WD 2004/ 093185 PCTI US2004/ 010861 5 | NTERCONNECT APPARATUS AND METHODS
Field of the Invention 10 The present invention relates to the field of

i nterconnect structures for integrated circuit packages and to nethods of
fabri cati ngygsaoBessmad nore particularly to copper intepsppgRelodiduct ures
for electrically connecting two or nore electronic conponents. 15
Background I nterconnection technology is an inportant aspect of the
fabrication of electronic conmponents containing sem conductor devices. For
~exanple, in chip bonding, the back of a chip is nechanically attached to an
appropriate nmedium such as a ceram c substrate, a paddle of a netal |ead
frame o to a ball grid array (BGA). The upper level of wiring for the chip
20 normal |y incl udes bMEREOSNBOTAPEOE PUSAND MEHOB t ached, via the
necessary connections, to the underlying circuit. The chi'p comonly has a
protective overcoat (PO |ayer, generally referred to as passivation, with
hol es providi ng access to the bond pads. The bond pads on the <circuit side
of the chip are electrically confagbethetfvehiign Package | eads by wires or
other electrical conductors to™permt utiltzation of the integrated circuit
(1C. The type of 25 interconnection schene which is used can vary wi dely,
depending on t fige§eeaioh EenoRMIAR!E e HhiaCF ibodhliets RACKBA b ggh ved. For
exanple, thin wreés are typically used as part of the interctonnection, and
t hese may dercuillpeakages pidiantefhobpefdetdicatingtsiree, berhdons partitatmetbicopsr referred to
herein as :w i.ng. ' r |l s, which make a
di rect coﬁ%%%@?%ﬁaﬁggg%éﬁgkﬁgx%%ggm%ggggﬁ6@ﬂgﬂgﬁggkgﬁﬁmggg% %trate (as in
the flip chip process). 30 O her common nmethods for naking IC

i nt ercqopnecti ons, such as connecti he bond pads to the |leads of the |ead
frame, ®r the conductors of other g%ﬁ&%@#%? support devices, include Tape
Aut omat ed BondilnigrebindBjon téchndlogylit @cimpottdnagmpert Ghibpfabacuties bf ddtirofid) or bunp

bondi ng, ago%gogén?suc%gta{nﬂleg sgrfn%ogguctglp g'egﬂzgs:[. 'For ex%%gﬁ?fn\éﬁ% ‘bonding, the back of a

chip is mechanically attached to an appropriate medium, such as a ceramic substrate, a paddle
of a metal lead frame or to a ball grid array (BGA). The upper level of wiring for the chip

20  normally includes bond pads which are elecirically attached, via the necessary connections, to
the underlying circuit, The chip commonly has a profective avercoat (PO) layer, generally
referred to as passivation, with holes providing access to the bond pads. The bond pads on the
circuit side of the chip are electrically connecied to the package leads by wires or other
electrical conductors to permit utilization of the integrated circuit (IC). The type of

25 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).

30 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,



| WD 2004/093185 PCT/ US2004/010861 5 Alum num has heretofore frequently
been the material of choice for use in the fornmation of the i nterconnect
el enents, such as the netal traces of the sem conductor circuit, the bond

pads and (%zdﬂrﬁﬁﬁﬁispi tch applications) wires. However, pthgssiRsifoadi 1ty of
using alumnumhas recently been affected by the pressure in the IC

industry to reduce the cost and size of |IC devices and to increase the

i nput/out put capacity and speed of such devices. This 10 pressure has

i ncreased the need for finer traces on the sem conductor and finer pitch
i nt erconnections, which frequently require thinner and sonetimes | onger

wires. Asa resulipming i Hefetdidie fe@lntl RACHE faefialdk ibideysn @Bt thd S al | oys,
such as rel atively high resi stlance to current flow, reljabjlity and

el ect r omi grigrmatien piAbeinicrrapRestlomenisetch ythgmpptal tragssiof Heaemigpppuctay Greait,

conduct i Vi tiye BHRE Bhd ah@lfoia@e pithlaPflickifons) wifdd] HdweverihB Behibifly of Bify connect i ons
bet ween 15 sem conductor devices and a supporting substrate, such as a

| eadf rane clunBesn hegrecepthybeen gfected b tha grepgyrainihe Ig andystyy to sxlucetthecdst g cost  of
gol d and t e GPOARES £ 1Bhhcldhsd AR inghDEREh: AiMirs!dll GAH SMEFevBY O] SO

created a need for a higher conductivity and 'ower cost netal for fine-
pi tch wi% e PS¢ brg incregsedldiy wesd for fiaes drages e the serpicondpetpr anH dinertrétsh r ecei ved

| nereased 3 Eieafbnd, SfBHGenty Sl thhfer SRPREHerifBSIoM? WHEL T AERRLY | OVe!
resistivity than alum numor gold, Iits use in | nterconnec evices posses a
set of probbmesf thhddfickneesnftalupimwemd ipplidys tsheh agsdatpklydlighmesitemcoro  gol d.  For
exanple, t tion. j I r. bond _pads wi,l|l generally
require t ht(}? ”%W?@g@b‘%%%%l 9& %ﬁ&%éﬁgé@ﬁggrpga%f%%eﬁg@?e%afﬁrcfn s di ’yan%ri or to
formati on diighthendwedrityenttale for ige it te 10 oinahitpa Finegpidh inberainnectibasbetveey and

| evat ed t 200C dur i 5 th f ing _t h
Connect on *IRPEeHPEGYEET 43 oror e AR Sl en BT OO RE P

formation Ghadanéiggihin goltswinean Thelipicédsie godiatidthe Boribiatiou bf Hgker ofeed hel net al |
even at room tenperature. Th resence of these copper oxides geperally
prevents t HEMReg#irgs hayRalse Crﬁﬁ%cﬁﬂ ‘Pe\ﬁﬁ??o aﬁ’ﬁh‘ﬁ§°‘l§£‘°‘é"b@&%‘fﬁ’ﬁﬁﬁ tosUBTR S ns t o
bare copperpiiir@s®lingSi m | arly, copper wire usually has a limted shelf

life due to the formation of a thin |layer of oxides on its surface even when
To address these issues, a metal that hias received increased attention is copper.

20 While copper has a significantly lower resistivity than aluminum or gold, its use in
interconnect devices posses a set of problems that are not present with the use of aluminum or
gold. For example, the formation of an interconnect to copper bond pads will generally
require that the copper is exposed to ambient air and humidity prior to formation of the
connection to the bond pad, and to air, humidity and elevated temperatures near 200°C during

25 the process of forming the connection. This creates a significant problem because of the rapid
formation of a tenaciocus 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

30  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



30 stored under conditions of relatively | ow oxygen concentration and | ow
hum dity. This copper oxide |layer will have an unacceptably negative inpact
on the conductivity of the connection. 1In the case of copper netallization
on sem condyg bdaksos1gne conmonly used solution to this preihiiiciefsbeen to
deposit a thin layer of a nore oxidation-resistant netal on the 2 WO

2004/ 093185 PCT/ 1152004/ 010861 5 bond pad so as to protect it from

oxi dation. Typically, this second | ayer of netallization is fornmed fromgold
or alum num as disclosed in U S. Patent No. 5,785,236. This is typically
acconpl i shed by vapor deposition of a layer of the nmetal onto the

sem conquCthafid Wafse hs ldSprdtert irdrofbsddatidio IS Yiedlly, kb sscontl GReSE chefMafidng Creat es
several of its own problens. For exanp) anot her_ set _of | ithography steps
s then redRiFREoROEAralmii S EScoRe ol Hhire Mo o4bs-2 dTiys BRsHBby  f or m
bond pads waldadpliGRN bPapht E&poRBRAEH laySUF iheankiil bh@MR seh@bfduchk aRsSddd St eps
add significantly to the cost of the devices. Furthernore, when al um num or
gol d i s borkdeagktHowevse thinprprqsed solitian FiRaiesSasanl of ids oyey mpldems. Kps prample. ot her
metal s are gsHalsbobr RLapRSidhPisRies &iied B attekrﬂtrrﬁﬁlgérfdfei:b‘ﬁ't&%%ilt atnlaﬁocopper

into the gold or alum hum’or vise versa. For exanple, U 'S

4,987, 780 dkssehyiferasbond padgyehichican ba wir honsladi Sychgddifiqralyvafer precessingptspen (W,
tungsten nit:k i ; i i L i i i i O,
Lungst en car ol BRI o L ERAMAMT kb v ekl o DLARUHBL AR R ol O
t ungst en ( TheApppss, thipanteimgdiatedpmieslayeny of thepwetals Meryuadlf raghizabio prvert ibel s,

however, alix?t@rdffﬁxrsi?n Ef)@ﬁgﬁgrﬁ%{g?{ﬁee%?gﬁrgﬁﬁﬁm%i&%\é%@gor el ectrical or thernal

conductivity, or ansi on. recently, it has been
proposed t o uti Forzgaraple lARdiabNe. 4,887%750 déscabes dreant af titmdwth aidde, (TIN)Q such as

silicon_oxide or . silicon nitri t hat hay i.ckness syi | e for

sol deri g \ﬂ‘qgﬁt%@j’mnﬁ%%ﬂh’gﬁ&&ﬁrﬁm%uén Hﬁp%ﬁgﬁﬁﬁr@uq Paéﬁl ?bﬁ@’duri ng bal |
or wedge baipsBegcdidOiWa), Eantihing{Ta), Gntaliet diride TNy tik@iunveRApsten€TiMONRE Ng
surface and the wire to behﬁgndoiil? Such, Erocesa i disclosed in U'S
Pat ent No. 08WSElyersier coppt. MLy PR ASohRECTy ﬁ%ﬁ%@"‘?ﬁ’“‘{“ﬁ%"%r esent
invention. oWikd, 8r kvt FoddeREEISE oh SmBLMAMativiee YA ki gg @S ekpd@sdn’ abl e
characteristics, it can be 25 problepmatic if_ the process steps are not

preci sel y cont r Yloptggeentip it hag brivp Proposeq toryilizecafrangible layer of a ceramic insulator,

