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TECHNI CAL FI ELD The present invention
vﬂEhﬁﬂ@ﬁv@enerally to sem conductor device pagk@giiB@oicas

T el bbe” ii&ﬂiﬂmmnntmﬁésm@@ﬁ%ﬁma&ackages Wi th
organi ¢ substrates. 2. BACKGROUND ART

L esdELAVICAR FiEBRUi renent s for high density and

perfornance associated with ultra-1large scale
i nt é“gﬁ’ St ’BY’F“‘t"é @Hif?b%eawy Erseritoadoty dgridepickaing, scihmlclperigady to

emconne t70 i %Neeﬁ *¢i'fcuit conponents and exter nal

2, elagtﬁgmngmmmpU|try I nt egr at ed C|rcy|t_(!(3 devi ces,
whet her i ndividual active 10devices, individua

padly cyealatihe wipdesentsmuthizh Rhey aa bd:rMﬁnaﬁtﬁws&ﬁﬁd Wit 1tumaJ§hrr@ scale integration
si ngl e chi or nultiple passive and active devi ces
teclumogfywreﬁesd ngF quc]é\lh@ﬁqs ﬁ"pr the é@gz; e inpleingngptitnen! $loy pice] tom,ettpmtbetween

t
Gl[‘CU& %o/m?e ﬁr%sg aplg erex%s c[éctixclﬁfcg%ultry Integratg}celrﬁj\ét\e; %e: %Oxgels g%hg{?etr{l Jrni%l?[&t%iu alﬁtﬁ/e

devicaiElditidi@ p@éﬁ%de{u&g rnﬁﬁﬁﬁlla Q:gve%x@éé \tva}flm% m%g{ggco? Qldl#p(iti gaﬁwe and active

devi ces require an ever increasing
devictsovithin melhed: chis, rayeitd suiaBle inpAYE.BMENO Yo SuedtiBns bidGec£h &G LTk £@bther cirouit
connections. One technique that 15supports the
elementy prsEyRiERd devi ce densities involves a shift from

rea array chip
p GVBG mlma!uu \é\g 0‘;1% bhoen gel n t lg ans of %l/ { l' icas I'equlre an ever
Nt 61 cONNG Ct & MR EARBrE otonsihof spmeqndysis V

| .S the P
mcredtmg%rﬁ!ﬁgc? gfg?q&inﬁﬁfﬁ g«gl% #?lﬁ)ptf 0? g@ ?%%%lﬁ% 1081 é:g)/r:nec{mn[s (%né teeclgi,q%e that

suppogty thaiycraafed S@icek@hsiHoUiNPesaNRnil e SpHcACAre 8t B 2@l drray chip
directly couple the "flipped" die to respective sol der

mterc?jlgﬁ§ @hexﬁrp@ of prrafon eteny infercolmect pcatﬁklag@hmldaish mgfhﬁ chrq:l etEblmiMb@y In the
I N eadas a

tion, a | arge nunber of )
flip °*’§qu d‘é’fgyd f §° PRSP TR bupps g e fupipep @&f&e d@ﬁtrqcﬁecomsm@ ‘flipred” die
fo resp%&fwf; @EIQ' pQJs ot &?é?su%gé‘@&% Eg? &Bstrgtt e[h 0 re%g’p emcnt grb &E fénugmer of pin

grl array pac age. dlg prn g“ zts 16
leads ACOEERD6lREpES v blddr AR HE SppBitb R e QIftile pdb@lwte ﬁl[)gtpatg zf’e!snﬁtm@ ad pin
provi des

grid array package. The pin grid array package accommodates an increased number of /O terminals and provides
electrical signals immediately below the chip.

Presenily, lead (Pb) is used as a primary constituent of solder and, for example, up to 95 wt % of solder
can be lead (Pb). Thus, the use of solder in solder bumps, solder pads on the die side of the package substrate, and
solder fillets on the pin side of the package substrate, translates into a pervasive and extensive use of lead (Ph).
However, an alternative to lead (Pb) is highly desirable since, for example, environmental regulations call for
elimination of lead (Pb) in electronic circuits, This requirement creates significant challenges for replacing lead
(Pb) in the solder materials. As shown in the example of a pin grid array discussed above, solder containing lead
(Pb) is the most widely used interconnect material in semiconductor packaging technology.

However, replacing the long-established use of lead (Pb) in solder with other materials represents

significant challenges. For example, the processing “temperature hierarchy” must be maintained, while reliable
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el ectrical signals inunediately bel ow the chip.

Presently, lead (Pb) is used as a primary constituent

of solder and, for exanple, up to 95 w % of sol der
Jeanpeolsead ( Pb) Thus, the use of sol der i ne&E@AG6ls014625
el al e ek InGdcS|

substrate, and so?ggﬁon% Fbgcli %tngdeg n gtﬁlﬁgaﬁn Feh&ﬂ[? 3"epkte“%“°f°|"’i’éﬂle
proqssk Bgeer SISy dgtatds 18 0Sdalk EiBetd fBHHA s@AdoPBE YAS b MBovABEherature, ie. the
extensive use of lead (Pb). 25However, an alternative

te‘“ffezi?fwfee’éahn(hrﬂﬁ)wlﬁibsls WP'g[hF“yuaﬁ @sfbmatale@treal FrostiohGeloe XarghiEsubstrate
for elimnation of |ead

nent al ul a al
dcco?%}%tt[og p:m%elratur Fur 1 &wr&s?lgeu }!SP<§16 bD-lF[Fﬁ pgds Préﬁ‘fﬂ‘erséiﬁ@ﬁ{‘e Peqkagg sberate
should IQW ofrbi0@ Ebtnp&m‘l dd%{il% §01Jeplﬁ thb SR-AFLD uc-éecg i Ifin sogdpb) in the

