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WD 2004/ 093185 PCT/ US2004/ 010861 5 | NTERCONNECT
APPARATUS AND METHODS Field of the Invention 10 The
w@e@gmopiiss nvention relates to the field of i ntRPCTOAVEL010861
structures for integrated circuit packages and to
nmet hods of fabricating same, and nore particularly to
copper interconnect structures for electrically
connecting two or nore el ectronic conponents. 15
Background I nterconnection technology is an inportant
aspect of the fabrication of electronic conponents
cont ai ni Ng INQPRAINECITAPRYRATYS 10D ME®ROS | n chip
bondi ng, the back of a chip is mechanically attached
to an appropriate nmedium such as a ceram c substrate,
a paddle of a netal |ead frane or to a ball grid
array (BGA). The qu%§ddo I&Jng for the chip 20
normal Iy includes bo e electrically
attached, via the necessary connections, to the

und I ing circuit. The c has a protectiv
oV e gb@yeqtla9 éqlatesgtg Héerqléﬂ?c} gfomtlegxp suptyres for inte grateg
c1r9tﬁ§;§a'ck’a%€é fMto methladdn&i ST cRIYVdafleNhd3ESTE P& titarkyN8 ¢
bond pads on the circuit side of the c p

lntalc@méctétrturtur@afql plegtppriycoBRECHRE THOEOT Rtk glerironis£GmPPYents.
Wi res or other electrical conductors to permt
utilization of the integrated circuit (1C). The type
of 25 interconnection scBadkerodmdch is used can vary

e RREG R b wp il Fipse LT R L Gcone

cofnﬁ&ieﬁ@chMaMﬁl@delﬁﬁoxﬁzﬁekr d@ficek.NBoricRigp16,aN BB boRding, Atback of a
ese may be ultrasonically bonded to the bond

Chl(l’é%ﬁ*é‘ihiaﬁﬂé%lly gtiaghed fan approREpte medan, syghyag alﬁ%fﬁ’alicrﬁg‘8§tfaé?r a paddle
of D¥neldMRad ﬂaﬂg&l B8R vaf tgﬁ@ h@@r Byl B M@;p&hem Bpwﬁlmg'f&qﬁé chip
n n

connecti o et ween pad o he chip an
nogudilytinchides besl pads whieh fueiefpeicisaljy Jttadedsd) the 3ecesiaesonnections, to
cO n_nmeth for making lC in connect | such a
AR T b o« pRAHECARREN GRTm B gFheftDy
refEifir@ as PAssilvitone Wikl HeltOProviaing @t desy to Cltdud bﬁlfs "Slttpﬁmﬂtpads on the
devi.ces, include Tape Automated Bondi ng

CrEG AR FPBAT SiseBO S CAEBITAC? DFPRERSAecd Y tiepor oher

electrical conductors to permit utilization of the integrated circuit (IC). The type of
interconnection scheme which is used can vary widely, depending on the desired
characteristics of the packaging involved. For example, thin wires are typically used as part
of the interconnection, and these may be ultrasonically bonded to the bond pad (sometimes
referred to herein as “wire bonding”) or by the formation of solder balls which make a direct
connection between the bond pad on the chip and a substrate (as in the flip chip process).
Other common methods for making IC interconnections, such as connecting the bond pads to
the leads of the lead frame, or the conductors of other conductor support devices, include
Tape Automated Bonding (TAB), Controlled Collapse Chip Connection (C4) or bump

bonding, and through the use of conductive adhesives.
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bondi ng, and through the use of conductive adhesi ves.

1 WD 2004/ 093185 PCT/ US2004/ 010861 5 Al umi num has
wheooeedies e frequently been the material of chetTesS1004/010861

use in the formati on of the interconnect el enents,

such as the netal traces of the sem conductor circuit,

the bond pads and (for large pitch applications)

Wi res. However, the desirability of using alum num

has recently been affected by the pressure in the IC

i ndugtimhinuinthat Bettotord ﬁa;uemgt beai the ngdtetR 6ff chbice €8\ik€@She
and to_i ncrease th gut/out ut capacity and speed of
n

foRRIAN G5 S comsftSlemsnsy wel ar Be Fatl Iriet efibe tPHipeHaRFirou,
thd BndfpalendlfREES: Hith taﬂﬁlcm%&uﬁBQéve? ek ée'sﬁ]ﬁﬁh ok 194111

I nterconnections, which frequently require thinner and
ahsmmuhn%@cmlm@efm afifeeted by the pressvesinl the IC industry 66 retles the cost and

31zrge{f g(? Ih%g% gﬁd 8f1nc@!:al§mhtg grigug&g%ﬁt 3 aaclitI %x%’ds SF)FeSctilcf Su(% devices. This

resrs
presedre Al ihd:rbgsadiﬂﬂ neddefot fimemrirgeed oh e shmuﬁn&m&fr lkedififer pae
for nore re her cgnduct|V|ty metal s for

le, and .hi
IntHEAneHH W EIF%%' lewﬁﬁ%efafl EHIGHRES [ IBAMBESS ofsa result,
soREbee ﬂeﬂ&er&fb@bﬁ ABER 0 d 8 W GR Ssudin & Rla8 WP Rih 'ré'ég;tance to
substrate, such as a | eadframe or BGA, are usual

cusfgidloys rqligblilw and glspiepmpigiagian happ epaskaghe need for @forfgmh@bla ragld
hi hlatec&l‘a ivﬁ He&ﬁ‘s Iuslg'ngﬁllg 'i(f? %ﬁlﬁﬁﬁj}ﬁ qfiﬁ Pltt Hglcﬁfn% betwc?en
or a COﬂ

ave also Treated a nee tivi
seinmarductn g¢vices taadi a fuppotfing a&bspﬁté,(’shcfmsraelednmladne rogBGR) are usually

dd ess.th a netal has._ receiv
i BR DULETR et e el pId s thepl G b dhehgs e and
thifhed Wifek @Rt dr@wala ne@Bfobh highdreohdiRvia) AARTIEWROSt ntkd for fine-
its use in i nterconnect devices posses a set of

pitgh WBF 8AdiRthat are not present with the use of al umi num

or 1gQkftesshdse RXAIP! Iﬁetalbtﬂeﬁ ggﬁre%édqﬁcir&rsecﬁﬁten 1?n is copper.

i nterconnect to copper pads w gener a
Whidepoppa hahasignifieandy ppyesr rasstlawb&edummuamn igeld itsuse irand
1nt8rcor81elctt &&/:Vfg:éslnﬁc)f)rs%ezs) 9 g{et‘r%)rf plﬁ)‘i} n{rgltlaay artgﬁlgt %rg%gg\fvxg% h% rl]JSE':: gf aﬁul}ginum or
golde roe exaiintples sherfemiatigh) Blandhieicogne?brotBepep b&gH8s Wil generally
form t he connection. This creates a significant

TeQHIg Hhad Fhetselenst S xBgsed Ienpbigs i anchhurHeinoprios o formatinacaf dhiss
coRRBEATE W Bor8 paX B0, hbSidRY Al A&k térﬁﬁrdﬁ%@ﬁear ?0(?@ during

at room tenperature. The preesence of these copper
thegepesessoffereing thewopneetiasnn tTéustch@tefs ersigaificant pofblgobetause of the rapid

formation of a tenacious nonconductive oxide on the surface of the metal, even at room
temperature. The presence of these copper oxides generally prevents the formation of good
wire bonds or solder ball connections to bare copper surfaces. Similarly, copper wire usually
has a limited shelf life due to the formation of a thin layer of oxides on its surface even when
stored under conditions of relatively low oxygen concentration and low humidity. This copper
oxide layer will have an unacceptably negative impact on the conductivity of the connection.
In the case of copper metallization on semiconductors, one commonly used solution

to this problem has been to deposit a thin layer of a more oxidation-resistant metal on the

2
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wi re bonds or solder ball connections to bare copper
surfaces. Simlarly, copper wire usually has a

wo povuerisshel f [ife due to the formation of a PEN/NS2004/010861
| ayer of oxides on its surface even when 30 stored
under conditions of relatively | ow oxygen
concentration and | ow humdity. This copper oxide
| ayer will have an unacceptably negative inpact on the
conductivity of the connection. In the case of copper

boﬂ@f):ﬁi‘ solag & proRciaPfred Bk dtypicslly, BREscCOMBYY: ¥f WMs@Tization is
ution to this problemhas been to deposit a thin

éfonbgohaorh%wamm ghetiselnged iadi-+ Baant Net af 85436t fais @twﬂy
T
a mayeHowévemehla Iptopnmdlsolmtibrscrémsmewbrﬂrqﬁm gwh grabtems. For example,

um n scl as
andhgel Toneifootl 7S5 Bn irrecioa B b nd ey B el e
theReBydW@d béild pabewhieh ddn B Boh@eds SHGhCAATid4] GFafebtREssing steps
u5|n? a mask. However, this proposed sol ution creates

add gigaifiggntly o fhe Sogs hthg .d%?eéf%lrthﬁaior%m plaminugy, of gpdd is dapded to
thePdopbdst ﬁﬁﬁfl@aﬂa&a&é FRfier 1§ye}sh§ it LAl S &sgama&aﬁfea 1o PRt the
and-etch the netal t hereby form bond
mt\mlfﬁhlooaxﬁ thsesopyper mﬂathn@eld or Gyuimuadel tiseowsesa. waf e r
i AR T R R
turigSten (W, tagRRe ImtrlﬂehQWN ) piréhivadhiaide (BN memuhameﬁ@ @icC),
ot he s are usual uired tq preyent the
fungsieR FHH’E"F a@% rfagplugy{da)e éﬁ hifiids (4D} giotianpR Ug}gatﬁil LN as
bafler Miy&E fFRbSFRr. My SKABR aterldisShowider, ak’@ forﬂ'x I%Zonaﬁglve
descri bes t use of titaniumnitride Ti N,
oxidgh s havis POVY eleettwggrttbﬂrrﬁl qonflgfEviEXARY a hi rtlmmalmpmsm de
t( g} st }eb%@g)lpﬁ%s%%%g}%rgﬁqsé&r ﬂle lize % 5}%)%19 ﬁy&ﬁf?'cgﬁmgcm@ulator
sud:hmgﬂicem oXide Wsilx®on nbddg, et hdvay elnsknﬁemrsuuﬂp@ﬁxr solfiing wifhout

t hese terials, however, als orn1 oncopduct | ve
AR ot L e Py P E B B WeAe PHoE 1 obist metl t
metA REME: b¥ivie¥n thebordifd Glifatd WRE MR witxipR Dofded. BBEH a process is
recentk¥s It has been Sroposed to utilize a frangible

diselpyedind-S Pagest %Iﬁa 353248 il is assigmed fpcthe assiggps pfdhgpresent
m\%)ﬁh&{s \?Bﬂ?fh p? ag 'éévglead achlg ng] ?ff udé%lrﬁlgié € trcﬁezltsucg,r 1é can be

sui tab or so r|n X1 n
prehlérhdticiifthe byocéss atepd dré eotdnmmsa]g cblatkdlledr Fm&dgnaplbdlﬁ thercgratnge

R

certain cases even preventing the formation of a connection.

