1 Lead-Free Solder with Inproved Properties at
Tenperatures > 150C The present invention relates to a 1
sol der for objects whose use range lies up to 200C, in
particular 150 to 190C. At these high tenperatures,
tin-s t |y
qui ci ST BB} e bRl SFdecRRisal TeRpaRRts L R
The tenS|Ie strength is |ower at high tenperatures and
the permanent elongation limt worsens due to the
material fatigue, which follows in association wth
The preshnt igvention relftes ea solter foeobiktts whpsmsesangediss ugitn g0, in
EU gui del i nes 2002/96/EG "Waste Electrical and
particufdr §60 §PMo@CEqui prent” = WEEE and 2002/ 95/ EG
"Restriction of the use of certain hazardous
substances in electrical and electronic equi pnent” =

RoHS
p: // ec. europa.eu/ envi rgnnent / wast e/ weee_i ndex. ht
At thesg: ht‘%’i’eteﬁ’é’éfa“!ﬁs |t1§asa1vero?ﬂpaﬁhﬁw)§eld&é pRinfsge @ﬁgwa@ﬂé(&“?k‘y due to
restrlcted and the use of lead-free solders is
the growsls efhinkcainietalligphases: The tensiBoitrtmeth isdawer at highderaperaterns and the
up to 0.1 wm.%are considered lead free. US 5, 938, 862
permarghBelbagiondimibaorsend digd tohbemagrial fatigid) whiicttfoilods immassociation
wth 2.3 wt.% Ag and 1 wt.% copper. The high indium
wnhthegmvetﬂtof&?éﬁﬁfenhéﬁllﬁ%ﬂ@és al l oys very soft and
deformations (hol es) appear, so that these indium
all oys are not suitable for the production of sol der
ball's for chip fabrication. DE 10 2004 050 441 Al

Accorqdq £ T eideines 200 Rcn TG Hlitriedl ot BfeBcie Bty - weee

due to thermal effects. It is assuned t hat neodywnum
and 20Q4{P 3G ‘Resfrintipn pd e, upe f pertainhaasrdaye sustapcesinrebuptiecay and

as an iron nmetal master alloy, is defined as a
electrogigrequippentli ABoHS (hitp:/ec.europa.cu/environment/waste/weee_index.htm), the use

of lead-containing solders is considerably restricted and the use of lead-free solders is essentially

prescribed. Solders with a lead content up to 0.1 wt.% are considered lead free.

US 5,938,862 discloses an SAC solder having 8 to 10 wt.% indium with 2.3 wt.% Ag and 1 wt.%
copper. The high indium content makes the solder alloys very soft and deformations (holes)
appear, so that these indium alloys are not suitable for the production of solder balls for chip

fabrication.

DE 10 2004 050 441 A1 discloses the use of lanthanides in combination with iron metals, in

order to delay material coarsening due to thermal effects. It is assumed that neodymium, which is
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internetal lic phase by the master all oy, because the
M sch netal used there could not be alloyed )
conventionally due to its high affinity to oxygen.
Concerning problens in the formati on of slag, as
. - . .
o R A gt ol Bl BIRHREL  Brsponding
- eparatiqn..Thus, for exanmple, \sol.der C be
interm e pPaat B the PiiNtey 0y BesS B 29 el bR de fuld not be alloyed
descri bes an i ndiymcontaining SAC solder, w th which
CODV@“H@B%!{MH? jits hb%?f RYRY [30%ePByed. At 5 to 20 wi. %
[silver], a nearly weutectic alloy is generated. This
has the advantage that the alloy solidifies in a
nearly abrupt manner and in this way a snooth surface
Concemingf probienhs i the fhingdtioni df\wkag, ssdmppats, foe@danple, withitlghintroduction of
portion of Ag3Sn phases that continue to grow under

neodyrhi@ff) €pat 67 E79410891dBGriBBfa tRBHod B HsepRALiSE MhukBr example, solders
structure. WO 03/051572 Al discloses a | ead-free

. I ' 0] At aing
can be PRUAEH B3 AW FOSI ! G0 NS 1l b b Yomainin
SAC sGiE b i psadimid Tom gl oLRE n b SRR BED G Fknearly

.of the solder after nelting. Furthernore, the sol der
eutectic pliy 1§ gapsrated nEhip hagtbs ﬁdwg@e hai theallogiselidifigs in apeasly abrupt
conpletely reversed stress, so that even materials

mannesartdhin s waghi af sheyoghn surface isfiekmed Tave i ginsilverédritait deatls to a high
could be joined to each other with this solder. WO

portionbl/ MB4h Bhases tHat esiitRle t@ pRMWuidee tepipRlt@ fdinPARY thad would coarsen
fatigue due to changes In tenperature in the

the strdbfr@motive field. A lead-free solder is described nmade
from68.2 to 91.8 wt.%tin, 3.2 to 3.8 w.%silver,
and 5 to 5.5 w.% indium wherein this sol der
optionally has up to 3 wt.%{00117075;v1} 3 bismuth

WO 03?(%31525 Ahnpqi#hgsg\_sl\% 'l%sé))g)etpq%her Qgspg r(l)n%ﬁasr};p(lj Sl’loyalglav?rllgl 6% t(i) 1.2 wt.%
indium and 0.01 to 0.2 wt.% neodymium. This solder should avoid the formation of coarse tin
dendrites and should guarantee a smooth and homogeneous surface of the solder after melting.
Furthermore, the solder should have the highest possible fatigue limit under completely reversed
stress, so that even materials with very different thermal expansion coefficients could be joined

to each other with this solder.

WO 97/43456 is directed toward the problem of material fatigue due to changes in temperature
in the automotive field. A lead-free solder is described made from 68.2 to 91.8 wt.% tin, 3.2 to

3.8 wt.% silver, and 5 to 5.5 wt.% indium, wherein this solder optionally has up to 3 wt.%
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w.%silver, 5 w.%indium and 1.5 wt.% copper. The

obj ect of the present invention lies in counteracting 3
the material fatigue that occurs at tenperatures up
. to 200C, particularly in the range between 150 and

bismutfr %Q@up 1(8%5%'.%02?%%{)}99%%?&%%& aﬁ%lﬁz is fQthiih ISb.%ev@tt.% tin, 3.7

east pr ef ove t maxi mum us

tenperature. The object, is achieved with the features
wi.% SHYGrtﬁg%i/HH@b‘gﬂnaé‘rqtol'%Wii/?}%qpp%e dependent cl ai s

descri be preferred enbodi nents. It is significant for
the present invention that a sol der based on a
tin-indiumsilver alloy blocks the formation and the
The objacbof the pfesemttinventiva lies i hiateeactingtheonatierigl fatgguerthat occurs at
i nvention, the mass portions of the conponents of
temperhtufes upei2003C,PattictlarBf tIRPlah SR HV¥ert PTIDAId B0eCsel ect ed
so that, due to this conposition, there is just a
smal | tendency for the formati on and grow h of
intermetallic phases. In addition, the formation of
intermetal |ic Ag3Sn ases is bl ocked, particularl )
The mglijpg P"mb‘i"ld\‘}if ﬁolﬁ@aﬁpﬂﬁqw TeeciGs p@@’é@@éﬁp% bR He maximum
preferred direction. According to the invention it was
use tempeeadgnsi zed t hat the | ant hani des, provided in the prior
art for grain refinenment, can indeed be used for the
solidification of the solder, but the solder
properties are affected for |anthanide

