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METHOD FOR APPLYING DRIED METAL SINTERING COMPOUND BY MEANS OF A
TRANSFER SUBSTRATE ONTO A CARRIER FOR ELECTRONIC COMPONENTS, CORRE-
SPONDING CARRIER, AND THE USE THEREOF FOR SINTERED CONNECTION TO ELEC-

TRONIC COMPONENTS

In the electronics industry, it is known to use metal sintering preparations for attachment and
electrical contacting of and heat dissipation from electronic components, such as semiconductor
chips. Said metal sintering preparations are disclosed, for example, in WO2011/026623A1,
EP2425920A1, EP2428293A2, and EP2572814A1. Usually, said metal sintering preparations
are applied by printing, for example screen or stencil printing, to support substrates, dried if
needed, configured with electronic components, and then subjected to a sintering process.
Without transitioning through the liquid state, the metal particles become connected during the
sintering process by diffusion while forming a solid, electrical current- and heat-conducting me-

tallic connection between substrate and electronic component.

Application by dispensing is known as an alternative to the application of a metal sintering prep-

aration by printing.

The object of the invention was to devise a method enabling concurrent application (application
in one process step) of multiple layer fragments of metal sintering preparation to substrates that
are not fully planar and, if applicable, are already partially configured with electronic compo-

nents, and keeps the temperature stress on the substrates and/or electronic components possi-

bly situated on them as low as possible.

The present invention relates to a method for the application of multiple discrete layer fragments
made of dried metal sintering preparation to pre-determined electrically-conductive surface frac-
tions of a substrate for electronic components. A planar transfer substrate provided with the
dried metal sintering preparation is used in the method according to the invention. The method
comprises the steps of:

(1) applying multiple discrete layer fragments made of metal sintering preparation to
one side of a planar transfer substrate in an arrangement that is mirror-symmetrical
to the pre-determined electrically-conductive surface fractions;

(2) drying the metal sintering preparation thus applied while preventing sintering;

(3) arranging and contacting the transfer substrate with the layer fragments made of

dried metal sintering preparation such as to face the surface of the substrate for
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electronic components and, while assuring coincident positioning of the surface frac-
tions of the transfer substrate provided with the dried metal sintering preparation and
the pre-determined electrically-conductive surface fractions of the substrate for elec-
tronic components;
(4) applying compressive force to the contact arrangement produced in step (3); and
(5) removing the transfer substrate from the contact arrangement;
whereby the adhesive force of the dried metal sintering preparation with respect to the pre-
determined electrically-conductive surface fractions of the substrate for electronic components
after completion of step (4) is larger than the adhesive force with respect to the surface of the
transfer substrate;
whereby the planar transfer substrate is a non-sinterable and, if applicable, coated metal foil or
a thermoplastic film;
whereby the substrate for electronic components is a substrate having a planar surface com-
prising one or more depressions of 10 to 500 um and, in addition, is selected from the group
consisting of leadframes, ceramic substrates, DCB substrates, and metal composite materials,
and whereby at least one pre-determined electrically-conductive surface fraction is situated in a

depression.

The invention also relates to substrates for electronic components that are produced according
to the method according to the invention and are provided with dried metal sintering prepara-

tion.

Examples of electronic components include active components (e.g. semiconductor chips such
as LEDs, diodes, IGBTSs, thyristors, MOSFETS, transistors) and/or passive components (e.g.

resistors, capacitors, inductors, and memristors) and/or piezoceramics and/or Peltier elements.

The term, "dried metal sintering preparation”, shall be understood to mean no longer moist, non-
sintered metal sintering preparation that is fully or essentially free of volatile ingredients. For
example, "dried metal sintering preparation” means that 98 to 100 % by weight of the volatile
ingredients originally present in the metal sintering preparation have been removed and the
dried metal sintering preparation proves to be constant in mass or essentially constant in mass
in gravimetric determination even after repeated application of the drying conditions applied in
step (2). The dried metal sintering preparation is a solidified, still sinterable metal sintering

preparation that is stable in shape at temperatures < 70 °C. The metal sintering preparation
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used in step (1) of the method according to the invention shall be illustrated in more detail be-

low.

