" ;\]1e3eRO x<6r T6: SEM CONDUCTOR DEVI CE AND A PROCESS FOR FORM NG THE
~ SEM CONDUCTOR ' m\\? of the Invention 5 The invention rel ates
.generally to @mﬁ\mﬂ“ devices and nore particularly, to sem conductor
devices with C e bunps and procgsses for formng them Related Art

10 Current envi roﬁﬁ"@or?%‘ or health issues regarding packagbﬂgoé@/p%(ﬁﬁ) ly raise
“concerns wth the use of |ead. Many of the current flip chip nethods that

h ducti b ' [ ; ti f | ead
ave conductive unngwéggﬁq%!T ﬁ\rﬁ%\gr?rge}al?bl‘\/ghb%?%gggpor ion o ea

.wWthin the bunps. In one ula bunp ¢ ntroll ed

Col | apsed Chi p Connect i BORMING THE SEMIGONDYETOR DEVICE e approxi mately 97
wei ght 15 percent | ead and approxi mately 3 wei ght percent tin. These bunps
cause three different problens. First, they have nore | ead than many
custonmers |ike to have. Secondl \Eield of tHedhvetetilow hi gh tenperature is needed

to flowthe b and thirdly, the e of | ead ically causes al pha
barti ol e Bianer at 188 MYenon.feldiis aBREMIY b sRaRonaUEkRs Gevides ad G | o
reduce the higicll&iyhes abmiconbLES dEWEHRON B6nduttits BRMPEWMRCHloEedtédPs ( E3)

have been used to reduce the flow tenmperature. In this particular

embodi nent , farimpatPemeal 1y includes a relatively thin layer of tin under
arelatively thick, nostly lead | ayer, and capped with a relatively thin

| ayer of tin. During the flow process, the tin and 25 |lead, at a point
distal to the die, flowrelatively BelatadAmt a tenperature no greater than
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much | ead ardiskapbceneiwitbribe ke bf lsaghMapyof thel arent fipaahipametheds thad r educe
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i's covered hyithin thepbaraps.c tmoms particulaetype lohpemp celied Roolrbited Golldpsedi s i s
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Ther ef orts tpgeecertfjbad padtappreximetsiyc 8iwsighteyeroent tire These bugmpsf causet .
e e PURHE ol 3% ol BofoR) R P R BB oo
t he Draw ngstohaeepSesendly, entetativelyrhigrstempevatiresit edebiyd tejowo thecamipd, e and not
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portion of asecpsicdriduetticiedicedi e after form ng an underbunp netal |l urgy;
20 In an attempt to reduce the high temperature flow, Evaporated
Extended Eutectic bumps (E3) have been used to reduce the fiow
temperature. In this particular embodiment, a bump typically includes a
relatively thin layer of tin under a relatively thick, mostly lead layer, and
capped with a relatively thin layer of tin. During the flow process, the tin and
25 lead, at a point distal to the die, flow relatively easily at a temperature no
greater than approximately 200°C to make a good chip connection at a
relatively low temperature. The problems with the E3 bumps are that they still
have too much lead and have problems with alpha particles.
in an attempt to reduce the alpha particle problem, an idea has been
30 generated to use two different types of lead. The lower lead layer has very
few impurities and is covered by a typical commercial lead layer. The
problem with this is that during the heat and flow, some of the lead and
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"FIG 2 includes an illustration of a cross-secti onal view of the substrate
of FIG 1 after formng a first netal |layer for the bunp; 15 FIG 3
-includes an illustration of a cross-sectional view of the substrate of FIG
2 after formng a second netal |ayer that caps the first nmetal layer in
formng the bunp; FIG 4 includes an il ustration of a ci pSSedesdgonal view
“of portions of a packaging substrate and seni conductor die during a

bl acenent. of gy s, & Olihhel i BEGH AR AicPHBSE! fbdiowel RacidylF! udes an

Jllustration a cross-sectiona substrate o ‘whil e
fl owi ng t he Therplore,ahal alph&.paticdeEdudiion may inot bie veryt sSignificent.a Fartbersitsect i onal

view of the substrate of FIG 5 after formn rfill terial between
the seni condi®? 3?’“ isefr%dﬁ§§ame "Y?a!?[?&’&’ﬂ% V@‘ﬂﬁ@? FQ?S’.U'@?P |sﬂgla 8% PPsans
appr eci at e trnath Rladanditso hightohe flowdemperatire. i | | ustrated for sinplicity and