The obfRDE&RATeeEd QA thePRAUIGWIMd MdlRhdd cRAAS aNe'RbéMRIRAL claims
greater than 100 ppm The applied quantities always

AN ubility limts of |anthanides,
descnbgg??flgl?g(?/grpb@(ﬁ"%g%l17075; vl} 4 neodymiumin tin, so
that the | anthanides, particularly neodymum are
al ways present in internetallic phases. Internetallic

.. phases, however, are susceptible to oxidation,
It is signafiqant forr i grosant inverfonathp 4 ©dder based ompetimrindiusa-silyer alloy blocks
woul d therefore lead to a | arge nunber of problens at
the forhatydm and the growth of intermetallic phases. According to the invention, the mass
portions of the components of tin, indium, silver and optionally copper are selected so that, due
to this composition, there is just a small tendency for the formation and growth of intermetallic

phases. In addition, the formation of intermetallic Ag;Sn phases is blocked, particularly their

growth leading to material coarsening in a preferred direction.

According to the invention it was recognized that the lanthanides, provided in the prior art for
grain refinement, can indeed be used for the solidification of the solder, but the solder properties
are affected for lanthanide concentrations, particularly for Nd concentrations, greater than 100

ppm. The applied quantities always lie above the solubility limits of lanthanides, particularly

{00117075:v1}




application tenperatures, which is why such phases are

to be avoided for solders that are exposed to 4
tenperatures greater than 150C. According to the

i nvention, on one hand, the formation of netallic

neodynﬁnglsiﬁ%lni, S0 hﬁﬂhe%&?ﬁﬁ(@&i arﬁ&laﬂﬁﬁ?oiggﬂlg%m,hﬁg QEV\éatyQ Present in

crystallilzati on terneta ases |

. i fied. H gher copper .or silver or.tjans_increase.
intermff e phig iSRG AR oyt A5 rstbledp xldifbR Fficularly at
. significant that, between 1 and 8 wt.%i n%i u% .
high angligation tpmperptuses apderpuld Sesglaredeag togy lprggingmbes pfgproblems at high
formati on of a Cu3Sn phase for the application of the
applicatioh thenpepatures Guhishiis wbesich phaspsiafd todwetavyides Serrsobiersttha are
is further significant that the crystallization
exposed t@Whipetture® gichice thanBab¥C.ef fects sl ow material fatigue
at high tenperatures; in particular, so far as the
silver content is limted to a maximumof 3.5 w.% in
particular 3 wt.% For nodifying the crystal growth of

t he 3Sn phases, accoyding to.th i.nyention.

Accordiiio i iAve Bt in B A TKe g ot Ot metE Phes ikept small and, on
neodym um Neodym um can effectively nodify crystal ,

the otheyrhafg the sTyst ipn of theantgrnetplio phases Smedifl -tlﬂéﬁffr@opper or silver
detection limt of 30 ppm Neodym umtherefore needs

portions indoeasel tpefdrmation dfintgrmetallic iphaseafHdressistshgnific@Othap ipetween 1 and
in particular, less than 30 ppm in the solder. If

8 wt.%liAduRe pﬂhflﬁiﬂuﬂy hetwibes 33 aRS Whod ingiudB thd fonfateor ¢f 4 €§;Sn phase for
| ow concentration, it blocks the formati on of

the app'l;,\in.ecjtltﬁfn'@{tﬁé édllgeﬁapga.s@? sut‘?&etig‘ﬁgréigitﬁﬁ'g@ b QFBRed it i gﬁélj s'i%ﬂﬁcant

a star s t 1s sus ed”that the neodym u

di ssol.ved in the matrix is..taken by .the. resul fin
that the GrF PR PeMHEIS TS B BERT v Bangrf et b

concentration of over 100 ppm and {00117075; v1} % o :
tempergtjEsseiniagicarnicyfe s et warcpaienion dinifeditn a maximpmiaf 3oy wt.%, in

. the internmetal |l ic neodym um phases, no nore is

particulgr 3 1% ekprimodifiangrtecrystal igrowth of wuhmdnhases, agcerdingte the

i ncrease of the neodym um concentrati on,
invention a crystallization modifier is used, in particular neodymium. Neodymium can
effectively modify crystal growth as a modifier in an amount less than the ICP detection limit of
30 ppm. Neodymium therefore needs to be doped only in quantities of less than 100 ppm, in
particular, less than 30 ppm, in the solder. If the neodymium is dissolved in the matrix due to its

low concentration, it blocks the formation of intermetallic phases, so that these form, if at all,

with a star shape.

It is suspected that the neodymium dissolved in the matrix is taken up by the resulting

intermetallic neodymium phases with a neodymium concentration of over 100 ppm, and
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the formation of internetallic phases increases

i nstead of decreases with a neodym um concentrati on 5
over 100 ppm The nodification of the crystal grow h,
particularly with neodymum lies in that, instead of

therefor @& Iﬁghé“rrc‘éﬁée?lltraﬁ&%tﬁ?th@%ci‘ﬂﬁzgk B infetf&alliRmd m ?hases no more

crystals are produced at tefperat ures a ove 15

is dlsséllbgd I%C{Lﬂ% g{ayl Iegt f/%l?%l(ra’nr Hﬁfaartt \gml H}‘f& 1{‘?{3?%3’ é’ Cx?e ggﬁnﬁ concentratlon

m ni at rlzatl sol der connecti_ans, in chjip
the forpigfip phintcsRetalli e IRIEgSCH G1SteAl 08 ACwEaRgH i a neodymium
Particul arly under operating conditions at
concenratipe putri0@ppabove 150C, increasing portions of Sn
fromthe sol der conpound are bound due to the phase
grow h of the Cu3Sn or Cu6Sn5 phases in the boundary
surfaces. The necessarily increasing Ag portion in

The médificdtRmifiherySial ettt %iﬁ!ﬁuﬁaﬂy%vlﬁlt RRAYmBlnY fe’lin FHaP‘@ﬁéi’ead of
of the Ag3Sn “phases, when thé above-cited threshal

