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(57) ABSTRACT

The invention relates to an electronic assembly comprising a
leadframe (2), a semiconductor component (3), and an elec-
trically conductive connecting element (4) made of a com-
posite material (5). The connecting element (4) has a solder-
able metallization (6) on the composite material (5) on a
surface that is directed towards the semiconductor component
(3). A thermal conductivity of the composite material (5) of
the connecting element (4) is greater than a thermal conduc-
tivity of the semiconductor component (3) and less than a
thermal conductivity of the leadframe (2). The connecting
element (4) is provided only locally in the region of the
semiconductor component (3).
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ELECTRONIC ASSEMBLY WITH IMPROVED
THERMAL MANAGEMENT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an electronic assem-
bly with improved thermo-management by means of locally
adapted, improved thermomechanical stability.

[0002] Electronic assemblies are known from prior art,
wherein power semiconductors are directly soldered to sub-
strates, in particular leadframes, specifically in low voltage
applications. Such electronic assemblies have good thermal
properties because heat from the power semiconductor can be
directly transferred to the leadframe, and the leadframe then
quickly leads the heat away from the power semiconductor. A
big disadvantage with these directly contacted electronic
assemblies, however, results from the large differences
between the thermal expansion coefficients of the power
semiconductors and the leadframe, typically a metal sheet. As
a result, thermomechanical stresses can result between lead-
frame and power semiconductor, which in extreme cases
leads to the destruction of the component.

SUMMARY OF THE INVENTION

[0003] The electronic assembly of the invention has in con-
trast the advantage that greatly reduced thermally based
stresses between a leadframe and a semiconductor compo-
nent are possible; thus enabling a service life of the electronic
assembly to be significantly lengthened. In addition, the elec-
tronic assembly according to the invention can nevertheless
be very cost-effectively manufactured in serial production. In
particular, only a minimal increase in costs occurs in com-
parison to a direct equipping of the leadframe with semicon-
ductor components. This results from the fact that an electri-
cally conductive connecting element is provided according to
the invention only locally in the region of the semiconductor
component. The electrically conductive connecting element
is thereby manufactured from a composite material, a solder-
able metallization being provided on a surface that is directed
towards the semiconductor component. In so doing, the con-
necting element is interposed according to the invention for
the heat transfer from the semiconductor component to the
leadframe. A thermal conductivity of the connecting element
thereby lies between that of the semiconductor component
and that of the leadframe. It is furthermore possible according
to the invention for the electronic assembly not only to be
used in low voltage applications but also in high performance
applications, in which the semiconductor component pro-
duces much heat. According to the invention, a leadframe can
therefore still be used which can be simply and cost-effec-
tively manufactured, the connecting element made of a com-
posite material facilitating much latitude for variation with
regard to composition, layer thickness etc.

[0004] A face of the locally provided connecting element is
preferably maximally twice as large as a face of the semicon-
ductor component. As a result, good heat dissipation can on
the one hand be facilitated and on the other hand, the costs for
manufacturing the connecting element and the space require-
ment necessary for said connecting element remain within
reasonable limits. In a particularly preferable manner, a face
of'the connecting element is thereby the same size as a face of
the semiconductor component; thus enabling the heat dissi-
pation from an entire lower surface of said semiconductor
component to be ensured.
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[0005] According to a preferred exemplary embodiment of
the invention, the leadframe advantageously comprises a
punched-out section in which the connecting element is dis-
posed. The punched-out section is thereby provided at a posi-
tion whereat a semiconductor component is disposed in the
subsequently completed electronic assembly. The punched-
out section is produced simultaneously with the manufacture
of'the leadframe and thus does not entail any additional costs.
Said punched-out section furthermore defines the position of
the connecting element; thus enabling said element to be
quickly and simply disposed in the leadframe. In addition, the
connecting element thus does not protrude or protrudes only
to a slight extent beyond a face of the leadframe, and therefore
a compact electronic assembly is possible.

