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BOND PAD SCHEME FOR COPPER DAMASCENE | NTERCONNECTS BACKGROUND 2085

| NVENTION (1) FIELD OF THE INVENTION It is the object of the present
invention to provide processes wherein special Al-Cu bond | ayers or regions
are placed on top of the underlying copper pad netal. These Al-Cu bond pads

. 'on pure gepReNuUMwaib babpikRr BIREEALLIChBOWREBADPSCHENE FOR COPPBRed Wre

~“bond adhesion to the bond pads and prevent peeling during wre bond
~adhesion tests. (2) DESCRODRUASNESBE REIARREDNNETTAN i nport ant challenge in
the fabrication of wire bond pads is to have good adhesion and
conpatibility of the vaEﬂ@ﬁQRmﬁﬂalOﬁaﬂﬁﬁsINNEﬂﬂadeanascene processi ng. The
'~ damascene processing is a "standard" nethod for fabricating planar copper
interconnects. Damascene (W) FIEQD WFeTEENTAYENTIQNI/ or studs) are forned by
‘depositing a dielectric layer on a planar surface, patterning it using

- photolithography zhe ohuéetreﬁctheepreﬁeetchn@RhE}OHtﬁ@nPPPWPﬁﬁg t he
irecesses with conductive netal. The excess netal is renoved by chem cal

'-;Chem C rMARY AaPas)

‘mechanpssicessieiss Whegeiavepeciall dlra POBEG REYET Sc RENFEFE PE&TT i1 1 ed
-with nmetal. For exanpl e, danmascene mnrln Ilnescfan bq_uaﬁp 10 f0m bit

. 1ines o aRevoPe FoPe ©F iheh URASE §'| S

£ _
HE - forna |on o st uds

'. I n the | 0%1 P ~~~[1')hR$ale%eV| Cﬁ%:edf: f(? JH:Q;[ ri':a?é:?l{%%%%‘yﬁ‘i%—%ﬁveﬁrbﬂ N liners,

usi on rs ve been coated with

zf‘dire(dcw AV B adihan aplichak hasld teadxiglel | n the

“+dual - damascene proceg; a nmonolithic stud/wwre structure is forned fromthe

- repeat gk AR EFEG R iy e ddisdndxidieedidim fettomed by nmetal filling

- and First, a relatively thick oxide layer is deposited on a planar
ﬁsurface The OX|de thickness is slightly larger than the desired final
“thickness of the stud and wire, since a small anount of oxide is renoved

“during CVMP. Stud recesséd RESGRIBRIPN PE REINER At ng phot ol i t hography
iand RIE that either rtlallf etches t rou %%the gxideagr travgrsgs t he

-~ oxi de and stpsiERC¥ ? TEOEREY BT The®wiTe recesses
v can then_he for usin se arate o] t a tinmed oxide
" etchi ngP3¢®p®1F°t %v?ogﬁﬁd éh%ﬁifﬁi él%% $§Q£§£Q¥t?h§?m?$§ et chi ng

| Conplet@érigﬁsdﬁé££inﬂa?éréhfnsaﬂglh&éﬁﬁscéﬁétprbaés§iﬁgl“@ﬁé metal | i zati on

. 1s deposited, en planarized using CVMP. The resulting 1nterconnects are

_ producedamhtBeh8VBEoBESSERE SEERS Ehandurih retwedt FepaFaprbeassngg and
- with the dual damascene process, two |ayer of netal are forned as one,

i .e., WplLangrl coppardinbatraotinettd.vDamasaeoedivnging 1nterbaaeeb§5meen t he
ayers. (;id/or studs) are formed by depositing a dielectric layer on
a planar surface, patterning it using photolithography and
oxide reactive'ioﬁ etch (RIE), then filling the recesses with
conductive metal. The excess metal is remoﬁed by chemical
mechanical polishing (CMP), while the trpughs or channels
remain filled with metal. For example, damascene wiring lines
can be used to form bit lines in DRAM devices, with

" processing similar to the formation of W studs in the logic

and DRAM devices. In both examples, sputtered Ti/TiN liners,




o ~ 3 . i A~~ 200'i Another netal deposi tion, besides sputter| ng- tgctét &3
has been adapted as a standard for copper netallization. This M 05 s
el ect.rochem cal deposition (ECD) of copper. The el ectrochem cal copper

deposition (ECD) still needs, e.g., sputtering techniques, physical vapor
deposition (PVD) to deposit thi n underlying diffusion barrier film

(Ta, Tay 'tﬁi’f h¥Eon 68671 LAY EThiDfe GODDET coa Tdte WEth POhd&HBcE - Pri or
Ar t for copp %ﬁ% d% s%rene vvllre bondi n%, are that poor wre bonding

occurs ghpbheabessi veen (e mandtiBrt tieh Opdli shedpeck Bsidtide.

i nt ermet a?l i c compounds formdirecting between the | ead-tin solder and the
pure copper netal, anong others that are possible, e.g., CusSns, CuSn,

~ Anot her reason for difficulty in wire bonding to the pure copper, is t hat
the copper oxhdendoggaloliahasdeneppsstuat| ng wandbi hilcsptndiwbref | akes
off. Some netals, e.g., alum numoxide AlzQ, CzGCs, NO CoO and

insul at LRguskuEl, i EOEBYAEAS BroRashkY abbagted ﬂ&ttwhniﬁgceﬂparswgﬂe has a
Rilling-Bedworth ratio nuch greater than one and forns oxides that are

ron- pr o n Kighgo! BE1 PHLEACBYPRELEY! F2CEingaBHAL OMPXI dizgtand | ess
‘nobl e t?\zglgr%&%[hgxétqﬁ I']‘:_Errrrftlt erlla I's. Stgndard wre tggd pull -strengths are

‘reduced L9489 ve g ttﬁ? l&%}@ %ﬁ’w Elsn9§§65§leahl bA9s peghhRg and fracture

.of the Wré i nter by the pure copper dual

damsceng puar KL TR d%ré’é%n%sféns. AR At e g S e

_ ~t ~ 5% St tests, is that the wire
~itself is hroken, at tensile force vels a oachl ng the t ensy | strength
of the SSFEHS &tk rdickngssoe ttlhten ik %Q‘Bloﬁa TPy s 8 CCRS g{nag Prior Art
background patents will now be described in this section. U 'S. Pat. No.

* 5, 989, 9gmmammt fe@xinde: Hed HEsEvEs FFIRIFMA-n§F A BERHSTESPAFE grant ed

Nov. 23, 1999 to Zakel et al. describes a plating process for a bondi ng

pad. A st fior tee quvistsaustiingn Rifo teilddhasgapby gad SLEgdpdni cal |y

- deposited bunps for the bonding of integrated circuits is showm. It is

'char act exiitted: padtica lSiyhsegers  thetcalghd dies icxisles oxddpesiansesnitthitout an

‘external current source (chem cal netal deposition) on a netallization.

iU. S. PatoxiMe Fnd &cxA36 @nttivid athdeAdwainee dneGoipero bet ercodrandotd SyBteem That
1's Conpatible Wth Existing | C Wre Bondi ng Technol ogy" granted Jul . 28,

11998 to Ghaundeslssls CasHHAE DR KRRt il Y qagshpracess. A process is
provi ded which enables electrical connection to be formed between gold and

al um nuUMPW £ 853 ﬁ%f&&&?fst &b eLEPNeCifad (RAMEDNtd @M nd estuth ques dKE wire

~bondi ng "are 1 ne cti've for 'bonding gold wires or alumnumw res to copper

pads or nfgé}gs {,\5 ﬁtg@g@grf%% @@é@nttﬁesﬁweét&ﬂrhgcmm £by an

“alum nu e copper interconnects 3 JAA3

s on~~ the drilling of the stud holes.

Next, the stud/wire metallization is deposited, then
planarized using CMP. The resulting interconnects are
produced with fewer process steps than with conventional
processing and with the dual damascene process, two layer of
metal are formed as one, i.e., wiring line and contact stud

vias, avoiding an interface between the lavers.
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. Wre is then bonded to the alum num pad u5|ng conventional wire bonding -

“—~techniques; U S Pat. -No. 5,985,765 entitled "Mthod For’ RedUC|db3BQ@ﬁ1ﬂm§

- Pad Loss Using a Cappi ng Layer Wen Et chi ng Bondi ng Pad Passi vation

~ Openings" granted Nov. 16, 1999 to Hsiao et al. teaches. a bonding pad with
an overlying capping layer. A method for reducing bonding pad loss is -

described uShd.REARRLAG LAKEL: ¢OBH CBALAALSORBNLRES  ALCLBLRARGuEg e

bOndlng pads, “e.concurre y etching nmich déeper fuse openings. fo the

~ substrate ondln are_us d n th 0 te rcuit -

L senlcon%ﬁ@tgﬁeghﬁggg?Sap?8V|d§% rna?oélggﬁﬁlcaﬁggggﬁgg%ﬁgég ngEF/CE and
power. Fusible links are used in %Re under. | |ng %ﬁw ayer §t.0 renove -

redundaﬁ@qﬁéﬂé&ﬁ V& elechrechrRiEats deRRGH 8Pe6? e alr St ive chi ps.

It is desirable (cost effective) to etch the conta ope ngs in the

passi varilestrgphenicalheopprd FFPFEAEIARar (BN &83 'oﬁ ‘e chip and
‘to concurrently etch the nuch deeper fuse openjngs in the thi ck underlying
iinsul at ispptiterdng deehnimdsys ehysicRdy ¥RPIFe SARRS I A d EYDPfrertehce in |
Tﬁetch dept h of the. two.types of- openi ngs, the:bonding pads co osed of ‘Al/ Qu

‘are geneleddsi tovdriat dmndmmmghlﬁﬁmmd heattisy 1Fityn hTsbl angd &
 |nvent|on descri bes a process in which a capping:|ayer, haV|ng a |l ow etch-
rrate, | SedrduEthan “deedQ Lhyeir D2 G@ordder hondi ng pads to prevent
‘overetching, while the fuse openings are etched to.the desired depth in the
thicker_ insulating | ayers. ;U.S. Pat. No. 5,923,955 entitled "Fine Flip Chip

'VFInterconnectlon granted -Jul. 13, 1999 to wing shows a nulti-Ilayed bondlng,,'

- met hod

~ pad. There i.Sgli SELOSESE P PIOCESS SOTASE 602 NGoppds | Qughi durhonsiate
'~ conbi nation for a- flrst dintegrated circuit and a second integrated CIFCUIt

CCr eat i NGy Brd | bERd DRGNESEd OfhAE gRso 0 (v Bse hdudihggoeadrofat €he Spondit egrated, .. -
"circuit within a first wall structure and a second connecti on nmeans on each

bondi ng ywlasn dbomd Sy odidrécitlyrbe aphee reepren tBrhtbleckobermgialst@uct ure.

- Renoving the second wall structure and partially_placing. each s$cond
;connect|@anaﬂ@sv\f-@ﬁprﬁ%?@c‘ﬁjr@%tb%wq’e%t?%th‘?%do'%‘i‘ g0} deperpsyEne
.connection neans of the first intégrated ﬁl cuit. NN&?Y OF THE | NVENT] ON
1t is theuEBj ECPPeF TﬁEapreﬁﬁﬂ?glﬂ K7 ofieh PFOVPRESHPBEesSed  therei n

'speci al Al- | ayers r 2 t f Rdes | i ng
‘copper é‘dz‘% ?ug? esfgnA e%sg&ga S on %ﬁlrecgﬂé%&pp%? ‘s()lvméfﬁarrl er |ayer

i n- betmegg)tpéo¥ggg ggﬁ égprQgeghgtrghgoeg?ﬁggeékgaetgoégengengopﬂdg and
‘prevent peeling during wre bond adhesion tests. -6 ~ 3 J~~ 2~~~ The

first er?aggﬁreahﬁ& bReder 86@nNkphDYENbOfl hBeBOVESUNBENEZAdEalBe first

: formation for an Al-Cu alloy top bond pad region for subsequent
~Wire bonei.gg, BRlomided oxldedﬂakhcoppgh,dﬂﬁﬁsc@m@,pm@db&93mga¢am@ne and

. structure in internetal dielectric (IMD) |layers, with copper met al | ur gy
“within afdow rfomgm delesaepdssion bing ovwigial, s"el?ﬁi'e%rfmﬁi?%l? reae. aExcess ‘

~'copper is polished: back: by chenical nechanlcal yol i shin usi.n
*'paSS|vatPﬁglé§§ ~Bg(luprth. gatiei PEEBnIRPRLERTe th Sneangt%BrF%ygﬁlde

- Sel ect t etchi f the.t I f [
- DvBar o1 Eh aﬁeﬁﬁbﬁ%n?etﬁs%a%&w%éeéée\%? de e duitck ey
~copper |ayet,y;4;hud Capaclt mﬁ@ 2rBRIR iy in%n;@%qatle VP

- copper oxi-d€ X35t ayer. arrier layer is deposited by

either a S r 150 PV u@%BhQQ %ha%déﬁﬂﬂuyé 1\4's
' dep05|t|gﬁg C%%%d'kégqaﬁQggaﬁgygrgg% APéh alloy nmetal is deposited by .
physi cal »aparidePas Hpal 16RY)) peRuline and ttieciu@e el rBhePatilrer Mgl of t her
+ Al-Cu.filmand barrier | ayer is perforned, wherein, the Al-Cu and barrier
layer i s ateatid \On /RSl dindek rfacie ,( HyE)thaslpmg:eCﬁi}ﬁ@r diadnidemas cesteoppi ng
on the silicon nitride cap. Alternately, the Al-Cu and barrier |ayer, TiN,
i s pol i sHRsd dyadk tusietdpcstro mifenlanmesteamilea o f @dasians  owededtfagignpn t he
silicon nitride cap. The end result of the first enbodi nent of this
invention is an Al-Cu bond pad .on top of the entire dual damascene copper
(barrier |ayer in between), interconnect trench and via. The top Al-Cu bond
' pad layer can now be sol.dered Wthout the need for further passivation. _7_
0 3 ,9~~ 200 The second enbodi nent of the present invention is now
summari zed, the first nmethod of formation for an Al-Cu alloy: top bond pad
regi on for subsequent wire bondlng Provided is a dual. copper damascene
processi ng schenme and _




“'structure in internetal

structure in internetal dielectric (IMD) layers, with copper netallurgy:
‘Wi'thin and wiring underneath, on a provided sem conductor subst {ja§ eJANPopgss
copper. i s polished back by chem cal nechanical polishing (CMP), using a.
passivating cap |ayer, e.g., silicon nitride, as a CW° stop |ayer. A

| i-t hography step patterns photoresist and the top copper is wet etched by

DMSO CC14 to form a. patterned recessed co r. lLayer..Th o] esi IS :

stripped®efethy 4R Bkgﬁe]ﬁo aagﬁﬁségﬁ Egﬁﬁnggﬁug?ﬁésa 5] g%% %ﬁ%l%%%% Next ,

an opti opal, By dLOgely LnO" 2pMIRAL 1 83 cPLAS TByL ELEBRbaLAI HECENLO I eMDVe

any copper j oxrde on the surface. Barrrer netal 1S deposited using

‘chem Cfalteﬁéﬁﬁ?é depealthoss( END) appropysheal wiaBQr afapastt henth@Vire

Fol lowing the barrier nmetal deposition, a layer of Al-Cu alloy netal is

deposi t ednagPatkenmi.ng of the Al-Cu filmand barrier |ayer is perforned,

wherein the Al-Cu and barrier layer is reactive ion etched back (R E) using

Gl Z/BC13 chemi stry, stopping on the silicon nitride cap. Alternately, the

- - -Al-Cu and barrier layer is polished back using chem_cal mechani cal

" polishing (CRRlLatedopming &xtt hackoroesd PRIEDYE ¥ipl PRY BRd result of the
second -enbodi nent of this invention is an Al-Cu bond pad centrally | ocated
‘over t h&egeEibgendSc&he Sc 585+ Foarrier |ayer in between), interconnect
-trench and contact via. The top Al-Cu bond pad 8 0 3 . ~A-~ 20~1~ | ayer
-can now be sol dered wi thout the need. for further passivation: The third
. embodi ment. of; Ihe RSy, N 1Yy Ich N1 < MIRItHRH £orh @aflvasiidTet hod of
formation for an -Cu'il all’'oy top bond pad region for subsequent

Wire- boﬂmnfr@/iﬁiﬁﬂiﬂn? PP FHONIRIG FRABS GB\e Juaassizakelchkane and

lelectric (IMD) layers, with copper netallurgy

Within aind widddg bhander ndaiting prodgessyifted = durebimdugtast. dulpsttheide. Excess

copper is polished back by chem cal' mechani cal polishing (CVP), stopping

on an i rieer netealprtirelirectidre f RA)edtaderysigadimtgHgay@ L dF silicon

- nitride is bl anket deposited over the substrate and covers the top surface

of coppetergri tef uRREIT R MANRHE MSRITALES] (FIyr Yy i ep
.patterns photoresist, .whic atterns the silicon nitrj assi vating | ayer.
;'Fl)'he passTvaft n 1f'|i]t“°ri%?%c%%cﬁ?é}Yo%w%t%%%eﬁ%. %agddi tion, ?he %/op
.copper i , j . el 4 Cly i d (RE),
oot e EE, LSS fod 10 LRRE R Mt el AR CLua e Ol R P

_phot or es{Siehfesi hoPeH dShoHsh BIoRXYEE T thasaBl Bsdt56ep or using a sol vent
stripper. A hydrogen or anmonia gas plasnma is used to renbve any copper

