1 METAL PASTE W TH CO PRECURSORS The present invention relates to a
netal paste and a nethod for joining conponents, in which this netal paste
i s used. Joining conponents, such as LEDs or very thin silicon chips, which
exhibit high sensitivity to pressure and tenperature, represents a
particular challenge in the field of power electronics. For this reason,
such conponents that are sensitive to pressure and tenperature are often
joined to each other through adhesi on. The adhesive techni que, however, has
t he di sadvantage that it produces contact points between the conponents
that exhibit only inadequate heat conduction or electrical conductivity. To
sol ve this problem the qEPANPASTEMVATRECO PRESWRBERS M equent |y sintered.
The sintering technique represents a very sinple nethod for the stable

j oi ning of conponents. Conventional sintering nethods, however, require
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To solve this problem, the components to be joined are frequently sintered. The sintering technique

represents a very simple method for the stable joining of components.

Conventional sintering methods, however, require either a high processing pressure or else a high
processing temperature. These conditions often result in damage to the components to be joined,

so that conventional sintering methods must be ruled out for many applications.

In DE 10 2007 046 901 A1 a sintering technique is proposed, with which it is possible to build
joining layers having very good electrical-conductivity and heat-conduction properties for power
electronics. In this sintering method, a metal paste is used containing a silver compound, which
decomposes into elementary silver below 300°C. These metal pastes allow a reduction of the
processing pressure to below 3 bar and a reduction of the processing temperature to below 250°C.
This sintering technique represents a large leap in quality in joining components that are sensitive

to pressure and temperature.

However, for many applications it would be desirable if the processing temperature could be
lowered even further. A lower temperature would lead to smaller loading of the components to be

joined and thus to a further increase in the quality of the components in the field of power



el ectronics. In addition, if the processing tenperature were | owered
further, considerable anobunts of energy costs could be saved. The present
invention is therefore based on the object of providing a sintering method,
whi ch all ows conponents to be joined to each other in a stable way, wherein
t he processing tenperature is bel ow 200C. This nethod shoul d produce
contact points between the conponents to be joined, which exhibit |ow
porosity and high electrical and thermal conductivity. Another object of
the present invention consists in providing a metal paste, which can be
used in the sintering nmethod according to the invention and which allows a
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contac @qlntstgg&geﬁa t%@ conponents to be joined, having | ow porosity and
hi gh éﬁs Y ¢Al &Ml conductivity. These objects are achieved by the
subject matter of the independent clainms. Accordingly, a nethod for joining
conpo t (
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metal present in the form of particles having a coating containing at least one organic compound,
(B) 0 — 12 weight percent of at least one metal precursor, (C) 6 — 20 weight percent of at least one
solvent, and (D) 0.1 — 15 weight percent of at least one sintering agent selected from the group
comprising (i) salts of organic acids, wherein the organic acids have 1 — 4 carbon atoms, (ii) esters

of organic acids, wherein the organic acids have 1 — 4 carbon atoms, and (iii) carbonyl complexes.

The following explanations are not intended to limit the invention, but to offer only one possible



Furthernore, it was |ikew se surprisingly found that the surface of the
nmetal particles under the coating layer is also at |east partially
oxi di zed. Such netal oxide |ayers negatively affect the diffusion processes
required for the sintering and thus sl ow down the diffusion rate. Al so for
this reason, it is necessary to use high processing tenperatures of far
above 200C when sintering using these netal particles oxidized on the
surface. According to the invention, sintering agents are used that rel ease
carbon nonoxi de during the sintering pPocess or produce carbon nonoxi de
when conbusted. The carbon nonoxi de rel eased during the sintering is a
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and nevertheless stable heat - conducti ve, and electrically conductive
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case, m et al enconpasses pure netals and also netal alloys. In
the scogmsonit is hecassamiie Hemhigh n@cewrratﬁ@panatwéﬁ glifar akova gORICMRET SIRRERY ~ i n
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of boron,”i's In the same period as silicon but is left of silicon, is in
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having s%tergllng p?orcegst grngrgdu%léncg?gon monoxide when combusted. The carbon monoxide released
during the sintering is a reducing agent and as such in the position to reduce the metal oxide
present on the surface of the metal particles. Removing the metal oxide ensures obstacle-free
diffusion and thus accompanies an increase in the diffusion rate. In this reduction of the metal
oxide, in situ reactive metal is also generated that further promotes the sintering process.
Furthermore, this reactive metal can fill voids present between the metal atoms of the metal
particles during the sintering process and thus lower the porosity of the contact points between the
components to be joined. Therefore, extremely stable and heat conductive as well as electrically

conductive contact points are generated.

For an up to now unknown reason, the sintering agents used according to the invention also appear

to promote the burning off of the coating compounds containing the silver particles at temperatures



than 55. According to the invention, pure netals are understood to be
netals containing a netal having a purity of at |east 95 wei ght percent,
preferably at |east 98 wei ght percent, nore preferably at |east 99 wei ght
percent, and even nore preferably at |east 99.9 weight percent. S
According to the invention, netal alloys are understood to be netallic

m xtures nade of at | east two conponents, of which at |east one is a netal.
According to one preferred enbodi nment, according to the invention, an alloy
t hat contains copper, alum num nickel4 and/or precious netals is used as
the netal alloy. The netal alloy preferably conprises at |east one netal
sel ecigd tﬁafrpZUOPd)eTr@ﬁ'SOélkn(‘a@mﬁde‘ﬁatm@smleseman%b% ithe gyolades ofitb&keletal patitiasi um
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t wo rr@f%?‘@"%@?g{tﬂeeds‘?trerﬂ?ﬁFfﬁ‘éesjr oup conprising copper, silver, gold, nickel,
pal l adium platinum and alum num It can be further preferred that the
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sil ver pal | adium plati num and pal | adi um or nickel and palladrunr As
t he né% , the netal paste according to the invention can contain a pure
netal, several types of pure netals, a type of netal alloy, several types
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per cendleddoniche partrcles are provided in the formof flakes. According to
the invention, the netal particles are coated. According to the invention,
a coating of particles is understood to be a firmy bonded | ayer on the
sur f ackccofdindte timainventibesthe metal paste contains at least one metal.

In the present case, the term metal encompasses both pure metals and also metal alloys.

In the scope of the invention, the term metal refers to an element that, in the periodic table of
elements, is in the same period as boron but is left of boron, is in the same period as silicon but is
left of silicon, is in the same period as germanium but is left of germanium, and is in the same

period as antimony but is left of antimony, as well as to all elements having a higher atomic number

than 55.

According to the invention, pure metals are understood to be metals containing a metal having a
purity of at least 95 weight percent, preferably at least 98 weight percent, more preferably at least

99 weight percent, and even more preferably at least 99.9 weight percent.

According to one preferred embodiment, the metal comprises copper, silver, gold, nickel, palladium,

platinum, or aluminum.



6 According to the invention, the coating of the netal particles contains
at | east one type of coating conpound. These coating conpounds conprise
organi ¢ conpounds. According to the invention, the organic conpounds used
as coating conpounds conprise carbon-contai ni ng conpounds that prevent

aggl oneration of the netal particles. According to one preferred

enbodi ment, the coating conpounds carry at |east one functional group. The
functional groups can be, in partlcular carboxylic acid groups,
carboxyl ate groups, ester groups, ketodgroups, aldehyde groups, am no
groups, am de groups, azo groups, imde groups, cyano groups, or nitrile
groups. Preferred functional groups are carboxylic acid groups and ester
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Mor eover, these coating conpounds having at | east one functional group
coul d be branched or unbranched. The coating conpounds according to the
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Pr ef erc@BIryises aideast are ?‘e%?éﬁ%l%c‘eg e 'T‘?hea@PHp SeMprisinggioPpe Blyen ol Bikdr s are
used gsaihdemcHatidurg aﬁ@%ﬁh‘rﬂﬂﬁ EspB8alfyr &@fefré@ hﬁétaﬁ@ll@%,coiﬁtahtaf lexet thoswéthis, and
fatty acid esters are preferabl unbranchg Ng ver, éﬁ%? free fatné
aci ds, Sefestady/roRE Ig GEHP OMAGFIng SPPRET RV BQF dYekeh PaTF - B &3 YH BT

It can be further preferred that the percentage of metals selected from the group comprising

copper, silver, gold, nickel, palladium, platinum, and aluminum in the metal alloy is at least 90

weight percent, preferably at least 95 weight percent, more preferably at least 99 weight percent,

and even more preferably 100 weight percent. The alloy can comprise, for example, an alloy

containing copper and silver, copper, silver and gold, copper and gold, silver and gold, silver and

palladium, platinum and palladium, or nickel and palladium.

As the metal, the metal paste according to the invention can contain a pure metal, several types of

pure metals, a type of metal alloy, several types of metal alloys, or mixtures thereof.
The metal is present in the metal paste in the form of particles.

The metal particles can be of varying shape. For example, the metal particles can be present in the
form of flakes or a spherical (ball-shaped) form. According to one especially preferred embodiment,
the metal particles have the form of flakes. This does not preclude, however, that also a minor
percentage of the metal particles being used could have a different form. However, it is preferred
that at least 70 weight percent, more preferably at least 80 weight percent, even more preferably at

least 90 weight percent, or 100 weight percent of the particles are provided in the form of flakes.

According to the invention, the metal particles are coated.

According to the invention, a coating of particles is understood to be a firmly bonded layer on the

surface of the particles.



7 Preferred fatty acid salts are the salts of ammoni um nonoal kyl anmoni um
di al kyl ammonium trial kyl amoni um copper, alum num I|ithium sodium and
pot assium Preferred esters are alkyl ester, in particular nethyl ester,

et hyl ester, propyl ester, and butyl ester. According to one preferred
enbodi ment, the free fatty acids, fatty acid salts, or fatty acid esters
conpri se conpounds having 8- 24, nore preferably 10- 24, and even nore
preferably 12 - 18 carbon atons. Preferred coating conpounds are caprylic
acid (octanoic acid), capric acid (dec@noic acid), lauric acid (dodecanoic
acid), nmyristic acid (tetradecanoic acid), palmtic acid (hexadecanoic
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acid), aGhidic acid (eicosanoic aci dAcosanoi c acid), behenic acid
(docosanéﬂc acid), lignoceric acid (tetracosanoic acid), as well as the
correspondi ng esters and salts. Especially preferred coating conpounds are

dodecapiols A1 coRphAIRLANRYSe Bkl 6APARTasSt car ate, alumi num stear ate,

sodi um stearate, potassium stearate, sodiumpalntate, and potassium
pal mtate. The coating conpounds used according to the invention are
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in solvents and to grind the slurried coating conpounds in ball mlls mnth
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| east I r t least 70 wei ght percent, even
nor e ﬁygﬁgfgﬁgaaBgnﬁgg&gg%@&caﬂb ng%éﬁg even nore preferably at |east
90 wei ght percent, in particular at |east 95 weight percent, at |east 99

wel ghtTr%eJo%ﬁ&} corf?ﬁou%gg hg\ﬁﬁ@&tle&? b€ Rinctional group preferably comprise saturated,

monounsaturated, or polyunsaturated, organic compounds.

