METHODS OF FORM NG LEAD FREE SOLDER BUWPS AND RELATED STRUCTURES RELATED
APPLI CTI ON [ 0001] The present application clains the benefit of priority as
a Continuation-In-Part application fromU.S. Patent Application Serial No.
10/ 601,938 filed on June 23, 2003, which clainms the benefit of priority
fromU. S. Provisional Patent Application No. 60/391,511 filed on June 25,
2002. The disclosures of U S. Patent Application No. 10/601,938 and U. S.
Provi sional Patent Application No. 60/391,511 are hereby incorporated
herein in their entirety by reference. The present application also clains
the benefit of priority fromU. S. Provisional Application No. 60/584, 016
filed on June 30, 2004, the disclosure of which is hereby incorporated
herein in its entirety by reference BACKGROQUND [ 0002] For relatively high
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BACKGROUND

[0002]  Forrelatively high pin-counts and/or relatively high
performance SoCs (System-On-Chips),‘solder bumping on 300mm-wafers is
moving from a development phase to a high-volume production phase. At the
same time, laws are being enacted to prohibit 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,

f0003]  In the 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 2um 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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melting tenperature of 227 C, determ ned using a single peak of DSC
analysis. For a 2m Ag/ Cu/50m Sn el ectropl ated stack, as the Cu thickness
increases from Omto 0.8m the single peak tenperature may decrease to 222
T. According to the Ezawa reference, nmetal stacks forned by nulti-step

el ectropl ating can be successfully transformed to sol der alloys by refl ow
anneal i ng. The disclosure of the Esawa reference is hereby incorporated
herein in its entirety by reference SUMVARY [ 0004] According to sone

enbodi nent s of the ent |nv nmet.hod of., f rm n ctronr C
devi ce may i ncl udlele mrPe a‘élﬁe gﬁ%ﬁfmé egélsmﬁﬁtsg‘lg L?Fﬂ‘y aye?nagyr? an

el ectronic SUbStl’Bdr%ZpAlAgﬂﬂﬁﬁO inasfﬁalectfamataesfhar aeﬂlemtmh@esstﬁdease@ﬂaiﬁ seed
nmetal lurgy |ayer so that the under bunp seed netall urg ?l ayer is between
?

the nickel |ayer %t hermtbesingppeakdempraursticanayLegrepsrit 2o < ohocerlingAder
bunp seed netal | %QEZAWI%ferJﬁ%/ n%?iifstra@& f&fmehftﬁa:ﬁurg%’c%kor rm Y&fiatinflchbe f OF M ng

the nickel |ayer, free der layer on 't he nickel
| ayer so that the5u0¢ﬂ5$fk}é§r trmeioemedt@sblémwélems bsh@ﬂg‘erladmalmeyﬁre dagetbstdee@t under

bunp seed et al | g 0% A¥Ekecned HB00) L Qe AGERARE 1 BGL THY AR Lor med on

t he under bunp seed ne ur gy ore or mi ng ayer so
that the under bunp seed netal |l urgy Iayer is between the copper |ayer and

the el ectronic substrate, and so that t?@ | ayer i s between the
ni ckel |ayer and the under bunp seed ne WI ayer. In addition,
portions of the under [booap Se&ﬁorﬁﬁﬁgad» bdﬂﬂ@lnﬂoﬂﬁﬂént%}th&}&eﬁ‘ehﬁﬁv@hoﬁhe copper

| ayer. [0005] In ad tin rnmed on the under bunp
seed netal | urgy & ?fftfgn’@rl%ggb g‘{éﬁ C‘é@ﬂ%%ﬁtdﬁg‘eﬁm%’i‘dmﬂ%r BEEDf t he

under bunp seed m@ial kG ohaY leci@yc ﬁ%st@é@%%k&lhéﬁyﬂﬁ%béﬁ)rﬁb@bhﬂﬁ mask.
Accordi ngly, the cqopper |layer may be formed by plating the copper | ayer on

the portions of "BAE méﬁedo@?rﬁll%‘ébyweawmcgvdrrm sesdgBialrreniesEigh t he

plating mask, th;r“emFHeﬁlﬂi%:'méléb’ﬁ{lerWth'@%le@%zﬁ@%b@ﬁfat@'aﬁH b&aotmtﬁe Glee} | ayer
on the copper layer, and the sol der |ayer may formed by plating the

sol der |ayer on thaEpspekestallyraylsyer madeiearr fy m@@kla}my Aftrelorpagitadoved
LS, om0 | 0T . 0l d RS R
ntckel Iayer is between the solder layer and the under bump seed metallurgy layer.
In addition, a copper layer may be formed on the under bump seed metallurgy
layer before forming the nickel layer so that the under bump seed metallurgy layer
is between the copper layer and the electronic substrate, and so that the copper
layer is between the nickel layer and the under bump seed metallurgy layer. In
addition, portions of the under bump seed metallurgy layer masr be free of the
copper layer.

[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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| ayers may be renoved after renoving the plating mask. 2 [0006] The nickel

| ayer nmay have a thickness in, the range of about I pm (mcroneter) to
about 5 pm (mcronmeter), and nore particularly, in the range of about 1.5
um (mcroneter) to about 5 pm (mcroneter), and the copper |ayer may have
a thickness greater than about 5 um (mcroneter). In addition, the sol der

| ayer may conprise a | ead-free solder |ayer, for exanple, including tin and
at |east one of silver, bismuth, copper, indium antinony, gold, and/or

zinc, and a veight  Deremel OFHbhRiNafhfae? ShASKIRLDR B SaLEr bRy about

95 wei ght percent. Myre particularly, wel ght percent

sol der layer may b&" (RCEHEIGRIRGEOWS 12h GuicrongTerwendmorqertoehitly Antheabnet  99. 5
wei ght percent. [ Q@Q¥du: FanH: RYict lza nmay Jncl ude form a first
layer of tin and for i ng ﬂ;?lsﬂglgo&n%t%g%%r%%fs %ﬂ%/uer, %?rg%¥ﬁe C%pé’ﬁf)fé%gefr

i ndi um anti nony, w1hgve a thigkbess erdatrr thaambout et {nistondetey)e rn aRditidie teqbMEEN

oreater than about g a e Rt s eaHespiafEer 57 brapites psitingsiand & e
particularly, the oh¢pStlverayiemuti cdpper, imjunt) @ntifody) gold padeor ©fnc 2R Wbweidh?

wei ght percent an ut...99. 5 wei.ght percent of the solder |ayer, and the
first and second%Frggngro gtlﬁgyriﬁ\éﬁﬂ%ﬂ. SEFafsF &Wééo‘ﬁﬁs ety peerdt-ddpreaf t er
forning the sol derticaydy, a Wgte ppREdtiothh Arthy sold8 dykbad Beinfthd Shotdbnegcond
| ayers may i ncl ud@ P@I{%{ln the first and second l'ayers to a tenperature
that is |ess than A" ?%gent%?&él’“a%tﬁr‘@mémpﬁﬁémfi rst and/or second |ayers.

In an alternative, heafoon t heoddifisSthe 868k 1 : c ' aeat i ng
the first and secon ?ng?s to ra th%trT}:)Sgr atrqar%gp{ﬁﬁg%dc@ég?@slﬂggyat%%ﬁg%gﬁ%ﬁi ng
t enperature of on@*PPIRREaseqost layer efevmndbismytbr copperdindien egimonyhgmd,a

mel ting tenper at UkRyQhidgaChifst Bledy Btk looR iheEEAN G| RYEN B, ity AnOt her
d”sec ng e y I nclude he

; . b
alternative, heating the first and"s l'ayers ma ating the

first and second@ydydpe fizslarer efiifpenat teraeatdraianiaboltdSsveigiaperacnef thieng
omper ature of herar 19y ChaF gok-y g8 ARERNA o Y Bl vP ot e RGEE nE Bl
burp seed netal | u?bWEiglﬁw@rcenw_d abowg |99 develigitt perognt anthadblasi Jayer) aay ee ot t he
such ¢ hat t he adnasr s ByeR il el R iigee Al Plectiner Bulip B O 1 V"
solder layer. More particularly, heating the first and second layers may include
heating the first and second layers to a temperature that is less than a melting
temperature of the first and/or second layers. In an alternative, heating the first and
second Jayers may include heating the first and second layers to a temperature that
1s less than a melting temperature of one of the first or second layers and greater
than a melting temperature of the other of the first or second layers. In another
alternative, heating the first and second layers may include heating the first and
second layers to a temperature that is less than a melting temperature 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 (titaniun), TIW (titanium-tungsten), TiN (titanium nitride), and/or Cr



conduction | ayer and the el ectronic substrate. Mreover, the adhesion |ayer
and the conduction layer may include different materials. The adhesion

| ayer may include Ti (titanium), TiW(titaniumtungsten), TiN (titanium
nitride), and/or C 3 (chromum, and the conduction |ayer may include Cu
(copper), Ag (silver), and/or An (gold). [0009] In an alternative, formng
the solder |ayer may include plating first and second portions of the

sol der layer using a sane plating bath including first and second plating

metals. The first, portiaon aof. the sol der |ayer b | at ed . &Nt | ati ng
bath using a fir s(fﬁﬁwlalin? ng ?T%&%Ct‘éi’ﬁg‘?y m%wfl?@ﬁ%c% gcogﬁeéi’%tgn(%h‘%ﬂf %fed/(g
portion of the sohggpldhayer has a first concentration of the first plating
netal. The second portion of the sol der IayetE] r@q li)e Pl at ed, i,n t@g%pl ating
bath using a second %P1 ng & fliseating drarnects SULR 19T PRRICP AR PEER% n g
portion of the soigdend RV pdiBsnsdf 126RBAFRNGIBH b kahd Slatikd batthachilibgt
plating netal different than the first concentratjon. 0{0010] Accordipg to

sone addi tional éibead reprdplating mesls Shelfist Pairpetitol o5 layer P Oa®Sr ni ng
an el ectronic dew) o8 e bR o 0% Bl AlabBlefo: QUER o5 @Rtk | Ur 0y

| ayer on an el ectronic stbstrat rst solfder layer including a first
nmetal may be for medicomf heseidonisyahas hlirsteresntisiiorpoidhefirst plating efplgybPayer so

that the under b I i 3 . LIS r
| ayer and the of dpBRRaolEh e sulidta Pl bl BbE kR B BE LI hihe o SHAS
second netal mayldieg frdtage dndior dulvent sorist tleckabad pbriipe of the sbidat layenbagd r st

sol der layer is _between the segpn ol der | e an h . seed
metal lurgy | ayer € COWCF?%ﬁoﬁﬁg&?g%%ﬁ%gg%fn(%@/g 3§/ere1€tgglﬁgl§¥?ﬂgén%e 1é)ar?it ed to
a tenperature that is[doegs tRacordiagmEicniengditienpembbdinensfof thegrdsentst and/ or
second netals to.provide an all of the first.and second.netals. [0011]
The T ot metal ARG F BiHpog A SIS T REIBH BFHSE HRaRENG: CORBRG ReTal may
i nclude the othemuph ssddv@4lh@gy fabdt-onMaeRcPAiE sbbtras.| X firdtheldéd lagt sol der

| ayer may be a layer of _tin, and the second sol der |ayer may be a |ayer of
silver. Moreover S5 fistReak ke fgﬁﬁle%%’c@ﬁ"émé‘@%ﬁ’éﬁm ShPure Sﬁ"efﬁ i ncl ude

heating the fir Stmeta?iﬂ%y%%%? BOi180hE Bhdek B8P Secki Srctal fuBF By Rt bcBwidhake st | ess
than a nelting tenperature of . ,

solder layer and the electronic substrate. A second solder layer including a second

metal may be formed on the first solder layer so that the first solder layer is

between the second solder layer and the under bump seed metallurgy layer. The

first and second solder layers may then be heated to a temperature that is Jess than

a melting temperature of the first and/or second metals to provide an alloy of the

first and second metals.

[0011]  The first metal may include one of silver or tin, and the second
metal may include the other of silver or tin. More particularly, the first solder layer
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 ternperature 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.

