SEM CONDUCTOR PACKAGE 1. TECHNI CAL FIELD The present
invention relates generally to sem conductor device
npre particularly to 5 sem con#aTius2006/014625
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The escal ating requirenents for high density and
1. peFECHNTGAL EIEAPsoci ated wth ultra-1large scale
i ntegration technol ogy creates significant challenges
f oFhetprreentiiaeeniénn relaves ceneplletrsamticonduotor dsficeagheping, el more particularly to
.connections between circuit conponents and externa
semicgnduiprppakages vt qagapic pubstraiept egrat ed circuit (1C) devi ces,
indiyidual active 0 devices, individua
> gggkéﬁﬁRd Lk , multiple active devices within a
si agl [ : el ssive and active deyices : .
i PR Rl oLl S8 bR S SGR: st mcaraton
techndldgly PeatGRIMBEhI c@ﬁﬁng@@fo%@&si&xhﬁ%le\ﬁﬁﬁtat%ﬂ _gf e(i)etc@i@{l C&lh%ﬁ&“ﬁ between
el ements or structures. Device mniaturization and the
circuigs@ponertCing &ddrbel bR cirdtitQf nEgii-8 ARMYEE)IeviEE MNERS individual active
require an ever increasing nunber of I/Otermnals as
devicagghdividug! prssive dovieesemtltiplé astitehievieb eititin 4 drgle chip oA BGRiplOfiSsive and active
One technique that 5 supports the increased device
deviceg giflip # siegde dhimigquire sriteblesiuf/outifut /R prardciisinebettcemibensselves and other circuit
bondi ng to area array chip interconnects. An exanple
dmm?ﬁmﬁwmgﬁﬁa array interconnect packagi ng technol ogy is

t flip.chip technology. In . the flip chip .technol ogy,
a et nPabllePon G0 e B il gl i@ e
: : ' ' : "l d'. die t .
el o EEf o S Pk M Epeal S BPE e bt fons Ope e
suppofistSitidrale® devidd d@Besi BV &BRE &b B&iphdtal =14 Bénaidy B‘Q.EF arfily chip
pin | eads are soldered to respective solder fillets on
intercdnhe@ts O AP O@inplE ofk bik DGRy BlerchitRct PRRicAE @cE RS i€ Ak 8ip chip technology. In the
resulting in a pin O grid array package. The pin grid
flip chiprtechnplopn ¢ kagyerca sy rftiattespan tienofieas ed didiiRay confle ht Blipped” die
termnals and provides electrical signals inmmedi ately
to respgetiveysRidetRadscon |ﬂt§ surfapendf ghg pqio}@ge pt@g{gte( pb))le implegegdion 9 lagge number of pin

' it t of | der_ and, for exanple, up to
i B A U b B e o b
. [ | der _bunps, sol der pads on.the die side_ o )
erid o p0Blac, The 3 oy HiPRiRe 1R g SR oo b g R e ond provides

lectridhl OfntcBgch8gkage sbstrate, translates into a
eeanpé%%gsivg aﬁg extengﬁge use of lead (Pb). 5 However,

arPresdntl 1eAAPHMiCust Dasla %ﬁi‘Har& PRdtitdest omogi_axl a\ﬂd,qg%j(aq@m ¥t .9%6/1; of solder
for exanple, environmental regulations call for .

can be gdad (Pb) dhispthe @k of seldet i Blapr buifpsLdoRIeE Jal Un CheGlielsRibl b tBo padkBdeSubstrate, and
requi renent creates significant challenges for

solder ﬁ]éfm on dtie m'g sideeidhe package substrate, translates into a pervasive and extensive use of lead (Pb).

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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(Pb) in the solder materials. As shown in the exanple
of a pin grid array di scussed above, sol der containing
he nmost w dely used interconnecPCT/US2006/014625

? -'Mu%ﬁédlandrﬁkkﬁi@rrifbm&u% Qbcd BARERIANG ek&g)im |ﬂ€g>qmp technology the
However, replacing the |ong-establish Use of "I ead

procefsilp )em'peratme higherchyMdidtdies atelv soldendilRtsifd@ lpB sb184p ﬂﬁﬁﬁﬂatasreﬂow temperature, i.e. the
significant challenges. For exanple, the processing

tempergiysggs avhigh the goldat iemalrile byotighrte tm breelaveical tahevteh, baldw dn@rganic substrate
rel i abl eneed be made. As an exanple, in flip chip

deconpagifi dsmgytuteh Eurﬁ%leeagrd?rg'sqd &ytplder 2eds prthi flie piderof g package substrate

