| *166166* LEAD- FREE SOLDER STRUCTURE AND METHOD FOR H GUE LI F& NOve005
present invention relates to a nethod. and struct umammm‘ w“@w abl y “coupl i'ng -
an el'ectronic nmodule (e.g. a ceranc OL pl.astic ay nodule) to
a circuit board. An electronic nodule (e.g. a ceram c+uemsépl astic ball grid
array nmodule) is typically coupled to a circuit card by a | ead-conprising
sol der int pﬁﬁ: $RRG ?)RI‘J j CHTATICORY IRy

hazar dous. ﬁ#‘%;ﬁs] esrgﬂlbgkta neeglr or ﬂ?ﬁ)eg%p];ggg r;‘OOIR(IEIr [ ntxerconnect
structure for reliably coupling an electronic nodule to a circuit card. The
present invention accordingly provides first _.as t hod for

fo[) m ng an elj@b@ lﬁ’tﬂﬁ% Wﬁ%ff?tfelﬁ@s t%é%ﬁoélaﬁéswgf‘gﬁgﬁﬁfablyﬁ% )
Gaing o SeRtont SedflsPY, oot of PERISRIR FRTRRUIS 1 AGAHITER (Vj“eﬁ o

menber consists- essentially of a tin- antinony alloy, and wherein the
tin-antinony alloy consists of about 3%to about 15% ant(ii{f% y by i ght
abpatpelly

and a renai ndemmogmmﬁgiubs(gem teapnie o plastinball ergaargmmo SRR the
t t 5%t .
Plr gf 2? alblrrgo‘yﬁlFFL Cﬁfg%gt ?f‘%l W&REHE% @?fé&ﬁ} %é% e soi gngt\ér‘%ﬁ)aghg

Pref erabl y,.;d g Mﬁhhﬂﬂlﬁﬁa@ﬁd&&dm {RerB @i Aided 6fr o lbai-fot shédernenber
bet ween about~ 25% and about 30% Prefer abl y, the substrate |ncI udes

cerani ¢ baitéregniadt sructye foCBGAy woupling aprelestiopic sndule tp alctreg faidar r ay (PBGA)

nodul e. Preferably, the substrate includes a sem conductor chip. - 8_ NOV
2005 2 The present invention suitably provides a nethod for form ng an
el ectronic str t iRl R B{rﬁbmhéﬂﬁtgpe&,saﬁi‘ethoﬂrf@lvﬂodhh@aa
first substrat g%%%ﬁgn sego ﬁlrsu ate; soldering a |lead-free sol der nenber

to the figkttrsnibstruatre, mdmﬁmmgthfsstmoé j oi ni ng

providing a substrate; and
soldering a lead-free solder member to the substrate without using a joining

- solder to effectuate the soldering, wherein the solder member consists essentially of a tin-

1 0,
antimony alloy, and wherein the tin-antimonyv alloy consists of about 3% to about 15%

antimony by weight and a remainder consisting essentially of tin by weight.

Preferably, the tin-antimony alloy includes about 5% to about 10% antimony by
weight.

Preferably, the soldering step includes reflowing the solder member.

Preferably, the soldering step reduces a height of the solder member between about

25% and about 30%.

Preferably, the substrate includes a ceramic ball grid array (CBGA) module or a

plastic ball grid array (PBGA) module.

Preferably, the substrate includes a semiconductor chip.
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solder to effectuate the sol dering, wherein the sol der nenber consists
essentially of a tin- antinony alloy, ‘and wherein th&.ti.n-anti mony ﬁlNOrVyZUOS o
consi sts of about 3% to about 15% antinony by wei ght and a renai nder
consisting essentially of tin by weight; 2and sol dering the sol der nenber to
the second substrate with a | ead-free joiner solder. Preferably, the

tin-antimony alloy includes about_ 5%to about_ 10% antinmony by wei ght.
Preferably, the 'El%eé’ﬁcsélat wyangen s igblysoddesfanethed s formyng ﬁ’ée@é‘%ﬁ%ﬁﬂ@%‘ﬁes ate

i ncl udes é’?‘t‘éfe‘%[w&n&cﬁ}ﬁdﬁ%gﬁ% ?J der at a tenperature above a |iquidus

t enper at ur and bel ow a hi ghest tenperatwure which
w || not damage any portion of the el ectronic structure. Preferably, the
step of soldering the solder menber to the second substrate includes

refl owi ng the j oiprevidsgladest sabstmtdaﬁpesemrﬂrsebsabtﬁ:ve ali quidus t enperature

ol dori hg the sol BHeTREAt 16 e tenbiodnBeT afstrdrntelCThER ifing 1 ne

j oi ner sol dgjidétio @ffé&m@matsbllﬂaq@é)%@rea\ thé goldetifiemb&goasist vien@dllytdTa tjoi ner
sol der and bel ow a hi ghest tenger ature which wil] not dama%e any portion

of the el ecantigmny %kOt/u@:rt%wbﬂrelp ¢ dpaplimony pioy eansists YRLQRY 3 ColRmbPrees %a

tin-silver- 96,i0% tin,
about 3.5-4. ﬁ}?(g{ Ib\?/yle\)lrlé?é’/httaﬁai;1 ﬁhd&qg&nsgﬁf\é\%gﬁﬂly%&g%y%l t?fﬁrPr e?‘ er abl Y,

the step of soldering the solder nenber to the second substrate includes
reflowing the joiner solder at a tenperature between about 230 *C and about
250 C. Pref er ablsyldetilgths seljerofiersiodrde thie seronth eubstshigorithha lebéfree goitdresoklecond”
substrate includes nelting the solder nmenber. Preferably, the step of

sol dering the solder nmenber to the second substrate includes interm xing

the L1 n-anti monp.gklol, Mokl &0 ohouNS 1n30haSPou BUELRIRRL Yoo mBheRy of

sol deri ng the sol der substrate does not inc

mel ting theveggitder menber. Preferably, the step of sol dering the sol der
menber to the second,substrate does not include interm xing the
tin-antinony alloy with the joiner solder.

Preferably, the step of soldering the solder member to the second substrate includes
reflowing the joiner solder at a temperature above a liquidus temperature of the joiner solder
and below a highest temperature which will not damage any portion of the electronic

structure.

Preferably, the step of soldering the solder member to the second substrate includes
reflowing the joiner solder at a temperature above a liquidus temperature of the joiner solder

and below about 250 °C.

Preferably, the step of soldering the solder member to the second substrate includes
reflowing the joiner solder at a temperature above a liquidus temperature of the joiner solder
and below a highest temperature which will not damage any portion of the electronic

structure.

Preferably, the joiner solder comprises a tin-silver-copper alloy that includes by

weight about 95.5-96.0% tin, about 3.5-4.0% silver, and about 0.5-1.0% copper.




Preferably, the first substrate includes a ceramic ball grid array _(‘6846%2005-

modul e or a plastic ball grid array (PBGA) nodule. Preferably, the-first. = -

substrate includes a sem conductor chip._ The present invention, in a second

aspect, provides an electronic structure conprising: a substrate; a

| ead-free sol der nenber soldered to the substrate with no joining solder

bet ween the sol der nenber and. the.supstr (A=Y ifElader
B S IR sbdtmdSabskate ifiet

consi sts esserﬁfﬁmb}%&eséeﬁ‘ic’jf Qﬁﬁ’f‘? ﬁogfgﬁeﬂay, and gerei n thjg)n.tgi n-anti mony

-al l oy consi gts. of ﬁ%’;{tgt%mﬁfeﬁv&ﬂ%mﬁw andedbgiit 2 . a

remai nder ’i‘?gﬂ’s”?%gttlhg %e%g%lnti ally 'of tin by weight, preferably, the

tin-antinony alloy includes about 5% to about 10% anti nony by weight. - 8

NOV 2005 4 Preferably, the supstrate includ ] i dclabésay
(CBGA) nodul e oPreferatiy,4hg step OHe&P% 6“%?*““%/‘%%?3%‘&2\? B ReCordPhbertife ot y, the

substrate ing| udes l.gapductor chip. The present invention suitably
provi des aﬁle&F’@gﬁ?%ﬂﬁqe st ro%g'ture, preferably conprising: a first
substrate; a second substrate; and a | ead-free sol der nenber sol dered to
the first substrate with no joining sold be en 1 AR@ges and
the first substPmfepblyitbe @ﬁnhW@%Bﬂ@rsoﬁ%ﬁﬁ‘ﬁW%g@OEQﬁSgg?lgdd)éug%atgﬁle second
substrate with a |oad-free |oiner l.ges: hedei n the sol der menber
consists eBEEHENg LG m%léntyiarﬂl?%‘ﬁ’?tﬁrﬁo V&l Toy, and wherein the

tin-antinony alloy consists of about 3% to about. 15% anti nony by wei ght

and a renmi nder consisting essentially of tin ' bekmot NE

tin-antinony al Pesferably] theetep 96@!@6%%%505‘1?6W@&%%%%%%%{/)E@%@&V\g?g ht

Preferably, the ti n-a&ti rony. alloy is intermixed with the joiner solder.
include melting the solaer member:

Preferably, the step of soldering the solder member to the second substrate does not

include intermixing the tin-antimony alloy with the joiner solder.

Preferably, the first substrate includes a ceramic ball grid array (CBGA) module or a

plastic ball grid array (PBGA) module.