-oxide_on the copper surface. Barrier.netal is deposited using chem cal
vapor deposition (CVD) or physical vapor deposition (PVD). Follow ng the
barrier netalUdgpoBati odig. a5} a§%r236 enhtihledl| Bidvienaedi Sopeebsi t ed,
~formng the start of an Al-Cu bondi ng pad rng_ji on, Patterning -9 p 3

- ~~~~ 200IntergenpectuSystamaFabalfi epmpaliplesWhtht Brielingntr fHres t he

+ Al-Cu d-b i | i [ ti i h E i Cl12/ BC13

ohem st 1 BOnaL OB PAERORLOHE" (T REERAWSL g8 rhe B hp| RhoPageBt St Cornat el y,
t he Al- d. i | i i shed i i Lheal

bol i shi nilepEREbes] FeRAbR ooRabRe' SR BaRCRPET | AorEaSERbar PEPerasd 1y

- end resul{;af EﬂgF?gk{glgggggsggnhoﬂﬁehﬁién'E&eﬂé'farhédaﬂee%égﬂ gend pad,

pl anar and centr ocated nar over the dual damascene coppef
(barrier ahaygf unintift WeeRk. ahat eaﬁgaeeshtb&eaﬁhe@he .CesheehtibaalThe top

- Al -Cu bond pad | ayer can now be sol dered w thout the need for further
passi vat it@Bhniques for wire bonding are ineffective for bonding gold
wires or aluminum wires to copper pads or copper

interconnects. The patent describes a process whereby an

aluminum pad is formed over the copper interconnects. Metal

-4-




~ The processes of the present invention fabricate Al-Cu w re bondi ng pads
~.~t'hat have good adhesion properties (no netal interface separatigngpﬁggzmﬁ

failures or interface fracture failures)'. Since there are a |large '
statistical nunmber of these structures, failure rates are very- |l ow and show
a highreliability, as tested by gold wire bond pull tests. Tenperature,

and hunidity.cyg%ingbtggéé ?ésghéngi Burh 82 & OB P ESSnPdn £ 1endr Ocesses of

this i nUEREi dR, “FFeeFTom stress-crack corrosion,, peeling, interface

failure,. Q- Fai LUk gSqued. summary, for all three main enmbodi ments. of
t he pregég h?%égn? on, he ?%p Al - Cu bond-pad | ayer can be sol dered w t hout

the need for further passivation. At the r -10 0 3 J~~~ ~QO- al unmi num
copper alloy. interface is protected fromthe pure copper bel ow by the
barrier Iayeo.ﬁhipatmvnoti5m9555755eﬁn§mhﬁaﬁiEgﬁthﬁévg°§nﬂeﬁﬁ§é99bed with
reference to the preferred enbodi ments. Sone processing,detéilé.have been
oni t t edBandinge Padd&pssobgipyg BhE3BPARE| Ledern"PRB BFEPLRE, BPBELAP | s of

‘this invention are stated in t he DESCRI PT[ ON TH E | MENTS"
" dect i on PaHRPESSHSERPPTPERNERIPHESBRRIF °¥hgggbjggggaggRggﬁégwggegntages
of this invention ire best descr.i in._t rekerr di S wth
“ref eren@e -t e?t?a&ﬁﬁ%“%ﬂghﬁngg%Phgp ?ﬁgﬁagéﬁgiggpgghalkg?a%é,ﬁ%hich in
- Cross- S?n%@h% !forrewfg%@l%%t iU $llPt8s3 Risl Qlestirlivaet hedngoh
on. Fi gs. 2B, W

fabricaftl which’i n cross-sectional representation

' Ic:. LE:E ;g&%@% q.faérﬁl?rr i Cllxr nArc}on@c%%IO%aaeﬁi%s %%ee" e%@he‘wit%h Hhid bonding

esen ation, strat’e met hod of the first

~enbodi ment _of the present a invention, the for ' f. -Gl ¢ bond
 pad T egiRS oML SRR S TS st dfRnet) s¥edd Befehind
g;gzz._ rs-,;?{{el. g’]uafqlqére%éz ggna&j!nogn ’pa{ sI ua?r% autseeci Q‘Jen @'}ehqc%pOfs&rr}eacsee%@d

integrated circuit semiconductor chips to provide external
electrical connections for I/Os and power. Fusible links are
used in the underlying insulating layers to remove redundant
defective circuit elements, and thereby, repair defective
chips. It is desirable (cost effective) to etch the contact
openings in the passivation layer to the bonding pads near
the top surface on the chip and to concurrently etch the much
deeper fuse openiﬁgs in the thick underlying insulating
layers over the fuses. However, because of the difference in
etch depth of the two types of openings, the bonding pads
composed of Al/Cu are generally overetched causing bond-pad
reliability problems. This invention describes a process in

which a capping layer, having a low etch rate, is formed on

-5-




03 JA~~ 2~~ invention, the formation of an Al-Cu top bond pad region for

o subsequent wire bonding. ' Figs. 5A - 5D, which in cross-sectioffaf (AN 2005

representation, illustrate the nmethod of the third enbodi ment of the

present invention, the formation of an Al-Cu top bond-pad region for -

subsequent w re bondi ng. DESCRI PTI ON CE THE PREFERRED EMBCDI MENTS Thi s

i nventi relates to_variqus d L&gat{;Qh1 ¥sedaf phssem conduct or
fha’ Ephatie Badfcbd BaRLAG vdpatPRing

“integra VI CcEs, nor € Speci [ly to the formation of Al-Cu

alloy top pad netal |ayer re desqgribed ,which, i opro ian anong the ,
wre boﬁB?n%BESAE¥EUQEﬁﬁe§hgouﬁﬂ?r $FAGSto ﬁgrhpgg g%%a ﬁgggé? It is the
~object of the present invention to provide processes wherein a special

Al- Cu béngulafapdolak¥egsSen is placed on top of the underlying copper pad
~netal. This Al-Cu bond pad on pure copper provides for inproved wire bond
adhesion-to the bond pad and prevents peeling during . wire bond adhesion
"Cests. Referring to Fi

s. la - _le_which,in.crass-sectiopal.representation
- “illlustrate aUYrAi-oPaArt Neet ﬁoc?z(}f'%fsébﬁng:é‘ﬁlgﬁl. %’%Pg Eg'é'?i ?:lﬁlclfgl ly, referring
“to Fig. Ja, dllustrated in_cr -sgctiygnal i N p%hded 1S a
~_convent i%‘%ﬁrcﬁf‘&@&t&o&hgﬁgﬂt%%fséj%rqi'calﬁsg &Iggjgagolng‘?nr?gtsg%r gy bond pads
Swith A %ﬂllttj_o—-l%&r“é@“%o%%r@ [F%)ﬁ.""i'lrﬂéiga yndefineatdsedPmoyrdrddsn forg. . la is a
uctor substrate

- semi con 1.” The substrate is preferably conposed of

:MON0- CT YStAlHiMe 5181iG0 eiig- biRIET Qiiiirart idey ifeer st riliatadr es, such as,
- gate el ectrodes, source and drain regions, netal interconnects, contact
“hol es arithtdgas Hebtcishant iandisysedorahd metgns teds cigi tas Coeafdingt or s and
nmetals, formed on or in the sem conductor substrate, An Al Cu netal all oy
i nt er cormeRitr<k iordwsicrdienns o feagtedondmA Rad af 2 Fidistowed bya
‘conductive Ti-N anti-reflective coating (ARC),Jayer.$. . The Ti/Ti N A Cu/Ti N
ARC " st dgktegrated i btk e Heldhin R oy é‘i‘ d‘f%“a SRS nad"‘c* azi/eﬁe%?n:%l

dielectric 3, is blanket deposi.ted oyer the,substr . Ti N
‘anti - r ef FRATIE VDT (‘%{hcﬁa?léf‘/%?n ¥ réjjﬁgét%é%rg&d][rgy%ﬁ%% rated in
. iCross-sect] | | i j t NGarR A e NEd dasxel of
-~ fabri catlg%%é)‘?fgs‘gisﬁ#qug? né%%&%i?%$ﬂ%%?i ng I%‘;grig of dielectric |ayer

'3, or diglertiirubYRE BndiSaPtadBly 281 46IndYyesdicnisabndesbaneetdomol i shing

‘(cwP), followed by Wplug formation, wherein patterned conductive tungsten

.pl ugs 6 mé&snéowiedin Reher fingttwaFl gstigctuté usvent adréspesbive sect i onal

‘drawing, is a continuation of the Prior Art nethod of fabrication. As shown

-in Fig. tonnechiencoeanstdfohbepfitisshrintagratededird®iEh consist of the

iaddition of patterned layers of a Ti/TiN |layer 7 over the Wplugs 6, an
- Al Cu | ayer 24 over r

SUMMARY OF THE INVENTION
It is the object of the present invention to provide
processes wherein special Al-Cu bond layers or regions are
.placed on top of the underlying copper pad metal. These AlfCu
bond pads on pure copper (with barrier layer in-between)
provide for improved wire bond adhesion to the bond pads and

prevent peeling during wire bond adhesion tests.




7)3 0 3JA~2Q~the Ti/TiNlayer 7, and a TiN anti-reflective coating
- (ARQ) layer 28 over the Al Cu:layer 24. Referring to Fig. Id, illgugtj@gez(ﬁ&n
cross-sectional drawing, is a continuation of the Prior Art method o &
fabrication. As shown in Fig. Id, tw layers of ‘insulator are bl anket
deposited over the substrate for passivation. First, a blanket |ayer of
silicon oxidg,or_silic 110X] i e L gbnthensuhstrate and the
“Ti: N ARC | ayer%pe2§.lrﬁllgx%?b§agﬁgﬂget§fl 39%88%%?% gi(.)inéni tride or SiIN.I11 is ‘
deposi tﬁgwo}éﬁﬁmra%zéal?sﬁzhét ¢i128d hBensul bEoFodmaxida Fayean8alRefierring to
Fig. le, illustrated in cross-sectional drawing, is a continuation of the
Prior Aghiget keg sbntiabadcakigenn Asrsbkolwsequekitgwilre, bpatitegni ng and '
etching of a bond pad opening is depicted. Etching takes place through the
two | ay@revitednsis at duadndopperTdEmaRCeNgy B oZes Sifdo FERSIMe 2p6nd pad
region; for subsequent bonding to the Al.Cu |ayer 24. (Referting to Fig.-2a,
whi ch i $touesmreedm é@éﬂem@&agsé‘me&ﬂ%‘ﬁ]iql atl@yeTFot Kt & of Prior

- Art. More specifically, referring to Fig. 2a;.illustr i

dross, - %]&ﬁ’d‘lgydl“d\m %ﬁlﬁgﬂ‘q é‘nﬁ%cr Rt (Sjlri:lalEl %%g%elrdg amascene
scheme to fabricate copper, ngtall L RAds MY SGORRE AL &y Ur gy,
~wiring Lﬁﬁf&“?‘f’é’a{"}%t%os\%% et |ne'FiEg{ aéji s a sem cc#ré(’:llulctor substrg!te 1,

- :prefera -04390%%%% MRNOSissldd Nty j Gosing th menEisendieg aapdevi ce
=14 r tg%e“%' A~~ Zp~l}sltruct§tf{es, sudch as, gate el ectrodes, source

- and' dr ai yhyéj sy, MeiiEliddt aficannge! Sas damME ensop ritayesonrisgestivont act
. ~holes and vias (not -shown) nmay be forned in and on the seniconductor
subst r atwet Téectseng cafidthod oroms Ubsyentef negPpes ol ¢ aprrformpd et i ¢ and
~dnsulating layers (not shown), such.as,; silicon nitride and silicon

*“di oxi de. DMPOASPhe s ofttaon - nTeico Hiedc L tENLOH SFGH Y6 18Rd 2pECCESTEF embedded
“Wthin a provided insulating |ayer. (not shown in | n aJL_:I ition, two

' ot D20 50
i nsul at i FeP IMGERL SPPREE| LAYST ¢ A IYFTRFR B WRTAF TR BRI 15 (11 4D) 14,
~and" a second interpetal dielectri ~) i erlePPSLt & d£rned
into a.t?%ﬁgﬂrTﬁgpgga.%ﬁ%Y%_%%%n%%%éé#o%#%g%pgé BgﬁdQ%%d %ﬁ%ggngﬂiconnect
120 and gﬁgﬂg9tav#£réger'fa &8 1283epb80teA Bl UeiBRel 04 SRYPLEAENESSor
‘provided are folTow ng |ayers: patterned passivation |ayer 12, a patterned
jetch stogepBEREESA QPVDPMhetRYE! oR5a ERbhEEARIvapSHUdtbyeitiost (TEDhl
‘barrier layer 13, which is a trench and via liner, and a patterned top
layer of aApbbankesi ayésB. oPratCdedlioyFngta2Aissdepdadtedanvspbyieicatuct ure,
'via 19 and intercpnnect 20. The typical insulating dielectric material is
silicon yabde depestbipoukB¥D) DepustesingnihpaPlennéylmnt Bafkerrindt 14 and
i second insulating | ayer 16, jnternetal dieLectrigsF&%gn) ‘is.a @,
copper bBfdthet A5y, fiip BBAILRIYIREL 4PYSENYScBRAER a ¥8°T8%Pess copper
i metal polish ack hy. chem cal _nmechani cal r .polishin \vating
" bl anket Fé?esgigy 9§.P3§Fﬁﬁﬁoha Ffr%aefeﬁgtﬁg v%ﬁgdegﬁégggégfg ?ﬁzékop
j layer Ofusing Cl,/BCl; chemistry, stopping on the silicon nitride cap.

Alternately, the Al-Cu and barrier layer, TiN, is polished
back using chemical mechanical polishing (CMP), stopping on
the silicon nitride cap. The end result of the first
embodiment of this invention is an Al-Cu bond pad on top of
the entire dual damascene copper (barrier layer in between),
interconnect trench and via. The top Al-Cu bond pad layer can

now be soldered without the need for further passivation.
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- 0.3 J~~| Z00 copper netal and is underneath the top |ayer of photoresist
18, in Fig, 2a. Referring to Fig. 2b, illustrated in cross-sectBodalAN 2005
drawi ng, provided is a continuation of the processing described above in

-Fig. 2a, that is, a conventional copper damascene schene to fabricate

copper netal lurgy bond pads with copper wiring underneath. The el enents are o

t he sane and_| abel ed the sa jth-t f AleP Lons.and extension
—of the Prior I2¢tSHELH dﬁmb9$5@%%%s?%a?ﬁ%ggﬁ%gﬁﬁgtl§g§§€£?§,f%.g., silicon
" nitride, is pattern S et eh; iSRO¥Bri anFAD~ceb, by the
photoreg?gtsgﬁvaﬁ%ﬁggbﬁgﬁﬁ gggﬁguﬁﬁké¥g.Bga?g¥%%tpﬁotoresist is stripped
of f nea£1?89 fLpURdniihgaloprdgpaf gbeasubBefu@nt2iirgobdnding. 22, wth
| ead-tin al l oy solder ball 21, is wire bonded 23 to the copper bond pad
area, coppeidkat escangeal 20ppet damat@endhprkepspdingt scbemerfbd Art copper
wire bonding are that poor wi re bonding occurs at the bond 23, in Fig. 2b,
with bristrueturteinetatermnetodpdindectain (M) r dBYPES  b¥LiBeROPREY| ead-tin

sol der and the pure copper netal,; anong others that are possible, e.g.,
777Qu3Sns, mersA3uranothénine a86n Y-SR NG PF‘%&H“F;?"?‘H oy 8 B8 i’%&dto the pure
_copper, is that the copper oxide_does not faorm. [ ' Xide and

spans oSseigeadugtor §E‘E’€‘% s BXEE5S capgne'rm}% g’%ﬁgg\f%?zg%&a %3, Ni O

- CoO and.insulatin i f . I Vatds i sivRidiagcepper oxi de
- ‘has a Piqq%%éia%eg‘%q%ﬁ%fﬁ g’ro%&mgleréeaﬁ er .-'1?'élmﬁ1§r(l %ﬁse and fg?ms oxi des
- that ar z{é;g}hpreq Ctidig,i SHBKINGAibe PuL Lapgerstsdpy Nagemwady to oxidize and
.-+l ess nob tHan the other materials. Standard wire bond pull strengths are
~ reduced gtioc e Imslerie pHdtogesdinsspald ity tpaeldapend S racture
~of the wire bond at the Cu/Pb-Sn interface, by i the pure copper dual
* “‘danascenestPréorheit tbyrIMERY/ CHs &n Erampke pat tgooede secersede §OPBR T good
results in wire bond tensile strength tests, is that the wire itself is

broken, kayemnsThe shateresiat siapproRPRN IR (FMPFYIL RIRATE SR he i

step or using a solvent stripper. Next, an optional hydrogen

\
V'j or ammonia gas plasma treatment is used to remove any copper

| oxide on the surface. Barrier metal is deposited using
chemical vapor deposition (CVD) or physical vapor deposition
(PVD) . Following the barrier metal deposition, a layer of
Al-Cu alloy metal is deposited. Patterning of the Al-Cu film
and barrier layer is pgrformed, wherein the Al-Cu and barrier
layer is reactive ion etched back (RIE) using Cl,/BCl,
chemistry, stopping on the silicon nitride cap. Alternately,
the Al-Cu and barrier layer is polished back using chemical
mechanical polishing (CMP), stopping on the silicon nitride
cap. The end result of the second embodiment of this
invention is an Al-Cu bond pad centrally located over the
dual damascene copper (barrier layer‘in between) ,

interconnect trench and contact via. The top Al-Cu bond pad

-8-




. appropriate wire,- and not at. the wire bond itself. Referring to Fégj' 3a -
- 3d,- which in cross-sectional representation illustrates the firgt '_AN ﬂma._
enbodi-ment of the present invention. Mre specifically, referring to Fig.
3a, illustrated in cross-sectional drawing, provided is the start of a @
- copper damascene schene with copper netal lurgy, wring underneath. Provided
in Fig. . 3a_ is_a sem conductor: sub : 1...0r ! £QPpRsed of o

- mono- cr YEYEF | FAR . BPY| %nsﬁégéréghﬁ%%ﬁ_ﬁ%t%?gdgégéegé%ructUrgs,_such as, .
géte-e|§ggg?gg§ioﬁourcefand-drarn regions, netal interconnects, damascene
i nterconnects, confact holes and vias (not shown) may be formed in and on:
t he sem conductor substrate. The semiconductor substrate may al so contain ™
dielectric and insulating layers (not shown), such as, silicon nitride and
si'licon di oxire. tAiedppabodimentonfiethedpiresdpoposnvedtant patterned
enbedded within a provided insulating | ayer (not shown in Fi .é. Al t hough
a singl ecpoppemalraged i theefiessdmet od of §°§ﬂSF12OO§°FnaPigi' H it

- --ghoul d be understood by those skilled in the art that.the.copper |ayer

“goul d beldoyudcrgkerscPad cegpen ?RFeFBgﬁﬁ88F95rW&:?rﬁﬁﬂg;ﬂgﬁascene.cppper

;_Hntérconnectﬁ“Pﬁﬁéddrf”b*f"fmb insyl ating:| rs..Qf di eleatrigrga first
int er meEFOVAE e S iacdl(“Fﬁfo:"B?fera ﬁsggggn?égr?%g%%?’lalgc& e%‘e%tnri c (1 ND)
16, are deposi ted.and p 84 4ith Qe did . 19812 sANGriNhA ceppRirngs for
.copper gh&"%%ﬁghﬁ%'ﬁnﬁ%%%gﬁ%ﬁhéggggb_aﬁd égﬁﬁgct via 19.. As shown-in Fig.
" 3a, intgrN0ad Rt WBRRiN&rld RalriRY findRfrndiatiig oh angridvisled intermetal
- fevel dielectric 14, is a deposited and patterned passivation layer 12. In
radditi onsentificaidinsed: haibatam td r $ixdedantdoppetiali dipelldathad QaaDpy14 | ayer
. and the-second I'ntermetal dielectric (1M) 16 layer; is a depdsited and
