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PCT/ AU98/ 00291 1 LEAD- FREE SOLDER The present invention relates to

| ead-free sol der conpositions conprisipg tin, bismuth and silver. These 5
conpositions are | ead-free solder conpositions that are particularly useful

in the soldering of electrical/electronic iggonents to printed circuit
boards. Typical solders used i E F I ndustry currently conprise
atin-lead alloy. G owi ng concerns over the use of |ead 10 have neant

that | ead-free alloys have conme under consideration for the electronics

I ndustry. An arti P f s ge solders" by WB
Hanpshi re whi ch ﬂ)éégf‘&?ntt A %niggﬁlrﬁgi\éaigoéﬁ?gce I\?b'gﬁt Technol ogy, No 14,
June 1993 prdb‘mﬁl@ﬁtnénh Icﬁimplflsmgtm,t bistratht amd) silved. eTtiesece sol ders. This
table is as foll ows: Sone Lead-free
Sol der &at eruosnmmhens are lead-dree soldemsampositiongghat are pagticularly Sh

Zn Qt her 0,05-3.0 0.5-6.0

0.1-3.0 Eur ysefalginsthe SOLEQQBS °fc§8RH8ﬁ?"le?e‘6’%'1'°1°%“pB"%‘étslt%
8-20 0-Quf P40 %@ 553 4,806, 309 1989 Wllard Indus 0.1-0.5

0.0

3.0-5.0 US 4, 758, 407 1988 J WHarris 0-5.0
3.0-5.0 Ty |cal solders used in @hé eleGtrohice- |ﬁd6stry curferithp  4.0-6.0
0-2.0 N US 4,695, WHarris 0.1-3. 0.1-3.0 0.5-4.0
0.54.0 Eur O:rﬂﬁnl;lﬁéh tln leamalloﬁn@mm concﬂaroswem the usesoblead 4, 670, 217
1987 J WHarris 4.0 UK,?2 158 459A 1985
IM  Yotkshi rhave meant tba’glquﬁrgg alloys h@)@pc‘B‘Z‘eBWB‘gg considaration far et al
0.1-2.0 . . _ . 37, 641

1922 the elec’gpglcg 'ngsﬁ'\% .ﬁnsartlcle entntieg “3’% g %quglr iegs ated in the

above arti Clged Bajdefs™ \Azt\AﬁBqllHﬁip‘éﬂir)é WhcrBgNeareatinT slderng ary el oped for
pl unbi ng app |cat|ons

Surface Mount Technology, No 14, June 1993 provides a list of

patents relating to lead-free solders. This table is as follows:

15 Some Lead-free Solder Patents
Number Yesr Company Ag Cu Sh Zn Bi Other
US 4,879,096 1988  Oatey 0.05-3.0 0.5-6.0 0.1-3.0
Ewr 0,336,575 1989  Cookson 0.09-1.5 0.02-1.5 0.08-20 0-0.1
P+0-0.2
Re
US 4,806,309 1989  Willard indus  0.1-0.5 3.0-5.0 1.0-4.5
20 US 4,758,407 1988  J W Harris 0-5.0 3.0-5.0 0.1-2.0
0-0.5 3.05.0  4.06.0 g:z.o Ni
US 4,695,428 1987 J W Harris 0.1-3.0 0.1-3.0 0540 0.5-4.0
Eur 0,251,611 1988 Engelhard 0.06-3.0 0.7-6.0
US 4,670,217 1987 J W Harris 0.5-2.0 0.54.0 0.54.0
UK 2,158,459A 1985  IMI Yorkshire 0.3-0.7
25 Jap 82 30598 1982  Aoki Metal 0.1-2.0 0.06-0.5 ‘0.5-1.0
n
US 1,437,641 1922 0.5-4.5  0.5-4.5 0.5-9.5