[0612] In an 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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either of the first and second netals and that is greater than a nelting
tenperature of the alloy of the first and second netals. Formng the first
sol der layer may include formng a |ayer of the first nmetal, and form ng
the second solder layer may include formng a |ayer of the second netal.
[0012] In an alternative, the first and second sol der |layers may be forned
using a sane plating bath including the first and second netals. 4
Accordingly, formng the first solder |layer may include plating the first

sol der | ayer usingcbhs i I i | af age
and/ or plating curr gnt ) ggéﬁ)%]lﬁglt% t{?ﬁgﬂ%&?@%{ }ég%r{]%éﬁ n%lgéliélatﬁlggﬁ%ﬁgtl S}régdte}
concentration of t¢48r psinecthe plating batlSimdiustug layfirst platingivoltpet bed/sadaing caotder

| ayer may includegp i . SQ r| I usi.n t he .plLat.i bat h
and using a second g%gith?%ést[ %?%gﬁg%ﬁé%g%ﬁ?cgg%%&n@ Fhreg.’rﬁt ’%‘%‘ﬂt hg?dagg’he
second sol der | ayé&mirssthassesboticc Byeendyriatimdrplatingtihesebondsdoldeelagdr wding f er ent

than the first c ion.of. the first.netal. 13] .In addition, a

pl ati ng mask may g{eé%?%%ﬂhggthgﬂd P %W&%?J%@fﬂg V°§%%¢&518rg’f aﬂafl%ﬁ« Hreprtspdhathef or e
form ng the firstthaneconésdid Iset dera seeyndicsnceandionR@ e RRS&4] difi@cdngEgr bunp
seed netal lurgy | may be expased. t hrough the plating mask.
Accordingly, for mﬁ%régfr?tﬁglycfwaé’toné’gﬁ‘&gﬁm r may include plating the first
sol der layer on the popdizns m@fadiien, rng%@z@mtaﬁgéfmwbﬁ%%d&%m

exposed through thgms%@ti ngf mask, and form ng e second sol der layer may
include plating tH B%d 1ay6T brdbrertorping A frshend sacend soblevlayersapdr . I n

addi tion, a coppeporibeit tHERMdSRSump! BEBHctQir {f}%iyf}ﬁgéﬂ n‘%g%pg%gt&ggu nger bunp

seed netal lurgy | ayer exEosed t‘hrou%gv_ t he ore formng the
first and second RPereskapesasdinglyy o thefirsirolieelaytrayarinclage Petirzahared on
the copper |ayer fef@i®: 20608 dsldf Ol der . Lavers.
Accordingly, the copper ' Iag;:er maé‘ﬂg% s&f?ﬁ v?/elglﬁgtb%g‘l ns’leig:i%él?tg*l%rgt‘é%ayglynegposteﬁe
under bunp seed riBtoaEl theglatinayask, andérmingkhd sebanderoldeniaybanbehvieénplathe fir st

between the  socdnd SarpRrer B ERR NG laves 1 SRR BT MR e
al l oy of the firgtateheh heporidnyeithd sndenlyurbesded attalliifgayeFetpoexfiugs t he
first metal may itﬂgﬁlgﬂ% r%ésﬂ 13 oge f'orllx%in,sget\ﬁeo 11%12 a{;rﬁtsgc!ongggider layers, Moreover, a
nickel layer may be formed on the copper layer before forming the first and second
solder layers. Accordingly, the copper layer may be between the nickel layer and
the under bump seed metallurgy layer, the nickel layer may be between the first
solder layer and the copper layer, and the first solder layer may be between the
second solder layer and the nickel layer.
[0014]  Moreover, the alloy of the first and second metals may be Jead
free. For example, the first metal may include tin and the second metal may
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]  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. 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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i nclude silver, bismuth, copper, indium antinony, gold, and/or zinc, and a
wei ght percent of tin in the solder may be greater than about 95 wei ght
percent. More particularly, a weight percent of tin in the alloy of the
first and second netals may be in the range of about 97 wei ght percent to
about 99.5 weight percent. [0015] In addition, form ng the under bunp seed
nmetal lurgy layer may include form ng an adhesion |ayer on the electronic
substrate, and formng a conduction |ayer on the adhesion |ayer. The

adhesion | ayer ma s .can Lon | ayer and.the el ectronic
substrate, and thga}%gﬁgglmgﬁﬁP%Qﬁanén ’?ﬁgtﬁugg‘ﬁﬁ%ﬁ%ﬁﬂﬂﬁﬁz tmﬁﬁ?qtﬂ‘gq)ude

di fferent nateri alasd/oMSr @hparitm); ehdihé yondudtivndsllee siap hchidk aygtoppdy, Agicl ude Ti
(titanium, TiW(t]: i ngst.en), TiN (titaniumnitride), and/or Cr
(chromum, and t éelﬂfg@h%g%o%%l g?@&'/er may include Cu (copper), Ag (silver),
and/ or An (gold). [00161016ccordioiding @ BerendIPEabaIRedl AL Bre®int fh@tiBhesent
invention, a nethod of. f.arm.ng an el ectronic device may include form ng an
under bunp seed ﬁﬁeéﬁlqdlﬂfgw cleshroup, desicsanonrladefppaing sn endes hamp peedt  and

second sol der | ayefetalliBy layee ophdéiedrodi i sHthtBteSAHATIR Al kOQ @Qﬂ&r'l%&l lﬁgiyng
first and second pl a][@' g% metals. More Blartl cularly, the S rst sol der | ayer
may be plated on B%P fegHEng f suprlatngdiath ipelading Bt andbteadndyiadinglmeyeds:  usi ng

the plating bath Bige psiiearsy, el sOh@ll g, current
so that the first soliéllfiéI Ia%er “has Sa_fi r}]s%?m\cégh%g%%ﬁlé) iggéln%%?&ttﬁée I rst

pl ating metal . ThEWEReSHEedeRylaenyres thaylabas pith redusing 4 fist flatingtvoBadeder

| ayer using the glad iﬂp‘gin abe i d pl atd vol t age d/ or
pl ati ng current so trhat ?he ggg%%gﬁg%ﬁﬁg?&%g%grgr aggﬂéggg%cgﬂtag%8ﬁ§§ﬁtrati on
of the first pl atisgplagteanetaldiThe escond sdldeateybheay be slited onaemirstabidariagé t he

120 P 28115, ot 00 o 0 08, 0L SRR S
that is |ess thartha thesccomipoldeehperhas us@omt cdnbentfatins bf @O dDPlasREAAE Met al s
Lo, Provile 2t |l B ke L1yt et i A0 scpond o dr | avers
the mixture of the fir[8817and AfespnRnsOkdedt ah@WRHS] $¥er RO ers W8 BELAndt han
about 95 wei ght psgéo%%ggfderl\{g;eer}s g; E)el ﬁelé!te rtcl) X%en%)e\r/g&r% ?I:Eat Pseifgscs %ﬁlz;n aon];eltgrign '

temperature of the first and/or second metals to provide at least partial mixing of

the first and second solder layers. For example, the first metal may be tin, and a

weight percent of tin in the mixture of the first and second solder layers may be

greater than about 95 weight percent. More particularly, a weight percent of tin in

the mixture of the first and second solder layers may be in the range of about 97

weight percent to about 99.5 weight percent. Moreover, the first metal may

include tin, and the second metal may include silver, bismuth, copper, indium,

antimony, gold, and/or zine.

[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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the m xture of the first and second sol der |ayers nmay be in the range of
about 97 weight percent to about 99.5 wei ght percent. Mreover, the first
nmetal may include tin, and the second nmetal may include silver, bisnuth,
copper, indium antinony, gold, and/or zinc. [0018] The first sol der |ayer
may have a third concentration of the second netal, the second sol der

| ayer may have a fourth concentration of the second netal, and the third
and fourth concentrations may be different. Mdre particularly, the first

concentration may Regqgr : & Qncentration, . and.the fourth
concentration may be gr@%@%ng%yﬁgﬁnéﬁe fi }'ﬁ?g‘ﬂ&ieégaﬁ Shat gltcfugﬁPlaFWg@@fmf n
addi tion, a pl ati ngldeabizermmpoliéont of the dnden biuhe seed cetal Diyiaycs egdssah@ubiur gy

o the under bump Soe e bBlss SEons s h e B bnd P as et o ng 6
mask. Accor di ngly, sopleatayergpntthefifst sodder BObrl@id thagt soley ldyaehaes: tRbadeh g t he

first solder |ayer o rtions th nder hunp seed netal |l urgy_ | ayer
exposed t hrough ~tHEHI° Fﬁ@ym‘iﬂh"’ blfl%f :EJ’H‘&P £¢7d nastalbey lagirg BPfOFed§@¥58

i ncl ude plating t hrstsadeadnd &Qﬂﬁ@dyeis@é/&fpp&rla)te@%a?ibé%Iate%cﬁn%ﬁioln@b{ﬁfle and the

first solder |ayer be beatg\gefgﬂ the second solder |ayer and the under

bunp seed netal | ur"ﬁ‘ggl‘ﬁ’é@}'@rs?e piar e laer spose groyghythe plaiing meskomd agidikder

| ayers, a copper ligeemaiey shBedRphihed 't ; seed
Srosit hrouch norRr LBRL ARy P el PRy

metal lurgy | ayer expose rough the plating na er may
be plated on the d5pfFer theaycke! layes @pd te ngdey bumnh seedopgigiurtaipper, andyheyeckel

bet ween the ni ckelia}lgg%gf b@ggwgglech?ﬁg%d&yﬁgﬁ&lﬁ%&ggﬁ)ﬁ%ﬁgr Y1 ALy ind t he

ni ckel layer may b ween the first so e copper’ Tayer.
In addition, the firsipsd seaprfl sédeotders olaglée 1dadee.s may be | ead free. [0020]

According to yet nore [ th resent..inyention, an el.ectronic
devi ce may include an gjlwggfr g%ﬁ@%&g@ g%}fegfrg’rea Ong?f%S@ﬁ%hWﬁ%ngﬁgﬁmn’ an
netal | urgy |ayer eltctrinic ddvisetmonindudastacatsic subsithte kad ad @er buigysebe

provided en e, s YR, SRS ABLH Mol 1Sl SA.L0aL e Uner pue
substrate, and pomtdeohsmpfeetingetalegrlayedh sshaste dndBR bahb Wedmdtaesy IFRY ibe
free of the nic kelaetlavg the mjcﬂel?a(?y%ir glj.tdotgé elgctlo?l?cdsufbgtf}a?e, and portions of the under
bump seed metallurgy layer may be free of the nickel layer. In addition, a lead free
solder layer may be provided on the nickel layer so that the nickel layer is between
the solder layer and the under bump seed metallurgy layer. In addition, a copper
layer may be on the under bump seed metallurgy layer before forming the nickel
layer so that the under bump seed metallurgy layer is between the copper layer and
the electronic substrate, and so that the copper layer is between the nickel layer and
the under bump seed metallurgy layer. Moreover, portions of the under bump seed
metallurgy layer may be free of the copper layer.
[0021]  The nickel layer may have a thickness in the range of about 1
nm {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 Jeast 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



sol der | ayer may be provided on the nickel |ayer so that the nickel |ayer
is between the solder layer and the under bunp seed netallurgy layer. In
addition, a copper |ayer may be on the under bunp seed netallurgy |ayer
before form ng the nickel |ayer so that the under bunp seed netall urgy

| ayer is between the copper |ayer and the electronic substrate, and so
that the copper layer is between the nickel |ayer and the under bunp seed
nmetal lurgy | ayer. Mreover, portions of the under bunp seed netall urgy

| ayer nmay be free pf 1 c [ r.. [,0021] The nickel. | ayer have a
b ckness i the. Pl i SRBE Lo te n htarid o 8Byl YE " G RHEh iR o lE
(mcroneter), and%rdmeighapeideatil arly, in the range of about 1.5 pm
(mcronmeter) to about (rdcropeter). . The copper |ayer have .a

t hi ckness greater thanﬁggﬁhtq%dﬁ t?ﬂ?&%dﬂ%?@*?ﬁw%ﬂpﬁ%ﬁéﬁgegﬁétg%w'gpnlayer
may be a | ead-fr eendsdectid 1@y 6F silvEQbis@XANIpBer, AR dhiiforly, Bolanfldat zihgast
one of silver, bisqyt i ndi i and/or zinc, and a

, copper., indium antinony, gold C
wei ght per cent ofnd %EﬁwaFHQ$E%F@§_e§ﬁ eﬁémbﬁﬁgF%?y?ﬁﬁﬁﬂ§6@ﬁ?ﬂ9§“m@h@ht
percent. A wei ght iREREERE ti maf bé kRalePihhl) §ho%Pd PLigh PRt B LR 1dePlaldie I ange
of about 97 wei ght percent and about 99.5 melghg percent. [0022] In an

al ternative, the Morcrartiontaglerthedispt layien aidia mayibe isthe kange of giout Phweighid a
second | ayer of _SfJGth\/eﬁfmdgbmb.@zw&%g@@%cnt'o@megﬁﬁeﬁﬁtér.mny’ gol d, and/ or
0

zinc, and the first |ayer tin e between the second | ayer and the
ni ckel layer. The first layer of tin may be greater than about 95 wei ght

percent of the sol der Iayer.Egﬁagﬁgﬁﬁkh&ﬁgkﬂé%¥§§gﬂ§%gh$%%blayer of tin

maybe in the range of about percen .5 wei ght
percent of the sol der [0@ger. 'BRIEH -DESCRIsPIdcObhAORi e BRAMNEDs pD023]

