;e3en&" " #DS(We &Th& 0" '1' 2 2 JAN 2003 | NTEGRATED Cl RCUI T | NTERCONNECT
LI NES HAVI NG SI DEVAL D OF THE | NVENTI ON The present invention
relates to the fabri ;M‘mﬁw M i conduct or devi ce interconnect

havi ng diffusion bar Sl s and to_{ he fabrication of2 QeM'&gﬁﬁuct or
i nterconnect |ines havi ng‘6%‘F68ewaI | s which” corrpensat e for msalignnment

between a line pattern and an underlyi ng contact BACKGROUND OF THE
| NVENTI ON A semi conductor device such as an IC (integrated circuit)

general ly has i rC L i i and
resistors fabr ?@%@%?ﬁpe@wyR‘Hﬁ@?ﬁ@?@ﬁm@@m&%ﬁ%ﬂ. al .
The various circuit elenents are connected through conductive connectors to
forma conplete circuit which can_contain mllions of individual circuit

el enents. Advances in sem conductfdEL %FeTHEIWNE‘Q}T‘oces& ng techni ques
have resulted in reducing the overall size of the IC while increasing the
nunber of circuit elenents. Additional mniaturization is highly desirable
for inproved IC perfmﬁnmvam@nmeestodmﬁbmnwn of samisomsioctnedevise ipreoopnmbet t he

They form t ho ERRneatb g REERel R AT R BREG BR b e ReSRRD o ieollel

contact el ementites havisg)sidewalis Mich kompéensne éart misdighiment bétwken DliMegiatérh afdiad S.
Typically, inter qnnect | i nes formthe horizontal connections between the
el ectronic cirbRACEYBEEIIH s while conductor filled vial formthe vertical
connections between the electronic circuit elenents, resulting in |ayered
connections. The materials and di nensions of the interconnect |lines are

i nportant for the perfor manceBAGKGRRQUNBIOHTBEINVENRON ut ure hi ghly
mniaturized | C devices. Typically, |low resistance netals such as A, AUCu
alloys (i.e. alloys predomi nantly containing Al) and Wfind w despread use
as inter connect i n& sqainelduabsdevEeWasdn\lCt(htegﬂméeircm eenemliy has@lectaondt Cu

alloys (i.e. all]oys om nantly. containin have a .tower, resistance
o are thus et SRR Al GR R 1 Sitost b Scatee AR A1 ° 8,

is known to di bédysef §entidBntitictor miteridlNTRe irfoud RittuitCelerfiéhitks ard Gonfekled Mrbughn or
failure. -2 2 JAN 2003 Conventional fabrication techniques for Cu or

Cu alloy inter é?ﬂﬁlHE‘é:‘te cppeEtorsip form 3 epmnlete eiFpult which can coptajn m‘“‘?"@f"}ﬂé‘”%bm in
FIG 1 A) one @kcuitodl&mdnty %d@ﬂﬂ&eiﬁtsinuc%Hmtcﬁ'smitédﬂﬁSm& }&eﬁﬁ\g téchsiquedhve or ned
on a semconductor substrate 114 in a gapfi i nsul at'or One or nore via
hol es such as ISuiteshia reduzingrheoveral) size of fther chu/hﬂmmpmangaw mymbexyaf cirquit 6
Bottons 124 an o) ' : f

i nterconnects %f%' a?icf{ df\{tl(’%iﬂ%lgﬁe '%\?Z{]@g&%éesgﬁ’gﬁﬁn#b ﬁe%?@f)é‘gﬁﬁﬁga&

i nt erconnect s kost Geduction. Ih&r@nnectsnpxevipesw eloettival @nnrectiting betkeen dic wubest r at e
114 and vi a hol 120.,and 1 cti ve Al t er nat el vi a, hol ch as
120 and 122 caﬁgﬁtéow%elﬂﬁ"gcc’?mbgﬁngglf ccggmngrg‘}a%e%%ﬁhesg ﬁlSé“F w5 dwes uch
as a serri condudbﬁd&e srmcteem dbnt&vt elenbRE, sabtes; pifi) ife cohrrRomR!the 1\ abavmum FI GS.
1A- msaj 115 is deposited between interconnects 112.

Al ter nat eI y, i ndee yol,nteicggn% e& ogy thehagizopsdlicpangctighs ?W@P&S‘r#?@%% 98 and
1'12 in which C%&ﬁleﬁtlﬁvhl{é aodaeét&smleeeﬂs FmidRe $eticAPSbnhddfiotd BBtwetbihk dleftfonicl5 i n
order to expose, the surface of the interconnects. Al so, insulators 115 and
116 may conpri $Ecuitrlementoresylting in layeredconnegions.i er | ayer 130 whi ch provides a
barrier to Cu diffusion is deposited on the

The materials and dimensions of the interconnect lines are important for the
performance and cost of present and future highly miniaturized IC devices. Typically, low
resistance metals such as Al, AI/Cu alloys (i.e. alloys predominantly containing Al) and W
find widespread use as interconnect line materials. Compared with these materials, Cu and
Cu alloys (i.e. alloys predominantly containing Cu) have a lower resistance and are thus
more desirable materials for interconnect lines. However, Cu is known to diffuse from the

line into the device, causing malfunction or failure.
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i nsi de surfaces of via holes 120 and 122) and on the exposed surface of
insulating layer | 16) see FIG 1B. Layer 130 can also function as an
adhesi on pronoter. As shown in FIG 1 C Cu or Cu alloy via plugs 132 and
134 are formed in lined via holes 120 and 122 respectively. 22QaNR00$uU
alloy layer 136 is deposited on via plugs 32 and 134 and on | ayer 130
whi ch extends on the surface of insulator |ayer 116. Cu lines 138 and 140
(FIG 1D) are patterned by positioning a photo mask, a hard mask 142 or a
conbi nati on of a photo and a hard nmask on | ayer 136. This is foll owed by
ani sotropi c etching dfonveyiehias fabsicativnctechridues for cmrmlceu ellay inediEvnRech Miesn®t al
between Cu |ines 138@2 da%‘éo As _depicted in 1E, mask 142 is_renoved
and a di el ectri dllystipten imBIS; WA LG oAs shen Brflqillr%gneﬁ“@fel%%bﬁ“qhﬁé ines
exposed.surface Qfp dnd}¢s, aﬂelfgméd'dﬂed%eﬂiégn&%r %gra?er ﬁ4?{§ 9% ﬂﬁqlsm&)hlﬁ @rle
diffusion barrier layer only at the bottom surface o 't ne ﬂl.
surface of the IermOlfea‘dB ﬂiglei snehrad 929 hed théﬁanarc)formgdamtmaﬂ?é)\g apprel It60p

surface 145 and n I|n

di rect contact V§ étﬁoef\nasl el 1‘:2?8 }?ghafsdlfﬁ%d ﬁ%ﬁf p°§ 5‘%(5.1 °é'§%f°§é%8{ﬁ‘qll%t o]
| ayer 144 and swmﬂaqaeaipleytluetyt Qs@deundUGpOﬂ,aﬁﬁeﬁcomfectt heO dl&i/lmeare MAterposed
alternate conve)r&el onaléﬂ_ﬁrocess i nvol ves fill, fol LYOWEd

by renoval of extetkeenssmicddueios %’g‘f‘”@ul IAgn Y'éefé?&”%mdyl%?ﬁew ively. ltemate

foll owed by the yiahdles sucﬂasi%@Zgﬁ%% diteRfcofthct WAR 3 S&hiEdndGetbraBdtAteOduch
barrier material, Cu or Cu alloy and barrier layer The |ayer stack is then
etched to form as@usesticanduesor mgteridl peothenlentronio plements. Bstshawm indilSSetA |- dﬁer S.
Thi's techni que di t R

al'tornat o canvenfraoy 1S RSBKRE e Bl-blthe) RARE Fr2. ARerlil 4Rk 115 can
illustrated i n K hé-delosived oy istescbiinects ln@ami mlxmwhihbcash@esm lmieameedmcﬁ b&l G

| C but having apn_addjtio to | 50 conpris barri er
material, which Fg“ﬁ‘g%%ﬁgpgﬁ“‘ﬁﬁpéf 0rdss taef h&ﬁ'ﬁ?“’g? °%‘gé intergonnecty Al 1 he
structure shown infuldtbfe114 afd 115 nfay Compase ieShmé Mxeial Si M | ar to barrier |ayer
130 of FIG 1 C. Cu lines 156 and 158 (FIG 1 G are fabricated by

ani sotropic etching simlar to the process described in connection with

FIG 1 D except that Oéb:‘ﬁb%éﬂﬁ%\“iﬁ) w&éwbﬁaés%%gnﬁntﬁﬁcﬂléus@n:seday&sheoson the

ani SOtI‘OpIC et chi ng arrier ayer tion to anisotropic
et ching of Cu | aipside mee;mﬁlwmpltsdﬁﬂmuﬂa@dm the 4xpoged sufaspaf inswlagipgdayen 118, t he

top Cu barrier | 1 r2y ier a h
the top surface %%ﬁ?'nrggs)‘ L%ffé n%f‘"lagglgﬁ' a;sn SQ@F ?F&r%l%tg{joegﬁdﬁ{] Eiﬁéf}é@?}t Cu
di ffusion througBubh@u siogleuaplugi EB2and 194 aré fommed ifmedmiatholds820 and 122 hespecttelyng

t echni ques whi ch i nvol al i_gnnent . bet ween a 'nter on ect i nd an
under | yi ng cont aété‘| u e a%ﬁ& f\)|3g %%ﬂ?f“e ?‘b"‘?/a}‘%?q? ﬁf‘ o) yclr(l:[}gWﬁig
performance. A 1 gherds bR thé ssriise of ilfuftdr 1a9&rmetCub.ﬂssvvssﬂndt1he (FIGNED parélpditemed
under | yi ng contact can cause trench formation in the contact, result| ng in

reduced | C yi el dbuPRsitiosiss a alpte mpskaphard mask 17 er acomhigatiop ofxphetqenpdghard mask | oy
fabrication techgj Eyaslstsomsxpmwgd Wdﬂﬁ&r&iﬂc &emlgofﬁ&rmmam Q6lcdmipldrdty=S. 1