: ‘pat t er-nechentiota ls tegeHaniceds PAptdtoimng | €)1t g PFidt i 3a for o
-conpl eteness, provided are follow ng | ayers; parLerqugfngivati nlayer
12, a paknterretal i in otRDY AYIN) A HAFSUE MY st*¥hdilcti ve net al
~lbarrier layer 13, which is a trench, and via,liner, .and a cap lay. 17. The
typical FhEtFR i ot Gfe’cstﬁ%@%?n%r?%ﬁo%lb%%ﬁls?‘ge%fifh%u?ﬁl)s no éraggc%ri cted
't o, - doped _and._ Si.lJ o0 (DE SOUPOMOSOfaT QY S Sh@cidi C
chonstantc%‘f%%sniu@g%g? neéf‘lsff:%% e‘%(ft %IB%%’EOSI tion of t aé first barrier netal
layer 13(pnsh . 'NEROPES 11ENLIFEDHY CHELD 20a dve pH ot el LK L emsi clopper and
‘barrier metal are polished back by chem cal nechanical polishing (CW)
St oppi Ngpabtéhes Ctife | yEicd. nTbeidappdayevatiiyy lagdéudeBhebut is not
‘restricted to, silicon nitride, silicon oxynitride, silicaon carbide and
" boron nipasdiyabimgisitiide is3rgactip@-ionpetthedblHIEbnpbRed of silicon

- nitride and is of a-thickness from about 500 to 6000 Angstrons.
? addition, the top copper is patterned, wherein e top copper

is reactive ion etched (RIE), or wet etched, to form a
,fﬁééttgrpgd'reééssed_cgpﬁe: layer._Next, tﬁé photoresist is
;sﬁfiﬁﬁeq.usiné,ansdxygen_plésma.ash step-Or_ﬁéing a solventr
-::¢é£rippe;ifﬁjhﬁ&fséénJof:émhoﬁialgas‘ﬁiaéma_is used to femgve' p
ény qopper.oxide_on thelcopper surface. Barrier.metal‘is_
N déposited using chemiéalrvapor deposition (CVD) or physical
**'vapor deposition (PVD). Fclléwing ‘the barrier metal
;-.  ";.“- aépositi6n, ériafér of Ai—Cﬁ alloy metal ié aepoéited,

- forming the start of an Al-Cu bonding pad region. Patterning
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. ~continuation of the processi ng described above in Fig. 3a, ‘desc

Referring to Fig. 3b, illustrated in cross-sectional drawi ng, pro ijﬁ}i s a
_i%i ?taﬂ@ﬁ

first enbodi ment of the. present invention. Selective wet etching of the top

| ayer of copper 20 is perforned by a DMBO CCl, sol ution, di met hyl sul f oxi de, . .

carbon tetrachloride. This wet etching step yields a recessed top netal"”
~_copper Layer 24, _ - BLPEESS fisl@t| 85 apererphéd | CihépasnfDs this.
: etching?§t§%? %%eéggf%g+yé€§; T%e etcﬁ§%0Iut?ons i's DVBQ CCl4 sol ution, .
di met hyLgul f9xbdeangankonibet 1 aghk01 & desabbivet Popestthed bacge (REEheen 20
to 150 C, for an etch rate range between 5 to 100 Angstrons per mnute, in

" an etchybiAg of,/miMeenehiter§) sitopbésg bor theceppéronendiaidet ween abolt -

100 to 8000 Angstrons.. Qther chem cal solutions for this wet etching step

i ncl udepaseiontingeleferheAlteroatayygr shg, Atofyi 3pfng28F1RYdI8¥Fhori ¢ acid
(HF), acetic acid (CH3COOH), anmoniumfluoride %¥HaF § %etra Bylannnnium
hydr oxi d& evMAEhed: backe UEyPENRBRMERAY BEGRARECETERR) 1S éPPaB?gpyFannnnium

.‘Hydroxi de (TPAH), bepzotriazol e, .surfactant . .ywat er he e red etch
 QULu) o SRR R a0 RO N OOt PR R B ory el TReFLRHT el €1

< 1 NHF HZd%:grffa%amthﬁ-'&de}ﬁ%%Fé%t o0 thiQ 3n4Andi2008 sRakhemniog to Fig.

. 3e, i1 FSEP e S T 0SS-'secC raw ng, provided is a continuation of
~the ProGRsal 0 f1e3aTIrhRd A0 \RntaAilg: 13ibatles pidhiang verr fihes uatbodi ment
- .of. the presefit-1'nvention. Firstly, -a hydrogen or ammpnia plasm is- .

- per f of NRhnix SR \DFPEY CORAATL X ildFren irhbetomerdppem Heyemn@@t Thi s

 -&pLa$na'tTeatnEnr can be :perfornmed in-a.separate piece of equipnment or

“in-situ tadrdin A duartraetr wiet al This pom Bl pansinpast (13T 33 M¥osi ti on

~“of .the barrier metal. Next, a second barrier |ayer 25 is déeposited by

" i t her” deluaidttted apigihiEpodia ingrd PD) SHTHIRF FRIFCRIMYY  vapor

~deposition (CVD) to a thickness from about 20 to 5000 Angstroms. The =~~~

jbarrier netal includes, but is not limted to, the followi ng material s:
tantalum (Ta), tantalumnitride (TaN), tungst en

| , titaniumnitride (Ti.N),
~Initride (W) .The preRetsenyer H?eﬁﬂ’@ﬁ%‘l“!ro’ym'ﬁ%ftaﬂté‘? sffg%"p’o(%ﬁl“%\%d“%rﬁ“physi cal
O d it PVD tteri t+h Cu.fil i i ck

o abokite, BoAins ARSBOheh AT S oR AR HT Pafbefides MLt ated 1n
ICross-se , C oce n
5des§fizé§é%%g3£n?%§¢%gg %%%ggéégéb{ﬁééﬁt€é§%§%§%lé§k§ﬁﬁigﬁ?@%f tﬁzlp?esent

cinventi opya Pebi8r PhOupbsf NesMellthétd 26 andlhage | etatbyeicalliN, Is
iperfornmed, wherein the Al-Cu and barrier layer, TiN, is reactive ion etched
- back (RIfmimbsingf CiRéBEIStehetusesy SaDppragrahes harsi Vvergnlovwtande cap 17.
“"Alternately, the Al-Cu and barrier layer, TiN, is polished back_using

. t hem nmeckhaiwcal hpghi shilhgbiTVRY; a3soppshgdohyt@eldo@ire bond pull

tests. Temperature and humidity dyciing tests alsc indicate
______ “fy iﬁeA;Qﬁusiness;éf the_p;ocesses of this ihvghtion, free from

SIE KN ;-stress—¢rackSCeroéion,,peeling,‘interface failu;e,radhesion

" failures.

In summary, for all three main embodiments of the
""Ffﬁré&@ntpinventibéif;ﬁe}tqp Al~Cu.bond-pad_layérléén be

'soldered without the need for further passivation. At the

-10-

-



t.~~C%J~ ' 5|I|con nitride cap 17. The. end resul t of the flrﬁt % JAS
£ 200 enbodi’ ment of. this invention is an Al-Cu bond pad. 27, shown 31 jﬁb?ﬂﬁl
~The top-Al-Cu- bond pad | ayer 27 can now be sol dered wi t-hout t he need for
further passivation. Referring to Figs. 4a - 4d, which in cross-sectional
representation illustrates the second enbodlnent of the present invention.
Mor e spe i ficall refer to, Fi I C tional
“.dr awi ng® BWBVPBe%OPEth%i%?gran?rg?%%pi%rﬁ%%ﬁ%égéﬁgfgg%eﬁgéaf§ﬁécopper
‘metal | ur W erpea ion Fig. 4a i's a sem conductor
substragg¥ger era%gyﬁggn%%geggof %g%o crystalline 5|I|con wi t h.

seni eonduct or deV|ce structures, such as, gate el ectrodes, source and draln.
regions, netal interconnects, damascene interconnects, contact hol es and
viias (not shewaks aayecheibar hed baeandummarheedeabovadavdodesgbibedte. The
sem conduct or substrate may al so contain dielectric and insul ati | ayers -
(Inot | shenirth, refielrease $DItb@nPﬁﬁfﬁrdedaﬁﬂb§ﬁFW€6ﬁsdl§?W&eprﬂc86ﬁbgg

|nterconnect 4 is deposited and patterned enbedded t hi v
‘Tinsul at: deg:atldysena(\rﬁog)eenonﬁﬂmeﬂp@ed) arg UREGYH t]° W}? é’rp‘c?éﬁ Eg Pg g i's

' de cted: |n FI S be erst.ood h d.in e att
thgt t hécdhise tnt 3405&%8:13((:1 533:1 lnvz‘aarn'?ﬁo%l Q§§u§:£ ggaéger?ggor a

-:single C %ﬁﬁiﬁﬁﬁﬂﬁ , igasul ating | ayers of
dlelectSﬁﬁﬁﬁﬁﬁﬁﬁgéﬁglnterneta e ect?@% N%% Jflé%gidcgﬁsecond i nt ernet al
‘dielectric (IMD) 16, are. deposi ted and patterned intoa-21" p 3 JAMB 200
:trench (gap) and vi-a openi ngs for..copper bond pad and interconnect 20 and
~connect via-19.: CAs: Shospigw ﬁtsERﬁewxemtewpmmnxbnmwnumm the first level of -
~-Wring 9 and flrst intermetal level dielectric 14, is a deposited and
- “pat terned pasmie/aibimct ayed dihed mdiktitages crﬁttﬁ?lpﬁn@éd’éb‘étl\&eer?#q rst ‘
Jintermetal dielectric (I'11) 14 layer and the second internmetal dielectric -
C(1t9~) Deestydescribed dapdshe o red tenhrdinands didh (‘iﬁ%‘c'e%%c.%p"tci on)
‘Iayer 15. Also-in Fig, 4a for co | et ene provi ded are follow ng | ayers:
‘patter ne@%a%%\'—%%‘?‘i’%rfit%‘?’e‘?gﬁzth ﬂ?i%d etch stop (process option)
Iayer 15, first conductive netal barrler | ayer 13, which is a trench and
ivia liner, and a cap layer 17. The typical insulating dielectric materi al
consists of, Pf‘% 'Slﬁol {£51§h £66 01 f Onr 88905k @Bfon Opasr St dh LB O i de type
‘conpounds, or w di'el ectric constant organic polynmers. After the
(deposi ti 91 aEtbeth LheribfshirbanstRéd et afabayeitidnand copper into the
‘trench 20 and via, 19 regions, the excess copper and barrier netal are
. polished back by chemnical nechani cal pollshlng (CwP), stopping on the cap
“ilayer 17. The cap layer (17) includes, but is not restricted to, silicon
nitride, siliEbasexghitriBe, wbiethcan gupBFdeeahtonsl oFeRFeFPRE2LHER | s
fpreferablx conposed of silicon nitride and is of a thickness from about 500
“to 6000 Ahyustente RBPERPFNETEBTFRAEE BBTPAtustrated in cross-sectional
f}_dramnng, provided is a continuation of the processing described above in
oFlg. t4a, descrtblng t’hesecond. enbodlnent -22 p 3 JAS 200

E Flgs A - 3D whlch in. cross= sectlonal representatlon,
-{ﬁlllustrate the method of the First embodlment of the present ¢
1nventlon, the formatlon of an Al-Cu top bond prad region for

_ subsequent wire bonding.

Figs. 4A - 4D, which in cross-sectional representation,

- ‘illustrate the method of the second embodiment of the.present

¢
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, :O-f% t he pr esent jnvention. A lithogr aphy step 'patte_r'ns phot or e5| Sﬁﬁ‘?
- the top .copper 20 is wet ‘etched by using one or nore of the foI 2005

- chemicals, to form.a patterned recessed copper Iayer 32: di net hyl sul f oxi de
- (DMBO), ‘carbon tetrachl oride (CCl4), hydrochloric acid (HC1l), hydrofl UOt‘I C

‘acid (HF), acetic acid (CH3COOH), armoni umquoride'(NHaF)

"barrler

| tetrameth ni um hydroxide (T ' trae {gggiggr(TEAR) -
S etraprb’ﬂx %ﬂ{um‘ﬁyg 55%? 101(' é\f%% Age{:t‘goit:%% zo: sur act ant and wat.er.

~ Sone of ution mxtures i-nci ude DVBQ-CC19, . TMAH H20,

NH4AF/ G—@‘Eﬁ%%e-&ﬁééﬁNh%d:?Hég dgﬂ{gut e HF,. arid HF/ NH4F/ H20/ surfactant. The -

anmount of copper that is renmoved is about 100 to 8000 Angstroms Referrl ng-
to Fig. 4c, illustrated in cross-sectional drawing, provided is a

cont i nuat i onmi;st. heapro6bssivhgctiedor iclved sabeetipnaki gepnbseaegéihpbb ng t he
second -embodi ment of the present invention. The photoresist is stripped
usi ng anldxggentel dbeamethod: of sheushagdaepbpdémenst Pifp’p'BP PREREnty

_'ghydrogen or ammoni a’ gas plasma is used to re e.an OXId n the
‘?-_"-‘surfacelnléa'&“ltll@ln rrét‘“&l Fezmation: 6id E‘l‘)"aflﬁtl EE’P PC’I“ ?

r?gagpo ed using
(PVD) sgutterl ni tﬁ)b chem cal a thickness from about 20 t 05000
o er deposited to a thickness of 2,000 sécond

"7,;barr| er nmetal 33 |ncI udes zysi cal vapor deposition.vapor dep05| tion (CVD),

:to. Angstroms. " Fol | owi ng the of Al-Cu alloy nmetal 34 is to 20,000 Angstrons.

The but is not restricted to: -23 0 3 JAS 200 tantalum (Ta), tantalum

-.-:'-nltl’l de (TaN), titaniumnitri.de (TiN), and tungsten: nitride. (WJ. Referri ng
10 Fig.4d; il ustm@nmxmm‘ semtlmmmmh@onpmwrsed isa -
~ “continuation ‘of ‘the .processing described above in Fig. 9c; ‘déscribi ng the '
© “secondemrbodi'te iofverie gy eselmtemvemtaniommethnds off ﬁa@flﬁf‘t@?r’fl Im34
~iand second barrier layer 33 i's perfornmed, wherein he Al-Cu apd barrier 7
l"ayer | §J$Q§acﬁ¢1§/@W%}W%d&t?%ﬁe%s‘i”r@‘éﬁ/ 109(:?‘{erﬁ P St oppi ng

. ion the S|I|con nitride c Al t er nat ot he Al - Cu rrier
layer ar¥Potty 1-’t’.)ai'c“k 'g% Feto %ﬁd%]t_é)ﬁ %b]f?%h’for% Iﬁﬁf/%{;@as oppi ng on

‘ithe-siligon n|tr|d eiodi ment of this
i nventi Of] Y9N ];ﬁ ded V(I;J)%B(%pdn vvn | n %’é The top Al - Cu bond pad
layer 38g; LENLERA] ytJ,%Cﬂ% £Rd H%V&%éﬁiﬁﬁﬁﬁdcc\yﬂ%ﬁé@%ad he need for
further passivation
represenh@taDhuidy Ust £ af esthbechbiect efibtite nerésaht t ivevenesemtte nvention..
"More specifically, referring to Fig. 5a, illustrated in cross-sectional
i drawi ng, ppoviddedrosesfes svhetebh a spepial dhheCedpend clryer X h copper
“:metallurgy, wiring underneath. Provided in Fig. 5a is ‘a sem_ conductor
' subst r at Bégiopr &8 ePhpf§dcenpbedobf thensodeyiyingi AePReT i RIA HREHL -

eferring to Figs. 5a - Ich i1n cross-sectional

This Al -Cu bond pad on pure copper prov1des for 1mproved wire

_,bqnd_aahesxpnuto.the bond pad_and_prevents peeling durlng_-

- wire bond adhesion ‘tests. . .

"Referring to Figs. la ~ le, which inhcrOSSvsectional
. repreSentation illustiate a Prior Art mefhod.of fabriéation.
'ji;More spe01f1cally,_referr1ng to Flg 1a, 111ustrated in :;
-cross—-sectional draw1ng, prov1ded is a conventlonal process

- -scheme to fabricate AlCu alloy metallurgy bond pads with AlCu
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- isem conductor. device structures, such as, gate el ectrodes §e and
~driain'regions, netal interconnects, damascene -24 0 3 J~-1 20 JAN 2[][!5
interconnects, - contact holes and vias (not shown) may be forned in and on:
‘the semiconductor substrate. The seni conductor substrate may al so contain
diel ectric and insulating I ayers (not shown), such as, silicon nitride.and. =

o sil di oxi de. A d patt d
-ertblegggﬂltlnﬁ%h‘f’ﬁr’an%co SEee RS L BPPRsed A8 £ER0°L §ﬁna?n Bigs. ) neAIthough
a singl e_coppen | BYEr oIS JERLS! £0 e FhinaBPa bl s shoubde baoupder st 00d by

- those sRFTt at t e copper interconnect (4) could be part of
- & dual ?H?éggaeofrm@né'—B%ﬁtQ@I@ﬁ&eBthﬂbﬁrﬁQﬂHeﬁédehﬁdiﬁctdm addi tion,
two insu Ing layers .of dielectric, a first internmetal dielectric (II4D)
19, andgavseeop€riuptaraet akushehect gate( bDEptibdea; esdupoesi and dnain
patterned into a trench (gap) and via openings for copper bond pad and
~inter corpgibna( ampttatonntetconaetds  Asocoiiont hﬁlﬁ-‘isganga"lﬁﬁt &Ppbsed bet ween
“thhe first level of wiring 4 and first internetal dielegtric 14, is a
““deposi te&ioa?ndlpatf'tlgﬁnédaﬁa‘sﬁta\F&FF&%SIfaﬁé‘Phlz‘s'I F[“EHXF‘FPEE Pat er posed :
~ Dbetween first internetal dielect 4 J.ayer SQG
_iint er mefi@taditel & dermed CPhAYF 26 | Is §)° %olepg)sél £ %Q%atterne etch
5t op, (Progess SALLOTh Rkl 4 3 faafel 0P oMl SOTRh LGNS TIRY OVi ded

-are fol fe(r "terned passivation layer 12, a patterned etch
©.5top (PHAGRss HPEA) de@%y 15 o drlduiE IR AU iat iPRiE deRriee casiony 13,
' ,:y\,hl ch |s trench an via liner, and-a top passivating lLayer 29.-The top

Tt paSSI vatqm | él)é&fer?% i nlq.léjdla_s/q-mcm/mm AR P sottaedk 1,0, i-ssitfhiemon nitride,
'Silicon--25 673 JAS 20~~ oxynitride, silicon carbide and.'boron nitride;

CUbut i 8 et tsmbdy, Sid sobi i den viindula ting Kirser Mﬁarﬁlﬂiﬁﬁt% 3tro 6000 N

. Angst ronms. The typical insulating dielectric materjal” consist f, but is
rot rest¥s hlanket drynrsited ARpde sﬁ@%‘%ﬁﬁﬁlﬁi@t‘?ﬁ c%tﬁ)ﬁﬁg or |ow

di el ectric constant or gani c ol y{Ters ef ter ghe deposi tion of both t he

~ifirst baﬁrl“i::el’r?l%]t%ﬁt]r‘éﬁ/eﬁ:oi R phet®YFt o the trench 20 and via 19

- [regi ons, t he excess copper and barrl er. netal are polished back by chenical
mechanl cal pol i shi ng (CIVP) stoppi ng on the top of the second internetal’

‘dielectric (| Noxtyp as; s1QUPrhfedi th Sfosiederomassi vating
bep iRy o)
y T si ICO

‘layer 29, prefe n nifride, Is blanket deposited over the
SUbStrat@rQ«o@ﬁ*xg oyerataentm@aeleﬁp@ertﬁa PPibseRptdnethied nef al di el ectric

(II\/D) 16. Referrlngto Fig. 5b, illustrated in cross-secti.onal
'fabrlcatlon . As shown in Fig. 1b, the lnsulatlng layer of
-dlelectrlc layer 3, or dielectric layer 3, is planarlzatlon
by chemlcal mechanlcal pollshlng (CMP) , followed by W plug

. formatlon, whereln patterned conductlve tungsten plugs 6

7t£,_ R areAformed.

‘Referting to Fig. 1c, illustrated in cross-sectional
_ drawing, is a continuetion of the Prior Art method of
'7';fffabrication..As'shown in Figt‘lcbtinterconneotfﬁoﬁd padslare
fabricated, which consist of the addition of patterned layers

~of a Ti/TiN layer 7 over the W plugs 6, an AlCu layer 24 over
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. driawi ng, provided is a continuation of -the processing described_abpove in

- Filg. ‘ba, describing the third enbodinment of the present :inventi#nd '-%N--Z[!i]ﬁ-_
~li'thography step patterns photoresist 30 and the top passivating |ayer 29,
si-licon nitride, is reactive.ion etched (R'E). In addition, the top copper
