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Generally, when electronic components or equipped circuits are produced,
it is necessary to mechanically-electrically connect metallic surfaces to me-
tallic connecting elements. To this end printed circuit boards usually are

10 produced by electroplating, the printed circuit board structure being ob-
tained by additive techniques or subtractive etching technologies. These
known methods, however, imply the risk of environmental pollution and the
necessity of recycling the galvanic liquids used therefor. The thus created
printed circuit boards serve as substrates for electronic components which

15 are connected to the printed circuit board. To a small extent, also electri-
cally conductive adhesives are employed for this purpose which. in contrast
to softsoldering offer the advantage of low working temperatures. However,
these conventional conductive adhesives either are physical mixtures of
electrically conductive materials such as metal powders and polymer resins

20 being the matrix, or they consist of electrically conductive plastic materi-
als. The conductivity of such systems comes about by the quasi-metallic
contact of the conductive materials in the organic matrix.

In order to achieve good adhesion on the substrates, a high amount of poly-

25  mer resin is desired for such electrically conductive adhesives. On the other

hand, to achieve good electrical conductivity, conductive materials are re-

quired in large quantities. Adhesion to substrates and electrical conductivi-

ty thus are contrary demands on such adhesives. The connecting structures

obtained thereby e.g. have the drawback that they are not solderable. These

30 and other technical shortcomings have prevented heretofore the employ-
ment of conductive adhesives on a large scale.

"~ Also electrically conductive adhesives have become known wherein the con-
ductivity is provided by a metallurgical reaction of different metals by for-
35 ming intermetallic connections. Also here it is necessary to admix an orga-

nic polymeric matrix so that the same problems arise as with adhesives fil-
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10
According to the invention, this object is accomplished by a system accor-
ding to claim 1, a method for producing electrically conductive interconnec-
ting structures accordihg to claim 14, and methods for producing circuits
and equipped circuits according to claims 15 and 19. Preferred or pé.rticu-
15  larly useful designs of the subject-matter of the invention are defined in the

subclaims.

The subject-matter of the present invention, therefore, is a system for pro-

ducing electrically conductive interconnecting structures comprising A) an
20 adhesive material; and B) an electrically conductive metal paste containing

at least two metal powders having different melting points, and a small

amount of organic auxiliary agents, wherein the metal powders are selected

so that during heating they produce an intermetallic phase, and wherein

the organic auxiliary agents are volatilisable for the most part at the tempe-
25 rature used for producing the intermetallic phase.

The subject-matter of the present invention further is a method for pro-
ducing electrically conductive interconnecting structures with the use of
the system under the present invention, comprising the steps of

30 (1) applying the adhesive material onto a substrate; (2) applying the metal
paste to the thus provided adhesive material; and (3) heating the metal pa-
ste at a temperature at which the metal powders produce an intermetallic

phase.

35 The subject-matter of the present invention also is a method for prodcuing
a circuit using the system under the present invention, comprising the

steps of
(1) applying the adhesive material in the form of a circuit pattern onto a
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met al powders produce an intermetallic phase.

5 The subject-matter of the present invention further is a method for pro-
ducing equipped circuits using the system under the present invention,
comprising the steps of
(1) applying the adhesive material in the form of a circuit pattern onto a
substrate; (2) applying the metal paste to the thus provided adhesive mate-

10  rial; (3) equipping the circuit pattern provided with the adhesive material
and the metal paste with electrical or electronic components; and (4) hea-
ting the metal paste at a temperature at which the metal powders produce
an intermetallic phase.

15 Furthermore the circuits and equipped circuits produced according to the

above methods are subject-matters of the present invention.

In contrast to the techniques heretofore used it has been found in the scope
of the present invention thaf electrically conductive metal pastes which

20 contain only a smail amount of organic auxiliary agents and in which the
metal powders are selected so that during heating they produce an interme-
tallic phase can be employed for producing electrically conductive intercon-
necting structures. The generally insufficient adhesion of such metal pastes
to substrates or bases is achieved by an adhesive material which
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useful, curing being made either thermally or by radiation.

The adhesive material usually contains no metallic components and exhi-
bits no electrical conductivity. Its purpose is to pfovide an adherent ther-

15 moplastic connection with the base and to permit adhesion of the second
component, namely of the electriéally conductive metal paste. Especially
'one—component and two-component adhesives on an epoxy resin basis, po-
lyurethane resins, melamine formaldehyde resins, vinylidene chloride-vinyl
acetate copolymer resins or materials known as solder stop lacquers can be

20 used as adhesive materials. Particularly preferable are two-component ad-
hesives on an epoxy resin basis. The selection of the reépective adhesives
depends on the adhesion properties of the used substrates such as circuit
bases and the flexibility that may be required.

