1 METAL PASTE W TH OXI DI ZI NG AGENTS 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 a 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 by adhesion. The adhesive techni que, however, has the
di sadvantage that it produces contact points between the conponents that
exhi bit only inadequate heat conduction or electrical conductivity. To
solve this problem the MBTADPASTE WITHOX|DIZINGIAGENTSr equent |y si ntered.
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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These ditio NS, often result in damage to the conponents to be joined, so
t hat cV@H?r}‘thﬁ”ana a@?%eﬁfg??oﬁg nmet hods must be ruled out for many
applications. In DE 10 2007 046 901 Al a sintering technique is proposed,
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Conventional sintering methods, however, require either a high processing pressure or else a high
processing temperature. These conditions often resuit 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 with 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
electronics. In addition, with a further decrease of the processing temperature, considerable

amounts of energy costs could also be saved.



The present invention is therefore based on the object of providing a
sintering nethod that allows conponents to be joined to each other in a
stabl e way, wherein the processing tenperature is bel ow 200C. Thi s net hod
shoul d produce contact points between the conponents to be joined, which
exhibit low porosity and a high electrical and thermal conductivity.

Anot her object of the present invention consists in providing a netal

paste, which can be used in the sintering nethod according to the invention
and which allows a |owering of the progessing tenperature to bel ow 200C and
the formation of contact points between the conponents to be joined having
| ow porosity and high electrical thermal conductivity. These objects are
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the particle ntained in the paste are coated, preferably with
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during the S|nter|ng process. This situation often results in inhonbgeneous
contact points between the conponents to be joi ned.

Furthermore, a metal paste is provided, which contains (A) 75 — 90 weight percent of at least one
metal piesent 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) organic peroxides, (i) inorganic peroxides, and (iii) inorganic acids.

In addition, the invention relates to the use of a sintering agent selected from the group comprising
(i) organic peroxides, (i) inorganic peroxides, and (jii) inorganic acids for a sintering process for

joining components that contact each other via the metal paste in a sandwich arrangement.



Surprisingly, however, it was discovered that such coated netal particles
are also the reason that the sintering tenperature cannot be | owered bel ow
200C. As long as the coating conpounds are on the surface of the netal
particles, on one hand an aggl oneration of the netal particles is indeed
prevented. But on the other hand, the surfaces of the netal particles are
not available for the sintering process, so that the netal particles cannot
be sintered. In conventional sintering nmethods, the coating conpounds are
burned off in the course of the sinterdng process at the tenperatures of
far above 200C typically used for sintering. Only after the coating
conpounds have burned off are the surfaces of the netal particles
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According to the invention, the netal paste contains at |east one netal. In
the present case, the termnetal enconpasses both pure netals and al so
nmetal alloys. 5 In the scope of the invention, the termnetal refers to an
el ement that, in the periodic table of elements, is in the same period as
boron but is left of boron, is in the sane period as silicon but is left of
silicon, is in the sane period as germaniumbut is left of germanium and
is in the same period as antinony but is left of antinony, as well as to
all elenments having a higher atom c nufiber 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 gh pref.era L 9 i . n nore
pr of oP4BE Lt oS sBPE AT Bt Bt bEFHecertfie Ml PR GBI naBRde S
enmbodicoathig Iaydmvaseit wlastoeamaily s’aslzedlrffwh metalloxisle laygod rigativetkefect ihaldiffugionm

Pl at i N QL. AEUM o AREAINT1AG thR ddIPabdh BB REon PRE AorBlid AXSof! @

under east two conponents of
whi ch canvdrmasanymsubgea negssagry td\umlqm n@cewrm@mper@ﬂé@& efdarcationel RARIR:

aceor diitg o fe i RUENhb A baritbtbddiedhite Gpakal s copper . al um num

ni ckel’, Is used as the netal alloy. The netal all oy
preferably conprises at |least one netal selected fromthe group conprising

COpperAccﬁlldlin\éecB ’[h@lﬁl/é#‘!’[loﬁ“ tiShg 2R&) ﬂh@@bé‘ﬁﬁg deholRdY Rroditds ArHeHgBiRer tggeci al |y

preferred netal alloys contain at |east two netals sel ected fromthe group

conpr i%8Theg reejsyisie; The ¢apen mgepdde rglegred duringisintelingns @ Frdveing @aentand a31SHMR num

I't cans beehdirddnes trﬁrrﬁ?étardx% dnhaé s&ﬁ&e@@ﬂ@eﬂé@g@n@i‘iembmbﬁng ewleeﬁételcbﬁoreom t he
group conprising copper

O o e anib g ety ezt i HiasuRRtope bitbaS Rt R gt o

| east Q& Wﬁh@]tiéd@%@eﬂfg% nfmﬂex.aé ah emaimltaytn@tméteastals@@ema@mwtp]em aeuner and
even nore er we rcen r.se
examplBomgls Jia S euime arentny StsBe P e Frpape PRbpfeis e PR 680 o
coppervoancbegméeﬂm the memetoambfg&l idetabpdrii@es a’fcdthpsiblbalﬂcamltiy lopJeathemgxncmmdf the

pal | adloﬁ%&ﬁqmt}ﬁ?\%eeﬁ on? aérle%%' {80 Jéaﬁ ot I%Qtrg;ﬁélglstalb hﬁeﬁ%ﬂ#uoﬂ@éta%d Is%ord' ng

to the pureé et of pure ne
type oﬂemmkmycakMOmwc@@&@tmhmsypewembynexubahlons or mi xtures thereof.

Thus, by the use of sintering agents according to the invention, the processing temperature during
sintering can be significantly reduced. Here it is surprising that, despite the burning away of the
coating compounds at temperatures below 200°C, the metal particles do not agglomerate, but

instead homogeneous and stable contact points result between the components to be joined.

The effects described above appear to have the result that, when the sintering agents are used, the
sintering temperature can be lowered to below 200°C, and nevertheless stable, heat-conductive
and electrically conductive contact points can be generated between the components to be joined

by the sintering process.

The use of metal pastes in a sintering process for joining components is known in the field of power

electronics.
According to the invention, the metal paste contains at least one metal.

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



6 The netal particles can have different forns. For exanple, the netal
particles can be provided in the formof flakes or a spherical (ball-Iike)
shape. According to one especially preferred enbodi nent, the netal
particles have the formof flakes. This does not rule out, however, that
even a mnor percentage of the netal particles being used can have a
different form However, it is preferred that at |east 70 wei ght percent,
nore preferably at | east 80 wei ght percent, even nore preferably at | east
90 wei ght percent, or 100 wei ght perceht of the particles 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 firnmy bonded. |layer on.the surface.o h icl ' to the
mvent't O <coRECEBE ARl FeHb Bl FB57 i e bEReRRhay RufpeERAALRE Doe ot
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conmpoypgsshave at | east one functional group. As functional groups the
followng can be considered in particular: carboxylic acid groups,

car boxyl ate groups, ester groups, keto groups, aldehyde groups, am no
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saturated, nonounsaturated, or polyunsaturated organi c conpounds. Moreover,

t hese coating conmpounds having at | east one functional group can be
br anc hestofingto loha Redietbd embodiment, the metal comprises copper, silver, gold, nickel, palladium,

platinum, or aluminum.

According to the invention, metal alloys are understood to be metallic mixtures made of at least two

components, of which at least one is a metal.

According to one preferred embodiment according to the invention, an alloy that contains copper,
aluminum, nickel, and/or precious metals is used as the metal alloy. The metal alioy preferably
comprises at least one metal selected from the group comprising copper, silver, gold, nickel,
palladium, platinum, and aluminum. Especially preferred metal alloys contain at least two metals
selected from the group comprising copper, silver, gold, nickel, palladium, platinum, and aluminum.
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.



