; €3e6VWRRSTLTV6VT6WJaHWD 02/ 063674 PCT/ GB02/ 00415 LEAD- FREE SOLDER STRUCTURE
AND METHOD FOR HI GH FATI GUE LI FE The present invention relates to a nethod

and st ruc{y @dssy74s0l derably coupling an el ectroni c nodul edigcBoz/0a41@er an ¢
or plastic ball grid array nodule) to a circuit board. An el ectronic nodul e
(e.g. a ceramc or plastic ball grid array nodule) is typically coupled to
a circuit card by a | ead-conprising solider interconnect. Unfortunately,

|l ead is toxic and environnmental |y hazardous. Thus, there is a need for a

| ead-free solder interconnect structure for reli abI y coupling an el ectronic
modul e t dLIBADFFREE(SQEPER SERUGTHIREANBMETHOD ROR AHGH IFA ¢dBE in a
first aspect, a nmethod for formng an electronic structure, conprising the
steps of providing a substrate; and soldering a | ead-free sol der nmenber to

the substrat eyl dﬁﬂ%@éﬂt i/ ehtiéh R1akdith aBktRY SR strhuetugd fo?%lﬁ@ﬂaﬁlytcbﬁplﬁ@' Aering,

wherein the sol nber conprises a tin-antinmony alloy that ‘i ncludes
-about 3%lectranbionipddlsYe.gre ¢caramig doplasac bilt gri®amdematitly) totaha@rauitipoandt i nony

al l oy includes about 5% to about 10% anti nony by weight. Preferably, the
sol dering step i ncI udes reflowi ng the solder nmenber. Preferably, the

sol dering ste r [[%lgila 5% and
about 30% Pre er a Pﬁ%rﬁ% %%ts?r%artagﬂfeoﬁhgﬁ ba cer a#%%ﬁfép ﬁat?lp%agfr ay
(CBGA) nexipled tora o@rcﬁit aaidiby dlaid-cgnprisiag soﬁdlerﬁlﬂ%é)mem dUh‘é)rtuE'ate]fyelreadb isy, the

substrate includes a sem conduct or chlgl %jg /063G7 2 PCT/ GB02/00: 415
The pr est@&ic W\F@M&lpﬁﬁeﬁﬂbﬁwow obhusethers isamredifor gleadsfies 594%n el ectronic

structur g, o BhGkel dhb %Wéﬂa%iw&u%ﬁﬁg 2 888 Hic module to a circuit card.

The present invention accordingly provides, in a first aspect, a method for forming an

electronic structure, comprising the steps of:
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 comprises a tin-antimony alloy that

includes about 3% to about 15% antimony 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

plestiobll grid atey (FBGA) modsle IR

Preferably, the substrate includes a semiconductor chip. *150150%
[
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providing a first substrate and a second substrate; soldering a | ead-free
sol der nmenber to the first substrate without using a joining solder to
ef f ect uat ol PResok deri ng, wherein the sol der nenber conpripgascEv2/00415
tin-antinony alloy that includes about 3% to about 15% anti nony by wei ght;
and sol dering the sol der nenber to the second substrate with a | ead-free
joiner solder. Preferably, the tin-antpnony alloy includes about 5%to
about 10% antinony by weight. Preferably, the step of soldering the sol der
menber to the second substrate includes reflowi ng the joiner solder at a
t enper at ur e diievresent inyemtthnssuitebly ratidese méthodfor fainming as electesniastdudiedepw a
hi ghest tepperature which will not danmage any portion of the electronic
°structurlg?feﬁbé\f%‘?%m%){lgﬁ‘ﬁéteﬁ@fj of soldering the solder nenber to the
second substrate includes reflowing the joiner solder at a tenperature
above a |iquidus tenperature of the joiner solder and bel ow about 250 C
‘Preferably, thevidirgm fifst ankseeandasévend shtdeaterenber to the second substrate
i ncludes reflowi ng the joiner solder at a tenperature above a |i quidus
tenperature of the joiner solder and bel ow a hi ghest tenperature which wll
not danmage an rtiqn I ' Ly, the joiner
sol der conpri %6&(%%& t@ﬁ%ﬁ?‘%@?‘%é‘%ﬁ)ﬁ&g‘} ‘?‘Séﬁ {t%ﬁlﬁﬂ{aﬁ%yﬁ@%%@@ﬁg&ﬁ% about
95. 5- 96. Q¥ddr itd effed@té thd.sDIderiffovidraif the saltér elediber Sorbprised Yotipikiiony all¥

02/ OG3Gr4 3 PCT/ GB02/ 00~ 15 Preferably, the step of soldering the sol der
nmenber ttatineludescabout 3%ie abeutd SYrutinnnay byavqighti angl t he j oi ner sol der at a

t enper at ure between about 230 C and about 250 C. Preferably, the step of
sol dering the sol der nenber to the second substrate includes nelting the
sol der nember go) Ri-Rlz@haf1der théifbet i€ MeQbcondlsaibyidafowith @ IGal @S jofenitdert 0 t he
second substrate includes intermxing the tin-antinony alloy wth the
joiner solder. Preferably, the step of soldering the solder nenber to the

second substr F}e?ergbqg,s thQ 91;1- alnﬂr%logyg gllg}? Jn%fuggs atbr(])lelt 3 ‘%ltg Ghout'1 Bp/oe a{n'timony by

weight.