The substrate for electronic components to which dried metal sintering preparation is applied in
the method according to the invention is a common support substrate in the electronics industry
and is selected from the group consisting of leadframes, ceramic substrates, DCB substrates,
and metal composite materials, whereby the substrate for electronic components concurrently is
a substrate with a planar surface, as such, that comprises one or more depressions of 10 to 500
pm, which are called cavities. The substrate can be a flat substrate. The substrate for electronic
components comprises electrically-conductive surface fractions for the supply of voltage/current
to the electronic components. In this context, the term, "electronically-conductive surface frac-
tions", refers to the layout of the electrically-conductive surface fractions of the and/or on the
electrically-insulating surface of the substrate, i.e. it refers, for example, to the pattern of printed
conductors. In contrast, the term, "pre-determined electrically-conductive surface fractions”,
refers to those fractions of the electrically-conductive surface fractions to which dried metal sin-
tering preparation is to be applied and/or on which electronic components are to be fastened
and electrically contacted by means of the dried metal sintering preparation. At least one pre-
determined electrically-conductive surface fraction is situated in a depression of 10 to 500 um in

this context. To rephrase this, more than one scenario is feasible:

- The substrate has a depression of 10 to 500 pum and a pre-determined electrically-
conductive surface fraction is situated in said depression, whereby one or more further
pre-determined electrically-conductive surface fractions are situated outside the depres-
sion.

- The substrate has a depression of 10 to 500 um and multiple pre-determined electrically-
conductive surface fractions are situated in said depression, whereby one or more fur-
ther pre-determined electrically-conductive surface fractions are situated outside the de-
pression.

- The substrate has a depression of 10 to 500 um and all pre-determined electrically-
conductive surface fractions are situated in said depression.

- The substrate has multiple depressions of 10 to 500 um and one of the pre-determined
electrically-conductive surface fractions is situated in one of the depressions, whereas
the one or more further pre-determined electrically-conductive surface fraction(s) is/are

situated outside the depressions.
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The substrate has multiple depressions of 10 to 500 pm and multiple pre-determined
electrically-conductive surface fractions are situated in one of the depressions, whereas
one or more further pre-determined electrically-conductive surface fraction(s) is/are situ-
ated outside the depressions.

The substrate has multiple depressions of 10 to 500 um and all pre-determined electri-
cally-conductive surface fractions are situated in one of the depressions.

The substrate has multiple depressions of 10 to 500 um and one pre-determined electri-
cally-conductive surface fraction each is situated in each of the depressions, whereas
no, one or more further pre-determined electrically-conductive surface fraction(s) is/are
situated outside the depressions.

The substrate has multiple depressions of 10 to 500 um and one pre-determined electri-
cally-conductive surface fraction each is situated in some of the depressions, whereas
no, one or more further pre-determined electrically-conductive surface fraction(s) is/are
situated outside the depressions.

The substrate has multiple depressions of 10 to 500 um and multiple pre-determined
electrically-conductive surface fractions each are situated in each of the depressions,
whereas no, one or more further pre-determined electrically-conductive surface frac-
tion(s) is/are situated outside the depressions.

The substrate has multiple depressions of 10 to 500 pm and multiple pre-determined
electrically-conductive surface fractions each are situated in some of the depressions,
whereas no, one or more further pre-determined electrically-conductive surface frac-
tion(s) is/are situated outside the depressions.

The substrate has multiple depressions of 10 to 500 pm and one, in some depressions,
and multiple, in some depressions, pre-determined electrically-conductive surface frac-
tions are situated in two or more of the depressions, whereas no, one or more further
pre-determined electrically-conductive surface fraction(s) is/are situated outside the de-
pressions.

