1 CONTACTI NG MEANS AND METHOD FOR CONTACTI NG ELECTRI CAL COVPONENTS The
present invention relates to sintering preforns and to a nethod for
connecting at |east two conponents in which these sintering preforns are
used. In the field of power electronics, the connecting of at |east two
conponents that have high sensitivity to pressure and tenperature, for
exanpl e substrates having el ectronic conponents such as LEDs or very thin
silicon chips, presents a particular ?hallenge. For this reason, substrates
havi ng such pressure- and tenperature-sensitive conmponents are often

par i ol GoNTAc kans aNDOME RERD KR, 6ERuka e RBCTRICAL baIRORERTS, . '

gl ui ng technol ogy has t he d| sadvantage that it creates contact points

bet we the s conmpon suf ficient t

conduc S ST IENBEc e1on o SIETBITEN)S STohtoct BEmor o oarDE R et FaRbPem i ¢
has besmpgmnepts sredhitio thesa sidtering prgfansrdrs useal. substrat es by sintering. These
sintering nethods custonmarily use pastes consisting of the nmetal powder to
be sintered and a solvent. For this purpose, DE 34 14 065 C2 proposes (i)

t he aplpl thedieldoof pdwesaléctmnjsasthe @mhecting eof sal éamt dwo fcoapordnts thad hiage d:ighponent

or sub, t he
subat oy S BB O BRE fhfretilel for RBGREbORAES pilfy SOERARC R e,

subst reuch asEDis)or gy dhin snhgortmssglle@ems afpadietiahehallengsosi te created in this
way, and (iv) sintering the conposite. This sintering nmethod achieves the

reliable connection of the electronic conponent to the substrate. However,
it hasFUPiscEasn: SeRstBiesS hayngvaush RERSSUWS- RG terp prRIAYER-SaNSHIve SomBenasigatel ed

until @Henetorindeted OBP QRlidd S\fltabiéec&{dé@ﬁ\feoﬂlbés Cd@l%ﬂﬂaﬂﬂt céHigint fivers phsitieat e has
al ready been created. Because in this con‘gom te aste contalning the

sol ven'eHngseiay RAIWARE: 2R cactiet twrteFF t W%‘{?r'fgl?eé?' 9 derbnaiegethagn

conpo n@ﬁédvaﬁldg@fhat her@mdnwtcepéumstb@mn nes ssdtraR &HdTé Cordpshehtipiatihave
degaSS|n i.S.no n 0SS the conposite has to be dried for

a | ong8? Cé?qtgaatcﬁongﬁlq%lyorflectnca! conducr:}Mty

In order to solve this problem, it has been proposed to connect components to substrates by
sintering.

These sintering methods customarily use pastes consisting of the metal powder to be sintered
and a solvent.

For this purpose, DE 34 14 065 C2 proposes (i) the application of such a paste onto the surface
of an electronic component or substrate to be connected, (ii) application of the component onto
the substrate, wherein the paste is situated between the component and the substrate, (iii)
expelling the solvent from the composite created in this way, and (iv) sintering the composite.

This sintering method achieves the reliable connection of the electronic component to the
substrate. However, it has turned out to be disadvantageous that the solvent is not expelled until
after the composite of the electronic component and the substrate has already been created.
Because in this composite the paste containing the solvent already stands in contact with the
surfaces of the electronic component and of the substrate to be connected, a simple and rapid
degassing is no longer possible, so that the composite has to be dried for a longer period of
time.



In order to solve this problem according to EP 0 242 626 Bl the paste is
applied onto the surface of the electronic conponent or of the substrate to
be connected and is dried inmediately thereafter. Only after the drying is
t he conponent placed onto the substrate, wherein the dried paste is
situated between the el ectronic conponent and the substrate. Thereafter,
the conposite created in this way is sintered. A further devel opnent of
this method is known from DE 10 2004 019 567 B3. That docunent proposes
that a paste be applied as a layer onto a carrier foil and dri ed.
Thereafter one or,. nore conponents ar | a the | aye dried

past e." YRR 9Ivethis REPRISN 8FCospg F%EE ‘gzﬁ?i%g@%%pg‘& aéterr&d%"f’ﬂ%‘! 8P"°ttﬁ%
conporseifhce tofetht ayi€dtropfc dompshepasireof fhied stifvtratealtd iber corriektedi Bndriglariet 0

i ncrease the hesi ve éH&ce be yeen t he dried g e ana t he .conponent so

O Bt e M B I P e I S

fr om twiereiarthe edrietl opdste T situate beiveen vihé lelédtrenidr cambopast end dimre shiestesd. t er be
posi ti . t he ite made up of the substrate,
corrpon@%?éjaﬂgpgg%]ﬁonﬁ%giéeé%%%dc'fﬂﬂ'gsd” A2 %g{gg?cfuat ed between them can be
sintered. From an econom c point of view, this nethod has turned out to be
advant t | el

pr ocedolE e RREMEEo! bisHERLES Eroi toif B AP0 o1 881 BBl doBM o o

t he sipieraseathat aypeste beiappliaskas mlayer dnfo @ sardersfaitieathdrirge dhereafteit onegrenore

Si Nt erdoffpoEHl Ate pldoks oAl e e9&vanaﬁéaneésté'm§§ur@% R ’a%?egut'ortﬁé

either a hl% process pressure for exanp greater or else a

hi gh proBwesiée maapep &f theecqmroagnte thet Inyas 029(!@3) Pastﬁe%’\ﬁ' tB@ﬁai”Fr fﬂ‘is‘”cﬁr@%ﬁ%ause

damag qnér@astehﬁe QORRRREBICE bbﬂveléﬁ tﬁ&ampﬂeefé arkQhé Bam%%%ve&mapﬂ@ldneu gbﬁé' ng
nmet hods rmust be rul ed out for §F Bg@l cations 10 2007 046 9 Al

pr oposEEeRsdP M FITRPERLAM] Eﬁj‘ethf‘ﬁ CEHIT the @Fieafoihdhe sAmBRIShYthayer s

for usme ufeop@auieé céﬂhtﬁ@‘eéﬁéﬂ tfeSposiﬁawém@w hersibgiess) aah wédnq@hut@mddé be onak
n tnrs

Come bt contbobd et e Bl & et Pasts sfirl SeruB i 0B ST nat

deconposes to formel emental silver at 300C. These met al pastes enable a

d t f th th t f
the provdsd peiBaraRines Bf 388 S bR Ry e A nirigle® ©
r eg; gs:mlabksa rbhaar@ezdoeapeasn panﬂaballtagzhp&@bggﬁg{ﬂ;\gbtagugaz?z?m:}so ?s g\:g faavi ng
ol i sl bR AR Bler £, O Further | ’ ’

appl i ca [e to further |ower the process
tenperature. This would place a | ower | oad on the conponents to be
Conne%&%ve?m\gré"ﬂéloﬁisatdbé’r? %’ oY il tﬁs SiHteti Fne'tH&Qr ﬁ%sﬁhérrboﬂ\lr@'h ?ﬁéf sﬁ- ering
conponents 1'n the area of power el ectroni tion

| ower imgtheds. reuirps gihes & highrpecassupressvseiKfar exaemdegeuagﬁﬁlthqrb%MPghor ﬁ@%al n
ener g%lﬁp?ﬁo%essﬁéﬁfp%fa%rg (gr"egﬁer HRUEL0°6f. Thdse RERFRING dJieM RALSOBarhsgd B REOVI de
a nethod for connecting at |east two conponents that enables a processing

of a RCOWANERy t?)ﬁoec‘iﬂ?ﬁﬁﬁ%‘i‘]t@ fhat §°Wt“?rf?éts"‘it%'n§d\7%tﬁ9‘é°g§b‘l§%bwr%”ﬁd roélbéﬂf dto
proceaﬁa@caypmn@ﬁs and is at |least partly parallel, while also enabling a
structured design of the sintering layer and a Iovverlng of the sintering
tenperature to bel ow 250C. This object is achieved by a nethod for

conned ng 2807 1086901 tAvOpropegee e sihtering) tabhhigile thaf isicaeeds ot a'éiatlir@ wneéarngl is

provi qg)gers o%rsc'a in poci’Ner e?ec{rtr)nlgsr hg\e}l\r/)b r\]/gry gooHr iec?rlca,1 an Va] tp\grmal con UCEVIty In this
sintering method, a metal paste is used that contains, in addition to an alcoholic solvent, a silver
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reduction of the process pressure to less than 3 bars and a reduction of the process
temperature to less than 250°C. This sintering technique represents a large leap in quality in the
connection of substrates having pressure- and temperature-sensitive components.



structuring elenent that contains hardened paste, the hardened paste
containing (a) netal particles having a coating containing at |east one
organi ¢ conpound, and (b) at |east one sintering aid selected fromthe
group consisting of (bl) organic peroxides, (b2) inorganic peroxides, (b3)
I norgani c acids, (b4) salts of organic acids, wherein the organic acids
have 1-4 carbon atons, (b5) esters of organic acids, wherein the organic
aci ds have 1-4 carbon atons, and (b6)3carbonyl conpl exes, the surface of
the carrier having the hardened paste not being reactive with the
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This object is achieved by a method for connecting at least two components in which:

0] a sintering preform is provided comprising a carrier having a surface having at least one
structuring element that contains hardened paste, the hardened paste containing (a) metal
particles having a coating containing at least one organic compound, and (b) at least one
sintering aid selected from the group consisting of (b1) organic peroxides, (b2) inorganic
peroxides, (b3) inorganic acids, (b4) salts of organic acids, wherein the organic acids have 1-4
carbon atoms, (b5) esters of organic acids, wherein the organic acids have 1-4 carbon atoms,
and (b6) carbonyl complexes, the surface of the carrier having the hardened paste not being
reactive with the constituents of the paste,

(i) at least one first component having a surface to be connected and a second component
having a surface to be connected are provided,

(iif) at least one structuring element on the surface of the carrier of the sintering preform is
contacted with the surface of the first component to be connected, in order to create an
arrangement made up of the first component and the at least one structuring element, which
stands in contact with the carrier,

(iv) the arrangement made up of the first component and the at least one structuring element
is removed from the carrier,



In this nethod, a sintering preformis used conprising a carrier having a
surface which has at |east one structuring el enent that contains hardened
paste, the hardened paste (a) contains netal particles that have a coating
that contains at | east one organic conpound, and (b) containing at |east
one sintering aid selected fromthe group consisting of (bl) organic
peroxi des, (b2) inorganic peroxides, (b3) inorganic acids, (b4) salts of
organi ¢ acids, wherein the organic aclds have 1-4 carbon atons, (b5) esters
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(a) contains metal particles that have a coating that contains at least one organic
compound, and

(b) containing at least one sintering aid selected from the group consisting of (b1) organic
peroxides, (b2) inorganic peroxides, (h3) inorganic acids, (b4) salts of organic acids, wherein
the organic acids have 1-4 carbon atoms, (b5) esters of organic acids, wherein the organic
acids have 1-4 carbon atoms, and (b6) carbonyl complexes, and

the surface of the carrier having the hardened paste not being reactive with the constituents of
the paste.