clarity gd have not necessarily been drawn to scale. For exanple, the
di nensi o of sone of the elenents in the figures may be exaggerated

relative to other elenents B?ieh@b@cr@oh'@ﬂ@@ra% rstandi ng of 30
enbodi nents of the present invention. 002 Detail ed Description
Conductive bunps are fornmed to overlie a sem conductor die. The conductive

bunmps typically h%\éepréé‘ﬂg?r%niicg-}/i@'i@s%td&ﬂmai 6@%%6&%3&%@@[@}%@@ S no

greater than 260C, and have reduced probl eéns "associ | W | p|
particles. |in Hiee ascompaming figures, cithavhieh Jikepisfprenaes undicate eimilary tin

with a rg at%l(‘-ﬁﬁb){tst th?‘ml\ﬁﬁl‘l@ﬁ of lead. The lead and a portion of the tin
interact to forma relatively |low nelting solder close to the eutectic

point for |ead afdGt il includestarvillustrationiah arportiom of asemicanductendiecafterf or m a
stand off b |§|r§m1 tor die and the packagi ng substrate.
O her netal ?Bﬁﬁﬁaiahpnﬁlﬁ%ﬁe cgﬁﬂg@%sed to i nprove the nechanical or

el ectrical propeRiGe? indludesandbiusiration vt alwoogsssecional yiews eintheisubstnateon i s

e, g 1608 By DSl MOSRERRALT o o200, e
cross-seld i onal \FIGWE driclhadesa@ntillustration bba tchessssectional diew of theistibdtiate As
ayer 10, 1 AT PR L9Engl§ RO L inye ol copR BRI S SRRk AR or o
conbi nat i on fofmingatie blmpyed within the insulating layer 10 is a _
S O D SR o FolSochind Mo o PORASS Y B
used packaging substrate and semiconductor die during a placement of the bumps
.20  onto the packaging substrate;
FIG. 5 includes an illustration of a cross-sectional view of the substrate
of FIG. 4 while flowing the bumps; and
FIG. 6 includes an illustration of a cross-sectional view of the substrate
of FIG 5 after forming an underfill material between the semiconductor die and
25 the packaging substrate.
Skilled artisans appreciate that elements in the figures are illustrated
for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help to improve understanding of
30 embodiments of the present invention.



.~ 20 herein, nostly is defined as at |east half. Also formed, but not shown
~with the interconnect pad 12) is an adhesion or barrier Iayer typically
. forned before depositing the conductive fill nmaterial. After formng the
i nterconnect pad 12, a passivation layer 14 is then fornmed over the
insulating layer 10 and pad 12. An opefling is formed thrugrdt Bggo
" passivation |ayer 14 to forman opening that 25 exposes a position of the

die interconnect pad 12. An opt '@é}&ﬁedsﬁéﬁgﬂ)rfrm ection or al pha protection

.layer 16 is then forned over th ayer 14. The layer 16
typically includes a material, such as polyimde and the |ike. An underbunp

metal lurgy |ayer | thenforrre over, the polyi m de rtjons of the
passi vation | ayeP%fﬂu‘iP(& W?% are, ?!B'}?Pat& owrﬁ) ad?@'"!cﬂ?‘é‘r"% H@Ct trbﬁd 12. The
undeL bunp mahbmm)buhmeayplwlylmﬁaddnoedl Iétgélwdfal%ad fiow ath lrt?mpérﬁtu‘rél rrb‘%( iSUCh
as chrome, copper tanium. tan atinum a nlce,
cobalt, ProMo %ﬁfstL’B'P 2tGIQ eand (tflé“’ ‘%@G‘ HE § 3?%9‘" "t‘!g‘ @tions

Wi th possi b'p\ém&éserm(wef@ﬁs‘d&meﬁtt meScoddhcmrb@ﬁﬁ mdd%bl#jﬂoéﬂm ﬁ/lth nitride

to inprove barrier properties, i{_needed. The thickness of the underbunp

net al | ur gy tayr@iaiuewhmslam ogle@dt Shetleathanghp pertionsal dhe tip interectiodarm s The
|
mai n po”'o% %Oart.twpg ?ﬁbu@ %cﬂ?é? dd&%ﬁ&@é’&ﬁé }c*}?olhi'}SPreppféﬂdfiﬂt ?Jl& rgy tayer

18. The nmi I ncl udes a |rst met a ["ayer 0 as seen
in FIG 2. lof thei ynpeamalnmlmrewteddamdaman forem |anystand Ooff sbauweemnhenearl y al |

d h
method 10 FRPIRHEIPET 3 ot B PRREGNG suBHBEE . Tk e dirdutbbon =
evapor at i on,capl béei ugpd ¢ dnipraval dhe nge@anmhb@rdbe&salpbmpen@gs obrthe he li ke.