For copper lead frames, the tip of the leads to which bond are made are usually coated
with an oxidation resistant metal, usually silver. These approaches have the obvious
disadvantage of increasing the costs and complexity and time of the manufacturing process.
For solder-ball bumping, a flux would be required to remove the oxide during the reflow

process.



disclosed in U S. Patent No. 6,352,743, which is

assigned to the assignee of the present invention.
wOhiosm931Bs s process has several advantages andPCT/US2004/010861

desirabl e characteristics, it can be 25 problematic if

the process steps are not precisely controlled. For

exanple, if the ceramc l|ayer is not sufficiently

frangi ble, a substantial drop in conductivity can

result, potentially in certain cases even preventing

t he Mc@drﬂﬁ TyOter@fcomint6dee hindl fol & infeRiPRBSCt bifRthrd tha B,
the tip the | eads to which bond are nade are

Slra@llfarhe;foré@a%ef high eqndugiiviy P@r&engepﬁ papppishoad padrith p suppressed
oxl B SR 155 gﬂgﬁéa%{) gg;ﬁcgglg%@fdgg&@ yRYe g%egrﬁal%mﬁ?u%{g?i y;Qnd low
theamdl ¢xpansionfis lhenarderl hawelliasi ansgnpie (pnxess for fémung such copper bond
ol der-bal |l bunmping, a flux would be required to
paaem)ve the oxide during the reflow process. 3 WD
2004hOPRIASinkEmt{oSRBR 414 G andof eI Hiong i vantdpey & discussed
continues to be a need for_an_interconnect structure
in thedeliquiing susipygy Arddeserptiop phireferrd embedigenteonduct i vity
bondi ng. A copper bond pad with a suppressed oxide
growm h | ayer having good el ectrical conductivity, good
thermal conductivity, and Iow thermal expansion is
al so needed, as well as a sinple process for formng
such copper bond pads. 10 The present invention neets
t hese needs and offers additional advantages as
di scussed in the followi ng summary and descri ption of
preferred enbodi nents. 4 WD 2004/ 093185
PCT/ US2004/ 010861 5 Summary of the Invention
Appl i cants have di scovered a sol ution which overcones
the probl ens noted above and which provides other
beneficial and desirable results. Mre particularly,
the present invention relates to interconnect
structures and net hods which utilize a bonding surface
conprising copper nitride. Applicants have di scovered
that interconnect structures which
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i 0 include a bonding surface conprising copper nitride
can be highly effective at preventing oxidation
W@r@4o93188 her unwant ed corrosi on of the under|BCNYS2004/010861
conductive material while at the sane tinme providing
the basis for a high conductivity bond. Furthernore,
applicants' invention provides the advantage of
sinmplifying and/ or reducing the cost of the
manuf acturing process. These benefits derive, at
l east in part, fromsapiRhirdPite Inv&iRgEni tion and
di scovery 15 that copper nitride s capabl e of
pr oviraliergtsihavedistovered aselurswhich evegompe thp problems noted above
[ t
o A DR HER B ber QR Qe LR M8 DBy T
ineenticortitestto ingerécayent statctwes gnd siethpds whlch cutlhimea thdndimg efirface
co G HBACReREE RS o Rples Bhieito P Eia TS suulfies whieh
indlideed WABIAE Sikrfde® B6thpYdiret dopSer Uitedd Ginbe hiPRE dpiéctivR@ ettty
a conductive base material having a relatively

oxifBHoR HWRS Other enwanisd coapgon ofdhg wgq#xma@pn@wwp mptesigh Whikeeat the
saﬁ@ ﬁﬁfe'p%vﬁkgné:t‘ﬁé Blsis 1%95 High gorﬁlﬂctﬁhlﬁz%{)ﬁd CI"”\Jr Yrrird?e) %Hgﬁéal\ftg
in the region of “said sur ace prior

IHYE'@U@_F providet theadvantrge ofisimplifing Mryed,ucmg thgeediost dfdirecmanufacturing

pr%%%s'r\nl)’lrl]llg;sne b%é«?fgs %e%%g 9 n?eagtu ) ?agg é oEnoaprlcaaﬁt %e%ggonlijtlon anEi d}sgoevery

that wbgieanitrdalis (tap@trle aﬁlﬁowﬂlng hresueh Bgeirésvd fedati 0dly hbrecdndi@ive,
containjn thereby forming a relatively

coR TP EF PR b&aﬁag ﬁlﬁfaga ﬁ%@ theagiedimeeynareadily Feuvigrasd it 2

coBdRBVERYS 8Bordust PARAS tetintorHBRGHS t Aé’do}d{ngsﬂéfcgftéih 8ftbodifents of
produce a commercially acceptable electrical

theppihed aspedis of theprpseat iarensign.entigercornsetdopding beugre sdomed by

pr+vg%’1§$£ E&ﬂuctwg%aée%ﬁér?a? RAGS a 1%{&519@1%' dl%? 2 m foﬁr%mg -resistant

one I nterconnect el roup
boading s facecpnarisag EydNk formixgyra eﬂmdxca]zhy aonpyeive botidein tiee region of

s RRhs B G S RERB bl PRy B P bR A0
stegr @dcemp&shgtMatticidieanfie b£ae e it k8MBSMdilRaVIREG 18 pfadﬁ&ba

0 bondi ng surface of the present invention is bonded

subsiangialgperease imibe YA obthe Myt coplpimng the ke {Deng thseaby forming
a rEllaﬁ‘&el}; &)\ﬁ%éﬁgé gas]ﬁmaéec %éf&gblg fg}e%%ngélo 1n§ gfep Qlﬁeéqae&tange in

pressure, trasonic e he cas
cooducmylt}esuffunmmt tmgpreximg dcoremeisiafly ecfceptalizib ylettdedl copreetssur e

and % en h int r glg of the bond, In

ot n PalshET SR GERET hine ifrebDiveyRan (h Blersefes? SBcbis
coRBfidbs @O18dsB bne it om0 880 88 dcted from the group consisting of a copper

bond pad, a copper wire, a copper lead frame, copper stud bumps, and combinations of two or

more of these. It is also generally preferred that the interconnect element having a Cu(N)
bonding surface of the present invention is bonded to another interconnect element by a
bonding process that involves the application of energy, such as heat, pressure, and/or
ultrasonic energy, and in the case of wire bonding embodiments preferably heat, pressure and

ultrasonic energy, in the region of the bond. In other applications, an ionized gas (plasma) or

5
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5 1light froma |laser may be used to provide the energy
for deconposing the Cu(N) layer. One particul ar
wappkiogass on of laser light for this purpose nagT/DS20051@€10861
use of a laser to nelt solder balls on copper pads
that have a copper nitride coating, which would
deconpose to copper during the nelting process. The
term "non-conductive" is used herein in a relative
sense to refer to conductivity 10 which is
lighttPsth %‘i‘a*sbﬁhi%e' 1§§(§totp%\ndet e erge@quup&écam%asu%fthé @&(N) layer. One
mat eri al whi'ch forns the conductive rtion ﬁ@
patiigsler application of hsedighifaribis purosemay b@lhquﬂ:emf |a9ase1t tloenethaotder
bafsi.g (%rg (go%t)%rbraé ﬁéﬁ}ta%’] zg colpéer nlf%gig 8%% g V\Zhé?l’?\g%ul% ﬁ(lacl%}np\ése to copper
dugjenhe aleltirgptocess. oxi dation in particular, that is

sub antial | eater. t t he resj stance to _corrosjon
i Th i Pl ARG s pRRRERST Aol Byseredp e epncucivity
WIﬁJ:H 19 YubstahtiBF 169 k1R tHet@nSGRAGESH INEmBRFiATvARcHYbrb ¥8e conductlve

i nterconnect 15 el enent. Cu( has a conductivity fa
POFtisHeRt theate. @581 ntersprarcct olgmesh Jiglarly theftetnt eggrosion resistant s

us&PH r‘ffn' V@lag{f@stegge' t@lrefgrQB arf'?s,%%\n %%%ﬁgﬂ&?ﬁt 5418%%3 8¥1dat1on

suc W res an Fanmes. tBecause
in pdtrtlsﬂ*roﬂwtoo ﬂd)akanmaﬂlytg;eatet thas ¢heskdidtdneel ta qvrdbkien aff the wetall,ind

e RGO B foplay. hiPlB e Eondiindhron Shlpsaderomec

cleagpl.i cants have conme to 20 appreciate that Cu(N)is
al sg relatively unstable, particularly under the
confPtdnga mﬂdewvgef dfar loyerjliamdaey cenpen mc@r%prgéerrad conductive

matétal € Rrahyp 1nE€r&ﬂﬁ&§ BlefnBfits AAH bR PAS exglrefs%n@ %ﬁ 'ffggle%. hBeecause

oper at i ons. hese bonding operatfons all Inc
of épqzllovv@anqhmhvm thoemekiltedrimthefartevnatdyse, stronglh nmgivatérbrormmbid the use

of e(ﬂlgl(lg% thé( ﬁo%ﬁ}nﬁéur%] g%ter [ adl eglFrrﬁ ﬁéw%@h ﬁécggts h& (s come to

Ions
apgreciamp e Ce@BIsgisoselhtived Lelﬁﬁablb,q)ad&ﬂmﬁp Qfder tReokdi{ids vich are
as to substa tiall |ncrease 25 the conductivity of
fregpgatly a%iﬂntera 5 fﬂrﬁge PREPETL AT and/opeimeredite 90@%{%1?@?