It is stated in the above article that almost exclusively the

above patents were developed for plumbing applications which



2 allow hi‘,&ggéﬁnﬁmerat ures than for electronic applicati ongcriifiobeaher
t enperature easily damage the electrical conponents, especially

sem conduct or devi ces having no heat sink protection. Also, alloys with
sone pasty range are usually preferred il the 5 maki ng of pl unbi ng
joints, while electronics solders have nuch shorter pasty ranges. The

aut hors ther efapg PW"t,bm'derﬂﬂ}tB&ftthtfbﬁbleftﬂbbrﬂ& dppications. Sueter s woul d
y

substitute success Inthe electronics industry. The article | ooks at
vari ous eut ecthigiserofeniperaturas! wilbeasity damagssthe ¢leatridal mormpoenentgs. 10
A nunber of other patents have been granted for |ead-free solders. For
exanpl e, Uni t @spsctllysemicepdustaraipviges havindoredest ik pretestioRent sol der

al l oy contai ni at .| east. ,about | r ' ut 50 wei ght
percent Sn (ba@gg' aliowy wath 53&'38$§)s,t\¢§'1r?§5§n£§f&ggul\&éreggrr@ﬁéﬁ ngp 8a physi cal
and nmechagpi cal ; ing i NGJ ' 86rY havéenlidi r d
corrponen?qcan rggﬁ'@g‘,%ﬁ%‘P%ngr{gﬁﬂ%‘hﬁ”ﬁgt%lgﬁggg@g}ﬂand A?;. United States
Pat ent 5, 320, Zhortbr3dstg eanges.eThet authiors theledgre thavighy i donibdfusl connecti on

for bonding faying surfaces forned of a tin-bisputh alloy conprising a
tertiary netalthatapyxd the abeymseldessyweuld subissitutersucsassuby it hei ng gol d

h ' . . T | ' f o] i b
fo 68 vei ght MscEamicnieaieRy. 1the Srkidagtis frPefbRE R teT bRt Rl g | oos
t han 30 wei ght IB&EC!ﬁﬁtdigﬁwigéé?:""{iﬁ-rbiéfhaﬂ\ gﬂozg.l ght percent bisnmuth require
% eflo at n

relatively hig w tenperatures t tend to damage 25 ot her

connect i@ conponeni siinibercef byhdropatdnts haveibeencgranted foc lquabkfrege. Thi s
patent discloses applying the terti ar\é netal to a fayi nﬁJ surface and
thereafter a dwiderst kgr example dnited States Patent 5.368:B 1 Acdiselgsesd fi |l m

United States Patent 4,879,096, discl N - f d .
an!t i mony-free @Hftlj%?"@(?ﬁﬁ!?; ispfﬁl%ygéf’e%@afﬁlpsg’géer%gﬁ?gﬂ gg ygight

percent Bi, up to about 50 weight percent Sn (basis total Sn and
Bi), and an effective amount of a physical and mechanical property

15 enhancing third component. The third component can be Cu, In,
Ag and combinations of Cu and Ag.

United States Patent 5,320,272 discloses an electronic
package having a solder connection for bonding faying surfaces
formed of a tin-bismuth alloy comprising a tertiary metal. The

20 examples show tin-bismuth alloys containing gold as the tertiary

~ metal. The alloy is stated to preferably contain about 48 to 68

weight percent bismuth. It is stated that tin alloys containing less
than 30 weight percent or greater than 70 weight percent bismuth
require relatively high reflow temperatures that tend to damage

25 other connection components typically found in a microelectronic
package. This patent discloses applying the tertiary metal to a
faying surface and thereafter a deposit of tin-bismuth solder paste
is applied to the film.

