USE OF ALI PHATI C HYDROCARBONS AND PARAFFI NS AS SOLVENTS I N SI NTERED SI LVER
PASTES The present invention relates to a nethod for fastening an

el ectroni c conponent on a 5substrate as well as a paste that can be used in
this method. In the field of power el ectronics the connection of substrates
wi th conponents, such as LEDs or very thin silicon chips which have a very

hi gh pressure and tenperature sensitivlty, presents a special challenge. 10
For this reason substrates are frequently bonded with such pressure and

t enper at ure-sensitive conponents by adhesive b i ropriate
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i npai r mrerndoadudtivity. account with respect to the shearing resistance of the
devel opi ng contact points. This would cause | ess stress of the conponents

to be bonded and thereby a further quality inprovenent of component
In order to solve this problem, it was proposed to bond substrates and electronic

components with one another by sintering.

20
However, conventional sintering processes require either a high process pressure or a high
process temperature. These prerequisites often lead to damaging of the components to be

bonded, so that conventional sintering processes are excluded for many applications.

25  German published patent application DE 10 2007 046 901 A1 proposes a sintering
technique which makes it possible to build very good electrically conducting and
thermoconducting compound layers for power electronics. This sintering processes uses a
metallic paste, which contains a silver compound in addition to an alcoholic solvent, that
disintegrates to elementary silver below 300°C. These metallic pastes make it possible to

30 reduce the process pressure to less than 3 bar and reduce the process temperature to
below 250°C. This sintering technique represents an enormous quality leap in the bonding

of substrates with pressure and temperature-sensitive components.



S5parts in the field of power electronics. Furthernore, it would be possible
to considerably save on energy costs if the process tenperature could be

| owered even nore. The prior art processes for fastening electronic
conponents on substrates have room for inprovenent in another respect. It
is for exanple possible in particular cases to generate a 10 contact | ayer
bet ween an el ectroni ¢ conponent and a substrate, which has a high shearing
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The present invention is therefore based on the object of providing a sintering process

which allows for an electronic component to be bonded with a substrate in a stable manner,

wherein the process temperature is below 250°C. Contact points should thereby be created

with uniform quality between the substrate and the component to be bonded, which have a

20  high shearing resistance, a low porosity and a high electrical and thermal conductivity.

An additional object of the present invention is to provide a paste that can be used in the

sintering process according to the invention.
25  These objects are achieved by the subject matter of the independent claims.

The invention thus provides a process for fastening an electronic component with a
substrate, in which one
(i) provides an electronic component and a substrate,

30 (i) creates a sandwich arrangement, which has the electronic component, the substrate
and a layer located in between, which includes a paste, which contains (a) metal particles
having a coating, which contains at least one compound selected from the group consisting
of fatty acids, fatty acid salts and fatty acid esters, and (b) at least one aliphatic

hydrocarbon compound, and



Furthernore, the invention nakes avail able a paste containing (a) netal
particles, which have a coating, which contains at | east one conpound
selected fromthe group consisting 50f fatty acids, fatty acid salts and
fatty acid esters, and (b) at |east one aliphatic hydrocarbon conpound. The
prior art pastes usually contain nmetal particles which are coated to avoid
aggl oneration of the netal particles in the paste. Silicon dioxide, netal
oxi de, nmetal alloys, 10 polyners or fatty acids, for exanple, are used as
coating conpounds., These.coating conmpounds nake it possible to effectively
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20 hydrocarbons.

Without wanting to be bound to one theory, the aliphatic hydrocarbon compounds appear
to be able to promote burning off fatty acids from the metal particles at temperatures of less
than 250°C. It is presumed that, at temperatures of less than 250°C, the aliphatic
25  hydrocarbon compounds are introduced between the surface of the metal particles and the
fatty acid layer above it, so that the fatty acids are surrounded by and partially dissolved by
the aliphatic hydrocarbons. Although this process does not show any disadvantageous
effects with respect to a hindrance of agglomerating the metal particles, this obviously
leads to a burning off of the fatty acids at temperatures below 250°C, so that the surfaces
30  of the metal particles are already available at these temperatures for the sintering process.
Furthermore, contact layers are created in this sintering process between the electronic
component and the substrate, which have a high shearing resistance as well as a uniform
and reproducible quality with respect to the shearing resistance. Furthermore, the use of

the aliphatic hydrocarbon compounds allows for achieving a more homogeneous



4 distribution of the conponents of the pastes, than is the case for pastes
contai ni ng conventional solvents. This results, anong other things, in a
better processibility of the pastes according to the invention relative to
the prior art pastes. 5The paste used according to the invention contains
nmetal particles. In the context of the invention, the termnetal refers to
an elenment that can be found in the Pefiodic Table of the elenents in the
same period as boron, but to the left of boron, in the sane period as

i con, ft of t but
Lo 10°t histch, Ppéter Rampierth U perE. DEn T8 e RESL 26, BRo0C SRAKR DU,
| eft of am\Aennmw salsentel Thimsesuds,agrhore etrlffehtmngShat ahkpiter arqqegﬁr.@ ty f e c
nunber th ?c:co%rggg{oqﬁ@%v%rﬂlo%h&at't\;e.ltﬁ%a'n@ Iattlgcr;sét%erm netal " al so incl udes

al | oys aﬁ ases erably has a purity of at
| east 95 melght percent preferably at | east 98 15wei ght percent, nore

pr ef eé\gf)gﬁe%%%tegge‘(% achor relgct%tt Reerﬁ%ﬂtcontgﬂg n?e\(ﬁ(@a n%a% preferably at |east

99.9 erre odiment, the netal is
selected fromthe group consisting of copper, silver, ni ckel and al um num

According, £ %n{&)fsé{ the %(/ﬁr(troﬁdthgqprﬂpﬂngﬁme’ferg lﬂ?aﬁ@!’éﬁtlentztﬂbtsca%' t!th%[md ihhge et al

particl ed' containe %gneous or het erogeneous with
r espect tP@rlocﬂtelTablccﬂfrﬁ‘@s@l@m@mS in thesamei Ratipdes bera, pelrtpitig 88 of ROCReINgARt e can

contain dif,EelABE TRERLS bue® tﬂ%%ff@t Qltcoﬂafntthé|s§§1e%'ﬂo@%st‘§1ferrﬁar¥@ﬁ)/tbtﬂgof orm

The net al partlc{jes can, fuor exanple, be in formof flakes or of a
spherDcalthg Isldf getagniet). dansrimthensaibe apiing! asoanfinpayt P 9 ¢t of @PUPPYe as

embodi menfe) {NE TRIAMARE hd! t‘t‘a’i/ehél\fﬁgrteh%t&r%mtmbefrlta&ess HevwiRg totthes does
not exclude a mnor quantity of the netal particles used can also having a
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15  weight percent, more preferably at least 99 weight percent, and even more preferably at

least 99.9 weight percent.

According to a preferred embodiment, the metal is selected from the group consisting of
copper, silver, nickel, and aluminum. According to a most preferred embodiment, the metal

20  is silver.

The metal particles contained in the paste can be homogeneous or heterogeneous with
respect to their composition. In particular, the particles in the paste can contain different
metals.
25
The metal particles can be of a varying form. The metal particles can, for example, be in
the form of flakes or of a spherical (ball-shaped) form. According to a particularly preferred
embodiment, the metal particles have the form of flakes. However, this does not exclude a
minor quantity of the metal particles used can also having a different form. However, it is
30 preferred that at least 70 weight percent, more preferably at least 80 weight percent, even
more preferably at least 90 weight percent or 100 weight percent of the particles be in the

form of flakes.

According to the invention the metal particles are coated.