25 The metal paste used under the present invention suitably contains at least
one metal powder of a metal of good electrical conductivity, preferably se-
lected from the group consisting of gold, silver, copper and alloys thereof,
and at least one metal powder of a metal having a lower melting point than
that of the metal of good electrical conductivity, preferably selected. from

30  the group consisting of tin, indium and the alloys thereof, preferably its al-
loys including e.g. lead and/or antimony and/or zinc, such as tin lead, tin
antimony or tin antimony lead. According to the invention it is necessary
that the metal powders having different melting .points undergo a metallur-
gical reaction during heating by forming an intermetallic phase. Additive

35 metal powders from the group consisting of nickel, germanium, titanium,
iron, but also other alloy components which are known as socalled grain re-
finers can be employed here for achieving special properties. Particularly

prefei'able is a metal paste which contains a mixture of copper powder and



is an organi c curable resin. 35 12. The conbination as set forth in
claim 11, "wherein the curable resin I S a one-conponent or

t wo- conponent adhesi ve on the basis of epoxy re- sin. 1
13. The conbination as set forth in claim8, wherein the netal having
the lower nelting point is selected from%tloys of tin and/or indiumwith

| ead and/or antinony and/or zinc. 5 14. The conbination as set forth
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The metal powders of the metal paste suitably have a mean particle size of
5 from about 1 to 100 pum, preferably of from about 10 to 50 pm, more pre-
ferably of from about 20 to 30 pm.

The content of metal powder in the metal paste should be as high as possi-
ble and under the present invention preferably is at least about 85 % by

10  weight, more preferably at least about 90 % by weight. With a metal powder
of approximately above 95 % by weight, however, the handling of the metal
paste may involve difficulties.

The organic auxiliary agents contaihed in the metal paste under the present
15 invention e.g. can be volatile organic compounds such as solvents, e.g. diol,
glycol, glycol ether and dicarboxylic acid ester, deoxidating auxiliary agents
containing metal powder activating substances such as carboxylic acid and
amines, and additives controlling the viscosity such as long-chain acid ami-
des or paraffins. Preferably, amine compositions are used which are volatile
20 at the selected metallurgical reaction temperatures. Furthermore, coactiva-
tors selected from the group consisting of the nonvolatile carboxylic acids
and amines and compounds which are dehalogenating at the temperature
used for producing the intermetallic phase can be contained therein. The

selection of these organic auxiliary agents depends e.g. on the selected
25
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about 20 to 30 [err]m 15 -6 20

application method of the metal paste. Further small amounts of thik-
keners, binders, natural resins such as colophonium and colophonium deri-
vates can be added to the metal pastes. A metal paste which is suitable un-
der the present invention contains e.g. about 90 % by weight metal powder
and about 10% by weight organic auxiliary agents.

The method for producing electrically conductive interconnecting structures
according to the present invention comprises the steps of applying the ad-
hesive material onto a substrate, applying the metal paste to the thus pro-
vided adhesive material and heating the metal paste at a temperature at
which the metal powder forms an intermetallic phase. |

Preferably, the adhesive material applied to the substrate is subjected to
thermal treatment prior to application of the metal paste, this thermal
treatment, however, being dimensioned so that no or no complete curing of
the adhesive material takes place. To this end it is expedient to first flash
off the adhesive material at ambient temperature for an adequate time peri-
od for evaporating solvents, if any. Subsequently the thermal freatment is
made, e.g. at 80°C for about 20 minutes under laboratory conditions.
Thereby, a dry, well processable surface of the adhesive material is ob-
tained.

In a next step the previously described metal paste is applied to tﬁe dried
surface of the adhesive material. The application of the adhesive material
and of the metal paste can be suitably made by means of a dispenser, a
silk-screen process or any other printing method according to techniques

which are known to the skilled man.

For finally producing a conductive interconnecting structure such as a cir-
cuit, the metal paste is heated so that the organic auxiliary agents evapora-
te for the most part and the metal particles are interconnected by soft sol-
der, thereby producing intermetallic
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phases. As the orgahic auxiliary agents are volatile at the respective wor-
king temperature, no disturbing residues remain. The adhesion to non-me-
tallic substrates of the metal pastes is ensured by the previously applied
adhesive material which has a composition suited for the respective appli-
cation and the used heating temperature, respectively. In the case of ther-
mal treatment it must be observed that the metal powders form no melt as
otherwise discrete metal beads would form caused by the surface tension.

The thermal treatment for producing electrically conductive interconnecting
structures and for producing circuits and equipped circuits can be made in
apparatus known in connection with the soldering technique. For example,
a socalled reflow oven is suitable, the thermal treatment preferably being.
made in nitrogen atmosphere. It is also possible to introduce activators for
the metal powder into the gas atmosphere, preferably formic acid. On the
other hand such activators may also be contained in the metal paste, as
mentioned above.

As a result of the method under the present invention, a layer structure is
obtained which is comprised of the now completely cured adhesive material
and a metal layer thereon which is substantially free from organic additi-
ves. The special advantage of such a layer structure resides in the soldera-
bility of the metallic iayer. In contrast thereto, interconnecting structures
obtained by means of known conductive adhesives usually are not s'oldera-
ble due to the intimate mixture of the metal and the polymeric matrix in the
form described and put on the market today. '

By the production of intermetallic phases according to the pfesent inventi-
on, the remelting temperature of the metals is higher so that a high remel-
ting temperature permits subsequent soldering processes. According to the
invention the production of electrically conductive interconnecting structu-
res such as circuits on insulating carrier materials is possible, the substra-

. tes used being all kinds of bases e.g. printed circuit boards, flexible printed

circuit boards, alumina ceramics or anodized aluminum printed circuit
boards. The skilled man can adapt the suitable adhesive materials and ad-
hesive systems, respectively, to the individual substrate materials. By ap-
propriate selection of the metallurgical components, plane or three-dimen-
sional electrically conductive structures can be produced which can be
further processed by subsequent bonding steps which are standard in the



has been previously applied to the substrate or base. The adhesive
material can be an anorganic or an organic material. Anorga- nic and
organi ¢ adhesi ves are known to the skilled man and can be selected 5 by
hi m dependi ng on the purpose of use, e.g. depending on the materials

used for the substrates. Anorganic adhesr$es are e.g. those made predom -
nantly on a mneral basis such as a silicate basis. Hydraulically curable
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basis are e.g. thermoplastic resins, in particular those having higher sof-
10 tenlng or melting points. In partlcular curabl e organic resins proved
to be useful, curing being nmade either thermally or by radiation.