0
coarse Bshl Bl ol SR &) AEF ?v%%nco?“%ﬁsfaﬁ%ﬁéh%ﬁﬁge?;@?&%&ﬁms sbove
o si bl.e .t hat. .t he ases gr.ow out of the sol der

150(:§bﬁﬁ58h§ﬁﬁﬂadﬂ@éﬂet Q%Wd?ﬂ“@??%ﬁ@@% This is prevented

by the Nd doping. Finely branched crystal growth of

Ag3Sn phases therefore suggests neodynm um whose

presence in honmeopathic quantities bel ow the
This effet &cterpimportint with tRdinpfeazihg nfinibfuliehtioi of sbiE¥@inectidns, e.g., in

is significant that the sol der according to the

hip fabf¥:Ridhi PiHibd tinfp yRitd
P 00117075 lvlfﬂj%%ﬁ%%im pifip Rabilchlorly np%ﬁ%aggdgﬁzp nditions at

temper%f‘é;s g&bﬁg [ q He%g%éysﬁ{rﬁqpo 02192?)?% tf)‘rl%l e}h% %Pﬁﬁllu ?o&oqound are bound due to
d b d
the PhYE BEIYAP Gihed SR OB E SRS PHEs Hota PPRRAAEY purfiEstedispesserly

phases. Larger quantities of
increasing Ag portion in the remaining solder leads to a strong crystal growth of the Ag;Sn

phases, when the above-cited threshold of 3.0 wt.% is exceeded.

With the plate-shaped or needle-shaped formation of the Ag;Sn phases, it is possible that the
phases grow out of the solder compound and lead to short circuits. This is prevented by the Nd

doping.

Finely branched crystal growth of Ag;Sn phases therefore suggests neodymium, whose presence
in homeopathic quantities below the detection limit of 30 ppm is sufficient. However, it is

significant that the solder according to the invention is doped with a modifier, particularly
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neodym um wor sen the alloying due to the separation of
oxi di zed SnNd phases. 0.05 to 0.2 wt. % neodym um 6
| eads to an oxide skin on the sol der surface, caused
by the oxidation of neodym um under atnospheric
dynHBdNa) i Lt G AtH10BnQup t
neody N R mpl R 0PN NS EBb 2B

reauci n tions

applii ion a_vacuu | d be .necessar n Q

approx FFY 05 nih. e SBRTY TR nrebrmBS R S pg oo R iy o
.. sol der powder with conventional fabrication_processes,

addltmlaﬁwogmm 8RPaRdieidR llftélﬁl?ﬁé%lilé finmspdypMbRiages, Larger quantities of

i nclusions in the boundary surface of the sol der
neodynpiginrivorsgy the alleyingidip 6o thaseparatiantd odehizadSrovd phagesuMOS to 0.2 wt.%

I ndi um appears to decisively block the growh of the
neodyniiuSeadsia af oxfderskinhursthp ysldesstrfabe; icu@ed b thicooxddatton®f neodymium

indiumis required in order to block the formation of

under attHSsPheRD 8BS RiGdENTH ik@éﬁ“ﬁéoﬁ%/mWrﬁ Bt 4 cofickReitiom 0t 1 Wisds in a melt,
bel ow, the phase growh of the Cu3Sn phase is simlar

;L0 ; ( : o

reducm\t%tc.og}?ﬁlg)nés) {)rg @F?ﬁ@%&ﬁ@? of zg l?’r%(i%lquepr ég‘ﬁlg?g ’ngé%é%&rﬁe%? gﬂ[]%)gwnh 0.2 wt.%
Cu3Sn phase has been fou and associ at ed .W this a

neodyTR g R PrOF SR AR SPIder et YUk cARNagHPR eraRpdprocesses
expensive of all the conponents and is al ready used as

and proggndeq ¢raskyfommatiersdiraigh opcgﬁzqdﬁn@lwie@@i@rthe wungaryt speface of the solder
expensi ve cost effect in the range between 5 to 8

point. w. % indiumis relatively small. Above 8% i ndium the
melting point of the solder is too low for the
hi gh-tenperature applications intended for the sol der
according to the invention. The tensile strength

Also Vé.frg ?fﬁ?ﬁxﬁzgﬁ ithe ﬁo&H%Bf” inﬁ&n‘?ﬁn&ihﬁ dgﬁtgéry i3 &%@éf%blo\gg ﬁ%_eg@}ﬂwth of

aspect, n 1 ndium cont bet ween a

.9 rticularly between 4,and 8 w. % _can he
the Cuy e B Ifiifhont By 85T o 3 RE% s FraiBfiadR qge do block the
the invention have an outstanding resistance to
formatipp gf Cuzin phase pighidicantis, With 1% indiafpandipsibslovs dhg phage gegwth of the
150C.
CusSn phase is similar to that of a pure SAC solder (Sn, Ag, Cu). At 1.75 wt.%, a significantly

smaller phase growth of the Cu3Sn phase has been found and associated with this a longer high-
temperature stability. Indium is the most expensive of all the components and is already used as
sparingly as possible for this reason. Thus, the expensive cost effect in the range between 5 to 8
wt.% indium is relatively small, Above 8% indium, the melting point of the solder is too low for
the high-temperature applications intended for the solder according to the invention. The tensile
strength increases as a function of the indium content, whereby for this aspect, an indium content

between 4 and 10 wt.%, particularly between 4 and 8 wt.%, can be justified.
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Preferably, the nelting point of solders according to

the invention |ies above 210C, particularly above 7
215C. The nechanical strength to be expected in a

sol der all oy according to the invention will be

The SO! unc%dicgﬁ%:]éﬂﬁ\%x? ﬁltu{,fr%B 1'Itl(geﬂn& eaﬁ g)t% #@ﬁﬁ‘gﬁfﬁ%ﬁ%ﬁe{ﬂ/@%ﬁ% A pranees i
MPa + 4.3 MPa A %W + 4.4 MPa In [w.% + 10 MPa
use at tppefgrures Sta‘ﬁ‘é‘lgﬁgﬁ\%%'el ongation limt Rpo.2 in MPa
Rp0.2 = 7 MPa + 2.2 MPa Ag [Wt.%9 + 4.8 MPa In [w.%
The strengths of the solder alloys were determ ned on
cast tensile test bodies having a sanple dianeter of
Preferadly themahingaoint @f solders ntcdrding ththefinvehtiomiiesTatmve 830°C, particularly
bodi es were stored at room tenperature for 6 weeks
above bEf°Gr e testing. The content of silver should anmount to
greater than 0.5 w.% preferably greater than 1 w.%
so that the nelting point of the solder is not too
hi gh and not too much indiumis needed for |owering

el b ' ve 3.5 W.%silver, the portian.
The michin 8Bl cnB0 bR boGRAE aduBiet o Sont &l o W iR oy Wi be
.therefore .be set in an a nt . between 0.5 and 3.5
des"“‘%ﬁa.‘”&@ S&ﬁﬁ?l?%tﬁcﬁ?fﬁay BEFNE@HO‘{VHM;WW,SM} 8 1 and 3
w.% Optionally, copper could be contained up to 1
wt.% At portions above 1 wt.% Cu increasingly forns
t he undesired Cu6Sn5 phase, which grows undesirably