20  such as silicon oxide or silicon nitride, that have a thickness suvitable for soldering without

fluxing and that are sufficiently frangible during ball or wedge bonding to obtain metal to
metal contact between the bonding surface and the wire to be bonded. Such a process is
disclosed in U.S, Patent No. 6,352,743, which is assigned to the assignee of the present
invention, While this process has several advantages and desirable characteristics, it can be
25  problematic if the process steps are not precisely controlled, For example, if the ceramic
layer is not sufficiently frangible, a substantial drop in conductivity can result, potentially in
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
30  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.



| ayer is not sufficiently frangible, a substantial drop in conductivity can
result, potentially in certain cases even preventing the formation of a
connection. For copper lead frames, the tip of the | eads to which bond are
made are uswedebdlossmated with an oxidation resistant nepetwsisiebsey sil ver.
These approaches have the obvious 30 di sadvantage of increasing the costs
and conplexity and tine of the manufacturing process. For sol der-bal

bunmpi ng, a flux would be required to renove the oxide during the refl ow
process. 3 WD 2004/093185 PCT/ US2004/ 010861 5 Accordingly, there continues
to be a need for an interconnect structure that will sinplify the formation
of hi gh sconduct Astiotdinghg dte@ntivkeciobp e nedddarchn patekcainkdt saucsurphaesisied  oxi de
grow h layer havin opd electrical .conductivity, od.thermal conductivity,
and low t ﬁ%‘fﬂk& th“eg‘ﬂg?f?ﬁ?ﬁl’ﬁgg c‘?ﬂdg%wﬁ%g?i‘ & %OH%F Pgr% ag wétg AHTRPSSi6cess for
form ng suekide gRpe! lajee AehingHRS eledBcal CRMIORE Bbod thataiRl doaduchieiey, end1beSe needs
and offers additi onal advant S aﬁ di scugsed in the follow ng summary and
descri pti ofiegpalsrRapgey isdlse Hﬁgg‘f AeRelkas apimple pprostion foying sechsennet kpd04/ 010861
S Summary @fg¢t he Invention Applicants have discovered a sol ution which
overcones the problens noted above and which provides other beneficial and
desi r ablle r esul The Progeitdnysatiqn mesisdhass needspaad gfers additional aduentseshasdiscussess t o

| nt er connegy ms kil Gings@EmARAnd BB Whiebditdrdtbdigemisbondi ng surface
conprising copper nitride.” Applicants have discovered that interconnect
structures which 10 include a bonding surface conprising copper nitride can
be highly effective at preventing oxidation and/or other unwanted corrosion
of the underlying conductive material while at the sane tinme providing the
basis for a high conductivity bond. Furthernore, applicants’



i nvention provides the advantage of sinplifying and/or reducing the cost of
the manufacturing process. These benefits derive, at least in part, from
applicants' recognition and discovery 15 that copper nitride is capable of
provi di ng wo fuebvssdsr uctures a relatively non-conducti VeCT/us2004/010861
corrosion-resi stant bonding surface while at the sanme tinme being readily
transforned into a conductive layer at or just prior to the tinme of

bondi ng. According to certain enbodi nents of the nmethod aspects of the
present invention, an interconnect bonding structure is fornmed by providing
a conductive base material having a relatively non-conducti ve,

corrosi gn-resi stant 20 bondi ng Sumiirh:Ag of thedpventiog Cu(N), form ng an

el ectrically condyctiv nd in th on of said bonding surface; and
prior to or subéPé’r‘ff“?t%ﬁar 1§?9¥ﬁrlef1§ﬁ‘§5tlf’§ 1GR9 Py At Aboves t ep,

deconposi N@n@whidh f)ﬂoﬁid@srﬁthailﬂaiéﬂha%d tbraatlideMits] MosApadticRRIAG tROpreddhd ace to
produce a substantl al increase in the condéjctl Vi t){ of the layer containing

the Cu(N) JnEERgplass/ oigrRennget syustesand yeibgdsueh wtilizs a bondingisraacs ur f ace.
Pref erabl y cbRgi@acoppe sitie. Applcatld UHRNisBovelta MeinkdicodBect ARPHES whidhY
sufficient to produce a comrercially acceptable electrical connection. In
preferr&d dnrabslgiakpiting yriaqesampdagepper H\%ﬁtci‘“bli’ﬁ higihypefifagtive a8 greMadios st r uct ur e

conpri ses %&xah%sahd@fl&hér%%rﬁmgﬁgmﬁdfwaerﬁzﬁlg%sﬁcﬁemtenﬂmr g@er
consi sting of a copper g)? a copper wre, a cop frame, copper

stud bunps, sarah@nemmmatthedms a high C@}dUCWﬁY Bongs FPW&WQOI‘&J @Pll@lﬂa’l so generally
preferred lia 5‘@?‘6& rface of
the pr esen%@hvenﬁn}é@s?{éﬁg&yﬂ%@%oﬁ% ano%l | %?g%ég%%ggctm‘l m{f&%ﬁg
bondi ng pr go®sss. Thest bénafitsidening, atheastdp pari, ﬁammpphc@tits eﬁ@ggslpn alddhscwryheat

presour gy Labe ML RRANLE SRS Bty 1t LACKAS o R ol Suligad o

enbodi nEnt s pr ssu e and rasoni c-energ I'n" the region
of the bo nctorrd:mnna’ehﬂmt hqnﬂing(smtfaoe mdijle amha semc imd bgagreémlmnﬁbrmﬂ irfio MO

2004/ 093185 US2004/ 01086.1 r ovi de
t he energy c%fﬁcrél‘?i %gl FHE AR tc%ﬁe(ti\#e ?fa?y’é ng 8"%‘&?%‘? %%fnﬂlﬁmﬁﬁ‘ﬁfnfngﬁ? on of
| aser i ghttha‘mthddusmcmmf mesﬂ:smjnvamm hue indgreonaéct Boldipatruétire iefoimeddlyder  bal | s

O COpPer Bl RS, . O8RSt LMLy 95 A RIS i S tipgomeose o

20  bonding surface comprising Cu(N), forming an electrically conductive bond in the region of

said bonding surface; and prior to or substantially simultaneously with said bond forming

step, decomposing a sufficient amount of the Cu(N) in said bonding surface to produce a

substantial increase in the conductivity of the layef confaining the Cu(N) and thereby forming

a relatively conductive bonding surface. Preferably the decomposing step causes a change in
25  conductivity sufficient to produce a commercially acceptable electrical connection.

In preferred embodiments of the present= invention, the interconnect structure
comprises at least one interconnect element selected from the group consisting of a copper
bond pad, a copper wire, a copper lead frame, cbpper stud bumps, and combinations of two or
more of these. It is also generally preferred that the interconnect element having a Cu(N)

30 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



The term "non-conductive" is used herein in a relative sense to refer to
conductivity 1o which is substantially |ess than the conductivity of the
mat erial which forns the conductive portion, or the base, of the

i nt erconnegio Mmheweiys. Simlarly, the term corrosion respet/aniood/sossased
herein in a relative sense to refer to a resistance to corrosion in general,
and to oxidation in particular, that is substantially greater than the
resistance to corrosion of the nmetal, and preferably the copper or copper
all oy, which fornms the conductive portion of the interconnect 15 elenent.
Cu(N) has a conductivity far |ower than does copper, which is a preferred

conduct isve lightaioay 4 1ater fn@y baTRay tol phévedeahisunery feeldesmipbsing Bl Ca(MNJayee Ohepads,
wires and | ead frangs. E@?au%e of this Iow%g ductivity, those skilled in
t

the art woBRHoW agplicaling o laserlishLiopsPyPareoRay e ef 2 gt epalhsolder ¢ he

bondi ng SUBEIBGR cOfpet PdS HEOMRNES EopPGHEINE Coatiti0 WRICR fvould RIBdOGRES 1§ chi¥e Come to
20 appreciate that Cu(N)is also relatively unstable, particularly under the

condi t i ons dufneche BmplEnE PSS lent | y encountered as a surface is prepared for

and/ or exposed iR Ba*dbAgorRRATE" is QR hereilNB & R1BRE inbOo QRS BLbRMGivAY! | ncl ude
t he application of sonme form of ener such as thermal energy, kinetic