I ddi t to. t t h t b I dth

0, 200 £ bl ARy RSP e e AR T

nechani cal dettef endarstoed afteoreadingeaise désdnbﬂorlmtthalembodinemtpl es of i rrpuri ties
n

i ncl ude copper, or the |ike
anot her 15 enbod nf “qﬁsfﬁwr@t’g‘@%qq.acC'Péﬁfé?&é’Oa@ﬁ“)?{& pORoR o onguct i ve
al l oy that itnesemicondiictoediet 11 Was diusfratedni Ftl:@n_dumblsem@r&immmeﬂn order to

d th th | ead first metallic |ayer 20 |.d._not
"l ude any HHEPs &1 dospenaye 19 'nayaiic Byt fo iaicres pLiRs R ne 11 1 st

metal lic | amymﬁfaeaar & lcbbiriafib® tharéofFIFormed withia the aufbtingiajer o id ayer 30
can be formed usi any 20 of the nethods ﬂ scribed for the first netallic

| ayer 20. NGeAN¢ °‘l°ﬁ(-,d'? iintefconnget Rado et pad d3 Q?%PSCWU&HYP W may be

formed usi ngnéibﬁéﬁhauamg%hﬁ&@y disrhinui, @6ppet Ein@stea or'tﬁe liké.SABasky CUl ar
enbodi ment, the second netallicC | ayer 30 includés all or nearlﬁ(| all |ead

and has 29 t HesgiRcmestiyis defiped 8s ahl?ﬁ?'diﬁ"maﬁ'ﬁ‘l’ iprmeﬂobw%sapwnw ItRe addi t i on

to lead, an(?ﬁtaﬂfonﬁ@&teﬁdcﬁhzC@‘Hﬂa&ﬁeé@?@) bakieR I&er ggslﬁﬁydforrﬁb@ Befdie | ndium
silver, gallium_ or At this poi nt a conductive 32 has been

f ormed and .mp&aegthmeondupg\te %mﬁqr\ab Ni?fep"t‘@gfth?ﬂ"ef%ﬂf‘?‘érﬂadﬂ?:and t he
second netald b&sshi%YlSﬁ Ia(yér $8GOHENRBIMdPVer b mbﬂlaﬂﬁ? |38 4 b @rbHagerpdodi ment,

the conductive bunp 32 has sone interesting characteristics. The conductive
bunp 32 has Aft openirg lSZOKmQ(bWOlmb tbepé%?rwatuoeé%veaﬁ&t@mam ppening thate | ess

e ol 2 GBS B g B LBl 1, |1 eopact v bur 32
appr oxi mat el y thﬁeleopticmit scrateyk grotection Oh@%’@cbmcmn layer 16 is then
formed over the passivation layer 14. The layer 16 typically includes a
material, such as polyimide and the like. An underbump metallurgy layer 18 is
then formed over the polyimide layer portions of the passivation layer 14 and
30 is in contact with die interconnect pad 12. The underbump metallurgy layer
18 typically includes a plurality of films, such as chrome, copper, titanium,
tantalum, gold, platinum, palladium, nickel, cobalt, iron, alloys of those



5 04 OCT 2002 netallic | ayer 30. The second netallic layer 20 is the |ayer

" lying farthest fromthe sem conductor die 11. The sem conductor die 11

-including a plurality of the bunps are attached to packaging substrate as
illustrated in FIGs. 4-6. Turning to FIG 4, 5 the insulating |ayers 10,
14, and 16 (fromFIGs. 1-3) are |Ilustr4ated by one refergpcs-£lgpnt 40,
'iand the sem conductor die also includes the sem conductor die interconnect
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emﬁodi mﬁnt ihtlede achetgl miide ub fhprave bamrien peapeyties, f n(jlb@dznéi1 gIhecthmMesm al s)
ot her than t in trate jnterconnect s
i nter connect%qett‘g lé?ﬁ’(ﬂ'f\'% "\ﬁ?fﬁ'mw 'tyﬂigat%gﬁaﬁigﬁﬁatg'ﬁﬁ?ﬂr%ﬁpéo’ﬂ@a qt“h 038R0t her