Moreover, these coating compounds having at least one functional group couid be branched or

unbranched.

The coating compounds according to the invention having at least one functional group have
preferably 1 — 50, more preferably 2 — 24, even more preferably 6 — 24, and yet even more
preferably 8 — 20 carbon atoms.

The coating compounds can be ionic or nonionic.

Preferably, free fatty acids, fatty acid salts, or fatty acid esters are used as the coating compounds.

The free fatty acids, fatty acid salts, and fatty acid esters are preferably unbranched.

Moreover, the free fatty acids, fatty acid salts, or fatty acid esters are preferably saturated.



8 Typically, the portion of coating conpounds, preferably the coating
conpounds selected fromthe group conprising free fatty acids, fatty acid
salts, and fatty acid esters having 8 -24, nore preferably 10 -24, and even
nore preferably 12 - 18 carbon atons, equals 0.01 -2 wei ght percent,
preferably 0.3 - 1.5 weight percent, nore preferably 0.4 - 1.4 weight
percent, and even nore preferably 0.5 - 1.0 wei ght percent, based on the
wei ght of the coated nmetal particles. The degree of coating, defined as the
ratio of the mass of coating conpounds7to the surface area of the netal
particles, preferably equals 0.00005 - 0.03 g, nore preferably 0.0001 -0.02
g, an¢%&%ﬁ&j %c@K@ﬁ@é@bhds&kﬂ@@&nmn&mﬂZwmoa&wemahmmgnamﬂnmamdmnpar squar e
nmet er q surface area.gf nmetal.. part netal paste according to
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preferably at | east one netal precursor. In the scope of the invention a
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a conmy Hﬂ% @nge tested can be deposited on a substrate having a silver
surface eated to 200C, and kept at this tenperature for 20 m nutes. Then,
it is tested whether the conpound to be tested has deconposed into a netal
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t ypi cahe 0BASIpoRABNEstER\ENAIsal)S, then the tested conpound conpri ses a nmet al
precursor according to this preferred enbodi nrent. 9 deconposed
endothermal ly is understood to be a netal precursor whose thernal
deconpasietiabnpreteked cphtigeompoandseard obfienandic apidocdadscaprie ped al@pyenﬁﬁ%ﬁéﬁtea
protective as at nos [ I r
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enbodlmﬂmnmethe nmetal precursor conprises a netal that is al so contained in
the netal powder. Preferably, as a netal, the netal precursor conprises at
| east one el enent selected fromthe group conprising coRper silver, gold,
ni ckel Thepedakiag tempoundsl upsdadcaiding tpitheigrensien BFQ&Q’%}O?'&P Qroing §WrTReg b et ‘g

| act at @syicid J@n@émtuoﬁélﬁﬁ&ﬁ@@s krfd¥hdR% theforibldt y acid salts, preferably fatty
acid salts aving 6 4 carbon atons, of the mentioned metal s as the

nmet al precursor.
For example, it is possible to slurry the coating compounds, in particular the previously mentioned

stearates or palmitates, in solvents and to grind the slurried coating compounds in ball mills with the
metal particles. After the grinding, the metal particles now coated with the coating compounds are

dried and then freed from dust.

Preferably, the portion of organic compounds, especially the portion of compounds selected from
the group comprising free fatty acids, fatty acid salts, and fatty acid esters, preferably having

8 — 24, more preferably 10 — 24, and even more preferably 12 — 18 carbon atoms, in the entire
coating equals at least 60 weight percent, more preferably at least 70 weight percent, even more
preferably at least 80 weight percent, even more preferably at least 90 weight percent, in particular

at least 95 weight percent, at least 99 weight percent, or 100 weight percent.



I n special enbodi nents, silver carbonate, silver lactate, silver formate,
silver citrate, silver oxide (for exanple Ag0O or Ag20), copper |actate,
copper stearate, copper oxide (for exanple Cu20 or CuO), or gold oxide (for
exanpl e Au20 or AuO) is used as the netal precursor. According to one
especially preferred enbodi nent, silver carbonate, silver(l) oxide or
silver(ll) oxide is used as the netal precursor. If present, the netal
precursor in the netal paste preferably exists in the formof a powder that
consists of particles. The particles og t he powder can have the shape of

fl akes or a spherical (ball-like) shape. Preferably, however, the particles
of the netal precursor are provided as flakes. The use of a netal
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conprise e netal paste. According to the invention, solvents
typically used for netal pastes nay be considered as solvents. Furthernore,
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According to the invention, solvents are understood t %8 o ounds t hat
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paste. According to the invention, solvents typically used for netal pastes
may b3S dered as the sol vent.

The metal paste according to the invention comprises, in addition to the coated metal particles,

preferably at least one metal precursor.

In the scope of the invention, a metal precursor is understood to be a compound that contains at
least one metal. Preferably, it comprises a compound that decomposes at temperatures below
200°C, while releasing a metal. Accordingly, by using a metal precursor in the sintering process, a
metal is formed in situ. It can be determined in a simple way whether a compound comprises a
metal precursor according to this preferred embodiment. For example, a paste that contains a
compound to be tested can be deposited on a substrate having a silver surface, heated to 200°C,
and kept at this temperature for 20 minutes. Then, it is tested whether the compound to be tested
has decomposed into a metal under these conditions. For this purpose, before the test, for
example, the contents of the metal-bearing paste components can be weighed and from these
results the theoretical mass of the metal can be calculated. After the test, the mass of the material
deposited on the substrate is determined gravimetrically. If the mass of the material deposited on
the substrate corresponds to the theoretical mass of the metal, taking into account typical
measurement deviations, then the tested compound comprises a metal precursor according to this

preferred embodiment.

According to one preferred embodiment, the metal precursor comprises a metal precursor that can

be decomposed endothermally. According to the invention, a metal precursor that can be



Preferably, organic conpounds having at |east one heteroatom and having 6
-24 carbon atons, nore preferably 8 -20 carbon atons, are used as the

sol vent. These organi ¢ conpounds can be branched or unbranched. The organic
conpounds can al so conprise cyclic conmpounds. Furthernore, the organic
conpounds used as the solvent can be saturated, nonounsaturated, or

pol yunsaturated conpounds. The at |east one heteroatom contained in the

or gani ¢ conpounds, which can be used as the solvent, is preferably selected
fromthe group conprising oxygen atons’and nitrogen atoms. The at |east one
het er oat om can be part of at |east one functional group. As the functional
gr oupslecpmpdsadandgthairealyis/iindgrabeqskto bearmetripreeursarivhoge thepsal desereposificpups,
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groups, ?ano roups, or nitrile groups can be considere ccor |ng to
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Accordlng to one especrally preferred enbodi nent, a-terpineol
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2-tridecanol - tri canol, 4-tridecanol, 5-tridecanol, 6-tridecanol,

i sotridecanol, and m xtures of these isotridecanols, dibasic ester
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preferably fatty acid salts having 6 to 24 carbon atoms, of the mentioned metals as the metal

precursor.

In special embodiments, silver carbonate, silver lactate, silver formate, silver citrate, silver oxide (for
example AgO or Ag,0), copper lactate, copper stearate, copper oxide (for example Cu,O or CuO),

or gold oxide (for example Au,O or AuQ) is used as the metal precursor.

According to one especially preferred embodiment, silver carbonate, silver(l) oxide or silver(ll)

oxide is used as the metal precursor.

If present, the metal precursor in the metal paste preferably exists in the form of a powder that

consists of particles.

The particles of the powder can have the shape of flakes or a spherical (ball-like) shape.

Preferably, however, the particles of the metal precursor are provided as flakes.

The use of a metal precursor, which releases metal in situ during the sintering process, has the
result that the metal formed in situ during the sintering process closes gaps between the metal
particles contained in the metal paste. In this way, the porosity of a contact point between two

components to be joined can be reduced.

The metal paste according to the invention further contains at least one solvent.



The sintering agents according to the invention ensure that the netal

oxi des present on the surface of the netal particles contained in the netal
paste are reduced during the sintering process. For this reason, conpounds
that release a reducing agent in the course of the sintering process are
used as sintering agents. This reducing agent preferably conprises carbon
nonoxi de. In the scope of the invention, the at | east one sintering agent
can be selected fromthe group conprising (i) salts of organic acids,
wherein the organic acids have 1 -4 cdbon atons, (ii) esters of organic
acids, wherein the organic acids have 1 -4 carbon atons, and (iii) carbonyl
conpl exes. These conpounds can be used as sintering agents, in that they

rel ease carbon nonoxide during the sinterin roce nd thu |1 .
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at ate eratuaqegf hQ%ﬁetQﬁﬂ gggc. According to the invention, as the

si nt el ‘”@ﬁgﬁtg, S P oF]orBanlb acids having 1 -4 carbon atons can be
used. 12 In the scope of the invention, organic acids are organic
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an organic radical. Accordingly, salts of organic acids are, according to

the i AL, tﬁ@ﬁ%%’ﬂgscte gewrahg'&xa;@e%ehmnm ANiRNbife SsEaenent  havi ng

at least one unit having a car Ic acid group in which, structurally,
one proton has been split off and, as a cationic conponent, a cation type

that i hRKr tBYhPhAdRBS - soflveRBamd! BRddritood B BeScorfpoRh@iRbCcandiRg Bids can be
represented by the follow ng fornula: R COOXFor mul a éll wher e Xbﬁhﬁpds

for awn@gw%{péorm%wmir_\ physical ways. These other compounds, however, prefera

not comprise the metal of the metai paste.

According to the invention, solvents typically used for metal pastes may be considered as the

solvent.

Preferably, organic compounds having at least one heteroatom and having 6 — 24 carbon atoms,

more preferably 8 — 20 carbon atoms, are used as the solvent.

These organic compounds can be branched or unbranched. The organic compounds can also

comprise cyclic compounds.

Furthermore, the organic compounds used as the solvent can be saturated, monounsaturated, or

polyunsaturated compounds.

The at least one heteroatom contained in the organic compounds, which can be used as the

solvent, is preferably selected from the group comprising oxygen atoms and nitrogen atoms.

The at least one heteroatom can be part of at least one functional group. As the functional groups,
preferably hydroxyl groups, carboxylic acid groups, ester groups, keto groups, aldehyde groups,
amino groups, amide groups, azo groups, imide groups, cyano groups, or nitrile groups can be

considered.