7 The coating conpounds according to the invention having at |east one
functional group have preferably 1 - 50, nore preferably 2 - 24, even nore
preferably 6 - 24, and even nore preferably 8-20 carbon atons. The coating
conpounds can be ionic or nonionic. Preferably, free fatty acids, fatty
acid salts, or fatty acid esters are used as the coating conpounds. The
free fatty acids, fatty acid salts, and fatty acid esters are preferably
unbranched. Mreover, the free fatty acids, fatty acid salts, or fatty acid
esters are preferably saturated. Prefefred fatty acid salts are the salts
of ammoni um nonoal kyl amoni um di al kyl amonium trial kyl ammoni um

al um num copper, lithium sodium and potassium Preferred esters are
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According to the invention, a coating of particles is understood to be a firmly bonded layer on the

surface of the particles.

According to the invention, the coating of the metal particles contains at least one type of coating

compound.
These coating compounds comprise organic compounds.

According to the invention, the organic compounds used as coating compounds comprise

carbon-containing compounds that prevent agglomeration of the metal particles.

According to one preferred embodiment, the coating compounds have at least one functional
group. As functional groups the following can be considered in particular: carboxylic acid groups,
carboxylate groups, ester groups, keto groups, aldehyde groups, amino groups, amide groups, azo
groups, imide groups, cyano groups, or nitrile groups. Preferred functional groups are carboxylic

acid groups and ester groups. The carboxylic acid group can be deprotonated.

The coating compounds having at least one functional group preferably comprise saturated,

monounsaturated, or polyunsaturated organic compounds.

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

unbranched.



8 The coating conpounds used according to the invention are deposited on
the surface of the netal particles by conventional nethods known fromthe
prior art. For exanple, it is possible to slurry the coating conpounds, in
particular the previously nmentioned stearates or palmtates, in solvents
and to grind the slurried coating conpounds in ball mlls with the netal
particles. After the grinding, the netal particles now coated with the
coating conpounds are dried and then freed fromdust. Preferably, the
portion of organic conpounds, especialfy the portion of conpounds sel ected
fromthe group conprising free fatty acids, fatty acid salts, and fatty
acid esters preferably having 8 -24, nmore preferably 10- 24, and even nore
pref erab| 18 carb , I st 60
wei gh tﬁpe(%’égérr‘ﬂ comr%)un&s SLof i wagontF) thé pv%ﬂ%n %Q bé &t 188% oan g%nge aro@(é hg\?ea
pr ef erpadfierabit 1 +éasnor8©r@fe1aght2 @étft caan mmm@@;efi prQéf @rda@dey nggdre pmablsao
wei ghtg p particul ar at |east 95 weight percent, at |east 99
|gh€3pg§§%%%nabﬂwloo wei ght percent. Typically, the portion of coating
conpounds, preferably the coating conpounds selected fromthe group
conpri hd salts, and fatty acid esters having
8 24-ﬁk¥g€E%f§¥@$gh%Séﬁ+aﬁon@Q$B§m§§%n nore preferably 12 - 18 carbon
atons, equals 0.01 -2 weight percent, preferably 0.3 - 1.5 weight percent,
nor e [efori ke Gt avicd; féw@é,g BhitDBF ﬁﬁ)nécnd 288 DsePE LB I8 hRIgaRpolnd. -
1.0 wei ght percent, based on the weight of the coated metal particles. The
degree of coating, defined as the ratio of the mass of coating conpounds to
sur f achearRda®f adid, flity Reiitdals, &hd faRfyeicRy sitdry arOpratefatl (HMPAHzhed 0. 03 g, nore
preferably 0.0001 -0.02 g, and even nore preferably 0.0005 -0.02 g of
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Preferred esters are alkyl ester, in particular methyl ester, ethyl ester, propyl ester, and butyl ester.

According to one preferred embodiment, the free fatty acids, fatty acid salts, or fatty acid esters
comprise compounds having 8 — 24, more preferably 10 — 24, and even more preferably 12 - 18

carbon atoms.

Preferred coating compounds are caprylic acid (octanoic acid), capric acid (decanoic acid), lauric
acid (dodecanoic acid), myristic acid (tetradecanoic acid), palmitic acid (hexadecanoic acid),
margaric acid (heptadecanoic acid), stearic acid (octadecanoic acid), arachidic acid (eicosanoic
acid/icosanoic acid), behenic acid (docosanoic acid), lignoceric acid (tetracosanoic acid), as well as

the corresponding esters and saits.

Especially preferred coating compounds are dodecanoic acid, octadecanoic acid, aluminum
stearate, copper stearate, sodium stearate, potassium stearate, sodium palmitate, and potassium

palmitate.



metal is accordingly fornmed in situ. It can be determned in a sinple way
whet her a conpound conprises a netal precursor according to this preferred
enbodi ment. For exanple, a paste containing a conpound to be tested can be
deposited on a substrate having a silver surface, heated to 200C, and |eft
at this tenperature for 20 mnutes. Then it is tested whether, under these
conditions, the conpound to be tested has deconposed into a netal. For this
pur pose, for exanple, before the test the content of the netal -containing
past e conponents can be wei ghed, and fBomthis content the theoretical nass
of the metal can be calculated. After the test the mass of the material
deposithedoating di’tﬁntﬁlﬂtbﬁs*. nﬁdeacicSrduh@tte trm' inehtign andl depbsitedalnltye surfack lvéthemsstalof
the mater]i aIb Wﬁosme tJt hg clgrr sponds to the theoretical mass
of t hAHAE Y SRALP PR ¢ 5 n%’% Rt daw ati ons nust be taken into
account, then t he tested corrpound corrprl ses a netal precursor according to
this f . i r r met al
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precursor in this thermal deconposition. According to another preferred
enbodi nent, the nmetal precursor has a netal also contained in a netal
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copper oxide (for exanple Cu20 or CuO or gold oxide (for exanple Au20 or
AuO) is used as the nmetal precursor. 10 According to one especially
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net al precursor exist as
more preferably 0.5 - 1.0 welght percent based on the weight of the coated metal particles.

The degree of coating, defined as the ratio of the mass of coating compounds to surface area of
metal particles, preferably equals 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 meter (m?) surface area of metal

particles.

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. Preferably, by using a metal precursor in the sintering process, a



The use of a netal precursor that releases netal in situ during the
sintering process has the result that the netal fornmed in situ during the
sintering process closes gaps between the nmetal particles contained in the
netal paste. In this way, the porosity of a contact point between two
conponents to be joined can be reduced. The netal paste according to the
invention further contains at | east one solvent. According to the

i nvention, solvents are understood to be conpounds that can produce by
physi cal processes a solution fromoth& conpounds. These ot her conpounds,
however, preferably do not involve the netal of the nmetal paste. According
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consi dgéRdrement deviations must be taken into account, 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
decomposed endothermally is understood to be a metal precursor whose thermal decomposition
takes place in an endothermic process, preferably under a protective gas atmosphere. Metal should

be released from the metal precursor in this thermal decomposition.

According to another preferred embodiment, the metal precursor has a metal also contained in a

metal powder.

Preferably, the metal precursor comprises as the metal at least one element selected from the

group comprising copper, silver, gold, nickel, palladium, and platinum.

it can be preferred to use as the metal precursor endothermically decomposable carbonates,
lactates, formates, citrates, oxides, or fatty acid salts, preferably fatty acid salts having 6 to 24

carbon atoms, of the mentioned metaI37

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

Cu,0 or CuO) or gold oxide (for example Au,O or AuQO) is used as the metal precursor.