United States Patent 4,879,096 discloses a lead-free and

30 antimony-free solder composition which comprises about 0.05 to



about 3. O websg/gsees by wei ght of silver, about 0.5 to about 6.REFAPEARYy
wei ght of copper, about 0.1 to 2.0 percent by weight of bisnmuth and about
88 percent to about 99. 35 percent to be garticularly useful for joining
copper tubing, brass pipes and fittings Po be used in plunbing. United
States Patent 4,929,423 al so discloses a |lead- free alloy for joining and
seal i ng whi ch sboutOupersens by weightgotsilvess aheiugi0-8otarbawt6 d’om 0.08 to
20. 0 percent by wei ght

<1 ver . 1 om (argons By WeIaE AT S8PRAtr SRPULO-Aribeift PREESTE by Rpidht 01,

t f |
Phci dental | mithigih el 8b40f 88 flotcRfie 18 AR 99198 paray Wrdight
traditional tidyfigad aahigusuﬁmsﬁaf shishpdtentasestatadcto be particutaniyent al

and health reasons it would be an advantage to use a |ead-free solder in
el ectronig appisefal farmsinihg coppled tubing, byass mnndgj&tmsmbﬁ 4s8€| der was

able to be used with _existing chin /Sn oys. _The present

i nvent or s havanM'BEOM'W? éﬁ'%/e(% fg(éﬂ(;ggﬁb?lﬁﬂ I&% eR@1e8" used i n
el ectronic ap i ca reis a lead
free sol der cor‘?ﬁ%? I?Y&ﬁr\;ﬁﬁﬁﬁ gggg‘;e%g?&conﬁl nelf'n%efr"rlgg%b@g[l‘%m?onposi tion
conpri si ng: Zos&dépv@ﬁcﬂ%b%ﬁﬁééﬁr%nﬁ)dgﬁtooﬁ’@% peecerit: YL weight %o copper
0.01 to 4. 0% antinony the bal ance of the conposition being tin. In another

enbodi nent t hebiprraRnfrom\&0R tn 1p6 percerst by weighttof dpperefrent 0:@1sol der

conposition suitable for application as a drop-in Ttoéacement for lead-tin
sol ders 1@ t hetoefl &:Pﬁmfﬁsb\{ Neright QféﬂMehaf\'/’Pﬁboat RETSRMRY r ange of

163-198 C, t 7% bi th
100 Lo 5 004 5, VeMbRRoa, TR 120 HeBhEs s 8 SE 700 Snce
being tin, a”dmm%é a'ﬁdsﬁ'iedbﬁlﬁﬁ'ee%iﬁ 't%@eﬁ‘?@fs\nﬂﬂ’\t wﬁ:‘iﬂ‘érﬁhﬂuﬁbﬁh’ubk‘m Wher e

the terns COI'TpI’I se I SeSs conpri sed conprising" are used in

this specifi CaThi%rhlldyhBas aréin‘t:hrkpﬂswm'angle ebetdeasad;lpenaf tindgad he presence
of the stated features, integers, steps or conponents referred to, but not
to precl ude thplumbing solders.

15 For reasons such as environmental and health reasons it
would be an advantage to use a lead-free solder in electronic
applications. It would also be an advantage if such a solder was
able to be used with existin_g machinery used for Pb/Sn alloys.

The present inventors have now discovered a new solder

20 composition which may be used in electronic applications.
According to the present invention there is a solder composition
comprising: | |

15.0 to 30.0% bismuth,
1.0 to 3.0% silver, and optionally comprising O to 2.0%

25 copper énd 0 to 4.0% antimony and incidental impurities,

the balance being tin.

Where the terms “comprise”, “comprises”, “compriséd” or
“comprising” are used in this specification, they are to be
interpreted as specifying the presence of the stated features,

30 integers, steps or components referred to, but not to preclude the
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4 presencew?,rgsﬁ%ggtion of one or nore other feature, integerpcikepso2o1
conponent oOf group thereof. The conposition of the present invention my

i nclude smal | anounts, typically |ess than about 4.0 percent, of other
all oying 5 agents to enhance nmechani cgl properties. Such optional agents
may include, for exanple, gallium The solder of the present invention is

| ead-free ot heprdsBABe ¥Maddiieh WiidHe b muresaher asaturdlinteges.stepmer ci al |y
avai l abl e bi snuth may contain m nor anmounts of |ead a bisnmuth is found in

nature i n conbcompioaentot igroepdheneofi s usually in 10 very | ow

concentrations, in the order of a few p'pm The so| ders of h%épre ent
i nvention may be fof he#omPesitipRiQfy e&%ﬁ“ﬁl"l“fﬁﬂ“%@ﬁ%%@i“ SH'a xture