According to the invention, R stands for an organic radical having 1 -3
carbon atons. In the scope of the invention, it can be preferred that the
salt in the netal paste is not present in a disassociated form
Accordingly, in one enbodinment of the present invention in which a salt of
an organic acid having 1 -4 carbon atons is used as a sintering agent,
preferably an aprotic solvent is used as the solvent contained in the netal
paste according to the invention. According to the invention, a salt of an
organi ¢ acid having 1 -4 carbon atoms lls used as the sintering agent.
According to a preferred enbodinent, a salt of an organic acid containing 1
- 3 carAsoordatgdnene sspesEdly preierddrermmérrbrthe eolvérd uaed tamayisepne attahrdoxyl i c
acid group, the organic acid can al so have at |east one other functional
group. This functional group can conprise, for exanple anot her carboxylic
aci d ghasarsinadeoae egpasially prasercedpransiment deteyrleed (Gt )-higgriesgll (Sht-bep, am no
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atom 1n partlcular orine atom chlorine atom brom ne atom
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doubl e bonds. Preferably, salts of an acid sel ected fromthe group
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aci d apsrets eflycatinldigthyiént QYdoNariciBpede gifiotfor hrivblings ABleat, akatideans tkasoamt used
as the cationic conponents of the salts used accordlng to the invention.

The nmetal cations preferably conprise cations of netals having a high
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durinqﬁﬁpe sintering process and thus shift the equilibriumstate of the
reactin of carbon nonoxide rel eased by the sintering agent with the netal
oxi des present on the surface of the netal particles into carbon dioxide
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The sintering agents according to the invention ensure that the metal oxides present on the surface
of the metal particles contained in the metal paste are reduced during the sintering process. For
this reason, compounds that release a reducing agent in the course of the sintering process are

used as sintering agents. This reducing agent preferably comprises carbon monoxide.

In the scope of the invention, the at least one sintering agent can be selected from the group
comprising (i) salts of organic acids, wherein the organic acids have 1 — 4 carbon atoms, (ii) esters

of organic acids, wherein the organic acids have 1 — 4 carbon atoms, and (iii) carbonyl complexes.

These compounds can be used as sintering agents, in that they release carbon monoxide during
the sintering process and thus allow a reduction of the metal oxides, which are contained on the
surface of the metal particles contained in the metal paste, into the corresponding metal at a

temperature of less than 200°C.

According to the invention, as the sintering agents, salts of organic acids having 1 — 4 carbon

atoms can be used.



According to one especially preferred enbodi nent, the at | east one salt of
an organic acid having 1 -4 carbon atons used as the sintering agent is
selected fromthe group conprising copper(ll) acetate, iron(ll) acetate,
tin(ll) acetate, iron(ll) carbonate, copper(ll) carbonate, nagnesium
formate, alum numformate, iron(ll) formate, tin(ll) formate, copper(ll)
formate, silver(ll) formate, nmanganese(lll) formate, copper(ll) lactate,
silver(l) lactate, iron(ll) oxalate, iron(lll) oxalate, and cobalt(Il)
oxal ate. 14 copper, silver, gold, nicdRel, palladium or platinum
especially silver carbonate, silver |lactate, silver formate, or copper

| actate. According to the invention, as the sintering agent, also an ester
of an organic acid.is used, wherein the arganic acid.has. 1 -4 carbon atons.
The  orHF OBE PR AU PAIPR OtoaNE AP A STGREC SAecrilR E Piige al leartinged

accor diar@xylie dchiegroty @by o4an be repessevied by piresfoboveibd formolapri ses an organi c aci d
having 1 -4 carbon atons, as was previously described in connection with
salts of organic acids having 1 -4 carbon atons. Consequently, the ester
used accor dR—-@PQH t he inventi on preferabbyndafipri ses a nonoester or a

pol yester, in particular, a diester. In the scope of the invention, ester
stands for a conpound in which at |east one hydrogen or at |east one

car boxwheire Rastardls terian asfartihe@digagani ¢ acid having 1 -4 carbon atons is
structurally substituted by an organic group. Consequently, esters
represent conpounds that can be described with the above Formula (I1)

wher eiAECoiingly ealts of peganiscicidsiare acegrlias dmihg imyenlioy SAMEOWYIdSEENtAININItdagskr | s
used apetPRnRSIRIpoREntMa0iRE b lc88 Fhe UARKEVIAG & carboR@icReid e TR whidaen the

hydrogen atons are structurally substituted by two carbo§¥4|c acig units or
the hydiueyery.ansmioten has E%ﬁ’rb%ﬁ@@ff gnch@p @ GHPHC BAMRPNENH AGRIRN e Hahgigers by

subst igrsibRs dBhsEHEBAN, Gald SUPSanid ERGRUABYSHN e @HLpsted B thfowibd@rEaae or
different type. According to the invention, this at |east one organic

group, which structurally substitutes for at | east one hydrogen atomin the
at | east ome-gmokoxylic acid unit of the&oangaki)c acid having 1 -4 carbon
atons, preferably conprises a group having 1 -10, nore preferably 1 -7, and
even nore preferably 1 -4 carbon atons. This organic group can be

unbr angfeed Xatarhls dorcimg datidnidt canspgpest. er abl y unbr anched.

According to the invention, R stands for an organic radical having 1 — 3 carbon atoms.

In the scope of the invention, it can be preferred that the salt in the metal paste is not present in a
disassociated form. Accordingly, in one embodiment of the present invention in which a salt of an
organic acid having 1 — 4 carbon atoms is used as a sintering agent, preferably an aprotic solvent is

used as the solvent contained in the metal paste according to the invention.

According to the invention, a salt of an organic acid having 1 — 4 carbon atoms is used as the

sintering agent.

According to a preferred embodiment, a salt of an organic acid containing 1 — 3 carbon atoms is

used.

The organic acid having 1 — 4 carbon atoms can preferably comprise a monoacid or a diacid. The

organic acid can be a monoprotic acid or a polyprotic acid, in particular a diprotic acid.



The organic group can carry one or nore heteroatons. The heteroatons can
be, in particular, 15 oxygen, nitrogen, and hal ogens, as for exanple
fluorine, chlorine, bromne, or iodine. It can also be preferred, however,
that the organic group carries no heteroatons. |If heteroatons are present
in the organic group, then these can be part of a functional group.
Exanpl es for such functional groups are carboxylic acid groups, ester
groups, keto groups, al dehyde groups, am no groups, am de groups, azo
groups, imde groups, cyano groups, and nitrile groups. The organic group
can be an aliphatic or aromatic group. Preferably, the organic group
conpr ils@dditien &l the htleas oge capoxylic eoiddray, the Qﬁg@i@@;kécsi:raaals(thmasmhe
enbodi hat:| g i
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al kyl groups are t hyl “groups, ethyl groups propyl groups, and butyl
group§”mﬁﬁﬁ§@ﬁﬁently, the esters of organi ¢ aci ds used according to the
invention, wherein the organic acids have 1 -4 carbon atons, are preferably
sel ected fromthe conprising nethyl esters, eth esters,
est er dN agdliforbipi)e dg‘ébc'%g d sl rgnieBet i @e&%&ff’%ﬁ%{the ghleagong FérbSFY“C
or gani gidagritd thelayarigacld o CRKAIOBMhaE QSTHIASHAE di ng to the invention conprise
conpounds that can be represented by Formula (11), wherein the radical X
stands for an al kyl group, preferably for a nethyl group, ethyl group,
pr opy| Prgfetaliy, salts dfun\dcidgyetatfed fispthel gbddp/copiekiag raedticesid karbohicatigafrmicaci ds
havi n t e cansegye ent | acetate, ethyl acetate,
propy%wMI%mfgmgbﬁP Xg%ﬁﬁ ?@L$83 $m gpﬁ&éﬂ e, diethyl carbonate
di propyl carbonate, dibutyl carbonate, nethylethyl carbonate, nethyl propyl
car bo t r I t hyl .
car borgrretiEr R bl o626 0N R SR ARonet BERELRL Slbciibiane
met hylinveageat e, ethyl |actate, propyl lactate, butyl lactate, dinethyl
oxal ate, diethyl oxal ate, dipropyl oxalate, and dibutyl oxalate. According

to the invention, carbonyl conplexes can also be used as sintering agents.
The metal cations preferably comprise cations of metals having a high affinity to oxygen. itis

assumed that these metals can bind with oxygen during the sintering process and thus shift the
equilibrium state of the reaction of carbon monoxide released by the sintering agent with the metal
oxides present on the surface of the metal particles into carbon dioxide and the metals on the

product side.

Preferred metal cations are magnesium, aluminum, copper(l), copper(ll), silver(l), silver(il),

manganese(lil), iron(ll), iron(l1), cobalt(ll), and tin(l}).

According to one especially preferred embodiment, the at least one salt of an organic acid having
1 — 4 carbon atoms used as the sintering agent is selected from the group comprising copper(ll)
acetate, iron(ll) acetate, tin(ll) acetate, iron(ll) carbonate, copper(ll) carbonate, magnesium
formate, aluminum formate, iron(ll) formate, tin(ll) formate, copper(ll) formate, silver(li) formate,
manganese(lll) formate, copper(ll) lactate, silver(l) lactate, iron(ll) oxalate, iron(lll) oxalate, and

cobalt(ll) oxalate.

The invention also encompasses embodiments in which it can be excluded that the metal paste

contains, as a salt of an organic acid having 1 — 4 carbon atoms, a carbonate, lactate, or formate of



16 According to the invention, the term "carbonyl conplexes' describes
nmet al conpl exes that contain carbonyl groups, in which at |east one CO

nol ecul e i s coordinately bound to at | east one netal atom In addition to
the at |east one CO nol ecul e, the carbonyl conplexes can al so have other

| i gands. These other |igands can conprise elenentary or nol ecul ar |igands.
The |igands can be nonodentate or polydentate. Preferred el enentary |igands
are hydrogen and hal ogens. As hal ogens, fluorine, chlorine, brom ne, and
iodine are preferred. Preferred mol ecdhar |igands are nitrogen oxides,

cyani des, and organic |igands. The organic ligands preferably conprise

: oni ;3c@;ﬁpe\d,r‘és!a%rug@w,edcidei,@alrsgﬁ)m,/ks patigan] especighyrsiser carlgmaicc siviegan@te, hiver ng at
east _one carbon atom nay be consi dered. Preferably, the organic |igands
havin&"g?“T85§¥“8h@C%%?bon at om conpri se organic I?gands haging 2 -go, nor e
preferab:y 2 a 16, and even nore preferably 2 - 12 carbon atons. The
organi,c |igan ca r.anc . r.anche F rLid i j
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Fur t hérenwgenic bhid hes a carborgatnals. can have a ring structure. At |east one
het er oat om can al so be contained in this ring structure. This at |east one
het eroat om can be preferably nitrogen or oxygen. The organic |igands can

al so doaprdaic aniommvingc! +B#games atoms, from which the ester used according to the'invention

is derived, preferably comprises an organic acid having 1 — 4 carbon atoms, as was previously

described in connection with salts of organic acids having 1 — 4 carbon atoms.

