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(54) Title: SEMICONDUCTOR MODULE

(57) Abstract: A semiconductor
module (1) is proposed whose
18 semiconductor chips are arranged

/ 13 on a base/intermediate plate (3),

&
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XX

having an insulating frame (6), a
ceramic plate (8), which is arranged
between the base/intermediate

plate and a cooler (5) provided for
the mounting of the semiconductor
module, the insulating frame (6)
enclosing the  semi-conductor

module and being designed for the
fixing thereof on the cooler (5) and
also having at least the structural

[
6

height of the semiconductor
module, and there being a potential
connection (14, 15) between
gate and/or emitter (2, 21) of the

semiconductor module (1), on the one hand, and the base/intermediate plate (3), on the other hand.
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Semiconductor module

Desgcription

The invention relates to a semiconductor module whose
semiconductor chips are arranged on a base/intermediate
plate. The semiconductor module propcsed can be used
for example in the configuration of power converter
apparatuses, in particular for electrical rail traffic,
such as auxiliary operation converters, on-board power
supply converters, step-up converters and power

converter cascades.

In order to enable the operation of semiconductor
modules mounted on a cooler with increased voltage, it
is generally known to provide so-called *“insulation
islands” or “cooling islands” on the cooler. In these
constructions, aluminium or copper discs are applied to
the cooler at a predetermined distance and encapsulated
by casting with an insulating collar (insulating
casting) in order to form a sufficient creepage path
length. This solution is highly cost-intensive with
regard to production. A further disadvantage here is
the only limited heat dissipation capability. 1In
addition, problems arise with regard to the required
precision casting and the long-term strength (security
against partial discharges PD). Very small shrink holes
in the insulating casting can lead to breakdown during

later operation.

The invention is based on the object of providing a
gemiconductor module of the type mentioned in the
introduction which enables operation of the
semiconductor module with high voltage in a

comparatively simple and cost-effective manner.

This object is achieved by means of a semiconductor

module whose semiconductor chips are arranged on a

CONFIRMATION COPY
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base/intermediate plate, having

- an insulating frame,

- a ceramic plate, which is arranged between the
base/intermediate plate and a cooler provided for the
mounting of the semiconductor module,

- the insulating frame enclosing the semiconductor
module and being designed for the fixing thereof on the
cooler and also having at least the structural height
of the semiconductor module,

- and there being a potential connection between
gate and/or emitter of the semiconductor module, on the
one hand, and the base/intermediate plate, on the other
hand.

The invention makes it possible to use, in particular,
low-voltage IGBT modules (i.e. IGBT modules designed
for low voltage) at higher voltage levels. Thus, by way
of example, a module conventionally designed for 650 V
can be used for 1300 V, 2600 V or 3900 V. This
universal usability at low and the aforementioned high
voltages is brought about by the functional interaction
of insulating frame and potential connections between
base/intermediate plate and emitter or gate potential
(electrical connections). Particularly in the edge
regions and the chips base/intermediate plate, critical
voltage loads or the electrical field strength between
the transistors/diode chips and the metallic, that is
to say electrically conductive, base/ intermediate
plate are reduced tola few volts. The loading zones
that are critical for the electrical field strength are
moved to the highly insulating ceramic plate, the
insulating frame (whose structural height preferably
corresponds at least to that of the semiconductor
module). The magnitude of the £field strengths that

occur is greatly reduced.

A preferred exemplary embodiment of the invention is
distinguished by the fact that the contour of the
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insulating frame encloses the semiconductor module and
the said insulating frame projects via fixing holes in
the base/intermediate plate, pressure fittings that
press against the base/intermediate plate Dbeing
integrated in the insulating frame and the insulating

frame having cutouts for screwing on the cooler.

The advantages that can be obtained by means of the
invention consist in particular in the fact that the
proposed insulating frame with intermediately clamped
or integrated ceramic plate enables very good heat
dissipation, since a ceramic material with wvery good
heat dissipation capacity can be used and the
semiconductor module can be pressed against the cooler
with standard contact pressure. Additional processing
of the surface of the cooler is not necessary, rather
it is possible to use standard coolers (advantageously
air or ligquid coolers). Cost advantages result compared
with HPP modules since, particularly in auxiliary
converter applications, the application of the semi-
conductor modules on the cooler is greatly simplified
and becomes variable. At the same time, high security
against partial discharges, an increased dielectric
strength and long-term stability are obtained.
Accordingly, the use of the insulating frame
considerably increases the possible voltage loading and
the electrical creepage paths/flashover distances
present in comparison with mounting without an
insulating frame and in comparison with generally known

solution approaches.