Preferably, the first substrate includes a semiconductor chip.

The present invention, in a second aspect, provides an electronic structure,

comprising:
a substrate;

2 lead-free solder member soldered to the substrate with no joining
r member consists

solder

between the solder member and the substrate, wherein the solde

essentially of a tin-antimony alloy, and wherein the tin-antimony alloy consists of about

39 (o about 15% antimony by weight and a remainder consisting essentially of tin by
weight,

Preferably, the tin-antimony alloy includes about 5% to about 10% antimony by

weight.



Preferably, the tin-antinmony alloy is not interm xed with the joiner -
solder. Preferably, the joiner solder. conprises a tin-'silver-coppe8 NaVI2005 - -
that i'ncludes by wei ght about 95.5-96.0%tin, about 3.5-4.0%silver, and -
about 0.5-1.0% copper. Preferably, the first substrate includes a ceramc
ball grid array (CBGA) nodule or a plastic ball grid array (PBGA) nodul e. .
Preferably, the fast substrate includes a sem conductor chip. WO 02/ 063674

5 ° 8 NOV 2005 PREFABRQRE Sbdtate Tetudps eesahic ballagrid amrny (GBS Aunddabd of 2pr ovi des
a | ead-free solder interconnect structure for reliably coupling an

el ect r oni cplpgtipadl grisd asrayi(PBGAY modplg. Preferred enbodi ments of < the present
invention wll now be described, by way of exanple only, with reference to
t he acconpanying drawi ngs, in which: FIG | depicts a front cross-sectional
view of an el ecpfefuphlily Sthé hibstiite idchales i Rghivsietctr chipl der bal | on an

el ectroni c nodul e, in accordance with enbodi nents of the.present

invention. FIG 2 depicts FIG 1 after the solder ball has been soldered to
the electronic dule. FIG. .3 depicts FI G fter t el ectroni ¢ nodul e

has been coupl eﬁ}‘)‘i Bresert Fverfiqn S(‘:lg B’S?“d%?‘bléf?tﬁodmf ﬁbéll(l’gg?’cpé?{eggﬂl to the
circuit Caédin;%ﬁém'@ a joiner solder. FIG 4 depicts an inage.of an
intermxing of material of the solder ball of FIG 3 with mterial of the
joiner solder of FIG 3. FIG 1 illustrates a front cross-sectional view of
an electronic structure 10 that includes a |ead-free solder ball 16 on an

el ectroni ¢ nodul e 1? ubist?atg,ccor dance with enbodi ments of the present

i nvention. The e?QES ?’Oﬂl ¢ 'nmodul e 12 may include a chip carrier such as a
ceram c bal |l grigscabfidgubbtcdssaAnd nodul e or a plastic ball grid array (PBGA)
nodul e. The | ead-free solder ball 16, conprises a fin-antinmony.(Sn/ al | oy
that includes ab&idt-%6sp erargslg}perlsggée %n%gﬁhﬁ?fr%fu\é\%fab%wthmé% ’sn(c‘)rf%seofg%all 16
I's sol der e? t{;v%erf e s6ldEChERRMr Gnd MRAHE S ubAradd, whefdiiitheGbldéee neatbedid saldeet

exists on the el ectronic module 12. The sol der ball 16 js soldered to the

el ect r oni ctontbd aéeond subisirate githaiondy frem ioirgs selder, yherein thespldsr mempgyponsists

it ﬁn{)ﬁ;ats glr %étPn gag]]yfc?f GERIn Ry G A SR A HARiRbny Aoy éoRsidRlorEBEN 2al | oy

3% to about- 15% antimony by weight and a remainder consisting essentially of tin by

weight.

Preferably, the tin-antimony alloy includes about 5% to about 10% antimony by

weight.
Preferably, the tin-antimony alloy is intermixed with the joiner solder.
Preferably, the tin-antimony alloy is not intermixed with the joiner solder.

Preferably, the joiner solder comprises a tin-silver-copper alloy that includes by

weight about 95.5-96.0% tin, about 3.5-4.0% silver, and about 0.5-1.0% copper.

Preferably, the first substrate includes a ceramic ball grid array (CBGA) module or a
plastic ball grid array (PBGA) module..

Preferably, the first substrate includes a semiconductor chip.




16. Reflowing the solder ball 16 may be acconplished by any nethod KONV 2005
one of ordVA&ARAN6Ki{ 1| in the art, such as by heating in a PENGBR/@GSEN. The
sol der ball 16 has an initial height Ho in a direction 26 prior to being
soldered to the electronic nodule 12, and a reduced WO 02/063674 6 - 8 NO V
2005 PCT/ GB02/ 00415 height HL (i.e., H5< Ho) after being soldered to the
el ectronic nodule 12, because solder ball 16 material spreads on the

conductive pad_32 while the solder ball 16 is _being reflowed. Table 1 infra
shows the | i quildi§PresenigByentiop dhussuitably proyides a lggdrieaespldenintapequneetstrugture

ant i nony [ . / | finitiopally, the solidus

t enper at u?‘%aljrgy%z;&sc% A%lgglﬂse%% 8%02%1};&5?‘3’1%% gé\/%vHMi ch the solder is totally
solid. The liquidus tenperature of a solder is a tenperature above which
the solder is totally liquid. The solidus tenperature of a solder is |ess

than the |iqui doefer bedimenrts of thetpsesent| inventipn will dow badesdribed; bytwty ofel t s
over a finite temerature range. Referri.ng.to.Table 1, the |iquidus
terrperatuF’éalg?leé’nggﬁq@r{#em?gg@?BEICOW?EY‘H%WJD@%“‘f{]@%" or 15% anti mony by
wei ght is 238, 240, 246, or 280 C, respectively. Table 1. Solidus
Tenperature (Ts) and Liquidus Tenperature (T) of Solder Systens. Sol der

Syst em % Conpo$il@i bdejiiteia fronTerogs:-Crlitnabolew Hehelcetron) sBudtSieIA @GR 33238
(Hanson, M..., .;"Constitution of Binar | oys, 95Sn [5Sh234240 Geni um Pubi .,
Schenect aﬁ?/lfiéw(ﬁ?%@w 17’“1‘5%6% ﬁé? ng%‘?éﬁﬁ f@gﬁ‘é‘ﬁ’@%‘@% e present

Sn/ Ag/ Cu9gnemibm: 8AQ/ 0. 7Cu217217 (Bath, J. et al., "Research Update :
Lead- 95. 8Sn/ 3.5Agl0. 7Cu217217 Free Sol der Alternatives,"” CGrcuits

Assenbl y, 95.5Sn/ 4. 0Ag/ 0.5Cu217217 Vol. 11, No. 5, May 2000)95.5Sn/ 3. 9Ag/

0.6Cu217217 95 3..6Ag10Q. 9Cu216-17216-17 It shqul d, be noted that
antinony triox Fgéné Qenl?}&%ig- H%#q%ﬁ%?@é%@g%ﬁﬁgﬁp@ todh§ elestronip module.
tin-antinony alloy used in the solder ball 16 would be a health concern if

ant i nony
FIG. 3 depicts FIG. 2 after the electronic module has been coupled to a circuit card by

soldering the solder ball to the circuit card using a joiner solder.

FIG. 4 depicts an image of an intermixing of material of the solder ball of FIG. 3 with

material of the joiner solder of FIG. 3.

FIG. 1 illustrates a front cross-sectional view of an electronic structure 10 that
includes a lead-free solder ball 16 on an electronic module 12, in accordance with
embodiments of the present invention. The electronic module 12 may include a chip carrier
such as a ceramic ball grid array (CBGA) module or a plastic ball grid array (PBGA)
module. The lead-free solder ball 16 comprises a tin-antimony (Sn/Sb) alloy that includés
about 3% to about 15% antimony by weight. The solder ball 16 is soldered to the electronic
module 12 at a conductive pad 32 which exists on the electronic module 12. The solder ball
16 is soldered to the electronic module 12 by reflowing the solder ball 16 at a reflow
temperature that exceeds the liquidus temperature of the tin-antimony alloy in the solder ball
16. Reflowing the solder ball 16 may be accomplished by any method known to one of
ordinary skill in the art, such as by heating in a reflow oven. The solder ball 16 has an initial

height Hy in a direction 26 prior to being soldered to the electronic module 12, and a reduced



trioxide had a propensity to formin conjunction wth fabricating LITBm 200
el ectroni c s{pygbesry 10. Nonet hel ess, antinony is not oxi dil;(ﬁlgc&gz( [_]rK 5
antinony trioxide at a tenperature |less than about 550 'C. 1 Wik ase
using a tin-antinony alloy having 15% anti nony by weight, the tenperature
required to reflow the tin-antinony all oy, in the solder ball 16 need not
exceed 300 C even if the reflow occurs at” 20 "C above the |iquidus
tenperature 280'C. Thus, the use of antinony in the tin- antinony alloy of
t he sol derhdight H@e pBSs &P sfi@Veinal K ’ ' | 0%} de
during the sglllde?(iﬁng gf t he sol ggrsbbggﬁat%hfégeétl{?e e 22(1: ?%%%eb%n%%lﬁéﬂ%i_ WO
02/ 063674 ¥6 Blatqogl stwemis opdw @BdRtFe pad 3Refhile therwldep bl G islbeiidefisweder bal |
16 is soldered to the electronic nodule 12 without an intervening joining
sol der (e.g., solder paste) between the solder ball 16 and the electronic
nodul e 12. The sgiigens thier; XY lectronkc nodul e 12
may be prec .ededgfgyqef":zﬁ]u‘g?Hr?fg‘/vsadg531 f@i‘%gérmnp %ﬁg%%l%%h@ﬁsﬁﬁeﬁxg?v@ﬁ P#Yarf(ws tﬁﬁé
art. FI uxismjimaenyolless €, Sacsh alloys)d Exfiaitibnally,fthe solidasioaifertive of b koML 3%
surface 33 of the golgdu%iev&?pad 32 and prevents reoxidation of the -
surface 33CTARSHRIYTREelodnwich thgsoldaris totally solida(The liguidys teraperathtennfia solies is a

f 1 uxi | | 1 b gk 0. S0l d bal 6 h f A
Lemer ot i ep e ERROVA {8 B0 oA F1ia . The Ay Fpelbontt Hndeldbtls