enbodi ment, rhigforpackagi ng substrate can include a nostly ceram c substrate
that has a relatively thin organic |layer on its exposed surface facing the

seni cond®ct or di dhe1maimporgipR Al the| bufap isdken frmad PvR be widEbumpRds and 15

i nt er connect p I pl aci ng
he di 6 1L G I R o & e i e alhe

substrat e 4;1am;ceotasesqmdnig@ e tbiapatiaesansimen, thel st 20riel oF | ux
Lypical |y | e 6 SRR fats tipkoddialn SR AGRCH MbirBu R 2s bRys! O m

al ong the sur ads n exanp e’ls ¢ acid including
20 adipic aamarons; t rTha amtmd erl ddrimingadaysr aﬂblqan inchugled physicalheagarke. | n

Pl o ol SEPoRIGR wiHRRIatoR, BRyRy BRctoMiythyy BRcH3REs ph rafacoccsi

of havi ng t dikdo la adhmamtcngn,sammhafmatenpbcan be ushd, slich aslaluminume apdckagi ng
Substrate 4 l,: o) t mat eri al )
such as canéﬂ%#'ﬂe gF Qﬁ%ﬁ%}g@é '&Q é‘jrdplﬂgi{} fnﬁ@ﬁﬁﬂ‘@ﬁh &éé’ﬁgﬁgqlﬁms 32
andI t hg paﬂsnedhahhml pael@cag pmﬂmﬂe'sabietrkZmam‘rEbr Bxaenpldsusf impuritiesn -
applie t he 11 is ace .ont I n strate 42 such that
The bumps. 33ndtth Seheel VGRS, DIRRUM, aAfmBRG AR, OF v s IReRolieroor T ed o
al | gwlg he bmm?a?hp tﬂﬂhmtanélﬁulbf!éyegozo lca? nﬂak@g?f @@dmcwe ggwatml ly, h0- 07
to O. new, o orce ied to a uffici nta e n suc
that the o ddudeeabieast o SisbR s elegtonttadh IGr08e I RUDE 18R ng
routine hangrbtlems with 184d, @& fu%f)ﬁ%taﬂidnayermmdw hdtendaidegnyiéa@nt o t he pads
44) the conbi ned asseﬁaln%tl s t hen sub to a lbagr mal c Ie t hat causes

d
sol der to form aAdB8s8 ?'PPPM%’%&% "F‘Sdloﬂér gst@feta layer 4t rated in
FIG 5, the daqRistlafedifAGAB.] Thé bbe&{dmb&mcbyyér% cah'e\errhéd a§iggbﬁ?l cally is

perfornmed at a tenperature of at | east . approxi mately ten) this

18
oper at i 8§ i Of thg meihads d&ﬁc%quéﬁbmea‘i’ﬁtr@em'Cdﬂ@&@r Ncﬁﬁr"\haéﬁb? bistpadel y 201

C. However, dgBosd Rfdtalfteirsérd™@0! snd bb%gi bb%ﬂﬁé@%fr@sdlﬁéfénb%éiﬁ@@s The
melting point of tinis alfprom mat el herefore, the flow should not

be per f or medi&l¥MiNg & 2 in i partiey ﬁ@f”@ﬁ&?ﬁ’ﬁpﬁ\%ﬁ@%@éﬂ?aﬁgia)@t o reduce
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substrate, the OW n rature 1s ty g‘ g)
appr oxi mat eI1nyLQ§’.)miqf¢’nQ)t Weaddﬁméplleaé anp eum!emaipou!d Q‘W% Saﬁuagecond

netalli ?Sl a???“%é?'é"‘h‘f‘{]ﬁj"gﬁﬁé“‘m’ n%allmﬂﬁro‘? tﬁ@ dirst and second netallic

| ayers resi e te rat'ure allows an interaction between the
| ead and tin w t At thig poinh @&eondugtivesburop f33rhasbaant formed and ncludes the

suppressed Lt ag hB‘Pé)t)}buéEPs?%Bp{?ﬂ?]baean%%&%%{:&no“ﬂe’iﬁlhd’l%yéeﬂl (/é %}g qead)