The invention makes it ©possible, for an arbitrary
variety of power converter circuits (variants), to use,
without difficulty, standard semiconductor modules with
high power benefit, increased electrical operational
reliability and reduced probability of failure. In this
case, series circuits, parallel circuits and also

series/parallel circuits (voltage doubling, voltage



WO 03/015167 PCT/EP02/08845

10

15

20

25

30

35

quadrupling, cascade power converters) of the sgemi-
conductor modules are possible. The compact, space-
saving arrangement of semiconductor modules on the
cooler is always ensured. Undefined voltage potentialg
between semiconductor chips and semiconductor
base/intermediate plate or between semiconductor
modules or semiconductor assemblies or chip groups or
IGBT individual switches and coolers are prevented. The
electrical field strengths between semiconductor chips
and base/intermediate plate are reduced to

insignificant values.

Further details, features and advantages of the
invention emerge from the following description of a
preferred exemplary embodiment and the diagrammatic

drawing and the subclaims. In the figures:

Fig. 1 shows a semiconductor module according to
the invention in partial section on line
I-T of Fig. 2,

Fig. 2 shows a plan view of the semiconductor
module according to the invention as shown

in Fig. 1,

Fig. 3 shows a detail dillustration of an IGBT
semiconductor module with an insulating
frame according to the invention in

section on line I-II of Fig. 2,

Fig. 4 shows the chip/DCB field line profile in
the case of a semiconductor module

according to the invention,

Fig. 5 shows the chip/DCB field line profile in
the case of conventional semiconductor

modules,
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Fig. 6 shows a first section through a further
embodiment of the semiconductor module
according to the invention with an

additional screen,

Fig. 7 shows a second section through the
embodiment of the semiconductor module of

Fig. 6,

Fig. 8 shows the screen of the semiconductor
module of Figs. 6, 7 in perspective view,

and

Figs. 9, 10 show possibilities for the defined
potential division Dbetween <chips and

base/intermediate plate.

Fig. 1 shows a basic illustration of a semiconductor
module 1 in partial section. The associated semi-
conductor assembly 30 has electrical connections 2 at
its top side and an electrically conductive base/inter-
mediate plate 3 at its underside. Fixing holes 4 in the
edge region of the base/intermediate plate 3 serve for
the mounting and centring of the semiconductor module 1
in an insulating frame 6, for example by means of

pressure fittings 11 or other connecting elements.

The semiconductor module 1 is mounted on a liquid- or
air-cooled cooler 5, but not by means of the generally
known direct screwing, but rather via the fixing holes
4, the holes 12 and also the fixing screws 13 of a

rectangular, appropriate square insulating frame 6.

This dinsulating frame 6 presses the semiconductor
assembly 30 or assemblies against the cooler 5 via an
interposed ceramic plate 8. In this case, the ceramic
plate 8, preferably composed of aluminium nitride or

aluminium oxide, has a slightly larger area than the
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base/intermediate plate 3, with the result than a
peripheral free edge area having a predetermined
constant width is produced on the ceramic plate 8,
which is suitable for receiving or for interposing a
peripheral, elastic electrical seal 7 in the space
between insulating frame 6, ceramic plate 8 and
base/intermediate plate 3. A soft rubber or plastic
ring without conductive dopings preferably serves as
the electrical seal 7. A coating with silicone paste or
substitutes vyields an oxygen exclusion for the rubber
or plastic material, which ensures an expected service
life of thirty years or more without difficulty. The
electrical seals 7, together with the ceramic plate 8
and the insulating frame 6 including cast-on oOr
injection-moulded insulating body 10 functions as
electrical Dbarrier and prevents a charge carrier
transport. In the case of particularly high voltage
requirements, it 1s also possible to arrange two
sealing rings “one in the othexr” (virtually

electrically connected in series) in one plane.

It is important to make the ceramic plate 8 thick
enough, in order that the electrical field strength
that occurs remains sufficiently low, thereby yielding
(in connection with further measures) a high security
with regard to the “partial discharge” criterion. Even
in the case of an unlikely fracture of the ceramic
plate 8, flashovers or breakdowns do not occur since
the charge carriers required therefor cannot De

produced owing to the low yield strength that occurs.