20 is reactive ion etched (RIE) or wet etched, to forma patterned recessed

or..wet etc

| copper layer. 40. The chem cals that _are used . ﬁ-{ffc one or.
Cobre oftl't‘?leT’f./oT’r%vﬁ'Pée’éﬁg]m_%'ﬁs? P e %i?%?ln‘é%ﬁ%%tgisﬂ;_ d cop)per ‘| ayer

- (40): djnethylsul foxide ( o) 5 tetrachloride (CCL,)  hydrochloric
aci d (&b’}‘?r h%%r%‘(%o?’u‘% c.‘a-h‘aﬁ% b%@éti c acid -26 0 3 J~~d 200e o
(CH, COOH), ammni um fluoride (NH, F), tetranethyl ammoni um hydroxi de ( TMAH) ,™~ .
_ tetraet hyl anmmoni um hydroxi de (TEAR); tetrapropyl anmoni um hydroxi de (TPAH),
- benzotri azol Rerkrsihfacdapi gantdyed Blus patedf it herpsef secktiomalh sol ution
m xtures include: QO CCl4, TMAH HzO, NH4F/ CH3COOH, | HF/ NH, F/ H20, dil ute
- _HF, anddtEwihgF/ HECQisaohathaatioifhefahbenPrbbrchpperethad ¢§ renoved is
~“ranges from about 100 to 8000 Angstrons.. .i. Referring to Fig. 5c, _
“4ll Lust r fabdicatiens shseghpwnalndFagi ngd, pFuei 4auers. afc bﬂFPgﬁﬁ?F oR*8f. the ...
~ processing i -described gbove in Fig.. 5b, ges%ri bi ng the third. gg‘ls)gdi ment -of -
the prebdankefyenPrsatedneveRotbreSPbEtrate: FPEPRESEEYREI SR 0kVEER/ pl asma
~ash step or _using.a solvent .stripper. Next, ] oge a ia gas
 prasma PsPhebheRd12uR8, 80 ns h5RReP asRab kst RRORIERBaTETIE P D00 a1,
.. Oor seco AN Lyl S kted S in %S h&al 1%9Rer 2depRskkii, on _
~-=(PVD), 'Q%Et%%é%ﬁ%gog%%crﬁg% %g;%@g%yﬁ %é‘%ols'fﬁglggﬁ?ho%%) ,*&.tgro -a thickness from
“about 2Q £9259Q% ARgehy ¥ silheoncaqneibRr bresimetal iksayeposdted s conmposed .
. :of one or nore of the followng materials: tantalum (Ta), - tantal-umnitride
£ {(TaN), idvieanitie Bubstde teTial, thed slidigsedioiideddaf @) B.Fol lowing the
~barrier metal deposition, a layer of Al-Cu alloy netal 34 is deposited to a
it hi ckness of from about 2,000 to 20,000 Angstrons, formng the start of an
_ |Al-Cu bonding pad region 42. -27 0.3 JAS! 20~~ Referring, o Fig. 5d,
lillustrated REEEFENBLQ Hil @adildgstFidatdd i‘?oassc‘(fﬁ%trhﬁ’é’ﬁlon of the:
~/processi descri.bed above in Fig. -5¢, .desgr.ibi i mbodi nent of
't he presERY4iNreds &.cciﬂ:t%ﬁ]‘r?g‘ (ﬁ%ctﬁ%’ee Gr |Tilgittmr‘]%ﬁ{;&l’rﬁz{jq’sf"eacond barri er

il ayer 41-j.S.. . i - S655 i i f ) is
‘reacti Véf%%rﬁ%{%ﬁf%ﬁ%&%?ﬁ% C}%’/ %%Ls chem%?{/d sﬁc;;%?.)r% oc;‘iﬁlllatlhe
- siliconyydddi Qfé&i 1 depiited?d. RdIEmMpiEeives Al -tRrcuh bata i er -
layer are pO|IiS%jhe ba\(/:rﬁé usi ng@é(?hem cal nechrgbﬁi cal p(ﬁ]i shing . ..i (CW),

. st oppi Ncva Tdeersd |df dmdildtcle s stheatTin ARy caraykd Zkhe endbpes e of the
“:third enmbodi ment of this invention is an Al-Cu bond pad 44, shown in Fig.

' 5d. The bapd AdadCurdmineh | for bbeqyant dondiand rtg [the deldwdiayein Jfbw be

i sol dered without p the need for further passivation. A sumary of sone of
. the processing details and '

?:_,Réfefring to Fig. 2a, which in ékosé;segtignal o
ifi _;_:_‘:epfesthation illustrates ancthe? meﬁhoa bf’Priog-Art._@bre ;
LU ﬂ'sﬁecifiééiiy, referring;to-Fig;‘éa[:illﬁétratea:iﬁ tJ'f"}f“”]‘7£

efoss—sectional drawing;iprovided is a conventional copper

.\damaséene scheme to fabricate copper metallurgy bond pads ",

t‘ffff#ﬁith_copper metallurgy, wiring'underneéth.'Prdviééd_in Fig.
2a is a semiconductor sﬁbstrate 1, preferably composed of

mono-crystalline silicon with semiconductor device
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- -specifications for Al-Cu aIon metal, that fornms the Al-Cu bond d Iayer
~.follow, and-these praocess details: appl y to all the enbodi nents t.H)e Zﬁﬂ%
-present i nventi on, described earlier. For dep03|t|on of the Al- Cu or Al-Cu
alloy netal by phyS| cal- vapor deposition (PVD), the follow ng sputtering
conditions are: DC Magnetron sputtering with argon gas at pressures bet ween
: about- 0.1.to 10,000 nrOrr, DC power from about |00 to. 10,000 Watts, wafer
Tt enperatarrrélqh«mﬁ%bmchz@&:om @le@rtg?@@e@s SRS ﬁf’&ndéﬁdﬁ't 0.1 to.100

- scem Foll'owi ng -28 .. the Al -Cu dej OSI on an -annea foIIowsto
enhance YREAF IW%%’C&?“ dﬁ&ﬁr é‘?’ﬁ follow gas

mhi ent f i

renper actE st edFe g 60 @oé%os*@%)°9ﬂ%@%2ﬁ%eﬂ4%{?n2§“%%m about 20

tio 60 miypy %Seén (j;m AT R NSINREN ﬂmgerﬁ%rmaé& XRfs At $RReT €) -
ood bond pad

Note, for g metal lurgy: in dual copper damascene prdaessi ng,

‘both purgy B tadbra il di LB EFiE GaRPensdlatiiay Qdfersamd atrmennt er ed
~.qubi c (fec) crystal structure and, are close in atomc netallic radii size

- (coordi rmjd:mraéZ)sllfmorgcmd;sz:té |a:hd;o§1ncxm Ldmcbxntqe Asmppg&mdn@aelct ri-cal
. '_'conductlwty i's good for both Cu and Al , Cu =0.94 and Al =.0.50
- é m cro- dmﬁ?rqenn%*pe%tiweigpowtq!ﬂ @%ﬂaﬁt%@ﬁﬁﬁf@emq éfliéblﬁdlfbtl vity .
“f'or pure copper than far pure-alumnum Therefore, eopper a’Lcﬁ;%’aJ | oys are
[

" better tmv%@%ﬁnWH¥?W%I4%rfﬂ?°'éo$M|Wt Fiasy)- obftia9bF4Af and

. non- eqw i brjum stal. structu Jn t he_al um num co phase .

- idiragram’ w%r’eni)‘ét% He 136D ?% c_iLg%P p‘—’ér@eﬁt(ﬁ‘? %gae‘%tomc o
""percent) ﬁfhﬁ I I Iy %%lg o] -

-:'j__:terrperature <'tf'\l'J\gaijere if%%/ g%% %g -sol | d %?ée%l%%?g@ ontftlfra on. i .

+0 33, ~ §s7-~a~feTh§e§@§p@éatamsp£@£em§dﬁin£y al + eynamt thapi haba feran t he, .
“/Al-Cu bond pad | ayer, follow and these conpositions apply to all the
ienbodi meapenvhgs heopr esepér i burdt pad, agésintéedornstt €20 dhd ddnitechal | oy

~netal conpositions Wiich are alumnumrich (on the extrene right side, Al

side, ofvaa T8, AlnpRage diaghbep, igi Vea. i AaVEbyghcopeliebanesse: Al ranges -

from99.99 to 90.00 wt gercent and ‘for Cu ranges fromO0.01 to 10.00 wt
percent: PIF?W-@&@ areche bﬁ‘d’-b‘adlﬂéﬁéﬁ di FehErBRedf BREB W2 BHAY Ibavaew dt h ‘and

n eZons The: 8 erFEeRRss) SafPRLSE ToEFYnfPRELSR | PaRBEI &8 [revent s R and
., Cu deletgripusnLat SBthI:&[%OElPSEV‘ﬁSEaihﬁaPQEQrpfgyéﬂdﬁ?pﬁﬁicﬂnﬂgrQeat h.
' trench and via liner, and a petterned top layer of
photoreeist 18. Provided in Fig. 2A is a dual damascene
structure, via 19 and interconnect 20 The tYpical insulatino
'ftdlelectrlc material is. 31llcon oxlde type compounds
.- Deposited and patterned 1nto the flrst 14 and second .
Hlnsulatlng layer 16, 1ntermetal dlelectrlcs (IMD), 1s-a
copper bond metal 20, top bond pad metal, and connect via 19,
- excess copper metal pollshed back by chemical mechanlcal
H;etfpollshlng (CMP) . A paSSlvatlng blanket layer 17 ‘e. g.;

silicon nitride, is provided,and covers the top layer of

-15-




| ;:Thje processes of the present invention fabricate Al-Cu wire bdnainfg pads
~-that have good adhesion properties (no netal interface separati:

| pHet 2005
failures or interface fracture failures). Since there are a large
statistical nunmber of these structures, failure rates nust be very | ow and

reliability very high, as tested by gold Wre bond pull tests. Tenperature

~ and hunidit cycling_ tests indicate th o] t of ¢t and
.struct u?%p?gﬁn%‘g{:?gs@-‘%rja%ku% ??%%?%rﬁ,g%éeeﬁ’ﬁgi,lgf Nt eé a%%o?%%ﬁféé? -adhesi on

failur es 3 JAi ~ 2~~~ A "standard" gold wire bond pull test

8’

- €n Fi ' |
~structure! Was ucstéd2 0 eval uate the present invention's robust pad
‘structures. For a standard pull test of netal adhesion strength (referred

tp as a manufacturing use test). An end portion gold wire with a Bb-S.n
sol der ball rerberidnd te Fhg.sobfatdlobtrhtedl iGucresarseaiiandlt ension

“applied thereto, at an angle of 90 degrees to the surfaceagto pr event

shear) . dfheidganprevidedt he @i conganupkinascs §hgnBEPEP2EdNSdhesi on

-'.;js;ftrength if the ,wire is broken first, at the tensil %.strzngth o;r t he:
A re, beescribed phevesipuFLed ARay Hetpddred POV e

' structure'. If the wire bre W re neckin It baasbonded
‘porti on SCARASERTE %F’t %ké‘ﬁ’é‘ PFS ﬁgpggég}lﬁettﬁl%%%%?g’g?lgdbtahgt

~sufficientybonding. BAs- e ol t el hesicoR Heh@arkaBnd t hst and
T epeat ed 1SR pfé%hlljr?ﬁ%d_??y%{%%n@a{a% e 8 letendd n

“BRderyPRg

or nechani cal .stress. of the degree
encount §rgdl 1y iR (i €560 1 FRNWAEGG! dxt@ptivey @ind idk terfsdidnur e

',:;(f)ccurs between the nmetal and any interface in the structure (by peeling,

fracturgf itHerdach aid Webhotls A Ty geadssisam ttian Mlkatkeatedawivesd 1o br eak

- “the wire, adhesion is considered.to be of a significantly |ow value:. which

T in

i
|
{
|

!

: dt will deydelsitldrdaunittoridee, rig ipitennedfanchsyhsriantiy r-awd) pul |
~tests were conducted to a Iarﬂgtnunbers of pads, to be . statistically

si gni fi ckiht ,shawpriov Eithe Hoblat e RIOEIRST et oPEEHVHFRE T T or m

Al-Cu bond fgs 2fa(1).r 'ﬂ?gdplgggggésofser(.)gesréal:iegpeci 3c:;Lfa‘:' near and around

the bond pad area. In Fig. 2b, gold wire 22, with lead-tin
alloy solder ball 21, is wire bonded 23 to the copper bond

pad area, copper interconnect 20 and via 189.

The key points of Prior Art copper wire bonding are that
poor wire bonding occurs at‘the bond 23, in Fig. 2b, with
brittle intermetallic éompounds forming directing between the
lead-tin solder and the pure copper metél} among others that
are possible, e.g., CuszSns, CuSn;. Another reason for
difficulty'in wire bonding to the pure copper, is that the
copper oxide does not form a passivating oxide and spalls or
flakes off. Some metals, e.g., aluminum oxide Al,O3;, Cr;0;,
NiO, CoO, and insulating Si0,, form dense, passivating oxide,

while copper oxide has a Pilling—Bedworth'ratio much greater

-16-




- ;O 3 JA~3 200 In sunnary, for all three mai n enbodlnEnts of the B ﬁsent
““irventions the top Al -Cu bond pad Iayer can be sol dered without Ut émﬂ

B
for further” paSS|vat|on At the al um num copper alloy interface is
protected fromthe pure copper below by the barrier layer. Wile the

I nvention has been particularly shomn and descri bed mﬁth reference to the

| preferred enbodi ne t ,thereof . . W | led in

.the artER¥AOVRFYYs %g%’?‘%%s r'-’rlﬁ:a%oe ??ﬁjalrk?le yge hade W t iilj}%é -

‘departing_fromthe cpphe Ney Mhgham Stige ai med i s:
ep ,g {regihe %&f%&%% G§ o)y ?Q%di{'@ Ay endd &mobl ah St

r for ricating wire bond pads for

appl i caigos h&t%@§§£§ a8 fdER SRt & OpENgt pal Testeesgthisi age copper dua

damascene, a nethod conprising: providing a substrate, wafer or substrate
modul e; rgaQ¥kEi 86 Gnbieapthbyel letretsndeasul hingi J-nngp@blhgg deeehddgand
over said substrate;, depositing a passivating |ayer over the fiyst |evel
of conduntli fgavitncegpfdeheswiragbangdi ast thenSu/BPrAg Layeriafedi &Yectric, ,

~florming a first intermetal dielectric Layer VD t he paSS|vat|ng
- Tayer; abpoquEngoﬁpgﬁcéﬁéllﬁ§@P§FPH@ Fayer éFtd 8F§8§r|é

?orn1ng a second
iint er net al dlelectrlc | aye

th f
“di el ect eampl ﬁDP E&PF@ %angﬁﬁ %ﬁ%ﬁ&°€§e |%?2Fne %Fg?g%?§$2 ? | ayers
((IND), 30 3319 passiodl g dsayar, g au@galla-_@.am Genebkenshat a

-openi ng ons of thé first level of conducting wiring;
. depositi s&i NIRR13 %il:?)zlo%mr @he hensadend tirengtietod] tiieel ectric
.| ayer (ﬁﬁ% p05|t|ng a first blanket conductive netal barrier layer E

~or fi rs"aﬁﬁrdﬁﬁradéimrne oveid ttd pat titvened reajbdral drtself.

Referring to Figs. 3a - 3d, which in cross-sectional
representation illustrates the first embodiment of the
present invention. More specifically, referring to Fig. 3a,
illustrated in cross-sectional drawing, provided is the start
of a copper damascene scheme with copper metallurgy, wiring
underneath. Provided in Fig. 3a is a semiconductor substrate
1, preferably composed of mono-crystalline silicon with
semiconductor device structures, such as, gate electrodes,
source and drain regioﬁs, metal interconnects, damascene
interconnects, contact holes and vias (not shown) may be
formed in and on the semiconductor substrate. The
semiconductor substréte may also contain dielectriq and
insulating layers (not shown), such as, silicon nitride and
silicon dioxide. A copper interconnect 4 is deposited and
patterned embedded within a provided insulating layer (not

shown in Figs.). Although a single copper'layer is depicted
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_.aﬁd into t he trench/via.opehings, and over sald exposed reglons gée}he fast
-I'evel " aof -. conducting :airing; depositing a blanket copper Iayerﬂ AN 17805

_____

first barrier’layer, and filling the trench/via opening; 0 3 JA~d 2000
pol i shing back by chem cal nechanical polishing ' (CWP) the excess copper
and first barrier layer material, stopping on the cap |ayer, form ng a dual

 damascepe pplai 4, COPPeLnbuflal BE LAGDED(XLA bP! RbBE. Sacki sel okt ENel Y by wet

~etching *The “top'portion o ald copper within the trench/via,

f@r”‘”gaﬁtrﬁﬁﬁﬁséﬁeceBgﬁérmﬁﬁ bP bbelérsach/ yual addmpsacénal byppecessed
trench/vi a opening,; ching hopper oxide on the top surface of: the

reCeSSGQnté@@@ﬁhewttbrnatbenglendhmasaenehabpnﬁy beteregenectbyInydr ogen or
amoni a pl asna gas treatnent; depositing a second bl anket conductive netal
bar ri er abiy.edoar, $woondspantiog Layers Qﬁedlﬁhéctﬁééssédféﬁﬁﬁer Wthin the

trench/.via, and over the patterned cap |ayer; si.ting a,blanket |ayer
of Al- Cunéﬁﬁm?téﬁeﬂlﬁﬁéc§§é6nd1599rFén F&?e? Sﬁﬁaga' Ptﬁgmﬁﬁ 31 partially

':ééfcifsg%.trencgéé%%&ﬁﬁ IF%nn %%h% eLim thnggeEQg Ry 0as the layer

I'shing by Scheni ca

Tatert arcrentan ”?.aﬁ’ﬁ%l c%%e?ﬁ“?* i‘i"%ﬁ’%"%%%?’%&?ﬁﬁ% S 2 AL o
. aI oy b HAln AR 2B GRPRIoriedlt via 19. As shown in Fig. 3a,
interposed between the first level of wiring 4 and first
intermetal level dielectric 14, is a deposited and patterned
passivation layer 12. In addition, interposed between first
intermetal dielectric (IMD) 14 layer and the second
intermetal dielectﬁic (IMD) 16 layer, is a depqsited and
patterned etch stop (process option) layer 15. Also in Fig.
3a for completeness, provided are following layers:
patterned passivation layer 12, a patterned etch stop
{(process option) layer 15, first conductive metal barrier
layer 13, which is a trench and via liner, and a cap layer
17. The typical insulating dielectric material consists of,
but is not restricted ﬁo, doped and undoped silicon oxide
type compounds or low dielectric constant organic polymers.
After the deposition of the first barrier metal layer 13 and
copper into the trench 20 and via 19, the excess copper and
barrier metal are polished back by chemical mechanical
polishing (CMP) stopping on the cap layer 17. The cap layer
(17) includes, but is not resﬁricted to, silicon nitride;

silicon oxynitride, silicon carbide and boron nitride, but is
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- -Di3 JAPE ZQO- danmascene interconnect trench/via, suitable for wire bonding
. -and soldering w thout further passivation. 2. The nethod of cl ailnd1 JAN 2005
wherei n sai'd substrate is a seniconductor or ap IC nodule, with the '

-sem conduct or substrate conposed of nono-crystalline silicon with

. sem conductor device structures, selected fromthe group consisting of,

- gate electrodes; source , .and drajn regions, netal.interco . damascene
i nt er copheEesabl¥ orPERPSAd| R %h3199%531F5+ﬂ%da?§'%% %ﬁgt & é%ﬁ?%%nductor.

substrate. 3. Th hod | ai m erein both first and second
insulatfﬁﬁmIQVEPE g$6d£81§§?§i§?gfé %%%étal dielectric layers (ILK), for
dual damascene trench/via are selected fromthe group consisting of doped
and undoped silicon dioxide , silicon oxide, |ow dielectric constant

organi ¢ pol ygRkgrréing theriBt heg,of1¢hatmatedwhar eroshesdtfunall oy bond
pad is over a dual damascene interconnect trench/via, that is filled with
_copper ardwhiinggdpwoifidad isdaf bositdnub&iphepf]| ther procesging ~ 3 JA~d 205 _
