| NMETAL 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 WEBFALFPARTE WoTH ©XIDIZING AGENTSr 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
ei t her a hiTgle presEoeBseniign pelatss tr 2 netal ehste aad bingtihgst focipwiomprrenpes at ur e.
These ﬁnqgg{-his.irﬁgt% EJa'ieeiQ uggdsult in damage to the conponents to be joined, so
t hat conven |ona| sintering nethods nmust be ruled out for many
applications. In DE 10 2007 046 901 Al a sintering technique is proposed,
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f urt hediectdcd eviuctigtyper ature woul d |l ead to smaller |oading of the
conponents to be joined and thus to a further increase in the quality of

t he conponents in the field of power electronics. In addition, with a
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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 technigue 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 technigue represents a large leap in quality in joining components that are sensitive

fo 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 nmethod 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 proéessing tenperature to bel ow 200C and
the formation of contact points between the conponents to be joined having
Iom/porosity and high el ectrical thermal conductivity. These obj ects are
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sintering agent selected fromthe group conprising (i) organic peroxides,

(ii) inorganic peroxides, and (iii) inorganic acids. In addition, the
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possi b explanation operation of the invention. The
presenpreﬁﬁlvtem]thedﬂfm sf nratidas tmvmngraecqahwméms RheapHONE OTERINFIPHGEBYs for t he

sinter @3) Ofi 2 GRIPORGRL ob¥t 1ENE oHS fel pf&hebr rp@;s@ eszo'vifendﬂﬂ@er@amttdf at l%sm one
cont ai in the netal paste are coated IE)re er.abl

e eirensoand € 89 wiahagt resred SurshobhEnHrapdetpperdd édé? GPate in

the metghpRasd @ @gshid S8BT drardp&atities, abagi ishrgamgatite si ntering
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bet ween the conponents to be joi ned.
Furthermore, a metal paste is provided, which contains (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) organic peroxides, (i) inorganic peroxides, and (iif) 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 (iii) 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 methods, the coating conpounds are
burned off in the course of the sinter¥ng process at the tenperatures of
far above 200C typically used for sintering. Only after the coating
conmpounds have burned off are the surfaces of the nmetal particles
accessible for th nterin e with
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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 same 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 elenents having a higher atonic nuffber than 55. According to the
invention, pure netals are understood to be netals containing a netal
havi ng a purity of at least 95 weight percent, preferably at |east 98
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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

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

In the present case, the term metal encompasses both pure metais 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 perceft 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
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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 anchegtoafingburnanedéfeded 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 ieast two

components, of which at least one is a metal.

According to one preferred embodiment accordihg {o the invention, an alloy that contains copper,
aluminum, nickel, and/or precious metals is used as the metal alloy. The metal alloy 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, paliadium, 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, coppert, silver and gold, copper and gold, silver and gold, silver and

paliadium, 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. Moreover, the free fatty acids, fatty acid salts, or fatty acid
esters are preferably sat ur at ed. Prefeﬁred 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

unhbranched.



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 conmpounds, especialfy the portion of conpounds sel ected
fromthe group conprising free fatty acids, fatty acid salts, and fatty
acid esters preferably having 8 -24, nore preferably 10- 24, and even nore
pr ef erabl - 18 j Ir i | east 60
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degree of coating, defined as the ratio of the mass of coating conpounds to
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preferably 0.0001 -0.02 g, and even nore preferably 0.0005 - 0.02 g of
coating conpounds per square nmeter (nR) surface area of netal particles.
The nmefadeopasthe fi@edatydiciy, oty bie shiy entaito Acid @Bfrd serefembigddivtatett to t he
coated netal particles, preferably at |east one netal precursor. In the
scope of the invention, a netal precursor is understood to be a conpound

t hat ceefeaiersatat adicesests aonibeseladf. anPnefien abbygalliyt aroowpiuirs dislkgl awonpound t hat
decOMAsEH Ml FIRCHIMHLES BREL AN Soalf, b behegshng a metal . Preferably,
by using nmetal p i

recursof he si'ntering process, a 9

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, fatly 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
acidficosanoic acid), behenic acid {docosanoic acid), lignoceric acid (tetracosancic acid}, as well as

the corresponding esters and salts.

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 exanpl e, before the test the content of the netal-containing
paste conponents can be wei ghed, and ffomthis content the theoretical nass
of the metal can be calculated. After the test the mass of the materi al
deposiThedosindg dvenmubdt usedeaccsrdahgtte the inaoitin angi deppsitedalnitye surface pethpadalof

t he mat e I i sponds to the theoretical mass
of thé? F%twqﬁﬁagmgﬁgn%ﬂv%gﬁmﬁggéé&ghgﬁﬁ9&@5|atlons nmust be taken into
account, then the tested conpound conprises a netal precursor according to
this pretelhad & 89&6@”{5 sl ﬁﬁﬁ%rc%'aﬂ% dn R if zﬁﬁ&ﬁé’r t@p@@bﬂ@@ﬁqenﬁ(ﬂ%dmt al
pr ecur sor conprls a netal precursor that can deconposed endot herrmal | y.
Accor diteggated of b@mltﬁeenm Fementa apgtoggring thacglprsid GtJEH@E cemowEsdebyhpils wih the
endot herapldiidsS AHquﬁé EFiRﬁﬁ’g tQ% RBtaPpdFRLIAd ndW B6HES Afih MRSt @RS are
deconposi tion takes place in an endotherm c process, preferably under a

pr ot ectried@ngdendrargdighed et Metal shoul d be rel eased fromthe netal

precursor in this thermal deconposition. According to another preferred
enbodi nent, the nmetal precursor has a netal also contalne 2 F%tal
powderPreferaiia taapastion ‘i’fé’rwcaq’oanoé’@% §8Pe°é%'ﬁﬂ?€? Rtion,af oo Sac‘te SN It one
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t t can be as.the taI recursor
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oXi desgquals dt atabyc@esighisairdest, npsre fpexfadably at mhsty7 (agéightaeldest, Ieaan rmgreaareferamw
carbon_.ato of 1he ntloned i
car borfi e B peGpt Ty TRcr st e e Prydedy ) R SRemi Qo BERCH: PEM iyl ol i ce,
oxi de dight texcwmplaeleAgCBQowel@tgm)qent@pﬂ)@G {eibht peaetrét e, copper st ear at e,
copper oxide (for exanple Cu20 or CuO or gold oxide (for exanple Au20 or

