DOPI NG OF LEAD- FREE SOLDER ALLOYS AND STRUCTURES FORMED THEREBY BACK GROUND
OF THE I NVENTI ON As m croel ectroni ¢ packagi ng technol ogy advances for

hi gher dewoceioqpeudser mance, solder joint reliability is IPeTas2evg/061113

i nportant concern. Package reliability issues, which in sone cases may be
related to solder interconnect joint (i.e., the interface between an

i nterconnect structure and another surface, such as a substrate or contact
pad) failures, have been observed in many types of ackagi assenbl i es,
such as i n DOPINGOHLEADFREESOLRER MO XS AN%RSER SD 8N THE
DRAW NGS Wil e the specification copglgigee Wi th clainms particularly
pointing out and distinctly claimng certain enbodi nents of the present
invention, the advantages of this invention can be nore readily ascertained
fromthe Eﬂuﬁ@@h@ﬁnﬂ? Mt RePERTdNe i nvention when read in conjunction
with the aCCUﬂpanyrngi%?amrngs—rn—mh ich: FIGS. la-lc represent nethods of
form n§ structAseﬁaadaMmdmmgd@gmgmbbmﬂmgnw3mmtsbhmgpﬂdsenimﬂﬁmmmmbon FI G
2 representé stryrGIa ﬁ§. cc8%%|n &g’ Cﬂn NS er%%%h Q§§gnthwﬂvent|on
FIG 3 rep?eseht’s oW §ﬁar{gacc an “enpodi of“t Ne'“Dr esent

i nventi on.in fdnés. caélesrn&}ym$ﬂﬁtb$toaoﬁiyﬁm&moaﬁ:®0j‘od1t Kige. tthe iatebfach leendes anf t he
present invention. FIGS. ) e fr mth ior Art.

DETAL LED DRSERBAake i w14 ¢ BREGERT PROENTIUR A O FETR PO W clet ai | ed
descri pt I GBve beeh 6bseRe@ in Badyadtes to@patchaguagca“s@ermﬂiaylsm@ Anavingsl drhat show, by
way of llﬂ% éatio specific enbodi nents in which the invention may be
practﬂ@ed neascBPiFSdi nents are described in sufficient detail to enable
those skilled in the art to practice the invention. It is to be understood
t hat t he BRIEPDESERDOIIONEOF HEIDRAWINGSent i on, al t hough different, are not

necessarily nu exclusive
y %\Hlale the spem}lcatlon concludes with claims particularly pointing out and

distinctly claiming certain embodiments of the present invention, the advantages of this
invention can be more readily ascertained from the following description of the invention
15 when read in conjunction with the accompanying drawings in which:
FIGS. la-1c¢ represent methods of forming structures according to embodiments of
the present invention.
FIG. 2 represents structures according to embodiments of the present invention.
FIG. 3 represents a flow chart according to an embodiment of the present
20  invention.
FIG. 4 represents a system according to embodiments of the present invention.

FIGS. 5 represents a structure from the Prior Art.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following detailed description, reference is made to the accompanying

25  drawings that show, by way of illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. It is to be understood that the various
embodiments of the invention, although different, are not necessarily mutually exclusive.
For example, a particular feature, structure, or characteristic described herein, in

30  connection with one embodiment, may be implemented within other embodiments without
departing from the spirit and scope of the invention. In addition, it is to be understood that

the location or arrangement of individual elements within each disclosed embodiment may
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For exanple, a particular feature, structure, or characteristic described
herein, in connection with one enbodi nent, may be inplenmented w thin other
enbodi mrerwe 20iodieass departing fromthe spirit and scopePofi/ush@9iosment i on.
In addition, it is to be understood that the | ocation or arrangenent of

i ndi vi dual elenents within each disclosed enbodi nent nmaybe nodified w thout
departing fromthe spirit and scope of the invention. The follow ng
detail ed description is, therefore, not to be taken in a limting sense,
and the sbppwdsied rhbowdepmting from distspisi andscelest ofeinemtion. byhafhdowispended

clai ms, apRGLAR! 4R hidn isnﬂlglre?brr@tn@fjto b@'taﬁ%&ng& ifitih Genb Bhd 2 0Gp. 8f mequi val ent s

to Wmch the clains are entitled drawi ngs, l'ike nunerals refer to
t he sane @resgﬂtmweatﬁonrlmﬁ'tnﬁd)nldbnbwhetampmdgchd@mm tperopeivielyanterpieseds alongt hods and

associ at ed R URIYERS Lo AMNG AT AL, 31 [UGHNGR BHCh as

joint structure ose nmnet may conprise ping a | ead
free sbl danmmtsecﬁelaﬂo tkm sahepr sikelbr fungtenditn thrm@hnutckeedeV@@ln@W$ es up to about

