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LEAD- FREE SOCLDER W TH LOW COPPER DI SSOLUTI ON CROSS
REFERENCES TO RELATED APPLI CATI ONS Thi s application

we@b@o817pF i ority fromand is related to conmonP@T/O820eT000226

U.S. Provisional Patent Application Serial No. 60/761
,400 filed January 23, 2006, entitled: Lead-Free

Sol der Wth Low Copper Dissolution, this Provisiona
Pat ent Application incorporated by reference herein.

FI ELD OF THE | NVENTI ON The present invention rel ates
to | ow cost sol der conpositions for bonding electronic

ot 1 araP-FREEspLa WO B E B Diss Aok

conpositions that prevent or mnimze the dissolution

of copper into the solder during the soldering
@mmmﬁmwﬂm@%mw oni ¢

asse €S are conpose a printed wring board

( PVB) This @pplidaties chlise pﬁBﬁW’&c&ﬁ add Y telt@DtoCdobriibbily Roaed U.S.
(PCB), which is constructed of an insul ating board,
Enovtsicns! BatenstsAprpization Berid . 66761 00 diled\unahryc23p pe06, entitled:
circuitry is forned on one or both sides. Electronic
kendpiase Rpller Witekow Sroppeniisseltion dlis Rireisignaldlatent Application
termnatjons _are joined to the copper circuitry with
ingprgarate oﬁﬂﬂ'gﬁﬂﬁxﬁF the sol dering of electronic
assenblies is being done by hand with sol dering irons,
the nmuch | arger percentage of production is being

HEO ' @glgggﬁgggggﬂated sol dering machines. U. S.
oses one of the earliest wave
sol deTh@ HrREACRSAGoH 261aPksleEWRBselS8 bSiRbostihs for bonding
mechani cal portions of a circuit board, a process
dedttdnid deviddes D€ pm&eprﬁué@wm@bcﬁ&isiewng. ITA attitakyr, the present

of ten al so known as mass sol deri ng
invention relates to solder compositions that prevent or minimize the dissolution of

copper into the solder during the soldering process.

BACKGROUND OF THE INVENTION

Electronic assemblies are composed of a printed wiring board (PWB),
sometimes als:o known as a printed circuit board (PCB), which is constructed of an
insulating board, such as glass-epoxy or paper-epoxy, on which copper circuitry is
formed on one or both sides. Electronic components, wires, or other devices with
metal terminations are joined to the copper circuitry with solder. Though some of the
soldering of electronic assemblies is being done by hand with solde;ring irons, the
much larger :percentage of production is being accomplished with automated
soldering machines. U.S. Patent 2,993,272 discloses one of the earliest wave
soldering processes for soldering electrical and mechanical portions of a circuit

board, a process still in present use.
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machi nes, enploy a conveyor to transport a printed
circuit board assenbly first across a fluxing unit

wo baw/ospopd | es sol dering flux to the bottom si deCDiS100%000226

printed circuit board and conponent term nations, then
across a preheating unit, and then across the sol der
station. The solder station consists of an iron or
steel heated pot that maintains the solder in a nelted
condi tion, usually 50-100C above the |iquidus nelting
poi nt of the sol der conposition. The printed circuit

asse ngllﬁforﬁ%é(ri b?&lﬁ%@ﬁﬂg gtgg%ﬁlges,ac&? > f}lgbe &%rvgnaﬁqe? grfxasg hseoldering

nel ted so drag’ soldering, or, r
FRERAG, Yern@6y 08 SofveibARE  tRRs Y & HiintdR! &ﬁ:ﬂltsl?clag& raase&xﬂﬁy first
wave being generated by a p I ng system contalned 1n

hdtess®IfluithgS Ghifl@hat HPhideksIdESkg JiRkoNBie tdRiohd §Ak Gf the printed
parts to copper termnations of a printed wring board3

tiradi boawd ainkdycdnapctiehe efmimipas @lerd hicioks adiiehdaiad wkt, and then
about 60%to 63%tin (Sn) and the bal ance | ead (Pb).

aapss the sadder sypatiann t Brersaldep statior pensisthofmt imdn oeged] Atatod pot that
are restricting the use of |ead (Pb) in solders for
BRE3IRY the solde i psmelipld cepditien. vaeHKoIbEPECsabowe the liquidus
nma ufactugi?g ger nnel hayve be eval uati ng and usi ng
TENRYIRG O IBP fOfdsr 1 HROSItgay | ﬁ‘g‘eé?rél&? SHfcgit assembly may be

AARFIRL £does HE SRERECI I Ohe Rt AR Fh Pl HiRRLaERNE o2, more

I'ssol ut1 on copper from

B9REnRNdc o NTR Qﬁﬁﬂﬁgﬁ\%\@ m%{)l%xsscjl&‘éro ﬂ%eh/@a\%el;éngéj generated by a

sol der.”" Copper is very soluble in nmelted tin,

PithpRE ¥y eRRoARMed il tidheiRddsoused for el ectronic

assenbly. -Copper is particularly susceptible to

di ssokving 4n.l.ead-free solders because.the |ead-fr ..

sol dergés{lldrer% | f%’r '5{1%!5‘?96{!1%0%0{“@ eragtP & GoreT ‘T’{gﬂn%oﬁ‘-s Ioggé’“n&% wirng
: ' f t 00 1 i Moy 4

S rREHRPRN ool cofBbfa T ahaedd B atehe B0ARE63% tin (o)

AR th: BelaR&d Rhd gf’b)t MoRabaefly Snt@Natiddal &/FRPmental regulations are
dramatically. For exanple, %l’he eutectic nelting

testripengt the eudes of i @wd (Pb) in solders for electronic products; so, solder
technologists and manufacturing personnel have been evaluating and using
alternative solders for soldering electronic assemblies. The process of automated
soldering results in dissolution of copper from the printed circuit board and
component terminations into the melted solder. Copper is very soluble in melted tin,
a primary component in solders used for electronic assembly. Copper is particularly
susceptible to dissolving in lead-free solders because the lead-free solders melt at
higher temperatures than tin-lead solder and consist of more than 95% tin. As
copper dissolves into the lead-free solder, the liqﬁidus melting point of the solder
alloy increases dramatically. For example, the eutectic melting temperature (solidus
and liquidus points are the same) for tin containing 0.7% copper is 227°C. Because

of the superheéting required for automated wave soldering, the solder may be heated

to above 300°C for reliable soldering. During the soldering process, the melted tin-
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and |iquidus points are the sane) for tin containing
0. 7% copper is 227C. Because of the superheating

w0 e@aiosads f or aut omat ed wave sol dering, the soPdPUSIAY000226

be heated to above 300C for reliable soldering. During
the sol dering process, the nelted tincopper solder can
di ssol ve additional copper fromthe assenbly being
sol dered. A very small increase in copper fromO.7%to
1.0%wll raise the |iquidus nelting point of the
tin-copper solder alloy to 239C, while an increase in

SARRE oo O disctpe St Sobflrrdrhidtt AikenitRy bR spidered. A
gt?]y@ﬁ{alltiﬁ%%’é% Wb Sper Bro B9 R g.b% ah?miig&qu ﬁg&ﬂuéﬂ}%ﬂg{g point

copper, but thi's woul d not be acceptab ecause

o &heU@iBEISHeE BURIGE allyy BX 089K, VOhille ah lidefE thN®pper to only 1.5%
el ectroni ¢ devi ces being soldered. A common practice

ypulthse ligsidog meitnpnpdiedo f20°01 @AY solafibil &oulDbe to increase the
machi nes, to adjust for the increasing copper
sderdamagrtire ta hecogohodate thesincreasmskarnowe odvdppér, byt this would
w th reduced copper percentage for replacenent )
Beidbe i asaepteftle skrcaese 6 thedamnge Fvsed banpresssivhdraating of the
ol der. gonpo itionggf 0. 7% copper in tin is the nost
EGFINT eancesdsmersoldsred| der of choice in the automated
sol dering machi ne, additions of solder to repl ace
expendedosmiate ipratige dby uthesalivssgl watdnatgpdip nay wave soldering
contain only fromO0%to 0.5% copper. This adjustnment
machipes. b adiust fogribie daereaging eppnenerasntage yin dhe shlder, is to use a
sol derj.n rocess .and the reliabjlity of the sol dered
seand AlAY Pt W5\ COPREPRRFHtAgEIRL reRiacsireny addifiopsaf solder to
resent. i nvention is th t he di.ssol uti rate.of. .
RS REr FrERRnG Tased ardlisr camePutn pf Y% sprkes g fng e most
&J?) otheéal ?Jad%t%‘&ﬁfer% lcggfce h%yadtémﬁtg& sgﬁ%ﬂg%%ﬂ{a%hiné‘, additions
sol der wave 1s forned by punping nolten so r,

SOMI@MNBdeplatdbpadeP LB R dilbR difbRREoBpaO&EY @ohfin only
provi de a standing wave. Usually, only one wave is

from 0% to 0.5% copper. This adjustment is not precise and can affect the quality of
the soldering process and the reliability of the soldered electronic assembly. A
significant advantage of the present invention is that the dissolution rate of copper
into the melted solder is sufficiently low that the use of another solder alloy is not

necessary.

A solder wave is formed by pumping molten solder, contained within a solder
pot, up through a nozzle to provide a standing wave. Usually, only one wave is
employed, but dual waves are also employed, particularly when surface mounted
devices are being soldered to the bottom side of printed circuit boards. Solder
cascades and solder jets also find application as wave soldering. Alternatively, the
solder may be maintained in an open solder pot where an electronic assembly may be
dragged across the melted solder surface to accomplish the soldering. One of the

problems encountered with automated soldering processes is that the molten solder
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enpl oyed, but dual waves are al so enpl oyed,

particul arly when surface nounted devices are being
w@olodesEsdst o t he bottom side of printed circui PCHUS200%000226