ThH&QfoH@lﬁQ Hﬂ)e@atﬁ’)ﬁs alVint s QR 'aﬁpli’é’hﬁcﬁl fepdt ﬁgm(df @ﬁérg{{j stk as thermal
and wedge bondi ng) as well as sol der bunping or

en@gn dnnebg piIsTSYgradist enseey, plmtonmmnqgv,eorucnmbnnatpm@ laf pvo or more of

the\?\% ?%ﬁ%%rﬁﬁe%ﬁ-egﬁ%?{/ sulfﬁggl{t t§ H&o@B?%Q%%@NZ %sqg) Isﬁbs?anﬁally increase

are presen
thecrmedla:tlivmﬁsf thé laperlcamamng Ith@@t[(Nal tezemthlphpresent ia ithitsmodoR: or

conver el y high onduct|V|ty
kS 8 pafyidte Rl aedug X’_P’P n@dg BEl ARy St Rempige or stud
buﬁhﬁiﬁgp@ fukddChd} @ampRaR S Mip f’r@@éss%ls.' Ohus, luhddrShd2PpldRYi8 conditions,
at this conversion results
which frequently are present in many bonding operations, the layer or surface which contains
the Cu(N) is converted to a relatively high conductivity surface layer. Without necessarily
being bound to any particular theory of operation, it is believed that this conversion results

from the decomposition of Cu(N) to elemental copper and nitrogen, the later of which is

released from the layer as a gas.
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fromthe deconposition of Cu(N) to elenental copper

and nitrogen, the later of which is released fromthe
wo 2008109H85 a gas. 6 WD 2004/ 093185 PCT/ US2004/ 0rOB6$2005010861

Further, it is believed that copper-nitrogen m xtures,

even with only a small anount of nitrogen included,

are effective at reducing electrical conductivity and

i ncreasing corrosion resistance. It is also believed

that such m xtures are also readily deconposed to

COPPefthel/16lis balidve® SRNcPPE-Hilten AiRuARABA Rith BAY & smhil@mount of
_appropriate conditions, of being converted to a highly
nitgegee inelided arepfsetiye s redpeingeleqtidead congctiyiiy apd inrsagipggorrosion

. ' di ngl.y., r o .
DR 15 T O A B e
nitoagap enthitiss @o papable] ungerstbs eppropaiateycondifionsi ofiteigroavetted to a highly

C er. The notation ) N), " sed herein,thus.
cof Y a0 B A g i G, By A EP et e
“Cu@OV & ©Bd hateianslmesn dndndehalyl Al phses biecdhGPRAds cofidiihg Ssentially
in CudBN, but is not limted to this conpound. Thus,

of piroEebIdPBRFT Ea 1gftion " S8 odersed hereinglpsdndigates thaggome or all
of h#Rgen FAMTDERHud tRAVABIBTRILYiokdly) 3he 9&;5117%{, sl S Gt EYRT, but is
stoichionetries and/ or conbi nati'ons of 15 copper and
nohlimitestferthis Trepavod- Edihie notedom&uNE alsd covees e pddpibientiut less
ol E5i0RRA LRy et bRl S0 AN OC Loy GUSARLANR:s of
copaabnidognor device. In sone enbodi nents, the Cu(N)

may _be appli.ed over t entjre devic r aver | arge
ot F1BmBSTsfongHive gegre o TG Ln<Eine deibods af igsting 1 Prepsgancther
ad@net id ®a noThRk iSreRBIWRS PRGNS PREScOREEAIBYIEY! (oS

20 essenti all non-conducting% I n other enbodi nents,
empréimenisNie RGN eayrhs raRlpdigyerdbhesirg davier v l4gerotiony efithe

deﬁ&e S¥hatk b ME %&gﬁ W@e@&pﬁsﬂh ﬁ{ﬁam&gn%h& S E™ansd Bu(Ny is
thi s manner, no Z I"S orneg et ween seBarate
esseojgdlymonebmtuciing do dthet emtedingsntss the lCudlsS) hhayiek foraaksi byeolerting a

004/ 093185 .PCT/ US2004/ 010861 BR| EFE CRI PTI ON .
S“r%?ﬁﬁéf%ﬁr/x n&?‘@pﬁf“‘i{’%""%{leﬁo@g"’%@%‘) Ef”ﬁ%) 55 s BAnRsE ng,f-u) is
forgned BivREY scpeilicCopshl Glt@Eorlb@ cRiretfs, Jubh 9Wdnd pads.
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bondi ng operation according to one enbodi nent of the

present invention. FIG 2 is a cross-sectional view of
wo b@4meamstonductor die of FIG 1. FIG 3 is a pOpUS10e%010861

of an integrated circuit package containing the

sem conductor die 10 of FIG 1 electrically connected

to a circuit,substrate after the bondi ng operation

according to one enbodi ment of the present invention.

FIG 4 is an Auger depth profile of the el enental

conposi ti on fFHIFABESCRIVAON'OFPHPRA WINGRe dept h

i ndication is based on an assuned sputter rate for

si | iF&&r igidon dew of Fparfion ofaingremplay sermisprdicior Bieiprier fthe

t Lt . l.e 5 Exanpl e
bolife SRRl Rlor SATRARE EhB0uhBl o IR RABR bl S oot er
r at €1G.@ris sictdse gaatichabxiewtef thelski@cbndustoa die Afi & 1dept h
pr of of the el enmental conmposition for. the sanple.in .
B atisie 15 opge G ab TR SoParp s autintd Do nistpr ie
of FIGIL It BdctiAll@ cdrPbct&d dolaGaBuitliudxtkeafted thdBorAAg bRPAbB According to
PCT/ US2004/ 010861 5 Description of Preferred

- onggpberimentod thepresprd INEPEW ng description, reference is

maderd @ VA AQEd bfileGf BRI ABDE nRkitbh for th le i
i nvent i ésn. T%ése&)g?ngﬂédlierrent S aree descﬁr%i 1lgled v]\fn tehSamp e
Exgunpfei lci ‘Eimet degitht indlikatiop iehra¢sl @ anfiesnedlsputieethtd for sitipan diextide.
to tice,the.inventio it.is to..be.understoaod
{ PGS i fitaldaedl SBHe0R neithehlas boindofinBF st HEGRLRIS
Exanplect UTled depthl iaditationad baseitbmaetasacield apyttet Frasipe silicaydidade.

made_and 10, equi val ent, bstituted w thout departing
frof¢ Eés Ay f‘?iﬁ? prgé@&? OISRl HIMROSIIOR IRT e Sampie ul
ERbLRIF. e@héi&gﬁhh&utﬁ,ﬂ id Bas@08n dnQsfEnIRBBRr bl Rr biliBd diddde.
sense and the scope of the present I1nventionis
defined by the appended clains. The present invention
is intended for use with any type of interconnect
structure or elenent now used or which in the future
may be used as part of or in association with a 15
sem conduct or devi ce, such as a chip or die, including
waf ers which contain such devices. The inventive
i nterconnect structures of the present invention are
formed fromany two or nore interconnect elenents
that are bonded to one another. Such el enents may
t herefore
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i nclude, but are not limted to, conductive wres,

| ead frames and/or portions of |ead frames, bond pads
w@paso931gdrti ons of bond pads, stud bunps, i ntPCFUTRI0p4/010861

traces and any other 20 connections that will be

exposed to a bonding process. In preferred

enbodi nents, the inventive interconnect structures

and nmet hods of the present invention are used in the

formati on of an | C package containing a die, a |lead

frame and condupbicY@iivh bEPERINRCEIMBEdibRALs die to the

| ead frame, as described below in connection with the

Fi glirtbs fqi]@pvgrtg‘desqn,ptl@@ pefaiepce 1hmgq&ﬁ ip VEHesspeciiic embodiments of the
inRHRRC rAREL SnodifiSat AL EAAGH, a&flasﬁt%ﬁﬂ 76 fbleIiske Suied in

copper on pad on a e, a co ad trane for a
thecanipip @rachicantle imyenpong andrit isfo tz dnelaeltobal thaedtharethbodipeats may be

ire. bonded to an necti ng.eac
empprii e B et Qe iR A e os o SR FRR G i dE 35l ana
eq1h10§1@{t§3§iibﬁ\tﬁﬁfed QlieR e Sarthdiréin BehtkeRGors Wet &aR g OB folwihth

%ig As used herein, the tern1"ch@£ and "die" are
defgiedles@insipe Fﬁaw@mt%eahlaa Hmiting seryse pad the scoge peihg projaty
i 1o BLERA 19thospplenguskor material on which an

integrate rcu Iscrete 3o electronic circuit
eI e fi’hmpreswumhera@n a mteamll fslt we withapatipt of intediopuket structuneor

t ' It
clegif oS PRGIET FLON Reyape il it Partef St S alE M
serlRYhduer 8¢1Gde, arhlab g bilip endié tihadgish wakess, wHids®ntadi ade8evices.
etc. Alternatlvel , the chip or die or a portion

The gyeribe 1ﬂ‘ﬁ§?°’é)@“&“‘i‘l“f’t€% ofihg B{eﬁ%ﬁtré’é’ﬁlgfﬂn(?éﬁ fogped feom any two or
rncfl MaMR onnéke W9 ﬁ(a@% 18ruel? géﬂe!%%@l@éll GLOBE L mernts Ay HRRore

herein, the terns i nterconnect” and "i nterconnect
inaudelort areatot Emged weebnidpatior whran drad iitagnes arfl/ s poriions ailsadframes,

boncﬁ P ana%) rpE) %s%ﬁﬁ?rﬁg}d?% LV § bl?lln r-ch Hﬂg antd%ng Hﬁ%

er a er ca r rc a
cofitietfi@s el wilabd sxpofedao e bd)rmhr(gr prﬁheﬁs Iﬁpfbf@l‘edteﬂlboﬁménffs,r thm

. a chip or die. Such hi uctive el ements

i SR TSt SRS e P b BT RGP AL Rsal i the

for‘%ﬂaﬁﬂi@ Bt sh IC fJabkadt Eént@ﬁin@ RRIeCEleAd R8mP¥nd HAGRLSK ivirk 86hnefting the
the art that t present 10 invention is not limted

dig to tle lp@rftrarmj p&@%ﬁdﬁﬁwbelpvvu ipcEmedionatth the Figates hercofp dit certain
R, A0 AT O O o
digyadsepper Bhdiftael (9p 8 cofpaBbon@hgortmalof e teald filams) antl@opipe tirge
bongel?ietg Iar\llde eﬁectnca y tccl;]nenelctinlé%ach whelgrgilfll%lglopt%%nding at least one of these
interconnect elements had a bonding surface comprising Cu(N).