5 According to the invention, a coating of particles is understood to be an
adhering layer on the surface of particles. According to the invention,
adhering layer refers nmeans that the |ayer does not separate
gravitationally fromthe netal particles. 5According to the invention, the
coating of the netal particles contains at |east one coating conmpound. This
at | east one coating conpound includes: a conpound sel ected fromthe group
consisting of fatty acids fatty acid salts and fatty acid esters. These
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28, even nore nd particularly preferably 12- 18 carbon
atons. Acewvpaindg to a preferred enbodi ment, the coating conpounds include
nono fatty acids, salts fromnono fatty acids or nono fatty acid esters. 25
As fatty acid salts salts are preferably considered, whose anjonic
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i ons. Pred gerseshifzatidrnyoraed ghsdst ers are derived fromthe corresponding fatty
aci ds, wherein the hydroxyl groups of the acid units are replaced by al kyl

groups, particularly nethyl groups, ethyl groups, propyl groups, or butyl
groups. The coating compounds are preferably selected from the group consisting of saturated

compounds, monounsaturated compounds, polyunsaturated compounds, and mixtures
15  thereof.

Furthermore, the coating compounds are preferably selected from the group consisting of

branched compounds, unbranched compounds and mixtures thereof.

20 The coating compounds preferably have 8 - 28, even more preferably 12 - 24 and

particularly preferably 12 - 18 carbon atoms.

According to a preferred embodiment, the coating compounds include mono fatty acids,
salts from mono fatty acids or mono fatty acid esters.

25
As fatty acid salts, salts are preferably considered, whose anionic components constitute
the deprotonated fatty acids, and whose cationic components are selected from the group
consisting of ammonium ions, monoalkylammonium ions, dialkylammonium ions,
trialkylammonium ions, lithium ions, sodium ions, potassium ions, copper ions, and

30  aluminum ions.

Preferred fatty acid esters are derived from the corresponding fatty acids, wherein the
hydroxyl groups of the acid units are replaced by alkyl groups, particularly methyl groups,
ethyl groups, propy! groups, or buty! groups.



6 According to a preferred enbodi nent, the at | east one coating conpound is
sel ected fromthe group consisting of caprylic acids (octanoic acids),
capric acids (decanoic acids), lauric acids (dodecanoic acids), nyristic
acids (tetradecanoic acids), palmtic acids (hexadecanoic acids), stearic
aci ds (octadecanoic acids), mxtures thereof, as well as the 5corresponding

esters and salts and m xtures thereof.6Accordi ng to a particularly
preferred enbodi nent, the at | east one coating conpound is selected from

t he group consisting . of lauric acids odecanoi ¢._aci ds stearic acids
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80 wei ght percent, nore preferably east 90 wei ght percent, particularly
pr ef P ablsteagate | sedisin mEMSie cawtpotapsis RAPEdteul arly preferably at |east 99
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mentioned stearates or palmitates, in solvents and to grind the suspended coating
compounds with metal particles in ball mills. After grinding the metal particles, now coated
with the coating compounds, are dried and subsequently freed from dust.

20
The portion of the at least one coating compound, selected from the group consisting of
fatty acids, fatty acid salts and fatty acid esters, is preferably at least 80 weight percent,
more preferably at least 90 weight percent, particularly preferably at least 95 percent, most
particularly preferably at least 99 weight percent, and particularly 100 weight percent
25  relative to the total weight of the coating.

According to a preferred embodiment, the portion of the coating compounds is 0.05 - 3
weight percent, more preferably 0.07 - 2.5 weight percent and even more preferably 0.1 -
2.2 weight percent, relative to the weight of the coated metal particles.

30
The coating grade, which is defined as relationship of the mass of coating compounds to
the surface of the metal particles, is preferably 0.00005 - 0.03 g, more preferably 0.0001 -
0.02 g and even more preferably 0.0005 - 0.02 g of coating compounds per square meter

(m?) of surface of metal particles.



7 According to the invention, the paste contains at |east one aliphatic
hydr ocar bon conpound. According to the invention, aliphatic hydrocarbon
conpounds are understood to be 5 conpounds conposed of carbon atons and
hydrogen atons and are not aromatic. Consequently, the aliphatic

hydr ocar bon conpounds according to the invention do not contain
heteroatons. The at |east one aliphati;c hydrocarbon conpound appears to be
able to pronote the 10 burning off of fatty acids or fatty acid derivatives

contai ned on.th t al rticle i 0g S - F s of
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al i phati c hydrocarbon conpounds. Furthernore, the at |east one
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According to a preferred enbodi nent, .the at |eas I'W)@éi car bon
corrpd)anngré“r@é%ﬁngtf%H a\‘cfdérﬂr?%é a&dd{%ﬁv?%ﬁ% F%qt?'ﬂag?)ﬁs th%-qg?t%adne's, &lés:so%?égg%es,
cycl oal kasepouracht Memperatsesd biebeol .2580C, so that the reactive surfaces of the metal

particle are already available for the sintering process at lower temperatures. As a result, a

distinct lowering of the sintering temperature can be achieved.

15  Furthermore, the at least one aliphatic hydrocarbon compound can serve as solvent

substitute and effectively eliminate water retention based on its non-polar nature.

The at least one aliphatic hydrocarbon compound is preferably selected from the group
consisting of saturated compounds, monounsaturated compounds, polyunsaturated
20  compounds and mixtures thereof. According to a particularly preferred embodiment, the
aliphatic hydrocarbon compound is selected from the group consisting of saturated

aliphatic hydrocarbon compounds.

Furthermore, the at least one aliphatic hydrocarbon compound can be a cyclic or acyclic

25  compound.

According to a preferred embodiment, the at least one aliphatic hydrocarbon compound is
selected from the group consisting of n-alkanes, isoalkanes, cycloalkanes, and mixtures
thereof.

30
The at least one aliphatic hydrocarbon compound used according to the invention
preferably has 5 - 32 carbon atoms, more preferably 10 - 25 carbon atoms and even more

preferably 16 - 20 carbon atoms.



The at least one aliphatic hydrocarbon conmpound used according to the

i nvention preferably has 5 - 32 carbon atons, nore preferably 10- 25 carbon
atons and even nore preferably 16- 20 carbon atonms. 8 According to a
preferred enbodi nent, the aliphatic hydrocarbon conpound is selected from
the group consisting of saturated hydrocarbons, which are represented by
the fornulas CH2, 2, CnH2" and CnH2n_2, wherein n stands for a whol e nunber
between 5 and 32, preferably between 10 and 25 and nore preferably between

16 and 20. 5 Ac ordln refe t one
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In order to achieve a good processibility of the paste, it can be

advant ageous that the paste contain 3 - 25 weight percent, nore preferably
4 - 20 wehghtasR5paoring teathd ievetionprefemblyf @ntditsy 75 --901Beighi gercefemoent of

t he
at | ea%era8l9%7al8'9%]e?gtht Percent and even more preferably 80 - 88 weight percent of metal

15  particles relative to the total weight of the paste.

According to a preferred embodiment, the paste contains 0.05 - 2.5 weight percent, more
preferably 0.07 - 2.2 weight percent and even more preferably 0.1 - 2 weight percent of the
at least one coating compound selected from the group consisting of fatty acids, fatty acid

20 salts and fatty acid esters, relative to the total weight of the paste.

The portion of the at least one aliphatic hydrocarbon compound in the paste is not
particularly restricted. In order to achieve a good processibility of the paste, it can be
advantageous that the paste contain 3 - 25 weight percent, more preferably 4 - 20 weight
25  percent and even more preferably 5 - 18 weight percent of the at least one aliphatic

hydrocarbon compound, relative to the total weight of the paste.

It has also proven to be particularly advantageous to provide a quantity of the at least one
aliphatic hydrocarbon compound in the paste, which is large enough to allow a simple
30  burning off of the coating compounds at temperatures below 250°C. Accordingly, the ratio
of the weight proportion of the coating compounds to the weight proportion of the at least

one aliphatic hydrocarbon compound is at maximum 0.1%.



hydr ocar bon conpound, relative to the total weight of the paste. It has
al so proven to be particul arly advantageous to provide a quantity of the at
| east one aliphatic hydrocarbon conmpound in the paste, which is |arge
enough to allow a sinple 30 burning off of the coating conpounds at
t enper atures bel ow 250C. Accordingly, the ratio of the weight proportion of
the coating conpounds to the wei ght proportion of the at |east one
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compound is formed from the aliphatic hydrocarbon compound, which is present in a larger

20  quantity than optionally other contained aliphatic hydrocarbon compounds.