Figures 1-4 are cross-sectional views illustrating.steps of formng sol der
bunps accor di ng ﬁ%ngn %ﬁ%ﬁgﬁng%?aﬁﬁgtﬁfgggéFw?%ggﬁ?Pﬁ et IEEYAY Fi gures
5-8 are cross-sectiondbo2d] ewFigukdsifss maiciaagsations vietvs st sk der bunps

rdin i tianal iments.of th r n in n. DETAI LED
?)EggR? IPT? Ot\lo addi f%xl‘rr%nga soic?eg%&%issrrz?ccgrsdmog to tad«%tignafgn?bgdiméntg SP tEl{le gresent
invention,

DETAILED DESCRIPTION

[0025] The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully 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 {o 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 io 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
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[ 0025] The present invention now will be described nore fully hereinafter
with reference to the acconpanying draw ngs, in which enbodinents of the
invention are shown. This invention may, however, be enbodied in many
different forns and should not be construed as limted to the enbodi ments
set forth herein. Rather, these enbodinments are provided so that this

di scl osure will be thorough and conplete, and will fully convey the scope
of the invention to those skilled in the art. [0026] In the dramﬁngs t he

thi ckness of | ayer&nﬁé&ﬁadr‘c@%‘fﬁﬂé R eleEAYT %{t%?rﬁjnﬁ Q&b O)E,] M%ci, b pr Spu%gse al so

be understood that when an el enent such as a regi fate i s
referred to as bellﬁgoﬁws%ﬁ@tlh@meeﬂS@Pﬂ‘emald}fdr, regnn bresubdrartaatstdfwadrtoah’eemg her

el enent or interv NBY, ent C n i f an
el ement such as aecplay rc%hﬁggl&f)% or esdﬁthstrgpe ?rse er‘%efléﬁ}%egdmo eﬂ}éefnﬁf&
directly on anot h@iemmmrpscnmm uwd irtieythe pimraEfirhgcRiemgbad sl e
present. Simlar ch

on or, trate
is referred to as %‘8%@“&85%@6 0] nb"rfe 8%H?|@S(§?Cé?feq E?t%&ﬁeﬁn ﬁgfﬁfé‘flbcgl"eﬁ%% it
can be directly cowglsd sherti@nd nstaeetfed"dhabw t h t he ot her el enent or

i ntervening el ements n@ml s%g& %rese% In contrast, if an elenent such
as a layer, region or t r AP Felative derms, sish pehenspth. PPEClomgr. édupl ed
or connected t o/ WahdloEtutbResiayeaRBIkercih ML BB el%nﬂeﬁkﬁseﬁe}éﬁ%sﬂ% to %&H@“t S
are present. As used herein the term"and/or" includes an

conbi nati ons of ofET§Rt ariiustrged indhe Hewese Jta’l‘lg@e uhdsreepd th@trrslatwleﬁemwmol A
is also used as gusfaed {o%&qn;ﬂsﬁé ileherR &:RtatiBR0Y dev{cQ %;&dltl:'ﬁrt% Eh%r or e,

relative terms, such as beneath, upper, [|ower, p, and om nay be
used herein to deS@fiaendaricied sxtbafizges. @Dmxanmbhlfphetdwaznm trerof thel fegvenst  as

illustrated in thg hfn'ngc!’&@:? -elditent¥ deber8a M‘H@B@Q e}%ém%ltts S&lgty s taxel.%nqsd are

i ntended to enconpass different orientations rce rm a I'on to
the orientation &9y dreother plembets fThyuxesplaffdermebaiomplcen tHefefthendevpaesi N one

of the figures igulusBSGRNES b%lvggﬁc%esbdescrl bed as bel ow ot her el enents
woul d then be oriented above V'ements. The exenpl ary term bel ow,

can therefore, enconpd®Bsk Etomﬂi tennderstent thtd Do tabpes ARdaddeka@nd are
used herein to describe various regions, layers and/or sections, these regions, layers
and/or sections should not be limited by these terms. These terms are only used to
distinguish one region, layer or section from another region, layer or section. Thus,
a first region, layer or section discussed below could be termed a second region,
layer or section, and similarly, a second region, layer or section could be termed a
first region, layer or section without departing from the teachings of the present
invention. Like numbers refer to like elements throughout.

[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" ate 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, clements, 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.



[0028] It wll be understood that although the terns first and second are
used herein to describe various regions, |ayers and/or sections, these
regions, |layers and/or sections should not be limted by these terns.
These terns are only used to distinguish one region, |ayer or section from
anot her region, layer or section. Thus, a first region, |ayer or section

di scussed bel ow could be terned a second region, |ayer or section, and
simlarly, a second region, |layer or section could be termed a first

region, layer or secti qﬂOW}thQM{les'é’@B@x%ée'mpﬁié eeglfxr% ﬁﬁﬁ{ﬁ?‘%éhnﬁ {m}&e[oozg]

present invention. e nunbers refer to
The term nol ogy uss&fnﬁ ¢ rps) ugedthspein hpae ﬁ@rsp@smeerﬁmgi%mﬂmmymdpatobdwl ar

erbodi ments only -and deexctaly Il Atk $3R% hislhA% Qho iy LAYentl e

used herein, the singular forns nclude
the plural forns HWeEeHePd ’ﬂhabfnv@s such hethogerefined il oomitonlyi useld giatiariay btema se.

It w1 be furthey " " corrprlsmg
"includes", and/or edﬁ@% (r?llg“"d:lé]\/vhl %%%@ 1P ﬁoqsﬁ%gpgﬁégefﬁ%?‘%ﬁl Specify
the pr esence of stcatlfe@r df@atzdcwtanmmtthgmesem 8l EPSie /RALBNLLORS e QNERL S,

and/ or conponents,,, % epsfe de th pr esence or. addition of one or
nore ot her features eger &gy gﬁisenﬁ‘b S PoRTessly | dsHpstherein onponent s,

and/ or groups thereof [(E)3ﬂp03ﬁ]potélﬁhﬁﬁ$ff‘6ﬁiﬂeffaw H%%&I&%&'fre@éducﬁﬁsq&he
(i ncluding techni i.entific terns herei n have t sane

neani ng as corrrrt)n(l‘%lg]’1 8@?%@33@ PERFessphé H@P“%ﬁﬁmlﬁ&fﬂyﬂ@nmbm vihile alewiag fortao
whi ch this invent pmaesb%@db@ﬁlarglefenwgh'fox%sewjﬁ hhen %g}é&rfgﬁfe{)&?&er gL s,

such as those defined.in commpnly used dictionari e e | rfterpret ed
as having a neani ﬁ’@a“ilﬂ%%ﬁmuf%aymﬁesletl@wﬂwrﬁ vasdy thameiwer g toiffdnencesciant ext

of the rel evant aéiﬁectﬂﬁﬁmﬁﬂaﬁ fpgfeﬁﬁﬁgnan&ih g@slng? UiReADG: W {m Pahe 1&&!111*1 n ﬁr %r et ed

in an idealized or, overly sense unl eSs expressly so rein.
[0031] A potenti af® 136t may b sigyificend by drasjer femahay of giher.f A eencettration of givei & t he

2o g for B proee e i RD L Y Bl BB Y e e o

allowing for a process w ndow largé e
tin-silver sol dersolytign to reaiidp the, desirad cmagenfrhtine nSﬂhgplaiddcsaI&tazl BoaRsetasi |y

than silver due tg.diff, ?&F&Ccﬁﬁn Iagr g ?}Pﬁﬁg:rhhlg Tﬂgtﬂvlgr[ﬁ rlllgi {hglcgncegtg‘]glog of

desired concentration of tinin
tin in the resulting plated solder is relatively high, the tin may be depleted from the

solder relatively quickly, and a process control may be difficult to maintain.
[0032]  According to embodiments of the present invention illustrated in
Figures 1-4, an integrated circuit substrate 101 may include a semiconductor
substrate having electronic circuits (such as one or more resistors, transistors,
diodes, capacitors, inductors, etc.) therein, and a conductive input/output pad 103
(such as an aluminum and/or copper pad) on the substrate 101 may provide
electrical connection with one or more circuits of the substrate 101. In addition, an
insulating passivation layer 105 may be provided on the substrate 161 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.
f0033]  Asshown 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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sol der may be significantly greater than that of silver. A concentration of
silver in the plating solution, however, may be nuch greater than that of
tinin the plating solution to provide the desired concentrations in the
pl ated sol der. Because the concentration of tin in the plating solution is
relatively | ow but the concentration of tin in the resulting plated sol der
is relatively high, the tin may be depleted fromthe solder relatively

qui ckly, and a process control may be difficult to maintain. [0032]

Accordi ng to enbodjy p i OV |l ustrated i ures
1-4, an integrated (rfiﬁlr?%:%n? Ejghmar%lt%g%%%ye“g&f‘%c ﬂg @Qrﬁ%%ﬁ‘&&%‘l ﬁ
substrate having e} tigmivem aitido T, {ndloe hhxasalmmecm),rand”@rc@ncrueﬁdnslhm $07h,

transi stors dio i_.ndu rs, e

conducti ve |nput/%gtéhpﬁtcaqpagh&%ﬁlg(cg%eﬁ&;@ Alyery aﬁ Hf& @1%‘1‘) é&ﬂﬁg’rg pad) on
the substrate 101 staagil wwadergaeﬂcanﬁfbrmhongaﬂaﬁﬁtehmaﬂm{eh bRl oA =C
Cayer 105 my be SEouraE s isPederr 108 16wt S LY mepanslpa10s,
and a via hol e Inbbﬁ@mabﬁsmhng)ﬁr lmmrmgwﬁmmyns%mweﬁ on 1€ Afker BREH! ONS
of the input/output Cé)élr ﬁ_z herein, the termsubstrate may "al so
be defined to mcﬁf& 4 5Yr}6¥ﬁrﬂ ﬁ’ﬁ]ﬂflg B’ﬁd’hatﬁﬁi?nﬁiﬁée passblysldcBrely exposing The
term substrate e paab@@enmmb HERribb ﬁémomecfet«agé} w H&%é;%@é &atglleﬁf?”] As

shown in Figure 1, an wi der bunp seed netal

deposited on the Fé@ﬁ‘(}%‘i’iﬁﬁxﬂ%‘%ﬁt IE@SP%{ﬁ@InScﬂf t@applg@dtppbpadllcﬂas of the

i nput/out put pad 103, gktheAﬁlﬂl%;bQH]EQ

i ncl ude 10 an adhesi onFDI ayer 107a, such as a cI u %’%{ll H%%Y(Tl)

titani umtungst en® POFHYS, of fhermdenbvmpiseed meamgwayemwemposemﬂmngu me( Cr), and
a conduction | ayesiadQ/de 1%@ @ﬁa i,ncl udi silver
(Ag), and/or gol dIR 1&37 A Qn e%g{ieg‘)ré%np baFier @F%gﬂrgﬁ Eﬁﬁm@ BHIPPdan
i norgani ¢ mat er a‘lud'@éﬁ\hﬁ I‘@@pﬂ?@m I(fﬁ@d Tha ubdee bump damebmemﬁxgsachymemldw ay
|l ayer 107. The pl@tig I _exa 0 i nni ng
or | aminating a phot ogeéﬂ%gﬁlt@l?%éaﬁa%g IT’hl zﬁncséﬁn gg%b%iﬁm éré@amﬁéf% 9 ur gy
| ayer 107, baki ngbohies m@mmsmm), wel Iﬁaﬂe@’aﬂ@hlaﬂ%ih@%tﬂaﬂ@' of aBXRPSI 3P the
phot osensitive %rbz%ete Sgo bg@ d. devel o i ng the photosensitive
material to forma Vig hole pgdwz‘ﬁ‘lcé‘fm‘ft@ tseﬁ%W?réﬁ@d wekel hemipnigrats out put
pad 103. are discussed, for example, in U.S. Patent Publication No. 20040053483 entitled
"Methods Qf Forming Electronic Structures Including Conductive Shunt Layers
And Related Structures," the disclosure of which is hereby incorporated herein in
its entirety by reference. In an alternative, the under bump barrier metallurgy layer
109 may be a layer of copper having a thickness greater than about 5 um
(micrometers). According to some embodiments of the present invention, the
undet bump barrier metallurgy layer 109 may include a copper layer (for example,
having a thickness greater than about § nm) and a nickel layer (for example,
having a thickness in the range of about 1 um to about 5 wm) such that the 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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[ 0034] An under bunp barrier netallurgy |layer 109 may then be plated on
portions of the under bunp seed netallurgy |ayer 107 exposed through the
plating stencil 108, and the under bunp barrier metallurgy |ayer 109 nay
include nickel (N) and/or copper (Cu). The under bunp barrier netallurgy
| ayer 109 may be a | ayer of nickel having a thickness in the range of
about 1 pm(mcroneters) to about 5 prm(mcroneters), and nore
particularly, in the range of about 1.5 m (mcroneters) to about 5 pm
(nlcroneters) Se ayers and.nickel barrier |ayers are discussed, for
exanpl e, in Bl SR BT S Aat50 0550 rt T SIS nods. O

