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POWER ELECTRONIC CIRCUIT AND
METHOD FOR ITS FABRICATION

BACKGROUND

Technical Field

[0001] Embodiments of the invention relate to current
busbars made of copper and comprising power electronic
circuits, especially an inverter, in fully electrical and par-
tially electrical (hybrid) vehicles as well as a method for
their fabrication.

Description of the Related Art

[0002] Embodiments of the invention relate to power
electronic circuits in fully electrical and partially electrical
(hybrid) vehicles and connection techniques employed dur-
ing their production, especially for semiconductor power
modules and intermediate circuit capacitors in the vehicle.
The assemblage of the two components constitutes the
so-called switching cell of an inverter. An inverter supplies
power to the e-machine in the hybrid and electric vehicle.
[0003] In the current state of the art, half-bridge modules
or 3-phase modules are used in so-called hard switching
inverters. These are generally connected across current
busbars directly to an intermediate circuit capacitor. These
current busbars are joined together with a tool in two steps,
so as to weld them together. In the first step, an evenly
distributed joining force is applied and in the second step a
cohesive connection is produced between the current bus-
bars of the power module and the capacitor by squeezing the
terminals of the power module. In the next step, this con-
nection can be welded. Due to the uncontrolled bending of
the current busbars during the joining process, stresses occur
in the casting of the capacitor and on the casting compound
of the power modules.

[0004] These stresses in the material may lead to crack
formations, which can lead to a flaking off of material and
thus to direct failure of the components. Likewise, moisture
can get in through the crack formation during the service
life, which can likewise lead to damage and failure.
[0005] JPH 06 297 029 A discloses a wire drawing method
in which a finished metal wire (product) is obtained with a
desired diameter and a desired strength from a base wire
with any given diameter by controlling a heating tempera-
ture at the time of the wire drawing during the drawing of the
metal wire.

[0006] DE 10 2013 200 428 Al relates to a method for
forming a connection between a battery cell terminal and an
interconnection busbar. A coating is arranged between a
terminal substrate of the battery cell terminal and a busbar
substrate of the interconnection busbar, the coating having a
melting temperature which is lower than the melting tem-
perature of the terminal substrate or the busbar substrate;
and the coating is heated beyond its melting temperature in
order to connect the terminal substrate and the busbar
substrate.

[0007] CN 105112829 A discloses an annealing method
for hard copper busbars, involving the following steps:
performing a heat conservation of a hard copper busbar for
120-240 min at an annealing temperature of 340-360° C. for
the annealing treatment and then quenching the hard copper
busbar down to room temperature. The heat treatment
improves the tensile strength of the copper.
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BRIEF SUMMARY

[0008] Some embodiments provide devices and a method
in which a crack formation in the casting compounds of the
components is prevented.

[0009] Some embodiments include a power electronic
circuit, comprising current busbars made of copper, each
having at least one nominal bending point which has been
locally heated and thereby softened prior to being installed.
[0010] In one embodiment, the yield strength of the cop-
per at the at least one nominal bending point is not more than
120 MPa. In another embodiment, the yield strength of the
copper at the at least one nominal bending point is not more
than 70 MPa.

[0011] In some embodiments, a deliberate softening is
produced in the nominal bending points of the current
busbars prior to the installing of the current busbars by
altering their grain texture by means of a prior localized
heating. This allows for an optimized joining process with
minimized stress for the current busbar geometry and the
plastic casting compound (mold) of the components. Thanks
to the local softening of the current busbars at the nominal
bending point prior to the step of the fabrication and joining
process, the bending point can be deliberately influenced or
adjusted. Furthermore, the points with reduced yield
strength due to their lengthwise and transverse weakening
make possible a more homogeneous and significantly
reduced strain on the casting compound at the intermediate
circuit capacitor and at the critical points of the power
modules. This is tantamount to a deliberate preventing of
excessive stress and consequently failure. This softening can
be done ahead of time, for example by a supplier, since the
change in the material still exists after cooldown.

[0012] In one embodiment, the power electronic circuit
comprising current busbars made of copper is a component
of an inverter of a hybrid or electric vehicle. In another
embodiment, the power electronic circuit comprising current
busbars made of copper is a component of a switching cell
of an inverter. In another embodiment, the power electronic
circuit comprising current busbars made of copper com-
prises at least one semiconductor power module and at least
one intermediate circuit capacitor, being connected to each
other by current busbars.

[0013] Some embodiments provide a method for the fab-
rication of the power electronic circuit described herein. At
least one nominal bending point of the current busbar is
locally heated and thereby softened prior to the installing of
a current busbar. The softening entails a reduction in the
yield strength of the copper.

[0014] In one embodiment of the method, the current
busbar is heated at the nominal bending point to at least 300°
C., depending on the copper alloy used, for example to a
temperature of 300° to 600° C., e.g., 300° C. to 350° C. The
time needed for the heat treatment is dependent, among
other things, on the furnace (temperature distribution, tem-
perature uniformity), the number of pieces in the furnace and
the batch, as well as the size or weight of the individual
pieces. Basically, a relationship exists between time and
temperature, i.e., the same result can be achieved with
shorter time and higher temperature (used in a continuous
furnace) as with longer time and lower temperature. In one
embodiment of the method, the yield strength of the copper,
determined by ISO 6892-1, is reduced from 180 MPa to a
value in the range of 70 MPa to 120 MPa.
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[0015] In one embodiment, the local heating of the nomi-
nal bending point is done by means of inductive heating. In
another embodiment, the local heating of the nominal bend-
ing point is done by a furnace. In yet another embodiment,
the local heating of the nominal bending point is done by
contact heat transfer.