AuQ) is used as the netal precursor. 10 According to one especially
pr ef er Fypicadyiacipertion of asialingpororaupehareerablyl the £¢ating sringeundg seleried éﬁom thy

oxi de is§ Ws&d r@s?ngtfhfe fﬁﬁ%@&ld@ﬁ‘@t%ﬂ&t%'éﬂdﬁé@ﬁ% estér@@ta@'ﬁb%' B @ds sor in

the ne aij paste prefe exists in the form of wder_ t hat consists of

part i chreterabih0 pafeand %@“6‘?”? Reeforad e c%aﬁ%ﬁfbat?rﬁé eé%‘ﬁﬁé) Y~ £ 151885 or

spher i gabert Dtblerdtihk®} —shapeighPratait abbig prérerener 4 —tihewpighitjeedes a0l ebéle

| pr rsor exi fl ake
meta r?to;%ctyrefseg)abiyeo 5§t1 (? weight pergent, 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 af 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 metal precursor that releases netal in situ during the
sintering process has the result that the netal forned 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
conmponents to be joined can be reduced. The netal paste according to the
invention further contains at |east one solvent. According to the
invention, solvents are understood to be conmpounds that can produce by
physi cal processes a solution from oth2r conpounds. These ot her conpounds,
however, preferably do not involve the netal of the nmetal paste. According
to t henétﬁmea&dmmsmlrmemtr&myrpbmbé yetame'nbcf iora sreplalwayageger eanmbeund

consi dered for ts. P
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Furth ani'¢c compounds "'used as sol vents can be saturat ed,
nnnounsaﬁﬂom&éﬂuxmnmpmﬂyUnsmBMdé@ede@mmpﬁaﬁm@38"ﬁ%ﬂﬁﬁét%§9¢@9%%ﬂﬁne
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prefereﬁfﬁj cte group conprising oxygen atons and nitrogen
at ons. an'ﬁrf@nathla @atant tedhersetinebansmeidbmmsE| FRIT be eficgted dier t*@ﬁ%stﬁ%%??%?f al

group. th@‘?naftéjr@%é&@@éd t‘HHQﬁbst%‘i@lsﬁe@%%eﬂgﬁvﬂﬁéﬁhceﬂyQH@}% ma#aloptehdtériaci d
groups, ester groups, keto groups, e grou ani no rQuEYB am de
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consi dgg&direment 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 eiement 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 saits, preferably fatty acid salts having 6 to 24

carbon atoms, of the mentioned metals.

In special embodiments, silver carbonate, silver(l) lactate, silver(ll) formate, silver citrate, siiver
oxide (for example AgO or Ag,0}, copper(ll) lactate, copper stearate, copper oxide {for example

Cu,O or CuO) or gold oxide (for example Au,0O or AuO) 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

racemate), 13-terpineol, y-terpineol, 5-terpineol, mxtures of the above
terpineols, N-nethyl-2-pyrrolidone, ethylene glycol, dinethylacetam de,
1-tridecanol, 2-tridecanol, 3-tridecanol, 4-tridecanol, 5-tridecanol,
6-tridecanol, isotridecanol, and m xtures of these isotridecanols, dibasic
ester (preferably dinmethyl ester of glitaric, adipic or succinic acid or

m xtures thereof), glycerin, diethylene glycol, triethylene glycol, or

M Xt Uresodaey QQfoné'égpééﬁaﬂﬁp@iﬁeerﬂﬁen%dﬁtﬁ@{t SIIPérefeﬂfoabﬂeysllvbﬂE) osldecﬁmttvebel) ng used
is able to glsso | ve the sintering agent contained in the nmetal paste. To

al | ow ¥ IedRets s B MR PECHESEFi ng tenperature to bel ow 200C, at |east one
sintering agent is contained in the netal paste according to the invention.

T P i oA ROR i i s s SRTRRIOR ol o e

t enpercahsise®f batiods.200C during the sintering process. These S|nter|ng
agents preferably conprise oxidizing agents. An oxidizing agent is
understood to be a substance that can oxidize other substances and is

t her ebyhermatictescfithespivider Am oxiedhe simapead dnkescum sabsiinab(ball-det)sbage.and i s t hus
an el r \V/ on (i) organic

per Oxﬁﬁglrerar}) f?\%&/@\ﬁ%rme Rgif?tlcleg. ro%ﬁ‘n% &Ql%ecgfrs(&r.@?sf al%nfga'r%% s e he used
as the sintering agents. These conpounds can be used as sintering agents,
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nmetal paste, at enperature b C. In the scope of the invention,
or gani qonisnashin mmaﬁabpaﬁmé? Rioury, (he %O%Hr?ﬁ@&ﬂ@fédtq%ﬁt beYRERIH ?W%‘@F‘Em de

ani on 9221,Q8q EdepdRuedde group -0-0- as well as at |east one organic
radical that is linked directly to the peroxide group. In the scope of the

i nvention organi c peroxides can thus al so contain inorganic radicals |inked

di r ecttpe hetat PastdacRxdifteogh® Mpents Gty castaiat at leasttonerelventgani ¢ radi cal is
present that is linked directly to the peroxide group. This linking is

preferably of a covalent nature. Oganic radicals are preferably understood
to be nagidiad ® thbalvectmnt silvendd arcemsérsong tebe bonpatmdsthavhen pioduteley asioain

