| Lead-free high tenperature conpound The present invention relates to a
nmet hod for firmy-bonded connection of an electronic conponent to a
substrate, a paste solder used in said nethod, and an arrangenent that can
be obtained in said nethod. Oiginati ng fromthe field of mcroel ectronics,
t he conponents are usually exposed to an environnent that is characterised
by i ncessant periodical tenperature variations. This applies, in
particular, to mcrochips that are usually connected in a firmy bonded
manner to the correspondilegdsiudashighttempehatoregéompodied | Nng procedur es whi ch
is associated with the formation of contact |ayers. Accordingly, it is
crucial for the quality of the products used that said contact |ayers
possess sufficient stability with respect to heat fatigue. For this reason,
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health-hazardous substances. As a consequence, lead-free paste solders were developed for
various electrical and electronic applications. However, solders for use in high temperature ap-
plications are one exception from the rule of said directive. Considering the lack of alternatives,
the use of lead is still permissible in this area, at least until equivalent lead-free alternatives are
available. Accordingly, the aim is to develop arrangements made up of chips and substrates

that comprise no lead-containing contact layers.

The lead-free paste solders that have been used as an alternative for firmly-bonded connection
of chips and substrates thus far, are fusible paste solders that usually contain, aside from a sol-
dering flux, powder having particles made of a metal alloy that mainly consists of tin, silver

and/or copper, whereby the mean particle diameter of the particles is 25 - 45 ym or more.

Studies have shown that the contact layers generated through the use of said paste solders

consist not only of solder microstructure, but also contain highly temperature-resistant metallic



Mor eover, attenpts have been made to generate firmy-bonded connections of
chip and substrate through diffusion soldering. In this context, a solder
material that nelts at |ow tenperature and netals nelting at high
tenperature forma highly tenperature-resistant and nechanically stable
inter-nmetallic phase. The solder mater2al is converted conpletely to the
inter-nmetallic phase in this process. DE 10 2007 010 242, for exanple,
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fati gusndse irthigprocessnnent that is characterised by incessant periodical
tenperature variations, and that features high thermal and electrical
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tin-copper alloys is no nore than 15 pm and whereby the thickness of the
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connection of an electronic component to a substrate that dispenses with the use of lead-
containing paste solders and leads to a contact layer that features sufficiently high resistance to
heat fatigue in an environment that is characterised by incessant periodical temperature varia-

tions, and that features high thermal and electrical conductivity.

Said object is met by a method for firmly-bonded connection of an electronic component to a
substrate, comprising

a) providing an electronic component having a first surface to be connected and a sub-
strate having a second surface to be connected;

b) applying a paste solder to at least one of said surfaces to be connected,;



Accordingly, this method involves the use of a paste solder that contains
(i) 10 - 30 % by wei ght copper particles, (ii) 60 - 80 % by wei ght
particles of at |east one substance selected fromthe group consisting of
tin and tin-copper alloys, and (iii) 3 - 30 A by weight sol der fl ux,
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particles nade of at | east one substance selected fromthe group consisting

of tincyand ér’rdhg@rtyqra@rele@trbmy&oﬂnsomm@aa ¢hd imtrale quoh tHAE aRr fitstgéatronich@nscope

of the inventjion entails ow arra t conprisin n electronic
comporRaent szt Paandantpand he dp Gt 5 EaR U oq By coRBRHER EP TS aen

el ect r@tn@.cbpmgp.ﬁm@mhe gag{etsbﬂes@hat rate in a firmy bonded nmanner, whereby

t he cont act ri ses eutectic ase fractjo nlnter talllc

hese ) et aHErmaEs By el IO B oA pits A SRS Hed A RaLbgt 5 |
50 % bBNe\éﬁltmilélede‘b mﬁr;ﬁ%ht é’? ﬂwb%ub@t?a(’jié Wiedr gty tr?@fpaeléts@ﬁek @orptbms@l) agd )

I nt er - net I C p ase e netho cco tQ the | tron IS e on the
surpri n%g? PYYVRIGNt $Rpper f??f“?'ﬁ%czk':) 5‘%) C!(? s"iﬂ?'@fgrqaﬁﬁp aé’teﬁétr@@rﬁ‘a‘i?? aRede up
by subsdisaé®ironltBE bfodpBiconSOfRsTERtand id- doﬁb@’féﬂ@% %dl@iﬂ‘ﬁf& €369} BeiverBESSIdi ng
to the invention, the solderlng material 1 nitial olidifies thermall

whi ch 944 Weersby hiernean Pasticle gisssterf thecprperRai éﬁ? and ghihs RariclesHp an
I ni er P@Su@t@w&@&@@d fray @fe %rﬁa@ cd)rﬁlsftmg B bn aﬁ@l tunmbp%eatlayyysq@ ﬂtslmzc{ré lthafn

eutectl c erearter | er nedl ate con aver

o o e ROl Ak aa o eniid layer aiaae TGS RURM g Mt 1T he
formation of inter-netallic phases In the process, the eutectic phase

beconmes interspersed with inter- I1ic mhereb t he phase
bounaaRrelIng MBS Tnve oM Bie et PR LS Al GO EBY: enmi i g 4 cont act

| ayer @ho noto e3¢ wﬁywa@aido@beﬁparﬁ@@@ other and to the surfaces of

el ectro |c 0 pent and sub but forma con havi n

out oct§ 287 D woRLTe Ot ooty e Y R SRl R B ST MRS he
eut ecting oph@gﬁdtmasp;b@@u@y% bAdt he range of 5 - 50 % by weight with respect

to the(mt)ot aé_%lo/g% Wg?‘gh{aggigerf{uc phase and inter-netallic phase.

whereby the mean particle diameter of the copper particles and of the particles made of at least
one substance selected from the group consisting of tin and tin-copper alloys is no more than

15 um.

