1 Lead-free high tenperature conpound The present invention relates to a
nmet hod for firmy-bonded connection of an electronic conponent to a
substrate, a paste solder used in said nethod, and an arrangenent that can
be obtained in said nethod. Oiginati ng fromthe field of mcroel ectronics,
t he conponents are usually exposed to an environnment that is characterised
by i ncessant periodical tenperature variations. This applies, in
particular, to mcrochips that are usually connected in a firmy bonded
manner to the correspondibegddSasshighttempetratenegtondwst i ng procedur es whi ch
is associated with the formation of contact |ayers. Accordingly, it is
crucial for the quality of the products used that said contact |ayers
possess sufficient stability with respect to heat fatigue. For this reason,
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i ncessant periodical tenperature variations. According to European Union
directive 2002/95/EC, it is not permssible fromO01 July 2006 to continue

t he di ©tiginbtirtg foom dfe el oft micomdlecimdics] tbe tomponerde gicossiathatposettcaamedviad or
any ot |t h- "y equen | ead-free paste
ol der g ML SHEERIRLT o] oL R BProcf B GR PRE onst TE ASBRe os.
Howev epartisdéar &r micfaphipsdieatiane s gdilytconpentext nrafiranhphorciatl incanseatotheerrexcept i on
fromt r ' i hect i idering . of., al ternatives, the
use of TeoiiortuBayRPt hodhdiEddetiy oltRltE b 4SOty P s BrBRANT et

| ead- f c@dadllayersmAccardmghyr i isaaracibldbt the glalitp otlihegirgductsheseal thati said aontkest @lyop
arrang . i that conprise no
Iead-c%%%%?ér%%ﬁgﬁ%%%blﬁgy\’gt}sr.%gg%czw@%{;ﬁt@é% paste sol ders that have been
used as an alternative for firmy-bonded connection of chips and substrates
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health-hazardous substances. As a consequence, lead-free paste solders were developed for
various electrical and electronic applications. However, solders for use in high temperature ap-
plications are one exception from the rule of said directive. Considering the lack of alternatives,
the use of lead is still permissible in this area, at least until equivalent lead-free alternatives are
available. Accordingly, the aim is to develop arrangements made up of chips and substrates

that comprise no lead-containing contact layers.

The lead-free paste solders that have been used as an alternative for firmly-bonded connection
of chips and substrates thus far, are fusible paste solders that usually contain, aside from a sol-
dering flux, powder having particles made of a metal alloy that mainly consists of tin, silver

and/or copper, whereby the mean particle diameter of the particles is 25 - 45 um or more.

Studies have shown that the contact layers generated through the use of said paste solders

consist not only of solder microstructure, but also contain highly temperature-resistant metallic



Mor eover, attenpts have been made to generate firmy-bonded connections of
chip and substrate through diffusion soldering. In this context, a solder
material that nelts at |ow tenperature and netals nelting at high
tenperature forma highly tenperature-fesistant and nmechanically stable
inter-nmetallic phase. The solder material is converted conpletely to the
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containing paste solders and leads to a contact layer that features sufficiently high resistance to
heat fatigue in an environment that is characterised by incessant periodical temperature varia-

tions, and that features high thermal and electrical conductivity.

Said object is met by a method for firmly-bonded connection of an electronic component to a
substrate, comprising

a) providing an electronic component having a first surface to be connected and a sub-
strate having a second surface to be connected;

b) applying a paste solder to at least one of said surfaces to be connected;



(1) 10- 30 % by wei ght copper particles, (ii) 60 - 80 % by wei ght
particles of at |east one substance selected fromthe group consisting of
tin and tin-copper alloys, and (H )3 -30 % by wei ght sol der flux, whereby
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metallic phase.