they may be applied. as, a. t el of a
printed circui 5"‘8(‘5'&?% W&"gagﬁdﬁg%qgﬂ{’gr%ﬁ{c ) ié%rgrﬁgg’répég?%galﬂﬁénci I
simlar tg si '%@iﬁs%”érm’arﬂfe Aechanibhl PréBértics TBSLEN optivhat ageass t i on of
the present invention may al so be forned as an alloy. Soldering is a | ow
tenperature, gamsriaclude; doeexabiple, cepeer, anginuery podfomgaliiuocedsa Low
tenperature and reversibility are especi al I% i mportant in electronics

appl i cati ons berefegedsmbedinent thengalder af $he pyesentdinyentiopdnabdessity for

rewor ki ng and repl aci ng_defectj v 0 nents. A solder.co 1fon used in
el ectronics fa rﬁ%cg% 8&7"%5?“#?"&%? g@%@'ﬁﬁ“&“!oﬁd&”&ﬁ'&g‘g’gﬁa{ H?:R/e at

| east on conpo I fo0g i QﬂHF lve, thermally
stabl e, non- br??'talb(ra,E’?gﬁggt??gcgqtn@grghngtggﬁgiléc%c\'/:‘ﬁe% (tyﬁeelr?)tggﬁor Ifaér? 25

metal | urg@. FowHidlefepresents infpuritisss. Commmerciallylevailableyisishuth been

| ead- based al l.oys, as Sn-Pb all oys 5 Al though alternatives have been
suggest ed for oidyegontain minor amounts of lead as bismuth is found in nature in
combination with lead. It is usually in very low concentrations, in
the order of a few ppm.
The solders of the present invention may be formed as a

15 mixture or an alloy. When used as a mixture they may be applied
as a paste to, for example, the surface mount of a printed circuit
board by hand or automatic dispenser, using a stencil similar to silk
screening or by direct imaging. The composition of the present
invention may also be formed as an alloy.

20 Soldering is a low temperature, generally reversible,
metallurgical joining process. Low temperature and reversibility are
especially important in electronics applications because of the
materials involved and the necessity for reworking and replacing
defective components. A solder composition used in electronics

25 fabrication muét be wettable as a solder alloy and have at least one
component capable of forming an electrically conductive, thermally
stable, non-brittle, plastic intermetallic with the pad or land

metallurgy. For these reasons the most common solder alloys have

been lead-based alloys, as Sn-Pb alloys.
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applicati owe 9sdsisoas pl unbi ng applications, Pb/Sn sol ders arRCHAS98/0e9ON] y
used for electronic applications. Pb/Sn alloys have a | ow solidus
tenperature, they are workable and the resulting Cu/Sn 5 intermetal lics
(formed at the solder/Cu contact interfa®) forms over a wide tenperature
range, good adhesion of Cu/Sn internetallics is obtained from Pb/Sn all oys
to Cu | ands and padAlthoughplteraativesnavecheen suggastead/farvefhenbl e and

adj uncts such as resjns, fluxes an%ésol de[[;'l m. xes éﬁ{ Pb/ Sn al |l oys are of
| ow cost. 10 apnlicatioss84ciupy AlYMbingpRPLSatIRNS RS goIasrs gre st ng

Pb/ Sn sol der a] |.C . | S pi N ess" or
plasticity of ?%’ﬁﬁ%ﬂig‘ﬁ%@ﬁdéﬂéa@ﬁ%’ so@g%aﬁ%qs?t ﬁé?sp'& g@é’xgq{aﬁeﬁt I on has
many of the abgpye sBhgRE témparifire tHBKard Wwotkabid akd the eBbakmigeCu/$er Pb/ Sn
sol ders 15 in electronic applications. A particular advantage of the

sol der ofbt he interseetallicsvfforrmed atsthehsoldet/Cuwgobtactdpterface) fodmsp i n”

