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DESCRIPTION
Power electronics module
FIELD OF THE INVENTION
The invention relates to a power electronics module.
BACKGROUND OF THE INVENTION

Power electronics modules containing solid-state switching devices, such as IGBTs or Power-
MOSFETs, are used in various power electronics applications to switch or rectify electric currents.
An important and fast growing application is converter systems for electric or hybrid electric
vehicles. A typical six-pack module for such applications may have a voltage rating of up to 1200 V
and a current rating of several 100 A. Since the installation space in electric vehicles is usually very
limited and geometrically constrained, it is of high advantage if power electronics modules and

converters of the electrical drivetrain are as compact as possible to allow for flexible installation.

One approach to increase the power density of a power electronics module is die stacking, i.c.,
leaving the traditional two-dimensional circuit layout of side-by-side arrangement of semiconductor
chips and heading for an arrangement in the third dimension. For example, a semiconductor switch

together with its free-wheeling diode may be stacked into a die stack.

Although the footprint of the semiconductor chips may be reduced by die stacking, other on-board
components and electrical conductors are still arranged beside the die stack and may result in further
considerable footprint and respective stray inductances that may lead to considerable electromagnetic

coupling.

Furthermore, die stacking may result in a complex manufacturing sequence involving a plurality

of individual bond layer interfaces and materials.

JP 2004 311 685 A, US 2012 181 996 Al and US 2013 113 114 A1 show electronics modules

with stacked semiconductor chips.
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DESCRIPTION OF THE INVENTION

It is an objective of the invention to provide a power electronics module with enhanced power
density having a low stray inductance generated by the electrical interconnections of the
semiconductor chips provided by the power electronics module. It is a further objective of the

invention to simplify the manufacturing of a power electronics module.

These objectives are achieved by the subject-matter of the independent claim. Further exemplary

embodiments are evident from the dependent claims and the following description.

The invention relates to a power electronics module. A power electronics module may be any
assembly mechanically and electrically supporting one or more semiconductor chips. It has to be
noted that the term power may be related to modules and/or semiconductor chips, which are adapted

for processing a voltage of more than 100 V and/or than 10 A.

According to an embodiment of the invention, the power electronics module comprises: a
substrate with a substrate metallization layer, which is separated into conducting areas for providing
conducting paths for the power electronics module; at least one semiconductor switch chip bonded
with a first power electrode to a first conducting area of the substrate metallization layer; a conductor
plate bonded to a second power electrode of the semiconductor switch chip opposite to the first power
electrode; and a gate conductor bonded to a gate electrode of the semiconductor chip besides the

second power electrode.

The substrate may be a ceramics substrate that on at least one side is provided with the
metallization layer, which may be a copper layer. The semiconductor switch chip may comprise a
transistor or thyristor. For example, the semiconductor switch chip may be an IGBT or MOSFET.

The semiconductor switch chip may be based on a wide bandgap material, such as SiC.

As will be described below in more detail, the power electronics module also may comprise a
semiconductor chip with a diode, which may be connected anti-parallel to the switch of the
semiconductor switch chip. Also the semiconductor chip with a diode may be based on a wide
bandgap material, such as SiC. Wide bandgap semiconductor chips may result in reduced losses
and/or may have the capability to operate at high junction temperatures, for example higher than

200°C.

The semiconductor switch chip and also the further semiconductor chip with the diode may be
vertical devices with two planar sides on which two power electrodes are provided. A power
electrode may be a metallization layer on the respective chip, which is adapted for conducting the
current to be switched by the semiconductor element of the chip. Contrary to this, a gate electrode

may have a smaller area than a power electrode.

The first power electrode may be a collector electrode and the second power electrode may be an
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emitter electrode. In this case, the conductor plate may be a part of the emitter conductor.

The semiconductor switch chip may be bonded to a conducting area of the substrate metallization
layer and to the conductor plate. Herein, bonding may refer to soldering, sintering, welding and/or

gluing with an electrical conducting material.

The conductor plate may be any substantially flat electrically conducting body adapted for
conducting a current through the semiconductor switch chip. For example, the conductor plate may
be made of a metal plate, metal sheet or metallization layer of a printed circuit board. A printed
circuit board may comprise a plastics substrate, which comprises one or more metallization layers

on one or both sides.

The gate conductor only has to be adapted for conducting control signals to the semiconductor
switch chip. For example, the gate conductor may comprise one or more bond wires and/or a

metallization layer of a printed circuit board.

According to an embodiment of the invention, the conductor plate extends to a second conducting
arca of the substrate metallization layer and the gate conductor runs through an opening in the
conductor plate arranged above the gate electrode. In this context, the term extend may mean that the
conductor plate protrudes above a side of the semiconductor switch chip and/or that the conductor

plate runs towards the second conducting area on the substrate.