Packagi ng, lesythge the 5iRihidud dempdeaBiraif the bblder intlodes 3Ry thed inelts YvSCUgSiEON Of
fluxing. FIG 1 shows a liquid flux 20 i.n conjunction with the soldering

of the sol'GEPERLITP rapges Beferringdp dabledn the lissidnsdemperatnrsofa tin-asimonyi ajioyd f | ux
20 known t feo@r Tho 0 I . At ed,.J.nel udi ng fl uxes
of | ow vi ooy sﬁiikisy%hss& M’f‘*fﬁé%ﬁgﬁnﬁiﬂ‘#&ﬁ%‘ itis 338 335’#@ 2806 esmetively | g

fluxes. As a result of the aforenentioned soldering, the solder ball 16 is
shown in Ellt,agé g asz.aei ng soldered tqo_the electronic nodule 12. Melting and
sol deri ng e §o>qlfus, fempergursi( T and Liquidus Eerepenzturer(lo of Soldet Systeros. FI G 2
causes sol der of the solder ball 16 to spread on the conductive pad 32 and,
as explained supra, the initial height Ho of the solder ball 16 is reduced

o

to a | eqsgiy-P8l H as a result oOf [ berng rerlowed. FOT| exanpife, —am
initiall Rﬁeg{ di amet er spheri cal | o (1] Ho | =
35 mls)= ' : :
depi ct eq SniSb 97Sn/ 3Sb 233 238
(Hanson, M.., “Constitution of Binary Alloys, | 95Sn/ 5Sb 234 240
“ Genium Publ., Schenectady, NY (1985)) 90Sn/ 10Sb 245 246
858n/18Sh 246 280
Sn/Ag/Cu 95.68n /3.8Ag [/ 0.7Cu 217 217
(Bath, J. et al., "Research Update : Lead- 95.8Sn /3.85Ag [/ 0.7Cu 217 217
Free Solder Alternatives,” Circuits Assembly, | 95.5Sn /4.0Ag / 05Cu 217 217
Vol. 11, No. 5, May 2000) 95.58n /3.9Ag / 0.6Cu 217 217
95.58n /3.6Ag / 0.9Cu 216-17 | 216-17

It should be noted that antimony trioxide is toxic. Thus, the presence of antimony in
the tin-antimony alloy used in the solder ball 16 would be a health concern if antimony
trioxide had a propensity to form in conjunction with fabricating the electronic structure 10.
Nonetheless, antimony is not oxidized to form antimony trioxide at a temperature less than
about 550 'C. In a worst-case using a tin-antimony alloy having 15% antimony by weight,
the temperature required to reflow the tin-antimony alloy in the solder ball 16 need not
exceed 300 °C even if the reflow occurs at 20 °C above the liquidus temperature 280 °C.
Thus, the use of antimony in the tin- antimony alloy of the solder ball 16 poses essentially no
risk of forming antimony trioxide during the soldering of the solder ball 16 to the electronic
module 12.



sql der -bunp shape of the solder ball 16 of FIG 2) having the reduceg NOV 2005
hei ght HL. wbp2wd3ssh has been neasured to be about 25.5 m bgrfc¥o2/00415
particul ar cases in which Ho= 35 mls, is generally a design paraneter

t hat depends on the initial dianeter of the spherical solder ball 16 and
the surface area of the conductive pad 32. A reduction in height from 35
mls to 25.5 mls is about a 27% hei ght reduction fromHo to H . A
representative height reduction from Ho to H is in a range of about 25% -

30% The preseRefomndiodIof 1 sthé seidertgnll 16:is solded b el eldcbrobie thbdul€ B Ghitheni C
nmodul e 12 w thout using an intervening joining solder is a departure from

a rel at edaxmteryening doigingsoldsr (e. &,@Wnghbeéwemthpheldmebaéhmmhmod wer e

used, the | |caI b ul d.be upl_ed to t he
CBGA rmduFIéghb'Sn % P%ﬁhg Té‘e 81 %‘?aﬂ]l JA‘g‘ i‘g‘? Agstronigmedylc ddasay b

02/ 063674 ﬁ@g’d@%g@@@ Q,S&ﬁi: RﬂﬁH

related art nethod, the Ilg\xl‘é(irv?rpne I ti ndg%f%?nl (r:?g Q\E%é? PR&P%B%W%H“#\%\E% at
a t enper aoxides andotrfateatontdnginass from tha strface Adafltis cuniluctivet pad32dind oheresi ght

of the result der bu ssociated with the solder ball 16 (after the
sol der baﬁm‘ffﬁg’hag f aurtace d@?eédﬁ? gondyetivsad %abpvéyd mm@r¢Mi Bhes, t he

At hough- TCop g belthe St hEiaTa Bl 401 14'E AEIHoRARpblEr 48R Bihy
hei ght HLDi B. $éraitem et hiriPrintiplds b€ Fletronid Rhf:ka’:gu%’ef)@eﬁ 891899 adcORM-19f1, t he

present invention, the nmethod of a %referred odi nent of the present
i nvent i oniNfad 9BHdor adisenssian of Bnxinsi FiG le%}@“@@rimuﬂttﬂtléao in¢apjurgtioh magt that es

"6 by e S BT R e r R B PR Sl B B0
conduct i vmd@aﬂto?oﬁe@mofdmry Glil1GA! te By 39usé&¥1riéﬁidﬂ% fidhxe® of 1 &‘2%%‘?% a

| ead-free joiner solder 22. The joiner” sol der may 1 nclu any lead-free
sol der. Awell as pasty, Ihs}gh~Ylé®§§y ﬂumsm@ddemcrsobéﬂuxcsf r4s9 a thenid nf theafeemsetionefi t he

| l % %
O B R L e £

of all oyslj or inclusi on in the joiner solder 22 is a tin-silver-copper
alloy is shown in Table 1; i.e., a tin-silver-copper alloy that includes
by wei ght about 95.5-96.0%tin, about 3.5-4.0%sil ver and about 0.5-1.0%

copper | Table t phoue RS bdus and g e L emer oL se Lor el ol

217 C forcgkds solder of the solder ball 16 to spread on the conductive pad 32 and, as explained
supra, the initial height H, of the solder ball 16 is reduced to a lesser height H, as a result of
being reflowed. For example, an initially 35 mil diameter spherical solder ball 16 of FIG. 1
(i.e., Ho = 35 mils), upon being soldered, takes the shape of a truncated sphere (as depicted in
solder bump shape of the solder ball 16 of FIG. 2) having the reduced height H;. H,, which
has been measured to be about 25.5 mils for particular cases in which Ho= 35 mils, is
generally a design parameter that depends on the initial diameter of the spherical solder ball
16 and the surface area of the conductive pad 32. A reduction in height from 35 mils to 25.5
mils is about a 27% height reduction from H, to H;. A representative height reduction from
H, to H; is in a range of about 25% - 30%.

The present method of soldering the solder ball 16 to the electronic module 12
without using an intervening joining solder is a departure from a related art method used for
a CBGA module. If the related method were used, the 35 mil diameter sphérical solder ball
16 would be coupled to the CBGA module by reflowing a lower-melting joining solder



tin-silver-copper alloys so listed. Reflowing the joiner solder 22~8N0V 2005
sol der the sy ogsszbal | 16 to the circuit card 30 nmay be acw&ﬁ‘?mﬂgat a
refl ow tenperature (TRRRLow) of greater than the |iquidus tenperature-
(TLjonnR) of the joiner solder 22; i.e., TR Low > TL.IOim To insure

agai nst uncertainties and nonuniformti in the spatial distribution of
refl ow tenperature and to account for spatial inhonbgeneities in-the

j oi ner solder 22, a tenperature margin fT nay be conservatively- chosen for
the refl owdisposed vatthe eonflustiveipad 32 TRMth QWrétatdl aft QREaD ﬂéiow%kﬁingpﬁiﬁﬁ;éamy
be chosen, cﬁ AT of 10 to 25 Cis a representative range. Any des lJe rgin
AT is wit hfHderwruld be prflogred pha tepinembime suehtbat the soldsidnlltlisevquid hotantlgmnd
tin-silver I sSqrentioned . supra,. Tahle 1 shows that
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be as |l ow as_just above 217 C, but may be conservatively C