Sol der cascades and solder jets also find application

as wave soldering. Alternatively, the solder may be

mai ntai ned i n an open sol der pot where an el ectronic

assenbly may be dragged across the nelted sol der

surface to acconplish the soldering. One of the

probl ens encountered wi th automated sol dering

&[i@ﬁ@ssgﬁén bﬁhc}sgcﬂo {hg%xpgé { 8 91 | d %deg gf?ﬁ@ee g‘gll'nase?, surface

exposed to t'he ox e al r

(f)@ﬁé"l%y@r Wlél@ﬁﬁs% Reovey % %YB% Ggfo o BBI%}F%/ ﬁgn? ¥oldered

a flux before the conponen ng s

Wil ves atidlesolddrar Partibhiasy ik Whvlé@\rﬂﬁleﬁﬂ dﬁkl smfacé 'aﬁxde Jayer is
surface oxide layer is continually b by the

aintingdltie braken thyetheafiey oThoweEXﬂctﬁeSJvafvéeS'hhxs Qx Gées fresh solder
which, in turn, is also oxidized. A mxture of oxide
V&hléhMI taey, is 2lkeioxidizetl] demExtnia &f oxiddend sdlder thyes collBhisswithin

d? g&g is known as dross, which nust be renoved and
? dPotpr dhis g@ﬁ%tﬁ kpowrlchs dosy, hwhishsmusif be rremoved and

rocess.due to the ﬁglue of .the solder and th
F%

RRE RS et L+ 6 BraceSaie 1o dalost Value of the
| d
SRR 2 B R 2 b BB 15 R 2 BBRH g fanical pars of
{5208 < SBHAY ffhak M WaldEed b gﬁ@ AVRLARA Binddble on

t he sol der a wave sol n%% ine 1s to cover
sur f e of | ted sol der an oil. This is
ef fec P% 8“’1“#?%?%!58%? ngtm@l@%a E?W#@mﬁéﬂ%pmhﬁéolder ina

per i o entﬂg'inéc'ﬂ_& he?osr%r €, %ﬁtgc%?%g%&%'?ﬂ eﬁ%’étg‘ ag,oil. This
ifllefbbeud in ﬁl%te%hﬁé‘@h@gcﬁd&f fr&xgeaﬁ%ﬁ%%gﬁ%rg@ggr?l IE.S ? oil il degrades

sol dered and can produce a great
aBa nales be gepl AFAPALAEAS:. FurfiRlmbie)theldils doltnfor®y QLR difficult

for over three decades is to add phosphorus to the
te olede off ¢f the chapeminthd@sdlB&red @asd caubprodubea et 8éal of smoke
known | ow dross sol der containing 10 to 1000 parts per
apiare seldemsiensttipie r Assolution for this problem for over three decades is

to add phosphorus to the solder. U.S. Patent 5,240,169 describes the use of known

low dross solder containing 10 to 1000 parts per million (ppm) phosphorus.

More recently, concerns about safety and environmental pollution caused by
lead (Pb) in the solder used for assembling electronic products has resulted in the
development of environmentally acceptable, substitute solder compositions where the
lead (Pb) has essentially been replaced with tin (Sn). There are a variety of other
metals -- such as silver (Ag), copper (Cu), antimony (Sb), zinc (Zn), indium (In), and
bismuth (Bi) -- that can be added to tin (Sn) either individually or in combination to
reduce the melting temperature, improve the ductility and strength of the solder joint,

and/or improve wetting to the metal surfaces being soldered.
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More recently, concerns about safety and environnental
pol lution caused by lead (Pb) in the sol der used for

w@s®enkl77hg el ectronic products has resulted iPCT/082007/000226

devel opnent of environnmental |y acceptable, substitute
sol der conpositions where the | ead (Pb) has
essentially been replaced with tin (Sn). There are a
variety of other netals -such as silver (Ag), copper
(Cu), antimony (Sb), zinc (Zn), indium(In), and

bi smuth (Bi) -that can be added to tin (Sn) either

SSHL Ml ' i ' C e, el ting
e e b o rBeh R b ot e
sol der thn and/ or_inprove wetting to the netal

sur f aces 46 /(BEPE ArfoYdluesGiyandn Weight Peresnised by
W.Re patfénts refger erjcad 1 1 sbabljezn]l DERLOW] BINENRE arep Other
| Bsyseici fijc probl ens with the abdve lifsted|sol der al| oy
st ci%a?nc Bgar rn2$ them nat as |desirabld for
b /N nC%c Aot v e 4 Q | i = -
TASTGHE T Tlgshs Ot [onast G e assentifesas the tin=lead =
[ aSGHSEET | GR0S I T Oy L mey fare it en ot Joj_er._gcc. —H-A——
| withoutt the addition of other [netallsns s|opagcept gbl e
%@_@%ﬁg f’gﬁs‘f” Sgné)r As4entibues for | severa — —
A 3 ‘Yo P e | Y nd any At 1 I i 0 -
AsFfdg0 ™ T ALK ATC el FRgterperatyres tequifddifior =
49314750 | Bn 001048t ol TG TTETTT T "POTHlas 2 o= S gl Y 1 Rare Eamn
damagel el ect foni cconponents. $econd, theswetiting 00.2
AU t Y938 po8PelIe¢aE3® ¢f t he OBDYH surface |Demsijon of| —
SRR e bER i fiss g M h8g TG i pist-estrength & - =
5@TA%T T | BYanddl ¢ <MNactept ablfy T ow_becguse pithe-gpue—1—
rain structure of [the so¢lidiflied netall Adding dtiger
SHE(Y| s | Bareh | 8%06e 480508 || 92, |coppdr— apd of 023N -wi T =
SHRGTAPE slhe T Bhit Faggotension—gad—itere ting ol nts of
5bi0@22S 0| slae @l b.0¥E, | Wisd € bigg gast ng the gensid 0001- | Ge0.01-
strengths and ductijlity. |U. S [Patent 1,pP&9, 195 001 | 01
S8ELRr i &0t he—addi { P¥So] —copper arfdBér|silyer td-tin Ga 00T
+ 1 o heod t i bk D atlan ] 5.
6,q3g'97lga! ﬂzhcbllr__.L,UIlp Jaii_é,l O '3.U-I.I P Put .\___-_-t 1,_43 R/_Il — -
descripes the inprovenment o charjical prop%f’“ s of | tleast
69355 | Belance hy >Cd] hep-aWopper t Ot i NS+ VEE Sobdar | — Ge >0-1
61800588 ol Baapepc | —Tin [&h3 Shider & — — — 0.0021 | — Ge 0-1
6,206,727 Balance | — 0.1-2 — — — — 0.002-1 | — Ga0.001-1
6,365,097 | Balance | <4 <2 = = — <21 | <02 [ = Ge<0.1
6,440,360 | Balance | — 08 - - e I N '
6488888 | Balance | 0.1-35 | 013 | — 7110 | — = 0011 [ 0.001-1 | *atleast
6649127 | Balance | — 0.33 = 0510 | — 058 | — — gleo.oos-
0.0
6,660,226 | >88.0 059 052 — — — — — — CO%,1.2,0
6702176 | Balance | 1.04.0 | 0213 | — — — — — — Co0.02-
0.0
6843862 | 885932 | 3545 | 0310 | — — 20- | — —= 0.01 _s
6.0

There are specific problems with the above listed solder alloy compositions
that make them not as desirable for soldering of electronic assemblies as the tin-lead
solder compositions they are intended to replace.

Tin without the addition of other metals is unacceptable for soldering
electronic assemblies for several reasons. First, soldering temperatures required for |

using tin (Sn) with its high melting point (232°C) may damage -electronic




10

15

20

25

containing 3.5%or |less silver, such as SnAg3.5 or
SnAg3. 0Cu0. 5, have an acceptable nelting tenperature

W@ 2@7/08107221 0C) and hi gher mechani cal strengtPCT/H82007/000226

the tin-lead solders. U S. Patent 5,863,493 describes
the addition of small anmounts of copper (0-2.9% and
ni ckel (0.1-3% to SnAg3.5 sol der conpositions to
provi de resistance to grain growh of tin-silver
internetallic conpound in the tin matrix, especially
during thermal cycling of the solder joints.

R N —
8N theShRWed it | 'Tﬁlrﬁ,paﬁzdteﬂgﬂé ke lllu\éﬁ{l }ﬂ% §reolli]nz1cceptably low

copper. Al'so, silver is too co e sca

bavauéest thiel ddiirsef gréinesthucAnt 6 f Fﬁﬁé)gdlﬁﬁﬁed ARl U@ddl other metals,

appearance of the conpleted solder joints is %

fuchsdsyleadirdilvies dopperaanéfor @M ewap ﬂeaemcmecsfurfab@ 1&@% and the

sol der. Tin-copper solders, such as the SnCuQ 7

wgltingt peintsonpdbe tsobder atys, athilenireomsipgathleetensile strengths and

tenperature 227C) for hand or automated sol dering,

il e U s%rf?agﬁ!’é 1178859 rflegeriten ¢he addiden af reyper gndfor kilver to tin

*%éﬁﬁ ared to the conventional tin-lead sol der,
ch@ﬂp?$ﬁ%ﬂlor wetting ability conpared to that

f th he .di | ved
'nt er G&F ﬁ*f‘%“g?g‘éﬁgé‘ﬂ s Ui o Ve o Pt rotios of
A FR %d@l r td Uég{-m%? €3 c?e? C&mﬁ&) thﬁs SO II‘II\I?\/:#&H)e Qolders

sol der. Ti n- an |nD y sol suc as

QNRSE! B O IASRED, siRehVEEBS a§ 056853 5 Obxnts%A\@stdCuo 5, have an
acceptable tensile strength but the nelting

aoenmdnlatmwleng B3d@per@4ROC) 7its 201 Yedndt Kigheradabehasidal stednpth than

and cop or silver, and therefore too high of a
th‘é tip;l sloé‘iﬁﬁ%r’dtsu IP@tehbﬁ ;302493 desesibes the adiligionrodsingll amounts of
onents Qy seriously reduces the
®p

OBPFS {Q28%ox ?Rél §’cﬂk8'e£0 18 %pioe §aAEH S asoddy rempnsitioag o provide

R, radt DL eRaiRes ﬁgere%@aﬁés: ac%%h»@'éﬂ igghadin matix,

e@h%és?ylldlr %%é%g{%?hls O)? Zﬂ%l C%etilg 23 _]011‘1 s ever’ﬁmepe%s a’(Ihe a%xhty of

these solders to wet or bond to copper is impaired by the high surface tension and

slow wetting speed of tin-silver solders on copper. Also, silver is too costly for large
scale manufaéturing of electronic products, and the appearance of the completed
solder joints is dull or frosty, unlike the acceptable appearance of tin-lead solder.
Tin-copper solders, such as the SnCu0.7 eutectic composition, melt at an
acceptable temperature (227°C) for hand or automated soldering, but the surface
tension of the solder alloy is still high compared to the conventional tin-lead solder,
resulting in inferior wetting ability compared to that of the tin-lead solder. The
dissolved tin-copper intermetallic compound (primarily CusSns) crystallizes and

causes a grainy, dull appearance on the solidified solder.
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conpositions. As antinony has been added to tin-Iead
solder to inprove strength, so to is antinony added to

wW@RHe8t77H conposi tions incorporating silver, POPPS82007/000226

bi smuth, and zinc, as shown in Table 1. U S. Patent
1,437,641 describes a well-known tin-zinc solder alloy

W th acceptable nelting tenperature, but unacceptably
rapi d oxi dation and corrosion problens. U S. Patent