In such a way, the conductor plate may cover the semiconductor switch completely, except of the
gate electrode. Furthermore, there is more flexibility of orienting the conductor plate. For example,
the end of the gate conductor bonded to the substrate metallization layer may be positioned in the

same direction in which the gate conductor is oriented.

Additionally, the gate conductor and the conductor plate may be stacked, which minimize the
footprint of the electrical conductors inside the power electronics module. Thus, as a further benefit,

the power density of the power electronics module can be increased.

As a third benefit, parallel oriented gate conductor and conductor plate may reduce the stray
inductance of the gate loop, i.e. the part of the circuitry of the power electronics module
interconnecting the gate with usually the emitter of the semiconductor switch chip. Beside a low
stray inductance of the commutation loop and the gate loop, also the coupling between these loops

is reduced, which may result in faster and cleaner switching.

According to an embodiment of the invention, the opening in the conductor plate is a through-
hole. For example, the opening may be centred with respect to the conductor plate and/or may be
placed in the middle of the conductor plate with respect to an orientation of the conductor plate

towards the end, which is bonded to the substrate metallization layer.

However, it also may be that the opening is positioned at a border of the conductor plate and/or
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may be a recess in the border of the conductor plate.

According to an embodiment of the invention, the gate conductor extends over the conductor
plate. The gate conductor and the conductor plate may be oriented in the same direction. This may
result in a substantially coaxial gate-emitter circuit arrangement. It also may be that the gate
conductor and the conductor plate run substantially parallel with respect to each other, at least

sectionally.

According to an embodiment of the invention, the gate conductor comprises a bond wire. The
bond wire may be bonded to the gate electrode, may run through the opening in the conductor plate,
may run along the conductor plate and/or above the conductor plate. At its other end, the bond wire
may be bonded to a further conductor, which, for example, may be provided by a substrate and/or

printed circuit board attached to a top of the conductor plate.

It has to be noted that the terms top and bottom used herein only may refer to an orientation of
faces with respect to the substrate of the power electronics module. A top surface may face away
from the substrate and a bottom surface may face towards the substrate. For example, the first power
electrode may be a bottom electrode, while the second electrode and the gate electrode may be top

electrodes.

According to an embodiment of the invention, the conductor plate is a metal clip. The conductor
plate may be made of a metal sheet or metal plate and may be folded such that its ends, which may
be bonded to the second power electrode and the substrate metallization layers, are at the demanded
levels. The metal clip also may be folded that a middle part, which may have the opening, is on a

higher level than the ends of the metal clip. In general, the metal clip may be a folded metal clip.

According to an embodiment of the invention, the metal clip is bonded with a first end to the
second power electrode and the metal clip is bonded with a second end to a second conducting arca
of the substrate metallization layer. Analogously to the first conducting area of the substrate
metallization layer, the second conducting area may be connected to a respective terminal of the

power electronics module.

According to an embodiment of the invention, a gate conductor substrate is attached onto the
second end of the metal clip, which gate conductor substrate has a gate metallization layer to which
the bond wire is bonded. The gate conductor substrate may be a printed circuit board or a direct
bonded copper substrate. Guiding and/or stacking the electric path of the gate above the conductor
plate may additionally reduce the footprint of the electrical conductors of the power electronics
module. The gate conductor substrate may be realized as a stripline above one or more conductor

plates of one or more semiconductor switch chips of the power electronics module.

In addition, also the gate path after the gate conductor may have a low inductance. In summary,

when the gate conductor is guided through an opening of the conductor plate and is bonded to a gate
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conductor substrate realized as a stripline, this may provide an excellent coaxial arrangement for

minimized stray inductances and cross talk.

According to an embodiment of the invention, a bonding preform is bonded onto a first end of the
metal clip, wherein a second semiconductor chip is bonded with a first power electrode onto the
bonding preform. The second semiconductor chip may be a diode and/or may be based on SiC
substrate, i.¢. the second semiconductor chip may be a SiC diode. The diode may be connected anti-

parallel to the switch of the semiconductor switch chip.

This may result in a stacked semiconductor chip arrangement reducing the footprint of the
semiconductor chips of the power electronics module. Furthermore, the bonding preform may be
used as a bond spacer, i.c. may have a height that the first semiconductor chip and the second
semiconductor chip are spaced as far apart such than voltage clearing and clearance demands are

fulfilled.

Furthermore, with the bonding preform, the bonding of the semiconductor chip stack may be
simplified. A double-side bonding preform may allow for a pick and place process to manufacture
the stack in an automation-friendly manner. A pre-applied sinter paste on the metal clip may further
improve manufacturability. Additionally, there may be no thermal extension mismatch of bond layers

and an additional spacer.

According to an embodiment of the invention, the bonding preform is a sintering preform with a
core of a metal material and two outer layers of sintering material, adapted for sintering the metal
clip and the second semiconductor chip to the bonding preform. The sintering material may be a
porous material made of Ag, for example made of nano particles, i.e. particles with a diameter of less

than 1000 nm. The core may be made of an Ag plate or a plate of another metal material.