It was surprisingly determined that the lowering of the sintering temperature, which is
strived for according to the invention, is linked on the one hand to the length of the main
chain of the fatty acid or of the fatty acid derivative, which is primarily contained in the
25  coating of metal particle, and is on the other hand linked to the main chain of the aliphatic
hydrocarbon compound, which represents the at least one aliphatic hydrocarbon
compound or the principal components of the mixture from the aliphatic hydrocarbon
compounds. It was thus found that a particularly strong lowering of the sintering
temperature can be achieved, if the main chains of this fatty acid or this fatty acid derivative
30 and of this aliphatic hydrocarbon compound have the same or a similar number of carbon

atoms.

According to a most particularly preferred embodiment, the ratio of the carbon atoms,

which are contained in the main chain of the main component of the coating, to the carbon



25 coating of netal particle, and is on the other hand |inked to the main
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m xture fromthe aliphatic hydrocarbon conmpounds. It was thus found that a
particularly strong |owering of the sintering tenperature can be achieved,
if the main chains of this fatty acid or this fatty acid derivative 30and
of this aliphatic hydrocarbon conpount? have the sane or a simlar nunber of
carbon atons. 10 atoms, which are contained in the main chain of the main
corrponeratoraé @hich ems teohtamed| ih gthatmain Ithainodathbonaio cieppenent ehetslepste®®i n t he
range of I I 0 refetabl@HetheTOr €
bi?“ﬁh"f‘tﬁ r{yﬁéoc?%?rqa co! grtcg LR h%i Wth%hSndea@fQ?S b OOmQ)re p ?

prefera nost Partlcu arly preferab,y in
the rangengé oP0B5- 1.4, éﬁen Gotd prefrsabteirathepange 6f 88 hadeand @P%&%W‘aé y

coatlngth ont upgsof 20 weight percent lauric acid (afatty
aci d havri’rﬁﬁraa?(f |ﬂﬁe %ﬁgfgﬁﬁggé ;qcar bon atons), 35 weight percent nyristic

acid {a fatty acid having a main chain of 14 carbon atons) and 45 wei ght

percent ﬁ’%gta ekfrﬂafth?e@rigatvg R x8hbie0h Rafid tat @6htd|nbaa\/hﬂ@1ra ciTBZOrlwelb'ajl n of

18 carbon a pot assium stearate_ i s thus % gﬁ Q tnt of
t he coat pergentliauriclacis (e &ty acikhaxipgraBinichalp ¢f I%G\%VPP?]@tOHF)t eI PEr °e

tenper at H&ﬁstféaa{}mbé f%bé&ér ‘ﬁvag b rhdi® crainet &4 aérlbpvhatdnﬁs) layd macmdmmem@nbound
or the marn conp m Xxture of ali phatlc p gggrg n 8%?}“ has a
mai n chabefasdiym #%@tm(ﬁaﬁa’tdﬁf 3 fakveriddivig b B rbf vioul d

thuspe prafigiabiRalate tiiangd neé emaih pmmmnhmrmeacmngcmmb@nda&ﬂ 2he nain
conmponent of 15a mi xture of al]

dr ocar.bo chai n
PO 16 exrprdnmms e e, areR e el Al Qgﬁqﬁ{*@%'“@erﬁﬁé*'@
accor di Ngyd@cdrbén icBMBBERDBr €N nadm tainporenh ef as ipgurancfesliphatiadydresasnon o t he

f t d di it
past o CoRPAPHE SR GHErr GRa e ot R aney B aPhR R F GO B R wodide

I nvent i OfhusthaRbRralle &t single atifretis hydocaroanpuurrdind ok thenmpig C@é’é’@ﬁ?ﬁi%d to
the 22' d}qfx{%h%h%{phatlmp&d?oc% éo?wrco ohﬁcﬁ?ﬁ%%ﬁﬁ%aﬂ%n@ﬂ633"2@59@0!1 atdnke 25

pres {7¢Tes Contained in t he paste. A metal is thus
pr ef er ablpgrticalariedith n8 satban ateers. usi ng a netal precursor during the sintering
process. It can be sinply determ ned whet her the conpound rel ates to a
metal precursor according this preferred enbodi nent aste
cont ai ns Thecpago@acortiogbe thegvantion £an feoptask asT éUB%a'EF@ngﬂ@H'OB o the

substrat eaf&@%'eﬂ@oi%d%bhﬁgﬁeﬁé‘.rface heated to 250C and left at this
tenperature
20

According to a preferred embodiment, the paste contains at least one metal precursor.

In the context of the invention, a metal precursor refers to a compound, which is
decomposed to the metal of the metal precursor at temperatures of below 250°C in the
25 presence of the metal particles contained in the paste. A metal is thus preferably formed in
situ when using a metal precursor during the sintering process. It can be simply determined
whether the compound relates to a metal precursor according this preferred embodiment. A
paste, which contains a compound to be tested, can for example be deposited on a
substrate having a silver surface, heated to 250°C and left at this temperature for 20
30  minutes. Afterwards, it is examined whether under these conditions the compound to be
tested has decomposed to a metal. To that end, the content of the metal-containing paste
components can be weighed prior to the test, and the theoretical mass of the metal can be
calculated therefrom. After the test the mass of the material deposited on the substrate can

be determined gravimetrically. If the mass of the material deposited on the substrate



30 mnutes. Afterwards, it is exam ned whether under these conditions the
conpound to be tested has deconposed to a netal. To that end, the content
of the netal -containing paste conponents can be weighed prior to the test,
and the theoretical mass of the netal can be calculated therefrom After
the test the mass of the material deposited on the substrate can be
determ ned gravinetrically. If the mass of the material deposited on the
substrate 11 corresponds with the theoretical mass of the netal, wherein
t he usual neasurenent deviations are to be taken into account, the tested
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during the sintering process, 25 results in the netal formed in situ during
the sintering process closing up holes between the netal i
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bet ween fwo, 60MRARENGStated chisheh ARdRte CRPpéreoxicadtiwrakample Cu,0 or CuO), gold

15 oxide (for example Au,O or AuO), or mixtures thereof are used as metal precursor in

particular embodiments.

According to a particularly preferred embodiment, the metal precursor is selected from the
group consisting of silver carbonate and silver oxides.

20
If present, the metal precursor exists in the paste preferably in particulate form, particularly

preferably in the form of flakes.

The use of a metal precursor, which releases metal in situ during the sintering process,
75 results in the metal formed in situ during the sintering process closing up holes between the
metal particles contained in the paste. In this manner, the porosity of a contact point

between two components to be bonded can be reduced.

The paste can also contain at least one sintering aid. This sintering aid is preferably able to
30 ensure a burning off of coating compounds below 250°C during the sintering process at
temperatures below 250°C, to thus make it possible to sinter at temperatures below 250°C.
Particularly suitable sintering aids ensure a burning off the coating compounds at

temperatures below 250°C, either directly or indirectly through intermediately formed

compounds.



The paste can also contain at |east one sintering aid. This sintering aid
is preferably able to 30 ensure a burning off of coating conpounds bel ow
250C during the sintering process at tenperatures bel ow 250C, to thus make
it possible to sinter at tenperatures bel ow 250C. Particularly suitable
sintering aids ensure a burning off the coating conpounds at tenperatures
bel ow 250C, either directly or indirectly through internediately forned
conpounds. 12 According to a preferfed enbodi nent the sintering aid can be
an oxidi zing agent. By oxidizing agent is to be understood a substance that
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Ber nst ei Mef@iad@ PPN GPEE'Pherest), glycerin, diethyl eneglycol,
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30 dimethylacetamide, 1-tridecanol, 2-tridecanol, 3-tridecanol, 4
tridecanol, isotridecanol, dibasic esters (preferably dimethylesters of the glutar-, adipin- or

Bernstein acids or mixtures thereof), glycerin, diethyleneglycol, triethyleneglycol, or

mixtures thereof. However, it can also be preferred that no solvents or instead small

quantities thereof are present in the metal paste in addition to the aliphatic hydrocarbons.