As used herein, the term “chip” and “die” are used interchangeably and each refers to
a relatively small piece of semiconductor material on which an integrated circuit or discrete
electronic circuit element, such as a transistor, capacitor, diode or the like, is embedded.
These electronic circuit elements or integrated circuit may also include opto-electronic

devices such as light-emitting diodes, laser diodes, etc. Alternatively, the chip or die or a

portion thereof may be a micro electromechanical system (MEMS).
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i nterconnect structures are adaptable for use with the
present invention, exenplary and preferred are

WO paoafogaghect structures fornmed by a process whCTIS2004/010861
conprises providing at |east 15 one interconnect
el ement having a substantially non-conductive and
substantially corrosion resistant bondi ng surface
conprising Cu(N), converting the non-conductive
bondi ng surface to a conductive bonding surface and

bongishged H&Qen@ QHY/ 1@l S GntErd6rnd G e akd 1&e&6§r@6€ktﬂuﬂ&1ﬁf’ GeNRest
el enent . hi ghly preferred enbodi nents,

mfe%wmhlh@idsqa@pms% at lgest %—hlagng C@tdéﬁIV@@&arrents "bonded to one

anéﬂigsatn@ rU&Ihllcﬁlllt etﬁe'r G&H g@dﬂl nals t5] dﬁ’feﬂaﬁ ‘#% hlgtor Hl%, and/or to
preferred that the bon ng step 1s car |e§ G but

and frdara cchmwm di¢.o Escmgldhccmd@ctgﬁ Eleoenty eretsomdémesmpiesed td1mrein as

“ g'ln(:(g\rl) Eelle}rr}régg b’oﬂ '!Ege !%p ec1ateitd%y élchF glgfl%ci 18%hesaﬁgtﬁat the present

1n‘mhﬁ@r813 sofiasitaiub stpaiculat forrabflinkr@nhact gty Buemay be used with
advant ages. . More particularly, such preferred
any, copREaiog 05 iRrrenmectielemepis sHAbes cortustxnYEes ead figmey herd pads,
stfd@gips, (HAB, Qiéf &!sBldbMinps| @AGucEREAdhedil dsCarfiUfe fiQ. tAihough many
presence of a corrosion resistant, non-conductive
intgrsamriepics iy eiifea ews; adariebl¢ oy usereithaibe ptetseylt inyelyipneatsiiplaraand
I
%‘gréé;dz gginlke\é%oﬂgfcq til%e t@% fgﬁlt(l:et%l b\%//l 3)5]&%% %E}yggnﬁ{rﬁes r[)l?lglﬂ% at least
onbitecomect ekneaehaving asubsftaﬂellw@e:ondﬂatmé aridabgpireiaBntorrosion-
i.nvention |% non- condg Q{ it C@g be a Ileﬂg
resig gy bergling Ruriacs RpmpLEng GEA Py LS e aofeontyeveondiag siface

to 8REnducti eBeBHIRG s THRE hikd RALMEER cBRRGePAGcO 4 REordi ifterchihect
a preferred enbodi nent of the present invention, an

eleaans t 1 ighapplerred emiodizacrsy thelsanyeriing sisprine die bonding step eccur

o RBTI At AP AFOHEE L8, 305 U B0 B L D

ouampler exhditionhwhitch nﬂeeffemyedo Cﬂanmnposnf&iﬁk@wig) Bt thpbmrdntg layer to
quent

coRMRRTERPer; & SRR e iSR! ek Aol 4 Bstantia

an@ RABARTRSSEbR ddvaitidea blerelRrFIRAY, sﬁ&Hptsiteﬂé@pmt&saMyr&ﬁuea
10 WD 2004/ 093185 PCT/ US2004/ 010861 5 bond may

intgreganect ehenangs thy abonas hayee (lapadjatiisly lpreos dife disrie t@memce of a

co S ks, flond e B R sper T P B35 b Ay ana

read@lbmmdus ar mitdpéanaedt smsctuyé wishend dcgadaonm oﬁ the ntsndua'rviﬂy@f the
econpose N View the teachi

inid5ihet 0 MORGTET AR R BorteT B g plebem LOERIR 1 Ron-

conductive, it can be applied in situ to the bond pad located on a die without concern about

causing shorts between bond pads on the die. In a preferred embodiment of the present
invention, an existing copper surface of the interconnect structure is chemically converted to
Cu(N). As aresult, the surface material of the present invention can be applied without the
need for a masking step or a subsequent etching step. The term "bond pad" as used herein

refers to and is intended to include and encompass all suitable terminal structures to which a

10
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within the scope of the present invention.
Nevertheless, it is contenplated that in certain 10

w@e@heryiesl enbodi nents the bonding step will cPOPUBEE4/010861

exposing the Cu(N)-containing layer to a tenperature
of at |east about 150C. More particularly, for bonding
based on BGA interconnects, it is preferred that the
Cu(N)-contai ning layer is exposed to a tenperature of
from about 150C to about 180C. For bondi ng based on

bofi tral bt eade, incaiting Hitiesleardaad fecesséd bdnd pRdsefs&vellesd flhf)adncave or
N) -containing |l ayer is exposed to a terrperat ure

COBYequDBﬁgrP%&H@ othgyerminal sUcieat 240C, and even nore
pr efgg @Mté&nﬁlﬁtg’mhﬁpﬁhﬁer&g Qg}nf)l‘flatﬁ;ﬁ@ Hf bond gcofﬁgﬁ&{s " Be used to

now to the draw ngs, where ke el ement
deglerspage &N iyiewi df@herteemmemmtamd rlneneml, and 3k ssfleconeitions are
B f ot i nyventi.o i |
R B8 el O B BREER Bl RIFRBRRE T q NSy iy
prﬁeﬁﬁfﬂ'nﬂmﬂdmtsahe obrlinbGtepfwilt Odimpmsblempﬁﬁlng tROOGIN) ¢6iithidThg layer
risi ngf a_sem condgg(éor substrate 11 and an

tol’“‘rtﬁ Faiyre gt atilgast abput 0¢ G  Migts paricplady.dambongg based pp BGA

inteR B RN K FErr&URS At @ N)-BSntAH 1&9’@{ i8bkpos&f BlaSerhRrARd of
i ncl udes ,any sem conduct or - base upport structure or

framm aoupbileritarboyt 180 Ehifer b¢n¢nr€gj}amdem restal dendtframgrinterconnects, it
is gfege%&ﬁlat &L tﬁtﬂl)t R0ak g %ﬁsﬁh% 5 &%% S from about 180°C

strate I's eun asmcu Sil
to labmnu R4(1°6y andckopreshosensiefenablly ;ﬁmdm abohti 1967C toeerhdummétt

nduct or, structures t her nore, when
G 10di BT bipre b SRS s evPa e dgonce
nu&feﬁﬂ)ﬁ piéBrel Meehode QMY dpbarhiug 6Cthe BRsdnPink&Mtih WA bO BSscAbed in
junctions in or over the base sem conductor structure

coppectigry W FIGon 1- St & st aoemigepducioidie Hoficanyepiipnad | g
coﬁﬁfﬁ\@f‘orﬂﬁm@r@ﬁl g s EndcaNEEtof QbsEld ™l Al ah Ynte SiEq El?cufuﬁ%tfoxlrﬁed

may | nc ase substrate and various materi

thdreyre TBe @fm Meadeddidorfsobswaah ad wsee Yeraineetersad badintluded.any

Term nal contacts 13 are connected electrically to the
seifOBFUSEN - DRSS SRRPRt SHUGRIE @ pase mpterialmyja céipnwrtqgeqtﬁy/c,lrcw,@r printed
cirbuiP BOWE Bl t¥ind s\%ﬂucto%ﬁﬁgt&%{lbsﬁg@tl%tbw% umllérst%ci ds iRGuding silicon-on-

apparent, however, 30 that 1n many ac
insauppdri dx&md amisqndnmdwlrmn,emd ethmi semlicopdurt@ctrsctares Furthermore, when

ssoci at

‘Ii with.t h& i ng.eqr at ed.circuit t12. D)glr [ ng t he.l. d
re e TN eRE P AP B e ielS Props SRV Heen uiize
to Fafrbgiansad j@Rtienswabesver e bike@ethRbRHRICHOY SBRtur®br BhiRkion.
di,es. Each die 10 on the wafer may subsequently be

Segpqp@ngéqréabstritf 11 in FIG. 2 is shown as a single layer for simplicity, but in fact it
may include a base substrate and various material layers as needed to form an integrated
circuit 12. Terminal contacts 13 are connected electrically to the internal integrated circuit
12. For simplicity, FIG. 1 shows only two terminal contacts. It will be apparent, however,
that in many actual applications, many more terminal contacts are associated with the
integrated circuit 12.

During the typical IC manufacturing processes, the die 10 is fabricated on a wafer

with a large number of other dies. Each die 10 on the wafer may subsequently be singulated
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WO 2004/ 093185 PCT/ US2004/ 010861 5 by saw cutting or
other suitable neans. As it will be described further,
wo b@4opies | evel s of the die 10 containi ng i nt Bgr/aS®d4/010861

circuit 12 include an interconnect elenent in the form
of an upper conductive |ayer 20 having a bond pad 20B
therein. In preferred enbodi nents, layer 20 is netal,
preferably copper where the Cu(N) |ayer of the present
invention is incorporated into a surface of the bond

bypad.cuttihg ShéhdrduitdlaRpne At i bdRueWe furthBAthetupBer levels of the
present invention 10 conprises the use of other types

i} SR GETHESASRI FA eI InisFooppRe Bematie telfombortis
upPbr Joﬂﬁlctl{/é"ltaﬁé'r 90 3%8 a ﬁ&rfd%ﬁ YO8 thekds, ﬁ)i)?éi‘pljr&i enltll{gl)dlgnents, layer

particul ar enb utilizes copper ‘W re
205e mdiah greferatila GQPPotf thn@thp iCagéntyer nf/én piresent ntvlamdnas mcorporated

e 4B RO ADoK Sk Pl i ¥ s enion
comprites iy IBE eﬂothchaj‘zpes of mekl ABitle ba@é’ﬂiﬁ@l@hﬂ&&t e o ndokt dments of the
| ayer of the present inventjon be forned as a

lnfﬁﬁﬁmeﬁfgst%l&?lf €8f BRmpls, i a@é&@ﬂ%ﬂa odirpept ufilizes sepREbsR ith a
bofliihg Su#elbe @m&gﬂeﬁﬂﬁﬁerﬁfoﬁ e b4k Hw&ah" 6f (BE B PQQ&%QB ﬁ&clﬂea wire

. resent 1| nven he surface of area
wil e tbpeded mey oF mey peide ceprerearthexmsd, itis centempintddu that inesertain

eﬂ@oﬁ@icnfg{)f&g(ﬁ\ﬁ l?%/)ér (ﬁ tﬁev\hprgs%ﬁt 18{leng§1|1 9’1&% [ :Fo’rm?(ﬂ%s aglg)orr]lgmﬁ éurface on

prefera
a teeer meta]ahalﬁs tdieoppep pall siwhrehbpdithents kfs. within tHebsdadat@s of he

nterco i on_ bet e the sem conductor die 10 and a
PO e s O A el e Sl oteng Eng Stalpes o

cohduclvd ®él pldtanBly a B@éﬂer & g‘odi Wird, aid mehY Ref6AbKy ap e‘?Rmre 1s
ot her support structure which, in connection It)

boggled iy the B‘?%%‘éféceaqf thecsoppgs bapér@2. A conducti ve
' nt b3 (V2 %ﬁﬁ&&&m@ ?ﬁg{?onrﬁ % l%?we%ﬁ Eﬁeasﬁﬁlc%htlﬁlﬁmﬁ}dg er%%g ’aa circuit

in the case o rame
Sulsmatedﬂ Therndrcuit geodisat@ 50 may ke 4 lved frakee] bal gtidherray, tidpicarrier, or

oGP e BESERPAD (R SRR s 2.

coﬂ@fctlv&ﬁteﬁfonﬁ&t dlemneit vath &oRFeGidient dateditdn R adedVI®e lead frame
| eads 35 on the circuit substrate. Al thou h the

sheyilicha set fhinder adet: ate instgad onthe ﬁﬁwlb%lbqit@mi% Dusing
a@élgﬁg,béﬁ%ctr%lrc%nn&ﬁ&gﬁ}(ﬁs ncBUBGRLY @e b a9r2053§)%ﬁ10n of

accordance with roa aspects o rese
terrmmeé paninediion1B anttthg amer hhdS)BSmnelﬁeemrcexﬂ sul:haatet Ashouzh élresdctrical

B N L TR .
in accordance with the broad aspects of the present invention, it is generally preferred that the
element 40 comprises a wire, preferably a copper wire which has been ball or wedge bonded
to the bond pad 20B.