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 step of soldering the solder nenber to the second substrate
does not include intermxing the tin-antinony alloy with the joiner solder.
Pref erablyo dhbdgschi rst substrate includes a ceramc ball grece@sdzausisCBGA)
nodul e or a plastic ball grid array (PBG) nodule. Preferably, the first
substrate includes a sem conductor chip. The present invention, in a second
aspect, provides an electronic structume, conprising: a substrate; a

| ead-free sol der nmenber soldered to the substrate with no joining sol der
bet ween the sol der menber and the substrate, wherein the sol der nenber
conpri ses a tPrefepdtily,theytep bl sotddringtthé sulderdramisds eoithe3%6dnd sabwtate thbbtdent i nony
by weight. Preferably, the tin-antinony alloy includes about 5% to about
.10% ant i ifayingtheusiegiisolder 3@ tlsmpopiey betweemaligd 23 ¢ 6= andabeut 3 £r abl y, the
substrate includes a ceramic ball grid array (CBGA) nodule or a plastic
ball grid array (PBGA) nodule. Preferably, the substrate includes a

-sem conduct orpefirébly, the step 88 slleringbe d10¢t roethber3d theeevtiddabstaite @lcRdes oni ¢
structure, preferably conprising: a first substrate; a second substrate;

and a | emgltingdlee sobdey apenphiber sol dered to the first substrate with no
j oi ni ng sol der between the sol der nenber and the first substrate, wherein
the sol der nenber conprises a tin-antinony alloy that includes about 3%to

about  15% ant pjgRiyb]Pyth¥eief BF soldétshe e Qe théfibereb BRI seb@ENRbstiate FRludes ed to
t he second substrate wth a | ead-free joiner solder Preferably, the

ti n-ant i mempixihg the timartiney alog oritisthe janeisolder. 10% ant i mony by wei ght .
Preferably, the tin-antinony alloy is intermxed with the joiner solder.
Preferably, the tin-antinony alloy is not interm xed with the joiner

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

include melting the solder 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;

a lead-free solder member soldered to the substrate with no joining solder between
the solder member and the substrate, wherein the solder member comprises a tin-antimony

alloy that includes about 3% to about 15% antimony by weight.

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

weight.



Preferably, the joiner solder conprises a tin-silver-copper alloy that

i ncl udes by wei ght about 95.5-96.0%tin, about 3.5-4.0%silver, and about
0.5-1. 0% woRRRE3c7Preferably, the first substrate includes pgragsamfisbal |
grid array (CBGA) nodule or a plastic ball grid array (PBGA) nodul e. .
Preferably, the first substrate includes a sem conductor chip. WO
02/0(367.1 PCTI GB02/ 00~15 The present pnvention thus suitably provides a

| ead-free sol der interconnect structure for reliably coupling an electronic
nmodule to a circuit card. Preferred enbodi nents of the present invention

wi Il now be dusferdbihgdhe dibstaety includex anplamiobalygridvatrdy (GB@AEmoduleor bhe
acconpanyi ng drawi ngs, in which: FIG 1 depicts a front cross-sectional

vi ew of Pipstigball grgaiay SPBGA) maduleat i ncl udes a sol der ball on an

el ectronic nodule, in accordance with enbodi nents of the present invention.
FIG 2 depicts FIG 1 after the solder ball has been soldered to the

-el ectroni ¢ muygufepably;lthe subsg@plindsdes b Gemtoaldlictsr chiye el ectroni ¢ nodul e has
been coupled to a circuit card by soldering the solder ball to the circuit
card using a joiner solder. FIG 4 depicts an inage of an interm xing of
material of the solder ball of EIG 3 wth terial of the j.9i ner solder of
Fle 3 FlG el pypRon Ryt roidah SRSk sffucrlie, ey o ot T on ¢
struct ur@ifisigat includes a lead-free solder ball 16 on an electronic
nmodul e 12, 'in accordance wth enbodi ments of the present invention. The

el ectronic nodule 12 may include a chip carrier such as a ceramc ball grid
array (CB®&A) {j}g}%ulﬁ% or, a plastic ball grid array (PBGA) nodul e. The

| ead-free sol U gphstratpg conprises a tin-antinmony (Sn/Sb) alloy that

i ncl udes about 3% to about 15% antinony by weight. The solder ball 16 is
soldered to the electronic nodule 12 at a conductive pad 32 which exists on
t he el ect r oni osccondibubstrate; dfde sol der ball 16 is soldered to the electronic
nodul e 12 by reflowi ng the solder ball 16 at a refl ow tenperature that
exceeds the |iquidus tenperature of the tin-antinony alloy in the sol der
bal | 16. Refl ow hq{bejg met hod
known to one %@%&%EQF ?/P}snlgﬁgfpgl%?]d%rﬁgogﬁ/ ﬁggﬁ%ﬁﬁggmﬁt/ hea%diﬁ?ggwera refl ow
oven. Thistwedrd@e sbldbt mémbbesdahe first subatrateewhdreintbe salder nbmiwee compri®s apr i or

to being soldered to the electronic nodule 12, and a, redyced VWO 02/ 0636p
6 PCT/ GBopAutimamsaliay thak ingludes abgut 3%;to abauh | S%ranBmogk by g i@t fad SHhergin; he

o o b BOORE G  plR Lybprasn e

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 2
plastic ball grid array (PBGA) module..