) use of pi n_sol der that

ts f
shoutf e S5 Pl %ﬁ&d‘&ﬁm* the sglderyjesd vt pRatEre o
h
thﬁp a5, R HIBE oh By rrgglaqrJnél oW §r?gf)er1°g an‘fseéo%g&b? inselder with other

el ect'rical connection
materlB Qﬂﬁlpﬁé‘lhtﬁ1h19£‘reﬁa%mﬁgtﬁ$ap&ﬁtactJ: A D chg‘n(i)éafjs?ré a%g w'h‘?b also
sol der pads on the die side of t e pac age su
complgingwitttkhd vay@eBpré Rising Wimb&4TRe hicrhidhy8n Q@énﬁﬂxéaﬂ@mé&rh@% pdcﬂlge such as
the solder fillets used in pin solder. Thus, there
assemplingd fliprehip linen réir grid famay prekpdeaith mgorgdate shbewrge: ent r enched us e
of lead (Pb) in solder with other materials, while
naintaining reliabl e el ecB¥MMARYcont acts and the
eﬁﬁlred nmechani cal stren%iﬁ and whil e al so conpl yi ng
PE§FR! IRVERign Péﬂ“&ﬁ‘ inedediisgsepisprsiarierpenkegeh Therinyertioy addrpsses and

resolv%%[?‘el nrer[%il ﬁgar?for € acgrig ﬂeag&g %"?‘g 1%&1@1-(13%%2%{:1\?}14? %%gtglglLé re?able
electn@aﬁ gﬁﬁ&tganﬁ ltﬁ@%q[u?etd?n ch?-yee S thTQn s%rc]:gm Ial}l;}?\gn Itl?e.rf]:?]qglred processing

directed to a con
tempefafl}@itkdr P inRCLHIDHS @&m@@ﬁhu&@r%gékgggs t he need in the art
for replacing lead (Pb) in solder with other
meh @felemb@limend)iht BveBdnthcRidel ap@ekhelshtatktiByifhla@ehbet Se solder pads on the
contacts and the required mechanical strength, and
die sidgpi theepagkageoutswatg hngdi amgmber dfipirt shiderifdiepion tBChifNiR@@EME pddkhge substrate. The
. tenperature hierarchy in assenbling a sem conduct or
die soldes pada rave a feflov ismpesaispbHlawethat of therpin Soldurdfiliets, ovhile thepinehier fllets in tum
b %Pkggg sub Lrate with a number of die sol der ads on .
avea R %‘r 2 ‘éeﬁfénpﬁ%r%%é@@eré‘aﬁef thepagkasesbirale. ﬂrfemplementaﬂon of

l.der fii t he, n side of the C
i ol 1B ot i M§or%&PS%5aV§e%avma@%?q@Wo approsimatly 99 i %

tin andla ﬁél}“fOQrvt k’}etL) (I)Wt IA)%‘ qu IL B,‘?s 191})1 en%l ?‘I aﬁle pin b01£¥ x‘lsllet reflow

| e the pin solder ets in turn have a re

temperﬁt&@ﬁ%l@%éﬁra@r@@h@él& Rs ‘d@ %M&Jnﬁdté?fbﬁ EARBIARL lﬁél@w 9 Iiec&r&%smon

package substrate. In one inplenentation of th
tempergnib ofthaf@riage stfs@at i.6) balow %foxﬁda‘eiy@‘?ﬁ’ gni ght conpr | se

bet ween approximately 90 wt % to approximtely 99 wt %

t lreng ivebleoptioitiratfesblfer p@is wlighéotnprist Watwddn audptdxiaRYY.4 W P to

this |nplenentat|on the pin solder fillet reflow
aPPfOXrleWBe?rVﬁt/th*seluﬂlsapeerwelm 2 3p rivspresimetly 4 38% sleampproximately 0 wt % to

Pg & 247 C,_.which is bel ow a deconposition
approx F?[?f ra"ftu a’edrfepfﬁ’a'eré%lw Wb rEpRapEmaidly 92 wi pfeting p yet another
unplem%ﬁﬁfog,)%her&ae sgldé{' pads mlg%f comprise between approximately 7 wt % to approximately 20 wt %