Accordingly, the scope of the invention entails providing an arrangement comprising an elec-
tronic component, a subsirate and an intervening contact layer connecting the electronic com-
ponent and the substrate in a firmly bonded manner, whereby the contact layer comprises a
eutectic phase fraction and an inter-metallic phase fraction, whereby the eutectic phase fraction
is in the range of 5 - 50 % by weight with respect to the total weight of eutectic phase and inter-

metallic phase.

The method according to the invention is based on the surprising finding that, in the course of
soldering the arrangement made up by substrate, electronic component and intervening paste
solder according to the invention, the soldering material initially solidifies thermally which leads
to attachment of substrate and electronic component through an intermediate contact layer that
is formed and initially consists of eutectic phase only. Right thereafter, the intermediate contact
layer formed undergoes isothermal solidification which is associated with the formation of inter-
metallic phases. In the process, the eutectic phase becomes interspersed with inter-metallic

phase, whereby the phase boundaries formed between inter-metallic phase and the remaining



The formation of said contact |ayers |leads to a substantial increase in
strength as conpared to both a thin contact layer (just a fewmllinetres
t hi ck) generated through diffusion soldering, which contains just
inter-nmetallic phase, and a contact |ayer generated through fusion

sol dering, which conprises both eutectffc and inter-netallic phases
extendi ng essentially parallel to the surfaces to be connected, and
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which is associated with the formation of an inter-metallic phase that is interspersed with eutec-

tic phase.

In the scope of the invention, the term, electronic component, shall be understood to mean a
component of an electrical circuit. The electrical component can, for example, be a chip, pref-
erably a bare chip (semi-conductor chip without housing), a semi-conductor diode, a transistor,

a resistor or a capacitor.



A lead franme shall be understood to be an IC (integrated circuit,

m crochi p) housing that essentially consists of a chip carrier and
connecting leads only. The term lead franme, is used herein as a synonym of
the terns, connecting frame and chip carrier. The chip carrier conprises a
substrate that constitutes its base frane and is fabricated from netal,
e.g. copper, copper alloys, a conbination of copper and a finisher (e.qg.

ni ckel, silver or gold), iron-nickel alloys or other invar alloys. The
electronlc conpaonent conprises at | east one first surface that 1 ended
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The substrate comprises at least a second surface that is intended to be used for connecting
the substrate to the surface of the electronic component described above by means of the con-
tact layer generated through by the paste solder. Said surface also can just as well be part of a

larger surface.

According to the invention, the surface of the electronic component that is connected to the

substrate by means of the contact layer generated through the paste solder is called "first sur-



Sai d paste solder contains (i) 10 - 30 % by wei ght copper particles, (ii)
60 - 80 % by weight particles of at | east one substance selected fromthe
group consisting of tin and a tin-copper alloy, and (iii) 3 - 30 % by

wei ght solder flux. 7 The purity of the copper of the copper particles
contained in the paste solder preferabby is at least 99.9 % (3 N) and nore
preferably at least 99.99 % (4 N). The copper particle fraction of the
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preferably 62 - 78 % by weight, and nore preferably 65 - 75 % by wei ght
with respect to the weight of the paste solder. If the paste sol der
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nmean p@gldiddienidi RpbRENtehdthemeamRatioPRIElsth&maANtk EditainBain thaklbsiiate
dianeter of the particles of at |east one substance selected fromthe group

consi st the $10sHat- ti n- copper alloy, are independent of each other and
are no nore than 15 pm preferably no nore than 13 pm nore nore preferably

no nore than 11 nor e referabl¥ no nore_tha pm Pref rably,
t he nethRresart the r@efai"a%né?yqrmfﬁrapweaqcaw&é qrapArea of atée%#go o MO P eéﬁam y
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pm and %et even rmre erably in ther scope
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di anmet gichafs, iR eBmMplel haw, 1 thes@fdtel testss thraecta tp e sledtton®f cdnfsorigar ti cl es
have a partlcle di arreter of nore than 15 pm A nean particle dianmeter being

i n t hetlFgdne poppct layer.

The metallisation layer preferably is a layer that contains connections that can be soldered. The
metallisation layer preferably contains an element selected from the group consisting of copper,
silver, gold, tin, and palladium. The metallisation layer can just as well consist entirely of said

elements, solderable compounds of said elements or mixtures or alloys of said elements.

According to the invention, a paste solder is applied to at least one of the electronic component

surfaces or substrate surfaces to be connected.

Said paste solder contains (i) 10 - 30 % by weight copper particles, (ii) 60 - 80 % by weight par-
ticles of at least one substance selected from the group consisting of tin and a tin-copper alloy,
and (iii) 3 - 30 % by weight solder flux.



