;\] e3eRO x<6r T6: 4 OCT 2002 SEM CONDUCTOR DEVI CE AND A P
FORM NG THmmﬁM‘ OR DEVI CE Field of the Invention 5 Themﬁnmmmw
rel ates ge m conduct or devi ces and nore particularly,

sem conduct or de®®¥es with conductive bunps and processes for form Hé¢f'€hem
Rel ated Art 10 Current environnment or hdalth issues regarghngc,paé:#@?i ng
-typically raise concerns wwth the use of |ead. Many of the curren lip

chi p net hods that hav éﬁ!ﬁsl 15?9 " I | atively high
_proportion of |ead w ?’m the %%?rrcp)g nldoé/ngNg’gétP?cu a?s?:ﬁog of bunp called
Control |l ed Col | apsed Chi FOBMINGTHESEMIOONDUETOIMPEVIGRI cal |y have

approxi mately 97 weight 15 percent |ead and approximately 3 wei ght percent
tin. These bunps cause three different problens. First, they have nore | ead

than many custoners |ike to have.Fisldobtid invertionel ati vel y hi gh tenperature
is needed g0 flow.he bunps dthirdly, the use of |lead typically causes
al pha partdcle geﬂé\aaﬂvﬁ'ﬁP%Feqé}ﬁﬁ gse@ﬁ{%%rfﬂuﬁ'@fﬁo Q,re&e"i‘ﬁ?%lﬁnér{“%?léterrpt to
reduce the himghi¢uame télsemicontostor Eavacey witle dofriicting SUnipst it procbsygas ( E3)

have been used (o reduce the flow tenperature. In this particul ar

enbodi ment, dOhIFPINGIBE®al Iy 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 |l ead, at a point
distal to the die, flowrelatively eﬁsﬁl%ié!ﬁ a tenperature no greater than
appr oxi mefeel y_200@jrRoriediiran@eRdof MeRitts 364161 iedlrdig PabRAdhd ‘{?‘ﬂiﬁaliyow
tenperature. The problenms with the E3 bunps are™that” they stil ave too
much | ead andaisg\eonpersswithdheuse oblepda Maaytaf $heeurrant fligrehin methadsttbatr educe

e 21D el Gl Byt A 809 S oo B

different types o ayer w i npuritres and
i's covered bywithin jhg barnps.oimene particulaatype 20§ bumpTdalieg Camtroled\Colapdeds i s

t hat during t f | 4.S0 ead,.a 4
inmpurities fr@ﬁ? t gﬁ%e%gngr%r(cb? |"‘|%a§§P8;rréW§na'Br g%ee ? gplio%gnqt%?';ﬁlg% tI ayer.
Ther ef or €15 t hperegmHeaghandi agpeoximdiedt Bomeigistyperoéenthtin. v dheses ibymsi cause.

Further) it t wih the C4 nps, such
as too much ﬁé%& %ﬂ%{feﬁf)’gmﬁfeg??- ﬁ%ﬁ%@é%’ﬂ%ﬂ%ﬁ%n 'B‘I“@f %'éﬁ%'ﬂgrssg epti on of
t he Drawi ngs tothaver S&seondly,ra/retdtively high ienmpesaturd is chelbdedtn/flaf thexiburmpps and not
limtation in the.acc anyi figures, in whjich i references indicate
Simlar 10 el ioirae e o0 et e ooSed Blehd sertife UBNBIETPE forothBor o
portion of a sepicorudtcidevicdi e after form ng an underbunp netal lurgy; FIG
2 includesg, an ill I.IIS'[ rati cross-sect.i onal view of the subst&ate of

o 1 S b A gl 166 &R0 e High "Bmpasaiie iow. FEVEPOIeRG | uges

an i |l ustrat i Bliesdec: EteS: LRMPSOED) Viehe MechhassdiDR IraligcedTtnE! fow2 af ter
form ng a second netal |ayer that caps first netal |ayer in formng the

| ps the | a
bunp; FIG 4 PRPPERIWS: adn ithisypartigyian emhodiment, asbump: typically Jnavdesr @porti ons

of a packagi nglaGivél§t thiH &yéﬁ%f&ﬁﬂhﬁdﬁfdu%%ivéige{h%kr sty IBA@AgyENlan@l the
bunps 20 onto the packaging substrate; FIG includes an illustration of a

cr oss- sect i orf@PPed dithx relafively thisy layerofdin. Aputingsthgflomeprocess. dlde tiR@ndunps;
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 probiems 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



"FIG 6 includes an illustration of a cross-sectional view of the substrate

of FIG5 after forming an underfill material between the seni conductor die
~and 25 the packagi ng substrate. Skilled artisans appreciate that el enents
inthe figures are illustrated for sinplicity and clarity and have not

necessarily been drawn to scale. For exatple, the dinmensi ﬁgsogfr %@ﬁ? of the
-elenments in the figures may be exaggerated relative to othér e s to

hel p to i nprove understandi ng of 30 enbodi nents of the present .invention.