Sintering on the topside of the semiconductor switch chip may have the advantage to avoid any
electrically conductive bond materials in the liquid phase near the sensitive edge termination areas

that may lead to yield losses, for example due to solder balls and/or splashing during processing.

According to an embodiment of the invention, the bonding preform may be a transient liquid
phase bonding preform. Such a preform may be made of particles and/or elements of two different
metal materials, which are adapted for forming an alloy with a melting point inbetween the two metal
materials. For example, such a preform may be made of a Cu mesh filled with Sn or Sn solder that

transforms into intermetallic Cu/Sn phases upon heating.

According to an embodiment of the invention, a second metal clip is bonded to a second power
electrode of the second semiconductor chip opposite to the first power electrode. The second metal
clip may be bonded to the first conducting area of the substrate metallization layer. Such a clip also
may cover substantially all of the second power electrode and/or the second semiconductor chip. It

has to be noted that the second metal clip may be oriented in a different direction as the first metal
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clip which is bonded between the first and second semiconductor chip. In other words, the ends of
the metal clips, which protrude from the stack of semiconductor chips may protrude in differently

oriented directions, such as substantially orthogonal directions.

According to an embodiment of the invention, an electronics component is attached to a second
metal clip above the second semiconductor chip. The space above the second semiconductor chip
may be used for positioning additional components of the power electronics module. The component
may comprise electronic components, passive elements and/or terminals. When further components
of the power ¢lectronics module are placed on top of the second semiconductor chip, the overall

substrate footprint may be reduced.

Passive elements may include temperature sensors, gate resistors, de-coupling capacitors, other

sensors and/or filters.

The components may provide an online diagnostics of the power electronics module, for example
by a temperature sensor, which may be thermally well coupled to the stack of semiconductor chips.

Furthermore, the components may include an accelerometer, a vibration sensor, etc.

Terminals on the second semiconductor chip may be designed for providing power and/or
auxiliary connections towards an outside of the power electronics module. Such a terminal may be
arranged vertically and may protrude from the power electronics module in the same direction. This

may further minimize the footprint of the conductors of the power electronics module.

According to an embodiment of the invention, a top substrate with a metallization layer is attached
to the second metal clip above the second semiconductor chip. For example, the top substrate may
be a circuit board, such as polymeric and/or ceramic circuit boards such as DBCs (direct bonded Cu),
DBAs (direct bonded Al), AMBs (active metal brazed) and LTCCs (low-temperature co-fired

ceramics) substrates.

According to an embodiment of the invention, a component is attached to the top substrate. For
example, the top substrate may be a circuit board with electronics components. A combination of a
circuit board and a discrete component may be beneficial, if the discrete component requires an

electrically insulated attachment.

Furthermore, one or more bond wires may be bonded to the top substrate. For example, the top

substrate may be used as intermediate conductor between two bond wire interconnections.

According to an embodiment of the invention, the power electronics module comprises: a printed
circuit board attached on the semiconductor switch chip, wherein the conductor plate is an outer

metallization layer of the printed circuit board.

The one or more semiconductor switch chips bonded to the substrate metallization layer may be

stacked with a printed circuit board, in which one or more second semiconductor chips, for example
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providing a diode, are embedded. The second semiconductor chips may be pre-packaged by
embedding in the printed circuit board and the printed circuit board may be bonded to the one or

more second power electrodes of the one or more semiconductor switch chips.

According to an embodiment of the invention, an ¢lectrically conducting spacer is interconnected
between a second conducting area of the substrate metallization layer and the conductor plate
provided by the outer metallization layer of the printed circuit board. This spacer may have the same
height as the semiconductor switch chip to compensate the distance between the bottom side of the

printed circuit board and the substrate of the power electronics module.

According to an embodiment of the invention, the gate conductor comprises a metallization layer
of the printed circuit board. It may be that inside and/or on surfaces of the printed circuit boards,
several layers of conducting layers are present. For example, the gate conductor may be an
intermediate metallization layer. In such a way, a part of the gate-emitter loop may be provided by

parallel arranged conductors at low distance.

The gate electrode may be bonded to an area of a metallization layer provided by the printed
circuit board. In this way, the gate connection and the emitter connection of the semiconductor switch

chip may be manufactured in one step.

According to an embodiment of the invention, the printed circuit board comprises an opening
above the opening in the conductor plate. The gate conductor may comprise a bond wire guided
through both openings, i.e. the opening in the printed circuit board and the opening in the conductor
plate bonded to the second power electrode of the semiconductor chip. In this case, the bond wire
may be bonded to a metallization layer of the printed circuit board, for example, on a top side of the

printed circuit board.

According to an embodiment of the invention, a second semiconductor chip is embedded into the
printed circuit board and electrically interconnected with the conductor plate. As already mentioned,
the printed circuit board may comprise one or more diode chips, which may be connected inside the

printed circuit board to the metallization layer used as conductor plate.