8 2 - 15 pmneans that at |east 90 per cent of the particles have a
particle dianmeter in the range from2 - 15 pmand |ess than 10 per cent of
the particles have a particle dianmeter of less than 2 pmor nore than 15
pm It can be preferred according to the invention that | ess than 1 per
cent of the particles exceed a certain7particle diameter. Said particle

di aneter that may be exceeded by less than 1 per cent of the particles,

pr ef er @hd Yuiits ol eidhpsfstenddedtper plrtived omBedntihe yastersdlder pregdrapigd 3t 8 pm
Mor eover, it e preferred accgr ig}g %o the invention that the
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paste €8P %ﬂ)@t@%‘é’ Rerepapieradet eas) N:icle dianeter of rmore than

20 pm of nore than 18 pm of nore than 15 pmor of nore than 11 pm The
geonetries of the copper particles and of the particles of at |e ne
Jebet artecamioe epaeTAsN hang ot SRRSI b I aref i1 2 ogB et B 1 oy,
can bewdight @hgmiore PrfguBl . 15t-118 RaytwedR withredRicatdl te deRyhs BB ibaste soRlephape.

However, it is obvious to the person skilled in the art that a m nor
fraction of the particles enployed can be non-spherical in shape for

pr oducth®fatRASH? Particlde\WE ¥ElkastnefsabaBhde SdledtédfrbmIRe Yrday cvRigHNg, of iR a@d
preferably at least 95 %b even nore erably at |east 99 % by

) , % by wei ght, ref
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in shage.- 75, by walghow Rispestad tidhatight st tiasiste sobgler contains |less than 5 %
by weight, nore preferably less than 1 % by wei ght, even nore preferably

|l ess than 0.1 % by weight, for exanple 0 % by weight, particles in the

shape phnhd paeSoldéiCsnthdishrtifled ba lim¥esPer @lloy, tHEetimmadtion sprerratsipmttae ns 3 -
30 % by weight, preferably 5 - 20 %bry wei ght, and re gr f °a3)|é>/ 6 - 15 %
by wei @weé%rru%?-wéx@ by migight pat org aﬁf%ﬂwgvrat%éawgfg%v@ 6095k iWRiohtthe
sur f acgndlitel dBpéiPaction fasreReatly inthe Fahgderadx 0 8i-2%, bywayiaindmedre Wester@piyde
formatjon before and after the sol derin groc_ess and reduce the in¢lusion
of for Bitha rAgsiombes 2 foreuent: Aﬁ%ﬁj‘f@& BPTCHENK BIefRIFec §TORCURBL: BherBduce

the SUpd@eR all@NsiafmIIe] thahEorhpiiés BISYA8T weiGa thedndfd. B% bakigebcopper.used
i ncl udes col ophony, col ophony-based resin systens, water-based resin

systenms or systens based on carbonic acids (e.g. carbonic acids having 2
-50 C Ab&dr8Ing 6l thelntehtibMt i8le@S@tiarthbi the partRistontidin it Fstelsol@esh Haive aaci d,
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The mean particle diameter of the copper particles and the mean particle diameter of the parti-
cles of at least one substance selected from the group consisting of tin or a tin-copper alloy, are
independent of each other and are no more than 15 ym, preferably no more than 13 ym, more
more preferably no more than 11 um, and yet more preferably no more than 8 um. Preferably,
the mean particle diameter is in the range from 2 — 15 ym, more preferably in the range from

2 - 13 ym, even more preferably in the range from 2 — 11 ym, and yet even more preferably in

the range from 2 — 8 uym.

In the scope of the invention, mean particle diameter shall be understood to mean that at least
90 per cent of the particles have a particle diameter in the specified range. For example, a

mean particle diameter being no more than 15 ym means that at least 90 per cent of the parti-
cles have a particle diameter of no more than 15 pym and less than 10 per cent of the particles

have a particle diameter of more than 15 ym. A mean particle diameter being in the range from



9 palmtic acid, margaric acid, stearic acid or eicosanoic acid),

pol ysi | oxane conpounds or phosphi de conpounds. The paste sol der enpl oyed
according to the invention contains no lead and is thus |ead-free. In the
scope of the invention, being | ead-free shall be understood to nean that
the paste solder contains no | ead except for contam nating | ead that may
possi bly be present for technical reasons. Accordingly, |ead-free shall be

under s3 0gsl}, ﬁﬂn@@ﬂﬂhét ét%’éit QQBbﬁéﬁnt @f thb%ﬁlctdéaﬁvéa p@m@a;ametérmthleeéﬁget han
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t he p?@%@, FohSnarAPE@Rdi ng to the invention, electronic conmponent and
substrate are connected to each other in a fi rm y-bonded manner through

sol dering. Accordingly, firmy-bonded connections are connections in which
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forces. They re erab are non-separabl e connections that can be separat ed
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ar r anggaRatticles, pratetBsly i 155m! Mote SreRFaLH $1 i, bAE eSembFatBierddhes @hect roni c

conponent, and a paste sol der |ayer situated between substrate and
el ectroni c conponent. Accordingly, substrate and el ectroni c conponent are

ar r ang@gredvetitichatbisbtR dréfesrbd %H&%lﬁétt@th‘éqﬁ\feﬁﬁﬁ% trat bR sRade Goanthstide

second el ectroni ¢ conponent surface to be connected contact each other

t hr ougbrtifies paidnga §arrt'el§rdlamgtaapﬂ roretthgn 2R EMe okBPEShan @48 fbMPreBAPact s t he
net al | {5k pRf hRYEthaff11ihe substrate, if present, and the netallisation