A - | G can also bé used for the creation connector |ines conprising

other netals sucrﬁnmyemetelrbwee!@slmew&%m 140,148 depicted imBIG.r1Eqmaske142 is

di ffusion barrie f I e
but may instead ?é‘éf&lx‘?gend + %C&\égr%& lg!f‘r dgﬁdsﬁ’{b ogfl"r‘ég\?%%tmwg ﬁ{shlggﬁﬁ%?g&%&
substances, for eRapel146fllinesnBdsend tf40mpﬂo\ededwmla£urthﬁismhzbmieli layep oty at theJCu

or W Also, netals such.as eqgui dhesi on

| ayers. In order °?%° '?a‘HF‘F% éclﬁé'[ 21" fl}erﬂéé?ce °?ld]°§m?1§ EMdslt?%e Ta gdr?’ﬁt t he
l'ines by providi @@s&ﬁteﬁmﬁhmgaaﬂfacemsmsmatsaracbsayeandams,hmwmaxﬂn@o a2An An
| C structure such, as descri

d in_connection F S provjde th an
adhesi on pronot i Aecoptast Wity diplegrdc 'aﬂd“u%ﬁ”lﬂm%#‘hd#@?%f?mf% @?’d]ﬁ?"f's
deposited. Using m&m%l%%tmgﬁﬁﬂﬂQSMhme wel | known to those of
ordinary skill in the art, a mask such as a photoresist or hard nmask or a

4. 2 2 JAN 20173 conbi nation of phot oresi st and hard mask) is prepared on
netal layer 212 in or tehifhwed b

i nt erconnect Lines ar gﬁtjg%rir?r%%%&@?gﬂ%ﬁc&s?é&gh&%%é’g%y%ueg h“’ t he maék
shoul d be i n gooderadvaljnfrexaess iut huqhnhauﬁud-erpro,wmgrﬂwathpmgThlass K’gOWq Rrsthe at ed
in FIG 2A wherein mask conmponent 214 is in good alignment with via plug
21 8. However, it is difficult to dependably achi eve good ali gnnent under
actual manufacturing conditions and mask m salignments) such as mask
conponent 216 (FIG 2A) which is msaligned with via plug 220) occur from
time to tine particularly in highly mniaturized |IC devices Anisotropic
etching is used to formlines 222 and 224 as illustrated in FI G 2B.

Insul at| ng Iayer 226 IS commnly used as an etch stop As |s shown in FIG

- . Y




5 2'a JAN 2(1g3 surfaces of the Cu lines having top and bottom Cu

di_ fifusion barriers. Anisotropic etching is then used to renove the barrier
| ayer material fromthe insulator between the netal lines and to renpve it
partly or conpletely fromthe top Cu diffusjon barrier |ayer 22uhN &% ng
novel Cu diffusion barrier sidewalls. The Ci lines of the present invention
can be fornmed on one or nore contact elenents, such as via plugs. A
dielectric gapfill material, preferably having a dielectric constant <4.2,

can then be depog| on the i nes..having the.novel sidewall.s In
alternate enbodi%ézr’lst%?o"ﬁ?@m&ﬁcugg $ {aﬁeﬁ gfPapisr P’?‘é“?aq*l %‘i/%'r&i‘ §]F°§;5‘B¥\F@Hert'@' °f ﬁg‘esi de
surfaces of the l6erbtackdsthehdtéird koo aQu ar CLadlldy iR Skvihg top b uom bhrier lageps. Cu
diffusion barrier | ayer In another enbodi nent of the current invention)

m sal i gnment t ol BESHENAYRdeRstPLRIoYide de bapmer layetired havi ng novel sidewal | s
whi ch conpensate for msalignment between the |ine etch mask and the
underlying contact. A conductive |ayer, such as a netal layer, is deposited
on a barrier |ayer whiinadditiond eitemste convantienatipretessfor fabri¢atipg Cuof Ca alleydines iat e,
such as a sem co b i onventional te i S, ...An ch
mask is placed o‘ﬁ&ist“ %‘teegﬁ‘eﬁg;l ﬁ%@gﬁgfﬁ%&%ﬁ%ﬁ’mf”ﬁg&hﬁﬁ rﬁcnf)'{ftot? Eﬁ@@% kl’ar‘{g‘gcegh one
or ED(rj e under!| yihardgiltiomn@dhyeeIlﬁl“ﬁm{pﬁsingwchbaﬁer\lﬁa@erﬁll, whih isTdegoidiltediadxﬁh ayeu i s
etched, using t [ ner an etch stop. Alterna ,, atinmed etch (s
conduct ed | eavi r@?& It lézﬁérerd_ﬁ“ G130 TeoRure shoerm 'afiﬁ lédmapp bfrﬁgr layegamasto
material is depogderthy@ I 30REFR. d€. Gifided P55an@ | 54 (PRG. 1 1CG)Qre tABH Y bPRiisorrBpie NI NY
is used to renove the sidewall material fromthe [iner and fromthe top of
the line, thus f@&ehiagsinilari@altprocsssdascribrd in qonrectiqrnathid(Ge] D excqptithat the structure
preferably have ; j S e ; 7 i .

bet ween the mas k‘ﬁlés?\lﬁ{eg E{eﬁ?olr\(‘é\ggggpeé?feﬁ'rgr@r@ l.cgf-%@gg@??%? ﬁaerglhﬂ ee?\? %ﬁgédét%glﬁgo
operabl e if the aisdeopit étshing ofiCuilayer H2and Cobarderdayehlisdngs showain RIGel G, the top

i sal i t b t ' ti id |1, ts | .
ot ohi ng.at Lack - PR B L0 P Bidan b 3o Choebot risbet e o Bk diess. A

subsequent ani sotsscad ¢5&buthhié frudtiedldded notravem Guidiffiisibithrohgh e silié iefacestdifch
are deposited on.the insulLator surface of the device, resulting in
electrically i sofgt b 3 {é& A dielectric material, preferably having a

di el ectric constant <4.2) can be deposited on the structure. In additional
enbodi nents of the present invention, nmanufacturing systens are provided
for form ng fabricat d fabricating tachniques which involvethe ﬂm@mg@m@@ igprepmectlingsent
i nvention. These,Sy i . r ighis
adapted for int e?"?ca? f“ﬁg@'\x}“gcﬁl"gg% gg?g?{%&)@p&fﬁ%gﬁg}a@?ﬁt sftggﬁ ns. aI%iae,g'h'&of

t hese fabri cati orelagvely snoalisnigdigrintentisetweep thedies sridnip underfjingZoftadtshh CaBiGtrenchp

which is utilized to.fahricate the.l C stru L. rative .links proyide
Connect s ons. bet vioEHoR Bt RleEh feSfinai st iciaTanT iR Bl MR SR ANET o
structure) such gasdQuepQp elldyTabipicstdh dethniqurs fof forinlg liges Bh Viak, lagillusiRteddmFIGH. t he
processi ng steps V\:hi&h are perforned at the fabrication s,t,at%nswhgﬁﬁata
structure can bel$r i @aalsehe used frthesmatonafl seqnpeier nesGomIPHSRg AHBGT MAA!s & EF
DESCRI PTI ON OF THEARRAYY WOBhdsB tnefi® @kify dofnof Ruite W iLkion bitkibd 1af2e 1Igosrk bed
in connection with acconpanying drawmngs. FIGS. | A - 1 Gare schematic
cross-sectional diffydonefamesaljintp the struetprecpupmpyinsteadirequire diffusiop haraers 4q prevent
sequent i al st age g fid3?.subinBldP Eafbe ASGHAE o] dielct RS BRSO ARIAVEL 8wy i evs
illustrating prior art IE: structures at sequential stages. Fl GS. 3A - 3D
are schematic cr se-meals sushas A¥Culer Winsaysequiré adbesiontpremgotson lawetsodi ment of |1 C
structures of the present invention at sequential stages. FIGS. 4A - 4E are
schemati c cross-sectional side views illustrating another enbodi nent of IC
structures of the prelaonder iofulrivateauet lines drjs aekisary tepagasthe hieGhy prdoFdmgdn 4G