The method according to the invention is based on the surprising finding that, in the course of
soldering the arrangement made up by substrate, electronic component and intervening paste
solder according to the invention, the soldering material initially solidifies thermally which leads
to attachment of substrate and electronic component through an intermediate contact layer that
is formed and initially consists of eutectic phase only. Right thereafter, the intermediate contact
layer formed undergoes isothermal solidification which is associated with the formation of inter-
metallic phases. In the process, the eutectic phase becomes interspersed with inter-metallic

phase, whereby the phase boundaries formed between inter-metallic phase and the remaining



Accordi ngly, contact |ayers can be generated according to the invention
that feature the typical high tenperature resistance of contact |ayers
formed through diffusion soldering without the thermal and el ectri cal
conductivity being reduced. It has beep found that it is essential for the
formati on of said stable contact |layers to select a sufficiently thickness

of the_applied layer of the te solder. If the thickness of the applied
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quantity of copper particles of a certain size is added. Without wishing to be limited by one par-
ticular theory, copper originating from said copper particles appears to diffuse into an intermedi-
ary eutectic phase formed during the cooling to below the liquidus temperature of the solder
which is associated with the formation of an inter-metallic phase that is interspersed with eutec-
tic phase.

In the scope of the invention, the term, electronic component, shall be understood to mean a
component of an electrical circuit. The electrical component can, for example, be a chip, pref-
erably a bare chip (semi-conductor chip without housing), a semi-conductor diode, a transistor,
a resistor or a capacitor.



The el ectronic conponent conprises at |east one first surface that is
intended to be used for connecting the el ectronic conponent to a surface of
the substrate by neans of the contact |ayer that is generated through the
paste solder. Said surface can just ascwell be part of a |arger surface.
The substrate conprises at |east a second surface that is intended to be
used for connecting the substrate to the surface of the electronic
conponent descri bed above by neans of the contact |ayer generated through
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60- 80rRé &yctw;cg&ﬁmmfeht 6dresriseb aatealstecaﬁatﬂra%ﬁéu@&faaeqmeﬁ@éoe@thfeaw t he

group consi sti ng tin and a tin- copger al | oy, % g g/

wei ghtcosnaegg}g th Gy(actromc component to a surface of the substrate y mea s of the contact layer
that is generated through the paste solder. Said surface can just as well be part of a larger sur-
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The substrate comprises at least a second surface that is intended to be used for connecting
the substrate to the surface of the electronic component described above by means of the con-
tact layer generated through by the paste solder. Said surface also can just as well be part of a

larger surface.

According to the invention, the surface of the electronic component that is connected to the

substrate by means of the contact layer generated through the paste solder is called "first sur-



7 The purity of the copper of the copper particles contained in the paste
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from such as, for example, 100%, of the surface that is connected to the electronic component

through the contact layer.

The metallisation layer preferably is a layer that contains connections that can be soldered. The
metallisation layer preferably contains an element selected from the group consisting of copper,
silver, gold, tin, and palladium. The metallisation layer can just as well consist entirely of said

elements, solderable compounds of said elements or mixtures or alloys of said elements.

According to the invention, a paste solder is applied to at least one of the electronic component

surfaces or substrate surfaces to be connected.

Said paste solder contains (i) 10 - 30 % by weight copper particles, (ii) 60 - 80 % by weight par-
ticles of at least one substance selected from the group consisting of tin and a tin-copper alloy,
and (iii) 3 - 30 % by weight solder flux.



8 2 - 15 pmneans that at |east 90 per cent of the particles have a
particle dianmeter in the range from2 - 15 pmand |ess than 10 per cent of
the particles have a particle dianmeter of less than 2 pmor nore than 15
pm It can be preferred according to the invention that | ess than 1 per
cent of the particles exceed a certain parti cle dianmeter. Said particle

di aneter that may be exceeded by | ess than er cent of the ticles,
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The mean particle diameter of the copper particles and the mean particle diameter of the parti-
cles of at least one substance selected from the group consisting of tin or a tin-copper alloy, are
independent of each other and are no more than 15 pym, preferably no more than 13 ym, more
more preferably no more than 11 ym, and yet more preferably no more than 8 um. Preferably,
the mean particle diameter is in the range from 2 — 15 pm, more preferably in the range from

2 - 13 um, even more preferably in the range from 2 — 11 um, and yet even more preferably in

the range from 2 — 8 uym.