which is approxi ma el a range of approxi na -190C) when
t he conposi tpodion) 80apove peticelay esdodimertt the eondurtive bumpndR bapsame mat ely 37

wei ght perc d r t

suppressed E@%Eesﬁégr%‘%ﬁd%%yﬁ ﬁlhg @@gil%bggbr]%gg%% lﬁgﬁ %/\%ng tallic
ljayer 2638: S pleirdeélwﬂéadmb bypidalig vdabbgebd thaa diaﬁrox%awgh widigtst pe;ce’rcbt cl ealr: y
i scernible, or, digcret tranltlo etvween the t rtio tlsgenera y
illustrates I%Perﬁ SB ¢ Fop l,uglve V‘)@ %ﬁmq{ﬁ\,@r{?@ﬁb@ﬂamm e fifsle sol der
flows onto anetamt yer LD4s af Kkast aﬁpr@mamsdmrddumbunhuamtthmm éazopdovi de a
stand-off gap due to the unnelted portion of the first 25 netallic |ayer.



"A l'ayer of underfill material 60 is then placed between the die substrate
.40 and the packaging substrate 42. This laterally surrounds the bunps 50
-and allows better nechanical integrity of the assenbled part. The underfill
material typically includes alumna, silica) or the Iike) within an epoxy
m xture. 30 04 OCT 2002 In other enb&dl ments during thg |
‘substrate attachnment act, other enbodi ments are possible. For exanple) no
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of the presembsbnﬂamduaardncﬁude benefits that are not achi eved by the

prior art. More ecificall the | ead mat e ls for the first and
second netallic Iﬁﬁkﬁeﬁgmfcﬁng&’tp%&'ﬁ 1§ofﬂ9hl9f NG ReP l%l%WPSBQF’P%vWS

relatively | achBd Bﬂclégldgtsdmfr%'a%' llltfdt:%éif thlG%hﬂ?-GEUFLﬁﬁﬁ\ng Py, for |ead
and tin to be fornmed, which allows a S'%ste perfor med 'bel ow or

no greatd 1betingmating leyerisni@.el4s 32'(9’01;6 (fF‘?f" (s érﬁ)(ﬁpdﬂiﬁt@teq Re opeow
tenperature l%?é}Flt?@e té\gﬁiaﬂf 01]0"‘ Qhﬂgﬁfe M&oddﬂcﬁ?ed@eléléd‘gnﬂ%ég tﬂte the

first metallic [ayer 1s n that of the eutectic that would be
mel ting. Secmcommtqn@anmtefconr@au ped 1 @ndl ther bumped32 Bgpprexiously t here is

umps. - Fur ¢ RGPeRoeE TR Batkeind el DR (Baly FEfds el kel dparipfiorc! ! @

sem conduct oan diganieubaterialt dn mb@mbddﬁhemmme paickagipg aulpstrate S regoly @l ens i s
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I h hicker th he thick f th | d wh
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of the pm:kagwa@nnamrmmaetex osbdédgedt that dr@ﬁméﬂlhﬁgOl ng speCIflcatlon
the invention ha een descri béad with reference to s |é rrP i ments.
However, one of %"ﬁeﬂlﬁp'@(mel e 1o 'ﬁ'ﬁtpagg?ﬂ'%%?'al?% ¢ A2+ tyRigaivihe

modi fi cat i ONsackAging sabsiffe ARMrdhERpackale! fiRist440@BxDpbEEN fo° @ Lk, hqzh,gcope of
the present jnvention as set forth in § e cl ai ns bel ow. Accordln y) the

speci fi cat i diXatyRicallyinciudes grganic,agid(s r ARy reast Ayithapxides that, fg roe rat her

than a rest ransﬁg W §@s)ofang pﬁbé 43”% Eﬁﬂhélbf@h' éﬁ?ﬁo%'h@ abﬂtlﬁadeiﬂ to be
i ncluded within the scope of present invention. Benef its,

ot her a@%nt%@gﬁc%@%‘b?@!ﬁ 6\@!’3"% acigr ajetigacig.Qrethe dike. d%%ﬁlﬂ?@tﬂm’%ove Wi th
regard €O SAhidifhoRaON-EBEh Sux HUNPUE Usod WibeRSoLd an Sk A oRaCel

solutions to proble and any elerents) that nmay cause any benefit,

advant age, dhinstaygt |°6ﬁ|UKoC&5béaraRﬂ"e%é’&'ﬁ\%’t g @GB?WMMC%V"EQ dogletas to be
const ued asudufiig bighdor |SFGTREiet 115958 bhclagl Rpbitichalt 48! GTSp O anY