The adhesive material usually contains no netallic conponents and exhi -
bits no electrical conductivity. Its purpose is to provide an adherent
ther- 1% noplastic connection with the base and to pernit adhesion of the

second conponent, nanely of the electrically conductive netal paste.
Especial |y one- conponent and two-conponent adhesives on an epoxy resin
basi s, po- | yur et hane resins, nelam ne formal dehyde resins, vinylidene
chl ori de-vi nyl acetate copolyner resins or materials known as sol der
stop lacquers can be 20 used as adhesive materials. Particularly

pref erabl e are two-conponent ad- hesi ves on an epoxy resin basis. The
sel ectilon of the respective adhesives depends on the adhesion

properties of the used substrates such as circuit
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amount of organic auxiliary agents, wherein said metal powders

are selected so that during heating they produce an intermetallic
phase, and wherein said organic auxiliary agents are
volatilizable for the most part at the temperature used for
producing the intermetallic phase.

2. The system as set forth in claim 1, wherein said adhesive
material is an anorganic material.

3. The system as set forth in claim 1, wherein said adhesive
~material is an organic material.

4. The system as set forth in claim 3, wherein the_ofganic
material is a thermoplastic resin.

S. The system as set forth in claim 3, wherein the organic
— material is an organic curable resin.

6. The system as set forth in claim S, wherein the curable resin
is 2 one-component or two-component adhesive on the basis of
epaoxy resin.

7. The system as set forth in at least one of the preceding
claims, wherein the metal paste contains at least one metallic
powder of a metal of good electrical conductivity and at least
one metallic powder of a metal having a lower melting paint
than that of the metal of good electrical conductivity.

8. The system as set forth in claim 7, wherein the metal of
good electrical conductivity is selected from the group
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claims, wherein the metal paste contains a mixture of copper
pouder and a powder of the alloy 62S5n36Pb2Ag in a weight ratio
of from about 4:1 to about 1:1.

11. The system as set forth in at least one of the preceding
claims, wherein the metal powders have a mean particle size

of from about 1 to 100 um, preferably of about 10 to S50 pm,

more preferably of about 20 to 30 pm.

12. The system as set forth in at least gne of the preceding
claims, mﬁerein the content of the metal powders in the metal
paste is at least about 85% by weight, preferably at least about
80 % by weight.

13. The system as set forth in at least one of the preceding
claims, wherein the organic auxiliary agents of the metal paste
are selected from volatile organic compounds, deoxidizing
auxiliary agents, metal_pod%r activating substances and the
additives controlling the viscaosity.

14. A method for producing electrically conductive
interconnecting structures by using a system of at least one

of the preceding claims, comprising the steps of

(1) applying the adhesive material onto a substrate;

(2) applying the metal paste to the thus provided adhesive
material; and :

(3) heating the metal paste at a teq&grature at which the metal
powders produce an intermetallic phase.

1S5. A methaod for producing a circuit by using a system of at
least one of claims 1 to 13, comprising the steps of:

10
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material; and
(3) heating the metal paste at a temperature at which the metal

powders produce an intermetallic phase.
16. A circuit produced by the method according to claim 15.

17..- A methad for producing an equipped circuit by using a system
set forth in at least one of claims 1 to 13, comprising the
steps of:
(1) applying the adhesive material in the form of a circuit

- pattermn onto a substrate; :
(2) applying the metal paste to the thus provided adhesive
material;
(3) equipping the circuit pattern provided with the adhesive
material and the metal paste with electric or electronic
components; and
(4) heating the metal paste at a temperature at which the metal
powders produce an intermetallic phase.

18. An equipped circuit produced according to the method set
forth in claim 17.

19. The methaod as set forth im any aof claims 14, 15, and 17,
wherein the applied adhesive material prior to the application

-~
!

of the metal paste is exposed to thermal treatment subject to.
the condition that the adhesive material is not or not completely
cured during this process.

20. The method as set forth in at least one of claims 14, 185,

17, and 19, wherein the adhesive material and the metal paste

are applied by means of a dispenser, a screening method or any
other printing method.