The substrate has multiple depressions of 10 to 500 um and one, in some depressions,
and multiple, in some depressions, pre-determined electrically-conductive surface frac-
tions are situated in the depressions, whereby there are no depressions without any pre-
determined electrically-conductive surface fractions and whereby no, one or more further
pre-determined electrically-conductive surface fraction(s) is/are situated outside the de-

pressions.
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Moreover, the substrate for electronic components can already be configured with one or more
electronic components before providing it with the layer fragments made of dried metal sintering
preparation in the method according to the invention. Depending on the component height, a
depth or total depth of, for example, 10 to 200 um or, in the case of components with relatively
large component height, even of, for example, 200 to 1,000 um between such neighbouring
components. The total depth can be the sum, for example, of the depth of one of said depres-
sions of 10 to 500 um plus the component height and/or the largest component height of elec-

tronic components situated adjacent or next to said depression.

The electrically-conductive surface fractions of the substrate for electronic components are, in
particular, metallic. In the latter case, this concerns thin metal layers or metallisations that are
common for electrical contacting, for example made of copper, silver, gold, palladium, nickel,
aluminium, and suitable alloys of said metals. This can just as well concern metals coated with
other metal layers, for example nickel coated with a gold layer, nickel coated with an external

gold and a palladium layer, silver/palladium alloy coated with a gold layer.

In step (1) of the method according to the invention, a metal sintering preparation in the form of
multiple discrete layer fragments is applied to one side of a planar transfer substrate in a mirror-
symmetrical arrangement with respect to the pre-determined electrically-conductive surface
fractions of the substrate for electronic components, i.e. in an arrangement that corresponds,
but is mirror-symmetrical, to the pre-determined electrically-conductive surface fractions of the
substrate for electronic components. From a practical point of view, the discrete layer fragments
are applied in one step or concurrently in this context. The term, "discrete layer fragments”, shall
be understood to mean that this does not concern a continuous layer, but individual layer-
shaped elements that are isolated from each other and are applied from the metal sintering
preparation. As is evident from the explanations provided above, the pre-determined electrical-
ly-conductive surface fractions also are individual surface fractions that are isolated from each

other.

The metal sintering preparation is a basically known metal sintering preparation as used in the
electronics industry for attaching and electrical contacting of and for heat dissipation from elec-
tronic components. Aside from particles made of one or more metals or metal alloys and/or
metal compounds forming metals during the sintering process, the metal sintering preparation

also contains, in particular, volatile organic solvents in addition to possible additives. The metal
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particles are, for example, metal particles made of copper, nickel, aluminium or, in particular,
silver, each with mean patrticle sizes (d50, determined by laser diffraction), for example in the
range of 1 to 10 um. Examples of additives include coatings for the metal particles, such as, for
example, C8-C28 fatty acids, C8-C28 fatty acid salts, C8-C28 fatty acid esters, common sinter-
ing aids, and polymeric binding agents. W0O2011/026623A1, EP2425920A1, EP2428293A1,
and EP2572814A1 represent examples of documents, in which metal sintering preparations, in

particular metal sintering pastes, that can be used are disclosed.

The planar transfer substrate is a non-sinterable and, if applicable, coated metal foil or thermo-
plastic film, for example made of polyester, fluoropolymer, such as, for example, polytetrafluo-
roethylene, polyimide, silicone or polyolefin. Either the entire mass of the plastic film or the side
to be provided with the metal sintering preparation can be provided, for example coated, with an
adhesion-reducing material. Examples of adhesion-reducing materials comprise substances
based on silicone or fluoropolymer. The planar transfer substrate is preferred to be a transpar-

ent plastic film.

It is essential that the adhesive force of the dried metal sintering preparation after completion of
step (4) is larger with respect to the pre-determined electrically-conductive surface fractions of
the substrate for electronic components than with respect to the surface of the transfer sub-
strate. It is sufficient, for example, if the adhesive force is larger by 0.4 N/cm or more, deter-
mined according to DIN EN 14099 (October 2002) using adhesive tape with an adhesive
strength of 220 g/cm.

