1 Lead-Free Solder with Inproved Properties at

Tenperatures > 150C The present invention relates to a

sol der for objects whose use range lies up to 200C, in
particular 150 to 190C. At these high tenperatures,
tin-silver-copper (SAC) sol der points age particularly
quickly due to the growth of internetallic phases.

The tensile strength is |lower at high tenperatures and 1
the permanent elongation limt worsens due to the

material fatigue, which follows in association wth
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master alloy, is defined as a corresponding . ‘ .
According to EU guidelines 2002/96/EG “Waste Electrical and Electronic Equipment” = WEEE

and 2002/95/EG “Restriction of the use of certain hazardous substances in electrical and
electronic equipment” = RoHS (http://ec.europa.ew/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 102004 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



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

happens, for exanple, with the introduction of

neodym um EP 1 623 791 A2 describes a nethod for its
separation. Thus, for exanple, solders can be 9
purified according to WO 03/051572. WD 03/ 051572

descri bes an indiumcontaining SAC solder, with which
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Concm@g\nfowgl'ﬁ%wdb?r?%”ﬁﬁmﬁﬁfsﬂ%F%@PP%IHO@F aals, d“?fh‘ge introduction of
formati on of coarse tin dentrites and should

neodyminmaFP d 623 79hdgtdeserivgs horwdpd fevitssepypation: d has, fenfgample, solders
sol der after nelting. Furthernore, the solder should
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898vvt %tin, 3.7 mt.%silver, 5w.%indium and 1.5

wO O\%OS 1552 Rﬁ) discloses a lead-free solder based on an SAC alloy having 0.8 to 1.2 wt.%
indium and 0.01 to 0.2 wt.% neodymium. This solder should avoid the formation of coarse tin
dentrites 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.%



The object of the present invention [ies in

counteracting the material fatigue that occurs at
tenperatures up to 200C, particularly in the range

bet ween 150 and 190C. The nelting point of the sol der

should lie at l|east 10C, preferably 20C, above the

maxi mum use tenperature. The object is achieved with

the features of the independent clainms. The dependent 3
clainms describe preferred enbodinents. It is

significant for the present invention that a sol der
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i ndeed be used for the solidification of the sol der,
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concentrations, particularly for concentrati ons,

than 100 ppm The applied quantities always
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It is significant for the present invention that a solder based on a tin-indium-silver alloy blocks
the formation 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



exposed to tenperatures greater than 150C. According

to the invention, on one hand, the formation of

netallic phases is kept small and, on the other hand,

the crystallization of the internetallic phases is

nodi fi ed. H gher copper or silver portions increase

the formation of internetallic phases. Here, it is
significant that, between 1 and 8 wt. % i ndium 4
particularly between 1.5 and 5 wt. % indium the

formati on of a Cu3Sn phase for the application of the
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neodym um Neodym um can effectively rmdl fy crystal

exposge imtemparpturesgreaten than [ ¥0°6n anount | ess than the | CP
detection limt of 30 ppm Neodym umtherefore needs
to be doped only in quantities of less than 100 ppm
in particular, less than 30 ppm in the solder. If
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Wth a star shape. It is suspected that the neodym um
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particular 3 wt.%. For modifying the crystal growth of the Ag;Sn phases, according to the
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



concentration over 100 ppm The nodification of the

crystal growth, particularly with neodymum lies in

that, instead of coarse crystal plates or needl es,

fine, branched crystals are produced at tenperatures

above 150C in the solidified solder, i.e., belowits
melting point. This effect is very inportant with the

i ncreasing mniaturization of solder connections, 5
e.g., in chip fabrication, particularly for wafer

bunpi ng. Particul arly under operating conditions at
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temperatures above 150°C, increasing portions of Sn from the solder compound are bound due to

the phase growth of the Cu;Sn or CugSns phases in the boundary surfaces. The necessarily
increasing Ag portion in the remaining solder leads to a strong crystal growth of the AgsSn