In the method according to the present invention, at least two components are connected to one
another.

Preferably, a plurality of components are fastened next to one another on another component,
for example in a plane.

The term "component" is not further limited. In the broadest sense, it is to be understood as
referring to objects that can be connected to one another.

According to a preferred embodiment, one of the components to be connected is an electronic
component, and the other component to be connected is a substrate.

According to a particularly preferred embodiment, the method according to the present
invention, using the sintering preform according to the present invention, fastens a plurality of
electronic components next to one another on a substrate, for example in a plane.



5 The term "el ectronic conponent” is to be understood as referring
generally to an object, which can be a part of an el ectronic arrangenent.
According to a preferred enbodinent, this is understood as being an

i ndi vidual part that cannot be further disassenbled and that can act as a
conponent of an electronic circuit. The el ectronic conponent can as a unit
optionally conprises a plurality of constructive parts. The electronic
conmponent can, for exanple, be an act%ve conponent or a passive conponent.
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metallization layer can have, for example, pure metal or a metal alloy. If the metallization layer
has a metal, this is preferably selected from the group consisting of copper, silver, gold,
palladium, and platinum. If the metallization layer has a metal alloy, this preferably contains at
least one metal selected from the group consisting of silver, gold, nickel, palladium, and
platinum. The metallization layer can also have a multilayer construction. According to a further
preferred embodiment, the metallization layer also contains a glass.



This sintering preformconprises a carrier having a surface, which has at

| east one structuring el enment containing hardened paste. The carrier has a
surface made of a material that is not reactive, in particular is
chemcally inert, with the constituents of the paste or with the paste
itself. In the context of the present invention, the material of the
carrier surface is not reactive, if it is not sinterable. The material of
the carrier surface is not sinterable if it is such that no diffusion
processes take place between the matefial of the carrier surface and the
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In the context of the present invention, the material of the carrier surface is not reactive, if it is
not sinterable. The material of the carrier surface is not sinterable if it is such that no diffusion
processes take place between the material of the carrier surface and the metal particles
contained in the paste. Correspondingly, it is preferable that at a temperature of 25°C and a
pressure of 1013 hPa no interactions take place between the material of the carrier surface and
the components of the paste, which would make the carrier unusable for accepting the paste
and would make the paste unusable for a sintering process. In addition, the carrier surface
should be made of a material that permits easy detaching of the hardened paste from the
carrier.

According to a preferred embodiment, the material of the carrier surface is such that diffusion no
interactions predominate between the material of the carrier surface and the metal particles
contained in the paste; rather, adhesion interactions predominate between the material of the
carrier surface and the hardened paste.



According to the present invention, the carrier has a surface having at

| east one structuring el enment containing hardened paste. According to the
present invention, the at |east one structuring elenent is situated on the
surface of the carrier. According to a preferred enbodi nent, the carrier
has a surface having a plurality of structuring el enents containing

har dened paste. By definition, a plurality of structuring el enents

determ nes a structure. These structu?ing el enents can have the sane
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is made such that it enables a stable connection of the conponents even at
t enper at ures bel ow 250C. The paste used according to the present invention
cont ai Metalie materigisr havinigean @dde layer antibeic swifasgtare prefevably nmetals thal passiveteoin, t he
term i tal s.
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portion is preferably at |east 50% by weight, still nore preferably at
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nost particularly preferably at |east 95% by wei ght relative to the wei ght

of thee'?fﬁ?'alc%té ngtaé%e”epﬂ?aﬁ&rtl cular, the term"netal particles" also
i ncludes particles of a metal alloy or an internetallic phase. | n addi tion,
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phasessurfabesftheredraér. parti cl es can in addition be netal particles of the
sane type or of different types. In particular, the paste can contain
m xtures of different netal particles.

According to a preferred embodiment, the carrier has a surface having a plurality of structuring

elements containing hardened paste. By definition, a plurality of structuring elements
determines a structure. These structuring elements can have the same geometry or can have
differing geometries. In addition, the individual structuring elements can be disposed uniformly
or non-uniformly. Preferably, the structuring elements are situated on the carrier spaced from
one another, i.e. in a plane.



9 In the context of the present invention, the term"netal" refers to an

el ement that, in the Periodic Table of the elenents, is located in the sanme
period as boron but to the left of boron, in the sane period as silicon but
to the left of silicon, in the sane period as germani umbut to the left of
germanium and in the sane period as antinony but to the left of antinony,
as well as to all elenents whose atom ¢ nunber is greater than 55.
According to a particularly preferred,enbodi nent, the paste contains netal
particles having a netal with a purity of at |east 95% by wei ght, nore

prefer bI t le 98% b i gh Sti nore pref eas % b
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gol d, palladium and platinum According to a particularly preferred

enbodi ment, the netal alloy contains at |east two netals selected fromthe
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containing a one nme om t he group consisting of
al um num ni ckel, copper, silver, gold, palladium and platinum wherein

these pardiel uﬁ§ Ql@ﬁleﬁférornqwgﬁ‘gac@‘o? {?\e%aﬁf%fil:érﬁg ‘a'ﬁatcfernieagaétgeref rom made of

a netal, a neta l'oy, or an iInterneta ase, containing at |east one
nmet al sel ected fromthe 10 group consisting of alum num nickel, copper,

sil verphigohste iBahhddisiien tmdt Bh a6 WM BB SdonREktioh Cofl AB! donitioRERE T &Rn it
copper particles coated with silver. The netal particles can have vari ous

shapedeMpRatussS PRI 25Q° ke metal particles can be present in the form of
fl akes or can have a spherical (ball-like) shape. According to a

DR el B % SRS Bl Mo Bl pese [lve the formof
particles used, a mnor portion can also have a different shape However,
B S BB e LRt P P BT B P Bt %6 O
of t hefpara mefaiss Rather, phecteemtindlutes laé phdicies davihg aloestal portion. This metal portion
is preferably at least 50% by weight, still more preferably at least 70% by weight, particularly
preferably at least 90% by weight, and most particularly preferably at least 95% by weight,
relative to the weight of the metal particles. In particular, the term "metal particles” also includes
particles of a metal alloy or an intermetallic phase. In addition, the term "metal particles" also
includes particles containing at least two layers that can have different metals, metal alloys, or
intermetallic phases. These metal particles can in addition be metal particles of the same type
or of different types. In particular, the paste can contain mixtures of different metal particles.



If the netal particles are present in a spherical shape, the netal
particles preferably have an average particle dianeter of 0.1 -20 pm nore
preferably 1 - 15 pm and still nore preferably 2 - 10 pm According to the
present invention, "average particle dianeter” is to be understood to nmean
that at | east 90% of the particles have a particle dianeter in the

I ndi cat ed range. For exanple, an average particle dianeter of 0.1 - 20 pm
nmeans that at |east 90% of the particles have a particle dianeter in the
range of 0.1 -20 pm and |l ess than 10% of the particles have a particle

di anet er han 0.1 pmor greater than 20 pm_ Ac
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parti Cél%ﬁleﬁs\tgmw@wgtoﬁ]ﬁc Au%aﬂ)fretﬁist)ﬂggtg%% Rg conpound. This at |east one coating

compoun an-organic ¢ 0 I's at | east one coating conpound
preferably conprises a conpound selected fromthe group consisting of fatty
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sel ected fromthe group consisting of saturated conpounds, nounsat ur at ed
conpounds, pol yunsaturated conmpounds, and m xtures thereof. In addition,

t he coficoRhd-RMNEPRHAEISIrafeRed BBBdIRRNE HIRIMMEREIs SeRERIGRAPIS ol @nsikiiRghed
conpounds, unbranched conpounds, and m xtures thereof, The coati nrg ine
n
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enbodi nent, the coating conpounds include nonofatty acids, salts of

nonof a‘et"i’?f' acids, nonofatty acid esters, and m xtures thereof.

If the paste used according to the present invention contains metal particles that include a metal
alloy, this alloy preferably contains at least one metal selected from the group consisting of
aluminum, nickel, copper, silver, gold, palladium, and platinum. According to a particularly
preferred embodiment, the metal alloy contains at least two metals selected from the group
consisting of aluminum, nickel, copper, silver, gold, palladium, and platinum. It can further be
preferred that the portion of the metals selected from the group consisting of aluminum, nickel,
copper, silver, gold, palladium, and platinum in the metal alloy is at least 90% by weight, more
preferably at least 95% by weight, particularly preferably at least 99% by weight, and most
particularly preferably 100% by weight. The alloy can for example be 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.

If the paste used according to the present invention contains metal particles comprising at least
two layers having different metals, metal alloys, or intermetallic phases, these are preferably
particles of a metal, a metal alloy, or an intermetallic phase containing at least one metal
selected from the group consisting of aluminum, nickel, copper, silver, gold, palladium, and
platinum, wherein these particles are surrounded with a coating differing therefrom, made of a
metal, a metal alloy, or an intermetallic phase, containing at least one metal selected from the



Preferred fatty acid salts are salts whose ani oni c conponent represents the
deprotonated fatty acid and whose cationic conponent is selected fromthe
group consi sting of ammoni umions, nonoal kyl amoni umions, dial kyl

amoni umions, trialkyl amoniumions, lithiumions, sodiumions, potassium
ions, copper ions, and alumnumions. Preferred fatty acid esters are
derived fromthe corresponding fatty acids, wherein the hydroxyl groups of
the acid units are substituted by al klél groups, in particular methyl

groups, ethyl groups, propyl groups, Or butyl groups According to a
preferred enbodi nent, the at |east one coati ng und i siel ecte from
the gra5ohP CORYSION; Bfgalyminugh, Jeke SRPPEN (FNEarfoit )'m @Hg Ritingg)-

( decangircuely Beferratirk Copsar Paktidies e6ste@inith aivietl) , rryrl stic acid
(tetradecanoic acid), palmtic acid (hexadecanoic acid), stearic acid
(octadecanoi c acid), mxtures thereof, and the correspondi ng esters and
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nmet ho romthe prior a or exanp I's possible to suspend
t he cd’gl{m ﬁﬁ‘%@ﬁpounds in particular the above-nentioned stearates or
palmtate, in solvents, and to grind the suspended coating conmpounds in
ball mlls with the rretal particles. After the grlndin

ng, the netal
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The degree of coating, defined as the ratio of the mass of coating

conpouids f bly 0.00005 -
0. (r)rg g, n%oﬁ@ ol era%?%sﬂ%O&Oql% rH@cE%JartRf,?J zflr;gkga?ie?l Smp;ig Sigf e?/abl y 0.0005 -

0.02 g of coatl ng corrpounds per square neter (nR) of surface of the netal
parti cA&Srding to the present invention, a coating of particles is understood as an adhering layer on

the surface of particles. According to the present invention, "adhering layer" means that the
layer does not detach from the metal particles merely due to gravitation.

According to the present invention, the coating of the metal particles contains at least one
coating compound. This at least one coating compound is an organic compound.

This at least one coating compound preferably comprises a compound selected from the group
consisting of fatty acids, fatty acid salts, and fatty acid esters. These coating compounds are
intended to prevent an agglomeration of the metal particles contained in the paste, and to
contribute to the stabilization of the paste.