L or e f 9y., . .
ener gy, 10r adihichds sshdagplly lawsdeasiheccopdnstifiy, of Gie matanis) Yikich forrss e cengactiye nor e of
these. For 6% - el Bgmgpg SN s to
substanti apﬁgﬁtﬁégfgé}?ggﬁ?ﬁtlﬁﬂg&r&%ﬁh uct |eyi ty of hgﬁfrgeg coﬁ%sés?aﬁlt%g the Cu(N)
i s gener al bsedhereindme rdlative krapgiogefer te a gasistapdettp easrenion invgeneraly amidp ngidgtionc| udi ng

bal |l and wgggﬁ i.ng) I i . [ hg, as used
for exanple nlﬁﬁgg‘iagﬁis'é&%?@%@ sé’e?%.r ﬁ%ﬁ%&sﬁﬁ ertgt r@%’?ﬁ?@‘ﬁ?@%“%ondi tions,
whi ch fr equefiriby the eopperas evripei alopraiychifomgitiregponpetivt ootive, of theentemymeector
surface whigh contains the Qu(N) is converted to a relatively high

conductPvi te@jﬂsurface | ayer. Wthout necessarily 30 being bound to any

particul ar theoCyNphasapenduciidty, far lowesthivedoeesopper] wizith i hipefardeaidactve resul ts
R T R N e L
PCT/ US200460th@864 corfdudtivity, hiesse skillediis thhattiwvevid de sthaiglycaqiveed fi vbidgierusei Xt ur es,
even with % |C¥1(I\% ir? H;%lblond%grgo s%%ace%]} interconnect elements. However, applicants have come to
20  appreciate that Cu(N)is also relatively unstable, particularly under the conditions which are
frequently encountered as a surface is prepared for and/or exposed to bonding operations,
These bonding operations all include the application of some form of energy, such as thermal
energy, kinetic energy, radiant energy, photonic energy, or combinations of two or more of
these. For example, energy sufficient to decompose the Cu(N) so as to substantially increase
25  the conductivity of the layer containing the Cu(N) is generally present in thermosonic or
ulirasonic wire bonding (inclnding ball and wedge bonding) as well as solder bumping or stud
bumping, as used for example in flip chip processes. Thus, under the appropriate conditions,
which frequently are present in many bonding operations, the layer or surface which containg
the Cu(N) is converted to a relatively high conductivity surface layer, Without necessarily
30 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.



nitrogen included, are effective at reducing electrical conductivity and

i ncreasing corrosion resistance. It is. also believed that such m xtures are
al so readily deconposed to copper and nitrogen and thus are capabl e, under
t he appropwm@ioes/onigdi t i ons, of being converted to a hi gebyussonohagdi ve | ayer
just prior to or at about the tinme the bond is formed. Accordingly, the term
10 "CQu(N)" is used herein to nean and identify all phases and conpounds
consisting essentially of nitrogen and copper. The notation "Cu(N)" as used
herein thus indicates that sone or all of nitrogen may be bound (covalently
and/or ionically) to the copper, such as in Cu3N, but is not |limted to

thi s compound. Mhtsr, ittihieslinndlalia: copperGlittdden midtwes, e@vierith dnlyer sp@HSbh@ of but | ess
common, stojchi omaltliey Cu4N and ot her %ffecti vg st oi chi.onetri es and/ or

conbi nat i orfLrogen Pended are PECeHYE 3iedpEgslectigbeoRgyTh SFSFERRAPFR of t he
Cu(N) and tréestaned, i 8156 bele@¢d ¥that udhtmiRi S &8 tals8 Raliedecordshsainto 3gspet 4hdt hat no
mask is required to formit on a sem conductor device. In sone enbodi nents,
the Cu(N) rEPeeand s atsapable, videeihe prpropsialg sonditions, of brjag conxgrgd tqphigdhs of the
devi ce W t kghtfuciveIBEKjud phiboidtor h1Qbad: @ tRleqRd Honé &l fosha! tchaingSeme RaRd pads
because Cu(N) is 20, essentially non-conducting. In other enbodinents, the
Cu(N) n¥y bEU@BT irgeddipreinigyreet pidddentifyall phassband gpwpouns eappigiing seseniinier

i nt er conneck bkl soppfr. GHE Mitatidn™ClilM)® ad REWRkein M8s fHcDs tha sofO6HRd bet ween
separ ate copper interconnect elenments, such as bond pads. 7 WD 2004/ 093185
PCT/ US2004/061ig8g:n may bpkpwr (rsentyanl/onograliyie doresppacacsd CuN dukist op vi ew
of a portiqp; @yl Bind. SR 62 NEWEIOCulyCatRY dodErs HR phlifhie, BAIELNT
operation according to one enbodi nent of the ‘present invention. G 2is a
Cr oss- sect icomaon,\sioashianfetny §a41% and atfien efifretivsy staj¢héongptriar jagl/orjcomb{n@ior8 of s a t op

vi ew of _an Jnt : ircuit package containing the sem conductor die 10
of FI Glsﬁ &P gfg{dgjtgﬁ%\i&connected to a circuit substrate after the bonding
oper ati on accor @hewpntcondugtie mivpoditheeC(N pénditheengshasls efforming @ptesamandileG 4 is an

Auger - dept I pr ol | 5n o bl £ RGIRSbor AU PATL bicOMl B al/iE. BATRLE 11

embodiments, the Cu(IN) may be applied over the entire device or over large potions of the

device without a mask without forming electrical shorts between bond pads because Cu(N) is
20 essentially non-conducting. In other embodiments, the Cu(N) may be formed by converting a
surface layer of existing copper interconnect elements to Cu(N). In this manner, no Ca(N) is

formed between separate copper interconnect elements, such as bond pads.



Exanmple 1. The depth indication is based on an assuned sputter rate for
silicon dioxide. FIG5 is an Auger depth profile of the el enental
conposition for the sanple in 15 Exanple 2. The depth indication is based on
an assuned wodbliessi1gate for silicon dioxide. FIG 6 is gpritdfiyodRet h
profile of the elenental conposition for the sanple in Exanple 3. The depth
indication is based on an assuned sputter rate for silicon dioxide. 8 WO
2004/ 093185 PCTI US2004/ 010861 5 Description of Preferred Enbodinents In the
foll owi ng description, feference is nmade to various specific enbodi ments of
the invention. These enbodi nents are described with sufficient detail to

enabl e those skilled i n BRIEFBESCRIPTION OFCIIE DRAWINGS i Oon, and it is to be
under st ood that ot her enbodi nents, ma enpl oyed,, and_ that structural,

be
el ectrical and FEF-HI8BIBIECHAPGRION FEP Permplary seaifrndreordieiPot e ihe s
subst i t ut echonliihpOptratids BEbER0 bR chi b Eatgrht idefndi ngl y, the fol | owi ng
detail ed description is not to be taken in a limting sense and the scope of
the present in tzilﬁ)hcﬁoés“%@‘fqnﬁé’ée“b‘ift@%@n{%%ﬁ@é@eef%ﬁr'rb. The present
i nvention is i nERRAGH, (dBIviedSEr Wt SorAdcirkWPScRize Lot ERIROME SShicHILUGIdN & OF
el ement now used or which in the future nmay be used as part of or in
associ atly orefil@.H edectrBallispnaesitd (@t eirculy aupsigase atter B berding epRfaorpaccerigg td ncl udi ng
waf ers “hLCQw%ﬁB&ﬂ&Qu%PﬁBpgﬁ¥ﬁ &Stion. TNE i Nventive interconnect structures of
the present 1nvention are'formed fromany two or nore interconnect elenents
t hat are bondedFi@4 traa ‘mgert depih prabilecdf tee elamentabeampysitiorefoe thosemnplé nc| ude, but

are not |im 0, mE0 i j [0F j of | ead
frams,  boudipsds LRAPRH oot bRy of SR A RO ARE A ARORLLORE O 0
traces and any ®théis @0\ugenispthipradisofttheatenwintal cdpwosiiipoiethe songe inondi ng
process. _| referred odi. men A iLve interconnect structures
and net ﬁ%dgh’%fnp[e%é @Fe@g‘ﬁtm‘%“’ﬁv% nft'g P%S%&]%}aenaﬁsse%his%u%teﬂrg%e ros‘ri)lﬁ%(a) |18ﬁ1$d%f an | C
package cont ai niFi@6 & =i Agerdebhaebiile afnie dentbninbeuchpotitivrefonthe @ampidimect i ng t he

dieto th d frame,  as.described bel ow | t] th the Fi
ner eof . 1n WBRPAT, T GG RRUrLi Pt ShEuaT e paet i PR SRBE ot r not ur o

conpri ses a copper bond pad on a



25 die, a copper lead frane (or a copper bonding portion of a |ead framne)
and copper wire bonded to and electrically connecting each, wherein prior
to bonding at | east one of these interconnect elenents had a bondi ng
surface comu8y/mg1gsu(N). As used herein, the term "chi peTarshoi/Gioss: are used
i nterchangeably and each refers to a relatively snmall piece of

sem conductor material on which an integrated circuit or discrete 30

el ectronic circuit elenment, such as a transistor, capacitor, diode or the
li ke, is enbedded. These electronic circuit elenents or integrated circuit
may al so include opto-electronic devices such as light-emtting diodes,

| aser disodes, etc. Alternal]jemipﬁonbhh-e&hieﬂmib(ﬂhﬁe[@g’ a portion thereof may
be a mcro electro cha,nl yste SI\/EIVB% 9 WO 2004/.093185

PCT/ US2004/ 01088 152 5108 deserimi P Fron e s S uarion 8F 6 FrReRdimengy f the

“inter CO”nﬁﬁz&ntii)hrdeHnﬂibdﬂﬁeﬁtsldﬁdr’tﬁsdnBéd&hﬂfb%ﬁﬂ;ﬁb&ié{mﬁB endRho@BRNS At | east
two highly conductive el enents bgnded to_one another and whi ch together

carry el ectliejagag prasticn drednveption, paddy is iy beiadarsoqsithat othes gnbodinggmis mayba/ or to  and
froma chi pmgioyd 'ﬁﬂt@d@tﬁchﬁﬁ@l&&&@l‘ﬂ&ﬁkﬂh&&l@%ﬁﬂﬁ@&ﬁn A mREGBHd Mes referred
to herein as i nterconnect el ements reci ated by those

ski | | ed0 nequiealegistsulpstifitedywithopdspating fiqn ihﬁme'mtiognchgrdmiy, thedoltosdngt o a
particul ar g &a;e'a]desfcnbﬁ&qg AARS bR i yﬁ&fﬁﬁgsmp&gﬂdw %@o'i’ﬁ‘fé i N any

conbi nati on of interconnect elenments, such as con tive res, |ead franes,
bond pads, mvslltl@di&tﬂ?ﬁp%ibﬂmppwﬂe@ﬂa@m der bunps, conductive adhesi ves, and
the like At h%}g[g,régammmmgﬁ&ﬁ&%g&u%w#ﬂ%y& il AR ARlR, {9 use WD
t he present invention, exe reterrett are | Ater connect 'struct ures
f or med by alempmegsthI@mpmgm@rmsw mpagttof blea$$sodi8iomrvdthiant er connect
el enent, _hayi O .l n an ubs ant | corrosion-
resistant DOR. nﬁ‘é&éﬁ&r% Iggtgﬁc%gsxcﬂgmcﬁg%f}wﬂ,g coerrﬁ/elrr1 i cr’f’gnt“jtnhSél‘q’lglloﬁ’\{cc?&f)nducti ve
bondi ng su HhameentW@mﬂ:m‘zmnmbUﬂth&s bbﬁldpm@n&mdntimearafuimbd)ﬂﬁknm@ twlver convert ed

