PASTE AND METHOD FOR CONNECTING ELECTRONIC COMPONENT TO SUBSTRATE 5 The
present invention relates to a paste for connecting an electronic component to a substrate and to a
method for connecting an electronic component to a substrate. 10In the field of power electronics,
fastening electronic components on substrates is a special challenge. The mechanical stress that
occurs during the operation of the terminal device rgquires the connection between the electronic
component and the substrate to be of sufficient strength such 15 that the electronic component does
not detach from the substrate. Therefore, it has been common to use lead-containing solder pastes,
which generate in the soldering, gfeGRESMETHIRGHNG daYRECTRRYEDECH N eliability with regard to their
strength, for the connecting technology.comiaata#he Kgeirfdead and the associated health
hazards, a suitable replacement for said lead-containing solder pastes is being sought. Discussed
currently as an 20 alternative to lead solders, lead-free solder pastes are well-suited for generating
connecting layers between electronic components and substrates that have high strength. However,
said soldémssHaseniovatdiandggirishatnasieHabwyeasine ap eleglienicearmenahcle R absligte
COMPONgRYS REENFRBS85r IBoPREEaLE RNATR e bdhp srliability efifbr=strength of said connecting
layers deteriorates significantly during operation of the electronic components. 25 High reliability of the
strength of the connection between the electronic component and the substrate can be attained with
nubferolis {beniiddage ntsvandjeitionjon eliridsing alasienithesmpiimmnisece ssibtsaighipcpssial
temperaéHgﬁgr@%d high process pressures which lead to damage to the parts to be connected and
produce a high scrap rate in mass production. 30 This is the reason underlying the aim to lower the
process temperatures and process pressures required for said joining methods. Adhesives are
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rovided these each comprise a noble metal-containing contact region. However, it is often necessary
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solders have low melting points not much above the temperatures to which the electronic
components are exposed in operation. As a result, the reliability of the strength of said

connecting layers deteriorates significantly during operation of the electronic components.

25
High reliability of the strength of the connection between the electronic component and the
substrate can be attained with numerous joining agents and joining methods. However, these
often necessitate high process temperatures and high process pressures which lead to damage
to the parts to be connected and produce a high scrap rate in mass production.

30

This is the reason underlying the aim to lower the process temperatures and process pressures
required for said joining methods. Adhesives are therefore used {o connect said parts in some
applications. Through the use of adhesives, connecting layers of high strength connecting
electronic component and substrate can in some cases be attained. However, it is a
35 disadvantage of adhesive technology that the contact sites between the electronic component
and the substrate thus generated are often insufficient with regard to thermal conductivity and

electrical conductivity.



10through said non-noble contact regions. Moreover, it has been proposed earlier to use pastes based
on nano-particles with a particle size of no more than 100 nm for connecting electronic components
and substrates. However, the handling of nano-particles is associated with a health hazard and is
therefore often avoided 15for reasons of occupational safety. It was therefore one object of the
invention to provide a paste that allows at least one,electronic component to be connected to at least
one substrate through contact regions, whereby at least one of said contact regions contains a
non-noble metal. Preferably, said paste shall be used to 20 create a connection between the electronic
component and the substrate that ensures high reliability at tem{gﬂeratures to which the electronic
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10 through said non-noble contact regions.

Moreover, it has been proposed eariier to use pastes based on nano-particles with a particle

size of no more than 100 nm for connecting electronic components and substrates. However,

the handling of nano-particles is associated with a health hazard and is therefore often avoided
15  for reasons of occupational safety.

It was therefore one object of the invention to provide a paste that allows at least one elecironic
component to be connected to at least one substrate through contact regions, whereby at least
one of said contact regions contains a non-noble metal. Preferably, said paste shall be used to
20  create a connection between the electronic component and the substrate that ensures high
reliability at temperatures to which the electronic component is exposed in operation. Moreover,

said paste shall preferably also overcome other disadvantages known from the prior art.

it was also an object of the invention o provide a method for connecting at least one electronic
25 component to at least one substrate through a contact region, whereby. at least one of said

contact regions contains a non-noble metal.
Said objects are met by the subject matiers of the independent claims.
30  Accordingly, the invention provides a paste containing (a) metal particles, (b) at ieast one

activator that bears at least two carboxylic acid units in the molecule, and (c) a dispersion

medium.



(a) metal particles; (b) at least one activator that bears at least two carboxylic acid units in the
molecule; 10and (c) a dispersion medium; (iii) generating a structure, whereby the first contact region
of the substrate contacts the second contact region of the electronic component through the paste;
and (iv) sintering the structure while producing a module that comprises at least the substrate 15and
the electronic component connected to each other through the sintered paste. The invention is based
on the absolutely surprising insight that connecting electronic components to substrates through at
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paste to mean any.dispersion that can be ied thrqugh commaon application techniqyes, such as,
for exanqgle, pr?ﬁ?%{g'qgﬁwﬁ?%agg ﬁ &%ﬁ?ﬁfg gS?é‘ anc(i)rr‘?ﬁfﬁ{b%{rgs gn%%é??ﬁt'ﬁla?w ﬁ%ﬁﬁﬁé’;?&%nique,
spraying technipgenginaniamfeegioniyging andtHasstuffieioftialtggonviscbsigiensdwolrisiba teosnable
the applied pasigie p%tg[pcessed in subsequent steps. 30The paste according to the invention
contains (a) metal particles. Metal particles are preferably understood to mean particles that contain a
metal. 4AccorefRgdBHeraris-een iment, the metal is selected from the group consisting of
copper, silver, tagkel, raathlgdarmasm. According to a particularly preferred embodiment, the metal is

siver SThe Molal CHAERISIRNLINILG/MELeL OAIURBAR U INStaly oL SIS AN RANELY of a

least 99 % by weight, a purit east 99.9 % by weight, a purity o east 99.99 % by weight or a
putly of at least 99.999% by weight. On the other hand, the metal particles can contain multiple
metals just as ygll. It isqdperteasiledfomthe metal particles to contain alloys or intermetallic phases
made Of(ﬁ}ump‘l‘:}%;%%ﬁ% a structure, whereby the first contact region of the substrate contacts the
second contact region of the electronic component through the paste; and
(iv)  sintering the structure while producing a module that comprises at least the substrate

15 and the electronic component connected to each other through the sintered paste.

The invention is based on the absolutely surprising insight that connectihg electronic
components to substrates through at least one contact region that comprises a non-noble metal,
which has thus far been impossible, is enabled through sintering by means of a paste provided

20 said paste contains an activator that bears at least two carboxylic acid units in the molecule.
According to the invention, a paste is provided.
There is no limitation to the definition of the term, paste. However, it is preferred to understand
25  paste to mean any dispersion that can be applied through common application techniques, such
as, for example, printing techniques (for example screen printing or stencil printing), dispensing
technique, spraying technigque, pin fransfer or dipping, and has sufficiently high viscosity and
cohesion to enable the applied paste to be processed in subsequent steps.

30  The paste according to the invention contains (a) metal particles.

Metal particles are preferably understood to mean particles that contain a metal.



10 According to a preferred embodiment, the metal particles comprise as their main component an
element selected from the group consisting of silver, copper, nickel, and aluminium. In the scope of the
invention, main component is understood to mean the element of which a larger fraction is present in
the metal particle of interest than of any other element that is present in 15said metal particle.
According to a particularly preferred embodiment, the metal particles are silver particles, copper
particles, nickel particles or aluminium particles. Said particles can be partly or fully oxidised at their
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the metajj@§particles to be a mixture of multiple shapes. According to a particularly preferred
embodiment, the metal particles take the shape of flakes. The fraction of flakes in said embodiment
preferably is at least 70 A, by weight, more preferably at least 80 % by weight, even more preferably at
least 90 Thebeieigat bagrpaeititedty preferablidrdassr@s Wy vieighamelatihavitothewialsbeight of
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ratio of more than 1.0, more §referably a length ratio of more than 1.2, even more prefera%; a length
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and eve&%‘%gt& e ngﬁ%gg{az}nlg éﬂ m‘ggq% p.mQre than 10. In this context, the length ratio 5 shall be
to stanc

understo mean the ratio o a) extending through the widest place of the cross-section of
a riétal particle, to distance (b) extending through the widest place of said cross-section along a line
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of more than 1.0, more preferably the fraction of metal particles having a length ratio of more than 1.2,
and eveﬁailﬁd"f?tﬁllé’%?my the fraction of metal particles having a length ratio of more than 1.5 is at
least 70 % by weight, more preferably at least 80 % by weight, and even more preferably at least 90 %
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paste can have different particlé size distributions. According to a preferred embodiment, the mean
particle SREI¢iRR a%%ﬁ@)ﬂ@fstﬂ@%@mwrﬁa@g*&saﬁﬁé%%@%eﬁrﬁa%?eoamé?%\w%wgﬁ%%b nm,

and evermenoserpiederaiyyiiablgast 1 pm. The mean particle size (the d50 value) preferably is no more
th% 20 pm, more preferably

According to a particularly preferred embodiment, the metal particles are siiver particles.