| ayer of the electronic conponent, if present. Preferably, for this
purpose, a |layer of paste solder is first applied to the substrate surface

to be gQn &fles tBE @Bﬁé@rbahﬁle%%d%‘ﬂhfetﬂér‘ﬁ&es%ﬂaft%@t &N s NGRS sdlected
netallisation |ayer. application can be effected through any of the

et hodomR ﬁamroae&emtwg "of B e aginrapPaI AoV Gan RaiiePat. Sioreuar. B Ratics

met hodsrefchtf aid sghetiediimehdpRt hegle®r, #lissiRivel R tHeqhedntiktied Thekar thatp need
for the paste solder to cover the entire surface of the substrate. Rather,

the pa®iner fastiparof thaparides amplued caebe paN-SRRETICE! IBSPERS BF PEAdECQR Fea8Sof t he

subst r gbRe @ dbrefers sﬂb@a %O%WMé’@thrHéﬁeagﬁ@r‘éréﬂw - leda bst%w@wblgw e@e.s urface
of the electronic conp prefera surface containin

met al | MO} wrsf?r%wéweaw%{ édw'%ﬁpm@% %@?*@h% 81 Gerartiss g 9? gepsent are

Accor didHarita i Qﬁ’aden\'t%\élb@ Breférh&y ﬂhat ®kpase Dfder b@ntam@hés@dhéray% bpiveigast e
sol der is at |east 20 %mre preferably at_|east r’81§} S even nore

pr ef er BRI/ Praferakly loss Hrnphve Meweisllh RPN HO% eﬂ%@rablmss theh weight, for

example 0 % by weight, particles in the shape of flakes.

According to the invention, the paste solder contains 3 - 30 % by weight, preferably 5 - 20 % by
weight, and more preferably 6 - 15 % by weight solder flux. The solder flux should be capable of
reducing the surface during the soldering (i.e. to de-oxidise), prevent renewed oxide formation
before and after the soldering process and reduce the inclusion of foreign substances. More-
over, addition of the solder flux should reduce the surface tension of the liquid solder. Solder
flux that can be used includes colophony, colophony-based resin systems, water-based resin
systems or systems based on carbonic acids (e.g. carbonic acids having 2 — 50 C atoms and up
to two aromatic rings, such as citric acid, adipic acid, cinnamic acid and benzoic acid), amines
(e.g. amines having 6 — 100 C atoms, with the amines preferably being tertiary), and solvents

(e.g. polar solvents including water and a polyol, such as glycol or glycerol).

Moreover, the paste solder according to the invention can contain further ingredients such as,

for example, alcohols, fatty acids (e.g. saturated fatty acids, such as oleic acid, myristic acid,



ferred enbodi ment, the thickness of the applied layer is in the range from
20 - 150 pm nore preferably in the range from 30- 120 pm and particularly
preferably in the range from50- 100 pm In the scope of the invention, the
term thickness of the applied layer, shall be understood to nean the

di stance between the surfaces of substPate and el ectronic conponent to be
connected, preferably between the netallisation |ayers of the surfaces of
subst rpélﬁnt@ﬂﬂ;lcﬁ drileicel, RaEOBEl tor bRoBENFORRGC b Psilokarghtorhgfupde os ol der i ng.
Accordi n the t kness of the applied |layer is determ ned essentially
by themﬁﬁﬁﬁpﬁfy”ﬁpu te sol der enployed. During the subsequent sol der
process, the distance between electronic conponent and substrate is reduced

significantl possi bl r ox teI 50 per. cent, depe t he
oot AR soBer areiptes eseRBile B imvektaree B e o SR EALE ol Pre
sol der thfa's'é&péiUﬁhé%vbhﬁ)rﬁ @bmgnéar@gfrw SATR, ur@amgﬁtto%éeﬁnrthétaﬁé paSte sdlier
arrangenent made up el ectronic cogﬁonent substrate and_interveni ng

past e SUIQBS ”?éealdler’fﬁ? OrONEREn BRI P thakmak 08350ly 88 PIFSEAt PhieChBiFAEfon of

an ar r@d}@eﬂeﬁrmﬁg@aeg@ﬂby sRAIESS nmurﬁoﬁ@m@@mh,lea@mternabﬂes@mdnnnb@fef@m ng
cont act Accor ener al definition, sol de”b&? shal

s B0 oD AR RIS el D1l PR INBE RIEETaD of 1oks AR 003361 ng

of mat gy waight Mhd RPatticuRASHD POLY WeighD bagétor BRNAJIGH!WF theQfastdsoldat eri al s. For
sol dering, the arrangenent described above is heated, preferably evenly

until the actual soldering tenperature is reached. Accordl ng to a preferred

enbodi ABdHrding fetheedientiéh, @l&@r@ﬂi@&:ompoaem@tne s0bsthfle mr@rinbatadi?o Sadresthsaaond.
Preferabl y, t he sol derin erature is aR/pEgrr)ﬁy-ﬁlo - nor e greferabl y

appr oxa lifgly-bogded méﬁﬂeréb'%Hg'Prﬁ ldemReACFARing onged ‘?%"P%Wé.‘ﬁﬁree ABrox.

