\; €3eh4| H6Thi }C 11 S E P 2002 NMETHOD FOR PREPARI NG A CONDUCTI \{(E Zﬁg
ELECTRI CAL CONNECTI ON AND CONDUCTI VE PAD FORMED Fi el d of the Hnk

present invention generally relates to a nmethod for formng a conductlve
pad f'or el ectrical connection and pad fornﬁmMMMHWWHMﬁMEartlcularly, rel ates
to a method for form ng a conductive coppe for electrica
connection to a wirebond or solder Bunp and condigti ve copper pad forned..,
Background of the Invention In t he fabrlcatlon of sem conduct or devi ces, an

integrated circ R R PP _FoRkage in a fina
process step. The assenbl ed package can then be connected to a printed

circuit boardEaECTRIC %chMencﬂggggumIgt phbd | EFRMEDECE r i cal
comuni cation with the integrated circuit chip, a wire bonding process or a

sol der bunpi ng process can be used to connect a nmultiplicity of bond pads

on the 1C chip to the outside circuitry. ~~ ~ SEP z~~~ 2 In a typical
| C chip, active circuit eFtabfitsf stheh Iagehtborsi stors, resistors, etc., are
positioned in the central portion, i.e. the active region, of the chip

whi | e t he bondTphadsresentarimargedoar gemerdley pelrpherto of nMdhoactfiore regi on
such that active circuit elenments could not be damaged during a subsequent
bondi ifFmimngc &s songweki e itade fiosndilagtbietlesonngcpeet oxbdbad Horypedcess
entails the bonding of a gold or aluminumwi re to a bond pad on the chip by
fusi % h&°tko Peag%%%awt h &letlﬁa%m EO erfer gy th Tﬁe fm e ﬁ’sr“tlﬁ’@n Bul | ed
away fr ($1the bond pad after e bo wire pulling process

f r equEMAY ¢ yGs €€ BF e BE I?l% CSS {)eaccfrljicﬁtl o‘i‘ofnnelcttl(%’cu"r% &ince
during roce ttachi ng a high I evel of
stress |2E)%%ced58ng?ﬂab%%?(fd& 5gng8kela reﬁggfvgﬁy Earge Heavy bond is

pl aced on Iayers whi ch may have poor adhesion to the underlying |layers. For
i nstance, one factor that affects adhesion between the |ayers is the common

usage of a diffusion bagidefrdavebsl ohdethwihticN for preventing al um num
di ffusion into underlying conductive Tayers during subsequent high

tenperature progess@s. Terdchtushonobar bbRicdayRtot i ldeZ8desi . €.anl1 N, Tiw
or other suitable alloys, does not have a strong adhesion to the underlying
oxi deldtaeratien tthechand (pad. chihp smap loneaseasdrd hat ol eadsaye tihe sbond pad

lift- off defect. Qther reasons such as
final process step. The assembled package can then be connected

to a printed circuit board as part of a large circuit. To
establish electrical communication with the integrated circuit
chip, a wire bonding process or a solder bumping process can be
used to connect a multiplicity of bond pads on the IC chip to the

outside circuitry.
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91 S'E P 2002 r (! 3 the high bonding stress and the high pull 1f£‘r3§
further contribute to the |ift-off problem Mst lift-off probife ER

ah interface between a sill conductive layer and an insulating (i.e. Szgg%
| ayer. In addition to the wirebond process by alum numor gold wires to
formelectrical connections, the solger bunp (a.k.a. "C4") process has al so
been used for attaching a chip to a package for the transm ssion of

el ectronic signals fromthe bond pads to the second | evel packaging or a
circuit board. THe &ot¥RICHuMs rfifﬁé’esé“cﬁéfé’ebééﬁcﬁé'édemeé“g&cﬁ vEty by

| BM Corporation, while. npst of the IC industry.has used W, [ ebo

t echnol6g)5 T %S cofFERFFBRAI Vi TPebond pr SOSES PR blglndtttégd R tHE chi p

surfac okl?i&?r nfd ofthael elérsgtg&gs\[@/giﬁgg?éeﬁgé% Igﬁq%s Jnlise! £rtopd S;_?ir]fl_%(:h”ent S

of al um num of go‘?'d W'T aut omated too wever,
W th tP reeeMqd te(roog}h et fr'Eﬁe PR chEMQhRgY cYhshesath e Wiring
of an %ecﬁl p%%cc!g-en -ﬁ-l In e(% O_%:?i S copper W ri ngl,'mbot h the sol der
bunp apdttihe al Heh U IQUnelsd Wi gbasd bavearkap Reihagedshysdinast
processi ng on the copper bond pads, or by the addition of a suitable Al cap
pat t er pedd0igt Peo&dls pad, wwet ha awste tisdd rdghiprokiekm har peeforméd| time bet ween
the Al 11 S E P 2002 4 and Cu, to prevent their inter-diffusion (i.e.
i ncor pprateds henea il Hythreefremenog, ofSa Pae kit o AgplundatitowiNe. t99% 34dn@03;
I nternati onal Business Machi nes Corporation (IBM Patent

pad on the chip by fusing the two together with wultrasonic

energy. The wire is then pulled away from the bond pad after the

bond is formed. The wire pulling process frequently”causes a

defect known as bond pad lift-off. It occurs since during zTne

process of attaching a gold wire to a bond pad, a high level of

stress is placed on the bond pad, i.e. a relatively large, heavy

bond i1s placed on layers which may have poor adhesion to <he

underlying layers.

For instance, one factor that affects adhesion between
the layers 1is the common usage of a diffusion barrier laver
formed of TiN for preventing aluminum diffusion into underlying
conductive layers during subsequent high temperature processes.
The diffusion barrier layer utilized, i.e. TiN, TaW or other
suitable alloys, dces not have a strong adhesion to the
underlying oxide layer in the bond pad. This is one reason that

leads to the bond pad lift- off defect. Other reasons such as



Application Docket FI 999-078), entitled "Robust |nterconnect Sﬁrgc$ '2002
fhled Vay 19, 1999). A direct wirebond on copper pads cannot be’e S'E3§
perfolmed, since a wirebond formed on pure copper by either alum num or

gold wires is subjected to corrosion, oxidation and thernmal diffusion
problens. A direct wirebond to copper3pads is unreliable and subject to
fail. The Al pad cap techni que adds significant cost, as it adds a

|'i t hographic pattern (mask) and etch cycle, in addition to the depositions.

It is tHE et ofPogReRs coRFRITI AN%i dRief | BaABe PBlbf fTSE nddkltess
solution to w rebond of copper_ bond pads, .i.e. haqnd ds copper chi ps
that carPBEUREE TA Ehe TV RitoPryP Pl | 'STterdfor 8t AP I St GFCPRe
present_. nventi to provide a netho Iy ri onduct.i ad
surface’ 5¥1§%§%?Feggfb%gﬂﬁgbﬁigﬁﬁgha?ﬁﬁ%%§”ﬁ§?ah§86 %éﬂhg%ﬁ%§%§§n r
shortcom ngs b, § he, fonventional methods. It is another object of the
present In invention to provide a nethod for preparing a conductive pad
surface for electrical connection. by either a wirebond or a sol der bunping
process. 511 SE P 2002 It is a further object of the present
invention to provndedaideshach frtle pfiepBéhdprRERPEY Pheh St age gbon

el ectrical connection by first formng a protection |ayer and then an
adhesi omifes/eto orfotrhe edapper cpad countatieondot bhbéeisngdedonbumpt heutk.mequi ri ng
addi ti onal photomask and etching steps. (Incorporated herein by reference,
US Pat erf4AppPreaesdnhs. 0giB1kegy3uspdt efavat R orrehiBYsi mesdikhctd nes
Corporation (IBM Patent Application Docket Fu998-181), entitled "Self