3 Dot ar | ed DeERIHIES dTProAneeamBmsaa AR, ey BgjaiR S e KR gec (B ver | e a
sem conduct or TRéeford e GRsHAUSEriol6 rédUsasn MAY ot Ibewehpyignifieaite exlirihey,at s of

| ead, flow at a tﬁ&gerature reater than 260C_ and have reduced

5 no
probl ens asso@Earefeld tramathgnzame, tweo (H"é@.emﬁn"v'ghg‘ee%om'ﬁ%tﬁwhh%s &hducti ve
bunp i ncl udesmucATsed ahd toB high ot e¥lovelemigeratve.t hin 1 ayer of |ead. The |ead
and a portion of the tin interact to forma relatively |low nelting sol der
close to the eutectic point for lead and tin. Most of the tin renains
unreacted and can form a st angifDesBaitNRE the'Bravfing€m conductor die and the
packagi ng substrate. O her ne I T Tl N be used to inprove the
mechani cal or electrical properties of the conductive bunps. The present
invention is defi j : | : . readi ng
t he description of @¥8%gnl r?g%@ 'ﬁ@@kéﬁlwh’%?éagﬁygﬂahﬂﬁﬁg? E"tgﬁ |£t(')6nn of a
cross-secti oniml the eaccompanyiogt figures,f irlSwhible Henirefeneghcesoinditate 1dimilds
illustrat i I h m conductor die 11 includes an insulating
| ayer 10. nsglﬁgh nsggpghﬁh'?ﬁ' includes nitride, oxide) oxynitride, or a
conbi nati on t her edIG. Adnciedesian iiustration ofres pbribn o) al seneicoriductar die after
sem conductor_ die inter ok?nect eﬁﬁﬂ 12. The pad 12 has a conductive fill
mat eri al incl‘?&‘i“ﬁ@a&” §‘f'9pH] Ym copper, tungsten or the like. As
uaed, 20 hﬁr eihn, MORIG, 2 ihdu@bu‘émmdsétmi_oatof Ia&aeis-k@dtr‘onalA)i%oofmdmfbstrbw not
shown wi th the Lnterconpect pa 1S an _adhesion or barrier |ayer
typically for?r’e’%f&bgﬁgﬁeép%@ ﬁl'ﬁﬁ'é‘efar‘%w@ﬁm% s%p'fi Il material. After
form ng t{@ intergaENaGhclides drlillustralivnof \droSisddlivRal Viéw iof tHedubstrateTed over
the insulatin 10 and,ﬂgad 12. An opening is forned through the

| ayer
passi vati on Igfy@aﬂa’f% forning frsespRd imRjak iaer that eapsotbedirst peldy ayshinot t he
die inter conn%infgqﬁei,ampﬁn optional scratch protection or al pha protection
| ayer 16 is then formed over the passivation |ayer 14. The | ayer 16
typi cal Iy i ncl udes!§- Adbeludeq gn Blystration of @ ¢roas-aectional viaw afipedionsptnder bunp

metal lurgy | ay&rkaa%gis;ﬁgﬁ%g Jn‘ard"éﬁﬁcéﬁb‘iu&tofr%% t&ﬂ"’ﬁ AbfRehRVE6f "B of the

passi vation |ayer . IS I n contact e I nterconnect pad 12. The
under bunp2Gret entp theypagkaging subsiraigi cal |y i ncl udes a plurality of films, such

as chrone) copperrii) baiuifas driflldtaifSh o¥l osdbétiioRbiMiew 3 trardubtirat cke!
cobalt, iron, alloys of those
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.