4,670, 217 descri bes sol der conpositions for joining

copper that contain up to 4% zinc added to sol der

CONPOSi: t I, 0 § . n .
FovevarPaRoRR R R shih b fhe Tot-Kidwn SRBILLTRRb0S, provides

ss1aéslefding wfﬂé Mcddiadis t@l%ﬂtea%tiégn%gii, Z G %H%}nf}% qglél#g}rag.%}é (232-

to very rapid oxidation whi ng punpe
24Oy ns higheyertd Mloys oF €arandl pper didiviel) aad!tBér8fore too high of a
production of dross, i.e., a mxture of netal oxides

aettinge tahpgratutd dbe hesthhsifive adlearonih eosipohase ofAlid)eantimony
mel ted solder. There is also nuch concern about the
ssanonplyi rafiuags Mhesabiility o6 threowidan tospread oen cpppenserfangdecause of the

th solders containing zinc. U S. Patent 4,193,530
gé@é?% 3 FEPBRIAMIORY otesmgiiate RBeset Betygen ghe Goppesognd the

a0 AR, Rttt % M torls et s £rging gfsolder
> ! o col .
%gﬁ %éét?(ﬁ%b AS Contarn |a(r§1 Eg?r? "r@({%lsd ist%tgg,e&cg%oz&g gg %rélpr,ovfe gtrength, so

10§ 2RB8RNY RBAS foefBEMiP EorhPSsitMsdREorh & i i
Pat ent 5%80, 8220 desc}i besﬁb?;sadi r?g Oo. %aﬁéggl}%%%s%ﬁpg%tbﬁsmuﬂl’

aral zinclugshéWR irsThildUs nel ting tenperature of the

sol der alloy that contains tin, silver, copper, and

ant i nbny.. BatSnt PaIBE6H1 4d329bet23 welb-knowea stimdihc ngpldgg illoy with
20% bi smuth, preferably 3%to 6% to sol ders

aqsaptablei mygltirign temepergtare, bam cunnopqpeably Wagid Psitletion and corrosion
6,849,127 describes the r addition of bisnuth up to 8%
#1edlems. cHoh dratens| ei0.2ndesstibesosridesgomnasitipng fox ipinipgscopper
that contain up to 4% zinc added to solder compositions containing tin, silver, and
antimony. However, for automated applications, such as wave soldering, tin alloys
containing zinc (Zn) are subject to very rapid oxidation while being pumped to
generate a standing wave of solder, resulting in a large production of dross, i.e., a
mixture of metal oxides and metal particles that float on the surface of the melted
solder. There is also much concem about the potential galvanic corrosion of solder
joints made with solders containing zinc.

U.S. Patent 4,193,530 describes the addition of small amounts (0.1% to 0.5%)
of bismuth and indium to tin metal to improve the corrosion resistance of the tin.
U.S. Patent 4,879,096 describes adding 0.1% to 3% bismuth to solder compositions
containing tin, silver, and copper, to increase the strength of the solder joints. U.S.

Patent 5,980,822 describes adding 0.1% to 5.0% bismuth to reduce the solidus

melting temperature of the solder alloy that contains tin, silver, copper, and antimony.
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zinc, for the purpose of reducing the nelting
tenperature and i nproving the wetting speed when

w@ododesing t o copper surfaces. These descri bedPGDUSENT000226

are designed for copper pipe plunbing applications.
However, for soldering electronic conponents to a
printed circuit board, solder alloys that contain nore
t han about 2% to 5% bisnmuth (Bi) are inconpatible with
| ead (Pb) that may be contained on the electronic
conponent term nations, resulting in potential cracked

{ Qi il - dad 0
B Phlent 19203 UG RAARE ua o 200h Bishlh. MipREHR sde o 6%, o
§20R9 TohtaRife i, | TRELYEnd BEppER! t UNSL Phichi §5>64gn§7 describes the
slightly reduce the nelting tenperature of the so 3gr.
ARITOICHE BiSmb o W) f"8F6Mo ithh-GopberddbdértofipokiohicBntainiddfp to 10%
much | ower surface tension of bisnuth conpared to tin
zingy| fdr thel purpesetdfirgducihgthelthellisg canpaatoragnd Mchroving Y wetting
have the sane high cost problemas those with silver
speeth whio sefderingliogopadaiwiagess are able to i nprove the
wetting abjlity of the solder. Though U S. Patent o
6, 843 dpeerihedoddere g designed Sprgeipper Bipe Hilvnbigeapplications.

N SO PSS S3b48 e e
cu Tt y ani £ " di ffor

SR e 1 R0 450 LS 1

tt'l_igtg ?éayz 12 @(grﬁ&’inlg@s&{ ithe Se1dda@nfd @bxtnheﬂerﬁf teBtdatibf®, (LBditing in

to lead-free solders containing tin, copper, én
poteitammickdtl $d18erJoinp) SeevfthblBsy, BRSIEY cal AU iA8Rall amounts

reducing the nelting point of the resulting sol der

ooopas l¢adrfreclsoldar akey comppaitions ansmpidve the wettihg abilRy and
4 weight % nickel (N) nelt above 400C, which is too

HighHy geduget thapeelting tempentued of theosrlders oldamidhgas 1% bismuth is
s% L?blltla (x:rzxjl tscl)lgcli’] Sti'n. " The much lower surface tension of bismuth compared to tin
would help wetting.

Tin alloys containing indium (In) have the same high cost problem as those
with silver, even though indium additions are able to improve the wetting ability of
the solder. Though U.S. Patent 6,843,862 describes lead-free solders containing 4%
indium as dissolving the copper substrate metal at a reduced rate compared to lead-
free solders that do not contain indium, there is no significant difference when
bismuth is added to these alloys. U.S. Patent 5,985,212 also describes the addition of
gallium (Ga) to lead-free solders containing tin, copper, and indium with the purpose

of increasing strength and reducing the melting point of the resulting solder

" composition.

Tin-nickel compositions with as little as 4 weight % nickel (Ni) melt above
400°C, which is too high of a temperature for electronic soldering applications.

However, the :addition of nickel in smaller amounts (0.1% to 2.0%) to tin alloys
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However, the addition of nickel in smaller anounts
(0.1%to 2.0% to tin alloyscontaining 3% to 5% copper

w0 200de810rs bed in U S. Patent 4,758,407 as i npreul/ngR007/000226

wettability and increasing strength of the sol der
conposition. Neverthel ess, while acceptable for

pl unbi ng applications, the specified sol der

conposi tions have high |iquidus tenperatures exceeding
6000F (315C), which is exceedingly high for soldering

of electronic assenblies. Subsequent patents, as shown
tohtdiaige3 %, toh§secd I | | id7 ye:to .
e S R 1P R 1 8 PARF AP S inhBroving

oetabiiuarl ibfealibistRfgtobMihe Qbldel RoaPDBSHbHLE NSREEEless, while
conpositions. U S. Patent 5,863,493 teaches that
agoapigblevior phohbiieg apiplicationsx ther spesified Golien cghPokifions have high
coarsening during thermal cycling, resulting in
beddesn sonpaaterss exngediagi GUISFr 64158€RNwhichaisdetdeedingly high for
addi tions of nickel and copper to the tin-silver
e oslpdanis assembliesy Sybssanent atamds; tab shown in Table 1, have

Alternatjvel U S. Patent Nos. 6, 660,226 and )
bR el 1% ey ra i 1 dincofor slders () teoimprove. the
. revent leaching.by the | ead-free
HRAERAEent Bl Sl fEPE il dE cofpations. Us,

Bitki#5 86309, (Ralds ot o BiRL B MIGICLrpdNdcZ1 05

Yet anot her U.eS. Ea?iéﬁiﬁ n6’§ﬂ7\%5§1b%@rdglg Fi bR gé grdin growth
@aelehingn dafing Obabhalt @yalidd, NRASRAe hifadkcfda88t SQLUE anliO fati
prevent |eaching of cgp6§% netélgbeingcsglderedgﬁﬁpg.ﬁmgue
resisence, and 8, LRice sf midkes andieoppdtlict the BinilveessTaH ddMposition
(CGe) in conbination with phosphorus (P) to prevent the
ipgrerasiboth prppertiesl  oxi de and i nprove the therma

fatigue of the sol der. Subsequent patents, as shown in

Tabl eAHErAUALY. oo Ppisnbhet OgfeiOmRei aneh 6, 162) 176 ddscribetheladdition
el DTG L bt eI s of
SRR £ A e P, B B oSBT B, i
and zinc. Yet another U.S. Patent 6,702,176 describes the addition of cobalt to a tin-
based, lead-free solder to prevent leaching of copper metal being soldered.

U.S. Patent 5,980,822 describes the addition of germanium (Ge) in
combination with phosphorus (P) to prevent the formation of metal oxide and
improve the thermal fatigue of the solder. Subsequent patents, as shown in Table 1,
have incorporated germanium (Ge) with nickel (Ni) to enhance the wettability and
tensile strength of a variety of lead-free solders containing tin, silver, copper, and/or
zinc. The use -of germanium in price competitive solder compositions is precluded
because of the very high cost of germanium.

Phosphorus is commonly added to bulk molten metal, such as copper and

solder, to remove oxides. The addition of phosphorus to tin solder alloys is

recognized by those skilled in the art as a standard method for deoxidizing metals
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because of the very high cost of germanium Phosphorus
is commonly added to bulk nolten netal, such as copper

wapa7esl7der, to renove oxi des. The additi on ofPCT/US2007/000226

phosphorus to tin solder alloys is recognized by those
skilled in the art as a standard nethod for
deoxi di zi ng netal sduring the manufacture of sol der or
whil e using the solder for joining electronic
assenbl i es. Because the G bb's Free Energy of
Formation of phosphorus oxide (P2CGs) is much | ower

{hte}g‘% a\é‘lagufa% ?e 0‘1; %8}(&8{ o Q)Vh%@ﬁsx%g ni‘l% sgl ﬁor Llsj\(l)feréhg oeliectronic

gen affinrt

X‘s‘s&ﬂﬁﬁes S%ecm@SdBE quB SOFfegeExﬁ’érgf't i Forr dh?[ JrPHSE iR us oxide

the nelted solder surface durin

@, 06EE STiich loWRe tHaBSHALI MG, RHSSR NRIEMSHO Ridkel, (sﬁﬁ%cblf led oxides,
gravity 2.4) floats on the surface of the $ol

the pegighh affiiay of YhdsphprusUs Sigihat €96, PhotPBor8s 8)x1de preferentially

descri bes addi ng phosphorus to reduce dressing or

foxingd eorf theratelted sobkeulsuifacg finong ubé sglder pradessing ol Ter sesulting

U S. Patent 5,817,194 describes the addition of

mimamlmws @Xide(spestifie Eraviy Br Az fless eatthe isaifaderof; the spldey éspecific
to 1.5%t s a fluxing agent to inprove

$fﬁ?él S Pﬁte&f BafEhed FETPE? 391hAg PRepbPTUg Fighuce drossing
1{3' Or(_])%ﬁl{:sﬁtl res ﬁ‘{ Sogg%lg]tg/sel{q%It%&%?%fsppcgfsagmé ?’atent 5,817,194
cEHsQH@J fheS ddm é@ﬂﬁ E@mg't l%% deﬁgg/b}re}%%%e ‘?énapq thc > range of

greater than e ef ective

0.85% weedsép rto i 481 &Y ianGuki@gdafdretoS dhfRiveC ﬁﬁp %&5151965 -of the
Nothing in the prior art provides the benefits

soldepfbalaaiiig \Wdidridl e suifleenitetlnvald sted Tioethaf pliphdris iaddition
an object of the present invention to provide an
mnﬁtrﬁzveetb@%%bwhhibiﬁeﬂwcdnmoph@ie‘s readabatabé eckelfaddition must be
prior art devices and which is a significant

grester then 0iQ5%e taobe eféechiti¢ancenent of the sol der art.