Ali gnedP¥TFILS I OF S6p trePsThppetn O &HE AW PBHENE 9741 f Wy PE4POTY90) . It

bs anOtgaecgsf%rot r]:%re O?éngocrgd O{exgeme ngﬁaeg?fng} nggntai Ocnircuit board. The
solder bump process has been used more exclusively by IBM
Corporation, while most of the IC industry has used the wirebond
technology. 1In a conventional wirebond process, the bond pad on
the chip surface is formed of aluminum which readily lends itself
to the attachments of aluminum or gold wires by standard and
highly automated tools. However, with the recent introduction of
the copper technology where all the wiring of an IC chip
back-end~of-line (BEOL) is copper wiring, both the solder bump
and the aluminum or gold wirebond have been performed by direct
processing on the copper bond pads, or by the addition of a
suitable Al cap patterned on the Cu pad, with a suitable thin

film barrier metal in-between the Al



1

.
:to provide a nethod for preparing a copper pad surface for elictrlcal
connection by first depositing a protection filmlayer of a p U@g
boron-contai ning netal alloy on the copper pad surface. It is st|II anot her
obj ect of the present invention to provide a nethod for preparing a copper
pad surface for electrical connection py depositing an adhesion |ayer of a
nobl e netal on top of a protection |ayer previously fornmed on the copper
pad surface. | 929 SE P Zp~~ 6 It is yet another object of the present
invention to provide a method for preparing a copper pad surface for

| ect I t t.h d t de
ot AR APl PR LR T 11
deposi tion of the protection | ayer. is still another further object of
the pregtpplicatierelNe; @43 14600%: émea@tlanfé@mm@@ﬁ Machings @mowemwgﬁte@t ectri cal

connection thereon which includes a copper pad surface, a protection |ayer
on t he cogpeatigabDoskat FhE89-8R8), antitixiH&Ribost heymnnen Stmptum"’, filked protection

| ayer for providing electrical connection with a wirebond or a solder bunp.
It is yeMap®tieen).further object of the present invention to provide an

el ectrical structure for providing electrical connection which includes a
copper pad surface,, a protectlon | ayer on the copper pad surface, an
adhesion | ayer on _to

th t egt | 3 t | t
of a wirebond or §b|§§Feﬁﬁn§”&%£8§ ajgn a %%5 ﬁ?gﬁan h héé%gﬁaﬁgﬁgec on
- h

e o M Y sRhcl DG YRR k@:ﬁ&&%ga Gl L é&boté}e By €¥8Mher

i nventio or preparing a copper for electrica

ﬁg{*ﬂggt ;rgguﬁ{‘iﬂthn 3 M §SRPNGE XU s 3 04 EiSfe dpdBP t%n@ogﬁyé% foarimediby the

thermal diffusion problems. A direct wirebond to copper pads is
unreliable and subject to fail. The Al pad cap technique adds
significant cost, as it adds a lithographic pattern (mask) and
etch cycle, in addition to the depositions. It is therefore of
great commercial significance to offer a maskless solution to
wirebond of copper bond pads, i.e. bond pads on copper chips that

can be used in the IC industry.

It is therefore an object of the present invention to
provide a method for preparing a conductive pad surface for
electrical connection that does not have the drawbacks or

shortcomings of the conventional methods.

It is another object of the present inventior to
provide a method for preparing a conductive pad suarface for
electrical connection by either a wirebond or a solder burrzing

process.



. provided. In a preferred enbodi nent, a nethod for preparing a,cppper_pad
surface for electrical connection can be carried out by the oﬂefa§£®2{] S
,of first providing a copper pad surface, depositing a protection |ayer o
phosphorus or boron-containing netal alloy on the copper pad surface, and
depositing an adhesion | ayer of a noble netal on top of the protection
| ayer. The nmethod for preparing a coppef pad surface for electrical
connection may further include the step of depositing a nucleation | ayer of
a noble netal on the copper pad surface prior to the deposition of the

protection | ayertis hirerti@idbpstt BBhe prdsemahvdntioh Wslgrov R ah&R8d ¥r préR@mkng t he

copper pad surface in an acid solution, and depositing a nucleation’|ayer

of a nobl | - t i be
depos t et BPeLEHq Stk forSRRTtal BahoRtid B B oy L b ERHER Y Bl FRY o7
nost comonl y used al t hgugh ot her, nanoparticles, of nqoble netfals such as

r ut heni unfL#fReFIRR RAXSRPR HiF %PE%@&Su@ﬁ%fﬁammemﬁwﬁwqpmg@ééltm@ step
of rinsing the copper pad s 11 S E P 20Q2 surface with water after the
nucl eat i ophateipesk and eficheg stepsd , (Innorpdreted heneindfy méguersiet U Patene Applicagioni on

| ayer by an el ectrol ess plating technique. The step of depositing a

pr ot ect i oNol Goy2Y 1,978y Iiterratienal BigineskMatltinsst @porafio am&PhieﬁgApﬂlﬁ:aﬁ@ﬁper pad
surface with a heated, buffered solution of an el ectrol ess bath that

cont ai ns Dedit FudImIps 1)l eHtiRH28I1fl ANlgnedCrtdsiRlsEp 16 ddppkechang. 1ead
acetate and hypophosphite: and then contacting t]r)1e copper pad surface with

a heat ed g 1 i hat contains nickel ions, citrate ions,
.boric acig{u%g%ﬂl 0% ylgg%%’sp |9§'e or di nethyl am no borane. In the method

for preparing a copper pad surface for electrical connection, the adhesion
| ayer may be fornmed of a netal selected fromthe group consisting of Au,

Pt, Pd and Ac. The hesi g r r ned Ry i rakngethe LG i o an

i mrersion Au sol uti gg gﬁl‘hggg ﬁégi Swgé)%ré%é{&be&f gb%rg%gg nog]’e&n% al to

a thicknesg, bgt¥eede aROULe B ! 02N @AM ng: Q0copper pad surface for
electrical connection by first depositing a protection film layer

; of a phosphorus or boron—containing metal alloy on the copper pad

surface.

It is still another object of the present invention to
provide a method for preparing a copper pad surface for
electrical connection by depositing an adhesion layer of a noble
metal on top of a protection layer previously formed on the

copper pad surface.



:The phosphorus or boron-containing netal alloy may be selected fromthe
%roup consisting of Ni.-P, Co-P, Co-WP, Co-Sn-P, Ni-WP, Co-B, l\lnSEpozaa
n-B, Co-WB and Ni-WB. The protection |ayer may be forned of e 2
phosphorus or boron containing Co or N netal -alloys to a thickness between
about 1, 000 I-1 and about 10, 000 A. _The method may further include the
11 S E P 2p02 9 step of depositing a Robl e net al | ayer by an el ectrol ess

pl ati ng techni que on top of the adhesi on | ayer such that, the, total

thi ckness of thelhobfeYRbt POFAger P4 Het _eﬁheab%ﬁ?se?, VARG alk8ut
12, 000 A. v'{ge pr otr%%%rll%grl _re(rzggt% afr%%hﬁa;t gi%%gié?gy%g\?osglpra{ ate Ifao)éers each

bei ng grﬁhosf)ho?us rnin r-instance, 't he

Dr Ot et LAUES AR DS 18,CORRORT FE-iNCGn0fuGhs W Reando N adhooThe n

protection |ayer my r-be NN-P or Co-WP, while the a hesmngl ayer

may be Athychkg thbat %%9”&' 3y efodRY ddiatinen bed\icdppethida@ tdig radhesi on
| ayer is an imersion Au and el ectrol ess Pd. The nethod may further include

the steioef tbothé ngepgdig tGeppet piwél grvtacsubstrate .of a silicon wafer, a
silicon-germanium wafer or a silicon-on-insulator wafer. The nethod for
preparing a copper pad surface for electrical connection may further

i nclude the steps of dicing a wafer in which the copper pad surface is
situated into in#EviiduastilQ chinpsheandurshat ngpba edicr ebondhentrraseatcopper
pad surface. The nmethod may further include the steps of dicing a wafer on
whi ch tRyegspper tpadreviidace Fenditatte®adntfor| ECERTDPS, AN §TrHiGRd sol der

bunps on the, copper. pad surface for nmaking el ectrical connecftions. The
ol tor DS Oh ot S o vPhron hel R SERn oGP Lo| den DA Sy @

\evaporihkggbtghgcig§g4E%A'%%e %%&%%Q 855n£ﬁ£¥£é¥‘and an adhesion layer
on top of the protection layer for providing electrical

connection with a wirebond or a sclder bump.

