬁondﬂrl’emgepaf@éwnt ancgie beswennt Mofcondudpad2 and

corre
m sal i n FLG
Ieakaghg gﬁﬁrugﬁ% 23n%’“%?8‘ﬂ%%§%% P;E/)N?(g uce fgf:lt(}rg r{njpé V\% lh Cla e?zkﬁe sahe
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convepieneel hteicbhitstibatioosy prsl notpeisahendedilt & R dd Wikl idgerst 4ndt @R MN
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per peﬁ@ﬁl&@mﬂt g8y shositilicd tElags.or plidlevile B9oN ool NHevdl intprcohrecdpr stack [by

under st anghsh Dok TRIHE ASLUIING: LRGSR AL RET ol LUSKE A SA AL LGSy, 4y ” can

conduaidk/ @yzerdSlaM-B)) @RrguiMNehNn=zadh cadnpddite layer @1 Coprelimaingny theinalehitd
azi muthal orientatjon. Persons of skill in the art will al so understand

that R arangemeniolyssigted in f{@rdonnection 39-1 (e.g., for N = 1) has
conductor layers MN =M and M\tki = M2, and the second two- I evel

i nt er Ry mz@m@@ ﬁ sﬁl%mg » ooy vil\gs

e B it T S R SR
i n Fl G8iowg S&mﬁs Abf 117a1“$1fc62akec$04{5hémct@ﬂmgnttoe}?uctdlmnenbmcbmcﬂt@-d‘ﬂ th¢ frvellion,iaf t he

DT SRR, MBS B N b s o BB Lot

or Oovef |ay511r11@11§19m)@§ic¥13\/11l, Vel N aR+hbs@RMid RSROMH!. nguhaumﬁlsbi; 61@@@5&@&9” h

for all successive interconnection |ayers or |evels 39-N

i nt er BeRWaeTiBg skreck04-517. For convenience of illustration and not mtended to bc limiting,
Mn+1 and My are illustrated in FIGS. 4-17 as being substantially parallel rather than
perpendicular as shown in FIGS. 1-3. Persons of skill in the art will understand that

manufacturing stages 504-517 illustrated in FIGS. 4-17 can be used to provide multi-layer



10021] Referring now to manufacturing stage 504 of FIG 4, under-structure
28 havi ng upper surface 281 is provided. As noted earlier, under-structure
28 may be a sem conductor die or wafer, or an insulator, or a

sem conductor-on-insul ator (SO01) substrate, or another underlying two-Ievel
i nterconnection structure, or whatever. In a typical arrangenent, the
active devices that nake up the remainder of the I1C are located in

under r catj.on on t tic r I being
oot enan B e B SRR R g TG N b PPN o '

art. Thaec hl@dﬁ‘)KalNe%zﬂmutﬂa] (ﬁicnlailonl Petioad of kil mﬁiltii‘eaetltEuﬂilhaIso RV erBdAD Efat ‘ﬂfe
t wo- | evel |nterconnect|on conposite layers 41 of FIG 3 may be stacked so

that tHe Rrlerd rrsetnashon edniplegid oy Niadi haycqrdicionéyesmiiet ¥ and Man ~be
achi e\ﬁg, 1!1 tthd :;SecBlﬁcfﬁvacﬁﬁféc&ﬁc ion gb g égg {»Cﬂl g Wﬁs ndggig %961%@\4\’\“ h

upper surface 2711 rst ayer c ors
presei, anl Mpper Myrahdce 281 cdsfccmrdd%ﬂy,s&mtlunﬁenmm%&mlﬂi@l dlokwdtel rne@]i(km 327

can be art of under or forned there Ei t her
T anguhinh? SEkeE 308 PP e s T B NiF 1B Ponck CHRRE ok 9t i Mt
under =S{E UCSULE fidd 0'1 %nﬁélgﬁ?ng’ ﬁ:ﬁ/@lr’argafjlstl& @ﬁn@é&bﬁe V& &Qduc@&pia&é}%r ﬁxngf

initial thickness ap |ayer of thickness 53 are deS|r

f or redion ofi ﬁ}ﬁe‘rﬁcelm @18.@‘@11277DL @injogye &eve}r 39-6gi beorgeppondhigd w Wnity, tabsca fpth

| aye ' lustrate in other odi nents, additjonal cap |ayers

bR S SRR P By el Br R o o rebnbstlo be i m 11 ng,
maski ng and differential etching. Cap |ayer 50 of FIGS. 4-17 corresponds to

cap | gy ] Refofing Gy 3. miL02R rikaptabayod o5FI1Gf 4] thddr %llU&lhi@MQQﬁiné@&pcﬂ S
desirably a dielectric or other substantially insulating materi al IS
di f f er@liseaddlyisgterided-e Afi 1%t eapet tunde-tiReliacs e ge aoﬁea*e@mu@@i flie, oras

for e&%%}' Er aﬁl'lﬁéu i Iof af 1%d§2t]gn Bh?m%%lrkg 5 § \E:@sh%{e' al JRyROL Hl?c{ehﬁmésed

to form conduct or ayer urt her I"I'e "above
50. CapodlaykintSOooratial souseryor ahagvéar th mm;chediwman@;m,smqmme tibvicgsi ng

or etghing, operations. iLf. ni tride, s|I| on oxid Sil] con carblde
are ndHt BT ‘lpng‘céﬁ%?ﬁ‘b‘fi%‘é o S eta OfA L i lalfsl%%g& %{3%%6 labyicaign WHher

sel ecaelye%byoneﬂ@ Hﬂﬁldﬁle@'}@' 6t hﬁ;gl@ﬁ%ﬁ’tw a|/3§,t1@@3én§|p§§%utéedé+§c%dfab§&ahfoﬁ% Wyt ride
is preferred. It will be un that different materials may be used

for céipOWJaylerthﬁsetl i hsucd;«ee&vé 2w |.apersed it exddmintot ipnsudber o tvBylewely of
| S con eni ent

eramDl DRl D BR8P LT P S SBEREL SF OB R

about c&ﬁple@n}la@q;mneﬁmcedmpmua 1@tda@rb<,tdahiemes RES pRBRYmMRE 1M g6 ol R R&D)

enbOdIIar)rfgln(tnszeglon 27 with upper surface 271 in which first layer conductors My will be formed is
present on upper surface 281 of under-structure 28. Dielectric region 27 can be provided as a
part of under-structure 28 or formed thercon. Either arrangement is useful. The combination of
dielectric region 27 and under-structure 28 is also referred to as substrate 40. Cap layer 50 of
initial thickness 501 and cap layer 52 of thickness 53 are desirably formed on upper surface 271
of layer or region 27. While only two cap layers 50, 52 are illustrated, in other embodiments,
additional cap layers may be provided to facilitate, for example and not intended to be limiting,
masking and differential etching. Cap layer 50 of FIGS. 4-17 corresponds to cap layer 50 of
FIG. 3.

[0022] Cap layer 50 of initial thickness 501° is desirably a dielectric or other substantially
insulating material that is differentially etchable with respect to the materials adjacent to it, as for
example, dielectric region 27, the conductor maferial eventually used to form conductor layer

8



100231 Cap | ayer 52 of thickness 53 and upper surface 54 is desirably a

bl ocking | ayer to prevent interlayer diffusion of the conductors used for
MN and to facilitate differential etching. Titaniumnitride, silicon
nitride, silicon oxide and conbinations thereof are non-limting exanples
of useful materials for cap layer 52, but other blocking and etch resistant
materials may al so be used. Titaniumnitride is preferred. It wll be

under st oad ,t-hat dj fferent terial ay. be used for c | ayer 52 i.n
ouccesbr a8t Bk A uaTBiabhf B Red B et ot A sl SR aupet

i nt endedng ubqhdntithindthg bheekM@SEHRRions. COMYGNINARAHE,Ysilisbrt beide angesigionabout
1 to 200 nanoneters and preferably in the range of about 20 to 100
nanon&¥Erls, argrongiipiding t apwksseledschynperids dar pap i 0o hiootharie priestively
still 3 i St B2 DAy o I L€ . 1. Refierring. into
i SRhEE RIRAS: SEH 88l BEuTRY s IAEE bR TR Rl REsRE% 0,
102 aticht diffesed npodrtalomay bO8sedMas kapli@@eri 59 it Sedtcisdveatiohlagavhiei@and@ions 196