There is no limitation to the shape of said metal particles. Preferably, the metai particles take
the shape of flakes, an ellipsoidal shape or a round shape. It is feasible just as well for the metal
25  particles fo be a mixture of multiple shapes.
According to a particularly preferred embodiment, the metal particles take the shape of flakes.
The fraction of flakes in said embodiment preferably is at least 70 % by weight, more preferably
at least 80 % by weight, even more preferably at least 90 % by weight, and particularly
preferably at least 99 % by weight, relative fo the total weight of the metal particles.
30
According to another preferred embodiment, the metal particles have a length ratio of more than
1.0, more preferably a length ratio of more than 1.2, even more preferably a length ratio of more
than 1.5, and particularly preferably a length ratio of more than 2.0. Preferably, the metal
particles have a length ratio of no more than 20, more preferably a length ratio of no more than

35 15, and even more preferably a length ratio of no more than 10. In this context, the length ratio



20 no more than 15 pm, and even more preferably no more than 10 pm. Accordingly, the mean
particle size (the d50 value) preferably is in the range of 500 nm - 20 pm, more preferably in the range
of 650 nm - 15 pm, and even more preferably in the range of 1 - 10 pm. Preferably, the mean particle
size (the d50 value) is understood to mean a particle size that is not reached by 50 % by volume of the
metal particles and that is exceeded by 50 % by volme of the metal 25particles. According to another
preferred embodiment, the particle size d10 (the d10 value) of the metal particles is at least 150 nm,
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more preferably at least 2.25 pm. The patrticle size d90 (the d90 value) preferably is no more than 100
pm, mor BraiidBIo noHNdeS AR SRt Feven more preferably no more than 25 pm. Accordingly,
5 the particle size d90 (the d90 value) preferably is in the range of 1.75- 100 pm, more preferably in
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example: Standard: silver having a refractive index of 15 0.14, absorption of 3.99; dispersion medium:
ethanol having a refractive index of 1.36; procedure: add 200 ml of ethanol to 0.5 grams of powder and
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measurement to the Hydro Accessory of the Mastersizer 2000; optical model for analysis: Mie theory).
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According to another preferred embodiment, the particle size d10 (the d10 value) of the metal
particles is at least 150 nm, more preferably at least 200 nm, and even more preferably at least
250 nm. The particle size d10 (the d10 value) preferably is no more than 5 um, more preferably

30  no more than 4 pm, and even more preferably no more than 3 um. Accordingly, the particle size
d10 (the d10 value) preferably is in the range of 150 nm - 5 um, more preferably in the range of
200 nm - 4 ym, and even more preferably in the range of 250 nm - 3 ym. Preferably, the particle
size d10 (d10 value) is understood to mean a particle size that is not reached by 10 % by
volume of the metal particles and that is exceeded by 90 % by volume of the metal particles.

35



35weight, relative to the total weight of the paste. 7 The metal particles can comprise a coating. In
the scope of the invention, a coating of metal particles is understood to mean a firmly 5adhering layer
on the surface of the metal particles. Preferably, firmly adhering layer means that the layer does not
detach from the metal particles simply under the effect of gravity. The coating of the metal particles
usually contains at least one coating compound. 10gaid at least one coating compound preferably is
an organic compound. Preferably, the coating compound is selected from the group consisting of
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Accordin a preferred embodiment, the, coating compound, is selected from the group copsisting of
fatty oA LA SHES AR P Ho T Ars SCoAARE TR o ke Ao L
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trialkylammoniumi ions, lithium 1ons, sodium ions, potassium ions, copper jons, and aluminium jons.

oniun ions, | . i
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groups, propyl groups or butyl groups. 8 (dodecanoic acid), myristic acid (tetradecanoic acid), palmitic

acid (hexadecanoic acid), stearic acid (octadecanoic acid), mixtures thereof, as well as the
cofféspdigimiesstding aatidlaisizapeesiiioriiedsiaarboto analyses for determination of the particle size

through the LALLS (Low Angle Laser Light Scattering) method according to 1ISO 13320 (2009).
Preferably, the Mastersizer 2000 (Malvern Instruments Ltd., Worcestershire, United Kingdom)
serves as the measuring instrument in this context. The measurement and the analysis are
carried out under suitable conditions (for example; Standard: silver having a refractive index of
15 0.14, absorption of 3.99; dispersion medium: ethanol having a refractive index of 1.36;
procedure: add 200 mi of ethanol to 0.5 grams of powder and sonicate the resulting suspension
for 5 minutes and then transfer an aliquot of the suspension for the measurement to the Hydro

Accessory of the Mastersizer 2000; optical model for analysis: Mie theory).

20  Preferably, the metal particles have a specific surface according to BET (Brunauer, Emett,
Teller) measurement in the range of 1 ~ 5 m?g and more preferably in the range of 1 — 4 m/g.
Preferably, this BET measurement is carried out according to DIN ISO 9277:2003-05.

The metal particles can just as well be present as a mixiure of multiple fractions of metal
25 particles, if applicable. The fractions can differ, for example, by composition, shape or size of

the metal particles.

Preferably, the fraction of metal particles is at least 50 % by weight, more preferably at least 60

% by weight, even more preferably at least 70 % by weight, and particularly preferably at least
30  80% by weight, relative to the total weight of the paste. Preferably, the fraction of metal particles

is no more than 95 % by weight, more preferably no more than 93 % by weight, and even more

preferably no more than 90 % by weight, relative to the total weight of the paste. Accordingly,

the fraction of metal particles [preferably] is in the range of 50 - 95 % by weight, more preferably

in the range of 80 - 93 % by weight, and even more preferably in the range of 70 - 90 % by
35 weight, relative to the total weight of the paste.



5According to a particularly preferred embodiment, the at least one coating compound is selected from
the group consisting of lauric acid (dodecanoic acid), stearic acid (octadecanoic acid), sodium
stearate, potassium stearate, aluminium stearate, copper stearate, sodium palmitate, and potassium
palmitate. 10The coated metal particles that are being used preferably can be commercially available.
The corresponding coating compounds can be appled to the surface of the metal particles through a
technique that is common in this field. It is possible, for example, to slurry the coating compounds, in
particular the stearates or 15 palmitates mentioned above, in solvents and to triturate the slurried
coating compounds together with the metal particles in ball mills. After trituration, the metal particles,
which arépyrglehnesbeas aath thERGRiIh§IMHounds, are dried and then dust is removed. Preferably,
the fraction of the at least one coating compound selected from the group consisting 20 of fatty acids,
fatty acid salts, and fatjy acid esters, relative to the total weight of the coating, js at least 80.%
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preferably 0.07 - 2.5 (3/0 by weight, and even more preferably 0.1 - 2.2 % by weight, relative to the
total weight of the coated metal particles. The degree of coating, defined as the ratio of the mass of the
coating tampmathgsciatibersiifacetidRoltuely etaltpatticl ésqirederaddyirg 6ob@R0md0.03 g, more
preferably 0.0001 -0.02 g, and even more preferably 0.0005 - 0.02 g of coating compounds per square
metre (m2) of surface of the metal particles. 9 According to the invention, the paste also contains at
leadt onSadtaldeas(BNe CTANECArAROHPR RFSTRIIBNIE b EarBIHGHERRYAANits in the molecule.
Accordingly, the activator 5can just as well bear more than two, more than three or more than four
carboxylic acid. units in the molecule. The position of the carboxylic acid units in.the molecule is not
imitod HSRON L a6 e SERPRHIS oF PR e BrardeRy SR e B 8o
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connectggl tggach other through no more than five carbon atoms, more preferably no more than four
carbon atoms, even more preferably no more than three carbon atoms, particularly preferably no more
than two carbon atoms, and even more particularly no more than one 15 carbon atom. Furthermore, it
is prefertatefabiihe tbarbmatiigacoyitsiof the sdtiviatdr frode thenrected torsdstingthaTr tnaahkdt least
one car%ﬁ]ﬁ&%@ﬁ%{w 'Qgég%m@g%g%mgﬁtgﬂﬁé@&ygh which the carboxylic acid units of
the activator are connected to each other, the carbon atoms of the carboxylic acid unit itself shall not
be included in the calculation according to the scope of the invention. Accordingly, for example in the

case of malemeiaClle coating compound has 8 - 28, even more preferably 12 - 24, and particutarly
20 preferably 12 - 18, carbon atoms.

According to a preferred embodiment, the coating compound is selected from the group

consisting of fatty acids, faity acid salts, and fatty acid esters.

25  Conceivable fatty acid salts are preferably salts whose anionic component is the deprotonated
fatty acid and whose cationic component is selected from the group consisting of ammonium
ions, monoalkylammonium ions, dialkylammonium ions, trialkylammonium ions, lithium ions,

sodium ions, potassium ions, copper ions, and aluminium ions.

30 Preferred fatty acid esters are derived from the corresponding fatty acids, whereby the hydroxyl
groups of the carboxylic acid units are replaced by alkyl groups, in particular methyl groups,

ethyl groups, propyl groups or butyl groups.