[0016] The prior softening in the nominal bending points
of the current busbars enables an optimized joining process
with minimized stresses for the current busbar geometry and
the plastic casting compound (mold). After being installed,
the current busbars are bent at predetermined positions,
while the softening reduces the force required for this and
the stresses occurring in the power module and capacitor are
very greatly reduced. This results in a more simple and
favorable production and assembly method, without the
typically unwanted crack formation and delamination
between current busbar and plastic casting compound.
[0017] Unlike other methods, such as the incorporating of
nominal bending points by mechanical removal of copper,
the method of yield strength reduction proposed here makes
it possible to avoid critical stress states in the plastic casting
compound (mold) and to reduce the required installation
forces without reducing the effective copper cross section.
[0018] Furthermore, the local reduction of the yield
strength proposed here brings definite advantages over the
achieving of a reduction in yield strength by means of a laser
as part of the joining process. On the one hand, this step in
advance of the joining process results in less complexity for
the joining process and thus a cost reduction, including on
account of shorter cycle times. Moreover, a laser available
for the welding of the current busbars during the joining
process is only of limited use for the controlled heating
required for the soft annealing on account of the high
reflectivity of copper.

[0019] Further benefits and embodiments will emerge
from the description and the accompanying drawings.
[0020] Of course, the above mentioned features and those
yet to be explained in the following can be used not only in
the particular indicated combination, but also in other com-
binations or standing alone, without leaving the scope of the
present disclosure.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0021] FIG. 1 shows a force/bending diagram for copper
samples each bent to the same degree: (a) soft annealed and
(b) rolled;

[0022] FIGS. 2a-2¢ show a comparison of the critically
stressed points in the plastic casting compound after bending
the current busbars.

DETAILED DESCRIPTION

[0023] FIG. 1 shows a force/bending diagram for two
copper samples each bent to the same degree: (a) soft
annealed and (b) rolled. Soft annealing serves here as an
extreme example for achieving a stationary, maximum soft-
ening. As can be seen from the diagram, a significantly lower
force is needed for the deformation of the sample after the
soft annealing. Softening of the copper generally results in
a reduced yield strength.

[0024] FIGS. 2a-2¢ show a comparison of the critically
stressed points in the plastic casting compound (mold) after
bending the current busbars.
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[0025] FIG. 2a shows the stress at the critical points when
the current busbars are untreated. Each time, the stress at the
critical points is set at 100%.

[0026] FIG. 25 shows the stress at the critical points when
the current busbars have been subjected to a local heat
treatment at the position where they are supposed to be bent.
Under the assumption of a reduction in the yield strength of
the copper to 120 Mpa, the stress at the critical points of the
casting compound is reduced to 79% to 93%.

[0027] FIG. 2¢ shows the stress at the critical points when
the current busbars have been subjected to a local heat
treatment at the position where they are supposed to be bent,
further reducing the yield strength of the copper. Under the
assumption of a reduction in the yield strength of the copper
to 70 Mpa, the stress at the critical points of the casting
compound is reduced to 49% to 69%.

[0028] Accordingly, with the aid of the local heat treat-
ment of the current busbars the stress in the critical points of
the plastic casting compound is reduced to half of the
original stress level.

[0029] German patent application no. 10 2021 122724.0,
filed Sep. 2, 2021, to which this application claims priority,
is hereby incorporated herein by reference, in its entirety.
Aspects of the various embodiments described above can be
combined to provide further embodiments. In general, in the
following claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope
of equivalents to which such claims are entitled.

1. A power electronic circuit, comprising:

current busbars made of copper, each having at least one
nominal bending point which has been locally heated
and thereby softened prior to being installed.

2. The power electronic circuit according to claim 1,
wherein the yield strength of the copper at the at least one
nominal bending point is not more than 120 MPa.

3. The power electronic circuit according to claim 2,
wherein the yield strength of the copper at the at least one
nominal bending point is not more than 70 MPa.

4. The power electronic circuit according to claim 1,
wherein the power electronic circuit is a component of an
inverter of a hybrid or electric vehicle.

5. The power electronic circuit according to claim 1,
wherein the power electronic circuit is a component of a
switching cell of an inverter of a hybrid or electric vehicle.

6. The power electronic circuit according to claim 1,
further comprising at least one semiconductor power module
and at least one intermediate circuit capacitor which are
connected to each other by current busbars.

7. A method for the fabrication of a power electronic
circuit including current busbars made of copper, each
having at least one nominal bending point which has been
locally heated and thereby softened prior to being installed,
the method comprising:

locally heating and thereby softening at least one nominal

bending point of the current busbar prior to the install-
ing of the current busbar.

8. The method according to claim 7, wherein the current
busbar is heated to at least 300° C. at the nominal bending
point.

9. The method according to claim 7, wherein the local
heating reduces the yield strength of the copper of the
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current busbar at the nominal bending point, determined by
ISO 6892-1, from 180 MPa to a value in the range of 70 MPa
to 120 MPa.

10. The method according to claim 7, in which the local
heating of the nominal bending point is done by inductive
heating.
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