Formi ng El ect T oni ik BUEH, UBE 4 BELUSHONEIGQBRLOSIMS NANBor, LAY RS frod¥oticr

Rel ated Structures," the dlsclo%ﬁge of which i s hereby |ncorporated her ei n
in its entirety pynEHapahelasdassapate dypmofl e and WaeyRrepaBisdpr oot i er
metal | urgy layer 4]Q9ydmB¥d Bepar; |s%5é§ieﬁ§er§9?ﬂﬁ?£nd%¥ﬂ)é?get@) LhE ghigaRegr eat er

t han about 5 pm (nlcroneters ccording to sone enbodinents of the
present inventi onteflpwéin spme am @ﬂmsntbaﬁqmr@momféb pleFng steepjld canit@Iserblp | ncl ude
a copper layer (fg %ﬂgiﬁl h | C

and a ni ckel Iayerh??% ar’%:oeaﬁll g&?ﬁghg'éﬁ Eﬁgégéiﬁ%¥h%ﬁgggggg&ﬁ5about
1 pmto about 5 phwnbu@hwt%amnﬁhémb@ppnybeM@wdmimsmwmtmeemmmhmomoﬁkbbrIayer

resent i nventi ont ok A EaRY b REr P or o R E P Ry e pl ude o
ni ;:Eel : | ayer {)I at;ﬂateidﬂs,rpeem}b@atasﬁjiiélite nen;iﬂarthdwﬁsp o@%?smxﬁ dtswrzgsulttdfaye[ h107
wi t hout an intervening |ayer .of plated c en LLatl %: e
under bunp barri &F 4 GFgy ot Fonfﬁgm ¢ Tsenitng splde B@?ﬁ)m 14

be plated on the gwmlthabumﬂgawﬁﬂ@t péreéra) Mélfegp‘amdu@eh‘@ra&&ﬂentﬁiﬂdn bh@lvblead

free sol der bunp 1 bi nar Iead free alloy sold 11 bu such as
a tin-silver (Snﬂ@f‘ ezif’slu 915%1@8?95}”05 bean the gangp Pf/@ou&bﬁﬁgﬁf %EI”‘FES‘VOZ&BB tder

bump, and/or a tinwGgnperes! Arfayora%d@mrawmmNMﬁeye%mu F@&d&ﬁﬁ@y fhag®e SOl der
bump 111 nmay be plated as _separate |ayers of tin and ver %bor separate

|l ayers of tin, §-PF}\?é?ngeQﬁépo@b%é@gh%@ﬁ%ﬂh@@bplﬁ?@ﬂéﬂw P?fPWta tSpper ;
etc.), and a SUb%ﬁ:&'ﬂQﬁWes tﬁ@lfeé@%éédﬂie?%‘fﬁgﬂ?@%ﬂi% Hétxﬂ @ﬁtléﬁ%‘é'o@g the

plating stencil) can be ‘used formt ereo I'n an alternative,
the tin and sil Vé)psnﬁ@}y cmeppgh@rd, mg@pmld zinc, and/or silver. For example, the

lead-free solder bump 111 may include a tin-silver-copper solder. In another

alternative, the lead free solder bump may include a tin-copper solder having a
concentration of tin of about 99.5 weight percent.

[0036]  For example, a first layer of tin can be plated followed by a
second layer of silver, or a first layer of silver can be plated followed by a second
layer of tin, and thicknesses of the layers of tin and silver can be determined to
provide an average concentration of silver in the resulting SnAg solder alloy (after
reflow) in the 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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In either case, the tin and silver may be provided such that a
concentration of silver in the resulting solder alloy is sufficiently |ow
to suppress formation of SnAg platelets, precipitates, and/or needl es that
may ot herwi se occur as a result of tenperature excursions. A concentration
of tinin the resulting solder alloy may be greater than about 95 wei ght
percent. More particularly, a concentration of silver in the resulting

sol der alloy may be in the range of about 1 weight percent to about 3

wei ght percent, andlﬁr a,concentratipn of tin in the resultin fisoltﬁler. al | oy

may be in the ralgelyey LEgthoRysie PhR adsileamards bapetie & cent .

I'n other alternakkMBs a hbleing @ashefatiR€ oAl onb Ul Re ﬁibﬂalsmﬁ)prdvr@é &idlﬂofr b and
at | east one of bismuth, copper, jndiu antl nony tgﬂa , zinc, and/or

silver. For exanpiiefwqmetls(egedtt prbsivand uiaﬂz, e eff thedwa metals
tin-silver- COpperm%%éjﬁ‘erated'tcpa@H@Eﬁﬁfre tll@{lts?gsglﬁ’lgﬁé(ﬁleltﬁl ”aﬁ%rg o?@mﬁpbﬂer

bump maylncludeatlnclp having a conce of tin of
about 99.5 wei ghtthpsycasiels (4 QO@ﬂﬂlﬁbfﬁb(’é&Me@ee&eﬁ fartigtand fgpethapebai 6% an be

plated fol | oved cheg?ces é?&%ﬂger %@trdhapiF g&'e rey ﬁl%n%ﬂfeltﬁgftééﬁ %atlu%%ﬂhe% 1o %gil ver

can be plated followed by a s€&con |cknesses
| ayers of tin andhsivometalsémg. bgedattbamhmadzﬂto@iegqaeaﬁlfaiemamiva\)eheeg;ether

concentration of i.ng SnA allo refl ow)
in the range of aage&;éﬂl &@laéJéfs Oggfe%tm‘%{% g Eefge\%é? %& %kiatlsand/ or to
provi de an aver awe&e:rﬂmﬁhermeltmgltenfpetaum bf\oﬂehﬁt}reaaﬁkgﬂs @fg abreatér thah abeig ht

percent to about The thicker er of tj be pl at ed
before plating tH gg%faﬁf’?‘?qﬁg’fm 8 I?ffthﬁfllamtmgftwpeéﬁéﬁ?ﬁfgl}e%jé é’%f"é%(
t hi cker |ayer of 1é3srm1aﬁaymbe6m@gr@arscfo@sm>de@te on the under bunp barri er

metal lurgy | ayer 109 E Qol e defined by the plating stencil 108.
Stated in other vvords F‘:rrf‘aé}%?oré‘?m’é‘?ﬂ W%?Olﬁlﬁﬁyﬁél 18#&@@%8%% h
better uni forni t yaapefiakd &ge&epdsmahiaﬁéou@ﬂyﬁfolﬁa&qamplat@aﬁﬂf&yhévh i} An@Y%&hee
After plating the layers o different” netals i nsone enbo dlrrents

after removing tc%cegqr@topﬁé siieg Hche rapge PHRboRT & ‘é?lghfdm?@ﬁfﬁ@ apOHE Wt of t he
under bunp seed 1288t &l 'Ecg}yrolu@¥ &h )weré% oh&}{ﬁ‘ﬁt nQ)ff tih 'n{'th% gk eRiok Xﬁ)ru}; Wy be

heated to a tenpérature that | ess |ng enperature o
| east one of the W%P@CQD@)tOmb@Uﬁ %W@@htmetcgyt @’fcommelﬁpmf the tphitesd alley glay tin

and silver). Mreg, Qé’l{ttoﬂgﬁli))%dﬁystmg he eie@@f&ﬁﬁm& GLIIII'Q'S dgr\'ﬁy %HI@ ?atmg the tin

and silver using a plating solution including both tin and silver.

[0038]  In another altemative for forming the solder layer 111, a first
relatively tin rich layer may be plated, and then a second relatively silver rich layer
may be plated using a same plating bath including both tin and silver. More
particulary, the first relatively tin rich layer may be plated using the plating bath
and using a first plating voltage and/or plating current, and the second relatively
silver rich layer may be plated using the same plating bath and a second plating
voltage 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
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maybe heated to a tenperature that is less than a nelting tenperature of
either of the two netals (e.g., less than about 232 degrees C for tin and
| ess than about 962 degrees C for silver), but that is greater than a
melting tenperature of the alloy of the two netals (e.g., greater than
about 220 degrees C for tin-silver). In another alternative, the |ayers of
the two netals may be heated to a tenperature that is greater than the
melting tenperature of one of the netals (e.g., greater than about 232

degrees C for tin l.ess .t han L ting. t rature .of th t.her netal
(020" Tese t hanPafiiic 623 iR ulls Shin Pt R Pathg o5 oiol sl mac i ve
for form ng the selwericl layer At 1ded Hetafn, aitvebr gtk medns tledtheRengehritid of siet her
(simul taneously) to eorovi e concentration

a ted al.l avi ng,an, average C.
o Stiver in the Faai i BEaGab B G WS e 0B dmvar oot Gripess
percent, and/or ttaphevirdentfioRvediagtn GRIEQAH 15t 1@ Bre@fer tHah tHetohhBiritRage oOf
about 97 wei ght gtﬁrc.e t tonﬁgout 9}% %ght percent. A conposition of the
plated alloy may “HE'B&SFHTEdehy S Sdiplring ty s relpaehy dprieh pyeg aadibe ent
density while pl acostal felydly lvedsich 1§'¥ér\(ﬁfd 14 Sd e rfb o rdnt W es Rlddivin@Rhe

including both tin and si|ver. q[{_&038 I'n another alternative for formng
the sol der | ayer Blatng signgil prd/or after gmoviag portions ofjteuidayemmeepd istafiftgyed, and
then a second rel@tdyelMadid j : : ' sane.
plating bath incl u%ir)r{lg p%’féﬁ Y bd BERAUBTice @%{a@p&ﬁ%?‘?‘gﬁ’%ﬁ%%@ﬁe first
relatively tin ri¥hreipagtisnlannythblayph atpde beiterigo & henperangie it et thaad using a
i1 verrich Payerauge B RE R ] I B g o “Bach and a second

pl ating vol tage and/ ¢9039] at iAsghown irgfiguré dj gdréers pf the hadertboepfmatalurgyl at i ng
vol t age and/ or plsgédlg bor 1. rregt }resgfthat a _concentr.ati OBﬁOf tibn in the
first relatively tintich [&yer s QS Y Bore Ipyetnmakipg He B5PSiPRPof tin in
t hle sec_ondt [1 el ?_t Iba?iWH?taﬂlmllﬁyeﬁmg.Mﬁxfﬁi}d@,%@ﬁkh?&ftﬁe xtuﬁdéflﬁﬁﬂp ﬁﬁtallm@%; of y
silver in the first, re ve in rich layer is. |less an .a conceptration
of silver in the SS@JS%@&%%F!&Y%@%F@O 1L BRI AR Pigl e 8y op R AR A 16 g o
first plating volthag®aaienchBufgyiglr PIRLSiATaGH H6:@BhEs dBMe BRict RSy t han the
second plating vol tﬁge and the second plating current. At the higher
plating vol tage &MEFIRIEHEF laperdl myy dadree At onetdaanst yeim gakingin thesolder
relatively depl etagpqi1.! #8F deBmblEootisisak i vBfier bimp metallurgy seed layer 107

may be free of plated tin and silver layers making up the solder bump 111.
[0040]  Asshown in Figure 2, the plating stencil 108 may be removed

thereby exposing portions of the under bump seed metallurgy layer 107
surrounding the plated layers (i.e. solder bump 111 and/or under bump barrier
metallurgy layer 109). As shown in Figure 3, exposed portions of the under bump
seed metallurgy layer 107 may be etched using the under bump barrier metalturgy
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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plating so that a plating rate of tin is reduced while plating the second
relatively silver rich layer. As used herein, silver rich nmeans that the
concentration of silver 1is greater in the second layer than in the first
| ayer, but does not necessarily nmean that the concentration of silver in
the second layer is greater than the concentration of tin in the second
| ayer. After plating the first relatively tin rich |ayer and the second
relatively silver rich layer (and in some enbodi nents after reaning t he

plating stencil aﬁﬂé&rbuﬁfptt%.{nér%%&'lh%gl ! {000 R%:1 & in LA, Wgﬁ? t}-;plg{sqg parl%l al

nmetal lurgy layer), the layers ma eated to provide

m xi ng of the Iayéﬁaglerfq%?ﬂéléﬁé%ﬁrm%fﬂauwimeyimyoéﬂsllmrtbeemeahml to a
tenperature that ig.hesseha t ure t .one of
silver and/or tin. 0%%93%Asﬂ?ﬁ18\%%%}1%bgggtﬁegﬂ%gloﬁr 1@%1%“‘%?1 ‘ﬂe’f&i%}er bunp
metal lurgy seed 143 &r potipngthgrdod. irrwlbmamaetmretdhmtezsémeérﬁovmkp@gd up the

under bunp barr|§5mg§§91}théj EILI%’X f%%g?ngf%g’ﬁyg%mﬁ[ [Tc%ns f the

under bunp netal |l argy seed Tayer and
ni ckel |ayers mkkm@@@&h&lMMp obpdifﬁorﬁahd’rb(ﬁ'r nmet al I urgy |ayer 1009.
Simlarly, portions of er metal | urgy seed |ayer 107 may be
free of one or nore |a§?«t‘9’? bre’ﬁ?ﬁnafl%%x@éqdd@ﬁmnﬁﬁ & ppder bpgp sesdanpl e,

portions of the unﬂmu@wmemmolpwme@@@%du@mnséa% m@‘?ﬁr@ﬁtﬁers%ﬁiepf pl at ed
tin and silver %/ers er &%Su t he sol der bunp 111. shown in
I