In the scope of the invention, mean particle diameter shall be understood to mean that at least
90 per cent of the particles have a particle diameter in the specified range. For example, a

mean particle diameter being no more than 15 um means that at least 90 per cent of the parti-
cles have a particle diameter of no more than 15 ym and less than 10 per cent of the particlies

have a particle diameter of more than 15 ym. A mean particle diameter being in the range from



palmtic acid, margaric acid, stearic acid or eicosanoic acid),

pol ysi | oxane conpounds or phosphi de conpounds. The paste sol der enpl oyed
according to the invention contains no lead and is thus |ead-free. In the
scope of the invention, being | ead-freg shall be understood to nean that
the paste solder contains no | ead except for contam nating | ead that may
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preferably in the range from 30- 120 pm and particularly preferably in the
range %{crcgwing to the invention, the paste solder contains 3 - 30 % by weight, preferably 5 - 20 % by
weight, and more preferably 6 - 15 % by weight solder flux. The solder flux should be capable of
reducing the surface during the soldering (i.e. to de-oxidise), prevent renewed oxide formation
before and after the soldering process and reduce the inclusion of foreign substances. More-
over, addition of the solder flux should reduce the surface tension of the liquid solder. Solder
flux that can be used includes colophony, colophony-based resin systems, water-based resin
systems or systems based on carbonic acids (e.g. carbonic acids having 2 — 50 C atoms and up
to two aromatic rings, such as citric acid, adipic acid, cinnamic acid and benzoic acid), amines
(e.g. amines having 6 — 100 C atoms, with the amines preferably being tertiary), and solvents

(e.g. polar solvents including water and a polyol, such as glycol or glycerol).

Moreover, the paste solder according to the invention can contain further ingredients such as,

for example, alcohols, fatty acids (e.g. saturated fatty acids, such as oleic acid, myristic acid,



50 - 100 pm In the scope of the invention, the term thickness of the
applied |l ayer, shall be understood to nean the distance between the
surfaces of substrate and el ectronic conponent to be connected, preferably
between the netallisation |ayers of t surfaces of substrate and

el ectroni c conponent to be connected, Tight before soldering. Accordingly,
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Heat treat nt sh be understood to nmean treating the arrangenent with
heat b¥ rPée%%“Em dus tenperature of the sol der.

Preferably, for this purpose, a layer of paste solder is first applied to the substrate surface to be
connected, preferably to the substrate surface containing a metallisation layer. The application
can be effected through any of the methods known according to the prior art, for example
screen printing methods, stencil printing method or dispensing technique. There is no need for
the paste solder to cover the entire surface of the substrate. Rather, the paste solder can just as
well be applied to parts of the surface of the substrate and/or selected soldering surfaces only.
Subsequently, a surface of the electronic component, preferably the surface containing the

metallisation layer, is placed onto the paste solder thus applied.

According to the invention, the thickness of the applied layer of paste solder is at least 20 ym,

more preferably at least 25 ym, and even more preferably at least 50 ym. According to a pre-



The heat treatment preferably proceeds at a tenperature above 40C, for
exanple in the range from40- 217C, nore preferably in the range from 100 -
210 C, and even nore preferably in the range from 150 - 205 C. The heat
treatment preferably proceeds for a dypation of 1 mnute to 24 hours, nore
preferably for 10 minutes to 10 hours, and even rmre preferably for 20
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For soldering, the arrangement described above is heated, preferably evenly until the actual
soldering temperature is reached. According to a preferred embodiment, the heating proceeds

at a rate of no more than 3 °C per second.

Preferably, the soldering temperature is approx. 10 - 30 °C, more preferably approx. 15 - 25 °C,
and even more preferably 18 - 22 °C, for example approx. 20 °C, above the melting temperature
of the solder employed. According to another preferred embodiment, the soldering temperature

is below 260°C, for example in the range from 240 - 250°C.