or all the eln, the ter rises conprising," or
any ot her vaparigulamemhbediment, an @dhesive peameting 6‘?&"'3& sush- as CAMPNOG

i ncl usi dg[%tnflig{tm
conpr i s(eﬂéb atl Qfé tc})?é e en@ﬁ@?%%hes not | n%f tﬂggﬂ orr?%é% %ﬁggﬁgpg%eéﬁkbut may
i ncl ude ot halackagmgmubslmie 42) After thesflux hassbesn appliedhthexdie tbissiheh process,

nmet hod, arti 0 for
formng a s m co ﬁ@c@gﬁjﬂ&? é&ﬁgr%rb &sraé lE')"r%mﬁ‘%t %hmpgnng?%gﬁég pad over
a sem conduqiaus 4iviAc slight st af @ressunb is applled to allow the bumps 32 to
adhere better to the package pads 44. Typically, 0.07 to 0.10 newton of force
30 is applied to allow sufficient adhesion such that the die and packaging

substrate 42 do not readily separate during routine handling.



“form ng a conductive bunp over and electrically connected to the die

~_interconnect pad, wherein: the conductive bunp includes a first netallic

-layer and a second netallic layer, wherein: 10 the first netallic portion
lies closer to the sem conductor die conpared to the second netallic
portion, is a main portion of the cond8ct i ve bunp) and dggsp@Ptapg2
-substantially include | ead; and the second netallic portion 1s a farthest

metal [ic portion A?fer#%cﬁvdflhﬁ(ﬂ‘%tﬁé’ Snttali ‘Q(HE 4" FRPEShbihEd ?aQ&?m%fgs e

.sem conductor die e secon taI |Tc portron in
2. The procédsshet subljedted 1 adhermal walmﬁnattoaulsestsomrburlmm and bomkwithsi ng 20

el ectropl ati T, Qces I e,.c bump is
formed usi n ng\ng‘}ﬂﬁ #gﬁghezgad} mfhg‘ 3 "bs(t,éles&l\gfeﬁg } Wﬁheﬁﬁg;@nﬁyﬁm

c?nd:Jct i ve h]lclmmraﬁai by theedrrows 158 ghidytypically i%qmibd rrge@as lattenperdiurerf;atpg ocess
of claiml, further cop Si or an ,under ayer over e die

i nt er conrect'® %%{dagﬂﬁ’xﬂgﬁﬁﬂy 183‘-—;71 35(1? \REPH erfosges a&'h@ process
of claiml, tehpefdtiredinol gaéateromnofapbm.nﬂmégt ZGWB Se¢RNGVEEL ml lotrserl ayers
includes an alloy during its formation OCT 2002 7. process for

forming a s @ﬁﬂ%h'gﬂpét%ﬂﬁ%‘?‘w&%@a“ B?é:@?ﬁ’rg Té‘es@ﬁit'ﬂﬁrm’ér&t%rtmdﬁe and a

substrate | %ﬁﬁéﬁlﬁﬁi&lWﬂsm@ac‘meﬁ% thehfisve ! dhould Ao BB setitimetioat hncl udes a
die interconnect pad and a 5 conductive bunp |nclud|ng a first netallic

| ayer and a tg@perauieedny higher Han apprsinately 12312 o) redueerjie likgliaeod| oser to
the semy ‘bonthﬁlt o il KICRERATTRIS 1o0p dr%gén&eﬁpm Eﬁ‘lbldu%s*r ¥€the ‘l@\nélﬁ ghain

portion of e conductive bunp an oes not substantially Inc e 10 | ead;
and the secdechpeeataiel is typically inorhigher shdraapproximately 2607C if ptherireateddist he

