METHODS OF FORM NG LEAD FREE SOLDER BUMPS AND RELATED

STRUCTURES RELATED APPLI CTI ON [ 0001] The present
wa@ppsioesdd on cl ains the benefit of priority asP@r/us2005/023041

Continuation-In-Part application fromU. S. Patent

Application Serial No. 10/601,938 filed on June 23,

2003, which clains the benefit of priority fromUuU. S

Provi sional Patent Application No. 60/39 1,5 11 filed

on June 25, 2002. The disclosures of U S. Patent

Application No. 10/601,938 and U.S. Provisional Patent

Appl i cati on NMEEHONS OFIFQRMING 4/ EAD ERIEH SOURER

herein in their AUMBES ANB/RE AKEDSIRTGEFURES ent

application also clains the benefit of priority from

U. S. Provisional Appl | CRELATENCAPBDICSEONI16 fil ed on

June 30, dlsclos re of which is hereby

i ncor por a@ggl]h er Pll'eﬁeqt PBFl’Jlé%arflP? elayms,ihe bereit of @EOHtY asa

BACKGRELN ityel |

and/or r elg)[all(%rl1 %Pﬁgﬁ?@ﬁ&“ @%&%%czﬁ%&@p@l i $¢HaP No.

( Sy st(#60 1CY33Chled i Juﬂesliil 2603, vdngi ¢lgineth3bamfik vipéority ifiom U.S.

or odters s Apafibaie NEMP B 1 Higl &8 Ty Bofg. The

en acdlﬂo&ﬁ’estth 5 bPaIterﬁ leéﬁﬁa?ndn'}% Ui, 938add U)proviSional Patent

meet the demand for mass-production using | ead-free
sol dépplicatioedoi ¢0/89 1n5 Jsll drg écrebSnmAg;or&odl bereingh thepsentizsty by
been

roposed. In co r. .
(S RGO aBF Ry apisyEohabe Spiian U tsheLas prigrty from US.
pot epYoidldnyl ﬁgﬂiﬁaﬂ@n NOP6®YRH0 tEledBh iR 3@ l2904 the disclosure of
pr opertl es. 003] In the ref erence bxyHl rokazu Ezawa

et awt lclémhetwhé/dnc%orﬁteéélemm itrRytiBsty Ay frefpienes-

El ectropl ated Metal Stacks" (1EEE, 2003 El ectronic
Conponents And Technol ogy Conference, pages 664-667),
a eutectic Sn-Ag sol der bleCKg}KID[ONBSS i s dis¢cussed
using two step electraoplating Sn_net al | sf acks.

In the EZ@AB2I ef Eprgtalivel whpg%wlﬁg“y%@ﬁ A94/p% reltivaly/high and

o S bRl Phed Ry bl A s

anal mevisg fiom zpdevtelapuieat phage Bnarhifi/voh@napiSduction phase. At the

el ecsta{n%q}n% ?gwsrregg emg ter?&c‘%e to{orohjbit solders including lead (Pb). To meet
the demand for mass-production using lead-free solder, eutectic tin-silver (Sn-Ag)
solder alloys have been proposed. In addition, tin-silver-copper (Sn-Ag-Cu)
ternary alloys have been proposed to potentially provide improved thermal fatigue
properties.

[0003] Inthe reference by Hirokazu Ezawa et al. entitled "Pb-Free

Bumpling By Alloying Electroplated Metal Stacks" (IEEE, 2003 Electronic
Components And Technology Conference, pages 664-667), a eutectic Sn-Ag
solder bumping process is discussed using two step electroplating of Ag/Sn metal
stacks. Inthe Ezawa reference, alloying behavior of Ag/Sn and Ag/Sn/Cu
electroplated metal stacks is investigated using differential scanning calorimetry
(DSC) analysis. In particular, a 2pm Ag/ 50pm Sn electroplated metal stack may

provide the Sn-Ag solder alloy with a composition of Sn-3.5wt.%Ag, with a
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provi de the Sn-Ag solder alloy with a conposition of

Sn-3.5wm . %Ag, with anelting tenperature of 227 0C,
waledoendsned usi ng a singl e peak of DSC anal ysi BCT/BS2005023041

2mm Ag/ Cu/ 50 mm Sn el ectropl ated stack, as the Cu

t hi ckness increases fromOmmto 0.8mm the single peak

t enPefediny 8mPBALAEEF BAET, [ietedRifiel bsind G GRIgH é@k%@ﬂslﬁeanalysis.

Ezawa reference, netal stacks fornmed by rulti-step

el ecFoop?pmi Ay CoédpbeSs elecagddted Stgck, patiefr thindtness increases from

sol der _all oys by refl ow annealing. The disclosure of )
the Bum Or%«%rtﬁ%@@gwe%ﬁe@waﬁﬁ Grayslesteass tReléi k- ipeording to
its tr f i

some St ke RtnbE RURIEEL MY itk APt ek be

f or msurgessfulb temsfoomid talelder ellogsybyi reflbwdanéabing Aye disclosure of
under, seed netall ur | ayer .on an €| ectronjc

su bs{}iﬁgfsgg’ age ﬁ’l’eeﬁ%}ﬁ‘le%ﬁﬁj?éé% rgjgd g?fFWe‘& 1§¢ntinedy bintpdsrence.
bunp seed netal lurgy |ayer so that the under bunp seed

nmetal lurgy |ayer is between the nickel layer and the
el ectronic substrate, and pdUMYMSREf t he under bunp

e ror " or HHAPY RPN e Rl B S 5. o
| ay emethav d@%&xﬁﬁggaﬂ eleBrdnieddVideeBhy IndM e f&&hifégﬁs uhd®® bump seed
etween the sold

ni ckel | ayer is | er layer and the under
bunpmstaligrgyderdr|onrag eldckpaic subsirated dh nickel lager segypgerformed on the

| ayer fo d,.on_the under.,bu eed netal | ur .
| oy opnBE B el SRS e MERRL 15500 R0 Bt rever i
undebetieepihs efckeNRY & dndrigyelb@ysic substpat RE HoftitRs 6OMe der

| ayer and the el ectronic substrate, and so that the

coppREmp ssedrmetallgay favenmeay be fiee REthenigkel lazerd Aftrs formaag the
bunp,: t.al i 1] ' f

AP RS Gl ALI Y B i Mk, OO e
t he niokgldayek &ytetwedndBOS}Iddriapd dhd therunder inad seed nisddlargy layer.
may pe fornmed on t pe undeg? unp .seed netal lurgy | ayer

y
bef ofPePddg1am: A GORRSE Ly EHPaY d og Ake wster PwrR S¢d mgtallurgy
undefay Ungtors §6:5hiAR il didlieom !slas)becgatr{ﬁ%/u r Sﬁﬂﬂg $64 metallurgy layer
mask I ngly, the topper

through the plating . Accor
| ay exs betyeeh¢hd enppedajsr aptl dtel elepttone mbppae, ahdyethavthetchpper

t f th d d netall |

b ot s Rstsg et By PR wi Rumi BN ey 1avgy 1o

be fQidmesh, Byrtidhabf e ubhfe bihpketd h@mﬂmg@n?ﬁé@ %a%rﬁﬁﬁ?ée of the
y

| ayer, and the solder |ayer may be forne ating
t he ewpbekley¢rayer on the ni ckel

[0005]  In addition, a plating mask may be formed on the under bump

seed metallurgy layer before forming the copper layer, and portions of the under
bump seed metallurgy layer may be exposed through the plating mask.
Accordingly, the copper layer may be formed by plating the copper layer on the
portions of the under bump seed metallurgy layer exposed through the plating
mask, the nickel layer may be formed by plating the nickel layer on the copper
layer, and the solder layer may be formed by plating the solder layer on the nickel
layer. The plating mask may then be removed after forming the solder layer, and
portions of the under bump seed metallurgy layer free of the copper and/or nickel

layers may be removed after removing the plating mask.
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| ayer. The plating mask may then be renpved after

formng the sol der |ayer, and portions of the under
whooop/ossed netal l urgy | ayer free of the copperP@nUszmns/023041

ni ckel | ayers may be renoved after renoving the

pl ati ng mask.[0006] The ni ckel |ayer may have a

thi ckness [0g0d]he TROERK& lay@PRIY hdvemMHidRueEANBhE :hod OF about 1

about 5 mm (mcronmeter), and nore particularly, 1h the

r angémdfmigsrneten) te abent Snim (wiveareetyr) s andabergtpasiowtarly, in the range

(mecr ) . er layer nmay have a

(I TR AR RSPRSPol Bl (Rp BB, By e goper e
addi tmigyrhavt Behislhade greaty ean ABYut GO r(in%ﬁ‘oﬁeﬂe?@qnfaﬂﬁﬁon, the solder
sol der layer, for exanple, including tin and at | east

one &#yes M3y &PmMPES tripad-ireesplder layern it gxqmalet inebwding tin and at least
gol d, . J; L aht nt ,of tin inthe .
00! cap® B8 s 4y e R B RGLSF e Bl W v

Mor e ppaeetti aftindinltlye scddemendyttie greni@ahin &out DN wielkht Pécent. More
sol der Jg%ﬁr may. be in th§_ran e of about 97 mﬁ%%ht
per c @ATICRIFHY ab Bhtehbperserfef Hhin ‘3‘6 seldat laygrguarhe inghertange of about

the goldes:laxeh: ﬁyabbﬁl?%ggzgjgﬁg@rghgﬁta first |ayer of

tin and formng a seco ver, bisnuth,
copper, i ife0din dfrrimimnthe sgldédayeamidyoinclnie tormaiga fikelayer of tin

first é er may be Fetvve ] thg, second | ayer. and the

ni ciend fopine 2 feqgnd faset Of Sysi Disut. RoPRSy: BEIUGh 8aEEpnY, gold

t han aaderind anWeh Hist BSECRE} bPbetlvb& 0 'sg&ﬁgd'la?y‘:é? E%d MR hRkel
he f y be 1I'n the

particularly, t Irst layer of tin ma

r angéayef. ‘Biofinst Byenwi tiphnaypes greattr than abdin 96 vB9gE perbnthif the
per cent, af the,sol der e and the.first_ and_second

| aye_F@de %0 M5 PR ICPE?%%% i oy af iy e i raggedyf about
f or mongyeidhe perebaieidlaBy@ra9. MaEiehiREdnE 8F A ls¥ldeN8Rdr 8 the first
the first and second | ayers may i ncl ude heating the

fir sendipgorelayeis mayyles keated teprovidsematloy shertnftatiesforming the
h ' .t i.rst and/ d
| oo QoA TIRE ALl R B 0 U R et

secohehtingyles Srstrayd $cochdidgert €od ieRtpetherefthdt $ ledBas S ERAGC
| ayers to a Es)grrpe aturd? that is less than a nelting
t enpEFRSTATEre R tisndrsbind/drsceqnddeyesy [gsaaiigmetye heatimgdhe first and

greatebnd g8rs £§fih%iu89 h&alﬁfri:ig %eaﬁxﬁf &h ec&niela?«%rg gor a fé];npteﬁ?ure that

first or sécon ayers. anot her alterna
heat isdesstthen 4 ineBingderdpsremenat dnaypétle firtyori seednddeyers and greater

e e AR kT ot

e Bl S SO O R AR g o

f or mbasgnd lagengriel e terhparpursdba isdesaibbu e gyeltimyempmmyure of either of
the first and second layers and above a melting temperature of the alloy thereof.

[0008]  In addition, forming the under bump seed metallurgy layer may

include forming an adhesion layer on the electronic substrate, and forming a
conduction layer on the adhesion layer such that the adhesion layer is between the
conduction layer and the electronic substrate. Moreover, the adhesion layer and

the conduction layer may include different materials. The adhesion layer may

include Ti (titanium), TiW (titanium-tungsten), TiN (titanium nitride), and/or Cr



i nclude form ng an adhesion | ayer on the electronic

substrate, and form ng a conduction |ayer on the
w@oddvesossmo | ayer such that the adhesion |ayer iBCDES28H023041

t he conduction layer and the el ectronic substrate.

Mor eover, the adhesion |ayer and the conduction |ayer

. I =
Ty ASPALE S8 R ekl A ) A i),
TlhlAn(gaMm.uw1n|tr|de) and/or Cr(chromum, and the

o b o 1 R b SBPRE pfaime
the g ﬁﬁrsej:(ﬁideﬂorﬂ% df@l’?é Ster RlyRt btk A bdrsd pl%ﬂﬁ BAR %L%dmg

portions of the solder layer using a sanme pl atlng bat h
i ncl findi angl seearsttplating wetelsn dhp fast |png1mmfahessoldamayfer mgy be plated

t. f .t l.d t ed t
P il Baise ek R o e imeabiene e Smeth Gyt t st
CUr rMiors 6f thb 861déMBydrinas b fiRQ 'E:Bﬁdéﬁtré’tfont drhs At 9rauh$ﬁefa1 The
has 'a first concentration of the first platin

Th e seousipdrier @f tha selflet Ingergurydeerplitay erthﬁ@;atmé%pthaxsm a second

an d /}gﬁtllﬁﬁj a(%ltlgg gl{‘%ﬁlise F %} %%tstgggeg:gﬁ Httlgrnl%g}/fp g&?layer has a

sol d&boﬂcﬁd&&ezﬂﬁﬁoﬂ of #eantt gatgenéthiadifforndthat te st @hcentration.
plating netal different than the first concentration.

[ 0010] ~Acl8BtHi ngAceprdingdo serae edditienal embedimenistaf g preseat
Pr es@hl Oﬂvd'?ﬂl%*:hg)g é)f ?orﬂﬁﬁ%grgelgétrgn(? ﬁgvgcg: rﬁQy ﬁlcgﬁl% &"&ﬂhﬁg an under

deviCe nmna an un
met albdm{f @,éd hasydurgnlager @l a&oetlascmmm: mbﬁ&ttas ahdirstAofder Biyer
sol der ayer including a_fir t net al nﬁﬁ@be faormed on

por tmelﬁémsfa firplametabieay B%ﬁ%mg 81 paEtoRs Pfithgynfdenympsgyed
that 1}nl A 2@% ﬁx@%ﬁd&%ﬁ{g sléécgﬁle{aqm%‘gr l'a erQSbMREEh the first

t he yer and the el ectronl bstrate.
secosuldes rhalydeand my elecirowt sahstrgtea Asscomd] sqié&rdayaxrwhtdeng a second

f d f h t fi .

ol dBrtal g PE ool e Rh e & Styeh S biehtoe 1S paldebper s
the W@én tﬁé‘ H&oﬁ& %d@h?ér'aﬁﬁ e dn@&elﬁumﬂ— bRdfhdtsiturdfhyer. The
second sol ¥ers may then be heated to a

t ﬁnp’fénstamsﬂr@cqndaao deg layeegnayhfénn be hedted tog tﬁ@lﬂp@ﬁm thebisdgss than
t d/
the ¢ el dRnb i e rtT uR ot St St o By Mg R of e

may fiRcidddecsHienéhlssi | ver or tin, and the second net al
may i nclude the other of silver or tin.

par ti cul al0P3] t h&he firss med) Wérrmqla@f‘e@ner%sﬂﬁ@r o tinggng the pecond
tin, Qﬂpm%? ﬁacﬁl%%%éjot‘ﬁ&] FEEveR &l Thre tfﬁrtﬁu 2 Cthe Frst solder layer

silver
may be a layer of tin, and the second solder layer may be a layer of silver.