5. The nethod of-claim1, further conprising ' form ng an etch stgp | ayer

o]

©:20n the Giessiribesulkbovey inaFég .OBadi deseribing tbp, TLgEt RELRFLFERE of

- formng a dual i damascene trench/via opening. 6. The ne of, claiml1,
“VhereinOﬁhéi§a§§ﬁﬁﬁﬁﬁu}Q¥%@q¥§WeraﬁlQ5£&VFhV%F ﬁ§é£épgbfég%gﬁb&9§he gr oup

. consisting of; silicon njitride, silico Nick S . Skii car bi de and
“.boron nilE¥&Re ORidIPRLT %%ﬁ@?‘%%ﬁ%%&%% r%‘ai?eli y %OOéJtJjéh%,ggﬁ(). Angst r ome.
. 7. The th f clai i Idd Ofrafs GRIAP/ItaMily n t he

trench/ {}Flér,‘e%q%q?ﬁuglg&r@(%és’se e‘f:"?ﬁﬁe’%%%‘ﬁﬁﬁﬁf t rencsh/ via, i. slnlegt ched back

. | ;'gsel ecti Vseiléi: g}’iéﬁs ef G disd Juh RO A ssdgpdoLaydinmehy| sul f oxi de/ car bon

~“tetrachloride,.in a tenperature range from20 to 150 C, for an

s Some of the process details and specifications for this

i etching step, are as follows. The etch solutions is

15 DMSO/CCl, solution, dimethylsulfoxide, carbon tetrachloride,

f in a temperature range between 20 to 150 ®c, for an etch rate
range between 5 to 100 Angstroms per minute, in an etch time
of between 1 to 60 minutes, for a copper removal between
about 100 to 8000 Angstroms. Other chemical solutions for
this wet etching step include one or more of the following
group, consisting of hydrofluoric acid (HF), acetic acid
(CH,COOH) , ammonium fluoride (NH,F), tetramethylammonium
hydroxide (TMAH), tetraethylammonium hydroxide (TEAH),
tetrapropylammonium hydroxide (TPAH),.benzotriazole,
surfactant and water. The preferred etch solution mixtures
include: NH,F/CH;COOH, HF/NH,F/H:O,

HF/NH,F/H,0/surfactant, and TMAH/H.O.

-19-




etich rate range thi-ckness between 5 to 100 Angstrons per minute, in an etch

. ““ti‘me of between 1 to 60 minutes, for a copper renoval between aﬁo&t.ﬂﬁﬂ?@(}fﬂﬁﬁ)_
- 8000 Angstroms. 8. The method of claiml; wherein the top portion of:
~copper within the trench/via, forming recessed copper within the

. trench/via, is etched back selectively by a web etch using -an etchant,
- 'selected fromthe: group consisting of, hydrofluoric acid (HF); acetic
“acid (CH3COORpfeamwogi tm Fligor Bée fMMOFErateds éﬁe?ﬁ?ﬁﬁnﬁﬁﬁFhﬁ??‘i hydr oxi de.

-~ (TMAH), tetraethyl ammoni um hydroxi de (TEAR), r 0 3 J~~J.2D0 o
"t et r apr dppHARPSONPERVATIgEokSde@ CPBALRUaLERPOPE] R8I BFOSERFABPant and water.

- 9. The method,of claiml, whereip t t ti f ¢ Lihig th
Ur ench/ GPEaTABER REarBedbs TA%ogber CRECRLKINHe e heRre, Brbolihdhl ("D )

sel ectiv b et.ch i . ut.i ' res, .are sel ected

ffrom t K &rh %S%(‘:%%éu Eli%r‘lf&no OQ‘I%IH&'%S}@OO%{ ﬂ&lgﬁ.ilésé/ gﬁzﬁm‘ 8hid

HF/ NHQ:/@ﬁi_%‘l/g%U rifsa?efi@om@&j VAR ani0 coppRrmesdiad oh ¢hal b wherein
n arrier |

- ‘tlhe sec ayer, in between thé top Al-Cu alloy wire bond pad and

T tihe copp@ipperdaReat 2o .| e ealethd namsathend @an Genpesifiorged, iona or nore
of the j followng: tantalum (Ta), tantalumnitride (TaN), titaniumnitride
“(Ti.N), sepurdtengsiterre nifl rdgple gt alepiosisidu: eiitthém hheplpagirdsir vapor

. deposition (PVD), or by chemi cal vapor i deposition (CVvD), for an

"appr oxi mettalt hevomidsi gy GAeR o' B 1000’ th g saposition ple th& hod of claim

1, wherein a bl anket_ | ayer of ~Al Cu all oy netal_ .is deposited over_said _
_.second B@%YiET MgiEl b si%a?e%ﬁ:brb%"e‘ﬁc%? thEHPY %&D)l,s %ﬂ‘tséﬁ%g, for a
- filmthickness fromghout 2 09940 489 M08 A9 e thod or a

i chemical vapor deposition (CVD) to a thickness from about 20

to 5000 Angstroms. The barrier metal includes, but is not

limited to, the following materials: tantalum (Ta), tantalum

nitride (TaN), titanium nitride (TiN), and tungéten nitride

(WN) . A blanket laver of AlCu alloy metal is deposited by

physical vapor deposition (PVD) sputtering the AlICu film 26

for a film thickness from about 2,000 to 20,000 Angstroms.

Referring to Fig. 3d, illustrated in cross-secticnal
drawing, provided is a continuation of the processing
described above in Fig. 3¢, describing thé first embodiment
of the present invention. Patterning of the Al-Cu film 26 and
barrier layer, TiN, is performed, wherein the Al-Cu and
barrier layer, TiN, is reactive ion etched back (RIE) using
Cl,/BCl; chemistry stopping on the silicon nitride cap 17.
Alternately, the Al-Cu and barrier layer, TiN, is polished

back using chem-mechanical polishing (CMP), stopping on the
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) = g JA~~ 20~~ 12-. The method of claim 1, wherein a blanket layer ' of AlCu -
~al'loy metal is deposited over said second barrier |ayer by physi cal Jﬁﬁépﬂﬂﬁﬁ
deposi titonr*(-PVD), sputtering, for a filmthickness from about 2,000 to i |

~ - .20; 000 Angstrons using: the foll ow ng process conditions: DC Magnetron

sputtering with argon ,gas at pressures between about 0.1 to 10,000 mforr,
DC power from about, 100 to 10;000 Watts, wafer tenperature from about 25
‘1o 500 gdlimogomigadde omp firomTasosnch raltoefsdd® T4 he nethod of -~

Caim1l, wherein the formn as .anneal i ng th%l I \%yer of %TCU ?Olwo :
enhanci RPLANFEYoGratids WHRAEAD 3 Atk HolTbHRE E5uit’irofe: 5)8/.5
anbi ent i s m'i%gr of .ni tragen: .and. h a5 Uad fF B9 gas,
tgenperatjl?r é:'alt?ét n 51?00&0%0% fch gﬁydc%atq{ g‘%?egév'lg) tiTes trom about 20 to 60
m nutes, &'Peiﬁc?%ﬁttf Lol SR el ae T %ﬁr{éx?g%sw\fat(iaﬂmsr)her e): 14. The
et hod o .clal m 1, }%JEI’EI n tq-Lbe Al-Cu bond pad , for wire bonding over
- barrier layer and copper conducting interconnect/via consists of Al -Cu
~-alloys with conpositions which are alum numrich, consisting of Al netal
“rangi ng fromReferrify 3dAAyL00aboutd Q918igch diroCe O ssertica] and Cu
~rretal ranging from0.01 to 10.00 wt percent. 15. The nethod of claim1,
“wher ei n tdprodeitiatioon phbis trates the beerpnd atkedingnt &F IWRr and copper
. conducting interconnect/via, consists_of the ) .
i present invention. More specifically, referring to Flg.-4a,
illustrated in cross-sectional drawing, provided is the start
of a copper damascene scheme with cdpper metallurgy, wiring
underneath. Provided in Fig. 4a is a semiconductor substrate
1 1, preferably composed of mono-crystalline silicon with
ré semiconductor device structures, such as, gate electrodes,
source and drain regions, metal interconnects, damascené
interconnects, contact holes and vias {(not shown) may be
formed in and on the semiconductor substrate. The
semiconductor substrate may alsoc contain dielectric and
insulating layers (not shown), such as, silicon nitride and
silicon dioxide. A copper interconnect 4 is deposited and
- patterned embedded within a provided insulating layer (not
shown in Figs.). Although a single copper-layer is depicted
in Fig. 4a, it should be understood by those skilled in the
art that the copper interconnect (4) could be part of a dual
damascene or a single damascene interconnect scheme. In
addition, two insulating layers of dielectric, a first

intermetal dielectric (IMD) 14, and a second intermetal

dielectric (IMD) 16, are deposited and patterned into a
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.. faollowi ng di nensions: bond pad width and | ength both in the range of -

- -approximately 1 micron to approximately 1000 m ¢rons. 16. The tﬁlcﬂﬂ%fznﬂﬁ
claim 1, wheréin the A-Cu bond pad | ayer and second barrier |ayer are
centrally patterned and forned by either an reactive ion etch (R E) back

- using C12/BC13 or the excess Al -Cu and second barrier material are renoved

" by chem cal nechanical polishing (CW); and for both nethods stopping on

“the silitzenchi {gagd eag Vapeppehing¥hfomechprest bendi RRE 2Rferein the Al-Cu
all oy bond pad is planarized by renoving excess Al -Cu, by a nethod sel ected
from t héngesepneesdi 20 RgoronpRgait2at Pon Gy SBRYRI ¢8| Fﬁgc hg%ifcal

polishing (CVMPJ, mlling, ion m.lling, and/ et ¢chi ng, F=AVAN only the
CAL-Cu t RRESEROFRY I’i’@té"&%ﬁert%&urfllr&i’ng?érg eoﬁ”wa.rr&ngt rguc? (élr \glé'?‘gt at include
trench/via and.inter negt I 4 StQppi ; Il Whelqde cap
[ ayer . Aod o) TRATER BT I SR, MR EE S Bt et

al l oy b £ i 2R ZORAREN 13U BlaAHTRIC E NG HaHRIseR BRAIwdare Falsti a, are
fiabri ca?%%s?S%tI\J/'C)SFE'Iﬂand CMOS devices for both nenory and | ogi c device

“appl i catirismekl Anatdad ifor (hahr iontiayg\Warel boved seassid or appl i cati ons
i'ln MOSFET and CMOS sem conduct or devi ces using copper dual damascene, a
‘et hod ciompsrnsitreg predaatimige a( BUDstiGtlayemf érs & dapssirtack afstul e;
.providing a first level of conducting Wring being defined and over said

" ‘subst r atrat g (eheh & iR SIREAGSRE [ dradate 11 r LIVt 9
- conducting Wring; depositing a first ins ting |layer of dielectric,
formi ng 48 9% CTTRES %ﬁsd?%‘f%‘ff't‘ie?‘i "’}ra‘zi/géc?](]ﬂ?%)ng svRpers: :
) patﬁerned passivation layer 12, a patterned etch stop
(process option) layer 15, first conductive metal barrier
layer 13, which is a trench and via liner, and a cap layer
17. The typical insulating dielectric material consists of,
but is not restricted to, doped and undoped silicon oxide
type compounds, or low dielectric constant organic polymers.
After the deposition of both the first barrier metal layer 13
and copper into the trench 20 and via 19 regions, the excess
copper and barrier metal are polished back by chemical
mechanical polishing (CMP), stopping on the cap layer 17. The
? cap layer (17) includes, but is not restricted to, silicon
: nitride, silicon oxynitride, silicon carbide and boron
nitride, but is preferably composed of silicon nitride and is

of a thickhess from about 500 to 6000 Angstroms.

Referring to Fig. 4b, illustrated in cross-sectional
drawing, provided is a continuation of the processing

described above in Fig. 4a, describing the second embodiment
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‘the passivating l-ayer; depositing a second insulating |ayer. of dielectric,
formng a second internetal dielectric layer (IMD), over the fits8 JAN 2005
i nsul ati hg layer of dielectric (IMD); patterning and etching the internetal
dielectric layers (I MD), and said.passivating |layer, form ng a dual
damascene trench/via opening, exposing regions of the first |evel of
conducting wiring; depositing and -patterning a cap |ayer over the second

i 'nt er mebll tHeepresent imyent{dnD)A lighogpaphy-stepoPatteEPdsiting a first

" bl anket conductive netal barrier layer or first barriea Ia%er over the
“pat t er nptiotaperagtr 30aa0di hhe £AR EPBREE/ 9P al8pBRFngSePardPYvEFEYi d
exposed regions of the first_|level of. conductin I 100, LLLRAg a

b| anket °B8ppEr MPEFePLoVRP FH%RPV?EF SB?ng?EFayg?Y%gkﬁ ?i???ﬁ%k%ﬁg
trench/via openi ngs; polishing,bacl. ' TR aBi ,pekikrbBhng (CVP)
t he exc§§§e€§8§eF gﬁagfh? ?rbggfie?l é?g E%%??ngﬁg S?ggg?ng on the cap

laver, fQnmng;3,0uRl (@RTRSCANGLLSERL S COPREIA | MET X prinpdiof Temedd Vi a;

“flormi ng a photoresist over the inlaid copper and cap |ayer;

: acid (HF), acetic acid (CH,COOH), ammonium fluoride (NH/F),

tetramethylammonium hydroxide (TMAH), tetraethylammonium
hydroxide (TEAH) , tetrapropylammoniu@ hydroxide. (TPAH),

:-;f benzotriazole, surfactant and water,

Somerof the preferred etch solution mixtures include:
DMSO/CCl,, TMAH/H,O, NH,F/CH;COOH, HF/NH,F/H,0, dilute HF, and
HF/NHJhﬂho/sﬁrfactant. The amount of copper that is removed

is about 100 to 8000 Angstroms.

Referring to Fig. 4c, illustrated in cross-sectional
drawing, provided is a continuation of the processing
described above in Fig. 4b, describing the second embodiment
of the present invention. The photoresist is stripped using
an oxygen plasma ash step or using a solvent stripper. Next,
a hydrogen or ammonia gas plasma is used to remove any copper
oxide on the surface. Barrier metal 33 or.second barrier
metal layer, is deposited using physical vapor deposition
(PVD) , sputtering, or by chemical vapor deposition (CVD), to
a thickness from about 20 to 5000 Angstroms. Following the
barrier metal deposition, a layer of Al-Cu alloy metal 34 is
deposited to a thickness of 2,000 to 20,000 Angstroms. The

second barrier metal 33 includes, but is not restricted to:
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. _patternlng t he photore5|st naklng an. exposed openlng over a. portlon of the-
“-i'nlaid copper; etching back by wet etching a top portion of t hell pHﬁ%Qﬂ.ﬁ
portion of the inlaid copper Wthin the trench/via, formng a partially.
recessed copper region or portion Wthin the trench/via and forning a _
partially recessed trench/via opening; stripping. the photoresist by oxygen
pl asma ashi ng or solvent stripper; -41 0 3 JA~-3 200 etching copper oxide
on the taptsluhad®apf tﬁntab@pemltrndehéT$%bes§éﬁa%bﬁ$e?1F ®n wthin the

“tiench/via, that may be present, Tégdrogen or anmmoni a pl asma gas
treatnehElNHepeBdttnggat§@c%hﬁrb¢ank Yeonductive netal barrier |ayer or

second barrier layer, over said copper and said recessed copper region
wi thin the trench/via, and over the patterned cap |ayer; depositing a

ket | ayopghenieal ko, oLt LISuSERRB DR Leosbaypterana (111100 (he
_;Ehe lay%ra%&né% ggo%khgﬁ’igngaﬂﬁhﬂgnﬁﬁkgﬁnfanﬁhéoﬁroce551ng

k E€ described above in Fig. 4c, describing the second embodiment
of the present invention. Patterning of the Al-Cu film 34 and
second barrier layer 33 is perfqrmed, wherein the Al-Cu and
barrier layer is reactive ion etched back (RIE) using Cl./BCl;
chemistry, stopping on the silicon nitride cap 17.
Alternately, both the Al;Cu and barrier layer are polished
back by chemical mechanical polishing (CMP}, stopping on the
silicon nitride cap 17. The end result of the second
embodiment of this invention isran Al-Cu bond pad 38, shown
in Fig. 4d. The top Al-Cu bond pad layer 38, centrally
located, can now be soldered without the need for further

passivation.

Referring to Figs. 5a - 5d, which in cross-sectional
representation illustrates the third embodiment of the
present invention. More specifically, reférring to Fig. 5a,
illustrated in cross-sectional drawing, provided is the start

~of a coppei damascene scheme with copper metallurgy, wiring
underneath. Provided in Fig. 5a is a semiconductor substrate
1, preferably composed of mono-crystalline silicon with
semiconductor device structures, such as, gate electrodes,

source and drain regicns, metal interconnects, damascene
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‘_Qrganlc po yners

pol I shing back by chem caI rrechani'cal poI i shi’ ng (CIVP) the AL- Cu aI I oy and
" “sécond barrier layer material, stopping on the cap |ayer, fornifligdal i{?ﬂi 2005
centrally | ocated region of inlaid Al-Cu alloy bond pad, over a copper dual
damascene interconnect trench/via, suitable for Wre bondi ng and sol dering
Wit hout further passivation. -42 0 3 J~~ 200 20. The nethod of claim19,
wherein said substrate is a sem conductor of an IC nodule, with the

-sem condudienrccsinestitgt eondmuds deblefs mmdo viaps taot sboginlli sey Wet h

sem conduct or device structures, selected fromthe gr oup consi sting of,
gate el dstmmsgedn sogt e e @tequf@gi% Sr‘ﬁ?tséilrﬁtﬁt eff®nnects, damascene

I nterconnects, contact holes and via or t he sem conduct or
subst r atSEMIeONdRCEoR RS 1R te AN CW‘F@?&I (%tlﬁrlﬁcr%s‘tl cgecond
i nsul ati.n ers gl diele trtl C,. nt)er %elsqcltlrdo% I ANS; %e(l , for
dual da "}é]'r%ltrfge AR G Shefeq 5 roma} e g oup consi sting o doped
and und | Xi [ ant