| east abouT 30t the selded ert metld).e dithoughahe telwted arft htiod diap ticakivirta geRERLEM
may take ip ccount t properties of the solder ball 16, since if
TRaLow i s %’gﬁ?%%“{“r? eé%\%&ﬁs‘ﬁ%%%@’a‘t’@ @emma Rrpferred pmbedimgnt of the, ¢ hen
t he sol derpregdnk ink@nitbr, the\REthoEBbE ' I e Loiner solder 22, |f
t he sol derp ball 16 rrd’el ts duri nga%?%gveg'ﬁg{i%n?é{%grmé%flﬁ% © nq%aﬂgjﬁ t he
mel ting ofadvantagepfiesingkrd cotlicatedi ng the refl ow of the joiner sol der 22
Will result in the solder ball 16 having a further reduction (AH,) of its
height H, in the direction 26 between the el ectronic nodule 12 and the
circuit card 30pfphlinud b ol nen,solder 22 i s .further
reduction AH, of heig t%sgﬁ%é%gii%%ﬁhté&%e@gﬂ@@% %‘% eeglc%ﬁl?%% TSRl e
12 acti ng eapdA0 bjrsoldetingiiie seltietbalitialth theldrouitRaE BB tHe cédMchid\Rd ARt H
of the solder bal] 16 after being sol derablyatt ached to the circuit card
30 is H, -cuQuit carg3f, by ysing(i.es reflowingRetadifies jqigeBiider 32d Thjpiner sold&t32 > 0

i f TREFL : ' .of ..hei gh f the. | ball 16 . 0.,
oy e e Bl el SO A 80 Sal) 88 o e deking i) dmonaateaises”
shear st r aifithefvindigoldet Zirconkadihg 38.58K3182Gy/d.Meq (B, 95t9o8 g@ﬁﬁ §.8541G1eAS

during thermal testing or during field operation. The shear” strain, which
i s propor t{AgaandiOs’ % cppper (Gu)aby: waighiu dreserdirigly amissfuhtless dfllopsefof irclsiun of

ther mal e)ﬁﬂﬁﬁlesjo% solder 22 is a tin-silver-copper alloy is shown in Table 1; i.e., a tin-silver-copper

alloy that includes by weight about 95.5-96.0% tin, about 3.5-4.0% silver, and about
0.5-1.0% copper. Table 1 shows the solidus and liquidus temperatures for particular
tin-silver-copper alloys, and demonstrates a liquidus temperature of about 217 °C for all
tin-silver-copper alloys so listed.

, Reflowing the joiner solder 22 to solder the solder ball 16 to the circuit card 30 may
be accomplished at a reflow temperature (TrerLow) of greater than the liquidus temperature
(Twsomer) of the joiner solder 22; i.e., Trerrow > Trjoner. To insure against uncertainties and
nonuniformities in the spatial distribution of reflow temperature and to account for spatial
inhomogeneities in the joiner solder 22, a temperature margin AT may be conservatively
chosen for the reflow temperature Trerrows i.€., Trerrow = Trjomer+ AT. While any AT may
be chosen, a AT of 10 to 25 °C is a representative range. Any desired margin AT is within
the scope of the present invention. For the particular tin-silver-copper alloy class mentioned

supra, Table 1 shows that Tr joner is about 217 °C. Accordingly for the aforementioned



exanpl e, tReo 6@kt card 30 may have a CTE in a range of 6!
to 22 ppm C, while the electronic nodule 12 that includes gegera%ﬂ@tl

carrier may have a CTE in a range of approximately 6 to 1lppm C. The

el ectronic nodule 12 that includes an organic chip carrier my have a CTE
in a range of approximately 6 to 24 ppmiC. As the shear strain increases,
the thermal fatigue |ife (TFL) of the attachnment of .the solder. ball 16 to
t he condutit-silecrpagp&dlldyciaadRgow Tfaly bews powpojust sboak 21D ¢, busthagbest rai n) ',
or equivalently, TFLjs proportional to H. Cqgnsequently, if the sol der ball
16 does n@ﬁnsﬁﬁ%@vﬂﬁfc QN (e Bhieast ahwb23QCnd35 Gotteer 22, then the TFL is
potentially greater than if the solder ball 16 nelts during reflow of the
joiner solder 22. It is noted that even if the solder ball 16 nelts during

reflow of the Belettivn cfaheeflowdempéisture Tr SR thle InfSscchii@indiopropertiE®of
exanmple, if Ho = 35 mls, then H is about 25.5 mls, and AH is of the

order of thegolder ball 1, sitge ifi Treroieisdistivnthesalidusdemperghire Benatiof the sobder ballc WO

sect i onal rdaguPErdiE DR as Rrna iy of e lahe Bifest 586 Skeenca
modul et i gkpeaR1to furkiieBiow dfMd Binef &5186%2 Mieh ¥ie mdliHs of tHe ORYr bAL figSi rabl e

to limt the reflow tenperaturé to below fhe solidus tenperature of the
sol der baduririghthe reXthav of tha gdiher,sobles 22 ilt resolt inythieisgldet ealik ladvitigen fiRthecause

damage to a portjon of the electronic  structure 10, such as to an
el ect r oni Feduehiandd b} ofdtvhsight B inthedirection 2 between the stectranig snoduledl 2 angrthew

t enper at ur.e_na t .below a highest. te rature which will]. n damage
any port ?%cr‘lnto%rc{)%oekoilg’g&%@ﬁir €°§¥ P%F &?lﬁerlsgP@EZ%'d%ﬁﬁsmef r'%‘ﬁ%‘é‘? %U?é whi ch
W 1 not EASRGEcARYd by BlelvwQphtQf thd@ectloffd HOME 12 hétﬁfgt\gpbﬁ tHdmkRed solder ball
case-dependent and mai/1 Inter alia, about 250 C hus, a useful range

be,
of refl owlG.elyrammary dherfipal height Heof thensadderdialld 6 afloobring Sd@ablyatidvbed GOthE.
Table 1 shows, that wi thipn the ran of .3.to 15% anti mpny, h ight, for
the tin- %F&%F&Ff?é‘l @ﬁxs#%awﬁ n ,'TB/QEETISFWﬁ#%AI& %ﬁﬁé@rﬁg Aﬁgs‘"g(l ifo46 C

Thus, thWn%QJodngs%al | 16 wll not nelt during reflow of the joiner solder
22 i f TAWTSDE oW 233, 234, 245, or 246 C for an anti nony wei ght percent
of 3% 5% 10% or 15% respectively, in the tin-antinony alloy. It is
noted that 10% anti nony has a value of Ts,BA T.(245 C) that is only 1 C

| ower Any reduction of height of the solder ball 16 (e.g., Ho-H,, AH,, or He-H, + AH,

(CTE) between the electronic nodule 12 and the circuit card 30. For'BMOV ZE%
gy
chip

relative to its initial height Hy increases shear strain on the solder ball 16 during thermal
transients such as during thermal testing or during field operation. The shear strain, which is
proportional to 1/H, is a consequence of a mismatch in coefficient of thermal expansion
(CTE) between the electronic module 12 and the circuit card 30. For example, the circuit
card 30 may have a CTE in a range of approximately 14 to 22 ppm/'C, while the electronic
module 12 that includes a ceramic chip carrier may have a CTE in a range of approximately
6 to 11 ppm/°C. The electronic module 12 that includes an organic chip carrier may have a
CTE in a range of approximately 6 to 24 ppm/’C. As the shear strain increases, the thermal
fatigue life (TFL) of the attachment of the solder ball 16 to the conductive pad 34 decreases.
TFL is proportional to (1/shear strain)? or equivalently, TFLis proportional to H2.
Consequently, if the solder ball 16 does not melt during reflow of the joiner solder 22, then
the TFL is potentially greater than if the solder ball 16 melts during reflow of the joiner
solder 22. It is noted that even if the solder ball 16 melts during reflow of the joiner solder
22, AH, is generally less than He-H;. For example, if Ho = 35 mils, then H, is about 25.5
mils, and AH, is of the order of 2.0 mils to 3.5 mils depending on the weight of the electronic



than the value of 246 C of Ts,BALL for 15% anti nony. Nonet hel ess,

structural jes (e.g., brittleness) becone nore favorable as ‘t&wovl 200
Sn/ Sb ' Rat i oa{(g@?@g@gs (i.e., as the antinmony weight percentPGleeBEAYALS ;