[0006] A thickness of the connecting element is preferably
equal to a thickness of the leadframe. Hence, the connecting
element replaces the punched out material from the leadframe
without a semiconductor component being thereby disposed
excessively raised with respect to a face of the leadframe.
[0007] According to a preferred embodiment of the inven-
tion, the leadframe comprises a recessed impression, the
composite element being disposed in the impression. In so
doing, an impression is provided which also does not signifi-
cantly add to the manufacturing costs of the leadframe
because the indentation is simultaneously produced with said
leadframe. The impression then serves as a pocket for receiv-
ing the connecting element, whereby a superelevated disposal
of the semiconductor element disposed on said connecting
element is prevented as well.

[0008] Ina particularly preferential manner, a surface of the
leadframe is flush with a surface of the connecting element.
[0009] In a particularly preferred manner, the connecting
element is provided as a prepared component so that said
connecting element has merely to be disposed on the lead-
frame.

[0010] Inorder to ensure a particularly fast and cost effec-
tive manufacturability, a press fit is provided between the
connecting element and the leadframe. The press fit can
thereby be provided at the punched-out section as well as at
the impression. A bonded connection can alternatively or
additionally be provided between said connecting element
and said lead frame. In a particularly preferred manner, the
bonded connection is produced by means of a galvanization
process. Said connecting element is provided in this context
as a galvanically deposited dispersion layer in the locally
delimited region. To this end, foreign particles are introduced
into a galvanic bath, which particles are then incorporated
into the growing layer during the galvanization process. In a
particularly preferred manner, very coarse particles are
thereby inserted into the recess or, respectively, into the
indentation, and a metallic layer grows around said particles
until the connecting element is produced.

[0011] In a particularly preferred manner, the connecting
element has a copper-molybdenum composite or a copper-
graphite composite as composite material.

[0012] In a particularly preferred manner, the connecting
element has a coefficient of thermal conductivity in the range
of 100 to 900 W/m-K.

[0013] The semiconductor component is preferably an
FET, in particular a MOSFET or an IGBT.

[0014] In a particularly preferred manner, the inventive
electronic assembly is used in motor vehicles as a power
module. In this context, the inventive electronic assembly can
be used in the drive area and/or in energy management, in
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particular also in hybrid vehicles, fuel cell vehicles and elec-
tric vehicles. The inventive electronic assembly can also be
used in the area of renewable energy, for example in photo-
voltaic inverters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Preferred exemplary embodiments of the invention
are described below in detail with reference to the accompa-
nying drawings. In the drawings:

[0016] FIG. 1 shows a schematic, perspective view of a
leadframe for an inventive electronic assembly pursuant to a
first exemplary embodiment,

[0017] FIG. 2 shows a perspective depiction of the lead-
frame from FIG. 1, which illustrates the assembly process of
a connecting element,

[0018] FIG. 3 shows a perspective depiction of the lead-
frame from FIG. 1 comprising the subsequently assembled
semiconductor component,

[0019] FIG. 4 shows aschematic sectional view through the
electronic assembly from FIG. 3,

[0020] FIG. 5 shows a schematic, perspective depiction of
an electronic assembly pursuant to a second exemplary
embodiment of the invention,

[0021] FIG. 6 shows an enlarged depiction of FIG. 5,
[0022] FIG.7 shows aschematic sectional view through the
electronic assembly of the second exemplary embodiment,
[0023] FIG. 8 shows an enlargement of the sectional area of
the connecting element, and

[0024] FIG. 9 show two examples for manufacturing the
connecting element and 10

DETAILED DESCRIPTION

[0025] An electronic assembly 1 pursuant to a first pre-
ferred exemplary embodiment of the invention is described
below in detail with reference to FIGS. 1 to 4.

[0026] As can particularly be seen from FIG. 4, the elec-
tronic assembly 1 comprises a leadframe 2 made of copper, a
semiconductor component 3 and a connecting element 4. As
can be seen in FIG. 1, an additional recess 20 is provided in
the leadframe 2, the former being punched-out simulta-
neously with the manufacture of the leadframe. The compos-
ite element, which was provided in advance as a prefabricated
component, comprises dimensions, which allow it to be
inserted into the recess 20 by means of a press fit (cf. FIG. 2).
The composite element 4 is thereby manufactured from a
copper-graphite composite material. The composite material
5 has a solderable metallization 6, i.e. a very thin metal layer,
on a side directed towards the semiconductor component 3.
As a result, the semiconductor component 3 can be soldered
to the connecting element 4.