It 1is yet another further object of the present
invention to provide an electrical structure for providing
electrical connection which includes a copper pad surface,l a
prokection layer on the copper pad surface, an adhesion layer on
top of the protection layer, and an electrical connection of a
wirebond or solder bump integrally formed with the adhesion

layer.



i nj ection nol di ng techni ques. ~ ~ sEP 2002 The present invention is
further directed to a conductive pad for form ng an electricaz j
t'heredn which includes a copper pad surface, a protection |ay HFE?E?F?hﬁé
phosphorus or boron- containing netal alloy on the copper pad surface, and
an adhesion |ayer of a noble nmetal on top of the protection |ayer, wherein
t he adhesion | ayer provides el ectrical connection with a wirebond or a

sol der bunp. The conductive pad for form ng an electrical connection

thereon may further includg el eatian huge; &4 @ noble metal in- between
t he .copper pad surface and~Pﬁggpivrecrr0nﬂfayerf-The conductive pad may
further include nycl eat,l I l.adi ut i um._Qr eni.um
nanoparti cl es inﬁﬁb%%§§%d€ﬁ£ec@%%gﬂg%hgﬂ%ﬁ% gcghgéﬁe?ﬁg E#o%ggépogogayer.
The protegtd.orf € f yyredcef 8rmat et Al sl @aned thbAMNER Py Co- P,
CO-WP?E)C%%SnEh L REORRE q%éi-s, Ni-B, Co-Sn-B, Co-WB and Ni-WB. The

prot eCtwOreBANEroBY BaY&e A HilihS Kies Sadetdurerroahedt bl @BC Aednddaaheut

10,000 !~, preferably about 3,000 A The conductive pad may further include
a nobl epnetiadded.ayer on top of the adhesion |ayer form ng a conbi ned
t hi ckness of the noble netal |ayer between about 2,000 .~ and about 12, 000

~1, preferably about. 9,000 A The protection |ayer may further include two
separate | ayers each being a phosphorus or boron-containing netal alloy 1
i J 11 SEP 200Z I Thertadesesdr aleodlants nmy"pehTH- PP BREPAFITY The

adhesion | ayer may be a Iager selected fromAu,, Pt, Pd and Ag. The adhesi on

| ayer nESPRER P t Arekaes st et Tabdut S8B0C A1y Foft® £3366°A. e

prOteCtEQntLnggeggging steps of first providing a copper pad surface,
depositing a protection layer of phosphorus or boron-containing
metal alloy on the copper pad surface, and depositing an adhesion

layer of a noble metal on top of the protection layer.

The method for preparing a copper pad surface for
electrical connection may further include the step of depositing
a nucleation layer of a noble metal on the copper pad surface
prior to the deposition of the protection layer. The method may
further include the steps of cleaning the copper pad surface in
an acid solution, and depositing a nucleation layer of a noble
metal on the copper pad surface. The nucleation layer may be
deposited of palladium, or palladium nanoparticles. Pd
nanoparticles are most commonly used although other nanoparticles
of noble metals such as ruthenium and rhenium can be used. The

method may further include the step of rinsing the copper pad



;intiFraterjoinedtogether. be Ni-P or Co-WP, while the adhe n y
be Au. The protection |layer may be N -P, while the adhesion I?ygrsrgeezgﬁn

igmersion Au and el ectrol ess Pd. The conductive pad may be forned on a
substrate of a silicon wafer, a silicon- germani umwafer or a
silicon-on-insulator wafer. The el ectrical connection may be fornmed of a
wi rebond or a solder bunp. The presentg invention is further directed to an
el ectrical structure for providing electrical connection which includes a
copper sPafasalr 268, wat&F 04 £€41 OPhd aNes1 ft IR0 SIRRRIUSE Orddpisaft=@ONtad ni ng
metal alloy on the copper pad surface, an adhesion | ayer of a noble netal
on toptbé whepphdt ekipogitiayertheandoaecelient dagak dgnreactelbectindlegrsal with
t he adhesion | ayer. The el ectrical connection my be a wi rebond or a sol der
bunp. Fhetbiedtedhpdlqust r uBheirsteroo fprepd sit ik lae piroiteak i e nrxgt e vmay
further include a nucleation | ayer of a noble netal in-between the copper
pad suffbRemninehiderigtect torr | af eFortardimge s i APReAy e e ife For med of
pal | adi um rutheni um or rheni um nanoparticles. The adhesi og | ayer may be
for med"bFhga hepfed, upfexgeh $R4UT00e ¥kt BB FAEMEAQLeRE , PRERaddaty. The
protection |ayer y. be forned of Met al | oy sel ected. frqm the group
consi st PR ot I\qukg‘ﬁtCol-%s’Co@‘\ﬂﬂﬁFagS-éﬁgﬁ P P §ltﬁ‘&l§ de"s%n B,
Co-WB I : e i Ggal, str roincl obl e
ot al Fopnr SantEr: aoRTR SRS HEL R Ron R, 1 e

thi cknggg Qfurlrieenqhlig NBt @leghadereliestheivesn sahaut oR, RAQA LA &k Alkput
12,000 A. The electrical structure may further include a substrate of
si.liconivké®er jonssi bitoirgeioms upped edcd, assdduntOofiypdphdspsiilcat ayr waf er
on which the copper pad is situated. Brief Description of~the Draw ngs
These dhmettherambjcebbsanéeat ures and advant ages of the

In the method for preparing a copper pad surface for
electrical connection, the adhesion layer may be formed of =&
metal selected from the group consisting of Au, Pt, Pd and Acg.
The adhesion layer may be formed by immersing the IC in an
immersion Au solution. The adhesion layer may be formed of =&
noble metal to a thickness between about 500 A and about 4,000
A. The phosphorus or Dboron~containing metal alloy may be
selected from the group consisting of Ni-P, Co-P, Co-W-P,
Co-3n-P, Ni-W-P, Co-B, Ni-B, Co- Sn-B, Co-W-B and Ni-W-B. The
protection layer may be formed of the phosphorus or boron
containing Co or Ni metal alloys to a thickness between about

1,000 A and about 10,000 A. The method may further include the



. present invention will become apparent upon consideration of t?e
specification and the appended drawi ngs, in which: Figure 1 is Jh&ﬂifh@@ﬂz
¢ross-jsectional view of a present invention copper conductive pad with a

wi rebond connected on top, and Figure 2 is an enlarged, cross-sectional
view of the present invention copper conductive pad with a sol der bunp
formed on top. i r ~1 SEP 2002 r 19 Detail ed Description of the
Preferred Enbodi ment The present invention discloses a nethod for preparing
a coppetepatft degosdeihgr achesle inatalcdageet bgnabyekédthmrlezswplabang or a
sol der bunmp. The invention further discloses a copper conductive pad for

f or m ngedmisjuect o c dlopc omhedthieonadiresioon, layar anauelh e¢hpitcathest kataure for
provi ding an el ectrical connection that includes either a wirebond or a

sol der tisummeser refd the tnoplef matebpperehdd Rptveer. aboutn2t $RO ndt Aod f or
preparing a copper gad surface for electrical connection, a copper pad

sur f acabdwt f12500(pravi dethe sptetcdarhonayayerapf fplsbphoinslyade two
boron-containing netal alloy is then deposited on the copper pad surface,
and ansepfhediconlinges ehch rmeing net ahosRhemEen depboireed @Pnithénpnet ecti on
| ayer for making electrical connection wth either a wrebond or a sol der
bunp. e hetHd®Ymay FPEr t Hettans@ udEnt he &5 P 1 i +3Ye e g t PRg &

nucl eati on | ayer_of a noble netal sy h as p éladiun1o .t he copper ad

sur f acEoPRITITe ol ¥RF dRbosPtYon of tﬁK%T otg £i é’ﬁoltﬁﬁgjrmﬁ’r oY Fo“‘?ﬁe
deposi tion of .the nucleatjon_ |l ayer.,..th 0 r rface nmay_ be cl eaned
bypanlégféb%%lz?i%hggT%% %?6 Eégfgﬁ'ehﬁg% ?%ﬁfg?ﬁgdigyég ﬁﬁ%s%ﬁo?ﬁé or

bor on- gpnt ai-Bi DG+ I5H agagék%ae,r NirtRerCBV R -p, ~wii R EtRe 2Q@iesiofd The

protection layer is forired to"a thickness between about 1,000 A and about
" 10, 00014ye@andspraef eimatdlrsibs awd heknesscthetween mbout r8e 0ROt Ro@ndagbout
7,000 A. The present invention provides a process which allows direct

Wi r ebondr tige 0fi redppier thadstep. @h felrechy othe aippprbyad seld -swlsitgaed,

sel ective techni que which deposits on the copper pads a conposite netal
barriepfl ayer filddrconThewdfami eral aydrligeoteer®aniym coppéer surfraceaagai nst

di ffusion and ., corrosion
silicon-on-insulator wafer.