P e e A DR S ETERD by B st e

si mul t aneouluge, bhier®hdi@iinited tol Sondirdtive wirgs; Rhdfrared ahdyad poktiviis bPIBg fagnest ep i S

carried 20 out und conditions, which are effective to deconpose the Cu
in the bonaf’w&’aflf rgcggons of 8ond pads, stud umpsemter~c ip traces and anyong (N

20  connections that will be exposed to a bonding process. In preferred embodiments, the

inventive interconnect structures and methods of the present invention are used in the
formation of an IC package containing a die, a lead frame and conductive wire connecting the
die to the lead frame, as described below in connection with the Figures hereof. In certain
highly preferred embodiments, the interconnect structure comprises a copper bond pad on a
25  die, a copper lead frame (or a copper bonding portion of a lead frame) and copper wire
bonded to and electrically connecﬁng each, wherein prior to bonding at least one of these
interconnect elements had a bonding swface comprising Ca(IN).
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
30 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 dieora

portion thereof may be a micro electromechanical system (MEMS).

9



conductive copper. As those skilled in the art wll appreciate, such a
process has substantial and highly desirabl e advantages. Mre particularly,
such preferred processes provide interconnect elenents that at once have:
(1) a rel atviovebyoobmag shel f |ife due to the presence of parusmnos/asssan

resi stant, non-conductive bonding surface; and (2) the ability to be easily
and 25 readily used in an interconnect structure w thout degradation of the
conductivity of the interconnect. Mreover, since the surface material of
the present invention is non- conductive, it can be applied in situ to the
bond pad | ocated on a die w thout concern about causing shorts between bond
pads onsthe di eAsused bergingheternsd imerbmdéctiomt “oferdohgecpstasiard’ arsiusetent | on, an
existing c rfac ct S firﬁ Iy
convert ed fn%%ﬁ u? f%s%mcgjggh two e‘c’rhia i uc{é rfg? ernltsaﬁ‘m %?Pllg present
i nvention amnhebmdamjd:h mgbﬂwbhquﬂectrfcai s1gmaenb cﬁﬂﬁarempm{m@pﬁé:p #t/ofto

subsequent hi ng .ste h ad" as used her refers to and
is int ende&“‘:{fg 1;&81;3:91%n§ ‘gﬂ’d%ﬂ’b ﬁl’?ﬁ%ﬂ%ﬁr WERIRT 1Y egtorhﬁ’c'?i”tﬁses to
which a 1elnmo&%ﬁa@19@aﬂ5851tamb¢@§wﬂe@w&&b skifle®Dithe srbthatiBe gra@de, | ncl udi ng
both el evated and recessed bond as_flat, concave or convex
bond pads IWELGRHIOt bmp 'i‘?é‘IPa’-st‘f’?Ig‘? @mﬂfﬁ?ﬂ“ﬁ@ SHYHTEYE BRRRE WhVithuner ous

conbi nat i 0agy Rmblaieh dmnt&emwtlexaﬂﬁntgaﬁbhtaewﬂ@dw% Yire§l Ba0 HRASE bAd(Hs, | N Vi ew
of the teachings contained herein, all such conditions are wthin the

scope of tHR&Ed B?’é%SeW1%@rﬁp}dﬁi’“mﬂé\%‘?@ﬁ%ﬂeég@mﬁ ancsthe W HBPREMGBAY hat i n

certain 10fefngsck echcRPRQARH MBRALTe foh@e RAA deRBesSiit @ReWidnl e | 2@ exposing the
Cu(N)-containing layer to a tenperature of at |east about I50C. Mbre

parti cul ar Pipferedare Bierepnaect sEisaHesdprmdRy a Pigsess whish eerpayises proyidingptdeast r ed t hat
the CQu({) - canhaicBhdag: ddyeat hdv&g%’&@l%?aﬁ@al ?Qoﬁc&ﬁ{mﬁé Ghd\ubsttltiany EBligpout 150C
to about 180C. For' bondi ng based on ne frame 1 nterconnects, it is
preferred rdsistanthondiggiuxfpceesmpabing GuND.opeverting thensoseniucivecbondinpentateur e of
from about 4 out 190C
to about - 2DE s SonBnE e noRlEy B by Rk B RUCE Y Bl R0

desi gnat ed clomeiti kehighdy preferreéemimdinesnts) the cqprveting steprhndteioddingsteb @ppar at us of

the present ubsﬂnt?aﬂ%; s%lt‘yﬂemllshp %n gﬁﬁr%&rg)seg 1§ ﬂ?eferred that the bonding step is carried

20  outunder concl1t1ons which are effective to decompose the Cu(N) in the bondmg_ layer to

conductive copper. As those skilled in the art will appreciaté, such a process has substantial
and highly desirable advantages., More patticularly, such piefened processes provide
interconnect elements that at once have: (1) a relatively long shelf life due to the_ presence of a
* corrosion resistant, non-conductive bonding surface; and (i): the ability to be easily and

25  readily used in an interconnect structure without degradation of the conductivity of the
interconnect. Moreover, since the surface material of the bre:sent invention is non-
conductive, it can be applied in sifu to the bond ﬁad located on a die without concern about
causing shorts between bond pads on the die. Ina preferred;embodiment of the present
invention, an existing copper surface of the interconnect sffdcfure is chemically converted to

30 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
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connection wwth FIGS. 1- 3. FIG 1 shows a sem conductor die 10 of
conventional construction conprising a sem conductor substrate 11 and an
integrated circuit 12 forned 20 thereon. The term "sem conductor substrate"
as used hews mos/@bmss to and i ncludes any sem conduct opetrasmoy/siogor t
structure or base material of a chip, integrated circuit, or printed
circuit board. The term sem conductor substrate is to be understood as

i ncludi ng silicon-on- 'insulator, doped and undoped silicon, and other

sem conductor structures. Furthernore, when reference is nmade to a

sem conductor substrate previous process steps nmay have been utilized 25 to
formregi ofosndmasj hemesde,Gnduding mth deveted bitloedzasd bewimadoasduaditas flas tanume or € or

f oundati on. uct.or, su e 1|n FIG 2 is shown as a single |ayer
for sinpli 5’? o @tpagsanflg{hfr?’?ﬂ%%a%ucl hcl ude a base substrate and vari ous

materi al. | ayer St aomenpladd that fudeua nomb‘iﬁmgnsaifedndn(g doaditibnskcdn behgedional

contacts 13 are c cted electrica he . |nt integrated circuit

12. For si ﬁ"f"@f’%‘a&f]" i viey o g ﬁ% PR%}B‘{ Mﬂ’r‘f?&?ﬁd 0§\ | | be

apparent, kameves scoﬁaa)fmqiresem lmmjmamtewﬂhele@m is @aritbBplated Fi cEBIE t er i nal

contacts are_as LQ?&IS tj;u i nt rated circuit 12 During. the typical
e e

| C manufac PIFFGH feg Wi QHB’ILF%%‘PP%‘%%ECBW ZoN@ErEElayeh t h a

l'arge nurrb@cra@ ath@rofduea%tablsamfsom eMdie pticlliE, RabeldidPEmscleasepuent |y be
si ngul at ed 8\0 2004/ 093185 PCT/ U82004/0108 1 5 by saw cutti ng or ot her

sui tabl e né‘ﬁﬁ%‘mn%és s Ripferedfhatdhedc(Nhenptaining nysy is ef‘?f@e‘hﬁﬁé?ml’f‘éﬂﬁ\‘,ff’g of the die