indium, 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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In one inplenmentation, the die sol der pads m ght
conpri se between approximately 4 wt % to approxi mately
o WO g’ggtz/dq‘(glﬂggsrrutwm approxi mately 2 wt % to appr oRCTASI0§/014625
%mee%wé‘i@ Borwich %@%ﬁ%ﬂ@rl%@ ARl SlpYoxhattly 2%5°10 1RRREBX IR RF Yie invention,
0.7 m % copper, and approxi mately 87 wt %to
both tagypiti @idenlkerbiowdenpatatubbdahd e dit $Hld¢EJad BAGH REiperature are below a decomposition
i npl enentation, the die solder pads m ght conprise
tempdydiirewefdihe paghee evbistrage . Yelotv approRimttely 2(5p € Othabeh@iey and @dvadtagh of the
i ndium between approximately 2 wt % to approxi mately
present imyenfipn will becppemore fradilyernarepiyipihess pfradiearyskill inhe 8% after reviewing the
a oxi.mately 0.7 wt % copper, between approximately 0
f°“°‘ﬂ§)gp ‘g%a‘llesg%ﬁrﬁi“\é&‘?“ﬁﬁ?@}’v%‘? T35{ingds ant i nony, and between
approxi mately 74,3 e ARRO 'E mt € 0 Wt % tin.
In these inpl ene . '
C [ 221 . l. [ he
I8, PR LR K2R oL IR Rl R
with chesmprdiatdd behanitole di e sol der pad refl ow tenperature
are bel ow a deconposition tenperature of the package
S Uligtra Zithestrates.e€emphe)] compR{fipis @K ledtBttee boldePal BysGogebb¥@th their melting
features and advantages of the present invention wll
charadipsitisprior formming niestfed filleta pparadnate Lttt dewcopfan@mith p@reynbodiment of the
. skill in the art after review ng the follow ng
nvenipat ai | ed descri ption and acconpanyi ng draw ngs. BRI EF
D%SOCRI3F?KI ON OF THE DRAW NGS_Fi %%re 1 shows an _ )
e X 51 AP Iatesepemp Ay gompgsyipns of Ieaddies solder allays)topgthergyith fhgir melting
St e, tn accordance with one epbodi t
s P R S ol B P P T et S PR B osiment o e
invent@NPOSi ti ons of |ead-free solder alloys together with
their nelting characteristics for form ng pin sol der
fillets on a pPEkAgEd BEASIPFALR OFTHEANCEREIAACE W th one
enbodi ment of the invention. Figure 3 illTustrates
eXldrpkantnveinpd girdcied S 1af-feeatlicéddttor pakaper TirlfbRYEg description
together wth their nmelting characteristics for
contaiisgpagifip ffagnasion pirtgining jodhdsmuplementairmok higpresut iy entiat. éQne iskilled in the art will
accordance with one enbodi ment of the invention.
recognpge-{HAY themryspRESrIRIigETRADRE ERlempited) iny Ay diferppidiopy st wwagifically discussed in
the rgsglyenﬁciath | S direct eg to a Iqeaﬁ-free sem conduct or
PreSREIPREE DTGP ST PRG0N B° WEL T 9By 6 e L TRt Fignod diseutsed ip order not to
obscurk BE 94BE4 On pertaining to the inplenmentation of the
present 1 nvention. One skilled in the art wll
I GROGN AR i tH@JresEJ? GopREESERE thbiP YLk Bihe @Mﬁ@ fescription are directed to
i npl emented in a manner different fromthat
merelySRé@labyl cadbdittenthiof bl mS@Bon. Mo Rt bRSBNbthed BlbddeRhts Sihe present invention
Mor eover, sonme of the specific details of the
are nofj spagiindlly describedin i@ tpreshinSappiisitrdl andureatockpécifitaily iltrated by the present drawings.

It should 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 illustration 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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obscure the invention. The drawings in the present
application and their acconpanyi ng detail ed

. vdesoopogon are directed to merely exenplary PCT/US2006/014625

- dke 1 é%@é@mﬁﬁ’-ﬁé@%z{@%&m@ Mk i© Side of BackEbl E\Ibﬁfaﬁlz 4*%5/ & Wdrhb¥r of solder bumps 2
ot her enbodi nents of the present invention are not

connespiitfrh ©abreypolldsptdid SORIEr padd 3toh PacRdpe SiBkHate@ P Plel s61adr A0 3 &R dlectrically

are not specifically illustrated by the present
connedieipil/Bpin leads 6 phimerhal wiving hot shewr) thrawizlodt phdkage, sutistidtees Pin leads 6 are
noted otherw se, |ike or corresponding el enents anong

soldeseh o thejpisida of naglpectsabsivaiett yapiresgldpnfilleth & ePimleads 6 pre@sep Grrtivivlg electrical
erence nunerals. For the_purpose of providing a

r ef \
comnegioRY P FHETLLEHIY € S PBPOTETLL & abitehsdip RRSkampeyAe fpinglieassive solder
th sent. i nvention, the presen
pads Bg’g%%lgrp ﬁa%d pei‘erence o) Poidr%r Rads 8 ulsedV Or, as)tz!lcgmg qusbve é‘,ﬁrms)neﬁé‘zi? ggcgage substrate 4).

cat1 on nakes erence t

h al‘{xit}fégbs@lﬂ;e Qirtﬂﬂms t B%K&Q&ld@%ﬁl&g Z’ﬂiig 'sol(!_elp é}fﬁ% %E)fnls%ﬂ%lﬁr %igeés 5, and passive

understood that the present invention Is _
solderdpads3® cﬁﬂtdi@ap@ﬁki&a@@@@@gﬁﬂ% %l oPlefd PHGK ALY 1A aneri@p THE 4884 favention
substrate. As illustrated in Figure 1, flip chip
address@srand resolvpatbkraqpireridit tb Rplatedes (HbCinSiRkd sc1aEGhbiat 61 to 486k 86 séMers’ lead
IC"""dle-l" iftJcMlca V anJ'ei'lcmdSiliy ttached
(Pb) cprient fa@otdiore thindppraximateickiages. STHe pteseat isvertiob ylseadiasyizend edolves
sol der bunps 2 connected in turn to corresponding die
challegggs 'aéiﬁd%nguw Srtapatoldsiyaatesial Setoan farmyeleciically s} rhshanjgeltygeliable solder
bmmg are ebectrically cpnnected to /O pin leads 6 by
Jotats Ay AU PP BT LIRSS RPATYR el AR ot Geemple;  flip chip
“%mﬁgpg&£ te 4. Pin leads 6 are soldered to the pin side
0