Moreover, heating the first and second solder layers may include heating the first
and second solder layers to a temperature that is less than a melting temperature of
either of the first and second metals and that is greater than a melting temperature
of the alloy of the first and second metals. Forming the first solder layer may
include forming a layer of the first metal, and forming the second solder layer may
include forming a layer of the second metal.

[0012]  Inan alternative, the first and second solder layers may be

formed using a same plating bath including the first and second metals.
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Moreover, heating the first and second sol der |ayers
may i nclude heating the first and second sol der | ayers
W0 eooa/0o4spper ature that is | ess than a nmel ti ng PCT/US2005/023041
tenperature of either of the first and second netals
and that is greater than a nelting tenperature of the
al | oy cedrdindsy, fdrﬁf’rﬁg il @irﬁ%gﬂeplayﬁtrﬁ&smcﬁ% P]a‘ﬁﬁg Hﬂ:eﬁrst solder
first sol der r"may include formng a layer of
fir slayemusing the pé‘uﬁ@ bathragd tuBneg sdusgpdatingl widingd andéor pkaty1g current

an- ot GG i o B et o i CoBEaRA QbT oy SR, Srplrty.

be fﬁﬁ'ﬁﬁﬂ%tﬂé kdt@nd sSlaeE aydr ddydclad PlatiRetne Qb dlsBRler layer usin
first and second net al sﬁgAccg?dl nglgl, ?%rm ng the fi rgt s

sol dée plaipgbatheandivsinig adecqidnlating dkegs amdder paingequrrent so that
: d t t
ol + s S shIAEr BRSSOt cBRESHEi P fipt i g Aot than

sol d&eﬂramﬁcelmatl@éﬂthsﬁrsmmnt ration of the first
metal. Simlarly, formng the second sol der | ayer

i ncl ude plMi3hg {hedditiene adlaise deaskingyche fQ@}l@FbOIt the un;lg/r bump
|
D) ot 1B o AN Rl FBEORE AL N H bRERLR0¢ 41

secopattionsefthé nmder bumpfeddhaethiligly layet alay G fef{ﬁdseﬂ thrbﬁ@ﬂthe
the first concent}rzfgtlon of . the flrst metal [ Q013

addi PlrBRg masks| A¢5orEnsRsiorRing thetirsh polder | @f?rtrrr?éf inely pla’ung the
bu npﬁl%? §5laaraiRl bi BYpor AR or e, WHder fnﬂflg]segé? Iftiﬁglhfurgg gaﬁrer exposed

and second sodl der yers, and portion

burnpthsemt thmplaﬂlmgmggk ha@/ﬁmnmhb sccoxpeslder lnjeranmhintlnde plating
pl at

el e Sl ey oo st FRGE 1A SEddich, agapoes pver may be
the pefhioante Qfﬂl&&%f‘iﬁ@ﬁ{dep Hﬁ'iﬁp %@e‘?ﬂn&ﬁfl@g& Yy eip%)é&f through

exposed through the ati % d formng
secothd pba@lné @taSk éy@re %amlng ¢ ﬁtﬁé alpxi mcpnrgsqldm la@w rMoreover a

sol der e fi rst, SO der n_add

coppir! B8 minpt Rmisitohane pbhlaY FiErors e gt and second
undegoldud 3ye e Q@cﬁﬁﬁ@l& Uh@¥oppay Riyeiax DOBEBetivBEPHe hidkBElayer and
pl ati ng mask before formng the first and second

sol dae undgrdump seest wetplprgy daysrche pickehlayer may tsdetweamshe first
o RS RRE i Y S REI0EE PR 1 LE b on
may imeomﬁammyéhmdthemmﬂ layeer and t he under bunp

seed nmetal lurgy layer, the nic eI Layer may be between
the fi rsﬂogg‘hder OzgRYET, él?ﬁaap %/anrda%‘?é?n d meiglsiagy be lead

Firsgesat %ﬁarhlgi She ARY Rl %tyViﬁaadé € arPHR 8038 W84l may

| ayer an layer.
include silver, bismuth, copper, indium, antimony, gold, and/or zinc, and a weight

percent of tin in the solder may be greater than about 95 weight percent. More
particularly, a weight percent of tin in the alloy of the first and second metals may
be in the range of about 97 weight percent to about 99.5 weight percent.

[0015]  Inaddition, forming the under bump seed metallurgy layer may
include forming an adhesion layer on the electronic substrate, and forming a
conduction layer on the adhesion layer. The adhesion layer may be between the
conduction layer and the electronic substrate, and the adhesion layer and the

conduction layer may include different materials. More particularly, the adhesion
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[0014] Moreover, the alloy of the first and second
netals may be |lead free. For exanple, the first netal

woreyeiomsbude tin and the second netal may i ncl BABUS2005/023041

silver, bismuth, copper, indium antinony, gold,
and/ or zinc, and a weight percent of tin in the solder

may leer%&%@h@lﬁdé I?Pﬂltﬁﬁﬁﬁf W Qﬁﬁdggﬂ%ltﬁﬁg{sg&? tTlNIYQ’fa%lum mtnde),

particularly, a welght percen ‘he al | oy of

t he dndfcstCrdddomn); andriieabsdurtipn bryer may lreluder(ge(copper), Ag
about.. 97, wei ent to about 99.5 wei ght percent.

[ 001&FY )12”3(%@ ﬁug }ormng the under bunp seed

met al | ur gyoigyer ARBdkdin ?% Ssige hiRkd 8o dMeAd B@ﬁiegﬂesieﬁﬁ/iﬁvenﬁon
on the electronic substrate, and form ng a conduction

| ay ermethod € fmmbﬂeqtmdevmen@dtne@d@ forimanyean wuler bemp seed
n t he conductl nt troni.c

oubST AP AT PRED SRl SRS, eS| £ e S eldeplpvers may

| ay efe pragd usigh ddemébfafing Bith ifdidh Al and\/%cﬁn%_platmg metals.
partl cularly, the adhesionlayer may include Ti

(ti tpraparticuariy the firsirolder layAymerhy platqdr@n(nqrtl@m qQifthe under
Imat relgru&jfr%%eeﬁ %‘[ﬁ@r&’d&}g’%% p %-r})l’ag gé‘ ?atﬁ Qﬁd %? HQ tg)Tath'lg voltage

(9 oI aihli/or [pCAihg jourke st dhad ghet firstSsoider ﬂ@l‘eﬁhﬁ’d)ﬁﬂt mmremibn of the
the present invention, a nethod of form ng

el edisopriangrasik el hespeondaoliss laysr wer ge a}atqﬂrfabth Bigtpolder layer
ee
el pHEAN SN g B0 ) 0By A s o
sanehgalth¢ savgnd sdlberilayr hiek anxg:cbnct sdncamchtoacdict fidsaplatieg metal
rret icu arI first solder |ayer nmm
rfl Sat i B&f{rﬁfocﬁgcw o oChe g plpecadd ’
”Et al I ur ggoifyer Aust ﬂgtlﬂé‘tﬁe @rﬁtah@ Gedd@li RoBaliss, che ﬁrst and

first plating voltage and/or plating current” so
t he setomst sobds tryersinagyehe teatsddo hitergperaturecibaitis dess tinn@fmeltlng

t he f t Th d .may. .

b grapet ot e Tl pbog st REGHUP RSrAgH EY Birafiyine of
bat hhafekt dfd Btodd §@Ea8} R, AtdrREanPle! e EirgRektam B tid)and a
current so that the second sol der Iayer has a second

concesightarcresat efftin indhe mixgurenfshg fingt #ask sgrong goider dayers may be

tha;brée{%?r (}E%i% R?? %‘h’E ?%r{r;]%}{%t ﬁ/for P%glfﬁ%ﬁf@ Secghtgk%rcent of tin in

sol di¢ nligyey & thd fiﬁt find stomiudldee tyeth 186} bein thaysps ofi@yut 97
be heated to a t%nperature that is |less than_a nel

t enpiaktneeeest torahau % S yreightipesrens eM%%PVﬁétﬂaﬁ 55 geta may
o ek Sork 886k o 1810k e (i, By .
be tantimoapdgadd, and/or zinc.

[0018]  The first solder layer may have a third concentration of the
second metal, the second solder layer may have a fourth concentration of the
second metal, and the third and fourth concentrations may be different. More
particularly, the first concentration may be greater than the second concentration,
and the fourth concentration may be greater than the third concentration.

[0019]  In addition, a plating mask may be formed on the under bump
seed metallurgy layer before plating the first and second solder layers such that

portions of the under bump seed metallurgy layer are exposed through the plating
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wei ght percent of tin in the mxture of the first and

second sol der | ayers may be greater than about 95
wowiogloo4sper cent . More particularly, a wei ght pRCT/ER1008623041

tinin the mxture of the first and second sol der

Iayers may be in the range of about 97 wei ght percent

ot 2 iy scoRiEl Ao APLE G oMl OU TRy bk pldthg the first

i ncl sedider $astey en pottiomeuf the vadebewnp sead imetalluggit llaymreycposed through
gold and/or zincg. .[0018] The first sol der | ayer

havethg Platoe @%kn@%&%‘g@ iS%fHHSF'O loprdaxes é‘&%Ydmﬁ]é‘fl%\Plaﬂfl%r{g% second

Seco
Fecombsn ey G 0 IS A RIS i bl

con cmnomchqu@réamynbéledmﬂé@w seed/memlbwg}t Jagerl Befgre plating the
th { { th

concHit 23 S0 SHIAEHHERy BUVRRT LORCDAY POIGH SrGProem of the

gr eafRter bHAP s&é&ﬁn&ﬁllﬁl‘éy %?y@? @)Eﬁors@d ih%hgh[tﬁ@ﬂl%imé Hlask and a nickel

addition, a plating mask ma formed on the undér
bu rrplass‘@eua)f‘rbﬁt allatedrog)lm eoppEr §¢ro pég:cptcbmglnghc beppker lager may be

and cond,sol ers, such- 1 hat

cincer T et E ik oy R T il b h A8 e g the micke
t he Ria@thagpabdwehCtRIHitREldE: lagér%iﬂrﬂﬁb& ef laf&t I8 aldlgén, the
| ayer may i nclude plating the tfirst sol der |ayer on

portﬁ@h%nctﬁec@mﬁbsmé&yew beledad fige-al | ur gy | ayer
exposed 't eﬁ)? h tAh:%o 3? rgglseke‘ntx d%érpcgof 1!?1@ g}s ggl?[qgvention, an

sol der | ayer y 1nc second"s

| ay egle@tonid@eviderBhy ﬁmhﬂean bamnlc amtsitrhﬂaeanﬂ lafy suhdéraiud@rseed
| ayer may be between the seugnd sol der Iayer and

undeme‘@UHﬁgyé@éeé Opdh¢lpciragle Julsieate. Adndeblayermanbe Pll%lded on the
fi
ol Sﬁnéi%g ﬁurgi QQéHjmétg h?r%? I}}Ag@y & ﬁx?t t@e %ﬁ@é} ;Ps)é@c‘i tal u&?f layer is |

pl at e rtions o unde unp msta
| ay ebetexqothe didkial lapertant hiee q:lé@xtommgsubstsd{e, aad goetions okek under

t o BBt Eagfeir S BmRebe SBR O e kel 2y eidighl s lead e
the wm%@naﬁy Hﬁy%@%@oﬁ&é@dﬂ HE Qiéklal%(ﬁér 50 am! tﬁehrﬁcl&u Pa!yell is between

| ayer may "be bétween the first sol | ayer and
coppiée sdldyelayer| and dlgetimdenbymp B@dfmertslduraﬂ thyse d@rvdd@@nmomer

le ﬁ% g% %ysgeo?n ﬁ%gmg% Ug}# see% g%ﬁﬁ%gg%fr lg%%%g%%g ¥$rtgwi§%trhe nickel

devi BPeri@)thitikd st Biimp st anlhG g Wt IsdeBvadndhddbpper layer and
under bu seed netallurg% | ayer on the electronic

substhe glestromc guksikate, pad/wort @ﬁatbe eRPDEY lyeide getvreer Hie niglgblayer and
bu rr‘p %Sger'ﬁ%}@ Jegcﬁ %téll‘a}(g%/r layel. MoVl %ow&h% of %{Hldgleﬁ.ﬁinp seed

met a urgy
metallurgy layer may be free of the copper layer.

[0021]  The nickel layer may have a thickness in the range of about 1
um (micrometer) to about 5 pm (micrometer), and more particularly, in the range
of about 1.5 um (micrometer) to about 5 um (micrometer). The copper layer may
have a thickness greater than about 5 um (micrometer). Moreover, the solder layer
may be a lead-free solder layer, for example, including tin and at least one of
silver, bismuth, copper, indium, antimony, gold, and/or zinc, and a weight percent

of tin in the solder may be greater than about 95 weight percent. A weight percent



bet ween the nickel layer and the electronic substrate,

and portions of the under bunp seed netallurgy |ayer
woregocloeshe ee of the nickel layer. In addition, PEr/Usmds/023041

free solder |ayer may be provided on the nickel |ayer

so that the nickel layer is between the solder |ayer

and ¢he 15&'?9@%1@&%&3? 829 HIGH Aol ofla@&?cr97 \lfélgl?t%k&h@;ﬁxd about

a copper layer be on the under bunp seed

netamaﬁmggmtayemﬁbefore forn1ng the nickel |ayer so

that th b d metal | | i t .
e copnellB8E, o MR ARREE e selfiiand & infludE & i dayer of tin
t hat aighese6ORPBYerl ¥ BYerl SislBIHVESPet, HEdiRhCkRImdiRY 861d28Hd)/or zinc,

t he under bunp” seed netallurgy 'ayer. Nbreover,
por tandrtke ffst tayer Qﬁiﬁemabbﬁbetmemthmtmnddaw anéﬂsrmd@i/layer The

oe fﬁgﬁlgoéf Oif El,%gﬁ & gfeate%/fﬁlgn Fé\?’r‘gé% g‘f gﬁ{cgq %}i]?e Ao¥der layer.

( m CM@f@é&ﬁ&uléx@ a{eomtst oy $FOf (i 4 yoBeETnghd rang@sf ABIUEYT weight
particularly, in the range of about 1.5

(i cpeseaat an ahoyt%éu‘telgﬁmcemﬁqﬁl@ﬂmd@}ayelrhe copper
| ayer may have a thickness greater than about 5 nmm
(mcrometer). Mreover, the solder |ayer nmay be a

| ead-free sol derBREERDESCRﬂPEKHmmPETH’EMAJWm@SH n and
at | east one of silver, bismuth, c%@‘g i ndi um

ant i mony, 1002310,  Kigyresr-4 AisCrossactionakyig s ﬂbJéFr%Té‘?ﬁ steggs of
tin j r

L SR TS0 B R0 ARE s
may be i nj0024 r aRperesfs- &mmoéa%eMngmlewe[lhsﬁhtu@”tdeps of
about 99.5 i ght per cent [ alterpative,

£ he ognimerol Gy Bimpbeopris gada tohsl A R srt bF Rt
a segofdichayer of silver, bisnmuth, copper, indium

anti nony, gold, and/or zi nc, and the first layer of
tin may be between the second | ayer and the nickel

| ayer. The first |ayer er than
about 95 wei ght per ce Eﬁ:&#ﬁ%%%@ﬁﬁé@g Mor e
particul aobys) t hghd preSént dxafiohow Wil Iﬂane&ﬁbe@mbtbefuu
range of about 97 wei ght percent and about 99.5 wei Kt

pe r dmmn@ﬁtermﬁl 1gtorense to ﬁV@FCOYBWEFlgEE«S@REPTm @hlc@mmhqélments
n[v%%ﬂ art Ef%‘é@e F TS ﬁw@ﬁt?oqcrg%? %b%%%r' ghalny ddlﬁdé‘ﬁl many

|IIustra%|ng steps o S’ accor

t 0 ediffognniis and sHonkl mitds edistiued enlimied td 100 2dbodiments set forth
Figures 5-8 are cross-sectional views illustrating

st eperein Rathsy, ilpse gmgedinisglnsse poviied sp éhat ana@la‘%lpwﬁmﬂ be
e nbotﬂbfmgﬁ %@éonﬁﬂ@tepﬁrﬁsﬁﬂtﬁﬂly convey the scope of the invention to those

skilled in the art.