According to an embodiment of the invention, the second semiconductor chip is interconnected
via one or more metallization layers of the printed circuit board with the first conducting area of the
substrate metallization layer. An electrically conducting spacer, which may have the same height as
the semiconductor switch chip, may be interconnected between the first conducting area and the
printed circuit board. In such a way, the electrical interconnections between the printed circuit board

and the substrate with the semiconductor switch chip may be manufactured in one step.

These and other aspects of the invention will be apparent from and elucidated with reference to

the embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

The subject-matter of the invention will be explained in more detail in the following text with

reference to exemplary embodiments which are illustrated in the attached drawings.

Fig. 1 schematically shows a cross-sectional view of a power electronics module according to an

embodiment of the invention.

Fig. 2 schematically shows a cross-sectional view of a power electronics module according to a

further embodiment of the invention.

Fig. 3 schematically shows a cross-sectional view of a power electronics module according to a

further embodiment of the invention.

Fig. 4 schematically shows a cross-sectional view of a power electronics module according to a

further embodiment of the invention.

Fig. 5 schematically shows a cross-sectional view of a power electronics module according to a

further embodiment of the invention.

Fig. 6 schematically shows a cross-sectional view of a power electronics module according to a

further embodiment of the invention.

Fig. 7 schematically shows a top view of a power electronics module according to a further

embodiment of the invention.

The reference symbols used in the drawings, and their meanings, are listed in summary form in
the list of reference symbols. In principle, identical parts are provided with the same reference

symbols in the figures.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Fig. 1 shows a power electronics module 10, which comprises a substrate 12, for example a
ceramics substrate, with a metallization layer 14 on a top side. The metallization layer 14, which may
be a copper layer, may be intersected into several conducting areas 16, 18. The conducting area 16
may be connected with a DC- terminal 20 or AC terminal 22 of the power electronics module (see

Fig. 7). The conducting area 18 may be connected with an AC terminal 22 or DC+ terminal 24.

On the conducting area 16, a semiconductor switch chip 26 is bonded with a first, bottom
electrode 28. The semiconductor switch chip 26 may be based on SiC and/or may provide an IGBT
or MOSFET. On the other, upper side, the semiconductor switch chip 28 comprises a second, upper
power electrode 30 and besides the power electrode 30, a gate electrode 32. The semiconductor
switch chip 26 may have a substantially planar body and/or the electrodes 28, 30 32 may be

substantially planar metal layers.
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The power electrode 30 is bonded with a first end of a metal clip 34, which may be seen as a
conductor plate 34, which is bonded with a second end to the conducting area 16. The metal clip may
be made from a copper plate or sheet. The metal clip 34 is folded, such that its ends are on the level
of the power electrode 30 and the conducting area 16 and such that a middle part 36 is elevated with
respect to the power electrode 30. In the middle part 36, the metal clip 34 comprises an opening 38,
which is situated above the gate electrode 30. Indicated by the dashed line, the parts of the metal clip
34 are interconnected with each other outside of the opening 38. As shown in Fig. 7, the opening 38

may be a through-hole, which may be centered in the metal clip 34.

Returning to Fig. 1, a gate conductor 40 in the form of a bond wire 40 is guided through the
opening 38 and bonded with one end to the gate electrode 32. With the other end, the bond wire 40
is bonded to a gate conductor substrate 42, which may comprise an electrically isolating middle layer
44 and two outer electrically conducting layers 46, 48. With the layer 46, the gate conductor substrate
42 may be bonded onto an upper side of the end of the metal clip 34, which is bonded to the
conducting area 16. The bond wire 40 is bonded to a gate conductor layer 48. The gate conductor

substrate 42 may be a printed circuit board or a direct bonded copper ceramics substrate.

As shown in Fig. 7, the gate conductor substrate 42 may be designed like a stripline that is guided

via several metal clips 34.

The bond wire 40 extends in the same direction as the metal clip 34. Due to the opening 38 in the
metal clip 34, the bond wire 40 runs above the metal clip 34 and together with the gate conductor
substrate 42 on the metal clip 34, the stray inductance of the gate-emitter loop is reduced.
Furthermore, the arrangement of the components of the power electronics module 10 is compact and

the power density may be enhanced.

Fig. 2 shows that a second semiconductor chip 50 may be stacked with the semiconductor chip
18. The semiconductor chip 50 is bonded with a bottom electrode 52 via a bonding preform 54 to an

upper side of the end of the metal clip 34, which is bonded to the semiconductor chip 18.

The bonding preform 54 may be made of a metal core 56 to which two layers 58 of sinter material
are attached. For example, the core 56 may be made of Ag or Cu and/or the sinter layers 58 may be
made of Ag particles, such as nano Ag particles. The core 56 of the bonding preform 54 may be
adjusted so that a sufficient gap distance is provided to insulate an edge termination of the second
semiconductor chip 50. For example, the gap distance may be 150 um to isolate 1.2 kV rated chips
26, 50.