In one embodiment, the transfer substrate is a non-rigid thermoplastic film that is largely dimen-
sionally-stable even after exposure to thermal stress. The non-rigid thermoplastic film preferably
shows a change of its length and width dimensions of < 1.5 % (ASTM D 1204) after exposure to
thermal stress for 30 minutes at 120 °C object temperature, i.e. preferably, there is no dimen-
sional change or less than maximally 1.5 % change of the length and width dimensions after
exposure to said conditions (ASTM D 1204).

Examples of thermoplastic films that can be used as transfer substrate in the method according

to the invention include the commercially available plastic films, Hostaphan® RN75 from

Mitsubishi, Mylar® A 50 um and/or 75 um from DuPont, and Lumirror® 40.01 from Toray.
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The metal sintering preparation is usually applied to the transfer substrate by printing, for exam-
ple screen printing or stencil printing, at a dry layer thickness of, for example, up to 200 pm. In
case of a sufficiently inviscid metal sintering preparation, the application can just as well take
place by spraying, whereby it can be expedient to undertake measures to protect regions that
are not to be exposed to the metal sintering preparation. Examples of said measures include

applying tape or covering with stencils.

In step (2) of the method according to the invention, the moist metal sintering preparation ap-
plied in step (1) is dried while preventing sintering, i.e. volatile ingredients, such as, for example,
organic solvents, are removed. Preferably, the drying process of the metal sintering preparation
takes place at conditions, in particular temperature conditions, that are suitable for removing the
volatile ingredients from the metal sintering preparation, without sintering processes proceeding
to completion in the metal sintering preparation after the drying process. For this purpose, the
transfer substrate provided with the metal sintering preparation can be heated in an oven, for
example in a convection oven, for example to 80 to 150 °C for 10 to 30 minutes. In this context,

the oven can be made inert, if applicable, for example by means of a nitrogen atmosphere.

As mentioned above, the dried metal sintering preparation is freed of volatile ingredients such
as solvents, at least essentially, and it still contains, for example, non-volatile additives in addi-
tion to the metal particles and/or metal compounds forming metal in the later sintering process.
The dried metal sintering preparation is solidified, but not or only partially sintered, i.e. the solidi-

fied metal sintering preparation can still be sintered.

Accordingly, the transfer substrate with the dried metal sintering preparation situated on it forms
a preform that can be guided, as intermediate product, to the further production process com-
prising steps (3) to (5). The further production process comprising steps (3) to (5) can take
place at the premises of the manufacturer carrying out steps (1) and (2) or of another manufac-
turer. Overall, the intermediate product is stable and handles so well that it can be transported
for further processing. This results from the dried metal sintering preparation being solidified

and dimensionally-stable.

Step (3) of the method according to the invention involves orienting the transfer substrate with
the layer fragments made of dried metal sintering preparation towards the surface of the sub-
strate for electronic components and arranging and contacting it, while assuring coincident posi-

tioning of the surface fractions of the transfer substrate provided with the dried metal sintering
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preparation and the pre-determined electrically-conductive surface fractions of the substrate for
electronic components. This ensures that the sites bearing the dried metal sintering preparation
on the transfer substrate get covered by said pre-determined electrically-conductive surface
fractions of the substrate for electronic components to which dried metal sintering preparation is
to be applied and/or where electronic components are to be attached and electrically contacted
later on by means of the dried metal sintering preparation. The arranging in step (3) can be in
any position, for example in vertical or horizontal position. In horizontal position, for example,
the transfer substrate can be arranged underneath the substrate for electronic components or

vice versa.