package substrate 4 by pin solder fillets 5. Pin
| ead $rofes i | . |
e e (1o bl s BT 6 0
be on A Bl AQemRtARS Hickdr@y ShathSTIRGrocRARStbiR a8 1BEHtadRRL Sin Rads 630 organic
short hand reference to sol der pads 8 used for
packaggtstlacdts Sthrogzhpsi svider dilepixheul behigher tipa algager SIdRSsitedh ehe4Dp chip
In the absence of the present invention, sol der bunps
assemlgy, byt shouldbe Helew @g@g,on&osi@nﬂeng)gdam@rof $rgdnicephakagds substratk 4 which can be, for
assive sol der pads 8 contain approximately 30%to 97
eXampfy anproKimately ¢ EPE‘}G 1egd forrhighsefloy erocqyuredermngtatureprepinselder diffts 5 is due to

i nvention addresses and resol ves the requirenent to
the reqy O e B B S e LR B PTG gp i v pegrere.

t rs. P. ont.ent to.n nor e .t han

a:;[gl? grgéle%gxgz f/)!tr%‘@r% fo\%\'t dQ %}())lé:eji_%aéis g ll;sgé léln .e?(lt.: %1}6/ %srs]e.inllbé' rOé:Fsg 810%11d be lower
than 13 GEHHESHE Sse@RHpih SR HMRE 5 Frhﬁhérr] FOEE the ?mxfmbgtq :oﬂgn l@%ﬂlg 6 Fﬁffly@ fhe reflow

sui tabl e solder materials that can formelectrica
proces@lTssie €dMiripaaed dsyd ih Bk baliletssS@Ablgl Sloulll Ak HaGe At BBY Bmperature lower than
melting tenperatures that fit the process tenperature
that uspr ferpir ollyr fillets 5 fnErdeek arpneyin @ovielnény andibyer @66 @elayio die solder pads 3
_process. The process tenperature hierarchy in the flip
used inthg die agsemblirpiogesp dperdes & nreve the esltins o eotir Yunpk 2.plhely nleliagismperature
e on the tgp of tenperature hierarchy chain. The

to b ) /
shouldhp el SE#TFYT thamBetolires e Pavadfr As i n | eads 6 to

organi.c. kage.substrate 4 through_ pin solder fillets .

5 0_3 i a&‘gféf g P RS Bifieapiok weblegd PrEqTsi Ffkazeisypsraft involves
using aﬁx laﬁp‘?opﬁm: lder alloy to coat metallized pads that serve as landing 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.
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Wittt e/ 4 sannor JaIRPE PRI § BB mBhilyed
fillets 5is due to the requirenent that pin
on orgzhio pdckhgpobstire v ds thhtithe sufdesnhiagetidrtcamsche highdr thed @P&composition
i nvol ving tenperature. The processing tenperature for
tempegptuse of 9reatt Pagkagissulbirate 6 divithowt adveselyConpremisings eripbcjianipalinexsisy of the
sthuI d be I ower than the teg;perature used for pin
organi¢ §yoiEafe. pegordinedo waripys epbegisents pf tharsgsent inMastionp the leeshiree ofldegsi employed for
soinin B35 S EnE Pk s s eheaman Bty ot witbandig pling
lacernD 6ESThN . LEHR | r.tihan that used for pin
Psor der fglnl [et's ?ﬁﬁ%ﬁb g?pa oagep‘r”e\[%é’ﬁe enﬁ?gr#o?r%?}eéﬁﬁﬂfl,gnahnd
| o coldBREWiRY onE SR HimbR ofjth@pr A gx@énti&@gisorg’%nigﬁgralep u«t,lﬁag organic
di e assenbly process. In order to prevent the nelt ng
packagfsutppdtekein Fipuie| Sinclided d1@iber BB 1b4ag6 foRBPLkAbddfive c&ﬁ@ﬁbﬂaa@sﬂay lead-free
_ equal or greater than die solder pads 3 and passive
pin soldey filfets 5. el achBvinglrrelderagstomi vejlh@o fead (PHIDAHAL iutigted@dbly 1bve@ebant®f lead (Pb),
onto the pin side surface of organi c package substrate
e.g. nogrgajey, han aheut (g |Wh°é leaéh (Pgb ﬂp g}gﬁmraqr@ntg@ncpgitabhlsd)ldﬂ] cqngpogitdag of the present
. tmet al | j@ze‘ﬁiﬂ@a‘gs that serve as |landing sites for pin
inventjop g e Ermuri 157 Framnls comprine 336 PQ Vo bRy &% Wihef tis 6. el about 10 wt
o J4 zed , referred to as pin solder fillets 5
/toagﬁl{ ?Meﬁ’ffgléné”gyﬁ(géappl ication, and the solder is refl owed
t Gn huUefBodiGhe BieRSreh e MAGKAS 1256, 4,00 organic
parclzléageosubét r at%ree A lpsﬁl{ﬁ)ﬂ%?n S?’ﬁgrsésng der aéuctpéécn%gf"g’f‘tr feg havea

reflowGaipBr@iire DR, thd @hRfankd R AnitnGe RGQIRRSL Edogé?l td ﬁﬂpiﬁlre?ettHga?co%ection, of