20 C, ghMe whith tﬁ@b&mﬁ&tédméﬁété%e?ﬁto@étﬁeﬁtﬂ}dihgh awmb@yﬁféxeoe@eﬂfrdémg to
anot her. preferred enbodi nent, the so

derin tberrperat u S ow 260C, for
exanpl €Neh prﬁf?éaql\éﬁ@é"@rww COWG@”SIfB?t BIP§SEPRAG G HY Péaﬁﬁ‘?"éﬁ”@r thej s
kept agshrectiiemebsgli dus tenperature of the soI der contained in the paste
sol der for a period of at |east 15 seconds, preferably of at |east 20
seconds, and even nore preferably of at Ieast 30 seconds. According to the

i nvent jf\@dfbrdlﬁg@é ih@gn\l‘zelhﬁoh?@ndﬁfeﬁ@eﬁh(ehﬂ@%ﬁ%ﬂtﬂréﬂbheh%b%fsImEtrfeiS!illbisl(ﬂété the
terrperature of the sg r contained in the s e sol %ﬁ'}aﬁén SSOCI ated with

di f f usPIERTYHC EABPUSHH AN GrRasinsRIFe g SFHEF%E euEpR Y gleplnic ¢4

eut ect péndnt.NxczORIRly, RUBStRitd BAd eleaFolle edm P& atceshrahglt BOcH hat ﬂn@|f|¢l§FSUBg

process. Said diffusion proce ultimately leads to r- })alllc

P or SRR sHiaca s oo Bedten nd Morarce ar S Bty S oars PR episRdPths t ne

st r engténtadt dabi ofhen thaslighghe pastkedideefsially, the paste solder preferably contacts the
metallisation layer of the substrate, if present, and the metallisation layer of the electronic com-

ponent, if present.

Preferably, for this purpose, a layer of paste solder is first applied to the substrate surface to be
connected, preferably to the substrate surface containing a metallisation layer. The application
can be effected through any of the methods known according to the prior art, for example
screen printing methods, stencil printing method or dispensing technique. There is no need for
the paste solder to cover the entire surface of the substrate. Rather, the paste solder can just as
well be applied to parts of the surface of the substrate and/or selected soldering surfaces only.
Subsequently, a surface of the electronic component, preferably the surface containing the

metallisation layer, is placed onto the paste solder thus applied.

According to the invention, the thickness of the applied layer of paste solder is at least 20 ym,

more preferably at least 25 ym, and even more preferably at least 50 ym. According to a pre-



In order to enhance this effect, it may be advantageous to subject the
arrangenent nmade up by el ectronic conponent, substrate and intervening
contact layer that is obtained during the soldering process to a heat
treatment follow ng the sol dering process. Heat treatnent shall be
understood to nean treating the arrangédnent with heat bel ow the |iquidus
tenperature of the solder. The heat treatnent preferably proceeds at a

t enperfafrbd endbaivieerd Qke tHickheSXaMR Bpplkdtiier iindee fangefréfr 21740 pfPmere
preferably in the range m en nDrtngrefe ably in the
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dur at i sm- €60 dmNintHé 8cdpe cddhdPuéRtionDieerd, efiekrlab Wi therappledihpet sisaltse J

hours, and even nore preferably for 20 mnutes to 1 hour, The duration of
AERR, LR fhal sttt et W A S L R T S8 S

| ongerpe tdimetRepretdigoly BERREA LN MetiiRd idPaySe R tHe RAOBNST. subbtrats and elec-
particul arly advant ageous for the nethod according to the invention to

r equi r EHOCARPRIET {pPsernnerted: i betoee ﬁ%lﬁ%fif}goAP%giea'é’thﬁéWkﬂ?éﬁ RS ¥Por t he

pr oduckjicanaydl iddtaMtfsEadseniiByDyURe BiartieetgRa soldhBppNsRY, DetMstheaus, and
intervening contact layer. |In particular, met hod accor dléa(rig to the

t he
i nvent $EHENSORr PRRCSSR I the digtance Repyvseni feAtRpiCOgICPEMERI SUPRIRIF & TegUestk
nmachi nggfict@y, FREibEUWAIdARatelyBY SR 1CERY dBPSHRES@Sthe BRact@hipaditias 6pthdi Ng
to the rnvention can therefore be carried out, for exa}%le, at conventi onal
condi t AR SRR h8iSiYydesioeRErafaR Al hesPlder FugdHing ke 3RldeTHIY RTBCesSp?EPRISt ed
enbodi gmatiactoe arrangenent according to the invention can be or is
produced by neans of the nethod descri bed above. Surprisingly, the nethod
descri bed above has been found to inpart superior properties to the

ar r angemeeAvrangRaent haly uplbyEiddiahe corifRABRNEubskERSAHdARRIveRg padtesol@itiing
contact | ayer produced accordi ng{ to the jinvention. Accordin I% provi di ng
AioHe Ay &

t he | efipflly pRlderednivhich isaggeaiated it A WHARIGSOTANAtaNgRINEN B Ajonic
substr @%r@;%dr@n@?@gbstfatél%{nd iri%tér\@ﬁmg%ﬁfa@ﬂlay%r{ hc&d?@i{wg&‘tﬁ@éhdr@deﬂgiiibﬁ,'([jsbld@ﬁng i
conpar e 0 arrangenents having conta ayer.s .are oduced_accordi ng
to con%f@qtqedﬁ‘gﬁr%%@d%?a”%mﬂ%%’irﬂ%‘f‘?, }O(rﬁ’f’é'yibé’”ﬁﬁ Q&'%3’§41?%'89956thr‘ayer
pr oducgd wtbe@dhdind Belsofdisté@pbidire RptHiOmateasbect i ¢ phase that is
interspersed with inter-nmetallic phase. 19 Onng to the eutectic phase

being interspersed with inter-netallic phases, the formation of |ong
boundagyr JoR@rAGSthE eraRgsmenticeetibadamdvé i Rsatdts hrdfériablyvasigsintiitaé aexbend

arallel to the surfaces of bstrate and el ectronic c onent is
bt eventALeTNA EBPRTAE > eeRkec APUEIOIta Fdire/cREfEMPegiment. the hoating proceeds

at a rate of no more than 3 °C per second.