0.2 percent by doafssotcg‘taed sprucql?r%s gteftmerrrnlnala mic og ttro f%)cq rXI & & he sol der
material to a SU Qe conprirsing a % d %b ? %e present

i nvention jasim;stmctgm zire dmnb@d Thee meéloﬂs)inalﬁwmmlsaﬂomng el@gd freeasmdi:ier

el ectrom gr n.res nce in m croel ect roni

Clust o Sl ERES SR RSP ERRG oL PEETH s et S e es.
such as paclageataiull apnoiheh apilyidg therselder Iflﬂérlaﬂ!mmibaratd:dcﬁlprllsﬁhgIa|cbp{&t rates a
porti strate 100. . The. substr at conpr.i se rtion of a
contrgBI e@a&\ﬁqtg ?ﬁ’ﬁP&S%H}YS‘&‘H“d?FY(S fecé’f“? BINQYE SO rJO‘é‘%%PE’F]BEt ANqhe

substrateeﬂe@{aorﬁ@ydnwfetsfggﬁcegﬁmfﬁélbaecna)n@q)\ét&gesport| on 102. The device portion
102 may conprise devices such as . transistors, resistors, or conductors that

may form an i nf &4y dRdeilRstrate ppbodimenthofrprthods kb BampgMICToElREraMi& i ce porti on

102 may i REhdESs, d8¥i a6 BockhfBdnd i AFREME s b MRxaMblcl PICE 18MIRERREAGRSRAT COores on
a single die. In one enmbodi nent, the device portion 102 of the substrate

100 may f @f ¢ hdstrae 100G e pubsirief (mpesanarise 3 perHomer a gnutroliagtcollanse eleg ¢ o,
silicas, %bﬁﬂe@t@dﬁ @0y LRtk AR xarﬂﬁlé %@'sﬁﬁ&raﬂe '160 Q}rﬁﬂ&lb{‘&ﬂi pie 2 1824

telluride, indium arsenidé, indium phosphid I'Tum arseni de, gallium
ant i moni deortion 162 i dei¢enmstianhiép et . comh@secr@viceSesu@mSttr@snstmzreﬁiatymf or t her

nel ude | B LEQRNER md GG RPinIRlea SO kn L0Rfer BBYPHAY HEaRIRFLRL AL

i nterconnection for the variou evices O evi ce pOFtIOﬂ
102 may include devices that together form multiple microprocessor cores on a single dle

In one embodiment, the device portion 102 of the substrate 100 may further be

20  comprised of materials such as, but not limited to, silicon, silicon-on-insulator,

germanium, indium antimonide, lead telluride, indium arsenide, indium phosphide,

gallium arsenide, gallium antimonide, or combinations thereof.

The device portion 102 may further include interconnect regions (not shown) that may

provide electrical interconnection for the various devices of the device portion 102. The
25  interconnect regions may include stacks of metallization layers which may include metal

lines that may be separated and/or insulated by dielectric materials.

The substrate 100 may comprise a ball limiting metallization (BLM) 106, and a
passivation material 108. The BLM 106 may be disposed on a bond pad 104. In an
embodiment, the BLM 106 may comprise a multilayer BLM, such as but not limited to a

30  stack comprising titanium/aluminum/titanium/nickel vanadium, wherein the bottom layer
of titanium may be disposed on the bond pad 106. In an embodiment, the bond pad 104
may comprise a copper bond pad 104.
A solder material 110, may be formed on/applied to the BLM and thus the bonding
2



i nterconnect regions may include stacks of netallization |ayers which may
include netal lines that nmay be separated and/or insulated by dielectric
mat er i al SWORh®/wwisst rat e 100 nay conprise a ball |imtirgTrast@dlobaat i on
(BLM 106, and a passivation nmaterial 108. The BLM 106 may be di sposed on a
bond pad 104. In an enbodi ment, the BLM 106 may conprise a nultilayer BLM
such as but not limted to a stack conprising

titanium al um nunftitaniuni ni ckel vanadi um wherein the bottom | ayer of

titani um ey Yeolfdrasybyel YR Thresobisnaaisad 110eay comptiscérerddionsdder t he bond

pad 104 may,&QIPry, %ﬁaﬁﬂ@@%@nﬁw shed a&@&her@s&ﬁ'l&ﬁ?re@%l&ér' al 110, may be
formed on/applied’'to the BLM and thus the bondi ngpad 106 of the substrate

100. The sompesitionatlepn smbati@eniethe sddnp miatsiabl 10aeay compasales ddped widh eri al 110,
and may Snfge HAG Qﬁ)ﬂgdlg%ﬁét}%%gcktgfe@% @@%8@1 b?ﬁ%t&%’&tﬁ '\x?’e? {CONpOsi tions.