Consequently, the ester used according to the invention preferably comprises a monoester or a

polyester, in particular, a diester.

least one carboxylic acid unit of the organic acid having 1 — 4 carbon atoms is structurally

substituted by an organic group.

Consequently, esters represent compounds that can be described with the above Formula (1,

wherein, however, the radical X represents an organic group.

If diester is used as the ester of organic acids having 1 — 4 carbon atoms, then the hydrogen atoms
are structurally substituted by two carboxylic acid units or the hydrogen atoms of a carboxylic acid
unit of a diprotic acid are substituted by organic groups. These organic groups can be of the same

or different type.

According to the invention, this at least one organic group, which structurally substitutes for at least
one hydrogen atom in the at least one carboxylic acid unit of the organic acid having 1 — 4 carbon
atoms, preferably comprises a group having 1 — 10, more preferably 1 — 7, and even more
preferably 1 — 4 carbon atoms.

This organic group can be unbranched or branched, but is preferably unbranched.

The organic group can carry one or more heteroatoms. The heteroatoms can be, in particular,



17 As the unsaturated organic |igands, al kenes, conjugated or

non-conj ugated dienes and allyls can be preferred. According to the

i nvention, as the organic groups, --allyl and aromatic transition netal
conpl exes can al so be provided. The carbonyl conplexes used according to
the invention can contain one or nore netal atons. |If the carbonyl

conpl exes have several netal atons, then these netal atons can be of the
sanme or different type. As the nmetals of the carbonyl conpl exes, preferably
metals are used that have a high affidibty to oxygen. Preferably, the
carbonyl conpl exes have at | east one elenment of the transition el enents,
that iosiygesl Ribregérs and haibgerd! ds fop eddrhble guaing, dilortreebpenineo di iodinablk earvdiso be

el enents. According,.to the invention, it c urther preferred that the
at Ieé’é‘%er()‘?fg %?‘éqrgta?tqpﬁ8@?8'tcéglro‘@acraﬁ%er?yqoshegés}ggggfé'cor ding to the invention

is a netal selected fromthe group conprising vanadi um nol ybdenum

tungsten nganese, .iron, ru nj 1 , I Accor di ng
to oniﬁbeg%g%f’%lsla{/e P8 rgrmr @8 e gcoérﬁgﬁttr?&ﬁhg@c?%%%ﬁlyﬁh Oé %ﬁ%?égggésﬁ%‘(rzog r‘r)bri se
met al Examblesyérssuch functimasgropes ak catoxylinasist grovns, ester grevpn, keletgs@ursar bonyl s”

shoul ' PR =Tele : r itri

coor di T8 EpE AR URhed FOLRC R o BEe R SR e YRNE Bt
coor dignatpel y bound to netal atonms, According to the invention, netal
carbonyls can contain one netal atomor multiple netal atons. The netal
atons contained in the netal carbonyls can be of the sane or different

type. Thesreanitdroup careberan alirhatioarsarenalineronr tPagfe@R M BIfAreaioHpHR SAMRISSRent s
of ph%ntzﬂi?ﬁg{jctdr&jb_net als, that is, elenents of the 3rd to 11th group of the
periodic tabl e of elenents.

According to one especially preferred embodiment, the aliphatic group is an alkyl group. This alkyl
group preferably has 1 — 10, more preferably 1 — 7, and even more preferably 1 — 4 carbon atoms.
According to this embodiment, the alkyl group is unbranched. Preferably, this alkyl group contains
no heteroatoms. Especially preferred alkyl groups are methyl groups, ethyl groups, propyl groups,

and butyl groups.

Consequently, the esters of organic acids used according to the invention, wherein the organic ac-
ids have 1 — 4 carbon atoms, are preferably selected from the group comprising methyl esters,

ethyl esters, propyl esters, and butyl esters.

According to this embodiment, the esters of organic acids having 1 — 4 carbon atoms according to
the invention comprise compounds that can be represented by Formula (11), wherein the radical X

stands for an alkyl group, preferably for a methyl group, ethyl group, propyl group, or butyl group.

Especially preferred esters of organic acids having 1 — 4 carbon atoms are consequently methyl
acetate, ethyl acetate, propyl acetate, butyl acetate, dimethyl carbonate, diethyl carbonate, dipropyl
carbonate, dibutyl carbonate, methylethyl carbonate, methylpropyl carbonate, methylbutyl
carbonate, ethylpropyl carbonate, ethylbutyl carbonate, methyl formate, ethyl formate, propyl
formate, butyl formate, methyl lactate, ethyl lactate, propyl lactate, butyl lactate, dimethyl oxalate,

diethyl oxalate, dipropyl oxalate, and dibutyl oxalate.

According to the invention, carbonyl complexes can also be used as sintering agents.



18 According to a preferred enbodi nent, the at |east one netal of the netal
carbonyl s used according to the invention conprises a netal selected from
the group conprising vanadi um nol ybdenum tungsten, manganese, iron,

rut henium osm um cobalt, and nickel. The netal carbonyl can exist charge
neutral or as a salt. The salt can conprise a nonoval ent or polyval ent
salt. According to one especially preferred enbodi nent, the netal conplex
used as the sintering agent according to the invention is a netal conplex
sel ected fromthe group conprising varn&di um hexacarbonyl (V(Q0)6),

nol ybdenum hexacar bonyl (M(CO)6), tungsten hexacarbonyl (WC0)6),
dinanganese decacar bonyl (WMh2(C0)10), nethyl cycl opent adi enyl nanganese

tricarban ( 1-.14) CO). i)

nonac f?oﬁg'ﬁﬂﬂg t% gﬂf\%‘)t gy ﬂ'}%]%’lrrp r ggﬁb%ﬁg dec argg{% Cp?@e%?tgwgé; thAl bR

di pr otcattenylagawdsomyd i atdeast oo C@HZ@WGO@):AWHMI;HBCWQ ity At le@dt ode metdl r on
(Fe(CQ& 2), tripotassium carbonyl pentacyanoferrate (K3[Fe(CN) 6C0],

1, 2- Bi s- (hexanet hyl benzol )- tetracarbonyl diiron (0)
(C12H13Fe( C0) 4FeC12F118), carbi dopentairon pentadecacarbonyl (Fe6C(C0) 15,
rut herr PeRT &P@%ﬁ@éﬂ@@( bné B@irﬁ)l)eéme dhé y;srta@rw: HéhBIBRACEH R avé Bidf fha3 .
trlrut eni um dodecacar bon C0) 12, hexar ut heni um hexadecacar bony!|
(Ru6(G@?@@Pmebgﬁmdﬁﬁﬁéﬁ¥@@§ﬁ@&Wﬁm%®§(@9¥5¥a”ﬁﬁﬁ$%nlun1dodecacarbony
(0s3(Q0)12), pentaosm um hexadecacar bonyl (0s5(C0)16), hexaosm um

oct adecacar bonyl (0s6(C0)18), dicobalt octacarbonyl (0s2(C0)9), tetracobalt
dodec adwrigania candeamepentpte dPelvdemnaler hexadecacar bonyl ( Co6( CD)16), ni ckel
tetracarbonyl (Ni (C0)4), and disodium carbonylferrate (th[Fe(CD)4]) The

sinterin ents accordln to the invention ref erabl

conporTERETeN SRmRatR [GHd 814 matows 208 Baope AsTAREF I g e b di e eRineap .
i n t highdsoditesiegefpir@ess, conponents are connected to each other that are
in contact with each other via the nmetal paste in a sandw ch arrangenent.
The metal pastes used according to the invention can al so have ot her

subst arrefegret mahsbdlal ligands aramitrades), oximes adyapides,uarnsd@rggnicslgihuwémt s, and sintering
agents. 19 For exanple, as the other substances, dispersants, surfactants,
anti-foam ng agents, binding agents, polyners, or viscosity-controlling
agent sTreanmgdréc igantapregetabin comprisegorit opunsaturatFhégangsal paste according to
the invention contains 75 -90 wei ght percent, preferably 77 -89 wei ght
percent, nore preferably 78 - 87 weight percent, and even nore preferably
78 - seAmwioghie ligands careamé ligands 8a¥Rg aileasPNe Farbap AloNsMaKLBe FPIsier ?Fgr ein and

pr eserﬁrefe'?aﬁlyh?hé %%l@flg%%%bﬁh&%’f ledN@PE c%bg Bﬁoﬁ&%ﬁﬁrfs’e%@éd%@ahtﬂ&ﬁéﬂ% 4 he
wei ght of the coafin npounds cont ai hed on articles. The nmetal paste

accor di A9 “ﬁQfeth%eﬁaF\'\Y%m 1®3ne SHemnAL Ryeferad et éﬁtcaﬁ’@F‘@E’r’ﬁs preferably 0.1
-12 weight percent, nore preferably 1 - 10 wei ght percent, and even nore

referably 2 -8 wei ght percent of east one netal precursor.
P The grganic ligands %an bg branched or un%rancheds P

Furthermore, the organic ligands can be saturated or monounsaturated or polyunsaturated.

Furthermore, the organic ligands can have a ring structure. At least one heteroatom can ailso be

contained in this ring structure. This at least one heteroatom can be preferably nitrogen or oxygen.
The organic ligands can also comprise aromatic ligands.

As ionic ligands, alkyl ligands, preferably unbranched alkyl ligands, as for example methyl ligands,

or cyclopentadienyl are preferred.