According to the present invention, the paste contains at |east one
sintering aid. During the sintering process at tenperatures bel ow 250C,
this sintering aid is preferably capable of ensuring a burning off of the
coating conpounds at |ess than 250C, in order in this way to enable
sintering at tenperatures bel ow 250C. Particularly suitable sintering aids
ensure a burning off of the coating conpounds at tenperatures bel ow 250C
either directly or indirectly via inﬁirnediately formed conpounds. 13
wherein the organic acids have 1 - 4 carbon atons, (b5) esters of organic
acids,_wherein the organic acids have 1 - 4 carbon ato nd 6). car bonyl
o SBCoA L CHPGUTIE e aRrarbas e, esst USATo e GBS (e

i nor gané graapi cdsictid) oft stdirakancobousdsl nahosnsHteaied GoaipdsndsC polyaisaturated one
enbodi ment q{e qgidizinﬁyﬁggnts. An oxidizing agent is to be understood as
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An oxi di zing agent can take up electrons and is therefore an el ectron
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| east one oxygen atom and enabl e conbustion of the coating conpounds
present on the netal particles of the paste at a tenperature bel ow 250C
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(b3) ijekaml @ -2¢8 BspbPhtole as sintering aids is based on the recognition
that for the sintering of conponents using paste it is advantageous if the
particles contained in the paste are coated, preferably with fatty aci ds.
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that the nmetal particles cannot be sintered. In conventional sintering

met hods, the coating conpounds are burned off during the sintering process,
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pr ocesER4PSRIORY KPSl bt Touparticl es as conventional |y used are possible
only at tenperatures well above 250C. 14

According to a preferred embodiment, the at least one coating compound is selected from the
group consisting of caprylic acid (octanoic acid), capric acid (decanoic acid), lauric acid
(dodecanoic acid), myristic acid (tetradecanoic acid), palmitic acid (hexadecanoic acid), stearic
acid (octadecanoic acid), mixtures thereof, and the corresponding esters and salts as well as
mixtures thereof.

According to a particularly preferred embodiment, the at least one coating compound is selected
from the group consisting of lauric acid (dodecanoic acid), stearic acid (octadecanoic acid),
sodium stearate, potassium stearate, aluminum stearate, copper stearate, sodium palmitate,
and potassium palmitate.



Surprisingly, it has been found that (bl) organic peroxides, (b2) inorganic
peroxi des, and (b3) inorganic acids ensure a burning off of the coating
conpounds at tenperatures bel ow 250C. These sintering aids are
oxygen-cont ai ni ng oxi di zi ng agents, which ensure that the coating conpounds
on the nmetal particles are renoved at tenperatures bel ow 250C. Thus, even
at- tenperatures bel ow 250C the surfaces of the netal particles are
avai l able for the sintering process. /Al so surprising was the finding that,
despite the burning off of the coatid conpounds at tenperatures bel ow
250C, n ongration of t art|c s _di d not oc t ead
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The organic groups of the organic peroxides preferably have 1 - 20, nore
preferably 2 - 15, and still nore preferably 2 - 10 carbon atons. The
organi ¢ groups can be branched or unbranched. The organi c groups can

i nclude aliphatic or aromatic groups. 16 of the cyclic group can however
al so contain heteroatons, preferably one or nore nitrogen atons or oxygen
atons. In the case of aromatic groups, the organic group can include
aromatic groups, preferably having 5 aor 6 carbon atonms. The organi c groups
can be saturated or unsaturated Acco di ngly, the organic groups can

conta| tj pl e bonds efer doybl e t also t e bonds. The
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according to the present invention as groups |inked to the peroxi de group
of the organic peroxide, wherein the |inkage does not take place via a
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car bo € prefera akes € Via a hydrogen atomor a
het eroatom Metal atonms or nitrogen atons can be preferred as the

het er ogl Bfldizing agent is to be understood as a substance that can oxidize other substances while
itself being reduced. An oxidizing agent can take up electrons and is therefore an electron
acceptor. Preferably, the sintering aid according to this embodiment is also an oxygen transfer
agent. This refers to a substance that can give off oxygen. These compounds can act as
sintering aids, because they contain at least one oxygen atom and enable combustion of the
coating compounds present on the metal particles of the paste at a temperature below 250°C.

The suitability of (b1) organic peroxides, (b2) inorganic peroxides, and (b3) inorganic acids for
use as sintering aids is based on the recognition that for the sintering of components using
paste it is advantageous if the particles contained in the paste are coated, preferably with fatty
acids. If the metal particles are not coated, there results an agglomeration of the metal particles
in the metal paste and clumping of the metal particies in an early stage of the sintering process.
This often results in inhomogenous contact points between the components to be connected.

Surprisingly, however, it has been discovered that metal particles coated in this way also have
the effect that the sintering temperature cannot be lowered below 250°C. As long as the coating
compounds are present on the surface of the metal particles, an agglomeration of the metal
particles is indeed on the one hand prevented. On the other hand, however, the surfaces of the
metal particles are then not available for the sintering step, so that the metal particles cannot be
sintered.

In conventional sintering methods, the coating compounds are burned off during the sintering
process, at the temperatures far above 250°C customarily used for sintering. The surfaces of
the metal particles are accessible for the sintering process only after the coating compounds
have been burned off. Therefore, sintering processes using coated metal particles as
conventionally used are possible only at temperatures well above 250°C.



If heteroatons are linked directly to the peroxide group, then the

het eroatom can be part of a group that contains other atons in addition to
t he heteroatom These other atonms can preferably include carbon atons,
hydrogen atons, or additional heteroatons. Preferred additional heteroatons
can be nitrogen atons, oxygen atons, phosphorus atons, and hal ogen atons,
such as fluorine atons, chlorine atons, brom ne atons, or iodine atons.
Metal atons that can be |inked directdy to the peroxide group are
preferably netals of the first, secon and third groups of the Periodic
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between the components to be connected. In this way, extremely stable contact points are

produced having very high thermal conductivity and electrical conductivity.

In the context of the present invention, (b1) organic peroxides are to be understood as
compounds containing the peroxide anion O, or the peroxide group ~O-O-, as well as at least
one organic group linked directly to the peroxide group. In the context of the present invention,
organic peroxides can therefore also contain inorganic groups linked directly to the peroxide
group, as long as at least one organic group is present that is directly linked to the peroxide
group. This linkage is preferably covalent.
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the same type or of different types.

The organic groups can themselves bear heteroatoms. In this case, the heteroatoms are
preferably oxygen atoms, nitrogen atoms, or halogen atoms. If the organic groups 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. Preferred functional groups
are carboxylic acid groups, ester groups, keto groups, aldehyde groups, hydroxyl groups, amino
groups, amide groups, azo groups, imide groups, cyano groups, or nitrile groups.

The organic groups of the organic peroxides preferably have 1 — 20, more preferably 2 — 15,
and still more preferably 2 — 10 carbon atoms.

The organic groups can be branched or unbranched.
The organic groups can include aliphatic or aromatic groups.

In the case of aliphatic groups, the organic group can also include a cyclic group. The ring of the
cyclic group preferably comprises 4 — 8 atoms, which can preferably be carbon atoms. The ring



Two inorganic groups, which are bonded to a peroxide group of the inorganic
peroxi de, can be of the sane type or of different types. The |inkage to the
per oxi de group can preferably take place via one or nore hydrogen atons
and/ or one or nore heteroatons. Metal atons, boron atons, or nitrogen atons
can be preferred as heteroatons. |If heteroatons are linked directly to the
peroxi de group, then the heteroatom can be part of a group that contains
addi ti onal atons besides the heteroat %m According to a preferred
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carbon atom.

The linkage of the inorganic group to the peroxide group of the organic peroxide can in principle
take place via all atoms other than carbon atoms. The linkage preferably takes place via a
hydrogen atom or a heteroatom. Metal atoms or nitrogen atoms can be preferred as the
heteroatom.

If heteroatoms are linked directly to the peroxide group, then the heteroatom can be part of a
group that contains other atoms in addition to the heteroatom. These other atoms can preferably
include carbon atoms, hydrogen atoms, or additional heteroatoms. Preferred additional
heteroatoms can be nitrogen atoms, oxygen atoms, phosphorus atoms, and halogen atoms,
such as fluorine atoms, chlorine atoms, bromine atoms, or iodine atoms.

Metal atoms that can be linked directly to the peroxide group are preferably metals of the first,
second, and third groups of the Periodic Table of the elements. Accordingly, according to a
preferred embodiment, 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.



Preferred i norgani c groups are ammoni um groups, nonomnet hyl ammoni um gr oups,
di met hyl ammoni um groups, trinmethyl anmmoni um groups, nonoet hyl anmoni um
groups, diethyl anmoni um groups, triethylanmoni um groups, nonopropyl ammoni um
groups, dipropyl ammoni um groups, tripropyl anmoni um groups,

nonoi sopr opyl amoni um groups, dii sopropyl anmoni um gr oups,

triisopropyl ammoni um groups, nonobutyl anmoni um groups, di butylammoni um
groups, and tributyl anmoni um groups. 'J7'he i norgani c peroxide can also be a
per oxoborate. According to the pr ese i nventi on, peroxoborates are
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atons, nore erab 1 - carbon’a nor e pre y 1 -
car borAtem Rkt e Pﬁ‘@foé‘ﬂ#"bgfoap E@H‘ be pthp serae &pear ef diffeBniiivgser bor at e, pot assi um
per borate, and sodi um perborate. The inorganic peroxides used according to

the present invention preferably have a deconposition tenperature of not
more tTHgl§TePodnorganic groups are ammonium groups, monomethylammonium  groups,

dimethylammonium groups, trimethylammonium groups, monoethylammonium groups,
diethylammonium groups, triethylammonium groups, monopropylammonium groups,
dipropylammonium groups, tripropylammonium groups, monoisopropylammonium groups,
diisopropylammonium groups, triisopropylammonium groups, monobutylammonium groups,
dibutylammonium groups, and tributylammonium groups.

The organic peroxide used according to the present 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 present invention preferably have a decomposition
temperature of below 200°C. In this context, however, it has surprisingly been found that some
organic peroxides having a decomposition temperature of greater than 200°C have a
decomposition temperature of below 200°C in the presence of metal contained in the metal
paste. This appears to be due to the fact that metal contained in the metal paste catalyzes the
decomposition of these organic peroxides.

It can also be preferred that the organic peroxides used according to the present invention are
liquid at room temperature (20°C) and standard pressure (1013 hPa).

In particularly preferred embodiments, the organic peroxide comprises a compound selected
from the group consisting of diisobutyryl peroxide, cumene peroxyneodecanoate, 1,1,3,3-
tetramethylbutyl peroxyneodecanoate, di-n-propy! peroxydicarbonate, tert-amyl



Further, it can be preferred that the inorganic peroxides used according to
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and/or one or more heteroatoms. Metal atoms, boron atoms, or nitrogen atoms can be preferred

as heteroatoms.