In accordance with one embodiment, the insulating frame
6 is constructed from two main components, an inner
frame 9 - which preferably comprises metal (aluminium
casting) - and an insulating body 10, which encloses
and/or encapsulates the said frame 9 and is preferably
formed from an electrically insulating plastic, in

particular a carbon-fibre-reinforced plastic - such as
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epoxy resin, polyester resin, PPS material without
conducting means doping. The configuration of the
stable frame 9 within the insulating body 10 ensures
that the insulating material is not exposed to tension
or sheer, Dbut predominantly to pressure. It is
important that a material which is resistant with
regard to partial discharge is used for the insulating
frame 6 including insulating body 10. A gap-free, high-
strength connection is produced by insulating material
introduced by vacuum casting or pressure injection and

also a fine intermeshing of the frame 9.

A plurality of pressure fittings 11 constitute further
important components that are embedded in the
insulating frame 6 or insulating body 10. These
integrated pressure fittings 11 are preferably situated
exactly at the location of the fixing holes 4 of the
semiconductor module 1, so that, with the aid of
centring elements of the pressure fittings 11, the
insulating frame 6 “latches” in the fixing holes 4 of
the semiconductor module 1. As a result of this, a
centred installation position of the gemiconductor
assembly 30 in the insulating frame 6 is ensured in a
simple manner during mounting. The pressure fittings

may additiocnally have stacked tensioning discs.

The pressure fittings 11, which, in the mounted state,
press with predetermined pressure fine-elastically
against the base/intermediate plate 3 of the
gsemiconductor module 1, generate the required pressure
per unit area for optimal heat dissipation. Possible
imprecisions of the surface of the cooler 5 are auto-
matically compensated for by the pressure fittings 11
gso that a uniform semiconductor module contact pressure
is effected over the entire press-on area. Fine gaps
between cooler surface and ceramic plate 8 are bridged
with a permanent insulating thermally conductive paste

(for example thermally conductive paste made of
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silicone without conductive substances) that does not
flow away, with the result that, on the one hand, the
uniform heat dissipation to the cooler 5 is ensured
and, on the other hand, no contamination inclusions are
produced which might lead to partial discharges during

later operation (long-term behaviour) .

The force transmission path from the insulating frame 6
to the base/intermediate plate 3 of the semiconductor
module 1 can readily be discerned in the sectional
illustration in accordance with Fig. 1. At the location
of the holes 12, the frame 9 reaches in a sleeve-type
manner around the fixing screws 13, 1i.e. force is
introduced directly into the stable and ‘“settling-
secure” insulating frame 6. Moreover, the insulating
frame 6 projects over the pressure fittings 11 in the
region of the corners, partial sections of the
homogeneous insulating body 10 being situated between
the frame 6 and the pressure fittings 11. These
pressurized partial sections - referred to as pressure
zones 17 hereinafter - are necessary for electrical

insulation purposes.

As revealed by Fig. 3, the semiconductor assemblies 30
have busbars (“small busbars”) 32 for bonding wires 33,
which connect to the actual chip groups 34, for example
IGBT groups. The latter are fixed in a conventional
manner by means of a ceramic layer 35 on the
base/intermediate plate 3. The latter comprises e.g.
copper or AlSiC. The ceramic plate 8 is formed from

aluminium nitride or aluminium oxide, for example.

Fig. 4 rzrepresents a precise illustration of the
pressure fitting 11. The latter has a screw 37 in the
exemplary embodiment depicted, which screw is screwed
into the insulating frame 6 with the interposition of
an O-ring 36, whereby the preassembly mounting is

furnished by means of the pressure fitting 11.
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For the mounting of the insulating frame 6 on the
cooler 5, holes 12 are provided in the insulating frame
6 preferably in direct proximity to the pressure
fittings 11, through which holes fixing screws 13 reach
and can be screwed into corresponding threaded holes in
the cooler 5. The heads of the fixing screws 13 are
arranged “behind” the insulating frame 6. This results
(in conjunction with further measures) in a sufficient
flashover distance between cooler 5 and to the busbar
arrangement or the connections of the semiconductor
assembly 30. As an alternative, it is also possible, of
course, to provide the cooler 5 with corresponding stud
bolts which engage into the holes or cutouts 12. The
heads of the fixing screws 13 can also be counter-sunk
in the frame 9 in order to increase the flashover

distance.