In step (4) of the method according to the invention, which is the actual transfer step, compres-
sive force is exerted onto the contacting arrangement produced in step (3), either to the full sur-
face or at least fully in those positions, in which the dried metal sintering preparation is located.
For example a contact pressure of 0.5 to 10 MPa can be applied for a duration of, for example,
1 to 30 seconds. In this context, it can be expedient to use elevated object temperatures of up
to 150 °C; the heating can take place, for example, by heating the underside and/or upper side
of the pressing tool. Common devices can be used to implement process step (4), for example
a laminating press, in particular a heatable laminating press. In addition, for example, a silicone
plate of an adapted degree of hardness, for example of a Shore A hardness of 50 to 70 can be
used between the punch and the transfer substrate provided with dried metal sintering prepara-
tion. Specifically if the compressive force is not applied to the full surface, aids can be used that
act in the way of a punch at the positions at which the dried metal sintering preparation is locat-
ed. Proceeding as described is expedient, in particular, when the substrate is already config-
ured with electronic components, especially with electronic components of a relatively large as-
sembled height. Moreover, it can be expedient that the transfer substrate comprises appropriate
recesses for said electronics components that are already present such that the transfer sub-

strate can fully contact the surface of the substrate for electronics components.

After completion of step (4), the transfer substrate is removed in step (5) of the method accord-
ing to the invention, whereby the dried metal sintering preparation remains on the pre-
determined electrically-conductive surface fractions of the substrate for electronic components.
The surface of the dried metal sintering preparation, initially adhering to the transfer substrate
and then removed by way of the transfer, is now intended to accommodate and/or connect to an

electronic component, which is the subject of a further production process.
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Steps (3) to (5) can take place as batch process or continuously, for example in the way of a
roller laminating process. From a practical point of view, the discrete layer fragments are trans-
ferred from the transfer substrate to the substrate for electronic components in the sequence of

steps (3) to (5) either in one step or concurrently.

In one embodiment, the method according to the invention can take place appropriately such
that the substrate for electronic components is provided on both sides with dried metal sintering
preparation. Basically the same process steps (1) to (5) proceed in this context with the excep-
tion being that the substrate for electronic components in steps (3) to (4) is arranged between
two transfer substrates appropriately provided with dried metal sintering preparation and that
the transfer substrates are then removed from both sides of the substrate for electronic compo-

nents in step (5).

The step or steps taking place for accommodation of and connection to electronic components
belong(2) to a further production process that can just as well take place, for example, at the
premises of another manufacturer. Said further production process comprises the actual sinter-
ing step. In this context, firstly, a common sandwich arrangement is produced from the sub-
strate for electronic components bearing dried metal sintering preparation transferred to it ac-
cording to the inventive method and the electronic components. The sandwich arrangement is
then subjected to the sintering process, in the course of which the sintered metal sintering prep-
aration is produced from the dried metal sintering preparation and a mechanical, electrical, and

heat-conductive connection between substrate and electronic components is formed.

The product of the method according to the invention comprising steps (1) to (5), in the form of
the substrate for electronic components provided with dried metal sintering preparation, is a
preform that can be passed on, as intermediate product, to the further production process ex-

plained in the preceding section.

Overall, the intermediate product is stable and handles so well that it can be transported for fur-
ther processing. This results from the transferred dried metal sintering preparation being solidi-

fied and dimensionally-stable.

The method according to the invention enables the application of dried metal sintering prepara-
tion in the form of layer fragments to a substrate for electronic components in one step and

without exposing the substrate or electronic components to the temperature stress prevailing
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during the drying process of the metal sintering preparation. In this context, the method accord-
ing to the invention enables the application of the dried metal sintering preparation in depres-
sions on the surface of the substrate and, if applicable, between electronic components that are
already present on the substrate, which is not feasible by means of the conventional screen or

stencil printing.

The invention is illustrated through one exemplary embodiment in the following, which may not

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

Exemplary embodiment (Sintering of 2 diodes (IFX IDC73D120T6H) in cavities 150 um deep in
silver foil 500 um thick (from GoodFellow, Typ AG000465) as substrate for electronic compo-

nents):

A sintering paste ASP 043-04 from Heraeus (Hanau, Germany) was printed onto a PET film
from Mitsubishi, type Hostaphan® RN7525JK, as transfer substrate (printing speed 20 mm/s,
doctor blade pressure 2 kg) by means of a DEK Horizon 03iX stencil printer using a steel stencil
75 um thick from Koenen, whereby the layout of the sintering paste that was printed on was

arranged to be mirror-symmetrical to the layout of the cavities in the silver plate.