Therefore, there is a need for improving lead-free solder compositions.

Nothing in the prior art provides the benefits attendant with the present
invention.

Therefore, it is an object of the present invention to provide an improvement
which overcomes the inadequacies of the prior art devices and which is a significant
contribution to the advancement of the solder art.

It is another object of the present invention to form solder compositions that
will result in smooth, shiny solder connections equivalent to those obtained when
using tin-lead solder.

Another object of the present invention is to provide lead-free solder
compositions for use in joining electronic components and other parts to printed

wiring boards.

10
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It is another object of the present invention to form
sol der conpositions that wll result in snoboth, shiny

wa@oelodes17connect i ons equi val ent to those obt ai nedr/Mkmn7/000226

using tin-lead sol der. Another object of the present
invention is to provide | ead-free sol der conpositions
for use in joining el ectronic conponents and ot her
parts to printed wiring boards. Yet another object of
the present invention is to provide a | ead-free sol der
conposition containing 0.2 to 0.9% by wei ght of
coppe 0 ht of nigckel .03 to
0. 08%?B§/ A erh?bJS‘% ‘%@ﬁﬁﬁs‘m Y& %’@’“’b‘ffz %\i?aﬁfﬁee solder
r Q1

Ao éaﬁli*ég?f“f‘ﬁ By o Bed et oRBTE B4R by weisht
6ihﬁcl?éle§ @@tto 000824 tHyOReight BPbﬁfrﬂm qgssath§19 odsy, bgra@&%ht of sﬂver
conp03|t|on conpri $ing a powder containing O
RYs theh 00l 0% bye @Bl of $hddpifors) add hdbdincerifant of
nickel, 0.03 to 0.08% by weight of bisnmuth, |ess than

. 5% Byl wet ginithef otgedtwe the Ipessentt ingentr0ib0% frpvideiagiulder paste
of phosphorus, and the bal ance of tin;, a rosin-based
¢asmpasitiogrrogurising 4 pewaeraentaining 0 tgd} Wérhy wmgbt piegopper, 0.006
té:)d:}ect of the present invention is to pravid

Qe by vrightQfarighstn - 93 tory 08e yrwpighiet Rl }ﬁSﬁ@aa 0.5% by

SRR 8% T e RO i wGRBPF MBS angl ptance ofuns o

I%Qi'ﬁpé’a%é& Jbegﬁnog[? Qéﬂ@%bg%ggmzar{doa % Dby wei ght of

copper, y’ wel ght nickel, 0.03 to

0. 08%hytheeioBitct Ut ieSPiskdht ﬁe&ﬁmhhﬁn td)- fp'éo@@y A8b1aBled article
of silver, less than 0.010% by wei ght of phosphorus,
ebrishe baﬂ/c&lapec@fcoﬁﬂaﬁung Berdnsitidn fh@el seidietor capable of readily
conposition bonded to the workpiece so as to be

diffesing iictel rheltegintin; nendha lead dide\solien demipbsitibh eotteiigg 0.2a0 0.9%

nmet al conductor.
by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by weight of

bismuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin, the lead-free solder composition bonded to the
workpiece so as to be electrically and mechanically bonded to the transition metal
conductor.

Yet ariother object of the present invention is to provide a lead-free solder
composition containing 0.2 to 0.9% by weight of copper, 0.006 to 0.07% by weight
of nickel, 0.03 to 0.08% by weight of bismuth, and the balance of tin.

The foregoing has outlined some of the pertinent objects of the present
invention. These objects should be construed to be merely illustrative of some of the
more prominent features and applications of the intended invention. Many other
beneficial results can be attained by applying the disclosed invention in a different
manner or modifying the invention within the scope of the disclosure. Accordingly,

other objects and a fuller understanding of the invention may be had by referring to

11
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Yet anot her object of the present invention is to
provide a | ead-free sol der conposition containing 0.2

wo 2000/08PHy wei ght of copper, 0.006 to 0.07% bpCceszmt/000226

of nickel, 0.03 to 0.08% by weight of bisnmuth, and the
bal ance of tin. The foregoing has outlined sone of the
pertinent objects of the present invention. These

obj ects shoul d be construed to be nerely illustrative
of sone of the nore prom nent features and
applications of the intended invention. Mny other

HEC iy, H0 i Ayna oo 1 B8 A lfpﬁm%a?n%‘ ioRgB By pepferred
ABoIBREE ARinal i gelfe BF Q‘%am%n%wflﬁsﬁ G HE R Timeng

of the |nvent|on may be had by referring tothe sunmary

of the invention and the detail ed description of the
preferred enbodinent in addition to the scope of the
SUMMARY OFTHEINMENTEON ai nrs. SUMVARY OF THE

I NVENTI ON According to the present invention, the

mel t ediosotditey tocthapoeseni Drventitrs siod welted splder fxvmmsxtlons dissolve
el ectroni c conponents, printed wring boards and wires
&ePDeT figtbelesteniis coRRePantsa Priatedayiriag dodrdsiangd I’Yélr@aﬁ?@ rate slower

cations wWith 63%tin, 37%1I| ead sol der
AP O HE thecRetpe, BPLEE AR A SB28 ol i solder alloy.

i l g:l%ﬁla@sg RO géed 13 r31tt' npﬁtostgjl der € so&%%rc%%goh? {?Tﬁ? tggglder pot by

MpoSi i on W

Q&dlﬂé BALERE: soRldr! donfpdkitBR w 1Itl]i p&uﬁ&i g@ﬁéoxﬁ%gﬂtgﬁﬂ i egi'?r‘?in&fed. Still

the present invention are | ow cost

MR ilet, Be REBEEShESsitidIR\GT 86 GRREADInY ehtN ﬂ%llbwnﬁ,st exhibit good
tenperatures, and result in the formation of

weftingcproperties)| beve hadeptablyvidw melsibp NgrmpeROREGNE&R] result in the
simlar to that experienced in the sane applications
formiatieB oeft: irefleciVeodobted jobits ewithl h oshiny tapyéarsnce similar to that
di scovered that a ver smal | amount of bi snmuth added

sxperipneadds &y sepieqep le%m vth 3% ipptt e dend seldek alloxan

signi {tl v%gsntdlonJer dc{'l ﬁ‘leat tah\(/eer(}jll s‘?'r?ai grtnlogr?t (gta{nsmuth added to tin-based

solder contam;ng copper and nickel can significantly reduce the dissolution rate of

copper into the solder when compared to tin-lead and tin-copper solder alloys.

. Further, the synergistic effect of adding nickel and bismuth improves the cosmetic

appearance ofjthe solder joint.

A fean:ue of the present invention is to provide a lead-free solder composition
containing copper, nickel, bismuth, silver, phosphorus, tin and inevitable impurities,
The range of éopper in the lead-free solder composition can be between 0.2 to 0.9%
by weight or, in a preferred embodiment, between 0.5% and 0.7% by weight. The
range of nickel in the lead-free solder composition can be between 0.006 to 0.07% by
weight or, in'a preferred embodiment, between 0.04% by weight and 0.06% by
weight. The frange of bismuth in the lead-free solder composition can be between

0.03 to 0.08%: by weight or, in a preferred embodiment, between 0.05% by weight

12
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copper into the sol der when conpared to tin-Ilead and
tin-copper solder alloys. Further, the synergistic

wetdoens17ef addi ng ni ckel and bi snmuth i nproves PEEUS2007/000226

cosneti c appearance of the solder joint. A feature of
the present invention is to provide a | ead-free sol der
conposi tion containing copper, nickel, bisnmuth,

silver, phosphorus, tin and inevitable inpurities. The
range of copper in the |ead-free sol der conposition
can be between 0.2 to 0.9% by weight or, in a

RAED 71 GO TSP gD 00 P 1

%
e E T
&Bﬂ tHanAHB 0% The bhRASLoPtheleadled sbldet B@mgosmon is of

| ead-free sol der conp03|t|on can be between O.

h.08% by weight or, in a preferred enbodi nment,

bet ween 0. 05% by meightand 0.07% by wei ght. The range

of si Mhereadafred solderachripasiticod it 1rosano Sitenton icentaibieg 0.2 to

than 0.5% by weight. The range of phosphorus in the
Dé’&’d by reighiopfieappen ¥ to @A7Vesby mglttmfmd«@,l@% by 0.08% by
The bal ance of the |ead-{free sol

By éeSéfth%q §shyeveightof yiber, 36 0.010% by weight of

ﬁ*“%g 3yt R B tPneB RS Yo bR Sae B S et b e e solder
%éﬁlbe uge(Pﬁihélé’cn% B QMbl%bﬁl@I‘ rtn%t:}uggss muth, less than

ver, “l'ess OlO@bby wei ght

of phome h@ardiﬁee §<5lﬂert &ﬁnﬁlﬁitﬂﬂﬁ@f e frofent MVeRfoh %ﬂﬁ&mg 0.2 to
into a solder bar where the solder bar can be used in

@bec by endightasSespplet, (5AICIRY 0.08%N b eseighthsf dicied- 6.0880 0.08% by
sol der conposition of the present invention containing
Wei%ht of b)'s@ﬂ&ﬂb)l'esw@hzgm.s%fbmpight of G1vef) 6e§s¢hzﬁl 001 %\by weight of
ight of nickel, 0.03 to 08% ght of bisnuth,
wlwﬁhctlnarar@ thebalgnesofgin Ca@fbesfpméq)‘/ intp e§gld1ehmot)wbm@%e solder

by wei ght of
mgot can goe used in electronic assembly.

The lead-free solder composition of the present invention containing 0.2 to
0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by
weight of bismuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin can be formed into a solder wire where the solder
wire can be used in electronic assembly.

The lead-free solder composition of the present invention containing 0.2 to
0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by
weight of bismuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin can be formed into a solder chip where the solder
chip can be used in electronic assembly.