[0027] A surface of the connecting element 4 thereby cor-
responds exactly to a surface of the semiconductor compo-
nent 3. Moreover, a thickness D1 of the connecting element 4
equals a thickness D2 of the leadframe 2. This prevents the
semiconductor element 3 from protruding too far outward
due to the use of the connecting element 4. Said connecting
element 4 can thus be provided as a prefabricated component
comprising suitable dimensions and can be press fit quickly
and simply into the recess 20. The semiconductor component
3 is subsequently attached to the metallization 6 on said
connecting element 4 by means of a soldering operation.
Finally the connecting element which has been prefabricated
in this manner can be assembled to the leadframe.
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[0028] The thermal expansion coefficients of the connect-
ing element 4, the semiconductor component 3 and the lead-
frame 2 are adapted to one another such that a large value
jump between adjacent thermal expansion coefficients is
avoided. For example, the connecting element 4 thereby has a
thermal conductivity which is greater than a thermal conduc-
tivity of the semiconductor component 3, which is, however,
less than a thermal conductivity of the leadframe 2. As a
result, good heat dissipation by the semiconductor compo-
nent 3 can still be ensured without large thermal stresses
occurring between said semiconductor component 3 and said
leadframe 2. The connecting element 4 therefore prevents too
large of thermal stresses from occurring between said lead-
frame 2 and said semiconductor component 3. According to
the invention, a simple stamping grid construction can nev-
ertheless be maintained using the leadframes, an adaptation to
regions on the semiconductor components which are particu-
larly thermally stressed being facilitated only locally. A mini-
mization of costs of the relatively expensive composite mate-
rial of the connecting element is furthermore achieved by the
merely local adaptation. According to the invention, a specific
adaptation to individual circumstances can furthermore be
facilitated by changing the composition of the materials of the
composite material 5. Depending on the desired properties, a
mixture of a metal with ceramics can, for example, be facili-
tated with regard to improved thermal conductivity or elec-
trical conductivity. The electronic assembly can also be
manufactured in such a manner that no direct contact is
present between leadframe 2 and semiconductor component
3, but contact only results via the connecting element 4.

[0029] An electronic assembly 1 pursuant to a second
exemplary embodiment of the invention is described below in
detail with reference to FIGS. 5 to 10. Identical or function-
ally identical parts are thereby denoted with the identical
reference numerals as in the first exemplary embodiment.

[0030] As can be seen from FIG. 7, the leadframe com-
prises in contrast to the first exemplary embodiment an
impression 21 instead of a punched-out section. The impres-
sion 21 is preferably produced at the same time as the other-
wise necessary step of punching out the leadframe 2. A coni-
cal edge of the impression 21 is denoted with the reference
numeral 8. Likewise no further additional costs are occurred
as a result of this step. The impression 21 is thereby com-
pletely filled with the composite material 5 of the connecting
element 4. A thickness D3 of the composite material 5 thereby
corresponds to a depth of the impression 21 on a surface of the
leadframe 2. As aresult, the surface of the leadframe 2 is flush
with the surface of the connecting element. The thickness of
the metallization 6 is depicted in an exaggerated manner in
FIG. 7 and can be ignored when considering the thickness.

[0031] FIG. 8 shows a section through the composite mate-
rial 5 which is produced from two materials, namely a first
material 51 in powder form as, e.g., graphite, and a metal
material 52 which occupies the interstices between the granu-
lar material 51.

[0032] The impressions 21 are in turn configured at the
positions, at which the semiconductor components 3 are sub-
sequently disposed. Provision is, however, made for another
metallization 6 prior to assembly of the semiconductor com-
ponent 3. Because the metallization 6 is very thin, said met-
allization does not have to be taken into account with regard
to a height build-up of the assembly. The metallization 6 is,
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however, formed only in the region on the connecting element
4, to which the semiconductor component 3 is subsequently
soldered.