21. The method as set forth in any of claims 14, 15, 17, 19,
and 20, wherein the substrate is a plane circuit base.

11
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t hi k- " keners, binders, natural resins such as col ophoni um and

col ophonium deri - vatives can be added to the netal pastes. A netal
paste which is suitable under the present invention contalns e.qg.
about 90 % by weight nmetal 5 powder and about 10 % by wei ght organic
auxi liary agents. The method for producing electrically conductive
I nt erconnecting structures according to the present invention

conpri ses the steps of applying the a3UMMARY hesive material onto a
substrate, applying the netal paste to the thus pro- 10 vided adhesive
material and _heating the netal paste or the thus obtained arrangement
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phase. intercoblhekeial strivttaedne dohethed PoP! peddbeihBecsubatitate is
subjected to 15 thernal treatnqpt rd or éo anligation of the metal paste,
this thernal and equipped cirfcuilts

The invention describes a system for producing electrically
conductive interconnecting structures comprising

A) an adhesive material; and

B) an electrically conductive metal paste containing at least

two metal powders having different melting points, and a small
amount of organic auxiliary agents, wherein said metal pouwders
are selected so that during heating they produce an intermetallic
phase, and wherein said organic auxiliary agents are
volatilizable for the most part at the temperature used for
producing the infermetallic phase;

as well as a method for producing electrically conductive
interconnecting structures with the use of this systen,
comprising the steps of: .
(1) applying the adhesive material onto a substrate;
(2) applying the metal paste to the thus provided adhesive -
material; and i
—- (3)_heating the metal paste at a temperature at which the metal
; powders produce an intermetallic phase.

| The invention also describes a method for producing circuits
and equipped circuits by using the above-mentioned system..

According to the present invention, electrically conductive
interconnecting structures such as circuits are obtained
providing excellent adhesion, good electrical conductivity and
solderability. '

12
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descri bed netal paste is applied to the drjed 25 surface of the adhesive
material . The application of the adhesPRgciifation and of the neta

past e canlbe THé poddesit TAdentiyh Felabes @6 A ntitRpdnFeprodacing elestiidalBC E6RAuctive

process or any_other printin t hod,accord to t.echni gues which are
nown to t he SRIHERF rth ecided dBRafiaa byignicd SRRIed Befording o thie' LS
i nt er connect ithgdsand atecomsbinatibn der prociucing electrizally contluctiet siirughets. i s
heated so that the organic auxiliary agents evapora- te for the nost

part and the nmetal particles are interconnected by soft sol - der,
t her eby p?od (eenegallyt whentele¢trenic anponents or equipped circuits are produced, it is

necessary to mechanically-electrically connect metallic surfaces to metallic con-
necting elements. To this end usually printed circuit boards are produced by
electroplating, the land pattern structure being obtained by additive techniques or -
subtractive etching technologies. These known methods, however, imply the risk
10  of environmental pollution and the necessity of recycling the galvanic liquids used
in these methods. The thus produced printed circuit boards serve as substrates
for electronic components which are connected to the printed circuit board. To a
small extent, also electrically conductive adhesives are employed for this purpose
which, in contrast to softsoldering, offer the advantage of low working temperatu-
15 res. These conventional conductive adhesives either are physical mixtures of
electrically conductive materials such as metal powders and polymer resins as the
matrix, or they consist of electrically conductive plastic materials. The conductivi-
ty of such systems results from the quasi-metallic contact of the conductive mate-
rials in the organic matrix. | - '
20 )
In order to achieve good adhesion on the substrates, a high content of polymeric
resin is desired for such electrically conductive adhesives. On the other hand, to
achieve good electrical conductivity, a high content of conductive materials is re-
quired. Adhesion to substrates and electrical conductivity thus are contrary de-
25 mands on such adhesives. The connecting structures obtained thereby e.g. have
the drawback that they are not solderable. These and other technical short-
comings have prevented heretofore the employment of conductive adhesives on a

large scale.

30  Also electrically conductive adhesives have become known wherein the conductivi-
ty is provided by a metallurgical reaction of different metals by forming interme-
tallic connections. Also in this case it is necessary to admix an organic polymeric
matrix so that the same problems arise as with adhesives filled with electrically

conductive materials.
35

EP O 414 363 A2 describes a method for producing electrically conductive circuit
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On the nents of the metal powders that may be used. For the removal of excess powder

from the printed circuit board, a vibrating apparatus or an air blower is proposed.

10 US 3 800 020 describes a method for producing a land pattern, wherein a metal
powder is applied to a 't_hermoplastic material. Thereafter, the thermoplastic mate-
rial and the metal powder are melted together by application and heating of a die,
the die having the desired circuit pattern. Thus, a circuit pattern having the desi-
red layout is formed. Again, the remaining, not molten powder has to be removed,

15  e.g. by a vibration or a vacuum process.

It is the object of the present invention to provide a method and a combination of
producing electrically conductive structures as well as a method of producing cir-
cuits and equipped circuits by using this combination, wherein the shortcomings
20  of the prior art do not arise, and in particular excellent adhesion to substrates,
good electrical conductivity and solderability of the obtained structures and cir-

cuits are achieved.