An upper electrode 60 of the second semiconductor chip 50 may be connected with bond wires
61 with the first conducting area 18. The second semiconductor chip 50 may provide a diode, which

is connected antiparallel to the switch of the first semiconductor chip 26 in this way.
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Fig. 3 shows that alternatively the upper electrode 60 of the second semiconductor chip 50 may
be connected with a further metal clip 62, which may be made of copper, with the first conducting
arca 18. Like the metal clip 34, the metal clip 62 may be folded to compensate the level difference

between the electrode 60 and the conducting area 18.

As shown in Fig. 7, the second metal clip 62 may be oriented in a different direction as the metal
clip 34. The end of the second metal clip 62, which is connected to the metallization layer 14, may
extend in a different direction from the stack of semiconductor chips 26, 50 as the end of the first

metal clip 34. In Fig. 7, the metal clips 34, 62 are oriented orthogonal with respect to each other.

Returning to Fig. 3, on top of the end of the metal clip 62, which is bonded to the upper electrode
60 of the semiconductor chip 50, a component 64 of the power electronics module 10 may be
attached. Such a component 64 may be a terminal, which protrudes directly above the stack of
semiconductor chips 26, 50 from the power electronics module 10. The component 64 also may be

a temperature sensor or other sensor.

As shown in Fig. 4, on top of the end of the metal clip 62, which is bonded to the upper electrode
60 of the semiconductor chip 50, a further substrate 66 may be bonded, which may carry such a
component 64. The further substrate 66 may comprise an electrical isolating core 68 and two outer
electrically conducting layers 70. For example, the further substrate may be a printed circuit board

or a direct bonded copper substrate.
The manufacturing of the power electronics module 10 may be performed in the following way:

In a first step, the semiconductor switch chip 26 may be bonded to the substrate 12 and the metal

clip 34 may be bonded to the semiconductor switch chip 26 and the conducting area 16.

In a second step, the second semiconductor chip 50 may be bonded to the metal clip 62.

Alternatively, the bond wires 61 may be bonded after the next, third step.

In the third step, the sintering preform 54 is placed on the semiconductor switch chip 26 and the
semiconductor chip 50 optionally together with the metal clip 62 is bonded to the semiconductor

switch chip 26 via a sintering process.

All bonding processes between bonding interfaces of the power electronics module may be
realized by Ag sintering. To allow for good manufacturability, the metal clips 34, 62 may have pre-

applied sinter paste at the bonding interfaces.

Fig. 5 and 6 show alternative embodiments, in which the second semiconductor chip 50 is
embedded into a printed circuit board 72, which is attached on top of the first semiconductor chip

26.

The printed circuit board 72 has several metallization layers 34°, 74, 76, 78, 80. The metallization
layer 34°, which is provided on the bottom side of the a plastics body of the printed circuit board 72,
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is bonded at one end to the upper power electrode 30 of semiconductor switch chip 26 and may be
seen as conducting plate 34°. On the other end, the metallization layer 34° is bonded to an electrically
conducting spacer 82, which may be made of a copper block and/or which is bonded to the

conducting area 16.

The metallization layer 34’ has an opening 38, in which the metallization layer 76 is arranged,
which is also provided on the bottom side of the printed circuit board 72. The metallization layer 76
is interconnected with a via with the metallization layer 74, which together with the metallization
layer 76 forms a gate conductor 40°. The metallization layer 76 is bonded to the gate electrode of the

semiconductor chip 26.

The metallization layer 80 is also provided on the bottom side of the printed circuit board 72 and
is bonded to a further electrically conducting spacer 84, which may be made of a copper block and/or
which is bonded to the conducting area 18. The semiconductor switch chip 50 is interconnected via

the metallization layer 78 and vias with the metallization layer 34” and the metallization layer 80.

Fig. 6 shows that also the plastics body of the printed circuit board 72 may have an opening 86
that is arranged above the opening 38. Through both openings 38, 86, a bond wire 88, which is
bonded to the gate electrode 32, may be guided, which on its other end may be bonded to a top side
of the printed circuit board. There, the bond wire 88 may be interconnected with the metallization
layer 76, for example with a via. In this case, the gate conductor 40 also may comprise the bond

wire §8.

Fig. 7 shows a power electronics module 10 with two pairs of stacks of two semiconductor chips
26, 50, which may be designed like shown in Fig. 3 and 4. Each pair of stacks is connected in parallel
and forms an arm of a half-bridge. The DC- terminals 20, the AC terminals 22 and the DC+ terminals
24 provide interconnections to this half-bridge. Furthermore, the power electronics module 10
provides gate terminals 90 and auxiliary emitter terminals 92, which are arranged side by side for

each pair of paralleled stacks.