5 hydrocarbons, relative to the total weight of aliphatic hydrocarbons and
further solvents, lies in the range of 30 - 100 wei ght percent, nore
preferably in the range of 50-100 wei ght percent, even nore preferably in
the range of 70 - 100 wei ght percent, and particularly preferably in the
range of 80- 100 wei ght percent. 10Furthernore, the paste can contain at

| east one polymer to give the paste the desired characteristics. On the
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el ectronigg %ﬁﬁ@‘aﬂﬁ%e%&te fcBf 6%&@?|ﬁes@%u%1a@%td)rvgﬂefb%m@fteﬂnbre@f u@uamasSI ve
corrponentp ccording to parti cuI ar enbodi ne ﬁ | ect ronic ézrg{rpreg nt

are used hare Hi quﬁ'éraﬁléﬁaﬁﬁriéé‘e@{”@cf"?@m 5 'esﬁc@éﬁ’ di%g pt°8°r3'n§r ©r &r
enbodi Mendmpdfigerk! tﬁetdoﬁmncof%m@nﬁmh hsves 8 veng e vbragen rhdlecugarongight of

consi sting of diodes (for exanples

transi st 0958 03O IMOTe BBTE, W ?'%@?%EHe@Y%tOEF]%ng%{Wé plﬁg%o%srtg., bi pol ar
transigpstors wit insul ated gat e electrode), integrated circuits,

sem conduct or._chi ps, nake ip Fesl St rs,
coils, ard WB‘PPnB“"ﬂ?SHP%@S a'f@%ﬁ {Yfg}ﬁ”f exagxﬁ@er %?rﬁlﬁgﬁn Er@{&%&é]ﬁ?

obj ect, wbnhddes;asfoameanmordihgdgéds asr \&oesﬁyﬁ@gwetmg agents, can be contained in

the metal paste.

25  The previously described pastes can be used according to the invention for fastening an

electronic component on a substrate.

This fastening is preferably realized by sintering. According to the invention, sintering is
understood to be the bonding of two or more components by heating while bypassing the

30  fluid phase.

An electronic component is generally understood as an object, which can be part of an
electronic assembly. According to a preferred embodiment, this is understood to be an

individual part that cannot be further disassembled and that can serve as component of an



conponent. According to a preferred enbodi nent, the substrate is sel ected
fromthe group consisting of |ead frames, DCB-substrates

(Di rect-Copper -Bonded substrates) and ceram c substrates. |SAccording to a
preferred enbodi nent, the follow ng pairs of electronic conponent and
substrate are fastened to each other: LED/|ead frane, LED/ ceram c
substrate, Die/lead frame, Die/ceram ggqsubstrate, Di e/ DCB-substrate,

di ode/ | ead frame, diode/ceram c substrate, diode/DCB-substrate, |GBT/Iead
frame, | [ S t I | ead
frame, i Gegrdr Sl TR Pkl pERLERPRH TNy collbRls 3,8k ef nkiid
circui t/ psrwlmsparm &he slensali¢ EaraRPNERLIRS, 05 EXRTARIE, W%‘V%G%??Wéor%ool i ng
body (prﬁ%gsrl\?eb!:éfn&(?\@pte c%rdi"ﬁéqg‘g@Hﬂ:I@\PQtlr\bwmgﬂtq)%/e%troﬁ@q{oh%nmg)ére

(preferabl'y copper or aumn ool 1 ng body)/ceram c substrate, cooling
body/ | eadséd anfigh-pesfrmaess ele@iaaicer ABoyingitt BPelRfed oA the RIECHPE er abl v

In nog- h%HﬁSgn&Q@'SEk%B/f}cﬁ@%é QAR cohRiRerP bfl diRged QfoR e&amblherLBE’sefLQjm ed
enbodi ment, nultiple electronic conponents can 21 (g% g%e? &

substr at @m/ﬂ’ﬁgc%’ﬁd‘b% frapsisiers grersrrels GRS dr@aisshe bor??%n rr‘?f’%"ggfs

| ocated QfpoPRRRFPELRrSWA8SsUMted BoteSdiBGionaY, Qﬁtedﬁdfetjhﬁh’fcm eemitdoadtictandidps,
conponent, substrate or el ectroni c copponent .and trate can 30 conprise

at | east "Bked FRIPSALIGD AEFIBATS SSASCS: FARAETREE 'S fgf’lc8 nlgaR?gY Scan, for

exanpl e, have pure metal or a netal alloy. If the rretalllzatlon | ayer

t hi f bl t -
cone Gt 1y wPetap e eenaphyuieE geflan BRRRLANTH S Pl A ofihifoni
met al | i Z&‘Iotr@lanélﬂyﬁfco&m@folasmfearemh’&iodaidnoyhe sﬁhstrateheﬂelpcrted #palhg gwont ai ns
at least one mst(ﬁ]leaéﬁ AR cyrs u[é‘sttrélss %%PM&?'B%%&@SW sirSteb V&d ¢ egé)rf\ig’

0
ni ckel , FRMPEYIY {]ames A ST DAt on I ayercan al'so have
a nmultil aspesteateconstructi on. According to a further preferred enbodi nent,
the netallization |layer also contains a glass. According to the invention,
the el ectronic conponent is fastened on the substrate by 5 sintering. In
t hi s iSonnfexbiding toon"preferrpt yermedinsent.he fallawing feies of elerisonit sempepgné and

Corrponentsdb%tr&gne{?g%sqgwetdotoaea%wétﬁ@re Lﬁblle:!ﬂ?fr§MQSLEI§kSran\M‘%D@étx@té tD/QﬂI&%ﬂ not

depend on the relative position o he el ectronic conponent, of th

subst r at erane,ofDig/prramia ayvgeliant . DIaEEH-sihslateo ?'H‘eelﬁeﬁ@eﬁ?mSn d‘?q’?écee?@& ronic

conponent g alfate N&jcaREH- &&tratree |OB PNt frbrﬁéold@l’/waﬁ'@c%uwr‘afe qaesmrcm her
for the purpose of sinteri n% The cont act i ng the é ak t%ﬁ the
t 'Wé’r? f

past e accoigiralg. tiedrped FirEitsaenTaRe c BYH G CHC%J bot h

t he eject giRNitecEsRRnaa! @éﬂioﬂ!’éb@t fraine, heéf%oﬂcdm’ﬁﬁl ISubettate)n doaymg b:wiyer ein
the netallization | a

t | ect t t
el o PrEcehypaYRon AT e Shoms: SaTRCEneSa g el toleliaflE Brbercd ' O
tAﬁ c ;)r ﬁi ng?IEm;rtu:ﬁecdtdwgz Bbd%era&n@ﬁ{ﬁiﬂftﬁhcﬂm@bq&ﬂmm frarge, 1®ndm8te|r airef?racgtyeat ed
a as electronic co en e su er ocat e I N
bet ween tﬁ&%“ﬁ@rﬁ’ﬁ?‘ﬂ?ef Hé‘"%g"se? LA oV houlg%é Ec?hﬁmﬁﬂlg&e% r%@% A sandwi ch

arrangenent is preferabl y understood to be an arrangenent in which the

el ectroni rponen 0 . r I bove
Che. of Dot RS dinh duthe Bkl TABEDAE, HIRRE Bebdfic B Lah b
substrat ecmrecteslstenmeadubytraer&mgeobqoamﬁl‘ ereferepdothet glestrondg copgonents are

located on opposite sides of the substrate.