Con o WTRabh 4l RSl b aBRbRRRCLOr, ¢ 0 ane T eluges, | ead
process of cl ai mif thevpeoxirnity Whersi thg first amn‘ sSecameiomatallis iayerp@0agnd 801 ower
7 hor o n VRSP b teiwetaliie bR ieratio iRt e Fed ABRJFERRR (han
appr oxi nest eltiio$d (yjerslid. forrha mateiasthabhas hesuﬁpﬂessu@meﬁting pdiet dloserttomet al I ic
pr ocess.of - dhgi sHacich R ph i o, 533, WERE' Rreramalsy BGiG BHEE: &1 on.
range of approx;mately 180-190°C) when the composition is approximately 63
weight percent tin and approximately 37 weight percent lead. As illustrated in
FIG. 5 the border between the suppressed melting point portion and the
20 balance of the first metallic layer 20 is illustrated by the dashed line 54.
Although this is not clearly discernible or discrete transition between the two
portions, this generally illustrates where the border is. In this particular
embodiment, the solder flows onto and along the sides of the pads 44, but
continues to provide a stand-off gap due to the unmelted portion of the first
25 metallic layer.
A layer of underfill material 60 is then placed between the die substrate
40 and the packaging substrate 42. This laterally surrounds the bumps 50
and allows better mechanical integrity of the assembled part. The underfill
material typically includes alumina, silica, or the like, within an epoxy mixture.

30



" 12. The process of claim7, wherein the first netallic layer is thicker
than the second netallic |ayer, and wherein the second netallic layer is a
.farthest 30 netallic |layer of the conductive bunp with respect to the

sem conductor die, and wherein the secgnd netallic |ayer includes |ead.
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greatly reduced. Typically, there is no more than approximately 25 weight
percent lead within the conductive bumps. Further, because the lead is

15 displaced further from the semiconductor die substrate, the likelihood of alpha
panrticle problems is significantly reduced. The first metallic layer 20 is a
standoff during the flowing operation. Because the temperature of the flowing
operation is typically performed below the melting point of the first metallic
layer, the first metallic layer 20 does not meit, other than the portion that forms

20 the solder portion of the bump. Even after the flowing operation, the
remaining portion of the first metallic layer 20 is still at least approximately
three thicker than the thickness of the solder portion, when the solder portion
thickness is measured normal to a surface (sides or top) of the packaging
interconnect pad 44.

25 In the foregoing specification, the invention has been described with
reference to specific embodiments. However, one of ordinary skill in the art
appreciates that various modifications and changes can be made without
departing from the scope of the present invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an

30 illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of present invention.



. the conductive bunp includes |ess than approxi mately 25 5 wei ght percent
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process of claim17, wherein flowing is perfornmed at a tenperature | ower
than a melting point of the first netallic layer. 10 19. The process of
claim 17, wherein the substrate incl ud®s an or gani ¢ portip@nee %
“process of claim17, wherein the first netallic |ayer is th|c er than 15

_t R\G( |—|§(e|con|d ?Et al 'Be?\e'flt%}’ Sther- Advariddes, -dha Sbiutiohd A6 probibnd&hAdve\Beehl %0 AH

4] wr mhcY] caqwllbeq aaqweawmarmmm] srw]cttn;]emlqmgma] d:@wpca@%b?w!l% aUjc:alc

g]\/fﬁlgﬁ}#?a} \Sq ﬁ@ﬂ?@a? l&’c&ﬁ’:fgﬂa?ca] C ]c% ?S a ca @Y (?a 8aa]nc\,’a] calcalc

a] ca] ca] ca] cladretii, @d}/amhge,] oradoltion’ta]ocall] erbexminte mord proﬁoun¢éd7ﬁm0ﬂm3334445<f

E#EEE| w %ﬁc’gg]ﬁ%ﬁ?’}?arf‘gg]a@aﬁ Eﬁﬂcéh]f‘é%‘f'@é’} ol afﬁ%{]"éhjeé&j’&ﬂ’ @éﬁ'ﬁ%’}tcoa]@é(] ca] ca] ca
}_I(\:/I?/I]\I ca}\lﬁg}(mgl%hﬁkmheam&sca]maémahea?rEE’/‘E ] ]kéil-HdoH SlﬁNﬁﬁ [ cal cal

U ch caj caj CcajCal Ca a cajcajcC

a] ca] ca] ca] cHpenyany '88]‘%%?8&?&%&%(}‘@5}*8&08 f egpeaqxe&feé]'e p§io Js 0%& () f&

10% () - 9 lfia I)oce&@‘%’ﬁeﬁ'nbd 16H&e r):r%dal&%ttf@l cam%i.e% &1 of@iéﬁ‘\é{ﬂts' S % 10%

& ()-y!'S'$ 10% P/ 109&' &L 10% ()-T!'l & 10%& ( 2
10% >->& () - @es not mc ude only those elements but may mclude other elements not

10  expressly listed or inherent to such process, method, article, or apparatus.