i gl ‘ge‘”‘ﬁf Stiet W LH R ok A0s

e met the Al-Cu all oy bond

pad s QueF kiRl eSS A $HE L PRBAIAdd eI ting Nalydis ridd ed with
copper and lined with a diffusion barrier liner. 23. The nethod of claim

119, furtdteswieaprisgsg f antngngn etcinglopdppyer Iaydhe o idegictmsil at i ng
. kayer of dielectric (ILK), for the purpose of forning a dual

L in Fig. 5a, it should be understood by those skilled in the
art that the copper interconnect (4) could be part of a.dual
daméscene or a single damascene intefconnect scheme. In
addition, two insulating layers of dielectric, a first
intermetal dielectric (IMD) 14, and a second intermetal
dielectric (IMD) 16, are deposited and patterned into a
trench (gap) and via openings for copper bond pad and
interconnect 20 and connect via 19. As shown in Fig. 5a,
interposed between the first level of wiring 4 and first
intermetal level dielectric 14, is a deposited and patterned
passivation layer 12. In addition, interposed between first
intermetal dielectric (IMD) 14 layer and the second
intermetal dielectric {IMD) 16 layer, is a deposited and
patterned etch stop (process option) layef 15. Also in Fig.
5a for completeness, provided are following layers:
patterned passivation layer 12, a patterned etch stop
{(process option) layer 15, first conductive metal barrier
layer 13, which is a trench énd via liner, and a top
passivating layer 29. The top passivating layer 29 includes,

but is not restricted to, silicon nitride, silicon
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~ damascene trench/via opening. -43 0 3 JAS 200 24. The nethod of c¢laim 19,
-wherein the passivating cap |ayer or cap |layer is selected frowﬂt_&&!ﬁ@i_?ﬁgg_
consisting of, silicon nitride, silicon oxynitride, silicon carbide and =~
boron nitride, Wth a thickness from approxi mately 500 to 6,000 Angstrons.
25. The nethod of claim 19, wherein the top portion of copper Wthin the

trench/via, formng recessed.-copper within the trench/ g}i a, .is etched back
by Vet erumifsiice afidieeancarbadecerd PrERMt RetYLE8p EUNsiSting of, one or

A

acetic i.d (,.CH3 i l.uQr.j -t l-a, ni um

hydr oXi @"%rr@ﬂ%s 1€ S,r'aek{iﬂeyIQ:&'L#:TPDﬁlu%nﬁ;ﬁgﬁg%qghﬁ%é%ﬁt%%ggfgggl anmoni um
hydr oxi : ] rsi resffiadiants n@o?@derandf @nhddpeepper renoval
bet men%%&%&@o%ﬁ%&i@gr% 26. Thgqrret od of claim 19, Werein
the top Orids HfidOpige \Ndnpcuridie, torenelw dial damiiongansdasged copper
“Within the trench/via, Is etched by wet etch, using etch solution m xtures,
“stihat  ar eosgarend qebIymmrg h e fjreon ptheo mispsis ity aof oDVRGICEIe fiwmmy HZO

'NHOF/ CH3COOH, HF/ NHQF/ H20, dilute HF, and HF/ NHOF/ H20/ surfactanf, for a
‘Copper rlemmnir tihe tih ey eret ik andiaRPeED Gty ddt WRRGh Alt andiyia g 3 gAs

| . 200 27. The nethod of claim 19, wherein e second barrier |layer, i
bet ween theredirma . cthal $%524 rePRRAT %ﬁ%%e%ﬁ??qi% FH e hl.ﬁﬁfe#']neat h,

+ Iis selected from.the. grou onsi st4 ng. pf _one. o re : 1 0Q:

-t antal uﬁ??glé)l?ytcélﬁﬂlr%%fr#‘)??|ad%lcfaliaﬁ??ﬁtsll§%§ﬁ u{n nitt i%op%éﬁ.% ,C&gn G[‘T]ungst en
optride ¢dor gsgésgn&'%@é@?wy&wﬂca@wwﬂwp% &n {EVRex®) by

-~ “chem cal vapor deposition D), for an approximte thickness from20 to
+ 5,000 AngstiRawn 28 ri§e 8B} hee ofo | Ph e 1% tiierEayen 19 anedfdeyiely of
Al Cu alloy netal is deposited over said second barrier |ayer by physical
vapor depbiitonnniByDie, sputbrankhgt deposited nvdr ckinessulbstombdoand 2, 000
B i*to 20,000 Angstronms. 29. The nethod of claim 19, Werein a blanket |ayer of
Al Cu al | oyerethe iplddgosepedr o¥@randi gecerdninbryretrl | deteairnysi cal
ivapor deposition (PVD), sputtering, for a filmthickness from about 2;000
ito 20, Ooélﬁﬂbs%ﬁon& using the foll ow ng process conditions: DC Magnetron
'sputtering with argon gas at pressures between about 0.1 to 10,000 nTorr,
‘DC power from about 100 to 10,000 Watts, wafer tenperature from about 25 to

;500 C, argon gag.fLowg £HOPLgooBEL, 051150¢100e8CRR - c#d2s-sectional

| drawing, provided is a continuation of the processing
described above in Fig. 5a, describing the third embodiment
of the present invention. A lithography step patterns
photoresist 30 and the top passivating layer 29, silicon
nitride, is reactive ion etched (RIE). In-addition, the top
copper 20 is reactive ion etched (RIE) or wet etched, to form
a patterned recessed copper layer 40. The chemicals that are
used for wet etching are, one or more of the following
chemicals, to form a patterned recessed copper layer (40):
dimethylsulfoxide {DMSO) , carbon tetrachloride {(CCl,),

hydrochloric acid (HCl), hydrofluoric acid (HF) , acetic acid
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O 3 JA-?3 200 30. The rrethod of Cl aim 19, V\hereln the formng gas '
'anneal ing the layer of Al-Cu alloy, enhancing alloy formation, (303515&%520@5
the follow ng conditions: gas anbient i's a mixture of nitrogen and hydrogen -
gas or forming gas, tenperature between about 200 to 500 C at anneal tines.
from about. 20 to 60 m nutes, and pressures between about 400 to 760 Torr
(at nosphere). 31. The net hod of claim.19 V\herel nt J]Al Cu .bond pad , for

Wire bon@ﬁ:@o%‘év paEmeRAPm| 5%‘1“&148 BB SSIFRNS ISP hect / vi a,
consi st AlCu | | t.h sitions Whic re al mrich,
consi st i )'a\qﬂgei AFSI Y "yg gt')l{rﬁ‘i\ﬁt@llﬁder cent, and Cu
et al Je netdied of claim 19,
V\herel nq%%&l[}%i C%%;?b d;np“gnx&%%%\nﬂlre [ ng%vnezp%grrl e(rédl ayer and copper
CO“dUCt'élﬂ:féE@érP@rH}ﬁftv&é/ﬁ@n e 415 @{e thies et etV teligEnAios:  bond pad
Wldth and length both in the range of approximately 1 mcron to '

ajpprom i et yr d9 Oh dll wde@N DMSECC1 ) IMARAH,QONIRY./CHReeO0® hod of claim 19,
““wherein the Al -Cu bond pad | ayer and second barrier |ayer are centrally
“pat t er naiiF ANLEY S0 ddblube t HEF  and r BBATHFY H0AserEactamE) Bhekamerny
€12/ BC13 or the excess Al-Cu and second barr| er material are renoved by
- gheni cal ofeePRPREFhYb| I SIFFRCYTIAS ERRITHr E330 1R h ol tt%p%é% on the
-silicon pitr léde cap layer. 34. The nethod of claim19, Werein the Al-Cu
- -alloy bo’g'ag H°PSs planarized by renoving excess Al-Cu, by a nethod
- selected from the group consi st i ng of: planarization by chem cal mechani cal
~polishing (CW), mlling, ion mlling, and/or etching, |eaving only the

_Al-Cu that | SR@PethEngOPReFi Ut daippeetRatalialf Stossisd@Biondmt include
“trench/via and interconnect portions, stopping on the silicon nitride cap

1ayer %raﬁhﬁgaephedmédcialméantiz\ﬁew.@ntdas e Graddoyibgnd pad, over a
.copper dual damascene interconnect trench/via, are fabricated for MOSFET

iand CMOSddevikibed abpveoih Elagor?bande‘-aoglbldevtbe thptd cambonitmess. A
met hod for fabricati ng wi re bond pads for applications in MOSFET and CMOS
isem cond@€t shedeypeentusnvgntbpper ThaaPhabprsetat, ia FhrheEed oWpingi ng:

5 an oxygen plasma ash step or using a solvent stripper. Next,

f a hydrogen or ammonia gas plasma is used to rembve any copper
% : oxide on the surface. Barrier metal 41, or second barrier
layer, is deposited using physical vapor depositioﬁ {FVD) ,
sputtering or chemical vapor deposition (CVD), to a thickness
from about 20 to 5000 Angstroms. The second barrier metal
layer (41) is composed of one or more of the following
materials: tantalum (Ta), tantalum nitride (TaN), titanium
nitride (TiN), and tungsten nitride (WN). Following the
barrier metal deposition, a layer of Al-Cu alloy metal 34 is
deposited to a thickness of from about 2,000 to 20,000
Angstroms, forming the start of an Al-Cu bonding pad region.

42.
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‘prioviding a substrate, wafer or substrate nodule; -47 D 3 JA-3 20~~
-prooviding a first level of conducting wiring being defined and ﬂv&rjMizgﬁﬁ
substrate; - depositing a first passivating |ayer over the first |evel of
conducting wiring; depositing a first insulating |ayer of dielectric,
formng a first internetal dielectric layer (I1b~), over the first
passi vating | ayer; depositing a second insulating |layer of clielectric,
formng a sereberiimerbetBlgdisdeciklestrybed (17 1§EOR et T st |
i nsul ating |ayer of dielectric (I Ii!jé;' Eatter i)?lg an]goeé_ggilp the internetal
di el ectdiawingerBroviggd hfdasapatHae’d weiﬁﬁ §er: °formngy. a dual |
damascene trench/via openi exposi,n L NS i £M&ht of
cpnductﬂﬁ@cﬁ}P?ﬁg?bagﬁoéptP%g'a§$Vr§?gg%gﬁigg E@%d%@?f%eéﬁ%?gl barri er
| ayer or first_barrier. - nt i RRCREVEReOpRRCAYSi1ANA4 oxnd sai d
e;xposedoFeﬁﬁﬁn?rﬁePhelk'?%g%lf)g\'/e?agggggﬁggctai ng wiring;, depositing a
bl anket coppar 1 LayeLr0Y8yekNa 1l isSpeboiined, | apereiandhei ALy ahd
citrench/ via openi ngs;
e second barrier layer (41) is reactive ion etched back (RIE)

I

using Cl,/BCl; chemistry stopping on the silicon nitride
passivation layer 29. Alternately, the Al-Cu and barrier
layer are polished back_usiﬁg chemical mechanical polishing
(CMP) , stopping on the silicon nitride passivation layer 29.
The end result of the third embodiment of this invention is
an Al-Cu bond pad 44, shown in Fig. 5d. The top Al-Cu bond

pad layer 44, centrally located, can now be soldered without

the need for further passivation.

- A summary of some of the processing details and
specifications for Al-Cu alloy metal, that forms the Al-Cu
| bond pad layer, follow, and these process details apply to
all the embodiments'of'the present invention, described
earlier. For deposition of the Al-Cu 6r Al-Cu alloy metal by

physical vapor deposition (PVD), the following sputtering

conditions are: DC Magnetron sputtering with argon gas at

, pressures between about 0.1 to 10,000 mTorr, DC power from
! about 100 to 10,000 Watts, wafer temperature from about 25 to

| 500 °C, argon gas flows from about 0.1 to ;00 scom. Following
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".|ayer (111),:form ng dual

" pol i shing back .by chem cal nechanical polishing (CVW) the EXCESﬁ $gﬂ§§r @gd

~first ‘barrier layer material, stopping on the second i nter iret al “.d t2f

. danascene inlaid copper.interconnect trench/.via;-

-48 0:3 J~~ ~00~ depositing a second. passivating-|ayer or top passivating

. layer over the inlaid copper and over the second internetal clielectric

- layer (ILK) ; formng a photoreS|st over the inlaid copper and top :
-passi vaghagl ayerdemederon naan fenmpotine st P read M anto i dver a

“portion of the inlaid copper exposing a portion of: the second passivating -

| ayer; gic@ﬁnglpyyrg@ﬁmaﬂﬁbmOHTWéC£nﬁé&Iingh@reaeeseﬁep©¢l$oﬁo °¥he second
pass1vat|ng | ayer or top passivating |ayer, exposing a top portion -of the ™

inlaid §ggp§,;.by\g hi pst henikeasd/ ¥t ani ek6fengahachydyogencgageot on et ching
(RIE) of wet etching back a top portion of the exposed portion of the ,

|nla|d Q r I n ch/ MhawebAr AbBgtazpar tbakby teeagssed copper
Zreglon gr9§%r9v%gg"tﬁmﬁe£%gﬂtrench73|a and formng a partially recessed

'1IrenChIVI%egEe% gs from about 20 to 60 mlnutes,_and pressures Fﬁ?&?;r?-:

between about 400 to 760 Torr (atmosphere)

Note, for good bond pad metallurgy in dual copper‘.u

A .damascene proce531ngr bOth pure metals,'alumlnum and copper,
NS -have the same face centered cublc (foc) crystal StrUCture and

. are close in atomic metallic radii size (coordination 12),

for‘good, solid—solid solubility. Also, good electrical

|

| ‘conductivity is good for both Cu and AL , Cu = 0.94 and Al =
J o

' 0.50 (micro-Ohms)~*  respectively, with almost a 2x factor

.better conductivity for pure copper than for pure aluminum.

Therefore, copper rich alloys are better than aluminum rich |

alloys for conduct1v1ty All- equlllbrlum and non-equlllbrlum

crystal structure phases in the alumlnum copper phase dlagram '

R T S

e are pOSSlble from 0 to 100 welght percent (0 to 100 atomlc Ai,}p :
percent) in the Al-Cu alloy layer, dependlng on‘the -
composition and temperature treatments, for good solid-solid

" state solution formation.
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stripping the photoresist by oxygen plasnma ashing_or,solvent-st'iggﬁgﬁ .
““et'ching copper . oxide on the top surface of the copper i.n the r8cés 2005
.copper. regi.on wi thin the trench/via, that may be present, by hydrogen or
amoni a - pl asma gas treatnent; depositing a second bl anket conductive netal
barrier l'ayer or second barrler | ayer, over the partially recessed copper
-49 D3 J.~~i ~Q-~ region, or recess copper, within the trench/via, and
~-over the patterned second passivation |ayer or top passivation layer;

0epoSi 11 NG bl ARl kKRG £hr AlnCln ALEOY, ONSY rdiB1SeaRd BaLkI er | ayer,

and-filling the partially recessed trench/via openlng, anneallng thernally

Wit he fQr y I a || f i on; . "
pol I Shl ng Pglg-c%a%c’g&ﬁgr%ﬁcg rgr%éﬁ%?l%m? 8 't éﬂg Q%&%% = gxilgégggl | oy and
second; bar | a mat er i al ng. .on sa second passivating |ayer or
Cop. past Vat (g ApertRrBeR i §£%e§f?%m ST éﬁfﬁ%% AL o0y %,
all oy bond pad, over a CORR dual . danascene, i nterconnect trench/via,
_-HSUItab?%F%%ﬁr qq? -Cu a oy meta comp051tlons whlch are. i

2 Cu-Al phase diagram), given in weight percent are: Al ranges
' from 99. 99 to 80. 00 wt- percent and for Cu ranges from 0. 01 to

10 00 wt percent Typlcal Al -Cu bond pad layer dlmen51ons

'”;Sfollow lbond pad w1dth and length both in. the range of
approximately 1 micron to approximately 1000 microns. Note, the
metal barrier layer underneath the Al-Cu prevents Al and Cu

deleterious inter-diffusion between the bond pad and copper

underneath.

The'processes of the present invention fabricate Al-Cu
wire bonding paes that have good adhesion properties {no
‘mete;-intertaoe:seneretion/peelfailures_or-interfeoe |

-freotnreﬁeilures)ésince thereterefa-;eréeAstetietieey_;:;f
1nuﬁ5er of-these'strnctures, failure-rates'must oe very'low
and reiiability very high,.es tested by gold wire bond nnllr

" teets.'Temperature'and.hnmidity'eyeling.teets~ind;qate the
7'robuetness of the procese.andIetruoture.tronnetrees:;rack”“

corrosion, peeling, interface failure, adhesion failures.
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~36,” Wherein said substrate is-a. sem conductor -of an I C nodul e

5bdnding and sol dering Wthout further passivation 37. The nethﬁfarj IaTnl-
* fs@ﬁ

| @005
‘sem conduct or “substrat e conposed of nono-crystalline silicon Wth .

sem conductor device structures, selected fromthe-group consisting ofk

gat e. el ectrodes, source and draln-regions, metal interconnects, danascene

. interconnects, contact holes.and vias, forned a.n and on the seni conductor

" substrate. -5& “sbandgpds ngd381r¢hb°ﬁéth@Hloﬁeéta$h¥36tuv%eW@$nuﬁﬁﬂh

- first ang second |nsulat|n | ayers of dielectric, internetal.dielectric.

layers ( RDFYai PRt auabeda SeR lPV%ﬂEhPVu% E?EU§EI@€9eat¥PSHPFﬁ§ group -

GoneL | B, 0988 3RIoAIGOBEg oLl G000 QAbIE, op L ERLR kngégerme.n“

d1e|ectr|c constan org nic poFyners

the Al: Cygablkoy HQHQfQé@ur§n8VﬁseatgHE5 dﬁﬂﬁéﬁgpsokERSECQBBQC& pgench/via,

that is filled Wth copper aind Tined with a diffusion rier Tiner. 40.

The met hed taf acbai-an38018dEt BAL1CORPEbAHAE t8r Bhadsarrakehost @Rel ayer on

W;ﬂhe first insulating |ayer of dielectric (IMD), for the purpose of forn1ng
"v%a ‘dual-- da&&suemetaﬂepauland npasmog apﬁllaaetherb@d oétchalanaﬁe wherein: -
> the second passivating layer or top passivating layer-is selected fron1the'*“