atom i s, L1RKEd AIETHEN o LDROBHRX AR BuU BomPEHR! AR eR YrdleaBY Bb oL

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 t he al kyl , aIkenyI or aryl radicals to each other or to
a hydrogen atomis replaced by a peroxhde group. The organi c peroxi des used
according to the invention have at |east one peroxide group. Thus they can
al so Naeet tasst are Mbdereatpar wxitaiedgn thepsgariqcareouofgagHble resabseintias arpéatably

accor di, p—:\%tetd(?rotnbﬁlﬁgri?é(@nga rgm@%& n%&hgaﬁ@mrs 2tGAS be of the same or

di fferent type al's can carr et eroatons thensel ves. In
this case, the heteroatons preferably conprise oxygen atons, nitrogen

at ons ’Th%rat Rl PGRN-AL B ddn t;erk%rtq{f gaRLS Ind @bl %Rﬂb aA@fuh@tldPrg 0GisONE,

then fl uorine atons, gﬁrorlne atons, brom ne atons, i odi ne g?ons are
pr ef ernrefarabisHeydFreyesrowRso AFbAHC AFiY 6TIHES PR JBIUPS, '?%%’PP%&WQQYWOUQ% t he

functipnal Q}ruﬁél%ld@@%hﬁé %Qo)éjrou%g’ |ﬁaﬁfet§?25&’os| ByaBigFbLehs OdHMRrile@Fd NS B BUPS,
ket o groups al dehydeé groups, hydroxyl groups, am no groups, am de groups,

azo gﬁ@ﬂﬁ@e@pnlde groups, cyano groups, or nitrile groups can be
consi dered. The organic radicals of the organic peroxides preferably have 1
-20, nore referablé 2- 15, and even nor era carbon, at 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-tridecanal, 6-tridecanol, isotridecanol, and mixtures of these isotridecanols, dibasic
ester (preferably dimethyl 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 metat 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 multilgl e bonds, preferably doubl e bonds,
but also triple bonds. The organic peroxides can also contain at |east one
I nor gamite scapk otthe irvakieah (dJiorgeeid perexideshid) pervaricdergideamndAtitopdieng acgst he
invention, Inor ic ic t t he
per oxicdl PGrstp or AL BEERNS. Hifte BBLAIRIR R BB eP Rk aper e el Doy
by a Gb&yhmmteam emasﬂoee bxygen mgmfand h@h!m@rzgawséion atiihe ghating comgopelsowhige
group Sntodfng(fﬁlghw(\éta?_ﬁgr(?ﬁl Ef 8 ph &I@ 4264 pb:%tLﬁé bBelRbgsc by any atoms
except cg Ing is fealized b ydrogen atom or a
heteroatom As a heteroatom netal atons or nitrogen atons can be

prefenrad sco*ﬁ of @lg htl&nh GFglaﬁQrbteﬁixQ%s %Fef‘t%de?ét@ﬁ@to'ﬂé BIPblidRNh&tQohBf the

het er oat om  These |t|on atoms can preferably conprise carbon atons,
hydr ogenoxideanion 8¢~ th’fﬁfépe'ﬁé'ﬂéﬂwpm%o“ﬁ Vot Hsrat F‘F‘@F’E‘P"t?a‘%f%"f‘fﬁc raqicel B8leh at ons,
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atons, chlorine atons, brom ne atons, or |odine atons, %% be preferred. As

met al @PEsINORRNEHREAS Iker dRREY toifhederPyia BOYh &S (UGS A 33 Se 9Pes er abl y

met al sagibatiderekbsitShat iSRkeddiredneh hBipeebx@eapsp. ThistiREing Brorefdiadlytadlalcevalént
el enents can be considered. According to one preferred enbodi ment, |ithium

at ors, "¥'¥8i um at ons, pot assi um at ons, beryllium at ons, nagne5|un1atons,
cal ci um at ons, strontiun1atons, boron atons, or alum num atons are |inked

to the erOX| The i nor c.ra to the
peroxﬁ&@ g &% C%gﬁm @?Ewgﬁrﬁer E?E%”%h%%##%%#ﬁ%ﬁj%agﬁgPH§F%£8@58 'so be
pr ef erwieseihhiad cavhen apmie liekedydirectyan trat warexidd giohe, makmhivim a carpleal bande
substituted by organic or inorganic groups. Preferably, one or nore
hydrogen atons of the amoni umradical are replaced by al kyl groups These

al ky| Agcoutsn teanprteried amshdihest, thbiganie he@xdpaihaheen it eeaaBIngAbanched.
The al |K¥éntlgé%wﬂ r1§eJWdrc§)léBc§&detauésewé1pés & /RErHERYIE at!ﬁﬂg%ﬁ@%:r%bm of the

amoni um r adi Ca prefera have - nore preferab , .and even m)re
prefer Ia@pyycgrhqayt@aﬁcwrar%lﬁ@w@d f"Pﬁ’ecaéPW['C b B@ef%?rGWX the lﬁ‘b’ oY IR or

nor e hydrageRyiatemmumfis peicadBPRin@okadreg| grean Hairdderdxites sea®@rnallydi f f er ent
type. 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.

fn 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 arganic radicals contain haiogen
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

or gani ¢ peroxi de used according to t hd3i nventi on can al so conprise a cyclic
organi c peroxide. In particular, the peroxide group of the organic peroxide
can i tcaedokylibecilagrounst esieryrobis kel Sraums. Atrhyee genipe. NyEgXidePsudB@ accor di ng
to the, inventi f h { b N - q@f. bel ow 200C.
gD B e G B e B oW or gani ¢
per oxicdesidérasi ng a deconposition tenperature of over 200C exhibit a
deconposition 1|5 tenperature of below 200C in the presence of netal
contained in the netal paste. This result appears_to trac? bgck tg%thg fact
that tlhe cdesninisgispis iobinesroareRuBOBHFaPiE vl WP des2t MU PES3RY <in'™ ARY net al
cont aiéggqnjdge bieerimy al mastson dtdmean |ikewi se be preferred that the organic
peroxi des used according to the invention are liquid at roomtenperature
(20C) and normal pressure (1013 hPa). In especially preferred enbodi nents,
the orgRMYrgafierRxbEear aRFireASd ar @fpeHad sel ected from the group
conprising diisobutyryl peroxide, cunol peroxyneodecanoate,