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



neodym um | eads to an oxi de skin on the sol der

surface, caused by the oxidation of neodym um under

at nospheric conditions. To keep neodym um at a

concentration of 0.01 wt.%in a nelt, reducing

conditions or the application of a vacuum woul d be

necessary. An alloy with 0.2 w.% neodym um cannot be

processed to form sol der powder wi th conventi onal 6

fabrication processes and pronotes crack formation

t hrough oxi di zed inclusions in the boundary surface of
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underatmpspherin eondiiwns.sToocp aeRdyoren aha congpriFaligy |o§} 044 wt.% in a melt,
possi ble for this reason. Thus, the expensive cost
reducaigfcenditioms driee apphgaidnatiaoecuuin would bewecsssarndiuahayswith 0.2 wt.%
relatively small. Above 8% indium the nelting point
neody@dininhansd lbd @rociessell aofolm solider povidee with gbnveatipead fitbuication processes
applications intended for the solder according to the

and proRYREL drk- forthRioh SRSlLgIEoxidizéEmelubiohfBItBEBAMdas sarface of the solder
function of the indiumcontent, whereby for this

point@SPect, an indium content Dbetween 4 and 10 wt.%
particularly between 4 and 8 wt.% can be justified. 7
The sol ders according to the invention have an
out standi ng resi stance to tenperature changes in use
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the CL;S%Sphgskg:.oiégr tgl%%%i'pogg rt>tetl;\x9eléxll ?rtcla ¥ wt.% indium is required in order to block the
formation of Cu;Sn phase significantly. With 1% indium and just below, the phase growth of the
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 CuySn 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.



above 215C. The nechanical strength to be expected in

a solder alloy according to the invention will be

described with sufficient accuracy with the follow ng
functions: Maxinmumtensile strength: Rmin MPa Rm = 16

MPa + 4.3 MPa Ag [Wt.%4 + 4.4 MPa In [w.% + 10 MPa

Cu [w.% Permanent elongation limt Rpo,2 in MPa
Rpo.2 =7 MPa + 2.2 MPa Ag [W.%4 + 4.8 MPa In [w.% 7
The strengths of the solder alloys were determ ned on

cast tensile test bodies having a sanple dianeter of
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odi red at

es were sto room tenperature for 6 weeks

“Sea‘kg%?&eﬁ{r%}‘}e?%ahﬂ%@\%f’éonte”t of silver should anpunt to

.9 preferably greater than 1 w.%
so that the nelting point of the solder is not too
hi gh and not too nmuch indiumis needed for |owering

t he lting point. Above 3,5 % si lver.. the rtion .
Preferaglmg»ggwl 9f solffig assordipe ?fgthﬁ A (G s aPSd G Paricutarty

therefore be set in an anobunt between 0.5 and 3.5
abovel386. particularly between 8 1 and 3 wt. %

Optionally, copper could be contained up to 1 w.% At

portions above | w.% Cu increasingly fornms the

undesi red Cu6Sn5 phase, which grows undesirably _
The nepeharii¢a) stagnghhi plbetesprtadan arseldler allbiyacowding te thefinvention will be

should lie between 88 and 98.5 wt.% Below 88 w.%
describbé witk IstiifisfEnpaucaiacy b oheHllvemgl fonetions:

hi gh-tenperature applications. Furthernore, the

portions of Ag and Cu phases would increasingly or

unnecessarily consunme too nuch indium Above 98.5

MaxiMhim¥ensiiBStrength: Rm in MPa

Rm = 16 MPa + 4,3 MPa Ag [wt.%] + 4.4 MPa In [wt.%)] + 10 MPa Cu [wt.%]