10 cont ai nigg deﬁtqg(ﬁ"@tt@%&it [gC! Fh2bdnafmb Weked ammbtalt1e£dcf9£ﬁeqﬁﬂerc@$&&§@@ in the
formof an upper conductive |ayer 20 having a bond pad 20B therein. In

preferred &t ?ﬁéﬁhﬁttﬁhe Guély spontarmng layerrisenposedyp @ favngitire ebipe Ao E0C t he Cu(N)
layer ofs tfe&?bgﬁgﬁe% ahwé«sﬂmo%réfémupﬁeﬁm&mwc tb Mt Saoser face of the bond

pad. It “shou e appreci ated, however, th present invention to
conpri ses the uBeemiiig pewterthe @rpt‘l@g%whwehkﬁ elqsemsraee drsignaterbhydilie sgfertue  one or

more el emey E@I roﬂs z&&@ned'xﬂétﬁcfdg gﬂ&?ﬁé&*fﬁebdf guufv%ﬁu ik 8 scffulf;1 gy particul ar

enbodi ment es copper wre ng s ce 0 e present
i nvent i on, coimectivagathfidGal1- 8f Fithé shovsa spaidondoctatdic 0 sficohveationak e wi | | be

bonded may cOtstricibn nc(:)r%zpn %g%%grgl%gndugt&r stugs%ragqu Gnd ¢lmt m{eg‘ra&aﬁ Qir&lr{rl})ll q%r%%dt hat in

certain
20  thereon, The term "semiconductor substrate” as used herein refers to and includes any

semiconducior-based support structure or base material of a chip, integrated circuit, or printed
circuit board. The term semiconductor substrate is to be understood as including silicon-on-
insulator, doped and undoped silicon, and other semiconductor structures. Furthermore, when
reference is made to a semiconductor substrate previous process steps may have been utilized
25  to form regions or junctions in or over the base semiconductor structure or foundation.
Semiconductor substrate 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 elecirically to the internal integrated circuit
12. For simplicity, FIG. 1 shows only two terminal contacts, It will be apparent, however,
30 thatin mariy 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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enbodi nents, a Cu(N) |ayer of the present invention may be fornmed as a

bondi ng surface on 15 a base netal that is not copper. Al such enbodi nents
are within the broad scope of the present invention. The surface of area
20A to whi oo mopedws | nterconnect el enent, such as a ceporusibyEosdlr e,
preferably a copper or gold wire, and nore preferably a copper wire, is
bonded is the bonding surface of the copper bond pad. FIG 3 illustrates the
i nt erconnecti on between the sem conductor die 10 and a circuit 20 substrate
30. The circuit substrate 30 may be a lead frame, ball grid array, chip
carrier, or other support structure which, in connection with the die 10,
producess arbylsév p&ﬁ:@geﬂ@@suitkle meand.ustit will Herdeﬁribs:drfmﬂmt tMLqmiaﬂé\;els&iﬂﬂie as

surface cir trace, of the d f |n FIG 3, a
set of |nnedC qu SRYRINGE mt%ﬁr%te#] ﬁ&%ﬁé Ef“ﬁnte%?l?’"&% emeﬂrblgtﬂ}e 1@“ U During
packagi ng, @pbreblﬁlﬁéttvled:@br zﬂdmwaghbaml pﬁﬂ)zﬁ)Ethfnefnmdp:bﬁfrwaﬁbddhﬂenth%rpad 20B
portion of 5 termn ]t% f:onnectl] am}g the jnner |.eads 35 ,on the circuit
substrate. 2R RetlgreieRBly sprmer whers the GuiY)dmenet, cs@?té??@ﬁ?‘mlﬂ@)mﬁﬂ?"lﬁ@

fabri cat ed i a8urfid&TpE thaWbdn€ pad: AN EhdGIdibY BppRetihes] MvevaMlhiQhie fradRs: inveRu@C Ccor dance
wi th the broad as&ects of the preseaé erF]]\F/lentlon it is generally preferred

that the® SPERHE 1985l G Wees of Sergteris Pr ane B BT clgmens affhech has
been bal | QfteBEBE sPRAFE FFor bRanipl 1ﬂ%ﬂmﬂ&¢naﬁame§&u|hﬂes%§ﬁf @ﬁ-@ﬁzﬁhw th the

preferred nmethods of the present invention, one or nore of I nt er connect
el enent s, @%P@Sﬂﬁﬁ%@f%ﬁﬁsﬁ‘é&@m?“’ thbase mgfghof thehgnapad tawéiwbﬁv,ch\mw@ bond 40

include at yiige b&RARLHEY HnHABbeopr. asmwofwuwomﬁsxatea uﬁ@&%ﬁﬁ&ce Wi th the
present invention. In cerfain embodi ments, all three elenents wll include

t he bondi ngmbatimged a&u(NHéyepp%ta@msemnmlmwlw@l@g apTidSEe4#c0 90861 5
| nventi gn. JfReldehdd it RRGE 'Jall@@aﬂemofm&ts%wﬁtﬁﬁtﬂmBﬁs%ggo?&@d pads 20B

conprisé a bonding surface 20A overlying the conductive co In the
bondi ng regimwt inpetion cFiggenfdop ef argifidetp whiph @potikg intergonpect olemantysushuastaabl e

Sur e sA SR, FuuclB/UDBLAN i ol R0 ol Bl o Mppl e 1C DPTE 10

bonded is the bondmg surface of the copper bond pad.

FIG. 3 illustrates the interconnection between the semiconductor die 10 and a citcuit

20  substrate 30. The circuit substrate 30 may be a lead frame, ball grid array, chip carrier, or
other support structure which, in connection with the die 10, produces an IC package 32. A
conductive interconnect element, such as surface circuit trace, or in the case of the lead frame
shown in FIG. 3, a set of inner leads 33, are included on the circuit suBstrate 30. During
packaging, an electrical connection 40 is formed between the bond pad 20B portion of

25 terminal connection 13 and the inner leads 35 on the circuit substrate. Although the electrical
interconnect element 40 may be fabricated as a bump, wire, conductive adhesive, and/or tape
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 208,

30 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
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10 techniques in view of the teachings contained herein, and all such
techniques are within the broad scope of the present invention, provided

t he bonding surface is effective to protect the wunderlying conductive |ayer
from degr agas roood3gd does not substantially inpair the eomaigedoswviotsy of the

I nterconnect structure after the bond is fornmed. In preferred enbodi nents,

t he bondi ng surface of the present invention conprises sufficient Cu(N) to
produce a layer 15 with an average Cu:N nolar ratio of no greater than 15:1
, nmore preferably fromabout 10:1 to about 1:1, and even nore preferably
fromabout 8:1 to about 2:1. In certain enbodinents, the bonding surface

| ayer ofs t Hevepties Referting/ent agaim nomeb EFGAB| the pofeped b pads 20Bastpaseaut 5 % on

an atom basi s..0of nitr.ogen, .and,eve referably at |east about 8% In
Such enbod ST sitars 2ASYer e nE omharl: SodBern Hebandipgesio s The @ Yeat 1 on of
oxygen i n tdoppedtmeti20gnay be biwg shigprrthiclsieROfonedamplepaipeixirhAeln 0Agitton %% % on an
atom basis. |In certain preferred enbodi nents, the bonding |ayer consists
essential | y"6P™"Cu3N. In this regard it should be noted that the Cu(N) |ayer
may contai n on@h®bondig eurties LEXIAABS Brrhdddh addordak Wit @atide ekivyaf fRetkict he
operation of the presen I nvention.. I Llusirated in the Exanples, the

| ayer wiHl cHeBiqEssdR Vlﬁ%’é’éﬁ?i*ﬁ?ﬁ’%’“&f’“%ﬂ prei, a4 allpuch BAMAUESHFHEHIAMS oxygen as

cont am nantigoadfite ofi@e pREenbRg@itbY,Providl HRGbndRes AhdeNeflti o hiveect ¥ €Nt i on.
It is also contenplated that _in certain enbodi nents npderate anmounts of one

or nore copFEstiving carticslayseirom degadation aud 9oss N BHEtiRb B thect Furt her, it

i s bel i evedsohf@tivityldd Gretimtbre#ines Str@iurb Meor BRDEAIIS fMEd. AR Prdr@Me@lemPbaih Bfs, PT esent

i nvention may vary w de&y within the broad scope hereof and is dependent on
t he speci f i 8¢ bgagink euface pf the pressatipgmponsompases syficient $a(MWea prpdugetpdaysondi ng

sur face,4 ay, ol (G S PatiBfof A8 prbR@SHanaP30U L G0 ARG £ 30
preferaﬁ):iy ﬁho%‘qa‘ﬁ%‘gg& 25 Angstlr gm; %T(% aboall}t 30’0% Aﬁgstroy’nig@aa?]ogpg{}gn nor e
pref er abl y togbayhd dlyodeveponosppreierablysfronpabapidiul tosbat Arig dn eentrin embodimenpper

refer e "R e ] ! Lo
east 30 ALy 7k Surefhyer & L IR ARl B BB Bl BRI R 01,
20, 000 Angsinratmsbasianfinitrogsn, ud efemadst preferabinatloat b@O8P 1 B such SnMBIRABA/ 093185
PCTI US2004/,01086 )

%enerally preferred that the concentration of oxygen in the bonding surface layer is
20  not greater than about 15 % on an atom basis. In certain preferred embodiments, the bonding
layer consists essentially of CuzN. In this regard it should be noted that the Cu(N) layer may
contain one or more contaminants that do not negatively affect the operation of the present
invention. As illustrated in the Examples, the layer which consist essentially of Cu(N)
includes both carbon and oxygen as contaminants which do not negatively effect operation of
25  the invention. It is also contemplated that in certain embodiments moderate amounis of one
or more copper oxides may be present without deleterious 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
30  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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5 Angstronms to about 10000 Angstrons. In preferred enbodi nents in which a
Cu(N) surface is used on a bonding wire, the Cu(N) on the wire wll be
deconposed/ converted back to copper and nitrogen during the ball form ng
process, a@) foad/dosfpgl arly during the portion of the prpcewswhoossiutilizes
an electric discharge called electric flane off, EFO In this way, the