r h [ r - i onal  Si Vi i rati not her Ny
are schematic c gtsc m%s Cén t e?neta? \agivgr as sl?om\x’rsn in Héjszk %.tn 18%&3@8:% Hich as described in

connection FIG. 1A, is provided with an adhesion promoting or barrier layer 210, upon
which a metal layer 212 is deposited. Using methods and materials which are well known

to those of ordinary skill in the art, a2 mask such as a photoresist or hard mask or a



embodi ment of 1C structures of the present invention at sequential stages.
FIG 5 is a block diagramillustrating a manufacturing system for
fabricating the strictures of FIGS. 3A - 3D. FIG 6 is a block diagram
illustrating a manufacturing systemfor fabricating the stru@2gaN 2083 Fl GS.
AA - 4G DETAI LED DESCRI PTI ON OF THE | NVENTt ON Wi | e describing the
invention and its enbodinents) certain termnology wll be utilized for the
sake of clarity. It is intended that such term nol ogy include not only the
reci ted enbodi ments but all equival ents which performsubstantially the
same function) Fembingan afphasoresisttané hewinmaskaiy poepared ercmew! dayerh2d 29aweder esul t .
-7- 2 2 JAN 200 j of . esent inventi.on).. diffusion
barrier |ayers ghrbkergcetﬁrg}ﬁoeﬁcggﬂ g%{}%%% tr}f%tvlgﬁ%mgﬁn gtvvlgqef‘ g@éﬁ&eﬁ@ﬂsﬁaaﬁu%slﬁl?% s of
Cu or Cu alloy @2 dadea?}, Ithgémasmsﬁﬁlﬂmwamgb%d ﬂtglﬂhﬁhﬁvﬁlgtl@l)ndlhﬂl)}mgs\gi plug, as CIESS 3
structures, such as t tructures schemati cal. exenplified in FIGS. 3A
- 3D. The expr e@’s‘?‘rﬂﬁd ""IeFéhs%‘g UE??’E’P@?S“ cmppaent ﬁéﬁ‘sﬁbg"@fjﬁﬁgm??& Vithode RggdiBet el y
formed integrat edweier,Gths iR to BpehdaBly aéhibRIg¥B alighhRA dEChcfial Rathifattur
structure shown in FIG3 Aillustrates an I C stn.1cture having |lines

and 312) simi | afondiions prdsmask anisglignmenty suehsasrmask somporesh A ke (F16n 20w whichis

i G Lines 310 a i . I =1 . .

m xture of Cu a%%a%‘]}gda?'{aggl?glgﬁgﬂjf gpx)&érf{ mtgxgl}e? gﬁ]ﬂéhﬁg%r@% ggﬂ%gﬁaﬁx}énrzgé Ie@er S
316 and 318 r espeddes Aalisotrdpie sehing isased ar forflines @22 and R2¥gassitlustrated in FIGN2B.
Suitable materials for ton and botfom Cu barrier |ayers .3 d 318.i ncl ude
VD o PVD Ti N, TRERYeR B Ea Ry e 35 AR eh S0 As RoRpn Bt 3 aopedsorgll on
Cu or Cu alloy emisit ehingBidhmiques sl resitt ity fobmida®T a erércha2d iBvidplug 220, due
respectively. Alternately, the contact elenehts can, for exarrpre, conprise
Wor AllCu. The'Q/misglignment hstween the etch maskand the underdying i pl®s shown in Fl GS.
3A - 3D are deposited by any of the nethods which are well known to those
of ordinary skill in the art. Suitable Cu deposition techniques include
CVD) PVD) PVD with hhgpordinglys themeedspusts for imprdvedvipethdds and optesials toputiineilower

el ectrol ess plating. EXx es of suitable,Cu eteh chem stries .i.ncl
conventional ch Itreglrsﬁqrﬁcg r%%%@!as i ?ﬁcﬁ & éf' 8ﬂg§§tag?yis’df‘tsxe dnpesgonnect Yags, é‘g 9'{}%?%9’3}?1%

Si Ch. Accordi ngnéed ekiss for KSfabrdicatiow tohriques whichajdificatly) réducéSor overcoreenétsi Ng
a Cu diffusion harrier material i.s deposited. on the expgsed top and side
Surfaces of |1 ndSMEIE n 8 neh 1y B NSID BERISTEERRE B e e e g il o1
322. Suitabl e Ogalednd itied undBlyftigi cBhidct! dtAalpily conductors, such as CVD

(chem cal vapor deposition) 'or PVD (physical vapor deposition) TiN, WN, Ta
and TaN. Suitable Cu barrier materials also include insulators such as CVD
or PECVD (pl asma-enhanced chem cal vapor deposition) silicon nitride) Si O\
, Si C) anorphous carbon and spin-on materials) e.g. divinyl siloxane
benzocycl obutane. It is necessary to renove |layer 320 material which

connects lines 310 and 31Z acro 0 in order to prevent
shorts between lines 310 and 31§Wﬁe%@?ﬁgzo i ncl udes a
conductive material. Enploying insulator materials, such as Si xNrHa

Si O-Nyor SiC) for usg in |ayer 320 mgy al sqg r ire the renmoval ,of |ayer
material which is deDRSHEEE BYmiRRIPYes oyl mefhodsandovslderices whish Suaredm
312, in order t qhdRidk & ploblRmS ddsaribed@boveNCr €ased capaci tance which can
result fromthe use of these materials which have a relatively high
dielectric constant. Optional barrier layer techniques (not shown) include
pl asma or thermal 1rgaiddRiboditert o€ the prestntdnveAbr? Ci cBthining lintdr8otRéck lines are

sel ectively depositi ;%Ea barrier layer, e.g W on the Cu |line side surfaces
only and for ni ndormetahich are enclgsed within Grobamidr layerspTheserbarrierdayernpravidg e basier sj de
surfaces of the |5 Y, [ | fobthCwhigl filehB22
has a dielectri ctg)ggglse{aglﬁ ﬁ@j;gﬁ%g#tag%gfl%@%ﬁ?gﬁssta oe?q'lcf?%?‘g%% r‘TCvcv Iayegg1 322
i ncl ude Si O~, F-afiadkahe Eplines,anchchis®, He®,HEor HClcBarsier mdterials, sush axWhirage capable

non-fl uorinated pol y(aryl ene) .ethers ommer.ctal L.y kno . nd
2.0, which are a‘8350¥'§8ﬂ§°$%'%5r$é8° “a?Fa‘Y‘{*lihﬁﬁBW) en of;ﬂ/% édribﬁiéﬁecgu lglte ers
(plom*rer ci g' ly kﬁﬁl mv%&z%{/ )Bancgwdtd:ﬁlbb‘aif{uﬁieﬁbﬁﬁgmﬂj&&fm m/t;]oﬁoﬁpmn)s)xbstrldjeyi nyl
si | oxane benzocycl obut ane or_sim./lar_products i ar e .
known to those oFChAs@s¢miFqndugionspbstrate, Navehfy 3"’&@0%‘??69&53 ?Wﬁ%’m’ﬁ%?“‘\ﬁ&'“
conductive or dielectric barrier layer 320 portions are renoved fromthe
surface of insulator |ayer 322, through anisotropic etching, wthout

removi ng sidewal |l portions 324 and 326 of |ayer 32d. Insulator |ayer 322
can be an etch stop. Preferably) the anisotropic etch is also used to
renove the portion of |ayer 320 which covers top Cu barrier layer 3 | 6.
However) it is not necessary to conpletely renove |ayer 320 from all
surfaces which are substantially perpendicular to the side surfaces of the

NN a - .




~2 2 JAN 2~~~ conpletely enclosed by top Cu barrier |layer 316, Cu barrier
sidewal I s 324, 326) bottom Cu barrier |layer 318 and via plugs 327 and 328.
Cu containing | ayer 314 contacts these via plugs. Typically) the via plugs
have the same conposition as Cu layer 314. Cu barrier |ayer Z1BJAN 28 a
liner in the via hole. FIG 3Cillustrates ﬁOrti ons of lines 310 and 312
whi ch are deposited directly on dielectric layer 322 w thout underlying via
pl ugs. The structure depicted in FIG 3C shows that Cu containing |ayer 314
of lines 310 and 312 is conpletely enclosed by top and bottom Cu barrier

| ayers 316 and §E§?Ceéﬁ§h593ﬁWQFV'@}°Ba'?dr'?oéﬁo%élld@ﬁaﬁ!qf@mm Anigotmpe etching is
enbodi ment descry i | 1 Ie.b1l gl Vi a
pl ugs. The inveﬁ??ﬁ%qurgﬁ%ﬁ yﬁag%éirﬁg{;:?ngfﬁe%o%ﬁg?%déﬁl%:&%ﬁé&sénfr%gﬂée?a‘éw(ggm d. I t
i'S not necessar ytotremaysé partigwr bempletely fromythe top @u diffusion Yartierdayer thudfotnsisg ndveln W
pl ugs are used. KFol.low t he. fabrigatian of .the novel Cu barri.er

B doval 5, "6 oGP Sigh s 62'Cu et o e Brebiph oo £k pe e gpete e
on lines 310 ancbrdibe canbadt €lEméts sk ROGE plugs) A Bel6ctiid gdpAIs mhidfidl NFefe@M@ having?2
(see) FIG 3D). | et e encl gsure of containing |ayer 314 of 1] nes 310

Co Cu co . .
and 312 by top dficlestHcoRsten Har sanshenbadenositedian thy Cy kinss haying thengvel sdewalls
sidewal | s of ' NG iaRYRRHLOEmbRARAE Mhe CHLOHBINE 14y S ablEoAhd Al LREE o329
and into any part of the structure. In an alternate enbodi nent of the
present invent i ohe Cwbnesiwhite kedpingrarhardtmask lineplagetonfthtop Catdiffusion barmiei lgyses ar e
enpl oyed to prevent trench formation in a via plug or other underlying
contact el enent when there is msalignnent between the plug and the
subtractive etch nmasHn anothep@imbediment 9f the BBirétlt liivémibn] midslighment kolerag chiductnea
pl ug, as shown in the_structures, such as |C structures, depicted on FIGS.