According to a preferred embodiment, the at least one coating compound is selected from the

35 group consisting of caprylic acid (octanoic acid), capric acid (decanoic acid), lauric acid



20 (HOOCCH2COOH), the carboxylic acid units are connected to each other through one carbon
atom, whereas in the case of maleic acid (HOOC(CH)2COOH) the carboxylic acid units are connected
to each other through two carbon atoms. According to a preferred embodiment, the activator
comprises at least 2 carbon atoms and 25 more preferably at least 3 carbon atoms. Preferably, the
activator comprises no more than 18 carbon atoms,more preferably no more than 14 carbon atoms,
even more preferably no more than 12 carbon atoms, particularly preferably no more than 10 carbon
atoms, even more particularly prefer no, more than 8 carban atoms, and.in particular,ng. more than
6 carbon T L g T 2o e S
2 30 - 14@driseipaesainievsit mbratpreschshppl ad vehdsothateprespanitidaehigifefarhpte and
carbon gipmsenateparticularly preferably 2 - 8 carbon atoms, in particular 2 - 6 carbon atoms or 3 -6
carbon atoms. The activator can be a saturated or an unsaturated compound. 10 An unsaturated
activator preferably comprises at least one carbon-carbon double bond in the molecule. Moreover,
cis-isomécsdrdivg iy aveartioubsp areteiadye advalitagd.obs attesstorse Thetagtvatwooad seealdniadched
or & noryRiANARCS SN ENGH A R BBIRASIEOARH Gl LB NS RLALLABRNEGACtvator

are not subject to any limitation. Preferably, a branched activator comprises at least one side chain
with a |ePRINEf Sea8 PO atsHTS SiSalRifly 2h4TdNe sikanTie HPRIRYI TRAMAVARHRapYatate,
substitutae) forplicablelrdfhihe activator can be an aromatic or an aliphatic compound. However, the
activator is preferred to be an aliphatic compound. Aside from the oxygen atoms present in the
carboxylic acid units, the activator according to the 15invention can bear further hetero-atoms.

HolWevel hésamieddnsidrerstislsy tah@indabherad priiablisiae horrameessgbnhasiakien the

carboxyligasiddiiity cRIRle @PhpoNfISREPONY lipardd it QUMRR-ACHYROhaks PARRGES Wrough a
non-protonated form in the paste. L{Eaclﬁaﬁ%}herefore be advantageous to select the dispersion medium
t

appropritg i%’lerji 25 5 rSS8TMSh G

carboxylic acid units to proceed. It has proven to be
advantageous in many cases for the activator to have a decomposition point below a temperature of

300C, mprg w&é&w@w&e@eﬂrﬁpﬁsm@e%% BRE240ing VEShTBaIs Y eferphlyrlPvne epgiaduge of
240C, and partlcular!%/g%eferably below a temperature of 25 200C, In these cases, the decomposition

po?ﬁt of ARmiAies S E?QbI%%"ﬁr tHe ?Sl‘@@tﬁf 3o fHurimie ﬁPérFé?gbB?ﬂﬁ"i‘ﬁe‘?%‘ﬁBB“&Filoc -
270C, everetharevitiefer abdyanpinédiande diL201S. -A40 Gitarndipartieuladiappetécilyumidtear@nioe of

130C - ' t ' ; Iti int of th
actvaton 8 50 e e Do e Re O oL o A referanly a least 100C.

In these cases, it is preferable for the melting point to be no more than 200C, more preferably no more
than 18(¢srarubRYait MaEedpreferally I8asiuie tbaimgtimpdararsinaisdorefarmelyrse bapkisgngoint of

the, activator js in.t§1e e (g 8 % - 200C., more preferably in the ran f90 - 18 and even more
pr?Tger ab%/I ?ﬁt{)ﬁgcrl %’g@gfia c'.:‘,gl GB&d fca:t‘ty aczg gs?ers, repéﬂveq‘a {ﬁe go%a? we::ghiL op ﬁ%é coating, is

at least 80 % by weight, more preferably at least 90 % by weight, particularly preferably at least

95 % by weight, even more particularly preferably at least 99 % by weight, and in particular 100

% by weight.

25  According to a preferred embodiment, the total fraction of coating compounds is 0.05 - 3 % by
weight, more preferably 0.07 - 2.5 % by weight, and even more preferably 0.1 - 2.2 % by weight,

relative to the fotal weight of the coated metal particles.

The degree of coating, defined as the ratio of the mass of the coating compounds fo the surface
30  of the metal particles, preferably is 0.00005 — 0.03 g, more preferably 0.0001 — 0.02 g, and even
more preferably 0.0005 ~ 0.02 g of coating compounds per square metre (m?) of surface of the

metal particles.

Surprisingly, it was found that having a coating on the metal particles significantly improves the

35  reliability of the strength of the connection between electronic component and substrate.



11 The activator can be presented in non-complexed form. On the other hand, the activator can just as
well be present in complexed form, preferably as a complex including a subgroup element from the
periodic system of elements. If the activator is present in complexed form, this can, in particular, be a
complexed dicarboxylic acid. According to a preferred embodiment, the activator is selected from the
group consisting of oxalic acid, malonic acid, succigjc acid, glutaric acid, adipic acid, pimelic acid,
cis-butenedioic acid (maleic acid), trans-butenedioc acid (fumaric acid), cis-2-pentenoic acid,
trans-2-pentenoic acid, and dimethylmalonic acid. According to a particularly preferred embodiment,
the activator is selected from the group consisting of oxalic acid, malonic acid, maleic acid, and

dimethyfaersdiRddeithe invedisrding R@%%ﬁ%ﬁ%@ﬁéﬁﬁ%?ﬁ&@f@@d%bodlment the activator

is selected from the 15group consisting of oxalic acid, malonlc acid, maleic acid, and dimethylmalonic

id. The fracti f tivator f b t t h f tl % b
3v(2ight f\béar??é%gégb %}KSZB ﬁrﬁee & 6}?( %II.)??\JI‘?/S%IQHP "5 uﬁa’ﬂprre enraap%%ﬁ'rgqaétﬂi %acgg%v%lght ’

andbevecemive panticlifoelr pmeferﬁtaiy Prdemtre %Dﬁh@gﬁn,m@rﬁt%ﬂth%Q@MWtﬁg?ﬁ@Gfb‘fstﬁ‘e
paste. Pgeferahly,the fraction of activator is no more than 30 % by weight, more preferably no more
than 20 % by weight, even more preferably no more than 10 % by weight, particularly preferably no
more than 7 % by weight, and even more particularly preferably no more than 5 % by weight, relative
to the totaleweightwidthiagpasteoticardinglyiithe thactioleafi¢his actiliativeds Hotmyearie of®aAXyIBO % by

elght, MU RAElSr AL BB R06 105 20, PRI Ay more preferably in the range of

0.5-10 % y weight, particularly preferably in the range of 1 - 7 A by weight, and even more
paHicularly preferably in the range of 2 - 5 % by weight, relative to the total weight of the paste.

MOFEOV%oP@@v@&S&%@@QﬁHM@ f® ﬁ@ea'wv@fré@ébc@ Mtaine: caispRrcRc esitno che3kitvistprefarable for
the metal partl a dIS ersible in the spersion medium (c). The b) can
also be ft eel% cisetélng 81 |spersr|%t|49me8|u ?%gﬁo’\‘,’v%%'}b?ﬂé‘%ég)ibrf‘é’ jrﬁ t%t‘faseqv%é that %ﬁétlr\(/ator

(b) is sofnbteqarblwe cﬂ@p‘e%lﬁwemem@fﬁ @rferabhcasrdireyly, handibpa skanoeiedtrmeaRTdsitEione or

more solyglsHirgRNIRSRMRANINGS. FRrEaRERIAs ALhE NGRSV AR SPAYRAIRIIY this sRAead Said

nic compounds preferably contain 5 - 50 car natom mare era 32c rbon atagms, and
ViR mGRB By BTSSR oh BTHETO0R 8 S5O RGO et B b e Pe

non- bramoheelotmeooegam|qtbempmxugdi§3¢é&taﬁjstrasmmlIa‘iemy&&k&:mnmﬂt@snﬂfhbeo@‘a@ﬂrbon
compoundls AR AlRhRehIPRRICL MR BRI R B Bre activator are connected to each other, the

carbon atoms of the carboxylic acid unit itself shall not be included in the calculation according
to the scope of the invention. Accordingly, for example in the case of malonic acid
20 (HOOCCH,COOH), the carboxylic acid units are connected to each other through one carbon
atom, whereas in the case of maleic acid (HOOC(CH),COOH) the carboxylic acid units are

connected to each other through two carbon atoms.