Preferably, the first substrate includes a semiconductor chip.



Table 1 infra shows the |iquidus tenperature and solidus tenperature of
various tin antinony alloys (i.e., Sn/Sb alloys). Definitionally, the
sol i dus t IRtdsne of a solder is a tenperature bel ow whigdyghb@/melsder is
totally solid. The |iquidus tenperature of a solder is a tenperature above
which the solder is totally liquid. The solidus tenperature of a solder is
| ess than the |liquidus tenperature if tshe sol der includes an all oy that
melts over a finite tenperature range. Referring to Table 1, the Iiquidus
tenperature of a tin-antinony alloy having 3% 5% 10% or 15% anti nony by
wei ght i's 238Thegre@send #fventisn tBBOsuRtablyqspeides /Rhd-fred sblier ihterddahéd yucture
Tenperature (Ts) and Liqui dus Tenperature (T1l) of Sol der Systens. Sol der
Syst em Her & @hlyecowe@s%glp@trw mogwlp i@ cipauiiceard. cSn/ Sh97Sn
/ 3Sh233238( Hanson, M., "Constitution of Binary Alloys)95Sn /5Sh234 ' 240"
Geni um Publ ., Schenect ady, Ny (1985))90Sn /
-10Sb24524685 Sprbicaroa2atheditmeitd e the BRrséribihentdiolilOndvobe ddsetibeBdltwaylof et al .
"Research Update : Lead-95.8Snl 3.5Agl 0.7Cu2l17217Free Sol der
Al t er nat éxaswple ody s with referanesctoithe a@ambaniingldraningsoinsdhiclt7217vol . 11, No. 5)
May 2000) 95.5Snl 3. 9Agl 0.6Cu21721795.5Sn13. 6Agl 0.9Cu216-17216-17 It
shoul d be noted that antinony trioxide is toxic. Thus, the presence of
antimony in tHgytidep ﬁi@éaﬂﬂ@ﬂwcradslseaudfﬁﬁdiewrbftahema&bﬁie@tra@hﬂetﬂéilmadéa abe a
health concern 1f antl nony trioxide had a propensity to formin conjunction
wi t h f absdldextbal @ntanelestronicmordute, st aacotdanes with embedinteatsed she presenbony i s not
oxidized, to formantinony trioxide at a tenperature | ess than about 550 C
In a wor BVeRile s ng a tin-antinony alloy having 15% anti nony by wei ght,
the tenperature required to reflow the tin-antinony alloy in the sol der
ball 16 need not exceed 300 C even if the reflow occurs at 20 C above the
| i qui dus t enpBIGRudepi@BBI(E.1 affenthe sohier balbhasfbeemsoldernd td the eleetronin meglnie. nony
all oy of the solder ball 16 poses essentially no risk of form ng antinony
trioxide during the soldering of the solder ball 16 to the electronic
nmodul e 12. : (- | der
ball 16 is so?‘t\g(}a dé%?ég{zﬁz’a ec%h%g%:n%ﬁ%: ?d g Hehﬁ %dr?ogn(:tl%}ll\ftg%?n
j oi ni ng saltied thES@derlietDthellie@mtte):rdb.fsin/g&e_]mrteheoléerl der ball 16 and the
el ectroni c nmodul e 12. The sol dering of the solder ball 16 to the electronic
nodul e 12 may be preceded by fluxing as is known to one of ordinary skill

in the art. gktgwgﬁnﬁm gg%gt%%%ﬁ%ﬁﬁgﬁg%gmgeﬁ%{%§o1<aeps Ahsaat 5 wi om

the surface 3 e con Ive revents reOXI atiron o

sur face afatémeafﬂleeolﬁmmbpem)ad 32 is heat ed prior to reflow Thus
fluxing pronotes wetting with the liquid sol der bal| 16 at the reflow

t enper at ure. See EG, D P Seraphl met al., "Principles of Electronic
Packagi ng, " 1- i on of
fluxing. FI G ’hﬁa}é“%e‘f ?&SP%FY Vg'sj_'céc%tall lr’nlgglodrtl~ aé%get%%&g u’?ﬁgﬂeﬁ@{g%ﬁ dering of

the sol dﬁ(cl%khléa@ fr& goh&r@hms bR 3h SledREMb ehoaale 10ih fdbidamdeavikh qui d flux 20
known to one of ordinary skill in the art nmay be used i ncluding fluxes of

| ow vi scembbghnmtsmﬂthe pmsmmvpntlcbn gmmlmmqmodulmkkmaaw@l@:@m chip earrigr

fl As | t t f | | [l 16 i

Shown | nSwtcas seegamis e g0 GPaR( CHO PRI Gt A GrEY (50MI 1 i g and

sol der | ngrllc;éilﬁ?e S]?Héiﬁﬁd-ﬁ%k 1d& bQTl 16'cGinprisdsa tﬂﬁﬂrﬁﬁﬁérﬁ' BRALS NSt BclRled | G 2
er o o) d0 er ball P