4A - 4G The st r'iBELAIF ©rEefving Aove] sdewalls which compensatedpramalignment detysen the ling

Wi th via holes 4k niasklarfl it unferdyi3Rbnta @R Ebitubiiveltier, siith aOf maRIIES, RRBefysRADT €1
layer 4 1 6 is deposited on the surface of layer "4°'| 0 and inside via holes
412 and 414. A ras &bafrigy dayer whichds derpisdi anetheotielpctye fayer1ef amebsirate.osuchas i a

hol es form ng vi ni L0k 424
and 426 are pr Ovs?gthgﬁtoﬁé&g?ﬂggéégwﬂ%géﬁl %E]g{rﬂ@lgsr' i%‘%%@??ﬁ?@%@ﬁ%?é‘d
lines. As shown layer Fictthat the mask pateomspdine oh 0d@dr mereiundeylging cadtaay elewmerits, widhh
Y10 V12 Bl 8 PR R B e 5 e AUt
2 2 JAN 2t nB - 1Ceté¥t adndhétydleavidgBsontd nfek4l b the(linkiGA ader comprithgaidewsllmatediadizal
subtractive etch ,and using harrjer | ayer 416 as the etch stop, thereb
preventi ng excesdaePQ%teﬁ&er'ﬂ F‘EF syrigess of the line,Agysqtropi g 1suprdta remove thg Hﬁ?‘%@ant
m sal i gnment  bet WRedhl kom thdfer &ddronl@e YpPortelind, thlsTomany stleWallsthdhe liHEEThe

subtractive etch of netal layer 418 results in the creation of etched netal
| i nes 428 and 43®Vvelsidewaliy-preferaply havesnthiokpess which equalvercixereds ® misakigngieatsgant
invention it is r I y I 118
fromthe top sur%g&eggg%e@%rﬁral}{%ﬁhglcg@g@ e%&‘gl.“' %@gﬂeﬁ’ﬁg@é&?ngé%ggfs? P %@{gﬁarrpl e
by using a convesdewalisabf thisneekntidrcire thisnes titamthe misalignment gapt becaisé Helsventistee d

in FIG 4B. Prior,art technol ogi es require conpplete.renpval of | .
conducti ve or ba?$Tap resulp a&&‘ﬁ'&?‘{s"é‘f}"@eﬂ@&ﬂ“ gﬁ@"?‘?ﬂ@@“’f’b‘ cﬁrrng%rgérjl‘{o RIS s
bet ween t he | i nerchndlogies. AOsubkeuent atisanopic etchlisesed td emovs pugtiods efithe fiseravhich

m sal i gnnment, as descr.ihed ahove in connection with, FIGS. 2A and 2
Suitable materi a‘?r%‘??Bf'“ p the thsylator s °?§§‘F W’C‘,ﬁs“n@ﬁ "Lgﬂj:?ﬂ‘:&fé!y 'ﬂqﬁted%nfscﬂ,
Ag, Ag alloys ange¥riStiaieaRl! Prefdhdb rﬂa@ih% af didlediritY @nstérk 641 2) GAr tstedepasited aiNthe
TaSIN, WN) W Ti) TiN, C and Ti Wwhich enables |ayer 416 to be an etch
stop for etchingS'e& | ayer 418. When netal |ayer 418 includes Cu, a hard
mask is used in conbination with a photoresist which is used to pattern the
hard mask. The resist is stripped after which the hard nmask pattern is
transferred by ani sotlnadditional embediments pHthe) présentrinvention, imapufactiingisystams akn d
426 are renoved M. ¢ | j I

echn squos. whi choame BRngeRu Rl it e BERh PG R RAERIEIRE.
si dewal | | ayer 4Bhesésystéins ihChidezomoptrollet, surhas tangiuter,ovhiahisadapted for intercting with

i ed he sid f f ]ines 428. 430 and.tq th
of "l ayer 416, Al EPFIBLIPren Ba o 5B AT s hERRTPE SRR T |

any remaining netal) such as on netal |ayer 418 of the stnrcture shown in

FIG 4B. Suitable materials for sidewall |ayer 432 include: (1) barriers to
prevent netal diffusion into dielectrics, (2) barriers to prevent attack on
the nmetal |ines by substances, such as F, diffusing fromdielectric
materials to the nmetal lines) (3 ) adhesion pronoters to provide enhanced

adhesi on between the |ines and any subsequently deposited dielectric or
gapfill and (4) oxidation inhibitors to prevent netal oxidation. For

R o N 7 o n Y N A - Y v - ~



m sal i gnment gap. Alternately, the mask mi salignnment gap of a specific mask
can be -t 2- 22 J AN 2003 determ ned before subtractive etching to form
the line) or follow ng the subtractive etching step. Al so, the nask

m sal i gnment gap can be determ ned by estimating the gap basz@d JAN paggor
experience with a specific line fabrication6techni que. In another

enbodi nent of the present invention, shown in FIG 4F) hard mask conponents
455 and 456 are used instead of the photoresist nask conponents of the
structure of FIG 4A Conbinations of photoresist and hard nasks can al so be
utilized. In thesteprebiomis wilipwicofehmicite thedCestiuatucks nApkative figks ipeovide coneections

nard mask comporghrendiaiofiilec e rdBebBreReiR 1 Bt Yad i, o
process -si m|ar grografiataudeshd ¢dnaatlldr fo EEMErOEME pRGesking ftefsivhizh afeyeFormed at the

Ani sotropic etchjng, ,such as described in connection with FIGS. 4D and 4E,
is used to rermvf]ébrfcéf}%? gatiggs. The datagtuatyrg an broprayided oaa removable plegtionicstaragee r
470 (FIG 4G, rgsildhi ng in sidewal | s 465) 466, 468 and 469 of |ines 458
and 460 respectively. The effective thickness of m salignnment tolerant
sidewal | 468 (FIG 4G exceeds the mask m salignnment gap 472) thus
preventing trench formation i g%ﬁ%h@@ﬁVﬁ@W& . Alternatively,
hard mask conponents can be r e h -on of a sidewal l

| ayer as described in connection with photoresist masks shown in FIG 4C
Structures such as thgse depi ?t ed in FIGS. 4E and 4F can be provided with
an insul ator or gapfilhe desiept thejipyentign wiY bedescabed igrqoprecuowih ascomprgyingp,
using material s gpginggchni ques which are well known to those of ordinary
skill in the art, preferably enploying dielectric materials having a

diel ectric constant IHS&S. {AanGae schematig ploshesctionalesidst \ieye illustiatingtpriog art IC
necessary to cle . urface of the structure prior to the
deposi tion of ans?/ﬁfglglees%?%ﬂéﬁlﬁug%%equent fabrication step) using surface
preparation met hods &FiGSn2Aand 2B srewthenatiacressveettionkisdenietvoillisumatng priorartdCnar y
skill in the art. The g?vel tégsgni gues ofthe present invention require a
sequence ofproce%‘%'ﬁ%es SN Dr ocessing step can be perforned at a
fabrication station. PGS, 94 - SDGR sfidnfafic 3k se&tdhAlQide Flews Mlghiratimg il elnb&diment
respective processing steps _can be integrated by neans of a novel 2 2 JAN
2003 - 13 appar at ofJCi shuriyens fthg present inyentiop abwgueniial §8geated in FIG 5
Controller 500 is ad d sfaor r %n‘l%ﬁ 1 fdef | fiady Shdhdrons
which are utilized i ﬁﬁt e 4 or r?%??‘rgnsgg gb(??gggggggﬁaéﬁrdac‘tﬂﬁses gsﬁ(;gr i {l)eg ri n
connection with éht@gimanof IGTuctaees iof the present idertion B sGquedtial sagesv el