5 der | yi ng, open rtions, 101, 102, respectively, that wll
Svent &%W@% 526%@6 B0 B8 ”F“ieFﬁ? ORI bt Hﬁﬁkﬁlml%}ﬁy fhibepapge
condugt ghin 16Ct]§ AYpdi ﬂlﬂ!)lglete%oﬁ{& Qﬁar:%{‘g&l in #Hd%as ;é/ffa iﬁ{/@)tu[ %b Ly 198 Elhﬂ(ﬁnétgﬁ‘gh ghze

and | ocati on of MN conductors 23, respecti hotoresist Is

sui t abther Hatkarssas mapbe meekind0igsr chibbdiptdngr hard or soft mask material s wel
known in the art may al so be used. It is desirable to include an

om 1 EZPRChb et ShBEHIRRDS R PE oPERT Bl B et o PRl

knowniitgldydedidukion S thecdontectbR84isE @ fodINGS ald @NfasBinid diflektntiADetSHiAg e TRAHum
[00251 Referring now to manufacturing stage 505 of FIG 5, structure 604 of
FI G Bitiide. etlignadnigideotsHisoni @ddapra dembingtipnoiicere! cag inondinitios, examgles of
ext engj hi.auah: e , B2 Lel et g 8ol on { 272
X kT LI 805 6 MU EA) Gy, AL S

used. Titantum nitride is preferred. It will be understood that different materials may be used

for cap layer 52 in successive two-layer interconnections 39-N. By way of example and not

mtended to be limiting, thickness 53 is conveniently in the range of about 1 to 200 nanometers

and preferably in the range of about 20 to 100 nanometers, but other thicknesses may be used in

other embodiments. In still other embodiments, layer 52 may be omitted.

[0024] Referring again to FIG. 4, overlying cap layer 52 is mask layer 100 having open portions
101, 102 and closed portions 103. Mask 100 is used to ctch cavities 105, 106 (see FIG. 5)
underlying open portions 101, 102, respectively, that will eventually (see FIG. 6) be filled with
the material making up the My conductors. Accordingly, openings 101, 102 substantially define
the size and location of My conductors 23, 22, respectively. Photoresist is a suitable material for
mask 100, but other hard or soft mask materials well known in the art may also be used. It is
desirable to include an anti-reflection under-layer (not shown) beneath mask 100, but it may be
omitfed in other embodiments. Such anti-reflection under-layers are well known in the art.

Structure 604 results from manufacturing stage 504.

[0025] Referring now to manufactiuring stage 505 of FIG. 5, structure 604 of FIG. 4 is etched or
otherwise abraded to provide cavities 105, 106 extending through cap layers 50, 52 into

dielectric region 27 to depth 272 below surface 271. Depth 272 will depend upon the desired
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conductivity of conductors MN. By way of exanple and not intended to be
limting, depth 272 conveniently in the range of about 1 to 300 nanoneters
and preferably in the range of about 40 to 200 nanoneters, but other depths
may al so be used in other enbodi nents. OE3, CH3F4, CCl4, SF6 and Ar are
non-limting exanples of useful neans of form ng cavities 105, 106, but

ot her etching or abradi ng technol ogies may al so be used, dependlng on the
mat eri al up, reqi and

conb! St fusEty PPeREREL Ay i ST esam R ek e &hbe VAT G Fhbe 252
and Cobdvengnly of khr@tef @mabeiiCihion®olmishcef a0 ghedfeah8Nn e raphd SICIILE4PR5
results from manufacturing stage 505. 100261 Referring now to manufacturing
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but other materials and application techni mn in the art

al so bsulis&dn hanvfstgdes) stadel ®5to first |ine caV|t|es 105 106 with a th|n
seed | ayer (not shown) of tantalumor tantalumnitride before depositing
the c ut ot her see rials ..al.sg be.us Tantalumis .
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known in the art. Structure 606 results from manufacturing stage 506,
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| ayer . 52; ppi ng appr oxi mat el er surf 6 of er 50. In this
r espelt Piefer 1.03 g‘“é Flypnelied grimag é‘/ Ewﬁwﬁsw lfwgy g}“a‘t’ %Wteﬁﬁky&eﬁwe@pgwam to
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stoppi ng the renoval process on reaching layer faci
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above the l'evel of surface is also conveniently renoved during th
pr oceBwieriglstare wicl kilgwn o theggle ittiugiure Gmesswlisnigom aok freBringBlago BOb.aylen elao is

the 1 shgitsnss B A0 s uaRRR sl &2 S AR NRIRLR SR VY R BERY SRy 0t about

10 to 100 nanoneters, but |arger and snaller t hi cknesses may al so be used.
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nanufacturlg sta e 508 of FIG 8, structure 607 of FIG IS deS|rany but
not eSE¥NEi By ReY %@1 gleqndartgr 8¢ Oreidyiae cap PP s éaltdrl@a%i%bo%a siHaresgppand

surfa e@éCIOBQCQLB E%O‘I:Ppsur Igrl %169%509 SRS t5§%fégy§:| 06 1 Snik %ggﬁ%gﬂ Qy

di stan 7 belo cap ayer n portion
cavi t desgraldlo3hat@6 lagen 58 l]m:rlefaéelrvnbfdnemb@sismmlto whhiteteaneaotil wcshnlcglsss bbiap or

| k 501 ,of f 61 d 60
Famai OGBS0 SVEI0E F¥s Tovbr Tt s@Bbur ThprPaSE! 7S SpagrainS FeTRpas

avoi dfchambd 981&5@[15!;&1?& BEastiRAl R ﬁde dhiinh‘%h(,sﬂﬂﬁﬂ\@% hidcs n‘ff@vﬁct 1588 110t 106
eXpOSGd to sub sequen pr ocessi ng. his is desirable to avoid or m nim ze

el ect whemlagetat ks heps m@%éﬁmpﬂgnw@wcalhwmbm|(6M1‘ar18 pratederial meankiofig up
;j|eE| el%ﬂl‘(()\"%] ﬁ]%g &yglb 'or ICEI(E)HS n@tx Ol?ﬁel q%lﬁlﬁ)gahen&nﬂcﬁ{es %Ia;fl fa?soeb USC%t e&OD uc O(l:t hon

matcnal 60 within cavities 105, 106 above the level of surface 56 is also conveniently removed
during this process, but this is not essential. Remaining thickness 501 of layer 50 is usefully in
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[ 0029] Recessing of upper surface 61 of conductors 22, 23 shown in

manuf acturing stage 508 in portion 62 of cavities 105, 106 may, in one
enbodi ment, be carried out during CVMP by taking advantage of the
differential renoval rate between conductor material 60 in cavities 105,
106 and the surrounding material of layer 50 (or layer 50 and any overlying
| ayers). I n another enbodi nent, receSS|ng upper surfaces 61 of conductors

22 2R T ACi L DR TSR SRS SRR B 5790 SRILET 4000, es°

upper nS1er1cﬁ€1@SﬁnG Tpreferaddnthugicain@Oofl 4boRav Db 690 HabemdOR, bl kR aheehailgue is
useful .. The choice of etchant wl| depend upon the choi ce of conductor 60.

Si nce THEepsey graysted ke ysedf Sragnyg 667 iféﬁuaﬁ dlogempndagpidnd ezt ant i al | y

di fferent conposition than conductor 60 in cavities 105, 106, choosing a
sel eCt[OOQ%; @tcﬁ!?ﬁﬁ'é n&k 1951%&1&0@1”& %lag}, SORFHUE. & St Eh g eo W?H@ﬂ%ﬁl
persons of skill~in the art re-conductor 60 contains copper
recesbuhqﬂuppnmmgwsﬂanapaﬂﬂdmdaundMHumm1&&uwnmupﬂemqmosmﬁma§1GﬂkmﬁdmﬁMJt|es

105, 10 be ac for idation of ¢ ctor 60 to
Lhe Bl Bt cRAERT T B rhSisaf S B e Bt Bpb b b er iy P
acid ap igtphaion 629eRAviti&at 03,306 eQﬁ%ﬁQk&l&%l%d‘nﬁ@lﬂt lef-aﬂé'c xiigds0%han or
conductor 60, but other renpval techni ques may al so” be used, such as for
exanpP@ish Hiclisss $0k edeat SOoshdal uppier isxrrgicc@rcé@onmtOI Y 1@m9rmetat¢1 crbbvupper