According to one especially preferred enbodi nent, the solvent being used
conpri ses an al cohol. According to one especially preferred enbodi nent,
a-terpineol ((R-(+)-a-terpineol, (S)-(-)-aterpineol or racenate),
6-terpineol, y-terpineol, 5-terpineol, mxtures of the above terpineols,

N- net hyl - 2- pyrrol i done, ethylene glycol, dinethylacetam de, 1-tridecanol,
2-tridecanol, 3-tridecanol, 4-tridecanol, 5-tridecanol, 6-tridecanol,

i sotridecanol, and m xtures of these isotridecanols, dibasic ester
(preferably dinethyl ester of glutaric0 adipic or succinic acid or m xtures
thereof), glycerin, diethylene glycol, triethylene glycol, or mxtures

her eOon’@b@d@S@dn@és;ﬁd@%llﬁﬁn‘éﬁ@l‘ﬁd enfticeifresrablilyer calt@natel simt(l) beidagrste(l) s abl e
to dissplve the sinterin ent contained in the metal paste. To allow a
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agent is contalned in the netal paste according to the invention. These
sinter nsure t hat i rticles
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200C dwnma@cﬁhemdeﬂterlng process. These sintering agents preferably
conprise oxidizing agents. An oxidizing agent is understood to be a
substance that can oxidize other substances and is thereby reduced itself
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peroxud@egﬁgunxnﬂxﬂedwﬁﬂ wel |l as at |east one organic radical that is
linked directly to the peroxide group. In the scope of the invention

organi c peroxides can thus also contain inorganic radicals linked directly
t 0 t heTaneii Estgi@upingtd thoingerdaisn alrthee amttaionet leagane solvardi cal i s present

that is linked directly to the peroxide group. This linking is preferably

of a covalent nature. Organic radicals are preferably understood to be
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involve the metal of the metal paste.

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

solvents.

Preferably, organic compounds are used as solvents, which have at least one heteroatom and

6 — 24 carbon atoms, more preferably 8 — 20 carbon atoms.

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

comprise cyclic compounds.

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

polyunsaturated compounds.



According to a preferred enbodi nent, the organic peroxides that can be used
according to the invention conprise hydroperoxides, as well as

per oxycarboxylic acids and their salts. Peroxycarboxylic acids are derived
from carboxylic acids, wherein preferably the hydroxyl group of the
carboxylic acid unit is replaced by a hydroxyperoxyl group. Hydroperoxides
are formally derived, in turn, fromethers or alcohols, wherein the oxygen
bri dge connecting the al kyl, alkenyl, or aryl radicals to each other or to
a hydrogen atomis replaced by a peroxilde group. The organi c peroxides used
according to the invention have at |east one peroxide group. Thus they can
al so Ideat taast @re hatereatperaxiateddn tepsganincdnmuodgastbie gesaventias petatably
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di fferent type I's"can carr eroatons thenselves. In
this case, the heteroatons preferably conprise oxygen atons, nitrogen
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ket o groups dehyde groups, droxyl” groups, am no groups, am de groups,
azo gﬁ@ﬂﬁéemﬁn1de groups, cyano groups, or nitrile groups can be
considered. The organic radicals of the organic peroxides preferably have 1

-20, nore preferably 2 - 15, and even nore preferabl 10 carbo t ons.
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can conprise aliphatic or aromatic radicals.
According to one especially preferred embodiment, a-terpineol ((R)-(+)-a-terpineol, (S)-(-)-a-
terpineol or racemate), B-terpineol, y-terpineol, d-terpineol, mixtures of the above terpineols,
N-methyl-2-pyrrolidone, ethylene glycol, dimethylacetamide, 1-tridecanol, 2-tridecanol, 3-tridecanol,
4-tridecanol, 5-tridecanol, 6-tridecanol, isotridecanol, and mixtures of these isotridecanols, dibasic
ester (preferably dimethy! ester of glutaric, adipic or succinic acid or mixtures thereof), glycerin,

diethylene glycol, triethylene glycol, or mixtures hereof are used as the solvent.

Preferably, the solvent being used is able to dissolve the sintering agent contained in the metal

paste.

To allow a lowering of the sintering temperature to below 200°C, at least one sintering agent is

contained in the metal paste according to the invention.

These sintering agents ensure that the coating compounds present on the particles of the metal

contained in the metal paste burn away at temperatures below 200°C during the sintering process.

These sintering agents preferably comprise oxidizing agents. An oxidizing agent is understood to
be a substance that can oxidize other substances and is thereby reduced itself. An oxidizing agent

can absorb electrons and is thus an electron acceptor.

Preferably, the sintering agent is also an oxygen carrier. Thus, a substance is meant that can give

off oxygen.



In the case of aliphatic radicals, the organic radical can also have a
cyclic radical. The ring of the cyclic radical preferably consists of 4 - 8
atons, wherein it can preferably conprise carbon atonms. The ring of the
cyclic radical, however, can al so contain heteroatons, preferably one or
nore nitrogen atons or oxygen atons. In the case of aromatic radicals, the
organi ¢ radi cal can have aromatic groups having preferably 5 or 6 carbon
atons. The organic radicals can be saturated or unsaturated. Accordingly,
the organic radicals can contain nultil® e bonds, preferably doubl e bonds,
but also triple bonds. The organic peroxides can also contain at |east one
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derived, in turn, from ethers or alcohols, wherein the oxygen bridge connecting the alkyl, alkenyl, or

aryl radicals to each other or to a hydrogen atom is replaced by a peroxide group.

The organic peroxides used according to the invention have at least one peroxide group. Thus they

can also have two or more peroxide groups.

In the organic peroxide used according to the invention, the organic radicals can be of the same or

different type.

The organic radicals can carry heteroatoms themselves. In this case, the heteroatoms preferably
comprise oxygen atoms, nitrogen atoms, or halogen atoms. If the organic radicals contain halogen
atoms, then fluorine atoms, chlorine atoms, bromine atoms, or iodine atoms are preferred.

The heteroatoms can also be part of a functional group. As the functional groups, preferably



Preferred inorganic radicals are amoni um radi cals, nononet hyl ammoni um
radi cal s, dinmethyl ammoniumradicals, trinmethyl anmoni umradicals,

nonoet hyl anmoni um radi cal s, diethyl ammoniumradicals, triethyl anmonium
radi cal s, nmonopropyl ammoni um radi cals, dipropyl amonium radical s,
tripropyl amoni umradicals, nonoi sopropyl amoni umradicals, diisopropyl
ammoni um radi cal s, triisopropyl amonium radicals, nonobutyl ammoni um

radi cal s, dibutyl ammoniumradicals, and tributyl amoniumradicals. The
organi ¢ peroxi de used according to the3invention can al so conprise a cyclic
organi c peroxide. In particular, the peroxide group of the organic peroxide
can i tcedidxyllmeagubgroups, estecgrolips ketpgireuns, diHehyde gamips, meEraxyi glegpsusihoaccor di ng
to the, i nvent| f hay it bel ow 200C.
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deconposition 15 tenperature of bel ow 200C in the presence of netal
contained in the netal paste. This result appears to trace back to the fact
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conprising diisobutyryl peroxide, cunol peroxyneodecanoate,
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1,1, 3,3-tetranet hyl butyl peroxypivalate, tert-butyl peroxyneoheptanoate,
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hydr oper oxi de. Furt her norei norgani c peroxi des can al so be used as sintering
agentéyOV% the scope of the invention, inorganic peroxides are understood
to be conpounds that contain the peroxide anion 022- or the peroxide group
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i nvention, i norgani c petoxi'des are preferably all peroxides that are not

or gani @opepidkhe deganicRecddsi wherem théénkingsie mot realizediyragranhan ateri cal s are
radicals that are linked directly to the peroxide group via an atom

different than a carbon atom
The linking of the inorganic radical to the peroxide group of the organic peroxide can be realized, in

principle, by any atoms except carbon atoms. The linking is realized by a hydrogen atom or a

heteroatom. As a heteroatom, metal atoms or nitrogen atoms can be preferred.