Furthermore, electronic component, substrate or electronic component and substrate can
30 comprise at least one metallization layer. This metallization layer can, for example, have
pure metal or a metal alloy. If the metallization layer comprises a metal, this is then
preferably selected from the group consisting of copper, silver, gold, palladium, and
platinum. If the metallization layer comprises a metal alloy, this then preferably contains at

least one metal selected from the group consisting of silver, gold, nickel, palladium, and



The sandwi ch arrangenent conposed of the el ectronic conponent, the
substrate and the paste lying in between can be manufactured according to a
known prior art process. Preferably at | east one surface of the substrate,
preferably a surface of the substrate provided with a netallization |ayer,
is initially equipped wth the paste according to the 25 invention. The
paste can be applied to the surface ofsthe substrate by conventional
processes The paste is preferably applied by a pressing process, for

exanpl e n%ﬁr' TEE: n\(;bttél%tlg)ﬁ la Ereéréq'x' Alscpﬁév@td ﬁ‘lgftlla%etj hengtfgsn. %BQ’dmbh@ apaste

can be app I'ed ensi ng technol ogy, by spraying technol ogy, by pin

t r ansf erfurtoer nﬁ@fedecppmggdlmgmﬂo%qn@mﬂ@lon i’c]’:{éf YPREIHYAT 8 IBSPponent i s pl aced
with one of its surfaces, preferably with a surface that has a 30

nmetal I ization |ayer, to t he FE)aste whi ch has been apgl | ed ﬁg tgtﬁ%urface of
t he subsf¢w@fdEng @ﬁ@%éﬂ)’éﬁfﬂqwt & gfpsipric | pwenerd s JasiPRer BBt B eHPEFES Nbst rat e

and tyie ghRehd MNkiGs @&ma@nﬁmon" thfbfyerhééﬂsymbteé wmetdmmateardmozmmmehayer of
the substrate and the netal lization |ayer t eeI ron Bgﬁrgf 16
nent

The wet PBaPEPedahds fysBREaOEANS SHRlE & H‘a“ 3 i dergy

pr ef er abpsition df i di@@aic@omPBnent 283Ghapsubsiéte of aftae adeﬂ@anh@ntl s prefer abI y
under st ood as the di stance between the opposite surfaces of substrate and

el ectroni c conponent. The preferred wet |ayer density depends on the

sel ect EdAmdB@ﬂg?&;o tie mp@ltpnt the eedt@hicpamipenehtf artchthenmibatratp sse @rdushBinappl i ed,
for by, .screen..printin th d r be 20
50 Tm PrastitindeaeRe a8 Papiser ehShien B el ATy FRECA Bk B

pr ef er r ediavet phasigerccaeingi tbythe arvehiian. |N¢c®rhegrtaragefe&frr85()3mm0n?ﬂh bCAbé'@ﬁ di ng
to a preferred f RSt

sinteri nS %O”ﬁc g%g&{ r;%'r%d Sab&'raYé H%\f ef abl télﬁzaggﬁ lag; %egés'hgﬁ? educt i cl)%n in the
portion tyesaltherkecironit bmnwmteal arpiatbe metamhy@mrdiamgf of sheasybstipterare i @MFSHI nent |
the port Wﬁto% b SRR ia & a{)me RLBLdj %r%a{%t ﬁ\eaifw\t/é?{hoﬁry'sﬁgdvlnb@%rrb driéhtignge of

1-5 ercent, re Ive to e welg the dried ta aste. 150n
the dhe mﬁuy crewéeoumt hgs é%meteak@lfplcarééom ethe rﬁaﬁﬂfaé%tan?m@ﬁfh@c sthdi ch

arrangemgg eemhéth&nﬁ)}lﬁ?fhehﬁé&% abddRdify Yo ﬂﬁ xﬁ%htuéh SR dapwichlareAgémarmds at el y
following the application of the paste on the at |east one surface of

subst r at @referably apdeisiiod te SRFErRIRANIeRAR 'BM’W’ thg SlESHPRHE CPMGOVEY i Phaied

el ectr 0n'aﬁoﬁé)méoélﬂmra@rorsﬂﬁbsstubéﬁﬁe ta@o@t@él@@tﬁdrﬁdcorﬂ]ﬁtﬁ\edf yandgwhieesipethat ur e
preferably lies in the ran s that ..t he drying

time 20 SESEAYS COMPRIFEt pRS fr?R‘?@F%SWBE‘ﬁy aérﬁn%efd ‘W%ﬂ E 9§ AR he size of

t he 9gndwi ch arrangerrent to be sintered. However, common drying tinmes lie
th 45 t h. i
component PerB B ErARENa doPRe Ly are ZeciSruBRTRE By ShssheR fedRe o ¢
cont ai ns pabee pagtie tamweérdlcaug Heombhéfactoreeinadcorting & fi maknypriulyreptasdss.o a
sinteri n%&%{é’agq‘fb@s ﬁbletaa Sﬂes 'sﬂr%]f | DR glﬁ)%ﬁ'g ?re@ergﬂgat SORSIAbUE SUbBE&AE! NY

process venti on, ure sintering process is
under st oguoagedawsh rat metatigaurobgers it hata”preeﬂlep%ﬁbwh g paste acce@ingeloahar e of

bel ows25Q6 . 1Bl ep?e!n%fa&rea&lny bala (%c?%)%é’%wf%cog%f el QM\bs%%QerY Q6 erfBh 4

pref erably at a erat ure of nd particul ar preferably at
a tenper a:trqcpe@seﬁ Bl pasta gooeferalfly applied by a pressing process, for example screen

printing or stencil printing. On the other hand, the paste can be applied by dispensing
technology, by spraying technology, by pin transfer, or by dipping. Subsequently, the
electronic component is placed with one of its surfaces, preferably with a surface that has a
30 metallization layer, to the paste which has been applied on the surface of the substrate.
Consequently, a paste layer is located between the substrate and the electronic
component, preferably between the metallization layer of the substrate and the

metallization layer of the electronic component.



the invention, the sintering succeeds even w thout any use of process
pressure, thus at a process pressure of 0 Mra. The sintering tine
depends on the process pressure and preferably lies in the range of 2 - 545
mnutes. According to the invention, the sintering process can take place
in an atnmosphere that is not further restricted. Preferably, the sintering
is carried out in an atnmobsphere that ggntains oxygen. 10 The sintering is
carried out in a conventional apparatus suitable for sintering, in which

Erﬂg Ip;]\e/\é O:J\gl%tylagerher 'spf" g @89& gét? tRp %?E@Et?orﬁ@e?@%&fe%f Ay Nre#é‘?atﬁﬁn the

dinar &l n ased on the foll ow ng
exanpl esrangmpt::m 15@mm| Wet mwecmsnty isqtrefpeablynsestensipsatge @&tﬁ{@ﬂbﬁﬁ%f‘ng

Exanpl es; t r t rBieeRE I s, | te 1,
was manu a(?i}ur e awég cﬁ é”‘g%t\%et? pcﬁ? %%?@gﬁt Qdor?&sn:éﬁtvetmpgrt i cles, api(:ent in
the for ndessity umsmh@@@teétydwrPW%tt@appbf the imptal pagter Srthe Rstgihtaste e ent

| sop fi
o 19 L g, e smfermp% ODoposi ts of
paste 1 Wavilhtheaneleheists isoirniied BrnstRBF PHRtEgs g dhe Brefer ?tgﬂeéé{k pper

Bonded) sibRtih ¥efrap¥dibedd Weiognaf t erwards | oaded with 1 GBT (Insul ated-CGate
Bi pol ar Transistor) chips having a base surface of 100 ntn2, to create a
sandwi ch arrangenent of substrate, paste 1 and chip. This sandwi ch

ar r angenRgpdordia§ télra @@f@ﬁedaerhlﬁmﬂﬂérat draeyind skOE geoforBedripriarnt sthersintering
rec E(():UI grtolcggs 6lljlr{nng i geragly ungerstood as a reduction in the portion of solvent in the
metal paste. According to a preferred embodiment, the portion of solvent in the metal paste
after drying lies in the range of 1 - 5 weight percent, relative to the weight of the dried metal

paste.

15  On the one hand, the drying can take place after manufacturing the sandwich arrangement.
On the other hand, the drying can also take place immediately following the application of
the paste on the at least one surface of substrate or electronic component, and prior to
contacting with the electronic component or substrate to be connected. The drying
temperature preferably lies in the range of 50 — 100°C. It is obvious that the drying time

20 depends on the respective composition of the paste and the size of the sandwich
arrangement to be sintered. However, common drying times lie in the range of 5 - 45

minutes.

The sandwich arrangement of the electronic component, the substrate and the layer
25 arranged in between, which contains the paste according to the invention, is finally

subjected to a sintering process. This sintering process is a low-temperature sintering

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

a sintering process that preferably runs at a temperature of below 250°C, more preferably

at a temperature of below 220°C, even more preferably at a temperature of below 200°C,
30  and particularly preferably at a temperature of below 180°C.