causes soO 0 spread the cohductive pad 32 and,
as expl aiabedt 336y gbout h&siantitnioay by Weght Fbe siflder Ibelli6|1&imlddned to théelestrerddluc ed

to a lesser height H _as a result of being reflowed. Fo e le, . a
initiall yn@sll‘?ﬂz atchi conductivead 82 mehigh exdstzien thsglqctrqr@c(gqodp 2)'(611[1%80@“ gﬂb = 35

ept ¢t ea 107 SOVAEH R EIERank BRI 0 SRARRR o BT SRIREE (08

reduced h&hﬁé}hmkélthat&ceml tﬁé\lulj\ﬁ&ustxempemsumd tihantmoap alléy AFh&sotilérdaflor
particul ar cases in which Ho= 35 mls, gﬁderal |y a design paraneter that

depends d#. Reflowing fhalsoldexbatk yrmay be momh x| any srefleqd IgoMm toEDaRE t he

Co oo 5 mrsigaskibeEEBYR HEvDRtatRE R eI et oS ol g el T Sl |
representatdyy g feh aﬁéctfo%%%oi) B ﬁéu‘i’é%d'[@eré@to"ﬂhe ERctréhi@niodnied 20dnddidhced5 % -

30% The present nmethod of "soldering the solder ball 16 to the el ectronic
nodul e 12 without using an intervening joining solder is a departure froma
related art met hod used for




a CBGA nodule. If the related nethod were used, the 35 m| dianeter
spherical solder ball 16 would be coupled to the CBGA nodule by reflowi ng a
| ower - mel {ig\@os 79I N9 sol der WO 02/ 06367-t 8 PCT/ GB02/ 0@iriGr@icsp@sed on
t he conductive pad 32. Wth the related art nmethod, the |ower-nelting
joining solder would be reflowed at a tenperature such that the sol der ball
16 would not nelt, and the height of tge resulting solder bunp associ ated
with the solder ball 16 (after the solder ball 16 has been soldered to the
CBGA nodul e) would remain at the initial 35 m| height (i.e., H = Ho with
the rel dieight & (1. ey ho ) affdr bhinggbldeied to e extioaictmorbiditz] beeanse beldechadint age
that the sol der. bump height H s higher . than wth he nmet hod _of

-pr ef er r kb BASHA; sPEgeds o therrengdyctiye pad g?ﬂf@h‘? thersolder allke FReing regow:g,f erred
enbodi mrent of the present invention has the advantage of being | ess
conplicated. FIG 3 illustrates FIG 2 after the electronic nodule 12 has
‘been coupl ed T1d] GifFCshotvs TR I‘ﬁ%m&ﬁ tep&ahdeiidelihetefPeritire BaVAriols tino t he
circuit card 30, at the conduc ad 34 on the circuit card 30, by using
(i.e., raamlrrmzwm@pyse(l e Su/Soradleys)oi nntmauhrthe@hduhéen}mrat@ne @@lsq@pr B2 may

i ncl ud di f ddi.tj onal| { be d i
demonst rargerEEe brlot R st iR nd e Ry S aans Gt E FA e ol
Aecor i ngin?e@aidrg a‘@o%'%)whléh &@s&dbi"ﬁrtotﬁﬁﬁhqmﬁnd‘hg s&%uﬁ@é?ﬂ;%ratﬁ@t)ﬂa JoY¥deted ght ) .

a useful class of alloys for inclusion in the joiner solder 22
i s a ti nlessthaethedgpisis tempana}tuxesf theoalder mcludm an dlloyithas melts Qvﬁha ﬁmtﬂ’/er copper

|1 h | ud b 0% o I
And AboUETgeRte Ggeo BebiNE o ate L i dpembrefie SEp i aitp i A8
tenper at M&%ﬁ%xmard% caf! 1%% StBadiy BPieighIRess, @4b0m oRDEh @%&Bé&t{v%hﬁs a

| i qui dus erat'ute of out 217°C’for-all tin-silvér-copper alloys so
| isted. Reflowing the joiner solder 22 to soI der the solder ball 16 to the
circuit card 30 nay be acconpli she ef | ow te er TREFLOW of
great er Tekle 1t niolidpy lemperatignide) ot ‘fl‘FiIFS‘@PN féfﬂji%xﬁgféﬁe@m der 22;
i.e., TREFLOW> TL,JO NER To insure agai nst uncertainties and
nonuniformties in the spatial distribution of reflow tenperature and to
accounf .1 Or sgatl al 1 nhonogeneities] in the joiner soldef 22, ajtenpera ure
mar gi n 'l ,_m e%’@ conservatively cho‘%r@;o lel‘idﬁ% rveéi H@wt rfg E€at ﬁe "dREF