If heteroatoms are linked directly to the peroxide group, then the heteroatom can be part of a
group that contains additional atoms besides the heteroatom. According to a preferred
embodiment, these additional atoms can include carbon atoms, hydrogen atoms, or additional
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— 6, and still more preferably 1 — 4 carbon atoms. The alkyl groups that substitute for one or
more hydrogen atoms of the ammonium group can be of the same type or of different types.

Preferred inorganic groups are ammonium groups, monomethylammonium groups,
dimethylammonium groups, trimethylammonium groups, monoethylammonium groups,
diethylammonium groups, triethylammonium groups, monopropylammonium groups,
dipropylammonium groups, tripropylammonium groups, monoisopropylammonium groups,
diisopropylammonium groups, triisopropylammonium groups, monobutylammonium groups,
dibutylammonium groups, and tributylammonium groups.

The inorganic peroxide can also be a peroxoborate. According to the present invention,
peroxoborates are understood to be borates in which at least one oxygen atom is substituted by
a peroxide group. According to the present invention, borates are salts or esters of boric acid.



R- COOXFormul a (11), where X stands for any cationic conponent. According to
the present invention, R stands for an organic group having 1 - 3 carbon
atons. In the context of the present invention, it can be preferred that
the salt in the nmetal paste is not present in dISSOCIated form
Correspondingly, in a enbodi nent of the present invention in which a salt
of an organic acid having 1 - 4 carbon atons is used as a sintering aid, an
aprotic solvent is preferably used as solvent contained in the paste
according to the present i nvention. e organic acid having 1 - 4 carbon
atons can preferabl nmonoacid or a diacid. The organic acid, can be a
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Besi dese pdiexadhaltd BAGig HNGy-SpL@XMiohC aci d group, the organic acid can al so
have at | east one additional functional group. This functional group can
be, for exanple, another carboxylic acid group, ester group, keto group,

al dehypiefegireduperoiubdratesy breg amoniuaiTpberdogitesy @lkyh ama®ngino perborate st end radkeh,
cyano %ﬂﬁ 59 nitrile group, or a halogen atom in particular a fluorine
atom feSe atom or brom ne atom Besides the double bond formally
contained in the C=0 group of the at |east one carboxylic acid unit t he
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bi nd ox uri-ng the sintering process can thus shift to the product
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si nt er hra@rads - dabodnhloi®t @l oxi des on the surface of the netal particles
to form carbon di oxi de and the netals.

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

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

decomposition temperature of not more than 200°C.

Further, it can be preferred that the inorganic peroxides used according to the present invention
are liquid at room temperature (20°C) and standard pressure (1013 hPa).

According to a particularly preferred embodiment, the following are used as inorganic peroxides:
hydrogen peroxide, ammonium peroxide, monomethylammonium peroxide, dimethylammonium
peroxide, trimethylammonium peroxide, monoethylammonium peroxide, diethylammonium
peroxide, triethylammonium peroxide, monopropylammonium peroxide, dipropylammonium
peroxide, tripropylammonium peroxide, monoisopropylammonium peroxide,
diisopropylammonium peroxide, triisopropylammonium peroxide, monobutylammonium
peroxide, dibutylammonium peroxide, tributylammonium peroxide, lithium peroxide, sodium
peroxide, potassium peroxide, magnesium peroxide, calcium peroxide, barium peroxide,
ammonium perborate, lithium perborate, potassium perborate or sodium perborate.

According to a particularly preferred embodiment, the inorganic peroxides include hydrogen
peroxide, ammonium peroxide, sodium peroxide, and ammonium perborate.



Preferred netal cations are magnesium alum num copper (1), copper (I1),
silver (lI), silver (Il), manganese (II1l), iron (11), iron (I11), cobalt
(I'1), and tin (11). According to a particularly preferred enbodi nent, the
at | east one salt of an organic acid having 1 - 4 carbon atons, used as a
sintering aid, is selected fromthe group: copper(ll) acetate, iron(ll)
acetate, tin(ll) acetate, iron(ll) carbonate, copper(ll) carbonate,
magnesi um format e, al um ni umformate,2 iron(ll) formate, tin(ll) fornate,
copper (I'l) formate, silver(ll) fornaté nanganese(lll) formate, copper(l11)
Iactate silver actate, liron oxa roon ate, and

cobal t'{9OFNiE:E] &9 Ean gt aai 3 Sidelg FEF Foarked % PEUBESE! t he
pr esendccomingtd thapresentimverftiont can be excl uded that the netal paste
contains, as a salt of an organic acid having 1 - 4 carbon atons, a
carbonate, lactate, or formate of copper, silver, gold, nickel, palladium
or pl aerefenahly, the ipengenic atids ass iharganic acibooatt@ning okxgen. | act ate, sil ver
formate, or copper |actate. According to the present invention, (b5) an
ester of an organic acid, wherein the organic acid has 1 - 4 carbon atons,
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descr i RieEPRgUs/atoMA connection with salts of organlc aci ds havi ng 1 - 4
carbon atons. 25 In the context of the present invention, an ester is a
conmpound in which at |east one hydrogen of the at |east one carboxylic acid
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described by the above formula (11), but wherein the group X represents an

organic group. If diesters are used as esters of organic acids having 1 - 4
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still aosd RrieTafoaRskink fotue®idORtehd Tis those compounds that release a reducing
agent during the sintering process. This reducing agent is preferably carbon monoxide. Salts of
organic acids, wherein the organic acids have 1 — 4 carbon atoms, esters of organic acids,
wherein the organic acids have 1 — 4 carbon atoms, and carbonyl complexes can act as
sintering aids, because they clearly release carbon monoxide during the sintering process and
thus enable a reduction of the metal oxides on the surface of the metal particles in the paste to
the corresponding metal at a temperature of less than 250°C.

The suitability of (b4) salts of organic acids, wherein the organic acids have 1 - 4 carbon atoms,
(b5) esters of organic acids, wherein the organic acids have 1 — 4 carbon atoms, and (b6)
carbonyl complexes for use as sintering aids is also due to the above-explained finding that for
the sintering of components using pastes it is on the one hand advantageous if the particles
contained in the paste are coated, preferably with fatty acids, in order to prevent an
agglomeration of the particles, but on the other hand this coating has the effect that the sintering
temperature cannot be lowered below 250°C. The suitability of the compounds used according
to this embodiment for use as sintering aids is in addition also based on the above-explained



Thi s organic group can be unbranched or branched, but is preferably
unbranched. The organic group can bear one or nore heteroatons. Possible
het eroatons here are in particul ar oxygen, nitrogen, and hal ogens, such as
fluorine, chlorine, bromne, or iodine. However, it can also be preferred
that the organic group bears no heteroatons. If heteroatons are present in
the organic group, they can be part of a functional group. Exanples of such
functional groups are carboxylic aciqggroups, ester groups, keto groups,

al dehyde groups, am no groups, anide roups, azo groups, imde groups,
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used aa tbis Wagr iexigenaelyl Stable, thermally conductive, and electrically conductive contact points
are produced.

For an as yet unknown reason, salts of organic acids, wherein the organic acids have 1 - 4
carbon atoms, esters of organic acids, wherein the organic acids have 1 — 4 carbon atoms, and
carbonyl complexes also appear to promote the burning off of the coating compounds contained
on the silver particles at temperatures below 250°C. Thus, at temperatures below 250°C the
surfaces of the metal particles are already available for the sintering process.

According to the present invention, (b4) salts of organic acids having 1 — 4 carbon atoms can be
used as sintering aids.

According to a preferred embodiment, a salt of an organic acid is used that contains 1 - 3
carbon atoms.

In the context of the present invention, organic acids are organic compounds having at least one
carboxylic acid group. They can be represented by the following formula:

R-COOH Formula (1),



According to the present invention, the term "carbonyl conpl exes" describes
net al conpl exes contai ni ng carbonyl groups, in which at | east one CO

nol ecul e i s coordinately bound to at | east one netal atom Besides the at

| east one CO nol ecul e, the carbonyl conpl exes can al so contain additional

| i gands. These additional |igands can be el enental or nol ecul ar |igands.
The |igands can be unidentate or polydentate. 27 Preferred nol ecul ar

| i gands are nitrogen oxi des, cyanide and organic |igands. The organic

| igands are preferably ionic or unsatUrated |igands. Possible organic

| i gands,_here are .organic .|igands having at | east one carbon atom

Pref er'WH'§ R ?tﬁ'éd%cbe%h?rgarf'?g H8s having at |east one carbon atom are organic
| i gands having 2 - 20, nore preferably 2 - 16, and still nore preferably 2

- 12 carbon at. .. The.orgapi c |ligands can branched ar,_unbranched. The
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| i gandzgf_fering from protons. Consequently, salts of organic compounds can be represented by the

following formula:

R—-COOX Formula (i),

where X stands for any cationic component.

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

In the context of the present invention, it can be preferred that the salt in the metal paste is not
present in dissociated form. Correspondingly, in a embodiment of the present invention in which
a salt of an organic acid having 1 — 4 carbon atoms is used as a sintering aid, an aprotic solvent
is preferably used as solvent contained in the paste according to the present invention.

The organic acid having 1 — 4 carbon atoms can preferably be a monoacid or a diacid. The
organic acid can be a monoprotic acid or a polyprotic acid, in particular a diprotic acid.

Besides the at least one carboxylic acid group, the organic acid can also have at least one
additional functional group. This functional group can be, for example, another carboxylic acid
group, ester group, keto group, aldehyde group, hydroxyl group, amino group, amide group,
imide group, cyano group, nitrile group, or a halogen atom, in particular a fluorine atom, chlorine
atom, or bromine atom.

Besides the double bond formally contained in the C=0 group of the at least one carboxylic acid

unit, the organic acid can contain further double bonds.

Preferably, as sintering aids salts are used of an acid selected from the group consisting of
acetic acid, carbonic acid, formic acid, lactic acid, and oxalic acid.



Al kyl ligands, preferably unbranched al kyl |igands such as nethyl |igands,
or cycl opentadi enyl can be preferred as ionic |ligands. As unsaturated
organi c |ligands, al kenes, conjugated or unconjugated di enes, and allyls can
be preferred. According to the present invention, Tr-allyl and aromatic
transition nmetal conplexes are also provided as organic groups. The
carbonyl conpl exes used according to the present invention can contain one
or nore netal atoms. |f the carbonyl %onplexes contain a plurality of netal
atons, then these netal atons can be 5 the same type or of different
types., Metals that have a high affinity to oxygen are preferably used as
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it canhé prdsbarintemtipi.ef erred that the at | east one netal of the netal
carbonyl s used according to the present invention is a nmetal selected from
the group consisting of vanadi um nolybdenum tungsten, nanganese, iron,
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car bonyl's can accordi ng e present 1 nvention contain one netal atom or
a pluraglatsy of netal atons. The nmetal atons contained in the netal
carbonyls can be of the sane type or of different types.

Preferred metal cations are magnesium, aluminum, copper (1), copper (Il), silver (1), silver (I1),
manganese (lll), iron (I1), iron (1), cobalt (II), and tin (i1).