organi c package substrate 4, w thout adversely
greatergipmpbond3si M1ge.g hem iReasticaahboht2U ). iHeiceQfin 14486 S B&RbcRanically and
substrate. According to various enbodi nents of the
electriggypigiagrt to tha wetpllired nads bhefldvesabif oider fitlarh 5@ Senpaphue Yefbnf Hbut 250° C to
| oining pin |eads 6 to organic package substrate 4
about 478 r‘m %‘%F & igFisvECkiBysiraesiexaswirers ompasitibrs of lofd-figk tollrst Alnyitergther with their
meltin lII1| l i ngt, Pl cenent, or_testing, i.e. socketing the '
CLRTBFEE " LER B Solffss fillsts p poargsniripAdregs SEtras 4 Btapqopdace with one

embodfe IR the pkdlndGEQLHaNCE W th one embodi ment of the
presentinvention, an organic substrate, such as

OIAg ARG P AGIHRIEn 121 S3, Laofs c%xg.bc{gitigjxsg)ygo?de%dllo | R& gxﬁlg%lger fillets 5

nunber of pin leads 6 jolne O respective con ve

comprifatisut Bywt 98 RAbJu BBwt104 6F ti8 Anfl 8kd abbu: | BLS4 R abdubPst ‘&@Qxﬁﬂnglw (88, and have
y

a solder systemwth no lead (Pb), or an undetect abl

solidusltaweratmwsinbgigffromeart ( PhIse Candliquidts ieHiRaAesk rdfA kR C 1o 235° C.
0.1 w %lead (Pb). In one inplenentation, suitable

All of thes¢ wlsler allomomsésttiowigvedifiuidus emperatsrestielownieaiatompeitioA RmpPature of organic
fornmul ated, for exanple, conprising about 90 wt %to

substratg Bﬁﬁlﬁlge é,g.evhelow 26 G il\ﬁ)re(ogq,)a,ll obthese splisiorallon @mppsitis vsedaipin solder fillets 5

W % antinmony (Sb). | n an enbodi ment of the present
heve el A B 18 IOy (PGS 5 G oleGead Tong bR geler pads . I
one em el dONS &, hef.low tegperature, i.e. fhe -
SR % s KQ?b PEnRT THE o] é’?te‘?“%eraﬂﬁ?fiomn %’H’%i@lﬁtstsé“d die solder

terrperature a_ (
pads 3 £ ondniabe @{oqg‘I ¢l Iﬁ@zloﬂﬁpémgﬁﬁﬂme Ris cﬁ)&erence is at least 5° C,

ledgﬁ,é_ pin solder fillets 5,
| eads 6

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

substrate 4 are also lead-free, and further the lead-free die solder pads 3 have a reflow temperature below that of

5
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greater than about 230 C, e.g. fromabout 235 Cto
about 247 C. Hence, pin leads 6 can be nechanically
wan7goeogrical |y joined to the netallized padBCDS2006/014625
’"sdi‘ri%lk‘%lhaWS‘f‘t@&s f%chﬁ Ko GlRGkent dr bin @b 62 ikhis @mﬁo@ﬁﬁﬁ‘tf Al Wl pgss 3 situated on
from about 250 C to about 270 C. Table 1 in Figure 7
organjclphalrage subbtes: 4exRp3E AF IyadGPHY pOmiuhde@BisblPhbw h@ag: dr 18&Ps)P bodl &lample less
all oys together with their nelting characteristics for
than apesit Pl ‘R dpagh(Ph)- sol der fillets 5 on organi c package
substrate 4, in_accordance with one enbodi nent of the
preSeine fofyssmbpdment, Agrions implsmeniations of the predoit énvéntipminglidg sible die

2 arious conpositions of sglder alloy used in pin
sl Qs S EFUEERob A7 P ab Bty barodhsbest A0 08 %hiver,
st g 20d about 10 %to about 1wt 9% :
betwi (é?na}g%‘)urt‘rg hg/ %oggz v’vt /g ﬁogp%,aavg geév.s(/) m %%t g% M éor 9%[“ . lhh%l&f wlementatlons of
the prefs&ﬁ) Eﬁﬂ%éﬂnex@, cii@sol%%%aééS Q%F&l}r}sé &W/egxpa%o&t% W%&?Ed;\?tle/g i}l/lcrlil?‘ﬁgletr\;zgen about 2 wt

from247 Cto 2 . AlI'l of these sol
% to 4ACONPOSIver) 1BRGen WAME0 Wi Gt st % SIS REMEESouP S WO d Mt % antimony, and

deconposition tenperature of organic substrate package
betweeh abjut .3 Wb WO BYB ti€. Moreover, all of these sol der
al | oy conpositions used in pin solder fillets 5 have
r e¥rading te the alformentionsd lyinkpdirenttofi taminydneion; &if bodiar fadyAsinaaddIoh Brganic
for die solder pads 3 and passive solder pads 8. In
packagg SUbsteta I IMARSA PO e4dH{Bb) @F amfuadetepially lwemenstofidad (Pbk &p exetply fss than about