Figure 2, the pI at iy e%e%tayr%@wm@ampmxdew S@%ﬁé@llmﬁrp@dtl ons
of t he under bunpinSegde AEIRthe S8 bhﬁ}dﬂl é%?atadsa!s! é;S%&’aHQ{a? tof‘(%ifa{?g{ﬁ%& ayer S

(i.e. solder bunp_ 111 and/or under bunp barrier
shovvn in Figure 3te&sdngs %%@Ptnia@ﬁ@v@fwﬁﬁéﬁundeﬁymwe seppede h‘retraliﬂtmngy

| ayer 107 may be gtigheds\ %&Qx%ﬁﬁe,'ﬂﬂﬂ@goi&gg%aﬂ isj)rlz%t optall urtg}/agers %lgn 109

and/ or the sol der burrp 11 as etc rep reulart
etchant may be sel@EHE, 2 rilovwawenten way serettohtlsatt bertwkhyjmux humnasdaﬁblrer

Tayer 106 Acvordmaly e ARy ek 0 e BT e 0 S pe
undercut with redpbeut ltmelghte)emnmem atibunpwhight peecentiahdrbt huvmg dnay@ngel 09, as
the under bamp. seeaetd fHihy) ARG 1Bk vEiebt ot Gap ‘?@fﬁ%ﬁ 17 (or
portions thereof )percent. The reflow operation may be performed by heating the solder bump 111

to at least a liquidus temperature 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 temperature greater 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

to'provide 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 mixiure 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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selectively with respect to the under bunp barrier netallurgy |ayer 109 so
that the solder bunp 111 of Figure 3 (or portions thereof) may be set back
relative to the 14 under bunp barrier nmetallurgy |layer 109. Stated in other
words, the under bunp barrier netallurgy layer 109 of Figure 3 may include
alip portion extending l|aterally beyond the under bunp seed netall urgy

| ayer 107 and the solder bunp 111 (or portions thereof). In an
alternative, the etchant used to renove exposed portions of the under bunp

seed netal lurgy | @éﬁ%&h@h@ﬂﬁéﬁ'ﬁba@ 99 %e%%%&n”ota@outg@évge?@ft Bgrgentt.hflgirghgvg rbunp

or portions thereof. [0041] After renoving expose ns  of € under
bunp seed net al | GPgHHIERet berriormeeddyditie thheldt bunp dil bt dt lasttarigtidds | n

Figure 3, the sol ggf rthiloig |ect to a reflow ratj.on to
provide the structure illustrat e%r}ﬂllgﬁ %?ég%{ffg%gt%%am‘cufaﬁ%mg%fuag?g%ﬁr‘?ﬁfdiﬁl is
pl ated as separ at &uhpyway e btatei tbdemparatnetnal sxceeditpethe Biliow tapssatt onthaay
serve to at | east tial |l 1 he .separate |ayers into a, solder alloy.
For exanple, if tﬁ@%ﬁlﬁérmﬁj@%d&ﬂaﬁvg’ﬁf ogvaopgga%ggm QFQmFWe%Oglgétﬁteti n
and silver, a ref Hiffwsioper atemperateybeier e ricdtimttethpasireR@eith@hldnl May bt he tin
and silver into a_ti n-ai | ver..sol der all 01% hayi ng an average concentration

of silver in the Fsgﬁé%a Bt Ry T Rsialne! thessolden Puims, ang/(sr theznaids gy be

percent, and/or hisatedgo alﬂe@éﬁft@@@rea&@ﬂx_ﬁﬁﬁ'iﬂeﬁﬁﬂg@é}nﬂ;raﬁﬂerbfitﬂ% atllbfax{dqgﬁe of
about 97 wei ght p@éﬁ:ent fo about 99 weight péercent. The reflow operation

£l g
may be perforned pagltngderppreates of glihepofithe metRls. t 0 at | east a | i qui dus

tenperature of a netaljopdst hems9hBghaRM DS ' ' EQul dus
t enper at ur e. Accgl{egi ngI to?par 'Pi cul arfﬁ1 enboglhl%g%e{?%ﬁd&%gﬂg%ﬁgg%eB%Jrfr?p%%rcgy be
heated to a tenpetataFreneEie BRewddprrign: ofche inger busp sedpetadlingydayef 18he net al

havi ng t he hi ghesiygldr 8bbAUSHE Bl M, h |.t.ernatives, a reflow
operation nmay be omtted, rsnolﬁiH% se?ztlit eggﬁe#ﬁhgsbﬁf%ltgsgg?réﬂnp%‘? %e{rﬁlémbsel ow t he
mel ting tenper atR§Ffermesd keferh esmavineaixperayd phidionseihe ondet blremsded prtaliinglyl y m x

o 1 e s TR B OO A s
a nel ting tenper et wévidéd dgroriains bhthe nedalbamp [s@MRdtalhfrediabéranent netal s
o on?! 30 PV B gt IS LS AT B
solder bump 111). 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 rqﬂow.
[0044]  According to embodiments of the present invention illustrated in
Figures 5-8, redistribution of a solder bump from an input/output pad may be
provided, and/or an increased solder bump size may be provided. As shown in
Figure 5, an integrated circuit substrate 201 may include a semiconductor substrate
having electronic circuits (such as one or more 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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to provide the rounded shape of Figure 4, and/or to nore evenly distribute
netals of the solder alloy. If the solder bunp 111 is plated as a m xture
of tin and silver, a reflow operation may serve to nore 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 | weight percent to about
3 wei ght percent, and/or an average concentration of tin 15 is in the
range of about 97 wei ght percent to about 99 wei ght percent. The refl ow

operation may be perfor o der. u | east, a
li qui dus tenperature é@g]ne soi ger aIF%L ,&888??;{. ts%e]d ?&Wlﬁﬁr%’;’
enbodi nents, the Sl@ﬂYdErdepd:summthypmmtﬁmtleﬂrms axdt(ﬁlraagdssam poreiomalf texceedi ng
the |iquidus tenp | de | 1 oy. her. al ternatives
refl ow operation %@Wéut%u ?Pge% ané%le u?ié%g'é‘f’ See&l”??“ﬁé’l‘%’nlaﬁz ﬁ@? ure
bel ow t he nel ti ngah edipsioniayee200h, seih dfsearlajimﬁlﬁdludwgm@ﬁwnle'ﬁ?%&ﬁu:ﬁlmdg@@ﬁt

ta

partially m x net ?afg the sol dﬁléwg and/ or the ne s may be heated
to a tenperature gi‘ € u%@%@ﬁﬁ@?"&%iﬁ%a%‘%a?%’éu‘é}qndeb’eéﬁwil ess
than a nelting teammraarawyer fatlu@h b&fpenfCu, fsﬁvéﬁh% %ndlg%ﬁ?’%ﬁd?n ting

or Vi ng

alternative, a solder, %f | ow operatjon nmay be pérfornmed
exposed portions SEnqiR08 98 ?fgﬁfﬂﬁﬁndé@@a%g%tmmﬂtgyallcaw@pnannad\dmﬁne bef ore

removing the pl at i@ 6:BpsdeH nile%urglyfla)kp@ﬁﬁofl%%aﬁﬁ@f <Al ﬂ)@efo%k&gbdé Snay

perfornmed before rermw ng exposed portions o
metal lurgy | ayer Paimedby spiring wheningblgdarhotroensitet trabriel (bratgnennc(es bohpas a

layer of chrom umeed FRY:1BG VR a@f’ﬁ(ﬂﬁﬁﬁ&ﬂ;ptﬁ@ Pﬁé}g{%ﬁm?ve gt Srial ns%ffﬁtav :Ilyng‘@ﬁﬁng

nmetal lurgy layer 107 surrou ayers
barrier netall ur e phgtesensitee material %llﬂ&rmbumld;ﬁﬂg the phbtaﬂdmﬁvdmm@ﬂial ithh an

apr oadi ng. acr oss Tha naurls BhbsBE a OB B R e B R ATy el o

[ 0044] According to eriBdh] et smbdditobues ﬁmesaea inl Fiy@ed 3-0/thé iﬂhmsgsrt@ficﬁd in
s e, ool B GBS e B it ™
shown in Figure eﬁtendmglawbﬁgbmtﬂ@dimpwo@ltput p&UIBt Hadtn a¥&§ﬂﬂéﬁb’n§n‘3@d Wie a

sem conduct or subs rate1 el ecttrgnlc circuits (such’as one or nore
resistors, transiSt8p a@ﬁ%g@ﬁﬁpomon of the under bump seed metallurgy layer 207

laterally spaced from the input/output pad 203. In subsequent plating and reflow

steps, a relatively wide solder structure may result to provide a relatively thick
solder bump laterally spaced apart from the input/output pad 207, and a relatively
narrow solder structure may result to provide a relatively thin solder redistribution
line between the solder bump and the input/output pad 207. Redistribution routing
conductors are discussed, for example, in U.S. Patent No. 6,392,163 entitled
Controlled-Shaped Solder Reservoirs For Increasing The Volume Of Solder
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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capacitors, inductors, etc.) therein, and a conductive input/output pad 203
(such as an alum num and/ or copper pad) on the substrate 201 may provide
electrical connection with one or nore circuits of the substrate 201. In
addition, an insulating passivation |ayer 205 nay be provided on the
substrate 201 and input/output pad 203, and a via hole in the passivation
| ayer 205 may expose at |east portions of the input/output pad 203. As
used herein, the termsubstrate may also be defined to include the

i nput / out put pad Meﬁ@%a@%?kdﬁ?&ﬂ(@ﬁ) A rﬁggg}b%%&nﬁ%ﬁ&&p?&yg{%@e%gsoan

i nclude interconnection wrin her el n
under bunp seed rr@?allqyemfynqkav@r«mg@ihmmw ipéharepgesiftbait dnot Ecpassiyat i on

| ayer 205 and on out 3 and the
under bunp seed rrgﬁgl?ﬁﬁ?ﬁ)%e%fe 358% éf%gculér{c}pyncf{el Ogcfﬁglgl On I’Inayer 207a,
such as a |ayer i fisicouiatgs)td tthmtﬁlmn((?dhn)rpmbietsanmwmlmmgmeeﬂhe ufder Wmpt i t ani um

2 1 ayer 1 nol udi ng. 2asr SRRy Merahd e? Bia et Eroare: SoYied | G ToR AT | mg
stencil 208 of anthangbmztd umr(dﬁabmaztarsb nm@mhgtormh@rembd&@ﬂtsbh@@ Bgerfior ned
on the under bu 7. The pI ating stenC|I 208 for

exanpl e, may be Jﬁfﬁﬂ% eqq%f ‘H&lﬂaﬁifzﬁg FRE teduds gjcoprea | a¥8t er i al

on the under buer(foﬁ@c@ﬂiprfﬁlﬁ@higlﬂtﬂﬁtkﬂe@é’@@atgptﬁan haki S‘Em?l%}&‘i &BQ&&%?&S(E&' ve
mat eri al, selectivel ggo& n t he, phot osensitive materi al
devel opi ng the ph@iaﬁgjé% 18 AthcrRcss Iﬂél‘m{a@ge plrbert hiemve abaybh mﬁwsihfﬁg at

| east portions of thtbepgenR rﬁ%@é&tﬂ@ﬂdge@ﬁayex[%q[%@md ﬁ
expos an e or%ate

illustrated in Figures_5-8, the plating sténc

portion of the un’a@ffrzﬂﬁnﬁe%@dhwxda# lptmrglgamgyefrtalaz@@y lamrtzémma;echmgg the om
th t / out put of g | d
e i nput/out put DacheZRRcan B ek Shihlth &&%h%yweg%é}mgy” il B! 2r e

wi dth portion of the under burrp see urgy spaced
from t he i nput/ outigedpadthaogion|lafersiihspagerbaptartitoan ihaglpaﬁdltpw:fplammﬂ?s mdeaps a

ol der bunp | at eral 1y dRnie R, FR kLA Ko BoRER S Be Brlafhurie i "
relatively narr dwsgmb dabodmenicofithepresont rmm[dn the uﬂdlem%umip b&n{e&hlaﬁallmgyy thin
sol der redistri bq%;; ?509 !n' g%[ Fﬁé szen%ﬁeltlepy%r Slole(a% recti'jj/'rma tﬁe un elhgur}l ngeegl out put

pad 207. Redi stri ion’r
metallurgy layer 207 without an intervening layer of plated copper.