Cis & sgpebesent atl ve range Any dessmd mgl n DT IS w tZBSn t é3&cop of
t he prpganson My eCbnstifatioras Binalyalipys: t | 8a8indr 584 n- si | ver - coj @$0cl ask

ment i oht@ersunpPuahl., Satiehastatly SMO(188Hhat | ST PMER i s about ? i
for the aforementioned WD 02/ 06367853“¢1F@I’/ GB02100. 414 %% n- s41%8r - cobper
alloy glass, TREFLOWmay be as | ow

conser en t eas Cy g#85 ¢ &gy i on pf
the re %}@gg h%?aﬁ?; S%%@&%W e rﬁ%\ céog%étweltzmroprzages t he

sol der s
of the sol der then the sol ;stsballlsekg \Md)bcmot b7 d lznag7re | ow
of t heorrer—sot-ter %2 —ttre—soitt UU 0 C OW O he
j oi ner solder 22, then the nelting of the sol der ball 16 during the refl ow
of the joiner Itssﬂbﬂ@rbe%%téﬁ'thﬁt ahﬁﬁq\dh tridkide8 tox@¢. dPtiusDik prékendefiafigmany i t her
reduction ((err)H,) of its heig in the directi on 26 between the

el ect r onitle tirehtineory2allay disedhia thc scddnrtbaﬂ d6avadd boi hgwhrc@n@m if aatimamyof t he
joiner solder 22. This further .reduction - is caused b

el ght ofiwde EdkaoBee o tramdn sogestong b iairienBetet elsiGay SERndAp”

I n summa f dss than

sol derab?‘{/aft?]ac é% t isgllgli cr))g"gfl%ttad E:d;f;?)gﬁ %gﬂ?;gnﬁﬁtd_m%ega{’%t%ﬁg?rglﬁ OHl= 0 if
TREFLOW sbdigt,SBALE. anslwotsticaserusingH, tirralimdnyTdHelF bavihg 13%, Bnintony 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.



Any reduction of height of the solder ball 16 (e.g., Ho-H, ~1, or Ho-H +
1H1) relative to its initial height Ho increases shear strain on the sol der
bal | 16 dwpicd@eicher mal transients such as during thermal tpesidgndefisduri ng
field operation. The shear strain, which is proportional to 1/H, is a
consequence of a msmatch in coefficient of thermal expansion (CTE) between
the el ectronic nodule 12 and the circuipt card 30. For exanple, the circuit
card 30 may have a CTE in a range of approximately 14 to 22 ppni C, while
the electronic nodule 12 that includes a ceramc chip carrier may have a
CTE i n a randefatingppFiQi hdliedojded balb 16 is gopdetéd to Theelettamiic modde AR dvitheud 2

that includes an organic chip caryjer have a in a range of

-appr oxi rARIBlepveRIngjoung solfer (e84 sp r%ﬁ%"%"f@&ﬁ? ﬁ% gg& ¢ ?n‘{] t her mal
fatigue J;l t .

conduct i uSaic ol I Sbg T he Hladk BN 164 He pknit Bpddfld Ifmay e,
-equi val gittdedled By Hukitig @k &laiokinad ahe bOordharycekil eithertt. )Eluﬂii;l%]tdﬁ&)v&@ bwt@icebal |

16 does not nelt during reflow of the joiner solder 22, en the TFL is
pot ent i a¥ides gné surdacetchnlaniinanthizor sheiwwriage 3 of e pendustive padhdp snsk provends ¢ he

j Oi | der,.22. . 1t | t hat L f . S0l bal |l 16 ts duri
211, S e ek U A 1
cxarpl iy fupol b IS, Fhd et 5 oy i, oot

f" the electronic
WO 02/ 06347 ISeidphi(CEt ALBOPtifXples dbEleotlonie PAckagings guhgens U596 Muttrhivaldal,

nmeasur enent s_associ gt ed _vm'tfh use o{:(%/he 1.5 m %ﬂ‘ﬁj 2.9, mm CBGA nodul_e
thi cknes@cof 9Pa Hra Gscinripn of fedpechiGd) s;»ywwl gutd flyx 2p oeeaua@éqwﬁﬁ@et o
I mt ths%k{(fg%%‘f*’ﬂ{e%ﬁgf,:éf B‘éﬁ’iﬁ& e QFe'c%\ﬁih Iﬁgoﬁﬁtéefnzge‘@qa{ SiRELE HoHaGned 2¢ he sol der

bal | 16. ironal a surfticrent ure may cause damage to

a porti Godin tbldae of e:didaysldll $i tHecirinsy Bused Umbludimpgtfiuxanoflocliscositg aglevi ce
or component of the circuit card 30. Thus, the reflow tenperature may be
kept belwell as pstyh bigh-visgesity Snxesendisemiz splid flupes; Asavesdt efhe plorementiosed ¢ he

el ectroni ¢, struetur 0 i d, high enper at ur tgh will . ge any
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alia, abput 250 C. Thus, a useful range of reflow tenperature may include,
inter alia, about 230 Cto about 250 C. Table 1 shows that within the range

of 3 to 15% antinony, by weight, for the tin antinony (Sn/Sb) all oy,

TS, BALL is within a range .of 233 - 6, C. us, the sol.der ball il 1 not
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as shown in Cases #1, #2, #3, and #4. Cases #1 and #2 1 nvol ve

| ead- conmils & shgusal Weérheight dedaciéon from Hoo Hai Atepres¢ndativedisighbreduptéonsfrement
i nventiop. se.# 1 was utili a reference case agai nst which cases
#2, #3, ghﬁ’cﬁﬂls\}\%f"éa‘hg&r?ﬁé %‘Hé}%jh?or%/és‘pect to TFL. Case #2 was used only for
conparison wth cases #1, #3, and #4 as to TFL. The circuit card 30 held