The gate terminals 90 are connected via wire bonds with the gate conductor substrates 42 and the
gate signals are conducted via the striplines provided by the gate conductor substrates 42 above the
conducting areas 16 and the ends of the metal clips 34 after that the gate signals are conducted by
the wire bonds 40, which run above the metal clips 34 and into the openings 38. This results in a low

inductance, low coupling and a low footprint.

While the invention has been illustrated and described in detail in the drawings and foregoing
description, such illustration and description are to be considered illustrative or exemplary and not
restrictive; the invention is not limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by those skilled in the art and practising the

claimed invention, from a study of the drawings, the disclosure, and the appended claims. In the
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claims, the word “comprising” does not exclude other elements or steps, and the indefinite article
“a@” or “an” does not exclude a plurality. A single processor or controller or other unit may fulfil the
functions of several items recited in the claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a combination of these measures cannot

be used to advantage. Any reference signs in the claims should not be construed as limiting the scope.

LIST OF REFERENCE SYMBOLS

10 power electronics module
12 substrate

14 metallization layer

16 conducting area

18 conducting area

20 DC- terminal

22 AC terminal

24 DC+ terminal

26 semiconductor switch chip
28 power electrode

30 power electrode

32 gate electrode

34 metal clip

36 middle part

38 opening

40 gate conductor, bond wire
42 gate conductor substrate
44 isolating middle layer

46 electrically conducting layers
48 gate conductor layer

50 semiconductor chip

52 power electrode

54 bonding preform

56 metal core

58 bonding layer

60 power electrode

61 bond wire

62 metal clip

64 electric/electronic component

66 further substrate
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68
70
72
34
40
74
76
78
80
82
84
86
88
90
92

electrical isolating core
electrically conducting layer
printed circuit board
conductor plate, metallization layer
gate conductor

metallization layer
metallization layer
metallization layer
metallization layer
electrically conducting spacer
electrically conducting spacer
opening

bond wire

gate terminal

auxiliary emitter terminal
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CLAIMS
1. A power electronics module (10), comprising:

a substrate (12) with a substrate metallization layer (14), which is separated into conducting

areas (16, 18) for providing conducting paths for the power electronics module (10);

a semiconductor switch chip (26) bonded with a first power electrode (28) to a first

conducting area (18) of the substrate metallization layer (14);

a conductor plate (34, 34”) bonded to a second power electrode (30) of the semiconductor

switch chip (26) opposite to the first power electrode (28);

a gate conductor (40, 40°) bonded to a gate electrode (32) of the semiconductor switch chip
(26) besides the second power electrode (30);

wherein the conductor plate (34, 34°) extends to a second conducting area (18) of the
substrate metallization layer (14) and the gate conductor (40, 40°) runs through an opening (38) in
the conductor plate (34, 34°) arranged above the gate electrode (32).

2. The power electronics module (10) of claim 1,
wherein the opening (38) in the conductor plate is a through-hole.
3. The power electronics module (10) of claim 1 or 2,
wherein the gate conductor (40, 40°) extends over the conductor plate (34, 34°).
4, The power electronics module (10) of one of the preceding claims,
wherein the gate conductor comprises a bond wire (40);
wherein the conductor plate is a metal clip (34).
5. The power electronics module (10) of claim 4,

wherein the metal clip (34) is bonded with a first end to the second power electrode (30) and
the metal clip (34) is bonded with a second end to the second conducting area (16) of the substrate

metallization layer (14);

wherein a gate conductor substrate (42) is attached onto the second end of the metal clip (34),
which gate conductor substrate (42) has a gate metallization layer (48) to which the bond wire (40)
is bonded.

6. The power electronics module (10) of claim 4 or 5,
wherein a bonding preform (54) is bonded onto the metal clip (34);

wherein a second semiconductor chip (50) is bonded with a first power electrode (52) onto

the bonding preform (54).
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7. The power electronics module (10) of claim 6,

wherein the bonding preform (54) is a sintering preform with a core (56) of a metal material
and two outer layers (58) of sintering material, adapted for sintering the metal clip (34) and the second

semiconductor chip (50) to the bonding preform (54).
8. The power electronics module (10) of claims 6 or 7,

wherein a second metal clip (62) is bonded to a second power electrode (60) of the second

semiconductor chip (50) opposite to the first power electrode (52);

wherein the second metal clip (62) is bonded to the first conducting area (18) of the substrate

metallization layer (14).
9. The power electronics module (10) of claim §,

wherein a top substrate (66) with a metallization layer (70) is attached to the second metal

clip (62) above the second semiconductor chip (50);

wherein at least one of an electric component and ¢lectronics component (64) is attached to

at least one of the second metal clip (62) and the top substrate (66).
10. The power electronics module (10) of one of claims 1 to 3, further comprising:
a printed circuit board (72) attached on the semiconductor switch chip (26);

wherein the conductor plate (34°) is an outer metallization layer of the printed circuit board

(72).
11. The power electronics module (10) of claim 10,

wherein an electrically conducting spacer (82) is interconnected between the second
conducting area (16) of the substrate metallization layer (14) and the conductor plate (34°) provided
by the outer metallization layer of the printed circuit board (72).