The method for preparing a copper pad surface for
electrical connection may further include the steps of dicing a
wafer in which the copper pad surface 1s situated into individual
IC chips; and forming a wirebond onto the copper pad surface.
The method may further include the steps of dicing a wafer on
which the copper pad surface 1s situated into IC chips, and
forming solder bumps on the copper pad surface for making

electrical connections. The solder bumps formed may be Pb/Sn



‘while, at the same tine, provides a reliable w rebondi ng capabi I-'Lt,ly. Erhe
process di sclosed here can be used to deposit the barrier netall rgys onaz
copper wafers, diced, and tested for the wirebonding qualities with
satisfactory results. The invention achieves w rebonding or sol der bunping
on copper pads by sequentially and sqglpectively (naskless) depositing on the
copper surface a barrier nmetallurgy which allows at the sane tine,
protection of the copper pad surface and reliable w rebondi ng properties.
The i nvehd¢onbihes ebpr evabord tlialrgs edrrcorbpl ad Sy, nevessar riimskall &r
~alternative of depositing an alum num | ayer on the copper pad by either
evapor &bi @ftiom seddisgi hgehniguesan expensi ve alternative nethod. The
barrier layer of the present invention can be deposited by an el ectrol ess
16 ~ ~ S EP 200Z pl ating technique which is selective and self-aligned. The
i nvention therefore does not require any photoprocessing steps, and

sel ectively (maskless) i.e. photolithographic steps, or expensive mask

al i gnnment procedures or expensive netal etching steps such as RIE of

al umi num The w rebondi ng or sol der bunping of the copper/barrier |ayers
provi ded by the present invention novel nethod provides nunerous processing
advant ages whi ch include superior adhesion to copper, prevention of

di ffusion of copper atons through the barrier |layer under heat treatnent, r
protection of copper surface against corrosion, and deposition of a noble
metal on the final top layer of the barrier which allows excell ent adhesion
and pull strength of an alum numor gold wire attached to the copper pad.
Ln the present invention novel nmethod, as shown in Figure 1, the surface 19
of the copper pad 12 at the back-end-of-line (BECOL) of the~topper chip
process is first nodified by a sequence of chem cal steps. For instance, by
the el ectrol ess deposition of a first copper diffusion barrier |ayer 16.
The first diffusion barrier layer 16 is deposited of a netal alloy materi al
such as a phosphorus or boron-containing alloy of N -P,Co-WP, Co-Sn-P
N-W P, Co-B, NN-B, Co-Sn-B, Co-WB and Ni-WB. A suitable thickness for
the first diffusion barrier |ayer may be between about 1,000 A and about
10,000 | -~, and r r ~~ sgEP 2002 17



. preflerably between about 3,000 A and about 7,000 A. In the context of this
witing, the word "abput"” is to nean a value in the range of qusgggyzme
vial ue given as an average. After the first diffusion barrier |aye
deposited, a second layer 18 is deposited on top of the diffusion barrier

| ayer 16 by an i nmersion deposition gechnique using an inmersion Au
solution. A suitable thickness for the second | ayer 18 is about 500 A and
about 9,000 A, and preferably between about 1,000 A arid about 2,000 A The
first diffusion lraeri peeséy€er ifvertien aiprotfeethen | dyeectand dde second
adhesion | ayer 18 are deposited as a dual -1ayer 20 which provi des copper

pr ot ecté¢onmluartdva pedi fdnt efommrielgond sleatotigrd. cohnes g wdleyeon whichd | ayer
(not shown in Figure 1) may be applied on top of the second |ayer 18 by an
el ect r olieElidRs depepiperoratesknigoe td PARFeHSEN HaYehi ekn®desphoxwe fi nal
Au | ayer to between about 9,000 A and about 10,000 A, and preferably to
bet weerPabRRACY, G tA1RARY aBBtR ! 2 DY A1 THE FAPPsSe PEF SHESRRE da‘i‘%yer of
Au is to al

| . . 0 ' : Payer

Strengtin “HHESSTaT Ry Fhy et ronb TS BT Eh baPr IGP | Shef S0 BF s SRR o

f d | | | owi : - : 0 EA hi

oo e U 09 HABLER, ) aych FeBFRaR0 ML E At

h) /i ey sion, /gﬁr(egaﬁggoﬁ)g &l et pligs Au (3,000 I-~- 5,000 A) is formed.
n |

The' correspondi ng usion barrier structure may al so be fornmed with
phosphorus replaced by boron. EXAMPLE B . In this exanple, a singular
structure is utilized which is represented by Cu/ N-P (5, 000 A /inmersion
Au ( 1, 000-2, 0@GBe~cynanct i GadWEPr (HoH0ithg) AnmakestitaAu o2n@00idh) 1S
presented. The correspondi ng wirebond structure where phosphorus is

‘r epl acethdnedsomsy nyr tdleso ibelhde nednuEDeNRIOR Calygert kifs aexabpkemefal
mufti-layer stack of Cu/Ni-P (5,000 )/inmersion Au (1,000 ~ 2,000

~1)/ el et T RLYEePd the prRsHeRd FHELRE? rE hIMGi RGO T eHIhd atruct GRes where
phosphorus. is repl aced be utiljzed. &actig%ng t he

pr esent “ PRI 6N ﬁ@&elR%ﬁ?ﬁ%ﬁ?”%?cog%%$n§éfe? wWAFEH E o IP&% er
mJltipl];?éifa}/c?fumc,opL}SEhgr?{]&lr?‘Ctorpagﬁeﬂi%m nanoparticles in-between the
copper pad surface and the protection layer. The protection
layer may be formed of a material selected from Ni-P, Co-P,
Co-W-P, Co-Sn-P, Ni- W-P, Co-B, Ni-B, Co-Sn-B, Co-W-B and Ni-W-B.
The protection layer may have a thickness between about 1,000 A
and about 10,000 A, preferably about 3,000 A. The conductive
pad may further include a noble metal layer on top of the
adhesion layer forming a combined thickness of the noble metal
layer between about 2,000 A and about 12,000 A, preferably about .

9,000 A. The protection layer may further include two separate

layers each being a phosphorus or boron-containing metal alloy



~ ~'SEP Zoo2 19 first processed. by a cleaning step of innersihq 5”;P‘20
dilute sulfuric acid 'solution to renove oxides fromthe copper surfacet QZe

lWaferjis then activated by inmersing in a palladiumion solution to create
a-nmultitude of Pd metal nuclei on the copper surface. The wafer is then
rinsed in sodiumcitrate or EDTA solyjion to renmove excess Pd nuclei from
the substrate and fromthe inter-pad“reas on the wafer surface. The wafer
is next inmrersed in an electroless bath of the present invention whereby a
| ayer dimt@maPelii -jRin€d- WdyetBerSn- PTarnd ture sepzesiprondhrgral Ivgys be
cont ai ni ng boron instead of phosphorus is deposited on the copper surface,
usi ng iG?-¥afhapdskiaP spddief pehpai on cotiss's MaYohe whi £3Y Sraf edeclpef érent and
uni que depending on the type of alloy to be deposited on the copper
sur f ac&W AfRter gﬁ erfedsive FPRsiAGEHRr atPydRT MRY VREFS ?stﬁéﬁgnéiﬁosed to
an immersion Au solution that is connerciglly avai | abl e. Finally, depending
on thek§¥%ﬁ€?uﬁ€§u6e§996%,a%ﬁ1%98HFa4aﬂaof|naIT?%y@ﬁoQﬁCQ%PQCFP8F£s§a$u
havi ng .a thjckness between about 3, 000, A and about 5,000 A and/or

al ter n&tS VI&E 9 pgoriyer 6Plﬂﬁe€i%ﬂ?qhﬁﬁiﬁﬁe YE&4n B aBpl P¥d onfBt he

[ [ Au . . A f d SQl 4 th
For moa TR Eh5 B ERECHITY eyt 26: WERRoere Rn A AR 1R DMy IRe%58 1OD