1,1, 3, 3-tetranet hyl butyl peroxyneodecanoate, di-n-propyl peroxydi carbonate,
t ert - arpd org@iiOrnardan 200atiss alphaticeretrdiydtivexyibiis per oxydi car bonat e,
tert-butyl peroxyneodecanoate, di-n-butyl peroxydi carbonate,

1,1, 3,3-tetranet hyl butyl peroxypivalate, tert-butyl peroxyneoheptanoate,

t ert - amthe EeeaX pifhaad edealst detorgrnioadiparaer pisiovaivageyclic radical. The ring of the
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tert - BUCYi "PPET oXy Sobut yrate,

1, 1- di THe smet of bhet giclieradicg) h@waeh-daniatretdeplatydteRatersepreferably one or more

1, 1-di -, t cl ohexane,
tert-Hﬂﬁ§$¥ﬁgyﬁiéP§§@§%%?ﬁ%hethyIhexanoate, 2,2-di-(tert-butyl peroxy)-

but ane, tert-butyl peroxyisopropyl carbonate, tert-butyl peroxyacetate,

2, 5- di pet hYdseZor ardh 4iid ra@tdny knesa8Qy ei0%3h hdvexadRatic groups having preferably 5

1,1, 3, 3-tetranet hyl butyl peroxy-2-ethyl hexanoate,

t ert - aPhf cPRIVHYPSet hyl hexanoate, tert-butyl peroxydiethyl acetate,

tert-anyl - per oxy- 2- et hyl hexyl carbonate, tert-butyl

per oxy-2-et hyl hexyl carhonate, tert-but per oxybenzoa di-tert- .

per oxi e orga Qﬂ?‘ﬁ‘é’ﬂ%@f’fﬁﬁ %'itnﬂf?ﬁi &f t”-‘%ﬂlﬂ%%{eﬂeg%%?& s i@enér?’a?'gﬁ%cbbst %/ﬁ%%htaln
cunyl - parieki kdads, pr&edblyeiohyid-bdnds, thul 4les tipleuiopdper oxy) hexpe- 3, di-tert-butyl
peroxide, 3,6,9-triethyl-3,6,9-trinmethyl-1,4,7-triperoxonane,

di - i sopropyl benzene- nonohydr oper oxi de, p-nent hane hydroperoxi de, cunol

hydr opEhexigdeic paioxidey capelsoxouiein shedstion, idorganie eadicghiinkey diseqtly|to the peroxide
hydrope&gxide. Furt hernore, inorganic peroxides can al so be used as
sinter?ngpagents. In the scope of the invention, inorganic peroxides are
understood to be conpounds that contain the peroxide anion 022- or the
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scope 0 I nvention, 1norganic peroxides ane%freferably al | peroxides
that ageunef therajgaticreridxivdesein kediokiag i dt A By Phy ERLPBAC-nor gani ¢
radicals are radicals that are linked directly to the peroxide group via an

atomdifferent 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 aiom 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 otherl4atons can conprise carbon atons,
hydrogen atons, or other heteroatons, As the other heteroatons, nitrogen
at ons ra@i¥ GeN cattains othghaspison agditdronehe Bxerolahogeescadgitonaliatopasan cul ar
quorlnea chl orine at qng bro i N

br of crfP AT Opr G e e AR e B By bl Be BrprFeCRRche.

per oxw@ta)@hmtmnamygmtaabrss cmhostspherdsu aterhs, apddeleden alechst as fod exgrerip8udsinet he
periodic table of eIe nt. S i eferred that the

it hi JHYEESi oﬁl‘sorme agl)mumgg){nor?r%atgﬁgtﬁgﬁcﬁﬂén%té'{ngn%nq%erbrrg‘%m (?Jm at ons, nagnesi um
atons, calciumatons, strontium atons, boron atons, or alum num atons are

i nked téae%ahaﬁw\saﬁawgargﬂ;@med Iarrgét@rt@MeXJercﬁ(me' d?&ﬁ;ﬂ%@f&aﬁl?%e@a% oftthétirst, s

i nked via a heteroatomto roup of the morgamc per oxi de
corrpr|%sndmnéﬁw@mrmsﬁ)éﬂiecrmﬂod'lcﬁakﬂ%feé‘?fﬁ%ﬂ’i?Gﬁﬁ‘i’%%ﬁr@éjleéeda ECEHRNECIEd to a

per oxi Sfegrléa’gﬁwgab&‘im%?nﬂhrw %Hfscsdwnﬁ)éioﬁ& pdtB&Hurh BRnATPEIliwMatad, cal s can be
t he sane or feren It can also be preferred that one or nore he{ﬁj@qgen

at ons RAINESEIMLAREE] TRRYA A, SEPRIUE AN (RAFULRIBTS o GAHINRUB A o7 § AT S

gr oupqhePg%&%@%% in this case one or nore hydrogen atons of the ammoni um
radi cal are replaced by al kyl groups. These al kyl groups can be branched or
unbranched, but are preferably unbranched. The al kyl groups that substitute
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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, dipropyt
ammonium radicals, tripropyl ammonium radicals, monoisopropyl ammonium radicals, diisopropyl
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 arganic 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
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car bonhatmens colniete mrteel matk ahsteper borat es are |ithi um perborate, potassium
per borate, and sodi um perborate. The inorgani c peroxides used according to
the invention preferably have a deconposition tenperature of no nore than
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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-ethythexylcarbonate, tert-butyl
peroxy-2-ethylhexylcarbonate, tert-butyl peroxybenzoate, di-tert-amy! 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, dicumyt 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 0, or the peroxide group —0-0— 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 nmetal 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
acid, diphosphoric acid, met aphosphori ¥ aci ds, and pol yphosphoric aci ds.
The sintering agents according to the invention are preferably used as a
-Conpﬁ Mevtt inogaaic madicdis ihasdre cohmectadsio agmdoviide grogh ofttes inagapicaeesEle @RELE abl vy,
in this sinteri. ss conponents are connected to each other that are
in coﬁ?% ?nﬁﬁfﬁﬁgggﬁgégher via the netal paste in a sandw ch arrangenent.
The metal pastes used according to the invention can al so have ot her
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syrfaq%ﬁqkﬁragﬂgg-foaning agents, binding agents, polyners, or
viscosity-controlling agents can be contained in the metal paste. 19 The
nmetal paste according to the invention contains 75 -90 wei ght percent,

pr ef er@nbét&roz?om@&ewﬁmmire@@f@qm perBRite gRief BeaMehelloatdi caribglpartpeacent ,
and even nore preferably 78 -86 ast _one of the