In accordance with the preferred methods of the present invention, one or more of the
interconnect elements, namely, the bond pad 20B, the inner lead 35, and the wire bond 40
include at the respective bond site a bonding surface in accordance with the present invention.

In certain embodiments, all three elements will include the bonding surface of the present

12
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30 In accordance with the preferred nethods of the
present invention, one or nore of the interconnect
web@anpsiisy nanely, the bond pad 20B, the innerpP¢HE820885010861
and the wire bond 40 include at the respective bond
site a bonding surface in accordance wth the present
invention. |In certain enbodinents, all three elenents
will include the bonding surface of the present 12 WO
2004/ 093185 PCT/ US2004/ 010861 5 invention. Referring
invdmden. aREferiing Ow:eta(gmﬁ |nGN t@ FIG. 2ethp pef@ret ®dndgudd 208 dsmpdB a

ondj ce 20A overlying the
boem a%ff'%ce 20§ 8PP fngu 3 ? U%lefﬁ gPRRgt indly pmdingpegion. The conductive
coﬁﬁdi‘ tyet I04Bay KUTREY sdllﬁbﬂ‘é lthihedFodor BeanQle, ﬁ%oﬁi‘ﬂa{ 2}% ?mlcgpn to 5

ckness, for exanple, approximately 0.1 mcr
MigfoBr on. The bondi ng surface 20A may be forned in

acc q{hg Bdn uHchaZOW rg e%fn%d% Qécoiscﬁgccel f1|th :] nggwgrrlet}/ ﬂf specific

technlques VI ew o e teach I'ngs contal he
tecdindued ih vwcdf theetedwhings esnt@inesl hateih)i |amd ilheich lmrcbxaduefsamtmﬁ the

resent invention, provi e bo surface is
brRgie ) B i aae otk R g e oy g e DRI AP e afppfec the
unbiéDmegiadas jagh fndddbesstidoind I8siR Mbs@hbiay iXpat {het he

conductivity of the interconnect structure after
copdyiel vifssofilest iseronnest grustuss #ica thebprdiis demed, In prh@rrbdamqugnents,

thec‘wnfdﬂl% Qudce bifhe gfegéﬁ ﬂ{vehﬁ%?&&\}lp?gbs QMfehts(ggN§ &}; Rﬁdcg tlz}yer

to produc ayer an aver
wuhaetm ayel@,ge (angn@altreﬁo ofhmrgrddier than ot empregiaferablly Wrobr abaut 10:1

t o about ) ref er abl ,
o A4t Ro iy Tor SOy ER B LB b pdimens
thd eedgRakfaeg l&6r dfaleeprbsayeibvedtion pefepdbBS@ntprisdiV Habt@Bout 5 % on
referably conprises at |east about 5 %on an atom

an BEPé‘F Rasi5rof Ritp Sy @kl CVah OBRIRCHRB ! [spErbewBly Tasugheabpdiments,
it 9 BRY tgerérﬁlly{pfbfe?fé@h’ha@ HRQShTRME RN of by 1'g'eﬁ irfthe Qorglﬁ{éteﬁ%ﬁgéexayer is

re erred he concentration O oxygen I n
nowﬁ@wrﬁgansabpntdéé% bayeatonsbagiy maertgn ereferedeimbndiaieotss thd Bonding

o gD ARS8 AT BEGHS 8, BRE I o

conthllnsone eglabné cbmtamhmnﬂs thabéo maneghtibElabiiéds Che@péﬂé&lod @ﬁ’tﬁé present
Con’ %ﬁgne Oh}frmre Cont am nants that do

inyeaton (A% S the Fpramplss the! Pse?hwelfchtcﬁ%s%?%%réwﬂy of Ca)

indliHé€ Béth @il'bonaﬁd' oxlgistak @Srﬁgnﬂnﬁ‘nt!é Qﬁw@ﬁ@ﬂ&l rﬁgatwki}eeﬂ{eﬁ%‘ﬁératmn of

whi ch consi st esSentially Cu(N) i nclodes
thecigyansian. alh i apeegeiamalsted dirat HmeﬁalntembMIT@htS dwderte amounts of one

or Hl%geaéo.bffe?loXidgsf lfng}%e ﬁgs%ﬁé\;/ftt%ﬂt gefleterious effect Further, it is believed that

the thickness of the bonding surface layer of the present invention may vary widely within the
broad scope hereof and is dependent on the specific application. In certain preferred
embodiments, the bonding surface layer has a thickness of at least about 20 Angstroms , more
preferably from about 25 Angstroms to about 3000 Angstroms, and even more preferably
from about 50 Angstroms to about 500 Angstroms. For copper nitride coated wire, the
preferred bonding surface has a thickness of at least 30 Angstroms , more preferably from

about 100 Angstroms to about 20,000 Angstroms, and most preferably from about 200
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25 the invention. It is also contenplated that in

certain enbodi nents noderate anounts of one or nore
wGeoppor31exi des nmay be present w thout del eteriPCEUS2004/010861

effect Further, it is believed that the thickness of

t he bondi ng surface | ayer of the present invention may

vary wwdely within the broad scope hereof and is

dependent on the specific application. In certain

preferred enbodi nents, the bonding surface |ayer has a
AfRireineabonrf10000 A@’s&bma bml#refaﬁbd/ﬁﬁﬂﬁ)ﬂﬁrm in wARhQ CudR) surface is

2({1eferably from about 25 Angstrons to about 3000
USHL 52 PRATHIE VeiFfel the - higy the mréﬁfvélﬂ By fispompossicemystied Bk to copper

an@‘ﬂﬂ&'gérpcﬁtﬁmtg Qheaﬁﬁ Q&rﬁ\gg pr0BGS bh & tlcdl_'é}f g ?Hg ﬁ{eﬁ'af&o[h'o? fhe

coated w ré, erred bo I ng
predessokriels :utlbies an elle@tas tisgGrghrrgBed-adergric, flamer off, BIFEX dn diid way, the

t roms t.o about 20,0
CE e Bf U noh e B R o PROH, oS 568 o e
enfB&ﬁAItdﬁ@DtﬁéEB(DGB&lrlecﬁo%ﬂ‘gﬁ)hﬁﬁﬂgas toPpredbiaiit gak AR phere, such as

strons n preferred enbodi nents in which a Cu(N)
mté‘l%%’?aflé%mll%ehﬂ?e(g IYMing HSnding wire, the Cu(N) on the

Wi T @& itdokenkiBatELGANTR 0&0EH @ﬂyﬁfohﬁéic@@g lboﬁcﬁngfﬁﬁ’ﬂ@é mafBformed

nitrogen durlna?the bal | ormn rocess, and

Onrsia?Pth{?HYealﬁYﬁ‘y We Arlgyer R@ shyotip e ur@Shﬁé on reted mf foh example,
cog[%e? ’kzv‘né,Fe% @Plgﬁ‘{g%& \kgy, eﬁﬁﬁa{@(lﬁ% (Li%glrl@r%g \glee atf%rlal r%a o&téng or

la}bomﬁnmgp@midta&(l\f)uzgntapmngmatexml néuchnerhhiqeestioetade, bu are not
i.ment s s car.ri ed out

il S <3P RGN Pyt SHeTRa) Sre o piigedh to deposia taer

comphs’l@geﬁ(N ) @h @etonetivaminesialf eefidADv4paSdepbditibs and
contenplated that_in certain applications a Cu(N)
elegprdempakigrnigues- g SIECH Y SretaPoFAtion oF b derrer ey b%%‘iied out by

an Hhe ﬁ‘l%thb@é/l@fow%% SRAWNnERGHE ﬁutaoggrg}ﬁéi 8dir84 c[Lg&ﬁ‘ or ?I ernating

wire, for example, copper wre plyi'ng direc
cugrent ﬂheha@m,@lu{:lyasrrgdlbé@euanﬁy oonidoaly ecimBques,icaevaporation of

o3 by BikcPhoatiy LRUERAREABR ARRLERALA Grciatlor SR M0
boinbmimeﬁi tTae spueadig Me:vsm)lﬂzttioﬁ i Ge 0drriEDHR K ar@/r of the deposition

oratlon of co in nitrogen to deposit a |ayer
PR fnopRdo @af‘fr\bcfﬂlg‘«ﬁ 1 fhe aptoneinéing (e sisadasd | fag \Galchiy aeahmques

as WP QY loHaRERInt leihiqua8d.c, BL E&Eﬁ%@iﬂk %ldeﬁ@sﬁnﬂ'n%ﬁ‘ﬁ ‘gn

sputtering or evaporation of the copper may be cart
onlygtfewyntors tweswntlﬂlheowm@@herk nSwitablatectnguas are dﬁsmbctddn ng

“PHllfglpa'i]so&f lle{smatlﬁthr%e a{nd ?\Eateri:alljsrl;rgcr}ats51l%_{” II\I;I QT ebe?rgan and A. J.