Maximyui eksile stengthgRot mriyPs at ures.  The content of tin
should |ie between 88 and 98.5 wt.% Bel ow 88 wt. %

Rm = 16161Pa®! 4.3 MPPARE Mt. o) 8CIREP L 1IAqwh 0¥ f A6 MPa Cu [wt.%]
hi gh-tenperature applications. Furthernore, the

portions of Ag and Cu

Permanent elongation limit Rpy» in MPa

Rp,,=7 MPa + 2.2 MPa Ag [wt.%] + 4.8 MPa In [wt.%]

The strengths of the solder alloys were determined on cast tensile test bodies having a sample
diameter of 3.2 mm and a measurement length of 15 mm. The test bodies were stored at room

temperature for 6 weeks before testing.

The content of silver should amount to greater than 0.5 wt.%, preferably greater than 1 wt.%, so
that the melting point of the solder is not too high and not too much indium is needed for
lowering the melting point. Above 3.5 wt.% silver, the portion of AgsSn phases is undesirably

high. Silver should therefore be set in an amount between 0.5 and 3.5 wt.%, particularly between
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phases woul d i ncreasingly or unnecessarily consune too
much i ndium Above 98.5 wt.% the nelting point 3
beconmes too high and the tensile strength too | ow. The
sol der according to the invention tolerates up to 1 %

1 and PG Ofiondlly, Qg}?ﬂe’r cihid 'Bte Iélgrétaﬁ%d u?‘?o 1 W‘}? ag %)r{y&ls a‘%v@? wt.%, Cu

and convention I npuri races

uI d conom
1ncreas1 l%? ﬁ %c}egxlreciﬁ%so ztsg \a 1ch Ig};]ov%s lﬂ]fgi%ﬂéat ?)JO%UIﬁiaélﬁlt high
La, or Pr). A possibly reqU|red adj ust ment of the
temperﬁ%’ﬁsr ng point and strength of the solder is possible
through the addition of up to 3% Sb or Bi or Ga, in
order to spare the expensive In. Overall, the sum of
el ements Sb, Bi, and Ga should not exceed 3 wt.%
The coBeatofstén goah] kBetwBaI88 And¥8.5 ke % Belol 88 maadd, thettetling point
occur with respect to bisnuth, it is recomended to

becom@ab o p! 'f&rﬂi te erdthR dpﬁﬂ@itmh@ Furth@Mfork[tBe E@[@ﬁ)ﬁ@&f Agand Cu
bel ow 0.1 he sol'ders according to the inventron

phases 3 duf a?méﬁ) (#r%?hgce@‘a%g qu{ghr%% tfm ?ﬁrg nd‘ﬁﬂﬁ ,ﬂg)ve 98. 5 wt.%, the

enper ure Fonrcsin range betweé
140 nd 200C, r arI bet ween 150 and 190C or

melting poig %pﬂﬁsﬁﬁhﬁg? é@mgghﬁpﬁ?Wns. The sol ders
according to the |nvent|on increase the reliability
of the power el ectronics and the high-tenperature
applications, particularly power electronics in

The soldeyaccoalipgteatha ireveapmi iodabteons to 1% addiivp) iapaftmular N, Fe, Co, Mn,
power {00117075;v1} 9 <electronics the follow ng can

Cr, Moher Gaard col¥eBtifsh] irafiritecdPReractORE bBigw: 19%6Rd ¢l Rlsdbe introduced
board), hybrid circuits, sem conductors, wafer

as the ﬁHéﬂ%b&Q)méél al(eséé%‘?ﬁ%tfx ﬁ&“}st - nﬂl)co W@H@E tIr(a o Pr). A

chi'p nodul'e), particula k pa

T I3 S s B 5 e s

fer_ bunmpin I s . considerably reduced wth sol ders
the ddﬁ%@oqfd}pntgpiit/& gb KEBi ayGaLin @Fder tgl spare the expensive In. Overall, the sum of

elements Sb, Bi, and Ga should not exceed 3 wt.%. Because problems known from the use of
lead could occur with respect to bismuth, it is recommended to avoid bismuth, at the least to

leave its content below 0.1 wt.%.

The solders according to the invention allow more reliable electronics at application
temperatures of the electronics in the range between 140 and 200°C, particularly between 150
and 190°C or under high temperature-change conditions. The solders according to the invention
increase the reliability of the power electronics and the high-temperature applications,

particularly power electronics in high-temperature applications. As examples for the power
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The tenperature range between 140 to 200C,

particularly 150 to 190C, is of considerable

i nportance for electronic solder connections in 9
machi ne construction, particularly vehicle

electro{ﬁ%’ré‘ $he ﬂ)ﬁB{r:véﬁ% caffte raled! ?gfgf@ﬁg& c%?%ﬁ:’ll %S}l%,lgéi r(]fgﬁf Hcrh%jon board),

el ect CS wth so acco

inyention. in chin nd_vehi construction. .
hybrid RO, e pl RSP e e SiP SoaGeR b PACREIR, and MCM (i
.t erature | oads, the tenperature-change stability is
chip madlg). pastoh {aabistash dras ke e afilackieal SoFiccsits due 6 growth of
according to the invention. The inproved security with
AgsSniphases in elesely apasod ddlder qoanedtiens, ian rewafeo huinpinghis consjfierably reduced
tenperature range is particularly inportant for the
with scddére nedordieg td thdusientian. el ectronics, rail vehicles,
and aerospace fields. Especially, the electronics in
the fields of notors, driving nechanisns, or brakes
are al ready exposed to extrene tenperature |oading and