} < '}[<ISf10%8& ()-y! Of 10965& ()-G 10 10 10!; 109%& ()-! sO 10%& ()- XSO
10990W& ()- 'n | dB}[<! SI N& 109%5& ()- 91096& () - @L0%B& () -
109B& ()-f109%B& ()-f 109B& ()-1" \  z[<}[<' Sf 1096& ()- &L 109B& ()-T' D&L
10941& ()-T! fL109®5& ()- @L10% & ()- @ & 109B5& () -

4z[ <}[<' S(109%6& ()-S ' 109%& ()-! " 109858 ()-! X" 04 OCT 2002

*10965& ()- ! S10965& ()-fS100& ()-f::<=aVK@S 105 105

1053- 1096& ()-S11096& ()-!D + 1094516BAMS f +

109%VE ()-fS *109%%& ()-=K 7maBVK@S @10%4& ()-T S 10%4& ()- S&10%& () -
109448 () - 1094& ()-! @O%& ()-Zm ' [}[<VK@S ! 10%4& ()-!\!

10% H H& () - Bs 100p8tégs tot mrmﬁw&mn):emcﬁsmmmpms@g Lov@ia: ()- bF- [ 9+@

183%;(—!'8_':—12 é) 1%2{61(33(4_@#%%19 gl e B d&inber ‘pad WertE {dmicondet Wevics

5 substrate; and
forming a conductive bump over and electrically connected to the die
interconnect pad, wherein:
the conductive bump includes a first metallic layer and a second
metallic layer, wherein:

10 the first metallic portion lies closer to the semiconductor die
compared to the second metallic portion, is a main
portion of the conductive bump, and does not
substantially include lead; and

the second metallic portion is a farthest metallic portion of

15 the conductive bump with respect to the semiconductor
die, and wherein the second metallic portion includes
lead.

2. The process of claim 1, wherein the conductive bump is formed using
20 electroplating.

3. The process of claim 1, wherein the conductive bump is formed using
evaporation.

25 4. The process of claim 1, wherein the conductive bump is formed using
physical vapor deposition.

5. The process of claim 1, further comprising forming an underbump layer
over the die interconnect pad and before forming the conductive bump.
30
6. The process of claim 1, wherein at least one of the first and second
metallic layers includes an alloy during its formation.
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10 lead; and
the second metallic portion is a farthest metallic portion of the
conductive bump with respect to the semiconductor die and
includes lead; and
flowing a portion, but not all, of the conductive bump.
15
8. The process of claim 7, wherein flowing is performed at a temperature
lower than a melting point of the first metallic layer.

9. The process of claim 7, wherein the flowing is performed at a

20 temperature no greater than approximately 260°C.

10. The process of claim 7, wherein the first metallic layer has a melting point
of at least approximately 201°C.

25 11. The process of claim 7, wherein the substrate includes an organic
portion.

12. The process of claim 7, wherein the first metallic layer is thicker than the

second metallic layer, and wherein the second metallic layer is a farthest

30 metallic layer of the conductive bump with respect to the semiconductor
die, and wherein the second metallic layer includes lead.
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5 interconnect pad, wherein:
the conductive bump includes a first metallic layer and a second
metallic layer, wherein:
the first metallic portion lies closer to the semiconductor die
compared to the second metallic portion;
10 the first metallic portion and the second metallic portion are
of different materials;
the second metallic portion contains lead; and
the conductive bump includes less than approximately 25

weight percent lead.

15
14. The process of claim 13, wherein the conductive bump is formed using
electroplating.
15. The process of claim 13, wherein the conductive bump is formed using
20 evaporation.

16. The process of claim 13, wherein the conductive bump is formed using
physical vapor deposition.

25 17. A process for forming a semiconductor die comprising:
placing a semiconductor die and a substrate in contact with each
other, wherein:
the semiconductor includes a die interconnect pad and a
conductive bump including a first metallic layer and a second
30 metallic layer, wherein:
the first metallic portion lies closer to the semiconductor die
compared to the second metallic portion;
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5 weight percent lead; and

flowing a portion, but not all, of the conductive bump.

18. The process of claim 17, wherein flowing is performed at a temperature
lower than a melting point of the first metallic layer.
10
19. The process of claim 17, wherein the substrate includes an organic
portion.

20. The process of claim 17, wherein the first metallic layer is thicker than
15 the second metallic layer.