RO acturi NG, SYSUEM SR IRk oY LA SIS GAPLJE LAY ghdflc SO°
Addi tional ly, syehtsmnirérohESstaptareabof the presenk vériibn atsBqhenttaPfiages27 and 529
520, 522 524, 526 arkiCh3d® LG BEIE seis T e ampEaeador ABiale b
data structure sgfieniass of BGSBA £3D.program whi ch causes controller S00 to

control the processi n&ﬁs}t eps at each of the fabrication stattieogg,and t 0)
optionally, regulate 6:ie @ black diagramjfinssmtingh magufaciusig sysiem fonbrgating they | 1

order to formthgnRausd ofFi6YdAI f5. Exanples of suitable controllers

i ncl ude conventional conputers and conputer systens including one or nore
conput ers which are operably connected to other conputers or to a network
of conputers or data pr oces%mlggﬁimﬂdﬁgk SNi ncl ude) but
are not limted to, conmputers comonly known as personal conputers. The
data structure which is used by controller 500 can be stored on a renovabl e

el ectronic data stor Jedi um 540.(FI G 5)) such.as cq t . )

di sks) renovabl e corrp%ﬁ??ﬁ? “&iﬁ'& ll'i",emfpé' tlﬁs5¢%%tg§nt%ﬁ%'&§1p§ﬁ%lgc{l$@?‘2{lsﬁe to
facilitate the ugliZl forfle SakeRf lahtd. ¥ ik Utdndedthal such fefminstogy inchrdefnatonly theg

| ocati ons. Alternativelgd the data structure caﬁ bg

stored on a .
non-renovabl e el ESHebpmBodiments but alf eqyivalepts which pe H?%t‘@yﬂﬁ&?'ﬂﬁﬁ‘ﬁ&qt‘t Poned
at a | ocation whisgHiranfallyRhPdafhe ridfier & uRRRYe th GiMeGeslt Ol I er 500) using such
data storage devices as are well known to those of ordinary skill in the
art. The data structure can be communicated froma renote |ocation to
controller 500 using conmunicating techniques which are well known to those
of ordinary skill in the art including hard wire connections, wreless
connections and data conmuni cati on nethods utilizing one or nore nodens or
t echni ques using one or nore conputers conmonly known as servers. The data
storage nedi um can be operably connected to the controller using nethods
and devi ce conponents which are well known to those of ordinary skill in
the art. Exanples of suitable fabrication stations for manufacturing system

~ AN " - o, 4 o N ARIL 7~




528 forming Cu diffusion barrier sidewalls on the side surfaces of the
sandw ch [ine Additional fabrication stations can be added to manufacturing
system S 10. It is also contenplated that one or nore fabri ﬁg%lf&b%ﬂgtl ons
can be positioned at a |ocation which is respte fromthe ot ation
stations in which case an additional controller or a network of controllers
can be enployed to control the renotely | ocated manufacturing station. As
illustrated in FIG 5) controller 500 is adapted to be connected to each of

the manufacturing stmare@&bwﬁa%hmeg ﬁunv&mm@a%l 5 ﬁré}?acf‘@erhl 3

provi des a bidi rectl onal connection contro o trans
commands from i te ferat eovst sidewially @ the sish sa&csx)dcﬁwmr&mqibyéxtq mlgayparedmemmtls

and to receive i such as test cation

avati on. The. opSPuFR0R'C et Sder 3ot 8 REIC PRk BRI Sheriltsens or
Wi rel ess connectFIGRS3A FI3D. The dRpressich ‘A0QtrHEGreSTRIIEFARIMerd), iAdhedeR lcBREIEtkly

i nvention. A novel 8pl§ar atus including caontroller 600 i s adapted for

control |ing fabfP@sdirkeeraed cirqunsangnasially fasmed infegrated cirpuitsnEhersiibetite; shoyrgn
fabricated strugigres tlﬂﬁft?a%s' aliﬁé slrﬂctﬁfér}ﬁexﬁé h&@ 3% 543 F1h il 4o Tined 56 and 158

Fabrication stations 620) arc connected to controlle
600 t hrough opedascribed in iccmnsct@z mthmz@ I(Bmes andam irghde p laygs 3 b4 Gomprising Qthe

novel apparatus r o
control the pr ocd e sn‘l g#’% %thugeagaft%uzaéé Eﬁ E‘P’Yt e P CaEr l?og% oun&@%'ot%%g%ﬂabﬁsrs b
manuf act uri ng sysd 218 ﬁi;ﬁ:cﬁ\ary Thase figes tforti Qcatainingtsandadchdibes. Suithble niaterald RslN

2003 FIGS. 4A - 4G i,ncl udes controII r 6 .t he a ] bove
manuf act uri ng stioR ?ﬂ&ﬁgﬂg’nﬁupﬁ@egm 9? i %R@“de% er}t‘éﬁw kﬁ% JtragLie %&HS
provi ded on a rememahlifs 8l®aidrADiate ﬁsfwa@a%nmdk@maﬁ&yoc&xﬁéc@eleﬁéms T as via
controller, the data structure) the operative links ‘and the storage nedi um

are simlar to tPhesd2ZTand 328 eensctivelycdlteraately.dhe opntagt elpm@ts &®n, f%nfppls:@omnse

sui tabl e fabricayig g!@q,

stations shown ﬁ sl)' e’ Ehé)gh%bpé)f%&%@{"{@g&#&g#@g@%ﬁ%ﬂﬁgﬁ% Eg% ge 0S| t| ng a
liner on a di el aepasited byzangof ﬂameﬁgadawbmhhao&ellkhmantthashefcsdmarﬁzlﬁll dreptm'i ti ng
a conductive layer, qgnth i. her chth u ve laver contacts the
Contact el ement Sae SyoReoiti wihiales Habee GF; RUBLEVRIGH BHFPepl Bl

Ithat th he |ine g&sﬂ@m}@dctramgtéﬁg%zg fdmtrawss ﬂhtlﬁn@EBiar@&E o?;éllixmahgﬁﬁetﬁlo alcbuﬁstl ey €

i ne havi ng side aces or m m sal | gnment tol eran S on

t he side surfacd® ‘V{"HCPB""P’(H@“‘EM ﬁﬁ‘%ﬂ’?“&f‘tc? Patefiajs, wigh %98] egé‘ d\r%(l:]movel

m sal i gnment tol erant sidewal k are described and illustrated using netal

i nterconnect lines, the invention is equall¥ oper abl e when conducti ve
materials other than Aveqrding totheprgseatiinvention @ layerdan (IS, A rpameising aCudiffisioe

used to fabri Catb‘aarrfé?ﬂﬂ{éﬁal'l pb&e8 ofi the gwe@%optaﬂd g?e[ial‘faéegxpﬂneéiﬁ) §H ﬁd oftA)

and to fabricate conducti ve |nes sim met I nes 428 and 4
Sui t abl e conductthesxpased surfagt of diefectricdayeniR2aSuitalle Gmbhrries materials inclgde conductors

el ow thei - supSPbuR YRR SarrYorsHibTopePbliir WabFibab R INTRASTE
and yttriun bar !anmwnosemww@wlbaneﬁm&ﬁm glsonintladel iadutatdro such e C3IDIemBECVD
mvent i on | nol udBamEuanied Bt BpLieEoR i RRR AT, RO S amapu s
anor phous car bo rhnd a,ﬁn-wﬁ Iatefifls, ¢ @NEViRY1isEkahedefiocyd dbutahd) fls xﬁ&esa)»saoﬁxﬁo% fapér f or
AL AT 320 material which connects lines 310 and 312 across the insulator surface in order to
prevent shorts between lines 310 and 312, if Cu barrier layer 320 includes a conductive
material. Employing insulator materials, such as Si,N,H,, SiON, or SiC, for use in layer 320
may also require the removal of layer material which is deposited on insulator layer 322
between lines 310 and 312, in order to reduce cross-talk or increased capacitance which can
result from the use of these materials which have a relatively high dielectric constant.