repl acenent for existing Pb/Sn solders. A disadvant ag*e wth other |ead-free

sol ders whi ch ®¥&lea MUER teMmpRTalider @ANGs), 89odoadhesipn afced(Shs | 3 tha’:1 tEe
I sti hi d f Pbl S | 20 t ith t

oxl St 0 T e Bl 8o A PR B85 A oy B IS AR et L

used as a diregg 6%%%5%(#\#?%& '??4&1’1%}' é@&ﬁaﬁl@edrﬂf 9?@2%’_@59&!?%53(1“' prent

repl acenent costs. Most he previ ous suggest ed ree sol ders do

not behave |i keesirg)\fludesomad sBldesrmb@sdior PhyiSmali®gaaasof fowhsdst. 25
mel ting ‘FOi nt,_ pasty range, surface tension and wetting ability. The alloys

of the pt@sent Thewvelatively vy teamerasiedeauisad for guacessiag b/Sn sddenr mance
of the solder jpint. The solder,conmpositian of fh regent inventign is
Gesi gned to- haABYEE REREORT R BBOTaN L as 1o e S5 itassera RbSHEmdh i de 30
reliable sold HG uired by the electronics industry. 6
Lead-free tinqgﬁpg¥§kﬁéggdéﬁgo been proposed to be plated onto el ectronics

conponents to repl atke geidérdé thd pasEenit inVé@ion has many of the above
properties which make it a suitable replacement for Pb/Sn solders
15 in electronic applications. A particular advantage of the solder of -
the present invention is that it may be used as a “drop in”
replacement for existing Pb/Sn solders. A disadvantage with other
lead-free solders which have been proposed for electronic
applications is that the existing machinery used for Pb/Sn solders
20 may not be used with the Iead.-free replacements. The composition
of the present invention may be used as a direct substitute for
Pb/Sn alloyé therefore avoiding equipment replacement costs.
Most of the previously suggested lead-free solders do not
behave like conventional Pb/Sn solders with regards to their
25 melting point, pasty range, surface tension and wetting ability.
The alloys of the present invéntion approach conventional lead
solders in performance of the solder joint.
The solder composition of the present invention is designed
to have good wetting and surface tension properties to provide

30 reliable solder joints as required by the electronics industry.



coatings. The solders of the present invention are particul o for
use with SHOHSMEMA-free tin alol oys. 5 A gol der mejlédt %ass&n‘%lny
specifications and therefore the ability to vary the alloy to tailor it to
the specification required is an advantage. Specifications typically refer
to sone of all of the follow ng: . - nelting point and range; 10

creep resistance; *L?ad-fretare{ﬁ gﬁwscbhggiﬁ 9?5{3{?}5?“& to be pRited! e test; .

and * el ectrical prop I es. I gures for each of the
above may var yodto0sTee@BRAIdsycdmpdhents totaplage aoerehtiynused pioxlaadon to
corporation. The solder of the present invention may be adjusted by varying
t he conponent scadtirdse Theseddersmf. therrresent inuergisimere pastigdanyj ust ed

bet ween a m ni num of about 1 55[err and.a paxi mum of about 230[err]C.
| ncr easi ng theuﬁﬂfﬂbfﬁrt‘i‘%"‘ﬁgh Ei"émﬁ#frﬁe?tt%a B¥Position I owers the 20

mel ting int. The Rr ' i : e ' \d1pr oved
wetting, .pgur face teﬁsﬁﬁgpﬁm’%ﬁipﬁg&gﬁéﬂ\, %ghgﬁﬁ%?@gts%ﬁq %&?gﬁ'f]’%&p

conposi tion. |g6GiRAE Veary fife BIIEYe6 ttalldr Ritosthevspedification coqpived is an nar r ows
the nelting point range. Addition of up to 2.0% copper to the solder of the
present 25 adwentagen Spehitieationsetypically efento soroe of allbpbthe tin
internmetal lic | ayer, between the solder and a copper substrate. Addition of
up to 4.0% ant {a¥8MINGiproves the high tenperature perfornmance of the

solder. 5 . : bl just the nelting points of the sol der
of the present i nvemeln(ﬁg %&;Atbéeﬁdug%}%q I n nunber of application. For

exanpl e, 1gsi ngs @ al f@epWeisistanés atively high nelting point. Further
conponents can then be soldered on to the sanme side or the other

. thermocycling performance;
. tensile test; and
. electrical properties.