[0033] FIGS. 9 and 10 show two exemplary embodiments
of manufacturing processes for manufacturing the leadframe
2 using composite material 5. In so doing, the composite
material 5 is generated as a galvanically deposited dispersion
layer in the impression 21. Coarse particles 51 are preferably
used here, which, supported by the force of gravity, can then
be disposed in the impressions 21. After a voltage has been
applied, metallic foreign particles 52 are deposited in the
impression 21, as can be seen in FIG. 9; thus enabling a
metallic layer to grow around the large particles which were
inserted beforehand. Ceramic or intermetallic particles are,
for example, suitable as particles. In FIG. 9, the metallic
foreign particles are disposed in a receptacle 30 around an
electrode in an electrolyte. In FIG. 10, the metallic foreign
particles 52 are present in a dispersion.

[0034] Inthe second exemplary embodiment, provision can
therefore also be made locally for a connecting element 4,
which is made of a composite material 5 comprising metal-
lization disposed thereon. The use of the impression 21 also
offers further advantages in particular with regard to subse-
quent insulation because the surface to be insulated is thereby
reduced.

[0035] Itshould be noted that it is also possible according to
the invention for a connecting element 4 to be applied only
locally to a surface of a leadframe 2. This can, however,
frequently lead to positioning irregularities; and therefore the
variants described in both of the exemplary embodiments
preferably comprise a punched-out section or an impression
21. It should be noted that it is, of course, also possible for a
punched-out section as well as an impression 21 to be jointly
provided in the leadframe for two different components.
[0036] It is also alternatively possible for the inventive
composite material to be manufactured such that it is exten-
sively deposited on a substratum and is then separated corre-
sponding to the respectively desired size and subsequently, as
described in the first exemplary embodiment, inserted in
respectively formed punched-out sections.

1. An electronic assembly, comprising:
a leadframe (2),
a semiconductor component (3), and

an electrically conductive connecting element (4) made of
composite material (5),
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wherein the connecting element (4) has a solderable met-
allization (6) on the composite material (5) on a surface
that is directed towards the semiconductor component
3.

wherein a thermal conductivity of the composite material
(5) of the connecting element (4) is greater than a ther-
mal conductivity of the semiconductor component (3)
and less than a thermal conductivity of the leadframe (2),
and

wherein the connecting element (4) is provided only

locally in the region of the semiconductor component
3.

2. The assembly according to claim 1, characterized in that
a face of the connecting element (4) is maximally twice as
large as a face of the semiconductor component (3).

3. The assembly according to claim 1, characterized in that
the leadframe (2) has a punched-out section (20), in which the
connecting element (4) is disposed.

4. The assembly according to claim 3, characterized in that
the composite material (5) of the connecting element (4) has
a thickness (D1) which is equal to a thickness (D2) of the
leadframe (2).

5. The assembly according to claim 1, characterized in that
the leadframe (2) comprises a recessed impression (21), the
composite material (5) of the connecting element (4) being
disposed in the impression (21).

6. The assembly according to claim 1, characterized in that
the connecting element (4) is a component manufactured in
advance.

7. The assembly according to claim 1, characterized in that
a press-fit connection (7) is formed between the connecting
element (4) and the leadframe (2).

8. The assembly according to claim 1, characterized by a
bonded connection (8) between the composite material (5) of
the connecting element (4) and the leadframe (2).

9. The assembly according to claim 1, characterized in that
a surface of the connecting element (4) is flush with a surface
of the leadframe (2).

10. The assembly according to claim 1, characterized in
that the composite material (5) comprises copper and graph-
ite.

11. The assembly according to claim 1, characterized in
that a face of the connecting element (4) is the same size as a
face of the semiconductor component (3).

12. The assembly according to claim 1, characterized in
that the composite material (5) comprises copper and molyb-
denum.