Thus, it may be nore desirable to use 10% antinony than 15% antinony in
the tin-antinony alloy of the sol der bali 16. As a result, a desirable
range of antinony wei ght percent in theQi n- antinmony alloy of the may be
about 5 to 10% or about 3 to 10% Table 2 infra lists the results of TFL

test | f X . : i . i TFL
esting ofmydile ARIbAEd O brodPidetiGldl Wehslir&Sentd E%»ocg%ﬁﬁ%ﬁgus%%?ﬁ% ﬁg ?1%9 éﬁl?e

of an electronic structure mhich resenbl es t ectroni c 0 of
FIG 3, wid.A oGRS modutethiviness obTalilad infbd, eespattivedy)t Thus,dt shay bbdksirable and

of the terial of the joiner solder 22. as shown in Cases #1, #2, #3, and
#4. Cases it “’312"" Py W@ﬁ@&&%@ﬁﬁ?ﬁl@ﬁ@%@ﬂ@é@ of thagoldexbalhts not

within the . ' e} #1 s utj.liz a ]
ref erence %gtglgg% f %gx{fﬁ\%ﬁ p@i ﬁ%éé%@%%eﬁéy ?ﬂ%gg gﬂn%ei\',% ad’c?ﬁ}ﬁ%ﬁ %tﬁtge \ﬁfef:ﬁ'omc
respect t atilicture Ohseckd toan clee@onio dbvicé 6 confpBRast STIRe ¥ikdult GAFSE Tius #R, and
#4 as to TEL. The circuit card 30 held six electronic nodul es 12. Each of

the six el®68pWirmperAmmay byl belowashighest temperanay o dswilPET/d3RERE @AY 15 12
I ncl uded ' I rid arr A) nmodul e having.an_arrgy of 25 x 25
sol der ba?qo?ﬁﬁrgg%’%le, E@gﬁ%‘g? Fltnfcglfrﬁiy' Sgﬁg@he%e?pg@u,re whichayiline 8%‘}13&? any
cor r espongiopgor26f the fecHEie sieddhie 10 8 Sise-dépeRBerdt 36d Gy §:? ¢, the
t ot al numcaber of solder joints on the g?répu@tecgﬁg%%ksm&%{;%o c?qt-g_gfi % X
25 x 25). Thws, 2 hsefilnergeed reflovOB@heratute nexy inetnde, et slth, abwaneBy ‘A tdabpn  and
2.9 Mm Fq..all of the tests listed in Table 2, the solder ball 16 had a 35
m | thick Qs prior to being soldered to the electronic nodule 12 (i.e.,
Ho = 35 mls for all tests). For Case #1, the solder ball 16 renuai ned
spherical with retention of its 35 m | dianeter after being soldered wth

sol der paste tol'abhel shoxstthagrwithimthduwhrgelod 3vo tl BYfuantineinygbyreeighe) foethd tial SO
after bei .card 30, with the 63Sn/37Pb sol der paste

(i.e., H g‘%ﬁfn%gy’R%‘}e/gb@?gﬁ%ﬁgﬁscg@né‘ﬁan@@f@ééh 2ol JBEs, tha soldeg beld 6ol der
el i NGB CRFLER Aot ke 5y SN Y 2
mel t ed dur Crfgr smbmdimdnygveigie pementet 39515%, 10%, or 1 5%, edspestivelys i tle §8-tiedbriyhat
AR 2.0 ma&l?)y. It is noted that 10% antimony has a value of Tspar(245 °C) that is only 1 °C lower
than the value of 246 °C of Tspars. for 15% antimony. Nonetheless, structural properties
(e.g., brittleness) become more favorable as the Sn/Sb Ratio increases (i.e., as the antimony
weight percent decreases). Thus, it may be more desirable to use 10% antimony than 15%
antimony in the tin-antimony alloy of the solder ball 16. As a result, a desirable range of

antiniony weight percent in the tin- antimony alloy of the may be about 5 to 10%, or about 3
to 10%.

Table 2 infra lists the results of TFL testing of various solder melt structures. The
testing ascertained the TFL of an electronic structure which resembles the electronic
structure 10 of FIG. 3, with various embodiments of the material of the solder ball 16 and of
the material of the joiner solder 22, as shown in Cases #1, #2,#3, and #4, Cases #1 and #2
involve lead-comprising solders and are thus not within the scope of the present invention.
Case #1 was utilized as a reference case against which cases #2, #3, and #4 were compared
with respect to TFL. Case #2 was used only for comparison with cases #1, #3, and #4 as to

TFL. The circuit card 30 held six electronic modules 12. Each of the six electronic modules



when the 1.5 nmthick CB GA nodule was used, and M4, 3.5 nmils mhen %lﬁ
mn t hi ck  QaSee/e3dtd € was used. Table 2. Thermal Fatigue Llﬁ@Tkﬂiﬁ%&‘ 4l
of Solder Melt Structures Normalized Thermal Fatigue Life Case #1Case
#2Case 3Case Ceram cDual - Melt; Single-Mlt; Single-Mlt;Dual -Mlt;

El ect roni c90Pb/ 105n63Sn/ 37Pb95. 5Sn/ 3. 8Ag/i. 7Cu95Sn/ 5Sb sol der Nbdulesolder
ball 16;solder ball 16 andsol der ball 16 andball 16; Thi ckness63Sn/ 37Pb
joinerjoiner solder 22;Joiner solder 22;95.5Sn/3.8Ag/0.7 (nmsol der 22,
<TPK>=215tZinqlededercesashigdeall gridiusap iewpmodamgxg an(array of TOK25200er ball

2. el udbhJRBROTHUBHET g Oy SlAHpests FromRHiooRHE ol S o GUNRCHARY o
durat i on 9§ o3thduiGan R0, iyld BRI ARRELE QTIAGHE oh B0kl 5

and a transitioning from1 00Cto Fansit I oni ng

02/ 06367437150 @.e@vx 2DRI5). PGI6 Gicialetidd bECBGAMIGulbowdRAEstéd) ahmddl. flﬁm‘x 2

m nutes fromQC to nearly 100C , followed by 2Y2 mnutes of an asynptotic
or slow aﬁ?ﬁ%gémo 100C. The transitioni ng from 100C to OC i ncluded 121/2
m nutes from 100C to nearly OC, followed by 21/2 mnutes of an asynptotic
or slow approach to 0C. The test started with 3 circuit cards and 6

nodul es per ci fF@idhll oﬁﬁq@desmﬁst@l fnqtaele DkhelddldefBU £Rad £85 ﬁalcﬂmoqzﬁes%%@? tg*1,
#2, #3, and #4. For any gl ven i.e., #1, #2, #3, or #4), eacCh test

cycl e of Beéingispldersd te dhs @It@mcamdui@lirﬁcmﬂéf 35)1111131 éortafigesis) Egrd]iasn gligbeween
ol nt's. i SOAPLRATEED sefatiefl sBeroRbith FGIPH! B AP B amets Fa UpgRoderedich
that the Gahdelder phdit & hb eRREShiE I¥QulBRSwithout being melted, and also after being
' coupled to the circuit card 30 with the 63Sn/37Pb solder paste (i.e., H = H; = Hp). Cases #2,
#3, and #4 each involved melting the solder ball 16 during soldering the solder ball 16 to the
electronic module 12 such that H, ~ 25.5 mils. Also in Cases #2, #3, and #4, the solder ball

16 melted during soldering the solder ball 16 to the circuit card 30 such that AH; ~ 2.0 mils
when the 1.5 mm thick CBGA module was used, and AH, ~ 3.5 mils when the 2.9 mm thick
CBGA module was used.

Table 2. Thermal Fatigue Life (TFL) Testing of Solder Melt Structures

Normalized Thermal Fatigue Life

Case #1 Case #2 Case #3 Case #4
Ceramic Dual-Melt; Single-Melt; Single-Melt; Dual-Melt;
Electronic | 90Pb/10Sn 635Sn/37Pb 95.5Sn/3.8Ag/.7Cu 958n/6Sb solder
Module solder ball 16; solder ball 16 and | solder ball 18 and ball 16;
Thickness § 63Sn/37Pb joiner | joiner solder 22; Joiner solder 22; 95.58n/3.8Ag/0.7
{mm) solder 22; <Tp>=215C Cu joiner solder

<Te>=215"C <Tme>=240"C 22;

: <Tp>=240°C

1.5 1 0.38 0.76 0.9
29 1 0.35 0.69 0.93

The testing, which is summarized in Table 2, included continuous thermal cycling
with each thermal cycle having a duration of 30 minutes of: a transitioning from 0°C to

100°C in 15 minutes; and a transitioning from 100°C to 0°C in 15 minutes. The transitioning



| ocated at about a same distance fromthe neutral point ("DNP"). The-goj 05
joints in ewozmr&imn,g were connected together in a stitch pattern. Tm-$0| n
el ectrical resi'stance neasurenents were perforned for each R T/ Ra/00415
outernost 7 rings, initially and after each 100, 200, or 300 cycles. A
nodul e was considered to have failed if | east one ring in the nodul e

had a measured increase of at |east 100 ohns in electrical resistance.
After each resistance neasurenent, the failure probability was.cal cul at ed
as NFAum NF6AIG tov00°€ indTideAl 2isminbites flod 61C 1BWweley 160°C oSS Byesk @ddnbfes®: -
18) and NFAILED is the nunmber of nodules that failed as deterrined by the
r esi st anceofiiaAsymplotia os slowrappronchMo I VT Tiratratsitiomsng fomo 1000 wecduded

pl otted and/or .tabul at ener " failure curve” where Necyci . FS is

t he nunber ({i? m&'&‘)‘@ seéomjﬂov&ﬁ@%ﬁﬁ%@ﬁ@owg&%fé FuBvss el esymMG R OWade.
Model i ng therdagh ki, curve (i.e., NFAILED/ NTOTAL versus |ogio NcyvLFS ) as
a log-normal distribution, a calculation of N5O was nmade, where N50 is the
nunber of cycles at which 50% or nore nodul es have failed. In that nanner,