The process pressure during sintering is preferably below 30 MPa, more preferably below 5

MPa and even more preferably below 1 MPa. Based on the use of the paste according to



18 The dried sandwi ch arrangenent was finally sintered at a tenperature of
200C and a pressure of 10 MPa for a period of 2 mnutes. This experinent
was performed nmultiple times under the sane conditions. S Conparison
Exanpl e 1: A conparison paste, conparison paste 1, was manufactured in

whi ch 1083 wei ght percent of silver particles, present in the form of

fl akes and coated with stearic acid, 97meight percent terpineol, and 8

wei ght percent tridecanol 15were m xed to a honbgenous paste. Deposits of

conpari son. past e havi ng a density of. r o]
(Direct CBPPER Boih eﬂ?teg'?fb%‘fcrcﬁ?%, e\%ﬂl\“@w%\%e?@ %@tﬁr%&%g(ﬁ%&u edth\?ﬁsgﬁg | GBT
(I nsul at@bceseatressBiepdloanPdr ansi stor) chi ps having a base surface of 100

m, to create a sandw ch 20arrangenent of substrate, conparison paste 1

and chip. This sandw ch arrangenent was dried at a tenperature of 100C for
5 ni nut eshd sintehing timeideperidatdntge aracesty priengyire 4bdl peaferably lies in the range of 2 -

5 45 minutes.

According to the invention, the sintering process can take place in an atmosphere that is
not further restricted. Preferably, the sintering is carried out in an atmosphere that contains
oxygen.

10
The sintering is carried out in a conventional apparatus suitable for sintering, in which the

previously described process parameters can preferably be set.

The invention is hereinafter explained in detail based on the following examples, which

15  should, however, not be understood as being limiting.
Examples:

Example 1:
20

A metal paste according to the invention, paste 1, was manufactured in which

83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid, and
25 17 weight percent Isopar M™, a petroleum distillate, consisting mainly of isoparaffins having

12 - 15 carbon atoms,
were mixed to a homogenous paste.

30 Deposits of paste 1 having a density of 50 ym were pressed onto a DCB (Direct Copper
Bonded) substrate, which were afterwards loaded with IGBT (Insulated-Gate Bipolar
Transistor) chips having a base surface of 100 mm?, to create a sandwich arrangement of
substrate, paste 1 and chip. This sandwich arrangement was dried at a temperature of

100°C for 5 minutes in a recirculating air drying cabinet.



The dried sandwi ch arrangenent was finally sintered at a tenperature of
200C and a pressure of 10 MPa for a period of 2 mnutes. 25 This experi nent
was performed nmultiple tinmes under the sanme conditions. Conparison of the
contact |ayers contained in Exanple 1 and Conparison Exanple 1: 30The
reliability of the contact |ayers contained in Exanple 1 and Conpari son
Exanpl e 1, respectively, between subsyjgate and chip were determ ned by a
peel test (described in Mertens, Christian: The Low Tenperat ure Bondi ng

Techni g of, . Power, El ectroni - I 3 65,
Domsel ol B TG S5H0RR, 15t dPeG Sy BRRE R L e h e Sy 20 s ¥re
cont act prayersobl MPadd dneringdof dfMmipdet e 1 had significantly increased 19
peel strength conpared to the contact |ayers obtained by use of conparison
paste 1. In particular, contact |ayers generated by use of paste 1 provided
a uni f or Tiigadrimeniives perésped multiplepisess WdebhgsAMeOAPEPSY to t he cont act

| ayers generated by use of conparison paste 2. 5 Exanple 2: A netal paste
accordi ng to the invention, paste 2, was manufactured in which 1083 wei ght
pfrcent Pﬁgﬁmﬂwﬂ5@éﬂﬁiﬁles, present in the formof flakes and coated wth
stearic acid,

A comparison paste, comparison paste 1, was manufactured in which

10 83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid,
9 weight percent terpineol, and

8 weight percent tridecanol
15  were mixed to a homogenous paste.

Deposits of comparison paste 1 having a density of 50 pm were pressed onto a DCB
(Direct Copper Bonded) substrate, which were afterwards loaded with 1GBT (/Insulated-
Gate Bipolar Transistor) chips having a base surface of 100 mm?, to create a sandwich
20  arrangement of substrate, comparison paste 1 and chip. This sandwich arrangement was

dried at a temperature of 100°C for 5 minutes in the recirculating air drying cabinet.

The dried sandwich arrangement was finally sintered at a temperature of 200°C and a
pressure of 10 MPa for a period of 2 minutes.
25

This experiment was performed multiple times under the same conditions.
Comparison of the contact layers contained in Example 1 and Comparison Example 1:

30  The reliability of the contact layers contained in Example 1 and Comparison Example 1,
respectively, between substrate and chip were determined by a peel test (described in
Mertens, Christian: The Low-Temperature Bonding Technique of Power Electronics,
Progress Report VDI Series 21, No. 365, Dusseldorf, VDI Verlag 2004, Chapter 4.2). Here,

it transpired that the contact layers obtained by use of paste 1 had significantly increased



12 wei ght percent Exxsor D120, a m xture of hydrocarbons having 14 - 18

carbon atons (predom nantly n-al kanes, isoal kanes and cyclic hydrocarbons)
and 5 wei ght percent silver carbonate 15 were nixed to a honpbgenous paste ’
Deposits of paste 2 having a density of 50 pmwere pressed onto a DCB -
(Direct Copper Bonded) substrate, which was dried at a tenperature of 75C

for a period of 5 mnutes and 20was afferwards | oaded with a chip havi
aving a
base surface of 10 nMm2 and a ni ckel - TEfver metallization, in ordgr to ?

create a sandw ch arran nt of bstr
ar r angerRéft SyRt F?{ﬁﬂ’qrﬁgém e?oéﬁaC%gye%? o eeér)g E?%%B?Q@E%@ ?c?ayy pe‘rﬁﬁggwogh
15 m nut@fﬁncu%‘é Tdritsct axes igaperatedalsy pse fobrpaetd mpravigsidea tunifers) gralidy Withe sane

condi tions on Exanpl e
s PSR 1R e B BT POTRRTO T ST G Cpart e on b Gsent 11
the formaste | akes and coated with stearic acid, 12 weight percent

ter pi§1eol and 20

Example 2:
A metal paste according to the invention, paste 2, was manufactured in which

10 83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid,
12 weight percent Exxsol™ D120, a mixture of hydrocarbons having 14 - 18 carbon atoms
(predominantly n-alkanes, isoalkanes and cyclic hydrocarbons), and
5 weight percent silver carbonate

15

were mixed to a homogenous paste.

Deposits of paste 2 having a density of 50 pm were pressed onto a DCB (Direct Copper
Bonded) substrate, which was dried at a temperature of 75°C for a period of 5 minutes and
20 was afterwards loaded with a chip having a base surface of 10 mm? and a nickel-silver

metallization, in order to create a sandwich arrangement of substrate, paste 2 and chip.