sol der materials. As shown in the exa a pin
g ri ’@uzauhtr'aly n@ld 18 @ SisBde Ry B [o@&hﬁ&ﬂm(ﬁl@d’ﬂf th(ﬂl’lﬂ% blﬂg@%lﬂl other
is the nost widely used interconnect material in
ma“‘é‘é‘m“’&‘&fﬁw%tﬂwz rcb% Rlantricrigontagte imd de ogyjred toh@iee syengtie pldatilngo
mm&? ‘mgq% emeg | ished use of |ead (Pb) in solder wth
Fer et ar e oy e P PReB e dlensRy iy vrembling A ermichribqies prylkage, such as
assefting £ ifa " ur e hi er ar chy"
oty UL PR SERRPLO0, A eI
2007/ 001598PCT/ US2006/ 014pmaglvect ri cal contacts and

mechani cal connections need be made. As an exanple, in
fIFbﬂﬁﬁﬁbmwg@hﬁdWBQMOﬁhei@msme&@mmgmmﬁgpeha&umﬁnmwmmwmm

D g tates use of solder fillets for pin
resc ves ﬁla nee %hgfart %H\e}%am&g Heaél.f(ﬁ’laws?lmjg}ogpma@uaiq while imatyiaining reliable
electattd?szQlﬁzfc@t\ﬁﬁr ke r@ﬁxre%iecﬁ!ﬁmgllgﬁen?xg an whb 59 com h”’%?”g}’g?ﬁu I'leretd(;)}roc:f:ssmg

forman el ectrical connection,
wnmsmbsm&aﬂexdﬁﬁﬁﬁngxiam&ﬂmmkﬁﬁa@&atUre Furt her nore,

sol der used is solder pads on the die side of the

p a&wa&gf@lbgc[mt ihainents hdudesh have s@stf&@ﬁvﬁtlﬁ)ﬂ\ﬂuﬁnﬁdﬂ"ﬁﬁﬁe&ﬁ[a{r Bads on the
di " pe solder in the solder fillets used in pin
ie Si & q glgFac kage substrate, ang gy {}gxbextoﬁ]éz?, wldprdillens dhe pin b1t;{qﬂ§ tl}ap:{ckagmlbstrate The

die soﬁo%n%a@s%hv%g nctﬂ!;b? te%}pera%re%%l guﬂ op t?e 1 V\hbol?eé ?&9&, \ﬁltﬂa % ?‘ﬁ fj;lder fillets in turn

sol der with ot er i al’s
have 4 efidvalheral 884w d L@l GART t@ﬁﬂeém@@ﬂhetplgﬁaéé g\ﬂlfua{e ef ons implementation of
mechani cal strength, and while al so conplying W th the
this (‘,Ifl@qmelrf,é]@ pprsddre Sigls miphtcenpies itwadnapdiixeaal oyt % B approximately 99 wt %
t nbling a sem conductor package, such as assenbling
in an apfarloic Bancl)h ﬁ)ﬁw raso lawtm; th@?niy i évbrlralg}wpﬁ@i@a ¢e pinistider Fiat reflow
. Q&&ﬁﬁ!ﬁ sul resent invention is
empe SlvestL E}ﬁéxm 5 g33 ¥ elé agpé%u‘&ﬁ&sﬂ%ﬁ’g’t h1caésdyﬁlaﬁ @ decopgpgsition

directe

tempekafiy@nib ma@mﬁ@aﬁas@sbe@mppmmey%o ghe need in the art
for replacing lead (Pb) in solder with other

et eneiirgdiementatin, the dimidatpads RiigGofld Rk& a@r&ﬁﬁafelyer &k %% to
contacts and the required nechani cal strength, and

APProXjpiqhs %IVSW“E@W‘ FRRSYRIVE P 19 dperorieg 4 e dh qdve@@m&gcmratgly 0 Wt % to
a sem conduct or

erarchy in_assenbling
wrorob SRR ALY Bl S B S ERE o fﬂﬁ’é’“f“ﬁ?)é??t‘?’tdﬁml FoPuds: a
uaneiﬁbﬁﬁtKﬁ,gﬁ‘e d&ugéﬂ“ 5&@4' ﬁgi}%oiintﬂns% b&\y&pa%grogmatgy ’/ewt§/o to approm ggl?r 2(9 wt %

111d1um between approximately 2 wt % to approximately 4.5 wt % silver, between approximately 0 wt % to

approximately 0.7 wt % copper, between approximately 0 wt % to approximately 0.5 wt % antimony, and between

approximately 74.3 wt % to approximately 90 wt % tin. In these implementations, the die solder pad reflow
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di e side of the package substrate, and a nunber of pin
solder fillets on the pin side of the package
substrate The di e sol der pads have a refl ow

npenaksr e bel ow t hat of the pl n sol der fi lP'CQIU%l(]O(ﬂ)H(}Z\

qamMHi H‘eh& %&h@e fﬁgﬂ‘?&%&g@f@&laﬁ aﬁg}r&mlla gt.?% % ﬂ"%}{ bod1m<mtsfo?¥v fhxgventmn

tenperat ure bel ow a deconposition t&mperat
bothpiplagér Bllsbbsﬂiduactn@era[hrﬂ ardAR die m‘eﬁ{l’mﬁﬁ@; e @fe ol hélﬁv a decomposition
enbodi ment, the pin solder fillets mght conprise
tempsEp{Re Bt !ﬁﬁﬁ&«@%ﬁtﬁﬁt ig] bylo@ GoputkinBisly 752D okt eldydv@Sagwtor e

201t appr oxi 10 wt %to 1 w % antinony. in
pespiie R B oRBRE S R et Hosof bt e SppRvine e

fonot”g]np@{@tdggcgpabl;anpggmgg ug@ﬁgl&%ﬂ mately 235 C and
approxi mately I's bel ow a deconposition

tenperature of Wﬁo&@&ﬁt@hﬁwrﬁcﬁ bel ow

approxi mately 275C. In one inplenmentation, the die

SO Fiere | ﬁ\awn prctyblery Bip Py dasier pb@hm:e@mdxa@tpermxmgmtba}ay, iflacwddance
with 2 cembog r é{imatel 8 W % bisnuth, approximtely 2 w
%8 P OXTHREEPS 4 wt Ye silver, approxi mately 0 wt