Optional barrier layer techniques (not shown) include plasma or thermal treatment of the



-16- 2 2 JAN 2QG or Wlines and CVD or PVD TiN, WN, Ta, TaN and TaSi N f or
Cu containing lines These materials can also be used for the liners of the
structure described in connection with FIG 4A Typically, lines of the
present invention have a hei ght range of 0.% to 4 ~cmand a MAAN @Bup to
4 ~cm A preferred line width range is 01205 ,um Sidewalls of the
present invention have a typical thickness range of 10 - 5000 A. Wile the
netal lines of the present invention have typically been described and
illustrated as ki.ng contact wth. one or. nore viga, plugs, the inventionis
equal |y operabl € eégayfhéel??ﬁ‘fegmep?ﬁ‘f% 3 hapisr léﬁﬁ'teagctev \R/Hg% Qige side ﬂﬁgﬁ‘esé’ﬁ t act
el ements. A contadtforhiagebamaslagte by RN SF fhdhal tREIMEHEST tRe @ lHEdes ¥Lthe Cu
conponent which provides a |ow resistivity contact between the netal |ine

and circuit el entft Sreferahly thegnaiental of dislectucisventidihes adielpgitieransipnisid 2a Suitable
structure, such g@geddls fofuislb&HCihyr $22 irthded0. S-SR sﬁﬂg:%fei QfricTRICR L fbinafed”
use in IC structures of the present I|nventidn | dclude Si 1 con, ger nani um
si | i con/ ger nani landabh-Byerinaigdipdly(anylens)sthers@enmieckially known as FLARE 1.0 and 2.0, which

i ndi um gal | i uni ar seni..de/ phosphi de. e invention has been described in
terms of the pr e%’%PYaé’gﬁEEFBB‘dQR@gﬁSH%EQmBW}, ngléigfy#"%fféheésr {g"WT\eTC"‘M% Be
that it would bepsP3S3i DlaablefrsPScHumaeHer c&ﬁpaay)emnﬂsnd&_&netﬂaﬁzd@ya&ﬁ&he (DVS-
invention froma variety of neans and to no fy the pi acenent of conponents

[

in a variety of Bafkor snilar erodugs, evhirhcarerielt known tq thasejof pedinanbikilhip the aBeen
described in detail and shown in the acconpanying drawings, it wll be
evident that various further nodifications are possible w thout departing
fromthe scope of theAyshoeminFEn 3Bscopductiveordielectnic bamaerfayer 33Qportjonsasiremoved 2 2

JAN 2 -17 d ai i 1 th of farm.ng an jhterconnect |ine on
a di eIQgct ric | ay@m\rﬁgev?dr@ cer:E)f ﬁnseuéés%?rnig-‘ﬁeé%g?’at;"r%gbaﬁ?gf’%'? ﬁ{,cning’ewﬁ&uﬁgeg‘ oving
f:orrpri sing: a) hdﬁmﬂltﬂc?@naﬁlzh ad 306 gf Iayerd3 20l :ﬁﬁﬁlﬁt{oﬁ layeryxn ancbeiansdtdEstbm;a at
east one via hole; orm ng a conductive via plug in the via hole;, c
depositing a con‘lé\m‘ﬁf?ﬁtg’z)'e‘hfeé’s‘}wﬁ P‘(?GY?B%F@&PH&%‘%@WY’E\‘“?)‘?%’@‘?“ ‘{fﬂy?‘}?@o legﬁéf’?"e'd)
depositing a |inRptadksriePMdr b P8/ A eld?St i¥ hét nblesiary tOEbNipRelFRMIVE lah 2t 320 AVAT |
e) formng a conductive |ine having side surfaces, wherein the conductive
i ne overlays t hdl sprfaces/whish agersybstantinlly nernendiculas ¢ theysidesurfages pbthe Gt lingsgunesl | s

on the side surfgagpesmah; G99 dfalibiGh thd i Wil 16 'ééﬂﬁéﬁgiz'l: 1ehe
m sal i gnment tol %&ant \r}l\nn% E?(Frespecfe %lo&tthéegaeicg%#'gr&ﬁg. ltlﬂewrret 0 'ox?a cPai m
| wherein forn ndiffasicrobritert Thiginvéntige prongss regaises an bdisogopic eh pf Ryer 326 withdus
conductive layer, 3..The hod , of Lm.2 rein su tivel.y.etchi ng
conprises partialTy'Iré ?ﬂ/{z‘ﬁgarf'ﬂéayc%ﬂ?gk f"'f%w Ekj'eé? ?16 e 356 e iRSiirfF efRing
characteristics to selectively etch layer 320. Alternatively, Layers 316 and 320 can be
deposited such that layer 316 is significantly thicker than layer 320 in order to completely
remove layer 320 between the metal lines, while leaving enough 316 material on the lines
to provide a top diffusion barrier layer. This latter technique can be employed when the
materials of layers 316 and 320 have similar etching characteristics, i.e. when the materials

etch at substantially similar rates in a specific etch chemistry.

In an alternate embodiment (not shown), a Cu barrier layer is applied to the side
surfaces of the Cu lines while keeping a hard mask in place on the top Cu diffusion barrier
layer. The Cu barrier layer between the metal lines is subsequently removed by anisotropic

etching as described above.

As shown in FIG. 3B, novel sidewalls 324 and 326, comprising Cu barrier layers, are

created as a result of this technique. Cu or Cu alioy fayer 314 of lines 310 and 312 is



4. The method of claim | wherein formng misalignment tolerant sidewalls
conprises: a) depositing a sidewall |ayer on the conductive line; b)

ani sotropically etching the sidewall |ayer to renove si devvaIJ I axﬁrﬂm
portions which are deposited on surfaces whg.ch are substanti &

perpendi cular to the side wall surfaces of the conductive I|ne and c)

ani sotropic etching the liner to renove liner portions which are present on
the dielectric layer. 5. The nmethod of claiml additionally conprising
determ ning a pl@eﬁ%hél&a@wogﬁ%amer dyet 31]66‘Hu%gx§1lsx3x emll§324-r?f6 B&Eé}g}’ﬁuOf
claim5 wherein formng msa ment tolerant sidewalls conpfises
depositing a si demeAlayery3dB8 aod vtahﬂugsdﬁﬂamtnBeCh icorgaining) Gy i 314tdoetasts desalia has

an effective thickness. whi ch equal exceeds the ment p
D) ani sot ropi calTYeh ity Mo s el S Gmnog o hpoesdt EhaGH PRy afe
portions which EBrlefafﬁ@@ﬁhéerhOﬂaﬁdléFKEGSll\}ﬂatrﬁ&p%hﬁm§uﬁlﬁ\éﬁmolaahBthxchare
perpendi cul ar to, the (ﬁé“e wal | surfaces of the conductive line; and c)

ani sot ropi ¢ et cHiepesitehdirectinen dieleqirisyigyas 322 rrethopovnderining Yili RipgsaThe Bress®at on
the dielectric |<ﬁ¥|@(ed inFIGTH€ sﬂ@sh&@CQEorﬁAlﬁh%}er Y15 69in 3f1@ram L)) lmzéﬁ’ﬂlﬁgl rrent
tolerant sidewalls is preceded by renoving I'1 ne mask . The net

claim| wherein qnclgspd@ytvgaad batto Crobkrier taygrs 3 1$asd Pi8oand Hy myelaCmmr ﬁé@kallSQ
The net hod of cI (ﬁﬁmerel n form ng msalignnent tolerant sidewalls

i ncl udes retaini ng { ard mask when the sidewalls are fornmed. 10. The

met hod of claiml \/\herel n the conductive | ayer conprises one or rmre

materi al s sel ected fr gro p c¢onsi sti f petals,

super conduct or s. &%4‘ genked A ?H“P“\%Hb}"éﬁ‘ FIG 38 ‘E@ﬁ?ﬁé“l FW"P%%/@F
conpri ses one Orykmr QIR o I
Compyises one o %g;sﬁxembﬁrdn%eauﬁl?bﬁéib%}f}%ﬁe Wﬁx n@ﬂd}nhgﬁﬂslt%tnbmc&garﬁ
yttrium barium d@pﬁﬁaarc'é)hafugslayeabf hmnethmhglds wliencWaiugs areyppdr ein the via

pl ug conprises the same material as the conductive layer. 13. The method of
claiml wherein the sidewal|l conprises one or nore materials selected from
the group consi sti ng Folloviiag the éabricagibe of the sovelCytamieesidenalls, as:dhobyireFI§6bsAance
on the conducti v

di f.tus arr mat to pr vent diff
of conductive |a et' %ﬁtf’g‘a?'%ﬂﬁbléﬁﬁ’&db W’tfﬁire%rlr'ﬂfsgﬁé Jogslﬁr i%% hee%ﬁ%ﬁgé ace”
adhesi on bet weeroftifselatiny 6yee BRY Get, FYCI3DHNCorhpdde eticklsire of CG containing layer 314 of

lines 310 and 312 by top and bottom Cu barrier layers and by the novel Cu barrier sidewalls

—
-

of the invention, prevent Cu diffusion into insulating layer 329 and into any part of the

structure.

In an alternate embodiment of the present invention, novel misalignment tolerant
fabrication techniques are employed to prevent trench formation in a via plug or other
underlying contact element when there is misalignment between the plug and the subtractive
etch mask for patterning a metallized line overlying the via plug, as shown in the structures,
such as IC structures, depicted on FIGS. 4A - 4G. The structure shown in FIG. 4A includes
a dielectric layer 410 with via holes 412 and 414. A liner comprising barrier or adhesion
promoter layer 416 is deposited on the surface of layer 410 and inside via holes 412 and 414.
A metal layer 418 is deposited on layer 416 and into the via holes forming via plugs 420 and
422. Conventional etch mask components 424 and 426 are provided on metal layer 418 in
order to pattern metallized lines. As shown in FIG. 4A, mask component 424 is in good
alignment with underlying via plug 420, while mask component 426 is misaligned with

underlying via plug 422. Suitable masks include photoresist and hard masks.