According to a preferred embodiment, the activator comprises at least 2 carbon atoms and
25  more preferably at least 3 carbon atoms. Preferably, the activator comprises no more than 18
carbon atoms, more preferably no more than 14 carbon atoms, even more preferably no more
than 12 carbon atoms, particularly preferably no more than 10 carbon atoms, even more
particularly preferably no more than 8 carbon atoms, and in particular no more than 6 carbon
atoms. Accordingly, the activator preferably comprises 2 — 18 carbon atoms, more preferably 2
30 - 14 carbon afoms, even more preferably 2 — 12 carbon atoms, particularly preferably 2 — 10
carbon atoms, more particularly preferably 2 — 8 carbon atoms, in particular 2 - 6 carbon atoms

or 3 - 6 carbon aioms.

The activator can be a saturated or an unsaturated compound.
35



Moreover, the organic compounds that are used as solvents can be saturated or mono- or
multi-15unsaturated compounds. The organic compounds can also comprise hetero-atoms, in
particular oxygen atoms or nitrogen atoms. Said hetero-atoms can be part of functional groups.
Conceivable functional groups include, for example, carboxylic acid groups, ester groups, keto groups,
aldehyde 20groups, hydroxyl groups, amino groups,mide groups, azo groups, imide groups, cyano
groups or nitrile groups. Accordingly, for example, a-terpineol ((R)-(+)-a-terpineol, (S)-(-)-a-terpineol or
racemates), 13- terpineol..y-terpineol, 6:terpineol, mixtures of th eding terpineal .
ety A S B R B TR SR B SRR LRT8 Rpnd i e
compris&'@lemiebMeTereer oriprapitiees ayai R ey be peckighieraedivrntagrenassliveiemanol,
1-dodecanol, 1-tridecanol, 2-tridecanol, 3-tridecanol, 4-tridecanol, 5-tridecanol, 6-tridecanol,
isotridecgnol, dibasic esters ( refe‘;la ly dimethglestglrs of %utaric adipic or succinic acid or mixtures

|

thereof), ﬁ/@g%’ﬁtafectﬁrfll hé 5988 'S i@fh?/lré% grf%C ec?r%% fE’L?l’ér%dthereof can be used as solvent. 30

Accbrding to another preferred embodiment, the dispersion medium contains at least one aprotic

solvent. 4,38, 8P QE@%W‘%%@EBH%WMQ@&@HQHQ of the- 3t deastRRc-AR AHE SO\ERldst ¢ laqpt 70 %
eferably a

by weight, moré€ preterabl least 80 % by weight, even more preferably at least 90 A by weig? t,
particuldfR/BHoR R PRI Na 8 8B ARtitpterdmmeUEssAbleAShARER R CHab MR PSRt Ridst 99 %
by weiglgt, ¢etatinedinritte 0tabeightdfstdecahyonents afithie ¢raste thaichrenbguie asubtdimiperatiire of
25C and aﬁrce?ﬁure of 1.1013 bar.  The aprotic solvent is preferably selected from the group

of alip

. able. . : ; :
conS|st|naé) a Ef‘1at|c hydrocarbon 5compounds, carboxylic acid esters, and ethers. According to a

paHicularly preferred embodiment, the dispersion medium contains at least one aliphatic hydrocarbon

compounte Jaifl abpkaHbb i eearkar cempamthpealsrpidipmplERe S theQearben atorrerapre
preferabl?\: 8 - 3iﬂfa£‘b?n atoms, acpd even more preferably 18 - 32 10carbon atoms. Accordingly, the
b8rBa 408

aliphatict I(E;O?RB-'(E)L?HB can just as well be a paraffin. The fraction of the dispersion medium

preferably is at least 5 % by weight, more preferably at
Aside from the oxygen atoms present in the carboxylic acid units, the activator according to the

15  invention can bear further hetero-atoms. However, the activator preferably contains no hetero-

atoms aside from the oxygen atoms in the carboxylic acid units.

Preferably, the carboxylic acid units of the activator are present in non-protonated form in the
paste, It can therefore be advantageous to select the dispersion medium appropriately for no

20 dissociation of the carboxylic acid units to proceed.

It has proven to be advantageous in many cases for the activator to have a decomposition point
below a temperature of 300°C, more preferably below a temperaiure of 270°C, even more
preferably below a temperature of 240°C, and particularly preferably below a temperature of

25  200°C. In these cases, the decomposition point of the activator preferably is in the range of
100°C - 300°C, more preferably in the range of 110°C - 270°C, even more preferably in the
range of 120°C - 240°C, and particularly preferably in the range of 130°C - 200°C.

Moreover, it has proven advantageous in many cases for the melting point of the activator fo be
30  atleast 80°C, more preferably at least 90°C, and even more preferably at least 100°C. In these
cases, it is preferable for the melting point to be no more than 200°C, more preferably no more
than 180°C, and even more preferably no more than 160°C. Accordingly, preferably, the melting
point of the activator is in the range of 80°C - 200°C, more preferably in the range of 90 - 180°C,
and even more preferably in the range of 100°C - 160°C.
35



15 least 8 % by weight, and even more preferably at least 10 % by weight, relative to the total weight
of the paste. Preferably, the fraction of the dispersion medium is no more than 40 % by weight, more
preferably no more than 30 % by weight, even more preferably no more than 20 % by weight, and
particularly preferably no more than 15 % by weight, relative to the overall weight of the paste.
Accordingly, the fraction of the dispersion medium preferably is in the range of 5 - 20 40 % by weight,
more preferably in the range of 8 - 30 % by weight, and even more preferably in the range of 10 - 20 %

by weight, relative to the total weight of the. p: [ invgntion: contain
further sql}%%t%#gégéogs(tﬁﬁe %’%?é]r\%,ﬁégr% g(t)a{ B’gﬁigﬁeﬁ%%%gt%pé%zﬁeﬁqé %e%%vﬁf% rw(b .,Baﬁglﬁgégai;%rsion
mediumie}, #sapislichpleressobitdoamierariersupsitiebly -7 dilgemalei g, AntieesPisers

that are gamemrdtitie fiskbdRyeirtaklsrtbiediastion afsabisianees iihrnthardapibremeriah paricles,
(b) the at least onlf a tivgtor that qeaﬁ%cle%%t t\fvo carboxylic acid units in the molecule, and (c) the
dispersi8ﬁr§51rﬂg IR R it % W‘é?g‘i% , more preferably no more than 15 A) by weight,
eveh more preferably no more than 10 % by weight, particularly preferably no more than 5 % by

weight, eyep mesepatiseHy P GIRaRME, MY athend %8 RuvRight-Gndie RAsliURNSRMPTS than 1

A) by weight, relative to the total weight of the paste. 14 The, g_aste, according to the invention ¢an be
manufaQifbt ibUGR MRS Th SHSFRIERRIOA PG SRR P RE ok B A A BRI for
examplegdidraugleimading, tienmietdd ppadivel esith)iuiherat and) SaistRrgtori¢opihatide fesvwreantbosiglic acid

units in %J‘Qﬂ}ﬁ%#ﬁetﬂ%ﬁ?&n%%%ﬁﬁion medium (c). According to a particularly preferred
t,t '

embodiment, the paste’is manufactured in multiple steps. In this context, the at least one activator
(b)H& triturated in a first step. Trituration can proceed in 10a mill and serve to improve the dispersibility

of the agtpsdaiing the slisparsienynpeiunde) etiveditivialedacibipisolbl condken aambinedgwitipthe
dlsper5|%n rrk(seplumf(gzg. as conj step. Itis cqstomggy th@%ﬁn%%rv%geous%yspensmn of the

: ngo ic acid, majonic acid, malgjC ac IC AC .
activator ﬂ) In dispersion" medium FCS i$ produced In this step.’In order o produce said

homogeneous suspension, the mixture can be 15treated with a mixer, for example an Ultraturax mixer,

if applicaPlesraing finalebie seapeasiendromiierrerand SARRSGANRS £amRal yudribe rosiahe

articles (a) in
P 15 ggozxp consisting of oxalic acid, malonic acid, maleic acid, and dimethyimalonic acid.

The fraction of activator preferably is at least 0.1 % by weight, more preferably at least 0.3 % by
weight, even more preferably at least 0.5 % by weight, particularly preferably at least 1 % by
weight, and even more particularly preferably at least 2 % by weight, relative to the total weight

20  of the paste. Preferably, the fraction of activator is no more than 30 % by weight, more
preferably no more than 20 % by weight, even more preferably no more than 10 % by weight,
particularly preferably no more than 7 % by weight, and even more particularly preferably no
more than 5 % by weight, relative to the total weight of the paste. Accordingly, the fraction of the
activator is in the range of 0.1 - 30 % by weight, more preferably in the range of 0.3 - 20 % by

25  weight, even more preferably in the range of 0.5 - 10 % by weight, particularly preferably in the
range of 1 - 7 % by weight, and even more particularly preferably in the range of 2 - 5 % by
weight, relative to the total weight of the paste.

Moreover, the paste according to the invention contains a dispersion medium (c).

30 |
It is preferable for the metal particles (a) to be dispersible in the dispersion medium (c). The at
least one activator (b) can also be dispersible in the dispersion medium (c). However, it is

feasible just as well that the activator (b) is soluble in the dispersion medium (c).