If heteroatoms are linked directly to the peroxide group, then the heteroatom can be part of a



16 Two inorganic radicals that are connected to a peroxide group of the

i norgani ¢ peroxide can be of the sane or different type. The linking to the
per oxi de group can preferably be performed by one or nore hydrogen atons
and/ or one or nore heteroatonms. As the heteroatons, netal atons, boron
atons, or nitrogen atons can be preferred. If heteroatons are |inked
directly to the peroxide group, then the heteroatom can be part of a

radi cal that contains other atons in addition to the heteroatom According
to a preferred enbodi nent, these otherl4at ons can conprise carbon atons,
hydrogen atons, or other heteroatons, As the other heteroatons, nitrogen

at ons radi¥yl gein caitains pthphawpison addidiindnthe latetohtamo eescaddditenaliatorpacdn cul ar
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Preferred inorganic radicals are ammonium radicals, monomethyl ammonium radicals, dimethyl
ammonium radicals, trimethyl ammonium radicals, monoethyl ammonium radicals, diethyl
ammonium radicals, triethyl ammonium radicals, monopropyl ammonium radicals, dipropyl
ammonium radicals, tripropyl ammonium radicals, monoisopropyl ammonium radicals, diisopropy!
ammonium radicals, triisopropyl ammonium radicals, monobutyl ammonium radicals, dibutyl

ammonium radicals, and tributyl ammonium radicals.

The organic peroxide used according to the invention can also comprise a cyclic organic peroxide.

In particular, the peroxide group of the organic peroxide can itself be part of a cyclic system.

The organic peroxides used according to the invention preferably have a decomposition
temperature of below 200°C. In this context, however, it was determined surprisingly that a few

organic peroxides having a decomposition temperature of over 200°C exhibit a decomposition



The inorgani c peroxide can al so conprise a peroxoborate. According to the

i nvention, peroxoborates are understood to be borates in which at | east one
oxygen atomis replaced by a peroxide group. Borates are salts or esters of
boric acid according to the invention. The peroxoborates can preferably

al so be present as hydrates. Furthernore, the peroxoborates can conprise
peroxo salts having ring-shaped ani ons. Preferred peroxoborates are
anmoni um per bor at es, al kyl amoni um per borates, and al kali perborates.
According to the invention, the term al’kyl anmoni um perborates includes
ammoni um per borates in which one or nore hydrogen atons of the amoni um
unit aemperapiraciskidy2@1i€ inthenpesenat ki/neigt cantanedlih dsemealakgdstey rivispssuttan be
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butane, tert-butyl peroxyisopropylcarbonate, tert-butyl peroxyacetate, 2,5-dimethyl-2,5-di(2-
ethylhexanoylperoxy)-hexane, 1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate, tert-amyl-peroxy-
2-ethylhexanoate, tert-butyl peroxydiethylacetate, tert-amyl-peroxy-2-ethylhexylcarbonate, tert-butyl
peroxy-2-ethylhexylcarbonate, tert-butyl peroxybenzoate, di-tert-amyl peroxide, 2,5-dimethyl-2,5-di-
(tert-butylperoxy)-hexane, tert-butyl cumyl-peroxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne-3,
di-tert-butyl peroxide, 3,6,9-triethyl-3,6,9-trimethyl-1,4,7-triperoxonane, di-isopropylbenzene-mono-
hydroperoxide, p-menthane hydroperoxide, cumol hydroperoxide, dicumyl peroxide, and 1,1,3,3-

tetramethylbutyl hydroperoxide.
Furthermore, inorganic peroxides can also be used as sintering agents.

In the scope of the invention, inorganic peroxides are understood to be compounds that contain the
peroxide anion O, or the peroxide group —-O—O— as well as exclusively inorganic radicals. In the
scope of the invention, inorganic peroxides are preferably all peroxides that are not organic
peroxides. According to the invention, inorganic radicals are radicals that are linked directly to the

peroxide group via an atom different than a carbon atom.



Furthernore, inorganic acids can also function as sintering agents
contained in the netal paste according to the invention. Preferably, the

i norgani ¢ aci ds conprise oxygen-contai ning inorganic acids. According to
anot her preferred enbodi nent, phosphoric acids are used as the inorganic
aci ds. Phosphoric acids are understood to be, in general, inorganic acids
that have at | east one phosphorus atom Preferred phosphoric acids that can
be used as sintering agents according to the invention are orthophosphoric
aci d, di phosphoric acid, netaphosphoril® acids, and pol yphosphoric acids.
The sintering agents according to the invention are preferably used as a
conpo eVt inadyaric neticls thatsdre cotreectadso apedxide gow ofttiey innapicpeesdie cRndbef abl vy,
in this sinteri. gocess conponents are connected to each other that are
in coﬁ?a ?ﬂeor H&gﬁﬁ Mt her via the metal paste in a sandw ch arrangenent.
The metal pastes used according to the invention can al so have ot her
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surfag%ﬁ@%zw -foam ng agents, binding agents, polyners, or

Vi scosity- ontro ‘1ing agents can be contained in the nmetal paste. 19 The
metal paste according to the invention contains 75 -90 wei ght percent,
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heteroatoms, As the other heteroatoms nitrogen atoms, oxygen atoms, phosphorus atoms, and
halogen atoms, in particular fluorine atoms, chlorine atoms, bromine atoms, or iodine atoms can be

preferred.

Preferred metal atoms that can be linked directly to the peroxide group are metals of the first,
second, and third groups of the periodic table of elements. Consequently, it can be preferred that
the lithium atoms, sodium atoms, potassium atoms, beryllium atoms, magnesium atoms, calcium

atoms, strontium atoms, boron atoms, or aluminum atoms are linked to the peroxide group.

Preferably, an inorganic radical that is linked via a heteroatom to the peroxide group of the
inorganic peroxide comprises an ammonium radical. If two ammonium radicals are connected to a

peroxide group in the inorganic peroxide, then the ammonium radicals can be the same or different.

It can also be preferred that one or more hydrogen atoms of the ammonium radical are substituted
by organic or inorganic groups. Preferably, in this case one or more hydrogen atoms of the
ammonium radical are replaced by alkyl groups. These alkyl groups can be branched or
unbranched, but are preferably unbranched. The alkyl groups that substitute for one or more
hydrogen atoms of the ammonium radical preferably have 1 — 10, more preferably 1 - 6, and even
more preferred 1 — 4 carbon atoms. The alkyl groups that substitute for one or more hydrogen

atoms of the ammonium radical can be the same or different.