2 2 JAN 2~3 -19 layer, and oxidation inhibitors to inhibit oxidation of the
conductive layer. 14. The nmethod of claim| wherein the conductive |ayer
conprises one or nore materials selected fromthe group consisting of Cu,
Cu alloys, and mixtures of Cu and Cu alloys, and wherein the2m 3akizmmnment
tol erant sidewalls conprise Cu diffusion bat@ier |ayers. 15. The met hod of
claim 14 wherein the msalignnent tolerant sidewalls conprise one or nore
materials selected fromthe group consisting of CVvD TIN, CVD WN, CVD Ta,
CvD TaSiN, C/D TaN, PVD TiN, PVvD WN, PVD Ta, PVD TaSi N, PVD TaN, CVD
silicon nitride, PECWLt&IiIa)ﬁNyHB is €D3H3d FFIQ MX) usifg@\dantntiyidt subbiesivext&i dnd asiag CVD
anor phous carbon od of cl 14 additionally conprising one or
rore ! dowal | i W Sl ﬁhep?t&!wﬁe tgﬁf%ggcamnvwws'ae autroplipssdn Vi3 plugse
met hod of claim Jvhéﬁélﬁhér@lxﬂlgnfiﬁar’ﬁ'ndﬁ“@ﬁd\é\t s*es&é'éadhéreask%thé ﬂ@ﬁl g b8 4&h aépla@mod
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Masks 424 and 426 are removed from lines 428 and 430 respectively, using
conventional techniques which are well known to those of ordinary skill in the art. A
sidewall layer 432 (FIG. 4C) comprising dielectric material or metal is applied to the side
surfaces of lines 428, 430 and to the exposed surface of layer 416. Alternately, sidewall layer
432 is deposited on the lines and any remaining metal, such as on metal layer 418 of the
structure shown in FIG. 4B. Suitable materials for sidewall layer 432 include: (1) barriers
to prevent metal diffusion into dielectrics, (2) barriers to prevent attack oh the metal lines
by substances, such as F, diffusing from dielectric materials to the metal lines, (3) adhesion
promoters to provide enhanced adhesion between the lines and any subsequently deposited
dielectric or gapfill and (4) oxidation inhibitors to prevent metal oxidation. For example, 2
PVD or CVD WN layer 432 is an effective barrier to prevent Cu attack on the dielectric and
to prevent F attack on Cu. Suitable materials for layer 432 include metals and dielectric
materials. A combination of two or more materials can be used in layer 432. The various
layers of the inventive structures shown in FIGS. 4A - 4G are deposited by any of the
methods which are well known to those of ordinary skill in the art.
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techniques and etching chemistries employed in the embodiments of the present invention

include techniques and chemistries which are well known to those of ordinary skill in the art

Asiillustrated in FIG. 4E, line 430 is misaligned with underlying via plug 422 but the
novel technique of the present invention has prevented trench formation in via plug 422
which would have occurred if conventional fabrication techniques had been used (see for
example prior art FIG. 2B). Trench formation is prevented because misalignment tolerant
sidewall 438 of line 430 prevents etching of the underlying via plug, providing that the
effective thickness of this sidewall equals or exceeds the mask misaligned gap 431 (FIG.4E),
wherein the misalignment gap represents the via plug area which would have been exposed
to etching due to misalignment between the étch mask and the underlying via. Etching attack
on the underlying via plug is reduced but not prevented if the effective thickness of the
sidewall is less than the mask misalignment gap. The reduced etching attack results in
reduced trench formation in the underiying via plug, compared with conventional techniques.
As defined herein, the effective thickness of the sidewall is understood to mean the thickness
of the sidewall portion which is nearest the underlying via. As defined herein, a misalignment
tolerant sidewall includes a sidewall which prevents or reduces etching attack on an
underlying contact element, such as a via plug, when there is a misalignment gap. As defined
herein, a misalignment tolerant metal line includes a metal line having misalignment tolerant

sidewalls.

Commonly used manufacturing and quality assurance information is utilized to
determine the size and statistical frequency of the mask misalignment gap for any specific
line fabrication process. The sidewalls of the present invention are preferably formed on the
metal lines such that the effective thickness of the sidewalls equals or exceeds the mask

misalignment gap. Alternately, the mask misalignment gap of a specific mask can be
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determined before subtractive etching to form the line, or following the subtractive etching
step. Also, the mask misalignment gap can be determined by estimating the gap based on

prior experience with a specific line fabrication technique.

In another embodiment of the present invention, shown in FIG. 4F, hard mask
components 455 and 456 are used instead of the photoresist mask components of the
structure of FIG. 4A Combinations of photoresist and hard masks can also be utilized. In
the present embodiment, these hard mask components are retained on lines 458 and 460
which are formed on barrier layer 463. The hard mask components are subsequently covered
with sidewall layer 462 in a process similar to that described in connection with FIGS. 4A-
4C. Anisotropic etching, such as described in connection with FIGS. 4D and 4E, is used to
remove layers 462 and 463 from the surface of dielectric layer 470 (FIG. 4G), resulting in
sidewalls 465, 466, 468 and 469 of lines 458 and 460 respectively. The effective thickness
of misalignment tolerant sidewall 468 (FIG. 4G) exceeds the mask misalignment gap 472,

thus preventing trench formation in the underlying via plug 474.

Alternatively, hard mask components can be removed prior to the deposition of a

sidewall layer as described in connection with photoresist masks shown in FIG. 4C.

Structures such as those depicted in FIGS. 4E and 4F can be provided with an
insulator or gapfill layer, similar to the structure shown in FIG. 3D, using materials and
techniques which are well known to those of ordinary skill in the art, preferably employing

dielectric materials having a dielectric constant less than 4.2.

It will be understood that it is necessary to clean or prepare the surface of the
structure prior to the deposition of any layer in any subsequent fabrication step, using
surface preparation methods and materials which are well known to those of ordinary skill

in the art.

The novel techniques of the present invention require a sequence of processing steps.
Each processing step can be performed at a fabrication station. All or some of the fabrication

stations and their respective processing steps can be integrated by means of a novel
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apparatus including a controller 500 illustrated in FIG. 5 Controller 500 is adapted for
controlling a number of fabrication stations which are utilized in the formation of fabricated
structures described in connection with FIGS. 3A - 3D. As illustrated in FIG. 5, a novel
manufacturing system 510 for fabricating structures includes controller 500 and a plurality
of fabrication stations: 520, 522, 524, 526 and 528. Additionally, system 510 has operative
links 521, 523, 525, 527 and 529 which provide connections between controller 500 and
fabrication stations 520, 522, 524, 526 and 528 respectively. The novel apparatus includes
a data structure such as a computer program which causes controller 500 to control the
processing steps at each of the fabrication stations and to, optionally, regulate the sequence

in which fabrication stations are used in order to form the novel structures.

Examples of suitable controllers include conventional computers and computer
systems including one or more computers which are operably connected to other computers
or to a network of computers or data processing devices. Suitable computers include, but
are not limited to, computers commonly known as personal computers. The data structure
which is used by controller 500 can be stored on a removable electronic data storage
medium 540 (FIG. 5), such as computer floppy disks, removable computer hard disks,
magnetic tapes and optical disks, to facilitate the use of the same data structure at different
manufacturing locations. Alternatively, the data structure can be stored on a non-removable
electronic data storage medium, inc::luding amedium positioned at a location which is remote
(not shown) from controller 500, using such data storage devices as are well known to those
of ordinary skill in the art. The data structure can be communicated from a remote location
to controller 500 using communicating techniques which are well known to those of
ordinary skill in the art including hard wire connections, wireless connections and data
communication methods utilizing one or more modems or techniques using one or more
computers commonly known as servers. The data storage medium can be operably
connected to the controller using methods and device components which are well known to
those of ordinary skill in the art. Examples of suitable fabrication stations for manufacturing

system 510 include the stations shown in Table A.
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Table A
Station Processing Step
520 depositing a bottom Cu diffusion barrier layer on a dielectric layer
522 depositing a Cu containing layer on the bottom Cu barrier layer
524 depositing a top Cu diffusion barrier layer on the Cu containing layer
526 forming a Cu containing sandwich line having side surfaces
528 forming Cu diffusion barrier sidewalls on the side surfaces of the sandwich

line

Additional fabrication stations can be added to manufacturing system 510. It is also
contemplated that one or more fabrication stations can be positioned at a location which is
remote from the other fabrication stations in which case an additional controller or a
network of controllers can be employed to control the remotely located manufacturing

station.

As illustrated in FIG. 5, controller 500 is adapted to be connected to each of the
manufacturing stations through operative links. Each of these links provides a bidirectional
connection enabling controller 500 to transfer commands from its data structure, such as
specific operating parameters, and to receive information, such as test data, from the
fabrication station. The operative links can be in the form of hard wire connections or

wireless connections.

FIG. 6 depicts another embodiment of the present invention. A novel apparatus
including controller 600 is adapted for controlling fabrication stations which are utilized in
the formation of fabricated structures described in connection with FIGS. 4A - 4G.
Fabrication stations 620, 622, 624, 626 and 628 are connected to controller 600 through
operative links 621, 623, 625, 627 and 629 respectively. The novel apparatus includes a data
structure which causes the controller to control the processing steps at each of the

fabrication stations. A novel manufacturing system 610 for manufacturing structures of
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FIGS. 4A - 4G includes controller 600, the data structure, the above manufacturing stations
and the operative links. The data structure can be provided on a removable electronic
storage medium 640 (FIG. 6). The controller, the data structure, the operative links and the
storage medium are similar to those described in connection with FIG. 5. Examples of

suitable fabrication stations for manufacturing system 610 include the stations shown in
Table B.