) . ) wei ght percent of at |
ot al Sadlegna1sBa AT PP BrROYHRR 1 e BRE AT AFEOMIELD 1RGP t he met al s,
Thetse_ é@ﬁ‘%ﬁ%er&ﬁﬁl@bé beat AtOMS chi Ebrdplesct daeboreitght, ryfirobheawoat bmgheonpounds
contal hea on
heteroatorr;[s, Es 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 preferabiy 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



particles. The nmetal 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
nmetal precursor. The nmetal paste according to the invention contains 6-20
wei ght percent, preferably 7 -18 wei ght 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 accordinq_to the invention contains 0.1 -15
wei ght percent, preferably 0.1 -12 weidht percent, nore preferably 1 -10
wei ght percent, and even nore preferably 1 -8 weight percent of at |east
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of the nmetals described herein, 0 - 12 weight percent of at |east one netal

precursor, 6-20 weight percent of at |east one solvent, and 0.1 -15 wei ght
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pr ef erdoetbrieerpedxosalts, having rimgtshhpguestansaccording to the i nvention contains
78 -87 weight percent of at |east one of the netals described herein, 0.1 -
10 wei ght percent of at |east one netal precursor, 8 - 17 weight percent of
at | ed¥efeprd peuixoberates arglammoniv® Reshayhles pﬁlﬁ»&émfnoafunamefb@ra?ﬁ el t he
S|nter&9gxgggnts descri bed herein.

According to the invention, the term alkyl ammonium perborates includes ammonium perborates in
which one or more hydrogen atoms of the ammonium unit are replaced by one or more alkyl
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 perbarate, 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,

monoisopropyl ammonium peroxide, diisopropyl ammonium peroxide, triisopropyl ammonium



According to an even nore preferred enbodi nent, the netal paste according
to the invention contains 78 -86 wei ght percent of at |east one of the
netal s described herein, 2 -8 weight percent of at |east one netal
precursor, 10 - 15 weight percent of at |east one solvent, and 1 -8 wei ght
percent of at |east one of the sintering agents described herein. According
to an especially preferred enbodiment, the nolar ratio of sintering agents
to organic conpounds (coating conpoundg) contained in the coating of the
metal 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, andeesfd imanbyutyirmnithenivramgexiste, dibutyl ammeniqro perokideTheuidersmrgeriton ol ar
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agent 0.025 nol dicunyl peroxide and 0.15 nol di -tertbutyl per oxi de and as
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the invention produces other advantageous effects. On one hand it is
ensured that sufficient carbon nonoxide is available for UC'tnﬁp Pe met al
oxi desF\thermerer Rerdenig@sids fgn gise fuiclon,as gniedig,pge ﬁ‘cc{rﬁaén%dd STPEPEEE t he
coat i ngecorfmPdntsinvéXiohhe ot her hand, the quantity of sintering agents is
then still not high enough to negatively affect the sintering process. As
expl ai ned above, it can be preferred according to the invention if the

or gani erefapgund hoa@ntcachisdomprisdexygeatomgnol indigamesdads.parti cl es conpri se
free fatty acids, fatty acid salts, or fatty acid esters, which preferably
have 8- 24, nore preferably 10- 24, and even nore pref erably 12 - 18 carbon
at ons. Ac@idid@to M;heapcbf@mremmden@ﬁaﬂ@safmry atigls a1gusagrasdhe ewmssicacEs.-
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ot her &ahces in the metal past &, %en it can be preferred that, for the
defi ni pmmh@msm@ mol ar ratio of sintering agents to coating corrpounds, t he
termcoating conpounds includes, in addition to the fatty acids, fatty acid
salts, or fatty acid esters contained on the surface of
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described herein are used according to the invention in a sintering

process. Sintering is preferably understood to be the joining of two or
nor e CoRpenRhg abynth eadardigg whhé ewbyipasse pgferbbly usefliagla pirasenenfefcomeiahg t o
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of theasecoend ¢onponent, wherein it does not involve the relative position
of the?"W’ c%r?ponents or the arrangenment that contains the at |east two

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-controliing agents can be contained in the metal paste.



conponents. In the scope of the invention, the term conponent should
preferably include individual parts. These individual parts preferably
cannot be further disnmantled. According to special enbodinents, parts that
are used in high-power electronics are designated as the conponents.
Accordi ngly, the conponents can conprise, for exanple, diodes, LEDs (Ilight
emtting diodes), DCB (direct copper bonded) substrates, |eadfranes, dies,
| GBBTs (insul ated-gate bipolar transistors), ICs (integrated circuits),
sensors, heat sinks (preferably alum nfdm heat sinks or copper heat sinks),
or other passive conponents (for exanple resistors, capacitors,_ or
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of sensors ranes or ceram c substrates, of DCB or ceramc
subst rmatri@sest o copper or al um num heat sinks, of |eadfranes to heat sinks,
or of tantalum capacitors, preferably in a non-housed state, to |eadfranes.
In asimlarly preferred way, nore than two _conponents can b I j001i ngg to
a?i‘fi) Tead

each otheenetaimastesaaising, to (he inygmtien 6pMtaIRE Bs PaNe B ReEhb ¢S frames
and (i didnthRalent s pronhissigh 0 t0heeibiaarfdentrand aven morf @etabioly 1 o8 atekpit bet ween
the LEDs  or chips and heat sinks. Likew se, a diode can be joined to two
heat stairant olfideast ANt MESHPEAYSP's preferably | ocated between the two heat

sinks. According to a preferred enbodi nent, the conponents can conprise at
| east one netallization |ayer. This nmetallizati. i fer : rt
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one sugdraat, rabretpiefe@oIy@onéniveight percent, and even more preferably 10 — 15 weight percent

of at ieast one solvent.