% %Qur@@i@ﬁ’s@gt&)&eﬁgﬁ& é{x}p(o-)s’lt:ons% leacP f?egg)%fr a}kiys Q%eth V&wz@/thpr rﬁeltmg n

approxi mat el y proxi nma
charajterﬁstualﬂmfohﬂﬁg pi Pl FRsatoat b@ﬂlge st:lklﬁ’at(d Qe @ikl Qx%(%ﬁbomngmiﬁf the
conprise between approximately 7 wt % to approximtely
‘“"‘“‘2@1 Wt % indium between approxinmately 2 wt %to
I OX] teI 4.5 wt % silver, between approximtely 0
‘%f% o ‘5&515‘?5 8’5‘81“%1? 8—1“3906610173 0\9\%“‘1%3?:%}%&403’5 tBgsthoyesith their melting

char 1 1 l of fads on a pag Sut
I a@tg Rf; CQM BB r% gd \A%\éis ga %IEE;OXI sl,t%t{: & ayco%iancgw%onq)/en?@ment of the

anti mony,
inven8@pr oxi mat eI y 90 wt %t| n. In these inplenentations,
the die sol der pad reflow WO
2007/ 0959PCT/ US2ANE AGABTIOR OF gAPENAENTICRI | S bet ween
approximately 170 C and approximately 225 C. In all
nﬁﬁ axiesr?%tmvgxtlgjlfis cEnﬁ%ed tW@e}ﬁpmmcc@@thr Haﬁ@gep'l g falofidedescription

conta£1§ le(lico Wmtg'ognr%gnrpg{man:ﬂj ?o af?eér%%e: 1(%\%9351: éecogelﬁﬁsgvgnltt glg Ir,g)ne skg{ec[ in the art will

recogﬁl&maﬁfﬂﬁdﬁnﬁﬁéﬁmh Iﬂ@yl@ GfeaSHRSLLAL: Rarent
approxi mately 275 C. Other features eren£0%dhapﬁécggaé1§dlscflssedm
the prgspreapphice@e N¥foreavarenit @ihe wietific BBRIGONR: IFRAR: hre@didcYssed in order not to
b parent to those of ordinary skill in the art after
© SC“Pcé‘\%méW“ﬁlg the 5fol | owi ng detail ed description and
a F DESCRI PTI ON OF THE
CI%Q mrﬁg prese% a‘;_phgatx?n a ? kg%wpagﬂngéii%% p(’é(illyll()rl pie ﬁlre&tpﬂ tb

mere[ﬁ%ingﬂ;agﬁﬁgcg%ﬁgﬁ th(e)a ﬁ@&gﬁﬁ gg Ig[el}#étﬂl? br%?‘s; %ﬁg %xlnﬁo\lé}lér%ttsr &t he preslenrt] invention

are noFp@ificadly @sdribddiisthd Bds@BapBlic@IFR ki) n& QINBSGI i1 BFEd Bf the present drawings.
| ead-free solder alloys together with their nelting
It shou[d be borne in mind that, unless noted otherwise, like or corresponding elements among the figures may be

indicated by like or corresponding reference numerals.

For the purpose of providing a specific example and for ease of illustzation of the concepts of the present
invention, the present application makes reference to a flip chip package having an organic package substrate.
However, it is understood that the present invention is not limited to a flip chip package or to a package with an

organic substrate, As illustrated in Figure 1, flip chip carrier package 10 includes IC semiconductor device or IC
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10characteristics for formng pin solder fillets on a
package substrate, in accordance with one enbodi nent
of the invention. Figure 3 illustrates exenplary
waprposiikisons of | ead-free solder alloys togetngs0khhs:s
il et B TR ACE Bluie 3Ll 650 b Bkad QLMY %'m‘:'-;?bSﬁPJfg’ogd%r butnps 2
pads on a package substrate, in accor ance Wi on
conngqiddctimeitbrrfondil@iclssaeepit 308 paclROlalshd £ DifERERET LD Fanry
THE | NVENTI ON The present invention is
conn@iqd &l Qurin leags GVl el Wiriednos dpg throdghett prokapascloaget. PEh@ds 6 are
i i pti ' ific information
st SRR TSSO E T R Bt PUETURT P oprese e
[ i N i d ' . t.wll recognize.that
com%dﬁﬁe(rﬁ g)';eétgr‘gar[] E:tglplﬁ}\r/ ﬁétsgllvéo ﬁoqlﬁgd)%nttg %%fm%pﬁ@“fi é) !?écr}ﬁgg HSSi%ﬁtg 4a UsHg _passpve solder
pads @1 @hler eat rferiid stiad paipestd hGRlchiYe HisSCUSRL: T R ;ﬁcr&gg substrate 4),
present application. Mreover, sone of the specific
d e frethq absergp of thyarekoniievmittip sldar lempct dicko e USls B ginisideOfil@ S5, and passive
ot to 20obscure the inventjion. The drawings in the
sléel et SRR GRPIBHEY 7 T E4R6IeH (i i R
bl ' , rel xe r ,
addregs%n%a(oﬁg I}c%ﬁexjﬁs?gb rg:if’ugetnﬁ;g lzoﬁﬁaglageﬂf%i gl’r%;STE .r]bgse %’T%(Igmogg ﬁrat% %{38‘{?? ihg/s’oiders lead
(Pb) @hulae fo retiedhaeiptcsimetly 6. pras 8dent 'in%ﬁ%tais@a{a_d:@srs& _azﬁqgsolves
specifically described in the present application and
challegggea inﬁ'@ﬁin@p@@inﬁ fugidglolsafder hdtanigls hattadorin yleduivellypridas@mhically reliable solder
. dr mﬁn% . It should be borne in mind that,
J"“““&ﬂ‘ﬁ&%@ ﬁ*a% OB RS Procpk eSS Rtiergele )R direhip s
he figures may be 25indicated by |ike or
%%mgg?gggionding reference nuneral s. For the purpose of
pr théiptdiGendeS e Gkl OXAIPILG a@glﬁjolyf p%es?x@tﬁﬁesqgs_embly of pin leads 6 to
iI'lustration of the concepts of the present invention,
be onthiq gop pof tesenuredippichycdid. G prakes theéraire RESdhBy Fin fdds PtoGlhdk
package havi ng an organic papkage substratez_hbmeyer{
PEUTSEGHBaTeE PR er At S thprdd Gsighes fien apntsnoidoieiitgn fofiip chip
i, 7l [ [ t ackage with an_
sl TG0 B R R0, 20 2, PREKR0T L 20,