N50 was statistj,cally deriv fromthe failure curve. In the anal ysis based
on Table 2, ,\5’@1':\%55} Strgted) Wég‘%acwgt%‘?dé agd 6WPIWFECIf%°W¢EOTiaﬁO‘Fﬁﬁf B2is

expr essed Ay Rbdh&H Cab QT $2198, Lilia, TEdr %g@ﬁh%ﬁ?@feﬁ éé%i; HasrEt

Thus Case #1 serves as a refefence’ agal nst

#4 are corgael tet cyicte FEHOI mindtes Satsjectdtllalli s® modulss ghtheeekmA0GlihObstwakh 0)o

havi ng a ngl ti g}% ﬁ(?l n({;),of boyt = 310C.in the solder ball 16, and a | ow nelt
no7pE0 dya

eutectic 6 ¢reRpdgupria. tHach mpgniethad 625 selder joirgsdistributedain

j oi ner sol 1S, AN . | e at.ure_w ndow far

Lol oot i ng ke Sy Mt ook ol Roik ) udk 5 ¢ IFLINH B BEME Y5 | oue
mel ting tHecsal daboutdaineldistande GRROHS Gletitral Gofife (HINPYS ThE sokleLpimbifedcher mal
fatigue life (TFL,) and has been - 8 NOV 2005 WD 02/063674 PCT/ GB02/ 00415

13 nor mal iBREIVErs cangpcied togathar in pstifeh peitesn. Awpgointelreticebessistages nst  whi ch

Cases #2, [ RN a al - nel.t..case
o thar + AicsuRBbaf by Bl WINALE B SO Rrdior B, ol B &4t ol

t enper at urXgs, or308 cyekes.agan@RdkwheidneilletcdrTo Bl fiiled if EIERDhe WRE iR #Rlmb@ile
Cases 41 and #2, and 240C for Cases #3 and #4. Thus based on the solidus

and | i qui 39 amespsuied fnarease phatteast E00chmsia elestrénat resistanca.cAfier ¢ash refistanng
fl f i Qi o # , #4. ., Accor di ngly, th
ot | ow of "hSurelrth Ble AtyLBrodRiP kot PSS pe el hER i i e |

sol der baltbtalfurhbeddf 2dbleditdstedi(De. 208) whd 38,41, kSthe Amb&€of modules that failed as

determined by the resistance measurements. Then Nganen/Nrorarversus logy Neveres was

plotted and/or tabulated to generate a “ failure curve” where Ncycres is the number of cycles
at which the last resistance measurements were made. Modeling the failure curve (i.e.,
Nrareo/Norar versus logio Neveres ) as a log-normal distribution, a calculation of N50 was
made, where N50 is the number of cycles at which 50% or more modules have failed. In that
manner, N50 was statistically derived from the failure curve. In the analysis based on Table
2, N50 was used as a measure of TFL. Note that TFLin Table 2 is expressed in normalized
form such that TFL is taken as 1.0 for Case #1. Thus Case #1 serves as a reference against
which TFL of Cases #2, #3, and #4 are compared.

In Table 2, Case #1 uses a high-melt 90Pb/10Sn alloy having a melting point of about
310°C in the solder ball 16, and a low-melt eutectic 638n/37Pb alloy having a melting point
of about 183°C in the joiner solder 22. Thus, there is a very wide temperature window for
selecting a reflow temperature for reflowing the joiner solder 22 without melting the solder

ball 16. Accordingly, Case #1 has an acceptable thermal fatigue life (TFL) and has been




2.9 mm thick CBGA modul e (representing a 37%reduction fromthe int8iNOV 2005

hei ght of @7y ofidebel, and from25.5 mils to about 23.5 mils § BhSooky® MM
CBGA nodul e (representing a 33%reduction fromthe initial ﬁgﬁgﬁtﬁ 011‘ 35

mls). Cases #2 and #3 are single-nelt cases in which the solder ball 16
and the joiner solder 22 nelt at the sape tenperature, since the sol der
ball 16 and the joiner solder 22 <contain the sane alloy for each of Cases
#2 and #3. Case #2 uses the eutectic 63Sn/37Pb alloy with nelting

t enper at upemBRE! toahf ircarsler eFerveds atrthierepse 5:8n/a8ai8KgrhidtChasmis Hay#yiandh #4

I ti t t 17C. JIh | ect ' t t 10 f Case. #2 h
her mal { S0 Bsaoiipfied. (i ) Sxeiales « Bilymalboisa fos e ap derenl 1t eifee. TrL.
f CBGA | ' 9 ' t [
1T uctur T PR g e 3P RTtlen® R Rl VTGl FARRM Vol " ) oo

and 69% of<Tske) waf 25D far Casts #1f 1d #2BGRA 24030 Ifer C4sbs 8K Aeb e STHusDats opikd 2. 9
mm respectively. The aforenentioned TFL2 and TFL3 variation wth respect

to the Coeodidypaid Bauidpciempemtures ipabloyl, shessolder beld 16 avedted during refloty of the

D58 e AP eI R R
95. 5Sn/ 3. ?aé@l’tedﬁ@#ccﬁich%yﬂl%éighﬂ dfne mr%msrﬁ%yzﬁs%ﬁfs.@? aba?urc r??”?ﬂ?’???% rast
, Case | L) tha

w th Cases #2 and #3 4 has a thermal fatigue e t 1s 90%
and 93% o?-Stmi thigk 6B enotiplefrdpogsedB@e Hsduednctibn flomethe aitidl Height afigls 2. 9nm

respecti vel.y, Wit Ses #2 #3 h fore tjoned TEL4 varijation
with res p@ﬂ% ’FBAE ﬂPWe&Cg%QS ﬁ%'i’hﬂ“ggg Ao ggleﬁf WE%&F‘&Q@@@G@%S@%% 3s

Wi t hout sugtanlchNg bk idiga ; shows the thermal fatigue life
TFL4 as near Iry eqlual to thelﬁr em%ggrhéﬂlg?@ﬁg even though the solder ball 16
mel ted both during CBGA nodule fabrication (see Fig. 2) and 8 NOV 2005 WO

02/ 063674 PCT/ (B02/ 804&?’ 14 ¢ircuit card assenbly ésee Fig. %)l resulting in
the total hei gh®SBEF AR e atcERpls-msthcasss 1 whishdhe solderdisll 16qndthegoingr| s to a

final hei Hsi ' el f ,hLh
Col der bl 1o g2 dnagedtAe A en Bl Socfhcholder SRR i i Blnksgides 2

j oi ner sotaigain BR)safneralloCimeadiof Caseh#2and#3.r €deaiti vaes theeuieolin6ISHBYIMer 22
bel ow 234? or,%bf: ther techni gues such as by using 90Sn/10Sb alloy in the
sol der batfoyrgitineHingdempeagre 143:C4 ad fepe €3 ners the95. 59w 8w - Aigu Bl Wity 5C,

then TFLA MR deferSRESTAE The Q¥GESRS: SRnil 20 2RIk 29%9s 2 120na1 fatigue life
(TFL,) that is only 38% and 35% of the reference TFL; for CBGA module thicknesses
1.5mm and 2.9mm, respectively. The electronic structure 10 for Case #3 has a thermal
fatigue life (TFL;) that is only 76% and 69% of the reference TFL; for CBGA module
thicknesses 1.5 mm and 2.9 mm, respectively. The aforementioned TFI, and TFL, variation
with respect to the CBGA module thickness is purely statistical and is without substantive

significance.

Case #4 is a dual-melt case, wherein the solder ball 16 includes 95Sn/5Sb and the
joiner solder 22 includes the 95.58n/3.8Ag/.7Cu alloy with liquidus temperature 217°C. In
sharp contrast with Cases #2 and #3, Case #4 has a thermal fatigue life (TFL;) that is 90%
and 93% of the reference TFL, for CBGA module thicknesses 1.5mm and 2.9mm,
respectively. As with Cases #2 and #3, the aforementioned TFL, variation with respect to
the CBGA module thickness is purely statistical and is without substantive significance.
Case #4 shows the thermal fatigue life TFL, as nearly equal to the reference TFL; even
though the solder ball 16 melted both during CBGA module fabricaﬁon (see Fig. 2) and



0.93 val ues. Nonethel ess, the TFL4results of Case #4, which exenpl i 5
enbodi nent Sé‘% @é}% present invention, are acceptable regardl ess of t%qg
or not the K% |1 16 melts  duri ng reflow of the joi nerPGHGBEY00RLE
i.e., at least 90-93% of the reference thermal fatigue life TFL, is
retained in Case A. This is an unexpected beneficial result in light of the
total height reduction of 33%37%fromd#e initial height of 35 nils of
the solder ball 16. If TFL were to be expressed in absolute terms (i. in

terns of numher fa lure aof the nic strycture 10),

i nst ead ofaas ncg?é ?@%3’75% ﬁ:é% ﬁ "’itfﬂgclRél?e tegg&mg ﬁ‘?&‘i'?er W?"g §1edmt121 9

m s woul dhédfteFlf13Guits tERlfiiahBel Mmhﬂ bl | ﬁ@%

1.5 mls, be%%use t he hi gher CB m)duae ﬁngarlqggtgzna es t dllill:le St fer

and thus |%odderbal |1§tdpeﬂenqtm@ﬂvemomi time €i.¢. duringsefow lof thegdsmezfmtd‘er pR)esor bl e
ess Tabl e .2, sho that t he TFL, when expressed in

CBGA nodul
t he ng? rr&@*&?&b YF@‘WH%@%?WFW &5 22 melQwrditC.cortbryi adhen éechnigresaish t he

benefi ci al 44 t ent. i nv lpn, in
cont r ast Wlt ﬁ%r solo§er conpo&‘?lﬂgli@ﬂﬁo‘ggm%%%V&&@ﬁ%%n%ﬁ ei%BGA
modul et hi aeneig befey 45 Ceties TPLAWOEIEDe SR #)éb%d beeehﬁh@%&n{b%oﬁ@i 13 961w I ng
reflow of the joiner solder 22 if the reflow tenperature is below the

sol i dus t éhpvalpes dNgwethelrss,dbg TRE« nssults of Casq #4,tWie<=h evfehwhﬁes embatinents of