SEP Zoqgrﬁ%gtsmﬁ RLESERE 1ALEREL PO €1 egtrol ess BLALLRY: P RAd GAN, bgecarried

out by i mrersing and activating (by Pd ions)a warer surface in a
heat ed fyfideqr e SO sip o0 Y & estridloassaiath whigh icontaigasmeabaht ions,
boric acid, citrate ions, ppmlevels of |ead acetate and hypophosphite. The
copper waadrsif aceil scéius-aoaiied vt tin Bir .adireeeal et ayigta 10fcohn@8810on2, 000 A
Co-P layer followed by an extensive water rinse. The wafer "'surface is then
i mrer sexhy weo fardedif ef entwihediced elextsdldegsbgpputi on that ' contains
nickel i1ons, citrate ions, boric acid and sodi um hypophosphite, or dinethyl
am no borane wherein a | ayer having a thickness between about 5,000 A and
about 7,000 A of NIP or N1B, de ending on thg Qﬁ§h used, i s deposited onto
the copper fol |l owB8 bHrext¥nsiVe R8P rifsel ?%e‘?#ﬁ&Fegtegoofan
depositj.0 t.he . waf.er surface is J rsed | . rcially.avail able
innersi%ﬁé%&flbgghEfgnlgﬁggif%g H@&£F§9§§ é?gﬁgf%gggegggﬁfc§}§%0w gghd about
2,000 A ont el ect r.Ql | at urf shown
in Figéfghﬁé%g gbﬁﬁé?%ﬁu %%45%f§§g%go§i?g%ggﬂgsgbQ%gm?héﬁﬁﬁﬁg%ﬁ%§?§2u | ayer
18 of asobdesni@drdidlinguGletas RRASH yn emapocappon, pehestikoptal i ag,
screen printing or injection nolding techniques.

adhesion layer of a noble metal on top of the protection layer,

and an electrical connection integral with the adhesion layer.

The electrical connection may be a wirebond or a solder bump.

The electrical structure for providing electrical
connection may further include a nucleation layer of a noble
metal in-between the copper pad'surface and the protection layer,
the nucleation layer may be formed of palladium, ruthenium or

rhenium nanoparticles. The adhesion layer may be formed of a



21 ~ ~ SEP 2002 Wile the present invention has been descrilegd Ln an
illustrative manner, it should be understood that the term nol gf SEEB 2002
i’ntended to be in a nature of words of description rather than of
limtation. Furthernore, while the present invention has been described in
terms of a preferred and alternate en‘{)gdi ment, it is to be appreciated that
those skilled in the art will readily apply these teachings to other

possi bl e variations,,..of the inventions. The enbodi ment of the invention
in whi oletah estéciéd efnomopert Ptor Porand [Aae iThecpaptredt tore Mdefamedyas

fol | ows. 5i ,~1SEP2002 -22 Cains 1. A nethod for preparing a
copper Psadosuedfaet 4 dietadle@llicgabetontrEtim ddeparsipgcemel stiggs odf

provi ding a copper pad surface; selectively depositing a protection |ayer
of phodPhsr u§°6$f by Ii-FeoteaiSRi- Ry Néf‘&‘rpfalc?/%ﬁloﬁ'lt'ﬁe 86??)ré“rB'péifP‘§7me ace;
and sel ectivel y_depositing an adhefi on er of a met.al _on top of

| bl
sai d pPfedtion?TRyer The, S enthGa f&trﬁggbﬁ?i ﬁ@yar}g‘%g‘é’f gEGLE0F f Ace for
r’rgri i_ng_t he step of

el ectr'!n%%lr.L connecti.on _accordin o _cl %i m 1 fq__rt her ,.co
tal. 1. f. th h
sel ectiVely (Téapggl EPNGT a ATEEPESET oR "l &98r O A ndBIE P ar 38Nt FERopper
pad surhaee g¥d Of ol 1S A8RASI tiON QL thBBle metal layer is between
about 2,000 A and about 12,000 A. The electrical structure may
further include a substrate of silicon wafer, a silicon-germanium

wafer or a silicon- on-insulator wafer on which the copper pad is
e ‘.

situated.

Brief Description of the Drawings

These and other objects, features and advantages of the
present invention will become apparent upon consideration of the

specification and the appended drawings, in which:

Figure 1 1is an enlarged, cross-sectional view of a
present invention copper conductive pad with a wirebond connected

on top, and

Figure 2 is an enlarged, cross-sectional view of the
present invention copper conductive pad with a solder bump formed

on top.



~protection layer. 3. A method for preparing a copper pad surface for

el ectrical connection according to claim1 further conprising4t f:
dleanﬁng t he copper pad surface in an acid solution; and selelfraiéygﬁﬁdé
depositing a nucleation |ayer of a noble netal on the copper pad surface.

," ~ ~ SEP 20D2 23 4. R nethod for pgeparing a copper pad surface for

el ectrical connection according to claim2, wherein said nucleation |ayer
is deposited of palladium 5. A nethod for preparing a copper pad surface
for electrical connection according to claim3 further conprising the step
of rinsing the copper pad surface with water after said nucleation |ayer is
deposited. 6.Dgtangdid)Peboripti ifh¢he Praferred Embgdimentr ¢l ectrica
connection according to claim1 further conprising the step of depositing
sai d protectionTheyerebgnanievendtios d4schpags ny Hednd dige. Preparinggp 2002
r, ", 24 7. A nethod for preparing a copper pad surface for electrical
connecli GiPPREEorRR%g sSMETaFai Mor. | ehpErEidfsaf PREET F B¥pdsithiaty a
protection |ayer further copprises he.step%.of:fcogﬁacting gaid copper pad
sur f acBL5FRIh Meal edOlH6F f BFER- solTREi IR TARP e FREFPBF e8> BAPEST hat
contains cobalt ions,. boric,acid, citr i.Qns ; t .
hypoph%%%@ﬁﬁefxﬁﬁﬁci8x?ac??%g §§id%8%%%é 5%3 g&%?ggégﬁftﬁ&gléggfga

el ectr o] €58, ,O'aqu oy t&%%x%% 21 05 kel Fo@NSroGidddf & UiRcthathe acid,

sodi um hypophosphite or di nethyl am no borane.
connection that includes either a wirebond or a solder bump

formed on top of a copper pad surface.

In the method for preparing a copper pad surface for
electrical connection, a copper pad surface is first provided, a
protection layer of phosphorus or boron-containing metal alloy is
then deposited on the copper pad surface, and an adhesion layer
of a noble metal is then deposited on the protection layer for
making electrical connection with either a wirebond or a solder
bump. The method may further include the step of first
depositing a nucleation layer of a noble metal such as palladium
on the copper pad surface prior to the deposition of the
protection layet. Prior to the deposition of the nucleation
layer, the copper pad surface may be cleaned by an acid solution.
The protection layer is formed of a phosphorus or

boron-containing metal alloy or Ni-P, Co-W-P.



8. A nethod for preparing a copper pad surface for electrical connection
according to claiml1l, wherein said adhesion |ayer is fornmed of 1a1 r@gzp(zﬂﬂz
sel ected fromthe group consisting of Au, Pt, Pd and Ag. 9. A nethod f
preparing a copper pad surface for electrical connection according to claim
1, wherein said adhesion layer is forned by i mersing the wafer in an

i nrersion Au solution. ‘i v ~ 1 SE®57002 25 10. A nethod for preparing a
copper pad surface for electrical connection according to claim1, wherein
sai d adhesibded¥ebni Safd¥ MBJ fknadnedl £ trkickinebs Bethéokngsutbet veen about
500 A and about 4,000 A. 11. A method for preparing a copper pad surface
for el egt rdneal Al AUNELH | (0D AAGOTHAN Gt e eHadil i o Waertdiickaaks pRespharus or
boron-containing netal alloy is selected., fromthe group consisting of
Ni-P, Cos B G-0\0oPA Qﬁasgbg’ut N -04pPA .Co-B, Ni-B, Co- Sn-B, Co-WB and