The subject-matter of the invention, therefore, is a method of producing electrical-
25 ly conductive structures comprising the steps of (1) applying an adhesive material
onto a substrate; (2} applying an electrically conductive metal paste containing at
least two metal powders having different melting points in a total amount of at
least 85 % by weight and a small amount of organic auxiliary agents, selected
from volatile organic compounds, desoxidizing auxiliary agents, metal powder ac-
30 tivating substances and additives controlling the viscosity, wherein said metal pa-
ste contains at least one metal powder of a metal of good electrical conductivity
selected from the group consisting of gold, silver, copper and their alloys, and at
least one metal powder of a metal having a lower melting point than the metal of
good electrical conductivity selected from the group consisting of tin, indium and
.35  their alloys, and wherein said metal powders are selected in such amounts that
during heating they form an intermetallic phase at a melting temperature which is
higher than that of the starting metals, and wherein said organic auxiliary agents

are volatilizable for the most part at the temperature used for forming the inter-
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such a layer structure resides in the sol dera- bility of the netallic

| ayer. | nlconkmegdtic phes&idhto ithé Ehao prealtd adBEsive mMEte8al; and (QPB@A&E? Y thus
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30 inventiondifiei RAYGHAI198 Afpifelinl fle Ak of ANARGHL }ssttlem %xcpgqhg&luég% cir-

structu- res such as circuits on insulating carrier mater

possi bl e, thefWhb¥hen in this embedimeny theicirguly patternproyided with the adhgsivaima-

circuit boar derial hadithendthl pasd is equippedowith dléutiidor eféctibrie c6RpBHLAS ?ﬂor
anodi zed alunigﬁnl rinted ci boar ds. ng ski.l | ed man can adap

the suitable ¥ r\geitrﬂﬁt@sﬁéﬂ(i‘giéﬁ?%ﬁ agsequigped gircuitdp &.3imple fashdeny ¢ v,

to the in@ividual substrate materials. By ap- propriate sel ection of
the netal | ur %&&Ea&&@?&?& W She H'n@gx?tic% a\tlg'(; G¥e %&%ﬂéaﬂy conductive structures and

circuits, respectively, or equipped circuits obtained according to such a method.

The subject-matter of the present invention moreover is a combination for pro-
15  ducing electrically conductive structures, comprising A) an adhesive material; and
B) an electrically conductive metal paste containing at least two metal powders
having different melting points in a total amount of at least 85 % by weight and a
small amount of organic auxiliary agents selected from volatile 6rganic com-
pounds, desoxidizing auxiliary agents, substances activating metal p;)wders and
20 additives controlling the viscosity, wherein said metal paste contains at least one
metal powder of a metal of good electrical conductivity selected from the group
consisting of gold, silver, copper and their alloys and at least one metal powder of
a metal having a lower melting point than the metal of good electrical conductivity
selected from the group consisting of tin, indium and their alloys, and wherein
25  said metal powders are used in such amounts that during heating they form an
intermetallic phase at a melting temperature which is higher than that of the star-
ting metals, and wherein said organic auxiliary agents are volatilizable for the

most part at the temperature used for forming the intermetallic phase.

30  In contrast to the heretofore employed techniques, it has been found in the scope
of the present invention that electrically conductive metal pastes that contain only
a small amount of organic auxiliary agents and wherein the metal powders are se-
lected so that during heating they produce an intermetallic phase can be used for
producing electrically conductive connecting structures. The generally insufficient

35 adhesion of such metal pastes to substrates, and bases, respectively, is achieved
by an adhesive material which
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further processed by subsequent bonding steps which are standard in ifpef. 4\;

- 8 - 1 production of electronic conponents, e.g. by sol dering.

-6-

1 application method of the metal paste. Further small amounts of thik-
keners, binders, natural resins such as colophonium and colophonium deri-
vatives can be added to the metal pastes. A metal paste which is suitable
under the present invention contains e.g. about 90 % by weight metal

5 powder and about 10 % by weight organic auxiliary agents.

The method for -producing electrically conductive interconnecting structures
according to the present invention comprises the steps of applying the ad-
hesive material onto a substrate, applying the metal paste to the thus pro-

10  vided adhesive material and heating the metal paste or the thus obtained
arrangement at a temperature at which the metal powder forms an interme-
tallic phase.

Preferably, the adhesive material applied to the substrate is subjected to
15 thermal treatment prior to application of the metal paste,” this thermal
treatment, however, being dimensioned so that no or no complete curing of
the adhesive material takes place. To this end it is expedient to first flash
off the adhesive material at ambient temperature for an adequate time peri-
od for evaporating solvents, if any. Subsequently the thermal treatment is
20 made, e.g. at 80°C for about 20 minutes under laboratory conditions.
Thereby, a dry, well processable surface of the adhesive material is ob-

tained.

In a next step the previously described metal paste is applied to the dried

25 surface of the adhesive material. The application of the adhesive material
and of the metal paste can be suitably made by means of a dispenser, a
silk-screen process or any other printing method according to techniques
which are known to the skilled man.

30  For finally producing a conductive interconnecting structure such as a cir-

cuit, the metal paste is heated so that the organic auxiliary agents evapora-

. te for the most part and the metal particles are interconnected by soft sol-
der, thereby producing intermetallic

35
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New Claims

1. A method of producing electrically conductive structures, comprising
the steps of:

(1) applying an adhesive material onto a substrate;

(2) applying an electrically conductive metal paste containing at least two
metal powders having different melting points in a total amount of at least
85 % by weight and a small amount of organic auxiliary agents, selected
from volatile organic compounds, desoxidizing auxiliary agents, metal
powder activating substances and additives controlling the viscosity,
wherein said metal paste contains at least one metal powder of a metal of
good electrical conductivity selected from the group consisting of gold, sil-
ver, copper and their alloys, and at least one metal powder of a metal ha-
ving a lower melting point than the metal of good electrical conductivity se-
lected from the group conmsisting of tin, indium and their alloys, and
wherein said metal powders are selected in such amounts that during hea-
ting they form an intermetallic phase at a melting temperature which is hig-
her than that of the starting metals, and wherein said organic auxiliary
agents are volatilizable for the most part at the temperature used for for-
ming the intermetallic phase, onto the thus provided adhesive material; and
(3) heating the thus obtained arrangement at a temperature at which said

metal powders form an intermetallic phase.