0.1% léagr(%g.ﬁ%gggne%gufré;{ , gﬁlsqoafg% | Q‘Té,?%%{%{g, c;z!g;l)clg?lgq% ﬁfs sgﬁg{jaﬂg/iruied in die solder
' i [ nee | t.least 5 C. In o
pads B?r%?ﬁxtee'rmggxgrg a%g%rif rt]l? pée%e%{ ?nebo%rrn%nz. e%st dlslmhs\s/eé ﬁ?olv% hrz acEﬂrcgnce with this
bodfiehC2 the PGS ifveMBE thafiRlspdint BCRIRG i b St Fig
elnosubstr;tplg 41aﬁe algb fggg_?%gg%ggﬁgmggg?%%%grﬁgﬁﬁé9chgme&

new and @@ solderellalk ere SiilizEtEk dip 3dker Fhdf B LinRrobBEdBYMA HIE bR Bekage
below that ofr , _ " p "sold le ' thus avc ing

substraterfip Jretheyatiows imphinrntht@achss ik embodihdat, She @51 GledBAte,s016kr Bads 3 have a reflow
sol der pads 3 situated on organi c package substrate 4

tempergtpigyd e thederprgrafugsapdhich tig yolder is ebilerrdele vifeislay elbaivalampktivn, 6f no less
ead (Pb), for exanple |ess than about 0.1% | ead (Pb).

tmm1&%@8?%Pﬁ%mﬁﬁmTﬂ?%Cenbodinent, various inpl ementati ons

toi t . ncl ude itabl e die sol der
O RS AL BB g ot 1 v i
ider PSTM ol RS I NES RurBR Q! st Orode M Fo ShLYer, ‘
S bet ween abo u%ﬂﬁ 0 W %oﬁ{n% 38}.4\'_5775& t%/%ogf O(\é%néi r{l_,qm%“ﬁ Xﬁn}?gfl%?erﬁngmg from
185° cadom gt C.8411 ¥itheSDsbier Qﬂoy%ml%éiﬁéng _havL ﬁqu%b@ﬁ)pérag@és%ﬁ gék%& HONS
of the present enbodi nent, die sol der pads 3 conprise
decompbgtismg@upea @b ordanittsubkordtpad@ed, i. bR MAT. SLWRE N &RRWo1der alloy
2w %to 4.5 w %silver, between about O wt %to 0.7
composjifonggsedgp e soldehmtiviciere refouttm@rantes Yol6vothOreBowdemBérature for pin solder fillets
. _.antinony, and between about 74.3 wt %to 90 wt %tin.
3, 1e. balow 8303Cng to the af orenentioned enbodi ment of the

iﬂyeq}ion,(gie sol der, pads 3 situated on organic
us, there is need in the art for replacing the long-entrenched use of lead (Pb) in solder with other

materials, while maintaining reliable electrical contacts and the required mechanical strength, and while also
complying with the required processing temperature hierarchy in assembling a semiconductor package, such as
assembling a flip chip in a pin grid array package with an organic substrate. From the above description of

exemplary embodiments of the invention it is manifest that various techniques can be used for implementing the
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package substrate 4 conprise no lead (Pb) or an
undetectably | ow anmount of lead (Pb), for exanple |ess
env/oabrogt 0. 1% | ead (Pb). Table 2 in Figure BCT/US2006/014625

g A "",ééwmﬁ Qamgutaﬁﬁm 8021 3ORORE L3S, vt 3Ol Somposiions of

all oy used in die sol pads 3 to achieve
lead-fal V(ﬂdlﬁ*lﬁ@ﬁﬁerﬁk afld IReirRbreS R ding B0t AR Aitures Afve Bées @fs’é—’to%@&j other variations of
above, in accordance with this enbodi nent of the
the dlmlce@@nmpqsmvxe mamfystlydammminehesme:oﬂtheq:reeeneWnacrny Moreover, while the
mpl enent ati ons shown in table 2 of Figure 3, new and
mvenh%\ﬁé% beengleppaiped ith sppeifigrefarenpeitd degaiterzpedinipres, s pirgepf opcam/ sBill in the art

i.nter onnectl glCdie 1 to _organic package
wouldsgigetie AR P i ey e . S bt piod e sop o

e in od c etlg;?esa embodiments e sol ads 3 have
te infZHRSY Lrge?v‘ﬁ% et drempli embodige S il ‘t%?%é‘?fg i1 e e 9 iopfative and not

restricBi@, Q@Bodlcﬁalmpﬁxldgrst%%%e ﬁ@enﬁo%_}mo %g ?o%e paglcul r exe

connection, of no less t G AT EFoplay gmbodiments
descriBadherCin, IMDIs CapRASE knﬁﬁy@@al‘rbﬂéeméi\% ﬁl&dhﬂé&kﬁ@&rﬁqws&u&oﬁ%%oﬁ dépQrtmg from