106, TR8 BorPhanSMERE 2 oK TR0 ol ARG RO ARG ef 6rEBY 57 i o>

cavit s1dSwé.1®550f DB iPRragi des W)(ﬁ@chﬁumiﬁl‘:@el’@pl&Bssnfgesﬂﬂé}ﬁﬂ ¥&irdble SO &
FIGS. 3 and 8. Structure 608 results from nanufacturlng stage 508. [0030]
Ref er mllh‘{:}“ﬁ’o%‘??ikf) ragrah e elipsindensndge woo e prticnlag matriefpreking WodelselE G~ 8
is th f r avi ng upper surface 59.
Cap | ayer &Y, @H %%%Byg{fﬁgm?g?’r@%}gﬁt pbepdd Sg%ﬁ’l 1&%‘%@158 of FIG 3. If
structure 508 will be subsequently exposed to relatively high tenperatures
(whi cH0R8E Retassing ofrepiesdr snifgeeat i @fdondndvisdi2ng3 thp;vﬂ ayeemB&tisngesia i@ t o
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t her mal et during the manufacturing process for interconnection 39 and
t he aﬁl@o@ilmt@dmtg@@felwhmihlaim't &y c(@nnl@mu é@. BY py a)vpéymg Isyak). tiheamdher

budge exer c r pose
of * Sarm PR SedcSifln LB 1R EF BF Al Seng® bt 1o BN R 50
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etchable W th respect to cap | ayer 50 and vice-versa. Silicon carbide,

si | i coRhiggiod éXPQﬁe# ABPEAURIAEES @Ol eenrlbeiAr 4 dn eavition] 45 dA.c Sipeineliaueels

non- | i | r bi de
ron 1 19 eaTBL e kS Ak syt SRR, S L LSBERr 1
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nano r nd preferabl t he range of about 1 to 50 nanoneters, but
ot her | @5'2 '@ﬁnégoé’é@érw %Vé%&[}awrwoql TR ABHAES, 15 SyiFite o eorgRencE st t s
from pagHsagtiill Aghs kg age
T A N A gt A SR R LSl S

cap | @fy@mdg‘aowo gt vst @eiope 92 of citides B4, floéapn bayaongishal, pcne:scammaleolbyover

cap | nd ,expo urfac tors 3if.c

is no&yg?%osle Conﬁhﬁé& iﬂj Re glpsiy deelpﬂha?ndf @?“ dF"a’PB?'% s‘ﬁWf‘FhZa@ %‘?‘iﬁy% many
fact ofiging HY ablf or@dRbszent A6t ik RdaSSkBYLIcl GRREEd 1hansRlcATdohRRKATS, &woﬁlﬁm

that the 1C design can tolerate as well as the deposition or gromﬂh and

et ch CAVYRkieshaguos wary asclkipgdysugh ps Erepemptetaadingl indengied ésbe miing, direct nany
candi gat es l.ec I 1.G8 f

parti %%I %rdlﬁy %Jlt Hﬁgﬁ% ?% ;{Q&eﬁ 6% &i{(’ ﬁd{éﬁé hg%%\éﬁ?&ﬁ@%% l!’ etefl a%oglom a focaVﬁlcs
manuf B, uOBNn gl Heagirtionsi @“Sc;ondmdoi 60 mhmmgtzhdow@np@ileﬁmeobbf 'E)di\ﬁﬁ@; IITS gkell in
the art. B th organic |nor anlc material s

di el e¥PYidEdMmpRn @Wé%%%aﬁ V?lgdqhomewé“ IS % athimé pélﬁ%utct @Qﬁ 1te§/‘ﬂt§fﬁqlﬁe

mat eri al of |nsulator 25. Carbon dop j silicon oxide known in the art as
"SI COH', or "SiOC' and oct a- et hyl - 3 | o-tetra-sil oxane known in the art as
"OMCTS", are non-limting exanples of well known materials useful for

i nsul ator 25, but other dielectric materials my also be used. OMCTS i s
preferred. By way of



exanple and not limtation, thickness 251 of insulator 25 is conveniently
in the range of about 1 to 500 nanoneters and preferably in the range of
about 20 to 300 nanoneters, but other thicknesses may be used in other
enbodi ments. As noted earlier, cap |layer 58 may be omtted or conbined with
i nsul ator 25. [0032] Overlying insulator 25 are cap |layer 70 of thickness
71, cap layer 72 of thickness 73 and nask |ayer 120. Wile only tw cap

| ayer strated, in other enbodi ments, additional cap |ayers
may b@kig%” g ﬁ%c ggrlrtate for exanple and not intended to be limting,
maski ng and drfferentral etching. In a further enbodi nent, mask |ayer 120
nmay h@s0aRelodeg nyivng antitabliegtsiaga 500atfl NG, (Natrushens)s oSFNH. 8(3@'&.1'&6193
for use.in IC ho%gﬁgaskln operations are wel| known in the art. r

aye
70 i s OBfigRallycorsre Wl Cap e 5% PRENPPBRE SRS Yo eriplayerydy ostdCJ%aﬂd ’7t he
di Scuéélr%oﬁc!&etﬁ%% ldy@r §835‘f e, 130N ¢ Wlﬁclﬂmk kg Wlﬁ?@gri&gqrfchag%ﬁg sc? td 1%951%\/54? at ed
herei n by reference. [ifcon nitride is a preferred nateri 1°°F or cap rayer
70. B%Ighaympq‘/law@rﬁwh@hafmd ited¢ mictatritigriaiiom), pr brhdmgmap fyed 5®fs deapablayenhib i s
conveni ¥> n the ran e of 4? %g ﬂo to 300 ters and preferably in
t he r 8iYY ‘ﬁﬁﬁ B Fop mﬁ@ﬁ a BpEverplitsuply ﬁngHHﬁWEWﬁW?B?“¥%F% esses
may ahsfichehtis REel 5B AhPBE oﬁfﬁw YR Bk Sce &Qﬁﬁ&hg GARhd lﬁ}{t%f alld coﬁdﬂi’é&fb() #dong
ot her thlngs to provide a hard mask for "defining the |ocations of
condudeotubsaent, ovgrall tharpalrhudier duliegi the ngnufieturiog areasss Endnisicoenationida
o g A O 0SSP s

rrat er u‘@hlﬁaﬂa&a(ﬁi@m theatdsWhile B dsafil prapobd 6ff @A 14yer P8 &f ©Nineid ofiodiffagipn bayer 72.
By way of nple and not |imtation, thickness 73 of layer 72 is

conveRiaEHRf QFPﬂn@ﬁ@i r9nefeMor coaBeters123 @3 00is idivotrstrable Uéﬁfrd‘v bt dildsramiallyi n
the r u e C S 0 be
used PRARID siRbRibortTo kb HIRE SR MATGVEC Pershy SiREN T il SERERC SR Ha D

ot her nttadd carbos @ahd cahsk rivhtempalisiswed horkmiimg cﬂrah]lpﬁas a)lfhlaﬂa}alﬁhs‘&ﬂﬂ e daped.

Mask trons 1,,122 and cl osed portions 123 AnDn Qt her
t hi ng Y%E %35%0“1 idg 35 pr&]lerw%u t WAY i grqxama@ffrlrﬁienqlﬁewr%%fq 8% | larra%a

lat er ﬁiml@l‘eﬁﬁeﬁﬁ' Qf“@appfayéipﬁ? is CANANGHPY $n W rahgd B LS rl%”ﬂﬁﬁﬁa}n%ﬂm?&?s Nngwher e
the index NidentifieS the particular |nterconnect|on stack [evel
St r uchigfaalgydn rﬂ@suahgfs of atowi e tjﬂatanmnﬂing, betagker3hiokndsers wen be ns@noathdrhe

i nter "interlayer.dielectric 68" are used to
r ef er e%]g?{f@g{]\[ Sy et HFEe 8@{“’8}‘”%@@@ B fﬁ‘&f% % ng 70, 72 since at various
times during fabrication they will separate upper conductors M1 and | ower
condupteat p RMY;riandoaso sieMhctitingl e 18- A7FED NAY Gisal30180% anthi@@estsed 0
form _ upper and | ower conductors 1\141,3 and WN. Dielectric interlayer 68
of FI fogmed gver surfase AR Af sgpdayer §8initstpeigep0%el BIG. B iE.cag laysa S8 gapresengrl ayer