Cu(N) is renoved fromthe bonding surface just prior to making the bond. In
preferred 10 enbodi nents, the EFOis carried out in an inert gas or reducing
gas at nosphere, such as nitrogen, argon, heliumor formng gas. It is
contenplated that in certain applications a Cu(N) bonding surface may be
formed son Amgﬁmnﬂm@aﬁouemoat{yAngstrams rﬂn@sefdraslembmnmmimmlﬁdh at(ELQNFéugﬂadsaeis or on

ncior | yi n P50 5P RuRa i VRS artpt o 3 BRBraO R CpRaFg ek e

appropri at anm(rbém@mmﬁhﬂbﬂﬁonﬁhgpmaiss, afd yeftichiadn durthigelse poRédnwliehe but are not

ni (1 ogen ¢ SEERORIH eyl dRpeGi RATea Ry S HAEE e RBh dBis VB! Wit er i al

chenical vapaDn 1§iﬁﬁm¢dﬂrcﬁﬂthe@Bﬂng@uffﬁderﬁkﬁﬁtm&lﬁbluﬁgQﬁbmlﬁUIﬂ efdh@ sputtering

or evaporati n of t be carried out, by any t he net hods known
inthe ¥rt?® ?ﬂﬂnﬁ‘ﬁ? E\“&Efﬁﬁf 15 ﬁ%FEl “rtrf“caé’dnetﬂtﬁaﬂf’rr@i‘f’f"“&ﬁf‘sraéﬁ?sf’g‘i‘fe’a?ﬁlhﬁsnat| ng 20
current di Iggfﬁgn,%gmﬂn&qofnggggmfrequency or mcrowave techni ques, or
evaporati on of _copper P/ direct heating, electrical heating, hollow cathode
di scharge or el B&tPprmplated that ingeiaintrpreaHens srENLhnding sufage siey be/fapeadat i on

maybe Carr'oﬁgc&%cﬁv@l@&ys&ﬁaﬁH?er@@@lﬂﬁdnﬁh&@ﬁg@ﬁ@@f&tdd&alkﬂ% EQmippose skilled

in the art, including'the standard " " vacuum techni ques as well as | ow
vacuum t ec ¢pRRgLEise, by al@lmm@res%t@ﬁﬁ@d@ rigrbgsetOﬁeoné@%g matespl anegtineamge from 25
only a fsewgLofent, RT3 oK1y UG PIER Rctuiitol ADRS ues are
descri bi:asd |é?e "5?9%’5?:%% sd(()f Pllasma’ Di schar ges an elvg‘ er?’tg S rcgcesm ng" by
M A. Li ebedimiled tonepagiive sputtetingdf cenpseergvRITskion eiycopner lmdtragion &0 defesiv aVayek, 1994) ,
which is i | j <) i ]y apter 16, and

al so in, fggﬂ‘é\%gfr%@,q) [%]ﬁgg%&f[%\)(me{r?g{eﬁfg éﬁg‘;ﬁ’é’ﬁlﬁgﬁ Jréig f?lt)llfan\%n,hl ch is also

i ncor por at etctmshenipal eehrigfess T @Bltteﬁng%@@\'ﬁ@@tmrﬁqfﬁ%lcoam ma§ bg 2hrigldt bnd 30

vol oti 107 - ahE iSRS R B uh Gl iR 1 D8] GRRE R ldedal] 2

vol atil e cop)ber- organorne asrra nce suc
not requir eum‘dfnedlpam@em eech@$ radio- frequency or microwave techmques, or evaporation of

copper 'by direct heating, electrical heating, hollow cathode discharge or electron or ion
bombardment. The sputtering or evaporation may be carried out in any of the deposition
apparatus known to those skilled in the art, including the standard “high” vacuum techniques
as well as low vacuum techniques, i.e. the pressure during the deposition may range from

25 only a few mtorr to essentially one atmosphere. Suitable techniques are described in
“Principals of Plasma Discharges and Materials Processing” by M.A. Lieberman and A. J.
Lichtenberg (John Wiley and Sons, New York, 1994}, which is incorporated herein by
reference, particularly Cha_pter 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

30 4,788,082, Léss preferred methods would include the dissociation of a volatile copper-
organometallic compound in a plasma. Since such steps do not require the presence of
coppér 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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copper in the underlying conductive el enent, these techniques are
particularly well suited for wuse with interconnect elenents that are not
predom nantly copper. It will be appreciated, 14 WO 2004/ 093185

PCTI U520044x@il886d93185 however, that these techni ques arepérmdysiogabl e for
use with conductive | ayers which are predom nately copper. As used herein,
It should be understood that the term "copper” includes not only el enental
copper, but copper with other trace netals or in various alloyed

conbi nations with other netals as known in the sem conductor art, as long as
such alloy is conductive. 10 For other enbodi nents in which the conductive
I ay]gar c® rrpn&\ﬁ@srf fhiat mg&e ﬁdcﬁﬁi&t}es Bre QU0 availasletoy u&l;]wiﬂﬁaﬂ&{cjzti{zd”ﬂ_ey@\f/mh 20 n$ Ih ng
surface may he forne usi ng coppe omthe conductive |ayer. e

fol | owi ng PEAmRFY PoRpe ﬁf@lsﬁg@feﬂgft S&?@%@B HRAPTRIACE R thisioimy R9PPEE] t her

separ at el YinefuddshotSHIP 1A e@ppagbm%pef WifiebtBeritiacd Aéils BRIMN@Acus GGG Si on of
surface of the copper |ayer to_ Cu( by therpmal treatnent of the base

mat eri al  wremRPiRpieRsoviEh otharaials as knowpinitisisiricondyeior #1 s ong aY Srollion isy
concurrent ;Haudkbor treatnment of the surface with oxygen at el evated
tenperatures; plasma treatment of the copper base |ayer with amonia or

ni trogdf, opt iFenaheyembgdinspisfneyhiph the gandpctive lyencomptises pr gonsigE t r eat ment  of
the surfacg. il Herdon i §dnaRe BurkalPhn: ' Mal® e of the
copper basgre 5§g?gg§g§?gﬁdardiﬁ%nning_@ﬁtat%@%ﬁ%?ﬁﬁg#gggée$ﬁ%§#g%%% i on

i npl ant at i eenducdiyelaaers iTon fabipwing dogparbmgiing listef stpps which Pandy vewshgither 20 sur f ace
with nitro . 2 f in. ] e present

i nvention gﬁﬁﬁgbgﬁg@%%%P%%@Eégﬁﬁﬁ%W%?ﬁ¥ﬂgﬁﬁ%?ﬁgﬁﬁ%%ﬁﬁﬂﬁﬁ?ﬁ%%ﬁﬁhgrt in view
of the t eacdppagayecoriivdNheydhermel tedatmentufthedhasepdtaial wiik gaseousag@mnpl asma may be
pr oduc b I ' en . d] rre ) ..l.n.general, an
AC pr o?gssx%%n%l%bg?é# feé?dg@lr{éé' afbgé@ggtﬁghg%gﬂﬁgﬁg{mioﬁgﬁl eg'ﬂécsgvg%% logliyg_% ﬁlguct I ng
nat ure of tleetgloppeeratures; plasiea tomimgt pff thokeoppat base daysowith sasesia ot nitkeggn,be 25

advant ageous. t se a bi.as in _conjunctign w an.AC electric field. The
frequency Wu%ﬁg’%ugﬁeffef%@yd” lﬁ’acﬁn%lére'gtﬁlflp%?r%gi%warcﬁ IHEREEE P bl asma
processes, nitlgdnuiblagtaticndhio tiesdrfaddiof the wepper Hakclayee b stagiard IReinAek@oo b d

ressure in which the plas is forme range -
P plasma immersion ion %np antation, (%nversdlonnc?f% coppelg surface or oxidized copper

20  surface with nitrogen plasma to a layer of surface in accordance with the present invention
may be performed by any of the methods known in the art in view of the teachings contained
herein. For example, the nitrogen plasma may be produced by alternating current (AC) or
direct current (DC). In general, an AC process will be preferred due to non-conducting or
poorly conducting nature of the copper nitride being produced. In some cases it may be

25  advantageous to use a DC bias in conjunction with an AC 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

30  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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fromonly a few ntorr to pressures near one atnosphere. In sone enbodi nents
the plasma may be fornmed by a DC or AC di scharge at a relatively high
pressure of between about 1 ton 30 and about 1000 ton, preferably between
about 1 towio ngheazeut 200 torr, and then expanded i ntpceUsmRLFI0gBIESSUr €
region of the apparatus where it inpinges upon the substrate. It will also
be understood by those skilled in the art that the nitrogen or anmoni a gas
may be only one conmponent of the gas in which the plasnma is produced. In
sonme applications and 15 WO 2004/ 093185 PCT/ US2004/ 010561 5 especially for
pl asmas produced at relatively high pressure, the nitrogen or amoni a nmay be
di | ut ed si n egrcilxeior plasnas @uﬂhceaat ﬁatlﬁalymgirpraasge,rme fhifofeA®k hinindii® nfafiBe f Or mati on

of the plasga.  For er _bo ads a ad frane b ndln a highly
preferred r‘?g?'ﬁ%ﬁl 2gpthey, &ﬁg such gy ﬁg? fagiglga?etth%%ﬁ’ﬁ?nqn gﬁ’te %h oxygen
and concur regpper bund ped3Sad tepper léefdéfﬁﬁﬂmmﬁdmg\{\/h highig reRitied melfdddppdridcant has
surprisingl and counter-intuitively found that the pretreatnent of the
surface wi tPFEUSRFORPrises dheapal tregrmentytiib pxyseg %?PC‘FES’@E‘FHEEFSGQ‘}&EEWP&‘WGW pr oduces
resul ts thagthahonmbst antial ly superior to treatment with nitrogen, for
exanpl e ammoni a, alone. At present the reason for such superior results are

unknownl® The i nf\BRiicanhay rRsisi gl and squpter-irptivalydepng dhat the PrRbGatEpniGH her .
t echni ques swdcb w'ﬁH GX‘ﬁgeﬁ PrdfI ML 08k dnd Uedt Engﬂa@r fdalty ﬁﬂé@ﬁbe@}e&ﬁfs gk hye 15

t echni ques woul d i ncl udé treatment with oxi di zi ng chem cal conpounds ot her
t han oxygeﬁUbS&agaHYﬁWﬁ%@ tpgmert e T Eosry do sxamplparpiigalongr Appresertitbc henri cal

techni ques rea@méuéssu &@or@gaméu&néw ﬂe%&nﬂhﬁ&%ﬂﬂ% tr?gati&gaﬁméog@st rat el and

a conductive coppe a er, of the general
provi ded. Teraed Y\@Fb@tw élqu‘ﬁﬂrkﬂqﬂal}/@ﬁhqsgs@@d@@@emﬁgﬁwqh@ltsmﬁwd forns the

base fofsfl rés}gﬁlgueg%umm&m ngsﬁﬁe.g g{ r}asmwrcﬁ ﬁ&nﬁ§o&|&rtﬁ%xg%%t he bond

pad by re-treating t rface wth a gaseous C osition
consi st i ng ged, subesifor @EmMply wd@semzﬁemmdeog@hcwwﬁémiaﬁdbC’éniqnﬂse % of hydrogen
(H2). The surface is exposed to this first pre-