Lichtenberg (John Wiley and Sons, New York, 1994), which is incorporated herein by
reference, particularly Chapter 16, and also in, for example, the following US patents, each
of which is also incorporated herein by reference: 5,356,673; 5,571,332; 5,725,672 and
4,788,082. Less preferred methods would include the dissociation of a volatile copper-
organometallic compound in a plasma. Since such steps do not require the presence of
copper in the underlying conductive element, these techniques are particularly well suited for

use with interconnect elements that are not predominantly copper. It will be appreciated,
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20 current discharges, such as radi o-frequency or

m crowave techni ques, or evaporation of copper by
walkeoeo931BRat i ng, el ectrical heating, holl ow cartibus2004/010861

di scharge or electron or ion bonbardnment. The

sputtering or evaporation may be carried out in any of

the deposition apparatus known to those skilled in

the art, including the standard "hi gh" vacuum

techniques as well as |ow vacuum techni ques, i.e. the

hoRb 2 Hhil Shedbifeb e D fre ARP @ PditabIe ForTRY with BSRIuEH RMhdRs \mka/are
few morr to essentially one atnosphere. Suitabl

prqdemhmeépmpqr dsgeesierdipdt shauld ")Prlil%tfm‘il that gfe tmnasmnper

har ges
inclRE AR AR B2 ﬂr L Bhe c&&e?%ﬁ%&%gg%%%Q? lklev%@{ggg,ayed
coﬂ19ﬁdt)qns whith@ither metatscas kpmminetie feerigindudoyr art; ef lengacsach alloy is
$ tlcularly Chapter 16, and also in, for exanple, the
co Yini ng US patents, each of which is also

' nCPBMﬁ@E&@oJ{ﬁEﬁb h Wiick BlRbRINGEve 1Byed 86mB1s3s or consists
5,571, 332; 5,725,672 and 30 4, 788, 082. Less preferred

pragemingiry YicaPREr thecGuiEbandingsrdass anaybr Sermse by using equppiefrom the
co&dmﬁ\%r laye(P rg mﬁ% 1§ &n&l‘?ﬁﬂ?@HQ gst of s@%soxlflﬁ?m@an b§' uSGE either

such steps not Fequire the presen copper 'In
seftalnelyl ndmrcbmbmgticm; rdfioot layers @ @isemdnpert veserdigrdisurfaesf the
are ar.t

cofie ESEdh Garp sl et St S PPl marpys oo

opf&RAGbut préferblylwither @pRIrREat Gtpeids irdefimdMOoP MO 44r8fe3 18th oxygen at
PCT/ US2004/ 010861 5 however, that these techni ques

clexpled tempgraiyas PlaBREUTagRen Sbtheomper Rse et With qnav%rrl% or nitrogen,

opia Bl vayr ef@faﬁ@%h%h&frﬁénﬁ&%ﬁ@f trea&%erft'%?fﬂe E'l?rfa%é Rrithiokygen; and
shouf d be undérstood that the term "copper” incl uég

nitmzen bmlwmosn@tn thel sufageeé the dopper beng payer by standendrer implantation or
plaﬁ,renta uim%er%lronlur)]n ¥ arlén?alf%ﬁ aéc!ngf%r?gg rﬁ)g% g%f) Qlagu r%{dhzegtcg@’er
sufhte withl ditoyeh plasind vctLiayer vesurthCe ﬁmbccmdldneer Welﬁﬁmdmemam’ttlﬁvenﬁlon

whi ch the conductjve | a ri ses ar cons .
mayhe pEHPHEE iw%?fl t{sf‘oraﬁ%PXStelwsww 5 2B FhYPN @?ﬂﬁﬁ?aﬁ@agwmed
heR%h. 2% BRAdNY, HRInfebeEPPRG/Aa hhPHE ﬁrb&ce@@ﬁﬂté?ﬂa‘tﬂ'@ cﬁr@e‘ﬁ@(AC) or

The following is a non-limting list of steps which

dirgefrputyent (BEY , Ingendsadran Al pmceas il beyprefepred dwbiomanicepducting or
oAb NS RO SHLEL LAY, MhopUchart e
adbaseomtte nseal D@nbtah 1rg@mﬁmutmnawtmm &C electric field. The frequency of the
AC field may be any of those known in the art for plasma processes, including radio and
microwave frequencies. The background pressure in which the plasma is formed may range
from only a few mtorr to pressures near one atmosphere. In some embodiments the plasma
may be formed by a DC or AC discharge at a relatively high pressure of between about 1 torr
and about 1000 torr, preferably between about 1 torr and about 200 torr, and then expanded
into a lower pressure region of the apparatus where it impinges upon the substrate. It will

also be understood by those skilled in the art that the nitrogen or ammonia gas may be only

one component of the gas in which the plasma is produced. In some applications and
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15 optionally but preferably with a concurrent or

prior treatnment of the surface with oxygen at
webevaraes t enperat ures; plasma treatnent of thePCT/OSME4/010861

base | ayer with ammonia or nitrogen, optionally but

preferably with concurrent or prior treatnent of the

surface with oxygen; and nitrogen inplantation into

the surface of the copper base |ayer by standard ion

i mpl antation or plasma i mMmersion ion inplantation.

esPEUMISTESH dAb pidd6ERR REklaBWLY BER pRIssud il Beshes OPRGMoRA may be
surface with nltrogﬂn plasma to a Iayer of surface In

hl&f@d anaikes 208, suchp Belivmearaigon; to\fagilitpierthe fermatiga of the plasma. For
oBferitBhdshs BYd b Tohiig t
B PR B ARforted M TBRRES M elcheL BE0R0 brbch
fotrhagion icompuiges thetnaa reatmeyt Wit grygetuamddohyurrahitos sutatdqueat treatment
wh ﬂﬁﬁg&a(AKD or direct current (DC). In general, an
process will be preferred due to non-conducting or

poorApplicanbasGluipfginglgtabd eovafer-iMeiticaPRAK Riat the GRBANBEL of the
produced. In sgne _cases it _nmay be 25 advantageous to

Sutfé@ R RXygen, Breferabbnervgrr #1ddisal ipgthes meiailispradyces esults that are
suﬁétﬁltﬁlli dhperibits ﬁgﬁﬂ%ﬂt Wth ﬁ1@@gen’°f€r $Aaflpf MBNoRE af'b%X 8f present the
hose known in the art for p asim POCESSES I ncl ud P
regsqul f@ saahicbuperios raswitbvege inlagque: nEheemtenﬁm:;atb a@pglr @uidedmay also be
from
foHﬁei%St)%f%rﬂ% te@%eﬁ I;lleh Iilﬁcr)\glll gﬁtp@sg s%lelgc? mgﬁee arg%é 6&%}1%‘[1%
teﬂmrqaeemnﬂd incimde Eeettllnentmmﬁﬁwlzm@mebﬁcaﬂ ch‘mmﬁin&yotﬁerﬁlﬁn%ygen

sob it 1O AP RO SRE BN o AP RO gy

bet ween about 1 torr and about 200 torr, and then
expanded into a |lower pressure region of t he
apparatus where it inpi n§EAMIdI® t he substrate. It

will also be understood by those skilled in the art
that the nitrogen or anmoni a gas may be only one
Exaonplednent of the gas in which the plasna is pr oduced.

T PGB A e R & s fud 1 ooivtvE Cam RSl i aseral ype

111@dtrafeﬂ i FIGY 2] iy phivEied. PTIRS ot g:tivé BsdpBil 1hyed Se1D,000 AHFERIHLand
be diluted in another gas, such as hel i um or

fO%?SgtB%baStﬁ 8>rfaé>em Patda%néhft die Aoroeative Aurce isHermidzs the bangipad by
fir Qtlcbg@ ﬁgatlgg ﬂ?;e 3 e ?ﬁ%ﬁﬁgg 'ég%ﬁ%%o&%?ﬁn@?f%ﬁgg of %bout 95 mole
% mhmgﬁaGN 2) arelet mrela % of lydragey e Blrecsucfacedisiexpesdd to rth1s ﬁrst pre-

trea r?gsgea WE anttem%)er:rgt%}e re]l{)out %6E fgrngz%%{l]ti nqﬁe (9) hours to produce a bonding
surface that is substantially free of copper oxide. The bonding surface is then exposed to a
second pre-treating step by exposure to a gaseous composition consisting essentially of
oxygen (O,) at a temperature of about 200°C for about five (5) minutes to produce a copper
oxide layer with a well-controlled thickness. The oxide layer is then treated with anhydrous
ammonia for 5 hours at about 275°C to produce a substantially non-conductive surface layer
about 200 Angstroms thick. The color of the surface changed from the characteristic copper

color to blue-green. This layer is a mixture of copper and copper nitride, with smaller
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10 Applicant has surprisingly and counter-intuitively

found that the pretreatnent of the surface with
wo@200ge9318pr ef erabl y oxygen and heat together, BCT/USI003010861

produces results that are substantially superior to

treatment with nitrogen, for exanple anmonia, alone.

At present the reason for such superior results are

unknown. The internedi ate copper oxide may al so be

formed by other techniques well known to those skilled

andunts REoRfgbn andsalbod)] 486 iy Be Jﬁgéﬁﬁéﬂﬁﬂuﬁ%&yﬂ@ Wtrated in Figure

i nclude treatnent wi th oxidizing chem cal conpounds
4. ofhs &N Fiohar gatipdga the lapgs is about$549. The bandingsridageyhsagedyced
oo B i R R OEIE TP EETREN G0 o FACMENES R
substandialdy lesshaobe eonduetivéty of the undeslygpgmep@k basgé the bond pad. After
copboi B PhG: Tt i B MR e AR i
offtigw in@rcbonedtigipid sefficichito @iovideA goodeledtital oratt fai€ sdnSiconductor

formed on the bond pad by first pre-treating the
deB’G?rding surface with a gaseous conposition consisting

of about 95 nole 25 %nitrogen (N2) and 5 nole % of

hydrogen (H2). The surface is exposed to this first
E)&E%Ie freating gas at a tenperature of about 400C for

nine (9) hours to produce a bonding surface
t hatCopper sithdd iadepoaltédyonfio quanttr afepBenchostiaba. waTdrevith a uniform 1

bondi. surface i,s then exposed to a_, second .
g e 3 e s S EaarL Tt a 208" B nnarpppphere
of @PfiskiSlateRHrRBE@MNEdgah.l X 200 Antierdepbhid} pRiduckd at a sputtering rate of
tenperature of about 200C for about five (5) mnutes

app@xgxpaéedyj %%Agg%l@w nglglt%)@lgglgﬁlgygpcem, the wafer is heated to 100°C.
3 1 tr b ok | YT T
mBL AR A5 b TR L e ThEA Ly ot
indigBa atcoppar otddecoatisgiigh attickabds pf ot 2Wnhgstrome Thelsifiemeand
oxI ANGle mgsk% 1%1 %c()) Q rﬁﬂlgr‘f’tt LS E)II{] ghg l\<zv'afe-rrgI efoPecHaeo ) t}e
b Faca changed TromtRe chat act erd STre o%%@?nm%olor
to blue-green. This layer is a mxture of copper and
copper nitride, with snmaller 16 WD 2004/ 093185
PCT/ US2004/ 010861 5 anmpunts of oxygen and car bon,

according to the Auger spectrum analysis illustrated
in Figure 4. The Cu:N nolar ratio in the layer is
Exaplet3 85: 10. The bondi ng surface thus produced