'group coR9i deprgest tosthecsnrfipeei dso prevesh skeardri Fbe dikmetarcafbi de

-:fand boron nitride, with a thickness from approximately 500 to 6, 000
-Angst r oméh 94?1r?hgeﬁ€FW6BeéfacF&PH#SGdlﬁﬁéréﬁheﬁﬁént6 rSBEFPohftheopper

- t hi the _t d t hi t h/ .
etohed bR B Ro g Yk ERR SR OBy B RS R rheg e ¢ S
o t foxi d |
. r-r(c BK'E'QS, Bhelre ?2'% BorRerpa bl bl 8 BlaSBAMER ks wnd Eﬁﬁ%ﬂh oxice
C .structure ~If the wire breaks (w1re necklng), 1t leaves a’ e
"~ bonded portion called a nugget attached to the pad. It is

1
F

'} considered that sufficient bonding has been achieved to
l .

develop adhesion that can withstand repeated thermal,

|

humidity (T&H) and/or mechanical stress of the degree
encountered durinc the testing and manufacturing..However, if
' a failure occurs between the metal and any interface in the
structure (by peeling, fracture, interface failure) at a
force less than that requlred to break the wire, adhe31on is
.xr,cons1dered to be of a 31gn1f1cantly low: value whlch it will
;{_be deleterlous to the rellablllty of the product ere Gbond{d
-pull tests were conducted to a large numbers of pads, to be
statlstlcally 51gn1flcant, to prove the robustness of the
1nvent10n’s processes to form Al-Cu bond pads for good

"adhe81on propertles
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=51 0 3 JAS 200 (CC14), hydrochloric acid (HO), hydrofluoric 2§U%ﬁ$ﬁg B
~-acetic acid (CH3COOH), annnnlun1fluor|de (‘NH4F), tetranethylanng

“hydroxi de ( TVAH), tetraethylannonlun1hydrOX|de (TEAR) , tetrapropylannnnlum
“hydroxide (TPAH), benzotriazole, surfactant and water, for -a copper renoval
bet ween about 100 to 8000 Angstrons. '43. The net hod of claim 36, wherein
the top portion of ;i copper vWthin the trench/via, forning recessed
" .copper within the TpeAumhatH, f@reﬁéheﬁhﬁ?ewﬂﬁléteﬁboﬁsmﬁgtét@ﬁ sbeution

‘mi Xtures, ‘that are selected fromthe_ group consisting . of: DWBCYCC14 '&m
TNAH/HzoprﬁﬂﬂFFciBEEEFPOHF/RPEFFPEOAldpPug@nﬁFPaQnHaYQr can be.

bout 100 to.

F
?oéﬁﬁ’ggf% (RYESh e She 2y ERHP e EIRLRL,, LLCKIEER DB 2Er R0
| ayer, ° uQEEWEQBo%FEg ? ﬁ%t tBLEQUE LE PBEQcEég éBthEﬁe g?%; i he

underneat is sele e group cons stlng of one or

fmlIomnn@opbgatggmgw(ﬁg)thbaﬁggkggbnuggbge (TaN), tltanlunlnltrlde (TiN),
r}jnd tungsten nitride (W\), deposited either by physical vapor

eposi ti-on.(:PVD),. or.:by. chenical -vapor. dep05|t10n (-€VD); .. for~an apprOX|nate -

tthi ckness fron120 fo 5, 000 ‘Angstrons. -52° - 0 3 J~~! 200 45 The nethod of
‘¢l ai'm 36, mhemﬁeatbleankzwnltaper haf he€n szahrd;ycnéaa:ﬂm showpoahtded over

i'said second. barrier |ayer. by physical vapor deposition (PVD) sputterlng,-

for a f|pﬁﬁFﬁP@@ﬁe§§tPr6&F§5&GF92t@OGhﬁoP?GfGGGEAn@?PPG&EGH The net hod

S804 cecshETERN ot 3&3'%5 S Eaed, B0 rasbo Skt (WD) sdepgst cring:
for a f1lmabigleness Cramaatou 2000 8 204009 HE5 EQ Sl AGHLE
| ne argon gas at

s follomnng pr.ocess con ron sputters g

pressureael@ﬁtﬂ&el;g @Q%I thiel spe r1Q Q% | BCHRRWR hbhRTLAROUt 100 to-
10, 000 Watts er tenperature from about 25 to 500 C, argon gas f1 ows

;fron1about 0.1 to 100 scan. 47. The nethod of C aim 36, wherein the form ng

" lgas annealing the layer of Al-Cu alloy, enhancing alloy formation, consists

~iof the foll ow ng conditions: gas anbient- is a m xture of nitrogen and ‘

- thydrogen gas or form ng gas, tenperature between about 200 to 500 C at
fanneal times fromabout 20 to 6Oh#Enkfedlabnedpi@ssures bet ween about 400
to 760 Torr (atnnsphere) -53

|

i
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0 i3 JA=~ 200 48. The nethod of claim 36, wherein the Al -Cu bond for
‘wi:re-bondi ng over barrier |'ayer and.copper conducting mterconn@gf/jﬁb‘bmﬂg
.consists of Al-Cu alloys with conpositions wiich are aluminumrich,
consisting of Al nmetal ranging from about 99.99 to0-90.00 wt percent,. and Cu
nmetal ranging fromO0.01 to 10.00 W percent. 49. The nethod of cl ai m36,
wherein the Al-Cu bond pad , for Wre bonding over barrier | ayer and copper
~ .conducti ng interconnect/via, consists of the follow ng di mensions: bond -pad
W dt h: and |ﬁngth\Q@Hﬁoﬁnfbk}eféﬁﬂﬂéaein@pﬂﬁlm ds Hoe! on:to '
~ approxi mately 1000. 50. The method of claim 36, wherein the Al-Cu bond pad
and seg@plli afic inAyeSFRreana@ntras | yembddinabradviiceged by either an
r'eactive ion etch (R E) back using C12/BCl13 or the excess Al-Cu and second
barri ewsived erapHeradyale dewedchye ¢ hamrethodreesdmpriiceingpol i shing (CVPj, and
~fior- both met hods_ st oppi r&%gon 'sai d second passivating |layer or top
passi vat i n@iaicking sy subgtzafa--wafer oy subrtrahehd®dglec| ai m 36, Werein
;_.atihe Al -Cu al oy bond pad is planarized. by.renoving excess Al-Cu, by a
imethod: sel RAVEFren® I’Fé'r@togﬁ"%ngfs?? %“%?lm-bl % REFBF by chenical

-_r‘nachanl gﬂg& Cﬂ v%r( (é‘l\/P)dt ﬁmols!t' 09, . ion mlling, and/ or etching, |eayi ng R

’ G)nl y t%e I's "on e Copper "dual damascene inlaid structures, that
“include tf enghlai@ And igaehGaRaagt 1R0CLT QS, SIOAAAL A2ydl d second
;paSS|vat| ng l"ayer or top passivating Tayer. 52. The nethod of cl ai'm 36,
V\hEFEI@ftmcﬁﬂcﬁhgﬁﬂp}lQﬁﬁ_ﬂgqnd pad over a copper dual damascene i nt er connect
ztrench/via, axe.fabricated for "MOSFET and:CMOS devices, ‘for. bot h menor.y ‘and
|og|c deVIOdEpﬁxﬂtInﬁlaOEE:stSinsulatlng layer of dielectric;
L AN Ale: A(L.AC, . A(e. ALl Ae. AL/ . A(L. A(e. A(/ .. A A(L. AC. AC. ALCA( L Ae. A( A( A(
L AK: AL iﬁ({er;(nsA(a AEJA(S‘LA( ErmataA( ﬂlﬁéeﬂtrlﬂ(laﬂs(emHWDd/, AzlfvérAl\ A<y Al ANY -
y A 1Yy. ANy. Aly. AlYy. Aly. AL?. A@ . Al NYy. Aly. A 1<y.A Al4:'}0>0<45 >0C
<<(<1 %W%S’@mgﬁﬁ&ABObF @Clp@0@q0G @\ q\ @< @ OL<

~ Isvg"*ai gXA xall | Iy’ TPBbX0~<f 0>c @PhLOSECA Pc* s 22#$o @ a@@@ @
0A0@ @R e A o @@@@@? 0@0

S s R Sty o, S0 00

8<X<X<¥ﬁé<§f¥§e<<£h<sﬁ11a@&%<>ﬁ fx&é'<a@1eétr1é Tedirfo; >TC 11 (1 @ o) @
| @ @O @ @A @ @ @OR @ 8@ <@ @p<@@ 27@>hh<@
<dh< <4h' &@étﬂ\&(:&ﬂllrﬂgﬂaﬁﬁ etbh@g$ th%@igém@:%@me@g&ﬁ@ |

layers (IMD), and said pa551vat1ng layer, formlng a dual

damascene‘trench/via opening, exposing regions of the flfst
A " level of conductlng w1r1ng, -
depos;tlng and patternlng a cap layer o?er the
:second 1ntermetal dlelectrlc 1ayer (IMD}, .
dep051ting a flrst blanket conductlve metal barrler lafer.;rne{
or.flrst barrier layer, over the patterned cap layer,
and into the tiench/via.opeﬁings, and over eaid exposed-‘ L . ",
“'fe'reglons of the fxrst level of conductlng w1r1ng,_l_ﬁ??f

dep051t1ng a blanket copper layer over the first

barrier layer, and fllllng the trench/via opening;
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the semiconductor substrate.

3.  The method of claim 1, wherein both first and
second iﬁsulating layers of dielectric, intermetal
i dielectric layers (IﬁD), for dua; damascene trench/via
: afe‘selegted from the group consisting of doped and
f undoped silicon dioxide , silicon oxide, Low
| diélectric constant organic polymers.

'a4. j The method of clalm 1 ‘Whereln the Al Cu alloy ilé'];r_
1cfboﬁd pad is over ‘a dual damascene 1nterconnect -

trench/v1a that is filled ‘with copper and lined with a'a

dlffu51on barrler 11ner

cn,lnterconnects, Gontact. holes and vias, formed 1nmand'en-"7” R R
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u3t7approx1mately 500 to 6 000 Angstroms

forming an etch stop layer on the first insulating layer
of dielectric (IMD), for the purpose of forming a dual

damascene trench/via opening.

6. The method of claim 1, wherein the passivating

cap-layer_or cap layer is selected from the group

‘ cons;stlng of, silicon'nitride, s;llcon oxynltrlde

Slllcon carblde and boron nltrlde w1th a. thlckness from_

7. The method of claim 1, wherein the top portion of

" copper within the trench/via, fdrming.recessed copper

within the trench/via, is etched back selectively by wet

etch using DMSO/CCl, solution, dimethylsulfoxide/carbon

TV

@' LG 10%
10, 10,

HOvE () -> 100\ q\

tetrachloride, in a temperature range from 20 to 150 °C, for an

etch rate'range thiCkness between 5 to 100 Angstroms per minute,

in an etch tlme of between 1 to 60 mlnutes, for-a copper removal

between about 100. to aooo Angstroms

'8:*'¢§Ee-ﬁeﬁhbd'df claim i;uwheréiﬁ_thé toprwbbffieﬁlefstv N

coﬁper within the trench/via, forming recessed copper

within the trench/via, is etchéd back selectively by a wet

"gfetch u51ng an etchant séledtéd from the group .

con51st1ng of, hydrofluorlc ac1d {HF) , acetic acid
(CH5COOH) , ammonium fluor;de_(NH;F), tetramethflammonium

hydroxide (TMAH), tetraethylammonium hydroxide (TEAH),
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3“,10%&'()-'d(10% & ()-!Hd(10%& () - "*"4(8(9( (5 (H(uj L
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.“surfactant and water.

9. -The method of claim 1, wherein the top

-portlcn of* opper w1th1n the trench/v1a, formlng

recessed copper w1th1n the trench/v1a, is. etched back

- selectlvely by a wet etch, using etch solution mlxtures,

' that are selected from the group consmstlng of NH4F/CH3COOH

R R HF/NH4F/H20 HF/NH4F/H20/surfactant, and TMAH/Hzo

10. The method of claim 1, wherein

the second:barxier layer, in between the top'Al—Cu

"alloy wire bond pad and the ccpper_underneath, is

selected from the group consisting of one or more of the

folloWing: tantalum’ (Ta), tantalum nitride (TaN), titanium
nit:idel(Tiﬁ),_and tungsten nitride {WN) , deposited either
bylphysicel vepor,deposition (PVD), or by chemical wvapor

j 'depositicn {CVD) , fo; an approx}mate thickness from 207

' .. t0.5,000 Angstroms.

© 0 11, Whé method of claim 1, wherein a blanket layer
of‘Aqu allof metal is'deccsited over said secohd
barrier'layer by physicel'vepor.deposition (PVD},

for a fllm thlckness from abcut 2 000 to

"53 sputterlng,

20,000 Angstroms
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of AlCu alloy metal is depos;ted over said second

barrier layer by physical vapor deposition (PVD),

_sputtering; for a film thickness from about 2 000 to

EE?L3;+120 000 Angstroms, us;ng the followmng process l
‘condlrlens: pC_Magnetron,sputterlng with argon gas at
:'pressuree betﬁeen-about 0.1 te 10 OOOemTorr DC power

'rifrom about 100 to 10 OOO-Wetts, wafer temperature £rom

'3F¥about 25 to 500 0C, argon gas flows from about 0 1 to

100 sccm.

i3.' The method of Claim 1, whereie the forming gas
annealing the layer of Al-Cu alloy, enhanciﬁg alloy formation,
consists of: the following conditions: gas
ambieqt is a ﬁixture of nitrogen and hydrogen‘gas‘or
; forming Qas, temﬁeragure between about 200 to 500 °c at-'
._ﬁtanﬁéglypimeszremﬁéboutZQ.te Sg;minﬁtee;.aedpréseures-

_ between about 400 to 760 Torr (atmosphers). | . .. . .

© 14. The method of claim 1, wherein the Al-Cu bond pad , for

’ .w1re bondlng over barrler layer and copper conductlng

| ° . which are aluminum rich, consisting of Al metal ranging from
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hi 10% €5( e 660hyO B9ERARL ()- 10, 10, 10, ,810% & () - xJJJ _ KKgMVR?2| Z9
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10, 10, 10,#:10%& ()-Z,110% & ()-t810% & () - VRRcSSSSSSS{ peZ8
I\h&loqﬁp@pgﬁ() quimethd of c¢laim 1, wherein the Al-Cu bond

pad , for wire bonding over barrier layer and
copper conducting interconnect/via, consists of the
following dimensions: bond pad width and length both in the

range of approximately 1 micron to approximately 1000 microns.

16. The method of claim 1, wherein the Al-Cu bond
pad layer and second barrier layer are centrally patterned and
j formed by either an reactive ion etch (RIE) back using
i } Cl,/BCl; or the excess Al-Cu and second barrier material are
| removed by chemical mechanical polishing (CMP), and for both

; methods stopping on the silicon nitride cap layer.

17. The method of claim 1, wherein the Al-Cu alloy
bond pad is planarized by removing excess
“ Al-Cu, by a method selected from the group consisting of:
Planarization by chemical mechanical polishing {(CMP), milling,
. ion milling, and/or etching, leaving
only the Al-Cu that is on the copper dual damascene
inlaid structures, that include trench/via and

interconnect portions, stopping on the silicon nitride

cap layer.
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]1 . | .
PR e R TR
-i applications in MOSFET and CMOS semiconductor devices
using copper dual damascene, a method comprising:
providing a substrate, wafer or substrate module;
providing a first level of conducting wiring being
defined and over said substrate;
depositing a passivating layer over the first level
of conducting wiring;
depositing a first insulating layer of dielectric,
; forming a first intermetal dielectric layer (IMD), over
the passivating layer;
depositing a second insulating layer of dielectric,
| forming a second inte;metal dielectric layer (IMD), over
}1 the first insulating layef of dielectric (IMD);
patterning and etching the intermetal dielectric
layers (IMD), and said.passivating layer, forming a dual
E damascene trench/via opening, exposing regions of the
first level of conducting wiring;

depositing and patterning a cap layer over the

second intermetal dielectric layer (IMD) ;
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10,,910% & ()-V6 10% & ()-210%& ()-!'[$ (10%,?, & ()- !'T$ (10%3,8,&'}&'—'
01" 10% & () - 7vvvv22xy{y|dB? 10,!2!'109% ()-JLf m'10% & () -! i3 N 2005
- @10%,& ()-!,10% ()-'h,109% ()- 10, 10,y|~|||I||}~~_= 10,!}"10% L& ()-
TI0%R ()-10% & ()- '} %, 10%%a%& ()- 10, 10, 10,,&910% & () - ~8X<}"r?~_ =

10,!'x9-10% & ()- 1'"P"10% & ()-i9%!10% & ()-!LI

F109%R' ()-Lpl0% & ()-!'}"10%,& ()- X" I~ @ 10,!10% & ()-10% & () -
o bht109%& ()- 10, 10, 10,,&910% & ()-P9-10% & ()- n' CaB~_@
"161!L9$10965£ aéiéin a First blanket conductive metal barrijier layer
lO%&f()-I!lOOQ&f()-flnflO%;&'()-<P"10%;&'()-! !10%&f()-X€2;
5 or first barrier layer, over the patterned cap layer,

and into the trench/via openings, and over said exposed
regions of the first level of condﬁcting wiring;

depositing a blanket copper layer over the

first barrier layer, and filling the trench/via

openings;

polishing back by chemical mechanical polishing
(CMP) the excess copper and first barrier layer
material, stopping on the cap layer, forming a dual

damascene inlaid copper interconnect trench/via;

forming a photoresist over the inlaid copper'and cap layer;

patterning the photoresist making an exposed

i opening over a portion of the inlaid copper;

5 etching back by wet etching a top portion of the

| exposed portion of the inlaid copper within the trench/via,
forming a partially recessed copper region or portion

within the trench/via and forming a partially recessed

J trench/via opening;

stripping the photoresist by oxygen plasma ashing or

solvent stripper;
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Lf110% & ()-SL! 109 ()-0/0'10% & ()-0 10% & ()-10% & ()-/ X Z;
107!10% & ()- = 109V& ()-!j=. 109RR& ()- 10, 10, 10, C910% & ()-!x)
(10%,\,& ()- G(}"?{Z |
10i 90! 10% & () -1 $10% & ()-9"#10% & ()-10% & ()-!v(10% ()- !W(10%, & ()-

(1< 10 Q 10%& ()- ,109& ()-!7?h, 109& ()- 10, 10,
10,,910% & ()-3+P"10% & ()-n{ &+, xY: /<

10,810% & ()-1|P"10% & ()-1E ' 109 ,), & ()-!>"10% p"p& ()-

)f 10%&'()'Qééthg%%%%pgk'okiékhgg<tﬂ9’£op surface of the copper
in the recessed copper region within the trench/via, that

may be present, by hydrogen or ammonia plasma gas

treatment;