[0026]  Inthe drawings, the thickness of layers and regions are
exaggerated for clarity. It will also be understood that when an element such as a
layer, region or substrate is referred to as being on another element, it can be
directly on the other element or intervening elements may also be present. In
contrast, if an element such as a layer, region or substrate is referred to as being
directly on another element, then no other intervening elements are present.
Similarly, when an element such as a layer, region or substrate is referred to as

being coupled or connected to/with another element, it can be directly coupled or

8



i nventi on. DETAI LED DESCRI PTI ON [ 0025] The present

invention now will be described nore fully hereinafter
wowaok/004sh®er ence to the acconpanyi ng draw ngs, PCT/E100$1023041

enbodi nents of the invention are shown. This invention

may, however, be enbodied in many different forns and

shoukéhrefed hﬁwﬂﬁrﬂﬁé siecel@gedtioniidt@fehifg tRenefting] AR bSpresent.

set forth herein, Rather, these enbodinents are

pr ovlrd@dltr@@t, Higatelemns syrhosiadaver aregiiop|or BebsiraisripTajerrediia as being

corplyetey APt bol bl (EORH A ohOFCISRARSIE ob B jpcrvening

dr anklgentstafeprefint.kAe SSCdd‘ferélﬂ,ythé ser@dnd/egiin¢lada By and all
exaggerated for clarity g will also be understood

t hat CHIRBRABAPSSI SRB A Mgl ¢ Gagorialpd listed dgisn The symbol "/" is also
subs{lgéabag alsRoftEn ool $or28n Png on anot her el enent,

it can 5|rect on the ot el ement or |nterven|ng

el ement s [6837]al SEuﬂD]&rmoﬂs eaidmvel tarnesy) Biichas endath, aPper, lower, top,
el ement, such as a | ayer on or sub trate is.

" ef eRRLEF FAEORLTBE PR S Hewd ?cy et rfeltionshipsig another
no OEI'aﬁ{enﬂ z&tlﬁﬁéﬁ%ﬂédrlﬁ 1 ﬁg@&i Bt @ﬂleoeq{n%%%ﬂ)tod 2kt gélht%:' t¥rms are
when an el enent such as a |ayer, region or substrat

i s reftededth ¢mom@a$$ehffgrenwmnaﬂmns ofthndeviteth ddditisintth the

anot her ele

d.
o conneEid Eaiscih e een St Sfamlsar e dEreein s gighe fisures

el enpittiselBYerabisReR8 dBERBBNhs bdlOw G ERRentsiioulthen be oriented
el ement such as a layer, region or substrate is

r ef epbavg theother q&»@nﬁgs &"he@mmylamﬁ@pn ddlowr, caothareteregencompasses
t o/ n_no other intervening
W S a?éﬁ% fort of- %B%Qgsan

elenen I es gwhereln the term

"and/ or" [Um]UdE‘B vﬂll)be@ﬁder@ﬂobd e BinRich MScRfs BREal second are
nore of the associated listed itens. The synbol "/" is

al souirddareastoleserdier rainys Fraicasi lavers and/onseeiiens; thegeopgipps, layers
Furt Erf&/%@twrfs ;1(2%15 ot l%eelﬁrﬁﬁed %&Qseat%xagi FI%@§GIIEIEH&JSD£‘§ ohly used to

| ower, om may be use erein

des Cdﬂsm@mﬂhﬁ)mlr%mmtlaﬁr oebativn Iﬁmhi anotler 2p06) Gy beg¥etidn. Thus,
aS|IIustrate mtheﬂ&ures tlvvill be understood .

t hat 2 FEY 548137 [4Y8T peseafien HistussRecRplaw cod Srjramed a second region,

di f f grer st RNkt glﬁnﬁﬂpfa sfeb&d%%gfoﬁelayé} i, thfoh%eulh%e termed a

the ofientation depicted in the figures or exanp

i f thestoeing btyelmrcsnetmn‘ withert depptissfrom thmteadﬂngmff rthe present

Sgegﬁ‘]]géﬁ Oéldi‘i(e NOmbers Tefer %oolece et'lenreler:ntg3 ![h?gllsg%toxslt would then

[0029]  The terminology used herein is for the purpose of describing

particular embodiments only and is not intended to be limiting of the invention. As
used herein, the singular forms "a", "an" and "the" are intended to include the
plural forms as well, unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises," "comprising," "includes", and/or
"including," when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,

elements, components, and/or groups thereof.



above the other elenents. The exenplary term bel ow,

can therefore, enconpasses both an orientation of
wa@b@smosmnd bel ow. [0028] It will be under st oodp€Tras2005/023041

al though the terns first and second are used herein to

descri be various regions, |layers- and/or sections,

these regjopse} | Qs otREANRE dSMER] ﬂnfen%mﬁ!:lqdiﬂg&echaﬁmal and
linmited by these terms. These terns are only used

di st¥ $Hetgiee upesdicenin haveyibe sasne meaningas Wmmwx@lmmﬁmtood by
regi S ofl o§¥1 by Hki1PA 3‘_{1%81@ 10 Hféﬁ ‘t}ggbrgv'efx é?%éegg%go \gﬁl 2 further

or secti on cusse el o coul

regi mtderdtc&)tbﬂlmt(lérrﬁs; gtidhaR thadp defhed ihabhimonty §RE @likﬁlonanes should
region, |layer or section could be ternmed a first

r egi BintrRipEsd ag hawiag pinesaningithas it consisiang wt@ theimeartieg in the

t eac fer

R e DR S TR
us edahidedizedios ofreﬂy ﬁ)hﬁalmunnom&sgéxlﬁew $ddefged herein.
particula&pgﬂﬁodlnents fy and. i s _not |ntended to be

limting Aririrtiabsiitiondty faced Hiebiaany leadteee structures is the

si ng

B0 RS B0 R IR B

cl eaproyesk N\dndmw bsgatnoegwios essehtblw Wheh @la‘tmg ahi@rsilver solder, for

under st o d that the ter ‘conpri si i .
PR Sy e sieRUI G GIove S0 Uit VP p Qfrences in

specdédtfrhéRal SRERa aﬂcﬂ?dé%ﬁr@& @&‘E&nﬁg‘[l(ﬁ{ (ﬁ{tﬁlqn the resulting binary
features, integers, steps, operations, e

and/ @ides mafydn@mmﬁcabﬂy gteaten dtanrjha;colf wikeert %ecqmcmtmnom obsilver in

dd re other fe
o ot PRk sPf nolRlc. RELEE shihsiterR i haRES o g eting
t her @itidnQ0 eRlviddnthe a&sit kefdwnaeticiafih ARthlaBd Eol@l&r 'E%cause the
(including technical and scientific terns) used herein

hav econpentepting ofriin i g Piating solian is nalsdisels b duitshe opnseptfation of

ggﬁgt%ggnyth? i%su‘ulnk E%attébf ?t{ &15t r%lﬁl\rf]}'gélgl’l'ue% g%’et 'r.lhrg}fr/lg}p é ﬁ%pleted from the

suc hsoltder rdlabel it cndm procss®edntrol 8e§ bdidfficeld & meSitain.
shoul d be |nter r et eg_ as having a meaning that is
consi st en®%¢k h f*ﬁ%qr ingdo pinRedimentsyd ﬂé*‘bﬁ?@i@ﬁ inyentiopdllustrated in

! i M SR L SR o

be interpref Sense
unl wbstatephmlsg slesmniediiongs (Jueh es one §r003EtJreshstro] teamkistlrs,

di ffj.cult ed.b i na ead free structures is the

abi 146455 SredfEs SRt S0 e, mde papdueiia Bsmyoat ped 103

envi (E@dh%% a\MlhﬂnﬁmadnH)‘b%%ef Bhd)®dnRkhe Qﬁﬁt‘fraﬁé"lﬂfi ?6

enough for assenbly. Wen plating a tin-silver gg

f or electrical connection with one or more circuits of the substrate 101. In addmon an
insulating passivation layer 105 may be provided on the substrate 101 and
input/output pad 103, and a via hole in the passivation layer 105 may expose at
least portions of the input/output pad 103. As used herein, the term substrate may
also be defined to include the input/output pad and the passivation layer. The term
substrate may also include interconnection wiring therein.

[0033]  As shown in Figure 1, an under bump seed metallurgy layer 107

may be deposited on the passivation layer 105 and on exposed portions of the

input/output pad 103, and the under bump seed metallurgy layer 107 may include
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exanple, tin my plate significantly nore easily than
silver due to differences in electrochem cal

w@oaoeno4sad s, and a desired concentration of tiPCT/HS1008023041
resulting binary solder nmay be significantly greater
than that of silver. A concentration of silver in the

pl at Agdissldalhpst.10n\WaVIes RS Rt : -
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may be_ depleted fromthe solder relatively quickly,

and Hngsr beepseedmetadiraydgyasd 0% The plating stencihl 08, frrexample, may

[ 003 rdi N ipents, of th resen

nvert Fanen Dy ot G TRRATRE Buclisc R hER TR o g s bunmp

Ci r cded rsethidirpalayed 007, BAYing felphdsensiers BABEAMCIMctively exposing
substrg&g having el ectronic circuits (such as one or~

mor etleddptasersitivematadalde bk, ang dryelopinetbephetesossitive material to

i ndu : . ' L Jct i ve

| o viafole bl & 1By Biftof SARCHE Nftout pag 103,

copper paffj03dh t en endesburap adtid meaylufydy &€ 09 may then be plated
el ectri cal colptli]lecti 03q w th é)ne or nore circuits of the

subs Pt BYIEORYE the yndgdumpoted aRtapeay lavar 197 suresed drough the
| ay e{)laﬂig steBf1 18, Qﬁ@ﬂe%ger%&ﬂﬁr@%ﬁ%ﬁﬂ%ﬁg }zg%r Wmay include

i nput/out put pad 103, and a via
pas shigkeli(Din) dndioecon®s (Gay Enepnder tatmp basitr petallingpdayef 109 may

Ec, Bg st’?grég /eﬂ%gifﬁé%% g‘ggég "?@Sgasul?le § %grggla él%qtqg? utme(rmni]crometers) to

| NPUSHOAUS Rikh (RREbrARELsY, BBd %?ﬂga‘fﬁ&ﬂl%, i AWRMran E:llﬁ“ ﬁ?g)@ﬁt@j nm

substrate may al so i nclude interconnection
t her @pigroneersidp aheuishismrimieromitgus).e S¢gd layers ukknickel prrier layers

seed .10 b 0si t ] .

seete BN 90 Loy 100 T REpUGRSELL £ Db e

| NputVMerb@ulf Paxtnidg Blecaomic ShactPaehclRimp CoRdtctive Shunt Layers

nmet al | yr | ayer 107 may. i ncludean adhesion | ayer
LenredSiracr fis

107adn uggserthe distlosrm @f wihickris berebyTingorporated herein in

titan i ' ' N [
ona o AT RIS SRS W dhich BRI e B Pl petallurey layer
su 8 /hl Qi)sma}lf bay bayer mlﬁ)doplﬂérr}_gvmgmﬂh'fckj_(ml(sb %egﬁdr ?h,éﬁhrab()&@ wm
and/ por. go Au). A.pl ating stenci of an organic
~and/ @ﬁ‘l"%ﬁ’%g‘?@r &P@lﬁﬁaﬁoéP |eﬂisf>salmf}¥éﬁoﬁdbe PSSR dNVSAtiQrs éhe
und : i
o e Tltnp SRS ROy ok 2 bnah Moludd\PodtoBt 108 (for cxampte,
| ani Irarigregthickpesstensémshan abeuttatie) aad a aitkeHeyariitie exdmplp,

seed net al l.ayer 107,. baking the phqtosensjtiv
mat efavie 2 tingcrrkg%slsi% eiarég&% ng&ll to abdit 3 1m) such that Sle copper
layer is between the nickel layer and the under bump seed metallurgy layer 107. In

some embodiments of the present invention, under bump barrier metallurgy layer
109 may include a nickel layer plated directly on the under bump seed metallurgy
layer 107 without an intervening layer of plated copper.

[0035]  After plating the under bump barrier metallurgy layer 109, a
lead free solder bump 111 may be plated on the under bump barrier metallurgy
layer 109, and the lead free solder bump 111 may be a binary lead free alloy solder
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t he photosensitive material to |ight, and devel opi ng
t he photosensitive material to forma via hole

wW@poes48g9 at | east portions of the input/out pupCpPES2005/023041
103. [0034] An under bunp barrier netallurgy |ayer 109
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(m creflowt (@ sHme embodionents aﬁm fermovingrtht plating stﬁmat) chmyensd to
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(mcroneters). According to sone enbodi nents of the

pr esgisater thom Abow 9> waaght peesert. Biegs nesiauiasly, nﬁmemnatw of silver

| aye

havi {rrll tilIQ %sﬁﬁ%& rsiglg'iéll"%r g‘}{xéépl?eo]ﬁl glrllé %ﬁgé ?ﬁ %b%%ﬂi )&%:%ﬂ §Ercent to about

ni ckg Iwei@yﬁd&rcérftmnmmeentﬂaaum oftifir the eds0REg sbIdef iy may be
f abou mmto, such that the

range

co pg’é‘rtﬁ? Hpet O% bayEp atl’lt H@C?ﬁtéﬂ(’m 49 vcigly gecpr. dmgiber
DUNP ReRAVIR R TeHd e LANG b Wlu'rﬂ@%%d@ Ry gﬁ@&& ofid of
the present “i nvention, arrier neta

| ayebisth0th, ntg;per,nncﬂlunhealammyk gd)ldl a;leranﬁ/{oalslétbrd Fomiahme the
on t nder, .b S msta l.ur er 107 w

Ot e A AT g s PG e sl 18 ancther
pl at iiRendiie, HO(aH R @Bld@ﬁ&ﬁh}?ﬁ)aﬁﬁk‘mde%Wcé@éﬁgol&&%avﬁg a
| ead free sol der bu 111 may be plated on ‘the under
bunpcdpgentiagion WétlaIOIan 9Péy@ﬁlgmmﬁrcemﬂd the lead free