2. The method as set forth in claim 1, wherein said adhesive material is

applied in the form of a circuit pattern for producing a circuit.

3. The method as set forth in claim 2, wherein the circuit pattern provi-
ded with the adhesive material and the metal paste is equipped with electric

or electronic components prior to heating for producing an equipped circuit.

4. The method as set forth in any of claims 1 to 3, wherein the applied
adhesive material prior to application of the metal paste undergoes thermal
treatment subject to the condition that the adhesive material is not or not
completely cured during this process.

5. The method as set forth in at least one of claims 1 to 4, wherein the
application of the adhesive material and the metal paste is made by means

of a dispenser, a silk-screen process or any other printing method.
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6. The method as set forth in at least one of claims 1 to 5, wherein the

substrate is a plane circuit base.

7. An electrically conductive structure obtained according to the me-
thod set forth in at least one of claims 1 to 6.

8. A combination for producing electrically conductive structures, com-
prising '

(A) an adhesive material; and

(B) an electrically conductive metal paste containing at least two metal
powders having different melting points in a total amount of at least 85 %
by weight and a small amount of organic auxiliary agents selected from vo-
latile organic compounds, desoxidizing auxiliary agents, substances acti-
vating metal powders and additives controlling the viscosity, wherein said
conductivity selected from '_;c.he group consisting of gold, silver, copper and
their alloys and at least one metal powder of a metal having a lower mel-
ting point than the metal of good electrical conductivity selected from the
group consisting of tin, indium and their alloys, and wherein said metal
powders are used in such amounts that during heating they form an inter-
metallic phase at a melting temperature which is higher thaﬁ that of the
starting metals, and wherein said organic auxiliary agents are volatilizable
for the most part at the temperature used for forming the internﬁetallic

phase.

9. The combination as set forth in claim 8, wherein the adhesive mate-

rial is an anorganic or organic material.

10. The combination as set forth in claim 9, wherein the organic material

is a thermoplastic resin.

11. The combination as set forth in claim 9, wherein the organic material

is an organic curable resin.

12. The combination as set forth in claim 11, wherein the curable resin
is a one-component or two-component adhesive on the basis of epoxy re-

sin.
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2. The nmethod as set forth in_claim1l1, wherein said adheiﬁﬁj@ﬁ i
applied in the formof a "ﬁ% pr oduci njy CTTTU T
3. * The nmethod as set forth ijh ¢ ﬁ ETHM@EEN] circuit pptfern r-(g,v{rggd
with the 30 ‘adhesive materiall-and tHEAGER pas le is equi ppkd ‘l\/\ﬁ'gll? 4
el ectric or electronic conponent s pLI-OT ieating fof broducing—an—!
equi pped circuit. 4. The methoed—as—set—fortirTn gny of clains 1

to 3, wherein the applied adhesive apptTTattomof
the netal pagjiameder goes ther nal treatlrl“mtllﬂwm(um"mb the condition
that the adhesive material is not or not* canpretelys cured during this

pr ocess. -10-

5 1. A method of producing electrically conductive structures, comprising the steps
of:
(1) applying an adhesive material onto a substrate;
(2) applying an electrically conductive metal paste containing at least 85%
by weight and a small amount of organic auxiliary agents, selected from volatile
10 organic compounds, desoxidizing auxiliary agents, metal powder activating
substances and additives controlling the viscosity, wherein said metal paste contains
at least one metal powder of a metal of good electrical conductivity selected from the
group consisting of gold, silver, copper and their alloys, and at least one metal powder
of a metal having a lower melting point than the metal of good electrical conductivity
15 selected from the group consisting of tin, indium and their alloys, and wherein said
metal powders are selected in such amounts that during heating they form an
intermetallic phase at a melting temperature which is higher than that of the starting
metals, and wherein said organic auxiliary agents are volatilizable for the most part at
the temperature used for forming the intermetallic phase, onto the thus provided
20  adhesive material;, and
3) heating the thus obtained arrangement at a temperature at which said
metal powders form an intermetallic phase having a melting temperature higher than
that of the starting materials.

25 2, The method as set forth in claim 1, wherein said adhesive material is applied in
the form of a circuit pattern for producing a circuit.

3. The method as set forth in claim 2, wherein circuit pattern provided with the
adhesive material and the metal paste is equipped with electric or electronic

30 components prior to heating for producing an equipped circuit.