hProRidbEll £ @ orkDp Si ekG: §Phitets 5 is
T O B o b MRSl E BB Wk Pl 5 s e o

the requirernent that pin leads 6 should not move during subsequent assembly steps involving temperature.

packa

The processing temperature for die solder pads 3 used in the IC die assembly process should be lower
than the temperature used for pin solder fillets 5 in order to avoid the movement of pirt Jeads 6 during the reflow
pracess. Passive solder pads § used in the passive assembly should also have a processing temperature [ower than
that used for pin solder fillets 5 in order to prevent pin movement, and lower than or equal to die solder pads 3
used in the die assembly process. In order to prevent the melting of soider bumps 2, their melting temperature
should be equal or greater than die solder pads 3 and passive solder pads 8.

One technique for mounting pin leads § onto the pin side surface of organic package substrate 4 involves
using an approgriate solder alloy to coat metallized pads that serve as tanding sites for pin leads 6. The pins are
then positioned over the coated metallized pads, referred to as pin solder fillets 5 in the present application, and

the solder is reflowed to join the pins to package substrate 4,

e
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die 1 nechanically and electrically attached to the

di e side of package substrate 4 by a nunber of sol der

bunps 2 connected in turn to correspondi ng die sol der
w@n@ﬁ ackage substrate 4. Di e sol der p@dﬂugw@m@ugﬂ

” S-S ﬂd&i&l\) @}&hlﬂ:ﬁféﬂt %at&&m&é@lu@dq ! th tmﬁxihged éﬁs I: Enine rsola%r fillets 5,
MArlng (not shown) throughout package su rate’4
on 01361&@80}‘&0 aberats dlsderiedolicing thgpepiuR cHihd € 1GfherBAS K@ mposition
strate 4 by pin solder fillets 5. Pin |eads 6 are
t°‘“1’J§fé“8 hogt Pl ‘?‘ih%i‘d"%@bﬁﬁmmwﬁle tieshaetlenagdty of the
7 is attached to package

orga Ia¥eo Svar\xlo% c?n o )
i lﬁé ﬁﬂ%wfé A¥eor 4<_1 g§ % RS Slrl’lf“i}té ft tlblpaaéqnt lb\’glalgn, é“lcfdaﬁegf?&jiﬁf; employed for

substrate
Jomlﬁfg@b&deaﬂs@ft@cﬁ &R @acﬁa@e sﬁ@lreﬂﬁ fo:@@géqg &e%%ﬁ%gl btn%g caﬁ%ﬁﬁ: wathata(%dmcr pu]lmg
passi ve conponent 7 to package su ’
placenprg, optbrsmmicesodting he asﬁrﬁﬁ&eﬁht:kagdﬂmelﬁ bile@Ring goeli d&&gcz@mﬁﬁls 2
di e sol der Pads 3, pin solder fillets 5, and passive
soldePripae 1‘8“66?&%6% ofippresat wwnteaman B89 bubstQE, swh adbrmpfic
terial. The present
puods Bkl el | BB e PR 0o ity Feee s i

I'nvention
pin sdlcﬁpltlﬂt@ﬁ tﬂu?zﬁﬂe\)(nplgloldc& Jtcnﬁﬁﬁ ng‘lgidq% ope% uleRer ) low noungé%?ead (Pb)
the solders' le content to not nore than ’
e.g. nagpteothnbdued. Wt@ﬁ lﬂad\(\)tb) %1 oﬂEhﬂaI@ﬁﬁs&iﬁtﬂ buithEIR: bd;}fﬂos@ilaégf the present
addresses and resol ves challenges in finding and using
invenliqgicp foambs s exapiple eprivaibing b0 v Hrio fbowt Y elveditin {se)ank yoout 10 wt

% y reliable solder joints and have
/t0£a?%gggm$mﬁﬁgigtures that fit the process tenperature

hi 18 6P B EWinchide thl Dlse AR

process. The pr%égss tenggﬁg?%ﬁgﬂﬁﬁ%?waﬁmﬁwe&%ﬁge mﬁﬁ
reflovgtrippra@s 5 e nfielimp iR e R SBick ROUIE BSnoBRSENR o fo0f anmearlclaﬁ@rﬂ&u& of

to 15be on the top of tenperature hierarchy chain. The’
gmfebﬁhfts‘e%%%3?i' & eerfprranPpE (orboaet7aChilag, Pi adt @alEe nhotfically and