In an enbo ment, rise oped with

ni ckel 5 | memmt@mmem@mr mathigal A1 Q Kk nrw:heyl d@pmplof the sdld@ npmﬁnai blabgut 0. 2
wei ght percen e aof .the der rial ni ¢ e opi of the
ol dor marary g s AR SRR EokSloettt ke BB oy
occur at saﬂsd@reﬁmwmg, ancbmlélaﬁﬁcsinﬂmmemglesttdmgmuamtesmtammassmhg, and

therefore i oves ctr rati on resistance uch r/ sol der

ot acosoBRrHGR iluREh M PhE bR RS A 11 iR To e
enbodi nentesabodmfeﬁleopﬂlep&@ént immw@ihi on. For exanpl e, ni ckel doping into | ead
free | der al mat er i retard termetallic

secongBI evel -i %ﬁ‘r"&‘?}wﬁé&&e “?tlmf?j‘f%rf %Q?ﬁ oy WGP ﬂ?f‘irflg?ﬁ%es to

i mprove t hgedhetalialirbwih)in @Jcoﬁdlavmhta@bnﬂwﬁmm{mclﬂ;@s WIRNIMIC rddsctioal ned with a
copper surface, .such as with a dge substrate copper surface and/or a
die pad coppeYosmpLsTe rﬁflePﬂl&vx%fﬁ%ﬂ soldermatedal 1o yhehE fjered with pRPRBT of tin in

the sol der,#RbalbRhs Willa MckdbelshRtraRicopfee stk ald/GARRNad cbppct QRtEACtion with
a nickel concentration gradient that may occur across a sol der joint, for

exanpl e, Vpnexampleve nickel segregation and reaction at the copper/ sol der
interfgce. The doped solder material 110 may further be exposed to a reflow

process 112 (FIG 1c). In an enbodi nent, the refl ow process 112 nmay
conpri se a temnpke drong ehapfical affinity of tin in the solder material 110 with that of the nickel

dopant, in conjunction with a nickel concentration gradient that may occur across a solder
joint, for example, will drive nickel segregation and reaction at the copper/solder interface.
The doped solder material 110 may further be exposed to a reflow process 112
20  (FIG. Ilc). In an embodiment, the reflow process 112 may comprise a temperature of
below about 270 degrees Celsius, for example, that may comprise the reflow temperature
for the solder material 110. The reflow temperature parameters may vary according to the
particular reflow process employed.
at solder/copper interfaces. The doped solder material 110 may form a nickel doped
25  interconnect structure/solder ball 114 after undergoing the reflow process 112.
Figure 2 depicts a microelectronic package structure 200 according to an
embodiment. The package structure 200 includes a package substrate 216, and a die 202
(similar to the die 102 of FIG. 1a), wherein a plurality of joint structures 207 are disposed
and connected/electrically coupled between the die 202 and the package substrate 214. In
30  one embodiment, the package substrate 216 may comprise at least one of a motherboard, a
printed circuit board (PCB), an interposer, a test coupon, and a land grid array socket.
Referring still to Fig. 2, the joint structures 207 include BLM (similar to the BLM
106 of FIG. 1a) 206 disposed on the die 202, and package substrate surface finish 215
3



bel ow about 270 degrees Celsius, for exanple, that may conprise the refl ow
tenperature for the solder material 110. The reflow tenperature paraneters
may vary wocorudiTmget o t he particul ar refl ow process enplPOYa$2e0/067113

sol der/ copper interfaces. The doped solder material 110 nmay form a nickel
doped i nterconnect structure/solder ball 114 after undergoing the refl ow
process 112. Figure 2 depicts a mcroel ectronic package structure 200
according to an enbodi ment. The package structure 200 includes a package
subst r at e 4Zpesed an dhepagkage er{t%izfﬁ ITapn gigbediameny; the gbacfinigh 35 M) | wherein a

plural ity QfniQisin ﬁ&f"aéécﬁﬂf{h%aszﬁxﬁcﬁﬁﬁlé'ﬁ%ﬁ&@ﬁﬁfa@@ﬂﬂﬁﬁ&s%%ﬂo%t rically

coupl ed between the die 202 and thé package substrate 214. In one
enbodi ment the . fais kel dnewbsha Bl 296 6n thaylicipni ge satfaqeé‘alssﬁl 2dpellof a

oL her boat el BABH 6 G bp ARl Rk A UBTRGSS & st coupon,

and a | and gr| array et. erri oi nt
st ruct br esx20il ¢irvgltyd e BIONIpad ROA, buoh as @Ctbmver BioNpad B0 mafFb&dispapd 206 di sposed

on the di (f %§B§Y'§“Fagfhfﬂp§tr LS face finish 215di sposed on the

package su hoan embodi men the surface finish 215 may
conprise such AﬂﬁﬁﬁmeﬁmmmnmﬁgszamnﬁmMGmmEerﬁﬁﬁEr&meﬁungumﬁmme finish as
are known h? t he on th 202 and the

. AS 1S,. | own,, the
U aoo sttty B e g s e e PP B R bF R e B0 t no
package sufsicombe sBidures 2B eiadilav@ltlys 1nteetoﬁ1>ﬁce§tﬂ1aiuress|1n¢ufnl(}y1c Andgyond pad 204,
such a copper, band d 204 b sp ed on the d| 202, between the
BLM 23@ afg™ l%ﬁdéjrjeﬁégl.ﬁer,&%at?rt?ﬂ WﬁéPl"gﬂcﬁiﬂﬂmg ngp am %‘me% ¢ YTPQPRESr es 207

further comtise IANhSr LAPASEE4 Sldretmhett eBucdikds. Roadin@dinhtat, dice 202 and the
package substrate 216 to_one another . The interconnect structures 214,