The teraﬁgrﬁiélggz/ ralﬂﬁél ?%t%gﬁ $25 t%%rﬁg%éa@ﬁg%w ggnq i(eg’)lsllﬁfb (;,lel's tﬁﬁ g?nsiderable

e case O
. enerated by the electronics still negatively affects,.
importgheg ToicelPelianig %%lﬁ?efﬁﬂ%n@aP%Semgnagﬁse@rcepﬁwemtm@wularly vehicle

invention will significantly contribute to alleviating
construgtign| vehsehyhineteassd seewrityiiscensurell dbrriectronios with sebdess adchading to the
. sol ders according to the invention aid the reliability
mventipo in machirasetivehide codsyruction. Phrictladriic thieRedsaddtbion to

sol ar radiation, particularly electronics exposed to

temperétufelohds; Hetempadiré-cRdhge sRBILitRisSAsEl RS riphRRA it the
by indirect solar radiation. {00117075;v1l} 10 "Bel ow,

i RO . P oL L5 O R e e
inventibn Metlhte 'h?g% t%l%rﬁgr%tu% {'a%régtlshpa?tficu]gr?ysitn%p%gtant for the automotive, industrial
electronics, rail vehicles, and aerospace fields. Especially, the electronics in the fields of motors,
driving mechanisms, or brakes are already exposed to extreme temperature loading and should
nevertheless exhibit maximum reliability, whereby in the case of power electronics, the heat
generated by the electronics still negatively affects the reliability. The solders according to the
invention will significantly contribute to alleviating problems in these technical fields.
Furthermore, the solders according to the invention aid the reliability for increased security in

electronics exposed to solar radiation, particularly electronics exposed to direct solar radiation,

but also electronics impacted by indirect solar radiation.
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Alloy No. Sn Ag Cu In Ga Nd Liquidus Solidus Sub-
Rpo.2 Rm[C] C] cooling [Ma] [Mpa Conparison 1 10
96.500 3.50 221 221 19 32 Conparison 2 96.500 3.00
0.50 219.4 216.2 18 35 Conparison 6 95.700 3.80 0.50
Below %ﬂ@mzregtﬁt @1]%?@1@5&8&{‘w7th 9@{'61%996 o e&gm?lez Qcé&?dﬁ‘l% to Table 1 and the
Conparison 8 95. .00 0.50 217. .
Conparison 9 91. 500 4 00 0.50 4.00 210 206. 5
Conparison 10 88.500 4.00 0.50 7.00 205.1 202.2
Conparison 11 92.300 5.50 1.00 1.00 0.200 215.1
eutectic Exanple 1 95.490 2.00 0.50 2.00 0.010 217.8
209.8 + Exanple 5 94.995 2.50 0.50 2.00 0.005 216.1

figures.

Table I210. 3 + Exanple 6 94.495 3.00 0.50 2.00 0.005 214.8
211.2 + Exanple 7 93.695 3.80 0.50 2.00 0.005 213.5
211. B +[Exanplle 8 [94. 745 2.[50 0] 75 2. 0MkifD@angd 6. 8 Strength of
209.8 +|24.5 41.3 | Exanpl e [9 97| 245 0/00 0.75 2.00 casting
Alloy Nb.OUp 274,88 21 3? CeV{ th °J-Ga :Nﬁnmf ’kﬁl - [8HHidas 3% ub- Rp,, |Rm
0 Joko $0 <0 905 219 2iZas 1 L £ 2, 23 1i) COMREE) S9N cdoling | [Mpa] | [Mpa
O A 8 LB < P I G & Y 5-G  L 19 |32
Compagigory| 37| 36 Sﬁﬂ;r;m 3505 o5 looo_ b 50 0]8894 00 Hosho ] 18 135
Compapisgn p6 2085500 | 34804 930 anpl ¢ 2 93/84072 5313.80
Compagis@0| 0. 096.50063R00B7F |+ 27.4 4B.4 Exanple 3 92. 995 19 41
Compafis@d| 8. 5054000 4M000&5@17. 1 [206. P + 36/3149.6 | 216.8 17.5 |375
Comparison | 9 [ 91.500 | 4.00 | 0.50 | 4.00 210 206.5
Comparison | 10 | 88.500 | 4.00 [ 0.50 | 7.00 205.1 202.2
Comparison | 11 [ 92.300 [ 5.50 | 1.00 | 1.00 0.200 | 215.1 eutectic
Example 1 [95.49012.00]0.50 | 2.00 0010 [217.8 2098 |+
Example 5 [94.995|2.50|0.50 | 2.00 0.005 | 216.1 210.3 +
Example |6 [94.495|3.00]0.50 ! 2.00 0.005 [2148 2112 [+
Example 7 193.695]3.80]0.50 ] 2.00 0.005 |[213.5 2113 |+
Example 8 [94.745]2.5010.75 ] 2.00 0.005 |[216.8 2098 |+ 245 413
Example |9 [97.245[0.00 [ 0.75]2.00 0.005 |223.8 2169 |+ 20.0 [334
Example 10 | 95.500 [ 2.50 | 0.00 | 2.00 <0.003 [ 219.2 2134 |+ 202 |33.0
Comparison | 3 | 96.990 [ 2.50 [ 0.50 | 0.00 0.010 [224.1 2165 |+ 183 [325
Comparison | 4 | 95.990 | 2.50 [ 0.50 | 1.00 0.010 |220.5 211.0 |+ 19.9 [37.0
Comparison | 5 | 95.000 | 2.50 | 0.50 | 2.00 0.000 |[217.2 2005 |- 244 [41.1
Example [2 [93.990[2.50]0.50]3.00 0.010 [216.3 2067 |+ 274 434
Example |3 |92.995]2.50]0.50 | 4.00 0.005 |217.1 2062 |+ 363 |47.6
Example |4 |89.950|2.50]0.50 ] 7.00 0.050 |[207.3 2004 |+ 50.6 |64.5
Example 11 |94.500 | 2.50 | 0.50 | 2.50 0.000 |215.4 2069 |- 264 [44.8
Example 12 | 95.250 | 2.50 | 0.50 | 1.75 <0.003[218.2 [209.8 |- 21.0 136.7
Example 13 1 95.000 | 2.80 [ 0.20 [ 2.00 0.000 |218.3 2063 |- 266 |42.5
Example 14 | 94.695 | 2.70 | 0.40 [ 2.20 0005 [217.7 [2094 |+ 252 |40.6
Example 15| 94.695 | 2.50 | 0.50 [ 2.00 [ 0.30 | 0.005 [215.8 [207.8 |+ 27.6 | 44.1
Example 16 | 94.195 [ 2.50 [ 0.50 [ 2.00 [ 0.80 [ 0.005 [ 214.1 2031 |+ 29.7 |46.8

Here, illustrated are:

{00117075;v1}




Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Exanpl e 4 89.950 2.50 0.50 7.00 0.050 207.3 200.4 +

50.6 64.5 Exanmple 11 94.500 2.50 0.50 2.50 0.000 11
215.4 206.9 - 26.4 44.8 Exanple 12 95.250 2.50 0.50

1.75 <0.003 218.2 209.8 - 21.0 36.7 Exanple 13 95.000

T8 gl Sy s B oot S 8g Sy phass B AC solder

Exanpl e 15 94. 695 2.50 0..50 2.0 30,0. 005 215. 8

P B FoBar duhsiraRe 5, e mpatison (8 a8 HAT RIdEr R cBfaisigyin and doped
O.,glo .005 214.1 203.1 + 29.7 46.8 Here, illustrated

an .Ngée@{f}"ﬁ%‘?@’f}m‘{t@tmﬁi g. 1 the schematic structure

with respect to the formati on of Ag3Sn phases of an
grcAgdinghasgsdprmecowits spldens asesging 40 theiinventinn éir ¢aypparison to

an SAC sol der point containing In and doped wth Nd
peaonsinfprined AReSH piveed wih refbdefice 3 pho®gAphin phases

formed with solders according to the invention in

hé&l’&{b@the%ﬁs%%&éﬁgfh bRinEdNgsRtdpases with
reference to photographs, Fig. 3 the dependency of the

S oy 57 e Bk SPLKTREER! Etkertngi tim cont ent.