) ack bstrate 4 through pin solder fillets
cleet ‘%“ Jﬁ“““’l “a"g% e‘ﬁi‘& ?Libif KRR g { solfenBlietss ol ad@ﬂaefjﬂfma piitlasmalyputt 258 C to

about $dot @ GHL Pin BEHE Erp[lls\é atesl%%tmpr?ﬁh g?mposmonq ollP Fcad f\rN 2 areallgfmfj%efhlcravfx% their

deconposition tenperature-o
melting chwhdtegibticCladforl@ig pi Qﬂdeﬁﬂ@gpbxﬁ)rgaﬁippaﬁlgéé SHIBL:@GJ 4Ymgfz:§rdagca WTL] Ene

need for high reflow processing tenperature for pin
“mm§%W%%WﬂW%W$@F%m§ is due to the requirenent that pin

| d. not nove during subsequent assenbly
S t%e qlustx Ftﬁcstbia

§ hl@ Flt‘glgﬁ% é?rﬁfslj:?xépom%sm{ éokb:f Dl psegii nn[gn solder fillets 5

cCompr, a Y of T (S0} and Bbourt 10 W t"h I dt
I itseeam%‘o% Yl bt)lg bo \ﬁ'ﬁ 1‘% Ph‘; )b dpb tsip {% g)r? ?uhgwtt/cé%.bréaflé@iﬁ)re@d have

assenbly process sh

soltdusljﬁ@@i‘atﬁlﬁi‘ ran@iln@frﬁlﬂiﬁtw to Ej sh b %‘dshqéduls Em%‘ﬁ?ﬁ% za‘ilé?ng%%iq |2!117 E hoez35°
novenent of pin leads 6 during the reflow process.

All of %gszg]dq @Iltgg(br@emtwpald\s: lignidns elparafirds b@omﬁb&fﬁdom@asﬁ&ﬁ@m&m of organic
bt al so have a processing tenperature |ower than
Subs a{eﬁ%f ag&% &% OFBF27pi n Mogreal plitiepegelder Blo ppmpysifiens utedinpimealinfilets 5
th to di | d
have 1e@$vpterﬂ%\éﬁg§!géhlbr nt%{\ ﬁle re t}a,\vve trcm é:gigxnr%ﬁg{c}m gﬁ%&@gbéﬁnc‘ [;qsesar? %@Frepgqg g In

pads use
one emPiRé@NEe ARRLIABLTdeNBe @Jpec%@l rgﬁgv 1&9&9&:&1‘ pn¥ sla h‘ ﬁilets&.canc& éie Ider
tenperature 25shoul d be equal or greater an die
pads 3 is g/lledes 0° Fadl5° 8. InmghthpaaBddib@niSOk ietreRaidl & (o8 5° .

In another embodiment of the present invention, die solder pads 3 used for attaching ¥C die 1 to package

substrate 4 are also lead-free, and further the fead-free die solder pads 3 have a reflow temperature below that of
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One technique for nounting pin leads 6 onto the pin

side surface of organi c package substrate 4 involves

using an appropriate solder alloy to coat netallized
B7/4h&ls serve as |landing sites for pin Ieg@sﬂ@ﬂmahﬁﬁb

:::: n te A &
dgi;[gg lI@;Eﬁ %1 E%?Jgﬂéﬂ?xﬁblv%ﬂs&gﬁﬁn I&S}zgs%(rj érIr th? ITFJ? :Feng gxe so‘id% pﬁ%% Sifuated on

ortrapp Esl@msulam”pel 4 eapism, lcad (1) ok HRn&REOB 0w SuoliR b4 IQM\@Q) ELexample less
join the pins to package substrate 4. itWD

ﬂmnﬁ@@#Wﬁﬂ%@@@PCT/U82006/014625 As stated above, one

re r.attaching pin leads 6 to the
%Tof nggog{"i,%%gdnn?nt & (T lea e ofthy E’Feéﬂf“s‘msﬂtw’e)ﬁchéiﬁ glﬁ?bileciw
solddd ?éal(ﬁé}% I%HE St z%o 4 ‘)vrc% L Q%It %tb.lSﬂluLlS get ge%xlx' aboy vﬁ I/ g;!i%f’

cannot be hi gher than t he deconp OsTti on e
betwepn gamioovt rack g Spis tilddbi@eeftaboids 1 @t‘%’&) OREPE TS er éfhex implementations of
conprom sing the mechanical integrity of the organic
“WP§ﬁH§WP§W@m‘%ﬁ@@wawhgammmwawwwuémeﬁbwdmnennsmmmmmhamnmmmzwt
9amgﬁ mve nventé the | ead-free sol ders enpl oyed for
i n X d‘ 15 weena b%wté/ o tp 87 8?@%?66 bif‘éi@kaﬂg'é O &t gt Gomt &6 agtimony, and

betwcfeﬁ)gbm@fif@lnﬂmwgzmg cal bonds cap_abl e of wt .hSt andi ng

pul l'ing, placenment, or testing, i.e. socketing the
as senbihed dp %K@@ﬂonec\/ﬂﬂib&ﬁmﬂﬁ BREH LY, RoleTeloNg=TR= o N e Qll orgaric
si gnal . In accordance with one enbodi ment of-

packagrebsfsperseomprise myied (Hbbm an wuietcodaini encBitbSibad FLE for SdGHle 1B than about
°1V§£%%@i% %cka e substrate 4 in Figure 1, includes a
‘ F 1 gt R eat s "’?5&01‘?@%?”%"6‘1/ PRRpRIoDs of wldeiiehwestinde solder
t hus achi evi ng

pads p@gc%mwhc a%ga eJ o%ﬁl.e F ﬁsent em ogitmcaﬂ (ﬁﬁb)scussgci,a%%l\fﬁ n-llﬁ?aaéd[ag;& f"ﬁ)b‘l“ﬁ

a sol der system w
embodli@ut G Yidtent@ivedtigiada (8 5@3 ific exbl) 1§y BhpleR Gl @Qﬁ)\g{ t g
about OC1 wp opeed (Pt;;S :ccl np o%etplenptaer?ent a1 llnc')lﬁggofﬂ ure 3,
new agcmoye‘h@[der afob devtilied ApiEsbitidar p)ads:& fﬁxf mtbrhﬁneﬁt[n@m 1 th RYRRHERA.
b formul ated, for exa conpri sing about 90 wt
su st16}e {1 &n BBEpus g}g)lc\llwnta%)r@f)f this (’ﬁ.lb? 1t thgqq@erazﬁpg intdick@danpad9p ttage a reflow
tempc@tgguﬁe tﬂ'e t era xe W uul?B %m& 1s n?obtle 8?08%)];0 ﬁbinr qnéggl?g;%gﬁlacg?ng%ﬁg fEss