EXAMPLES (

20  Example 1
A silicon die Comprising a substrate and a conductive copper layer, of the general type

illustrated in FIG. 2, is provided. The conductive copper layer is 10,000 Angstroms and
forms the base for a bond pad on the die. A protective surface is formed on the bond pad by
first pre-treating the bonding surface with a gaseous composition consisting of about 95 mole
25 % nitrogen (N7) and 5 mole % of hydrogen (H,). The surface is exposed to this first pre-
treating gas at a temperature of about 400°C for about nine (9) hours to produce a bonding
surface that is substantially free of copper oxide. The bonding surface is then exposed toa
second pre-treating step by exposure to a gaseous composition consisting essentially of
oxygen (Q-) at a temperature of about 200°C for about five (5) minutes to produce a copper
30  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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treating gas at a tenperature of about 400C for about nine (9) hours to
produce a bonding surface that is substantially free of copper oxide. The
bondi ng surface is then exposed to a second pre-treating step by exposure
to a gaseowso owpBssst i on consi sting essentially of oxygenusfid)omssia
tenperature of about 200C for about five (5) mnutes to produce a copper 30
oxide layer with a well-controlled thickness. The oxide |ayer is then
treated with anhydrous ammonia for 5 hours at about 275C to produce a
substantially non-conductive surface |ayer about 200 Angstrons thick. The
color of the surface changed fromthe characteristic copper color to

bl ue- gr ese n.ambhits of wygm and c:abcm', xecording dd the dpgee speamain exgbysésrillusirhted theFigud t h

smal | er 200 8 /USZOO / unt oxygen, and car bon,
accor di ng t%\%hﬁ% %mgrar é 0e eéhsa%?/@%%@]—f‘tlfﬁ’to?%v rﬁ% E%Fsgqj&gw?ﬂ The Cu: N
nmol ar rat i Gubsmntidiby ﬂrmﬂs ox1ﬂat@h©ﬂﬁle aﬁdeﬂlﬁng a‘dpgerlaﬁmhhsm@oﬁdﬂcﬁﬁf},ﬂhitliws pr oduced
substanti al | 0 derI ng co and S a

conduct i Vi tsifﬁlstt H&%ﬁﬁ abﬁﬂ %4”10&1 fhgélg T W&ﬁc @goéﬁ%‘gﬁ%etqoe}flf’ '?fﬂef he

under | yi ng coppeire bagitngad thb?bencblﬁhﬂﬁinclmdle chiditRins speeifpEbelow, e Joamdiivigy t o t he
bond pad ugg%% the conditio eC|f %# the condyctivity 10 of the

i nt er cotthect f5AntPIEoTDAGHoP 5 Y CIEP toﬁF‘H &50 eg?‘)ﬁkf”éﬂo@@ft P BSISCTUGPRALET t o t he
sem conductdtice.devi ce. Exanple 2 Copper nitride is deposited onto a quarter
of an 8-inch silicon wafer with a uniform1 15 m cron thick copper coating
by radi o-frequency sputtering of a copper target in an atnosphere of
approximately 4nmtorr nitrogen. A 200 Angstrom deposit is produced at a

sput t eri ng BXamgledf  approxi mately 33 Angstrom per minute. During the
process, the wapgppel SitrhRad ®fodied a&&gqum&l d4h g_léhmesﬁwgfeﬂmﬁéurﬁsﬁﬁfﬂ profile
of the elenental conp05|t|on The Auger data clearly 1ndicates a copper

ni t ri de 1t odpicieg thigkgepeer contink herdiodfeqeanen sPuyeng phyePpe et ivansdimpspbae and 20
oxygen are (eTal ant t

experlmsntd?tqa ?#%ﬁgbgm‘s Cg&%grﬂﬁﬁ??? ﬁdﬁ eg%gﬁ‘ﬂg&%&agﬁ%géﬁﬂ%gggposition
t echni que apporimateiysd3 Adebirampeygaginute. Durmg thc process, the wafer is heated to 100°C.

Figure 5 shows a Auger depth profile of the elemental composition. The Auger data clearly

indicates a copper nitride coating with a thickness of about 200 Angstrom. The silicon and

20  oxygen are most likely contaminants present on the wafer before the experiment.

Example 3
25 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
30  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
17



at a pressure of approximately 1 atnosphere pressure is passed through a
nozzl e situated approxinmately 10 cm above a copper-coated silicon wafer in
a vacuum chanber. The substrate is heated to approxi mately 120C. An

el ectric dwaches/@sidaet ween an anode and a copper hol | onctasfwgdeosqut t eri ng
target inside the nozzle introduce copper atons and ions 30 into the helium
Ni trogen gas is introduced bel ow the nozzle to produce a background
pressure of approximtely 30mtorr of nitrogen. The interaction of the copper

. atonms or ions wth the nitrogen causes the deposition of copper nitride on

the surface. Figure 6 shows an Auger elenental depth profile for the sanple
produced i riembhssratexihe Fornmeiixin of & lvafaie pydy oﬁc@pérln&rldel%tl\/ﬂhﬁﬂ)cﬁéhé OBabb&S0

PCT/ US2004/ 010861 5 d t t f | f
11 e vi PSS RSP RO B 5 ST T B8 A e REIOLROR LR e v of

The oxygen difethabéxifedtingid eifactetfpidie the ddpbstiqOpRGegunNhddotchol iidted on the
surface before the de 03|t|Qn was begun, since no effort is nade to renove
surface oxitBYCSHACHP "e‘»&fiél????@?ﬂmenio Exanpl e 4 A | ayer of copper nitride
with a thickness of approximately 300 Angstrons is formed on 1 ml dianeter
copper wire as follows. The wire is fed horizontally froma spool external
to a vatuurb*@mB&fer into the vacuum chanber through a small tube 3 cmin

llength and havisng.eas b c@hﬁ?&evﬂthaarfEiEﬁfessQ)ffaﬂpr&1ﬂhtle 3bh ﬁﬁ@mﬁkgq&ﬁebe t ube,
there is a connection at a right 15 angle |eading fvo a shal | vacuum punp

t hat renoved 14uit dipgeter GRpRar Vigaholars Eh@mr@w f@d*@ﬂzwa@wmnehw@temﬂhe Wre

exits the w&sva&%ﬁaﬂmﬁf m&m@%mc ﬂtﬁlrou%mau%@% &ﬁﬁ%@hﬁﬂp to the

smal | vacuum punp, on posite SI vacuum cha r. I'nside the

vacuum chdwiiog an interng qh@m?iarss”éé b Midway st fhedulg thareds Scomnectipestianightat a

di st ance, of l he nozzl e at
. ?50 fanggfé'd&m%toca%}am/acdu eﬂﬁ.ﬁﬂlp%a@g )\?9?3\%16‘ B%ula H{@ntg tHe

a hei gh out omt ate snoot S spaced 5 nmm
apart. The wetmmnbambeg. Ehaviacad tlteo’acalbmwha@@@ﬂlmtghashylaatubara@e connammum punp.

Ni t rogen 035, hFém \§a‘°‘c§9 thr uogqh gosr&%lé gf fr mu%la{g%k f"é%%g‘ st ream

fromthe nozz eret ressu s a evgc Poduced in
t he ni t r ogehamber the wire passes below a nozzle with a 3 mm opening at adlstance of about 4 cm, Tt

is held above a metal plate under the nozzle at a height of about 1 mm from the plate by two
20  smooth islets spaced 5 mm apart. The chamber is evacuated to about 500 mtorr by alarge

vacuum purp. Nitrogen gas is passed through the nozzle from a small chamber upstream

from the nozzle where the pressure is about 5 torr. A plasma is produced in the nitrogen

upstream from the nozzle by applying a radio frequency alternating current of about 100W to

two electrodes inside the small chamber upstream from the nozzle. The nitrogen plasma then
25  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

30  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 vacunm pump that removes air that would otherwise enter the
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upstream fromthe nozzle by applying a radio frequency alternating current
of about 100Wto two electrodes inside the small chanber upstreamfromthe
nozzl e. The nitrogen plasma then 25 exits the nozzle and inpinges onto the
wire. The tweedos@sssof the wire is controlled to produeer/esmopnessini tride

| ayer thickness of about 300 Angstrons. Exanple 5 A layer of copper nitride
with a thickness of approximately 500 Angstrons is forned 30 on 1.0 m|

di aneter copper wire as follows. 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 internal diameter of 1.5 ml|. Mdway along the
tube, t Ber eadusmahambeneTlid wire axits the vaayinh chmlxgi- tarduginal ism@a]t b alsd&dnhecwdc uUM punp
t hat rem)v?s air that wuld ohjgervvi e. f r the 1 g/@93185