six electronic nodules 12. Each of the six electronic nodules WO
02/ 063G7: 1 11TRE HeCB0 efiind ¢fSoltiering tiewsdkidr balb k6 trthe eleaironigmodulerizay ( CBGA)

nodul e having an array of , 25 x,h 25 | der _ball 16 joints wi.th jojner, solder
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the solder ball 16 had a 35 m| thickness prior to being soldered to the
el ectronic nodule 12 (i.e., Ho = 35 mls for all tests). For Case #l1, the



sol der ball 16 remained spherical with retention of its 35 m| dianeter
after being soldered with solder paste to the electronic nodule 12 w t hout
bei ng melwedyz/osssds al so after being coupled to the circuit peaigbo3odist h t he
63Sn/ 37Pb sol der paste (i.e., H=H = Ho). Cases #2, #3, and #4 each
involved nelting the solder ball 16 during soldering the solder ball 16 to
the electronic nodule 12 such that H § 25.5 mls. A so in Cases #2, #3,
and #4, the solder ball 16 nelted during soldering the solder ball 16 to
the circuit card 30 such that DH, ~ 2.0 mls when the 1.5 mmthi ck CBGA
nodul e sposeden theeandudtive Bad3i Withwherelateda? nigthod, theilokerGBGAngjuining Was
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the | ast resistance neasurenents were nmade. Moddeling the failure curve
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nor nal i zed f_?r m,such that TFL is taken as 1.0 for Case #1. Thus Case #1
serves Aonunifmilicsin thespatial distiipytion of peflayy tempseaturg and smaccapnd favspatial
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ball 16., Accor d{; ngl}/, Case #1 has t%n acceptable thermal fatjgue |life (TFL1)
and has eseqpe of the present invention. For the particular tin-silver-copper alloy class mentioned

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




WO 02/ 063G7 13 PCT/ GB02/ 00-415 normalized to 1.0 in order to serve as a
reference case agai nst which Cases #2, #3, and #4 may be conpared. Case #1
exempl i fige @dsdk-melt case in that the solder ball 16 apgridgoeeiRer
solder 22 nmelt at different tenperatures. The average peak refl ow
tenperature (<TPK>) was 215C for Cases #1 and #2, and 240C for Cases #3 and
#4. Thus based on the solidus and |iqubdus tenperatures in Table 1, the

sol der ball 16 nelted during reflow of the joiner solder 22 for Cases #2,
#3, and #4. Accordingly, the reflow of the joiner solder 22 resulted in

r educi ngint-sitveneppper aboy class, Takrder mhpbe aslleowf asgustabo® 27 €, bw madyobg 22 nil s
for the 2.9 mmthi gk CBGA ule.(renre b a 37%reduction fromthe
dinitial ‘Wé‘?%’t’tw&?y %@Sﬁﬂostie,rz?g%ﬁt ‘#’B‘ré@f@?}%ﬁgt‘%o about 23.5 mils for the
1.5 mm CBGA nodul e (representing a 33% reduction fromthe initial height of
35 mls). Cases #2 and #3 are single-nelt cases in which the solder ball 16
-and t he j oi neSelsuiodef tiXreflew teraperbthee Baiew mapperednioragcowmt mel prépertiesl afer
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i ncl udeshéifiing &fvedbyl theleeiginiof e dehdaic Madulet2 neling upbe taméfad/s8ldeAball 7Cu
alloy with liquidus tenperature 217C. In sharp contrast with Cases #2 and

#3, CaselGlnmummary,ibe final teight §lef the sadderbril 19 aftprbeing salderabiyviattashed trthe he

reference TEL1 . dul e.thi.cknesses 1. and .2..9 ctively.
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t he CBGATQEQL%WZerStBQLiDCkness is purely statistical and is wthout substantive

significance. Case #4 shows the thernmal fatigue life TFL4 as nearly equal

to the reference TFL1 even though the solder ball 16 nelted both during

CBGA nodul e fabrication (see Fig. 2). and 02/ 063C74 14 PCT/ GB02/ 00~15
1g‘qt@_fgrg)soid§§
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#4, such as by reflowing the joiner solder 22 bel ow 234C, or by ot her
t echni queroperiionakie 15, issa ennsomsaseiapmismatap ip goeffisieninidhermshexpangion; t h
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invention, are acceptable regardl ess of whether or not the solder ball 16
mel t s dumodgleri@fthanincifidestaeceramioehipsatribe mayhave a€TE tata fangesaf approxdugtely t he

reference thermal, fatigue life TFL1 is retained in Case #4., This.iS an
unexpect &do bbRew € éﬁhe,ei%cg‘ppc WP‘f“i_eg‘r?t tiﬁtf mPIHQeSt‘H‘t%EarH%aBH CATigRInaY have b
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to fail ufgigab lifdTREl)@f thetiachifiént we tHerseldbOdall 16 toethe cadduatveymdridll deremisest hen

the thicker CBGA nodul e thickness 2of 2.9 mls wuld show a | %r TFL t han
woul d t hdFlLri aresertonaltofdaheas sirainf koreguivatently ST is pronggionakte Bhe hi gher