According to a particularly preferred embodiment, the at least one salt of an organic acid having
1 — 4 carbon atoms, used as a sintering aid, is selected from the group: copper(ll) acetate,
iron(ll) acetate, tin(ll) acetate, iron(ll) carbonate, copper(ll) carbonate, magnesium formate,
aluminium formate, iron(ll) formate, tin(ll) formate, copper(ll) formate, silver(ll) formate,
manganese(lll) formate, copper(ll) lactate, silver(l) lactate, iron(ll) oxalate, iron(lll) oxalate, and
cobalt(ll) oxalate.

However, embodiments also fall within the scope of the present invention in which it can be
excluded that the metal paste contains, as a salt of an organic acid having 1 — 4 carbon atoms,
a carbonate, lactate, or formate of copper, silver, gold, nickel, palladium, or platinum, in
particular silver carbonate, silver lactate, silver formate, or copper lactate.

According to the present invention, (b5) an ester of an organic acid, wherein the organic acid
has 1 — 4 carbon atoms, can also be used as a sintering aid.

The organic acid having 1 — 4 carbon atoms, from which the ester used according to the present
invention is derived, is preferably an organic acid having 1 — 4 carbon atoms, as described
above in connection with salts of organic acids having 1 — 4 carbon atoms.

As a consequence, the ester used according to the present invention is preferably a monoester
or a polyester, in particular a diester.



Preferably, the netal atons of the netal carbonyls are elenents fromthe

transition netals, thus elenents fromthe third through el eventh groups of

the Periodic Table of the elenments. According to a preferred enbodi nent,

the at | east one netal of the netal carbonyls used according to the present

invention is a nmetal selected fromthe group consisting of vanadi um

nol ybdenum tungsten, manganese, iron, ruthenium osmum cobalt, and

ni ckel . The nmetal carbonyls can be charge-neutral or can be present as a

salt. The salt can be a nnnovalent sdl't or a polyvalent salt. According to

a preferred ment the | ex used accordi to the, present
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hexacobal t hexadecacarbonyl (Co6(C0)16), nickel tetracarbonyl (N (C0)4)
di sodi um carbonyl ferrate (Na2[ Fe(C0)4]). Through the use of the
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be connecCte iccordrng to a particularly preferred enbodinent, the nolar
ratio of sintering aids to the organic conpounds (coating conpounds)
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in the range of 5:1 to 80:1, and in particular in the range of 10:1 to
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aldehyde groups, amino groups, amide groups, azo groups, imide groups, cyano groups, and
nitrile groups.

The organic group can be an aliphatic or an aromatic group. Preferably, the organic group is an

aliphatic group.

According to a particularly preferred embodiment, the aliphatic group is an alkyl group. This
alkyl group preferably has 1 — 10, more preferably 1 — 7, and still more preferably 1 — 4 carbon



A ratio of sintering aids to coating conpounds within the range preferred
according to the present invention has further advantageous effects. Thus,
on the one hand this ensures that during the sintering process, as a result
of the conmbustion of the coating conpounds, sufficient carbon nonoxide is
avai |l abl e for the reduction of the netal oxides. On the other hand, the
quantity of sintering aids is then still not so high as to inpair the
sintering process. As expl ai ned abovggiaccordlng to the present invention
it can be preferred for the organic ounds 30 contained in the coating
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Accor druiy lactate, draethylaxeiate, 9"eﬁwé@>@*a*%c¢'@ﬂmtb§¥3@ﬁtandtm@ltmd?tepr ecur sor
therefore contains silver or copper as a netal. As a netal precursor, it
can be preferred to use netal carbonates, netal |actates, netal fornmates,

met al  AF9FdRGIe therpreaent iwieqtian, (RS carbpayl compleyesaNndaIsole used @8 SintaringIajdst at t y
acid salts having 6 to 24 carbon atons. 31

According to the present invention, the term "carbonyl complexes” describes metal complexes
containing carbonyl groups, in which at least one CO molecule is coordinately bound to at least
one metal atom.

Besides the at least one CO molecule, the carbonyl complexes can also contain additional
ligands. These additional ligands can be elemental or molecular ligands.

The ligands can be unidentate or polydentate.

Preferred elementary ligands are hydrogen and halogens. Preferred halogens are fluorine,
chlorine, bromine, and iodine.



In particular enbodi nents, silver carbonate, silver(l) lactate, silver(ll)
formate, silver citrate, silver oxide (for exanple AgO or Ag20), copper(ll)
| actate, copper stearate, copper oxides (for exanple Cu20 or CuO), or gold
oxi des (for exanple Au20 or Au0Q), are used as netal precursors. According
to a particularly preferred enbodi nent, the netal precursor is selected
fromthe group consisting of silver carbonate and silver oxides. If
present, the nmetal precursor is prefﬁfably present in the paste in
particulate form particularly prefe gbly in the formof flakes. The use of
a met recursor that releases netal in situ during the sintering process
st RS s Wb ST RGP SRS BRGNS ot ol for hed. i 1

situ closes gaps between the nmetal particles contained in the paste. In

this the porqgsity o cont act int between two conponents to be
conneﬂe’dorg%'ﬁc ﬁ)f'é‘”?%a[?zpéa{e’%ﬂy PSSt uri'%ﬁir%}gd %"’W\-gg'ar dened state, the paste

al so contains at |east one conpound that can act as a solvent. For this
pur pos - j . r. t i der ed.
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N- net E@F{%g%bl yérsrt(g?”l %’g@ﬁh’g{%ﬁ%&né@%]"ygé%& ﬁ%gt Syl acetam de, 1-tridecanol,
2- tridecanol, 3-tridecanol, 4-tridecanol, 5-tridecanol, 6-tridecanol,

i sot rifrcagMic lighnBagarbeblaRbifeddufb@hafldy di methylesters of glutaric,

adi pinic, or succinic acid, or mxtures thereof), glycerin, diethylene
glycol, triethylene glycol, or mxtures thereof. The paste can in addition
cont ai Theddrgarf@fidan@s EarPR}émde sdtitatet & mdrd- bMAyunsa@RitéLd properties to the
paste. On the other hand, however, It can be advantageous for the paste to
contain no polyners, or for the portion thereof to be small, because
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t enper.at ures, above 250C and, t herefore have di. sadvant ageous effect on the
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materials or precursor products thereof. Precursor products of

therm)ﬁﬁt i : i to be conpounds that can harden to
formt er%%%g%ﬁ?ﬁgéﬁgié??é gHﬁﬁﬁpﬁéﬁggeSence of additional paste
constituents. These thernosetting materials or precursor products thereof
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wei ghtcagperrigferrabpe@nicdigandsi ght of | ess than 700 is not nore than 6% by
wei ght, relative to the total weight of the paste. In addition, the netal
paste can contain further ingredients, as for exanple usual dispersants,
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Vi scosirétérred heccBRBiELoUBE BrevedPhdent@nt f-dIfCandr £5@Bfic transiivhi A&tal Soniieler abl y
appl i ed op?to a.surface of a carrier, in order to produce at |east one

st r uctF PIFG PEIVEIREAS CrOMESH RS uct uri ng el enents on the surface of the
carrier therefore at first have paste that is not yet hardened and that is

ther ea.the c!ar@oerlmglldceorr]nepﬁje'xes used according to the present invention can contain one or more metal
atoms. If the carbonyl complexes contain a plurality of metal atoms, then these metal atoms can

be of the same type or of different types.

Metals that have a high affinity to oxygen are preferably used as metals of the carbonyl
complexes.

Preferably, the carbonyl complexes have at least one element from the transition metals, thus
elements from the third through the eleventh groups of the Periodic Table of the elements.



The application of the paste onto the surface of the carrier takes place in
such a way that the desired pattern of structuring elenents, which contain
the paste, is created on the surface of the carrier. The application of the
paste onto the surface of the carrier can be acconplished using
conventional nethods. Preferably, the paste is applied using a printing

nmet hod, for exanple by screen printing or stencil printing. The distances
bet ween the individual structuring e&gnents are preferably selected so that
a pattern is produced that correspon to the pattern in mhich t he

conpon ter sit ated next to qne anot er|n f orm
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regi onarsifnitkee surface of the conponent stands in contact with paste. Here
it is possible that only a part of the surface, or the entire surface, of
t he conponent with which the structuring elenment is equipped stands in
cont achcogrding toreeprefierrad embpdiment. theegarbony3@mplaxea eee roetabearkenyisr ane si t uat ed
in a recess, and a second sem conductor chip is to be connected to the
second contact surface of a |eadframe not situated in a recess, then in
order Ipathpresatexk of the Bresenttinygntign.elhentere "metajsperenyipeist infesded deridessivact or

chi p i ®mgduREs FANARHER- bPpditficlebf 8dorGiRstforCbmpbidRCH WicH SRIUsRafcarR, a
greater application thickness can be selected for the paste than is the

case fBPNPye 'B?'SH%R%?’SHOQTP'”?W@ kaupd &9 DefahgioBSenent by whi ch the second
sem conductor chip is to be connected to the second contact surface of the
| eadfrgne, In this wa structure can pe created th sstr ng
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conponeaetabatbmsbe connected. The thickness of application of the paste is
not further limted. Customarily, it is in the range of 10 - 300 pm
preferably in the range of 10 - 200 pm and particularly preferably in the
range Ufe rAétal atbds pontaifbe inths metal sedboaygs cardbendf th@sdarhe type es efirdifferentdypteson | s
hardened in order to produce the at |east one structuring elenment on the
surface of the carrier. In the context of the present invention, the paste
i s hariyefesabiytienmetal dtamsaf thei metd! caranylsiase elegentstiranhthelranbiiopestads, thees not
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t he paste prefera y takes pla y renoving constituents of the paste that
are liquid at roomterrperature in particular the solvents. In order to
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preferably dried. Accord i s understood as the renmoval of the
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for residual amounts of solvent to remain in the paste.
The metal carbonyls can be charge-neutral or can be present as a salt. The salt can be a
monovalent salt or a polyvalent salt.

According to a preferred embodiment, the metal complex used according to the present
invention as a sintering aid is a metal complex selected from the group consisting of: vanadium
hexacarbonyl (V(CO)s), molybdenum hexacarbonyl (Mo(CO)), tungsten hexacarbonyl
(W(CO)s), dimanganese decacarbonyl (Mny(CO),), methylcyclopentadienyl manganese
tricarbonyl ((CH;CsH4)Mn(CO)s), iron pentacarbonyl (Fe(CO)s), diiron nonacarbonyl (Fe,(CQO)s),
triron dodecacarbonyl (Fe;(CO)y,), diprototetracarbonyl ferrate(ll) (Hy[Fe(CO).]), iron
dicarbonyldiiodide (Fe(CO),l,), tripotassium carbonylpentacyanoferrate (K;[Fe(CN)sCO]}, 1,2-bis-



According to a preferred enbodi nent, during the drying at |east 99.5% by
wei ght, nore preferably at |east 99.7% by weight, and still nore preferably
at | east 99.9% by wei ght of solvent is renoved, relative to the wei ght of
solvent originally present in the paste. 34 preferably not nore than 0.2%
by wei ght, and nost particularly preferably not nore than 0. 1% by wei ght of
solvent, relative to the weight of the dried paste. It is particularly
preferable for the hardened paste to %pntaln not nore than 0.5% by wei ght,
nore preferably not nDre t han 0. 4% by*“wei ght, still nore preferably not

nor e than 0. 3O b
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- 12% by wel g recurs y wel i ona
const|Q%@W§efra¢%("é§tz[ﬁ¢£®b])the wei ght of the hardened paste. According to a
nost particularly preferred enbodi ment, the hardened paste contains 80 -
95% by_wei netal particles, 3 - 5%by wei ght sintering aids, 0 - 0.1%
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pastev\sg%ee at Ie st a residual reactivity for the sintering process that

follo &PBPCY%wever, it can be advantageous to select conditions for the
dryi ng under V\/m ch a partial sintering of the paste al ready takes pl ace.
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"molar ratio of sintering aids to coating compounds™ designates the quotient of (i) the sum of the
amounts of substance of the sintering aids contained in the paste and (ii) the sum of the

amounts of substance of the coating compounds contained in the coating of the metal particles.