The lead-free solder composition of the present invention containing 0.2 to

0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by

13
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phosphorus, and the bal ance of tin can be fornmed into
a sol der ingot where the sol der ingot can be used in

web@csom c assenbly. The | ead-free sol der conpOFUS200T1000226

of the present invention containing 0.2 to 0.9% by
wei ght of copper, 0.006 to 0.07% by wei ght of nickel,
0.03 to 0.08% by wei ght of bismuth, Iess than 0.5% by
wei ght of silver, less than 0.010% by wei ght of
phosphorus, and the bal ance of tin can be formed into
a solder wire where the solder wire can be used in
j l,der, co jtion .,
ﬁ/lfegﬁ bPBiskufs 38Rl 0.3615,) \%@%QII {)}fsﬁlgv%gl 5.t mbgg&c?%);;y weight of

he present 1 nvention - con

isghbrusf ad BREBalatkd ' o7 b9 '
B G by M’S‘ﬂ‘f“%? a‘gibgrrﬂéthﬂ;& o0 bofdr Bbhce b;‘i/here the

swddgiribboh cai be ased inetwtbhidns@n®biP% by wei ght of

phosphorus, and the bal ance of tin can be forned into

a sol dbe ledd-freambalder ¢dmpitiotiest thei rewan identie® dohtiining 0.2 to
el ectroni.c assenbly. The | ead-free sol der conposition

QP% R wrigiteaft cappee R G0ntoc®ATY by mEight Dftrickel, 900D Yo 0.08% by

wei ght .of cqpper,. 0.006 to 0.07% by wei ght of nickel,
BB o B Bbe s acm BB AT RIvEe dese Ehear. 01 Stbbyeight of

] f silver, |ess.than 0.Q10% by weight of
%ﬁsﬁ%ﬁa@@ %‘ﬁg’%‘%’get&’ AR BY g?r'm?odc BeOldsF Pewder pdere the
Lhban, : ri bbon can be used in
ﬁ%ﬁﬁ ?gﬁfiéasseﬁ%€§¥g$ﬁg§?€%%g$%g% sol der conposition

of thehplQIamde IGH tH @l i 0% hy:

wei ght of copper, 0. 00 tsgﬁg:cg*%g%gges%mgfb tg“"g’“ﬁ/ﬂg‘gﬁ“elf“,g 02 to

D93LL oAt B DppUCIIIG 0100784 Height oF hd@l PoP¥% BY08% by
(0]

wei ght of silver, less than 0.010% by wei ght
weiskipHdrisaythateds thae 0bith byoeciglit dfisilveratesh ehah@. M, btweight of
a sol der powder where the sol der powder can be used in
SR1OT T and he dglange of ftia ¢apakl Employsdlinldwt eimipeslittg ofprinted
of 1 Igem%r esent invention containing 0.2 to
circuit boards.
The lead-free solder composition of the present invention containing 0.2 to
0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by
weight of bismuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin can be employed in assembling surface mounted
printed circuit boards.
The lead-free solder composition of the present invention containing 0.2 to
0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by
weight of bisniuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin can be employed in the solder coating of printed
circuit boards.

The lead-free solder composition of the present invention containing 0.2 to

0.9% by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by

14
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0. 9% by wei ght of copper, 0.006 to 0.07% by wei ght of
ni ckel, 0.03 to 0.08% by wei ght of bisnmuth, |ess than

w2870k 7wei ght of silver, less than 0.010% byP@EU§IW7/000226

of phosphorus, and the bal ance of tin can be enpl oyed
in hot air leveling of printed circuit boards. The

| ead-free sol der conposition of the present invention
containing 0.2 to 0.9% by wei ght of copper, 0.006 to
0.07% by wei ght of nickel, 0.03 to 0.08% by wei ght of
bi snuth, less than 0.5% by weight of silver, less than

Qie%lﬁgf €l¥np Z%E |tFrP1iIna(2§ eﬁ%éﬁgﬁf g'g {éhfgrsosﬁﬁ%n Q%g??fqyeﬁelght of
phdspHbrlus, %artﬂébalm& Aﬁﬁadcailrb%%nﬁﬂéﬁ%fm ;fgﬂm g}gg‘?&r%t boards.

the present invention containing 0.2

of colheneadofrédBolier Corldéitinn Vit irestint MniaBbn c@ntgl??uﬁé)O 2 to
0. 08% by wei ght of bismuth, |ess than 0.5% by wei ght

0.9% by wesight| &seoppkg 0. «md)m(mm% b vglightadf iblesd p0.OB Us ,0.08% by
and the balance of tin can be enpl oyed in the sol der
weaht ﬁ@blemuﬁw 1956 dhnch- P Yt whight efssilver, Ters thaa0l01 0%y weight of

sol d conp n of the present_invention containing
Bhosp ?}“ %ﬁ ‘mfﬂngﬁto d e8ohfePPleyed én seriaceymomplyassembly of

h f k h f Dbi h
HEL e M kSR amQ apinled el PORE™) 208 Than 0 5105
b f f..ti be
ex‘pwgg‘gg t1c|3ag frr%h Fﬁﬁ@é&%osﬂ?ﬁéi?@gﬁﬁg%gg (riara/%ntl% gor(lzt%{r]nng 0.2 to

b oeglbf rv@‘?g}ﬁcﬂfd&{ppﬁ AL esy {d €079 by %@ﬁ%ﬁﬁ&k&l ny gﬁ‘% ¥bs% by

containing O by wei ght™ of Copper,

Qeiplitoftyismaihg Rdss eHanr0.8%6y; wlighBoft 1vEr, 0&X0sh U\@l@%tbyo&exght of
bi smuth, |ess than 0.5% by wei ght of silver, |less than

m@nm%lbyalmahg frtalapice i aspéamr bes forared intvea aldan peeferim twhare the
can be enployed in surface nount assenbly of
wWildsx prefpime cahe vershinslentrovicasganitly e Theisplder preffiorar can be fluxed

or unfluxed.

Another feature of the present invention is to provide a solder paste
composition comprising a powder containing 0.2 to 0.9% by weight of copper, 0.006
to 0.07% by weight of nickel, 0.03 to 0.08% by weight of bismuth, less than 0.5% by
weight of silver, less than 0.010% by weight of phosphorus, and the balance of tin; a
rosin-based resin; an activating agent, and a solvent.

Yet another feature of the present invention is to provide a soldered article
comprising a workpiece containing a transition metal conductor capable of readily
diffusing into melted tin; and a lead-free solder composition containing 0.2 to 0.9%
by weight of copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by weight of
bismuth, less than 0.5% by weight of silver, less than 0.010% by weight of
phosphorus, and the balance of tin. The lead-free solder composition is bonded to the

workpiece so0 as to be electrically and mechanically bonded to the transition metal
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The | ead-free sol der conposition of the present

i nvention containing 0.2 to 0.9% by wei ght of copper,
wW@2@0081705 0. 07% by wei ght of nickel, 0.03 to OPOBYs1997/000226

wei ght of bismuth, |ess than 0.5% by wei ght of silver,

| ess than 0.010% by wei ght of phosphorus, and the

bal ance of tin can be forned into a solder preform

where the sol der preformcan be used in electronic

assenbly. The sol der preformcan be fluxed or

unfluxed Anot her feature of the present invention is

(rétg}/ | gﬁ? gﬁaﬂ?xhgr? rﬁﬂ%ngt %Gu%r}n gsiéeé\é;(t)e%hﬁo npt%kes' g%f consisting of

%ﬁ?ggﬁfﬁ‘oﬁfo’b%md ARl ng bIRRRS ppc dal i iod e
less simmed aRdiflep RanB! dihe PrefNP SRRALGS is 30 PréiBe a lead-free

bal ance of tin; a rosin-based resin; an activating

SR teonposition %_Ght‘dﬁi_iﬁg céfﬁier,&ﬁ;ﬂtdﬂ,ﬂﬁsrﬁﬁt‘ht tih@nadfinéVi@ble impurities.
present invention is to provide a soldered article

Tleryangs ofi goppenir #iei leskfree soldemeangpasitionacasi e stwoat QL2 to 0.9%
conductor capable of readily diffusing into nelted

by weight dr.dn| acpreferred ecrsndimentc batyesn t0. B andrfd- Avnbnn g/emhz The
to 0.9%Db ht of caopper, 0.006 to_0.07% by wei ght
BREqPiNeke I@ﬂ@ge%dofree BBIsRAPIIRaStion cah beberReR 0-9Qasts 0.07% by

YEahhPn P %ﬁ)&%ﬁ e oot eyl e Moy e gt 0.06% by
\!vaggt f ThHE %% l%lgrggﬂnoﬁll Eh'quad ?rr:%) 95‘1‘38%&8 (?]sqgon c?:r be between

i ece ectrica and

@@w@@ 89 b %@Qﬁi il QhroRbed %%leﬁﬁé?ﬁ bem@en 0.05% by weight

transition net onductor is selected fromthe group

HARO P bYOv EEhC O al el lo¥ Bie 1efd-Glée koldatd dhapddaidnast thépresent
plati num zinc and an alloy thereof. Still yet another

iheaitione isobftthe pheadditionn\sdnén om ite tddgar awittle lead-free solder
| ead-free sol der conposition containing copper,

genepiositionin smantoung ina grerder thew Ot54b by weightr | Inj asidition, ghosphorus
range of copper in the | ead-free sol der conposition

@anbe addet i dhe dead-firge soldey composition in an amount no greater than

0.010% by weight.

The foregoing has outlined rather broadly the more pertinent and important
features of the present invention in order that the detailed description of the invention
that follows may be better understood so that the present contribution to the art can be
more fully appreciated. Additional features of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and the specific
embodiment disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent constructions do not

depart from the spirit and scope of the invention as set forth in the appended claims.
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by weight or, in a preferred enbodi nent, between 0.5%
and 0. 7% by weight. The range of nickel in the

wo e@do8ree sol der conposition can be between O0POD6S1007/000226
0.07% by weight or, in a preferred enbodi nent, between
0. 04% by wei ght and 0.06% by wei ght. The range of
bismuth in the | ead-free sol der conposition can be
between 0.03 to 0.08% by weight or, in a preferred
enbodi nent, between 0.05% by wei ght and 0. 07% by
wei ght. The bal ance of the | ead-free sol der

@@5 I ngﬁg j fO0ARS Of tin. In
b Oﬁ‘éb(ﬂh S I&&%EH%%WKJ ~Irﬁ‘})#ﬂzad-free sol der
CONMpo§t.Li ' . . 0 .
oo he R N AT ont Ok Bl ARy 3 Rty o
parastidlve €3O Hgh1s CRGRARI hRfimbhy,aBrsBBU BhdARINg" 868! gallium,
than 0.010% by wei ght . e foregoing has outlined

matdney, and dedliym! Mhe BEE“d3sontial g flee’aizdiskdIOtht @Bhtext to mean that
features of the present invention in order that the
d@hypiolf Hrbsel emtals ptei pweseof intthe comyesitiomrih¢ inetuded lcbnwventmtiyn is so
be better understood so that the present contribution

low thakthg expecied hnalther envirgnmenga) sfisets aredigsignidighnti onal
features qof the inventiqgn will] be described . .

her ei ASPPEMEN ¥1¢ Rrsrnﬁﬁegrﬁéllwg@tofothe PHeseRy vRRtiqee the solder
t

he invention.. It should, be appreciated b e
SR sty o R R EBRUE B PaR0 2RO about 0% by
b . . . : . L .
‘221%2{ %(ggaleg @@? rmdlzﬂ?osilt ﬁgjogr/? g)e3| gﬁleg)g /(g?g (k;lrd%# }rnlkjécléteﬁ @gg from
dtut 0BBYY t015boRtD.0BREL P AREEHP BIsRRSE EBIY] leds MaPABRR BL5% by weight

invention. It should also be realized by those skilléd
dilvet (Rgpirdd thedialanue tin €8h), Vedeltitr vt iciddatal figurtiiesN @ptionally,
depart fromthe spirit and scope of the invention as
teaedbcy divsiing tih @utmpptio deltecingi machDiEF AphdsphORSCR) BidyGbé added
OF THE | NVENTI ON The sol der all oy conpositions of the
frerabaut Q.40 R boui0018%sential |y free of potentially
. i nel udi Ci ic dri |
Eg)k()lari['ggtgailq?i Iﬁgﬁ%pgg{igrgs o tlhgogxye’sex{atr favention Crgaymblémprepared by

(=)

techniques known in the art by melting the tin metal and then adding the remaining
elements while mixing until all added elements are dissolved into the tin. The alloy
compositions can then be cast into billets or continuous wire, and subsequently
manufactured into ingots, bars, wire, or other predetermined shapes. Though
primarily intended for use as bar or solid wire form in automatic wave or dip
soldering machines, the alloy compositions can also be manufactured as solid or flux
cored wire solder for hand soldering.