The metal paste according to the invention contains 0.1 — 15 weight percent, preferably 0.1 — 12
weight percent, more preferably 1 — 10 weight percent, and even more preferably 1 — 8 weight

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

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
ieast 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 |layer can have pure netal. For exanple, it can be
preferred if the netallization |ayer has at |east 50 wei ght percent, nore
preferably at |east 70 wei ght percent, even nore preferably at |east 90

wei ght percent, or even 100 wei ght percent of pure netal. The pure netal is
preferably selected fromthe group conprising copper, silver, gold,
pal l adium and platinum On the other hand, the netallization |ayer can

al so have an alloy. The alloy of the netallization |ayer preferably
contains at |east one netal selected fX0om the group conprising silver,

gold, nickel, palladium and platinum It can also be preferred that at
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above ég@fnﬁ; tg cBgtlirlgac%imuprc])qur%s gclcg;[ajinrﬁut@tilmea%%ntion is understood to be the quotient of (i) the

sum of quantities of materials of the sintering agents contained in the metal paste and (i) 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 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, 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 another preferred enbodi nent, the individual |ayers also
contain a glass in addition to the nentioned pure netals or alloys. It can
al so be preferred if the layers are a m xture made of (i) glass and (ii)
the pure nmetals or alloys. According to the invention, at |east two
conponents are joined to each other through sintering. For this purpose,
initially the two or nore conponents are brought into contact with each
other. The contacting is here realized by the nmetal paste according to the
invention. For this purpose, an arrangeénent is provided in which netal
paste is | ocated between every two conponents of the at |east two
conponent 4, ahberef oo priferabiyol Tompombni sionsaTpoprdained indhel mehparemot o0l ar e
to be joined to each other, the j tdyvent i on
s I ockrea bR TRE o paRa s ae funp AR ee b th Rdah B ety o0
ot her tha&ndr thetdefisiticooicted walsr eatioldsintasing apeRiRA (a Welicd PRIORIBES By BIPSPAEY to
each ot her. For .examl.e,... nen ; aci8 QRN Maided and
conpor?f?mpogf‘&c'gﬂu %Svﬁjo?edﬁg'énggﬁgg%ﬁ ot Eéi@ygglgﬁaﬁgﬁag%nponent 2 lies
bet weehe sofipendtite metanuhripirspaine Hte ity #¢ids, fatly agidsalts (o EtEcis) estys pentained
accordin L t.] LS ted both between conponent 1 and
conponagnﬁgjdgggéltg%g%tgpég%éé %eﬁéglo&ﬁ%%hent 2 and conponent 3. 24 According to
the invention it is provided that the individual conmponents are present in
a_sandy Gheal s ANIEIRBnAHN Srd BB Scdrling &S he diveation iAeaeliruroest he
i nvention, a sandw ch arrangenent is understood to be an arrangenent in
whi ch two conponents are | ocated one above the other and the conponents are
essent g;alelig Eafr@ﬂePa%'Iy brRleRBs t9bB & joiliie dtwangaaeribmpadatoby beatingadile t wo
conmponents and netal paste, with the netal paste being | ocated between the
two copiperdng fednuidineser r angenent, can be manufactured according to a
met hod known fromthe prior art. Preferably, at |east one surface of a
conmponent 1 is provided with the netal di ' i
Thon. " BcrreRdRe TR o B st ar PR SRERGE ufert ol Pood REERNL -
net al paséd@ngdnaht drassdeen coepasint. dul thimcantext Suy' fecely oE2gvifpbaswiace of e
deposition of the netal o) ol the
perforﬁ‘éﬁC%@P%‘SH’&/%h‘i‘ﬁ‘%&%@%%ﬁeo st}tlel']l%er%ﬁ g%@@ﬁg‘gﬂ%’ﬁ\’e&%ggi@ﬁ %ﬁ% t he net al
past e iesatipepbsitiorecf thy tveo @minenintg ontherrsdnoementdhadispiains fie PR Dri nti ng or
st enci Icorﬁ)rg) rétn'{sng. On the other hand, the deposition of the netal paste can
al so bé p%rrf ornmed by a dispensing, by a spraying technique, by pin
transfer, or by dipping.

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

individual parts preferably cannot be further dismantied.

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.



After the deposition of the netal paste, the surface of this conponent
provided with the netal paste is preferably brought into contact with a
surface of the conponent to be joined via the netal paste. In this way, a
| ayer of netal paste is |ocated between the 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 thickness is understood, according
to the invention, to be the distance between the opposing surfaces of the
conponents to be joined before the siAtering process. The preferred wet

| ayer thickness is dependent on the selected nethod for the dePosition of
the mat plefapastembotifndnize treeibaintipastaes © thepodia @d-EDsde leediimee O ByPal%scr een
printing netho t hen,. | i ; obecer ef err ed.
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pr opombidusdd Sateviereadimmede 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 wej h% of the dried
met al IpastrailarTivesferrsd way. swRe Ban hed ePPPRIFNISFRN TR 257 P @gr ﬁée)bamg?jct i on

of th i)%&b@%%ﬁﬁ@&an bdRInebi %o ﬂ@!‘eb@frrarh&searcdqm) peitishs ofhdréie treoppdirerdssré o be
oi ned. the ot her hand, the d

ryin n al so be perforned._di after
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conponghteanshielpeRintthe doasisastierpiMbidied baweenenentedisirte. j oi ned. The
drying tenperature preferably lies in the range of 50 - 100C. It is
understood that the drying tine is dependent on the respective conposition
of t headweldg Basirefeaad etrhedisicre thef contpenants aay eereprisctad ldset yiermpelpiiiertiony pi cal

dryi nqa;[/elrn:Fhsis He?all!zgtiénhlgyérqsn gr%fe%blé pa_r’fl gf tma Bn':ipnﬁ&ent. 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 piatinum. it can aiso 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, goid, 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.