Permanent elongation limit Rpg, in MPa

Rpoz= 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 AgiSn phases is undesirably

high. Silver should therefore be set in an amount between 0.5 and 3.5 wt.%, particularly between



mel ti ng point becones too high and the tensile
strength too I ow. The solder according to the
invention tolerates up to 1 % additive, in particular
Ni, Fe, Co, M, Cr, M, or Ge and conventiona
inmpurities. In traces far below M Nd could al so be
i ntroduced as the nost economical rare-earth netal
m xture (e.g., in conbination with Ce, La, or Pr). A
possi bly required adjustnent of the nelting point and
strength of the solder is possible through the
lob | QL 3 ] : ( i N8vt.%, Cu
L and 3%, OBl Rppr SGITR: Bonipnclp (94 .9, AL PBHiohPatTREN %
. Bi , d shoul d. pot. exgeed 0
mereqglorPofir eneered Corn PEEE el ol ofBATDR FLRY A
to bismuth, it is recomended to avoid bisnmuth, at the
tempgrdWSs to |eave its content below 0.1 wt.% The
sol ders according to the invention allow nore reliable
el ectronics at application tenperatures of the
el ectronics in the range between 140 and 200C, ) .
The cpatentiof tinshould He bolwesn &g and 3% wibo Below $hwbo. Hiegpelting point
t enper at ure- change conditions. The sol ders accordi ng
becornes todkw fov bighitemperatuor appiieations Fugheraisirs, ithepastionsiad Ag and Cu
power el ectronics and the high-tenperature
phaseapplldiatreasigsly opametsssiray tohspmeto mhacindiom. ddovan98.5 wt.%, the
hi gh-tenperature applications. As exanples for the

meltirﬁgémﬁt WReofésf6b hiphiagg thdendilestrevitin@oden. be named: DCB
(direct copper bonding), COB (chip on board), hybrid

circuits, sem conductors, wafer bunping, SIP (system
i n packaging), and MCM (multi chip nodul e),
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Yy redu h 'Sol ders
s e R S T, RSB e
possit?l? r1lesqiu(ijrgcri gc%lusetment of the melting 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
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



i nportance for electronic solder connections in
machi ne construction, particularly vehicle
construction, whereby increased security is ensured
for electronics wth solders according to the
i nvention in machi ne and vehicle construction.
Particularly in this field, in addition to
tenperature | oads, the tenperature-change stability is 9
al so inportant and inproved with the solders
according to the invention. The inproved security wth
electr{nﬂ@s RO kARFAInAEEYeHatBd L BCBRGirec BYSERE bSirg), CHB (Eﬂiﬁ Bn board),
enperature tange 1s particularly inportant for the
- mtive, ihndustr] . i I ai i .
nybr S, ssionb OIS ArB tunfh 6 TP 04 6m if Bk alf R S MCM (i
. the fields. of notor I Vi chani - Qr: e
chip igee) SRy B Ba°Hage e ke PR Al e s K Eryth of
shoul d npeverthel ess exhibit maxinumreliability,.
AgsSHRIEPE) Clo 1R3ed SUOBTOBRTAUPTE Pt VUR PHPIRS, 48 faiderably reduced
~_generated by the electronics still negatively affects
with sollersasperdisig)te the invggdioso| ders according to the
invention will significantly contribute to alleviating
problenms in these technical fields. Furthernore, the
sol ders according to the invention aid the reliability
The tdnoperatmereseddtvaeen UA to/2005C, pareatartni g0 d AFES éxoftconsiderable
solar radiation, particularly el ectronics exposed to
imporhnce €dr efedtranic kalderadohfdttiondintmarhine coheaittianipasiculappetlede
by indirect solar radiation. 10 Below, the invention

constiction, RBctdbl UickéaaéPeeity s TR EhCecironieX ¥RlseRlers according to the
according to Table 1 and the figures. 11 .~~~ MV O

inven%lflmgr in('\%u?\?hi’nce;agd \Néé%BQ\ c%ﬁs%tic’ﬁplfaftﬁ:uﬁgmﬁ’this b1 in aadifbiMoN
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tempé’rgt'ure%e%& the temperature-change stability is also important and improved with the
solders according to the invention. The improved security with the solders according to the
invention in the high temperature range is particularly important 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 ficlds.
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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are: Fig. 1 the schematic structure with respect to
the formation of Ag3Sn phases of an SAC sol der point
on copper substrate in conpani,son to an SAC sol der
poi nt containing In and dope& with Nd according to
the invention, Fig. 2 the Ag3Sn phases fornmed with
sol ders according to the invention in conparison to
previously formed Ag3Sn phases with reference to
HerepHostogedahs, Fig. 3 the dependency of the tensile
strength on the indiumcontent, Fig. 4 the dependency
Fig. 0fthé BehefRitit stridtafeaith @8pdchf the dortntion of ARiSn phages & aa SAC solder
conmparison exanple with a fornmation of an