The netal paste according to the invention contains 6 -20 wei ght percent,
preferably 7 - 18 weight percent, nore preferably 8 - 17 wei ght percent,
and even nore preferably 10 - 15 weight percent of at |east one solvent.
The netal paste according to the invention contains 0.1 -15 wei ght percent,
preferably 0.1 -12 weight percent, nore preferably 1 - 10 wei ght percent,
and even nore preferably 1 -8 weight percent of at |east one of the
sintering agents descri bed herein. The netal paste according to the
i nvention contains 0-15 weight percent/, preferably 0- 12 wei ght percent,
nore preferably 0.1 -10 wei ght percent, and even nore preferably 1 -10
wei ghtAstee oesaturefed@jrmrc Imabhdd, atkenss, cAgngxedienidnyconjugeterelicles pag tlylsacamor di ng
to the iny | 0 r £ t he
net al g)ecf) e grre%gkg: ﬁ % ﬂtednvenign a"‘%%&bggr@ oo pg Or?talaﬁgmji fna(t)l(gggns(ﬂ[on
precunmﬁmpo&pkaesmelghwbeenw@nﬂ of at |east one solvent, and 0.1 - 15
wei ght percent of at |east one of the sintering agents descri bed herein.
According to one preferred enbodi ment, the netal paste according to the
i nventThersadmnylaionplexgs usegbacgeiditetto Heer ipegition tameontain one ehmowfmethkators.df s
descr 'ttrégarﬁcrrﬁb&nprgxés avé%eY@ét%tal%%rﬁ? HerPthedd mleeaétt)me 38 Bet)athe%n%rsor
7-18 wel ght “percent east one solvent, and 0.1 -12 wei ght percent of
at | egifferegidyngf t he sintering agents descri bed herern. 20 According to a
nore preferred enbodi nent, the netal paste according to the invention
contains 78 -87 weight percent of at |east one of the netals described
her ei ris the metajgof fae @rrtoorp»é FeBRlexesy Prferplly stetelharesed thah pave 7 Bigh affigity tp
wei ghtoxpgsrent of at |east one solvent, and 1 -10 weight percent of at
| east one of the sintering agents descrrbed herein. According to an even
nore preferred enbodi nent, the netal paste according to the invention
cont aimsferdbly, 8@ osebaipt comﬂ@eetna@é atdbast eas tleorat affthd hansiteh alsnahes tat ed

nmet a] precursor, 10 - 15 wei ght

h
g:ﬁéﬁt@Br“%?M$8§§quﬁ@‘@@t@géteP%héF bbéﬁﬁﬁrﬁﬁl percent of at |east one

of the sintering agents described herein. Accordrng to an especially
prefer i I L t r C
Compodia T B b i s e Aaite el el B REMSacf Rl A

parti dagmnyisesed acctomang @rtgerrfvemmnls a ineta) s¢lsoted from the geuprcemerising yariadiumhe
range rSérﬁDﬁrbc&)a’lt” dd8clepnge from5 : 1
to r;\élg%egH@ @S%ﬁ%‘}gﬁ?r?ag‘esee gﬁrrg{ﬁé@uﬁr om 10’ t% 80 C.e 1. The nol ar
ratro of sintering agents to coating conmpounds accordrng to the invention
s deSA&Batr?g%%ﬁe%Bﬁecrunwpre%rteoqim&dd)mémeméegrbeﬁyrqunBEkés Ssmise WRLAr i al s of
the sintering agents contained in the netal paste and (ii) the sum of

quant i9FR¥YISf nmaterials of the coating compounds contained in the coating
of the netal particles. If a netal paste contains, e.g., as a srnterrng
agent 0.025 nol al um num formate and 0. 015, no per format nd as th

2ot e. dBUS TP HIBMENDETHeTD ™0k e, Stauisf HRBTS sediPRhgS (0 P sht o
of si ﬂh@rﬁdﬂ&gleétg@ﬂioﬁjnb@embtm@trérﬁ)ﬁfﬁ}ﬁwldﬁsGﬂl\mid&t exBlusivély c#xbominoaoxide
sinterin ents to. c i in the preferred range according to
t he |HU@%F?% mﬁfBﬂWE@g’ VH%P%%EE%#FEHEbUS effects. On one hand, it is
ensured that sufficient carbon nDnoxrde is available for reducing t he net al
oxi des dur t.he. si terrn I f S t he
coat i n%ccgorlﬁ%to fggnv 'OP he ot ar ncf) ﬁla[n Oijgnr%etg Iyat{)ﬁ%éﬁﬁj }rérrﬁétgIr:;t%‘gtgrln1 S is
then still not hrgh enough to negatrvely affect the sintering process. As
exPl al ARt n8BPYEms obntGfiBa RENBLRAS hBAnAT N BL Bk Sah®, LifkRAt L0 11 the
organi ¢ conpounds contained in the coating o tal particles conprise
free fatty acids, fatty acid salts, or fatty acid esters preferably having

8 -24, PIERISLIP e RE&PL¥ms of the metal carbonyls comprise elements of the transition metals, that

is, elements of the 3rd to 11th group of the periodic table of elements.



10- 24, and even nore preferably 12 - 18 carbon atons. 21 10- 24, and even
nore preferably 12 - 18 carbon atons are contained in the netal paste, not
only as coating conpounds but al so as other substances in the netal paste,
then it can be preferred that, for the definition of the nolar ratio of
sintering agents to coating conpounds, the term coating conpounds
conprises, in addition to the fatty acids, fatty acid salts, or fatty acid
esters contained on the surface of the nmetal particles, also the fatty
acids, fatty acid salts, or fatty acidi8sters contained as additional
substances in the nmetal paste. According to the invention, in so far as
conpouyndsrdirgjib eseatbrrbobibsdimeear, tHagt &gentdre: raatd! afltisomeet edrbgnyécuses @csgrdingen

for determ ning the weight rcentages. and the nolar rati. i ring
ngent 40 015 BEATERGOBIg bR ey Eonbouner i snar ey SonElibeq T
be si ntusgsterg negemaicse, iRmefehaldling, oshowev@balt,tand ngokelt er i ng agents and t he
nmetal precursors conprise conpounds that differ fromeach other. The netal
pastes described herein are used according to the invention in a sintering
pr oceskhe rivetef @artadolyl/cansixist endrgg néwrallnoes 3 sao dhe salbean domnpriee ainmpogdlentas or

nor e cqugggpgﬁtby heati ng while bypassing the Iiquid phase. According to
the iven Ion, the joining of at |east two conponents is understood to be
the fixing of a first conponent on a second conponent. In this context "on"

mer el yAdEE?Jﬂﬁ]tto%E e@p%%llg%%?er?éd dhodihsst th%%%@ﬂb[e&%s&@é‘@%@tsﬁﬁer Hent

surface of the second conponent, wherein this condition does not depend on
the redcapiding tpdi invanionfs & metal pneienpRIPReH o thepgrovmecartsHISgERadt ™t hat
cont ai Rat Ao (V€25 hdPhdeRIRARKBEFborlyN(MIIEO55, Ay s®n HX@cdrBHBNIW@D))t he

term conponent” shoul d preferably conprise individual parts, These

|l v GEANORPE S TRRERHAM AL TR APeHEr AL RaReTTE TREEERY ng t o

speci glciahagMrrods), ibAbbRac@ BN ERCORS diifte ropaRereNE FedCO)J) taseh used in

hi gh- p(?ovc\jggacglrt?ocngllr( 2;(8&)12), diprototetracarbonylferrate(ll) (H,[Fe(CO).]), dicarbonyl diiodine iron
(Fe(CO).ly), tripotassium carbonylpentacyanoferrate (Ks[Fe(CN)sCO], 1,2-Bis-(hexamethylbenzol)-
tetracarbonyldiiron (0) (C4,H:sFe(CO)sFeCy,H4g), carbidopentairon pentadecacarbonyl (FesC(CO)s,
ruthenium pentacarbonyl (Ru(CO)s, diruthenium nonacarbonyl (Ruy(CO)s), triruthenium dodecacar-
bonyl (Rus(CO),,, hexaruthenium hexadecacarbonyl (Rug(CO);6), 0smium pentacarbonyl
(Os(C0)s), triosmium dodecacarbonyl (Os3(CO)1,), pentaosmium hexadecacarbonyl (Oss(CO)qs),
hexaosmium octadecacarbonyl (Osg(CO);s), dicobalt octacarbonyl (Os,(CO)s), tetracobalt dodeca-
carbonyl (0s,(CO),), hexacobalt hexadecacarbonyl (Cog(CO)se), nickel tetracarbonyl (Ni(CO),),

and disodium carbonylferrate (Na,[Fe(CO)4]).

The sintering agents according to the invention are preferably used as a component of a metal
paste that is used in a sintering process. Preferably, in this sintering process, components are
connected to each other that are in contact with each other via the metal paste in a sandwich

arrangement.

The metal pastes used according to the invention can also have other substances in addition to

metals, metal precursors, solvents, and sintering agents.

These other substances can preferably comprise substances typically used in metal pastes.



22 (integrated circuits), sensors, heat sinks (preferably al um num heat
sinks or copper heat sinks), or other passive conponents (for exanple
resistors, capacitors, or inductors). Preferably, the conmponents can al so
conprise non-netallic conponents. The conponents to be connected can be the
sanme or different conmponents. In preferred enbodi ments, the invention
relates to the joining of LEDs to | eadfranes, of LEDs to ceramc
substrates, of dies, diodes, IGBTs, or ICs to | eadframes, ceramc
substrates or DCB substrates, of sensdf9s to |eadfranes or ceranic
substrates, of DCB or ceram c substrates to copper or alum num heat sinks,
of | et earesetay theathessublstances, d@bemsantsagunmma#sam&-foamlngpxgelhterfamiiygi n a
non- housed state I r nore than

t Wo C&%%tﬁe?ﬁl %rghorﬁléscosdg/ oag?q@nge%%%% nrge C%E aYneQ r?h% nrlé:‘:gl pVX)Q%éLED or chip
can be joined to (ii) Ieadfrarres and (|||) heat 5| nks whereln t he

| eadfr. r ref I 0] (i r i)
heat STI% nksetgle%k% accgrrdﬁ\g %Medﬁ\?%ngﬁn E‘g&%{@gzgd b &%bﬁ%ﬂ p’%r&"wﬁe% n the
di ode weighppefcentabioye prefeatinl7He Bilmeioht h@rcemoaflfﬁb%uengnmﬁﬁ)fefﬂé@'téﬁ g RS weidhy

pr ef erf.ed  eoRAUATEN e ttlh@m@%ﬁg)ﬁ%@m&i H%ﬁ‘é]n %FWBFelséﬁl@fhelf&‘?r%f gaRfles. These

met al IN°Zat | on | ayer. hIS net i zation |ayer preferably part of the
conporveaight Srﬂ?mfmé@%ﬂ ingledg the welghy efthe §0§im@f0@mawgﬂ3| oeigined cpiheparfigdast one
surface of the conponent. The netallization |ayer can have pure netal . For
exanple, it can be preferred if the netallization |ayer has at eﬁié 50
wei ghtTheenetariastenzncardiade depysntian cpwaiss 070! Ausighefisht arferably O

pref erv@e%]m pBlceh€ e F@fé&\@mghlt- TRL&GER perceht, aNE Bvekoieeirgbiablyer c8mieight pur e
nmet al pure neta referably selected fromthe group conprising

copperper%qnmfe?“eajb%? mﬁ*é 'R8Y"8§?h and platinum On the other hand, the
netallization | ayer can al so have an aIon The aIon of the rretallization

| ayer preferably cont e. ct e

corrprlﬁ'l et@ﬁ REP ?Ccafﬂarlﬂﬂ ﬁhec'méefn?oﬂﬁijrqgag‘é { mJl%Pe %Q@a? \Re'gp)t

pr ef erpreecbnt hﬂdre@treféiealsts 4 vowaighiadescet | emdtesen moomrtefwatgsr tup 16 oveighi semgnt
S|Iverf Pf%a i e t’ pal l adium and platinumare contained in the alloy of
the met &f PP r? ayer 23 The proportion of elenments selected fromthe
group conprising silver, gold, nickel, palladium and platinumto the alloy

pref erghl Metgﬂfgja% éaé&%r rrrgftgtthegg &ﬁfogr&gntgﬁg%elm 15 Wéfgﬁt ﬂr@érﬁr;ﬁ‘gﬁeyabﬂm heast 95

wei ght perce pre era | east ht percent, thus for
exanpl weidli®evasing mor@ereé@ﬁb!y 1Act%w@9fﬁgvef@nh ap @V%rr '?”éEP réﬁfﬁfﬁwn’enﬁ waight

met al l;ﬂ ?ér{t Qf‘atllé’éé?f)né)f)ﬁf@‘éiﬁ@nﬁg 6888 bBsriBbd h&dst 95 wei ght percent, nore
prefera | east 99 wei ght percent, and even nore preferably 100 wei ght

per cent of t h| s all oy.
The metal paste according to the invention contains 0 — 15 weight percent, preferably 0 — 12 weight

percent, more preferably 0.1 — 10 weight percent, and even more preferably 1 — 10 weight percent

of other substances.