The individual figures for each of the above may vary from country
15 to country and from corporation to corporation. The solder of the
present invention may be tailored to meet the above specifications
by varying the components of the composition.
For example, the melting points of the solder composition of
the present invention may be adjusted by varying the components
20 of the composition. The meiting points may be adjusted between a
minimum of about 155°C and a maximum of about 230°C.
Increasing the proportion of bismuth in the composition lowers the
melting point. The presence of silver in the composition gives
improved wetting, surface tension, wicking and the ability to flow
25 to the composition. Increasing the proportion of silver in the
composition narrows the melting point range.
In a preferred embodiment the solder of the present
invention further comprises from O to 2.0% copper. Addition of up

to 2.0% copper to the solder of the present invention reduces the

I
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si de of tRpopsgiseeed circuit board with solder having a rel atRGRAYIS/RE 10
melting point without first conponents falling off. For |ess tenperature
sensitive conponents a higher nelting po'bnt al l oy may be accept abl e. _
Therefore, the conponents of the conposition may be varied to reduce cost.
A further exanple of when an adjustnent in the nelting 15 i nt of the
sol der may be fommationnof &<oppen thbtntal'meﬁi%IlﬁYQfgb‘Fty"‘E%'é@‘?iﬁP% ﬁrﬁg

manuf acture of a printed circuit board. In this case, the solder may becone
cont ami nat ed v EAPEBHEEPSHAW t he board' s surface. To increase the iife of

the sol der pot, song gqq@g@f@k@ﬁ;@@%@@[@é@ﬂ%&xab%w& 6P HR presdntd

t enperat ure of between In such a case it is

desirabl e to agiEstiohfartieridonspiisesfrom O te 45006 antiswonhataddition ody be
done w thout |osing any of the solder. The sol der conposition of the
present iBventaptoak.0% sxitithony iniprovesthe bigh temperatre pesfoymange
particularly useful in joining integrated surface chips to chip carriers
and subst r at esof the peid§fed 25 AVENDED SHEET (Article 34) (1 PEA/ AU) 8

clrouit boar ds, | of SO0 BUIIF the HeREPBARRE DT the ek 6F iR i oati o

| ands and pads in nmu circ oar ds ol ni ng conponents

with I eads to phmeRt imiéticn htay beu@afd iana numbergst dpplications.5Fdhe sol der
conposition of the present invention rmay be applied by any nethod currently

used in el ect r exarapleaip meais that, themoldenoph dea used impadifferemtialay be
deposited onto electrical contacts of a pr . Th

i nted ci it. | d
conposi t 18n namage. afpmegomponepis Ay by "Iﬁgqgresdg{’é@“?r@ !“tﬁgt‘%g(flf'?r

| evel I'i ng, wavg so] der depositi it | -a_sol der
paste or as soSB%r_rJ %‘HI ?’?'R?%e u?@'?%gﬁ aryé’?t ‘gﬁﬁﬁ d ang%é P%‘ B@aﬂggng a
stenci |, direch,girSHER#hEcHhpBhbRts chiRBkAbe SHRicréd On tAthékamede

el ectropl ated on to conponents. The followi ng exanples in Table 1

i |l ustrate thesigel srethecothmside ofithefprintedissudhboafd witmeoldardravingl t he

exanpl es shown in Table 1 contain 0.1 % anti nony. . .
a relatively lower melting point without the first components falling

15 off.

For less temperature sensitive components a higher melting
point alloy may be acceptable. Therefore, the components of the
composition may be varied to reduce cost.