Sol der burf0atcn 58 el &0 BRppAsht Bl Bhprea by

bunpsecénd lafersifisii@sr; GOPABE lagbd oT%i1$& A8 be PUARY foBBFHE@BY B second
tin- copper al | oy sol der bunp. Moreover, the |lead free

sol digyerisd e, anchthigkpesses ofithe layera of Hagad ailver pay’é? deteymined to
' n p@‘ﬂgldgé%\éﬁfé taéé) on% 1%%1%{ Ll?sye? f&thgg%ségﬁg o j%fideg %@9}’ (after
a sufeflegyanihe range of about 1 weight percent to about 3 weight percent, and/or to

provide an average concentration of tin in the range of about 97 weight percent to
about 99 weight percent. The thicker layer of tin may be plated before plating the
thinner layer of silver, for example, because the thicker layer of tin may be easier
to plate on the under bump barrier metallurgy layer 109 within the hole defined by
the plating stencil 108. Stated in other words, the thinner layer of silver may be
plated with better uniformity and/or control after plating the thicker tin layer.
After plating the layers of the different metals (and in some embodiments after

removing the plating stencil and/or after removing portions of the under bump seed
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reflow (in some enbodi nents after renoving the plating

stencil) can be used to formthe alloy thereof. In an
wa@bdaoeiooz0® ve, the tin and silver may be pl at edPCT/US2005/023041

together. In either case, the tin and silver may be

provi ded such that a concentration of silver in the
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ot hehayee Histedtulglaianie§athy %)b@{h 18E1u8ink W8 th tRX¥ndEIver. aViesk
with better uniformty and/or control after platin

t he paighasty, therﬁlﬁfarybﬁwel&ftmérchﬁaw iy herréateéy%nstmf ?atmé bath

di ff er,ent

; em)%}]id ujlntg%gﬁrg{ plat nr%volta £ %IIKPE a}ﬁ%’fﬁ)}%‘? cuglfeg g}m;econd relatively

por tdileBsric lay¢ranaynisieplated Wping ﬁ&ddiﬁieé}ilétﬂfggidtﬂ ayes s)ecoﬁd‘qﬁatmg
| ayers of tin and silver may be heated to a
t enperiagerad/enpietingscurrent (différent than the first plating voltage and/or plating

current) so that a concentration of tin in the first relatively tin rich layer is greater
than a concentration of tin in the second relatively silver rich layer and so that a
concentration of silver in the first relatively tin rich layer is less than a
concentration of silver in the second relatively silver rich layer. For example, the
first plating voltage and the first plating current may be less than the second plating
voltage and the second plating current. At the higher plating voltage and higher
plating current, the plating bath may be relatively depleted of tin in the vicinity of
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|l ess than a nelting tenperature of at |east one of the
nmetals to provide an alloy of the two netals (e.qg.,

wo cweams30si | ver). More particularly, the | ayerBCDUS1008023041
two netals may be heated to a tenperature that is |ess
than a nelting tenperature of either of the two netals

(e_ g . . di .
acPahE b0 RaRiote CAR SRRIRE i e 5oy
gr eatiber tiblatuyer. ks tded etebmpavatrichenahs tHaethelcbngenahtidrhel silver
two netals.(e.qg., eater than about 220 degrees C for

tin- @i&f%?r)lfs Sicrbetoith o v Tt Eyer 4doa§/ BoIIegFSsRE mean
two {ief Bk SoRRh R GAISE ih st SIPRYAL ﬁfo%%{eepg{an'tt%econcentraﬁon

greater than the melting tenperature o%l
met adfin( . the secgné bayer. Attenplatbngube B2 radagrebetsn fick yer and the

o b R T A Gl ST

Si | vHlating $t0837dndld? aBBr RhloRIdokiishs oPline Rfded
sol dlgr ﬁlgatger 111, tin and sﬂigleg\?gr{ csan be pl alt!;kgmolsEb%dmetalllurgy

t ogelayien, thelayetstmeaydwmksiatey to prqyidswt deastapaptiazl naginglof dhe layers.
havi an _aver concentration of silver in_the range
of it Par e By BV S Rre b g o & tepmepre S St than o
and/ @elting t@hperhidee it R4S AR sONEand/oathon of tin in
the range of about 97 wei ght percent to about 99

wei ght pel083%k . Assbespén Figere lportivas pf teaader tusy mespllurgy
b RSt | lat |
b CRILIGLL Bty BORLSLEDN, 1 S OBLALL 19 Sl

pl at bargersabtallingh layee 100]i g eamplel portiondofihe weder biBQ 38 tallurgy
In another alter niajt ive for formng the sal der |ayer

111, segd {3ye5107% ey bs (et of plated copper pag Bickehdgy semakiag g the under
and : lyad yesh:bver .

ol a S SRS 18 Y03 SRV portft oK AP S

and metallergy shiat layqai0Tincay terfirge, oftone of irfosd layerks ataking up the solder

L Gyl R BB e IR e LSS, B8 e 107
Cur r@p be BB ot f8ted e@oRd sﬂ\eéraa;ielvs%xkiﬁ'g lgg ?E]e sg)}%eh by Qi1

may be pl ated ‘using the sane 'plating a second
pl ati ng vid0d@lge Asghown pl Biginsg, therplatittg steticilf188 ety tehramoved

the first platin ol tage and/or platin rrent 0
t har et el o EE SR st il R EDV A
tin gunehndiay ee ploted5atsel.c.soRBr B NEE Rkd/étirdBr Bfmp batrier

in the second relatively silver rich |ayer and so that
a coneteRergidaysn109). 19 shewniimFighee 3.iexpesed @oriong ef frepder bump

kAT ) 50790 ORBRIAES| 2L M B

t he layer 109 and/or the solder bump 111 as an etch mask. More particularly, a wet
etchant may be selected that selectively etches the under bump seed metallurgy
layer 107 with respect to the under bump barrier metallurgy layer 109.
Accordingly, the under bump seed metallurgy layer 107 may be undercut with
respect to the under bump barrier metallurgy layer 109, as shown in Figure 3.
While not shown in Figure 3, the etchant used to etch the under bump seed
metallurgy layer 107 may etch the solder bump 111 (or portions thereof)
selectively with respect to the under bump barrier metallurgy layer 109 so that the

solder bump 111 of Figure 3 (or portions thereof) may be set back relative to the
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first plating voltage and the first plating current

may be | ess than the second plating voltage and the
wg@eweonaispd ati ng current. At the higher plati ngp@DUSGH023041

and hi gher plating current, the plating bath may be

relatively depleted of tin in the vicinity ofplating

SOt hifer Buidb¥akfig naémﬁug; layéi' 003 S'Ea%&*ﬁxecﬂhé/i‘%érﬁs gﬁ@ﬁdd@ﬂbump

the second relatively silver rich layer. use

her ebamelsnnb‘salalnrgyl lgyer riﬁanﬁanhata 1012)2) m;brdeemp pdrtiomexténding

i | i t | th
7 r oploraipofeoRl e siet s e dteal VR 1D g i sodder bump
concept (fo@bbﬁfd)ng Ehebddfy € ahAltEMEHGES BRNMcHRY Bleditd rai RRRPosed

than the concentration of tin in the second |ayer.
Af t eporpipag ofribe uh@erfqumseqccbmauallm@mla}ter A07 maly beaglectienuith

t he secon fl tﬁqel a1 SI | v ch%tJ[ ayer (and in sone
enbodtien ?g 951?10 ?I}? ing stencil and/or
after rerrpmunp p@rﬂdr@aﬁo@ﬁg &R émlstﬁﬁoxmmwﬁﬁm bump seed

rretallurgy | ayer), the |layers may be heated to provide
at |wgist wﬁgé(rlﬁyewlﬂﬁq’fqugld@ﬁhq fractuag Blustratyg freFigure 3, the solder

part I

Par b 1L o SR AUES8 PRl BB e s o
at | mafaguleme Iﬁfhes;bldéﬁburﬁpl U1 D1s plated ad 20221 18%crs bOIWetet metals,
Fi gure portions of the under burrp netal | urgy seed

| ayethe I‘%ﬂf’"ﬁﬁ?er%o? mag sgve tore lesst nastialln mixdbe serakatalpyens into a

t he F

exan‘péb:i%?e allt?#gl ??%Igé}ragﬂ ig{ﬁ% %gééérf b%}&#pﬁxfi }]a?e% as sg’éarate layers of tin
| ay ea:nd:l.s@lifelrmyeﬂst bpaetlcorf mpjf sdresltoca meﬁlymﬁd(thb tin and silver

| ayer s naki r bu barrier metallurg

| ooy PIder IO edHav et HerGRRBIOMAT Ve in the range
et abd boal1 SeRMt hayet: tc;-QJouf@Bévepgﬁlt %Ex%gntogn@%agfng% la9erage

| ayers maki ng up the sol der For exanple

por t ¢oppentrstion [od tin il the rmgm)f mww wrejghtpesdnt tayabout B9 Aveight

be free, of ted t Ki
(o Breae ThEiSRTE i b Yt At e ter soidh fimp 111
pl attongleatedlididusd8mpBituRLofl SRBMESK the %1@%@@%1&@he highest

portions of the under bunp seed netall ur
sur rlsawdisgmperatyse- afeeprding b partigular enﬁmdm;@ntmﬁ@som bump may
aﬂda‘tzer llle%ﬂ: Q6 a%i‘ﬂgergﬂer %ozrg {%%?1' :t}ge:] Igé/uéél%%/tgmpé'rggﬂ fgﬁ%netal

seedhavitigaht M@ysﬂlﬁ]}amm iﬁfiﬂpe[’a&{relb@n eﬂleh%gsm@ian/eg atrbﬁow operation
under bunp barrier netallurgy layer 1 and/ qor the
sol dBry Beiaptiers solidl sigfe evugiopaby tew%urﬁahel% theanglijng a

wet t@ltn glﬁlﬁ%e BRYiRe rret%:dﬁr%g utsgliatlro % fla rﬁ&trﬁgﬁﬁ of different

t he unp See l'urgy layer res
to tlhﬁrs;mid/ror thenpetblamayere hweted td & t@ypdrayﬁrgré@éi' than a melting
temperature of the alloy and less than a melting temperature of either of the metals.

[0042]  If different metals of the solder bump 111 are plated

simultaneously using a same plating solution, a reflow operation may be performed
toprovide the rounded shape of Figure 4, and/or to more evenly distribute metals
of the solder alloy. If the solder bump 111 is plated as a mixture of tin and silver, a
reflow operation may serve to more evenly distribute the tin and silver in the tin-
silver solder alloy so that an average concentration of silver is in the range of about

1 weight percent to about 3 weight percent, and/or an average concentration of tin
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Accordingly, the under bunp seed netal lurgy |ayer 107

may be undercut with respect to the under bunp barrier
woreaoalodasogy | ayer 109, as shown in Figure 3. VWCT/8S200$/023041

shown in Figure 3, the etchant used to etch the under

bunp seed netal lurgy |layer 107 may etch the sol der

bunpiskd thelrahgd S dbb@Ns7 WhRhERden &) BBl YRW¥igH ddtcent. The reflow
respect to the under bunp barrier netallurgy Tayer 109

so t pperatidnenanbeiperfasmeg by heatirfe the selder ol Iptorat icests: liquidus

thergof) nma S k relati.ve to theunder .bu
bar r%&p)e%et?élo?ﬁlregss}qegy ok 1% Or %Pel%?r'ilw%gteﬁg?‘)d%%% the solder
t he buigemahbemeltad kd @Eenﬁ@&ﬁhﬂe@lb%kob@&iﬁ% theQRuRfusé bk fure of the

3 may include a |ip portion extending Taterally beyond
the sdmallpynin efbercpliermasives, p ggflavagraratigmmaybe emisted, solid state

a1t o Rara: 4 by Rl 08 AolEE ¢ bty A cther metal may be

por t isetiso af leddh artinlte mik uigmlsefttle sated Humi ¥nd/oy 8% nlddals may be
may be selective with respect to the solder bunp or

por t fegHrd te pdpaBsraturpgeater hep ameliingiempgraiip ek thg alloy and less

port | : g lurgy layer 107

to p{rhgll?w§ e ?%ﬁrg#?%g{rﬁ?gg@}eﬁgg F?t?ette%gi n Figure 3, the

sol der buj9p43]11 Emm biéersatbjeps scddertrefl@w bpérhion BAEbabe@imed
to pé%vi de the strucéure.ill %trated in Fi(ﬁ;ure 4. |f

t he SOPGEPMBYIRE CXRASSH HOT50R¢ Bhiths Sndes Py ssed myptallyrgyrlayer 107

di f f SlaeH et ?élﬁoviﬁé‘ﬁlerﬁétin%"é’teﬁgﬁﬁ TN IR FEN S gergtgon is
| east partially mx the separate [ayers into a solder

al | ogerfoRmed bsfargptemovirfg dxipesedgodams biithe ubfidr hisnpbet etktallurgy

as sgpar.ate layers of .tin and sjlver, a reflow i

operarstd nay i el tolerof dirBbis e it e enef hvsyaium)
and hy ¥eprovite@ o polkibrsiof wRMunde! Klgkp feh WetNIB¥ENRyAN 07
average concentration of silver in‘the range Of about

1 wetugieungiag gernlated laysesi.c.3mged lymp pasriemmetallangsl layer 109 and

anout s By FE R AREERh P B R e Bt RS

The mehlagwdapahakdlder topyeves: pesafibpmeebshihengati Ming fed
sol der punp_ 111 to at least a |iquidus tenperature of

a nebgpllgeylavsr deratellstinp having the highest Iiquidus
tenperat 9444Q§C%gg¢$@ﬂllgtt9 eﬁ%&ih{%g{ﬁg)g ;dge{%}?%n%%&iontin%trated in

sol der b eated to a
ex c eltigimeg S8h eedistihitbusoftenider aimip &oof ad ikputtrit@lt phditian Ge

the highest |jquidus te ature. In other .
Al ¢ dRREATD eudoHh BTesi LI VBR ey cbedipvided, Asgiona in
st atgoele sl MSiRdpratd @ir&ﬁ%?ﬂtyﬁﬂb}gﬁt WIS sréﬁli{délgg(t:tor substrate

tenperature of "either netal may sed to at
par thaainigyelesineniveirahiés @ficldistdneroe ntore resistors, transistors, diodes,

capacitors, inductors, etc.) therein, and a conductive input/output pad 203 (such as
an aluminum and/or copper pad) on the substrate 201 may provide electrical
connection with one or more circuits of the substrate 201. In addition, an
insulating passivation layer 205 may be provided on the substrate 201 and
input/output pad 203, and a via hole in the passivation layer 205 may expose at
least portions of the input/output pad 203. As used herein, the term substrate may
also be defined to include the input/output pad and the passivation layer. The term

substrate may also include interconnection wiring therein.
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| ayers, and/or the netals may be heated to a
tenperature greater than a nelting tenperature of the

w@bkdooposmnd | ess than a nelting tenperature of BPCT/H82008623041

the netals. [0042] If different netals of the sol der
bunp 111 are plated sinultaneously using a sane

pl ating sajoys] ON.AShERhiRWIRRES SRl B Sel Hid QB layer 207

to provide the rounded shape of Figure 4,” and/or to
mor emay daldgpasited o thetpassieatmindaysk 205 endsmh d?@pos@d pcnmonsl dif the

h | |
o1 Pt i d B a3 Tl bieky B aferting bty Sevet efly Y include
di st i1k BdHeSioh Myet 2072 B6kdslaMBeriiftlidiBg titahfin VHY, tRalidlungsten

alloz so that ‘an average concentration of silver is in
T

t he (ENQetitanivabeitnidel(Tik), gad/opeirominm (G adygia c@dumoglﬁayer 207D,
Phe FRiras 208 sl R By RBRE R HESRL o 8B ald @5 Witatng

wei gkttndiez08eftan of figid ﬁfdl/cﬁ\ﬁn(iﬁ’&g&ht aatdFRY chethBebd firied on the
by heating the solder bunp 111 to at |east a |iquidus

t enpepdet bu@p@?edtrn@tagwgaé%yeafl%yThqe@emgﬁtﬁyﬂti’&S for example, may

part b{@'};%éc} gg@u@gfn%t%& ga;%lgggqgﬁ gﬂ;}gﬁ segme n&eon 82188 bump

t en‘pmeah'rwtaihméy Iaper ZﬂGL bakingthe @Motolséhsﬁivb@ﬂiatemal selectively exposing
alternatives, a refl ow operation may be omtted, solid