04 OCT 2002 materials, and conbinations with possibly other different
‘metals. It can also include a metal nitride to inprove barrier properties,
"if needed. The thickness of the underbunp netallurgy typically is no
greater than approximately one mcron. 5 The main portion of the bunp is
then formed over the underbunp netal lurgy | ayer 18. The n% B? %QBE of the
~bunp includes a first netallic |layer 20 as seen in FIG | R-th

particul ar enbodi nent, the |ayer 20 L3 | or.nearly all t|n and has a
thickness in the range of approxiﬁﬁﬁ%ﬁgiggﬁggﬁﬁ% m crons. The net hod for
form ng | ayer 20 can include physical vapor 10 deposition) evaporation

pl ati ng (el ectropl | atin or the ddition

or el ectrol ess , .
to tin, another rm‘s ‘R&F'V%QH”E’@ eclormed dn og{g% frenIee H@el i K¥ The

first metalligoddRiGVe Banaawptdw%: Wele | réawééu tevee éfQeadRIoWA 4 tenpradAni cal or
el ectrical _properties of eri al anpl es of |npur|t|es I ncl ude

copper, si9%veh0 dreRiPUaNLREM G t?ndam\{enfﬁﬁuce%nﬁ@b'e@ﬁ agseciptade with ralRhet her 15
erbodi ment . 1 Bgible in 8R4 Biriofinéh She £BnGdtvb BiRcRAGLBIHGLN IR it Oy ! hat
as

i ncl udes at erent con uctlve e to avoid the
probl ens wi t halrelatively thin layesof lead.aThé teadzandra partion ofiths tirvintaractitadermany

| ayer 20 ac i R0l PANED adilet Sotal Rk ATERRG PR 1dr Fad Bl ot 1.”

formed using atnyhealmfreniamsmhtammdjmdr car dfofrar at btantli offt beeshl the I ayer
20. Note at the fir ond netallic e nd 30ma e forned
oo g 1107 catmabaldd ARandI6F Rackgiy elosyaft SOfef indgls and Mgtntss
errtdmﬁl ment, htbakn $Re sdd Mot &hd)fo?elmyemﬁﬁamwl od egeatridal omropemehyofaltﬂedgead
an as a thickn ange_of a Xi ma Lcrgons. In a i tion
Fo oa%) dannt RamEve BuPsooTR PrSene syenun e BehiSad By S dhgis 9 % nai uon
silver, gallipéfteriindbfafodd affor réddif th‘é de@cmuonaafw&mbumdwwp 32 has been
formed and i ncl udes theflrst et a ?g@roq |rst ortloa!% 20 and the

second metal lic | && 1(iackdesan "b@?’?’f'%? W@&Ia oriem8hi nent ,
the conduggi V&e*%&?ﬁc&%d&ﬁﬁ e, IAY RustFdiéd th Fi@rﬂ%@ééﬁﬁdoﬁaucﬁh&iecﬂndUCt lve

bunp 32 has at |east 2 weight 30 percent |lead and typically will be |ess

t han appr oxi nickidgs an WéP'Q g javer i  Insulatingylavar| 10 Includes Jritidet P¥'€9bunp 32
has more tin phaitriisata ﬁétfoﬁtthai%bﬁ' #ér?nddahhﬁﬁn%lh§ulﬁﬁ éﬁgéltﬂ)lsa
approxi matel y three 'times thicker than the second metallic

| ayer 30. Thesqneemuqm die| inter¢enpect 9@d|1§ tﬂ’éel%ibﬂ-?lf}ﬂsng goaduetivet filk r om t he
d | f th
sem con UCtOfm%Le%giL |uﬁhf§<§semo§fhﬂgrdﬁﬁrﬂj’mgéd§>géil tPﬂégéttétnggteqlkB ltghééld’ 60 the

bunps are attac agl ng substrat"
Tur ni ng t20 FI l®@rein, mbstlms definet asi at dedsh helf.s Alsp, fommed, hwdl nobshiawrowithFirgs.  1- 3)

are illustrat f t ' ﬂrﬂrfgbc e al so

i ncl udes the gag%é%’%ﬁ%%@ 1%%;8& gr%g‘éﬂnoerﬁ%rggrgﬁxép@ﬁgﬁp‘%g u é?d

previ ousl y dedepasiting.thaicongaative dill moptedls tAfter dorniing thsi int&rmnrtelcttbadjéﬂ at

| east a porti . i C |.al ' agi ng

substrate is %ggrg%%&%nﬂgg%rhéﬁagﬁé rgfdr@? grolklg Q@qgﬁﬂ@?@['ﬁgﬁp t%én&eg%iggl ng

substrat e i nt Anopaniagtis tmmiedMoaydthstﬁasswatmetatyemmmf@rmrantopdmilm)tat/vi thin

t he pack ng the packagi ng substrate

can i ncl % efpgng?%gapggljlgéoétr@u@gﬁtgﬁgnfﬁggh “a rel ati vel y thin organic

| ayer on its exposAw optiohalcscraighi protectien rnalplan grotisctiordilayet 116 T8h¢henr gani c

layer has theform[ati ng/e?rthgtygla%givgﬁgg Igyr]e(lj' 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