The printed transfer film was dried in a convection oven (Binder) for 15 min at 100 °C.

To transfer the sintering paste into the cavities of the silver foil, the transfer film that had been
printed and provided with dried sintering paste was placed, by the printed side, on the silver foil

in coincident alignment of sintering paste and cavities.

For distribution of the pressure, a silicone film (Alpha Tectrade, type "Silikon 60 rot Basic") was

arranged over the side of the transfer film bearing no printing.

The sintering paste was transferred to the cavities in the silver foil in a laminating press (Laufer)
(10 sec at a contact pressure of 5 MPa at a temperature of 100 °C on the side of the silver foll,

no heating on the side of the transfer film). After completion of the transfer, the transfer film was
removed and the silver foil was configured with diodes in the cavities provided with dried sinter-

ing paste and then subjected to a pressure-sintering process.
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Patent claims

Method for the application of multiple discrete layer fragments made of dried metal sinter-
ing preparation to pre-determined electrically-conductive surface fractions of a substrate
for electronic components, comprising the steps of:

(1) applying multiple discrete layer fragments made of metal sintering preparation to
one side of a planar transfer substrate in an arrangement that is mirror-symmetrical
to the pre-determined electrically-conductive surface fractions;

(2) drying the metal sintering preparation thus applied while preventing sintering;

(3) arranging and contacting the transfer substrate with the layer fragments made of
dried metal sintering preparation such as to face the surface of the substrate for
electronic components and, while assuring coincident positioning of the surface frac-
tions of the transfer substrate provided with the dried metal sintering preparation and
the pre-determined electrically-conductive surface fractions of the substrate for elec-
tronic components;

(4) applying compressive force to the contact arrangement produced in step (3); and

(5) removing the transfer substrate from the contact arrangement;

whereby the adhesive force of the dried metal sintering preparation with respect to the

pre-determined electrically-conductive surface fractions of the substrate for electronic

components after completion of step (4) is larger than the adhesive force with respect to
the surface of the transfer substrate;

whereby the planar transfer substrate is a non-sinterable and, if applicable, coated metal

foil or a thermoplastic film;

whereby the substrate for electronic components is a substrate having a planar surface

comprising one or more depressions of 10 to 500 um and, in addition, is selected from the

group consisting of leadframes, ceramic substrates, DCB substrates, and metal composite
materials, and whereby at least one pre-determined electrically-conductive surface frac-

tion is situated in a depression.

Method according to claim 1,
whereby the transfer substrate is a non-rigid thermoplastic film that shows a change of its
length and width dimensions of < 1.5 % (ASTM D 1204) after exposure to thermal stress

for 30 minutes at 120 °C object temperature.
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Method according to claim 1 or 2,
whereby the substrate for electronic components is pre-configured with one or more elec-

tronic components.

Method according to claim 3,
whereby the transfer substrate comprises recesses for electronic components that are

already present on the substrate for electronic components.

Method according to any one of the preceding claims,

whereby the plastic film is transparent.

Method according to any one of the preceding claims,

whereby the metal sintering preparation is applied by printing or spraying in step (1).

Method according to any one of the preceding claims,
whereby the drying process in step (2) takes place for 10 to 30 minutes by heating to an

object temperature of 80 to 150 °C.

Method according to any one of the preceding claims,
whereby a contact pressure of 0.5 to 10 MPa is applied for a duration of 1 to 30 seconds

in step (4).

Method according to any one of the preceding claims,

whereby an elevated object temperature of up to 150 °C is used in step (4).

Substrate for electronic components provided with dried metal sintering preparation ac-

cording to a method according to any one of the preceding claims.

Use of a substrate for electronic components according to claim 10 provided with dried
metal sintering preparation in a method, in which, firstly, a common sandwich arrange-
ment is produced from the substrate for electronic components provided with dried metal
sintering preparation and electronic components, and the sandwich arrangement is then

subjected to a sintering process.
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