Ni -WB. 12. A nethod tor preparing a copper pad surface for electrical
connection according to claim1, wherein said protection |layer is formed of
a phosphorus or boron-containing nmetal alloy to a thickness between about
1,000 A and aboutrh20pr@@6nt inyéntion s> Aeke2 26 pihceAsnuiied faanopseparing
a copper pad surface for electrical connection according to claim1 further
conpri sthgedthewst eporafirdeposi topgea pobts eonetaal ¢ byarrdmi carchalpeclty okess
plating technique on top of said adhesion |ayer such that the total

t hi cknesel®f ahegnwshl eahecaiveaeshpidetwitedh dFRAS1Zs000 Ahgndorb6it
12,000 A 14. A nethod for preparing a copper. pad surface faor el ectrical
connect PA%S ad c6PEPATLEQ BE A m MR IR didyeLaiTd T plrot ecti®oPAEYEF dGHSTi ses
two separate | ayers each bei ng % ghosaphoru% or.gﬁron-cont i ni ng net al

all oy. BBOT9EhRt HBE fOPPRATepaPFThy e CHSREr “padt Stlitale FOF S1U&CR
‘connect ] on. accor di to ¢l ai wh i id_pr o | & P a
conposi %'lc?a)ljr%yera%f r}%ée Wslamgnglth“?’P, eé%‘gd;e hesi o(r%{e?%/ié?gbeﬁhge{bﬁggl@‘%
capability. The process disclosed here can be used to deposit

the barrier metallurgy on copper wafers, diced, and tested for

the wirebonding qualities with satisfactory results.

The invention achieves wirebonding or solder bumping on
copper pads by sequentially and selectively (maskless) depositing
on the copper surface a barrier metallurgy which allows at the
same time, protection of the copper pad surface and reliable
wirebonding properties. The invention therefore eliminates an
otherwise necessary maskable alternative of depositing an
aluminum layer on the copper pad by either evaporation or
sputtering, i.e. an expensive alternative method. The barrier

layer of the present invention can be deposited by an electroless



.9 7 SEP Zpp2 ,. 27 16. A method for preparing a copper pad surf.laie for
el ectrical connection.according to claim11, wherein said protect nSé?eZOUZ
ﬁei ng/Ni -P or Co-WP, and said adhesion |ayer being Au. 17. A nethod for
preparing a copper pad surface for electrical connection according to claim
|, wherein said protection |layer being N -P, and said adhesion

| ayer,:, being an i nmersion Au and el dBtrol ess Pd. 18. A nmethod for

preparing a copper pad surface for electrical connection according to claim

2 furthgla€oRPr iceRAibhe SingRnOfigepesettige a aidl t sl ¢-Giltiyneti. Pd  The
nanoparticles for said nucleation layer. 19. A nethod for preparing a
copper padestidcend nsfoaleeideiscalotc ar@mdtreorngcpbptoprotes ilng mtlgpspher ei n
sai d copper pad surface is provided on a substrate selected fromthe group
consi st eng ofelkectiviedgn Wmfekless)si li.eon- gee hakithnowabbicansteps, or
silicon-on-insul ator wafer. ~ ~ sFP Zoo 28 20. A nmethod for preparing a
copper paAHeRsitYecwasbr adigonenic aPreRTHESSI O aBTRANHIG 08 tAlai SR t her
conprising the steps of: dicing a wafer on which the copperﬁfad surface is

si t uat edtPRE oSWHHIaA RIE OFf AWM -and PEoFRT AP MG @BoAaL Rt PHIRIopper
pad surface. 21. A nethod, for_preparing a copper, pad surface. for electrical
connect Pon REc SPBPRG PBTELSS n%gy?ﬁ?tﬂﬁ‘%%%er?p&? i%]getﬂ’ée%?% ST W ng a
vafer onouhi ch,Lie, coRRer, PR SULAEs.LS SIdHAaq! b8yl CUPS it

form ng Sofder unps ofn sai d copper pad surface Sr maki ng electrica
connecti@B%ude superior adhesion to copper, prevention of diffusion of
copper atoms through the barrier layer under heat Fyeatment,
protection of copper surface against corrosion, and deposition of

a noble metal on the final top layer of the barrier which allows
excellent adhesion and pull strength of an aluminum or gold wire

attached to the copper pad.

In the present invention novel method, as shown in
Figure 1, the surface 14 of the copper pad 12 at the
back~-end-of-line (BEOL) of the copper chip process 1s first
modified by a sequence of chemical steps. For instance, by the
electroless deposition of a first copper diffusion barrier layer
16. The first 'diffusion barrier layer 16 is deposited of a metal
alloy material such as a phosphorus or boron-containing alloy of
Ni~P,Co-W-P, Co-Sn-P, Ni-W- P, Co-B, Ni-B, Co-Sn~-B, Co-W-B and
Ni~W-B. A suitable thickness for the first diffusion barrier

layer may be between about 1,000 A and about 10,000 A, and



. 22. 'A nethod for preparing a copper pad surface for electrical connection
according to claim2l, wherein said solder bunps fornmed are Pb/ Sn sol der

5al|sﬁby a screen printing or injection nolding technique. 1' ,
20p2 29 23. A conductive pad for formng an el ectrical connectﬂoéHEEEZEgﬁ

conprising: a copper pad surface a protection |layer of phosphorus or
boron-containing netal alloy on thelZopper pad surface; and an adhesion
| ayer of a noble nmetal on top of the protection |ayer, said adhesion |ayer

provi des el ect.rical_connegtign w a,w repond or der bupp. 24. A
conducPf?/ge‘fgj&yf é?etf‘“kﬂﬁr‘?i Qéﬁc eyeéﬁiéalarﬁgn 28t o?ul’ ﬁ(ﬁérgdn actordttg to
claim 23 further campri s%gggza?ﬁcl eation laver .of 2 noble ngf i n- bet ween

I
sai d copper” pad s ad&™ epw%f ction afér. 2§@%&(§N&ﬁ%¥ﬁ?@lpad for

form ng an. glectr gal £o tdn vtaﬁﬁFe Noaccar ding ke ggai m 23 further
conprising a nucleation [ayer of palla |un1nanopart|cf S i n-between said
copper pad surface and said protection |ayer. ~ ~ SEP 2002 t 30 26. A

conductive pad for formng an electrical connection thereon according to
claim 23, whereigztsai d tpeot eGlisen layensisnf obardiet alagteri ak selsected

fromthe group consisting of N-P, Co-P, Co-WP, Co-Sn-P, N -WP, Co-B

Ni - B, Gep&nitd,Ca- ¥eBoatldldNyeMWIB. is deposited on top of the diffusion
barrier layer 16 by an immersion deposition technique using an
immersion Au solution. A suitable thickness for the second layer
18 is about 500 A and about 4,000 A, and preferably between
about 1,000 A and about 2,000 A. The first diffusion barrier
layer 16, i.e. a protection layer, and the second adhesion layer
18 are deposited as a dual-layer 20 which provides copper
protection and a reliable wirebond structure. Alternatively, a
third layer (not shown in Figure 1) may be applied on top of the
second layer 18 by an electroless Au deposition technique to
increase the thickness of the final Au layer to between about
4,000 A and about 10,000 A, and preferably to between about

4,000 A and about 6,000 A. The purpose of the third layer of Au

is to allow easier wirebonding parameters and greater wilirebond

adhesion strength.

The present invention diffusion barrier layer 16 1is

further formed in the following examples:



- 27. 'A conductive pad flor formng an electrical connection therer? %f ordi ng
to claim 23, wherein said protection |ayer of a phosphorus or * EPZUUZ

boron-éontaining nmet al’ has a thickness between about 1,000 !~ and about

10, 000 28. A conductive pad for formng an el ectrical connection thereon

according to claim 23 further conprising a noble netal |ayer on top of said

adhesi on | ayer form ng a conbi ned t hildkness of the noble netal | ayer

bet ween about 2,000 and about 12, 000 !~. ') , , -a ? ~ SEP 2002 31 29.