st at @e@PPIOFIISEITe pateral toAndrdevEIeP iR tRRhateseRsifige material to

par LA ol ghe PR pOn2 Bt S b Bu p20RE

netal s rra[,ﬂObé] hedt etdbd)chmnﬂselhmsmamdun ?€1@r®eﬁt—&,rthé blatingstencil
of the

| t |l o |
ol G HERpER lotge Bprienondie Shier Rump et riela s lsyer 207
an aé}&ﬁ{ecﬁh?%é\%%’ frén 9 BBhr/ bkt ‘f)\ﬁﬁ 095 hNihoH réﬁt}’veﬂﬁréarrow width

per f or ef ore renoving exposed portions of th

und efmdkmnmlagg@imﬁéh pottign g;‘}thlea»yiécr eap md! h@talbleg}ohager 207

re v the stenci f

oper B PEeaften A BT EPEARY s Ese et gtaro and Row
port Stgﬂsa eflativieBy wHidebldetisicaee Eha@f&&@ﬂt' o e id Py Rlativ O thick
an ad i onal sol der non-wettable |ayer (such as a

| ay efoldsr bumpdaeiaty spagpd Brarpfrew the thpgHowpritHad 397 ofndiarelatively
g In geﬁaéﬁ%éfieg %?u&ﬁxte%%ffegmg %ggldg' QZeﬁtlI'\;r%}? {‘hnr? écﬁger rQ(%strlbutlon

| ay elineltidweemdhs sdlderbubntgndtid Jnpul/sutpeiciatl 207, Rédllsﬂmbaﬁon routing
al terngtlve an oxide |l ayer mai nt.ai ned on

sol dPAPEoLs e, dRtussgsh QH&F‘%‘P’? %&3§ Prientyii 653 9Bui93 eg@%i

o, A s UL bty R P e
Bumps; U.S. Patent No. 6,389,691 entitled Methods For Forming Integrated
Redistribution Routing Conductors And Solder Bumps; U.S. Patent No. 6,388,203
entitled Controlled-Shaped Solder Reservoirs For Increasing The Volume Of
Solder Bumps, And Structures Formed Thereby; U.S. Patent No. 6,329,608
entitled Key-Shaped Solder Bumps And Under Bump Metallurgy. The disclosures
of these patents are hereby incorporated herein in their entirety by reference.

[0047]  Anunder bump barrier metallurgy layer 209 may then be plated

on portions of the under bump seed metallurgy layer 207 exposed through the

plating stencil 208, and the under bump barrier metallurgy layer 209 may include
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Figures 5-8, redistribution of a solder bunp from an
i nput/out put pad may be provi ded, and/or an increased
W@ ododeo4sbunp si ze may be provided. As shown i nPEI/82065/023041
5, an integrated circuit substrate 201 may include a
sem conduct or substrate having electronic circuits
(SuchicR8l (NDLarifor ¥Bper (€8). St det BiRAS batieF r?letaﬁin%QQ%]er 209 may
capacitors,” inductors, €etc.) therein, and a conduct’ive
i npub¢ dlaypuef pektl hadng s thupkngss iarthatange afishoah 8 ox (micrometers) to

d) t bstrate 20
R e e et R S R
subs{rhidtdinetérd) tol dbo@dTHikn (@ficroMdteld)s Wh ad hIRGnARSSIhY %g@ié}rbump

| ayer 205 may be provided on the substrate 201 an
i npubdrgat patallprey 1268 209 may de wilayanof eonpsr hawdng a thickness greater

Phe PREGOAR s R thiktnelRY. ALARRR ) coff RhoRRbh@R R presen

subsinvatttonyeie umdebude btefienaetallorgly Ngled 989 £a¢ include a copper layer
i nput / out put pad and the passivation | a}ﬁyer . The term
substiPagamplss hayiag ajthigknege eiepter thep ahewets 1om) #1d -2 wigkel layer (for
t her gj ] ; - [ gur

Sood AP The GBI, Ae Frlof ghou Il B o T such tha
pas siheabpen ldyay erbeBO&enahelniokel éxfen asdltheamtdérbsnodeet hestallurgy

i nput/out put pad 203, and the under bunp seed . .
f ?g@ - IRggayse serunday dymp eraier ﬁﬁtagl&&’é'sl%‘?ﬁ 203 joplated using the

met alVehr
207a | j i i j i :
20T R0 A NSO o o

and/ enlanghd sndth pogtion)latealy spaced apart fromnthé apat/o@ptpad 203 and a
such .as | ay.er,incl udi ng, copper,.(Cu)., silyer ,

nd 8pogs BOiRpetvReD e RS EREHLt porbie g 8 bt Bhipepad 203,
and/ BY sofd® doaaALE o MAL Brdséilt isRMtibRASRe Bdd: oanﬁa?_ affer W@illurgy
under bunp seed netal lurgy | ¥er 207. The plating

a
st enleyér 209gnay ineluds amskel layrryldied dingottrdnishe wmlen himmg sead

| am pat i:n h sensitive material o under bunmp
seed™ pgﬁ%}ﬁ? 0y szygt?lggﬁ,m%gﬁinﬁl& ey Ogﬁ%?%s"é)ﬁg'ft i ve

mat eri al , [09e8ject iAfRl pladiXP driuddet BignPbaties@esiltigy @ayer 209, a
material to |ight, and devel opi ng the photosensitive

mat elerdires soldgrsiuetes Ailanpopeplaies 9aithrjunder pemp barrier metallurgy

20 OB B QUi 368 DSl st

st enwilder sayctexposieasmtiesibvey @A gadloy aoldef stivearerdarsilver-

PO Py B B0 AT & ot EPPANY SMET ScRRt Moreover,

o A BSRASEN0aLL B OB YT S v

i npufot eepapede layand o 68, silvar, sub serpeersepgrhtatayeg ainoh andfcbpper; etc.),
and a subsequent reflow (and in some embodiments after removing the plating
stencil) can be used to form the alloy thereof. In an alternative, the tin and silver
may be plated together. In either case, the tin and silver may be provided such that
a concentration of silver in the resulting solder alloy is sufficiently low to suppress
formation of SnAg platelets, precipitates, and/or needles that may otherwise occur
as a result of temperature excursions. For example, a concentration of tin in the

resulting solder alloy may be greater than about 95 weight percent. More

particularly, a concentration of silver in the resulting solder alloy may be in the
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steps, a relatively wde solder structure may result

to provide a relatively thick solder bunp laterally
wa@p@eoaisapart fromthe i nput/output pad 207, aPdI/as2005/023041

rel atively narrow sol der structure may result to

provi de a relatively thin solder redistribution line

bet [

Recl CHET BLRoB0! WElgt? Yo 1ot 3 SR Rl n@Fa feheniation
exang té inithe td:sﬂtm@abkdmt alNg.m4y, R9A, tiHHhnee bf alioad 97 welght percent

Control I ed Shap d Sol de servoir.s Fqr Si
Vol uteeabept Bhyeight pey %e T aigmatiyesnge lga e .@@[}9 structure 211

enti E [
ent ! lltnhg %&%Bgf%&a@ k:r?gtcﬁ'n@o@ glsiﬁra&}ﬁgaﬁs& dm_ﬁ?ﬁﬁg %g%m% o8B, zinc,

6,3 8&d2<ﬁ3ﬂem i Holr edalmﬂai the ldaddreSisaldedstBuiute 21 Remgrinadidesa tin-

F he .V
St r uERGTESPReD ol THendlly: st dhe iR selog gty may
ent i flRde Ke:-cppRed1Rehaghg BUSRInARLNISTART ofABBR 99.5 weight

Metal | urgy. Thé di scl osures of these patents are
her epgreémbcor porated herein in their entirety by

f An und
| ayer 20014t n@roRet BREPigY SRechl o B ok Rzt Bk prine
bunpsteRe 088! sblﬁ%ﬂéﬁrdcﬁ)t@ D1 2MhAy exdderieesh doiMrestWidiBortion 211a

pl ating stenci| 208, and the under bu barrier

met alatmlbfysnaegﬁe%paz(fmmﬁye inpiggfoytraih padk 2l =(rfd| 3 elgmﬁ/ltq)pomon 211b
200 Ty emhhe cplaFeet i SR, AR HplTBL bl odle’ A, o

ran gplateﬂ tiaiblontss &f m()lﬂblﬁsh@ﬁﬁlt@lﬂ) mbp bordl@ively uniform. Differences
(mcroneters), and nore particularly, in the range o

of
aboul Widthsiafithesoldes sigheive pnd gndsslying wndeppump barrier metallurgy
(M 00BN
bar rllr 8r metnz?lgl1 11?81351@ @éﬂéé%&%@hﬁ%% aé%@l%efé}%%&re% ﬁggopsurface
havi 1regs1an tl ik saﬁ:secgrea’arteﬂowtdpmtiab ool thab seider flows from elongate

(mcrome t0.S0 epbodi nent s, of the

pr eslé‘?ﬁm‘il 217’2‘31{‘% %ﬁ?rg‘? \é}l B‘é?“"bgijd’ ggﬁ%iy dRoreRsing q siFspf @

| ay efesidlfe BRYerd Biphfide a copper |ayer (for exanple,

havi ng %hl ckness greater than about 5 mm) and a

ni c keI | aLﬂ@SO]( f oMag aﬁlfmlcpJarlh,awﬁnsglaaelt dfitokeands plla’qed fodowed by a
range of

CopngrSiFart ety i RAPRYL: ot STl 8 el ol ifieg hyapecond
bunplas@est tieha thitkaysstoyRhie RYdrs oB6E a8 Silvd @an! Bl @dteldnd to
barrier nmetallurgy | ayer 209 is plated using the

pl atPryidstaaeereRoBIceRtfion  sitves imihe @e%u.ltmr e soldeq plgy (after

SR8, SIAR 0 sy, or v

and groeide ragabefag@cdncemtmehww int the raﬁgeaffgtedut\ﬂ7di/d‘ight percent to

portion and the input/output pad 203.
about 99 weight percent. The thicker layer of tin may be plated before plating the

thinner layer of silver, for example, because the thicker layer of tin may be easier
to plate on the under bump barrier metallurgy layer 209 within the hole defined by
the plating stencil 208. Stated in other words, the thinner layer of silver may be
plated with better uniformity and/or control after plating the thicker tin layer.

After plating the layers of the different metals (and in some embodiments after
removing the plating stencil and/or after removing portions of the under bump seed

metallurgy layer), the layers of tin and silver may be heated to a temperature that is
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In sonme enbodi nents of the present invention, the

under bunp barrier netallurgy |ayer 209 may include a
woz@kob4shayer plated directly on the under bunpCEHES05/023041

metal lurgy |ayer 207 without an intervening | ayer of

pl ated copper. [0048] After plating the under bunp

bar r j&g tlﬂﬁta%élﬂﬁgﬁénip%}’al%re %g%: ledst hﬁ‘@gf ﬁd,é ?&g%i%d@%vide an alloy of

structure 211 may be plated on the unde arrier
met atHeuwgymdtaly ¢¢. 2. 208 andisitiet)h Morepdrticuteelys thedayers of the two metals

St e B DERE T e Panhe L by sty ek bapigsfe o ither of

St T UHeWiv metalk {4z Sleby Bak ABRR 23 Ahé B¥esSO RS 8 n MG Eabout 962
and/or a tin-copper alloy solder Structure. Moreover,

t he HegersfG &y sdwtrydwt dat is@reater thanla malfingdeppartimct afthe alloy of

sepapate layers of tin and sil or separate. | rs

of " 1R g o 2 gfeuBp i b 2D db@ersC ettt Tagethe
COpp&lksrnAtve; the layReh of tBaHRFSABRNRIMALHd RWdiand tblp ST that is
enbodi nents after renmoving the plating stenC|I§ can be

usedgteater tamtheraeling ssmpendrestt ong of te ndtele(nat exeater thar about
tin ?ﬁde%%eﬁg o8 b& IQJS%aenda best Q@ﬁ;ﬁétﬂﬁegc}f‘tgee&h%ﬁ%%al (.2,

t he Ver’ may be pro

conckesd thai bbsut 962 dedreey C ifor sithe).r esul ting sol der al | oy
is sufficiently low to suppress formati on of SnAg

pl at el et s{908tkci pr trplégnatiisainandelvgr ean herpletegriggether
hefyi : i ons.
ot NefhRIfng ) g@?rcﬁd&eea?‘a@htted gf1?§ ﬁ%&ﬁﬁé %& #\%ega%%)%%ﬁ{:fn:tr%ggn of

For exanpl e, oncentration o esu
sol dglvenid thy rangy o ebayrt ¢ atedght phmentatb abbutBowightercent, and/or

percent. Mre particularly,. a concentration of silver
' ¢ FESAPERIES COBIaIRten IR iRdye BBSF AL I8 Snyeit percent to
aboUihoht Y& @1¥ht PREGRN]A doPnfaBRidh of Fﬁ?l&@& ald&sf ﬁ;lg?é% chletrrolled by

and/0|[ a concentration of tin In resultin
al | o3djwsdipg lae elastropletingeigeenbdenalp uthile platiep gint tipandcsdiver using a

to about 99 wei.ght .percent. In.other alternatives, the

| ead” ?%%“%%F5335§W5§@P§ﬁ61%E&#Wﬁy include tin and at

| east one[0o52]bi S Mdbthes AROBELIv fOF Fd#Rinhk sIRBYstr@Ri-d211, a first
zinc, and/or silver. For exanple, the 1ead-free sol der

st r uelatively 2prighdgydr medybeplzicd. iand ithener secomshyebativelylstleer rich layer

I | tive, | ead-f | d t. t
rmy S PR Bl ot ond B v BAREILORE L0 B indibEE MR
of tpanti@flarbh chet fir9Sremtinely gintriddasree Aay HeQI48d uHBE BHeSRating bath

the saolder structure 211 is plated using the plating
st erfdidjusinga fstiplating vRlfags andien plptingeryrephying thel sqerndgplatively

e B S A 9 B SRR

211bvoltage and/or plating current (different than the first plating voltage and/or plating
current) so that a concentration of tin in the first relatively tin rich layer is greater
than a concentration of tin in the second relatively silver rich layer and so that a
concentration of silver in the first relatively tin rich layer is less than a
concentration of silver in the second relatively silver rich layer. For example, the
first plating voltage and the first plating current may be less than the second plating
voltage and the second plating current. At the higher plating voltage and higher
plating current, the plating bath may be relatively depleted of tin in the vicinity of

plating so that a plating rate of tin is reduced while plating the second relatively
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bet ween the enlarged width portion and the
i nput/out put pad 203. As shown, a plated thickness of

WO b@esoisder structure 211 may be rel atively unP€DUR2005/023041
Differences in wdths of the solder structure and
under |l yi ng under bunp barrier netallurgy |ayer 209 nmay

provige, dich (8L n&?ﬁs Hhetdit, %fl(?&ln&l%ga% thart ﬁ%ﬁ%ﬁ@&tﬂﬂ& of silver

to surface teénsion urrng a subsequent
oper stgreaterin thdmtowbymrthéﬂ invike firsolayed, bngchiee npomdcbssmly mean