For example, if a paste contains 0.025 mol aluminum formate and 0.015 mol copper formate as
sintering aids, and contains 0.0008 mol potassium stearate as the single coating compound,
then the molar ratio of sintering aids to coating compounds is 50:1.

A ratio of sintering aids to coating compounds within the range preferred according to the
present invention has further advantageous effects. Thus, on the one hand this ensures that
during the sintering process, as a result of the combustion of the coating compounds, sufficient
carbon monoxide is available for the reduction of the metal oxides. On the other hand, the
quantity of sintering aids is then still not so high as to impair the sintering process. As explained
above, according to the present invention it can be preferred for the organic compounds



coating conpounds detach and act as an adhesi on-pronoti ng agent between the
netal particles of the paste, or between the netal particles of the paste
and the carrier. Accordingly, the drying of the paste preferably takes

pl ace at a tenperature, a pressure, and an air humdity level, and for a
duration, that are suitable for renoving the solvents as conpletely as
possible fromthe paste, but without its being the case that after the
drying the sintering processes have %Iready conpl etely taken place within

t he paste. Preferably, the drying ta s place at tenperatures bel ow 200C,

nor e pre er bel ow 150C, d fo X t a nata
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porosity of the paste customarily occurs. Surprisingly, it has turned out
that the bonding of the structuring el enents nade of hardened paste to the
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har de St east 20% by volune, nore preferably at

| east qg OeA)Q%y es:u%osbr@wgﬂfﬁﬁbﬁorggpref erably at | east 60% by vol une,
particularly preferably at |east 80% by volunme, and nost particularly

pr ef er ghbiif tola8Referrd®¥mBYdiMBhU R patR&oRRiaS Id4sCénd M&ahRElgsRd paste can
easily be set by the portion and the type of the solvent contained in the
paste, the drying duration, and the drying tenperature. Further, a foil can
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36 According present invention, east two conponen
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a surface of a conponent be connected to the surface of further
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not spRe tdsiedasyripolingislaagetatprocuridraactoriibg dnthisShrafefe® bmbbéineatiponent s.  For
the connecting, the at |east one structuring elenent on the surface of the

carrier of the sintering preformis brought into contact with the surface
of t heAdcbrditg manmnenpretabrebeembzm’memteme et , preleursarghdshe rmetat &t iisngisof t he
at le t [ e e

a1 nt ortOps AR e Pl pRsCREOMRE b Yo Bombd BuBO PR e sl e
an ar rraegyese thereforecqoptiinecsiledr arlsepdarms a negalponent and the at | east one
structuring elenent that stands in contact with the carrier. This
arrangenment stands in contact with the carrier via the at | east one

st r uctAR engjetel @reentsorwheapibe arefertitetn gse ofetalhearbenaigsg anetal lagiatashanatalr ri er
CUSt OrfBidids, 'n%tﬁ%ﬁﬂéiédnﬂfé?oiree@gpﬁ@téf Fatly HclCpits, r&bRILATYy add Qéll‘ér@vfn y of
structuring el ements are arranged on thé surface of the carrier of

si nt er§ RP4FPEIBER®M$n this case, it is preferred that a plurality of
structuring elenents on the surface of the carrier of the sintering
preform particularly preferably all structuring elenents on the surface of
the carrier of the sintering preform be provided with conponents,
including the first conponent. Preferably, a different conponent is
situated on each structuring elenent. Accordingly, preferably a plurality
of structuring elenments on the surface of the carrier of the sintering
preform particularly preferably all structuring elenents on the surface of
the carrier of the sintering preform are provided with conponents

i ndependently of one another. These conponents are preferably di sposed next
to one another in a plane.



According to a preferred enbodi nent, the first conponent is contacted with
the at | east one structuring elenent situated on the surface of the carrier
of the sintering preform in such a way that a netallization |ayer that may
be present on the first conmponent stands in contact with the structuring
element. If a plurality of conponents next to one another are brought into
contact 37 with a plurality of structuring elenents, the contacting
preferably al so takes place in such nay that nmetallization | ayers that
may be present on the individual nents stand in contact with the
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t he onwebtiasatst he sintering preformhaving the structuring el enent can be
pressed onto the surface of the first conponent to be connected, so that
the structuring elenment and the surface of the first conponent to be
connechegrding te @npasticuatlyt preterred sandodisnent Ghet metabpieskrshaisdseledted dramf thee of

t he flérga EMngfsil%’rJéﬂ%o‘ﬁg ek GRiued! sO be pressed onto the at |east
one structuring elenent of the sintering preform This pressing on does not
requi re any speci al neasures. Preferably, the pressing on takes place at
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t enperat ures bel ow 200 for exanple at tenperatures in the range of 100 -
200C. Riefeeahly indhg,fopa Obﬂ%ﬁeérred to heat the sintering preformprovided with
at least the first conponent to the desired press on tenperature. The
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preSS|a:ugnpmeﬁ:séébeabrirgectedlcasbplr%edn such a way that an adhesion is

achi eved between the at |east one structuring elenent and the first
conponent, which enabl es easy renoval of the arrangenent made up of the
first Adepsieiie namtiatdeeechstatee thet pastrealse conieins iahpaet eneesemporndnthatgar aetlr i er
of the,sijn g r t
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structuring elenment of the sintering preform Preferably, the carrier is
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disadvantageous effect on the sinterability of the paste. This is true in particular of thermosetting

materials or precursor products thereof. Precursor products of thermosetting materials are
understood to be compounds that can harden to form thermosetting materials in the presence of
additional paste constituents. These thermosetting materials or precursor products thereof



After the renoval of the arrangenent of the first conponent and the at

| east one structuring elenment fromthe carrier, the structuring el enent
connected to the first conponent is available for contacting with the
second conmponent. If a plurality of structuring elenents were present on
the sintering preform then after the renoval of the arrangenments fromthe
carrier a plurality of structuring elenents provided with conponents are
correspondi ngly avail abl e for contacE&ng wi th the second conponent.
Thereafter, according to the present nvention the surface to be contacted

of the second conponent is cont d wth one struct g
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t he second conponent having a netallization layer, and a structuri ng
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to one another via the structuring el ement for exa be produced by
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one Stpdigdregi ng el enent on the surface of the carrier of the sintering
preformw th the surface of the second conponent to be connected, and
renovi ng the arrangenent of the second conponent and the structuring
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conponeznterand of the second corrponent can finally be contacted in order to
create a sintering arrangenent made up of a first conponent, a second
conponent, and a structuring el enent situated between them In this case,
part ofhe kpplgatierc obithe pasteeomntthersugiacatof shé raamier hencbatagcemnpighed using
sinter t -
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prefoﬁmmﬁmnwﬁmmoeﬁﬁﬁwwﬂmUmponent. In the followi ng, when the surface of

t he second conponent is referred to, this also conprises the case in which
t he second conponent already has a structuring elenent, in accordance with
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of the first conponent and the at |east one structuring el ement before the
contacting to a tenperature in the range of 100- 200C. It can al so be
preferred to heat the second conponent before the contacting to a
tenperature in the range of 100 - 200C. It can 40 be particularly
preferred to heat both the arrangenent of the first conponent and the at

| east one structuring elenment and al so the second conponent before the
contacting to a tenperature in the range of 100 - 200C. The pressing on can
take pl ace under noderate pressure, preferably at a pressure of at |east
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Finally, the sintering arrangenment nmade up of the first conponent, the
second conponent, and the structuring el enent situated between themis
sintered. This sintering process is a |lowtenperature sintering process.
According to the present invention, a |lowtenperature sintering process is
to be understood as a sintering process that preferably takes place at a
tenperature of bel ow 250C, nore preferably at a tenperature bel ow 220C,
still nmore preferably at a tenperat UB% bel ow 200C, and particularly
preferably at a tenperature bel ow 180C. The process pressure during the

sintering is preferably below 30 MPa, nore preferably bel ow 5 MPa nd
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of conponents, which is advantageous with regard to process econom cs and
is at least partly parallel, and al so enables a structured design of the
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usi ng - g MBady- hardened paste. Thus, according to the present invention
no drying of the paste is required i mediately before the sintering. In
this a,significant shorteni of .t he process times can be achi eved.
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the reliability of the created connection can be signiticantly 1 nproved.

are liquid at foom temperature, the paste is preferably dried.

Accordingly, "drying" is understood as the removal of the at least one solvent contained in the
paste. The removal of the solvent can take place quantitatively. On the other hand, however, it

is also possible for residual amounts of solvent to remain in the paste.

According to a preferred embodiment, during the drying at least 99.5% by weight, more
preferably at least 99.7% by weight, and still more preferably at least 99.9% by weight of solvent
is removed, relative to the weight of solvent originally present in the paste.

Preferably, the hardened paste contains not more than 0.5% by weight, more preferably not
more than 0.4% by weight, still more preferably not more than 0.3% by weight, particularly



Due to the fact that the individual structuring elenents are

pre-di mensi oned on the carrier of the sintering preformand can be nade
with different geonetries and thicknesses, it is possible to produce
connections with contact surfaces of conponents, even if these contact
surfaces do not lie in one plane. In particular, in this way it is also
possible to connect to the correspondi ng conponents curved | eadfranes or

| eadf ranes having a trough shape. Th%4pOSSIbI|Ity of a uni form di mensi oni ng
with regard to the thickness, geonetry, conposition, and vol une of the
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pressure of 1013 hPa, relative to the weight of the dried paste.

According to a preferred embodiment, the hardened paste contains 75 — 95% by weight metal
particles, 0.1 — 15% by weight sintering aids, 0 — 0.5% by weight solvents, 0 — 12% by weight
metal precursors, and 0 — 10% by weight additional constituents, relative to the weight of the
hardened paste.

According to a particularly preferred embodiment, the hardened paste contains 80 — 95% by
weight metal particles, 2 — 15% by weight sintering aids, 0 — 0.3% by weight solvents, 0 — 12%
by weight metal precursors, and 0 — 10% by weight additional constituents, relative to the weight
of the hardened paste.