A conductive pad for form ng an electrical connection thereon according to

claim 23, wherein said protection |ayer further conprises two separate

| ayers each bei ng a phosphorus or scontaining netal alloy intimtely

joined together. . 30. A conductive pad for form ng an el ectri cal

connection thereep agel digRgnpPeCl & MAcivhgysi Ns2akbd tow eepabagepl ayers

being Co-WP and N -P. 31. A conductive pad for formng an el ectrica

connect { 0/ doheX el -2C Gar doHI AL 0 i khat $1 &3, aher &jod $aid Aadhesberskaygr being

a |layer selected fromthe group consisting of Au, Pt, Pd and Ag. 32. A

conduct gél,Q)d@adAf—OVS,dedﬁ R9 aps elggehehcal ¢RBNQYARBLLRGI SN daqcfgg%ﬂg to

claim?2 wherein said adhesion | ayer has a thickness between about 500 A

and abaslr3,0Qthlcture mapHLs®ae Tormed WitB2pRSspHdandughhveqpsg for
form ng an el ectrical connection thereon according to claim 23, wherein

sai d prigdegi.ion |ayer being Ni-P or Co-WP, and said adhesion | ayer being
Au. 34. A conductive pad for form ng an electrical connection thereon
according to claim 23, wherein said protection |ayer being Ni-P, and said
adhesion | ayer being an inmersion Au and el ectroless Pd. 35. A conductive
pad for formng an el ectrical conB88YPBA B hereon according to claim 23,
wherein said conductive pad bheing forned on a substrate of  a silicon wafer,
a siliconger mani 4 {BFereHTRLcsi B EARIRIRT rEustyF e wat ertidgedavigdRBuct i ve
pad for, formng an el ectri cal connectign t her ean accordiﬁgoto cl aim 23,

wher ei nSaf PETEAFACAY ConNecfiBndTS £ of HBFBY-C& Wity digofd =< 000 A)

and Cu/Co-W-P (5,000 A)/immersion Au (2,000 A) is presented.
The corresponding wirebond structure where phosphorus 1s replaced

by boron may also be formed.

EXAMPLE C
In this example, a multi-layer stack of Cu/Ni-P (5,000
A)/immersion Au (1,000 ~ 2,000 A)/electroless Pd is provided.

The corresponding wirebond structures where phosphorus 1is

replaced by boron may further be utilized.

In practicing the present invention novel method, a

copper wafer which contains multiple-layer copper contact pads is



f ~i ~~ sEP 2002 33 37. A conductive pad for form ng an elec&rlcal
connection thereon according to claim23, wherein said electri

¢onne¢tion being formed of a sol der bunp. 38. An electrical structuEéDEQuz
provi ding el ectrical connection conprising: a copper pad surface;
protection | ayer of phosphorus or boron-containing netal alloy on the
copper pad surface; an adhesion Iayeﬂ9of a noble netal on top of said
protection |ayer; and an el ectrical connection integral with said adhesion

| ayer. _39. An electrical structure for _provi.din ele rlcal cqnnection
accor dfh§>t o PEPSFHT %Whé?eFﬁeg%ﬂQFefgékrléaJ o1 nec i on i S % anggbond or

a SOl dg{l nPC acid soiuzlansgg reqr&le3§)xq_%efsA@r JﬂeEltl (?AJ)&I rsl(ll(i"tfgr% for
provi ding &t ect 1 Eas ot kRt Fon" Becor a|n1 rther conprising a

nucl eag,on J.gyer 1%" eh&Qb'a%tﬂ%aéd' By b%w%@@lhg 1910pzpef>aﬁ?§£id§1ﬂﬁf§%ﬁ and the
protection |ayer. An el ectrical Structure for providing electrical

ConneCEbQﬁtﬁ&&Ofﬁléﬁbéﬂé(EEMdntéQud&hefepa patall nuediedt icon dhay ebppsr
pal | adi um nanoparti cl es.

surface. The wafer is then rinsed in sodium citrate or EDTA

solution to remove excess Pd nuclei from the substrate and from

the inter-pad areas on the wafer surface. The wafer is next

immersed in an electroless bath of the present invention whereby

: a layer of Co-P, Ni-P, Co-W-P, Co-Sn-P and the corresponding

alloys containing boron instead of phosphorus is deposited on the

copper surface, using in each case a specific bath composition

which may be different and unique depending on the type of alloy

Lo be deposited on the copper surface. After an extensive

rinsing operation, the wafer is next exposed to an immersion Au

solution that is commercially available. Finally, depending on

the structures desired, an extra and final layer of electroless

Au having a thickness between about 3,000 A and about 5,000 A

and/or alternatively, a Pd layer of the same thickness can be

applied onto the immersion Au layer. A successful wirebond 30 or

a solder bump 40 are then formed on top of the multi-layer stack

as shown in Figures 1 and 2.



|
92. An electrical structure for providing electrical connecti accor di ng
to claim38, wherein said adhesion layer is forned of a netal Fg@
sfromt he group consisting of Au, Pt, Pd and Ag. 43. An el ectrlcal OZre
for providing electrical connection according to claim 38, wherein said
protection |ayer being formed of a netal alloy selected fromthe group
consisting of NN-P, Co-P, Co-WP, Co28Bn-P, N -WP, Co-B, N -B, Co-Sn-B,

Co-WB and N - WB. ~~sEP Q02 35 49. . An electrical structure for
providing el ectr hﬁgl £9 n@@n@?&?ré’ié& Iﬁti%gf WekhEL g dsing a
nobl e netal | ayer e% on top of sai d yer such t a t he

total tddckRessyef b_t,hﬁlf@éﬂlﬁmg%%gl ﬁy&radtavaemge(bﬁtr@utloaspgowffé&nd about
12,000 A. 95) An electrical structure for providing electrical connection

accor di figr el At My 3G faltletihegu rrerBri SHol@tdonSWIstdmt e1edtisdldseomaai er, a
silicon-germani um wafer or a silicon-on-insulator wafer on which the copper
pad is wiidmtethtaiAll ASoAft . Afns, Adogidl adid, ADARLRUIONA, AppY] Yevdals A Ay. A

% A{3. Al.A?. A ". A AF. AYu. A, . A@ AF(. A3h. A3. A. A?. A. A. A AF, & j vwwt DG
of lead acetate and hypophosphite. The copper pad surface is

thus coated with an adherent layer of 1,000 ~ 2,000 A Co-P layer

followed by an extensive water rinse. The wafer surface is then
immersed into a different heated electroless solution that
contains nickel ions, <citrate i1ons, boric acid ard sodiunm
hypophosphite, or dimethyl amino borane wherein a layer having a
thickness between about 5,000 A and about 7,000 A of N1P or NiB,
depending on the bath used, is deposited onto the copper followed
by extensive water rinse. In the final step of deposition, the
wafer surface is immersed in a commercially available immersion
Au bath to de?osit a new layer of between about 1,000 A and
about 2,000 A of Au onto the electroless plated copper pad

surface 14.

As shown in Figure 2, a solder bump 40 is deposited on
top of the outermost Au layer 18 of a solder material such as
Pb/Sn by evaporation, electroplating, screen printing or

injection molding techniques.
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Claims
1. A method for preparing a copper pad surface for electrical connection
comprising the steps of:
providing a copper pad surface;
selectively depositing a protection layer of phosphorus or boron-containing
metal alloy on the copper pad surface; and
selectively depositing an adhesion layer of a noble metal on top of said

protection layer.

2. A method for preparing a copper pad surface for electrical connection
according to claim 1 further comprising the step of selectively depositing a nucleation
layer of a noble metal on the copper pad surface prior to the deposition of the

protection layer.

3. A method for preparing a copper pad surface for electrical connection
according to claim 1 further comprising the steps of:

cleaning the copper pad surface in an acid solution; and

selectively depositing a nucleation layer of a noble metal on the copper pad

surface.
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4. A method for preparing a copper pad surface for
electrical connection according to claim 2, wherein said

nucleation layer is deposited of palladium.

5. A method for preparing a copper pad surface for
electrical connection according to claim 3 further comprising the
step of rinsing the copper pad surface with water after said

nucleation layer is deposited.

v

6. A method for preparing a copper pad layer for
electrical connection according to claim 1 further comprising the
step of depositing said protection layer by an electroless

plating technique.



U& ()-!A",) 109N UN U& ()- 10 10 10!aG 109%& ()-e"b[ dErs4 10 1§y gqa 2002
U& ()-"Z"10% U& ()-,10% U& ()- f 10% & ()- @"10% U& ()-  Y"10% U& (

177" taB74 10 10 U2"10% U& ()-0Y" 10% U&' () - +"10% U&' () - &t 10% U& () - L$Z" 10%
U8 ()-1p Z"10% U U& () - " ####H#RANBITN |

24

7. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said step of
depositing a protection layer further comprises the steps of:

contacting said copper pad surface with a heated,
buffered solution in an electroless bath that contains cobalt
ions, boric acid, citrate ions, lead acetate and hypophosphite;
and

contacting said copper pad surface with a heated

: electroless solution that contains nickel ions, citrate 1ons,

boric acid, sodium hypophosphite or dimethyl amino borane.

8. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said adhesion
layer is formed of a metal selected from the group consisting of

Au, Pt, Pd and Ag.

9. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said adhesion
layer is formed by immersing the wafer in an immersion Au

solution.



"10% ()-, @ 10%&' ()-$109& ()- s10% ()- @O%& ()- F109%& ()-3 10 U 10
UMBS% 9R& }[<mV, S)"109& ()-1!'L@"109%& ()- !~ "109%& ()-! 118E
"0 & ()-, | "10%& () -, Z"10%& ()-'" 1(2(3(4(D()=)~\=, PZUUZ
G'109& ()-!3s*10%/NV& ()-!d23s*10941& ()- 10 10

10f 0" 109& ()-f/"109& ()-=)/***+; ++a?~\ =,

L K@" Y" 10% () - m@ 10%& () -, Z" 109 ()25@" 109%& ()-'Y, - &L0%& () - m 109%& ()-  +, -
- -1-.-/-0-bC, 1"10% h& ()- f10% h& ()-F% 10% h& ()- 10 10

10f-Z2"109%& ()-S' M 109 ()-nmo--------- bC,. 'FAOY& ()-$10% (J).-, & 109& () -
109%&' ()-F 1g)h P n .ﬁlﬁgtﬂgd for prepatring a c03%49 pad suégace f%r 0
electrical connection according to claim 1, wherein said adhesion

layer is formed of a noble metal to a thickness between about 500

A and about 4,000 A.

11. A method for preparing a copper pad surface for
electrical connection according to «<¢laim 1, wherein said
phosphorus or boron-containing metal alloy is selected.from the
group consisting of Ni~P, Co-P, Co-W-P, Co-Sn-P, Ni-W-P, Co-B,

Ni-B, Co- Sn-B, Co-W-B and Ni-W-B.

12. A method for preparing a copper pad surface for
electrical <connection according to claim 1, wherein said
protection layer is formed of a phosphorus or boron-containing
metal alloy to a thickness between about 1,000 A and about

10,000 A.
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& ()- elBcidPical connection according to claim 1 further comprising the
step of depositing a noble metal layer by an electroless plating
technique on top of said adhesion layer such that the total

thickness of the noble metal layer is between about 2,000 A and

about 12,000 A.

14. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said
protection layer comprises two separate layers each being a

phosphorus or boron-containing metal alloy.

15. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said
protection layer being a composite layer of Co-W-P and Ni-P, said

adhesion layer being Au.
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electrical connection according to <claim 1, wherein said
protection layer being Ni-P or Co-W-P, and said adhesion layer

being Au.

17. A method for preparing a copper pad surface for
electrical connection according to c¢laim 1, wherein said
protection layer being Ni-P, and said adhesion layer /being an

immersion Au and electroless Pd.

18. A method for preparing a copper pad surface for
electrical connection according to claim 2 further comprising the
step of depositing a multiplicity of Pd nanoparticles for said

nucleation layer.

19. A method for preparing a copper pad surface for
electrical connection according to claim 1, wherein said copper
pad surface is provided on a substrate selected from the group
consisting of a silicon wafer, a silicon-germanium wafer and a

silicon-on-insulator wafer.
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20. A method for preparing a copper pad surface for

electrical connection according to claim 1 further comprising the
steps of:

dicing a wafer on which the copper pad surface is
situated into individual IC chips; and

forming a wirebond onto the copper pad surface.

21. A method for preparing a copper pad surface for
electrical connection according to claim 1 further comprising the
steps of:
dicing a wafer on which the copper pad surface 1is
situated into IC chips; and
forming solder bumps on said copper pad surface for

making electrical connections.

22. A method for preparing a copper pad surface for
electrical connection according to claim 21, wherean said solder
bumps formed are Pb/Sn solder balls by a screen printing or

injection molding technique.

EP 2002
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23. A conductive pad for forming an electrical
connection thereon comprising:

a copper pad surface;

a protection layer of phosphorus or boron-containing
nmetal alloy on the copper pad surface; and

an adhesion layer of a noble metal on top of the

protection layer, said adhesion layer provides electrical

connection with a wirebond or a solder bump.

24. A conductive pad for forming an electrical
connection thereon according to claim 23 further comprising a
nucleation layer of a noble metal in-between said copper pad

surface and said protection layer.

25. A conductive pad for forming an electraical
connection thereon according to claim 23 further comprising a
nucleation layer of palladium nanoparticles in-between said

copper pad surface and said protection layer.
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layer is formed of a material selected from the group consisting

of

Ni-P, Co-P, Co-W-P, Co-Sn-P, Ni-W-P, Co-B, Ni-B, Co-Sn-B, Co-W-B

and Ni-W-B.

27. A conductave pad for forming an electrical
connection thereon according to claim 23, wherein said protection
layer of a phosphorus or boron-containing metal has a thickness

between .about 1,000 A and about 10,000 A.

28. A conductive pad for forming an electrical
connection thereon according to claim 23 further comprising a
noble metal layer on top of said adhesion layer forming a
combined thickness of the noble metal layer between about 2,000

A and about 12,000 A.
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connection thereon according to claim 23, wherein said protection
layer further comprises two separate layers each being a

phosphorus or boron-containing metal alloy intimately joined

together.

. 30. A conductive pad for forming an electrical
connection thereon according to claim 29, wherein said two

separate layers being Co-W-P and Ni-P.

31. A conductive pad for forming an electrical
connection thereon according to claim 23, wherein said adhesion

layer being a layer selected from the group consisting of Au, Pt,

Pd and Ag.

32. A conductive pad for forming an electrical

connection thereon according to claim 23, wherein said adhesion

layer has a thickness between about 500 A and about 4,000 A.
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33. A conductive pad for forming an electrical
connection thereon according to claim 23, wherein said protection

layer being Ni-P or Co-W-P, and said adhesion layer being Au.

34, A conductive pad for forming an electrical
connection thereon according to claim 23, wherein said protection
layer being Ni-P, and said adhesion layer being an immersion Au

and electroless Pd.

‘re

35. A conductive pad for forming an electraical
connection thereon according to claim 23, wherein said conductive
pad being formed on a substrate of a silicon wafer, a silaicon-

germanium wafer or a silicon-on-insulator wafer.

36. A conductive pad for forming an electrical
connection thereon according to claim 23, wherein said electrical

connection is formed by a wirebond.
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connection being formed of a solder bump.

38. An electrical structure for providing electrical
connection comprising:

a copper pad surface;

a protection layer of phosphorus or boron—qgntainlng
metal alloy on the copper pad surface;

an adhesion layer of a noble metal on top of said
protection layer; and N

an electrical connection integral with said adhesion

layer.

39. An electrical structure for providing electrical
connection according to «claim 38, wherein said electrical

connection is a wirebond or a soldexr bump.
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connection’ according to claim 38 further comprising a nucleation
layer of a noble metal in-between the copper pad surface and the

protection layer.

41. An electrical structure for providing electrical
connection according to claim 40, wherein said nucleation layer

is palladium nanoparticles.

42. An electrical structure for providing electrical
connection according to claim 38, wherein said adhesion layer is
formed of a metal selected from the group consisting of Au, Pt,

Pd and Ag.

43. An electrical structure for providing electrical
connection according to claim 38, wherein said protection layer
being formed of a metal alloy selected from the group consisting
of Ni-P, Co-P, Co-W-P, Co-Sn-P, Ni-W-P, Co-B, Ni-B, Co-Sn-B,

Co-W-B and Ni-W-B.
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connection according to claim 38 further comprising a noble metal
layer deposited on top of said adhesion layer such that the total
thickness of the noble metal layer is between about 2,000 A and

about 12,000 A.

45. An electrical structure for providing electrical
connection according to claim 38 further comprising a  substrate
of silicon wafer, a silicon-germanium wafer or a

si1licon-on-insulator wafer on which the copper pad is situated.