For soldering, the temperature is kept above the liquidus temperature of the solder contained in
the paste solder for a period of at least 15 seconds, preferably of at least 20 seconds, and even

more preferably of at least 30 seconds.

According to the invention, cooling the soldered arrangement to below the liquidus temperature
of the solder contained in the paste solder is associated with diffusion of the copper originating
from the copper particles into the eutectic tin-copper phase that has been generated during the

soldering process. Said diffusion process ultimately leads to inter-metallic phase interspersing



Therefore, the arrangenent according to the invention nade up by substrate,
el ectroni c conponent, and intervening contact |ayer is capable of

wi t hstandi ng the strong periodical tenperature variations that occur, in
particular, during the operation of high performance sem conductors.
Accordingly, sai d arrangenent conprises an el ectronic conponent, a
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according to the invention, the distance between electronlc conponent and
substr era nore preferabl and even nore
pref er %qo);(ﬂng ﬁo a prefgrredsembocﬁmeﬁmhe arrangement accordyng to the mverEn)tlon can be or is

produced by means of the method described above.

~ Surprisingly, the method described above has been found to impart superior properties to the
arrangement made up by electronic component, substrate, and intervening contact layer pro-
duced according to the invention. Accordingly, providing the lead-free contact layer, which con-
nects electronic component and substrate to each other, is associated with increased reliability
as compared to arrangements having contact layers that are produced according to conven-
tional methods.

Surprisingly, this is based on the contact layer produced according to the invention being a

eutectic phase that is interspersed with inter-metallic phase.



12 -28 pm Said distance shall be understood to nean the di stance between
the surfaces of electronic conponent and substrate to be connected, whereby
the netallisation |layers, which nay be present, are part of the electronic
conponent or substrate. The specified,di stance thus corresponds to the

t hi ckness of the contact |ayer between el ectronic conponent and substrate
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Exanpl es:

Exanple 1: A paste solder containing 74 % wei E’Eé articl es of
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netal tenplate onto a DOS substrate provided with a netallisation |ayer
made of co(PrE)%r. The thickness of the ?ppl I ed Iager of a§te sol der was 20
pm Accordingly, said arrangement comprises an electronic component, a substrate and a contact

layer disposed in between the electronic component and the substrate, whereby the contact

layer comprises a eutectic phase fraction and an inter-metallic phase fraction, whereby the

eutectic phase fraction is in the range of 5 - 50 % by weight with respect to the total weight of

eutectic phase and inter-metallic phase.

Said high fraction of inter-metallic phase at the contact layer, with the remainder being eutectic
phase, is attained in that the inter-metallic phases are not arranged so to be parallel to the sur-
faces of electronic component and substrate to be connected and to the eutectic phase, but

rather in that they are mingled with the latter.

The fraction of inter-metallic phase and eutectic phase can be determined, for example, through
an etching and gravimetric method. For this purpose, the contact layer to be tested is separated
from the arrangement, ground and weighed in order to determine the total weight of the contact
layer [consisting] of eutectic phase and inter-metallic phase. Subsequently, 2-nitrophenol is
added to the ground contact layer and the sample is kept at 50°C for one hour. During this deep
etching, the eutectic phase is dissolved from the ground contact layer, whereas inter-metallic
phases stay behind as insoluble ingredients. The fraction of eutectic phase is then determined
as the weight difference of the weight of the ground contact layer before etching and the weight

of the inter-metallic phase.

The contact layer contained in the arrangement according to the invention has the eutectic
phase and the inter-metallic phase not arranged to be essentially parallel to each other and to
the surfaces of electronic component and substrate to be connected. Rather, the contact layer

preferably contains eutectic phases that are surrounded by inter-metallic phases. According to a



Subsequently, the surface of the DOB substrate provided with paste sol der
was provided with a bare chip having a surface area of approx. 400 M2 and
a netallisation |ayer made of copper using a dedicated machine for this
purpose. For this purpose, the bare chip was placed on the paste solder in
such a manner that the netallisation l'ayer of the bare chip contacted the
netalllggw,gn | ayer f t he substrat
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corresponds to the thickness of the contact layer between electronic component and substrate

after soldering.