' rﬁo%t%tc%bbércsugﬁmﬂ QAaRgord @ & m%ldeﬁ(ﬁﬁﬂ-ﬂohtauﬁﬂg In and doped
. 6 the susceptibility to oxidation of an

| %‘%ﬁatg {iﬁgﬁgﬁ?"* 1H9§R1trgﬁl ni ng neodym um  Enbodi nent

of "a of the production of a sol der
Fig, %aahgé,g?%fﬁﬁ Sl et ot pgup AP PP i RbRRgn t

conventi onal I y rat her | ow nelting tenperatures of
<guecordy foraicddye:pe rheses withgeligeanre i, Photegrabhr i ses t he

risk that elenmental Nd introduced as a pure netal or
Fig. ¥ ahedemntlénaystf e tensile strength on the indium content,

Fig. 4 the dependency of the melt interval on the indium content,
Fig. 5 acomparison example with a formation of an intermetallic phase leading to a short
circuit, and

Fig. 6 the susceptibility to oxidation of an intermetallic phase containing neodymium.

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 floats, 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.



m xture floats, due to the |low density, floats on_the

pre-nelted solder and is imediately oxidized. In the
form of neodym umoxide, it is no |onger effective and
accunul ates in the slag. 13 To suppress this, the
neodym umis doped via a master alloy with one or nore
conponents of the solder alloy. In this way,
oxi dation of the already all gged neodym um i s avoi ded
and a uniform distribution the crystal nodifier is
achieved. Suitable master alloys include, e.g.: - Sri
To sugregs thas, themeosgmign fayloped xip avgaster ally-witlyons T roerggorgonents of the
5-15 (concentration ranges given in w.% These
soldemalddye dn i wyg oxidatios of thei dlrgagy dbhyed deadyiusuis awdiled and a uniform
melting methods. It has proven effective to alloy the
distrib@agysh thétgbtal @oViEieRisWckizvéhove 800C, in order to
achi eve a honogeneous distribution, and the final
master alloy has a nelting point bel ow 1000C,
preferably bel ow 900C. This guarantees trouble-free
e i of ster alloy in the solder nelt at
Su‘tag]ﬁg’ga%l.te\fégrg}%sa‘PF@g?f eg‘anrpl e 150 96.5 Ag 3.5 has a
S Iﬁgéﬁnent el ongation |imt Rpo.2 of 19 MPa and a
-on SiYle strength of 32 MPa. This alloy tends strongly
toward grom h of Ag3Sn phases and therefore exhibits
-CuNdd8iderabl e material fatigue at tenperatures above
150C. Increasing silver content pronotes
- AgNd 10-20

- Ag Cu 10-40 Nd 5-15

(concentration ranges given in wt.%)

These master alloys can be easily produced with suitable melting methods. 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 Rpy, 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.



the formation of Ag3Sn phases. 14 Conparison Exanple

2 Sn 96.5, Ag 3, Cu 0.5 has a permanent el ongation
limt of 18 MPa and a tensile strength of 35 Mra.
Li ke the sol der of Conparison Exanple 1, during the
sol dering process, this solder forns a pronounced
Cu3Sn | ayer on the surface of a copper base. The
internetallic Cu3Sn phase grgms and enbrittles the
boundary surface to the copp F at t enper at ures above
150C and leads to material fatigue of the sol der
Compasiser Example 2Conpar i son Exanple 3 Sn 96.99, Ag 2.5, Cu
0.5, Nd 0.01 has a permanent elongation |imt of 18.3
Sn 90RA ghdCwa0 5das alpermaienesigndation 1ight &f 18/MEa ahda sermilé styength of 35
melts, Cu3Sn |ikew se fornms on a copper track, which