CBGA noduyl e t hickne e j hShive to
shear st r@glgeq(uhrgcﬁ', i1f§tﬁg§$lﬁ?rﬁbﬁ%l Pl% &r?gg}e%tfqlg%ﬁng%g@ Ozoﬂ%ﬁf)iél%s%cl)%eg? é"hlg}s{s,
Tabl e 2 ghoys] idhkertiARy Efdater R@NT @xRoIEESRAL 16 mblieduriigreflow eflttegoinet . i s
insensitive to GA nodul e thi ckness. Hence, the beneficial use of Case #4

for embodblden? lbis nated fhatevenif thevelderbal 16 meltsahvring seflaw phihejoiaer soldeger
conposi tigns, does ngt . depen e CBGA %I_ t hi,ckness.. ed
‘supra, t e 4B Hgensa Ylefﬁaﬁﬂggﬁﬂ‘o%ﬁﬁﬁmﬂﬁ’g? —?.é@%‘ﬁ}gﬁfl%a Oéli%hg# sol der
22 if the e t STEeh i ' Rerakitt 1 eitdindo! der
hal | 16. %I;S’%%gmr{éﬁl ow %%ﬁ?fa$%?§kg%'§gﬁé§%?g@g ?ﬁus te%rpgr at uere of the
sol der ball 16 but is less than the liquidus tenperature of the sol der ball
16, then partial nmelting of the solder ball 16 will occur during the
reflow. If the reflow tenperature exceeds the |iquidus tenperature of the
sol der ball 16, then the solder ball 16 will conpletely nmelt during the
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Thus, the solder ball 16 generally includes a sol der nenber having,
interalia, a solder ball (i.e., approxinmately spherical) shape, a sol der

col um (iw®ozoedipsoxi mately cylindrical) shape, etc. Wil ecdhiggRlogekr oni C
nmodul e 12 and the circuit card 30 in FIGS. 1-3 are | abeled as an electronic
nodul e and a circuit card, respectively, the electronic nodule 12 is

generally a first substrate (e.g., intgy alia, an electronic nodul e such as
a CBGA or PBGA nodul e, a senmi conductor chip, etc.) and the circuit card 30
is generally a second substrate (e.g., inter alia, a circuit card, ceramc

mul ti chi rpocbu% 12 (besed omeross sectignad meaBBEperTAvscEard 90thnss of thed.dmwsand A

hod f
e S R SRR 19 SRS . B0 b BpaRbinso
subst r atjgn ki REbwYsh B&at%ré RITROHRIEESs thRp&hhsCbHIRE §olaaeoa§10!eﬂer i ng,
wherein the sol der nenber conprises a tin-antinony alloy that includes

-about 3%Additiaiadly a afficimntly ghyerbpermmiayhnty caise Thmagretbhagriddn of the slettroniber ei n
the tin-antjno al.lo udes, gbout 5% to abo 10% ant i by wei ght.
e The BRI B, sheh o BRGleorp R AP 90S QR erEroReRiAd 2%?15%%% Pr A
refl ow hi and
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further conpri s I ng a secon strate;

sol der i n@rtidreoftht erctromobictire 10h Sakiddgindt Rinpsianat evhidhi Willndt dathage &8 | 0i ner
solder. 5. The nmethod of claim4, wherein the step of soldering the, sol der

nenber tRortioeokibe gleatrenip strveiere 10ns:ca§ax§19p¢r@ﬁntcmdn@astbpanzt@1 Higs RSP Gt a
t t b I { t th I
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sol deri mgst°be sol der menber to the second substrate includes reflow ng the
joiner solder at a tenperature above a |liquidus tenperature of the joiner
sol der and bel ow a hi ghest tenperature which will not damage any portion of

th | ect t WO .02/ 0636 /GBO/OO 7..1h t hod
of Cany of ol afare § Syt B RE SR fo 5% BTG kb o me e SN
tin-sil VefintRRRSH/S8) hmy,tﬂg %Lﬂs Wiﬂhﬂﬁ@ﬁm@é’oi"@SM%a"@OmhuQEther’so?@eMltl'm about

3.5-4.0%silver, and about’ 5-1. 0% copper. 8. The net hod of any of clains
4 to 7, wﬂhtcemelttd\:emglreﬂowa theljoliaer sodder B2 iKBdesl ow ivheelde 233, 234, 245, or 246

°C for an antimony weight percent of 3%, 5%, 10%, or 15%, respectively, in the tin-antimony

alloy. It is noted that 10% antimony has a value of Tsga.(245 °C) that is only 1 °C lower
than the value of 246 "C of Tspar 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
antimony 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



to the second substrate includes nelting the sol der nenber. 9. The net hod
of any of clains 4 to 8, wherein the step of soldering the sol der nenber to
the secongogelsishat € includes interm xing the tin-antinongcgldsugomiish the
joiner solder. 10. An electronic structure, conprising: a substrate; a
| ead-free sol der nmenber soldered to the substrate with no joining sol der
bet ween the sol der nenber and the substirate, wherein the sol der nmenber
Eonalrel ses a tin-antinony alloy that includes about 3% to about 15% anti nony
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a] ca] ca] f@neRedr i derifiglthe solder ball 16 to the circuit card 30 such that AH, ~ 2.0 mils
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Ceramic Dual-Melt; Single-Melt; Single-Melt; Dual-Melt;
Electronic | 90Pb/10Sn 63Sn/37Pb 95.58n/3.8Ag/.7Cu 958n/5Sb solder
Module solder ball 16; solder ball 16 and | solder ball 16 and hall 16;
Thickness | 63Sn/37Pb joiner | joiner solder 22; Joiner solder 22; 95.58n/3.8Ag/0.7
(mm) solder 22; <Te>=215C Cu joiner solder