similar t oM EReNIeRSERGRH S, mat somYiss Beweenabayt 1E] ppm pEnickehendabapd Ze | ead

free sol d%érc@[ﬁt\xf‘e'igh%f b fnferénak@bm@aRrt D0 1d M @boRHRAM BN Ke] ebd Nt er connect
structures 214 may conprise C4 interconnect structures. In an enbodi nent,

the inter é@tﬁﬁ@E@Ys‘tnﬂfQ@tﬂMrdéﬁ“@H?é thrayehoumaeh efetheBcigaancch Baisturas- 21 4p9dh of
ni ckelysand, aBQuteGh % Bleln%ﬂ{ su\f‘ﬁ‘dlélmo Qliuck iR f'oﬂﬁd%i ﬁ%f‘&ﬁoﬁér tRlihdEERgic214. In

an enbodi nent, "the nickel may be substantially uniformy distributed
t hr oughou@O@a@mdbﬂMQq@ jush ey EoAPreatd GtSSae intarerctdliciconpeundsaipr penplesent i n

an amount Sl LHGdiG N L REYES thdu A6 TR REY QlnpfioPPRicichds of Rl GhafTEt al i C

about 5 microns.
In an embodiment, the growth of IMC’s, including IMC’s comprising a
20  combination of tin with copper Cu may be slowed by the nickel doping by a factor of
about four. The effective amount of nickel to be added to the solder material may be
optimized for the particular application. Prior art package structures that do not comprise
the nickel doped interconnect structures of the carious embodiments of present invention,
may comprise increased amount/density of IMC’s formed at copper/solder interfaces (FIG.
25 5).

For example, a prior art solder/copper interface of a prior art packaging structure
may comprise a Cu3Sn 502 inner layer IMC and a Cu5Sn6 504 outer layer IMC, with the
inner layer IMC being porous with Kirkendall voids 506 arising from an unbalanced
copper and tin diffusion that may occur during reflow and/or baking processing, for

30  example. Excessive eletromigration failure may occur due to such IMC formation at
copper /solder interface, and may significantly reduce assembly yield.

The interconnect structures comprising the solder material of the various
embodiments of the present invention, however, impede the growth rate of copper tin
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conmpounds (1 MCs), such as Cu3Sn and Cu5Sn6 inter-metallic conmpounds, for
exanple. In an enbodi nent, a thickness of the Cu5Sn6 | MC may conprise a

t hi cknesswof2ologgg9sshan about 5 m crons. I n an enbodi nenPCTiuseoognemh of

| MCs, including | MCs conprising a conbination of tin with copper Cu may be
sl owed by the nickel doping by a factor of about four. The effective anount
of nickel to be added to the solder material may be optim zed for the
particul ar application. Prior art package structures that do not conprise
the ni cke|IM6§péwhiaﬁ€@ﬁ%le@’étan%w dMégS’@fld tHbBis 3ay irsuls 8 gedichienis of

present i %}é@@&dﬂg&ﬁomluf‘eqmﬁgﬁ%é tHlQI{S:agchs%?deﬁjHﬁH@Iﬂ APaRLJd¥m&h, Jrd¥fSizd or med at

copper/sol der interfaces (FIC . exanple, a prior art sol der/copper
i nt er f ace fofa GQuSnIMIC farmedpaidikmg nigkel dopaddeadriece selderadinp pécorling tCu3Sn 502 i nner

| ayer | meﬁi@&?i&g%?iﬂ?pé@&t ﬂl%grggon'n%%mgwﬁ abBhl Sinfcflfhs %Ré}%ﬂ wayer | MC being

porous Wt VoI ds arrsin om an unbal anced copper and tin
di f f usbon ptdvatsingaip coutrast, aguipi argCuend dMCaniiroed Wwithin agopniokad depaddeadf or

exanpl €. %Cgoslﬁér\éﬁoyg %g%%ééng]prgg g.t Ira(i)nsiieaolfla%u 0% H){cr(ojr(l:sca"tltre{g %ﬂgwtp(lr)oc%s%?nh. | Mo
formati on at "copper’ /'s rrntertace, and may significantly reduce
assenbl y vihed, dickdlhiep¢diter ft@nnkiet albys ccipuise s ficarguin siceihat the ceokater mat eri al

or ot 1 acEbrecppeiary pveick (hoRl 3¢ Breelie fid® R R ne . and
this way remilidnSinivoidacdueelitst the deckdasEin @RI Ofsr@itiiniaad sik@iahdithe ihprovédead free
tin-bgged solder joints. .In an enbodipent, grain sjze for Cu5Sn I MC
for megavm' ERPRSY %101%4%%‘3 ac&d‘bcéﬁﬁs?setﬁ‘c‘io‘fefaé&?@W&&PUQH% “%%W&&?éy’ta&}d

enbodi mentspelestdieranBEIE RliabiNyent dRyid@y conprise about 5 microns after
refl ow processing. . In contrast, a prior art Cu5Sn6 IMCs formed within a

non- ni ckel dopBacTragde Figed adlmilart wisheyn sepracsspior deping gioldermatesial of about