The following formulation examples and tests performed are intended to
enable those skilled in the art to apply the principles of this invention in practical

embodiments, but are not intended to limit the scope of the invention.
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is

concentration is so |ow that the expected health or
According to

envi ronnent al

effects are insignificant.

one preferred enbodi nent of the present i

nventi on,

t he

sol der conpositions conprise, as essenti al
i ngredients, fromabout 0.2%to about 0.9% by wei ght
copper (Cu), from about 0.006%to about 0.07% by
wei ght nickel (Ni), from aﬁgﬁh 0,03%to about 0.08% by
wei ght bi smuth (Bi ) | ess Ea?t)out O 5% by wei ght
silver (AQ) with
i Bddedgrdnal i nfhur i t‘\g es|. Q)Itﬁlona Niy tPo r eqlucHelitly 0SpiTing (seconds) to
|m'9t omati c| sol geri ng nechi neg, prosphor us T¢np) rra?lssl?)v;ecopperat
AR r o out 10 001% tlo-abobt—0.10100% | The @l | o)y 300:C
b | Bajance |37 e—Areseri—i-RentiLaR—rav Ing183\r ephrogd94.3
bUl?JUDI a|ah} 37: I._I-C ! IE?. Il_l~ T -ILI .E_IILI \ooldlu | \,lu u9456
Uy 3L ‘:'L"Bédahﬂée KW T te_art oy ety LTIE.‘LI 1 4212
melal [affndenNen afgpng L g e I My o@igETTETTt Sooy 405.6
m Xl Ng Banhkdel | &l T | agdgd.7el lenents—ar ¢ di SSOI Vegi71 NTp ( Ndege
tirs. Tialagdel oy cpAPOSiad ans cahn—t hew.oe ¢ast2irnio 445.3
bi [7 etiBabececiont i habus 0 rle- anld—sulisequeint [a17-219 444.3
nmguf delgread i-nt 0P n (gfq;s bars|—wi e; aqr | otAep2s 488.7
nr adatlHajancs o haouah i ity i mt A%Ed flhr 602.9
- (0 | Balance |~ %-%“ﬁqf,; P i T D117 T Y
V1,7 Baldhce | -0 0103 107 LGT | Al 100127 1~ 21995 _°[ "~ Boo5
bUlAléJl’:l lBé ncg AL 1Te 3 . Uy I,'T‘U‘y OJOBB“ Jlob7F OIS 22@225a|£ SUTUE288
eIt gEalhe ] 25 $0bd d 0 || LUX o8 oWig SOt 8¢ fp1 833.3
hamd S@EaEek! Ng. Toeo1T[@7 W Ng [[OFEYCalT O EXBRAPIes angss3
t est s [mendcerjned ho.eo1i|rizended tloo.@nakble t hosexgKki T ed 8508
i n1& he Baletcet |o—-appd.Q01t|Hg prdoaci p.a8s [ef this 122went) on 7504
i nhr Balagea| | -enbpbitGre s | 0964 |93 nOL§ nt erfd®2P5t o 1187.9
Li#8 t [tB3lance clane 061t HOT LOHOSTARPE 21 Sol3ér Al | oy1196.7
Co g ndil ance - -F\AD Qﬂ v‘OJr hw (LQS 0.008 227 112054
OB O Bt | | 904 (07 0069 005 | 0.010 227 1274.6
21 Balance | - 0.001 0.7 [0.06 [0.06 |0010 227 1347.5

Samples were taken from each alloy melt and submitted for analysis using a
spark emission spectrograph. Individual solder alloys were cast into small ingots for
testing of properties.

The éutectic composition for tin-lead solder is Sn61.9Pb38.1 weight %
(Sn70.9Pb29.i atomic %), melting at 183°C, but the convention in the solder industry
is to refer to ﬂle eutectic composition as either 63/37 or Sn63Pb37 (weight %). The
eutectic composition for tin-silver is Sn96.5Ag3.5 weight % (Sn96.2Ag3.8 atomic
%), melting at 221°C. The eutectic composition for tin-copper is Sn99.3Cu0.7
weight % (Sn98.7Cul.3 atomic %) melting at 227°C. The melting points of these
standard industry solder alloys and the other alloys shown in Table 1 were verified by
measurement with a differential scanning calorimeter (DSC).

The choice of solder compositions is very limited for use as alternative alloys

to the tin-lead solders that are no longer acceptable for assembly of electronic
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Sampl es were taken fromeach alloy nmelt and submitted
for analysis using a spark em ssion spectrograph.

wo pa7wsdonl sol der all oys were cast into snal | PEYS1087/000226

for testing of properties. The eutectic conposition
for tin-lead solder is Sn6l.9Pb38.1 wei ght %
(SNn70.9Pb29.1 atomc %, nelting at 183C, but the
convention in the solder industry is to refer to the
eutectic conposition as either 63/37 or Sn63Pb37 _
(weight % . The eutectic conposition for tin-silver is
ROt ABB e ré@nfY! 1eX8-6eB ARG B TS Wr atBLLLY goldering,
at 221C. The eutectic conmposition for tin-copper Ts
iBcl88ing@if,. Waves iagt treflow SORRriHLohRie®HsCwef] 2Bt 08 Bldering
227C. The melting points of these standard industry
applichsionsl [Thy somntbriiyecaeplable lahd-Gys solaetonthid #fdk&thhn 95% tin
were verified by nmeasurement with a differential
I8 Combintlor ArbnaHytwith ¢DBE)and/neoppei cEhohighet e Ipercentage and
C ositions is very limted for use as alternative _
hé@%%e"t‘%g f9peratirg ebie deaddiseessalder alkaye repultl iorageincrease in the
f el ectroni cproducts. Mire

| e.for .assenbl
oA R S Gseleiph 3508 Foderts, e Saesmiivots s coppe raceson
ri incl udi [ wave, and reflow
TSR R Bote bl cblifer et Vg %ﬁ@d@gle@ ygemponent
' In@diSe SRR i -free
tfgfigtt{rb?g cont ac}tﬁhrgrtg?}g t ha nfylél g&)ﬁlt%%%ﬁf%ferg %grﬁ?}nﬁatfl? 8?11‘1‘_3"T ed product
upelessarily with silver and/or copper. The higher tin
percentage and higher nelting tenperature of the
| ead-Hor detesingetheakbmparaties whte 6f cdPpdrNaieaaton Folt B solder
rate of copper djssolution during soldering.
CoRBHeRmiiptpd inhdaklaal.| eashpgrddert aliwye sompositipt i wiseHeated in a
tvvi ri q}g board, small copper electrical wres, or the
§

s Catiralisaswiiss tpof dhatimaintaineg Wsyem@na{agec @Ié' ythe solder at
i I it o t.h | der,. rendering the sol dere

O ot €. ot 87 3 SpRF i HESCHEE ch P diemreer ot 85 opm long

wa¥ Etps%[en(fgdsx%%éﬁtll'y%rﬁ QholddE 059 HE Solder pot. The suspended lower end

of the copper wire was dipped into a mildly activated rosin soldering flux, Kester

#186, to a depth of 10 mm. The solder pot was raised mechanically at a speed of 2
mm/second by means of an electric elevator until 5 mm of the wire was immersed
into the solder, immediately followed by starting the timer. The end of the test was
determined by observing the number of seconds required for the immersed 5 mm of
the copper wire to dissolve into the melted solder. The test results are shown in Table
2 for each solder alloy composition.

As shown in the above Table 2, the rate of dissolution of copper into the
icnown lead-free solder alloy compositions increases dramatically compared to the
electronics industry standard tin-lead solder. Solder samples 3 to 8, containing silver
as the main element added to the tin, were found to dissolve copper at about two

times the rate compared to tin-lead solder samples 1 and 2. This is the case even with

19



10

15

20

25

conpositions listed in Table 2, each sol der all oy
conposition was heated in a tenperature controlled

wa@dodes17pbt t hat mai ntai ned the tenperature of P€TES2007/000226

sol der at 3000C + 5C. One end of a copper wire
measuring 0.6 mm di aneter and 25 nm | ong was suspended
vertically froma hol der over the solder pot. The
suspended | ower end of the copper wire was di pped into
a mldly activated rosin soldering flux, Kester # 186,
to a depth of 10 nm The sol der pot was raised

e T L T .
WALR tHeNBlverisd8ducet qﬁ‘i‘éys 5l U.S%O%Jeﬁv%x}?é/s dd} %fsci gg 3ed Hl%grate of

tinmer. The end of the test was termne servin

B GRS copherSREANHS siliiftuie RefatObedodfe APPIEGIARY SBWED As one

of the copper wire to dissolve into the nelted sol der

dbjectivesdf the pubdent anvenshwntd redliadliee odt @IF thagbldep ke@position,

al l oy conposition. As shown in the above Table 2, the

expedmehisgéansiohed with dfe vopdew sitteo dohtenk wathnsdldadedmpessitions

sol der al | oy conpositions increases dramatically

oty gongstingofdhetincoppe sutepdubaseylley.andar d ti n- | ead

sol de Sol.der sanples. 3 to, 8, containing silver as i

the. sl of BiBtineampiol fesultsg,QnlY gypignal goprovement in
' | v, r_at..abo t t.i.pes.the rate.conpare

e SR oAl BB e P et Th digiEB da aout 015

W¥ight Y LS adil tid QRpdedC i t

colggo?i tions, as sého&% vﬁdt sar?p glslﬁlgftegfgé Orb%}feym\}%gﬁ copper

difhaiohy eMowevdrEBidaRth hiti@ssSto! iR BoldePMAS drd kAR 16 $mprove
9 and 10 does the rate of dissolution of copper from

thhewatiys tabilite «futhkasdddreinoamscapP Hec b |syrfato wkion/property of
one objective of the present invention is to reduce
hisrauibost of the sol der conposition, experinents