[0048]  After plating the under bump barrier metallurgy layer 209, a
lead free solder structure 211 may be plated on the under bump barrier metaliurgy
layer 209, and the lead free solder structure 211 may be a binary lead free alloy
solder structure such as a tin-silver (SnAg) alloy solder structure, a tin-silver-
copper alloy solder structure, and/or a tin-copper alloy solder structure. Moreover,
the lead free solder structure 211 may be plated as separate layers of tin and silver
(or separate layers of tin, silver, and copper; separate layers of tin and copper; 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
fqrmation 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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conductors are discussed, for exanple, in U S. Patent No. 6,392,163
entitled Controlled-Shaped Sol der Reservoirs For Increasing The Vol unme O
Sol der Bunps; U. S. Patent No. 6,389,691 entitled Methods For Form ng
Integrated Redistribution Routing Conductors And Sol der Bunps; U.S. Patent
No. 6,388,203 entitled Controll ed-Shaped Sol der Reservoirs For |ncreasing
The Volune OF Sol der Bunps, And Structures Forned Thereby; U S. Patent No.
6,329,608 entitled Key-Shaped Sol der Bunps And Under Bunp Metal lurgy. The

di scl osures of th ts .ar.e hereby, i ncor ated herein in their
entirety by rof er uEaot POBA/ oA PoRGuT Hurb BERR S Aty 200
may then be pl at edf tiwin thorsulidrpssobfer &llog nyderin themmes o€ shawed aiveighigerdeatyer 207
I L e T
under bunp barri emapidchidk tngid 4tayer ond @9 viRRYth, Bfpar, lnaiter, a8fmetys k&l, Aayi ng a
t hi ckness in the rg}%? e.of about 1 pmgn‘icrometers) to_51lrm(mcroneters),
and nore parti cul ‘3,5117’% PrePxpmplgeth feadibsp poldersirhrive HLE PBHELEIE # ity about

5 pm (i cromet er Sjijvel-boppbr BldeL T RALUE altbREHHNER TeaBUTR solfa shu8lreBEal | Ur gy
| ayer 209 may be a | ayer, of copper having a thickness greater than about 5

pm (i cr omet er s) . NAEHR HR-RepRehsadmBadrmhbeinseritagon el tithel abped8stweighivent i on,
t he under bunp baf,gr&e%{_ metal lurgy | ayer 209 may include a copper |ayer
(for exanple, having a thickness greater than about 5 pn) and a nickel
| ayer (for exanple, HAW%g SBechisekwesklei structres 21drigplaet usibptie platipen t 0 about

inder bunp seod rtAn P ane fP¥logl S PP UESE wighiBludPAh e
met al | urgy | ayer 126&llyspapbdtmd fusi thy itjwcutphigtad 203 stdneodgaQBrtidnt?dibinder

ourp Bar o o ALt RSB S AB0) 068 Xy e o1
portion between thieedmhickngedf thi dblderpanttiner 1a fichytts eelhtielit drdfotrpuUDifachcad 3.
|, som evbod menis o 408 BrgatiL Lvention, (e nder Sump barcier
under bunp seed 18k add thb@prol Ry Alffetéhbeintiimhl RMet PleMeALOS duai@r of
glogt eg copper. | (%glfs?o)n cﬁ%g 5. su lsgcgijegtgre%lct]\g ogggt%rn s%l%hng% S(?I%érrfjlo%vrs frrz)eré (?ll)rllg%egy ayer
| portion 211b to enlarged width portion 211a thereby increasing a size of a
resulting solder bump.

[0050] More particularly, a first layer of tin can be plated followed by a
second layer of silver, or a first layer of silver can be plated followed by a second
layer of tin, and thicknesses of the layers of tin and silver can be determined to
provide an average concentration of silver in the resulting SnAg solder alloy (after
reflow) in the 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 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

metatlurgy layer), the layers of tin and silver may be heated to a temperature that is
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| ead fi-ee solder structure 211 nmay be plated on the under bunp barrier
nmetal lurgy |ayer 209, and the |lead free solder structure 211 may be a
binary |l ead free alloy solder structure such as a tin-silver (SnAg) alloy
sol der structure, a tin-silver- copper alloy solder structure, and/or a
tin-copper alloy solder structure. Mireover, the |ead free solder
structure 211 may be plated as separate layers of tin and silver (or
separate layers of tin, silver, and copper; separate |ayers of tin and

copper; etc.), angsa m I f1
removi ng the plati nSg h[st en?ﬁ%ﬁhgéﬁgﬁé) %Q? Oh%]%f@nge Fb[? Iprow{] @d‘?&fl n an
alternative, the tihtegaesisiggrtin Wﬁ%ﬁﬂb@) Wateqﬁrttcubﬂyhhé laytm oéihéhﬁdmetaﬁe

the tin and silver C a co ration o ilver i
the resulting sol dné%e %;9:{&;&’%{3@?1 ﬁlgeetﬁ?tl %F Wr{%mnﬁ‘ﬂﬁ e@@mt‘fr%f’é@%?’o‘ﬁ of
SnAg pl atel ets, pribeMs meitle e g Ans/tban abeacﬂz%eﬂegﬂaatc R Yin b REWHSEARGOD as a
result of tenperat r a concentration_ of tin |n
the resulting soldégﬁeseﬁff&:;ﬁ%?g%%“ﬁ%f% *W%ﬂ%fen%r%? gHbe pligyad

More parti cul ar | ythe svocostale (Mg atréae thia a@b&t\aao dbdredshtefor ﬁﬁ%ll‘bérﬁ%%ﬂétﬁi&r aI | oy

may be in the 18 r.ange of aE)out % ght ercent to about ht percent,
and/ or a concent r &t TOR oS {AYFS o the @?W@éqe@&a@mwt &'ﬂbé in the

range of about 97 gviegkan flRreenit tein eﬁ@%ﬂfo%é? &L gital er
alternatives, the IE' d fr sol der gtructure 811 maa %%F%teer%}{aﬁgg%d at
| east one of bi sm% %eff’rt“i‘rh% lgps ﬁ?ﬁmﬂiﬁin&fen”gma@rezfmcthemdf/ab(egsl | ver.

For exanple, the n@aﬂraﬁamw@&gfeeﬂ:rf&%wrg 211 may include a tin-
silver-copper solder. In another alternative, the | ead-free sol der

structure may incl udel®851li n-Bopéernstiedin atdmilvergpan be platdnogedtct on of t in of
lated using the oo ety sk PERRIAOL R HI T EnE IPE SR8 1 nol ude
an enl arged wi dt hSijyst initesrapgelef abb‘@ttlew%ﬂtwﬁplﬁmﬁboapﬁWelgflf mdﬂh @nd/or
7By output e B0y e, apsohs et o iy asbug s rlatged
of the sol der st rf@l@ptﬁ%w@glﬁ pmyntbe\ a:cexh;mtsntﬂm brythu platearanby B ia@ EQHGA8d by N
oyer 200 my pr ooy ate Pt eRRBe piRRRitar Lo e e B gt dboudere
surface plating solution mciudmg both tin and silver.
[0052]  In another alternative for forming the solder structure 211, a first
relatively tin rich layer may be plated, and then a second relatively silver rich layer
may be plated using a same plating bath including both tin and silver. More
particularly, the first relatively tin rich layer may be plated using the plating bath
and using a first plating voltage and/or plating current, and the second relatively
silver rich layer may be plated using the same plating bath-and a second plating
voltage 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
voliage 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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tension during a subsequent reflow operation so that solder flows from

el ongate portion 211b to enlarged width portion 211a thereby increasing a
size of a resulting solder bunp. [0050] More particularly, a first |ayer
of tin can be plated followed by a second |ayer of silver, or a first

| ayer of silver can be plated followed by a second I|ayer of tin, and

t hi cknesses of the layers of tin and silver can be determned to provide
an average concentration of silver in the resulting SnAg sol der alloy

(after reflow iRidieich aRee Afusablin| sﬂ‘@ﬁ-‘rﬂ:ﬂtmag?sr Hh éo?zi:%ﬁ?ﬂcg ?? 5L aht

percent, and/or tqQ provide an averggge concentration o range of
about 97 wei ght pédy &eser ip de seapodiay %%emgmﬁlpéﬁmrbutdd‘ésemtinécedsmlyh&mer of

tin may be plat edtg@ﬁ@rcgmgh foH%f&Wér thi pners 1539 gsr%?aé?rzhadﬁﬁ?%o for gxanpl e,

because the thicker layer of tin may Be e BT S bunmp
barrier netal | ur g¢ftiminghe goondlayeni Aftt:rhéaﬂnglthe tief ﬂehtﬁdelbyin rich&ypl @ity

ol atod with bot tor Gk Foret o SRAr b AT rtogr aPdratt alerrHer iR Bker 1 n
| ayer. After pl atblhtng hem[lay@’msafmf retveing Job e BF theRh@r S1wApP dedd APy
stenml and/or after renoving

enbodi nents after

portions of the uts Sr%u%ﬁg%géﬁbg@eglt Broyire sk lpast yartighainma afithe lagers j n and
silver may be heah@eb Ibai)tlcﬂxlatrl@me{a%lurnﬁytﬂa%atbcﬁo a]@mb&%ettﬁﬁris 1%55@!&&1 ng
tenperature of at one of ﬁt\ﬁsﬁ metals to provide an alloy o the two
netals (e.g., tin 8 RFEFe O Hesipae of sileapndjor tishe | ayers of the two

netals may be heat ed 0533 t eAPR8hah M Bkl
t enper at ure of elthﬂ%{[:fl’&gt he two net aF %tpé)lﬁ?ﬁseog?éet’?ﬂ ou%tja@g%y degr ees

Cfor tin and | es¥® W@@?eoﬂ%@@@r afyers H@kingelp)the mﬂbr&w:a:t i's
greater than a nedafidGndSNRE 13Hb6, qforteQﬁnS@F \})g}(tjo% £l unc%e\é@umngéﬁ:l{a S 9

greater than about 220 degr ees C for Ph™&R0 tive,
the | ayers of theCedsyerel F@Yl’@aﬁfebef Hetad eeppenars mcﬂa&bleym miaking a theidder

a1 L R IR 00 et g, 2 S
the other netal (%ectgjlurgy jeedkyertPAf naydetlrcd 62 oﬁke@rms ldgets iakerig upahd soldep0511
o T Lo AR Al B e LY L

may be free of plated tin and silver layers making up the solder structare 211.