A further example of when an adjustment in the melting

20 point of the soider may be important is when hot air levelling is
used during the manufacture of a printed circuit board. In this
case, the solder may become -contaminated with copper from the
board’s surface. To increase the life of the solder pot, some
copper/tin crystals are typically removed at a temperature of

25 between 193 to 195°C. In such a case it is desirable to adjust the
melting point of the solder so that this may be done Without losing
any of the solder.

The solder compositions of the present invention are useful
in all electronic applications but are particularly useful in joining

30 integrated surface chips to chip carriers and substrates, as printed
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Mel ting poﬂﬁw@e measured with an RTD pl ati num resi st ancgdheassnpsser -
I'n

Exanpl e ot Silver %t Bisnmuth Melting point (0C) 1
75.0 2.0 23.0 170-190 2 84.0 1.0
15.0 198-230 O 3 6980 1.0 30.0

194- 206 4 68. 2 1.8 30.0 172-188 5

71.38 lcipeuit boards, jdihifg chlp carriets 4o Jéilﬂbs&ates, joining 74 2
24 165-186 7 24

163- 198 25 Thecmemmsn'gonpéarrds aa%@@disnntrn@ltatawewme@ cirguitheogrgdst y range of
th | d f t abl t | |
bre shown | n TaBR&SRING.eoTBRENEs W arE ARl BAutehetel divesd: Rgrﬁ ‘i’éég

32?5(3”1” el. OB/W Tin TP{%'t oglérvc%mpd@ﬁlgﬁ' Wpre%g@%?&%‘ior/%af?&' mony 9

23.0 5 8pplied by any métlRod turrently uskd3in elecﬂro&ncs apphcatﬁﬁ\sﬂ

0.5 0.4 5 12 69. 8 1.5

1.0 13 7freexample. nt)ne composltlgg may be deposngad; onto electngall 14 _

77.6 1.8 9 d Z_h E 1.8

20.0 ¢optacts of a printe 1‘6'°”"‘rh 2l -’7‘%393 ‘6%‘89%"?%"6?" e invention

I's designed asg Qﬂ"fj‘!@fb"&*{rﬁﬁ q@;:[:pén& o e v&gggg&g{'? &ﬁﬁg sol der when

a lead free pro 'S requ pecl conposftlon i's

desi gned to beeléetrd dépdsifibis, wmmm@r& @@sard@élms Vithé BoRjepVi des a
nunber of advantages such as the ability to use the alloy conposition with

convent i bQal epastencan be Iamplledd.wplllsngta“nstemnt dirgcpdispensing 6r diregth t hat

the sane fluxes and s e aste tituents can be used. In addition, the
alloy has a goﬁﬂaﬂ'ﬁgr%ﬁ/ Ylé‘raﬂ E’ﬁaﬂ%‘%"rPH'ait%qna?ﬂgﬁoPﬂ%@rES to plus

1_25 The following examples illustrate the solder compositions of
the present invention.

Meilting points were measured with an RTD platinum

15 resistance thermometer.
Example | %wt Tin | %wt Silver | %wt Bismuth | Melting Point (°C)

1 68.0 2.0 30.0 165 - 185
2 75.0 2.0 23.0 170-190
3 84.0 1.0 15.0 198 - 230

20 4 69.0 1.0 30.0 194 - 206
5 68.2 1.8 30.0 ' 172 - 188
6 71.38 1.62 27.0 174 - 195
7 74 2 24 165 - 186
8 73 3 24 163 - 198

25

The melting point range in the above table is the pasty range
of the solder.
Examples of suitable copper and/or antimony containing

alloys are as follows:
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variations and modifications will be possible thereto without

departing from the spirit and scope of the invention.
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appl ying a 891666900 g toclaiml to the jadwQuosidaer face
bet ween sai corrponemmmuﬂﬂ(!nﬂm“ IlA met hod according to claim1l
wherein said sol der is*applite ys sol dering, hot air levelling, wave

sol der deposition, -electro deposition, st@ncil, direct dispersing or direct
I magi ng. 11 13. A nethod according to clai m 11 wherein said conponent s

are sel ected frTREdlaThROdENsiAgthelinoentidn pse abdoliowrs:d array, chip cariers,
printed circuit boards, circuitisation |lands and pads and | eads. 5