continued with the very low silver content with sol der
conpokhe pédition ofarekel| tythe srldes toompositiony avithiont dleg pddition of

eutectj c base alloy. _-The addition of bismuth jn sanple
SIS FORIES A 7 45 nA B0 W S ECRa in the raie bF Gopper

dissolution. Sample 14 is an example demonstrating the minimum nickel that has

any effect. However, sample 15 with the higher amount of nickel resulted in
approaching the low rate of copper dissolution experienced with the conventional tin-
lead solder. Copper-nickel alloys are a metallurgical example. of an isomorphous
binary system in which only a single type of crystal structure is observed for all ratios
of the components. Copper and nickel combine to form only a single liquid phase
and a single solid phase. Therefore, copper and nickel dissolve in each other in all
percentages to form a solid solution. During soldering of a copper surface with a tin-
copper solder containing nickel, the tin in the solder composition will dissolve some
copper at the surface of the copper substrate, and, because the nickel-copper solid
solution melts above 1000°C, a nickel-copper compound is formed as a barrier on the

copper to prevent additional dissolution of the copper.
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the rate of copper dissolution. The solubility of
copper in bisnmuth is about 0.15 weight % at 2700C and

wo s00enpEct ed to have mnimal effect on the rateCcD{S2007/000226

copper dissolution. However, bisnuth additions to tin
sol der alloys are known to inprove the wetting ability
of the sol der because of the |ow surface tension
property of bismuth. The addition of nickel to the

sol der conpositions without the addition of bisnmuth in
sanples 12 to 15 al so shows sone reduction in the rate

f di lution. S 14.i ; I
GermonBE BEFRG AT o 81 (SRE L SARgeay Fcp 21, e
it , ' . I
%%@gyg m&hlaﬁld#ugﬁel %gs %%&?&tw@ﬁﬂ‘&‘%g%gg ?E&&% the copper

I'n approaching t ate 0

SRR oMl R BAPSIIMRNARLEF Mistalitt e anysit j<odlut it WeRH: %, so
sol der. Copper-nickel” alloys are a netal |l urgica

t8¥ HTRhethOiddiibr &RHTHAN QUSeihd 2% YtoSthet it dppentioskpoditior is not

a single type of crystal structure is observed for al

axptited t@festilhn apnpestelitzstiorCopkim anohiglit bkeekperderoed evithchigher

formonly a single liquid phase and a single solid

gwheunds offhiematho lRowevsppbe selmbility ekedppdi mskismuthi i oghcdbout 0.15

oLheroin all%fercentages to forma solid sol ution. .

wrighhge 8bRdR1G-nige grormat 3yye rsoldsr rigmpergiurs for splHewpp glectronic

sol det contai nin ickel, . the tin in.the sol der

Biratess e AP e St 1 e G BickiPeciibsr Shppgend on the
f e St. . .

FopkorutRRChRte” Pidlfin Al BB IEE 5 s of reducing the

UKL lenSORBE theCOMRPHASY ESnb&itiR as a barrier on the

copper to prevent additional dissolution of the

CoppeThéSel&dtdwitsf Hdus®y digdses abgpligsptbtiord fhaB§P&Edndhid¥ on the
sanples 17 to 21, the conbination of bisnmuth and
apipekrahceacf soldgtjpirgs.s tCaapdryd to tigr saanballyr ledgle esmbeth, and shiny
copper dissolution rate. The solubility of bismuth in
apprarance2sin-tead solder jointsyiiegriovan legd-fielssoliesnbiy their crystalline
addition less than 1 weight %to the tin-copper . . .
r&w}:ﬁ@gh@qﬁbwltﬁ @ frpsty or dull surface caused by precipitation of tin-silver or tin-
copper intermetallics during solidification of the tin alloys. The specific gravities of
these intermetallic crystals results in their rising to the surface of the solder to make
the surface frosty or grainy. This visible grainy surface is also a sign that the grainy
structure also may exist in the solder composition matrix, a potential mechanism for
cracking of the solder joints over time with thermal cycling of the electronic
assembly.

For this test, a deoxidized copper coupon of dimensions 50 mm x 50 mm x
0.3 mm was prepared by polishing the copper with #1500 abrasive paper, washing
the copper coupon with alcohol, and then heating the copper coupon in a furnace at
150°C for one hour. Precisely 1.0 gram of the solder sample was placed on the

copper coupon, and then 100 micro liters of mildly activated rosin soldering flux

(Kester #186) was placed with a micropipette onto the solder sample. The copper
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expected to result in any crystallization problem as
m ght be experienced with higher anpbunts of bisnuth.

wolonevgr775 t he sol ubility of copper in bismuth PET/U81097/000226

about 0.15 wei ght % at 2700C, the normal wave sol der
tenperature for soldering electronic assenblies, which
allows the nickel to formthe nickel -copper conpound
on the copper substrate surface. Bisnuth additions

al so have the effect of reducing the surface tension
of the solder alloy conposition. The electronics

c‘gﬁ%%i%vé% 83t ohis 4 PR Meiparilied SRkl 2lpig s
Whig e S&H@Pmt?@aﬂﬁ%gwaul@gg@%ﬁ 30 Bogfer olipdiE Al coupon was

der jornts ers
rSM%&ﬂ'dﬂo%d%t &Hof 16 @bdrd! thin tpraH}e 5(25*@)3ta)id Qﬁe ‘E’éﬁull flux residue
surface caused by precipitation of -silver
rbinBo&PReth dléthel. nwhabbsrﬁaldﬂaﬁpem@nwa dﬂefsoﬁailﬂed rsomkr isv@corded
tin alloys. The specific gravities of these-
inflablerBet al | ic crystals results in their rising to the
surface of the solder to nake the surface frosty or
grainy. This visible grai ®MABlEBace is also a sign
that the giRsf¥tishppedrine HiROSOMIfieX Bsldet Sufte Sol der

CRIEFOST tT O TRk, & POt ENntipl MECITERLe b 1 OF  Cracki ng
ebmiih € sol desider Qe S over tine wit hsdideesummé cycling of

iNbrebee | @adjity Baing: | Qsssreatitl y.  For | Qually Ratigt || Ohsectatioxi di zed
coppefcoypon Jsh] &Iréhgdﬁﬁl ons—50mm X ::_)O Sk 03 T WaS
repared By pofg @I,—éﬁgcu@ene Copper W ithn #kpbldh abrasive
paper wasini ng Dﬁnemm;oﬁ@@r couppn w th EllCﬁ/&S}l@b,gramd
[ hen heatisng t heulcogpssty coupond | n_a f un cgstaling graduz0 0C
fob ohe hdur. PPeiciogefogtyl. 0 grém of t he Coetbli
wa& placed on {Bd WpFSY coupph and t hépstline gguwer o
lifers of 4mil d] Quile °|fr9ﬁ§f ed r nc‘f' n_sol ded CHealng. granular
( |(\ <t pr #%?6)__\ u"»;vg Ungypl \l\l t ln g’;& m et Op: @g Il;}ge, 3 ?uj‘rar{ !nr\
Sojgder—salipre— gt i D} as— %W’m%é%ﬁ"ua;“ o0&
MOPT AL X5 UIT Y Bl dost © CUTIL 3 BT TEU Al ohdihlfne, some-dbwetting
12 3 Dull, 50% frosty 3 Crystalline, granular
13 1 Shiny, reflective 1 Smooth
14 1.5 Shiny, reflective 2 Small rough spot
15 1 Shiny, reflective 1 Smooth
16 1.5 Shiny, reflective 2 Small rough spot
17 2 Dull, 10% frosty 2 Crystalline, granular
18 1 Shiny, reflective 1 Smooth
19 1 Shiny, reflective 1 Smooth
20 1 Shiny, reflective 1 Smooth
21 1 Shiny, reflective 1 Smooth

The quality ratings in Table 3 are based on the overall shine and texture of the
solder surface. The shine varies from completely reflective which is a rating of 1,
down to completely dull or frosty which is a rating of 4. The amount of frosty or dull
appearance of the solder surface becomes a spot or spots of increasing size as the
rating goes from 1 to 4. The solder with the best rating of 1 is equivalent in shininess
and smoothness to that experienced with the standard tin-lead solder Sn63Pb37. A

rating of 4 is completely frosty or grainy looking and not acceptable for quality
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When the solder nelted and spread out onto the copper
coupon, the coupon was renpoved, allowed to cool to

wo owmosegnper at ure (25C), and the rosin flux reBCTIUS2007/000226

renmoved with al cohol. The cosnetic appearance of the
solidified solder is recorded in Table 3. TABLE 3
Cosnetic A earance of the Solidified Sol der Surface
The quality ratings in Table 3 are based on the
overall shine and texture of the solder surface. The
shine varies fromconpletely reflective which is a

ilgxateicggn t%Ild ]r'eliag)(i)l‘ Y. L ectg%lreetoq{z%n?rlﬂlih% ;i;sr t(l){ercg)ﬁstﬁ(/em.bﬁ&rance of

a ratrng o e amnount O ros

,ﬂg@%@&q?&g of the solder surface becones a spot or
spots”of 1 ncreasing size as the rating goes from1l to

4. Theuseh 484 foMnkatiod BE 1RERdek 36inPn @bpPeristbik ¥akRBS, the tin
i n shininéess and snoothness t0 that eXperienced with

ihhkBe sdlaadantbdsitionl walddissll wledonseéoppes fromAthe atiifAg:. Ofheltin in the
Is conpletely frosty or grainy |ooking and not

mbdee phabéalifyodiswled cappenwthche dormaatdnrafl 4 hlyr-hielting Ehnperature
texture colum rating is_the observed appearance of
RRE°G)rtirsc9pRer entectiv epmpesitiaa. f Baeyar¢rosirusture isengiglh @€ ghe copper-
Joint on _copper substrate surfaces, the tin in the i
%bm%rm%% semePeRd Grissnscieedst Feniaiogeg e sr@laHaOPﬂ%aﬂes of

f The tin in the sold eadi |y.dissalve. .
B8 splFTen e ettt St aEE Y iecRRiiBtipn point
J% 3L ition. Th
B By D AR AR e pper t1 1 1 ntermetal 1 c

conpownidn Cbiding SR em-leantsdldeedsampRE 1.h8) ghddithe copper tin
boundaries of the solidified tin. The solid solubility

iafer@e@Ry CugBisiformas bthees dhe soliécaid o @ppat sitPale, the residual
very | ow (about 0.006 weight % . Wen soldering with
leadh-(Pendn stbk delddrs emppasitioh, f@ms asbarhier coppevertt i further copper
dissolution by the tin. Most electronic circuitry and component termination
metallization is designed with copper dissolution considerations. However, as
printed wiring circuitry becomes more fine-lined or when very small copper wires are
being soldered, the dissolution of the copper becomes more problematic.