20 m cr ongc@fdifs tofaBlchBYHiRRAC 85 31cP302, BNMRL frRisSIME! mAGREH doparwiik fiekgo! der
all oys comprise a finer grain size than the courser grain size possessed by

non- ni ckelhatsedie piekel cpmpises B ieabow| O byascenpbidiveiglrpaiopoldersategadgt i on i n
voi ds 16ausedmBYaihbe, A€A55RASKaY B dd¥eSed @FJTBA b(li}}ﬁel?tlbﬂalss'oﬁﬁy aldPfhot e 1 nproved

copper/sol der interface, increases the ovéra strength, optim zes bunp
nmor phol ogyrocagides, such as, for example, by mixing pure respective metal elements according to a

designated composition, and then heating up the mixture to melt the same, stirring

constantly to ensure uniformity of the alloy distribution. After cool down, a

homogenization process may be effected in a temperature below the liquidus of a lead free
20  solder alloy, for example.

At step 304, the doped lead free solder material may be applied to a substrate
comprising a copper pad. In an embodiment, the doped solder material thus fabricated may
be used in a conventional C4 bumping and bonding process as would be recognized by
one skilled in the art. Although a method embodiment for forming nickel doped lead free

25  solder is described above, embodiments include within their scope the provision of a
doped lead free solder composition in any form, such as, for example, in the form of micro
solder-balls.

FIG. 4 is a diagram illustrating an exemplary system 400 capable of being operated
with microelectronic structures of the present invention, such as the joint structure 207

30  comprising the interconnect structure 216 of FIG. 2, for example. It will be understood
that the present embodiment is but one of many possible systems in which the conductive
interconnect structure of the present invention may be used.

In the system 400, the joint structure 424 may be communicatively coupled to a
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i nproves overall BLMreliability and die yield. Referring to Fig. 3, a
flowhart is shown of a process for doping a solder material according to
an enbodiwernnio/0x9sst ep 302, a | ead free sol der nateri al PCS/Use@oaemils h

ni ckel , wherein the nickel conprises up to about 0.2 percent by weight of
the solder material. In an enbodi nent, the doping may be achi eved through
conventional solder alloying procedures, such as, for exanple, by mxing
pure respective netal elenents according to a de5|gnated conposi tion, and

t hen heat iPtet pirguifeboptdy PB4 kidPyreavt ofian 08.Jihp epnmynieBs carling t o ensure

uni form t yor i j§i& A28 ndl bk RYAHIRRkd B§>f1}hg§1ca‘¥ %LnsdQl‘éH as ArdWQARRERE @t 1 On

process may be effected in a tenperature below the |iquidus of a lead free
sol der al lapgskagopnderasptket conneatipe fp BNt theheinhopettrd Q4 do the BeBsUBdr mat eri al

may be ap t | ment,
t he doped%!s(é\ﬁﬂ Bng#géj&%&g}h&s&%ggﬁe gtgbg rrglgaolglg({%fgﬁgm‘?’ k%@ ’ﬁ{\}gntl onal
bunpi n§ aranludwné%glapals@b@@nasunmmfdy baipteddo giPLEdH I5thiongh wkiold ed i n the

art. Althou or f n nlcke do e ¢ ad free sol der
"L oner o P MR SRS VRO e AP T AR W i Eh o B RECP QR L o0 SO et

a doped | eatl khoeristbé sier corrp05|t| on |n any form such as, for exarrpl e, in
the formof m a. diagramil Iustrgtlnqgan

o sold
et ary oyt TheasBreh i undiccisomg iR AR Ak e EhT
struct ur essa@ré nichi® rpa@IS@Atmunivdevdly esupled m@éucasmbhﬁarqugh ﬁlbro‘éésrsu(ﬁusl nes. 207

corrpr the interc ect. s cture 216 of F] G mnple. It wll
be. ndir stabaErY thdbpHEant O Mt diane et vk ilerdly possi bl e
systens i CoMinmitatingy €QPLUGES ih¥ €0 ik 808 MNA%tto SHerjbiat fuenef 42uheypeasent
invention may be used. In the s stem 400, the joint structure 424 may be

conmuni cafarEmemery fi - Jexapmpgles g th ﬁmé‘al Pt 2 Bgn g udpciEf arg 1gt 1YY of an

I /'O bus 4Q8¢ic 8ok QBB &RS YER &0 Bhd/ 1y R mik hﬁldbﬂla@ées§ﬁléljﬂgltyt{bmw may be
est abl i shed by physical nmeans, such as through the use of package and/ or

a socket ebHAEORCOMer Hatpraer Bancdaist Toe psismAw maZ/&I&Odnqlw*@ ar@hickg (f or
exanphg b¥0ﬁrB@es§b§ﬁl3)fh0@'evcél?'11{201%@f%|ﬁ§19§fthé Qﬂaﬁl{l&%ﬁfoc@s@&/m ifto 'th%%’st&ﬁ' d array