35 The dispersion medium can be a dispersion medium that is common in this field.



a third step. Subsequently, the resulting mixture is being homogenised, for example manually, if
applicable. Subsequently, the mixture can be passed through a roller mill repeatedly and
20homogenised further, if needed. Then the resulting paste can be used for the intended use. The
paste according to the invention is preferably used for connecting at least one electronic component to
at least one substrate. 25In this process, the at leastpne electronic component is preferably fastened
on the substrate. Said fastening is effected through sintering. In the scope of the invention, sintering is
understood to mean connecting two or more components through heating without producing a liquid
phase. Accordingly, sintering preferably produces a firmly bonded connection between the 30at least
one eledifshigiesipoadstitnarianasedia aas 20N EIMPABIRTINEIR $RUEEH electronic component is
understood to be an object that can be part of an electronic arrangement. According to a preferred

embodiment, electronic c{:;org onent is understood t%gn%ap a ?inéllt?'c%mﬂ%%ﬁm that cannot be
disassemBIEd' fitREr ARG e an SEREPSS @?acggﬁeé\(’) RCOMERBIEHSHR Eut. As a unit, the electronic
coniponent can consist of multiple 15 components, if applicable. The electronic component can, for

examples g &1y AGHVE FRRIRRREIL R 2RASSINEIF AT RBNSR AGRSHAING SrRic KB &MbRdinBRFs, the

electronic component is used in high-power electronics. Preferably, the electronic component is
selecte PO ARSI ROFR RGN Widtied 5 BRAFIBIBSLEDs, light emitting diodes), transistors (for

example IGBTSs, 5 insulated-gate bipolar transistors, bipolar transistors with insulated gate electrode),

integrated circuits, semi C i ins, (dies) .resisty &gnﬁg |toLs G Quls,and
heat sin(?g‘.g éﬁ%ﬁglf%méﬁg%é% %%g)g?ﬁ%{)ggct%]meg% grr}]Cobjae'ctt at tan be connected Po?an ®
eledtronwel DecexrplfoRMBONBESrding to a preferred embodiment, the substrate is selected from the
group consisting of lead frames, DCB substrates (direct-copper-bonded substrates), and ceramic

substratzﬁ. Accordinﬁ to a R(rjeferredi §0”€)b°a i%%%t the fo#%{}/i ;r)]%%r?s of electronic component and
substrate 15" 51 @%%%nesc(fgﬁ fo8ac oﬂwer:dﬁgﬁﬁjea fra e, ED/ceramic substrate, die/lead

frame, die/ceramic substrate, die/DCB substrate, diode/lead frame, diode/ceramic substrate,

diode/D¢3,sHbstrate. JigBrhd ead frames B Afse/ainissibolintecdFBd B Rdlstateoiearaied

circuit/lead frame, integrated circuit/ceramic substrate, integrated circuit/DCB substrate, sensor/lead
frahe, SUPRGHEPIARTRMESte, heat sink (preferably copper or

The organic compounds can also comprise hetero-atoms, in particular oxygen atoms or
nitrogen atoms. Said hetero-atoms can be part of functional groups. Conceivable functional
groups include, for example, carboxylic acid groups, ester groups, keto groups, aldehyde
20 groups, hydroxyl groups, amino groups, amide groups, azo groups, imide groups, cyano groups

or nifrile groups.

Accordingly, for example, a-terpineol ((R)~(+)-a-terpineol, (S)-(-)-a-terpineo! or racemates), B-
terpineol, y-terpineol, &-terpineol, mixtures of the preceding terpineols, N-methyl-2-pyrrolidone,
25  ethylene glycol, dimethylacetamide, alcohols, in particular those that comprise a non-branched
or branched chain having 5 — 9 carbon atoms, 1-hexanol, 1-octanol, 1-dodecanol, 1-tridecanol,
2-tridecanol, 3-fridecancl, 4-tridecanol, 5-tridecanol, 6-tridecanocl, isotridecanol, dibasic esters
(preferably dimethylesters of glutaric, adipic or succinic acid or mixtures thereof), glycerol,
diethylene glycol, triethylene glycol or mixtures thereof can be used as solvent.
30
According to another preferred embodiment, the dispersion medium contains at least one
aprotic solvent. It can also be advantageous that the fraction of the at least one aprotic solvent.
is at least 70 % by weight, more preferably at least 80 % by weight, even more preferably at
least 90 % by weight, particularly preferably at least 95 % by weight, and even more particularly



20 aluminium heat sink)/DCB, heat sink (preferably copper or aluminium heat sink)/ceramic substrate,
heat sink/lead frame, capacitor (preferably tantalum capacitor, more preferably in unenclosed
condition)/lead frame. According to another preferred embodiment, multiple electronic components
can be connected 25to the substrate. Moreover, it can be preferred to arrange electronic components
on opposite sides of the substrate. However, both elgctronic component and substrate comprise at
least one contact region. 30In the scope of the invention, contact region is understood to mean a
region of the electronic ponent to which,the strate is_contacted through the paste accprding to
the inveh %hf%rglﬁ ?gg‘?%% 0 trégé{u%%ﬁg\%{eﬁt%oas\yﬁéﬁ%ﬁ%@gc o %@gﬁﬁpﬁ%% %@Srﬁaﬁ%aat%%oﬁéjﬁ the
paste acurtiig tef thtemperivoie KeSorrgh? tresebrfaétirégichPer-the electronic component
preferably comprises a contact surface that is covered by the substrate once the substrate is
35connected thereto. Likewise, the contact regjon of the substrate preferahly comprises a contact 16
uriace §18 RPEG AR B e ALEPEN e BB oM IR BB S AR
thergto. freferaldy, treboomtactaidgisiaref dnd etbetronic component has a volume that is defined by the
contact surface of the contact region of the electronic component (defined through width and length of
the contact surface) and a thickness of 50 nm. Likewise, the contact 5 region of the substrate
preferabf\PFRISIAQ/ Bl etz RE enpieE B smbeciaet dirslsPBIAR BsHlR ARBIBINS AHE ¥k ate
(defineddiyeaghnyiiittabddengibaind eSeantdiphsati f agejcancbart ickipessd pEdanabhSeaoehpiddems of the
contact region aof electronic compon substr raj | i%} i b
determin(;%% oarﬂé%%rﬁtp rgs bf/n Per?ng{/?n]eeggt@g %ong%tc%é%%ﬁ%tﬁr@‘gg%gp\%ﬁ%?%§§/ '\ge?aer%g)tl 3/? ?@ug?rz
spéBtrosspyreai@ien determining the weight of 10the removed region. The contact region can be a
region that is applied to the electronic component or to the substrate. For example, in many cases, a
metallisgtion is applied tq. g surface of an electronic component that.is to be cannected. Said

metalis G CUTo I 1) L MRES DR B LR (e RhGE BPE60T 00 . A
metallisation of this type or a region thereof can represent a contact region according to the invention.

On the offigrehandn thetronREEFSEIPmEaR ISk Bl bsemaggegr%_%9%%rﬁﬂh@r@&a&%§5§;&§f

component or og‘ the substrate. For example, according to the inventjon, a lead frame 20 ma
copper d&Phé (18t PR SRR IMVEPTEIRIBE A 17455 Wik G AT hEPIRNGe B Bl
millimetresigit dfisheasesta. regimatisdte: iEactiyarethehichaloes nediseassaripdravbao H Hifberent

from othet 0iaps, o5 RAA IARE IR SIS of SyRIBRE L SNUFLRCRIPRLGSB! Apale

region according to the invention. 25At least one of the contact regions of electronic component and
substrat8Yoaigihsaaeagicuasty preferably no more than 15 % by weight, relative to the overall weight

of the paste. Accordingly, the fraction of the dispersion medium preferably is in the range of 5 -
20 40 % by weight, more preferably in the range of 8 - 30 % by weight, and even more preferably

in the range of 10 - 20 % by weight, relative to the total weight of the paste.

The paste according to the invention can contain further substances aside from the metal

particles (a), the at least one activator (b), and the dispersion medium (¢}, if applicabie.