Copper nitride is deposited by a vacuum deposition technique as follows. Helium gas
at a pressure of approximately 1 atmosphere pressure is passed through a nozzle situated
approximately 10 cm above a copper-coated silicon wafer in a vacuum chamber. The
substrate is heated to approximately 120°C. An electric discharge between an anode and a
copper hollow cathode sputtering target inside the nozzle introduce copper atoms and ions
into the helium. Nitrogen gas is introduced below the nozzle to produce a background
pressure of approximately 30mtorr of nitrogen. The interaction of the copper atoms or ions
with the nitrogen causes the deposition of copper nitride on the surface. Figure 6 shows an

Auger elemental depth profile for the sample produced in this experiment. The depth profile
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substantially prevents oxidation of the underlying
copper and has a conductivity that is substantially
wo emg/0pd18h t he conductivity of the underlyi ng BOPPS81004/010861
base of the bond pad. After copper wire bonding to
the bond pad under the conditions specified below, the
conductivity 10 of the interconnection is sufficient
to provide a good electrical contact to the
sem conductor device. Exanple 2 Copper nitride is
defRRQSIds @Kk BAhRioR JHHAERE 1298r RBorpet MG IMeSHilh LARKNAS Sfabout 50
with a uniform1l 15 micron thick copper coating by
Apgspis o1 g gepney-centas walen Jge oxysan sesp pes sreateiytepthi in thargopper
Q
)%?rfgft?g?n{e 8?) e Sel s?%ge%fog%%lg g Opog'{tﬂ)lg (Vés tg'tinrl sgrﬁg no A{fgrg is,made to
rempmmxﬁamaaxedeﬂ uBfﬁuslhxg&‘tme:mm per mnute. Duri ng t he
process, the wafer is heated to 100C. Figure 5 shows
a Auger depth profile of the el enental conposition.
Exbfiplediger data clearly indicates a copper nitride
coating with a thickness of about 200 Angstrom The
si | iAclgHer 9 gonper wikifs evithar thickrsss of| apRieKipnasedn 8 pgstrems is formed
r
O e M S Ts S R RO ER RN ok B xtbrnal
to taeemﬂmhema@r ifitol theovesyunielambper Gemsigh asmall pibe$suria l@fgth and
ha{\j/l n ral’cl) ﬁ(r}t%agled% et%er éJf Erggngp ?)i(lﬁw ! eﬁ u[&f)tu(l?ﬁ,]t %g%s,sgadcgtnrqgcagrg Qt aright
anglapepﬂrnga@ at®@all saduum@nmpaﬁaefemmesaawmwmﬂ@ bieiede. entth the
substrate i s heated to approxi mately 120C. An el ectric

vagRgie HEMPET HCWEETF 4t e B deeHamacT tgppis St hp, also connected

to GRIHRAS as Rt ISL%E Bg tﬂe@fpg@stlte 5ids b LRBuMRAZLGer! IEBOAY G8cuum
per atons and ions into the helium N trogen gas

cha@gﬂrﬁlner wdeipasees @élowil nazele math 2| knm@pmlwa@edma@ackgmu%dn It
is IHél? 3. n?eftal %?Rt{ ﬁf&'ef@lg SJ)Z\QI 3&? %aglgtro? Itcl%cﬁlgtl 99 ?rﬁmtt Slate by two

eracti per a
srrmiotlrldgte mpafcadJS @sn hybugt. mbqa@mmberomemfzuamlap @bou 500 intk@r Bya large
e surf

. Fi 6 sh A | dept h
vagsign P Aifosch et famet Prah BEdorAE FHma Gt Sshesn fbeiram
frobh Bre B RAEWRES el ;ﬁes@&e Wabs 346098 %ﬁ@n? (s HrddaRQPH/, tl%llg§@§en

5 denonstrates the formation of a surface |ayer of
upstaRsprelion ithernogde Ry anplying wiagiorfeequensy aligseasng sorrent of about 100W to

two electrodes inside the small chamber upstream from the nozzle. The nitrogen plasma then
exits the nozzle and impinges onto the wire. The feed rate of the wire is controlled to

produce a copper nitride layer thickness of about 300 Angstroms.

Example 5
A layer of copper nitride with a thickness of approximately 500 Angstroms is formed

on 1.0 mil diameter copper wire as follows. The wire is fed horizontally from a spool external
to a vacuum chamber into the vacuum chamber through a small tube 3 cm in length and
having an internal diameter of 1.5 mil. Midway along the tube, there is a connection at a right

angle leading to a small vacuum pump that removes air that would otherwise enter the
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Angstronms on the copper-coated wafer. The oxygen seen
at a greater depth is the copper oxide that existed
worooslog318ur f ace before the deposition was beguPCT/BE5200€010861
no effort is made to renove surface oxides in this
experinment. 10 Exanple 4 A | ayer of copper nitride
with a thickness of approximtely 300 Angstrons is
formed on 1 m| dianeter copper wire as follows. The
wire is fed horizontally froma spool external to a
vab@ah i bBA TRR wite Ux@s thB aammmnsaamgﬁgh 4 QAo aRIBbilnected
tube 3 cmin length and having an internal dianeter
to dfe smal vagyum VRPAAY tlmoep@lt@ pide pgqh@ vaqupgcharpier glnside the vacuum
chS AP \!vi(i’g| A5 s%elromozgié W?tﬁg.bq‘ﬁlln%%gllllﬂg L ar&g'g% thout 4 cm. It
vacuun1pun% that renmoves air at “wou g erw se
is belt ebove lagnetal @tata.undemmzm aTheightrof abodt il smm fremvhe plateby two

snERRTEG bty Bl o R b et GEPR DRt R

vaGiaiP@tip. The smdlecﬁdﬁfbet«/mueam frém adRyzzIe h@eq\ﬂdpi)@d Rap 8fSelectrodes
bel ow a _nozzle with a 3 mm openi ng at a di stance of

to thésthra radie frequency glermalpgicusisal/ @n ke Aerlisd tgpraduce gplpsma iyibe
cth‘HE@rl R aeﬁrstq)asgedf@m witd urRIBOHE nézzm{yg :Is'"é? g%rrgstu?e 5 (MR
O snooth islets spaced 5 nm apart’. ﬁ 'S
mte&tbzcubmmhet smabdemb&cod aplsma t;ystracli la:rt\g@n thm@@nﬂnmﬂqz;mn@g about
en ga pas d_throu h the nozzle f nal

o S P T P bl Rl AR F B Cnab BB BFlers0o
Angstra©oft coppdr @f the céppel &ieEOrics apom@ticside laferthaebdth pradgesd on the

upstreamfromthe nozz]e hy a pI |ng a radi o frequency

enfifecsBpol of Mg e 3SRt grrapelihe beerigber steam kpmdiawae is
switdBdds stbye oﬁﬂﬁbéen%ﬁ@ﬂ‘gﬁﬁm&'ﬂ%tg&ﬁ detlééath e ROFEL Gire KNfen fed

nitrogen plasma then 25 exits t e nozz| e and i npinges
ungeitthe payaleaizaia fo cumgert the doprgr exids torchppeynitidde. Shefspd rags 1k e¢justed

r £Lkness of about

oy ek Bn 25 R RE R cpBlel b AUl S0P O e

with a thickness of approximately 500 Angstrons is

formed 30 on 1.0 m| dianmeter copper wire as foll ows.

The wire is fed horizontally froma spool external to

a vacuum chanber into the vacuum chanber through a

small tube 3 cmin length and having an interna

dianeter of 1.5 ml. Mdway along the tube, there is a

connection at a right angle leading to a small vacuum

punp that renoves air that would otherw se enter the
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18 WO 2004/ 093185 PCT/ US2004/ 010861 5 vacuum chanber.
The wire exits the vacuum chanber through a simlar
W0 aiwe/09HB30 connected to the small vacuum punpPCDOS100€010861
opposite side of the vacuum chanber. I|nside the vacuum
chanber the wire passes below a nozzle with a 3 mMm
opening at a distance of about 4 cm It is held above
a metal plate under the nozzle at a height of about 1
mmfromthe plate by two snooth islets spaced 5 nm
WhheEk laimbEischanber i s evacuated to about 500 ntorr by
a large 10 vacuum punp. The small chanber upstream
fromthe nozzle is equipped with two el ectrodes to
whi ¢
1. app lﬁlb I gthtf)ggfp 1:66 irng 9 gﬂ&%{%lglﬁ% @fl}ﬁr;b@% h f10a &#ﬁ(&gﬁlﬁﬁct%&\xfgg or package
cdmmmmgpassmsbfthe mﬁre under the nozzle, oxygen gas at
a press i ntrod
chopntthe oD et St it HER el Rrb A B o
cod§ibtig o OBbnd pdd) QWiRd a lead frafd@\WHall glib@rriy, b &tul HuinpATABARS or
the nozzle at such a rate as to oxidize the outer 500

soldsr Iipppss pskrombinationsnd fVpr mofe ofBBter wire. Once a
cop 9@1%11"@(6193 HRYHE of @.ﬁd RESQNRLL gl@&@ﬁs Bor&dﬁ su?fﬁfé lager

spool of”"wre, the gas passing throug
coptpainibe Cu(Nsin pe amofnt offective tarsbsthndially 1nhzbm axirlation ofoun@erlying
Intolﬁlclofelsnltrogen and a plasma is again produced in
thi 5 The wire is then fed under the nozzle again

to (fﬁm\ieg in dlév@ricadp p@fduame%nd 0 tholppionof sdid siefacdlager; and
feed rate is ad to convert nore than 75% of the

cop[?élPr 90t gubstagu %E’ﬁﬁ%‘lﬂtaﬂ?quls Wik saigd dongsospma stspFegemposing said
Cﬂ@f&@gg%{aﬁ}%@ke MO&hab&ival 8f fRAajes: 1. A nmethod of

form ng an interconnect structure in a sem conductor
devi ce or package conprising the steps of: providing

2 at l"ﬁl@#eth%rd%f Qﬁﬁx‘?h I\&Jhgre{nnsta% ﬁt%%gx%%%tnsgljugtg%rgog%%esgltsglgiconductor

roup Cconsis
palcmd hﬁ\rm?gmdle avﬂhaalt leag mnﬂcc@peﬂmnd pads iwabshatatior sdiflBlie; @4d osurface
sol der Wﬁf and conbi nati ons of two or nore of
hY%@@@P“$ (N4 on at Ieast one of said interconnect
el ements a bondi ng surface | ayer

3. The method of claim 2 wherein said bond forming step comprises ultrasonic or

thermosonic bonding.