“15 interconnects along the exposed edge of that organic film Before
"placing the die 11 onto the packagi ng substrate 42, typically the packagi ng
"substrate 42 and the package pads 44 are exposed to a flux. This flux
typically includes organic acids) that can react with oxides that form

al ong the surface of the pads 44. An exahple is a carboxyllc ﬁg ?0 gcludlng
-20 adi pic acid, C|tr|c acid, malefic aC|d, abi etic acid, P

one particul ar 0-cl ean x used. th a no-cl ean
Tox a1 ol e mplEra, ang dopihatgns wiposstbl by Aftetrt ethlsu (288 FBoensi ¢ v

of having to ieuded mai ﬁm'ldiatt@nn@f'dv%rbdr@érrbraﬂeﬂlb@ ithéadbl. [The! tARkRegEKagi ng
substrate 42. In one particul ar enbodi nent, an adhesive pronoting materi al,

such as carrph‘?fr heundeshurpp mlﬁﬁ%'ﬂ"g)bt)fﬂ'ﬁﬂ"hﬂ\}% "Scﬂi’@%‘\lebﬁh%ﬁﬂﬂ@ﬁ'r@ﬂ@'ymmps 32
and the pads gfcréme packaging substrate 42. After the flux has been
applied) the die 11 is then place onto the packagi ng substrate 42 such that
t he bunps 82 cont adte main pagiensaf the bumghis 'gﬁmfﬁtm aype 4R UBdeHUEP| i ed t O

al low Uhe burisigiérhagélnns.c TBURSR BSHY REF banp iRefdedd il pletld Y. 0-O7

to 0.10 newt is a |e to allow sufficlent esi on such
that the di e layer 2hakagpmin Fsiﬁbet rlratms partiddahembedimgint, \the Byar a()@ allet ng

29 the combi N2 Bnyshdds 3 tifodehs in thd Fere, bf Rephiiiands, 280 78"C 0ocs
solder to fomemtk boTib vmethod Her Hformiag 3ayeér 20heam ddclude! . phissical Ivaptbrr alt Ied in
per for medita:  Setosliba? Pdatgh. et CliciionBiind F eicaidffs ey, bLfieli L '°

operation is Ip«erfloramimomttoam; enpihenmateriah cag beaisad, sbemasppumtinumednal y 201

C. Ho . hi t t h d, Th

vel tng poi ntarkB: 1 TRE 1ag MeRii ped 26 A Reiidat thifes tadfarSE twont d not
be perforned mbcmmmraéaﬁmlqmpénmef tié avateniglr oRxamples y:f% ufitigso reduce
the likelihood 18 that th, L \.& q?Je to reseHc? of e orrgani c
substrate, tHBCHABKPRRLT: & ér'a?'uwe [t 'S'rrﬂ many. #gc.Rrdhe fike. h!;{‘h""mh‘B

appr oxi mefgel Yerﬂﬁéﬁﬁﬂeht thﬁffrstnﬁabﬁlllcala%law daneicluas 4 endiidtivd 10 tﬁ@lCOﬂd
metallic | ayers. proximty where the first and second netallic

| ayers 20 and”S‘Gd?"és?it d%ast ttwe diterent &PW‘E""&‘P |elgmaents. i IRt @FdE e AYoisktReen t he

llead and tin yoblahis vith leB8SIBe it Matalli® 1dyBF 50 8nothd Rbt ﬁbluHB%hy'lh’r’a% a
suppressed nel ting point closer to the éutectic point of tin and |ead,

whi ch is approxi me @@nﬂ%@aﬂ'ﬁﬁmf A0 s thandermad Quepthadirsmetaflicilgyer 290C) when
the COMPOS! t | @yl SrABIPHIETE b SROHE HERBIPBIEES odr Bo RHMARRIR YRS el Y 37
strate