25  Conceivable further substances are diluents, thickeners, and stabilisers that are common in this
field.

Preferably, the fraction of substances other than (a) the metal particles, (b) the at least one
activator that bears at least two carboxylic acid units in the molecule, and (c) the dispersion
30 medium is no more than 20 % by weight, more preferably no more than 15 % by weight, even
more preferably no more than 10 % by weight, particularly preferably no more than 5 % by
weight, even more particularly preferably no more than 3 % by weight, and in particular no more

than 1 % by weight, relative to the total weight of the paste.



non-noble metal. According to a preferred embodiment, at least one of the contact regions of
electronic component and substrate comprising a hon-noble metal contains at least one element
selected 30 from the group consisting of (i) copper, aluminium, zinc, and nickel, (ii) alloys comprising
at least one element selected from copper, aluminium, zinc, and nickel, and (iii) intermetallic phases
comprising at least one element selected from coppgyr, aluminium, zinc, and nickel. 17 more
preferably at least 7 % by weight, even more preferably at least 10 % by weight, particularly preferably
et 90 b S slehl R e ARG Y HEr R BRI A BRSO RRATH 2" 2
least 90 % by weight, reia ve to the weight of the contact region comprising a hon-noble metal.
Preferablyjs &%n-noble metal, more preferably a non-noble metal selected from the group consisting
of copper, aluminium, zinc, and nickel, is the main ingredient of the contact region. In the scope of the
invention, main ingredient of the contact region is understood to mean the element of which, a larger
fraction'i:]sm&%%%tﬁt (AR Ksroly %c‘iﬁr%eg(i%%oihegg B géhflh(r)?ﬁgr e %fd‘iﬁﬁi %%g%sn{%hvi%éi con a%:t
regidn. lacthatecdpetiufttheanmisticatbthelisarmidoiniéylorheonpeisityy anddhendBreivietamsshiase)-
comprise other elements, including, in particular, noble metals. 15If the contact region comprising a
non-noble metal contains an alloy that com&r}iﬁg&s at least one element electgd from.copper,

aluminiufCAALSERR BRI HAPIRECHRS OB FB1E i RE SR B AN PP ESR TUILRE SRRy of

copper, nickel, zinc, and common impurities or an alloy that consists essentially of tin, gold, and

common, THLEEAR, R adickearaldemabiod ageiding @ 4Rs s iR Bl aiasaung a first

contact region and an electronic component _z_avmg a second contact region are provided, whereby at
leaklt on@ BYikaRY E6REL IBIHENS dombinre s itiy-AbIR FRtYalor ARG ARRBIFOBitREF B Gntact region

of the substrate, the contact region of the electronic 25component or the contact region of the

substrate, and, ffie, cniact 1 ‘ﬁa” s Ee%'%%”%ﬁ}i%&%’i%ﬁ’%‘ee(?i fial %%”%ff‘éﬁa&nﬁ“r&n&gﬂuog'ge%%%tg :
definition, '[?16 su%setra?e comp IS)eS a first COiiiaCt (eglon an ﬁ:i:)e gllectr(_)nlc CO. on_ent comprls sa
second dontettestiontheiordwrergtneaubsusersiomeldiecadiveteorhbbribatdicnesiradnasise (ither

contact iggiRpscippnitables linferfranpisyless draonpiseHesdsassphsiiaic tanidiiead fame

usually contains a multjitude of (adjacent) contact regjons intended for connecting to a multitude of
Al S v s R e A

And finally, the suspension from the second step can be combined with the metal particles (a) in

a third step. Subsequently, the resulting mixture is being homogenised, for example manually, if

applicable. Subsequently, the mixture can be passed through a roller mill repeatedly and
20  homogenised further, if needed. Then the resulting paste can be used for the intended use.

The paste according to the invention is preferably used for connecting at least one electronic

component o at least one substrate.
25  Inthis process, the at least one electronic component is preferably fastened on the substrate.

Said fastening is effected through sintering. In the scope of the invention, sintering is
understood to mean connecting two or more components through heating without producing a
liquid phase. Accordingly, sintering preferably produces a firmly bonded connection between the

30 atleast one electronic component and the substrate.

As common in this field, an electronic component is understood to be an object that can be part
of an electronic arrangement. According to a preferred embodiment, electronic component is
understood to mean a single component that cannot be disassembled further and can serve as

35  a component of an electronic circuit. As a unit, the electronic component can consist of multiple



Therefore, said paste contains (a) metal particles, (b) at least one activator that bears at least two
carboxylic acid units in the molecule, and (c) a dispersion medium. 5A structure is generated in a
further step of the method according to the invention. Said structure contains at least the substrate, the
electronic component, and the paste. In this context, said paste is situated between the first contact
region of the substrate and the second contact regipn of the electronic component. Accordingly, the
first surface of the substrate 10contacts the second surface of the electronic component by means of

the paste. The structure can be generated, for example. by applying the paste tq the co face of
the frt SO i B TR e o B e A F R e B e B 20,
the conteiceshaRb¢eeotapeaethd coptdioordyisarticieivasebadmanivuife eecirichecBAeRErted, for

exampl%slatm ﬁ%ﬁb{lﬁﬂgotbﬁ] %ﬁ%&?ié?.ef—'?@f&%@iﬁH?@f%&??h%%ﬁ%éfﬂ?%i?@@ﬁﬁfﬁih?@%@@%ﬂiCt
component an( 11 e supstrate o a e aste D) e contact surtace O e T ntac
oo NG Ues LR BrETaPIe o S 65 T ALogr Sl A o AR A b
condmoriisuthisdigts fopeleartipieisioractinsief prnsistprastitbdssitrtedaalslesctusie hringptacstencil
printing),, iSRe NSRRGSR eRRTaYing &Qwscm&i);epeei&y@nét%ewie&&raenér@,eééiﬁa%e heween

the first surface of the substrate and the second surface of the electronic component, which is
determiﬁéﬁf%ssentially by the thickness of the paste, right after generating the structure, preferably is
in the range of 20 - 200 pm, and more preferably in the range of 50 - 25100 pm. Once the structure is

ange of 20 - 200 pm, and more prefersbly in the range of 50 - .
o780 - J0H A R A e 0 ThB el ety

prdBeedeobpenpatictreiding & 2- refmiaatenhadimavhethgo surtrin | roplacRiHeBf IRIBP - 10
minutescH-dR%Hg bl rying Fanals DB Caat insteatdipednaiitiepcrte P& ipsablivd)ndattheramic
above-mentioned conditions while the structure is being generated, for example before placing the
electronf¢’ %tlrﬁf)egnent onto the paste applied to the substrate or before placing the substrate on the
paste applied onto the electronic component. 19

According to a preferred embodiment, the following pairs of electronic component and substrate
15 are being connected to each other: LED/lead frame, LED/ceramic substrate, die/lead frame,
diefceramic substrate, die/DCB substrate, diodel/lead frame, diode/ceramic substrate,
diode/DCB substrate, IGBT/lead frame, |GBT/ceramic substrate, IGBT/DCB substrate,
integrated circuit/fead frame, integrated circuit/ceramic substrate, integrated circuit/DCB
substrate, sensor/lead frame, sensor/ceramic substrate, heat sink (preferably copper or
20  aluminium heat sink)/DCB, heat sink (preferably copper or aluminium heat sink)/ceramic
substrate, heat sink/lead frame, capacitor (preferably tantalum capacitor, more preferably in

unenclosed condition)//ead frame.

According to another preferred embodiment, multiple electronic components can be connected
25  to the substrate. Moreover, it can be preferred to arrange electronic components on opposite

sides of the substrate.
However, both electronic component and substrate comprise at ieast one contact region.

30 In the scope of the invention, contact region is understood to mean a region of the electronic
component to which the substrate is contacted through the paste according to the invention or a
region of the substrate to which the electronic component is contacted through the paste
according to the invention. Accordingly, the contact region of the electronic component
preferably comprises a contact surface that is covered by the substrate once the substrate is

35  connected thereto. Likewise, the contact region of the substrate preferably comprises a contact



In a further step of the method according to the invention, the structure containing the substrate, the
electronic component, and the paste is subjected to sintering. Upon sintering, the metal particles
present in the paste and at least part of the contact regions 5 are baked together. The remaining
components that are present in the paste are usually removed from the paste during this process, for
example through evaporating them, if applicable aftgy undergoing chemical conversion. The sintering
proceeds based on diffusion processes, whereby elements present in the metal particles of the paste

diffuse |nto the c%% act re&/e{a id ;BP{I c%é ] 0\? ergigecsec%t in {tﬂgn ,t[ act rtelglo‘gg cgl}ffH%e é (#g &e mtegvemng
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to atem erat re of at least 175C, and e refe ab a 15 re of at least
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350 and@vemfﬁbeeSptsﬁmwo@reéeaatéyn!maw@wﬁﬂdhﬁoﬁe méﬂe@O%tmcmmnbmﬂh@es@fUQWre is

heated pigielaliy ter@oﬁwet@wa@ mﬁe@%atglmem?’éﬁ@%%@re@@htgépatewq@&%e in
the range of 150(? 00C, even p referal%iy to a temperature in the range of 175C - 300C, and
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just as S{; B8 #3l §9 QM{géﬁré%bgf%gtﬁ%Q peNoNaleat rgf %?W%g%%ad%@ﬁ%% 1kbar or

more. 25 Fhe heat g pre roceeds for a perio minutes, a d mor re erably
forl8 pedioRlreMAYRIGLRI0A5 minutes.  There is no limitation with regard to the atmosphere, in which
the heating is effected. However, 30preferably the heating is carried out in an atmosphere that
contaln 0 After the sljnterln'% %Ie is_ohtai 4: mat cQ CFrlses at least tpe sgfjb%rate and

the elec %%tﬁﬁ?g ol c5ARetted (6 %‘ 7 (APBUGh the' sintered pasts ABROFG

paste cordln "t0°a
parnculaﬂubgﬂreterr’é@r @vaoplEn éntneny nmﬁ)caacetataﬂa@qo tﬁem{;eﬁttgrafeu@eemt@cmﬂ@ettqe@st one

electronic, CoRaReHLI0 8l {8358 Qs agss %Q@%%mwmcmtaﬂenawnﬁ{q@y gt least

one of said contact regions contains c $ er as non-nohle metal, It has groven to be particularl
S

advantaljuBNess didesngs Ke'9a H%{Pc&tfaﬁ%"(%ﬁ%‘etgi EuRibee Qb raees: BAERbF#ound
selectedrfmesting mgrottaciorgistirapafriiadoio thedidemtaleic acid, and oxalis acid, as activator, and (c) a
dispersion medium. 10 According to a further particularly preferred embodiment, the method according
to the invention for connecting at least one electronic component to at least one substrate is carried

out throlgh Bshiiberelfons, fih el @t 1BaISNoRRNoIUSAIATIRU P PeBbRIRIRtaR AR a8 nE-noble
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15%etalrgartlcl v E)bt)e?tclaena Ee%gg Ql,%us%%t%el ?\q 8%591% rou %%‘Sé Etn&ness in the range

of several millimetres. In this case, a region of said lead frame, which does not necessarily have

to be different from other regions of said lead frame in terms of substance or structure, can

represent a contact region according 1o the invention.