Fig. 5.a conpariso anple with a forpatjon of an

Ao EPRERCD ?ﬁg@%‘é{gﬁ aﬁxgﬁﬁqua of g intempstalic phase feadinggpg short
Fig. 6 the susceptibility to oxidation of an

icHewt.madal | i ¢ phase contai ni ng neodynmi um  Enbodi ment

of a production nethod For the production of a sol der
dihd sagceptibdity tangxitiatidnhef anrintenhétallic phasei conathiaghagkyotsm.

to performthe

Embodiment of a production method

For the production of a solder alloy according to the invention, it is advantageous to perform the

Nd doping via a master alloy.

With the conventionally rather low melting temperatures of <500°C for solder powder

production, there arises the risk that elemental Nd introduced as a pure metal or rare-earth metal

mixture, due to the low density, floats on the pre-melted solder and is immediately oxidized. In

the form of neodymium oxide, it is no longer effective and accumulates in the slag.

To suppress this, the neodymium is doped via a master alloy with one or more components of the

solder alloy. In this way, oxidation of the already alloyed neodymium is avoided, and a uniform

distribution of the crystal modifier is achieved.

{00117075;v1}




Nd doping via a master alloy. Wth the conventionally
rather low nelting tenperatures of <500C for sol der 12
powder production, there arises the risk that
el emental Nd introduced as a pure netal or rare-earth
metal mxture, due to the |ow density, floats on the
pre-nelted solder and is imedi ately oxidized. In the
. f odym oxide, it is no |onger effective and
SmtabifgglyﬁﬁgIag{;sgsslg?ﬁrqm#h@ég'sI ag. To suppress this, the
-SnN@Z mumis doped via a nmaster alloy with one or nore
nmponents of the solder alloy. In this way,
oxi dation of the already alloyed neodym umis avoi ded,
-CuNgd@-29 uniform distribution of the crystal nodifier is
achi eved. {00117075;v1} 12 Suitable master alloys
- AgNidbtade, e.g.: - Sn Nd 2-10 - Cu Nd 10-20 - Ag Nd
10-20 - Ag Cu 10-40 Nd 5-15 (concentration ranges
- Ag Cg@ilueio Naswis. %9 These master alloys can be easily
produced with suitable nelting nethods. It has proven
t F ofyhe neodym um at tenperatures above
(conce@%%%?r?%g%ﬁg? lJtlgbf'a/g hi eve a honobgeneous distribution,
and the final master alloy has a nelting point bel ow
1000C, preferably bel ow 900C. This guarant ees

troubl e-free dissolving of the master alloy in the
These agtefloyigan begasity prrduceswish svigbie meliipgmethods. It has proven

effective to alloy the neodymium at temperatures above 800°C, in order to achieve a
homogeneous distribution, and the final master alloy has a melting point below 1000°C,
preferably below 900°C. This guarantees trouble-free dissolving of the master alloy in the solder

melt at <500°C.

Comparison Example 1

Sn 96.5, Ag 3.5 has a permanent elongation limit Rp,, of 19 MPa and a tensile strength of 32
MPa. This alloy tends strongly toward growth of Ag;Sn phases and therefore exhibits
considerable material fatigue at temperatures above 150°C. Increasing silver content promotes

the formation of Ag;Sn phases.

Comparison Example 2

Sn 96.5, Ag 3, Cu 0.5 has a permanent elongation limit of 18 MPa and a tensile strength of 35

MPa. Like the solder of Comparison Example 1, during the soldering process, this solder forms a
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Sn 96.5, Ag 3.5 has a permanent elongation limt RpO.2

of 19 MPa and a tensile strength of 32 MPa. This 13
all oy tends strongly toward growth of Ag3Sn phases and
therefore exhibits considerable material fatigue at

pronou%féa@ﬁggh li'e{yt%ﬁ (e)ﬁ‘ V&irfhedif a %db&g:g%%&g%ﬁhieﬁﬁ&aﬁﬁ@ﬁg% Rhase grows

onot'es ormation o ases. Conparl

l.e 2 Sn 96. Ag .3, Cu 0.5 has a pernmanent,
and emf S s Gpifprwishitage (9404 popPari T pRRCrPaORTS LiGCpngeads to
.35 Mra. Like the sol der of Conparison Exanple 1,
materiajl fatighg of e sobledeeninggtigz ocess, this solder forms a
{00117075;v1l} 13 pronounced Cu3Sn | ayer on the
surface of a copper base. The internetallic Cu3Sn
phase grows and enbrittles the boundary surface to the

CompafiSePBXargple 3€Nper at ures above 150C and leads to
material” fatigue of the solder connection. Conparison

36 LML 8 85,0 oy AP g it
strengt pl W (€ ey el S e FRERe Fop OB %GB gl which grows et

t enper at ures above 150C. According to Conpari son
tempergtyeaspbevesl S036- addi tion of | wt. % i ndi um causes,

conpared with Conparison Exanple 3, an increase in

t he permanent elongation limt to 19.9 and an increase

in the tensile strength to 37.0. Wth respect to the
AccordirY @Rt r@FhrRbn E‘il@mﬁé%?ﬁn RAGESH 81 wh BEinARINE CAREs, chbRph@H vith

associated with this phase at tenperatures above 150C,
er.e. i o Si.onifi t i.f:f er r .
Compf ¥ S iR o NS 5 B s
the tensile strength to 37.0. With respect to the formation of the Cu3Sn phase and the material

fatigue associated with this phase at temperatures above 150°C, however, there is no significant

difference compared with Comparison Example 3.