The pressure force introduced via the fixing screws 13
is transmitted via overhanging arms 16 (also see Fig.
3) of the frame, the said partial sections of the
insulating body 10 and the pressure fittings 11 to the
base/intermediate plate 3. A gap remains between the
insulating frame 6 and the cooler 5 in order that the

forces of the fixing screws 13 take effect undivided.

Fig. 2 illustrates a plan view of the semiconductor
module 1. The electrical connections 2 of the semi-
conductor assembly 30 and the fixing holes 4 covered by
the insulating frame 6 and also the insulating body 10
of the insulating frame 6 with holes 12 can be
discerned. The formation of the frame 9 and also the
ceramic plate 8 are sketched. It can readily be
discerned that the insulating frame 6 closely encloses
the semiconductor module 1, the pressure fittings 11
being situated in the region of the projections of the

insulating body (see overhanging arms 16 in Fig. 3).

The mounting of a semiconductor module 1 on the cooler
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5 is configured extremely simply. For premounting of
the semiconductor module, the semiconductor assembly 30
(or the assemblies) is placed into the insulating frame
6. For locking purposes, the screws 37 are screwed in
with O-rings 36 or other positively locking seals of
the pressure fittings 11 (see Fig. 4). The electrical
seal 7 igs inserted and the ceramic plate 8 is emplaced.
Both parts are coated beforehand, thereby providing a
sufficient adhesion force during the further handling
(in particular rotation) of the premounted
semiconductor module before the actual mounting on the
cooler 5. The fixing screws 13 are screwed into the
threaded holes of the cooler 5 with a predetermined
torque. When the insulating £frame 6 is pressed on
against the semiconductor module 1 or against the
cooler 5, the elastic electrical seal 7 i1s compressed,
which, in conjunction with the ceramic plate 8,
reliably prevents a charge carrier transport between
semiconductor module 1 and cooler 5 and produces a
high-value contact resistance with respect to the
cooler 5. Excess insulating thermally conductive paste
is pressed over the edge of the ceramic plate 8 or

forced into depositing grooves that are present.

As an alternative to the above-explained two-part
construction of the insulating frame 6 from frame 9 and
insulating body 10, the insulating frame 6 can, in
accordance with a further embodiment, alsoc be formed in
one part from a carbon-fibre- or glass-fibre-reinforced

plastic.

Fig. 3 shows a detail illustration of a semiconductor
module in section. The semiconductor module 1, mounted
on the cooler 5, with electrical connections 2 (main
connections) and also control connections 21 and with
base/intermediate plate 3 can be discerned. The semi-
conductor module 1 is mounted on the cooler 5 by means

of the insulating frame 6 formed in two parts £from
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frame 9 and insulating body 10, the ceramic plate 8
which can effect translatory movement being clamped in
between base/intermediate plate 3 and cooler 5. 1In
particular, overhanging arms 16 of the frame 9, which
is fixed on the cooler 5 by means of fixing screws 13,
press against the pressure fittings 11 via pressure
zones 17 in the insulating body 10. A toothed ribbing
is expediently provided between frame 9 and insulating
body 10, which ensures the required mechanically high-
strength and stable metal/plastic connection.
Reinforcing ribs 19 of the insulating frame 6 or
insulating body 10 also serve for attaining mechanical

stability.

In order to enable operation in particular at higher
voltages and/or  powers, provision is made of
“fictitious” potential connections 14 and/or 15
(contained in the power converter assembly in the
busbar arrangement) between control connection 21
(gate) and base/intermediate plate 3 and/or between
electrical connection 2 (main connection, emitter) and
base/intermediate plate 3. These electrical connections
to the base/intermediate plate 3 are advantageously
effected, for example, via pressure/bushing connections
20 in the insulating frame or insulating body 10, which
have a direct electrical connection to the pressure
fittings 11 and make contact with the fictitious
potential connections 14 and/or 15 via screw
connections accessible from the top side of the semi-
conductor module 1. The pressure/bushing fittings 20
have a dual function in this case. On the one hand,
they provide the electrical connection that is PD-free
ags described, and on the other hand they provide the
mechanical contact pressure in the centre of the semi-

conductor module.