| J [ t.d one
of 1 syt b 4RIS Q0NBY WRHRA LripOR o1 LR BT, TN KL EL 5O i b3 e
Ref er Thaighoiow dfomaterivlfl &ot wsilagr sisagéll Sikperaf ofrlnyl Tact@t,r b o eX"ﬁli}ﬂe ofheFl G
10 i s, etched or otherw braded to for vities 125, 126 of ter
wi dt h%*tei%rel i%@%‘@%e@ﬂs @@? 9eg ﬁrw&hﬂ%é{rg ggeﬂwﬁj& cqnp f0lexase aﬁe@ a6 @@r y.
Mask @aREiHRAS: g?(;lwth]aga c@dﬁdch'é%éfh@é &k z\@cgﬁip%yl%?fm%?graﬁaﬁ iaf BYdildseSribaare 126
substantlally etermne the [ ocation and lateral w conductors IWN .
Cavi t yanp earslafuics| agd 1hte¢>elp‘ntihn1@cm feanted g ahateviad choiod forraa)akrﬁqulaml& debigs evill
| ocatj on n_manuf act ur.i hese | at er al
w at bR 85, U p Pl 3R B Es 2n i B S sordRTSpeh nge

and cawid d)m;rursﬁele be. Botoeandusd QlosgdM hBreARN ARG THARM L&w K (BectftcPare but
this is nerely for convenience of presentation and not intended to be

li mi t ewgrallgonidiescdr whayrHk isdhel peumdingboelsthrmnaerdp! vif; ag%LWJFEJN rﬁtybmlah@ed he
sane r “ | | e t.e on

t he d%§§(§£§lgyl&%%dﬂ thlcrara(rlagggngfq(??clal a 1 i tlglidsoo Chm?-:ylrrgnuf ac ug?ir?égl i ne,
and sluetwil at élmeeht i) CKDNKJ'FIﬁ’y akeneli- flﬁﬁﬁlg”léxaln{pifbl &ff eelechoaz immatehad useful for
orientation such arrangenments are useful and may vary from
| nt er BOHAGEES 0 HOékférdlffl%ctr!ml@rCe@h%@er ebip et OMESS fopaiedodty vars! and
Ar are non-limting exanpl es of usefg]12 etching nmeans for formng cavities
125, 126. Ar is preferred for penetrating l|layer 72 and CHF3 is preferred
for etching layer 70. Trenches or cavities 125, 126 are etched through cap
| ayer 72 and, desirably but not essentially at |east part way through cap
| ayer 70, so that thickness 75 of cap |layer 70 remains at the bottons of
cavities 125, 126. Thickness 75 renmining of cap layer 70 is usefully about
1 to 90 percent of initial thickness 71 of cap |ayer 70, nore conveniently
about 10 to 70 percent of |n|t|al thrckness 71 of cap Iayer 70 and
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[ 0035] Referring now to manufacturing stage 512 of FIG 12, mask 120 is
renmoved fromstructure 611 of FIG 11 and replaced by nask 130 havi ng open
portion 131 and cl osed portions 132. Mask 130 defines the |ocation of
VNA-itN, in conbination with cavity 126 already formed. Photoresist is a
suitable material for mask 130, but other hard or soft mask materials well
known in the art may al so be used. As with mask 120, an antirefl ection

| ayer (not, shown),.may.be ..provided under, mask 130 i.n stil| additi.onal
onbouekaftis AN uBNRE mRRN G BATolPR S st iauRl nuhe FGe b RER g

| ocat 3001 danbletek N @ngXaeleradlyZ én Qhe YargheCONEBGHOZI %3 VWD dbinetedy, wANUBH ence
of presentation, |lateral width 133 of nmask opening 131 is shown as being

sl i ghthigkneaseg arayttisarsed dr ehar emfiodthentegAshoied ehtlipr. £21 [ayer hpday ke omitted or

manuf [ St : but in other enbodi ments wi der or narrower or the
sane gﬁ%?ﬁggﬁgélggg%giéiused. Structure 612 results from manufacturing
stage 512. 100361 Referring now to manufacturing stage 513 of FIG 13,

st r uc{@3a] et2rlphhgFh@lat®2? 3 seehp hady 7Ppoéfhéckalbsy7 Wichh layas®K2 aBMickineds 73i amdpl ace
to create, cavi 1 of substantial | he same |ateral w dth 128 as cavity
126 o &5 e121 VB BHEL RE €t GRHS dlp TP abr Lusrsiecy 6n 145t damp B gss,
under Lydifghdl '&é}?‘ht@%&rm%bgﬁﬂﬁfﬂeﬂ AR K @E For amPREartdRRE intBRIck 19 Be HmilRs Kk 130
may be partially eroded in the course of etching deeper cavity 1261, but

suf f i siagking raadadiflorantiabeshingt dawi fiythee Sotbodimentt sk dayei 26 wap haayen 70

d d porti.on. 132 of k130, 130. (i f, | 72
and. 76 QDT R0 R oo JBRY iy Sy 38 el s A PR or e

W dt hopdianrdird fell kabwaeptd ak2@p 1SpUTDes LiRGlaR RofuheRM dnvelckipdll @bshisgoar e
non-limting exanples of useful etching procedures for PFOVIdLng cavity
1261, cHukey et Herné thendipgysgpn theref ilaronmsrbuaiithebhpgseding lialsvistacanprisged.
React i ve: ian. et chi.ng.{ B BT 1 ng T Nt S a Y, ¢ i.bed
e SRR R L SAE ol LSS0 bt o deasi

St r uctunt potdiBitatesuy kiskfes o™ ohoay ageUT( REodtagentblid. th¢ g lof Red@rini togooow t o
nanufacturing stage‘5§4 of FIG 14 strgcturﬁ 613 of FIG 13 is further

et cheB 081G Bt wEd&aalr Baltly s Beyt £ ipr 8Y ingreradiese Putdaseet yud sipaller
substgﬂ@&@&kyng®§%%q%hm&;§“%g&qM dhﬂ%Héator 25 and through cap layer 58 to

reach cap | ayer and upper surface 61 of conductor 22 in portion 62 of
cavity 106. Cap layer 50 is desirably insensitive to the etch desirably
used {WB3pbenptinwri’fgid nsyl ateng 28hemthingzp ¢ gyevidc8, had maskt foordeGRingf theayer

50 suprounding cavity 106 in Jayer 50 ab vers_rfac_.61 f .MN conduyctor 22
et S LB aRt Tty Mt actrd i Pl e BREEE UF 18708 gr el 418 dap-ayer
58 t hattadiin@Sitde diRcdpamiride, AfGsiaa\siduié A6 Lmli0f M ptanduGiMe Adtelisls
renoved, theregi exposi ng upper surface 61 of MN conductor 22 of |ateral

wi dt hiforeap laygr Thibyt esharipristials apasradso b e 10i8nivm niiders prgfarred descapflayavi t y

1263 wh t BN, LAV 06, i ..l rgzg [l%e_ 4 - I L.'fi;{ % Zj_of
t he upﬁerbpéﬁﬁyf%%ﬂ%(13%Q“%?83g@¥ﬁfh ggég 5@2®%§g§f%§%§egbyﬂLﬁtﬂ? %1mis
mer el yf filgut doloVvAEID emoemetds khd patiEabliydn thadingetofiddbenzled 100 hendmatdt,i Rg.
Lateral width 128 is prefgrabl Jdarger than lateral width 108, but this is
not efdenikiglnesses may also be used in other embodmments. Mask 120 is conveniently of
photoresist but other hard or soft mask materials well known in the art may also be used. Mask
120 has open portions 121, 122 and closed portions 123. Among other things, openings 121, 122
will substantially define the location and lateral dimensions of upper conductors My« in
interconnection 39-N, where the index N identifies the particular interconnection stack level.
Structure 610 results from manufacturing stage 510, For convenience, the terms “dielectric
inferlayer 68” and “interlayer dielectric 68” are used to refer collectively to one or more of layers
58, 25, 70, 72 since at various times during fabrication they will separate upper conductors M

and lower conductors My, and as shown in FIGS. 15-17 conductors 80 and 60 used to form