25 At least one of the contact regions of electronic component and substrate contains at least one

non-noble metal.

According to a preferred embodiment, at least one of the contact regions of electronic
component and substrate comprising a non-noble metal contains at least one element selecied
30 from the group consisting of (i) copper, aluminium, zinc, and nickel, (ii) alloys comprising at least
one element selected from copper, aluminium, zinc, and nickel, and (iil) intermetallic phases

comprising at least one element selected from copper, aluminium, zinc, and nickel.

The fraction of the at least one non-noble metal, for example of a non-nobie metal selected from

35  the group consisting of copper, aluminium, zinc, and nickel, is preferably at least 5 % by weight,



dimethylmalonic acid and oxalic acid, as activator, and (c) a dispersion medium. The invention is
illustrated in the following based on examples that do not limit the scope of the invention. 20 21
EXAMPLES: Pastes 1 - 3 and reference pastes 1 - 3 according to the invention were prepared as
follows at a composition according to Table 1 below: Paste 1 Paste 2 Paste 3 Reference paste 1
Reference paste 2 Reference paste 3 Silver particles,85 % by weight 85 % by weight 85 % by weight
85 % b y weight 85 % by weight 85 % by weight

more preferably at least 7 % by weight, even more preferably at least 10 % by weight,
particularly preferably at least 15 % by weight, even more particularly preferably at least 50 %
by weight, and in particular at least 90 % by weight, relative to the weight of the contact region

comprising a non-noble metal.

Preferably, a non-noble metal, more preferably a non-noble metal selected from the group
consisting of copper, aluminium, zinc, and nickel, is the main ingredient of the contact region. In
the scope of the invention, main ingredient of the contact region is understood to mean the
element of which a larger fraction is present in said contact region than of any other element

10 thatis present in said contact region.

In the scope of the invention, the contact region comprising a non-noble metal can also

comprise other elements, including, in particular, noble metals.

15 if the contact region comprising a non-noble metal contains an alloy that comprises at least one
element selected from copper, aluminium, zinc, and nickel, then the alloy can, for example, be
an alloy that consists essentially of copper, nickel, zinc, and common impurities or an alioy that

consists essentially of tin, gold, and common impurities.

20 In afirst step of the method according to the invention, a substrate having a first contact region
and an electronic component having a second contact region are provided, whereby at least

one of said contact regions contains a non-noble metal.

Accordingly, either the contact region of the subsirate, the contact region of the electronic
25 component or the contact region of the subsfrate and the contact region of the electronic

component ¢can contain a non-noble metal.

By definition, the substrate comprises a first contact region and the electronic component
comprises a second contact region. Moreover, the substrate or the electronic component can
30  comprise further contact regions, if applicable. If, for example, a fead frame is used as
substrate, said /lead frame usually contains a multitude of (adjacent) contact regions intended

for connecting to a multitude of electronic components in order to form a subassembly.

In a next step of the method according to the invention, a paste according to the definition

35  provided above is provided.



Paraffin 12 /0 by weight 12 % by weight 12 % by weight 12 % by weight 12 % by weight 12 % by
weight Activator: Malonic acid 3% by weight - -

18

Therefore, said paste contains (a) metal particles, (b) at least one activator that bears at least

two carboxylic acid units in the molecule, and (c} a dispersion medium.
5 A structure is generated in a further step of the method according to the invention.

Said structure contains at least the substrate, the electronic component, and the paste. In this
context, said paste is situated between the first contact region of the substrate and the second
contact region of the electronic component. Accordingly, the first surface of the substrate

10  contacts the second surface of the electronic component by means of the paste.

The structure can be generated, for example, by applying the paste to the contact surface of the
first contact region of the substrate and placing the electronic component on the applied paste
by the contact surface of the second contact region. Likewise, the structure can also be
15 generated, for example, by applying the paste to the contact surface of the second contact
region of the electronic component and placing the substrate on the applied paste by the
contact surface of the first contact region. Applying the paste can preferably proceed by means
of application techniques that are common in this field, for example by means of printing
methods (for example screen printing or stencil printing), dispensing technique, spraying

20 technique, pin transfer or dipping.

The distance between the first surface of the substrate and the second surface of the electronic

component, which is determined essentially by the thickness of the paste, right after generating

the structure, preferably is in the range of 20 - 200 ym, and more preferably in the range of 50 -
25 100 pm.

Once the structure is generated, it can be dried, if applicable. Preferably, the structure is dried
at a temperature in the range of 80 - 200°C, and more preferably at a temperature in the range
of 100 - 150°C. Drying preferably proceeds for a period of time of 2 - 20 minutes, and more
30  preferably for a period of time of 5 - 10 minutes. If desired, drying can also proceed instead or in
addition and preferably under the above-mentioned conditions while the structure is being
generated, for example before placing the electronic component onto the paste applied to the

substrate or before placing the substrate on the paste applied onto the electronic component.



Maleic acid - 3% by weight - - Dimethylmal onic acid - - 3 A by weight - - - Silver lactate - 3 % by
weight

19

in a further step of the method according to the invention, the sfruciure containing the substrate,

the electronic component, and the paste is subjected to sintering.

Upon sinfering, the metal particles present in the paste and at least part of the contact regions

5 are baked together. The remaining components that are present in the paste are usually
removed from the paste during this process, for example through evaporating them, if
applicable after undergoing chemical conversion. The sintering proceéds based on diffusion
processes, whereby elements present in the metal particles of the paste diffuse into the contact
regions and elements present in the contact regions diffuse into the intervening spaces formed

10 by the metal particles of the paste. Due to the temperatures and diffusion rates predominating

during this process, a stable firmly bonded connection is formed.

Preferably, the sintering of the structure is effected through heating to a temperature of at least

150°C, more preferably to a temperature of at least 175°C, and even more preferably to a
15  temperature of at least 200°C. Preferably, the sintering of the structure is effected through

heating to a temperature of no more than 350°C and even more preferably to a temperature of

no more than 300°C. Accordingly, the structure is heated preferably to a temperature in the

range of 150°C - 350°C, more preferably to a temperature in the range of 150°C - 300°C, even

preferably fo a temperature in the range of 175°C - 300°C, and particularly preferably tc a
20  temperature in the range of 200°C - 300°C.

The heating preferably proceeds without the application of any process pressure, ie. at a
process pressure of 0 kbar, but can just as well be carried out at elevated process pressure, for
example at a process pressure of 1 kbar or more.

25
The heating preferably proceeds for a period of time of 1 - 80 minutes, and more preferably for

a period of time of 2 - 45 minutes.

There is no limitation with regard to the atmosphere, in which the heating is effected. However,

30  preferably the heating is carried out in an atmosphere that contains oxygen.

The sintering is carried out in a suitable apparatus for sintering that is common in this field and

in which, preferably, the above-mentioned process parameters can be set.



- Propionic acid - - 3 % by weight - Urea - - - 3 /0 by weight 5 Table 1. Composition of pastes 1 - 3
and reference pastes 1 - 3. In six different samples (for pastes 1 - 3 and reference pastes 1 - 3), the
corresponding 10 activators were first fine-triturated in a coffee grinder and then added to the
dispersion medium. An Ultraturax mixer was used to produce homogeneous suspensions from said
mixtures. Said homogeneous suspensions were thgg added to the silver powder. The resulting
mixtures were first homogenised manually using a spatula, then passed three times over a roller mill

and ho”}\?l%?ﬂj%es‘?n%‘&%ia,tg 91%%% F?QEB%&ﬂea %h%?gcf@xfﬁ@ég: %tqggé?ﬁw& ét?bstrate and the electronic

component connected to each other through the sintered paste.