Preferably, the soldering temperature is approx. 10 - 30 °C, more preferably approx. 15 - 25 °C,
and even more preferably 18 - 22 °C, for example approx. 20 °C, above the melting temperature
of the solder employed. According to another preferred embodiment, the soldering temperature

is below 260°C, for example in the range from 240 - 250°C.

For soldering, the temperature is kept above the liquidus temperature of the solder contained in
the paste solder for a period of at least 15 seconds, preferably of at least 20 seconds, and even

more preferably of at least 30 seconds.

According to the invention, cooling the soldered arrangement to below the liquidus temperature
of the solder contained in the paste solder is associated with diffusion of the copper originating
from the copper particles into the eutectic tin-copper phase that has been generated during the

soldering process. Said diffusion process ultimately leads to inter-metallic phase interspersing



no extensive boundary regions of phases with different thermal expansion
coefficients which allows increased strength to be attained. Therefore, the
arrangenent according to the invention made up by substrate, electronic
conponent, and intervening contact |layer is capable of w thstanding the
strong periodical tenperature variatiols that occur, in particular, during
t he operation of high performance sem conductors. Accordingly, said

ar r angeaRitecto PRadSERI NSOl @Y QA ineAABe BEHe, str@ngthhs tHeadontn degergeat act

| ayer dIS osed in between the el ectronic conponent and the substrate,
mherebvﬁ?ﬁ% contact |ayer conprises a eutectic phase fraction and an
inter-nmetallic phase fraction, whereby the eutectic phase fraction is in

the range of 5 - 50 %b i, ght resp ect to the total weight of
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eutectjc phase, is attained in that the inter-nmetallic ghase re not
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eutecti c phase can be determ ned, for exanple, through an etching and
gravi mefid héattthesht preterablyi ;ﬁo@éﬁ@%@ierﬁﬂ%fam@élémie 4agefor barhfle irtHbedndes

separ at ed from e arra roun hed order to det erm ne
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inter- tﬂﬁ@'frélhdd ﬂaorﬁhase 20§H©S'ﬂﬁblﬁé§tkr)éatn?erfﬂbtd’f@’@b@ﬂﬁbcde&s astdedlratbnidia @ihatend

cont act r and the s s kept 50C for, one hour. During this deep
cr chi i, 24 s dre e o pRage 14 M BP0 AL GO EGHVSET | ayer

wher eago miiuBss et iBddr] Theph@arsn Gttt Pedtmrdt BuisLaBdowRlated Wit B@itempsratutee
fraction, of eutectic ghasg iis then dete Tm Ee% as. the weight difference of
WE" ©6 af Bf

t he weffhis tht lopger fied heraegrauss iye t@agﬁ?ﬂg and the weight of the

inter-netallic phase. The cont act layer contained in the ar r angenent

accordjing to venti on t he eutecti.c phase an e inter-netallic
oot kel o Be e G B o T8 TRRBTO B ER AT PR RNe
sur f acmadmtateinetbterr@éUeCtoqmrm@ﬁéryaﬁ@lhsmt that @od@ctibe of adreehRhts rﬁaw ap t he

cont act r ef er abl ontai ns .eutectic ases that ar ro
e bl e, R b A S g PR By e orash e e e Hes Eent act
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nmor e ppetariabbout, fdr dxemple, 3t Sonvgntiohalcanditdng apy @bingeKistify @betiadlyyif aty.| east 5
% by volune. The fraction of said bodies in the contact |ayer can be
determ ned easily through anal ysis of m crosections.

According to a preferred embodiment, the arrangement according to the invention can be or is

produced by means of the method described above.

Surprisingly, the method described above has been found to impart superior properties to the
arrangement made up by electronic component, substrate, and intervening contact layer pro-
duced according to the invention. Accordingly, providing the lead-free contact layer, which con-
nects electronic component and substrate to each other, is associated with increased reliability
as compared to arrangements having contact layers that are produced according to conven-

tional methods.

Surprisingly, this is based on the contact layer produced according to the invention being a

eutectic phase that is interspersed with inter-metallic phase.



In the arrangenent according to the invention, the distance between

el ectroni c conponent and substrate preferably is 8-50 pm nore preferably
10 - 30 pm and even nore preferably 12 - 28 pm Said distance shall be
understood to nean the di stance between the surfaces of electronic
conponent and substrate to be connectd@, whereby the netallisation |ayers,
whi ch may be present, are part of the el ectronic conponent or substrate.
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the comloastindréyR sHergthitbed sabpee. i s attained. The formation of the contact
| ayer having the desired properties can be traced easily through anal ysis

of corresponding mcrosections. The invention is further illustrated bel ow
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wei ght copper partlcl es having an average particle dianeter of up to 5 pm

and 11 % by weight of a solder flux system based on col ophony was prepared.
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appl i eay@rﬂ%}osgﬁ mptggwge%g]ecfé?ctg% component and t ate, whereby the contact

layer comprises a eutectic phase fraction and an inter-metallic phase fraction, whereby the
eutectic phase fraction is in the range of 5 - 50 % by weight with respect to the total weight of

eutectic phase and inter-metallic phase.