Comparison Example 4

A solder with a neodymium content that forms an intermetallic phase éges quickly. Figure 6
shows an intermetallic phase that contains neodymium and that was completely oxidized at the
boundary surfaces due to removal from storage at 175°C over a time period of 120 hours and, in
this manner, exhibits a significant material fatigue, which is a starting point for further

deterioration of the material.
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A sol der with a neodym um content that fornms an

internmetallic phase ages quickly. Figure 6 shows an 14

internetal lic phase that contains neodym um and t hat

was conpletely oxidized at the boundary surfaces due
Examplet Femoval from storage at 175C over a time period of
‘—21'20 hours and, in this rmnner exhibits a significant

ter [ art| 0i. nt )
Sn95. 453 Agn%% ufbapoRa OB} Sy P&tpiﬁg‘ll?rraeffﬁ%%cm%‘
nple 1 Sn 95.49, Ag 2 Cu 0.5, In 2, Nd
propeﬂﬁ%&@@par% withiComaAT I8 e 3 WpPssied fomseationiod g,.e CusSn phase
properties conpared with Conparison Exanple 4, a

and a lowggrestheof the sam¢ ataempératunes abo8Sh5(FEadéth tvhlimlemrﬂpdn/\mcording to the
growth of the sane at tenperatures above 150C. Wth

inventibflithe A%fal ﬁltl@ﬁ@ﬁrdilbsﬁgaﬂﬁslb@@d dbwN Bk Wwith S eBitPhdchhnical
fatlgue is drastically slowed down thefeby with

pmpert%pel | ent nechanical properties. If the doping wth
neodym um from Exanple 1 is discontinued according to
Conparison Exanple 5, the formation of the Cu3Sn
phase is indeed snmall at the beginning, but the Ag3Sn

hase tends toward gromh and the formation of coarse

If the daplagé@ﬂbme%@mreﬁm&t Exampler 4¢ diseantiaped eccondipgtofpepmparison
therefore |l eads to unacceptable naterial fatigue and

Exampten® the Sitmatiorsbitthe Cop$rophase fsdndextlisorall ati the beginnieg, but the Ag;Sn
crystal growth of Ag3Sn. Exanple 2 with an increase in

phase tétR toWeEidUFOW ENGRIThE Brimato®¥f doalée pRABPA AN hitemparinlres above
1, causes further inproved nechanical properties. The

150°C :fnﬁf ﬂli@mte'f l&{gls tt@ﬁ? %1;}? 18 Hﬁ? i Y\gi‘?gug o\ FRE gﬂl\%ﬂo? %%(glh%lrteformation

uce are

and the teri fati gue di m ni shes even nore at
due to ‘3*8&6@?%&9@53 gﬂlsoc.

Example 2 with an increase in the indium concentration by 1%, compared with Example 1,
causes further improved mechanical properties. The formation of the CusSn phase when soldered
on a copper track is further reduced, compared with Example 1, and the material fatigue

diminishes even more at temperatures above 150°C.

A further increase of 1 wt.% indium according to Example 3 produces, in addition to more
improved mechanical properties, no relevant decrease in the formation of the Cu;Sn phase
compared with Example 2. The material fatigue at temperatures above 150°C is reduced

compared with Example 2.
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A further increase of I wt.%indiumaccording to

Exanpl e 3 produces, in addition to nore inproved 15
nmechani cal properties, no rel evant decrease in the

formati on of the Cu3Sn phase conpared with Exanple 2.

it TRl 45 i, LAREEA Py R ran

improv%{n?ec f'%ltpggr%’rtli%&rr?e f?] eev%%l,g%lqmﬁaéeg%\ﬁg@ b%%pl%&g&a%%%ger, there is no
. ..mechani cal properties are_achi eved, conpared wth
mgmﬁcggg;ﬁgpgm\gl_, compeee witht Bramplgss? and 3, 4n gﬁifpmwp of the CusSn phase
reduction, conpared with Exanples 2 and 3, in the
when splslertag bom coppartimciousGredpthases st e slightlicpravegeonwith respect to the
copper track. Indeed, there is still a slight

materid] FREQQIMBMperdthits BBSREGV°C ontiRredRitle Eka@hpkat Fetisdhowever, the
t enper atures above 150C, conpared with Exanple 3. For

oot hi hpwever . .th sol i dus ,of el ting range is
solidusigtfle A Pl Aicas iR B shovs tne
dependency of the nelting range on the indi um content
of a solder on the basis of tin with 2.5 wt.%silver
and 0.5 wt. % copper. Figure 4 shows the correspondi ng
Figure Bsboeathe dependency eftbe heeltstg rmngg ¢m theindiumebetesheia sadder on the
Table 2, it is explained below how the gromh of the
basis o3 SAHENNSLI, bibver aRPOS8EIBEoppdrh | n. The i nproved
hi gh-tenperature stability is to be explained by the
Figure ! ; es. Wthout In,
gue? ﬁg&ﬁ?lieooggféag?gfs %&&%fgé% r}%@ggtr?[g@%a. 1/2 after a
heat ed storage of 175C/ 120h. Wth 2% In, the ratio
reduces to 1/3, whereby the total thickness of the

. Sn ph [n the boyndary surface i s reduced hy ca.
With re %f%cé?‘agﬁsﬂgfezi ‘L‘éy?él’la’t“ﬁa gﬁlﬁ&fs@mhe@i@ﬁth;ﬂfé%ee@u%m@wws Is
storage 175C/ 120h
suppressed with In. The improved high-temperature stability is to be explained by the blocked

phase growth of the Cu;Sn phases.

Without In, the ratio of Cu3Sn / CusSns phases is ca. 1/2 after a heated storage of 175°C/120h.
With 2% In, the ratio reduces to 1/3, whereby the total thickness of the CuSn phases in the
boundary surface is reduced by ca. 45%.

Table 2. Layer thickness of CuSn phases after storage 175°C/120h

Alloy Cu3Sn CueSns Total Ratio
Sn95.5 Ag4 Cu0.5 5 um 10 pm 15 pm 0.33
Sn92.8 Ag5 Cul Inl Nd0.2 4 um 8 um 12 um 0.33
Sn94.995 Ag2.5 Cu0.5In2 Nd0.005 | 2 um 6 pm 8 um 0.25
Sn91.5 Agd Cu0.5 In4 1.5 um 5.5 um 7 um 0.21
Sn88.5 Agd Cu0.5 In7 1 um 5 um 6 pm 0.17
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Al'l oy Cu3Sn Cu6Sn5 Total Ratio Sn95.5 Ag4d CuO5 5 m
10 m15 m0.33 Sn92.8 Ags Cul Inl NdO2 4 m8 m12 m
0.33 Sn94.995 Ag2.5 CuO 5 In2 NdO. 005 2 m6 pin 8 m
0.25 Sn91.5 Ag4 Cu0O51n4 1.5 m5.5 pm7 mO0.21
Sn88.5 Agd CuO. 5 In7 I m51.Lm6 mO0.17 {00117075;
vl} 16 The inproved high tenperature stability finds

. its Lanatiop in t. roperties of t CuSn_ phases.