According to a particularly preferred embodiment, the method according to the invention for
5  connecting at least one electronic component to at least one substrate js ca_rried_ out through
contact regions, whereby at least one of said contact regions contains éopper as non-noble
metal. It has proven to be particularly advantageous in this case to use a paste that contains (a)
metal particles, (b) at least one compound selected from the group consisting of malonic acid,
maleic acid, and oxalis acid, as activator, and (c) a dispersion medium.
10
According to a further particularly preferred embodiment, the method according to the invention
for connecting at least one electronic component to at least one substrate is carried out through
contact regions, whereby at least one of said contact regions contains nickel as non-noble
metal. It has proven to be particularly advantageous in this case to use a paste that contains (a)
15 metal particles, (b) at least one compound selected from the gfoup consisting of

dimethylmalonic acid and oxalic acid, as activator, and (c} a dispersion medium.

The invention is illustrated in the following based on examples that do not limit the scope of the
invention.
20



22 Pastes 1 - 3 and reference pastes 1 - 3 were used to connect lead frames to semiconductor chips.
5Lead frames made of copper or nickel and semiconductor chips with silver metallisation were used
for this purpose. Pastes 1 - 3 and reference pastes 1 - 3 were applied to the corresponding lead
frames in six samples. Then the semiconductor chips were placed on the applied paste. The distance
10 between the opposite surfaces of lead frame ang,semiconductor chip was 80 pm. The structure
thus obtained was pre-dried for 5 minutes at a temperature of 150C. Subsequently, the structure thus
obtaineqs%e}i ]s_m?t_ered without pressure at a temperature of 250C. After the sintering process, an
analysis was performed to assess the presence of a connection 15between semiconductor chip and
lead frame as well as the reliability of said connection. The results of this analysis are summarised in

Table 2 phgnsnobie metalobie pasiact regisnérangasting bebruesn wemisrdusioschiasdiead
frame Reliability of the connecti?gblfaf,tge?bCopper Stable connection Very high Paste 2 Copper Stable

connectRITNP8s @ﬁ]ﬁC{)rding to e W
Paste 1 Paste 2 Paste 3 Reference | Reference | Reference
paste 1 paste 2 paste 3
Sitver 85 % by 85 % by 85 % by 85 % by 85 % by 85 % by
particies weight weight weight weight weight weight
Paraffin 12 % by 12 % by 12 % by 12 % by 12 % by 12 % by
weight weight weight weight weight weight
Activator:;
Maionic 3 % by - - - - -
acid weight
Maleic acid | - 3 % by - - - -
weight
Dimethylmal | - - 3% by - - -
onic acid weight
Silver - - - 3 % by - -
lactate weight
Propionic - - - - 3 % by -
acid weight
Urea - - - - - 3 % by
weight

Table 1: Composition of pastes 1 - 3 and reference pastes 1 - 3.

In six different samples (for pastes 1 - 3 and reference pastes 1 - 3), the corresponding
10 activators were first fine-triturated in a coffee grinder and then added to the dispersion medium.
An Ulfraturax mixer was used to produce homogeneous suspensions from said mixtures. Said
homogeneous suspensions were then added to the silver powder. The resulting mixtures were
first homogenised manually using a spatula, then passed three times over a roller mill and

homogenised again to obtain pastes 1 - 3 and reference pastes 1 - 3.



Paste 3 Nickel Stable connection Very high Reference paste 1 Copper No connection, semiconductor
chip does not adhere to lead frame Reference paste 2 Copper No connection, semiconductor chip
does not adhere to lead frame Reference paste 3 Nickel No connection, semiconductor chip does not
adhere to lead frame - 20Table 2: Results of the tests using pastes 1 - 3 and reference pastes 1 - 3.
23 Patent claims 29

Pastes 1 ~ 3 and reference pastes 1 — 3 were used to connect lead frames to semiconductor

chips.

5 Lead frames made of copper or nickel and semiconductor chips with silver metallisation were

used for this purpose.

Pastes 1 — 3 and reference pastes 1 — 3 were applied to the corresponding lead frames in six
samples. Then the semiconductor chips were placed on the applied paste. The distance
10 between the opposite surfaces of Jead frame and semiconductor chip was 80 ym. The structure
thus obtained was pre-dried for 5 minutes at a temperature of 150°C. Subsequently, the

structure thus obtained was sintered without pressure at a temperature of 250°C.

After the sintering process, an analysis was performed to assess the presence of a connection

15  between semiconductor chip and lead frame as well as the reliability of said connection.

The results of this analysis are summarised in Table 2.

Non-noble metal | Connection between Reliability of the
of the contact semiconductor chip connection
region and lead frame

Paste 1 Copper Stable connection Very high

Paste 2 Copper Stable connection Very high

Paste 3 Nickel Stable connection Very high

Reference paste 1 Copper No connection, -

semiconductor chip does
not adhere to lead frame

Reference paste 2 Copper No connection, -
semiconductor chip does
not adhere to lead frame

Reference paste 3 Nickel No connection, -
semiconductor chip does
not adhere 1o lead frame

20  Tabile 2: Results of the tests using pastes 1 - 3 and reference pastes 1 - 3.

The tests show that a stable connection is formed only with pastes 1 - 3 according to the

invention, but not when reference pastes 1 - 3 are used.



1.Paste containing (a) metal particles; (b) at least one activator that bears at least two carboxylic acid
units in the molecule; and (c) a dispersion medium. Paste according to claim 1, characterised in that
the metal particles are silver particles. Paste according to claim 1 or 2, characterised in that the
activator has a decomposition point in the range of 100- 300C. Paste according to any one of the
claims 1 - 3, characterised in that the activator is selgcted from the group consisting of dicarboxylic
acids and complexed dicarboxylic acids. Paste according to any one of the claims 1 - 4, characterised
in that the a¢ivaigkis selected from the group consisting of malonic acid, maleic acid, dimethylmalonic
acid, and oxalic acid. Paste according to any one of the claims 1 - 5, characterised in that the
dispersion medium contains an aliphatic hydrocarbon compound. Method for connecting at least one
electronic compasientdatzihiegst one substrate through contact regions, whereby at least one of said
contact region?aiontam%tg Bg,qr@ggle metal, comprising the steps: providing a substrate having a first
contact region and an electronic component having a second contact region, whereby at least one of

said contact redibns @bIRBHSERTHIIH A RINER B RAVRAN U LRI KYIRAFH YL hitaIBARfUEs; (b) at

least one activator thakbears at least two carboxylic acid units in the molecule; and (c) a dispersion

medium; 24 (ii)) eneragin astructl.ére whereby the first contact region of the substrate contacts the
z g .2 f rsn?nme igin, ) . . .
second contact region of the electroniC component through the paste; and (iv) sintering the structure
while producing a module that comprises at least the substrate and the electronic component

connectgd to epaglh OhehtrREHIRg SINEPAE RS8R in that the metal particles are silver particles.
10
3. Paste according fo claim 1 or 2, characterised in that the activator has a decomposition
point in the range of 100 ~ 300°C.

4. Paste according to any one of the claims 1 - 3, characterised in that the activator is

15 selected from the group consisting of dicarboxylic acids and complexed dicarboxylic
acids.

5. Paste according to any one of the claims 1 - 4, characterised in that the activator is

selected from the group consisting of malonic acid, maleic acid, dimethylmalonic acid,

20 and oxalic acid.

6. Paste according to any -or{é of the claims 1 - 5, characterised in that the dispersion

medium contains an aliphatic hydrocarbon compound.

25 7. Method for connecting at least one electronic component to at least one substrate
through contact regions, whereby at least one of said contact regions contains a non-
noble metal, comprising the steps:

H providing a substrate having a first contact region and an electronic component having a
second contact region, whereby at least one of said contact regions contains a non-

30 noble metal;

(i) providing a pasie containing
(a) metal particles;
(b) at least one activator that bears at least two carboxylic acid units in the molecule;
and

35 {c) a dispersion medium;



5 8. Method according to claim 7, characterised in that at least one of said contact regions is an
integral component of the electronic component or of the substrate. 9. Method according to claim 7 or
8, characterised in that the non-noble metal is copper 10and the activator is selected from the group
consisting of malonic acid, maleic acid, and oxalic acid. 10. Method according to claim 7 or 8,
characterised in that the non-noble metal is nickel gngl the activator is selected from the group
consisting of dimethylmalonic acid and oxalic 15acid.

(i)  generating a structure, whereby the first contact region of the substrate contacts the
second contact region of the electronic component through the paste; and
(iv)  sintering the structure while producing a module that comprises at least the substrate

and the electronic component connected to each other through the sintered paste.

5
8. Method according to claim 7, characterised in that at least one of said contact regions is
an integral component of the electronic component or of the substrate.
9. Method according o claim 7 or 8, characterised in that the non-noble metal is copper
10 and the activator is selected from the group consisting of malonic acid, maleic acid, and
oxalic acid.

10. Method according to claim 7 or 8, characterised in that the non-noble metal is nickel and
the activator is selected from the group consisting of dimethylmalonic acid and oxalic
15 acid.