socket). The joint Structure 424 may al So be communi catively ctoupled to the
PCB 418 t HP®sgiet negeisanido the operation of the system 400. Coupled to the 1/0 bus 408 may
also, for example, be a display device 414, a mass storage device 420, and keyboard and
pointing devices 422.
These elements perform their conventional functions well known in the art. In
20  particular, mass storage 420 may be used to provide long-term storage for the executable
instructions for a method for forming joint structure in accordance with embodiments of
the present invention, whereas main memory 412 may be used to store on a shorter term
basis the executable instructions of a method for forming joint structure in accordance
with embodiments of the present invention during execution by computing device 402. In
25  addition, the instructions may be stored, or otherwise associated with, machine accessible
mediums communicatively coupled with the system, such as compact disk read only
memories (CD-ROMs), digital versatile disks (DVDs), and floppy disks, carrier waves,
and/or other propagated signals, for example. In one embodiment, main memory 412 may
supply the computing device 202 (which may be a processor, for example) with the
30  executable instructions for execution.
Benefits of the present invention include reducing assembly yield loss due to
solder joint failures. Nickel doping into lead free solder BGA alloys suppresses both
Cu3Sn inner-layer and Cu5Sn6 outer layer growth, thus leading to an increase of BGA
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wi rel ess neans (for exanple, w thout the use of a physical connection to
the PCB), as are well known in the art. The system 400 may i ncl ude a
conput i ngwoeviong49562, such as a processor, and a cache RERAIS004047113
comuni catively coupled to each other through a processor bus 405. The
processor bus 405 and the 1/0O bus 408 may be bridged by a host bridge 406.
Commruni catively coupled to the I/O bus 408 and also to the joint structure

424 may be a main menory 412. Exanples of the main nmenory 412 may incl ude,
but are néeldenigint wepriegjal sgrength. Suppiatiovn oA sva&siahip gyowtsrup nigkel or dynani ¢
random acig, BRRIYHrERRAM ne 308 Ghi SRR iRl Eh RhBl fiROARENYLRY Tedi uns.
The systen140% may al so 1 nclude a graphics coprocessor 413, however

i ncor por atplder jeitst he gr aphi cs coprocessor 413 into the system 400 is not
necessary to t r bus 408
may al so, for ggQQQﬁmﬁégPﬁeB%? Va% e%ﬁ%@9@32£8§8%§§252¥%$§S&d evi ce 420,
and ke(jboéznnhpamdnqhmonmrlwga alhemrreésheémﬁper‘ﬁhles encbairetngnassd gécrlefrbumpt hei r
conventi Orﬁgll ht gAn%e TNTR Y ncr aksg(ggvn ant &E‘sol rvo aﬁ%ﬁée‘r&%s £ copRer storage
420 may be of provi F6h ]?%rn1stora P e“eXecut %?8

instructi (bnmpfvolurra fnrsmbiomlscﬂdnr Jd1mrgm>rngr}j smalstto fatititaed the ebslorpnam obahdﬁri@e W th
enbodinent ent invention, whe may be used
Co store ohes ANBFPRD BBl RE bR e ST SRR s Ba. et hod
for form mghqneedrtiy tBé fetiﬁ‘dtidﬁ(ﬁl INIC @esal dtaiaplgaermtdar mrsbach. Mkesdopingtid present
i nvention duri tion b deyice 402, In. addjtion, . the
instr Jbu 198 Sl “3 %Fé‘éFor%‘? % &t Q5 UG orestL gVsRtaR 2ohiprnipls-

accessi bl g Magmteg@mm&@h lfMeha/ne&ogﬁah@domﬂﬂacﬁa@estméair@mhuwfabmags conpact
di sk read only nenories (CD ROV % ital versatile disks (DvDs), and
t

f1oppy di dhesesseanbly gndrintggrgen Ofawaéangbf Frgile fie S grehdeftWe-gnal s, for exanpl e.

I'n one enbodi NMRRheugNBIIFoFFRHME YesthptidNBMs SHEBIRLY cdrfath SRR iné]tgnéi@iﬂaf?e 202
(which may be a processor, for exanple) with the executable instructions

for executieybe umsrinfhemacted afthe nseseaiamyention, dhose vllqdrie fheee will dDRIPGIYC assenbl y
yi el d150os gy g Hﬁn} RodBLARs hiid sﬂgstlftlﬁiohyﬁl% be P& @iccgl‘aﬂfgﬂg itih@nl&ada r ee

sol der BGA al | oys suppresses
all such modifications, alteratlons substltutlons and additions be considered to fall within

the spirit and scope of the invention as defined by the appended claims. In addition, it is

appreciated that various microelectronic structures, such as joint and package structures,

are well known in the art. Therefore, the Figures provided herein illustrate only portions of
20  an exemplary microelectronic device that pertains to the practice of the present invention.

Thus the present invention is not limited to the structures described herein.