4. The method as set forth in any of claims 1 to 3, wherein the applied adhesive
material prior to application of the metal paste undergoes thermal treatment subject to
_the condition that the adhesive material is not or not completely cured during this

35  process.
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5. The nmethod as set forth in at |east one of clains 1 :

appl i cation F“w““lmrulﬂﬂ"tmme mat eri al al pa sﬁ‘ﬂr 4 TW
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el ectrically conductive structure obtained according to the Method as set
forth in at | east one of clainms 1 to 6. 8. A conbination of
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8. A combination of producing electricélly conductive structures, comprising:
(A) an adhesive material which is first applied onto a substrate; and

15 (B) an electrically conductive metal paste subsequently applied and
containing at least two metal powders having different melting points in a total amount
of at least 85% by weight and a small amount of organic auxiliary agents, selected
from volatile organic compounds, desoxidizing auxiliary agents, substances activating
metal powders and additives controlling the viscosity, wherein said metal paste

20 contains at least one metal powder of a metal of good electrical conductivity selected
from the group consisting of gold, silver, copper and their alloys, and at least one
metal powder of a metal having a lower melting point than the metal of good electrical
conductivity selected from the group consisting of tin, indium and their alloys, and
wherein said metal powders are selected in such amounts that during heating they

25 form an intermetallic phase at a melting temperature which is higher than that of the
starting metals, and wherein said organic auxiliary agents are volatilizable for the most
part at the temperature used for forming the intermetallic phase.

9. The combination as set forth in claim 8, wherein the adhesive material is an

30  inorganic or organic material.

10. The combination as set forth in claim 9, wherein the organic material is a

thermoplastic resin.
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organic curable resin.

12. The combination as set forth in claim 11, wherein the curable resin is a one-

component or two-component adhesive on the basis of epoxy resin.

13.  The combination as set forth in claim 8, wherein the metal having the lower
10 melting point is selected from alloys of tin and/or indium with lead and/or antimony

and/or zinc.

14, The combination as set forth in at least one of claims 8 to 13, wherein the
metal paste contains a mixture of copper powder and a powder of the alloy
15 62Sn36Pb2Ag in a weight ratio of about 4:1 to about 1:1.

15. The combination as set forth in at least one of claims 8 to 14, wherein the
metal powders have a mean particle size of about 1 to 100pm, more preferably of
from about 20 to 30um.
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conbi nation as ‘set forth in claim11,” wieré&in“the csura*ble.re in 1s a one-

conponent or two-conponent adhesive on the basis of epoxy ¥esin4oeT 199813
The conbination as set forth in claim8, -@herein the netal| havi ng ?he ?o r
10 nmelting point is selected fromalloys of tin and/or ijndt ' '
and/ or anti nony and/ or zinc. - 14, The ‘conbi ngdtion as set forth
in at least quenigis clainms 8 to 13, wherein the nmetal paste contalns

m xture of copper powder and a powder of the alloy 15 62Sn36Pb2Ag in a

wei ght ratio of about 4:1 to about 1:1. 15. The conbi nation as
set forthginat | eREetiiforProdicg @edritaly tondWieE Sirtictlrd8, comprising the steps

of:

(1) applying an adhesive material onto a substrate;
(2) applying an electrically conductive metal paste containing at least two
metal powders having different melting points in a total amount of at least 85% by
10 weight and a small amount of organic auxiliary agents, selected from volatile organic
compounds, desoxidizing auxiliary agents, metal powder activating substances and
additives controlling the viscosity, wherein said metal paste contains at least one
metal powder of a metal of good electrical conductivity selected from the group
consisting of gold, silver, copper and their alloys, and at Ieést one metal powder of a
15 metal having a lower melting point than the metal of good electrical conductivity
selected from the group consisting of tin, indium and their alloys, and wherein said
metal powders are selected in such amounts that during heating they form an
intermetallic phase at a melting temperature which is higher than that of the starting
metals, and wherein said organic auxiliary agents are volatilizable for the most part at
20 the temperature used for forming the intermetallic phase, onto the thus provided
adhesive material; and
(3) heating the thus obtained arrangement at a temperature at which said
metal powders form an intermetallic phase having a melting temperature higher than
that of the starting materials.
. 25
2. The method as set forth in claim 1, wherein said adhesive material is applied in
the form of a circuit pattern for producing a circuit.

3. The method as set forth in claim 2, wherein circuit pattern provided with the
30 adhesive material and the metal paste is equipped with electric or electronic
components prior to heating for producing an equipped circuit.

4. The method as set forth in any of claims 1 to 3, wherein the applied adhesive
material prior to application of the metal paste undergoes thermal treatment subject to
35 the condition that the adhesive material is not or not completely cured during this

process.
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5. The method as set forth in at least one of claims 1 to 4, wherei

n the application

of the adhesive material and the metal paste is made by means of a dispenser, a silk-

5  screen process or any other printing method.

6. The method as set forth in at least one of claims 1 to 5, wherein the substrate

is a plane circuit base.

10 7. An electrically conductive structure obtained according to the method as set

forth in at least one of claims 1 to 6.

8. A combination of producing electrically conductive structures, comprising:

(A) an adhesive material which is first applied onto a substrate; and

15 (B) an electrically conductive metal paste subsequently applied and

containing at least two metal powders having different melting points i

n a total amount

of at least 85% by wéight and a small amount of organic auxiliary agents, selected

from volatile organic compounds, desoxidizing auxiliary agents, substances activating

metal powders and additives controlling the viscosity, wherein said metal paste

20 contains at least one metal powder of a metal of good electrical conductivity selected

from the group consisting of gold, silver, copper and their alloys, and at least one

metal powder of a metal having a lower melting point than the metal of good electrical

conductivity selected from the group consisting of tin, indium and their alloys, and

wherein said metal powders are selected in such amounts that during heating they

25 form an intermetallic phase at a melting temperature which is higher

than that of the

starting metals, and wherein said organic auxiliary agents are volatilizable for the most

part at the temperature used for forming the intermetallic phase.