Consequently, the metal paste according to the invention contains 75 — 90 weight percent of at
least one of the metals described herein, 0 — 12 weight percent of at least one metal precursor,
6 — 20 weight percent of at least one solvent, and 0.1 — 15 weight percent of at least one of the

sintering agents described herein.

According to one preferred embodiment, the metal paste according to the invention contains
77 — 89 weight percent of at least one of the metals described herein, 0.1 — 12 weight percent of at
least one metal precursor, 7 — 18 weight percent of at least one solvent, and 0.1 — 12 weight

percent of at least one of the sintering agents described herein.



The netal lization |ayer can also have a multi-layer structure. For exanple,
it can be preferred if at |east one surface of the conponents to be
assenbl ed includes a netallization |ayer made of several |ayers having the
previ ously nmentioned pure netals and/or alloys. According to a preferred
enbodi nent, at |east one netallization |ayer of a conponent, in particular
a DCB substrate, conprises a |layer nade of copper on which a | ayer nade of
ni ckel is deposited. Optionally, a gold |layer can al so be deposited on the
nickel layer. In this case, the thick®8ss of the nickel layer preferably
equals 1 -2 pmand the thickness of the gold | ayer preferably equals 0.05
-0.3 pm On the other hand, it can be preferred if a netallization | ayer of

S S R R R ey et e e b A
I ?Iyer s &l walgietric@inhofat Glaasend of tteddbtalsatestiibaedhieremeit. 1 oriedveaht peraettall st or
alloys. |t can also be preferr i_f 1L Xt ur i)
gl ass?%ﬁ?}iorﬁ Wftaiﬂrg%ra?regn&?; %'ghg ef[;l e?’g(;glfsa!f ?eﬁgﬁz%regﬁlroﬁl_geﬂ}’ g}] %(ﬁle 1i%nve tipg&c,eggt

| east of abeagiwpenEhbsintergjagenisdetaibedbhregther by sintering. For this
purpose, initially the at | east two conponents are brought into contact

with each other. The contacting is here realized by the netal paste

accor dicegrding to ke everventd paferred embhtlisept throvetal eastantcartiiniente inseyicByi ded in
whi ch JTkls BASEEY LT REAIEH: ARPET SR holdPIRRRRNRIGE, DI slifyiRpoloBRS!
two conponents. 47pbetore sint erl_ng. On the other hand, it is concejvable
that rebptleasionemaialrraEestos 1 weiohl Resernt 8 ddrast eamavenE@ddxaf PNt t nr ee

Conpo%ﬂée%to%ﬁgé@f‘&ﬁgoflhe SRR SNt LdesBABCIdBANENt 3, can be joined to
each other such that conponent 2 |ies between conponent 1 and component 3.

In this case, the netal paste according to the invention is |ocated both
bet we el -6RIMYAD B8R tespedtIfl pet8iRENEAbodmaiittha Insdladrefiovsfestertigpeatstio drganid

conponent 3.  According to the invention, it i rovided. t hat t i_ndij vi dual
comporereu TS s SamaiEL i B Perpesb KB S Harie P abainie SMBkc
gt her .frof\¢ ¢0n db Mo £ D nﬁd\}ﬁ prdisrapiy iirdthe rangedfraing ¢ h tar 0Ginyevemtoresprafedarsindoel t o
e an arrangenent in which two conponents_are . d - ot her
and t H@n%%%%gﬂttg 8§r & %%@%WFF'Q‘I?W '”%bearragg? fGerﬁ S 'gggtﬁeog ﬁgr% '@'Qﬁ}e/%g% F’gngemant
lrrade ofintaitind ®asts th\woatthgmoomentds aucdrdivgttalthepiagtndion i dasignhted metiza aysdisnteofbei ng
ocat ed ,bet wee he,. t c of .1 hj : o ured
nccor A TAT S el ity ] AR S0 iflonhs ety PARAREFRne 8 PEETBR e
sum of quantities of materials of the coating compounds contained in the coating of the metal
particles. If a metal paste contains, e.g., as a sintering agent 0.025 mol aluminum formate and
0.015 mol copper formate and as the sole coating compound 0.0008 mol potassium stearate, then

the molar ratio of sintering agents to coating compounds equals 50 : 1.

A ratio of sintering agents to coating compounds in the preferred range according to the invention
produces other advantageous effects. On one hand, it is ensured that sufficient carbon monoxide is
available for reducing the metal oxides during the sintering process as a result of the combustion of
the coating compounds. On the other hand, the quantity of sintering agents is then still not high
enough to negatively affect the sintering process. As explained above, it can be preferred according
to the invention if the organic compounds contained in the coating of the metal particles comprise
free fatty acids, fatty acid salts, or fatty acid esters preferably having 8 — 24, more preferably

10 — 24, and even more preferably 12 — 18 carbon atoms.

If free fatty acids, fatty acid salts, or fatty acid esters having preferably 8 — 24, more preferably



Preferably, at |east one surface of a conponent 1 is provided with the
netal paste according to the invention. Then a different conponent 2 is
placed with one of its surfaces on the netal paste that has been deposited
on the surface of conmponent 1. The deposition of the netal paste on the
surface of a conponent can be perforned by conventional nethods. Preferably
the deposition of the netal paste is perfornmed by a printing nethod, for
exanpl e by screen printing or stencil printing. On the other hand, the
deposition of the metal paste can al s@lbe performed by a dispensing

techni que, by a spraying technique, by pin transfer, or by dipping. After

t he deipos24,iaad eaén mhe mefbadb!yp‘d?s% @3 carhen stonfsare coftaingd & the metah easte prodonided
with the el I e of
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nce e opposing surfaces nponents to be joi ned
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depen%nfa.r%eafs%%dﬁsﬁeﬁ%&&%r{z%ghp@lewa:tpa@tedepomtlon of the metal paste. If

t he net paste is deposited, for exanple, by a screen printing nethod,
then a wet |ayer thickness of 20 -50 pmcan be preferred. If the netal

past e ARoRIfRAS iflydNion lif 86 kr aBrcbr'ﬂEbu s rbhegert: b@thrsrr@érﬁfgra@dnmhd laRyehetal
thi ckness can lie in the range of -200 gn1 Accordln émggreferreg)
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Pr ef erqabling cdipounds, itfese RAMIDSLIRIBCré preigalsly EotHidEréO uefsnttamgmgemr tion of
solvent in the netal paste. According to one preferred enbodi nent, the
proportion of solvent in the netal paste after the drying is in the range
of -Frefseatfi) hopeves etht sinbiding dgents bhe theenetht predurédre canprise avetpalingsabataliffeFhe
dryln can % " erfornmed, on one hand, after the production of the
arrandSRRICT Mt is, after the contacting of the conponents to be joi ned.
On the ot her hand, the drying can al so be perforned directly after the
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and before e con e conmponent to be jolne dryi ng
tenperature preferably Iles in the range of 50 - 100C. It is understood
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net al paste and Ize O he arrangenent to be sintered. Typical drying
ti mes @ypassing hadaviapRheseof 5- 45

According to the invention, the joining of at least two components is understood to be the fixing of a
first component on a second component. In this context “on” merely means that a surface of the
first component is connected to a surface of the second component, wherein this condition does not
depend on the relative position of the two components or of the arrangement that contains the at

least two components.

In the scope of the invention, the term component should preferably comprise individual parts.

These individual parts preferably cannot be further dismantled.

According to special embodiments, parts designated as the components are those used in

high-power electronics.

Accordingly, the components can comprise, for example, diodes, LEDs (light emitting diodes), DCB
(direct copper bonded) substrates, leadframes, dies, IGBTs (insulated-gate bipolar transistors), ICs



m nutes. The arrangenent made of the at |east two conmponents and netal
paste | ocated between the conponents is finally subjected, according to the
i nvention, to a sintering process. This sintering process conprises a

| ow-t enperature sintering process. According to the invention, a

| ow-tenperature sintering process is understood to be a sintering process
that preferably takes place at a tenperature of |ess than 200C. 26 The
processing pressure here is preferably less than 30 MPa, nore preferably

| ess than 5 MPa, and even nore prefera3dy less than 1 MPa. Due to the use
of the metal paste according to the invention, sintering is even possible
W t hoyinteyted pipduitsjatéranrsy hegirsonke $refegabpyr dsminum, heahsisksadr capperdeassnks) or
pressure of O MPa, The sinteri ti [ essin
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t he | moewbneants carhass corheisengnpneieltic sorggomentske pl ace in an at nosphere that
Is not further limted. Preferably, however, the sintering is performed in
an atnosphere that contains oxygen. The sintering is perfornmed in a
conventhemeaipodes tebe ¢tranedted san bathiessafneror slifigrent compenatits. n whi ch preferably
the previously described processing paraneters can be set. The invention is
expl ai ned below with reference to the exanples |isted below, but are not to
be undepsiersmd ngqqirm;rttqs,ﬁ@e inm@i@mr@lgt_—es to the joining of LEDs to leadframes, of LEDs to

ceramic substrates, of dies, diodes, IGBTSs, or ICs to leadframes, ceramic substrates or DCB
substrates, of sensors to leadframes or ceramic substrates, of DCB or ceramic substrates to copper
or aluminum heat sinks, of leadframes to heat sinks, or of tantalum capacitors, preferably in a

non-housed state, to leadframes.

In a similarly preferred way, more than two components can be joined to each other. For example,
(i) LED or chip can be joined to (ii) leadframes and (jii) heat sinks, wherein the leadframes are
preferably located between (i) the LED or chip and (iii) heat sinks. Likewise, a diode can be joined

to two heat sinks, wherein the diode is preferably located between the two heat sinks.