Figure 3, various conpositions of solder alloy use
mﬁ%dﬁ@fﬁahdmmmpads 3 have solidus tenperatures ranging

from175 Cto 204 C and |iquidus tenperatures ranging

f r'os, 2 88d-fectsemicon@nc@r patiabe Ipf beeindseibeb| der al | oy

conposi tions have |iquidus tenperatures well below the

deconposi tion tenperature of organic substrate package

4, i.e. below 275 C. Mreover, all of these sol der

al l oy conpositions used in di e sol der pads 3 have

refl ow tenperatures below the refl ow tenperature for

pin solder fillets 5, Le. below 230 C. Thus, there is

need in the art for replacing the |ong-entrenched use

of lead (Pb) in solder with other materials, while

mai ntaining reliable electrical contacts and the

requi red nechani cal strength, and while al so conplying

with the required processing tenperature hierarchy in

assenbl i ng a sem conductor package, such as assenbling

aflipchipinapingrid array package with an

organi ¢ substrate. Fromthe above description of

exenpl ary enbodi nents of the invention it is manifest

that various techniques can be used for inplenenting

thepc . ,",, |l;,.,, ' " concepts of fee prese 'p

nvySi uoi Wthout departing fromits scope. For

exanpl e, while specific conpositions of |ead-free

sol dering materials and their correspondi ng refl ow

t enper at ures have been di scl osed, other variations of

the di scl osed conmpositions manifestly fall within the

scope of the present invention. Mreover, while the

i nvention has been described with specific reference

to certain enbodi nents, a person of ordinary skill in

the art 5 would recogni ze that changes coul d be nade

in formand detail w thout departing fromthe spirit

and the scope of the invention. The descri bed

exenpl ary enbodi nents are to be considered in al

respects as illustrative and not
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restrictive. It should al so be understood that the
invention is not limted to the particul ar exenplary
wentrdoresat s descri bed herein, but is capabl e sETnsmne/ 014625

rearrangenments, nodificationsgr g substitutions
wi t hout departing fromthe scope of the invention. O
Thus, aAlpeukebekibeete S Ha G R bnddeKRB S JNARiRE 8 solder pads (3) being
descri bed. CLAIMS 1. A package substrate (4) having a

situatefi ca s&jdl diesidenghda pluratity ot ghesoldar filets (A béidigysit@ited dh idyl Ry
pads (3) being situated on said die side, and a
pl ity abtlie prlder medt @ihavifg 4 dietobleq sy refe egpeittraatieald plirality of pin

n.side; said plurality of die solder pads (3)

saj d
solde s f«?g il‘"’a‘(‘“a Panselfe EPet e FRPTBHE, tWé‘?Ff)‘éF*”&’cclﬁséldafrmd sgflgvpliemperature s

ol d fi
less tth %%ig) Sf)bérrqfll eefp) eetérﬁ,paélfi Felﬁné d\mplg?rgiggtéeifgwéﬁn@erature is less than
adec&,%g%t%gmt{,,g %ﬁ’p&c‘ﬂ@?{b%a%r(% is less than said pin

sol der fillet I'ow t enperatire, and wherein said pin
S Odald@lurdlitylok &t sdlcﬁf ﬂa@é’l@ic@ﬂﬁ%f ?B%&n hp%rdx%%lyuhﬁl‘% @ approx1mately 8 wt %
deconposition tenperature of said package substrat
bismufhdapprogiaatelly P witivead appioxiahtelti evt %Qlde ﬁp}ﬁ@(ﬂﬁi&teﬁy&) M@/Qmﬁﬂréduﬁ%ly 0.7 wt %
bet ween approximately 4 wt % to approximately 8 w %
coppeh jprrppprrimatelp$ Toxti ‘e ergkinitelit 9294t ainappr oxi mately 4 wt %
silver, approximately O wt %to approximately 0.7 wt %
copper, and approximtely 87 w %to approximately 92
w %tin. 2. The package substrate (4) of claiml
WHET e IS fhoklagp bubktatei(4)f @fim P iwhersif batBlurklin} dr@inSolde? Hllets (5) comprises
conpri ses between approxinmately 90 wt %to
betwegnmpprosinately ¥ wt %90 apptroxiatelyoaum th tappd Ddoximbtely YO &% Wt 1%t LDantimony.
| wt% antinony. 3. A package substrate (4) having a
die side and a pin side, a plurality of die solder
pads (3) being situated on said die side, and a
plaur al IAp‘aletEe fabstrats Off) BRng b ik bigd aidﬁgnhs@oe hPﬂraﬁt’yBHﬂé s%ﬁer%@ds (3) being
said pin side; said plurality of die sol der pads
situatel awsafiigliecsideliagd sigtrelizy ofpiadolaee fillays}) tRiip Sifuabd sntaid PRl siaal d
plurality of pin solder fillets (5) having a pin
s Ghig| plprakity pf dig SOlde‘fph@(@)ﬁlemg@rdatselde@ padubfomvaenpesmiethndliaid plurality of pin
er pad reflow tenperature is less than said pin
solder E‘Bﬁtﬁé}hawa % Rit soldgr fjllst e top ievenesaturey hereipy pelid i aqldser prdgefion temipprature is
ef | ow tenp ture is less_than a

e i st eﬁf@%‘%%@?ﬁé%?é dhersiieyd pa b @lebisthat rmgeptre is s than
a decoﬁaéc)s:ﬁm’?‘éﬁﬁera@dré’lg@;ﬂ a\élfag sygstr te E}S’l der pads (3) conprisi ng}/