According to the invention, the soldering conditions, in particular the thickness of the applied
layer of paste solder, temperature and time, and, if applicable, the heat treatment conditions, in
particular temperature and time, can be adjusted in the soldering process described above such
that the contact layer described above is attained. The formation of the contact layer having the

desired properties can be traced easily through analysis of corresponding microsections.

The invention is further illustrated below through the following examples, though these may not

be construed such as to limit the invention in any way or form.



The arrangenent made up by DCB substrate, bare chip, and intervening paste
sol der was then placed in a soldering furnace, heated at a rate of 2.5 C
per second to a tenperature of 245 C, and said tenperature was mai ntai ned
for 30 seconds for soldering. In variggs experinments investigating the
stability of the arrangenents prepared according to exanple and reference
exaanE mas found that the arrangenent prepared according to the

i nvent F&M 8Ved to be nore heat resistant as conpared to the arrangenent
pr epar ed accordlng to the reference exanple. 16 Patent clains 1. Method for
firmy: boqﬂeq connection of an electronic conponent to a substrate,

conpri a) provi ding an el ectronic conponent having a first surface to
be connected and a substrate having a second surface to be connected; b)

appl yi I der east _oqne o aid surfac connect ed,;
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on colophony was prepared.

The paste solder was applied through a metal template onto a DCB substrate provided with a
metallisation layer made of copper. The thickness of the applied layer of paste solder was

20 pm.

Subsequently, the surface of the DCB substrate provided with paste solder was provided with a
bare chip having a surface area of approx. 400 mm? and a metallisation layer made of copper
using a dedicated machine for this purpose. For this purpose, the bare chip was placed on the
paste solder in such a manner that the metallisation layer of the bare chip contacted the metalli-

sation layer of the DCB substrate via the paste solder.

The arrangement made up by DCB substrate, bare chip, and intervening paste solder was then
placed in a soldering furnace, heated at a rate of 2.5 Kelvin per second to a temperature of

245 °C, and said temperature was maintained for 30 seconds for soldering.
Reference example 1:

A paste solder containing 87 % by weight particles of a tin-copper alloy (SnCu0.7) having an
average particle diameter in the range from 5 - 15 ym, and 13 % by weight of a solder flux sys-

tem based on colophony was prepared.

The paste solder was applied through a metal template onto a DCB substrate provided with a
metallisation layer made of copper. The thickness of the applied layer of paste solder was

20 um.

Subsequently, the surface of the DCB substrate provided with paste solder was provided with a
bare chip having a surface area of approx. 400 mm? and a metallisation layer made of copper

using a dedicated machine for this purpose. For this purpose, the bare chip was placed on the



d) soldering the arrangenent fromc) in order to generate a firm y-bonded
connection between the el ectronic conponent and the substrate;
characterised in that the paste solder contains (i) 10 - 30 % by wei ght
copper particles, (ii) 60 - 80 % by wgisght particles of at |east one
substance selected fromthe group consisting of tin and tin-copper alloys,
and (i r n icle
di amatbés)te %OI?%ﬁQSLé*gm%g%{}b%ﬁgéqgeﬁtd éaﬁ haé(e'b%frt i %C lrpf%/t wacfté%e$ Ing E one
subst@%@nweecttéemﬁ)mttsheteg\n@up na@tssoéderng of tin and tin-copper alloys
is no nore than 15 pm and whereby the thickness of the applied | ayer of
paste solder is at |least 20 pm 2. Method according to claim1,
char acthe arsmgement mate tbh by DGR agmstrate, barearipd pnd steubiieg paste 1soldar Wweathen
treat 4 f in
the. r gseeih s EARE T FhAS nb S8 TS ER LBRPL S Seprt bl AR PR Bk s
accor dintgsaidbtepip@rature vors rﬁalntanwda‘oté(vsmdsfortsblalenmgte substrate is selected
fromthe group consisting of a printed circuit board, a lead franme, and a
di rect - bonded copper substrate. 4. Method according to any one of the clains
1 - 3,Inohdeusce@erimedtsiimveshgatingliee pability of thed@rangenmteatsnsepaed iacdmsmgfto a
';'agggo%ﬁ{r%lég%@f%&ﬁ%ﬁ;%nﬁgﬁﬁtﬁag fj’oﬁﬁé {h%Pth%fantaIHSertn fr ;3988&985 accor&%g ItoS th'en the
invention proved to be more heat resistant as compared to the arrangement prepared according

to the reference example.