The arrangenent nmade of the at |east two conponents and netal paste |ocated
between the conponents is finally subjected, according to the invention, to
a sintering process. This sintering process involves a |owtenperature
sintering process. According to the invention, a |owtenperature sintering
process is understood to be a sintering process that preferably takes pl ace
at a tenperature of |ess than 200C. The processing pressure is preferably
less than 30 MPa and nore preferably |less than 5 MPa. Preferably, the
processing pressure lies in the rangezéf 1 -30 MPa and nore preferably in
the range of 1 -5 MPa. The sintering time is dependent on the processing
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that i's no the sintering can be performed, on one
hand,<ﬁﬁmaﬁkuynnsphere t hat contalns oxygen. On the other hand, accordlng
to the invention it is also possible to performthe sintering in an
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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 um. 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.



1. Production of netal pastes: Initially, according to the invention, the
netal pastes 1 -3 and the conparison paste 1 were produced by m xing the

i ndi vi dual conponents. 1.1Metal paste 1 according to the invention: A netal
paste was produced, which contained 79.7 wei ght percent coated silver
particles having an average particle dianeter of 0.5 - 5 pm (coating
quantity: <2 weight percent sodium stearate), 5 weight percent silver

oxi de, 5.5 weight percent terpineol, 4.3 weight percent tridecanol, and 5.5
wei ght percent dicunyl peroxide. 1.2M#f'al paste 2 according to the

I nvention: A netal paste was produced, which contained 80 wei ght percent
coated silver particles having an average particle dianeter of 2 - 15 pm

(coat 'AQQ();%H%% aneﬁa?ﬂ\ﬁ\sgﬂ}gwﬁ’&f F&the $REIAE) &eheh8)are greﬁ\@dtghﬁ sRRfFeNt

silver oxid percent di-tert-butyl peroxide, wei ght percent
terp|ﬁ@@hgaaﬁﬁandﬂéﬂgﬁ?dﬁb?%éﬁﬂmi dodecanol . 27 1.3Metal paste 3 according
to the invention:

According to the invention, a sandwich arrangement is understood to be an arrangement in which
two components are located one above the other and the components are essentially parallef fo

each other.

The arrangement made of at least two components and metal paste, with the metal paste being
located between the two components of this arrangement, can be manufactured according to a

method known from the prior art.

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 pm 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 pym.



A nmetal paste was produced, which contained 80 weight percent coated silver
particles having an average particle dianeter of 0.5 - 5 pm (coating
gquantity: <2 weight percent sodiumstearate), 5 weight percent silver
carbonate, 6 weight percent di-tert-butyl peroxide, 5 weight percent
terpineol, and 4 wei ght percent 1-isotridecanol. 1.4Conparison pastel: A
netal paste was produced, which contained 82 wei ght percent coated silver
particles having an average particle dianeter of 0.5 -5 pm (coating
guantity: <2 weight percent sodiun1ste5?ate), 8.2 wei ght percent silver

oxi de, 5.5 weight percent terpineol, and, 4.3 wei ght percent tridecanol.
The cohpardirgpie prsteeed ethadimeot. palsyamels P tsorariranerbeiprefaz siBleINGB®ERH ng t o
the invention, having the deviation that it does not contain dicunyl

peroxi de, but instead the proportion of silver particles and silver oxide
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sintering two conponents to be joined to each other. 2. 1Enbodinent 1: In
this exanple, DCB substrates, each of which has a netallization |ayer nade
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nmetal pastes 1 -3 according to the invention or the conparison paste 1 were
deposited on the netallization |ayer of the individual DCB substrates by a
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' 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.



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

2. 2Enbodi nent 2: This enbodi ment corresponds to Enbodi nent 1, having the
deviation that the resulting structure was sintered for 15 mnutes in a
pressure-free environnment. 2.3Enbodinent 3: In this exanple, |eadfranes,
each of which has a netallization [ayer that consisted of a nickel |ayer
and a gold | ayer, wherein the gold Iayer was | ocated on the outer side, and
di odes, each of which contained a netaization | ayer made of silver, were
joined to each other by sintering. For this purpose, the netal pastes 1- 3
accor gicoerding tb ke invering, i tonsioteribd procesryam teisrplpeesin @n BrogspEegdpdds PedUdeTt he
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for égon S at a processing tenperature of 5 MPa and at different
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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 pasies:

initiaily, 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 ym (coating quantity: < 2 weight percent sodium stearate), 5
weight percent silver oxide, 5.5 weight percent terpineoi, 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 pariicles 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.



29 3Results: 3.1Enbodinents 1 and 3: In the enbodinents in which the neta
pastes 1 -3 according to the invention were used, the sintering tenperature
was approxi mately 195C in each case. In contrast, the sintering tenperature
in the enbodi nent in which the conparison paste 1 was used was

approxi mately 230C. 3. 2Enbodi ments 2 and 4: In the enbodi nents in which the
nmetal pastes 1 -3 according to the invention were used, the sintering
tenperature was approxinmately 185C in each case. In contrast, the sintering
tenperature in the embodi ment in whi ch 2t he conpari son paste 1 was used was
approximately 230C. 30 Clains 1. Metal paste containing (A) 75 - 90 wei ght
percent of at |east one netal present in the formof particles having a

coati nq.fon%ité?ipgge%tadc%ﬁg 190R iQfeBasi:C conpound,

A metal paste was produced, which contained 80 weight percent coated silver particles having an
average particle diameter of 0.5 — 5 um (coating quantity: < 2 weight percent sodium stearate), &
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 ym {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 metaliization 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