Preferred inorganic radicals are ammonium radicals, monomethyl ammonium radicals, dimethyl

ammonium radicals, trimethyl ammonium radicals, monoethyl ammonium radicals, diethyl



The netal paste according to the invention contains 0-12 weight percent,
preferably 0.1 -12 weight percent, nore preferably 1 - 10 wei ght percent,
and even nore preferably 2 -8 weight percent of at |east one netal
precursor. The nmetal paste according to the invention contains 6 -20 weight
percent, preferably 7 - 18 weight percent, nore preferably 8-17 wei ght
percent, and even nore preferably 10 - 15 wei ght percent of at |east one
solvent. The netal paste according to the invention contains 0.1 -15 wei ght
percent, preferably 0.1 -12 wei ght perE@nt nore preferably 1 -10 wei ght
percent, and even nore preferably 1 -8 weight percent of at |east one of
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contains 78 -87 weight percent of at |east one of the nmetals described
herein, 0.1 - 10 wei ght percent of at |east one netal precursor, 8 - 17
wei ght Prefared meraxpberates @as ammoesiugopareerates aalky! ammoninvegribratgsearseaikaliof  at
| east aggrgksphe sintering agents described herein. According to an even
nore preferred enbodi nent, the netal paste according to the invention
contains 78 -86 weight percent of at |east one of the netals described
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groups. These alkyl groups can be branched or unbranched. Preferably, these alkyl groups have 1
— 10 carbon atoms, more preferably 1 — 6 carbon atoms, and even more preferred 1 — 4 carbon

atoms.
Preferred alkali perborates are lithium perborate, potassium perborate, and sodium perborate.

The inorganic peroxides used according to the invention preferably have a decomposition

temperature of no more than 200°C.

It can be further preferred that the inorganic peroxides used according to the invention are liquid at

room temperature (20°C) and normal pressure (1013 hPa).

According to one especially preferred embodiment, hydrogen peroxide, ammonium peroxide,
monomethyl ammonium peroxide, dimethyl ammonium peroxide, trimethyl ammonium peroxide,
monoethyl ammonium peroxide, diethyl ammonium peroxide, triethyl ammonium peroxide,
monopropyl ammonium peroxide, dipropyl ammonium peroxide, tripropyl ammonium peroxide,

monoiscpropyl ammonium peroxide, diisopropyl ammonium peroxide, triisopropyl ammonium



According to an especially preferred enbodi nent, the nolar ratio of
sintering agents to organi c conpounds (coating conpounds) contained in the
coating of the netal particles lies in the range of 1. 1 to 100 : 1, nore
preferably in the range of 2 : 1 to 80: 1, even nore preferably in the
range of 5: 1 to 80: 1, and especially in the range of 10: 1 to 70 : 1. The
designation nolar ratio of sintering agents to coating conpounds accordi ng
to the invention is understood to be the quotient of (i) the sum of
quantities of materials of the sinterihy agents contained in the netal
paste and (ii) the sumof quantities of materials of the coating conpounds
cont aipeemkiden momeba@glam meniwh perwidmeqjiatlxtylrmmmbmjure@erdedeatrihewlaamrparsiure cont ai ns,
e.g., I i
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equal s,30m érboéteré}%' gec%sﬁrbmcﬁéjérﬂgp@rgﬁﬁéss to coating conpounds in the
preferre range according t e Invention produces other advantageous
effects. On one hand, it is ensured that sufficient carbon nonoxide is
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result of the conbustion of the coating conpounds. t he ot her” hand, the
quant | REJOXFe. ST BSraent s9diug RH@HIS BN MR @Wbérr%ﬁjgh to negatively
affect the sintering process. As explained above, it can be pref erred
according to the invention if the organic conpounds contal ed inth
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or f atdcpordirigdo &@sd iaventiomhi ch preferably have 8- 24, nore preferably 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 coadtrefegp ity tipoinodanib atidaksmpdse odybar-catdisingimoegniarddse net al paste, then
it can be preferred that, for the definition of the nolar ratio of
sintering agents to coating conpounds, the term coating conpounds incl udes,
i n addhdcoating to anhthef priefeyred endedinfeat, tpposidiodce saills sre wed Rathejinargaic esitier s
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fatty aci g salts, or fat?y acl ers con 2 hed as additional substances
in th@h%@falru%)a@ﬁe. The net al pastes descri bed herein are used according to
the invention in a sintering process. Sintering is preferably understood to
be the joining of two or nore conponents by heating while bypassing the
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conponent. In this context "on" nerely neans that a surface of the first
conponent is joined to a surface of the second conponent, wherein it does
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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.

For example, as the other substances, dispersants, surfactants, anti-foaming agents, binding

agents, polymers, or viscosity-controlling agents can be contained in the metal paste.



According to special enbodinents, parts that are used in high-power

el ectronics are designated as the conponents. Accordingly, the conponents
can conprise, for exanple, diodes, LEDs (light emtting diodes), DCB
(direct copper bonded) substrates, |eadfranes, dies, |1@Ts (insul ated-gate
bi pol ar transistors), les (integrated circuits), sensors, heat sinks
(preferably al um num heat sinks or copper heat sinks), or other passive
conmponents (for exanple resistors, capacitors, or inductors). Preferably,
t he conponents can al so conprise non-nétallic conponents. 22 In preferred
enbodi nents, the invention relates to the joining of LEDs to |eadfranes, of
LEDs tiheocestamastesatbsitdimgtte fhe iofentipesontain® d@® s ,90IwEkgis pement] Gsfarably éadBPanes,
ceram c ) e t
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can beartisiased to (ii) leadfranes and (iii) heat sinks, wherein the

| eadf ranes are preferably | ocated between the LEDs or chi ps and heat sinks.
Li kewi se, a diode can be joined to two heat sinks, wherein the diode is
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Thi s netal I ization layer is preferably part of the conponent. The

net al 1ReseNt eiptieagkens @etﬁ RFEYSYy | ocated on at |east one surface of the
conponent The netal lization |ayer can have pure netal. For exanple, it can
be preferred if the | 1ization |ayer has at .|east 50 i ght _pergcent,
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90 wei @rdenpemo:re pteferably @\vetv dGighivpirgdit, ape reoentnom‘ prpfe¢ablyred ah 5 welydt percentnet al
is preffe hY sel ct ed fromthe group conprising copper, silver, gold,

pal | adi SL@ oﬂ‘er?f) i'hum On the other hand, the metallization |ayer can

al so have an alloy. The alloy of the netal lization | ayer preferably
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silver, gold, nickel, palladium and platinumto the alloy preferably
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percent, even nore | east 99 wei ght percent, thus for exanple
100 Wé?e@q.ﬁnt Fg@gr@@':ﬁferab!y 0.1- 10 we|ght 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.



23 According to a preferred enbodinment, the netallization |ayer preferably
contains at |least 95 weight percent, nore preferably at |east 99 wei ght
percent, and even nore preferably 100 wei ght percent of this alloy. The
nmetal lization |layer can also have a nulti-layer structure. For exanple, it
can be preferred if at | east one surface of the conponents to be assenbl ed
includes a netallization | ayer nade of several |ayers, which have the
previ ously nmentioned pure netals and/or alloys. According to a preferred
enbodi nent, at |east one netallizati o0l ayer of a conponent, in particular
a DCB substrate, conprises a |layer nmade of copper on which a | ayer nade of
ni ckelAdcerathgosinied pre@l’téobélﬁﬂ)ddjmera Bointbtal ppste acaasrdmb $@thben\®eﬂ@sd:drminsﬂ‘8 t he
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each ot her. contacting is here realized by the metal paste according to
the i rReesant @fr?t '@@Foﬂerﬁféhebﬂﬁtﬁﬂg%ag%{ﬁs SPSCEPRIEMERID i s provided in which netal
paste is | ocated between every two conponents of the at | east two
conponents. Therefore, if two rg)onents conponent and conmponent 2, are
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conporsnt of&wnﬂh%l%matm@lswéthecxmtpmmﬁen@ (@ntalrmdmpﬁmneta@ast%d (ii) the 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 dicumyl peroxide and 0.15 mol di-tert-
butyl peroxide 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 stilli 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, which preferably have 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