2" o7 P e Saieathioh di Bk B Byeos ejerins o the concentration
par t e Aty secdnd ldyst. AAMedladie thé R 'ﬁ{lat% l#eh@fi'r er and the

foll owed by a second | ayer of sr ver, I rst ayer
of ssdcoed regativelyesilybmtidulayer (Radvadsolne emlmduncrds htgreemoving the

thi cknesses of the |a ers and sil ver
c an Bla By tg?ﬂfar@? elb’rew Ve é{% élbeeurgjﬁﬁ WWRp sepdimpgfallurgy
of Siay¥6rthé liybRendyesetidateddo PRAKSA '1&%fpeﬁlﬁélqﬂ1xﬁ?gf Jf%e layers.
reflow) in the range of about 1 weight” percent

abouMozge p@‘tlglﬂarhp éheclariers maydredeated tpa tonbeatars ﬂaartes kgethan a

conc e r.ange of a out 97 wei ght
perc%%#ﬁéaég %ﬁfatk%mﬁ?ech% ?nd?ﬁ Bt hi cker | ayer

of tin rra[,oose] pl atseﬁoxbeﬁmmuw Stpoftibnk Be tHeRindBeurhPefallurgy
of S|Iver for exanpl e, because the thicker |ayer of

tin sy layer 20Emay b@ &epphore et éaxrrmr@aklng 1p theagnderpump

met ab L HEO¥e ﬂaﬁéﬁ‘ﬁ& %%%9 2@ ]{'U S:xms brBofiels Gtﬂg 9{1%& bturtr]a% metallurgy

plating sten er wor

t hi nseed ldyay207 mby bé fme bf piated rceppdrah@ dicktlt1ayd?€tdaRing up the under
and/o t he_ thi cker

f t | aft | at
{Tn b bRy el s 208 Sf%;@glrygpé#mmf e PR3 GHETD
et al,3t-(18R9 sb&i 2PER209 LBt & bk f fno?@ ons rikg%qqthe solder

pl ating steéncil and/ or after renoving po
undestristinrp 2 bk eidbrrestapleupgtiobagfghg pnden dunayestslhagy tded layer 207

and sil be hea d.to.a tenperature that isless
hart™® Befies ﬂféplﬁtsﬂﬁe LT I3y e3 PR 1P Shresolfer sigetie 211
netal s to[opsfVvi dasaRowh Obictfe 6, 'ﬂféﬁlé{ﬁhg@&féi@(}@% -be removed
tin and silver). Mre particul arly, the layers of the

two ietehy sxpasinginertianstodtherundar bunp eeredtmmdhtrgjataymszmes S

t h ansu?roﬁﬁ!liﬂé %}% é)t %Fa&?}sgge o{éi&f I%téjgc?rﬁe ?5):}, c??]r l\ﬁﬁlapﬁgg% Barrier

t h anmatlallmtgy 9652r 26D @esshewh o Fiplukd/Blekpoded hoftitak of the under bump
greater than a nelting tenperature of the aIIog of the

two $¢&¢ Ee lclégy'glayergpaaraérrbetqﬁﬁwd abgthopulegbynp barrier mgiallurgy

o B RO POl PSP i Bl YT e, o o

g re a&tei’fant inay bt beleatwl thangldcanie eahey the abdarnemef se&cﬂ'lﬁaetallurgy

et alayer&%’7 %ith rgsrp%ctt o r‘rheg Irgr?(ﬁr %bo utbarrler metallurgy layer 209.
Accordingly, the under bump seed metallurgy layer 207 may be undercut with
respect to the under bump barrier metallurgy layer 209, as shown in Figure 7.
While not shown in Figure 7, the etchant used to etch the under bump seed
metallurgy layer 207 may etch the solder structure 211 (or portions thereof)
selectively with respect to the under bump barrier metallurgy layer 209 so that the
solder structure 211 of Figure 7 (or portions thereof) may be set back relative to the

under bump barrier metallurgy layer 209. Stated in other words, the under bump
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232 degrees C for tin) but less than a nelting
tenperature of the other netal (e.g. , |less than about
wOescdegrees C for silver). [0051] In an alterPel/US®)5/023041
tin and silver can be plated together (sinultaneously)

to provide a plated alloy having an average

CONC gavrieainetMufdy 187dr209 of Piduhe7 Fah Geclide & g&r_tién Rteithg
percent to about 3 wei ght percent; and/or Vi ng an
aver lialby besond tha ynsier bamp seedimetalhagy dayge2@F amsinbeisoléét structure

corpout FESRASstReAR oo 4R B U ndhap rmprsprposed
adj upbitiogs afthe uaddrbaplpakbdghetllifdThyt@0F ity BifieleBtive with

plating the tin and silver using a plating solution
i ncl TREPsry thBenolderstaisire pr pastiongthesof. | n anot her

al ternati rf ' . I ruct.ure 21 a
first rel g‘ﬁs@gl y A??e%‘rér}iﬁ%ﬁﬁg g@%rs Qcﬁé())/rﬁérés %]ftg? Eﬂc?er iH‘E‘P seed
t henmatadlecgyridysr@0dto plvideshd steichire elustrape in FBYrdIE the solder

pl ated using.a sanme plating bath including both tin
and &FyciEr .Z?R/S%bf‘p%%bﬁcm tamrgﬁ?ow REeTRiieRsto Nravide theastrycture

tin qj . ' '

o IERERUETEERR, by BB Ll A AL Py Bloms ot
cur r snder samctute il 1smd dnchurrdet by ®hryies evdTurdyi layerl209 adifferences
may be Pl atled usi n% Ehe 1?ame | ating bath and a _second

pl at gl Prageres Of/tas sq) fmuﬁgo Witace tnsiogimaydieapt inarlaw of
the §ildcirddh Bl | JoRe j r

that a concent régtglig\g% of ti %ﬁ%&ﬁ%@%@g@g{ﬁl ?E%F%%margeci
ti n widihppripe2lis offtheaclder stivatura2 thsiwcihnt 1 thidknessahd tivolume of

in the second | atively silver rich | ayer and so that

o comE AR Sslder Puap Fopthe ingregiied. iprepVarat thishperp e elongate
ri Chpdrey@ 21115 of @6 Sol BiusuEONREHh RLEARObvE d db8udtRie

the second relatively silver rich |layer. For exanple,

t he Ferisgtbubioasiruiuigol t age and the first plating

current I h nd_plating voltage .
and the 2@? 3P p?fgtfl f %Jg}a%ustrtr}l gtﬁl?? t'° Pﬁaée‘{w X %qratﬁltlaa}gfsn(g different
vol tagelsathd réflgheperpliat inag sai foetlicast fetiflyahixn@e Beathte layers
may be relgti ely depleted of tin in the vicinity of
pl at PP ftfh*ﬁ?y al' o empls, Hihesddersimctuge 21dds platedoniserarate

| aty r ' j ' ' :
Used ey o o SBF NS oAb SELKRb B SEiEh WEE peritly i the i
of sarldwdver istogr Eatidver soldetdlog daving ahayengd bidenttativhef silver in

first layer, but does not necessarily. an that the .
concBRTAEE PHACHE 187 9@5 PERCANLIR ég%‘gc?’o‘ﬁ?}g tRFEGent, andfpebaving an

A o ohfLe ARG O el O P PR n YR o gbgut 99

t he weighimergent. athemeflgwoiperation miay foelpasfermedanohdating thewolder

€ nbos Ilurcrt%% 21 latfota? [eagt%q?q\{liiﬁg térplgera‘rure of a metal of the solder bump
having the highest liquidus temperature. According to particular embodiments, the
solder bump may be heated to a temperature not exceeding the liquidus
temperature of the metal having the highest liquidus temperature. In other
alternatives, a reflow operation may be omitted, solid state diffusion at a
temperature below the melting temperature of either metal may be used to at least

partially mix metals of different layers, and/or the metals may be heated to a
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plating stencil and/or after renoving portions of the

under bunp seed netallurgy layer), the |ayers may be
whe@bmoisoo provi de at | east partial mxing of PEEUS2005/023041

| ayers. More particularly, the |layers may be heated to

a tenperature that is less than a nelting tenperature

of at thpahiueeredtbr Ghh ¥ Mel@HeRbelabite of BR2ALy ASd %}E}@t% a melting

in Figure 5, portions of the under bunp netal lur
seed [eRsratrofiifienef the metalt one or nore | ayers

Ki t de barrier . metal |l ur | ayer 209.
For exanpl 4{"%83?t ) r??%eg?mflheéal% REDF Spidrnstrrtus 21 gy ated
seed kaydtan2@slymaindesdniesladle haidada CFRREEpIMbIThSKE performed

| ayers maki up.the under bunp barrier netallurgy
| ayer t%@}’l%?ﬂh? Tekativply thisk raisasssodder bhmp2dde ndthepelatively thin

oL 1 YOS She BB e 881 3 Pl i

| ayers making up t er st

exanphetalpof the solserdlloyhéf e dalietyunprnet Bl Is\W.AY $888%ixture of tin
| ayer 207. may be free of plated tin and silver |ayers

y
maki ngA4HNERe B Y OPetipR My serve 10 mofposaly distribhiovire fimand silver
Fi gur / ' j be renmoved. ..
o8 e iyl SRLS) R B R Y e i n

net al fanggpf klzoped vrOght perceto dbmg 3tweigh k@, laY/Bf & average
(i.e. _sol dtert. st rl{.ct.ure 211 and/or under bunp barrier _
met al FUCGRTLRRA! iBdein thaing giabquk Y Eveighs parceniip abeud 99 weight
por t i p&serf Thb efRFSFerRtbHRn ' 7

may bg&e% ched usi ng I%el’ﬁe under np glri wggatnk‘@t%g% foﬁcr?eéfmcme
| ayer 2D09 aiigsior liqhdussompentust ofithe solderillbyas casrdetoab particular

mask. rticul.arl a we tchant may be sel ected,
R I AT T
| ayer lig@dusieinpefa@s® 6Ethe ts&délhﬁlo'yin e Bthﬁyéﬁ&xﬁ%{v@% E{%ﬂ%vg gperation

metal lurgy | ayer 209. Accordingly, the un
net al 18y §§ omiesk solpiatae diffisionrad e tenuperstivterbel s freahelting

t he ' Il ur lLayer 20 as shown

i e e, Rk bl SRR o RS peielyo Rl driaor e
used goddeebompt fel/strtemetilyhasBERel®RE Blal thin¥rah®Y 8eatéOfhan a
may etch the solder structure 211 (or portions

y .
t her SBFNg LraRarityes of th alloy aad frss thans mpléing trtenrerfSunepf either of
barrige el | urgy layer 209 so that the sol der
structure 211 of Figure 7 (or portions thereof) may be

set back r[@P38]i velrt an dlteenatineler sobdsmpethar peatioha) bdb@ibrmed

| ayer, 509. Stated in other Wofrg% he under

burpHEFPF SHTERE PYRPe ot ol b ader Frgasecdmaialiurey layer 207, 16

| ncl uBescldér RGN opERR0EN HRATIHIG BRL e ahLY;

under bunp seed rriét al | ur é)y I ayer % r‘gﬂr}é%flgg)\(@%?%é&%ons of the

st r udtndeibump seed metallurgy layer 207, an additional solder non-wettable layer
(such as a layer of chromium) may be provided on portions of the under bump seed
metallurgy layer 207 surrounding the plated layers (i.e. under bump barrier
metallurgy layer 209 and solder structure 211). In addition or in an alternative, an
oxide layer may be maintained on the solder to prevent spreading across the under
bump seed metallurgy layer during reflow.

[0059]  While particular binary solders (such as tin-silver solder) are

discussed herein by way of example, embodiments of the present invention may be

provided using other types of solders. Other types of solders, such as ternary
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211 (or portions thereof). In an alternative, the

et chant used to renove exposed portions of the under
wheovp/ossed netal | urgy | ayer 207 may be sel ect i RET/WA1005/023041

respect to the solder structure or portions thereof.

[ 0055] After renoving exposed portions of the under

bu np i . v

ot e TR B b e o ey B present invention. For

st r uckampled tereay stlders(shgheastagth-sibvencomfer svlden) aragthe ased

L b e O Sorit B ok HRtpraseRt inviutobs eroper ffaer binary
sol depldetsisuer wmg%%pea B8l ddrh ehay i @ke PHAR abc@ﬁé’éinﬁ‘étion of tin in the

met al | ur gy Ia¥er differences in interna
pr es $inraepperrsotdes o ahaye P9.4weight pegerftace t ensi on may

result in ow+of ..sagl der fr.omthe.el pngate.portion

211b of t fben), ol Pisciren STei85 b B S AR and
por t idestriBdd avithfrefehiiics & elfibodihbmts ke @ 2L wilf Be th@rst8od by those
thi ckness_and a volune of the resulting sol der bunp

can B&lled i basgdhatygriewschanges in forokandsdetaiks mayebe made therein
| ' . | d t. t 1
o SASuP AR ot theCpirk 1 SRR 1 Y b s ASai e

[ 0056&ppdnkied tlaimodrdistheis equicdlente 211 is plated as
separate layers of different netals, the refl ow
operation may serve to at least partially mx the
separate layers into a solder alloy. For example, if
the solder structure 211 is plated as separate | ayers
of tin and silver, a reflow operation my serve to at
| east partially mx the tin and silver into a
tin-silver solder alloy having an average
concentration of silver in the range of about 1 weight
percent to about 3 weight percent, and/or having an
average concentration of tin in the range of about 97
wei ght percent to about 99 wei ght percent. The refl ow
operation may be perforned by heating the sol der
structure 211 to at least a liquidus tenperature of a
netal of the solder bunp having the highest |iquidus
tenperature. According to particular enbodi nents, the
sol der bunp may be heated to a tenperature not
exceeding the liquidus tenperature of the netal having
the highest |iquidus tenperature. In other
alternatives, a reflow operation may be omtted, solid
state diffusion at a tenperature below the nelting
tenperature of either nmetal may be used to at | east
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partially mx netals of different |ayers, and/or the
netals may be heated to atenperature greater than a
woredobion30e enperature of the all oy and | ess t haPCHUS2005/023041
melting tenperature of either of the netals. [0057] If
different netals of the solder structure 211 are
pl at guhasWimidht [8BaHRHYs:usi ng a sane plating solution, a
refl ow operation may be performed to provide the
relatively thick raised solder bunp 211a and the

rel atively ty] [ (i:bution sol.der .| ayer 211b of . .