13



Ei t her arrangenent is useful. [0038] Still referring to FIG 14, at the
sane tinme that cavity 1263 is being fornmed, cavity 1251 is desirably etched
t hrough the remai nder of cap layer 50 below initial cavity 125 and into
insulator 25 to depth 1252. Depth 1252 of cavity 1251 is less than the
depth of cavity 1263 because etching through remaining thickness 75 of cap
| ayer 70 under initial cavity 125 (see FIGS. 11-13) nust occur before

caV|t n | at or, ,25. vity 1263. enetrate all the
eyt PBAghTRSe G AT B AR BTl B AT ERERE P Eh e

cavi tyo lla‘éﬂamrm oArEs. BNbyt d0itdePldyel 352. Ii1willygto ot hgpaeirbadt MehS latan
addi ti onal, masking step (not shomné in_which a mask anal ogous to nmask 130

is pr é‘%l’é‘@&tmﬁlﬁ\ﬁlw%éﬁm@@éﬁﬁYﬁé Bx positag? arwyibeyernogdin intelase8.por t i on
covering cavity 1261 or cavity 1263, depending on whether cavity 1251 is

et chedo®all ¢eferfihe Abkab GadbioieRec I DIHG! NET{IBRK {1 HAR,. 10 1Lk

cavity 12 separately fromcavity 1263. Either arrangement i's use
DepthOI@BQHWByabeﬂadﬁmﬁhed9mn@nrﬂﬁm@2@ofﬁﬂeahwshmgﬁwlHﬂﬁkagﬁsuwmydmm@ﬂmtor
M) that w vi.ty 1251. dur] l.at er manuf act uring

St o Ptpk o et By £ o2 FopineR. MR es  5bd 23 BT rpBB R K Slow ¢ o
manuf agdiued MYs staDSubakRGHATY E&t@mﬂa@ th€ RRAHEE Qhd @zgcﬂaﬁ wARRS 108 Loh@ucdrt Bel.yr e
614 of FIG 14 in order to fill cavities 1251 and 1263 in substantially the

same e 28N usiordsleotat &thmml ywittheofseaeY nra evhicat docabdonl ésdetpipaded or

Cechnat SR B e 1280716 R BB AT BRReH B ddeor s

i n cavidnynhd 2qdivglenr @spenadand @a\MN:s| uskd WWM@O@HU@&%MQ it fatncpadd wan FaGs.
conductor_ 80 i n upper part 1264 of cavity 1263 corresponds to M1
conduétr ‘34““%1% nﬂ%lﬂf B8 eqnypnighcee ghdueteniatign 4nd e@ntmwdeéatpt ba dBwitigad i n

| ower

(see éR%@ﬁ%&% o?“ 8ggﬁﬁ%gﬁﬁgﬁ éﬁﬁgggggd@nggfﬁﬂkéﬁ%S%%% uc or@@&f%E$F§6 of
FI GS. 08 smaﬂbx]l@teﬂa‘l’ widthe, dbpsediss] upltmcthe d@;mdslof che cﬁéhgﬁéldanrdaﬁel kapabgithNof the
conductor 3in con i ncor porat ed herei n by

t FI.GS
ot er Stous e hespmd b Tembuadbs Mo bl b e TG eaa. 35
and CQJTF‘@L%‘ aﬂgan‘éblﬁel?tg'&%‘%@ul SN Ry 38, g’thoHlsfn'ié’i‘E(ﬁgxcbﬁan 168 tolﬁiel'&)nnt?&fo'ﬂm ure

615 results from manufacturing stag In still other enbodi ne
condutavel fhlter CHbIS, GGmaﬁﬂGBQKhﬁyadimﬁehmnﬁaamempﬁﬁkénmﬂhgembmgummnsﬁn

e e ML AR 05,8, 2 B LR B P B S b B

7, Oc@)ﬁﬁfgslﬁyd#pmer’l’renches or cavities 125, 126 are etched through cap layer 72 and, desirably
but not essentially at least part way through cap layer 70, so that thickness 75 of cap layer 70
remains at the bottoms of cavities 125, 126, Thickness 75 remaining of cap layer 70 is usefully
about I 10 90 percent of initial thickness 71 of cap layer 70, more conveniently about 10 to 70
percent of initial thickness 71 of cap layer 70, and preferably about 10 to 50 percent of initial
thickness 71 of cap layer 70, although other percentages may also be used in other embodiments.
In still other embodiments, cavities 125, 126 may be etched through cap layer 70. Either

arrangement 18 useful. Structure 611 results from manufacturing stage 511.

[0035] Referring now to manufacturing stage 512 of FIG. 12, mask 120 is removed from
structure 611 of FIG. 11 and replaced by mask 130 having open portion 131 and closed portions
132, Mask 130 defines the location of Vi, in combination with cavity 126 already formed.
Photoresist is a suitable material for mask 130, but other hard or soft mask materials well known

in the art may also be used. As with mask 120, an antireflection layer (not shown) may be
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surface 74 of cap layer 70 and the remaining portions of conductor materi al
80 filling openings 703, 705 in cap layer 70 and cavities 1263 and 1251 in
i nsul ator 25, which thereby form M\#1 conduct or 34 and underlying VN FuN
conductor 36 of FIG 1, and M\#1 conductor 35. Cap |l ayers 50 of FIGS. 4-17
corresponds to cap layer 50 of FIG 3, and cap |layer 58 of FIGS. 9-17 is
anal ogous to cap |l ayer 58 of FIG 3. Interlayer dielectric 68 of FIGS.

dot ai P EGRERE PR G ARl R Gy 0Bl Fhon Jab ot LRBORkIR b "

dl el edefing 1hdflin®d€dda&/ &rcafién,iifindrahudact Sﬂd cngn@ tagRchi®) VIan Bevenahichvwot ayer
i nt er connect i ons aLe to be stacked, ,sel f-aligned portions 362" of M\t

condu®tSFaaaon. Ieapidh 4 a3 eﬁalaﬁlquétﬁem lﬁﬁ]é‘?"tifb?m‘é%!tlg dightly. lggm thay bterglo- 2)
are a t filr St
- | 180 R pR U T Sge s I UL SBoBchBRatlI o
39 of nEir@ver3orahd sdife wWilibs enayoraulot wwes. m\iﬁﬂ:tuw 611 ﬂ:tselm&dmtmatbéactuhmgtqn@r most
| evel ﬁ% a multi-level interconnection stack, the manufacturing process nay
be tep ‘nated at this stage | eaving upper surfaces 81" of conductors 34, 35
exposed in cap layer 70, as shown by the solid lines in FIG 16. In a

furt h?ﬂﬂﬁmﬁhﬂﬁ?mw%fﬁmﬂﬁ%cﬁﬁng@ﬂttg,b BYSMf ML 113, 6@RthRYED of PIBAD Blc&Pcleen

renmoved fromdielectric interlayer 68 and upper surfaces 81" of conductors
34, 3predprablyyysidls eepsk UB8t bt inablpse toesrette wavity dpplef substadellpdR wing lsuslat or

25 th f ul
25 a5 AR 408, Sestob Reo e AR Lo Ao e oo
manuf andtanlynngmsmlat@e 25 béne@ifth ENG. 1a§t& 70a ‘Bretugpef phEion @raedk MefinayDeigattiigr at ed

wherein i.s used to(%ﬁg@% surface 74 of CAP |ayer 70. Upper

sur f aE‘é’éiC@ in thgrcopbR ¢t BRY %Vltsd 26 br bHL bliorert 1 @bt @p@cswvngd 285

al so d y I p r as
hown oy Che" BACRAS U ReeY TG YRR btichIuE of hach J4BP Blet 0 R Etup Ty
or er eakthyers Tuahl ’t’(hectﬁarm:h/\mysl@sm defioe cheéy 1261 cohsiewtal l@mfvlhtteiml Rli@h 188

takin CGO di.ffe nces nth sitjon of c C
grat elr F“gq %‘8 ‘gﬂ‘gﬂ @8‘;2 taSSX HP‘!d% ‘reéﬁlé‘éelslét] 6&35& arg lHlP;“ atltl’é‘“éa Oétmlaﬁﬁu It eshduct or
34 i neeBM Et ProdedBR:sapd pf&ﬁ@iﬁ? ec‘élw't';p Re61, Wik fAGS c%u@bf OM\‘i‘étet faf nQHG\Fa(? rme’%l?ods

cavity 12 in substanti al same way i n which upper surfaces MN
conduBwsaisote engdoxedr é?qa@l@@slgedtdlmgdﬁhlﬁ)el@tpmfmw uRNEr@gests aEb‘Bardyateﬂcrldaeﬁﬂ

r:eiul)hsﬂﬁﬁqmo%nfﬂf t%(e:tanir téortlglﬁe P & 1%1 Eiat%uals enc%ggtgto du ttét(quritilgg@ht 185@& %@égl -

t he | wenfacridystags S1IWN of Ievel N=2 or N = and so forth Thus,
self-aligned portion 362 of VN+NN conductor 36 of FIGS. 3 and 17 contacting

surface 6@ _& conductor | evel PIV?S rise to the inproved critical
di ment08AkE Reiriagmowy & ?@ﬁtﬁ%{&tléﬁ b‘H§’«° éé‘t el BIG. dhedtructye 6A3 651G 1P isdvithares
125, é]t%}@c Q@Yﬁn@ﬁ@&iyﬁt&gy WLLREE %@%vxd@%gﬁgm W %dsldﬁgt% tﬁilﬁ%l'f “??Etp 128