Cu3Sn inner-layer and Cu5Sn6 outer |ayer growh, thus leading to an

i ncrease of BGAsol der joint interfacial strength. Suppression of

i nterfaciab 2bMD7¢gr56wmt h due to nickel doping can hel p preconsevg/oshes
electromgration life of first level interconnect (FLI ) solder joints.
Enbodi ments of the present invention enable the incorporation of stubby
sol der bunps, which conprise a shortened di e copper bunp and an increased
sol der bump height. A key idea is to increase conpliant C4 sol der vol une
and decrease stiff copper bunp volune for such a solder joint geonetry so
as to fachNit@Eertdigi@bsorption of die ILD stress. Additionally this new
FLI geonefTy design rule of electromgration resistance is enhanced by the
reduction in I MC growth at copper /solder interface. Nickel doping |ead
free sol der Beﬁqglkgxin&ﬁgording to enbodi nents of the present invention
achi eves a di eto- package integration solution for the next generation of
packagé structures, thus enabling the assenbly and integration of

i ncreasingly fﬁagilg QM% %5% %ﬁghitecture. Al t hough the foregoing
description has‘specP}le ¢EPYAIM steps and materials that nay be used in
t he met hod of the presenbpinpuéntlifieasolidrasecriakivith edkdl nwiidngn aretniokiel |

appreci ate that many nodifications.and substitutions e made.
Accordingly, it is %Wﬁﬁﬁﬁé@%?H%“t@FPm§ﬂEﬁYﬁ6&%?W§§%%&%%¥m§¥?%P%fions,
substitutions and addi t iappiging@hcatickel digeeitall @red @llder Wiatchinoklkepeppad t and
scope nf the invention as defined by the appended clains. In addition, it

i s appPeciated that*\¢aPPWa% ni croel ectronic structures, such as joint and
package structures, are well known in the art. Therefore, the Figures

provi ded herein illustrate only portions of  an exenPIaré m croel ectronic
devi ce that peftai nshegetheseotisiaaa ifiegheg porppyisingveeesip the pickeltdoB®E Thus t he

present inVeUtE&ﬂmk§sﬁﬂ%a%h%&Bﬂﬁm&%n%B&n%Hﬁﬂﬁi@%ﬁ&n@@ﬁﬁﬁgﬁ%&c&ﬁfein-|N THE
CLAIMS What is clainmed is: I. A nethod conprising; doping a | ead free

sol der material with nickel, wherein the nickel conprises up to about 0.2
percent by wei ght thetrﬁélll&m&ﬁﬁmﬁffaﬁ{e&@éﬁéprgspg WRRLY LBE Rsndiigkel  doped

I to a copper(fa a substrate.

| ead free solder materia ' ) '
between tin and copper is reduced, and wherein the IMC comprises at least one of

Cu3Sn and Cu5Sn6.

4. The method of claim 1 further comprising wherein the solder material

20 comprises at least one of SnAg, SnAgCu and SnCu.

5. The method of claim 1 further comprising reflowing the solder material to

form a nickel doped interconnect structure.

25 6. The method of claim 5 further comprising wherein the interconnect

structure comprises a portion of a solder joint structure.

7. The method of claim 5 wherein electromigration failure in the interconnect
structure is reduced.

30
8. The method of claim 1 further comprising wherein the substrate comprises
a portion of a microelectronic device, and wherein the microelectronic device is

further attached to a package substrate.
8



2. The method of claim1 further conprising wherein the nickel doping
conpri ses a percentage of between about 0.l1ppmto about 0.2 wei ght percent.
3. The nmewbadioaf74esbai m 1 further conprising wherein an PHIUSesarmsT1on
between tin and copper is reduced, and wherein the I MC conprises at | east
one of Cu3Sn and Cu5Sn6. 4. The nethod of claim11 further conprising
wherein the solder material conprises at |east one of SnAg, SnAgCu and
SnCu. 5. The method of claim 1l further conprising reflow ng the sol der
material to forma nickel doped interconnect structure. 6. The method of
claims5 furthey comprigiAompasifl:n the interconnect structure conprises a
portion of a solder joint structure. 7. The nethod of claim5 wherein

el ectrom gration fail urealopingeheadifige seldesmaexial with pickalre is reduced. 8. The
method of claim 1 furt hep, GATRIJ &RHRBICANGLEI et RbeSHRT A bBIMERIP [ ses 3
portion of a mcroelectr A ¢ >devi e, an erein the mcroelectronic device
is furbher attacheddaroneoipachage; substrate. 9. A nethod conprising: doping a
| ead free solder material,w.th nickel: | yvi.ng the doped | ead free sol der
material to a bonding péﬁkﬁg? @8%0 1%m§§%§¢gggg?m¥%g1§ﬁ?%aﬁ?re doped | ead
free sol der materi aintetconficer smuatusol der i nterconnect structure. 10. The

nmet hod of claim9 further conprising wherein the nickel doping conprises a
per cent age of between about 1ppmto about 0.2 weight percent. 11. The

met hod of cl ai .9 fTheth@koddEpin Sifthenb@nigisingtwirrddohdnkgelp@gingur t her
conpri,ses a BLM co risin% at | east ope qf nickel, vyanadium and titanium
12. THE met hod“YPPTERS RIHASE PHET VS AR d PR AR Prd Yt BYPTier

i nterconnect structure conprises a portion of a joint structure.
11. The method of claim 9 further comprising wherein the bonding pad further

comprises a BLM comprising at least one of nickel, vanadium and titanium.