Table B
Station Processing Step
620 depositing a liner on a dielectric layer having a contact element therein
622 depositing a conductive layer on the liner such that the conductive layer

contacts the contact element

624 depositing a line mask on the conductive layer such that the line mask
overlays the contact element

626 forming a conductive line having side surfaces

628 forming misalignment tolerant sidewalls on the side surfaces

While the embodiments of the invention regarding novel misalignment tolerant
sidewalls are described and illustrated using metal interconnect lines, the invention is equally
operable when conductive materials other than metals are used. These conductive materials
can be used to fabricate conductive layers, similar to metal layer 418 (FIG. 4A) and to
fabricate conductive lines similar to metal lines 428 and 430. Suitable conductive materiais
include metallic and nonmetallic superconductors, i.e. materials having zero direct current
resistance at or below their superconducting transition temperature, such as

nickel/germanium and yttrium/barium/copper oxides.

Suitable materials for the sidewall layers for fabricating the misalignment tolerant
sidewalls of the present invention include dielectric barriers such as CVD SiN, SiON,, SiC
and amorphous carbon, as well as conductive materials, such as PVD Ti/TiN for Al, Al/Cu
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or W lines and CVD or PVD TiN, WN, Ta, TaN and TaSiN for Cu containing lines These
materials can also be used for the liners of the structure described in connection with FIG.
4A

Typically, lines of the present invention have a height range of 0.2 to 4 um and a
width of up to 4 um. A preferred line width range is 0 1 - 0 5 um. Sidewalls of the present
invention have a typical thickness range of 10 - 5000 A.

While the metal lines of the present invention have typically been described and
illustrated as making contact with one or more via plugs, the invention is equally operable
when the metal lines make contact when one or more contact elements. A contact element
as defined herein includes a conductive component which provides a low resistivity contact
between the metal line and circuit elements, interconnects or semiconductor material of a
structure, such as an IC structure. Suitable semiconductor materials for use in IC structures
of the present invention include silicon, germanium, silicon/germanium alloys, gallium

arsenide and indium/gallium/arsenide/phosphide.

The invention has been described in terms of the preferred embodiment. One skilled
in the art will recognize that it would be possible to construct the elements of the present
invention from a variety of means and to modify the placement of components in a variety
of ways. While the embodiments of the invention have been described in detail and shown
in the accompanying drawings, it will be evident that various further modifications are
possible without departing from the scope of the invention as set forth in the following

claims.
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Claims

We ciaim:

1. A method of forming an interconnect line on a dielectric layer having at least one via hole
therein, the method comprising:

a) depositing a liner on the dielectric layer and inside the at least one via hole;

b) forming a conductive via plug in the via hole;

¢) depositing a conductive layer, contacting the via plug, on the liner,;

d) depositing a line mask, overlaying the via plug, on the conductive layer;

e) forming a conductive line having side surfaces, wherein the conductive line overlays the via
plug; and

f) forming misalignment tolerant sidewalls on the side surfaces of the conductive line, such that
the sidewalls are misalignment tolerant with respect to the via plug.

2. The method of claim | wherein forming a conductive line comprises subtractively etching
the conductive layer.

3. The method of claim 2 wherein subtractively etching comprises partially removing the
conductive layer.

4. The method of claim | wherein forming misalignment tolerant sidewalls comprises:

a) depositing a sidewall layer on the conductive line;

b) anisotropically etching the sidewall layer to remove sidewall layer portions which are
deposited on surfaces which are substantially perpendicular to the side wall surfaces of the
conductive line; and

¢) anisotropic etching the liner to remove liner portions which are present on the dielectric
layer.

5. The method of claim | additionally comprising determining a mask misalignment gap.
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6. The method of claim 5§ wherein forming misalignment tolerant sidewalls comprises:

a) depositing a sidewall layer on the conductive line, wherein the sidewall has an effective
thickness which equals or exceeds the mask misalignment gap;

b) anisotropically etching the sidewall layer to remove sidewall layer portions which are
deposited on surfaces which are substantially perpendicular to the side wall surfaces of the
conductive line; and

¢) anisotropic etching the liner to remove liner portions which are present on the dielectric
layer.

7. The method of claim | wherein forming misalignment tolerant sidewalls is preceded by
removing the line mask.

8. The method of claim | wherein providing a line mask comprises providing a hard mask.

9. The method of claim 8 wherein forming misalignment tolerant sidewalls includes retaining
the hard mask when the sidewalls are formed.

10. The method of claim | wherein the conductive layer comprises one or more materials
selected from the group consisting of metals, alloys and superconductors.

11. The method of claim | wherein the conductive layer comprises one or more materials
selected from the group consisting of Al, Al/Cu, Cu, Cu alloys W, Ag, Ag alloys,
nickel/germanium and yttrium/barium/copper oxides.

12. The method of claim | wherein the via plug comprises the same material as the conductive
layer.

13. The method of claim | wherein the sidewall comprises one or more materials selected from
the group consisting of barrier materials to prevent attack by a substance on the conductive
layer, diffusion barrier materials to prevent diffusion of conductive layer material, adhesion
promoters to provide enhanced adhesion between the conductive layer and the dielectric



10BB* 10BB! f 51098B& ()- .@ 1098B& ()- jrS44@O0% () - S10%& ()-#310%& ()- 10GG
10GG 10GE #109%GG& ()- !

109%3G& () - (DJEr S44@L0° "109& ()-s "109%& ()-s "109C& ()-s "109%& ()-s"109%& ()
- 5S&L0Y%& () - V1dEr S44@L0° *! 10%&' ()-s*!10% & ()-s, & 109%& ()-T! 21903%(2%3
#10%&' ()- #10% & ()- CDEFTYbCA@L! 10%@& () - 10%@& ()-"Y, 10%a& () 106
109& ()- *!109%& () - SFW?dEbCA@L 3" 109%@& ()- 9! 109%@& () -

109@& ()-S ! 109%@& ()- ! 109%@& ()- ! 10%@& ()-i DIEbCA@5

" 10%@& () - S3HL0%E () - @ #10%G&' () - Sy) ! LAg@&' () - 3% 10%@& () - SY" - L0%& () -

, bCA@ @ 109G7x& () - SS109& () - y109@&' () - #F109%& () - 10@ 10@

10@! 109%@& () -, ~CAdEbCA@LI " " 1096TH& () - 10967& () - 9! 10967& () - SL109AT& () - #1094 &

()~ 109 &iafr- m@qum.tsas 1 M iR ikl v B 10T
10T 17" 1096 &' ( 10068 ()-DCAG 1056k ()-T 10U () - &bl 10%& ()- 10T

14. The method of claim | wherein the conductive layer comprises one or more materials
selected from the group consisting of Cu, Cu alloys, and mixtures of Cu and Cu alloys, and
wherein the misalignment tolerant sidewalls comprise Cu diffusion barrier layers.

15. The method of claim 14 wherein the misalignment tolerant sidewalls comprise one or more
materials selected from the group consisting of CVD TIN, CVD WN, CVD Ta, CVD TaSiN,
CVD TaN, PVD TiN, PVD WN, PVD Ta, PVD TaSiN, PVD TaN, CVD silicon nitride, PECVD
SixNyH., CVD SiO,N,, PECVD SiO,N,, PECVD SiC and CVD amorphous carbon.

16. The method of claim 14 additionally comprising one or more sidewall materials which
prevent attack on Cu by a substance.

17. The method of claim | wherein the sidewalls extend to the liner.

18. A method of forming an interconnect line on a dielectric layer including at least one via
hole therein, the method comprising:

a) forming a Cu containing sandwich line on the dielectric layer, wherein (1) the sandwich line
comprises:

(i) a first Cu diffusion barrier layer comprising a top Cu Barrier layer, (ii) a second Cu diffusion
barrier layer, comprising a bottom Cu barrier layer, formed on the dielectric layer and formed
as a liner in the at least one via hole, (jii) a Cu containing layer interposed between the top Cu
barrier layer and the bottom Cu barrier layer, (iv) a first side surface extending along a first
side of the sandwich line and (v) a second side surface extending along a second side of the
sandwich line, and wherein (2) forming a sandwich line further comprises: (i) depositing the
bottom Cu diffusion barrier layer on the dielectric layer and inside the via hole, (ii) forming a
conductive via plug in the via hole, (iii) depositing the Cu containing layer on the bottom Cu
barrier layer and on the via plug, (iv) depositing the top Cu diffusion barrier layer on the Cu
containing layer, whereby a sandwich layer is formed, (v) depositing an etch mask, patterned
for forming the sandwich line, on the top Cu diffusion barrier layer such that the mask is
aligned with the via plug, and (vi) subtractively etching the sandwich layer, whereby the
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sandwich line is formed; and

b) forming Cu diffusion barrier sidewalls on the first and second side surfaces of the sandwich
line.