t he prese I nven
than 1 PACKRADRS s i Bsec 4 have a reflow tenperature, i.e.
the tenperature at which the solder is nobile enough
t é«fOfft’ospmﬁaqiiy,@is @otradddahblConfged 3, @fous 0fmpdR@hLealfir atlm&d in die
out 230 C., e.g. fromabout 235 C to about 247
solder P@ﬁ%:]éavo sﬁichus [le%@ffg”eﬁla&?ﬁﬁ fipra 11526 Wap° €ahd Kuuigwsdemperatures ranging from
185° Cet!) ﬁ%t (EI &I?(!i h¥se .so%ef glg)fcto%x{sﬂogf Es%lnqgllfiﬂasge%ggﬁ%gg?“é? %/ﬁl%v thgf

oW ng pIn so
decomf;JsiﬂlSH reRtdare 2Rt ths@@cgfa% <a§u740(é bc-l;@rg%e oxrxl,o EI gHof %eac older alfo
illustrates exenplary conp05|t|ons oF ea ce ooyl
compogifidnpype! it d)g@tdheyﬁdsw hiviarellhvebdipea®ict leR@ (16 I?e'ﬁﬁxﬁf%ﬁlﬁe[ dh§et ﬂ)t‘f)ﬁl B8 fillets
formng pin solder fillets 5 on organi c package
»bebigEdi¥hte 4, in accordance with one enmbodinent of the
p&ﬁé%mmfng%eq} t. 20As jllustrated in table 1 in
2,V at P olis e Bhptdie e reeshed st (1330 111@‘3}(160‘51&@&@1\1

matenawgﬂl\;\lf Qk/fjt%fﬁmg{ r%[%ﬂ)!@éi&tn?al goqusr aBdg fite r@(%ged W%egr@mw‘i 5irg thuafn? \I[HWESCO Y

complyana titndayqu(:Slpjocestlitdentparivifie SQhbid USissdkSNRES s@&i‘c‘c[n@@tof ;ﬁ.ﬁ&ée”ﬁch as
from241 Cto 235 C and |iquidus tenperatures ranging
assembfurg@ﬁlfpzasv in@ pin@riQBBy Bekagh with of orgaesibsirso | Ki@r thedbbv@ Yescription of
QHPE t|on have |iqui dus tenperatures bel ow the
exemp! %C L nﬁr(r)xes {5 o ehxmfe%tl,?.b é fs gzlafﬂj)?e% thgy*:rgpsgea:Mx%!es can be used for implementing the
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substrate package 4, i.e. below 275 C. Mreover, al
of these solder alloy conpositions used in pin solder
fillets 5 95 have reflow tenperatures higher than the
“ne%bQMh@gnperature for die solder pads 3 andc-passiV@iss
il Rt Deaddl SR

i %tmeen t he regpeggﬁﬁaggggwupg?g!Fmeﬁ?ﬁ#égﬁﬁ?“ﬁ?ﬁmm““mMOf

lead Sied stl@dring ddtddglt $:d eidfdde Qd & ésf@ﬂlodﬂ{{ pads }§ |b§ %1{0 IcJ &
Cto 15 C. In another enbodiment, this diff ecréngozﬁe"[%“‘mom’of

the dgpIosp@agposxgo:@namfestiy fall within tgrRebdvehe ﬁrﬁiﬂﬁlﬁhv&’ﬂ&{ Mfeodef) @hile the

. resent jnvention, die solder pads 3 used for

mvelglfn% Ig%lmaxh scitl@d mllbspeftﬂf E?feﬁ% M@ré’ung:@b@tnpeatg @ pesop plerdghg gkill in the art
free die sol der pads 3

wouih %@o@mie&ﬁ?ﬁngél gouﬁ e maaee i1 fgnm aE)cle e%ﬁj w;td}citétdeparftmg We spirit and the scope of

have a re rature
the inZOfdk| @&]@Q&B@J@WQ&@AM@%@ to be considith msag lregﬂegs as Lilustratﬁrg Fad not
5, thus avoi di ng novenent of pin [ eads 6.
restrigtiyp) J i oniiritso bedinderseod ke the p@dlﬁ)n% nstilinitatiede IQIHIClQErI' GRRbI&y embodiments
4 aﬂ(gka e substrate 4 conprise no lead (Pb) or an
SUTRHEPE T Ib TR0 s ayEimteeramts | nedificafipis and shlphumxsaribiuedehaaing from

tms&pggﬂgg@m&n 0.1% | ead (Pb). According to this
dlnent' various inplementati ons of the present

| nV@E}E le@ e REkcHiiBet Hdcﬁa@tblla?begd a%sc§§é9| der pads 3

conpri sing between about w %to 8 wt % bi snut h,

bet ween about 2 wt %to 4 wt 96S|Iver, bet ween about 0
w %to 0.7 wt % copper, and between about 87 wt %to
92 Wt %tin. In other inplenentations of the present
enbodi nent, die sol der pads 3 conprise between about 7
w %to 20 wt % indium between about 2 wt %to 4.5 wt
% silver, between about 0 wt %to 0.7 w % copper,

bet ween about 0 wt %to 0.5 w % anti nony, and between
about 74.3 wt %to 90 wt % tin. 10According to the

af orement i oned enbodi nrent of the invention, die solder
pads 3 situated on organi c package substrate 4
conprise no |ead (Pb) or an undetectably | ow anmount of
| ead (Pb), for exanple |less than about 0.1% | ead (Pb).
Table 2 in Figure 3, illustrates various exenplary
conpositions of solder alloy used in die solder pads 3
to achi eve the advantages of the present enbodi nent.
As di scussed above, in accordance with this enbodi nent
of- the present invention and the specific exenplary

i mpl ementati ons shown in table 2 of Figure 3, 15new
and novel solder alloys are utilized as die sol der
pads 3 for interconnecting IC die | to organi c package
substrate 4. In the various inplenentations of this
enbodi nent, the solder used in die solder pads 3 have
a reflow tenperature, i.e. the tenperature which the
sol der is nobile enough to forman electrica
connection, of no less than 170 C and no greater than
225 C