12. The power electronics module (10) of claim 10 or 11,

wherein the gate conductor (40”) comprises a metallization layer (74) of the printed circuit

board (72);
wherein the metallization layer (74) is an intermediate metallization layer.
13. The power electronics module (10) of one of claim 10 to 12,

wherein the printed circuit board (72) comprises an opening (86) above the opening (38) in

the conductor plate (34°);

wherein the gate conductor (40°) comprises a bond wire (88) guided through both openings

(38, 86).
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14. The power electronics module (10) of one of claim 10 or 13,

wherein a second semiconductor chip (50) is embedded into the printed circuit board (72)

and electrically interconnected with the conductor plate (34°).
15. The power electronics module (10) of claim 14,

wherein the second semiconductor chip (50) is interconnected via a metallization layer (80)

of the printed circuit board (72) with the first conducting area (18) of the substrate metallization layer
(14);
wherein an electrically conducting spacer (84) is interconnected between the first conducting

area (18) and the printed circuit board (72).



WO 2018/189276

Fig. 1

PCT/EP2018/059347

114

40 36

14
16 34 32 18 12
Fig. 2
61 10
40 36 58 52 50 60 /
38 //
. 8 ,—{/\ N
A, 54
44—~ R
14~ % Z 2
SONOOORARNNS S S 28
A YA

:

1

IR

34 32 18 58 56 34 30 12



WO 2018/189276

2/4

PCT/EP2018/059347

Fig. 3
64 10
40 36 52 50 2 60 62 /
" a3\ e
42\ {/\ "\”\ P 94 2
1 s
M W ANNNNVANSIN
N G907
\ \
34 32 34 30 12
Fig. 4

N
/V/MM//}

|

RN

/)

34 32 18 52 54 34 30 12



WO 2018/189276 PCT/EP2018/059347

3/4
Fig. 5 10
79 74 40 38 50 8
N o)) ) ) ) 4
W .W;mmﬁ\ﬂ,»l 0
82—\ 000 84
e ( MAMMNATNINNN
W V0 4V Y L,
) PNV ) )
16 34 763234 28 2630 18 12
Fig. 6
88 86 10
2 7\4 4\0 / 5)0 B
il W
b —\QJWBM{A 80
82—\
14~ |




PCT/EP2018/059347

WO 2018/189276

4/4

0y 8¢ 92 29 ¥¢ 81

8¢ ¢9

\

ve 0k 9¢ 09

|

|

/

/,
/

y —

—

\ cl w:: o_‘A
9

,
Ve

8l 9¢ N_‘
8¢

A
)7

\
b ve

¢9

\
9

¢ 09



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/059347
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1L23/49 HO1L23/492 HO1L23/34 HO1L25/07 HO1L25/11
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 2 498 289 A2 (INT RECTIFIER CORP [US])
12 September 2012 (2012-09-12)

paragraphs [0026] - [0041]; figures 4,5
X EP 0 513 410 Al (ABB IXYS SEMICONDUCTOR
GMBH [DE]) 19 November 1992 (1992-11-19)
column 4, line 5 - line 11

column 5, 1line 5 - line 12

column 5, line 52 - column 6, line 1;
figure 1

1,3,4

1-4

X DE 10 2012 204159 Al (CONTINENTAL
AUTOMOTIVE GMBH [DE]; FRAUNHOFER GES
FORSCHUNG [DE]) 14 March 2013 (2013-03-14)
paragraphs [0001], [0016], [0019],
[0040] - [0050]; figures 1,2

1,3,4

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

12 September 2018

Date of mailing of the international search report

27/09/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Ahlstedt, Mattias

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/059347

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

JP 3 216305 B2 (HITACHI LTD)

9 October 2001 (2001-10-09)

paragraph [0017]; figure 4

DE 196 12 838 Al (ASEA BROWN BOVERI [CH])
15 May 1997 (1997-05-15)

column 1, line 59 - line 68

column 5, 1line 1 - line 10

column 5, line 39 - column 6, line 10;
claims 1,2,10; figures 4(b),5

DE 10 2005 039478 Al (INFINEON
TECHNOLOGIES AG [DE])