According to a preferred embodiment, the components can comprise at least one metallization
layer. This metallization layer is preferably part of the component. The metallization layer is

preferably located on at least one surface of the component.

The metallization layer can have pure metal. For example, it can be preferred if the metallization
layer has at least 50 weight percent, more preferably at least 70 weight percent, even more
preferably at least 90 weight percent, or even 100 weight percent of pure metal. The pure metal is

preferably selected from the group comprising copper, silver, gold, palladium, and platinum.

On the other hand, the metallization layer can also have an alloy. The alloy of the metallization
layer preferably contains at least one metal selected from the group comprising silver, gold, nickel,
palladium, and platinum. It can also be preferred that at least two metals selected from the group
comprising silver, gold, nickel, palladium, and platinum are contained in the alloy of the

metallization layer.



1. Production of netal pastes: Initially, the netal pastes 1 -7 according to
the invention and the conparison pastes 1 and 2 were produced by m xing the
i ndi vi dual components. 1.1Metal paste 1 according to the invention: A netal
paste was produced containing 81.5 wei ght percent coated silver particles
havi ng an average particle diameter of 1 - 5 pm(coating quantity: <2

wei ght percent sodium stearate), 5 weight percent silver carbonate, 6

wei ght percent terpineol, 4 weight percent 1-dodecanol, and 3.5 wei ght
percent alumnumformate. 27 A metal Paste was produced containing 79.5
wei ght percent coated silver particles having an average particle dianeter
of 1ﬁ5r heJroporijaoettel entpntpusatddted/fronk thevgrogrhtonprais g rsilves oghldi ickele palkidiim, agd

wei ght_ perc Si, Vv i iggh n i ght
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met al vyzm@”tt@emst, prayducredreforabli a’tilewgt BDwsighenegeant, ﬁ@ﬁcfémxaatpéﬁ QP weiphter
partlﬁj spaving an average particle diameter of 2 - 15 pm (coating
quantlty <2 wei ght percent sodium stearate), 3.5 weight percent silver
carbonate, 5 weight percent copper (Il1) formate, 6 wei ght percent
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t he |nvent|02g%§ Paste was produced containing 81 melg per cent
coat ecPesqun&éTFOfﬁaqu?fé‘Wé@ ﬁa%ﬁ%gfvea\@ht@@@@a@én%am rpere Rigfarratyelo dYe'@t gercer nm
(coatifpehigit i ty: <2 weight percent sodiumstearate), 4.3 weight percent
silver oxide, 3.5 weight percent manganese(lll) formate, 6 wei ght percent
1- hexanol, and 5.2 wei ght percent 1-dodecanol. 1.5Metal paste 5 according
to ther Heﬂﬁﬁaﬂikéﬂi@h layer can also have a multi-layer structure. For example, it can be preferred if at

least one surface of the components to be assembled includes a metallization layer made of

several layers having the previously mentioned pure metals and/or alloys.

According to a preferred embodiment, at least one metallization layer of a component, in particular
a DCB substrate, comprises a layer made of copper on which a layer made of nickel is deposited.
Optionally, a gold layer can also be deposited on the nickel layer. In this case, the thickness of the
nickel layer preferably equals 1 — 2 um and the thickness of the gold layer preferably equals

0.05 — 0.3 ym. On the other hand, it can be preferred if a metallization layer of a component

comprises a silver or gold layer and above this a palladium or platinum layer.

According to another preferred embodiment, the individual layers also contain a glass in addition to
the mentioned pure metals or alloys. It can also be preferred if the layers are a mixture made of (i)

glass and (ii) the pure metals or alloys.
According to the invention, at least two components are joined to each other by sintering.

For this purpose, initially the at least two components are brought into contact with each other. The
contacting is here realized by the metal paste according to the invention. For this purpose, an
arrangement is provided in which metal paste is located between every two components of the at

least two components.

Therefore, if two components, component 1 and component 2, are to be joined to each other, then

the metal paste according to the invention is located between component 1 and component 2



A netal paste was produced containing 76.4 wei ght percent coated silver
particles having an average particle dianeter of 0.5 -5 pm (coati ng
gquantity: <2 weight percent sodium stearate), 4.3 weight percent silver

oxi de, 2 weight percent silver carbonate, 6 wei ght percent al um num
formate, 6.3 weight percent tridecanol, and 5 wei ght percent
l-isotridecanol. 1.6Metal paste 6 according to the invention: A netal paste
was produced containing 76.4 wei ght percent coated silver particles having
an average particle diameter of 0.5 -24pm (coating quantity: <2 weight
percent sodium stearate), 4.3 weight percent silver oxide, 2 weight percent
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wei ghtcopgooeni2 sidakorhetwéanr cpaipoperd Zmldgmﬂppeerdént copper(11) for rrat e 6.3
wei ght percent tridecanol, and 6 wei ght percent terpineol. 1.8Conparison
pastel : A nmetal paste was produced containing 79.5 wei ght percent coated

si | verAgeandinigdb & ineantiag itin provisied deat gurindivideal gpaperents @€ poesentig arandwisht i ng
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oxi de, 18. 5 wei ght percent terpineol, and 7 weight percent formc acid. The
conpari son paste 1 thus corresponds to the netal paste 2 according to the
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Preferably, at least one surface of a component 1 is provided with the metal paste according to the
invention. Then a different component 2 is placed with one of its surfaces on the metal paste that

has been deposited on the surface of component 1.

The deposition of the metal paste on the surface of a component can be performed by conventional
methods. Preferably the deposition of the metal paste is performed by a printing method, for
example by screen printing or stencil printing. On the other hand, the deposition of the metal paste

can also be performed by a dispensing technique, by a spraying technique, by pin transfer, or by

dipping.

After the deposition of the metal paste, the surface of this component provided with the metal paste
is preferably brought into contact with a surface of the component to be joined via the metal paste.

In this way, a layer of metal paste is located between the components to be joined.

The wet layer thickness between the components to be joined preferably lies in the range of



The produced netal pastes were used for sintering two conponents to be
joined to each other. 2. 1Enbodinent 1: 29 In this exanple, DCB substrates,
each of which has a netallization |ayer made of silver, and | GBTs, each of
which i kewi se has a netallization | ayer made of silver, are joined to each
other by sintering. For this purpose, the nmetal pastes 1 -7 according to
the invention or the conparison pastes 1 and 2 were deposited on the

nmetal lization layer of the individual DCB substrates by a screen printing
met hod. Then the individual | GBTs witRthe netallization |ayer were placed
on the pastes. In the cases in which the netal pastes 1 and 4 - 6 according
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exanpl e, rames, each of has a metallization |ayer consisting of
a nickel layer and a gold layer, with the gold | ayer being |ocated on the
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of silver, were joined to each other by sintering.

Preferably, drying is understood to be a reduction of the proportion of solvent in the metal paste.

According to one preferred embodiment, the proportion of solvent in the metal paste after the drying

is in the range of 1 — 5 weight percent, based on the weight of the dried metal paste.

The drying can be performed, on one hand, after the production of the arrangement, that is, after
the contacting of the components to be joined. On the other hand, the drying can also be performed
directly after the deposition of the metal paste on the at least one surface of the component and

before the contacting with the component to be joined.

The drying temperature preferably lies in the range of 50 — 100°C.

It is understood that the drying time is dependent on the composition of the respective metal paste
and the size of the arrangement to be sintered. Typical drying times lie in the range of 5 — 45

minutes.

The arrangement made of the at least two components and metal paste located between the

components is finally subjected, according to the invention, to a sintering process.
This sintering process comprises a low-temperature sintering process.

According to the invention, a low-temperature sintering process is understood to be a sintering

process that preferably takes place at a temperature of less than 200°C.



For this purpose, the netal pastes 1 -7 according to the invention or the
conpari son pastes 1 and 2 were deposited on the nmetallization layer of the
i ndi vidual |eadfranes by a stencil printing nethod. Then the individual

di odes having the netallization layer were placed on the pastes. 30
mnutes. In the other cases, drying was not required. In each case, the wet
| ayer thickness equal ed 100 pm The structure produced in this way was
sintered for 20 seconds at a processing tenperature of 5 MPa and at

di fferent processing tenperatures. 2.2Bnbodi nent 4: This enbodi nent
corresponds to enbodiment 3 with the deviation that the resulting structure
was SiTRE @Fdsdied prébsuie Reieas picferablp feas tanes0fMe® neote ipraferabliifess 3ResuMPs:;
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the enbodi nents in i t he conparison pastes 1 and 2 were used was
approff%&?%rll%/prfiﬂ&e:gpnbea@h case. 3.2Enbodinments 2 and 4: In the enbodi nents
in which the netal pastes 1 -7 according to the invention were used, the

sinterdng. r af. ' 8afe | ¥ st, the
a1t or R B o B o B B e s 1
and 2 2xedemigéas. was approxi mately 230C i n each case.

According to the invention, the sintering process can take place in an atmosphere that is not further

limited. Preferably, however, the sintering is performed in an atmosphere that contains oxygen.

The sintering is performed in a conventional device that is suitable for sintering and in which

preferably the previously described processing parameters can be set.

The invention is explained below with reference to the examples listed below, but are not to be

understood as limiting.
Examples:
1. Production of metal pastes:

Initially, the metal pastes 1 — 7 according to the invention and the comparison pastes 1 and 2 were

produced by mixing the individual components.

1.1 Metal paste 1 according to the invention:

A metal paste was produced containing 81.5 weight percent coated silver particles having an
average particle diameter of 1 — 5 pm (coating quantity: < 2 weight percent sodium stearate), 5
weight percent silver carbonate, 6 weight percent terpineol, 4 weight percent 1-dodecanol, and 3.5

weight percent aluminum formate.

1.2 Metal paste 2 according to the invention:



31 Cainms 1. Metal paste containing: (A 75 - 90 wei ght percent of at |east
one netal present in the formof particles having a coating containing at

| east one organi c conpound, (B) O0- 12 weight percent of at |east netal
precursor, (C 6 -20 weight percent of at |east one solvent, and (D) 0.1
-15 wei ght percent of at |east one sintering agent selected fromthe group
conprising: (i)salts of organic acids, wherein the organic acids have 1 -4
carbon atons, (H)esters of organic acids, wherein the organic acids have 1
-4 carbon atons, and (iii)carbonyl coﬁ%ﬁexes.

A metal paste was produced containing 79.5 weight percent coated silver particles having an
average particle diameter of 0.5 — 3 pm (coating quantity: < 2 weight percent sodium stearate), 3

weight percent silver oxide, 10.5 weight percent terpineol, and 7 weight percent aluminum formate.
1.3 Metal paste 3 according to the invention:

A metal paste was produced containing 80.5 weight percent coated silver particles having an
average particle diameter of 2 — 15 ym (coating quantity: < 2 weight percent sodium stearate), 3.5
weight percent silver carbonate, 5 weight percent copper (lI) formate, 6 weight percent terpineol,

and 5 weight percent 1-hexanol.