According to the invention it is provided that the individual conponents
are present in a sandwi ch arrangenent and are joined to each other.
According to the invention, a sandwi ch arrangenent is understood to be an
arrangenent in which two conponents are | ocated one above the other and the
conponents are essentially parallel to each other. The arrangenent nade of
at |l east two conponents and netal paste, with the netal paste being | ocated
bet ween the two conponents of this arrangenent, can be manufact ured
according to a method known fromthe piflior art. Preferably, at |east one
surface of a conponent 1 is provided with the nmetal paste according to the
I nventiioen24, Bhe leyeramdief drefeealy t0APS nabbn Atonss gué aceained nthemetaypaste s anlf aces
on the net aste as b en d r t 1.
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surface o I'S conponent provi with the netal paste is preferably
brought into contact with a surface of the conponent to be joined via the

met al Bash&al JdatdseScritY 1he%|r{ A¥8lse@bcdBliRy (PRSI ehtonliPadireding@rowees t he
conponents to be joined. The wet |ayer thickness between the conmponents to

be joined preferably lies in the range of 20 -200 pm The wet |ayer

t hi ck @ﬁ%rlnélswgﬁaﬁly%ders%ﬁ% B e jbifing REtWIBIRIErE @BmpbeniRebyt ity shrnce
bet vveen t he oggosl surfaces of the conmponents to be joined before the

si nt erdYRg® JQUid PPRSeor ef erred wet | ayer thickness is dependent on the
sel ected nethod for the depOS|t|on of the netal paste. |If the net aI paste
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ore e stntering
relative position of the two components or the arrangement that contains the at least two

components.

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

individual parts preferably cannot be further dismantled.

According to special embodiments, parts that are used in high-power electronics are designated as

the components.

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
(integrated circuits), sensors, heat sinks (preferably aluminum heat sinks or copper heat sinks), or
other passive components (for example resistors, capacitors, or inductors). Preferably, the

components can also comprise non-metallic components.

The components to be connected can be the same or different components.



Drying is preferably understood to be a reduction of the proportion of
solvent in the netal paste. According to a preferred enbodi nent, the
proportion of solvent in the netal paste after the drying lies in the range
of 1 -5 weight percent, based on the weight of the dried netal paste. The
drying can be performed, on one hand, after the production of the
arrangenent, that is, after the contacting of the conponents to be joined.
On the other hand, the drying can also be perfornmed directly after the
deposition of the netal paste on the a2 | east one surface of the conponent
and before the contacting wwth the conponent to be joined. The drying
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subj ected, accor nvention, t'o a sintering process

si nt erronghopeeteists, tMGaﬂfmSa | ow-tenperature sintering process. According
to the invention, a lowtenperature sintering process is understood to be a
sintering process that preferably takes place at a tenperature of |ess than
200C. Imasimilaly @seferef e sue handwe cenaengbiscandedoingdie eash piver-d1ed SxaprRie.

prefer f’}@&bslo‘?%ﬁlp& BaNbe o8 to %fa@fré'méé’and (h?) hBét%ﬁ(%S\}vﬁEQelﬁrﬂ%sléhkﬂf%rﬁéseﬁel n the
range of 1 - MPa and nore prefera e range of -5 MPa. The

si nt erﬁrﬁfﬁfacbiyﬁﬁcqt%d brRiyesr dstLESS o IKBIPD ?B%B%%“lsﬁﬁs df“%?é"éiﬁ’ 8 d&’r‘i’& AP BPRIRRS 9 | i es
i n t hawb®agesids, ¢hdrain thé Bibtie & 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.

The proportion of elements selected from the group comprising silver, gold, nickel, palladium, and
platinum to the alloy preferably equals at least 90 weight percent, more preferably at least 95
weight percent, even more preferably at least 99 weight percent, thus for example 100 weight

percent.



26 According to the invention, the sintering process can take place in an
at nosphere that is not further limted. Thus, the sintering can be
performed, on one hand, in an atnosphere that contains oxygen. On the other
hand, according to the invention it is also possible to performthe
sintering in an oxygen-free atnosphere. In the scope of the invention, an
oxygen-free atnosphere is understood to be an at nosphere whose oxygen
content is no nore than 10 ppm preferably no nore than 1 ppm and even
more preferably no nore than 0.1 ppm 2Bhe sintering is performed in a
conventional device that is suitable for sintering and in which the

previ otusblgdir@es erdréfemeq)embmﬁmbntgtrpamaalﬁzaeios layanproferadyt contdies atrieash b oright
explalned 0] t. but
re notriegt B ie dol B BR8N e R AT R hiBlpr ol 90 SR e
past esif tHimaltayal | y, according to the invention, the netal pastes 1 - 3 and
the conparison paste 1 were produced by nixing t he i ndividual conponents.
1. 1Metal paste 1 according to the invention: A netal paste was produced,
whi ch Tdermetalizaiion GBygr oan ysn haveracenlti-layeasteertyp Rasexpaple iEfarsbepretengd drat

aver age,fahd bekfe b %ﬁ{;})oﬂéntgto%e gss@ﬁﬁb(e@q}?glddég aQHé’tQﬁliétl)én Iaﬁgr Wehobt percent

sodi um st ear at e) ercent silver oxid . | ght percent
t er pi rigyeral |ﬂY%va'?' ¢hitave h%éﬁ%"%ﬁ’y festiensd pu%@e@'sﬁﬂﬁ@réﬂ?ysper cent di cumyl
peroxi de. 1.2Metal paste 2 according to the invention:

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 pm. On the other hand, it can be preferred if a metallization layer of a component

includes 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 through sintering.

For this purpose, initially the two or more 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
before sintering. On the other hand, it is conceivable that more than two components are joined to
each other. For example, three components, component 1, component 2, and component 3, can be
joined to each other, such that component 2 lies between component 1 and component 3. In this
case, the metal paste according to the invention is located both between component 1 and

component 2 and also between component 2 and component 3.



A nmetal paste was produced, which contained 80 weight percent coated silver
particles having an average particle dianeter of 2 - 15 pm (coati ng
gquantity: <2 weight percent sodiumstearate), 5 weight percent silver

oxi de, 6 weight percent di-tert-butyl peroxide, 5 weight percent terpineol,
and 4 wei ght percent 1-dodecanol. 27 13Metal paste 3 according to the
invention: A netal paste was produced, which contained 80 wei ght percent
coated silver particles having an average particle dianeter of 0.5 -5 pm
(coating quantity: <2 weight percent s¥dium stearate), 5 wei ght percent
silver carbonate, 6 weight percent di-tert-butyl peroxide, 5 weight percent
terpineol, and 4 weight percent 1-isotridecanol. 1.4Conparison paste 1. A

metal pas oﬁw VB PHONGE His YBLGD &%Pﬁq@ | anetfaﬁ é&%ﬁg%ﬁ’é g%@lanﬁr‘?é%?ﬁ'dvﬁ&ﬂ ver

particles I'ng an aver age par m (coating
quant iarengerReniegingtare joined émeacioalberm st earate), 8.2 wei ght percent silver
oxi de, 5.5 weight percent terpineol, and, 4.3 weight percent tridecanol.
The conparison paste 1 thus corresponds to the metal paste 1 according to
t he i rAksatdingHo theapveniion resanswichtarengeneant is endgsdeodigtbecdmrangeder imyhich

per oxiglg ,coﬁh%néd?s'sér%@&aiébeor}%r AROE tHeWh&fand 'tﬁé’c?dmﬂbﬂéﬁtb%‘r@éss@ﬂ@aﬂ? 'pbbé‘ﬁéx tgxi de
i's increased. 2.Embodinents: The produced netal pastes were used

si nt er§a§§ %@ conponents to be joined to each other. 2. 1Enbodi rrent 1. In
this exanple, DCB substrates, each of which has a netall i zation | ayer nade
of silver, and | GBTs, each of which |ikewi se has a metallization | ayer nmade
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were de e netallization |ayer of the individual DCB substrates

ited t
by a %gtgéﬁk'gwﬁf?‘?’ﬂ SREPRBE. Then, the individual |GBTs having the

netallization | ayer were placed on the pastes.
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, 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

20 - 200 um. The wet layer thickness is understood, according to the invention, to be the distance
between the opposing surfaces of the components to be joined before the sintering process. The
preferred wet layer thickness is dependent on the selected method for the deposition of the metal
paste. If the metal paste is deposited, for example, by a screen printing method, then a wet layer
thickness of 20 — 50 um can be preferred. If the metal paste is deposited by stencil printing, then

the preferred wet layer thickness can lie in the range of 50 — 200 pm.