[0054]  As shown in Figure 6, the plating stencil 208 may be removed

thereby exposing portions of the under bump seed metallurgy layer 207

surrounding the plated Jayers (i.e. solder structure 211 and/or under bump barrier

metallurgy layer 209). As shown in Figure 7, exposed portions of the under bump

seed metallurgy layer 207 may be etched using the under bump barrier metallurgy

layer 209 and/or the solder structure 211 as an etch mask. More particularly, a wet

etchant may be selected that selectively etches the under bump seed metallurgy

layer 207 with respect to the under bump barrier 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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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. A conposition of the plated
all oy may be controlled by adjusting an electroplating current density
while plating the tin and silver using a plating solution including both
tin and silver. [00521 In another alternative for form ng the sol der
structure 211, a first relatively tin rich layer may be plated, and then a

second rel ati vel ybatibMastalirlab@Y8h of PRYre¥ans) ALGH: M8) DGt SRR ating
bat h incl uding both t andg)?l Fver Owlg%ee pa@tl cul %r? p tIhe |rjsnt%

relatively tin ri GFFEiRsyonHpe E‘@ebblaﬁléﬁpe@me%utgﬁéamaﬂ m@tmower gndtwsi ng a
first plating vol izm@r g&}@lé&%&bﬁ’s | G GHELARE: th@@ﬁg!tnﬁ‘r{]ise%‘%g eﬁzﬁa L3tdavel y

silver rich |ayer pl at ed usi ng t e sahe a Second
plating voltage H%Wrofﬁwamd?rdmmrsp@imetel&ngsf bwarﬁﬁ'?uwrbctsblectfmmm pl ating

vol tage and/or pl f%rsﬁe'agto ol BPluciife 512%%10%3&}0%% ntration of tin in the

first relatlvelytlnrlc ayer 1s gr ' a concentration of tin in
the second rel atively [€035fer Aﬁtarherh(aymex@midmrtiohabfmeuﬁduﬁbﬂﬂp sedtli on of
ks | ess than oncentration

silver in the fir I a a_ ¢
of silver in the %é%%% aé'?rejt %P Vwéll %Vesi; t}“E?’H 1’11%5? é’@l“reer’xglﬁﬁ?lger t he
first plating volfttralg’mea}tid chtnbe fubjestedpb afetﬂlagr opefakieRto ﬁaﬁd%elsmm& han the

second pl ating Ita econ, |ng current, At the higher
plating vol t age a 963&%? rlgglt yn%ml’:‘glrn gattaﬁ%dﬁllﬁg?%ﬁldﬁlaﬁqli“%;@g

relatively depl ets@ﬂieﬂitrdctd% 211 dnfl€hevin@brHuldp WbrierRARdIIVRE) lﬁfbrﬁb@tdﬁ?erﬂc@st I ng
rate of tin is reduced vvhlle Iatlr(l)g%the second rel ative 20 silver rich

| ayer. As used heP&THRaldgsyEss ofitaasolden dee to ﬁ&ltfaqﬂﬁ%flswm@rﬁwtm aflowfofsi | ver
is greater in theoklecrnd tﬂﬂﬁgaﬁe%ﬂxo‘n@liﬁ‘@f thi E(Fiﬁer sﬁ%&ﬁre Rl 40 glgmgayer -

necessarily nean that the concentration of ver t he seco
greater than the V&‘S‘il?d’é’ﬁtqnétlll%)ﬁfﬂl@ﬁdﬂ@rﬁﬁ‘ilwﬁél s@dxahdﬂm@;y@s andd t/(éwnpb:ét ing

the first relativgd ﬂésﬁlﬁrgg srollcfépbl.luﬁ% &1 AN LREL %ﬁe%@&p{l &ﬁ&h&%%% SE T i ch

| ayer (and in sonme enb ment s ter renovin encﬂngand/
after renoving péeticsddliypt thpsolderdtmctivg 2jpl sa&tMmﬂbwgwondmyﬁ) t he

| ayers may be heatedit2iRLQVide at least partial mxing of the |ayers.
More particularly, t ]Iayers nay be heated to a tenperature that is |ess
than a nelting terrpeﬂti’ﬁﬁ}re tfthagoldee asicthion 21 Dfs phdttd/rsepanaté BFerk bNdifferent

metals, the reflow operation may serve to at least partially mix the separate layers
into a solder alloy. For example, if the solder structure 211 is plated as separate
layers of tin and silver, a reflow operation may serve to at least partially mix 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 weight percent to about 99
weight percent. The reflow operation may be performed by heating the solder
structure 211 to at least a liquidus temperature 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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[ 0053] As shown in Figure 5, portions of the under bunp netallurgy seed

| ayer 207 may be free of one or nore |ayers nmaking up the under bunp
barrier nmetallurgy |ayer 209. For exanple, portions of the under bunp

metal lurgy seed layer 207 may be free of plated copper and nickel |ayers
maki ng up the under bunp barrier netallurgy layer 209. Simlarly, portions
of the under bunp netallurgy seed | ayer 207 may be free of one or nore

| ayers maki ng up the solder structure 211. For exanple, portions of the

under bunp netal | urgipeifed g thagd Zleltm%f_en@;fea 6‘%{31%3? gée a@hﬁ&%ﬂlegs iﬂ%ngaglgeét?rg ver

| ayers maki ng up the solder structure 2 own 1n t he
pl ating stencil 208TARARINE of eiffsyelihe mptelseby exposing portions of the under

bunmp seed netal lurgy | amg';%(a?ﬁd?g%énw@%sn&tﬁ hﬁ%%#% %%%%ﬁ%gyﬁeg. sol der

structure 211 and/or under nmp rier neta g shown in
Figure 7, exposed perdieneyslpisingesammddrtingsoiptions eeeflovespdritiongybayeror2@d may

be etched using th . ier .metallur lLayer 209 and/or the
sol der structure 2?0115} ggagﬁgg%h‘g%éfgrﬁ%ﬁé&%{w&g?\F/‘?/{ﬂlarii%{"e YéiiBhant may
28756! te(r:]t ed that feﬂd@mhuﬁeﬂaw@éwwmbefﬂi’gd@r%bmmll tsaﬁgemwzdéénge | ayer
Wi respec e unde ri metal | urgy |ayer 209. )
Accordingly, the uﬁlgéalrg qu%lﬁpsofsdslé%gﬁeyﬁg’q ﬁ??%\PStF%FFE? zégvpﬂ?é%ﬁ%‘é e Wit h
respect to the underd sivepa bdlow peraiiei @by se-@Yto hEvealNisiaBurs HOWA éh&‘sigﬁegure
er bunp

7. \WWile not shown i‘ént.Fi.g/ure ., Lhe etchant used to’etch the un
seed netal lurgy I'RJ& "y eﬁ’ﬁﬁlﬁ-‘%? Sorat ap prRsRgePResatreficn of Silvet tvin fher t i ons

thereof) sel ecti wahye dfiabbutl6EREE berbht tBoUMIGE; Rg%&) ier | ur gy
| ayer 209 so that the sol der strgcture 2f1 of 1I‘gl rceegg%dﬁlaﬁgﬁrl s

thereof) may be setPPHRERUGRPIAN iy theyapgreo! aboddY7 virighy pbraent tesbomedakdigittgy

| ayer 209. Stated gerechi Mok ¥ HSnerdile : rrier tall urgy
| ayer 209 of Fi gurpe 7 may irn(;l q%)gral I F%?gg%%?%%g%%gga }nﬁéhe ﬁoamt%ﬁ?%%lfﬁ'flgbeyond
the under bunp secdlfietdfastiz iguidusgemperdde afithetshidesaloge B csdrding taaeticut 1l (or

portions thereof) epliRRngl HELHAL tchant used to renove exposed
portions of the ur?_de.r bu#p’seeﬂ%?gpl%a?g)ﬁ%ﬁgﬁig ﬁfﬁ?pf?:&é“eo%o(%g’éqeg@g Wi th
respect to the solligeidug empetabireoihe wider blboys 1h betee alferndr®0H 2 et @eraliBAOVI NY
exposed portions %aytﬂé%rrﬁ@&fgolﬁ%%e cﬁﬁ'ﬁ\sﬁlon at a temperature below the melting

temperature of either metal may be used to at Jeast partially mix metals of the
solder bump, and/or the metals may be heated to a temperature greater than a
melting temperature of the alloy and less than a melting temperature of either of
the metals.

[6058]  Inan alternative, a solder reflow operation may be performed
before removing exposed portions of the under bump seed metallurgy layer 207. If
the solder reflow operation is performed before removing exposed portions of the
under bump seed metallurgy layer 207, an additional éolder 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 21 1). 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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metal lurgy |ayer 207 to provide the structure illustrated in Figure 7, the
sol der structure 211 can be subjected to a reflow operation to provide the
structure illustrated in Figure 8. By providing elongate and enl arged

wi dth portions of the solder structure 211 and the under bunp barrier

metal lurgy | ayer 209, differences in internal pressures of the sol der due
to surface tension may result in a flow of solder fromthe el ongate
portion 211b of the solder structure 211 to the enlarged w dth portion

211a of the sol der sddersataybe nRdilacsdinh &) somelcRibB RS R o@ﬂ&éﬁa%ﬁ'xﬁ%ﬁtuﬁi rone
sed. Mpyreover, a thickness of

resul ting sol der bu ?antbe |qg Zue

eloggaEg porthontﬁ%gﬁﬁfﬁ ?ZE?g i \ Ef%%@%Hif;%igmbﬁﬁrmbnmé@uweh ove;li
conductive redistace 208 s&ht eebddiBent 6%&%3 t iV r I € i's
pl ated as separate h@ ers, of dlffereﬁ} met s heﬁégf rmﬁ&é@%%H%% %ay
serve to at |east T %%FWS‘FH&OPP?F@O%@&W@ uB%@ﬂérﬂsa cwnmbmremosoﬁdantbd | oy.
For exanple, if thﬁ1&g@é&hkﬁ?&ﬂﬁbbﬁgééakﬁ% %mg%ﬂted as separate |ayers of
tin and silver, a ref OM/OFeratlon may serve to at |least partially mx the
tin and silver into al9468lsi While thoprdent lawrmynhm/baagpaﬂcﬂw&gam and
concentration of siebd®kd Wi dibe t we rce about 3
wei ght percent, and/ or havi ng n&ﬁggg%gL@gg%ﬁf HEW%QWJ%G$WWA?¥ﬁ%ﬁ% range
of about 97 wei ghtskibled iethe art thatiroious @mgmm@em@ni may BEmb &S th&¥in

operation nay be sold structure 211 to at | east
a |iquidus tenper gfﬁ %&g{%ﬁgﬁgﬁeﬁhgﬁ% ?p%t‘t Qﬂpﬁléfthﬁﬁﬁﬁn‘ﬁ%ﬁsrﬁ’@ﬁlﬂﬁéwﬁh@hest

| i qui dus t enper at @peendatdaindiang tieir epaivilégsl|l ar enbodi ments, the sol der bunp
may be heated to a tenperature not exceeding the |iquidus tenperature of
the metal 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 netal nay be used to at | east
partially mx netals of different |layers, and/or the netals may be heated
to a 22 tenperature greater than a nmelting tenperature of the alloy and

|l ess than a nelting tenperature of either of the nmetals. [0057] If
different nmetals of the solder structure 211 are plated sinultaneously
using a sanme plating solution, a reflow operation rmay be perforned
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to provide the relatively thick raised solder bunp 211 a and the relatively
thin redistribution solder |ayer 211b of Figure 8, and/or to nore evenly
distribute netals of the solder alloy. If the solder structure 211 is
plated as a m xture of tin and silver, a reflow operation nmay serve to
nore 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 |

wei ght percent to about 3 wei ght perce@laimand/ or an average concentration
of tinis in the range of about 97 weight percent to about 99 wei ght
percent. The reflow operation may be perfornmed by heating the sol der
structure 211 to at least a |liquidus tenperature of the solder alloy.

Accor di ng t019%%&%3{@f&rﬂmﬁgia%&amﬁ;%ewedﬁ{e AR BImBRsHgat ed 1o a

t enperature not exceedi ng the ui dus tenpefatu er alloy. In

other alternativ refl rati o be om tted ol,id.sta

di 11 usion at a tupafedit eei BB reaneRly S BIRLDE n 8conis sibfrate:
may be used to at_ | east Rart'all mx nmetals of the solder bunp, and/or
the metals may bdCHBRERNECHayehPaY Ry & bidness&f af kpast dunpinicrogeter) on
tenperature of the alloy and less than a nelting tenperature of either of
the metal s. freosedenburap sgedanatlungy, lagcs st deat thefunser bpsraseeth medgliurgy
performed before renoving exposed portions of the under bunp seed

met al | ur gy | ayer i2b@twddn thehdclesllapsr aref theveleptroaici substratqeviaemegotieher e
removi ng exposed portions of the under bunp seed netallurgy |layer 207, an

addi tional sef gherust-bihd 88be et flirgy(SYs St barermitkel G Thad) nmay be
provi ded on portions of the under bunp seed netallurgy |ayer 207

surroundi ng the %ﬁhiﬁgréea}éﬁq)%ré«% sBidel 1854 BHrmebﬁﬁfiéiel%ygfﬁbfﬂhlawtﬂé( i

r
209 and sol der struc ition or In an a ative, an 5§ide
| ayer may be L nt.ai.ned the solder t revent spreading across the under
burp seed mePAPT [ gy eRpape ol VRl N ogia e wreR sy (SURKST bi nar y
sol ders (such as tin-silver solder) are discussed herein by way of
exanpl e, enbodi nents of the present invention may be provided using other
types of solders. OQher types of solders, such as ternary 23 sol ders, may
be used accoZdifmmetiood aneordingii eraim 4 foftheheompdsiegt i nventi on. For

before forming the nickel layer, 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
nickel layer comprises plating the nickel layer on the portions of the under
bump seed metallurgy layer exposed through the plating mask, and wherein

forming the solder layer comprises plating the solder layer on the nickel layer.