1.4 Metal paste 4 according to the invention:

A metal paste was produced containing 81 weight percent coated silver particles having an average
particle diameter of 0.5 — 5 uym (coating quantity: < 2 weight percent sodium stearate), 4.3 weight
percent silver oxide, 3.5 weight percent manganese(lll) formate, 6 weight percent 1-hexanol, and

5.2 weight percent 1-dodecanol.
1.5 Metal paste 5 according to the invention:

A metal paste was produced containing 76.4 weight percent coated silver particles having an
average particle diameter of 0.5 — 5 pm (coating quantity: < 2 weight percent sodium stearate), 4.3
weight percent silver oxide, 2 weight percent silver carbonate, 6 weight percent aluminum formate,

6.3 weight percent tridecanol, and 5 weight percent 1-isotridecanol.
1.6 Metal paste 6 according to the invention:

A metal paste was produced containing 76.4 weight percent coated silver particles having an
average particle diameter of 0.5 — 5 ym (coating quantity: < 2 weight percent sodium stearate), 4.3
weight percent silver oxide, 2 weight percent silver carbonate, 4 weight percent aluminum formate,
2 weight percent copper (ll) formate, 6.3 weight percent tridecanol, and 5 weight percent
1-isotridecanol.



2. Metal paste according to Claim1, characterized in that the salts are

sel ected fromthe group conprising acetates, carbonates, formates,

| act ates, and oxal ates. 3. Metal paste according to Caim2, characterized
in that the salts are selected fromthe group conprising copper(Ill)

acetate, iron(ll) acetate, and tin(ll) acetate. 4. Metal paste according to
Claim2, characterized in that the salts are selected fromthe group
conprising iron(ll) carbonate and copper(l1l) carbonate. 5. Metal paste
according to Claim2, characterized iR3that the salts are selected fromthe
group conprising magnesi um formate, alum numformate, iron(ll) formate,
tin(ll) formate, copper(ll) formate, siIver(II) formate, and manganese(ll1)

fornat 6&&% aim2, characterized in that the

salts 'are %é?%% %%%ﬁFﬁeogP' er‘g%nprlsmg copper(11) lactate and

sklver(l) lactate. 7.Metal paste according to Caim2, characterized in

that the c r e,
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average partlcle dlameter of O 5 5 um (coating quantity: < 2 weight percent sodium stearate), 2
weight percent silver carbonate, 4 weight percent aluminum formate, 2 weight percent copper(ll)

formate, 6.3 weight percent tridecanol, and 6 weight percent terpineol.
1.8 Comparison paste 1:

A metal paste was produced containing 79.5 weight percent coated silver particles having an
average particle diameter of 0.5 — 3 ym (coating quantity: < 2 weight percent sodium stearate), 3
weight percent silver oxide, 10.5 weight percent terpineol, and 7 weight percent formic acid. The
comparison paste 1 thus corresponds to the metal paste 2 according to the invention with the

deviation that the aluminum salt of formic acid, aluminum formate, is replaced by formic acid.

1.9 Comparison paste 2:

A metal paste was produced containing 83 weight percent coated silver particles having an average
particle diameter of 0.5 — 3 pm (coating quantity: < 2 weight percent sodium stearate), 6.5 weight
percent silver oxide, 10.5 weight percent terpineol, and 7 weight percent formic acid. The
comparison paste 2 thus corresponds to the metal paste 2 according to the invention, with the
deviation that it does not contain aluminum formate, but instead the proportion of silver particles
and silver oxide is increased.

2. Embodiments:

The produced metal pastes were used for sintering two components to be joined to each other.

2.1 Embodiment 1:



32 8. Metal paste according to Claim1, characterized in that the esters
are selected fromthe group conprising nethyl formate, ethyl formate,

propyl formate, and butyl formate. 9. Metal paste according to Claim1l,
characterized in that the carbonyl conplexes are selected fromthe group
conprising nmetal carbonyls. 10. Metal paste according to Claim?9,
characterized in that the netal carbonyl is an iron carbonyl. 11. Metal
paste according to Claim1l, characterized in that the at | east one organic
conpound is selected fromthe group ca¥prising free fatty acids, fatty acid
salts, and fatty acid esters, each of which has 8 -24 carbon atons. 12.
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| east siterirgonponents, in which: (a)a sandwi ch arrangenent is provided that
has at least (al) ) a conponent 1,

For this purpose, the metal pastes 1 — 7 according to the invention or the comparison pastes 1 and

2 were deposited on the metallization layer of the individual DCB substrates by a screen printing

method. Then the individual IGBTs with the metallization layer were placed on the pastes.

In the cases in which the metal pastes 1 and 4 — 6 according to the invention were used, a drying of
the structure made of the DCB substrate, metal paste, and IGBT was performed at 80°C for 20
minutes. In the other cases, drying was not required. In each case, the wet layer thickness equaled
100 pym.

The structure produced in this way was sintered for 20 seconds at a processing pressure of 5 MPa

and at different processing temperatures.
2.2 Embodiment 2:

This embodiment corresponds to Embodiment 1 with the deviation that the resulting structure was

sintered for 15 minutes in a pressure-free environment.
2.3 Embodiment 3:

In this example, leadframes, each of which has a metallization layer consisting of a nickel layer and
a gold layer, with the gold layer being located on the outer side, and diodes, each of which

contained a metallization layer made of silver, were joined to each other by sintering.

For this purpose, the metal pastes 1 — 7 according to the invention or the comparison pastes 1 and
2 were deposited on the metallization layer of the individual leadframes by a stencil printing

method. Then the individual diodes having the metallization layer were placed on the pastes.

In the cases in which the metal pastes 1 and 4 — 6 according to the invention were used, drying of

the structure made of the DCB substrate, metal paste, and IGBT was performed at 80°C for 20



(a2) a conponent 2, and (a3) a netal paste |ocated between the conponent 1
and conponent 2, and (b)the sandwi ch arrangenent is sintered, characterized
in that the netal paste conprises: (A 75 - 90 wei ght percent of at |east
one netal present in the formof particles having a coating containing at

| east one organi c conpound, (B) O0- 12 weight percent of at |east one netal
precursor, (C 6-20 weight percent of at |east one solvent, and (D) 0.1 -
15 wei ght percent of at |east one sintering agent selected fromthe group
conprising: (l)salts of organic acids,30wherein the organic acids have 1 -4
carbon atons, 33 (ii)esters of organic acids, wherein the organic acids
have Inindte€an BotRéraases, drying was not required. In each case, the wet layer thickness equaled

100 pym.

The structure produced in this way was sintered for 20 seconds at a processing temperature of 5

MPa and at different processing temperatures.
2.4 Embodiment 4:

This embodiment corresponds to embodiment 3 with the deviation that the resulting structure was

sintered for 15 minutes in a pressure-free environment.
3 Results:
3.1 Embodiments 1 and 3:

In the embodiments in which the metal pastes 1 — 7 according to the invention were used, the
sintering temperature was approximately 195°C in each case. In contrast, the sintering temperature
in the embodiments in which the comparison pastes 1 and 2 were used was approximately 230°C

in each case.
3.2 Embodiments 2 and 4:

In the embodiments in which the metal pastes 1 — 7 according to the invention were used, the
sintering temperature was approximately 185°C in each case. In contrast, the sintering temperature
in the embodiments in which the comparison pastes 1 and 2 were used was approximately 230°C

in each case.



and (H)carbonyl conplexes. 14.Method according to Caim13, characterized
in that the sintering takes place at a tenperature of |ess than 200C
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Claims

1. Metal paste containing:

(A) 75 — 90 weight percent of at least one metal present in the form of particles having a
coating containing at least one organic compound,

(B) 0 — 12 weight percent of at least metal precursor,

(©) 6 — 20 weight percent of at least one solvent, and

(D) 0.1 — 15 weight percent of at least one sintering agent selected from the group
comprising:
(i) salts of organic acids, wherein the organic acids have 1 — 4 carbon atoms,
(ii) esters of organic acids, wherein the organic acids have 1 — 4 carbon atoms,

and

(iii) carbonyl complexes.

2. Metal paste according to Claim 1, characterized in that the salts are selected from the group

comprising acetates, carbonates, formates, lactates, and oxalates.

3. Metal paste according to Claim 2, characterized in that the salts are selected from the group

comprising copper(ll) acetate, iron(ll) acetate, and tin(ll) acetate.

4, Metal paste according to Claim 2, characterized in that the salts are selected from the group

comprising iron(ll) carbonate and copper(ll) carbonate.

5. Metal paste according to Claim 2, characterized in that the salts are selected from the group
comprising magnesium formate, aluminum formate, iron(ll) formate, tin(l1) formate,

copper(ll) formate, silver(ll) formate, and manganese(lll) formate.

6. Metal paste according to Claim 2, characterized in that the salts are selected from the group

comprising copper(ll) lactate and silver(l) lactate.

7. Metal paste according to Claim 2, characterized in that the salt is selected from the group

comprising iron(ll) oxalate, iron(l1l) oxalate, and cobalt(ll) oxalate.
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13.
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Metal paste according to Claim 1, characterized in that the esters are selected from the

group comprising methyl formate, ethyl formate, propyl formate, and butyl formate.

Metal paste according to Claim 1, characterized in that the carbonyl complexes are selected

from the group comprising metal carbonyls.

Metal paste according to Claim 9, characterized in that the metal carbonyl is an iron

carbonyl.

Metal paste according to Claim 1, characterized in that the at least one organic compound is
selected from the group comprising free fatty acids, fatty acid salts, and fatty acid esters,

each of which has 8 — 24 carbon atoms.

Metal paste according to one of Claims 1 — 11, characterized in that the molar ratio of
sintering agents to the organic compounds contained in the coating lies in the range of
1:1t0150:1.

Method for joining at least two components, in which:
(@) a sandwich arrangement is provided that has at least
(a1) acomponent 1,
(a2) acomponent 2, and
(a3) a metal paste located between the component 1 and component 2, and
(b) the sandwich arrangement is sintered,
characterized in that the metal paste comprises:
(A) 75 — 90 weight percent of at least one metal present in the form of particles having a
coating containing at least one organic compound,
(B) 0 — 12 weight percent of at least one metal precursor,
(C) 6 - 20 weight percent of at least one solvent, and
(D) 0.1 — 15 weight percent of at least one sintering agent selected from the group
comprising:

(i salts of organic acids, wherein the organic acids have 1 — 4 carbon atoms,
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(ii) esters of organic acids, wherein the organic acids have 1 — 4 carbon atoms,
and

(iii) carbonyl complexes.

14. Method according to Claim 13, characterized in that the sintering takes place at a

temperature of less than 200°C.