T dus. pepsk v OB ELUERARE SRR iR op AR o pel 3G Mot e
sol der bal durih@ refléw oPfRYSineiiolded 224 he, aft?éa%@% 93d; otf@ﬁe &ﬁ&é&ﬁtﬁeﬂiﬁ%%gr

exceeds the |iquidus tenperature of the solder ball
bal | 16 wilife TEbmifi retainted mEase %r%glstmmmdcmd,beaaﬂmddeblﬂﬂmﬂlghﬂqfthch'fbtal

l'iquified er with the material of

the j oi nerl:le tt Jﬁn %fsﬁsa/egvxﬁ ?Iﬂ tmige‘g@/@tlz%dﬁgﬁ? the solderdallidg. 2005

PCT/ GB02/ 00415 FI G 4 illustrates an inmage 40 of ‘an interm xing of materi al

of the solder ball 16 of FIG 3 with nmaterial of the joiner solder 22 of

FIG 3 for CasdffFFLoferdtubecexpresiduaniabedete4@msi(be.oin teines afaneibet ofeyclado 34 of

the circuig. board 3 the i m 40 in FIG 4, there is no visual

di fferent |t151thfr8r‘?fgfe e@%ﬂ“&&’rc SBHP‘]‘“elﬁSﬁ%@dl of jas pprmalizst.ihen the fhieker EBGnt er i al |,
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module thickness of 1.5 mils, because the higher CBGA module thickness makes the module

stiffer and thus less resistive to shear stress than is a thinner, more flexible CBGA module.

Nonetheless, Table 2 shows that the TFL, when expressed in the normalized format, is
insensitive to CBGA module thickness. Hence, the beneficial use of Case #4 for
embodiments of the present invention, in contrast with other solder compositions, does not
depend on the CBGA module thickness.

As stated supra, the solder ball 16 does not melt during reflow of the joiner solder 22
if the reflow temperature is below the solidus temperature of the solder ball 16. If the reflow
temperature exceeds the solidus temperature of the solder ball 16 but is less than the liquidus
temperature of the solder ball 16, then partial melting of the solder ball 16 will occur during
the reflow. If the reflow temperature exceeds the liquidus temperature of the solder ball 16,
then the solder ball 16 will completely melt during the reflow, and additionally the liquified
material of the solder ball 16 may intermix with the material of the joiner solder 22 as shown
in FIG. 4.



interm xing is made possible by nelting of the solder ball 16 during HﬁNgwqm5
of the joi meoo2zasbter 22. Conversely, if the solder ball leeadweBozmtiirel t
during reflow of the joiner solder 22, then there is no intermxing of

sol der ball 16 material and joiner solder 22 material. This disclosure has
denonstrated the useful ness of the | eadlifree solder ball 16 and the

| ead-free joiner solder 22 of a preferred enbodi nent of the present

i nvention. Although. the |lead-fr ol der ball 16 was, descri be erein as
conprising a tE’F@a HiusEgs i mage 4q Hianlﬂé%m%@tl%ﬁea@rodfﬁ%ﬁ ?Ol‘%é%ﬁﬁ}‘saﬂfso

i.ncl udes | ; t Iynt Al
copper by it Hth s A5E o f1hct Blach o BE pITE P CRU Rruble ) He iftaBuad
I nvent i onidwye begtuctespdd Juast thesitguit Hoard 30U rTadsEiEnage 40 il FIG 4 eetedid nomany

nodi fi cations and changes wi || becorme apparent to those skilled in the
art. Wi | wisnaldifferfetidationaifisolder ba déamataralifronFjoi®r salder 22smatgtiel, wlichs a sol der

bal | , h | d hall . i cal hat .i i bl
PRLh sof qdrRsngessnemrest sl e R pRESE Sl Bt SRRl SR 12 and
to the ci hﬁ&mxﬁgﬁﬁmaa’e si@?@cﬁ&haﬁﬂﬁ BefiRIsBider YANUF6 durh @@A»@@ﬂﬂé@%ﬁfﬂ

general ly 1ncludés a sol der ménber having, inter alia, a solder

(i.e., appoldzi2at@invesplyeifitieado)des halp#¢ dacsswok thelt dodhgirafloft ofdhe joampsolderat el y
cylindrical) shape,, etc. Wile_t | ectroni ¢ _nodule 12 and the cjrcuit
card 30 iﬁwbwhe&e—lgnae@ewﬁegeésggeri?ﬁ 10l ApE IRy SPderdmategiak cui t

card, respectively, the electronic nodule 12 is generally a first

substrate (e.g., inter alia, an electronic nodule such as a CBGA or PBGA
nmodul e, a senhidistidsore Ik dpmosstated the10sefillgess bf theiléadefidetbolier ball geandal |y a
second substrate (e.g., inter alia, acircuit card, ceramc multichip

subst r at ethedead-free pinqoyolden?®? of peprefemed/embodimenteafitbry presentrivyentiay Afthough

el ectroni tructur OARLI SI t.he eps of . .proyi.di rate; and
R P e T L e
joining sQlddese oRleLhiILLs Hay alsb RRIEIRE AT BHtraddheidRhR Jfldthed Mlethdy suRmERET
consists essentially of a tin- antinony alloy, and wherein the tin-antinony
al | oy congitet glicicopgiso,tisrauthit zinca bidver, ardmickght | nony by wei ght and a remai nder
consisting essentially of tin by weight.

While embodiments of the present invention have been described herein for purposes
of illustration, many modifications and changes will become apparent to those skilled in the

art.

While the solder ball 16 appearing in FIGS. 1-3 is labeled as a solder ball, the solder
ball 16 may have any geometrical shape that is compatible with solderablycoupling the
solder ball 16 to the electronic module 12 and to the circpit card 30 as described herein.
Thus, the solder ball 16 generally includes a solder member having, inter alia, a solder ball
(i.e., approximately spherical) shape, a solder column (i.e., approximately cylindrical) shape,

etc.

While the electronic module 12 and the circuit card 30 in FIGS. 1-3 are labeled as an
electronic module and a circuit card, respectively, the electronic module 12 is generally a
first substrate (e.g., inter alia, an electronic module such as a CBGA or PBGA module, a
semiconductor chip, etc.) and the circuit card 30 is generally a second substrate (e.g., inter

alia, a circuit card, ceramic multichip substrate, etc.




to 2. The nethod of claim1l1l, wherein the tin-antinony alloy includes ‘EQJNP]'V 2005
5% to about 10% antinony by weight. 3. The nethod of claim.1, wherein the -
sol dering step includes reflow ng the sol ger menber.” 15 4. The net hod of -
claim1l1l, wherein the soldering step redu'c1 s a height of the solder nenber
bet ween about 25% and about 30% 5. The nethod of claim1, wherein the
substrate i nej N a ceramc ball grid array 20 (CBGA) nodule or a plastic
ball grid array (PBGA) nodule 25 6. The nethod of claim1, wherein the
substrate includes a sem conductor chip. 7. The nethod of claim1l, wherein
t he sol der nenber j L. - o] &l ai wherein the
tin-anti m)nyl'al I oyA ?‘ﬁ@"ﬁﬁé‘gﬂ‘m‘%@ abﬁggtrg%&gt@ﬁﬁgh%rﬁ%@%%%wWS A net hod
for form ng an el eroviding@ ssbstratt, amce, conprising the steps of: 30 providing

a first substrate apd.a seco substrate; solderi a |l ead-free sol.der
menber 13 the T r SPIEHB d GG TG ERGSH REGitgD 1 FOPHHG SO Sg BpPBEIat e
the sol deri ngldewheéftichiatd e SOldEREg, KRBRET the RBRIeSIEmBES@IMbIsBlcsdenBhllPot d fin-
antinony all oy, and wherein the tin-antinony alloy consists of about 3%to

about 15% antimesellpy. andi yhereigribe Hnmataiond elox eersistt phepous Sentd ahauy 16%6 tin
by wei ght; LR - = = 17 dering the

sol der rrenbga;m?]((())ﬁr\ﬁg “s%g%hiﬁgééﬂ%@aﬁ?oge?gowsgﬂy%eég@gforféé ?Y(S)‘?éﬁ]gﬁ sol der. 10.
The nethod of claim9, wherein the tin-antinony alloy includes about 5%to

5 about 10%.anti b i ght . ...Jhe t hod of claim9 erein e step
of sol del’i n;’l t he%ﬂ¥th%ﬁg§ialTéﬁt%}éerelggﬁ%ﬁ&'@ﬁﬂ’é’w 6?1“8)' i‘ﬁ%'\},‘\@de OP'E%JI)"OW ng
the joi ner sbbaEro%aunttmbgnipewaight € *above a |iquidus tenperature of the

j oi ner sol der and bel ow a hi ghest tenperature which will not damage 10 any
portion of the electronic structure.
3. The method of claim 1, wherein the soldering step includes reflowing the solder
member.
15
4. The method of claim 1, wherein the soldering step reduces a height of the solder

member between about 25% and-about 30%.