wei ght percent I n order betwee

suppr esse?f rretpftthﬂg\qibndﬂdepf@ﬂbedaforéhmf"tshmemlmlavarrﬂ(b Npterthat therfisst angk al | i c
ayer 20 1S | 4R bRl PUyd AP BRI el bep formhi i airicherk arab. Clear !y
di scerni bl e or discrete nsition betwe por tions |s general ly
i1l ustrates vRetusingito FiG.d3rinithis patticutdrsembodiment, dhe secand mnetall;c layer sol der
fl t t. d

ows onto_ angh floRiAs B Sr biRrai0kad By RaES idypdidlin il B BB dineRY | 0° 2

stand-of f gap due {0 € un |on o] | ayer.
| ayer of undetfa 25 mieroes. dn aﬁﬂltlon;td Ilsad galberdnbteriakeeould be uded, suchstsr at e 40

o oon o ORI, PR hper B hiRhl oL 0nCs e PuES 20, and
material typical | yAtithis|peittsa ebndoatise bsimip 32ahas beérh forinekleandvintlndes te epoxy
m xture. first metallic layer (a first portion) 20 and the second metallic layer (a second
portion) 30. In one particular embodiment, the conductive bump 32 has some
interesting characteristics. The conductive bump 32 has at least 2 weight
30 percent lead and typically will be less than approximately 25 weight percent
lead. Clearly, the conductive bump 32 has more tin than lead. The first

metaliic layer 20 is at least approximately three times thicker than the second



30 7 04 OCT 2002 In other enmbodi ments during the packagi ng substrate
“attachnent act, other enbodi nents are possible. For exanple, no flux is
"necessary in order to do the bonding and |ikew se the use of adhesion
pronoti ng agents, such as canphor are not necessary. 5 Enbodi nents of the
present invention include benefits that @re not achieved % ég %gb r oart.
“Mor e speC|f|caIIy) the lead tin materials for the first a co tallic

layers in at t sone_of_the enmhodi reI | oy nel ting
bl nt it er i oOISSBYOR A oS SeROBBTRIBHR e 2RSS Tedavel NG Tathest B or o,
whi ch al | ows gefdeitbdHaiuciorBiet P1.be performed bel ow or no greater 10 than
approxi mately 200C. In sone enbodj nents, the flow tenperature can be taken
to a hi gher point §he sR@iGeBpuetag digitit inpluding & iplusalityeefathe bumppears s

hi gher than tBcndl 1 BEoi RS rbualonds Naulded RIS g TRRRNGFIGNE, amount

of lead is greatly re aamﬁ ere IS Nno nore pproxi mat el y
25 wei ght Perennsylating uaiyera .th‘b 46 dirpmeFIEismIs3) #er ilustrateddyanse t he

lead is 15 d'r%g% B&E! LiBfloPad," A 1R SEUMIEGILITrOluidl! fied UIABIERE Sne! N

| i kel i hood of a parti c e pro gniticantly reduce I rst
metallic I ayesemoomcm@prsdlanmtﬁrcommt p@dt he gndothienpuopsr 32 mmpmwslyse t he

t enperature I ; l r.f.qn e

mel ti ng poi nt‘geo%nﬂ?ﬁ(]cj ?%@?cl?ra&%aqa% ge;‘ééf ¥ﬁ%®f%ﬁ@snagtlé§ﬁq?ﬁ@%¥eép20 does

not nelt, ot hamotgaaic matenpbrlhlom\a etrmtzrtdurhemtnmeaiad(agng(shustratpdsneaﬂy alf the
rat on, the reminin orti of, the first

bunp. E fter the f

oo 1 e LorBap HRateyifith "dnsBa8 the Baetalind, SR uBRbhhE] sRos dr | 1

t hi cknezs of érilite?ﬂmlrd@tm}mhémer(n%tv\ktﬁmd)thmtmmItl}@haltpﬁmg“mglzsubé*lrat&mtessml S t
neasur e nor na 0 a ur.1t ace S| de or 0O e a agl n I nterconnec
pad 44 26°1 rectsh SpBHMRG. he bRRadli sbskare orr adlider A TGSV Goscr | bed
wi t h ref er encsubistratedat has a eslaEIYTIN SrgahieviByetion it éxptised stiface tachg | | i n

the art appr |atesthatvr|ous nodi fi cgti ons and ¢hanges, ¢ e nade
Wt hout  donn PP EETICHTIAERE At Db oTh OgRDICIRLAT e tha Wi o pibgr ohde a8 1 i