The impici el HeirESbe g b S ARG bbb dicire B At B cpsn
very brittle and susceptible to fracture, while the _
phases jthehpsdnesppl CuSapqualg ég@ EVigrangd the phageng pery fatisandsusceptible to

significantly Iower brittleness. For better
fracturg; ivehilrahehardinesg o6 Cut S8 equalsit‘enlyiyl @GBS 0 andl exhibisnggnificantly lower
phases, the hardness of the netallurgically produced
brittlenesy. Ferbeienslesactarizifed Lheraalling Thi;Sn pidCagBn; hawes, the hardness of
sel ected because the hardness neasurenment on the

the metdRbRIdaNYpARICEd FoRER P%Eé R8s ideitifed ARNdRbYed FAC&Tecied
of the 50l dered sanples produces only I nexact results

tosthe I r, 1hi ess..of .

becaus% g‘l\% l}a cllné:Es ?E%%B%Wﬁltntaég tl&lggﬁhgggéhég ;“6%%2;5%\3,8% (lgﬂr th-gli%ﬁndary surfaces
t erature | oading i s consequentl rucial  far

of the spdsFed @rbesaraduces anly anseartgsltpde 4y ramallfayep Hiigkness of a few
grom h and the thinner the |ayer thickness of the

pm. brittle Cu3Sn phase is, the better stresses can be
di ssipated in the boundary surfaces and therefore the
hi gh-tenperature reliability can be increased. Another
advantage lies in that, due to the reduced phase

Thus, KRR thé Jﬂﬁttg‘eﬁ?l%?/ﬁ] ?ﬂ%%ﬂ%ﬁ?teﬁ@%&t&g Wa%fﬂfgg gwﬁstetiuently crucial

signiticant ase I'ncre
for higk?—?e%;?etralltﬂl% o 1gggﬁ{yglfﬂé Sioiwer éh% %hase growth and the thinner the layer thickness

16

of the brittle Cu;Sn phase is, the better stresses can be dissipated in the boundary surfaces and

therefore the high-temperature reliability can be increased.

Another advantage lies in that, due to the reduced phase growth, the Cu conductor tracks are
converted with significant delay into CuSn phases at increased operating temperatures, also
called de-alloying. If the Cu layer thickness is too small in the soldered surfaces of the conductor
tracks, these separate from the carrier material, which leads to electrical failure of the

component.
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called de-alloying. If the Cu layer thickness is too
small in the soldered surfaces of the conductor
tracks, these separate fromthe carrier material,

. which |eads to electrical failure of the conponent.
{00117075; v1} 17 dainms 1- Lead-free sol der based on

17

an Sn-1n-Ag solder alloy containing - between 88 to
98.5 wt.% Sn, - between 1 to 10 wt.% In, - between 0.5
to 3.5 mt.%Ag, - between O to 1 w.%Cu, - and a

doping with a crystallization nodifier inhibiting the
1. Lea(b?fswﬁd@’rbaﬁ?ﬁ & AreBerln-AR selrles abloy eprtaimingsol i di fi ed
sol der. 2. Lead-free solder based on an Sn-In-Ag
- betweaso|88de 9815wt odficor ding to Caim 1 conposed of -
between 88 to 98.5 wt.% Sn, - between 1 to 8 w.%In,
- betweenllabvea.Q.1p, to 3.5 W . % Ag, - between O to 1 wt.%
Cu, - between 0 to 3 w.% G, Sb, Bi intotal, - up

- betwdefl 015 W3 §6,adgliAlgl ves or inpurities, - and a doping with
a crystallization modifier. 3. Solder according to

-betwegn%it ]]\rp.,;, characterized in that the
crystalliZati’on nodifier is
- and a doping with a crystallization modifier inhibiting the growth of intermetallic phases in the

solidified solder.

2. Lead-free solder based on an Sn-In-Ag solder alloy according to Claim 1 composed of
- between 88 to 98.5 wt.% Sn,

- between 1 to 8 wt.% In,

- between 0.5 t0 3.5 wt.% Ag,

- between 0 to 1 wt.% Cu,

- between 0 to 3 wt.% Ga, Sb, Bi in total,

-up to 1 wt.% additives or impurities,

- and a doping with a crystallization modifier.

3. Solder according to Claim 1 or 2, characterized in that the crystallization modifier is

neodymium and has a concentration of 100 ppm maximum.
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neodym um and has a concentration of 100 ppm maxi num
{00117075;v1l} 18 4. Solder according to Claiml or 2 18
or 3, characterized in that it has between 1.5 and 5
wt.% indium 5. Solder according to one of Clains 1
4, Solde@a%’oor(ﬁﬁ E@@fa%']zcﬁ@] (g'r’fv EﬁﬁactétrazeB% tlpxﬂtvfﬁ?ﬂ?&vé?ﬁ Q.S%nf 5 wt.%
Yo ver according to one o ai s
to 5, characterized in that it has a nelting
unltenperature of above 210C. 7. Sol der according to one
of Clainms 1 to 6, characterized in that the formation
of Ag3Sn phases results with a star shape under a
enperature | oad. 8. Sol der according to one of C ains
3. Soldfr pesording fesprecatdilpimsdl forf, chasactetigeddn ylst dihas betwicom 1 and 3 wt.%
nodifier is dissolved in the matrix. 9. Method for
silver. t he production of a solder according to one of O ains
1 to 8, characterized in that Nd is produced with one
of the conponents of the Sn-1n-Ag sol der as a naster
alloy, which is diluted in the remaining conponents.
6. Soldl‘pacc {)u(ﬂrr% o;flgdl élgﬁlﬁo%gﬁﬁgcfaﬁzeggﬁ thai 1t%|aa R lt%nthemRFratme of
zmovegﬁf fron1a sol der produced according to one of d ai s
5 for usage tenperatures between 140 and 200C,
in particular between 150 and 190C. {00117075; v1}

indi

7. Solder according to one of Claims 1 to 6, characterized in that the formation of AgSn phases

results with a star shape under a temperature load.

8. Solder according to one of Claims 1 to 7, characterized in that the crystallization modifier is

dissolved in the matrix.

9. Method for the production of a solder according to one of Claims 1 to 8, characterized in that

Nd is produced with one of the components of the Sn-In-Ag solder as a master alloy, which is

diluted in the remaining components.

10. Use of an alloy according to one of Claims 1 to 10 in wafer bumping technology.

11. Use of a solder point made from a solder produced according to one of Claims 1 to 5 for

usage temperatures between 140 and 200°C, in particular between 150 and 190°C.
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