According to a most particularly preferred embodiment, the hardened paste contains 80 — 95%
by weight metal particles, 3 — 15% by weight sintering aids, 0 — 0.1% by weight solvents, 0 —
12% by weight metal precursors, and 0 — 10% by weight additional constituents, relative to the
weight of the hardened paste.

The hardening of the paste, preferably the drying of the paste, takes place under conditions that
ensure that a complete sintering of the paste does not take place. It is accordingly required that
the hardened paste have at least a residual reactivity for the sintering process that follows later.
However, it can be advantageous to select conditions for the drying under which a partial
sintering of the paste already takes place. This can be desirable, for example, in order to
increase the stability of the paste as well as the adhesion of the paste to the substrate. The
stability of the paste and the adhesion of the paste to the substrate are clearly additionally
increased by the at least one organic compound situated on the metal particles as a coating.
This is probably due to the fact that, when the temperature is increased, small quantities of the



Silver carbonate5 wt. % Terpineol 17 wt./09 wt.%2 wt./010 wt. % Tri decanol 8
W.%Iln separate trials, pastes 1 - 4 were applied onto a polyester film as
defined structuring el enents having a thickness of 50 pm and were
thereafter dried at a tenperature of 100C for a tine period of 10 m nutes,
in order to obtain sintering preforns 1 - 4, each containing a carrier

(pol yester foil) having structuring el enents nmade of hardened paste 1 - 4.
Thereafter, chips having a nickel-sil%er metal lization and a surface of 25
m2 were placed, with a pressure of > MPa, onto the structuring el enents of

the indivyidual sintering preforms 1 - 4. Here rrangenent s of  chi nd
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Preferably, the drying takes place at temperatures below 200°C, more preferably below 150°C,

and for example at approximately 120°C, for a duration of preferably 3 — 60 minutes. Standard

drying apparatuses can be used for the drying.

During the hardening of the paste, an increase in the porosity of the paste customarily occurs.
Surprisingly, it has turned out that the bonding of the structuring elements made of hardened
paste to the component to be equipped can take place in a particularly simple manner, if the
porosity of the hardened paste is increased. Here, porosity is understood as the portion by
volume of pores, relative to the volume of the hardened paste. According to a preferred
embodiment, the porosity of the hardened paste is preferably at least 20% by volume, more
preferably at least 40% by volume, still more preferably at least 60% by volume, particularly
preferably at least 80% by volume, and most particularly preferably at least 90% by volume. The
porosity of the hardened paste can easily be set by the portion and the type of the solvent
contained in the paste, the drying duration, and the drying temperature.

Further, a foil can be attached on the at least one structuring element containing the hardened
paste. This foil can be used in particular to protect the structuring element from damage, for
example due to mechanical stress. Preferably, the film covers the entire structure formed from
the individual structuring elements on the surface of the carrier of the sintering preform. The film
can for example be a film made of polymer or can be a paper. If a film is present on the at least
one structuring element, this film is removed during the carrying out of the method according to
the present invention. The removal of the film takes place before the at least one structuring
element on the surface of the sintering preform containing the hardened paste is contacted with
the surface of the first component to be connected.
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According to the present invention, at least two components are connected to one another.
These each have at least one surface to be connected. A surface of a component to be
connected is understood herein as a surface of a component to be connected to the surface of a
further component by sintering.

The at least two components to be connected are herein designated as first component or as
second component. Here, the terms "first" and "second" are used only to terminologically
distinguish the components to be connected. In particular, the use of these terms does not
specify anything regarding the type and shape of the components.

For the connecting, the at least one structuring element on the surface of the carrier of the
sintering preform is brought into contact with the surface of the first component to be connected.
Thus, during the contacting of the at least one structuring element on the surface of the carrier
of the sintering preform with the surface of the first component to be connected, an arrangement
is created of the first component and the at least one structuring element that stands in contact
with the carrier. This arrangement stands in contact with the carrier via the at least one
structuring element, wherein an adhesion of the arrangement on the carrier customarily is
ensured due to adhesive forces.

Preferably, a plurality of structuring elements are arranged on the surface of the carrier of the
sintering preform. In this case, it is preferred that a plurality of structuring elements on the
surface of the carrier of the sintering preform, particularly preferably all structuring elements on
the surface of the carrier of the sintering preform, be provided with components, including the
first component. Preferably, a different component is situated on each structuring element.
Accordingly, preferably a plurality of structuring elements on the surface of the carrier of the
sintering preform, particularly preferably all structuring elements on the surface of the carrier of
the sintering preform, are provided with components independently of one another. These
components are preferably disposed next to one another in a plane.

According to a preferred embodiment, the first component is contacted with the at least one
structuring element situated on the surface of the carrier of the sintering preform, in such a way
that a metallization layer that may be present on the first component stands in contact with the
structuring element. If a plurality of components next to one another are brought into contact
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with a plurality of structuring elements, the contacting preferably also takes place in such a way
that metallization layers that may be present on the individual components stand in contact with
the structuring elements.

According to a preferred embodiment, the contacting of the at least one structuring element with
the surface to be connected of the first component, preferably the contacting of a plurality of
structuring elements independently of one another with the surfaces of individual components to
be connected, takes place by pressing on. Here, on the one hand the sintering preform having
the structuring element can be pressed onto the surface of the first component to be connected,
so that the structuring element and the surface of the first component to be connected are
connected to one another. On the other hand, the surface of the first component to be
connected can also be pressed onto the at least one structuring element of the sintering
preform.

This pressing on does not require any special measures. Preferably, the pressing on takes
place at temperatures below the sintering temperature, more preferably at temperatures below
200°C, for example at temperatures in the range of 100 — 200°C. Here it can be preferred to
heat the sintering preform provided with at least the first component to the desired press-on
temperature. The pressing on can take place under moderate pressure, preferably at a pressure
of at least 0.1 N/mm?, more preferably at a pressure of at least 0.5 N/mm?, still more preferably
at a pressure of at least 1.0 N/mm?, and particularly preferably a pressure of at least 2 N/mm?,
For the pressing on, conventional stamp devices or pressing devices can be used.

The pressing on preferably takes place in such a way that an adhesion is achieved between the
at least one structuring element and the first component, which enables easy removal of the
arrangement made up of the first component and the at least one structuring element from the
carrier of the sintering preform.

After the contacting of the at least one structuring element with the surface of the first
component to be connected, an arrangement is thus present that stands in contact with the
carrier, preferably adhering to the carrier, and that includes the at least one structuring element
and at least the first component, wherein the metallization layer that may be contained on the
surface of the first component stands in contact with the structuring element.
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Thereafter, the arrangement of the first component and the at least one structuring element is
removed from the carrier. For this purpose, on the one hand the carrier, which covers the at
least one structuring element now situated on at least the first component, is pulled off from the
at least one structuring element of the sintering preform. Preferably, the carrier is then removed
from all structuring elements of the sintering preform. On the other hand, the arrangement of the
first component and the at least one structuring element can also be lifted off from the carrier.
This is possible because the adhesion between the first component and the at least one
structuring element is greater than the adhesion between the arrangement and the carrier.

After the removal of the arrangement of the first component and the at least one structuring
element from the carrier, the structuring element connected to the first component is available
for contacting with the second component. If a plurality of structuring elements were present on
the sintering preform, then after the removal of the arrangements from the carrier a plurality of
structuring elements provided with components are correspondingly available for contacting with
the second component.

Thereafter, according to the present invention the surface to be contacted of the second
component is contacted with the at least one structuring element of the arrangement of the first
component and the at least one structuring element, in order to create a sintering arrangement
made up of the first component, the second component, and the structuring element situated
between them.

According to a preferred embodiment, the surface of the second component to be connected is
contacted with the at least one structuring element, in such a way that a metallization layer that
may be present on the surface of the second component stands in contact with the at least one
structuring element. Here, preferably a sintering arrangement is created that includes the first
component having a metallization layer, the second component having a metallization layer, and
a structuring element situated between them, wherein the metallization layer of the first
component and the metallization layer of the second component are connected to one another
via the structuring element.

According to a further preferred embodiment, the surface of the second component to be
connected can also already have at least one structuring element. This structuring element can,



significantly higher than in #1 and #2; shear strength sonewhat hi gher than
in #3 It turned out that the addition of alumnumformate resulted in a
significant increase in the shear strength of the contact | ayers between
chip and substrate obtained using the sintered perforns. An even nore
stabl e connecti on was achi eved through the joint addition of alum num
formate and silver carbonate. Exanple 2: By agitation of m xtures having
the foll owi ng conmpositions, honngenoq& net al pastes were produced that were
desi gnat ed pastes 5 and 6: 44 Paste 5SPaste 6 Silver80
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for example, be produced by providing a sintering preform described herein, and contacting the

at least one structuring element on the surface of the carrier of the sintering preform with the
surface of the second component to be connected, and removing the arrangement of the
second component and the structuring element from the carrier of the sintering preform.
According to this embodiment, both the first component and the second component already
have at least one structuring element. These structuring elements of the first component and of
the second component can finally be contacted in order to create a sintering arrangement made
up of a first component, a second component, and a structuring element situated between them.
In this case, part of the structuring element originates from the contacting of a sintering preform
with the first component, and another part of the structuring element originates from the
contacting of another sintering preform with the second component. In the following, when the
surface of the second component is referred to, this also comprises the case in which the
second component already has a structuring element, in accordance with the above-described
embodiment. Thus, in the method according to the present invention the surface of the second
component to be connected can also be contacted with the at least one structuring element of
the arrangement made up of the first component and the at least one structuring element via an
additional structuring element, which is part of an arrangement made up of the second
component and this structuring element.

The contacting of the surface of the second component to be connected with the at least one
structuring element preferably takes place by pressing on. Here, on the one hand the
arrangement including the first component and the structuring element is pressed onto the
surface of the second component to be connected, so that the first component is connected to
the surface of the second component to be connected via the structuring element. On the other
hand, the surface of the second component to be connected can also be pressed onto the
structuring element connected to the first component.

This pressing on does not require any special measures. Preferably, the pressing on takes
place at temperatures below the sintering temperature, more preferably at temperatures below
200°C, thus for example at temperatures in the range of 100 — 200°C. Here, it can be preferred
to heat the arrangement of the first component and the at least one structuring element before
the contacting to a temperature in the range of 100 — 200°C. It can also be preferred to heat the
second component before the contacting to a temperature in the range of 100 — 200°C. It can



D cunyl peroxide5 w. Vo Silver carbonate5 wt% w. Vo Terpineol 15 w. %0
wt.% Pastes 5 and 6 were used to produce sintering preforns (sintering
preforms 5 and 6) that were in turn used to fasten a chip to a substrate.
Here the procedure was anal ogous to that in Exanple 1, but a chip was used
having a surface of 100 mm2. Result of Exanple 2: The shear strengths of
the contact |ayers obtained in Exanple 2 between the DCB substrate and the
chip were determ ned using a convent i@nal shear test. It turned out that
the contact |ayer produced using sintering pref orm6 had a significantly
hi gher shear %&ren th than did the contact

obt ai ned, usi sintering
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pressure of at least 2 N/mm? For the pressing on, conventional stamp devices or pressing

devices can be used.