MPa.JliRéVhe@bldef 6!@&?1?&1’5’9’013%@9@1@1,1@9% tlﬁ%ﬂeﬁih?%;‘d&ss, this solder forms a
Conpari son Exanple 4, an addition of 1 w.% i ndium

prondﬁﬁUéieéugs‘ﬁqg?%?roﬁ%é’\Mrﬂce gpygcﬁf P Dike! nl?{?ﬂ'té?‘m%ta]l A 1:1331‘1 gr}]lgse grows

I NCrease | he permanent ngati o Imt to

an incr ein the tensile strength to 37.0. Wt

and eftbeiiSu s By R sfprehe EagatBrcabiova b hnd leads to
material fatigue associated with this phase at

materigd ffegugtod thessoddss genesba). however, there is no
significant difference conpared wi th Conpari son
Exanpl e 3. Conpari son Exanple 4 A solder with a
neodym um content that fornms an internetallic phase

Com@@iesn BWeklels Figure 6 shows an internetallic phase
that contal ns neodym um and that was conpletely

Sn 96299, N 726 BhRa f & it bET®Y pd 49 tensil
: stor agée ’a(?‘S g%gdm%hg%tl%énmﬁ%%ﬁ&ggg%b 1%181t %our s and, enstie
strenétﬂ of 32.5. When this alloy melts, Cu;Sn likewise forms on a copper track, which grows at

temperatures above 150°C.

According to Comparison Example 4, an addition of 1 wt.% indium causes, compared with
Comparison Example 3, an increase in the permanent elongation limit to 19.9 and an increase in
the tensile strength to 37.0. With respect to the formation of the Cu;Sn 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 ages 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.



this manner, exhibits a significant material fatigue,

which is a starting point for further deterioration of
the material. 15 Exanple 1 Sn 95.49, Ag 2, Cu 0.5, In
2, Nd 0.01 shows, in addition to further inproved
mechani cal properties conpared with Conpari son
Exanpl e 4, a suppressed formation of the Cu3Sn phase
and a | ower growth of the sa:]S at tenperatures above
150C. Wth this exanple according to the invention,
the material fatigue is drastically slowed down
thereby with excellent nechanical properties. If the
dopi ng with neodym um from Exanple | is discontinued
Exampdebr di ng to Conparison Exanple 5, the formation of
the Cu3Sn phase is indeed small at the begi nning, but
Sn 93416 AA0B B 0.PNIASK Nden OB show irchdglitivat b famliker ilprdved maichaical
of coarse plates or needles at tenperatures above

prope%@&goﬁ%rédt\ﬁm? Cofpati QAN dnfp1 410 BF G PERR IO R I cﬁ*the Cu;Sn phase

fatigue and the risk of short circuit forrratlon

and o ool & el P Bt By o i ielbis gpoording to the

wi t h Exanp Ie 1, causes further inproved nmechanical
invenyppyfhe maé@al figue Brdrastically Pewedown Susmelyhwisl exgelignt mechanical

sol dered on a copper track is further reduced,
properiaespar ed with Exanple 1, and the material fatigue

di m ni shes even nore at tenperatures above 150C. A

further increase of 1 wt.% i ndiumaccording to Exanpl e

3 produces, in addition to nore inproved nmechani cal

Ifthemoﬁﬁ%jﬁu't}?%od%lﬁlﬁ|fﬁ)\‘1§‘E§(axﬁﬁl% rﬁ@%ﬁcbﬁhrﬁx@@ aédawag t@eoﬂbanson
3Sn phase conpared with Exanple 2. The nateri al

Exan{p?é 5,%’? fo%ah&‘ﬂ%@@ﬁ@é pl?EBQYs m&ée%%n{aﬁ d&t %Ut?eegﬂmmg, but the Ag;Sn

phase tends toward growth and the formation of coarse plates or needles at temperatures above
150°C and therefore leads to unacceptable material fatigue and the risk of short circuit formation

due to the crystal growth of Ag;Sn.