9. The combination as set forth in claim 8, wherein the adhesive material is an

30 inorganic or organic material.

10. The combination as set forth in claim 9, wherein the organic material is a

thermoplastic resin.
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B) an electrically conductive netal pajmlmmlﬂ{mmmrlm | eaREPLACEMEN SHEET
powders having different nelting point ungy ¢t organi c
auxiliary agents, wherein said netal povders are"selected $o th13\ Wt‘m
heating they produce an internetallic phase, and wherein sai org C
auxiliary agents are volatilizable for the-nost part at th
used for producing the internetallic phase; ‘as well as ajnethod for

produci ng el ectrically conductive interconnecting structureS win tne use

of this systam coepedrhibiRgtidnnas séeRRhaR cldich) 9,2aRRertinthet dtgadid testelal isadrer i al
onto a substrate; 62?;] apgl ying the netal paste to the thus provided

adhesi ve nat¥g3ni¢ cUrgRle "B heating the metal paste at a tenperature at

whi ch thg netal powders produce an internetallic phase. The invention

al so describes a nmethod for producing circuits and equi pped circuits by

usi ng the abl@ve- net samkiatiopsasesat forthinceleim Mty wereingthp cuiabig resiny ism oaer,

el ectrical | yonpflAt drtfio-component adhesive on the basis of epoxy resin.

13. The combination as set forth in claim 8, wherein the metal having the lower
10 melting point is selected from alloys of tin and/or indium with lead and/or antimony

and/or zinc.

14.  The combination as set forth in at least one of claims 8 to 13, wherein the
metal paste contains a mixture of copper powder and a powder of the alloy
15 62Sn36Pb2Ag in a weight ratio of about 4:1 to about 1:1.

16. The combination as set forth in at least one of claims 8 to 14, wherein the
metal powders have a mean particle size of about 1 to 100um, more preferably of
from about 20 to 30um. |
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PROCESS FOR PRODUCING CIRCUITS AND PRINTED CIRCUITS

54 Beuiehmmg: SYSTEM UND VERFAHREN ZUR ERZEUGUNG ELEKTRISCH LEITFAHIGER VERBINDUNGSSTRUKTUREN
SOWIE VERFAHREN ZUR HERSTELLUNG VON SCHALTUNGEN UND VON BESTUCKTEN SCHALTUNGEN

(57) Abstract

| - "The invention concems a system for pmdm:mg electrically conductive connecting structures comprising (A) an adhesive; and (B)

an clectrically conductive metal paste containing at least two metal powders of differing melting points and g small quantity of organic
auxiliary agents. The metal powders are chosen 1o ensure that they form an intermetallic phase on heating and the organic suxiliary agents
can be made largely to evaporate at the temperature applied in order to form the intermetallic phase. The invention also concems 2 process
for producing electrically conductive connecting structures using the system proposed, involving the following steps: (1) an adhesive is
applied to a carrier; (2) the metal paste is applied to the adhesive; (3) the metal paste is heated to a temperature at which the metal powders
form an intermetallic phase. Also disclosed are processes for pmdncmg circuits and printed circuits using this system. According to the
invention, electrically conductive connecting structures such as circuits e obtained with excellent adheslon and good electrical conductivity
and soldering qualities.

.(57) Zusammenfassung

Die Erfindung beschreibt ein System zur Erzeugung elektrisch leitfthiger Verbindurigsstrukiuren, umfassend A) ein Klebstoffimaterial;
und B) cine mindestens zwei Metallpulver mit unterschiedlichen Schmelzpunkten und eine geringe Menge orgamscher Hilfsstoffe
enthaltende, elektrisch Ieitfithige Metallpaste, wobei die Metallpulver so gewahit -sind, da8 sie beim Erwlirmen eine intermefallische
Phase bilden und wobei die organiscﬁ&?ﬂil’fsstoﬁe bei der zur Bildung der intermetallischen Phase angewandten Temperatur gréstentsils
verfllichtigbar sind; sowie ein Verfahren zur Erzeugung elekirisch leltﬂhiger Verbindungsstrukturen ‘unter Verwendung dieses Systems,
umfassed die Schritte: (1) Aufbringen des’ Klebstoffmaterials auf einen Triger; (2) Aufbringen der Metallpasts auf das so vorgesehene
Klebstoffmaterial; und (3) Erhitzen der Metallpaste bei-einer Temperatur, bei der die Metallpulver eine intermetallische Phase bilden.
s Die Edfindung beschreibt cbenfalls Verfahren zur Hesstellung von Schaltungen und von bestiickten Schaltungen unter Verwendung des
obengenannten Systems. Erfindungsgemaf werden elektrisch leitfthige Verbindungsstrukturen, wie Schaltungen, mit ausgezetclmener
Haftﬂhugkeu, guter elektrlscher Leitfahigkeit sowie Listfahigkeit erhaiten.