15 12. The method of claim 9 further comprising wherein the solder interconnect

structure comprises a portion of a joint structure.

13. The method of claim 12 further comprising wherein an intermetallic

formation in the joint structure is reduced.

20
14. The method of claim 13 further comprising wherein the intermetallic
comprises at least one of Cu3Sn and Cu5Sn6.
15. A structure comprising;:
25 a bond pad disposed on a substrate; and
a lead free solder interconnect disposed on the bond pad, wherein
the lead free solder interconnect comprises up to about 0.2 percent by
weight of nickel.
16. The structure of claim 15 wherein the lead free solder interconnect
30 comprises a percentage of between about 1 ppm to about 0.2 weight percent of
nickel.
17. The structure of claim 15 wherein the lead free solder interconnect

9



13. The method of claim 12 further conprising wherein an internetallic
formation in the joint structure is reduced. 14. The nethod of claim 13
further cwoppisiTagewherein the internmetallic conprises &CTIUSa@w/06T1e3 of
Cu3sSn and Cu5Sn6. 15. A structure conprising: a bond pad di sposed on a
substrate; and a |l ead free solder interconnect disposed on the bond pad,
wherein the | ead free sol der interconnect conprises up to about 0.2 percent
by wei ght of nickel. 16. The structure of claim15 wherein the |ead free
sol der i nt er cofffeRitsecEigsrt e of dnjpn Sedataard YiCwet ween about lppm to about
0.2 wei ght percent of nickel. 17. The structure of claim 15 wherein the

| ead free sol der interconnectconprises at | east one of SnAg, SnAgCu and
SnCu. 18. The &%r ucthersgrugfireei giaim 15whtreinghaban pabesmprisesdcoppipindses copper
and further comglsc%%ﬁglagg M9 The structure of claim15 further
conprising wherein t &rea ]frée sol der interconnect conprises a portion of
a stubby solder joint structure. 20. The structure of claim 15 wherein the
j oi nt Structur g COnpriges, & Pofh 0 0he A illising ke G SILRLULficP! ol ai m 15
wherein the subStrate conprises a portron of agnicroe?ec%ronlc devi ce, and
wherei n t he | emteréaneect sahplékes & pdréoic of iediby cadprjoisesruatupor t i on of a sol der
joint. 22. The structure of claim 15 wherein a copper tin internetallic
formed in the solder joint conprises a fine grain size. 23. A structure
conpri sing: a band DPadtdétsResedindns ahcemiteeomuasictuad &mprised @stionaste | ead
free §8Ider inggifonnect di sposed on the bond pad,

21. The structure of claim 15 wherein the substrate comprises a portion of a
microelectronic device, and wherein the lead free solder interconnect comprises a

portion of a solder joint.

15
22. The structure of claim 15 wherein a copper tin intermetallic formed in the
solder joint comprises a fine grain size.
23. A structure comprising;
a bond pad disposed on a device substrate;

20 at least one lead free solder interconnect disposed on the bond pad,
wherein the at least one lead free solder interconnect comprises between
about 1 ppm to about 2 weight percent of nickel; and

a package substrate attached to the at least one lead free solder
interconnect.

25

24, The structure of claim 23 wherein the package substrate comprises a
portion of a BGA package.
25. The structure of claim 23 wherein the lead free solder interconnect

30 comprises a portion of a solder joint structure.

26. The structure of claim 25 wherein an IMC disposed at a copper-solder

interface of the solder joint structure comprises a thickness of less than about 5

10



wherein the at |east one |lead free solder interconnect conprises between
about 1ppmto about 2 wei ght percent of nickel; and a package substrate
attached wo 20tv784561 east one | ead free sol der i nterconnectr/us2eb9/odhe3
structure of claim23 wherein the package substrate conprises a portion of
a BGA package. 25. The structure of claim23 wherein the |ead free sol der

i nterconnect conprises a portion of a solder joint structure. 26. The
structure of claim?25 wherein an | MC di sposed at a copper-sol der interface
of the sol der RS- structure conprises a thickness of |ess than about

5m crons. 27. The structure of claim25 wherein the solder joint structure
is substantially void free at a copper tin interface. 28. The structure of
cl ai m 26 wher e?h t hEhelsrctagmbclaged> wherbiadha sobigejopft sOUBSA issnbt@YBIBNG. 29.
The structure Q&d%%@t@g%?(L%ﬁ%gg@wgonpr|5|ng a system wherein a bus is
communi cati vely coup % e structure, and a DRAM is conmuni catively
coupl e@ to the bus. 30. The structure of cIa|n128 further conprising

wherein the at %easfhes W t{ll%ao clfalrrr??6 Onclerglflrthelglvf (% rpsgc'%t lea'c‘lts oaﬂ%%?eu%) the

package substrate conprlses eve B Conhee
and Cu5Sn6.
29. The structure of claim 23 further comprising a system, wherein a bus is
10 communicatively coupled to the structure, and

a DRAM is communicatively coupled to the bus.
30.  The structure of claim 28 further comprising wherein the at least one lead

free solder interconnect attached to the package substrate comprises a portion of a

15 first level interconnect.

11