Said high fraction of inter-metallic phase at the contact layer, with the remainder being eutectic
phase, is attained in that the inter-metallic phases are not arranged so to be parallel to the sur-
faces of electronic component and substrate to be connected and to the eutectic phase, but

rather in that they are mingled with the latter.

The fraction of inter-metallic phase and eutectic phase can be determined, for example, through
an etching and gravimetric method. For this purpose, the contact layer to be tested is separated
from the arrangement, ground and weighed in order to determine the total weight of the contact
layer [consisting] of eutectic phase and inter-metallic phase. Subsequently, 2-nitrophenol is
added to the ground contact layer and the sample is kept at 50°C for one hour. During this deep
etching, the eutectic phase is dissolved from the ground contact layer, whereas inter-metallic
phases stay behind as insoluble ingredients. The fraction of eutectic phase is then determined
as the weight difference of the weight of the ground contact layer before etching and the weight

of the inter-metallic phase.

The contact layer contained in the arrangement according to the invention has the eutectic
phase and the inter-metallic phase not arranged to be essentially parallel to each other and to
the surfaces of electronic component and substrate to be connected. Rather, the contact layer

preferably contains eutectic phases that are surrounded by inter-metallic phases. According to a



20 pm Subsequently, the surface of the DOB substrate provided with paste
sol der was provided with a bare chip having a surface area of approx. 400
m2 and a netallisation | ayer made of copper using a dedicated machine for
this purpose. For this purpose, the bare chip was placed on the paste

sol der in such a manner that the netall3 sation |ayer of the bare chip
contacted the netallisation |ayer of the DCB substrate via the paste

sol der prefidtedagniisotgrasiNihe B aa cipydrcob@Emhsshiaidsr dilcatechiapiRaseitigvinganeblume of
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and 13ta% layenindat deddrmineziodaday tHrbubh snepjiserofscedecionsol ophony was prepar ed.

The paste sol der was applied through a netal tenplate onto a DCB substrate
provided with a netallisation |ayer made of copper. The thickness of the
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bare ch was placed on the 15
eleg’(ronic component and suq)strate to be connected, whereby the metallisation layers, which

may be present, are part of the electronic component or substrate. The specified distance thus
corresponds to the thickness of the contact layer between electronic component and substrate

after soldering.

According to the invention, the soldering conditions, in particular the thickness of the applied
layer of paste solder, temperature and time, and, if applicable, the heat treatment conditions, in
particular temperature and time, can be adjusted in the soldering process described above such
that the contact layer described above is attained. The formation of the contact layer having the

desired properties can be traced easily through analysis of corresponding microsections.

The invention is further illustrated below through the following examples, though these may not

be construed such as to limit the invention in any way or form.



paste solder in such a manner that the netallisation |ayer of the bare chip
contacted the netallisation |ayer of the DCB substrate via the paste

sol der. The arrangenent made up by DCB substrate, bare chip, and

i nterveni ng paste solder was then placed in a soldering furnace, heated at
arate of 2.5 C per second to a tenperldture of 245 C, and said tenperature
was mai ntai ned for 30 seconds for soldering. In various experinents

i nvest Egahpleg: t he stability of the arrangenments prepared according to
exanpl e and reference exanple, it was found that the arrangenent prepared
according to the invention proved to be nore heat resistant as conpared to
the arggigeesnt prepared according to the reference exanple. 16 Patent
claims 1. Method for firnly-bonded connection of an el ectronic conponent to
a substrate, conpris- ing a) providing an el ectronic conponent having a

first Atpéét@%@ldeec&ﬁam@rmc%w v@é‘@ht@aﬁtlélb%tdfattm dzb@psemlog (SHCET) sevirigase to be
connected; b) gg a paste solder to at |east one of said surfaces to
be con?]‘@é?%edpam dlame erin the range from 5 - 15 um, 15 % by weight copper particles having

an average particle diameter of up to 5 ym, and 11 % by weight of a solder flux system based

on colophony was prepared.

The paste solder was applied through a metal template onto a DCB substrate provided with a
metallisation layer made of copper. The thickness of the applied layer of paste solder was

20 pm.

Subsequently, the surface of the DCB substrate provided with paste solder was provided with a
bare chip having a surface area of approx. 400 mm? and a metallisation layer made of copper
using a dedicated machine for this purpose. For this purpose, the bare chip was placed on the
paste solder in such a manner that the metallisation layer of the bare chip contacted the metalli-

sation layer of the DCB substrate via the paste solder.

The arrangement made up by DCB substrate, bare chip, and intervening paste solder was then
placed in a soldering furnace, heated at a rate of 2.5 Kelvin per second to a temperature of

245 °C, and said temperature was maintained for 30 seconds for soldering.
Reference example 1:

A paste solder containing 87 % by weight particles of a tin-copper alloy (SnCu0.7) having an
average particle diameter in the range from 5 - 15 ym, and 13 % by weight of a solder flux sys-

tem based on colophony was prepared.