This sandwich arrangement was finally sintered at a temperature of 220°C for a period of
15 minutes.
25

This experiment was performed multiple times under the same conditions.
Comparison Example 2:
30 A comparison paste, comparison paste 2, was manufactured in which
83 weight percent of silver particles, present in the form of flakes and coated with stearic

acid,

12 weight percent terpineol and



5 wei ght percent silver carbonate were m xed to a honpbgenous paste.
5Deposits of conparison paste 2 having a density of 50 pmwere pressed onto
a DCB (Direct Copper Bonded) substrate, which was dried at a tenperature of
75C for a period of 5 mnutes and was afterwards | oaded with a chip having
a base surface of 10 mmR2 and a nickel -silver netallization, in order to
create a sandw ch arrangenent of subsédate, conparison paste 2 and chip. 10
Thi s sandwi ch arrangenent was finally sintered at a tenperature of 220C for

a period of 15 mnutes. This experinent was performed nultiple tines under
the sanme VoHMRTGAESIVEECHBMGST i son of the contact |ayers contained in

Exanpl e 2 and Conpari son Exanple 2: The peel strength of the contact |ayers
obtained in Exapple 2 and Co ri son Exanple 2, respectively, between
substrat‘%erﬁﬁrax%ﬂgﬁe}‘v%‘?ogea%‘fse‘?r%%ned by a conventional peel test. 20 Here, it
transpired that the contact |ayers obtained by use of paste 2 showed about
50% hi gher el .str t red. t o, Esi Ot AL himl YRl sreddgadbmed bysuse of
conp;uri S@?P"%ﬁ%{’é Cﬁmgg%gnprgagf@?e@?gbvﬁ :dE ?ﬁe arrgrr?genen}?s obtained in

Exanpl e @ipat Gomler Gondsatisevsate; whishiwgs friad el temreralure of (8" (cir g AREYY &%
strongl y; BHEdalOwbOGSHRRI Bhdect I a CABNEAG d basedturiasd b OGS g by
destroying thé chip. I'n particular, contact |ayers vvereg%epera%ﬁd bt¥ use of
25past e @ickghistier hadtalizafiant oh neTgeralty tGjeate th FABEHIER ATPISEEN K RRFYH™

conpar ed Qtachqlcapers generated by use of conparison paste 2.
Exanpl e %&ﬁﬁﬁﬁsn ?a% pasfemaccording to the invention, paste 3, was
manuf@ctured in which 21

This sandwich arrangement was finally sintered at a temperature of 220°C for a period of

15 minutes.

This experiment was performed multiple times under the same conditions.
15
Comparison of the contact layers contained in Example 2 and Comparison Example 2:

The peel strength of the contact layers obtained in Example 2 and Comparison Example 2,
respectively, between substrate and chip were determined by a conventional peel test.
20 Here, it transpired that the contact layers obtained by use of paste 2 showed about 50%
higher peel strength compared to the contact layers obtained by use of comparison paste
2. The peel tests with the arrangements obtained in Example 2 partially lead even to chip
fracture, i.e., the chip was so strongly bonded to the substrate that removing it was only
possible by destroying the chip. In particular, contact layers were generated by use of
25  paste 2 which had a uniform quality with respect to peel strength, compared to the contact

layers generated by use of comparison paste 2.
Example 3:
30 A metal paste according to the invention, paste 3, was manufactured in which

83 weight percent of silver particles, present in the form of flakes and coated with stearic

acid,



7 wei ght percent Exxsol TM D120, a m xture of hydrocarbons having 14 - 18
carbon atons (predom nantly n-al kanes, isoal kanes and cyclic hydrocarbons),
5 wei ght percent silver carbonate, and 5 weight percent dicunyl peroxide 5
were m xed to a honobgenous paste. Deposits of paste 3 having a density of
50 pmwere pressed onto a DCB (Direct Copper Bonded) substrate, which was
dried at a tenperature of 75C for a pgriod of 5 mnutes and |I Owas
afterwards | oaded with a chip having a base surface of 10 nm2 and a

ni ckel -silver netallizati.qn,. .in d t i
Subst r at W Bhs PEeg o h L 20T Sk O el ef Rl BBl el (IEEPRERENL 21 oy

at tenper at urgreabm2R0dly f-akases) BobkanasfandiTydicriytiesarbedhi s experi ment was
performed nu

_ tiple tinmes under the sane conditions. Conparison Exanple 3: A
conparlS%WGEEEWQ?”E8Wﬁﬁ??§8ﬁ§%é¥$e 3, was manufactured in which 83naeight
percent ®vepht peterpalctinglpesxider esent in the formof flakes and coated with
stearjc acid, 7 weight percent terpineol, 5 wei ght percent silver

carbohat e, and 255 wei ght percent di cunyl peroxi de
were mixed to a homogenous paste.

Deposits of paste 3 having a density of 50 pm were pressed onto a DCB (Direct Copper
Bonded) substrate, which was dried at a temperature of 75°C for a period of 5 minutes and
10  was afterwards loaded with a chip having a base surface of 10 mm? and a nickel-silver
metallization, in order to create a sandwich arrangement of substrate, paste 3 and chip.
This sandwich arrangement was finally sintered at temperature of 200°C for a period of 15

minutes.
15  This experiment was performed multiple times under the same conditions.
Comparison Example 3:

A comparison paste, comparison paste 3, was manufactured in which
20
83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid,
7 weight percent terpineol,
5 weight percent silver carbonate, and

25 5 weight percent dicumylperoxide
were mixed to a homogenous paste.

Deposits of comparison paste 3 having a density of 50 ym were pressed onto a DCB
30  (Direct Copper Bonded) substrate, which was dried at a temperature of 75°C for a period of
5 minutes and was afterwards loaded with a chip with a ground surface of 10 mm? and a
nickel-silver metallization, in order to create a sandwich arrangement from substrate,

comparison paste 3 and chip.



were mxed to a hompgenous paste. Deposits of conparison paste 3 having a
density of 50 pmwere pressed onto a DCB 30 (Direct Copper Bonded)
substrate, which was dried at a tenperature of 75C for a period of 5

m nutes and was afterwards |oaded with a chip with a ground surface of 10
mM® and a nickel-silver nmetallization, in order to create a sandw ch
arrangenent from substrate, conparison,paste 3 and chip. 22 This sandw ch
arrangenent was finally sintered at t rrperature of 200C for a period of 15

m nutes._Thi s experinment was rforned | L1 et|
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Conpari spimubsanpl e 3: The peel strength of the contact |ayers obt ained in
Exanpl e 3 and Conparison Exanple 3, respectively, between substrate and
chip were determ ned by a conventional peel test. 10 Here, it transpired

t hat t heTkiorkegindnayes pertdrima medipiey/tinseurgler fhesteemezoshitorsd about 50% hi gher
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| ed evenCboipetisqp df teectontast layere optairted i hikammles agd GomnsrigtyExsiied with the
substrate that renoving it was only possible by destroying the chip. In
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3. The peel tests with the arrangements obtained in Example 3 mostly led even to chip

fracture, i.e., the chip was so strongly bonded with the substrate that removing it was only

possible by destroying the chip. In particular, contact layers were generated by use of

15  paste 3 which had a uniform quality with respect to peel strength, compared to the contact
layers generated by use of comparison paste 3. Furthermore, paste 3 was clearly better

processible compared to comparison paste 3.

Example 4:
20

A metal paste according to the invention, paste 4, was manufactured in which

83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid,

25 12 weight percent Exxsol™ D120, a mixture of hydrocarbons having 14 - 18 carbon atoms
(predominantly n-alkanes, isoalkanes and cyclic hydrocarbons), and

5 weight percent aluminum formate

were mixed to a homogenous paste.

30
Deposits of paste 4 having a density of 50 um were pressed onto a DCB (Direct Copper
Bonded) substrate, which was dried at a temperature of 75°C for a period of 5 minutes and
was afterwards loaded with a chip having a base surface of 10 mm? and a nickel-silver

metallization, in order to create a sandwich arrangement of substrate, paste 4 and chip.



2512 wei ght percent Exxsor D120, a m xture of hydrocarbons having 14- 18
carbon atons (predom nantly n-al kanes, isoal kanes and cyclic hydrocarbons),
and 5 wei ght percent alum numformate were mxed to a honopgenous paste. 30
Deposits of paste 4 having a density of 50 pmwere pressed onto a DCB
(Direct Copper Bonded) substrate, which was dried at a tenperature of 75C
for a period of 5 mnutes and was aftefwards | oaded with a chip having a
base surface of 10 me and a nickel-silver netallization, in order to create

a sandwi ch arrangenent of substirate,. pa FByno Thi i
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m nut es. mikdtes. experi nent was performed nultiple tinmes under the sane

conditions. 5 Conparison Exanple 4: A conparison paste, conparison paste 4,
was nenufactured in which 1083 wei ght percent of silver particles, present
in the fofisesferlenkess pertbroedredtipla timessansigr the sagierondifongei ght  per cent
terpléﬁeol , and 5 wei ght percent alum num fornate

Comparison Example 4:
A comparison paste, comparison paste 4, was manufactured in which

10 83 weight percent of silver particles, present in the form of flakes and coated with stearic
acid,
12 weight percent terpineol, and

5 weight percent aluminum formate
15  were mixed to a homogenous paste.