depositing a second blanket conductive metal barrier layer

or second barrier layer, over said copper and said

recessed copper region within the trench/via, and over

the patterned cap layer;
depositing a blanket layer of Al-Cu alloy over the

second barrier layer, and filling the partially recessed

trench/via opening;

annealing thermally with forming gas the layer of

Al-Cu alloy, enhancing alloy formation;
pelishing back by chemical mechanical polishing

(CMP) the Al-Cu alloy and second barrier layer material,

stopping on the cap léyer; forming a centrally located region of

inlajid Al-Cu allcoy bond pad, over a copper dual damascene

interconnect trench/via, suitable for wire bonding and soldering

without further'passivation.
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g 20. The method of claim 19, wherein said substrate
is a semiconductor of an IC module, with the
semiconductor substrate composed of mono-crystalline

silicon with semiconductor device structures, selected

from the group consisting of, gate electrodes, source
i and drain regions, metal interconnects, damascene
interconnects, contact holes and vias, formed in and on

the semiconductor substrate.

21. The method of claim 19, wherein both first and
second insulating layers of dielectric, intermetal
J dielectric layers (IMD), for dual damascene trench/via
are selected from the group consisting of doped and
undoped silicon dioxide

, silicon oxide, low

dielectric constant organic polymers.

22. The method of claim 19, wherein the Al-Cu
alloy bond pad is over a dual damascene interconnect
trench/via, that is filled with copper and lined with a

diffusion barrier liner.

23. The method of claim 19, further comprising
forming an etch stop layer on the first insulating layer
of dielectric (IMD)}, for the purpose of forming a dual

damascene trench/via opening.
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(10%08& ()-,s]>3C 1 10,, &910% & ()-! 03" *109%1x1& ()-p! 3"*10%j & () - pl
10% & ()- | CL0% & ()- H-10%j & ()-V#AUCDC 1 10, 10% & ()-!E = 10%)& ()-
p = 1099T& ()- i= 109WE& ()-y!~h=. 10%& ()-y 10, 10, UM[\]”eD 1 10, =. 10%
'&'()"Sh— 1P (ke Hethb® of claim 19, wherein the

passivating cap layer or cap layer is selected from the
group consisting of, silicon nitride, silicon
oxynitride, silicon carbide and boron nitride, with a

thickness from approximately 500 to 6,000 Angstroms.

25. The method of claim 19, wherein the top portion of
copper within the tfench/via, forming recessed copper
within the trench/via, is etched back by wet etch using
an etchant, selected from the group consisting of, one
or more of the following chemicals: dimethylsulfoxide
(DMSO) , carbon tetrachloride (CCl,), hydrochloric acid
(HCl1l) , hydreofluoric acid (HF), acetic acid (CHsCOOH),
ammonium fluoride (NH,F), tetramethylammonium hydroxide
{(TMAH) , tetraethylammonium hydroxide (TEAH),
tetrapropylammonium hydroxide (TPAH), benzotriazole,
surfactant and water, for a copper removal between about

100 to 8000 Angstroms.

26. The method of claim 19, wherein the top portion of
copper within tﬁe trench/via, forming recéssed'copper
within the trench/via, is etched by wet etch, using
etch solution mixtures, that are selected from
the group consisting of: DMSO/CCl,;, TMAH/H.O,
NH,F/CH;COOH, HF/NH,F/H,0, dilute HF, and
HF /NH.F/H,0/surfactant, for a copper removal thickness between

about 100 to 8000 Angstroms;
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27. The method of claim 192, wherein the second
barrier layer, in between the top Al-Cu élloy wire bond
pad layer and the copper underneath, is selected from the group
consisting of one or more of the following: tantalum
(Ta) , tantalum nitride (TaN), titanium nitride (TiN),
and tungsten nitride (WN), deposited either by physical
vapor depositio# (PVD) , or by chemical vapor deposition
{CVD), for an approximate thickness from 20 to 5,000

Angstroms.

28. The method of claim 19, wherein a blanket
layer of AlCu alloy metal is deposited over said second
barrier layer by physical vapor deposition (PVD)},
sputtering, for a film thickness from about 2,000 to

20,000 Angstroms.

29. The method of claim 19, wherein a blanket
layer of AlCu alloy.metal'is deposited over said second
barrier layer by physical vapor deposition (PVD),
sputtering, for a film thickness from about 2,000 to
20,000 Angstroms, using the following process
conditions: DC Magnetron sputtering with argon gas at
pPressures between about 0.1 to 10,000 mTorr, DC power
from about 100 to 10,000 Watts, wafer temperature from
about 25 to 500 °c, argon gas flows from about 0.1

to 100 sceom.
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30. The methcd of Claim 19, wherein the forming
gas annealing the layer of Al-Cu alloy, gnhancing alloy
formation, consists of the following conditions: gas
ambient is a mixture of nitrogen and hydrogen gas or
forming gas, temperature between about 200 to 500 °% at
anneal times from about 20 to 60 minutes, and pressures

between about 400 tec 760 Torr {atmosphere).

g 31. The method of claim 12, wherein the Al-Cu bond
| pad , for wire bonding over barrier layer and
copper conducting interconnect/via, consists of Al-Cu
alloys with compositions which are aluminum rich,
consisting of Al metal ranging from about 99.99 to 80.060
wt percent, and Cu metal ranging from 0.01 to 10.00 wt

percent.

j : 32. The method of ¢laim 19, wherein the Al-Cu bond
' pad , for wire bonding over barrier layer énd
copper conducting interconnect/via, consists of the

following dimensions: bond pad width and length
both in the range of approximately 1 micron to

approximately 1000 microns.
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: pad layer and second barrier layer are centrally patterned and
formed by either an reactive ion etch (RIE) back using
Cl./BCl:; or the excess Al-Cu and second barrier material are

removed by chemical mechanical polishing (CMP), and for both

methods stopping on the silicon nitride cap layer.

34. The method of claim 19, wherein the Al-Cu
alloy bond pad is planarized by removing excess
Al-Cu, by a method selected from the group consisting
of: planarization by chemical mechanical polishing
(CMP) , milling, ion milling, and/or etching, leaving
only the Al-Cu that is on the copper dual damascene
inlaid structures, that include trench/via and
interconnect portions, stopping on the silicon nitride

cap layer.

35. The method of claim 19, wherein the aAl-Cu
alley bond pad, over a coﬁper dual damascene
interconnect trench/via, are fabricated for MOSFET and
CMOS devices, for both memory and logic device

applications.

36. A method for fabricating wire bond pads for
applications in MOSFET and CMOS semiconductor devices
using copper dual damascene, a method comprising:

providing a substrate, wafer or substrate module;
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depositing a first passivating layer over the first
level of conducting wiring;

depositing a first insulating layer of dielectric,
forming a first intermetal dielectric layer (IMD}, over
the first passivating layer;

. depositing a second insulating layer of dieléctric,

forming a second intermetal dielectric layer (IMD), over
the first insulating layer of dielectric (IMD) ;

patterning and etching the intermetal dielectric
layers (IMD), and said passivating layer, forming a dual
damascene trench/via opening, exposing regions of the
first level of conducting wiring;

depositing a first blanket conductive metal barrier
layer or first barrier layer, intc the trench/via openings,
and over said exposed regions of the first level of
conducting wiring;

depositing a blanketrcopper layer over the first barrier
layer, and filling the trench/via openings;

pelishing back by chemical mechanical polishing
{CMP) the excess copper and first barrier layer
material, stopping on the éecond intermetal dielectric
layer (IMD), forming dual damascene inlaid copper

interconnect trench/via;
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layer over the inlaid Topper and over the second intermetal

2005

dielectric layer {(IMD) ;
o forming a photoresist over the inlaid copper and top
passivating layer;

patterning the photoresist making an opening over a portion
of the inlaid copper exposing a portion of the second passiﬁating
layer;

etching by reactive ion etch (RIE) the exposed portion of
the second passivating layer or top passivating layer, exposing
a top portion of the inlaid copper within the trench/via;
; etching back by reactive ion etching (RIE) or wet
etching back a top portion of the egposed portion of the inlaid
copper within the trench/via, forming a partially recessed copper
region or portion within the trench/via and forming a partially
recessed trench/via openipg;

stripping the photoresist by oxygen plasma ashing or
solvent stripperf

etching copper oxide on the top surface of the copper in
the recessed copper region within the trench/via, that may be
present, by hydrogen or ammonia plasma gas treatment;

depositing a second blanket conductive metal barrier laver

or second barrier layer, over the partially recessed copper
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; region, or recess copper, within the trench/via, and over the
patterned second passivation layer or top passivation layer;
depositing a blanket layer of Al-Cu alloy over the second
barrier layer, and filling the partially recessed trench/via
opening;
annealing thermally with forming gas the layer of Al-Cu
alloy, enhancing alloy formation;
polishing back by chemical mechanical polishing (CMP) the-
Al-Cu alloy and second barrier layer material, stopping on said
second passivating layer or top passivating layer, forming a

centrally located region of inlaid Al-Cu alloy bond pad, over a

copper dual damascene interconnect trench/via, suitable for wire

bonding and soldering without further passivation.

37. The method of claim 36, wherein said substrate
; ~ is a semiconductor of an IC module, with the
semiconductor substrate composed of mono-crystalline
silicon with semicondﬁctor device structures, selected
from the group consisting of, gate electrodes, source
and drain regions, metal interconnects, damascene
interconnects, contact holes and vias, formed in and on the

semiconductor substrate.
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layers (IMD}) , for dual damascene trench/v1a are selected from the
group consisting of doped and undoped silicon dioxide , siliceon

oxide, low dielectric constant organic polymers.

39. The method of claim 36, wherein the Al-Cu
alloy bond pad is over a dual damascene interconnect trench/via,
that is filled with copper and lined with a diffusion barrier

liner.

40. The method of claim 36, further comprising
forming an etch stop layer on the first insulating layer
of dielectric (IMD), for the purpose of forming a dual

damascene trench/via opening.

41. The method of claim 36, wherein the second
passivating layer or top passivating layer is selected
from the group consisting‘of, silicon nitride, silicon
oxynitride, silicon carbide and boron nitride, with a

thickness from approximately 500 to 6,000 Angstrbms.

42 . The method of claim 36, wherein the top portion of
copper within the trench/via, forming recessed copper within the
trench/via, is etched back.by wet etch using an etchant, selected

. from the group consisting of, one or more of the following

chemicals: dimethylsulfoxide (DMSO) , carbon teﬁrachloride
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tetrapropylammonium hydroxide (TPAH), benzotriazole, surfactant

and water, for a copper removal between about 100 to 8000

Angstroms.

43. The method of claim 36, wherein the top portion éf
copper within the trench/via, forming recessed copper within the
trench/via, is etched by wet etch, using etch solution mixtures,
§ that are selected from the group consisting of: DMSO/CCl,,
| TMAH/H,O, NH4F/CH:COOH, HF/NH,F/H,0, dilute HF, and
HF/NH,F/H,0/surfactant, for a copper removal thickness between

about 100 to 8000 Angstroms.

44. The method of claim 36, wherein the second barrier
layer, in between the top Al-Cu alloy wire bond pad and the
copper underneath, is selected from the group consisting of one
or more of the following:. tantalum (Ta), tantalum nitride (TaN),
titanium nitride (TiN), and tungsten nitride (WN), deposited
either by physical vapor deposition  (PVD), or by chemical vapor
deposition (CVD), for an approximate thickness from 20 to 5,000

Angstroms.
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45. The method of claim 36, wherein a blanket

layer of AlCu alloy metal is deposited over said second
barrier layer by physical vapor deposition (PVD),
sputtering, for a film thickness from about 2,000 to

20,000 Angstroms.

46. The method of claim 36, wherein a blanket
layer of AlCu alloy metal is deposited over said secon&
barrier layer by physical vapor deposition (PVD),
sputtering, for a film thickness from about 2,000 to
20,000 Angstroms, using the following process
conditions: DC Magnetron ;puttering with argon gas at
pressures between about 0.1 to 10,000 mTorr, DC power
from about 100 to 10,000 Watts, wafer temperature from
about 25 to 500 °C, argon gas flows from about 0.1 to

100 sccm.

47. The methed of Claim 36, wherein the forming gas
annealing the layér'of Ai—Cu alloy, enhancing alloy formation,
consists of the following conditions: gas ambient is a mixture
of nitrogen and hydrogen gas or forming gas, temperature between
about 200 to 500 °C at anneal times from about 20 to 60 minutes,

and pressures between about 400 to 760 Torr (atmosphere).
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oys with compdsitions w re a
Mf consisting of Al metal ranging from about 89.8%9 to 90.00
wt percent, and Cu metal ranging from 0.01 to 10.00 wt

percent.

49_. The method of claim 36, wherein the Al-Cu bond pad ,
for wire bonding over barrier laver and copper conducting
interconnect/via, consists of the following dimensions: bond pad
width and length both in the range of approximatelyrl micron to

approximately 1000.

50. The method of claim 36, wherein the Al-Cu bond
pad and second barrier layer are centrally patterned and formed
by either an reactive ion etch (RIE) back using
Cl,/BCl: or the excess Al-Cu and second barrier material are
removed by chemical mechanical polishing (CMP),

and fof both metheds stopping on said second passivating layer or

' top passivating layer.
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51. The method of cléim 36, wherein the Al-Cu
alloy bond pad is planarizedrby removing excess Al-Cu, by a
method selected from the group
consisting of: planarization by chemical mechanical
polishing (CMP), milling, ion milling, and/or etching,
leaving only the Al-Cu that is on the copper dual
damascene inlaid structures, that include trench/via and
interconnect portions, stopping on said second

passivating layer or top passivating layer.

52. The method of claim 36, wherein the Al-Cu
alloy bond pad, over a copper dual damascene
interconnect trench/via, are fabricated for MOSFET and
CMOS devices, for both memory and logic device

applications.
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