4. The method of claim 1 wherein said providing step comprises providing at least one
metallic interconnect element formed of copper and wherein said surface layer forming step
comprises the step of exposing said surface layer of said copper interconnect element to

oxygen to oxidize at least a portion of said surface layer.

5. The method of claim 4 wherein said surface layer forming step further comprises the
step of exposing said surface layer to heat prior to or at about the time of said oxygen

exposing step.
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conprising Cu(N) in an amount effective to
substantially inhibit oxidation of underlying
woredoalopites | ayers; formng an el ectrically condeCT/Usm04/010861
bond in the | ocation of said surface |ayer; and prior
to or substantially sinmultaneous with said bond
form ng step, deconposing said Cu(N) to substantially
i ncrease the conductivity of said layer. 2. The nethod
of claim1l wherein said interconnect structure

6. CONIthé $REhod of BRInt ® WHeteInQhid sRARK Aer fdaMInD Grep rHiR: &%rﬁﬂhses the
at | east one copper bond pad; a substrate for sa

stegjof expostie 52id gyrfage &ven ta pRTosbRTMAS | ng Cu( N) 3. The
nmet hod of claim2 wherein said bond form ng step
conprises ultrasonic or thernosonic bonding. 4. The
7. met Hbel msfhod |0é¢1ﬂiml.5 wherigisaid saifate payonfodhing s&p Epther comprises the
52 {Q%%$sﬁr%ﬂ' ﬁg&’% Ieasﬁ one netallic
Pt 61ConAe F 7 8P el or copper and wherein said
surface Iayer formng step conprlses t he step of

expo i ng salg surface | ayer sai d c%P
‘i nt &Pt BIHEE O dpisheft’ WBefelES)i%é‘Hf%C6 laygi arnzleg slep fusthet comprises

exﬁ&‘iﬁg’ sl sQffaRah J@r %qfegﬁﬁi%r 1oAY 8f abort thd Affie %?Eﬁ?ﬁiitrte%eélféxﬁésmg step.

wherein said surface layer formng step
conprlses the step of exposing said surface |ayer to

h ' f .
5 cvpd? ity bty S PR b8 iR onfh B G crgosine
sailBerfave hyedtochhwlra@isammontzer ei n sai d surface | ayer

formng step further conprises the step of exposing
said surface layer to nitrogen plasma. 7. The nethod

100 @l @vive Por WIS ImahfoPRAbn Y b BERrdi@Y&lcutt BAKL AthaFin gﬁ copper
further conprises the step of exposing said surface

intprggrect GoMpHHBE pideasoneTpfercapehicderadnt bavgiarhogdipg sutface layer
co%@ﬁ&ﬁ au idsurface layer formng step further
exp05|ng said surface |layer to heat prior
to or at about the time of sald nltrogen exp03|ng
wher. ei

hl t B&&%‘ﬁfraé&f‘p%g }lsr?dﬂ gieé%rrl@g%?{n aélégtegﬁtﬁg §1r%t package sg1d lead frame

comprising a bonding surface layer comprising Cu(N).

12. A wire for use in the formation of an integrated circuit package, said wire comprising

a bonding surface layer comprising Cu(N).

13, The wire of claim 12 wherein said Cu(N) is deposited from a gas source containing

both nitrogen and copper.

14.  The wire of claim 13 in which said copper in said gas source is created by an electrical

sputtering method from a copper target.
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said surface |ayer to anhydrous ammoni a. 10. A device
for use in the formation of an integrated circuit
wpawkagHshavi ng a copper interconnect conpri SPEUSL004/010861
| east one interconnect el enment have a bondi ng surface
| ayer conprising Cu(N). 11. A lead frame for use in
the formation of an integrated circuit package, said
| ead frame conprising a bonding surface |ayer
conprising Cu(N). 12. Awre for use in the formation
1501  amhe wie@@ EiRine ™3 Gl WitieH daiddRpE@Iesaid FsGoitké B di ng
a bondi ng surface |layer co risin? Cu(N). 13. The wire
evaorgtioq; pndiroct iating o b epasuee i hat Slamepbsi t ed from a gas
source containing both nitrogen and copper. 14. The
wire of claim13 in which said copper in said gas
16s ourlhe viis of rleimt Edinbyhicihnthe Ce@Y)ris foamed ypthe txroisurg ofre surfade layer

from a copper target. 21 WO 2004/ 093185
Ofﬁég?ﬁéféﬂ%ﬁﬁT886l 15. The wire of claim 13 in which

said copper in said gas source is produced by
or by exposure to a hot

evap%éatio? by ﬂ%rect heati ng.
V7t | g e of glaimrbeWhgreia ther CoNa isrprmed;by fogminga suseeiayen)
cohipribing B&e0kiddRid %&m&ﬁl@% Rhsta pﬁl%lﬁ BE&id DHBEr oxRfe th%ﬂper

nitrogen plasma. 17. The wire of claim 12 wherein the

nitgd¢-N) is formed by forming a surface |layer conprising
copper oxide and converting at |east a portion of said
copper oxide to copper nitride. 18. The wire of claim

1817 Vithe wixierof slaind] Twhqrein said icogpef aridd fognmp efep compises &posing a

sing a .surface |ayer conprising Cu to oxygen
S“%?‘%ﬁ?éﬁ.fgoi@mﬁ% L\/\tnoroéy%gp[?ﬁlgf"m 17 wherein said copper
oxi de form ng step conprises exposing a surface |ayer

conprising Cu to hot oxygen gas. 20. The wire of claim
1997 ithe wéie 9f glaimyl Cwhssein s§d CORPCF ofids Iogmisg sisP coRprises eposing a

suﬁ&f&qg‘}iepgorﬁprising Cu to hot oxygen gas.

20.  The wire of claim 17 wherein said copper oxide forming step comprises exposing a

surface layer comprising Cu to an oxidizing agent.

21.  The wire of claim 17 wherein said copper oxide forming step comprises

electrochemically oxidizing a surface layer comprising Cu.

22.  The wire of claim 17 wherein said conversion comprises exposing said copper oxide

to nitrogen ions plasma.

23.  The wire of claim 17 wherein said conversion comprises exposing said copper oxide

to gaseous ammonia.
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surface | ayer conprising Cu to an oxidizing agent. 21.
The wire of claim 17 wherein said copper oxide formng
W@ t@p/ogaspri ses el ectrochem cally oxidi zi ng aPGUUS0€010861

| ayer conprising Cu. 22. The wire of claim 17 wherein
sai d conversion conprises exposing said copper oxide
to nitrogen ions plasma. 23. The wire of claim17
wherei n said conversion conpri ses exposing said copper
oxi de to gaseous ammonia. 22 WO 2004/ 093185
24°CT/ A2 (hod bObOBIE an Adercdhnb®si@iurd in £ RAIIAGuAG device comprising
|nter%onnect structure in a sem conductor device
the. 8 Wﬁﬁ13|ng the steps of: providing at |east one
CONGuGhdiNEat 1%@5&%6&%&%%@&%&@@ él&ﬁéﬂt ng on said
i nt erconnect el enent a bondi ng surface conprising
Cu( Kyrmiggmen saibinieroegnashelement tbpuding snrisonchunprising (lm(:mj and
t he [
of -y ARk cical PLIARABR S BERon ST s gl sotice
element is netal mnre 26. The met hod of claim 25
mher ai,d re co es copper wire. 27. The
H@am& PHPLF RSS! BherSs S G edr B amal sheymeay fspragtel wire.
forn1ng step conprises exposing a surface portion of
said wire to a gas_containing nitrogen and copper. 28,
26The The MsBWd of claimhwhereipsseid gietp! wite gobpirgs peppeuvirace
form ng step conprises sputtering copper froma
copper target onto at |east a surface portion of said
27wi r &he g@thoTéclaipt 2foat 26fwitkean sai?ionding seifave §ﬁhﬂn§)@€1ﬂddﬁg)nses
surface tep conprises . _evaporating, cop er
Xl AR AT B P50 &SI EG BB i 9P
30. The nmethod of claim 27 wherein said bonding
surf ce form ng step conprises exposing at |east a
285 ur L4 Bephed of damnt7 whgrein fiid Eoﬁd@lgrﬁuff?@gf@%mpg giepreomyyises
spUtR@inFBEfpRLOh aChRieMatet Oiito 2012 $1ﬁfa@e é cHidh 02A A
surface formng step conprises ormng on sald mnre a
surface | ayer conprising copper oxide and converting

29t ITﬁ@ﬁltethgd BPLAHLY wherein said bonding surface forming step comprises

evaporating copper by direct heating and/or by exposure to a hot filament.

30.  The method of claim 27 wherein said bonding surface forming step comprises

exposing at least a surface portion of said wire to nitrogen plasma.
31.  The method of claim 25 or 26 wherein said bonding surface forming step comprises
forming on said wire a surface layer comprising copper oxide and converting at least a portion

of said copper oxide to copper nitride.

32.  The method of claim 31 wherein said copper oxide forming step comprises exposing a

surface layer of Cu to oxygen plasma.
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of said copper oxide to copper nitride. 32. The nethod
of claim 31 wherein said copper oxide formng step
WEpHPHes exposing a surface |ayer of Cu to BPXYYE2004/010861
pl asma. 23 WD 2004/ 093185 PCT/ US2004/ 010861 33. The
nmet hod of claim 31 wherein said copper oxide form ng
step conprises exposing a surface |layer of Cu to hot
oxygen gas. 34. The nethod of claim 31 wherein said
copper oxide form ng step conprises exposing a
335Ur PIie enctiRW OF clafm $Hwh&e@Rai@XbiPeZ 608 RARME step Rompfi&s exposing a
nmet hod of claim 31 wherein said copper oxide formng
sugfacedayes A ot opiger g3socheni cal |y oxi di zi ng a surface
| ayer of Cu. 36. The nethod of claim 31 wherein said
conversion conprises exposing said copper oxide to
34ni t Thgerthol & plaim 37whdrbie soe toppdr afidefoanimng 3tkp whepsden exposing a
i d conversion c ri ses exposing said copper oxide
Sustgceg%eéf%@u g’r’f’f%’ﬁfdgzqggs%g.en%n i mproved i nt er connect
structure for use in a sem conductor device conprising
a conductive |layer and at | east one bonding surface
35 n dihe&eiiod of clahddiwherainisegf coRPehods grming sign epnprses
eldcBY&emiGBy OxiRRNY ARl 1hRESF GPNPri sing Cu(N) . 24

36.  The method of claim 31 wherein said conversion comprises exposing said copper

oxide to nitrogen plasma.

37.  The method of claim 31 wherein said conversion comprises exposing said copper

oxide to gaseous ammonia.
38.  Animproved interconnect structure for use in a semiconductor device comprising a

conductive layer and at least one bonding surface in electrical communication with said

conductive layer, said bonding surface comprising Cu(IN).
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