Sel f-al i1 gned reglons ari se erconnec

conduttrargh iasgatoo2frendftbrouyh <ap tdyer Ti ® mfmi]’lSapt hatr Selahd appgnediacedi o 362"

| t | f d 62 t d t |
i eS8 23T RATRE S B0 AP R oHID DR RE Ve e K G0 evel
i nt er gaNABKEt L LY %nﬁéﬂeﬁﬁtnﬁg AMNulR& tZ‘?aéndS'é&;?E}%% V4R |§)V?t)15t10|1\1| 52 2f ﬁg eFO

etc., may be expeditiously stacked to provide any desired nulti-]
|nterﬁbhh@dﬁ%dﬁvébﬁﬁ$éxhbvlﬁﬂthWh%Hﬁa¢gémﬂ@ﬂmpomhwkmﬂﬂensmum§u®2auﬁﬁy

obtaln in ectlon Ieve S dvant a enla

oot o1 D YR e bR SR e RHS b S8 R o1 S B SRR Dere T O RRE Y
t he stBokMThdslutior a2 9% g&?htﬂveﬁaﬂielﬁg\@E@ﬁng ﬂpﬁd"%uﬂﬁ@o Gﬂ(a@mccﬁtd@&m 28-019
show sinplified block diagranms of 800 for fabricating a

I C

i ncl uldichy Wigd I %&/e fn {hig @f«%ﬂ%é@t@t%wé@ o8 o I@el Baiada6®oiiva‘atyd1 263 fwigeri r ed,
t acki gt £ill

5L 2cKLRay BT B TREMSTYL 1Pl ALY SORATOK! AL Bl cERRT LB AL

refer h?rﬁéealmuﬂbm lydrr @b @Gis i8S raunely tﬁc‘gmébhﬁ@ﬁwde g ;I&Isag&tsll Sddhnot Sdténdell (FHES.

4-17 re.cite ut t a nae way. O . exa e an

i mi t 4RftEe: Irfﬁcfaﬁ E§§ Pﬂﬁf%@y ger than | %@%&mﬁ%dO%U’Léhﬁowte‘ﬁwuat

expl anation that, Nth |nterconnect|oqslevel 39-N is being forned where the
| ower or first conductor | ayer is M\,""t he upper or second conductor |ayer
is MN-H and via Vi, ((uNis provided there between in sone |locations. In
descri bi ng various steps of nmethod 800, reference is nade to Nth and
(N--(1)th cavities, dielectric |ayers, conductors, etc. Various steps of

met hod 800 nay repeated so that multiple interconnection |ayers 39-N (N =
1, 2, 3, ... etc.) can be built up, stacked one upon the other, wherein the
|ndex N |s |ncrenented for each repetltlon keeplng |n nlnd that conduct or
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100431 Referring now to FIG 18, nethod 800 begins with START 801 and
initial step 802 wherein there is supplied a substrate (e.g., substrate 40)
having thereon an Nth dielectric (e.g., dielectric layer 50 and regi on 27)
in or on which it is desired to forma mnmulti-layer interconnection (e.g

i nterconnection 39-N) having | ower conductor MN (e.g., conductor 22, 23),
upper conductor MN-H (e.g., conductor 34, 35) and interconnecting via

Vi +Fu via 36, 36'). In general, sone or all of the
actlvgﬁgéaggggﬁgﬁgﬁgE&ﬂﬁlthe | C of which the nultl- | evel interconnection

(e.g., 39-N) is a part mnll generally but not essentially already have been
f or med0038] stibisiefeating (ceFigi.,1448) thasimg timeahst caeity 1RE0IMbeing fohdedircdavity M51

h nb f I
Condudt Jrarabiy gt (i ) Teaiis O ey €odebner. iR ARy danuen o
upper icQNANCL DS it 268 Q)epﬂ?“i%éag} cgﬁﬁfvpﬁ if Brl%dl b AR E'ﬁ{th O@Qg\u{e}h%éfisorm

of the upper conductors (e | ower conductors ( 22)
Wil tbecmmmoéldlg/ihaoughelenmmmg:dmiemss g oficas ia&ev-FTO/lMd(aengnaI @ity 3@‘5)(;,60

wh t - , wer conductors _ not
coﬁLFZZGg ?gﬁéﬁggfgggmﬁgggp'*%&ﬁ%qzﬁﬁé@n1§mlépﬁﬂ@9b 'Hﬂﬂﬁec?%ﬁéﬁ cEn
nunbemsndtRed sldad Wy waduddfin@dapb 2 (afshed elrfided It(ﬁTN/IQ Rond RRADD, LWRilS t&R1B804

t he Iomer conduct or conductor 22, 23) is formed on the Substrat e

(e g 12p) pmthearﬁ)nbpwedcpau?lfﬁe?celn(s@t gther smbpdicwnt1in edditigns nm}emg@@pc{umt or

1 oL SEESA NP AR SIEE R ey P AL P

( N+1) tip5S lamd; Bllchatsed”lgmhaty edive(1 tﬁg@a\/lt)} ByErortBvio 1 F43G8epchBim §7on Wissime datiepomssone
or all of ers 58, 25,70, 72 shown in FIGS. 9- 10 and following) is
pr ovi éﬁeﬂc%ﬂo OfeHE alten CaviBt By i Ehip dutgher maglids Us) o eavéy Updé rse@aeuatﬁb(ce

( e 9 »ﬁoﬁyéefv‘??fei %3) m{hcf' %Za-uggfa%ﬁt ﬁ%gﬂq ?ﬁ)m\ll 459- 1 d@%ﬂu%ﬁé ﬁcc{o%) L]igkl%ét step

h cavit cavit 1S et C roug
i nsul dedired  Klagleresy e)fgcondualgoer Me@) thdttomaﬁ besforrect liocedsiign 1281 gluringaddter

1 t duct 34) and exposi ng
he upfertel Phakite BREERTLEE Gp Rmuh st or M (. o 22)

[0039] Referring now to manufacturing stage 515 of FIG. 15, conductor 80 is applied to
structure 614 of FIG. 14 in order to fill cavities 1251 and 1263 in substantially the same manner
and using substantially the same materials as described for conductor 60 of FIGS. 5-7, although
other conductors and application technologies may be used in other embodiments. That portion
of conductor 80 in cavily 1251 corresponds to My.s conductor 35 and that portion of conductor
80 in upper part 1264 of cavity 1263 corresponds to My conductor 34, and that portion of
conductor 80 in central part 1265 and in lower part 1266 of cavity 1263 making Ohmic contact
to upper surface 61 (see FIG. 14) of My conductor 22 corresponds to via conductor Vs 36 of
FIGS. 3 and 16-17. The discussion of conductor 60 and resulting My conductors 22, 23 in
connection with FIGS. 5-7, is incorporated herein by reference with respect to conductor 80 and
analogous M. conductors 34, 35 and connecting via conductor Vs 36 illustrated in FIGS.
16-17.  Structure 615 results from manufacturing stage 515. In still other embodiments,

conductor materials 60 and 80 may differ,

[0040] Referring now to manufacturing stage 516 of FIG. 16, structure 615 of FIG. 15 is eroded,

e.g., by CMP in much the same manner as described in connection with FIG. 7, to expose upper
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[0047] In step 810, the (N+1)11" cavity (e.g., cavity 1263) is filled with
an electrical conductor (e.g., conductor 80) adapted to formthe upper
conductor M\+1 (e.g., conductor 34) and the connecting via VN-ENN (e.qg.,
conductive via 36, 36'), and nmake electrical contact with the upper surface
(e.g., 61) of the |ower conductor M (e.g., 22). [0048] In query step 812,
it is determ ned whether or not the nmultilevel interconnection stack (e.g.
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surface 85 of Mys1 conductor 35 in cavity 1251, in substantially the same way in which upper
surfaces 61 of My conductors 22, 23 were recessed in connection with FIG. 8. Structure 617
results from manufacturing stage 517, in which conductors Myy) of level N =1 or (N = i where i
isany of 1, 2, 3, ... etc.) are ready to be used as the lower conductors My of level N=2 or N = i+1