14. An el ectroifics Aosqidaenomosmmc@mmsrrmt board contai ni ng a sol der
according to claim A | ead-free sol der conposition
whi'ch does not cont iprpitﬂgi’fq Sdﬁ]b'g&l"é"corrposi tion conprising by weight:

20.0 to 27.0% bi srrutﬂb% Qinb% %0 %r{d\’ e| né’ Eg&@%g@n&p&_@?l to 4. 0%

antinmony the balance 0 e ‘conposditi on

conposi tign aCé@ﬁﬁlérnéhd 0 {d 2i0%lantimbhpeindcingidértanimpuflties, 4. 0% ot her
al  oyi ng agents. 3. A sol der conposition according to Claim 1,

conprising 0.01 to theobalancerheing tin. A sol der according to Caim 2,

wherein said other all oy| n alljum 5, der according to
Caim1l which 2s anPa$9iggr g@m%osntpnsgg "%ﬂ:&%r‘%ﬁ'ﬁb’téu@}‘ﬁf m1l whichis a

?p)[;f H:gt [ (7)hs. g&ﬁ\%n Amq‘:gf(ﬂgrg dchm n& %ﬂp&ﬁg glg%hg%é Icgrrgl)ﬁgm gmcgfrprl si ng
applying a sol ger A solder composition according to claim 1, comprising:
10 20.0 to 30.0% bismuth,
1.0 to 2.5% silver, and optionally comprising O to 2.0%
copper and O to 4.0% antimony and incidental impurities,

the balance being tin.

4, A sblder composition according to claim 1, comprising from
156 0.01 to 2.0% copper.
- B, A solder composition according to claim 1, comprising 0.01

to 4.0% antimony.
6. A solder according to claim 2 wherein said other alloying

agents are selected from the group consisting of copper, antimony,

20 gallium, or mixtures thereof.
7. A solder according to claim 1 which is an alloy.
8. A solder according to claim1 which is a mixture.
9. A solder according to claim 1 which is substantially iead-free

other than incidental impurities.

25 10. Use of a solder according to claim 1 in electronics
applications.
11. A method of joining two or more components comprising
applying a solder composition according to claim 1 to the joint or

interface between said components.
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conposi ti owcress80gli ng to any one of Cains 1 to 6 to the joi RETVAUBPIRELt ace
bet ween sai d conpon Iill Iuil nl um Ihod according to Caim8, wherein said
sol der is applied b

hot |r | evel I'i ng, wave sol der

deposition, electro ep05| tiof on, *st enci | | rect dispersing or direct
i magi ng. 10. A net hod accordlngto Cla|m8 wher ei n sai d conponents are
sel ected from il egﬁaﬂ&i@dr&@@é (] 1iS’s"‘a‘!JHI 11 gvherein saif seldeh iR arriers,

d b d
Bl et ?onimcgcglo;[‘i‘BBRar?’ Vo BB, R SO bR ek s I
according to Cgapg anl%tenmf‘ d(]FEb’tedL&ﬁ&Eirfg be ekt ahaggler conposition

suitable for app |ca 16n as d drop-1n replacenent for |ead-tin solders in

the el ectroni cg 3 ndyshietheddadudrding to clairhi hY wherein saidjeonfparedis 98[ err] C,
sai d corrp05|t|on conprising, by weight: 20 to_ 27% hisnmuth 1.0 to 3. 0%
silver 0.@L to afe 8electesdroro.integrated susface |°||Nﬁﬁt Q'HE %T'ﬂ"ﬁcé"l%?ﬁg tin, and
wher ei n sald conposi tion doges e conp05|t|on of

n
d ai m 12 wher eiGCHRPRIOE; ﬁﬁcﬂﬁﬁsﬁf'opgﬂﬂ‘és ag'dl%fjslaQS[I%?
14. An electronics component or printed circuit board containing a

~solder according to claim 1. ° I
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