28 mnutes. In the other cases, drying was not required. In each case, the
wet |ayer thickness equaled 100 pm The structure produced in this way was
sintered for 20 seconds at a processing pressure of 5 MPa and at different
processi ng tenperatures. 2.2Enbodi ment 2: This enbodi nent corresponds to
Enbodi nent 1, having the deviation that the resulting structure was
sintered for 15 mnutes in a pressure-free environnent. 2.3Enbodinent 3: In
this exanple, |eadfranes, each of which has a netallization |ayer that
consi sted of a nickel layer and a gol Y ayer, wherein the gold | ayer was

| ocated on the outer side, and di odes, each of which contained a

nmet al | Actatdiranolaayeferradid@bodiment, earyingveer is p@rfioaxked efaadie soteeng prpcsdsnt er i ng.
For this purpose, the netal pastes 1 -3 according to the invention or the
conparison paste 1 were deposited on the netallization |ayer of the

i ndi vibiyiap i4 patdfrabyresdidmstoa stherciedugion of thegromstritod§ sTiMent in the metdipasigual

di odes having the netallization |ayer were placed on the pastes. In the
cases in which the netal pastes 2 and 3 according to the invention were
used, Afcpiding tofa prhferrsd pmbedimentriiterroportioneoioBesiib Hermetel pasia Fler fiesdnénd and

| GBT vas i Pk err'igLBE(g 1als @Qgh{ Barr &l BQSQ&’B#%e \A/é?gﬁt%?th@tﬁl% n%?é%ﬁstedr ying was

not require each e wet [ayer thickness equaled 100 pm The
structure produced in this way was sintered for 20 seconds at a processing

t enperpldifingar bdbarfdhidaadn Sid e ter REO588SBE of BERABRGLMES, 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 respective composition of the 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 involves 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.

The processing pressure is preferably less than 30 MPa and more preferably less than 5 MPa.
Preferably, the processing pressure lies in the range of 1 — 30 MPa and more preferably in the

range of 1 — 5 MPa.

The sintering time is dependent on the processing pressure and preferably lies in the range of

2 — 45 minutes.



2. 4Enbodi nent 4: This enbodi ment corresponds to enbodi nent 3, having the
deviation that the resulting structure was sintered for 15 mnutes in a
pressure-free environment. 29 3Results: 3.1Enbodinents 1 and 3: In the
enbodi ments in which the netal pastes 1 -3 according to the invention were
used, the sintering tenperature was approximately 195C in each case. In
contrast, the sintering tenperature in the enbodinent in which the

conpari son paste 1 was used was approxi mately 230C. 3. 2Enbodi nents 2 and 4:
In the enmbodi nents in which the netal 29astes 1 -3 according to the

I nvention were used, the sintering tenperature was approximately 185C in
each gaserdingno t@ibversion, thdsintering process deariper @éagrie anatrodsphemstbatiiseettfuriher

whi ch IiFni gd.c\'l%rag,at%ie%%ltﬂ'er?%a%gr? bg' pllz"ﬁérm‘éﬁ,e& X\@eshmp{n%i %Bgdh%rezfﬁg&onta%ps oxygen.
On the other hand, according to the invention it is also possible to perform the sintering in an
oxygen-free atmosphere. In the scope of the invention, an oxygen-free atmosphere is understood
to be an atmosphere whose oxygen content is no more than 10 ppm, preferably no more than 1

ppm, and even more preferably no more than 0.1 ppm.

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

previously described processing parameters can be set.

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

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

Initially, according to the invention, the metal pastes 1 — 3 and the comparison paste 1 were

produced by mixing the individual components.
1.1 Metal paste 1 according to the invention:

A metal paste was produced, which contained 79.7 weight percent coated silver particles having an
average particle diameter of 0.5 — 5 um (coating quantity: < 2 weight percent sodium stearate), 5
weight percent silver oxide, 5.5 weight percent terpineol, 4.3 weight percent tridecanol, and 5.5

weight percent dicumyl peroxide.
1.2 Metal paste 2 according to the invention:

A metal paste was produced, which contained 80 weight percent coated silver particles having an
average particle diameter of 2 — 15 ym (coating quantity: < 2 weight percent sodium stearate), 5
weight percent silver oxide, 6 weight percent di-tert-butyl peroxide, 5 weight percent terpineol, and

4 weight percent 1-dodecanol.



Clainms 1. Metal paste containing (A) 75 - 90 wei ght percent of at |east one
nmetal present in the formof particles having a coating containing at |east
one organi ¢ conpound, (B) 0-12 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 (i)organic peroxides, (H)inorganic peroxides, and (H)inorganic
acids. 2. Metal paste according to Claiml1, characterized in that the
organi ¢ peroxide is selected fromthe group conprising diisobutyryl

per oxi de, cunol peroxyneodecanoate, 1,1, 3,3- tetranethyl butyl

per oxyneodecanoat e, -n-propyl peroxydi carbonat e,

tert-any pemggé}g@ccf@canog,to ﬂlm'edr(\%nﬁ%rhyl hexyl ) - per oxydi car bonat e,

tert-butyl peroxyneode utyl peroxydi carbonat e,
1,1, 3,3-tetranet hyl butyl peroxypivalate, tert-butyl peroxyneoheptanoate,

tert- amihetBFFAY RAY oali&d, Wﬁx’bﬁ tOMthinkd BE verMPpradibBated silver particles having an
di-(3,5, 5- trlnethylhexano%
average parficle diameter of 0.5 — 5 ym (coating quantity: < 2 weight percent sodium stearate), 5
weight percent silver carbonate, 6 weight percent di-tert-butyl peroxide, 5 weight percent terpineol,

and 4 weight percent 1-isotridecanol.
1.4 Comparison paste 1:

A metal paste was produced, which contained 82 weight percent coated silver particles having an
average particle diameter of 0.5 — 5 um (coating quantity: < 2 weight percent sodium stearate), 8.2
weight percent silver oxide, 5.5 weight percent terpineol, and, 4.3 weight percent tridecanol. The
comparison paste 1 thus corresponds to the metal paste 1 according to the invention, having the
deviation that it does not contain dicumyl peroxide, 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:

In this example, DCB substrates, each of which has a metallization layer made of silver, and
IGBTs, each of which likewise has a metallization layer made of silver, are joined to each other by
sintering.

For this purpose, the metal pastes 1 — 3 according to the invention or the comparison paste 1 were
deposited on the metallization layer of the individual DCB substrates by a screen printing method.

Then, the individual IGBTs having the metallization layer were placed on the pastes.