and so forth. Thus, self-aligned portion 362 of Vi, conductor 36 of FIGS. 3 and 17 contacting
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repeat steps 806-810 the index N =i used during just conpleted step 812 or
816 is set to N=1i+1 in step 818, and each tinme step 818 is repeated for
as many of steps 806-810 (and 816 if used) as are needed are repeated until
N = Q whereupon the outcone of query 812 is YES and net hod 800 proceeds to
END 820. It should be noted that that the desired sizes and | ateral

| ocati ons and spaci ng of |ower conductor M\, upper conductor M\1 and via
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upper conductor MN 1 (e.g., conduclm 34, 35) and interconnecting via Vnin (e.g., conductive

via 36, 36). In general, some or all of the active devices making up the IC of which the multi-
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CLAI M5 What is clained is: 1. Anethod for formng an integrated
circuit (1C having a rnultilayer interconnect structure, conprising:

supplying a substrate having thereon an Nth dielectric, in or on which it
is desired to forma nulti-layer interconnection having |ower conductor

upper
| ower

conductor M\Hi and interconnecting via VN -iiN; formng the
conductor MN on the substrate with an upper surface of the | ower

Condu%;‘%q ilwe\f‘c&%x%%ﬁgne fje.gtg).%&—%)ai Ipap T wil gélIc?a Ef I(a) t not esscnrj al?y gheaﬁy havé been

formed in substrate (e.g., 40) using means well known in the art. In discussing FIGS. 18-19, it
will be understood that any number of lower conductors My (e.g., 22, 23) may be formed
together, and any number of upper conductors My (¢.2., 34, 35) may be formed together, and
that some of the upper conductors (e.g. 34) that overlic lower conductors (e.g., 22) will be
coupled via the interconnecting vias Vs (€.g., 36, 36°), whereas other upper {e.g., 35) and
lower conductors (e.g., 23) are not coupled by such vias. Accordingly, that is reflected in the

reference numbers included by way of example and not limitation.

[0044] In step 804, the lower conductor My (e.g., conductor 22, 23) is formed on the substrate
(e.g. 40) with an upper surface (e.g., surface 61) of the lower conductor My (e.g., 22, 23)
recessed below an upper surface (e.g. surface 56) of the N* dielectric (e.g., layer 50 and region

27).

[0045] In step 806, an (N+1)" insulating layer (e.g., layer 68 of FIGS. 15-17, formed from some
or all of layers 58, 25,70, 72 shown in FIGS. 9-10 and following) is provided above the N"
dielectric (e.g., layer 50} and the upper surface (e.g., surface 61} of the lower conductor My (e.g.,
22, 23).

[0046] In step 808, an (N+1)™ cavity (c.g., cavity 1263) is etched through the (N+1)" insulating
layer (e.g., layer 68) from a desired location (e.g., mask opening 122) of the upper conductor
Mn+1 (e.g., conductor 34) and ecxposing the upper surface (e.g., surface 61) of the lower

conductor My (e.g., 22).

{0047} In step 810, the (NH)ih cavity (e.g., cavity 1263) is filled with an electrical conductor
(e.g., conductor 80) adapted to form the upper conductor My (e.g., conductor 34) and the
connecting via Vs (e.g., conductive via 36, 36%), and make electrical contact with the upper

surface (e.g., 61) of the lower conductor My (e.g., 22).

[0048] In query step 812, it is determined whether or not the multilevel interconnection stack
(e.g., 39-1, 39-2, ... 39-Q. where N = Q) is complete, or stated another way, whether the desired
number (c.g., N = Q) of two-layer interconnections 39-N have been formed one on top of the

other, and with the appropriate conductive leads My, M+ on each layer, and fayer-to-layer
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providing an (N+1)th dielectric above the Nth dielectric and the upper

surface of the |ower conductor M\, etching an (N+l)th cavity through
the (N+1)th dielectric froma desired |ocation of the upper conductor M i
and exposi ng the upper surface of the | ower conductor M\; and filling

the (N1+1)th cavity with an electrical conductor adapted to formthe upper
conductor MNH-1.] and the connecting via VN -uN, and naeke el ectri cal cont act

wi t h tlﬁ'l%l(%ﬂf?&fhé u\;icl ac%ﬂd&tmrs heﬁ éfq\’\@dflm(ég nxgﬂ%e{aﬁ%\& (%)rctwee{l su%%ce-érlvg e(é)ndua

cla further nmprising
mul t i I1emed If nh@omomne@f quﬁﬂéczk“ﬂd@mdn@ N\I<:Q-(D theh alethodt E0CRRELY a@ankeyel s
i's conpl et ional |y removing conductor material in

the (N4RjT *FWI?QSHOL%‘PPP &l W%‘Pineﬁ?ggﬁtb%@r matstipliEe-grongprdontiier et 6RVINHA
bel ow(@p , URABY 1?63') fisa&gl()r\)/f:d IR wel b tip %) ﬁu%@é gcé féu?fﬁcc?@f* ?Q%PMG 1Mot he
i ncrenenting N by one and repeating provid etchin I ng,
and r eppei segdader my (@ondiictor @ésBfi)ént:lcs/\aanepmi\seliam(elgcsmhecfmymf tlhe\(EH I)‘\‘I up
to N ch%cjtnc (c.g., layer 68 of FIG. 17). This is done so that the upper conductor My (e.g.,
conductor 34, 35) of the interconnection just completed (e.g., for N = i) can serve without further
modification as the lower conductor My of a next overlying interconnection level (c.g., where N
has been indexed to N=i+1). In this way the feature of having the lower conductor My in cach
interconnection level 39 recessed, for example in the equivalent of portion 62 of layer 50 of FIG.
3, so that increased critical distances (e.g.,, distances 32, 37) are obtained between an adjacent
lower conductor My and the connecting Vysyn via being formed between the conductor levels,
can propagate through every level of the multilevel interconnection stack, if desired. Following
removing step 818 up to N = Q-1, method 800 then follows path 817 from step 816 to
incrementing step 818. If N = Q, removing query 818 is not necessary although may be included
in other embodiments, and method 800 can proceed directly from step 812 via path 813-2 to
incrementing step 818 and then to a final repefition of providing, etching and filling steps 806,
80-8, 810 and query 812 whose outcome is then YES, leading to END 820. While removing step
816 is desirable before repetition of providing, etching and filling steps 806, 808, 810 at any
stage of forming a stack of interconnection layers, persons of skill in the art will understand that
it is not necessary if separation 31 (see FIG. 2) between others of lower conductor My (e.g.,
conductor 23) and via conductor Ve (e.g., 26, 26°) for N = j (where j may take on any value
referring to any interconnection level in the stack) does not fall below a critical dimension value
CDj. This can occur, for example, where My conductor to conductor spacing 32 of FIG, 2 is not
limited for N = j to the minimal layout dimension, but is larger, The magnitude of CD; depends
upon the particular process being used. In this situation, the improvement in CD 37 provided by
the implementation illustrated in FIG. 3 may not be needed and step 816 may be omitted for such
interconnection levels 39-j and method 800 can proceed to increment step 8§18 via path 813-2.