Deposits of comparison paste 4 having a density of 50 uym were pressed onto a DCB
(Direct Copper Bonded) substrate, which was dried at a temperature of 75°C for a period of
5 minutes and was afterwards loaded with a chip having a base surface of 10 mm? and a
720  nickel-silver metallization, in order to create a sandwich arrangement of substrate,

comparison paste 4 and chip.

This sandwich arrangement was finally sintered at temperature of 220°C for a period of 15
minutes.
25

This experiment was performed multiple times under the same conditions.
Comparison of the contact layers obtained in Example 4 and Comparison Example 4:

The peel strength of the contact layers obtained in Example 4 and Comparison Example 4,
respectively, between substrate and chip were determined by a conventional peel test. .
Here, it transpired that the contact layers obtained by use of paste 4 showed about 50 to 70
% higher peel strength, compared to the contact layers obtained by use of comparison

paste 4. The peel tests with the arrangements obtained in Example 4 partially led even to



15were m xed to a honbgenous paste. Deposits of conparison paste 4 having a
density of 50 pmwere pressed onto a DCB (Direct Copper Bonded) substrate,
which was dried at a tenperature of 75C for a period of 5 m nutes and was
afterwards | oaded with a chip having a base surface of 10 ne and a

20ni ckel -silver netallization, in order to create a sandw ch arrangenent of
substrate, conparison paste 4 and chig Thi s sandwi ch arrangenent was
finally si ntered at tenperature of 22 é‘, for a period of 15 minutes. 25 This

experi ment nme rrultl Iet|
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cont act Iaagrer@nedat@ibyedebwycmwrﬁbnpasieé 4 showed about 50 to 70 % hi gher
peel strength, conpared to the contact |ayers obtained by use of conparison
paste 4. The peel tests with the arrangenents obtained in Exanple 4
partially led even to 24 chip fracture, i.e., the chip was so strongly
bonded with the substrate that renoving it was only possible by destroying
the chip. In particular, contact |ayers were generated by use of paste 4
which had a uniformquality with respect to peel strength, conpared to the
contact |ayers generated by use of conparison paste 4. 25 CLAIM



1. Paste containing (a) netal particles having a coating that conprises at

| east one conpound sel ected fromthe %;oup consisting of fatty acids, fatty
acid salts, and fatty acid esters, (b) at |east one aliphatic
hydrocarbon conpound, wherein CLNM@e rati o of carbon atons contained
in the main chain of the main conponent of the coating and the carbon atons
contained in the main chain of the main conponent of the at |east one

al i phatii ¢ hydm@waah@mmgqmpmum¢amﬂeénmm@eumamgﬁh@mommﬁes&U@%tgmaPaste
accordin [ A% S

Past e acxg%ouad %elg‘ tegll fﬁm %@8&)8% %Eﬁvﬁﬁ‘a@t}/ afl zétt%ggsﬁ%gﬁrt@lfégwg%ld%?g pr%{;dseent as
fIakes0ﬂ¢“8P§9ﬂ%m@b@@ﬂdWﬁqﬂP@W%WﬁmWWbWBWEPhe clains 1-3, wherein the at

| east one coating conpound is selected fromthe group consi sting of
saturated f v 28 ¢C rbon atty
aci ds haV|ngw8)‘la%‘§f iﬁ%%ogfgﬂﬁamedTef§“% 8‘ nﬁphte %ﬁﬂ%naﬁ%y%@kﬁagpn 8- 28
carbonaadﬁwmgdandmanDMEesdmh@&@emch@nOPa%mém&@@GWﬁWh@beaéﬁ?t@ﬁb of the

cl ai ns él]ph%tlc Mb%c%mantcbﬁp&tndh@ﬁsme @R&e &loiPhat i ¢ hydrocarbon conpound is

sel ected fromthe group consisting of saturated hydrocarbons that are
represented through formulas C'H2n42. C,-,H2n, and C, 1-12,2, whereby nis
an i nt eger bekm&ﬁaxan@mdmﬁﬁj,ﬁmaaasmemam@emdémgesmmanyﬂ@ﬁ@ of the clains 1
-5, wherein the ratio of the weight fraction of the coating conpounds
selected fromthe grouP consi sting of fattY aci ds, fattg acid salts, and
fatty dtid esterascordinglordm et gHhersntbe MEH! ertiqesarearressshdt /e al i phat i c
hydr ocar bon conpound isin the range of 0.001 -1.0. 7. Paste according to
any one, of t ai in.the

rel ati Ve to ‘?Z?% e ?08? g‘ﬁg %o aralhcine o¥ & clalms 1 {5 v?h%?é Pme%t legﬁtog!a C(Ed%é% h&h&ﬁmgés % by
wei ght . selegled Pasttee greeealisning satnsﬁt@rféttyo?fc'dtsrﬁ\é\“e@ %{?ﬁﬁa@@f?am%e?eé? At he
fracti anyRhted RRY BEs ﬁW@g§arb6@£t€ﬁ1bV&t&Qoﬁsﬂlﬁjrét@ﬂ adtty\seidg htvied s-eBeappast e,
is in the range o -2.5 % by weight. 9. Paste according to any one of
the cl ai'PEs £ne ”@m”ﬁ%@?@Pn the fraction of the at |least one aliphatic

hydr ocar bon conpound, relative to the total weight of the paste, is in the

range of 3-25. t/Q Q%o %;%.'ény oh@- of R@%Faﬁnsaﬁ@ QfrdidRBnE at l@ékY o RipRtictiy@ro6hBbnTE
1-9, wherein t frac
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t ot al weiogdiiordiiat QL PasHe, andZHH,, 4 bherbiyen i0dn itegeabdteccadeod 88-ng t o any one of
the clains 1-10 for attaching an el ectronic conponent on a substrate. 12.
Met hod for attaching an el ectronic conponent on a substrate, h one
provi de& an Bpeepcewing ieampsehthe sRisd §hb@??@ﬁ@3m“OO”hewagmﬂadmnﬁéﬁ8rates
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I'ng that conpri ses | east
one con@@ghdléelected fron1the group consisting of fatty acids, fatty acid
salts, and fatty acid esters, and (b) at |east one aliphatic hydrocarbon

conpound whereby the ratio of ons CoO d in n of
the maifh conﬁBﬁ%ﬁFmSWK¥H€”%85Vﬁﬁ§ %WBS?EeW@%?B iy g?dﬁﬁ”éﬁ%‘g? dﬁngg@h
mai N chaithe dlal whightdite meetepivriretht rafgetohed a30 Yedagteidbhe al i phati c hydrocar bon
conpound is in the range of 0.6 -1.4, and

8. Paste according to any one of the claims 1-7, wherein the fraction of coating compounds,

relative to the total weight of the paste, is in the range of 0.05 - 2.5 % by weight.

9. Paste according to any one of the claims 1 - 8, wherein the fraction of the at least one
aliphatic hydrocarbon compound, relative to the total weight of the paste, is in the range of 3-25 %

by weight.

10. Paste according to any one of the claims 1-9, wherein the fraction of polymers having a
weight-averaged molecular weight of less than 700 is not more than 6 % by weight, relative to the total

weight of the paste.



(H )sinters the sandw ch arrangenent.

26
11. Use of a paste according to any one of the claims 1-10 for attaching an electronic
component on a substrate.
12. Method for attaching an electronic component on a substrate, in which one
(i) provides an electronic component and a substrate,
(if) generates a sandwich arrangement that contains the substrate, the electronic

component, and, arranged in between these, a layer that comprises a paste that contains (a) metal
particles having a coating that comprises at least one compound selected from the group consisting
of fatty acids, fatty acid salts, and fatty acid esters, and (b) at least one aliphatic hydrocarbon
compound, whereby the ratio of carbon atoms contained in the main chain of the main component of
the coating and the carbon atoms contained in the main chain of the main component of the at least

one aliphatic hydrocarbon compound is in the range of 0.6 -1.4, and

(iii) sinters the sandwich arrangement.