bet ween ‘appr oxi na to approximately 20 wt

| @Qﬂ Hﬁ?al }:’@M&%@lﬁe@m@ H &n’l}ﬁglﬁé Bétw?ee {)I’%%Jﬁ&%l?? RED A %Bllo? lnXtely 20 wt %

silver, between approxi na % t

mdlunﬁWe@ﬁ(apﬁEklﬁxbtyly 0wl %W apboKiRRRIO 4.5 WOGIWRE Ber@RR xﬂﬁa&e@ Ot to
w %to approximately 0.5 wt %antlrmny, and between

approxgumptydXi wielh edlpyer, bétwBen\appréirhately a0 oiapfab @hatelDE)5 Wi % YatinoRl, and between

approximately 74.3 wt % to approximately 90 wt % tin.

4. The package substrate (4) of claim 3 wherein said plurality of pin solder fillets (5) comprises

between approximately 90 wt % to approximately 99 wt % tin and approximately 10 wt % to 1 wt % antimony.

5. A package substrate (4) having a die side and a pin side, a plurality of die solder pads (3) being

-8-
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4. The package substrate (4) of claim3 wherein said
plurality of pin solder fillets (5) conprises between
appr7owisest el y 90 wt % to approxi mately 99 wt PCTiUS2@6014625
Hé”i&‘i@‘m*ée'i‘%ﬁ&' ﬂlrz‘i% o%iﬁ &_IdMII_etg/‘(S@QJiﬁ e o Sai@hps%k age
substrate (4) having a die sidé and a pin side, a
pl atdpluirdlily obfie EHldRr 5204 @tfavipedife {oRikr P INGPRIPBatRé Lrld %@ﬁurality of pin
on said pin side; said plurality of die sol der pads
solder(fBlts (Fakaving a pin dolder Stk dBow papbraned, wbsteih IR sBldeHpad @A temperature is
said plurality of pin solder fillets (5) having a pin
less thamsaiglgpin spider|fidlet reflofvtapwerntaieyrad wheampinesaid\nimeplder fills aifldw chn@erature is less than
sol der pad reflow tenperature is less than said pin
a decomppsifiop temppiptie of aidpeskase tbpeicdPur e, and wherein said pin
saol gl let flow tenperature is less than 5 a ]
e Blslibiof Gho I SrEF D SR Bhven PecRRge UG foapronimacly 99 e
% tin M)apprécﬂba%l O%a}’ol th § ¥t ‘Q)fantmogy.sm der fillets (5)
conprising between approximately 90 wt % to
approximately 99 wt % tin and approximately 10 wt % to
1w %antinony. 6. The package substrate (4) of claim
5 énher efha psRigl subdtiatedd)iof Mai@ b wHlérein S0 FARL1iPRAES sdid) pads (3) comprises
conprises 0 between approxinmately 4 wt %to
betweegappronithately €14% & appromisel s frut % bisraupln mepxdxingetetyl 2/wi2s wlapoxirtutely 4 wt %
. approximately 4 w %silver, approximately O wt % to
silver, gppeimatehett 1%y to@prronipateds &by roppenraeid approxiowiclra? el % tGiFpratimately 92
Wt(},t%to approximately 92 wt %tin. 7. The package
*ubstrate (4) of claim5 wherein said plurality of die
sol der pads (3) conprises 5 between approximately 7 wt
%to approxinmately 20 wt % i ndi um between
é\f cro%rises

appr oxi 9 [: A 5 W % Sj |
Dot voor Cpitks Gl 1 bR RIEL S sl
betwedd @pHd&Ximat WRER afRERN LR bin 2 | Rk i
0.5 w Wigg?}t [ m)n)é}? and }g%t vvé e n%%%?“g%(e%?r%p?%%&yf@ /\?\ftox%mxmately
4.5 wt Vil eefp, e toxdniapiredingateh wit% Hoapprokimdbely OTNet % pk@ IR mBEHASbb:BhRely 0 wt %
(4) of claim5 wherein a flip chip is situated on said
to apprgimately 8.6 wt B antifipay, paidicgen spprivsmately ©.3 w)% ofap@bshawlB0 wt % tin.
wherein said flip chip includes a plurality of solder
bunps (2), wherein each of said plurality of sol der
bunps (2) is attached to a correspondi ng one of said
plur al mhe/pacifagekintyirsio (49l6fclap@siFheted a flid Ship i HRatRPMKAY Gie side.
substrate (4) of claim5 wherein a pin grid array is
situated on said pin side, said pin grid array
including a plurality of pin |leads (6), each of said
pPur al Thspagiesqpbstratetidief clagn) 8 Weskeingpaid flirabin éulutie a alurality of solder bumps
corre gg%g%ﬂgﬁone of said plurality of pin solder

(2), thrIelin e ty of solder bumps (2) is attached to a corresponding one of said plurality of die
solder pads (3).
10. The package substrate (4) of claim 5 wherein a pin grid array is situated on said pin side, said

pin grid array including a plurality of pin leads (6), each of said plurality of pin leads (6) being attached to a

corresponding one of said plurality of pin solder fillets (5).