Example 2 with an increase in the indium concentration by 1%, compared with Example 1,
causes further improved mechanical properties. The formation of the Cu;Sn 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.



conpared with Exanple 2. 16 Wth a further increase

of 3 wt.% indium conpared with Exanple 3, further

significantly inproved nmechani cal properties are

achi eved, conpared with Exanple 3. However, there is

no significant reduction, conpared with Exanples 2

and 3, in the formation of the Cu3Sn phase when

sol dering on a copper track. ,I.ndeed, there is still a

slight inprovement with respelgt to the material

fatigue at tenperatures above 150C, conpared with

@taﬁgfrrenqsfasrz@f 3tvi1i% indiwmesasnparedywith Fxpmples, derthes signifiqantly

interval is already decreased to 200.4C. Figure 3

impresiedwsechhe cd gpepetitescaye athidved, somparédnwith Eabmple X Bowever, there is no
i ndi um content of a solder on the basis of tin wth

signiflcdnt YeduMich, b¥@parad tifh Exampldd TAIOR lin tHel foHhatioh ofHld\Su;Sn phase
the corresponding increase in the tensile strength.

' i I t 2hetd isl I3
e P R R e oot o e

T L nproved high-t rature stabj i IS e 1.
materd) o Rl HRPPHErS PR Grs eotith Expipe Bfsdip however, the
__phases. Wthout In, the ratio of Cu3Sn / Cu6Sn5 phases
solidyssofdhe melt Intarviabis alreidsad asteagecdoloa§@.45€- 175' ¢/ 1 20h.
Wth 2% I1n, 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

Figurk BishkReaf cfé&:eﬁé%@% BP®S @SclihicPVal Oh A8 vy Sorfeént o QBolder on the basis
Al l oy Cu3Sn Cu6Sn5 Total Ratio Sn95.5 Ag4 CuO5 5 m

oftinmjv%g{_%.g%%sm&aﬁ?ro.ssv@?%c%pé&? Qul I1nl NdG.2 4 m8 m 12

Figure 4 shows the corresponding increase in the tensile strength.

With

With reference to Table 2, it is explained below how the growth of the Cu;Sn phases is
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 / CugSns 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 CusSn CusSns Total Ratio
Sn95.5 Ag4 Cu0.5 5 um 10 pm 15 pm 0.33
Sn92.8 AgS Cul Inl Nd0.2 4 um 8 um 12 pm 0.33
Sn94.995 Ag2.5 Cu0.5 In2 Nd0.005 | 2 um 6 um 8 um 0.25
Sn91.5 Agd Cu0.5 Ind 1.5 um 5.5 pm 7 um 021
Sn88.5 Ag4 Cu0.5 In7 1 ym 5 um 6 um 0.17




Sn94. 995 Ag2.5 CuO. 5 In2 NdO.005.2 m6 m8 mO0. 25

Sn91.5 Ag4 Cu051n4 1.5 m5.5 m7 mO0.21 Sn88.5 Ag4
Cub51In71 m5 m6 mO.17 17 The inproved high
tenperature stability finds its explanation in the
properties of the CuSn phases. The hardness of Cu3Sn
equal s 320 HV10 and the phase is very brittle and
susceptible to fracture, whi he t he hardness of Cu6Sn5
equal s "only" 105 HV10 and eXfibits significantly
lower brittleness. For better characterizing of th?1
The imgrayied high tempsistuse stabilibshindsitrexplanatipnindhe arapsdicg pf the CuSn
the netallurgically produced nolten phases was
phased 6Tler Ivirdreess ofiGusSnpaqogle 300 & Widsanddhe phast: is benyauritde andbsusceptible to
har dness neasurenent on the netal |l ographic

fractuit, GrIaRaRE hadnéR of (RH0WAMAE Yorgyr 1 @S HY 10@hd kb bigrifiedntly lower
sanpl es produces only inexact results due to the snall

bﬁnl{)@%@?ﬁ)}e Blefek Eﬁéﬁﬁ&fiziﬁ’% bee r&u11THIUSu, Sh AN LSS phB®s, the hardness of