These  proposed electrical connections (potential

connections) between Dbase/intermediate plate 3 and
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emitter potential and/or gate potential have the
advantage that the critical voltage load (or the
electrical field strength), in particular in the edge
region in the case of the known prior art, between the
transistors/diode chips or the ceramic insulation (DCB)
thereof - see ceramic layer 35 - and the metallic and
electrically conductive base/intermediate plate is
reduced to a few volts. Furthermore, undefined inter-
mediate potentials cannot form. The critical loading
zones for the electrical £field strength (see field
lines 31 in Fig. 5) are moved to the highly insulating
ceramic plate 8, the insulating body 10 with peripheral
insulating collar 18 and the electrical seal 7. The
loads with regard to the electric field strength can be
managed there in a simple and effective manner by means
of the measures explained above. The insulating collar
18 is dimensioned with regard to the required creepage

paths and the flashover distance.

Fig. 4 shows the 1left-hand partial detail of the
subject-matter of Fig. 3 in an enlarged illustrationm,
in order to illustrate the profile of the field lines
and of the field strength primarily in the critical
outer region of the base/intermediate plate 3 and the
semiconductor assembly  30. The field 1lines are
designated by 31. It is noticeable that, in contrast to
the profile of the field lines in the case of the prior
art in accordance with Fig. 5, the field lines 31 run
distributed in extensive fashion, so that a
comparatively low field strength is present. This
brings about, in principle, a high security in the case
of semiconductor modules operated with high voltages
and is advantageous in comparison with the prior art in
accordance with Fig. 5, in which comparable components
are designated by the same reference numerals as in
Figs. 1 to 4. In the region of the margin or edge of
the base/intermediate plate 3 and alsc towards the

cooler 5, the field lines 31 that lie close together
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indicate high field strength there.

Figs. 6 and 7 show a partial view of an alternative
embodiment of the semiconductor module, which differs
from the module described with reference to Figs. 1 to
3 by virtue of an additional screen and also altered
dimensioning of the insulating frame and of the
pressure fittings. The mutually corresponding parts are
again designated by the same reference numerals. In
this exemplary embodiment, an additional screen 42 is
cast into the insulating body 10 of the insulating
frame 6. The screen 42, which prevents partial
discharges in the gap between insulating body 10 and
semiconductor module, 1is an essentially rectangular
metal ring which is bent over at its longitudinal edges
42a in order to avoid sharp edges and is multiply
perforated for the penetration of the casting resin
(Fig. 8). The metal ring 42 is electrically connected
to the pressure fittings 11. It causes the voltage
present at the base/intermediate plate 3 to move
upstream into the insulating frame 6, as a result of
which the discharges are prevented. To ensure that the
metal ring has space in the insulating body 10, the
overhanging arm 16 of the frame 6 has a smaller spatial
extent than in the exemplary embodiment in accordance
with Figs. 1 to 3.

Figs. 9 and 10 diagrammatically illustrate the
possibilities - already wmentioned in part above - for
the defined potential division between chips and
base/intermediate plate. Fig. 9 shows a defined
capacitance 40 between the electrical connections 2
with  potential connections 14 or 15 and the
pressure/bushing fitting 20 to the base/intermediate
plate 3. If appropriate, a defined resistance 41 is
connected in series with the capacitance 40. If
appropriate, a high-value resistance 41 is used for the

resistance 41 or the capacitance/resistance series
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circuit 40/41.

The arrangement in accordance with Fig. 9 shows an
optimized wutilization of the earth insulation, DCB
insulation and ceramic insulation of the base/inter-
mediate plate 3 at very high voltages. A C-controlled
or R-controlled or C/R-controlled, i.e. partial
utilization of the series-connected DCB insulation and
ceramic earth insulation is effected (C = capacitance,
R = resistance). In this respect, for the purpose of
controlling a defined divider voltage between emitter -
base/intermediate plate - cooler, the capacitance 40
and/or the resistance 41 is interposed into the
potential connection 14 or 15. The capacitance 40
and/or the resistance 41 thus bring about a defined
potential division between the IGBT chips and the
cooler 5. Capacitance 40 and/or resistance 41 are
dimensioned such that the DCB earth insulation of the
chips of the IGBT module are 1little or only partly

exhausted by the potential division effected.

Fig. 10 shows an arrangement with two IGBT individual
switches 38, 39, whose electrical connections 2 are
connected to the base/intermediate plate 3 via separate
capacitances 40 and separate pressure/bushing fittings
20. If appropriate, resistances 41 are connected in
series with the capacitances 40. If appropriate, high-
value resistances 41 are used for the resistances 41 or

the capacitance/resistance series circuits 40/41.