More specifically, as illustrated in table 2 in Figure
3, various conpositions of solder alloy used in die
20sol der pads 3 have solidus tenperatures ranging from
175 Cto 204 C and liquidus tenperatures ranging from
c1l8pi§ to 216 C. Al of these solder alloy conpositions
~have |iquidus tenperatures well below the
1. dec@imf@kfagei sohsttagerpediag udie sofe aod gani §ds ulgtrkbityeo fpim:ﬂ(f?a@edie
soI

soidiy g e eeone Uedl T aree Bbrely opFaLBst Ry lder e

bemgfsitmed &Red gihiRs bel ow the reflow tenperature for
pin solder fillets 5, i.e below 230 C. 25Thus, there

i s paealiraity B8 leagficr gie odfsr aedsigvinge: dio ﬁ@{d@maﬂe ﬁﬂﬁi’wd
ten@?&tﬁie ansggd &)RP% tb;%f ?e%ﬂgﬁete (L ({fdcggﬂ@[% i{g% nz,n 0{? {1%0 del 1

Icﬁoﬁqmmpeditm chiginiiaabidstiy engi lpad &Iﬂﬂ)vw\ﬂ&hipeaaﬁhs 03 1@wmﬁly$angpm
th the required proceSS|n nperature hierarchy in

Sols%lsfé}%rqw ‘ﬁ“’é’é‘rﬁ“& Bridders re“ﬁ)&é@ ag’esoi% Mepsllgwdenprnieg s
les@Hah hRIcCSh RO sl b rdemb agﬁé %ﬁw a;%tg %%&lﬁ@g?atw th an

organic s Strate. rom escription of
exespdl ahyal Eyrbﬁhbmﬁﬁémt: slieofoldeh padsne@nprisome bétwiean appndfimately 4 wi

% brigoroXE g 307) GOV BCHARIBB 0% 6 S5 SRERSIRE BT+ Thid

\F%'I %ﬁfﬂx:ﬂlﬁﬁf@m WP% tWabfi‘l%Hﬁnéi&?@r’}t Whe, doppiR hﬁcﬁa;ﬁﬁ@;ﬁﬁaicly 87 wt
For exanple, while specific conpositions of [ead-freée

% t@dﬂpawum@telmaﬁtmii %lti, whreirhwid dic ooldesandiloy terepdratue is
erature n disclo her, vari ati ons of
et G BEE LR Rt Bie T 2s ol B it him t he

scopgd phurdI ¢ o Pl8S.ERE sé)iﬂ&efmétsp&mﬂ\@hﬁ,pé’&%eenw L &ifhBRly 90 wt
i nventi on has been described with specific rg erencey

% togpperiraiialye¥poidiconmanng ,apalommzsrdm LOfwidh db havtyo skiithbnyi. n
the art 5 would recogni ze that changes coul d be made
in formand detail w thout departing fromthe spirit

2. andAtjagkseapest@fe Rehg U Blde afd a phesige 9GLRBE of lead-free die
exenpl ary enbodi ments are to be considered in al |

Solﬁifésps@%tb§ma§itilat¢th9m pead Hligsidgnendyopluradisy of letd-fge pinsolder fillets
be‘ﬁ?%ﬂlagegadtﬂos% (ﬁgnwﬁjer stood that the invention is not

particul ar exenpl ary enbodi nents

deseiid peehlines Llend-fibeltiici soldeapablhaviap amadyolder pad teﬂow
and substitution

TS BTG BRAP LY F i T Dciolr GHCkaa i RE oher e
LLH$Q/1E91H?%I g@uéﬁ% idif 88d SRHRRP Bé’cpﬁ‘f’l%wa%b@lgﬁu@ A9eR8RM said pin

descr
solder fillet reflow temperature, and wherein said pin solder fillet reflow temperature is

fess than a decomposition temperature of said package substrate;

said plurality of [ead-free die solder pads comprising between approximatefy 7 wt
% to approximately 20 wt % indium, between approximately 2 wt % to approximately 4.5
wt % silver, between approximately O wt % to approximately 0.7 wt % copper, between
approximately 0 wt % to approximately 0.5 wt % antimony, and between approximately
74.3 wt % to approximately 90 wt % tin, wherein said die solder pad reflow temperature
1s between approximately 1 70°C and approximately 225°C; and

satd plurality of lead-free solder fillets comprising between approximately 90 wt

%o to approximately 99 wt % tin and approximately 10 wt % to 1 wt % antimony.
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CLAI M5 1. A package substrate having a die side and a
pin side, a plurality of |ead-free die solder pads
being situated on said die side, and a plurality of
| ead-free pin solder fillets being situated on said
3.pin @Eﬁiﬁdoe substmté ah@nphuiadibd Xnao'f pih8RA: { PGB &F ?c%gqﬁare die
ads havin di e sol der pad ref OM/tenperat re an
SOKigF ﬁa%b@m@ Sitttwycdwn bad dief vidw apd a phodldeof fid et pichaldendilets

k reflow tenperature, wherein said
be@g%uﬂm?@ogg&d Tt %ﬁDMItenperature is less than said

pi N SSldl;iﬂiﬁﬁhﬁyldI |l<e1ti frf diovoltiarnpas adiip@inddit IMbehalR as®lndium
reflow tenperature is less than a

n solder fillet
b6 641 o6l PEhSER i BB ORTS andrasheiees bt et pin solder
i y s n
ﬁli%g gv\zllevglll!]é’ zia Srbg}{dlc?rgilétq@ﬁo@ V\?ﬁg/&%\t%u 9J1?1§§(n %a cfj (flf) 813? a%io How
terbpeautehis leap groxaidpiebotd@ fitet %iloor lﬁﬁl@é@_ﬁ(hd&[&h@k\b{mfbu\/\&m&/ in

ilver, roximately O wt % to approximately 0.7 w
SO@S‘p%‘Zer‘ *“*@ﬁ*@“’&ﬁ’&%%ﬁ ﬁ%’tﬂéﬁf (agyp d\ﬁfom/eqsamé;ﬁw%wtﬁmfeﬂS?ldgvzcka&e
subMirafo tin, wherein said die solder pad reflow

tenperature i s between approxi mtely 170C and
ap psos iptaslgly pf Qazédxeea‘,m:d soldel ﬁll%ﬂtommiswraiuwmenabpl0x1mdtely 90