5. The method of claim 1, wherein the substrate includes a ceramic ball grid array
20  (CBGA) module or a plastic ball grid array (PBGA) module

6. The method of claim 1, wherein the substrate includes a semiconductor chip.
7. The method of claim 1, wherein the solder member is a solder ball.
25
8. The method of claim 1, wherein the tin-antimony alloy includes more than 10%

antimony by weight.

9. A method for forming an electronic structure, comprising the steps of’;
30 providing a first substrate and a second substrate;
soldering a lead-free solder member to the first substrate without using a joining
solder to effectuate the soldering, wherein the solder member consists essentially of a tin-
antimony alloy, and wherein the tin-antimony alloy consists of about 3% to about 15%

antimony by weight and a remainder consisting essentially of tin by weight; and
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12. The method of claim9, wherein the step of soldering the sol der_d‘rﬁgb%r
to the second substrate includes reflowing the joiner solder at a V 2005
tenperature above a liquidus tenperature_of the joiner solder and below -
about 250 degree. C. 15 13. The net hod of 'Glaim 9, wherein the j oi ner

sol der consists essentially of a tin- silver-copper alloy, wherein the

tin-silver-copper .aj NS4S i all I : t : 5-96. 0%
tin, about 3.5-4. 8@)‘%‘?‘?{%2& §d611§ rg Og%ng;- E{elgeﬁg)édcg%%s\é@@%thlihg#hfégéné{fﬁ%d of
claim 13, wseldei.n the step of soldering the solder nenber to the second

substrate includes reflow ng the joiner solder at a tenperature between
about 230.degree. C. and about 250 degree. C. 15. The nmethod of claim?9,

wherein the 19t ep dhesnéties bNelalirh®, seee teeih@ntihony BRoy 2R1sRe ABBuSSRSH! at e
includes nelting the sol der menber. 16. The nethod of claim15, wherein the
step of $ol P?t%’é)/fﬁ‘g”%%]y Wéigtber to the second substrate includes
intermxing the tin-antinony alloy with the joiner solder. 30 17. The

met hod of claim9, wherein the step of soldering the solder nmenber to the
second substllat e dbesnetead ¢fndaiod®, whdreinribe sthap of edldeningrwiselder I8 mbEhe thet hod

of claim 17, wher ei he ste sol dering t sol der nenber .to the .second
substrate dé Csonnost%ig'}ﬁat(t: Ut E’ngfeﬁoﬁ'%ﬂEJtOH%r fﬁr’lﬁ?raﬁtal %ﬁfﬁ?mg?rleo%po\‘ﬂfla 'q‘”l‘fi‘s

joiner 35 s@hp@hturd ofRhé §bidersbldeb3@bBeldw }ﬁFhest #nidehat@@GbhicH &1l BotTdendpet hod
of claim9, wherejn the first, substrate includes a ceramc ball grid array

(CBGA) n8dul@BY BPrignQf e slectigric|stry¢ties. ar ray ( PBGA) nodul e. 20. The net hod of
claim9, wherein the first substrate includes a sem conductor 5chip. 21.The

met hod of claim9, wherein the solder nenber is a solder ball. 22.An

el ectroni ¢ d&r uct dihe meslndpefi daimg?, wheaein ubs stempé solderingatie fsolder swiber tntheber

sol dered to | Jouni. r...b n. the sol der.menber
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temperature of the joiner solder and below about 250.degree. C.

13. The method of claim 9, wherein the joiner solder consists essentially of a tin-
silver-copper- alloy, wherein the tin-silver-copper alloy consists essentially of by weight
about 95.5-96.0% tin, about 3.5-4.0% silver, and about 0.5-1.0% copper.

0 14 The method of claim 13, wherein the step of soldering the solder member to the
second substrate includes reflowing the joiner solder at a temperature between about
230.degree. C. and about 250.degree. C.

15. The method of claim 9, wherein the step of soldering the solder member to the

25 second substrate includes melting the solder member.

16. The method of claim 15, wherein the step of soldering the solder member to the

second substrate includes intermixing the tin-antimony alloy with the joiner solder.

30 17. The method of claim 9, wherein the step of soldering the solder member to the

second substrate does not include melting the solder member.
18. The method of claim 17, wherein the step of soldering the solder member to the

second substrate does not include intermixing the tin-antimony alloy with the joiner

35 solder.
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essentially of a tin-antinony alloy, and wherein the tin-antinony allcby
consists of about 3%to about 15% antinmony by wei ght and a_renai nder NOV 2005
consi sting essentially of tin by 15 weight. 23. The el ectronic structure

of claim 22, wherein the tin-antinony alloy includes about 5%to about 10%
antinmony by weight. 20 24. The electronic structure of claim 22, wherein

the substrat}®, i nclThgegetRod6f @MhL9, WidrkinGhé diraTstBral CREAN SR CetaiObald grid
pl astic ball grld array (PB®&A) nodul e. 25. The el ectronic structure of

clai m 22, wiEesi(RBEWe naqdblerar atrdastip ball gréd aay BGAbREdEEor chip. 25 26. The
met hod of claim 22, wherein the solder nenber is a solder ball. 27. The

nmet hod of claim 22, wherein the tin-antinony alloy includes nore than 10%
ant i nony by 2Rei ghtThe30etB&] oAwrlagh X twlamneio the rfustt anbstrate omgpudesi agemicanduictest
substrate; a,second substrate; and a | ead-free sol der nmenber soldered to
the first SLTB Ytrate with no j oining solder 35 between the sol der nenber
and the first substrate V\/nerei n the sol der nenber is soldered IR

\ LI 1 3U153551 doc: eya - NOV 2005 -19 to the second substrate with a

| oad-free jdilner ér(B‘Ftﬂ?eerthOd\MféFaéﬁﬁ vhareindheetldsraneaber iphagiderdaliessent | al | y of
a tin-antinmony alloy, and wherein the tin-antinony alloy consists of about
3% to about 15% antinony by wei ght and a renai nder consisting essentially
of tin by \&ight Areel@gronitrseruetiecteroprisingst ructure of claim 28, wherein the
tin-anti nony al | oyésu Sgrapdes about 5% to about 10% anti nony by wei ght. 30.
The el ect’ronic strdcture’ of claim 28, wherein the tin-anti mony alloy is io
interm xed W th thelepdifieersoRiet @mber soldered to the substrate with no joining solder

between the solder member and the substrate, wherein the solder member consists
essentially of a tin-antimony alloy, and wherein the tin-antimony alloy consists of about
3% to about 15% antimony by weight and a remainder consisting essentially of tin by

15 weight.

23. The electronic structure of claim 22, wherein the tin-antimony alloy includes

about 5% to about 10% antimony by weight.

0 24, The electronic structure of claim 22, wherein the substrate includes a ceramic
ball grid array (CBGA) module or a plastic ball grid array (PBGA) module.

25. The electronic structure of claim 22, wherein the substrata includes a
semiconductor chip.
25

26. The method of claim 22, wherein the solder member is a solder ball.

27. The method of claim 22, wherein the tin-antimony alloy includes more than 10%
antimony by weight.
30
28. An electronic structure, comprising;
a first substrate;
a second substrate; and
a lead-free solder member soldered to the first substrate with no joining solder

35 between the solder member and the first substrate, wherein the solder member is soldered
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31. The electronic structure of claim28, wherein the tin-antinony algl 'm%
not intermxed with the joiner solder. 15 32. The el ectronic structur o#
claim 28, wherein the joiner solder con3|1§ts essentially of a
tin-silver-copper alloy, wherein the tin-silver-copper alloy consists
essentially of by weight about 95.5-96.0%tin, about 3.5-4.0%silver, and
about 0. 5- 1.t§ e eogdesubstZie Wih a Tbei- &édajotxfer)sﬂlderswheremuhesmiﬂexahahmr%nsists

wherein the first substrate includes cer c. ball qri
modul e or a epieatialxobhafip- a@?ﬁ“ﬂnﬁé?ﬁ% aP‘%B’éﬂ)e“hg‘]Gd’lneam@W y grég’g%ftg gﬁo@ut
structure Of3egl, Ia%&tﬁ&ﬁ"/)/"@ﬁﬂ%rﬂ/ lg)h’?vefgh[ ahd §Li@1§ﬁl'hé&ecdn§1§hhlgj€§seﬁually of tin by

sem conductor c The nethod of claim?28, wherein the sol der
menber is aveoglder ball. IR 'I.111LI15}J51 doc eua
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29. The electronic structure of claim 28, wherein the tin-antimony alloy includes

about 5% to about 10% antimony by weight.

30. The electronic structure of claim 28, wherein the tin-antimony alloy is

o intermixed with the joiner solder.

31. The electronic structure of claim 28, wherein the tin-antimony alloy is not

intermixed with the joiner solder.

s 32. The electronic structure of claim 28, wherein the joiner solder consists
essentially of a tin-silver-copper alloy, wherein the tin-silver-copper alloy consists
essentially of by weight about 95.5-96.0% tin, about 3.5-4.0% silver, and about 0.5-1.0%

copper.

20 33, The electronic structure of claim 28, wherein the first substrate includes a

ceramic ball grid array (CBGA) module or a plastic ball grid array (PBGA) module.

34, The electronic structure of claim 28, wherein the first substrate includes a
semiconductor chip.
25

3s. The method of claim 28, wherein the solder member is a solder ball.
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