Either arrangement is useful.
[0049] In step 818, index N is incremented so that when method 800 proceeds via path 819 to
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3. The method of claim2, further conprising, after N= Q1, increnenting N
by one and repeating at | east providing, etching, and filling for

i nterconnection level N = Q 4. The nmethod of claim2, wherein
removi ng conductor material in the (N(1)th cavity to |l ower an upper
surface of the upper conductor MW | bel ow an upper surface of the (N+1)th
dielectri c i s acconplished by chem cal - mechani cal - pol i shi ng (CNP)

. 4% ‘ t ey al he.
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[0050] FIG. 19 illustrates further details with respect to step 804 of method 800 illustrated in
FIG. 18. Referring now to FIG. 19, in step 804-1, at least an N dielectric (e.g., dielectric 50) is
formed on the substrate (e.g. substrate 40). In step 804-2, an Nth cavity (e.g., cavity 105, 106) is
etched at least through the N™ dielectric (e.g., dielectric 50), corresponding 1o the desired
location (e.g., 101, 102) of the lower conductor My (e.g., conductor 22, 23) and the lower portion
(e.g., 362) of eventual via Vi (e.8., 36, 36”). In step 804-3, the N® cavity (e.g., cavity 105,
106) is filled with an electrical conductor (e.g., conductor 60) adapted to serve as the lower
conductor My (e.g., conductor 22, 23). In step 804-4, conductive material (e.g., conductor 60) in
the N cavity (e.g., cavily 105, 106) is removed to lower an upper surface (e.g., surface 61) of
the lower conductor My (e.g., conductor 22, 23) below an upper surface (e.g. surface 56) of the
N™ diclectric (e.g., dielectric 50) within a recess portion (e.g., portion 62) of the N dielectric
(e.g., dielectric 50) around the N"' cavity (e.g., cavity 105, 106). The lower portion (e.g., portion
362) of via Vun will eventually be formed in the recess portion (e.g., 62). Method 800 then
proceeds to step 806.

[0051] By repeating the appropriate portions of method 800, e.g., N = Q times, as described
above, then Q multi-layer interconnections 39-Q can be stacked to form an IC with multiple
interconnection levels of any desired complexity, where Q can have any value. When this is
done as illustrated in the foregoing embodiments, self-aligned via connection regions 362, of via
Vi conductor 36, 36° in recess portions 62 of dielectric layer 50 above lower My conductor
22, 23 provide critical dimensions 32, 37 that are significantly larger than critical dimension 31
of the prior art (e.g., compare FIGS. 2-3), with no increase in overall circuit area. This
improvement in critical dimensions 32, 37 can be provided in every level of the multiplayer
interconnections 39-1 ... 39-Q. The improvements in critical dimensions provided by method

800 apply to the random alignment variations encountered during manufacturing as well as to
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7. The nethod of claiml, wherein formng the | ower conductor M conprises:

formng at |least an Nth dielectric on the substrate; etching an Nth
cavity at |east through the Nth dielectric, corresponding to the desired
| ocation of the |lower conductor MN; filling the Nth cavity with

electrically conductive material adapted to serve as the |ower conductor
MN; and

situations where interconnection-level-to-interconnection-level alignment may be substantially
perfect. This is a significant advance in the art of ICs employing multi-level interconnections,
and is especially valuable as further shrinkage of 1C design rules and increase in IC complexity is

sought.

[0052] While at least one exemplary embodiment has been presented in the foregoing detailed
description of the invention, it should be appreciated that a vast number of variations exist. It
should also be appreciated that the exemplary embodiment or exemplary embodiments are only
examples, and are not intended to limit the scope, applicability, or configuration of the invention
in any way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing an exemplary embodiment of the invention, it being
understood that various changes may be made in the function and arrangement of clements
described and methods of preparation in an exemplary embodiment without departing from the

scope of the invention as set forth in the appended claims and their legal equivalents.
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CLAIMS

What is claimed is:

1. A method for forming an integrated circuit (IC) having a multilayer interconnect structure,
comprising: supplying a substrate having thereon an N.sup.th dielectric, in or on which it is
desired to form a multi-layer interconnection having lower conductor M.sub.N, upper
conductor M.sub.N+1 and interconnecting via V.sub.N+1/N; forming the lower conductor
M.sub.N on the substrate with an upper surface of the lower conductor M.sub.N recessed
below an upper surface of the N.sup.th dielectric; providing an (N+1).sup.th dielectric above
the N.sup.th dielectric and the upper surface of the lower conductor M.sub.N; etching an
(N+1).sup.th cavity through the (N+1).sup.th dielectric from a desired location of the upper
conductor M.sub.N+1 and exposing the upper surface of the lower conductor M.sub.N; filling
the (N-+1).sup.th cavity with an electrical conductor adapted to form the upper conductor
M.sub.N+1 and the connecting via V.sub.N+1/N, and make electrical contact with the upper
surface of the lower conductor M.sub.N; and determining whether or not a desired multilevel
interconnection stack having N=Q total interconnection levels is complete, and if not:
optionally removing conductor material in the (N+1).sup.th cavity to lower an upper surface
of the upper conductor M.sub.N+1 below an upper surface of the (N+1).sup.th dielectric; and
then incrementing N by one and repeating providing, etching, filling, querying, and removing
for any or all desired successive interconnection level N up to N=Q-1.

2. The method of claim 1, further comprising, after N=Q-1, incrementing N by one and
repeating at least providing, etching, and filling for interconnection level N=Q.

3. The method of claim 1, wherein removing conductor material in the (N+1).sup.th cavity to
lower an upper surface of the upper conductor M.sub.N+1 below an upper surface of the
(N+1).sup.th dielectric is accomplished by chemical-mechanical-polishing (CMP).

4. The method of claim 1, wherein removing conductor material in the (N+1).sup.th cavity to
lower an upper surface of the upper conductor M.sub.N+1 below an upper surface of the
(N-+1).sup.th dielectric is accomplished by etching an exposed surface of the upper conductor
M.sub.N+1.

5. The method of claim 1, wherein removing conductor material in the (N+1).sup.th cavity to
lower an upper surface of the upper conductor M.sub.N+1 below an upper surface of the
(N+1).sup.th dielectric is accomplished by converting conductive material near an exposed
upper surface of the upper conductor M.sub.N+1 to an oxide of the conductive material and
then removing the oxide by etching.

6. The method of claim 1, wherein forming the lower conductor M.sub.N comprises: forming

at least an N.sup.th dielectric on the substrate; etching an N.sup.th cavity at least through the
N.sup.th dielectric, corresponding to the desired location of the lower conductor M.sub.N;
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filling the N.sup.th cavity with electrically conductive material adapted to serve as the lower
conductor M.sub.N; and removing conductive material in the N.sup.th cavity to lower an
upper surface of the lower conductor M.sub.N below an upper surface of the N.sup.th
dielectric within a recess portion of the N.sup.th dielectric around the N.sup.th cavity.

7. The method of claim 6, wherein removing conductive material in the N.sup.th cavity to
lower an upper surface of the lower conductor M.sub.N below an upper surface of the
N.sup.th dielectric within a recess portion of the N.sup.th dielectric around the N.sup.th cavity
is accomplished by chemical-mechanical-polishing (CMP).

8. The method of claim 1, wherein removing conductive material in the N.sup.th cavity to
lower an upper surface of the lower conductor M.sub.N below an upper surface of the
N.sup.th dielectric within a recess portion of the N.sup.th dielectric around the N.sup.th cavity
is accomplished by etching an exposed surface of the upper conductor M.sub.N+1.

9. The method of claim 1, wherein removing conductive material in the N.sup.th cavity to
lower an upper surface of the lower conductor M.sub.N below an upper surface of the
N.sup.th dielectric within a recess portion of the N.sup.th dielectric around the N.sup.th cavity
is accomplished by converting conductive material near an exposed upper surface of the
lower conductor M.sub.N to an oxide of the conductive material and then removing the oxide
by etching.

10. A method for forming a multi-layer interconnection, comprising: providing a substrate
having thereon a first dielectric for supporting the multi-layer interconnection, wherein the
multi-layer interconnection has a lower conductor M.sub.N, upper conductor M.sub.N+1, an
interlayer dielectric and interconnecting via conductor V.sub.N+1/N; wherein the lower
conductor M.sub.N has a first upper surface located in a recess below a second upper surface
of the first dielectric; forming the interlayer dielectric above the first and second surfaces;
etching a cavity through the interlayer dielectric from a desired location of the upper
conductor M.sub.N+1 and exposing the first surface in the recess; and filling the cavity with
an electrical conductor to form the upper conductor M.sub.N+1 and the connecting via
conductor V.sub.N+1/N making electrical contact between a first of upper conductor
M.sub.N+1 and the first upper surface in the recess; and removing excess electrical conductor
overlying the interlayer dielectric, thereby electrically separating the first and a second of
upper conductor M.sub.N+1.

11. The method of claim 10, further comprising, recessing an upper surfaces of the first and
the second of upper conductor M.sub.N+1 below an upper surface of the interlayer dielectric.

12. The method of claim 11, wherein recessing is performed by oxidation and oxide etching
of the electrical conductor.

13. An integrated circuit (IC) having a multilayer interconnect structure, the IC is formed in
accordance with any one of claim 1-9.

14. A multi-layer interconnection formed in accordance with any one of the claims 10-12.
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