In the cases in which the metal pastes 2 and 3 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



peroxi de, tert-butyl peroxy-2-ethyl hexanoate, tert-butyl peroxyisobutyrate,
1,1-di-(tertbutyl peroxy)-3,3,5-trinethylcycl ohexane, 1,1-Di-(tert-butyl

per oxy) - cycl ohexane, tert-butyl peroxy-3,5,5-trimethyl hexanoate,
2,2-di-(tert-butyl peroxy)-butane, tert-butyl peroxyisopropylcarbonate,
tert-butyl peroxyacetate,

2, 5-di met hyl- 2, 5-di ( 2- et hyl hexanoyl per oxy) - hexane, 1,1, 3, 3-tetranet hyl butyl
per oxy- 2- et hyl hexanoate, tert-anyl-peroxy-2-ethyl hexanoate, tertbutyl

per oxydi et hyl acet at e, tert-anyl-peroxy2§-ethylhexylcarbonate, tert-butyl
per oxy-2- ethyl hexyl carbonate, tert-butyl peroxybenzoate, di-tert-anyl

per oxi denutes. 5 e pihengases, dvimig-wastnet tegbicrdy In erahwrey -theewaiayer thigknepuegualasuny |
peroxigg@ngS-dinethy1-2,5-di(tert-butyl per oxy) hexyne-3, di-tert-butyl

per oxi 3,6,9-triethyl-3,6,9-trinmethyl-1,4,7-triperoxonane,

di i sopropyl benzene- nono- hydr oper oxi de, p-nmenthane hydroper oxi de, cunol

hydr Opﬁ'hé’éir&@ure%&i&%& inARic ey s siiéred fékZ@,s%cérﬁiTsra@H‘%H%é% Messure of 5 MPa

hydroperOX| de Met al paste according to Claim1l, characterized in
t hat tRed ?h@ﬁﬂﬁﬂﬂﬁoﬁﬁﬁﬁﬁF%@P@%wgﬁiected from the group conprising hydrogen
per oxi de, annDnlun1perOX|de | ithium peroxide, sodium peroxide, potassium

per oxi g:—:-% rrg&n E‘?e er oxi de, cal ci um peroxi de, barium peroxi de, and
per oxo at paste according to Claim1l, characterized in that
the inorganic aC|d IS a phosphoric acid. 5. Metal paste according to one of

Cl ai nms haracterize t t st, 0 ni c IS
el ect TR R PR GhEEO S B Er Rl e Lo Pvinelie e PRer K e Siles
fatty aabdingséedfos 15 eanlienin a/\dfresﬂmrémse 8~n@dnmealr bon atons. 6. Metal paste
according to one of Clainms 1 - 5, characterized in that the nolar ratio of
sintering agents to the organi c conpounds contained in the coating lies in
t he radge ofEmbodimentd 100 : 1. 7. Use of a sintering agent that is selected
fromthe group conprising organic peroxides, (ii)inorganic peroxides, and
(H )inorgani c acids,

In this example, Ieadframes each of which has a metallization layer that consisted of a nickel layer

and a gold layer, wherein the gold layer was 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 — 3 according to the invention or the comparison paste 1 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 2 and 3 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
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 temperature of 5

MPa and at different processing temperatures.
2.4 Embodiment 4:

This embodiment corresponds to embodiment 3, having the deviation that the resulting structure

was sintered for 15 minutes in a pressure-free environment.



for a sintering process for joining conmponents in contact with each other
via the netal paste in a sandw ch arrangenent. 8. Method for joining at
| east two conponents in which (a)a sandwi ch arrangenent i s provi ded having
at least (al) ) one conmponent 1, (a2) one conponent 2, and (a3) one netal
paste | ocated between the conponent 1 and conponent 2, and (b)the sandw 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 form of
particles having a coating containing 8 |east one organic conpound, (B) O
- 12 weight percent of at |east one netal precursor,

3 Results:

3.1 Embodiments 1 and 3:

In the embodiments in which the metal pastes 1 — 3 according to the invention were used, the
sintering temperature was approximately 195°C in each case. In contrast, the sintering temperature
in the embodiment in which the comparison paste 1 was used was approximately 230°C.

3.2 Embodiments 2 and 4:

In the embodiments in which the metal pastes 1 — 3 according to the invention were used, the
sintering temperature was approximately 185°C in each case. In contrast, the sintering temperature

in the embodiment in which the comparison paste 1 was used was approximately 230°C.



32 (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
conpri sing organic peroxides, (ii) inorganic peroxides, and (iii) inorganic
acids. 9. Method according to Claim8, 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 one 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) organic peroxides,
(ii) inorganic peroxides, and

(iii) inorganic acids.

2. Metal paste according to Claim 1, characterized in that the organic peroxide is selected from
the group comprising diisobutyryl peroxide, cumol peroxyneodecanoate, 1,1,3,3-
tetramethylbutyl peroxyneodecanoate, di-n-propyl peroxydicarbonate, tert-amyl-
peroxyneodecanoate, di-(2-ethylhexyl)-peroxydicarbonate, tert-butyl peroxyneodecanoate,
di-n-butyl peroxydicarbonate, 1,1,3,3-tetramethylbutyl peroxypivalate, tert-butyl peroxyneo-
heptanoate, tert-amyl peroxypivalate, tert-butyl peroxypivalate, di-(3,5,5-trimethylhexanoyl)-
peroxide, tert-butyl peroxy-2-ethylhexanoate, tert-butyl peroxyisobutyrate, 1,1-di-(tert-
butylperoxy)-3,3,5-trimethylcyclohexane, 1,1-Di-(tert-butyl peroxy)-cyclohexane, tert-butyl
peroxy-3,5,5-trimethylhexanoate, 2,2-di-(tert-butyl peroxy)-butane, tert-butyl peroxyisopro-
pylcarbonate, tert-butyl peroxyacetate, 2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)-hexane,
1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate, tert-amyl-peroxy-2-ethylhexanoate, tert-
butyl peroxydiethylacetate, tert-amyl-peroxy-2-ethylhexylcarbonate, tert-butyl peroxy-2-
ethylhexylcarbonate, tert-butyl peroxybenzoate, di-tert-amyl peroxide, 2,5-dimethyl-2,5-di-
(tert-butyl peroxy)-hexane, tert-butyl cumyl peroxide, 2,5-dimethyl-2,5-di(tert-butyl pe-
roxy)hexyne-3, di-tert-butyl peroxide, 3,6,9-triethyl-3,6,9-trimethyl-1,4,7-triperoxonane, di-
isopropylbenzene-mono-hydroperoxide, p-menthane hydroperoxide, cumol hydroperoxide,

dicumyl peroxide, and 1,1,3,3-tetramethylbutyl hydroperoxide.
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Metal paste according to Claim 1, characterized in that the inorganic peroxide is selected
from the group comprising hydrogen peroxide, ammonium peroxide, lithium peroxide,
sodium peroxide, potassium peroxide, magnesium peroxide, calcium peroxide, barium

peroxide, and peroxoborates.

Metal paste according to Claim 1, characterized in that the inorganic acid is a phosphoric

acid.

Metal paste according to one of Claims 1 — 4, 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 — 5, characterized in that the molar ratio of
sintering agents to the organic compounds contained in the coating lies in the range of 1 : 1
to 100 : 1.

Use of a sintering agent that is selected from the group comprising

(i organic peroxides,

(i) inorganic peroxides, and

(iii) inorganic acids,

for a sintering process for joining components in contact with each other via the metal paste

in a sandwich arrangement.

Method for joining at least two components in which
(a) a sandwich arrangement is provided having at least
(a1) one component 1,
(a2) one component 2, and
(a3) one 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,
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(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) organic peroxides,

(ii) inorganic peroxides, and
(iii) inorganic acids.

Method according to Claim 8, characterized in that the sintering takes place at a

temperature of less than 200°C.