17 Paste solder conprising (i) 10 - 30 % by wei ght copper particles, (ii)
60 - 80 % by weight particles of at | east one substance selected fromthe
group consisting of tin and tin-copper alloys, and (iii) 3 - 30 % by wei ght
sol der flux, characterised in that thegrean particle dianeter of the copper
particles and of the particles nade of at |east one substance selected from
the group consisting of tin and tin-copper alloys is no nore than 15 pm 6.
Paste sol der according to claimb5, characterised in that the paste sol der
contains particles of a tin-copper alloy and the copper fraction of the
tin-copper alloy is in the range fromO0.3 - 5%by weight. 7. Arrangenent
conprising an el ectroni c conponent ataﬂhstrate and an interveni ng contact

| ayer connecting the electronic cdﬁﬁ%%e "hd the substrate in a firmy
bonded manner, characterised in that the contact |ayer conprises a eutectic
phase fraction and an inter-netallic phase fraction, whereby the eutectic

Foral el gnteBet SurLebrergRlEiaucn pt arererdy gt ABRBEE! corpre®
ing

a) providing an electronic component having a first surface to be connected and a
substrate having a second surface to be connected;

b) applying a paste solder to at least one of said surfaces to be connected;

c) arranging the electronic component and the substrate such that the first elec-
tronic component surface to be connected and the second substrate surface to
be connected contact each other through the paste solder;

d) soldering the arrangement from c) in order to generate a firmly-bonded connec-
tion between the electronic component and the substrate;
characterised in that the paste solder contains (i) 10 - 30 % by weight copper par-

ticles, (ii) 60 - 80 % by weight particles of at least one substance selected from the group

consisting of tin and tin-copper alloys, and (iii) 3 - 30 % by weight solder flux,

whereby the mean particle diameter of the copper particles and of the particles
made of at least one substance selected from the group consisting of tin and tin-copper
alloys is no more than 15 pym, and

whereby the thickness of the applied layer of paste solder is at least 20 pm.

2. Method according to claim 1, characterised in that the arrangement from d) is subjected
to a heat treatment at a temperature from at least 40 - 217°C for a period of time in the

range from 1 minute to 24 hours in an additional step e).

3. Method according to claim 1 or 2, characterised in that the substrate is selected from the
group consisting of a printed circuit board, a lead frame, and a direct-bonded copper

substrate.

4. Method according to any one of the claims 1 - 3, characterised in that the paste solder
contains particles of a tin-copper alloy and the copper fraction of the tin-copper alloy is in

the range from 0.3 - 5 % by weight.



17

Paste solder comprising

(i) 10 - 30 % by weight copper particles,

(ii) 60 - 80 % by weight particles of at least one substance selected from the group
consisting of tin and tin-copper alloys, and

(iii) 3 - 30 % by weight solder flux,

characterised in that the mean particle diameter of the copper particles and of the parti-

cles made of at least one substance selected from the group consisting of tin and tin-

copper alloys is no more than 15 pm.

Paste solder according to claim 5, characterised in that the paste solder contains parti-
cles of a tin-copper alloy and the copper fraction of the tin-copper alloy is in the range
from 0.3 - 5 % by weight.

Arrangement comprising an electronic component, a substrate and an intervening con-
tact layer connecting the electronic component and the substrate in a firmly bonded
manner, characterised in that the contact layer comprises a eutectic phase fraction and
an inter-metallic phase fraction, whereby the eutectic phase fraction is in the range of
5 - 50 % by weight with respect to the total weight of eutectic phase and inter-metallic

phase.