3Sn phase Torns under ténperature loading is

consequent | v, cruci al I.gh- ] .

the b GRREHOATD w0 Sl g e o Rk AR A Srogedre was selcted
thinner the | ayer thickness of the hrittle Cu3S

becausf Jrdrdient REAEEH OBt MBS LoB NS ST HORH AT IR UpdEY surfaces
boundary surfaces and therefore the high-tenperature

of therselldents] $ampescraduses prlyrierseresylisstunde thesmatlayss thickness of a few

in that, due to the reduced phase growh, the Cu

pm. conductor tracks are converted with significant del ay
into CuSn phases at increased operating tenperatures,
also called de-alloying. If the Cu | ayer thickness is
too small in the sol dered surfaces of the conductor

t f ' | al :
o5 PSP AR 8l A Bty i
for high-temperature reliability. The slower the phase growth and the thinner the layer thickness

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.



18 dains 1. Lead-free solder based on an Sn-In-Ag

sol der alloy containing - between 88 to 98.5 w. %
Sri, - between | to 10 wt.% In, - between 0.5 to 3.5
Ww.%Ag, - between O to |l w.%Cu, - and a doping

with a crystallization nodifier inhibiting the growth
of internetallic phases in the solidified solder. 2.
Lead-free sol der based on an §n-|n-Ag sol der all oy
according to Caiml conposea1 of - between 88 to 98.5
Ww.%Sn, - between | to 8 w,%In, - between 0.5 to
3.5 wt.%Ag, - between O tGlaim§y " o5 cu, - between 0 to
3wWmM.%G, Sb, Bi intotal, - upto 1l w.%additives
or inmpurities, - and a doping with a crystallization
nodi fier. 3. Solder according to Claiml or 2,

1. Leadvfreasolder tzaseld oman BatlntApesoddey atlay tormainingn nodi fier is
neodym um and has a concentration of 100 ppm maxi mum

- betweenSBl tHO8, BREY SH,Ng to Caiml or 2 or 3,
_cha_racterized in that it has between 1.5 and 5 wt. %

- betw &4 U 10 wt.% In,

- between 0.5 to 3.5 wt.% Ag,

- between 0 to 1 wt.% Cu,

- 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 to 3.5 wt.% Ag,

- between 0 to 1 wt.% Cu,

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

-upto 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.

4. Solder according to Claim 1 or 2 or 3, characterized in that it has between 1.5 and 5 wt.%

indium.



19 5. Solder according to one of Clains | to 4,
characterized in that it has between 1 and 3 w. %
silver. 6. Solder according to one of Clainms 1 to 5,
characterized in that it has a nelting tenperature of
above 210C. 7. Solder according to one of Clains 1 to
6, characterized in that the formati on of Ag3Sn phases
results with a star shape unq@r a tenperature | oad. 8.
Sol der according to one of Clains 1 to 7,
characterized in that the crystallization nodifier is
dissolved in the matrix. 9. Method for the production
of a solder according to one of Clainms | to 8,

5. Solden pecording oeens of Glaims 1 Wd?, icharpetedzadda tht itthag hetvesen d rpad 3 wt.%
conmponents of the Sn-In-Ag solder as a master all oy,
silvemhi ch is diluted in the renmining conponents. 10. Use
of an alloy according to one of Clains | to 10 in
waf er bunpi ng technol ogy. 11. Use of a sol der point

made from a sol der produced according to one of C ains

6. Soldet Qcc'érc_{iﬁ%} mlﬁﬁme{g?, gﬁﬁﬁ?gﬁ%ﬂqﬁ Bhat 4%ha@ A% temperature of

0
in particular between 1
above 210°C,

7. Solder according to one of Claims 1 to 6, characterized in that the formation of Ag;Sn 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.