3. A method according to claim 2 further comprising:

before forming the nickel layer, plating a copper layer having a thickness
of at least 5um (micrometer) on the portions of the under bump seed
metallurgy layer exposed through the plating mask so that the copper layer is

between the nickel layer and the under bump seed metallurgy layer.
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exanple, a ternary solder (such as a tin-silver-copper solder) maybe used
according to sone enbodi nents of the present invention. Mreover, other

bi nary solders such as tin-copper solders my be used with a concentration
of tinin the tin-copper solder of about 99.5 weight percent. [0060] While
the present invention has been particularly shown and described with
reference to enbodi nents thereof, it will be understood by those skilled
in the art tHatAvagtihodsaashatige$o ciaihdt furthed coetpisirgy:may be nade therein

wi t hout departing fromthe spirit and scope of the invention as defined by
the appended cl aafter fandinghttersoriptiixgdre rdraoviad thé dldtihg rhasid dret hod of
formng an el ectronic device, the nmethod conprising: formng an under bunp

seed metal | urgy |8 redfovify Qf'w@?létﬂﬂj %a%k?%éﬁm%ﬂlﬁigogimﬂig)ﬁigﬂ%n@e”&ﬁd‘&' b&rﬂégr

having a thickness of at |east pm~(m cronet er er bunp se

| I h d |1 I isb
The i ckel 1 Sye0 TRaWRl e ARER! R BaTar uher oi n por i1 ons of the |

under bunp seed netallurgy |ayer are free of the nickel layer; and formng
a lead free solder |layer on the nickel layer so that the nickel |ayer is
bet ween the sol der |ayer and under bunp seed netallurgy layer. 2. A nethod
accordi ng t o%clAimgthofl aaaesding depsiaigl hgvhereiothe niskel layet hes @ thiginasayiar
formng a plating mask on the under bunp seed netallurgy |ayer wherein
portions of theerangteof dhoyh 1sEpch (metahbtarpto dlaowdrs ame negmosedrt hr ough t he
pl ati ng mask, wherein form ng the nickel |ayer conprises plating the

ni ckel layer on the portions of the under bunp seed netallurgy |ayer
exposed through the plating mask, and wherein formng the sol der |ayer

conpri ses pl gt i AgndiRBy SRBRIing Y YaifM rB;rF{?F‘sJ ?ﬂc@,{ﬂ%&% ﬁas% fFﬁél{h‘%@

; s in
according to claim2 further Tonprising: before formn e ni cke ayer,

Phe. port  onst B oree ratdR g i b eIED Ip cliouf S T dBR Chrough the.
pl ati ng mask so that the copper layer is
7. A method according to claim 1 further comprising:
before forming the nickel layer, forming a copper layer on the under
bump seed metallurgy layer so that the under bump seed metallurgy layer is
between the copper layer and the electronic substrate, wherein portions of the
under bump seed metallurgy layer are free of the copper layer, and wherein
the copper layer is between the nickel layer and the under bump seed

metallurgy layer.

8. A method according to claim 7 wherein the copper layer has a thickness

greater than about 5 ym (micrometer).

9. A method according to claim 7 wherein the nickel layer has a thickness in

the range of about 1 ym (micrometer) to about 5 um (micrometer).
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bet ween the nickel |ayer and the under bunp seed netal lurgy layer. 25 4. A
nmet hod according to claim2 further conprising: after form ng the sol der

| ayer, renoving the plating nmask; and after renoving the plating mask,
removi ng portions of the under bunp seed netallurgy |ayer free of the

ni ckel layer. 5. A nethod according to claim1l wherein the nickel |ayer has
a thickness in the range of about 1.5 pm (mcroneter) to about 5 pm

(mi cronet er) .106A methedhactcadiogridi cigint ¢ whaieim thevkeldei teytdrecomypricss irapad has
a thickness in the range of about 1 pm (mcroneter) to about 5 pm

(m cronet er) at easfonetdicivas emhtlitAigcsSod Ridiirk, éutr:’hbﬂﬁ §RaPahFopgincbef or e
formng the nickel layer, formng a copper Iayer on the under bunp seed
nmetal lurgy | ayer so that the under bunp seed netallurgy layer is between

t he copper layer and the el ectroni C substrate wherein porti ons of the

under bunp seed f t.he co rein
t he copper Ijgeﬁ%%%é]t]\?géé{% ?1%(@ ?redﬂoat%égﬁtna a‘é %ﬂﬁ
metal lurgy | aye nmet hod acc to claim?7 vvhereln the copper | ayer
has a t hi cknéé@er&t‘!@ét’%f;r@@rﬁ% ggﬁt’?'ﬁhhp%ﬁ?@f‘ew 9. A nethod
according to claim7 wherein the ni ckel |ayer has a thickness in the range
of about 1 pm(mcroneter) to about 5 pm(mcroneter). 26 10. A net hod
according to claim1 wherein the solder |ayer conprises tin and at |east
one of silved2 Adinsethbl,accoptieg to ictalinumwiasreinnfonmingthedsoldedlayer zomprisedl. A
met hod according to claim 10 wherein a weight percent of tin in the solder

layer is grefjr&iing Baiselgut otgﬁh VAHIBIMIPGr £ S8¢ondliByér meétmd BISARAR! SEhe?,
claiml1 wherein form ng the solder |ayer conprises formng a first layer

of tin and fWgrﬂrﬂg%ﬁtlrﬁﬁﬁ?n@oiba%r‘?d&opﬁmﬁ' | ver, bisnuth, copper, indium
an

antimony, gol [or z met hod accordl ng to claim12 wherein the
first layer is between the

13.A method according to claim 12 wherein the first layer is between the

second layer and the nickel layer.

14.A method according to claim 12 wherein the first layer of tin is greater than

about 95 weight percent of the solder layer.

15. A method according to claim 12 further comprising:
after forming the solder layer, heating the first and second layers to

provide an alloy thereof.
16.A method according to claim 15 wherein heating the first and second layers

comprises heating the first and second layers to a temperature that is less than

a melting temperature of at least one of the first and/or second layers.
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second | ayer and the nickel layer. 14. A method according to claim 12
wherein the first layer of tin is greater than about 95 wei ght percent of
the sol der layer. 15. A nethod according to claim 12 further conprising:
after formng the solder |ayer, heating the first and second |ayers to
provide an alloy thereof. 16. A method according to claim15 wherein heating
the first and second | ayers conprises heating the first and second | ayers
to a tenperat i‘je‘\ fedeod acrerging teaglaing 1hevherely beaty thiefirst afd aechmhktyeone
of the first and/or second l|layers. 27 17. A method according to claim 15
wher ei n heat i #gnptiges hestingtie fretand sbayed Byeeots its@pehrald that esé kst

and second layers to a tenperature that is less than a nelting tenperature

of one of theaslitg &ndpsetordof @& b6 tNGrsI LRI chlag & .
tenperature of the other of the first and second Iayee@é. S@A&ﬁgﬁr&qana

according {0 \GLANG thAMAERE Br IRAYHBIGH IR A1k Sk %gg?@ﬁa%% ayers

conpri ses heating the first an ayers'to ure that is less
than a nelting tenperature of either of the first and second |layers. 19.A
met hod according to claim 18 wherein heating the first and second | ayers

conpri ses heatd the first and second |ayers to a tenperature above a

nel ting teanﬁda[’lﬁr‘sn&d ¢rordingdy dfaigy B mheseintentingdhe dicetaandl sepans leyaram 1

wherein form ng the under bunp seed netallurgy |layer conprises: fornmng an
adhesi on | ay &ONypyisashaategtthediret anthsecandeayarsdof atarnperaturedhduistiésntHamy er

on the adhesion | ayer, wherein the adhesion |ayer is between the

conducti on | &meltmgdenireretiee of efther sftbetfiret #nd s6cbnavageri.n t he adhesi on
| ayer and the conduction |layer conprise different materials. 21.A nethod

according to claim20 wherein the adhesion | ayer conprises Ti (titaniun,
TiW(titaniumtungsten), TiN (titaniumnitride), and/or C (chromunm. 28

19.A method according to claim 18 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.

20.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.

21.A method according to claim 20 wherein the adhesion layer comprises Ti

(titanium), TIW (titanium-tungsten), TiN (titanium nitride), and/or Cr (chromium).
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22. A net hod according to claim20 wherein the conduction |ayer conprises Cu
(copper), Ag (silver), and/or Au (gold). 23.A nethod according to claim1l
wherein form ng the sol der |layer conprises: plating a first portion of the
solder layer in a plating bath including first and second plating netals
using a first plating voltage and/or current so that the first portion of
the solder |ayer has a first concentration of the first plating netal; and

plating a segond methbieitcofdibde slRlrd €0 WagRin thie thedudtiahi lagerainhpiises Odi ng
the first and second plating netals using a second plating vol tage and/ or

current so tlg@écﬁﬁe{pﬁ /ﬁfféﬂ@?r)?’?ﬁé/b?ﬁu oldie sol der layer has a second
e rs

concentratio plating tal” different than the first
concentration. 24.A nethod of forming an el ectronic device, the nethod
conprising: form ng an under bunp seed netal lurgy |ayer on an el ectronic

substrate; formng, a nicke| |ayer havi a thickness of at least 1 pm on
the under bgﬁp‘&né"ééaoﬁﬁcﬁﬂ | WV RN whSiadoried Ghisedat ayet Gaorises:
metal lurgy layer is between the nickel |ayer and the el ectronic substrate,
wher ei n portions Ratinge firgheertigsuabthasaldestayaringy platingr balheinclugéindfirgthe
ni ckel layer; formng a |ead free solder |layer on the nickel |ayer so that
the ni ckel Ekayesecoadbebtiveeméthis ssihdea fitstymatimm doliage mnbiiorpewwesd so that
nmetal lurgy layer; and after formng the |lead free sol der |ayer, renoving

portions of thefitsigRitioh8iths SellerBi @ REDY firsyesndart@itieh dfiAerfirskglatihayer .

29 25. A nethod according to claim 24 wherein the under bunp seed netal [urgy
l'ayer includgsygnaaghesion layer conprising a first nmetal and a conduction
| ayer conprising a second netal, wherein the adhesion |ayer is between the

conduction | ayer the el egtraonic strate, and. rei h i and
second netals arpigtﬁ?q ?eﬁ‘%’ﬁpg %‘_ﬂg\n ﬁi#ﬁ%&oﬁ%?&?m@% @Pﬁ?énb%gg %Ciﬁs%ﬁﬁ t he
first metal conprises Ti (titanium, TiW(titaniumtungsten), Ti N
(titani um ni tchq”gést, apf dFesendr PlediRg oieldty , Usiag JAeEPBAnPRHAs SWlisge ARr
conprises Cu (copper), Ag (silver), and/or Au

current so that the second portion of the solder layer has a second

concentration of the first plating metal different than the first concentration.

24. A method of forming an electronic device, the method comprising:
forming an under bump seed metallurgy layer on an electronic substrate;
forming a nickel layer having a thickness of at least 1 um 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;
forming a lead free solder layer on the nickel layer so that the nickel
layer is between the solder layer and under bump seed metallurgy layer; and
after forming the lead free solder layer, removing portions of the under

bump seed metallurgy layer free of the nickel layer.
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(gold). 27. A nethod according to claim?24 further conprising: before

formng the nickel layer, formng a copper |layer having a thickness of at

| east 5 pmon the under bunp seed netallurgy |ayer so that the copper

| ayer is between the nickel |ayer and the under bunp seed netal | urgy

| ayer, wherein portions of the under bunp seed netallurgy |ayer are free of
28. A method according to claim 24 further conprising:

the copper | ger. ] ) (

after renovi ng poretBad asrotdieg o eaimpdmwhareth thet andear ymp sped, metaiurgyi ng

the lead free solder |ayer. 30
layer includes an adhesion layer comprising a first metal and a conduction
layer comprising a second metal, wherein the adhesion layer is between the
conduction layer and the electronic substrate, and wherein the first and second

metals are different.

26.A method according to claim 25 wherein the first metal comprises Ti
(titanium), TiW (titanium-tungsten), TiN (titanium nitride), and/or Cr {(chromium),

and wherein the second metal comprises Cu (copper), Ag (silver), and/or Au

(gold).

27.A method according to claim 24 further comprising:

before forming the nickel iayer, forming a copper layer having a
thickness of at least 5 um on the under bump seed metallurgy layer so that the
copper layer is between the nickel layer and the under bump seed metallurgy
layer, wherein portions of the under bump seed metallurgy layer are free of the

copper layer.
28.A method according to claim 24 further comprising:

after removing portions of the under bump seed metallurgy layer,

reflowing the lead free solder layer.
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