Fi gure 8, Xar%#ng}}fo? %If%ﬂdél?%éréaf:?}m&l%ger‘?%% rﬁ@%‘é‘i?%oné?nsmgz
the sol deforalih@yn uhder bi@pseddiaetalioh¢iyer 8n 4k Hebfonic substrate;
plated as a mxture of tin and silver,” a reflow

oper at i onforRNS R pickeklayerondheyrder Yurp seed hetabunghdayer so that the

and %héléf%%nl?rbeéch e{ahlﬂfggliflhsye? s l§e(%\|vgegnr ‘rih% ln%v%él lggq&gg%l?eae%ctronic

average concentration st ver i

abousubstrae] whtrejpepartiods df thednldt b@nﬁ@é@hﬁetﬁlﬁ?ﬁtﬁ? Myer are free of the
and/ or ?1'] average concentration of tin is inthé range

of aBBke! l@E@dht percent to about 99 wei ght percent.
The refl opARGY Alehd frelBYIdBAAD roﬁiqéé‘rﬁliglé%{ag%g% fPut Mool layer

sol der structuree%ll £0 at [tas
t enpertatweee thé sdlber 1syr ded uaddr bympAe&bmeiallgrlydayer.
particul ar enbodi nents, the sol der bunp may be heated
to a tenperature not exceeding the |iquidus

t enper at ug.eA%emB@?&%k&iﬁg tPC1aBY 1 ﬂlﬁhé}tcgﬁ@%‘sitn{g:ed’ sol i d

alternatives, a reflow operation may b
stat e di f befetedirmingahe winkpd latey fernhiaf awldting mmktonnlge under bump

A A T e e

et akus eRPosel enrbedt @8 pladin rﬁe@ﬁ,ﬂ@lﬁe@&iﬁrf&nﬁhg teSicilel B efeomprises
nmelting tenperature of the al Igé/thand  ess than a

el t PlaGng Gepickst laye asrthepettiens of the hederduaipsseed 0OGMrgyriayer
' . fl t] .
o £ DSEaPqlEn o BAAERaNS o P SR BB o105 dayer comprises

undeplatinghe selddr lapraln the gickélayesr. 207. | f the sol der

refl ow operation is performed before renoving exposed
portions of the under bunp seed netal lurgy |ayer 207,

an addi tinngly,sebdelco Wlﬁﬁpg?ﬁj&@(%mﬁﬁﬁﬁ n as a
| ayer of chromum may be provided onh portl Ofis of the
ulnder ; blunlprf@e efc(zkjming e ndid@j/ Lalyaty p{)atiﬂ@_z cﬁp[;ﬁerrtbaylrelﬂ bt thetgo@tions of
at rs (i.e. under bu arrier netall ur
ay SC 305 Bhiprss e ety A Bxposed throvehibiaplafioamosk srthat the
an alopBérlajdr VEbetRBerPh %klslalgfé'r aﬂ&%egﬁdgphlghﬁg%g?n&ﬂlmgy

the sol der” to prevent spreading across t
layer..

4. A method according to Claim 2 further comprising:
after forming the solder layer, removing the plating mask; and

after removing the plating mask, removing portions of the under bump seed

‘metallurgy layer free of the nickel layer.

5. A method according to Claim 1 wherein the nickel layer has a thickness

in the range of about 1.5 um (micrometer) to about 5 um (micrometer)
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bunp seed netal lurgy |layer during reflow. [0059] Wile

particul ar binary solders (such as tin-silver sol der)
wae@otisseussed herein by way of exanple, enbodP@EOS®ONH23041

the present invention may be provided using other

types of solders. Oher types of solders, such as

ternarysol ders, may be used according to sone

enbodi ments of the present invention. For exanple, a

ternary sél demethodebcaading t¢ Cleimi Il whereindhpmickes ddydeh)s a thickness

may be.used accordi.ng to.sone enbodi nents of the

pr esg%@eir?ﬂﬁg iag?]u.d[ 1”%?@6’\’7%?{“6"65% lag‘E}}qSéW (@ireraetEr)s uch

as tin-copper solders may be used with a concentration

of tin in _the tin-copper solder of about 99.5 weight
percent. [0@60rthodaresrding tpoChémrit fuitheraotipoisingas been
particul a sho d d ribed wwth reference to

brbod: menPEorH SR ths By B doriae Ao 147 OR darnder bump
ski | bexd rhéralligy Riybr i@t e uh @Y SuSPABEES clallufe 18R Mbetween the
details may be made therein w thout departing fromthe

spi r PRPPERHYsEadehe pleetrrnic substiate owhersingettione of the under bump seed

appe [ ' i yalents. That ich I .
apoees ohh R 0 DL S NOLEU TRl P et fvrss
devi betwetthemidkebldy eramdrthe intigr biuap RbdiinamlluBd &lyeRunp

seed netal lurgy layer on an el ectronic substrate;

form ng a nickel |ayer on the under bunp seed

met al | ur gy | seed .
net al | ur gg' ﬁ%@?e?@cc&%@ﬁaﬁ@@ﬁ%}a{% eefy%gperéﬁyaerthﬁsea thickness
el ecgreatar thas abattSate (midteneter). porti ons of the under

bunp seed netallurgy |ayer are free of the nickel

| ayer; and formng a lead free solder |ayer on the

ni ckel | ayep mahédadcotdiSy 1 Ckh 7\vhegs Pl% Iﬁ’(ﬁgerﬁsgr ﬁa@%thickness
sol der layer and under bunp seed netallurgy l[ayer. Z.

A neinfibelraage of ahony | pon Ehigiameter) tr dbovet 5 ponuicsimeger).

before form ng the nickel layer, formng a plating

mask on the under bunp seed netal lurgy |ayer wherein
portions 1f. ARethiidRtoddiHEo ¥asth mléﬂeﬁﬂlﬂhgléolhé’tﬂﬁj?erazﬁﬁx rises a
exposed through the plating mask, wherein formhg t g

ni ckiérd-frgy 80ld&onpri ses plating the nickel layer on the
portions of the under bunp seed netal lurgy |ayer

exposed through the plating nmask, and wherein formng

the sol derl. | Aymthodorpsidiggo Oldhi NYhtdes BOks8Er 1hy¥ 8bmBhses tin

the nickel |ayer.. ) Lo
and at east one of silver, bismuth, copper, indium, antimony, gold, and/or zinc.

12. A method according to Claim 11 wherein a weight percent of tin in the

solder layer is greater than about 95 weight percent.

13. A method according to Claim 1 wherein forming the solder layer

comprises forming a first layer of tin and forming a second layer of silver, bismuth,

copper, indium, antimony, gold, and/or zinc.

14. A method according to Claim 13 wherein the first layer is between the

second layer and the nickel layer.
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3. A nmethod according to Caim2 further conprising:
before form ng the nickel l|ayer, plating a copper

wo 20061004309 t he portions of the under bunp seed PCT/US2005/023041
netal lurgy | ayer exposed through the plating mask so
that the copper layer is between the nickel |ayer and
t he under bunp seed netallurgy layer.. 4. A nethod
according to Claim?2 further conprising: after formng
t he sol ded3| dymethod eeawvding ta GlimpllatwWhegeimtdskfirstlageraf tiafis greater
r enoyi | ati ng mask, .remgvi.,ng portions of the
unde\rﬂlag%%&ggesg‘gelﬁbﬂ%ﬁeﬁfWFﬁ ?rlf"‘%ée of the nickel
| ayer. 5. A method according to Claim1l1 wherein the

ni ckel Iag{gr has a thickness in the range of about 1.5
nmm ( ni cr oA®t Sripethed agrotding tontlaimil 3 fomthetr eonbrisiAg:met hod

i cknossn e PRBETAR T st BBedhart i BT oo oS to rovice

aboubn Blldythérgo€r oneter). 7. A nethod according to
Caim1l1 further conprising: before formng the nickel
| ayer, form ng a copper |ayer on the under bunp seed

met al | ur gy~ | ay, 4 d u eed

et | ur 97! AYgEaRakfol IS HASSE SRURY BEFH e g sccond
el eclayemicompribatheatieg thetiesteand s@uohll 15 19fa tbiferdfieSihat is less
bunp .seed rfet al lurgy layer are free of the copper

y
| ayefhan ameltipeiemnstatye of aidpest opaglthe ifisst gad e easondilayers.
ni ckel | ayer and the under bunp seed netal |l urgy | ayer.
8. A nethod according to Caim7 wherein the copper

| ayer hasl& Almahokssogliestoar]ainh a6 whbitt hdatiFthe first and second
(mc orreterij.. 9. A}ggget;lhgd ac(%ordi nﬂato Caim?7 wherein

the Y EREPTPHYEMCRIE e (it apchacend fryerdo paergeerareatbhis less
1 nMiheirh &K f '

met hod accor di nigt;;n)pte %a%éég?br%{elgf\/‘\thﬂg}riés%ﬁé ﬁég‘sﬁé&;{aggf 1‘8%%@? ter than a
conpiekiag tempesaidre ¢fghe sthemefithe fifst and seevmbbiyerscor di ng

to Caim1 wherein the solder |ayer caonprises tin and

at | east one of silver, bisnuth, copper, indium

ant i mony, 19 0A @netBditdcosrdaigs Cldid lﬁvﬁ%ﬁ%aﬁﬁ%%%rﬁgtn Qecond
G aim 11lwherei n_a wei ght percent of tin in the sol der

| ay &AY§Ts cofpptcs heatingrihe Bet andsseord lgherspe p tevmperature that is less
than a melting temperature of either of the first and second layers.

20. A method according to Claim 19 wherein heating the first and second
layers comprises heating the first and second layers to a temperature above a

melting temperature of the alloy thereof.

21. A method according to Claim 1 wherein forming the under bump seed
metallurgy layer comprises:

forming an adhesion layer on the electronic substrate; and

forming a conduction layer on the adhesion layer, wherein the adhesion
layer is between the conduction layer and the electronic substrate, and wherein the

adhesion layer and the conduction layer comprise different materials.
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13. A nmethod according to Claim1l1 wherein formng the
sol der layer conprises formng a first layer of tin
war@efersnd ng a second | ayer of silver, bisnut hPCT/OR®O$/023041
i ndium antinony, gold, and/or zinc. 14. A nethod
according to Claim13 wherein the first layer is
bet ween t B2. semethdd hegvedingfACkahs 2Mivedetdin LRY: B
met h;i).d accor di to Clai mg113 wherein the fiar%g?éﬁ%g?rcompnses
of ti h(tF%mE;‘Pgi}gY (HtAiHmalBEAtend ol iNa(tiggmium eftide) and/ort CGre
sol dﬁdhxdrﬁ%ﬁ{): 16. A nmethod according to O aim 13
further conprising: after formng the sol der |ayer,
heating the first and second | ayers to provide an

al | oy theégof. ]tg A method according to Caim16

wher ei n heat {raethed agoording torfdlaive 8 brdiereay tesondumpion &ayer
heat d¥@pid3e Chai (b d .58HR_Pd a tenperature
t hat dihg’pl ess t(h(z%eg)pngls(t ?‘%9’ %%?r%lgég{%o?%)' of at | east
one of the first and/or second |ayers. 18. A nethod

according,to0,Claim16 wherein heating.the first and

second Ia%/%éré ‘%%fﬁ%% f<8 I%Qtﬂﬂgl { mderoin farmingiths selderdayer

| ayedosnprize tenperature that is less than a nelting
temperature of one of the first and second | ayers and

great er thiatinga fiest ppriigntod theessollenitagernih at fiatinet Bagl inofudiddefirst and

firs cond. L ayers. .19.. A nmethod according to
d ai Str%f’@@d%@tzl%%ﬁnﬁta#e%ﬁgn?gﬁ&sﬁ%‘aﬁ% Qltagh and e AT oy Bpithe first
comyars@soh@akolder labh@ Hak b Sikst 30k REN ot BY Bi$ P%?ﬂ?‘élegaﬁ; and

temperature that is_less than a nelting tenpe
ei t her ofPletie  sacqrd portion e thadoldayleye:. in 21k platinpEbaiothcluding the

acc ' i rein heating.the first and

ccoand 1aetbrd e Aot R S0 e o ap S tent so tha
| ay eéhssdcondpbdrivner dtelsoklcahg¥Enas aBEdddNGnt i
the all o%{gigher of 'ngy'ﬁ X 1r?gt hod aaccor di rl%g&ft%gﬁ%ﬁgﬁhng{l%platmg

whe Bt Thigag CHiigoBeed netal | urgy | ayer
conprises: form ng an adhesion | ayer on the electronic
substrate; and form ng a conduction |ayer on the

adhesi on 25ayemethaderf éominhan eldétamiiodeicy eie th&thSEEMRRing:
the condycti.on |ayer ,and the el ectronic substrate, and
wher ei n {fwaﬂaa ﬁ%é'ﬁ% bumpseedmatalliey dayrd oaen stecirayie substrate;

conpri se feindih e b ERét sﬁm%lefakéj ot poftiors o'f%é%e?&%gﬁ géeHQnettgllurgy

Claim2 1 wherein the adhesi on [ayer conprise
layer so that the under bump seed metallurgy layer is between the first solder layer

and the electronic substrate wherein the first solder layer comprises a first metal;
forming a second solder layer on the first solder layer so that the first solder
layer is between the second solder layer and the under bump seed metallurgy layer
wherein the second solder layer comprises a second metal; and
heating the first and second solder layers to a temperature that is less than a
melting temperature of at least one of the first and second metals to provide an

alloy of the first and second metals wherein the alloy is lead free.

26. A method according to Claim 25 wherein the first metal comprises one

of silver or tin and wherein the second metal comprises the other of silver or tin.
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Ti (titanium), TiW(titaniumtungsten), TiN (titanium
nitride), and/or & (chromum. 23. A nethod according

W e00Gioadsn? 2 1 wherein the conduction | ayer conpCT/E8R08023041
(copper), Ag (silver), and/or Au (gold). 24. A nethod
according to Claim1 wherein form ng the sol der |ayer
COMPri $€5 57 Phhkied Aodokdifk (PChlh 98 vitferdifl e IR YRS second
in a plating bath includinhg first ang second-pl ating
met akelderdhyegs eorhprisss hpdtingitheyfivso itchgreomhshlder layery tonttemperature

that .the first portion of the solder r has a first
conc it Bardient R o ierRiseh e tan G Bros Raf pioand feglals.
a second portion of the solder layer in the plating

bath including the first and second plating netals
usi ng a sé¥oAdnghed agrgrding teaGleira 3@ Mbereiuheating tisofitshatd second

‘the second portion of the solder Jayer. h second

comc BRI BE sk be g B REE o e e BRI temperature
t hantiah® gréattthGONHE AN AéhpRatuADof the BB FdhOFirdt 9 dTEd38nd

an el ectronic device, the nmethod conpri'sing: formng

an uﬁ@tﬂls-bunp seed netal lurgy layer on an el ectronic
substrate; formng a first solder |ayer on portions of
the under bunp seed netallurgy |layer so that the under

bunp seed29reAahdthisdiyccbaligy tol Clake D Ie@BreitrhidgSthe Sigdt d8iter layer
| ayer and the electronic substrate wherein the first

sol deemPrEspe forapgh? layesofthe first mejad ead whersimionging the sesaud solder
sol d : J 1 so that the

fir s%§gﬂo%15%§?%éd %Z%rv\og gllﬁéj%%g%ﬂ(@ég%lﬁ d sol der | ayer

and the under bunp seed netallurgy |ayer wherein the

second so#(ge | ayer conprises a second netal; and

heating t ‘%‘i@%ﬁ‘_’éﬁﬁo tﬁo&%‘é‘l‘%%ir layers to a

tenper at UfyRerb@brhSiglBSfirst m&]erq%ﬂ:‘? Ic%h?rlgsets ?)'Ig?ﬁg ikt %)flder
con ta e

at |east one of the first and s s t8 provi
an alayeryasofg a platifg pagh inshulingthe fidst med s¢condietads md sing a first

alloy i.s lead free. .26. A method accardi to O .ai m25
aher Helits i Rer PAFS aRtie Qstigt Rebal §R S solet Gusr 1G5 Sin
and ydieéRidiioh BeiRemondetaBbal conpri ses the ot her of
silver or tin.27. A method according to Caim 25

wher ei n hebgreindorpiag the seconthepldes daystcaprites platipe te second

co mgo?%eﬁ%@%ﬁ%égﬂ}ehgﬁh{gisbﬁ tin&%ﬂﬁ%ﬁﬁ%ﬁ%ﬁﬁ s??gcr)nd Al Ina using a

to a ess
t enpeceddisleting vetiagbend/of plhivgs durfedt scihet the S BB 18yer has a

second concentration of the first metal different than the first concentration of the

first metal.