The paste solder was applied through a metal template onto a DCB substrate provided with a
metallisation layer made of copper. The thickness of the applied layer of paste solder was

20 pm.

Subsequently, the surface of the DCB substrate provided with paste solder was provided with a
bare chip having a surface area of approx. 400 mm? and a metallisation layer made of copper

using a dedicated machine for this purpose. For this purpose, the bare chip was placed on the



c) arranging the el ectronic conponent and the substrate such that the first
el ectroni c conponent surface to be connected and the second substrate
surface to be connected contact each other through the paste sol der; d)

sol dering the arrangenent fromc) in order to generate a firnly-bonded
connecti on between the el ectronic conpdnent and the substrate;
characterised in that the paste solder contains (i) 10 - 30 % by wei ght
copperpdsad §6164ra6 sudt & )nabBer th80themintaneitiohtayeast thelbase @fip ednthaees theanetalli-
substance selec%ﬁd fromthe groH% consﬂiélng of tin and tin-copper alloys,

and (ifatpnaver goihgg ?I\Bét?séfﬁfe @3 [Mgehastq whereby the mean particle
di aneter of the copper parti cI es and of the particles nade of at |east one

subst ance sel ected fromthe con isting of tin and tin er alloys
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the range from1l mnute to 24 hours in an additional step e). 3. Method

according to claim1 or 2, characterised t he substrate is sel ected
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1 - 3, characterised in that the paste sol g
invention proved to be more heat resistant as compared to the arrangement prepared according

to the reference example.



contains particles of a tin-copper alloy and the copper fraction of the
tin-copper alloy is in the range from0.3 - 5 %by weight. 17 Paste sol der
conprising (i)10 - 30 % by wei ght copper particles, (H 60 - 80 % by wei ght
particles of at |east one substance selected fromthe group consisting of
tin and tin-copper alloys, and (iii)316 30 % by wei ght sol der fl ux,
characterised in that the nean particle dianeter of the copper particles
and of the particles nade of at |east one substance selected fromthe group
consisting of tin and tin-copper alloys is no nore than 15 pm 6. Paste

sol der according to claim5, characterised in that the paste sol der
contains particles of a tin-copper alloy and the copper fraction of the
tin-copper alloy is in the range fragent&idmsd % by wei ght.

1. Method for firmly-bonded connection of an electronic component to a substrate, compris-
ing
a) providing an electronic component having a first surface to be connected and a

substrate having a second surface to be connected,;

b) applying a paste solder to at least one of said surfaces to be connected;

c) arranging the electronic component and the substrate such that the first elec-
tronic component surface to be connected and the second substrate surface to
be connected contact each other through the paste solder;

d) soldering the arrangement from c) in order to generate a firmly-bonded connec-
tion between the electronic component and the substrate;
characterised in that the paste solder contains (i) 10 - 30 % by weight copper par-

ticles, (ii) 60 - 80 % by weight particles of at least one substance selected from the group

consisting of tin and tin-copper alloys, and (iii) 3 - 30 % by weight solder flux,

whereby the mean particle diameter of the copper particles and of the particles
made of at least one substance selected from the group consisting of tin and tin-copper
alloys is no more than 15 pm, and

whereby the thickness of the applied layer of paste solder is at least 20 ym.

2. Method according to claim 1, characterised in that the arrangement from d) is subjected
to a heat treatment at a temperature from at least 40 - 217°C for a period of time in the

range from 1 minute to 24 hours in an additional step e).

3. Method according to claim 1 or 2, characterised in that the substrate is selected from the
group consisting of a printed circuit board, a lead frame, and a direct-bonded copper

substrate.

4, Method according to any one of the claims 1 - 3, characterised in that the paste solder
contains particles of a tin-copper alloy and the copper fraction of the tin-copper alloy is in

the range from 0.3 - 5 % by weight.



7. Arrangenent conprising an electronic conponent, a substrate and an

I nterveni ng contact |ayer connecting the el ectronic conponent and the
substrate in a firmy bonded manner, characterised in that the contact

| ayer conprises a eutectic phase fraction and an inter-netallic phase
fraction, whereby the eutectic phase flfaction is in the range of 5 - 50 %
by weight with respect to the total weight of eutectic phase and

i nt er -gret al pdste phi@erecomprising

(i) 10 - 30 % by weight copper particles,

(i) 60 - 80 % by weight particles of at least one substance selected from the group
consisting of tin and tin-copper alloys, and

iii) 3 - 30 % by weight solder flux,

characterised in that the mean particle diameter of the copper particles and of the parti-

cles made of at least one substance selected from the group consisting of tin and tin-

copper alloys is no more than 15 um.

6. Paste solder according to claim 5, characterised in that the paste solder contains parti-
cles of a tin-copper alloy and the copper fraction of the tin-copper alloy is in the range
from 0.3 - 5 % by weight.

7. Arrangement comprising an electronic component, a substrate and an intervening con-
tact layer connecting the electronic component and the substrate in a firmly bonded
manner, characterised in that the contact layer comprises a eutectic phase fraction and
an inter-metallic phase fraction, whereby the eutectic phase fraction is in the range of
5 - 50 % by weight with respect to the total weight of eutectic phase and inter-metaliic

phase.