(B) O - 12 weight percent of at |east one netal precursor, (C) 6 -20 weight
percent of at |east one solvent, and (D) 0.1 -15 weight percent of at | east
one sintering agent selected fromthe group conprising organic peroxides,
(ii) inorganic peroxides, and (iii) inorganic acids. 2. Metal paste
according to Caim1, characterized in that the organic peroxide is

sel ected fromthe group conprising diisobutyryl peroxide, cunol

per oxyneodecanoate, 1,1,3,3- tetraneth %butyl per oxyneodecanoat e,

di - n- propyl peroxydi carbonat e, tert-ang per oxyneodecanoat e,

di - (2-et hyl hexyl ) - per oxydi car bonate, tert-butyl peroxyneodecanoate,
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tert-bq@dbmperoxyneoheptanoate, tert-anyl peroxypivalate, tert-butyl
peroxypl val ate, di-(3,5,5-trinethyl hexanoyl)- peroxide, tert-butyl

per oxy- 2- et hyl hexanoate, tert-butyl peroxyisobutyrate,
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per oxy) -cycl ohexane, tert-butyl peroxy-3,5,5-trimethyl hexanoate,
2,2-di30@é?@ﬁﬁﬁﬁvvmﬁ@989§yﬂ%ﬂ%ﬁﬁ§; tert-butyl peroxyisopropyl carbonate,
tert-butyl peroxyacetate,

2,5-di et hyl-2, 5-di (2-et hyl hexanoyl peroxy) - hexane, 1,1, 3, 3-tetranethyl butyl
peroxygéletéV%ﬁggﬁﬁééte, tert-amyl - per oxy- 2- et hyl hexanoate, tertbutyl

per oxydi et hyl acetate, tert-anyl-peroxy-2-ethyl hexyl carbonate, tert-butyl

per oxy-2- ethyl hexyl car bonat 'L =Dyt yl : Jorylbi =

Per o) d8is SSS R EPaas rrpaFhal Jov R B R ne Bep Al TGy
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peroxide, 3,6,9-triethyl-3,6,9-trinmethyl-1,4,7-triperoxonane,

di i sopropyl benzene- nono- hydr oper oxi de, p-nent hane hydroper oxi de, cunol
hydr op&dxi &mbodimenmtyl peroxi de, and 1,1, 3, 3-tetranet hyl butyl

hydr operoxi de. 31 3. Metal paste according to Claim1, characterized in

that the inorganic peroxide is selected o , .
In this example, leadframes, 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 fo the invention or the comparison paste 1 were
deposited on the metallization layer of the individual leadframes by a stencii printing methed. 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 pm.

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.



fromthe group conprising hydrogen peroxi de, amoni um peroxide, |ithium
peroxi de, sodi um peroxi de, potassium peroxide, magnesi um peroxi de, cal ci um
per oxi de, barium peroxide, and peroxoborates. 4. Metal paste according to
Claim 1, characterized in that the inorganic acid is a phosphoric acid.

5. Metal paste according to one of Clains 1 -4, characterized in that the at
| east one organic conpound is selected fromthe group conprising free fatty
acids, fatty acid salts, and fatty aci% esters, each of which has 8 - 24
carbon atons. 6. Metal paste according 0 one of dainms 1 -5, characterized
in that the nolar ratio of sintering agents to the organi c conpounds

contai Fed i ReBWE coating lies in the range of 1 : 1 to 100 : 1. 7.Use of a
sintering agent that is selected fromthe group conprising (i) organic
peroxi des, (ii) inorganic peroxides, and (iii) inorganic acids,

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 compariscon 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 conirast, the sintering temperature

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



for a sintering process for joining conmponents in contact with each other
via the netal paste according to claim1 in a sandw ch arrangenent.

8. Method for joining at | east two conponents in which (a)a sandw ch
arrangenent is provided having at |east (al) ) one conmponent 1, (a2) one
conponent 2, and (a3) one 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 weight percent of at |east one
metal present in the form of particles3ﬂaving a coating containing at |east

one organi c conmpound, (B) O - 12 weight percent of at |east one netal
precursor,

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,
(C) 8 — 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.

2. Metal paste according to Claim 1, characterized in that the organic peroxide is selected from
the group comprising diisobutyry! peroxide, cumol peroxyneodecanoate, 1,1,3,3-
tetramethylbutyl peroxyneodecanoate, di-n-propyl peroxydicarbonate, tert-amyi-
peroxyneodecanoate, di-(2-ethylhexyl)-peroxydicarbonate, tert-butyl peroxyneodecanoate,
di-n-butyl peroxydicarbonate, 1,1,3,3-tetramethylbutyl peroxypivalate, tert-buty! 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-trimethylcyciohexane, 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, tért~amyi-peroxy—2—ethy!hexanoate, 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-trimethyi-1,4,7-triperoxonane, di-
isopropylbenzene-mono-hydroperoxide, p-menthane hydroperoxide, cumol hydroperoxide,

dicumy! peroxide, and 1,1,3,3-tetramethylbutyl hydroperoxide.



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 conprising
(i) organic peroxides, (ii) inorganic peroxides, and (iii) inorganic acids.
9. Met hod according to Caim@8, characterized in that the sintering takes

pl ace at a tenperature of |ess than 200C.
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3. Metal paste according o Claim 1, characterized in that the inorganic peroxide is selected
from the group comprising hydrogen peroxide, ammonium peroxide, fithium peroxide,
sodium peroxide, potassium peroxide, magnesium peroxide, calcium peroxide, barium
peroxide, and peroxoborates.

4, Metal paste according to Claim 1, characterized in that the inorganic acid is a phesphoric
acid.
5. 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.

6. 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.

7. Use of a sintering agent that is selected from the group comprising
{1) organic peroxides,
(il inorganic peroxides, and
{iii) inorganic acids,
for a sintering process for joining components in contact with each other via the metal paste
according to claim 1 in a sandwich arrangement.

8. Method for joining at least two components in which
{a) a sandwich arrangement is provided having at [east
{(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.