Lead-free so r.i si ng
Wtéggr%f’f {oRipare &Yd‘%”&( o o %{Jﬁb %&?PWQV Eq ‘g/t L hGo eV entimany
wheRR axd aRtseld¥: 34 Mﬂo@v%tﬁp%tu(e @%M@%Hﬁ ﬁxﬁm‘?@? KagR and
substrate having a die side and a pin E? e, a
appbxinaitdly Y251C.1 ead-free die solder pads bei ng situated
on said die side, and a plurality of |ead-free pin
solder fillets being situated on said pin side;
4, sai gpPhatlabd fdbs@ e N
di e goFderLpgdsr%?Fg€?¥éEp§P§tEV%RQﬂﬁahgagﬁmpura(g%gjda

actsfcoh@aldwfbee\eeepm appeolidaely4 W &t © dpancixingataly 3i v Saligheuth,
n said.di e sol der

enper.at pad
oy %%*f“&vﬁi ¥ eeﬁ%e)'v 1 APl “t%r@ﬂ?%.aapwﬁn%w&ew Bitp| ot
apprétihRwlf maralupser, MAGPPRAGGLLISE W Rl 1SAbERTaidl b &k o4
_reflow tenperature is |l ess than a deconposition
tnt enper at ure of sai d package substrate; sai d
plurality of |ead-free die solder pads conprising
bet ween approximately 7 wt %to approximately 20 wt %
5.1 ndirmmc,hegmemea@@r EXiniYBL Rhotcid swid p%xhﬁ’t P Ma@iﬂ dLietHder
% si |l ver, between approxi nmat el 5 %to
Pddéﬁﬁ%%?%@fvﬁyﬂepm ORMYEIFop E(ﬂ to taem%@wtelpéﬁ o%ivmitdedny, 0
0
e OB R e S P RS

0“mhémempnsandc@ﬂb7smB@ameadmh&ﬂh@%p%ﬁﬁﬂﬁﬂ?@umﬁ%h&
C and approximately 225C, and

betmeer @g r gxi mat el 1;&
APPERGAGIUY-aM /fla'btfm? adh %‘é"e%ﬁ@feiaquallqlﬁe?%%ﬁn’pkq si ng
dppgeﬁmﬁgg,@pwfqﬁhpately 90 Wt % to approximately 99 wt %
tin and approxinmately 10 wt %to 1 wt @6ant|nnny 3.
A package substrate having a die side and a pin side,
a free e, sol ads b L
0 i Itoi uatpérlai(%% Sggﬁué‘?ed? Y8 Ofﬁlﬁ(‘)‘“%tfjgr UF‘&Fi“t‘yf %1}3 is situated on
said @addkree pin solder fillets being situated on said
pi n sides; said plurality of lead-free die
sol der pads conprising one of bismuth and i ndi um and

haw lL.de ef |l ow tegperat.ure and said, .
LR
leadsfrbde def Ibluh@ts wieftiawatlesRaiBplurtiy WedEiee &G bdh®s is

ol der pad reflow tenperature is |less than said pin
a“aéﬁﬂd%ﬂCPVFﬂ@PdW%PP%Qf%@%ﬁ%¥ﬁﬂﬁpem&&ﬁécﬁﬁ%ﬁbﬁhp@bld pi n

solder fillet reflow tenperature is |l ess than a

deconposi tion tenperature of sai d package substrate;



said plurality of lead-free pin solder fillets

conprising between approximately 90 wt % to

approximately 99 wt %tin and approxi mately 10 wt % to

1w % antinony, wherein said die solder pad refl ow

tenperature is between approximately 170C and

approxi mately 225C. 4. The package substrate of claim
8.3, V\Wﬁlérpé?[?%@:é%ﬁtfmcmfaﬂj/ 99&@1? lpigad-T. ﬂ@@ldll@ peopidé prrmaids

t
PSS DL PR IR A0 o s
plmmlply@)ﬁlpﬁﬁltﬁls}’o%ﬂlﬁtta%@l tb ebireRRERY DRBbLEsN Blulityol Rad-free

tely 0.7 wt % copper, and approxi mately 87 w
p”@gﬁ EQEHOX|nater 92 wt %tin. 5. The package

substrate of claim3, wherein said plurality of

| ead-free die solder pads conprises between
approximately 7 wt %to approximately 20 wt % i ndi um
bet ween approximately 2 wt %to approximately 4.5 wt %
silver, between approximately O wt % to approxi mately
0.7 wt % copper, between approximately O wt %to
approximately 0.5 w % anti nony, and between
approximately 74.3 wt % to approximately 90 wt % tin.
6. The package substrate of any one of clains 1-5,
wherein a flip chip is situated on said die side. 7.
The package substrate of claim6, wherein said flip
chip includes a plurality of |ead-free sol der bunps,
wherein each of said plurality of |ead-free sol der
bunps is attached to a correspondi ng one of said
plurality of |ead-free die solder pads. 8. The package
substrate of any one of clainms 1-7, wherein a pin grid
array is situated on said pin side, said pin grid
array including a plurality of pin | eads, each of said
plurality of pin | eads being attached to a
corresponding one of said plurality of lead-free pin
sol der fillets.
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