31. A method according to Claim 25 further comprising:

before forming the first and second solder layers, forming a plating mask
on the under bump seed metallurgy layer wherein portions of the under bump seed
metallurgy layer are exposed through the plating mask, wherein forming the first
solder layer comprises plating the first solder layer on the portions of the under
bump seed metallurgy layer exposed through the plating mask, and wherein
forming the second solder layer comprises plating the second solder layer on the

first solder layer.
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28. A nethod according to Caim27 wherein heating the
first and second sol der | ayers conprises heating the

wo poostoomnel second sol der |layers to a tenperat UPET/URBINS/023041
is greater than a nelting tenperature of the alloy of
the first and second netals. 29. A nethod according to
Claim25 wherein formng the first sol der |ayer
conprises formng a layer of the first netal and
wher ei n f 82.nAngethobacsentingltosGlathe 81 aster camppsinges

formng a, layer of the.second nefal 0. A pethod
accor d |g n gb?fgy eCﬁb gf”rlﬁgége ﬁWﬁ %?C_E?eﬁ%%ﬁﬁﬁﬁ Saﬁeﬁse Pifipg g copper layer on
sol dihe Podtiis of HERMdEESurR el 'ﬁgztilhﬁg}ff laf&r exigé %ro'ug% #le plating

using a plating bath including the fifst seco
net almaskaaad pkifing a aidke} lsyeryinahe poppeolayem thatdhecopper layer is

pl at{ rent t,. £ he first solder, ]ayer has

Fi 7oAt e PR b et i P mealibdrapenn Dt he
f or miokeltlier sctwonetnsbt dest sblayah &Q_H@EHQ%? &118Fer N dtB®hat the
secopd sol der | ayer using the p?atlng ba R i ncludi ng

t he T35t saldeggdayes chshvesndtha pesond solder layer and éhearickeplager. ng
vol tage and/or plating current so that the second
sol der layer has a second concentration of the first

metal di f3%r&mtethdioaecodding toraine 2N GABeAtht BRst Afetd] RBmprises tin
first nEt al . é&l. A nmet hod accordi nt%eto Claim 25

f ur t Fdrthe 8reaRd Bicty comBrssE 8y y bismyth Aepper iedivmnentimony, gold,
secopd/sokfder layers, formng a plating mask on the

under bunp seed netal lurgy | ayer wherein portions of

t he under bunp seed netal lurgy |ayer are exposed

th h t | at.i K, ein f ] the first
Sol dor | er A EBCERTHIEY (G D Forb it he e gt P f tn in

on ttheaRsy &f B ErPhnd HRoKD
| ayer g][)l()%f)sed tﬁr ough ? heglglfaéﬂé:%eaﬁ%?%? n%’hgﬂ éﬁ‘é’%}ﬁ&’ eroent.

form ng the second sol der | ayer conprises plating the

second s el | r on,the first.so]der ]ayer.32. A
met hod a?csg r/%I i g%? oacfﬂrgﬁnﬁl%% alﬂﬁ‘?dé‘?re@cfj ipg hggpnder bump seed

bef ah&alhatyidyer édigprides:st and second sol der | ayers,

plating a copper |ayer on the portions of the under

bunp seedomaingpp adlpsiondgyar oasthroeleatraniy sibgiete;radpl at i ng

mask, an at i ' r.on.the copper. | ayer .

so that ?fﬁlgﬁlgg Sggrrlﬁcgglg r!ﬁ%]lers J)r?%ﬁ% adﬁesmnhlayer, RR&ein tﬁg aéhesmn
layer is between the conduction layer and the electronic substrate, and wherein the

adhesion layer and the conduction layer comprise different materials.

36. A method according to Claim 35 wherein the adhesion layer comprises
Ti (titanium), TiW (titanium-tungsten), TiN (titanium nitride), and/or Cr

(chromium).

37. A method according to Claim 35 wherein the conduction layer

comprises Cu (copper), Ag (silver), and/or Au (gold).

38. A method of forming an electronic device, the method comprising:

forming an under bump seed metallurgy layer on an electronic substrate;
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bet ween the nickel layer and the under bunp seed
metal lurgy |ayer, so that the nickel |ayer is between
wo b@efo4sse sol der | ayer and the copper |ayer, BPETUS05/023041
that the first solder layer is between the second
sol der layer and the nickel layer. 33. A nethod

accordi ng pfaﬁngjaeﬂggﬁ sgﬁemgélﬁdgfbﬁ%r?grrsfdfrtﬁé uitel %llmp lseeéirmetalitugy

conprises'tin and the se conprises s
bi srriayky usegppelating bathiingluding firsayd segohd platinghetalgardusing a first

34. th accqrdi to Caim33 wherein the weight

per c@ﬁgﬁ%?’ o8y E'inﬁ; o Hg%ﬁg CeRg 0 flﬁ‘é?[}%ei f%éft sojdeg layer pasc first
et absnceftr@i@aIehe Hifk aﬁﬁ?ﬂl@ta%%nwe! ght percent. 35. A
met hod according to alm 25 wherein form ng the under

bunp seedplatingkisesoyyt sbldyelayeremghe Sess solflerlayergsiag the plating bath
adhesj .l ayer. gn the el ect.roni c _substrate; an .

£ or s ipEBE e Pnd oo 8g BFEBR mefolS Hihisain soc@plating voltage
wher gidlort p1&iREAR NP8 thavtBE sdcdnd %M@ﬁﬁ‘y%@%ﬁﬁ Qadug %glgﬁgntration of

| ayer and the electronic substrate, an erein
adhe8iedhst pgting metal differeobihan teifost doayentrationpf thedirst plating
di ff et materials. 36. A nethod according to Claim
35 erein the adhesion layer conprises Ti (titanium,
TiW(titaniumtungsten), TiN (titaniumnitride),

and/or C_(chromum. 37. A nmethod according to Caim

35 wher ei 37t Aanetberdidaeerding todylaim 8% huthies eemmisivgopper ) ,

Ag (silve 3 nmet hod. of, fermn

an el ect r%f)r(ﬁrg ?%g{\%ﬁféee,l %%gpgﬁg%lhdoséﬁ%%%%efss Fﬁagl.ngfﬂ&er ﬁﬁsﬂ%‘ldgsecond
an usulésr liyerptoseethpemtiad that 3 Yess dlyera @BltAR tehREsthRNfGt least one
subsqt)ﬁgt ?; pl ati ng first solder |ayer on portions of

t he & lr%ﬂ‘ﬁé)sgcgé mealslo P jge pidgast padiphgangetbe figst and
bat hsécGﬁdéHi&é}Q%}feHSt and second plating netals and

using a first plating voltage and/or plating current

so that the first solder layer has a first

concentrajion of, the first at i tal; and plating., .
a second éqal %él}etﬁug{;aecpoqgl}pgttﬁ glwm gsgwgg‘leH’eﬁhe %é%F Srety) sprgrises tin,
t he gpldabhdanRaidghtpeldédi o¥did Bqnd inﬁ}ﬁﬁre%esﬁl%fﬁﬁl second solder
plating nmetals and using a second plating voltage
and/leyerplissgreater tham pleawt 93 weidhaperctrs. second sol der | ayer

has a second concentration of the first plating netal
different than the first concentration of the first

pl ating 41. A method according to Claim 38 wherein the first metal comprises tin
and wherein the second metal comprises silver, bismuth, copper, indium,

antimony, gold, and/or zinc.

42. A method according to Claim 38 wherein the first solder layer has a
third concentration of the second metal and the second solder layer has a fourth
concentration of the second metal, and wherein the third and fourth concentrations

are different.

43. A method according to Claim 42 wherein the first concentration is
greater than the second concentration, and wherein the fourth concentration is

greater than the third concentration.

31



metal. 39. A nethod according to Claim 38 further
conprising: after plating the first and second sol der
wo ayensisoheat i ng the first and second sol der | BEBUS2008023041

a tenperature that is less than a nelting tenperature

of at |east one of the first and second netals to

provide at |least partial mxing of the first and

second sol der layers. 40. A nethod according to Caim

39 wher ei 4.t Aendthodaccneting todtiainr 8% Bathiel compridngher ei n

i ght t.of t t he f the f t
na secontFTe it BRS apd segouialdohisues. Speiine ogiating mask on
vei ok uRsrTRRip seé&meﬁall‘ﬁ?éﬁgger%?é'ﬂ 8910519 oﬂﬁ%'ﬁh%nggo seed

wherein the first netal ri ses n and rern
S ec omdtaﬂengallam At dxpesedghiougln thelyilatingthaskc ohein plating the first

ndi u non nd/ or n 42. A neth
b cott i B3 eh SR isee Bl tine SRl Tk Favee oh EHgBs Of B apder bump
has el HefAlueONaost ﬁbée@@}n@ﬁgﬁ 18 pbf %"iﬁasﬁeélﬁf Wﬁé}?l Eprfl;b‘?ing the
second sol der layer has a fourth con€entration o
s ec offeontetodder layier conptisss platihg thetsiecahdasolilel dayet bn the first solder

ff t th di
o P R BT S P PO SR S0 e e
t harbunfiesesd estdhegpreat rati on, and wherein the fourth

concentration is greater than the third
concentrati on 44. A nmet hod according to Caim 38

further ) e. f|rs1 and
second sol ayerscgsl ogﬁ?ﬁgﬁa‘%ﬁf MRS 't he

under bu rm:f(&e @ihtimgttiad fitst gid el soldee ﬂa@rlef}; pRfihg 806pRE layer on
t he under unp seed netal | ur are exposed

t hr ROGH ﬂpﬂ rden gupp sged w%ﬁl@lg%m@xmg ed theoueh thy plating
sol qﬁéskl Qﬁ/@ﬁl fdcﬁﬁz e}%&%'ﬂ{ég:oégg lfﬁﬂé%ﬁf) lt}‘f‘a(? ltlgee{ogbgﬁgyer is

on portions o e un
ex pdsteeenithonigkeltieer Iahéthengderdﬁjnw,p seied nvdtdhegynlapeadnd g that the

Sor dee] Byer S i tonn 4 st S b B OBPEIET o

first solder layer is between the second sol der | ayer
and the under bunp seed netallurgy |ayer. 45. A nethod
accor di ngtot o\ Tettiohagdorflimg ttdy @i{almcﬁ%pwﬁl@ﬁmghe first and second solder

layers are lead free.

47. An electronic device comprising:

an electronic substrate;

an under bump seed metallurgy layer on the electronic substrate;

a nickel layer on the under bump seed metallurgy layer so that the under
bump seed metallurgy layer is between the nickel layer and the electronic
substrate, wherein portions of the under bump seed metallurgy layer are free of the
nickel layer; and

a lead free solder layer on the nickel layer so that the nickel layer is

between the solder layer and and the under bump seed metallurgy layer.
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before plating the first and second sol der |ayers,

pl ating a copper |layer on portions of the under bunp
waewd/oossval | urgy | ayer exposed through the pl aPCTgS2005/023041

mask, and plating a nickel |layer on the copper |ayer

so that the copper |ayer is between the nickel |ayer

and the uH!&ieAnh:lms’poﬁieelévﬁeh@dokdiﬁgib dlﬁi/rﬁm%l?}férﬁﬁﬂ the¥abkel Tayer
is between the Tirst solder layer and

t he pi ckel .| ayer

t he g%ﬁ?pfg*ckp%%é? theggngetappHolumdoverdnater) to abbai TBS
wher gh R dnhiger)i rSt and second sol der |ayers are |ead
free. 47. An"el ectronic device conprising: an

el ectroni c substrate; an under bunp seed netall urgy
| ayer on ﬁie elggtrqnic,substrate; a nickel layer on

the under*buip CEEERNIREEHRT Bicgyiingiperlai 48 mdeerdimtheundet layer
bunhaeediciRdsaid te QXnngac}f{aaBoﬁtsl ﬁ{g\r’@ﬁ&o}n@%{ﬂg%ggtf % ﬁ%g '

and the el ectronic substrate, npo
unde{mibromstgred netal lurgy |ayer are free of the
ni ckel layer; and a |lead free solder |ayer on the

ni ckel layer so that the nickel layer is between the

sol der | ageramBecReHc b -%H% allurgy.

| ayer. 48. An el ectroni %@%éé%bgglgl ccorlgﬁ?%%?ﬁ%ng'

wher ei n taeopierciepdr dndhie nndeabumptshédiusaiisrgynajdieo BANER under
of t mm, (i cronet.er) to gbout 5 mm (m croneter).

49. qﬁ‘gﬁi’eﬁeé% P}%ﬁﬂ&gyd@weé E’%F&"GS‘P ﬂ\e@ppq; lgyesppd the elgseppicn

the sabsietd, iaysh phdnof Mk ekEHand o

1.5 nn1(nicronetgr)_?ooabout 5%ﬁﬁg?ﬁ%g?g%@@%ﬁ?ﬁ%ggp%ﬁéeofﬂw
el ecOPRFileycacyidvehesein dhedtopgertlayedlivbatwadh thanhtierbump seed

co LS Ng. r.on the under bu seed
ne?gf#%%g F‘§€¥R§§5Pk§¥ﬁ€ﬁ%-under bunp segg

nmetal lurgy |ayer is between the copper |ayer and the

el ectroni q substrate, wherein portions of the under

bunp s eed Mt EGHHoRe deajssiaceqrding te €laim I0nehereipghe copper layer
| ay ks » adMEr ki, er i.s.between the

under bunp seé%gnet%@?5§8§8ﬁ2§g§%§ﬁﬁa?%e ni ckel | ayer.

51. An el ectronic device according to Caimb50 wherein

the co l.ayer . .
PRSh. Anye(?ectromc device according to Claim 51 wherein the nickel layer

has a thickness in the range of about 1.5 um (micrometer) to about 5 pym

(micrometer).

53. An electronic device according to Claim 47 wherein the solder layer

comprises a lead-free solder.

54. An electronic device according to Claim 47 wherein the solder layer

comprises tin and at least one of silver, bismuth, copper, indium, antimony, gold,

and/or zinc.

55. An electronic device according to Claim 54 wherein a weight percent

of tin in the solder layer is greater than about 95 weight percent.
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has a thickness greater than about 5 nm (m croneter).

52. An electronic device according to Cdaim5 1
wob@co0480¢ he ni ckel | ayer has a thickness in tPET/DSg®023041

of about 1.5 mm (microneter) to about 5 nm

(mcrometer). 53. An electronic device according to

G ai m47 yhenaielectrbeic g@evidehedofdifs tCORRA U3 Sshefein the solder layer

| ead-free solder. 54, An el ectronic device according

to CPUNPRISEY 2 ke dasien of e arda srsond tayer ofsdlvpr, bisasith, icoppendndium,

at | f .S bi smut h, copper, indium

ant i g‘n@%"%%ﬁ’@’ a‘%ﬁ%@?@'zi nc. 55. An electronic device

according to Caimb54 wherein a weight percent of tin

in the so é}ler Igyer s greater_ than about 95 wei ght

per cent . 58/- AR CEFERIF aYiee eordies tacClaine s hyyhereiCihaifirstdayer is

whergitRed d®e SUAE faveR ' a first layer of

tin ancea sgcor?g Fgfeﬁ?gg{@\%fel?l,?&bi snmut h, copper,

i ndium antinony, gold, and/or zinc. 57. An electronic

devi ce acgprdi to.Clai.m56 wherein the first |ayer

i s bet vveeffgc') t‘g‘é g@g&%ﬁl devisregccanding e laine k@ hewirethe B layer of

AN el il Qdrah ARG REERACHE ' erein the

first Iag;r/er of ti‘r? IS gr%g%r%rﬁgﬁﬁggg@msggw\’/\ei ght

percent of the sol der |ayer.
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