Finally, the sintering arrangement made up of the first component, the second component, and
the structuring element situated between them is sintered.

This sintering process is a low-temperature sintering process. According to the present
invention, a low-temperature sintering process is to be understood as a sintering process that
preferably takes place at a temperature of below 250°C, more preferably at a temperature below
220°C, still more preferably at a temperature below 200°C, and particularly preferably at a
temperature below 180°C.

The process pressure during the sintering is preferably below 30 MPa, more preferably below 5
MPa, and still more preferably below 1 MPa. Due to the use of the paste according to the
present invention, the sintering can even successfully take place without any application of
process pressure, i.e. at a process pressure of 0 MPa.

The sintering time is a function of the process pressure, and preferably lies in a range of 2 — 45

minutes.

According to the present invention, the sintering process can take place in an atmosphere that
is not further limited. However, the sintering is preferably carried out in an atmosphere that
contains oxygen.

The sintering is carried out in a conventional device suitable for sintering, in which the above-
described process parameters can preferably be set.
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before the contacting of the components, during the contacting of the components via the
structuring element a very homogenous layer free of cavities is created. In this way, the
reliability of the created connection can be significantly improved.

Due to the fact that the individual structuring elements are pre-dimensioned on the carrier of the
sintering preform and can be made with different geometries and thicknesses, it is possible to
produce connections with contact surfaces of components, even if these contact surfaces do not
lie in one plane. In particular, in this way it is also possible to connect to the corresponding

components curved leadframes or leadframes having a trough shape.

The possibility of a uniform dimensioning with regard to the thickness, geometry, composition,
and volume of the individual structuring elements or of the structure makes it possible to
achieve reproducible properties of the contact layer between the components to be connected,
enabling the method according to the present invention to be used for applications in which the
highest degree of precision is required.
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Aluminum formate 5wt.% 5wt.%
Silver carbonate - - - 5 wt.%
Terpineol 17 wt.% 9wt % 12 wt.% 10 wt.%
Tridecanol - 8 wt.% - -

In separate trials, pastes 1 — 4 were applied onto a polyester film as defined structuring
elements having a thickness of 50 ym, and were thereafter dried at a temperature of 100°C for
a time period of 10 minutes, in order to obtain sintering preforms 1 — 4, each containing a carrier
(polyester foil) having structuring elements made of hardened paste 1 - 4.

Thereafter, chips having a nickel-silver metallization and a surface of 25 mm? were placed, with
a pressure of 2 MPa, onto the structuring elements of the individual sintering preforms 1 - 4.
Here, arrangements of chip and structuring element were obtained that stood in contact with the
carrier. Thereafter, the arrangements of chip and structuring element were lifted off from the
carrier and were placed onto the nickel-gold metallization of a DCB (direct copper bonded)
substrate. This sandwich arrangement of DCB substrate, chip, and structuring element situated



14. A method for connecting at |east tw conponents, in which (i) a
sintering preformis provided according to one of Clains 1 - 13, (ii) at
| east one first conponent having a surface to be connected and a second
conponent having a surface to be connected are provided, (iii) at |east
one structuring elenent on the surface of the carrier of the sintering
preformis contacted with the surface of the first conponent to be
connected, in order to create an arrangenent nade up of the first conponent
and the at | east one structuring el er?@nt that stands in contact with the
carrier, (iv) the arrangenent nmade up of the first comnponent anf? @Q
| east bstueat theey wasriperes erpd b?@‘f‘?ﬁBéﬂW’PB‘i’ﬁgtW%teEé’F? peratugg of & gurface
of t hearite£ paEs GO BPINRIPE férQ thee pardAet Redinites.contacted with the at | east one
structuring elenment of the arrangenent made up of the first conponent and
the at |east one structuring element, in order to create a sintering
ar r angee®imtor Fegrepa. of the first conponent, second conponent, and
structuring elenment situated between them and (vi) the sintering
arrangenment is sintered.

The shear strengths of the contact layers obtained in Example 1 between the DCB substrate

and the chip were determined using a conventional shear test.

The results of the shear test are summarized in the following table:

Sintering 1 2 3 4
preform
Shear strength Very low Very low High Very high
Remarks Practically  no | Practically  no | Stable Very stable
connection connection connection connection
possible possible between  chip | between  chip
between chip | between chip | and substrate; | and substrate;
and substrate and substrate; | shear strength | shear strength
shear strength | significantly significantly
however higher than in #1 | higher than in #1
somewhat and #2 and #2; shear
higher than in #1 strength
somewhat
higher than in #3

It turned out that the addition of aluminum formate resulted in a significant increase in the shear
strength of the contact layers between chip and substrate obtained using the sintered performs.
An even more stable connection was achieved through the joint addition of aluminum formate
and silver carbonate.

Example 2:

By agitation of mixtures having the following compositions, homogenous metal pastes were
produced that were designated pastes 5 and 6:



15. The method according to Cl aim 14, characterized in that in step (v) the
surface of the second conponent to be connected is contacted with the at

| east one structuring elenment of the arrangenent made up of the first
conponent and the at |east one structuring elenment via a further
structuring elenent that is part of an arrangenment nade up of the second
conponent and this structuring el enent.

44

Paste 5 Paste 6

Silver 80 wt.% 80 wt.%
Dicumyl peroxide - 5wt %
Silver carbonate 5 wt.% 5wt.%
Terpineol 15 wt.% 10 wt.%

Pastes 5 and 6 were used to produce sintering preforms (sintering preforms 5 and 6) that were
in turn used to fasten a chip to a substrate. Here the procedure was analogous to that in
Example 1, but a chip was used having a surface of 100 mm?

Result of Example 2:

The shear strengths of the contact layers obtained in Example 2 between the DCB substrate

and the chip were determined using a conventional shear test.

It turned out that the contact layer produced using sintering preform 6 had a significantly higher
shear strength than did the contact layer obtained using sintering preform 5. Accordingly, here
as well the addition of the sintering aid according to the present invention had a positive effect
on the stability of the produced contact layer between the chip and the substrate.
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CLAIMS

1. A sintering preform comprising a carrier having a surface, which has at least one structuring
element that contains hardened paste, characterized in that the hardened paste

(a) contains metal particles that have a coating that contains at least one organic compound,
and

(b) contains at least one sintering aid selected from the group consisting of (b1) organic
peroxides, (b2) inorganic peroxides, (b3) inorganic acids, (b4) salts of organic acids, wherein
the organic acids have 1 — 4 carbon atoms, (b5) esters of organic acids, wherein the organic
acids have 1 — 4 carbon atoms, and (b6) carbonyl complexes, and the surface of the carrier
having the hardened paste is not reactive to the constituents of the paste.

2. The sintering preform according to Claim 1, characterized in that the metal particles are silver
particles.

3. The sintering preform according to Claim 1 or 2, characterized in that the at least one organic
compound of the coating is selected from the group consisting of fatty acids, fatty acid salts, and
fatty acid esters.

4. The sintering preform according to one of Claims 1 — 3, characterized in that the molar ratio
of sintering aids to the organic compounds contained in the coating lies in the range of 1:1 to
150:1.

5. The sintering preform according to one of Claims 1 — 4, characterized in that the organic
peroxide is selected from the group consisting of diisobutyryl peroxide, cumene
peroxyneodecanoate, 1,1,3,3-tetramethyibutyl peroxyneodecanoate, di-n-propyl
peroxydicarbonate, tert-amyl-peroxyneodecanoate, di-(2-ethylhexyl)-peroxydicarbonate, teri-
butyl peroxyneodecanoate, di-n-butyl peroxydicarbonate, 1,1,3,3-tetramethylbutyl
peroxypivalate, tert-butyl peroxyneoheptanoate, 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-
butylperoxy)-cyclohexane, tert-butyl-peroxy-3,5,5-trimethylhexanoate, 2,2-di-(tert-buty!peroxy)-
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butane, tert-butylperoxyisopropylcarbonate, tert-butyl peroxyacetate, 2,5-dimethyl-2,5-di(2-
ethylhexanoylperoxy)-hexane, 1,1,3,3-tetramethylbutyl-peroxy-2-ethylhexanoate, tert-amyl-
peroxy-2-ethythexanoate, tert-buty! peroxydiethylacetate, tert-amyl-peroxy-2-
ethylhexylcarbonate, tert-butyl-peroxy-2-ethylhexylcarbonate, tert-butyl peroxybenzoate, di-tert
amylperoxide, 2,5-dimethyl-2,5-di-(tert-butylperoxy)-hexane, tert-butylcumyl 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 monohydroperoxide, p-menthane hydroperoxide,
cumene hydroperoxide, dicumyl peroxide, and 1,1,3,3- tetramethylbutyl hydroperoxide.

6. The sintering preform according to one of Claims 1 — 4, characterized in that the inorganic
peroxide is selected from the group consisting of hydrogen peroxide, ammonium peroxide,
lithium peroxide, sodium peroxide, potassium peroxide, magnesium peroxide, calcium peroxide,
barium peroxide, and peroxoborates.

7. The sintering preform according to one of Claims 1 — 4, characterized in that the inorganic
acid is a phosphoric acid.

8. The sintering preform according to one of Claims 1 — 4, characterized in that the saits are
selected from the group consisting of acetates, carbonates, formates, lactates, and oxalates.

9. The sintering preform according to one of Claims 1 — 4, characterized in that the salts are
selected from the group consisting of magnesium formate, aluminum formate, iron(ll) formate,
tin(ll) formate, copper(il) formate, silver(ll) formate, and manganese(lll) formate.

10. The sintering preform according to one of Claims 1 — 4, characterized in that the salts are
selected from the group consisting of copper(ll) lactate and silver(l) lactate.

11. The sintering preform according to one of Claims 1 — 4, characterized in that the esters are
selected from the group consisting of methyl formate, ethyl formate, propyl formate, and butyl
formate.

12. The sintering preform according to one of Claims 1 — 4, characterized in that the carbonyl
complexes are selected from the group consisting of metal carbonyls.



47

13. The sintering preform according to one of Claims 1 — 12, characterized in that a foil is
applied on the at least one structuring element that contains the hardened paste.

14. A method for connecting at least two components, in which

0] a sintering preform is provided according to one of Claims 1 - 13,

(i) at least one first component having a surface to be connected and a second component
having a surface o be connected are provided,

(iii) at least one structuring element on the surface of the carrier of the sintering preform is
contacted with the surface of the first component to be connected, in order to create an
arrangement made up of the first component and the at least one structuring element that
stands in contact with the carrier,

(iv) the arrangement made up of the first component and the at least one structuring element
is removed from the carrier,

v) the surface of the second component to be connected is contacted with the at least one
structuring element of the arrangement made up of the first component and the at least one
structuring element, in order to create a sintering arrangement made up of the first component,
second component, and structuring element situated between them, and

(vi) the sintering arrangement is sintered.

15. The method according to Claim 14, characterized in that in step (v) the surface of the
second component to be connected is contacted with the at least one structuring element of the
arrangement made up of the first component and the at least one structuring element via a
further structuring element that is part of an arrangement made up of the second component
and this structuring element.