When soldering with lead-free solders, such as tin-silver solder compositions
(samples 3, 4), the combination of the higher melting point of the solder alloy and
much higher tin content compared to that of the tin-lead compositions, results in
much more rapid dissolution of the copper surface. Upon solidification of the tin-
silver solder, the silver is present as tin-silver intermetallic platelets AgizSn contained
in the tin matrix. Reducing the amount of silver improves the appearance of the
solidified solder. There is no residual metal barrier formed, as with tin-lead solders,

so copper continues to dissolve into the solder, and will also migrate under solid state

diffusion after the solder solidifies, resulting in brittle, failed solder joints.
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intermetallic CugSns fornms between the solder and the
copper surface, the residual lead (Pb) in the sol der
w@eooposi7rs on fornms a barrier to prevent furthePCTUR®ET/000226
di ssolution by the tin. Mdst electronic circuitry and
conponent term nation netallization is designed with
copper dissolution considerations. However, as printed
wiring circuitry becones nore fine-lined or when very
smal | copper wires are being sol dered, the dissolution
of the copper becones nore problematic. Wen sol dering
W th - I -G o | Na1sd kver :
cormpasfRilop i I CER LIS ER (bR Rafl Thesr “pape mettes
PRIt BES 1 rBGudRE kY ralf ol IR oRBoH F 118 EPipePARATY GBing soldered.
hi gher tin"content conpared to that of the tin-Iead
AXIRRARILY] eRfucidge shd tsilvem contelt (sanmplesaBi @, di@)s odsuits dn further
of the copper surface. Upon solidification of the
rédutsibh Vierthe ahttenf copygersdibsodutions frpme then substratel n-Idje| adshition of
intermetallic platelets Ag3Sn contained in the tin_
bismuth XsanRdel i &) Egs littls impeened edfecken the ratgpt erppsr difeolution, but
appearance of the solidified sogader. .TherEﬁ iS no g h
the:additien ofpicke! (samplasy1 2 dpnmid, 1 s SVGR iR Sl pragynts, reduces the
solgers, 0 @ﬁfger continues to dissolve into the
Taig 104 EPPPeRAESR Y™ al so migrate under solid state

di ff 'a%ﬁyfh%ixttg (r%he; IgFlaeg ?)la.ﬁgclﬁpa?igk g g-lfei B&uctiofDH'thd HSsdittion of the

brittle, farle nts”Addi ng copper to the
Jﬁgﬁérsbdb\é?rﬁt_e,akﬂ@Y&nﬁiﬁﬁi%hﬁ:ﬁeﬁcorﬁainZ& ih @l CRIddr N@mposition will
t lig

ing point and s tly reduces the rate of
<Bii8ige lribe @ @btrixheitk appetetalic tanpolsl NijSa eboleiréog some copper
Additionally, reducing the silver content (sanples 8, )
iR,a i6l)d selatibn.s The fiomidkel-coppdu coinpauwid prévipitatesealong the grain
copper dissolution fromthe substrate. The addition of
Housdaries ig Swntin erystals, fesehyiredycing thesireapdespbigdauegerpyth of the
rate of copioer di ssol ution, but the addition of nickel
tmseappresytels- 13 14, 15), even in snall anpunts,

U P uEORRE BB I R e
sg}n%f'emlut {)v‘?tﬂ ﬁfe {'egglt being a significant reduction in the rate of copper
dissolution, but not as good as sample 15 with the larger amount of nickel content.
Adding bismuth or nickel to the solder compositions containing 0.3 weight % silver
slightly improves the appearance (samples 11 to 15), and the combined addition of
bismuth and nickel (samples 16 to 21) further improves the appearance.

A further observation during this melting te;st is that the additions of bismuth
and nickel to the primarily tin-copper compositions had very little affect, if any, on
the wetting or spreading properties of the solder compositions on the copper
substrate. All of the test samples wet out and spread on the copper test coupon,

indicating the low copper dissolution rate of the solder composition of the present

invention does not affect the soldering ability of the alloy.
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copper substrate, the remai ning nickel contained in
the sol der conposition will solidify inthe tin matrix

waowdo/osyrer netal | i ¢ compound NI Sn cont ai ni ng BOMES2007/000226

copper in a solid solution. The tin-nickel-copper
conmpound precipitates along the grain boundaries in
the tin crystals, thereby reducing the size and
subsequent growth of the tin-copper crystals. Sanple
16 exhibits the effect of adding a small anpbunt of

bi smuth to the sanple 14 with the result being a

3: ggiof’hﬁ(?:ﬁ%g'tﬂf“% g‘%u&%‘é?“n%‘;égﬁrg%gr‘pg’??}tg’é‘%@g RE619 wight ge (100 parts
r . i . i -hi t
0 R Bl B RGOSR {ora RPN M g Sltuce of tre

YREGNL 0Shhiv8 walel SNETpYsdIMeHRVERCHING, BAPBFERADDE0 weight % is
(sanples 11 to 15), and the conbi ned addition of

bismitd cangd ddvedtghg (pallipg @ack @ftthe 2d)def)usi s copitr aveface, as
t he appearance. A further observation during this
egletiencedt with sasiplenal. tPespbiohus iconenbin bindead hr dimecopper solder
nickel to the primarily tin-copper conpositions had
cappositiqns| enly shightly, increages thegnte; ofedigralptigiyobthe copper substrate
spreadi ng properties of the so|lder conpositions on the
wipprafigtiag fhe wetting rprmer%%eoftté% goldergy] the apReaTase of e solder

R Pl BN S pS TR b SRR PG v
LY SRR N 00700 e s g o

CONPOSHE iAGE reRatik@bfe GikEowe) s He(siRCrgdict SRR of adding both
mllion) is known to reduce drossing (oxide formation)

Bismiutte agdl hickektoothet fe cospe @lllol o aviwuenthe datvayed@solatigh of the
sol deri ng machi nes, but over 0.010 weight %is known

tappen sggacgehyembrentdrad half] whige hisokimypirovihg tlsotabereticappedrence of
copper surface, as experienced wth sanple 11. i

thioslslenioiats.c Sheredt also atsignifiesatirednctianindbp penpes disgelption by the
gﬂ?gn%&%hi;{ogﬁggs? Q{" %@%&%gg%:n%grhgyg{ qeogispg?edt vl;]'leth r';haet ceon%fentional tin-lead

solder alloy. Additionally, as the weight percentage of silver is reduced from about
0.5% to about 0.001%, the reduction in the rate of copper dissolution is further
improved.

The present disclosure includes that contained in the appended claims, as well
as that of the foregoing description. Although this invention has been described in its
preferred form with a certain degree of particularity, it is understood that the present
disclosure of the preferred form has been made only by way of example and that
numerous changes in the details of construction and the combination and
arrangement of parts may be resorted to without departing from the spirit and scope
of the inveqtion. .

Now that the invention has been described,
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wi thout affecting the wetting properties of the sol der
or the appearance of the solder joint. Phosphorus
we@omesit77s n al | oys cont ai ni ng nore than about BCBUS2007/000226
wei ght % silver causes a slight increase in the rate
of dissolution of the copper substrate. The npst
remar kabl e di scovery was the synergistic effect of
addi ng both bismuth and nickel to the tin-copper alloy
to reduce the rate of dissolution of the copper
surface by nore than half, while also inproving the
%spgtciaqm%&),pear ance of the solder joints. There is
2808 %8l gni ficant reduction in the copper dissolution
by the sol der conpositions of the present invention
conpared with the conventional tin-|lead solder alloy.
Addi tyonal layieadi$reb B&d&e&o&tﬁosnﬁ,ﬁ%maaﬁﬁ% 02 t8i0.926 byiveeight of
reduced from about 0.5%to about 0.001% the reduction
doppt) ©.0081t6 0796 bp peight bBsickel] 0.08 té 6.08Us bherighnpf biwmdth, less
The present disclosure includes that contained in the
thap 01586 Uy eleightef siberleds| thas0.0 s tofweight diphegaiones, and the
description. Al though this invention has been
ioféd- in its preferred formw th a certain degree
of particularity, it is understood that the present
di scl osure of the preferred form has been nmade only by
way of exanpl th nu Qus changes. | .
ot ai P of 108 feeftee o Bier SHTBOTLOR RRRARE (o el whorein the
OERER R agg,y A\ 0 ;
%@Bg{]tl ng ??Igérﬁv i{aﬂ{eltagpl i%ﬁgﬁ‘%&égjé%%%&@?%g %}%\L?é%fjibg nv.velght'
Now t hat the invention has been described, What is
clained: 1. A lead-free solder conposition containing
. 0.2 tB3. 0. 9%hbYeadefi@oldet comppstion Bcdoeding 6 Oladi %, perein the
wei ght of nickel, 0.03 to 0.08% by wei ght of bisnuth,
nielssd content R115Within svsingh of bétweeh 06 beweighhand 0.00% 09y weight.
by wei ght of phosphorus, and the

C 4, The lead-free solder composition according to Claim 1, wherein the

bismuth content falls within a range of between 0.05% by weight and 0.07% by
weight.

S. A lead-free solder composition containing 0.2 to 0.9% by weight of
copper, 0.006 to 0.07% by weight of nickel, 0.03 to 0.08% by weight of bismuth, and

the balance of tin.

6. The lead-free solder composition according to Claim 5, further

containing silver in an amount not larger than 0.5% by weight.

7. The lead-free solder composition according to Claim 5, further

containing phosphorus in an amount not larger than 0.010% by weight.
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bal ance of tin. 2. The | ead-free sol der conposition
according to Caiml, wherein the copper content falls

wowvdohiosi7as r ange of between 0.5% by wei ght and BCT%s1997/000226

wei ght. 3. The | ead-free sol der conposition according
to daim1l, wherein the nickel content falls within a
range of between 0.04% by wei ght and 0. 06% by wei ght.
4. The | ead-free sol der conposition according to Claim
1, wherein the bisnuth content falls within a range of
bet ween 0. 05% by wei ght and 0.07% by weight. 5. A

| ead-free sol der conposition containing 0.2 to 0.9% by
wei ght of copper, 0.006 to 0.07% by wei ght of nickel,

0.03 o The T:/‘g%g | Bier P(%n?és?ﬁ%ﬁ &coﬁﬁlg%{d@laﬁﬂ a%@reﬁf the

tin. ee SO conposi ti accor

BoBitent WIfsRAkhif QRARICTBEtIch \085% by RARIBLL790% weight.
Ia?ger t han 0. 5% by IlV\r/gglght 7. The bgad ?mee sol defry 'gh
conmposition according to Caimb5, further containing
phosphorus in an anmount not |arger than 0.010% by
wei ghd.. 8. The ldaddtbefsobkler sohpesitigrpagposling trClaon §r dhergin the
to Caimb5, wherein the copper content falls within a
migkel comsentfallwethine smeegf besivgen O-8A% ay woichyande?-§ete bygweight.
The | ead-free sol der conposition according to Caimb5,
wherein the nickel content falls within a range of

eao- Fhee ABF It AS5iber FroRe deebr aorii & i 5y whefein he

G e M AT, B a0

weight.
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