22 February 2007 (2007-02-22)

paragraphs [0018] - [0021], [0049],
[0050]; figure 5

EP 2 782 124 Al (ABB TECHNOLOGY AG [CH])
24 September 2014 (2014-09-24)

paragraphs [0001], [0006], [0015],
[0020], [0026] - [0028]; claim 1; figure
2

EP 0 152 818 A2 (BBC BROWN BOVERI & CIE
[DE]) 28 August 1985 (1985-08-28)

page 5, 1ine 9 - page 7, line 23; claims
1,3,6,11; figure 1

US 2013/307156 Al (BAYERER REINHOLD [DE])
21 November 2013 (2013-11-21)

paragraphs [0013], [0017], [0027],
[0028]; figures 4,5

EP 1 255 299 A2 (SEMIKRON ELEKTRONIK GMBH
[DE]) 6 November 2002 (2002-11-06)
paragraphs [0011] - [0024]; claims 1,5;
figures 1,2

WO 02/058151 Al (SIEMENS AG [DE]; KULIG
STEFAN [DE]) 25 July 2002 (2002-07-25)
page 7, line 31 - page 9, Tline 33; claims
1,2; figure 2

EP 2 889 902 Al (MITSUBISHI ELECTRIC CORP
[JP]) 1 July 2015 (2015-07-01)

paragraphs [0021] - [0051]; figures
1A,1B,1C

EP 2 790 215 Al (NGK INSULATORS LTD [JP])
15 October 2014 (2014-10-15)

paragraphs [0065] - [0078]; figures 4,
5(a)-5(f)

_/__

1-4

1,4,6,8,

6,7

1-3
10,11,13

1-3
10,12

1-3
10,12

1,10,11,
13

1,10,13

1,10,12,
14,15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2018/059347

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 10 2013 106932 Al (INFINEON
TECHNOLOGIES AG [DE])

2 January 2014 (2014-01-02)
paragraphs [0016], [0021] - [0025],
[0034] - [0036]; figures 1A,2,3,12

1-4

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2018/059347
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2018/ 059347

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4

directed to that the opening in the conductor plate is a
through-hole.

2. claim: 5

directed to that the metal clip is bonded with a first end
to the second power electrode and the metal clip is bonded
with a second end to the second conducting area of the
substrate metallization layer;wherein a gate conductor
substrate is attached onto the second end of the metal clip,
which gate conductor substrate has a gate metallization
layer to which the bond wire is bonded.

3. claims: 6-9

directed to a bonding preform is bonded onto the metal
clip;wherein a second semiconductor chip is bonded with a
first power electrode onto the bonding preform.

4. claims: 10-15

directed to that the power electronics module comprises a
printed circuit board attached on the semiconductor switch
chip;

wherein the conductor plate is an outer metallization layer
of the printed circuit board.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2018/059347
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2498289 A2 12-09-2012  EP 2498289 A2 12-09-2012
US 2012223415 Al 06-09-2012
US 2013140602 Al 06-06-2013

EP 0513410 Al 19-11-1992 DE 59100737 D1 27-01-1994
EP 0513410 Al 19-11-1992

DE 102012204159 Al 14-03-2013  NONE

JP 3216305 B2 09-10-2001 JP 3216305 B2 09-10-2001
JP HO6268027 A 22-09-1994

DE 19612838 Al 15-05-1997  NONE

DE 102005039478 Al 22-02-2007 DE 102005039478 Al 22-02-2007
US 2007040260 Al 22-02-2007

EP 2782124 Al 24-09-2014  NONE

EP 0152818 A2 28-08-1985 DE 3406528 Al 29-08-1985
EP 0152818 A2 28-08-1985
JP 560194555 A 03-10-1985
us 4710795 A 01-12-1987

US 2013307156 Al 21-11-2013 CN 103426861 A 04-12-2013
DE 102013208818 Al 21-11-2013
US 2013307156 Al 21-11-2013

EP 1255299 A2 06-11-2002 AT 383658 T 15-01-2008
DE 10121970 Al 28-11-2002
DK 1255299 T3 26-05-2008
EP 1255299 A2 06-11-2002
ES 2298303 T3 16-05-2008
JP 4194293 B2 10-12-2008
JP 2002353408 A 06-12-2002
US 2002173192 Al 21-11-2002

WO 02058151 Al 25-07-2002 DE 10102750 Al 01-08-2002
WO 02058151 Al 25-07-2002

EP 2889902 Al 01-07-2015 CN 104603934 A 06-05-2015
EP 2889902 Al 01-07-2015
JP 6218898 B2 25-10-2017
JP 2017005259 A 05-01-2017
JP W02014034411 Al 08-08-2016
KR 20150038364 A 08-04-2015
US 2015223316 Al 06-08-2015
WO 2014034411 Al 06-03-2014

EP 2790215 Al 15-10-2014 CN 104106134 A 15-10-2014
EP 2790215 Al 15-10-2014
JP 6047102 B2 21-12-2016
JP W02013084334 Al 27-04-2015
KR 20140110878 A 17-09-2014
US 2013146339 Al 13-06-2013
WO 2013084334 Al 13-06-2013

DE 102013106932 Al 02-01-2014 CN 103531558 A 22-01-2014

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/EP2018/059347
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 102013106932 Al 02-01-2014
US 2014001480 Al 02-01-2014

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