PCT/ US2004F0HHEEA! Y4 4P RHtHCR Hs Bt “’ MRS e WaEUE T Enber
through a shmﬂe?me r]vﬁ:bgassalbmw?mnﬂewmdasméﬁbpmﬁagaiddmmuumugbummﬁn t he
opposi te side of the vacuum cha vacuu anber the wire
passes bel eld ﬂba‘?z%f@et%# e@@ﬁ%‘i’fﬁ%ﬁ?%%ﬁ&%‘ﬁét@ﬂ?@“ﬁp SRIFBUY ™ cm It

I's hel d abemBotaisiead spheef 5aie aphicBlie chitebeR B77hRatad tobbRisginidf byaPagt 1 nm from
the plate by two snpoth jslets spaced 5 nm apart. The_ chanber is evacuated

to about® 5GW“HP&PWPb@heéma'éF@@W@W%m%@ﬁﬁozzﬁiéeww With Srpdectipdss t r eam

fromthe n@@&h@haﬁd@q&qmegdamﬁahngmeﬁlcapﬁera@m to Ffadm'acarhsﬁa iAgi o frequency
alternating current can be applied to produce a plasma in the chanber. In a

first passchmbend wfirasnefdhe Wiranderbq nozzle oyygen ggsa% agresrqfiddernise of 5 tort
i's introdygRdudsRio &P %n§ﬂ@4a1nb€rm&'ésn?ﬂ§l st?acl? b&@a@&l théeléétfoﬂééklsﬁgﬁlyéﬁ?n the

el ectrodes using about 100Wof r.f. power. The wire Is fed under the nozzle
at such a rB@W¥ oasf. p@W%xﬂW@@l@ﬁéﬂ@iﬁ@M@Wﬂi@lﬂhﬁg@@ poaexidize tepper S t he

copper BHJ‘? ﬁ’% tire
spggl og g%ﬁﬁ Oflc paglg:%ﬁ%fg?ﬁ )ﬁg‘ﬁe ?ﬁjép Q%ﬁ{&eﬂ% rrgﬁéén g’é‘%“%gé’ﬁq r:)m t he
nozzle is eswsmhbdww, &eg@massmg thrpughogeesmaawuambepUmynan frgmalyaiomzlpisoduced in
this gas. Echcd 5 tox% % 1s 5{5@1 ﬂa}%(ﬁélgg?%ag tI‘Re %%‘ E'Bl fed he copper

oxide to copper nitri 0 convert ‘nmore than 75%
of the coppader theinderld agamaqnpxmwernihe cmmler oxide to copper nitride. The feed rate is adjusted

to convert more than 75% of the copper oxide to copper nitride.
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19 20 What is clainmed is: 1. A nethod of form ng an interconnect structure
in a sem conduct or device or package cogprising the steps of providing at

| east one netallic interconnect el enent conprising Cu, the at |east one
metallic interconnect el enment being selected fromthe group consisting of a

bond pa .gmare ol lead frame, a ball grid array, a stud bunp, TAB, C4 or
sol der ; inations of two or nore of these; oxidizing a surface
of the at |least one netallic interconnect elenent; formng on at |east one

of saidii nt enGABREEbf RIrAIRNMSintedd drkctishBciax idliaZe BB HaGRor AcaQnsH f48ka ur face
| ayer conpri si n&doj (N) in an anmount effective to substantially inhi

oxi dat i evmpfisingiigestapypfig metal lic layers; forming an electrically conducti ve
bond in the location of said surface | ayer; and prior to or substanti aIIy
si mul taneous with sai.d bond fo ste

B eco osi n gj }ﬁ%l\tl)
subst anti al | JrOVHEREHIES RRE 15 Efcltn rpedelag 1’”&9’% ‘h’?é‘t tHE8 of
claiml niéﬁ?lﬁ@fnfbu?tﬁin@ct‘ MR %@ﬁg%leé\'ﬂé& Wehhe dn%@ﬁléfoise?%ﬁboﬁh‘a‘@%%re

package having a die wth at | 8ast one coppéer bond pad? a substrate for said
di e; antbad frmmef abal gtidyeny,cotpt bunpgh B3, C4 ) sol&r bihgs midrodbidatiohao it or

wherein sal d Rond form ng step conprises ultrasonic or thernosonic bondi ng.
4. The HEf B> cl ai m 1 wherein the oxidizi ng step includes exposing the at
| east one rret allic interconnect elenment to oxygen. 5. The nethod of claim1l

further conppiigi, éaﬁfa%&%mefat %Me'ﬁ%télﬂb%t&%ﬁ&%@el@ ehfle at least one

metallic interconnmect elenent to heat prior to or at out the tine of said
oxi di zing step. 6. The nethod of claiml|l wherein said bond| ng surface | ayer

form ng stepfmim ds&dedshonc st @ Bicrevtposi cignds asibr the asidifng steplLhosampect
el ement tqQ nitrogen pl asna.
surface layer comprising Cu (N) in an amount effective to substantially inhibit oxidation of

underlying metallic layers;
forming an electrically conductive bond in the location of said surface layer; and

prior to or substantially simultaneous with said bond forming step, decomposing said Cu

(N) to substantially increase the conductivity of said layer.

2, The method of claim 1 wherein said interconnect structure comprises a semiconductor
package having a die with at least one copper bond pad; a substrate for said die; and a surface

layer comprising Cu (N).

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

thermosonic bonding.

4, The method of claim 1 wherein the oxidizing step includes exposing the at least one

metallic interconnect element to oxygen.

5. The method of claim 1 further comprising the step of exposing said surface of the at least

one metallic interconnect element to heat prior to or at about the time of said oxidizing step.

6. The method of claim 1 wherein said bonding surface layer forming step comprises the

step of exposing the at least one interconnect element to nitrogen plasma.



21 7. The method of claim1l wherein said bonding surface |ayer form ng step
conprises the step of exposing the at lhgast one interconnect element to
anmonia. 8. The nethod of claim 1l further conprising exposing the at | east
one interconnect element to heat prior to or at about the tinme of said
bondi ng surf e | aye r.m ste of .claiml wherein said
bondi ng 7Zurf 3%%4: écg?’lm %hsli‘f’é‘gsaé‘g%‘}‘{‘]%%?&a& EWSY FO5MITHESteR CQRRISES e
lntercorm@cetfeﬁlbcﬁ;ﬁﬁgxheh@leaﬁf@hsﬁlﬁe&omablﬁenﬂt@amﬁam hod of form ng an

i nterconnect structure in a sem conductor device conprising the steps of
provi ding at | east one conductive interconnect el enent conprising Cu;

oxi di zi Bg a dsinemaioddl déiem furthensempneng orpbsingitheati ledse puombectnne et
formng,o ai.d jnter onn ct el e ondi urf ce.layer conprising Cu
(N a4 Bedh 3o el AR B e SR BvPRESiche Pt RERMY S onduct ve. bond
in the |ocation of said bondlng surface layer. 11. The nethod of claim 10
wher ei n gsai d 18 o\ BRG] oi‘lﬂﬁnppﬁﬂl%‘iﬂéé@dbéﬁcﬁﬁg?&ﬂﬁ%ﬂ g@% ok %c‘pb@om e
conprising copper. 12. The nethod of claim1l rein sal i ng surface
f ormi ng espwlg:merpt]es&tsmemﬁwont@caelemanﬁta@ehmoms mmmofiiasaid wire to a gas
containing nitrogen. 13. The nethod of claim 12 wherein said bonding surface
formng step conprises exposing at |east a surface portion of said wire to
nitrogen plasnma. 14. The nmethod of claim 11 wherein said bonding surface
form ng step conprises converting at |east a portion of said oxidized
surface ,of the The I 4 wh

said oxi gl 7] nr}\gmwthoa ott ?or% g g% mg(!):(rkéﬂsn ﬁt st%u%tsuae jna gg%{ug?/nedlpgolr(d: ? Re,cor prlsl
conduct |ste@gbf|terconnect eI enent to oxygen plasma. 22 16. The rret hod of
claim 14 wherein said oxidizing conprises exposing a surface |ayer of the at

| east one conductive interconnect elenment to hot oxygen gas.
prO‘\rldmcr at least one conductive interconnect element comprising Cu;

one

oxidizing a surface of the at least one conductive interconnect element;

forming on said interconnect element a bonding surface layer comprising Cu (N) after the

oxidizing step; and
forming an electrically conductive bond in the location of said bonding surface layer.

11. The method of claim 10 wherein said at least one conductive interconnect element is a

wire comprising copper.

12. The method of claim 11 wherein said bonding surface forming step comprises exposing a

surface portion of said wire io a gas containing nitrogen.

13.  The method of claim 12 wherein said bonding surface forming step comprises exposing at

least a surface portion of said wire fo nitrogen plasma.

14.  The method of claim 11 wherein said bonding surface forming step comprises converting

at least a portion of said oxidized surface of the wire to copper nitride.

15.  The method of claim 14 wherein said oxidizing step comprises exposing a surface layer of

the at least one conductive interconnect element to oxygen plasma.



17. The method of claim 14 wherein said oxidizing conprises exposing a
surface | ayer of the at |east one condggtive interconnect to an oxidizing
agent. 18. The nmethod of claim 14 wherein said oxidizing conprises

el ectrochem cally oxidizing a surface |layer of the at |east one conductive
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17.  The method of claim 14 wherein said oxidizing comprises exposing a surface layer of the

at least one conductive interconnect to an oxidizing agent.

18.  The method of claim 14 wherein said oxidizing comprises electrochemically oxidizing a

surface layer of the at least one conductive interconnect.

19.  The method of claim 14 wherein said conversion comprises exposing said oxidized

surface to nitrogen plasma.

20.  The inethod of claim 14 wherein said conversion comprises exposing said oxidized

surface to gaseous ammonia.