the cl ai Mg behicoriveeR dlormPing exbbSedbedid dfithaidrganiefitn.f i gures are to be
regarded in an 30 illustrative rather than a restrictive sense, and all

such nodi fi cat i onelpre nlagieg thedie d 1t9é"t‘? mﬁRﬁ%ﬁg'ﬁﬂlsHPﬁrﬁtﬂéstBEé"bV‘epr esent
i nventi on. %%u@%ea@rﬁd thd palkdRy p@d%vwal%gﬁﬁosaﬂl% aqlkt maRs to

probl ens have bee scribed above wth Tegard to specific enbodi ments.

However, the fhenhtpically l@R!%ﬁﬂ 9@@9'0 aeif® |tbﬁscqu reacd hrithhexidaa dhalnfer@l enent s)
that may Causﬁoﬁ%l’h%@uﬂ‘fg 6! of tﬁg e Ar‘?%xérﬂt)fétlh%{‘cé %ﬁlﬁ‘%—f cfpfnc*&%ﬁ@”e mor e
a u or e

pronounced ar e e con rue as a crilitic Ire senti a
feature *?0 el edmlntaccﬁ cancyaed maleig neldcabmheacm.soumdlmerlmqme particuar ms

"conpri ses, PS'@RFn'eﬁ{ Wno-cféhn 3tk 1 C)E8§ ?& HitrPR ﬁohéiéé‘r?I ga’ F‘elét[\‘/B ded t°

cover a non- exc usit ve | nCl usi on, Pprocess
appar at us t hathirc taypr iof dlixacan be @npltedewmu tbl@enacasmtyu olc haviag daldo 1ahose

o moon” v o JERE Sl Bl hE 58 1 0%, HoRIS RIS 3550 3g 11°1°"
process for fparticutey ambedmmut;damtadhesive peomptings imederidl o such @s acathphor,
R A ) LY T e e L e L

packaging substrate 42. After the flux has been applied, the die 11 is then

place onto the packaging substrate 42 such that the bumps 32 contact the

pads 44, A slight amount of pressure is applied 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.



“interconnect pad, wherein: the conductive bunp includes a first nmetallic
"layer and a second netallic |ayer, 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 conductive bunp, and does not
substantially include |ead; and the secdhd netallic portlgg PETaZBQEthest
‘metallic portion of 15 the conductive bunp with respect to't

2 "The pr ocess.of ATSHHRAS Tiedpiee SR ERRENH e AL iR G BRe esti®Bl: o™ 20

el ectropl at i nig.thén sdlfjectpd as atherdial ¢lcle thak cavbes soldert oot add dond avithunp i s

formed using oration. 25 4. The ces reint

conducti ve buﬁﬁ?@?%bﬁéﬂ trﬁf‘spﬂﬂf gﬁ'yffsc'ﬂ t(é%@f" gggl%?&?aF? geﬂ%g& ocess
of claim1, fygéthasd agrmé b&bﬂg 5204k ryﬁuoanyww SEHdMEE dtay Rim Spévﬁﬁrd Bratdi e
mterconnect pad and before forning e conductive bunp 6. The process

of claim 1B weastkiapPeaximately Wecof PHens ithigt oawet'gréc@n@eﬁemq idt [@ayers
i ncl udes an_ afhbralfa Mo gt SatbOUREH | ¥Broximd@P 207G, 2Miucher ArPIaIRgeS | or

form ng a sem conductor die conprising: placing a sem conductor di e and a
substrate i n edhediments. tmgr@aéwwnwes AR bej ysed; h'E"‘%mﬁltlﬂﬂnQMQ‘t ofrtin iscl udes a
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the eutectic point of tin and lead, which is approximately T83°C (wuthln a

range of approximately 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 metallic layer is thicker
than the second netallic |ayer, and wherein the second netallic layer is a
“farthest 30 netallic |ayer of the conductive bunp with respect to the

sem conductor die, and wherein the second netallic |ayer includes |ead.
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portion; be taken to a higher point if the melting point of the first metallic layer is higher
than that of the eutectic that would be melting. Second, the amount of lead is
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
particle 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 melt, 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.
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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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compared to the second metallic layer, is a main portion of
the conductive bump and does not substantially include
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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forming a conductive bump over and electrically connected to the die
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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the conductive bump includes less than approximately 25

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 metaliic layer.