<Te>=215'C <Te>=240°C 22;

<TPK>=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°Cto

100°C in 15 minutes; and a transitioning from 100°C to 0°C in 15 minutes. The transitioning
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from 0°C to 100°C included 12% minutes from 0 C to nearly 100 C, followed by 2%z minutes
of an asymptotic or slow approach to 100°C. The transitioning from 100°C to 0°C included
12%: minutes from 100°C to nearly 0°C , followed by 2% minutes of an asymptotic or slow

approach to 0°C.

The test started with 3 circuit cards and 6 modules per circuit card for a total of 18
modules for each of Cases #1, #2, #3, and #4. For any given Case (i.e., #1, #2, #3, or #4),
each test cycle of 30 minutes subjected all 18 modules to the thermal cycling between 0 to
100 °C or 100 to 0 °C as described supra. Each module had 625 solder joints distributed in
rings from a radial center (“neutral point”) such that the solder joints in each ring were
located at about a same distance from the neutral point (“DNP”). The solder joints in each
ring were connected together in a stitch pattern. Two-point electrical resistance
measurements were performed for each of the outermost 7 rings, initially and after each 100,
200, or 300 cycles. A module was considered to have failed if at least one ring in the module
had a measured increase of at least 100 ohms in electrical resistance. After each resistance
measurement, the failure probability was calculated as Nrapen/Nrorar, where Nrorar is the
total number of modules tested (i.e., 18) and Nrausp is the number of modules that failed as
determined by the resistance measurements. Then Nrawen/NroraLversus 1ogy Nevcres was
plotted and/or tabulated to generate a * failure curve” where Neveres is the number of cycles
at which the last resistance measurements were made. Modeling the failure curve (i.e.,
Nearen/Nrorar versus logio Neyeres ) 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 TFL in 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/108n alloy having a melting point of about
310°C in the solder ball 16, and a low-melt eutectic 63Sn/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
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L10%& () by dnbared. 1 O3 ) exeplifies a Sual XN b3 R tndithe Soider ball 16 and the
joiner solder 22 melt at different temperatures. The average peak reflow temperature
(<Tex>) was 215°C for Cases #1 and #2, and 240°C for Cases #3 and #4. Thus based on the
solidus and liquidus temperatures in Table 1, the solder ball 16 melted during reflow of the
joiner solder 22 for Cases #2, #3, and #4. Accordingly, the reflow of the joiner solder 22
resulted in reducing the height of the solder ball 16 from 25.5 mils to about 22 mils for the
2.9 mm thick CBGA module (representing a 37% reduction from the initial height of 35
mils), and from 25.5 mils to about 23.5 mils for the 1.5 mm CBGA module (representing a
33% reduction from the initial height of 35 mils). '

Cases #2 and #3 are single-melt cases in which the solder ball 16 and the joiner
solder 22 melt at the same temperature, since the solder ball 16 and the joiner solder 22
contain the same alloy for each of Cases #2 and #3. Case #2 uses the eutectic 63Sn/37Pb
alloy with melting temperature 183°C, and Case #3 uses the 95.58n/3.8Ag/ .7Cu alloy with
melting temperature 217°C. The electronic structure 10 for Case #2 has a thermal 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 (TFLy) that is only 76% and 69% of the reference TFL; for CBGA module
thicknesses 1.5 mm and 2.9 mm, respectively. The aforementioned TFL, 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/58b 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 (TFLy) 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 fabrication (see Fig. 2) and
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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.
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intermixing is made possible by melting of the solder ball 16 during reflow of the joiner
solder 22. Conversely, if the solder ball 16 does not melt during reflow of the joiner solder

22, then there is no intermixing of solder ball 16 material and joiner solder 22 material.

This disclosure has demonstrated the usefulness of the lead-free solder ball 16 and
the lead-free joiner solder 22 of a preferred embodiment of the present invention. Although
the lead-free solder ball 16 was described herein as comprising a tin-antimony alloy, the
lead-free solder ball 16 may also includes small or trace amounts of other metals such as,

inter alia, copper, bismuth, zinc, silver, and nickel.

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 circuit 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., infer

alia, a circuit card, ceramic multichip substrate, etc.
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1. A method for forming an electronic structure, comprising the steps of:

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 comprises a tin-antimony alloy that

includes about 3% to about 15% antimony by weight.

2. The method of claim 1, wherein the tin-antimony alloy includes about 5% to about

10% antimony by weight.

3. The method of claim 1 or claim 2, wherein the soldering step includes reflowing the

solder member.
4, The method of any of claims 1 to 3, and further comprising the steps of:

providing a second substrate; and

soldering the solder member to the second substrate with a lead-free joiner solder.
5. The method of claim 4, wherein 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.
6. The method of claim 4 or claim 5, wherein 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.
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a lead-free solder member soldered to the substrate with no joining solder between
the solder member and the substrate, wherein the solder member comprises a tin-antimony

alloy that includes about 3% to about 15% antimony by weight.