The arrangement in accordance with Fig. 10 produces a
virtually “imparted” emitter or gate voltage, 1.e. a
virtually “imparted” emitter or gate voltage 1is
established at the base/intermediate plate 3. In an
advantageous manner, as a result of this, the above-
discussed load-relieving of the DCB chip insulation
(ceramic layer 35) by means of the arrangement of

insulating frame 6/electrical seal 7/ceramic plate
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8/insulating body 10 is obtained even in the case of a
series circuit or cascade circuit of two or more IGBT
individual switches in a semiconductor module. The
potential of the Dbase/intermediate plate 3 is
“imparted” in such a way that, on the one hand,
orientation to the highest emitter wvoltage of the
respective IGBT individual switch is effected and, on
the other hand, it is possible to “shape”, i.e.
control, the voltage matching via capacitance and/or
resistance. Staggered, different emitter potentials are
automatically established and are transmitted to the

base/intermediate plate 3.
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Patent Claims

1. Semiconductor module whose semiconductor chips are
arranged on a base/intermediate plate (3), having

- an insulating frame (6),

- a ceramic plate (8), which is arranged between
the base/intermediate plate and a cooler (5) provided
for the mounting of the semiconductor module,

- the insulating frame (6) enclosing the semi-
conductor module and being designed for the fixing
thereof on the cooler (5) and also having at least the
structural height of the semiconductor module,

- and there being a potential connection (14, 15)
between gate and/or emitter (2, 21) of the
semiconductor module (1), on the one hand, and the

base/intermediate plate (3), on the other hand.

2. Semiconductor module according to Claim 1,

characterized in that the contour of the insulating
frame (6) closely encloses the semiconductor module (1)
and the said insulating frame projects via fixing holes
(4) in the Dbase/intermediate plate (3), pressure
fittings (11) that press against the base/intermediate
plate (3) being integrated in the insulating frame (6)
and the insulating frame (6) having holes (12) for

gscrewing on the cooler (5).

3. Semiconductor module according to one of the
preceding claims,

characterized in that the dimensions of the ceramic
plate (8) are slightly larger than the dimensions of
the base/intermediate plate (3), with the result that a
peripheral free edge area suitable for receiving an
elastic electrical seal (7) is produced on the ceramic
plate (8).

4. Semiconductor module according to Claim 3,

characterized in that a ring made of soft rubber or
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plastic without conductive dopings is wused as the

electrical seal (7).

5. Semiconductor module according to one of the
preceding claims,

characterized by overhanging arms (16) of the frame
(9), whereby pressure zones (17) are formed in the
insulating body (10) with zrespect to the pressure
fittings (11).

6. Semiconductor module according to one of the
preceding claims,

characterized in that the pressure fittings (11) have
screws (37) which, sealed by positively locking seals
(36), reach through the fixing holes (4) in the

base/intermediate plate (3).

7. Semiconductor module according to one of the
preceding claims,
characterized in that the pressure fittings (11) have

tensioning discs.

8. Semiconductor module according to one of the
preceding claims,

characterized in that the insulating frame (6) or
insulating body (10) is provided with an insulating
collar (18).

9. Semiconductor module according to one of the
preceding claims, characterized in that, in the
insulating frame (6) or insulating body (10), provision
is made of at least one pressure/bushing connection
(20) for producing a potential connection (14, 15)
between the base/intermediate plate (3) and an
electrical connection (2, 21) of the semiconductor
module (1).

10. Semiconductor module according to one of the
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preceding claims,

characterized by a capacitance (40) or a resistance
(41) or a series circuit comprising capacitance (40)
and resistance (41) between electrical connection (2,

5 21) and pressure/bushing connection (20).

11. Semiconductor module according to one of the
preceding claims, characterized in that a screen (42)

is integrated into the insulating frame (10).
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List of reference symbols

1 Semiconductor module

2 Electrical connections

3 Base/intermediate plate

4 Fixing holes

5 Cooler

6 Insulating frame

7 Electrical seal

8 Ceramic plate

9 Frame

10 Insulating body

11 Pressure fitting

12 Holes

13 Fixing Screw

14 Potential connection

15 Potential connection

16 Overhanging arm of the frame

17 Pressure zone in the insulating body

18 Insulating collar

19 Reinforcing ribs

20 Pressure/bushing connection to the
base/intermediate plate

21 Control connection

30 Semiconductor assembly

31 Field lines

32 Busbars

33 Bonding wires

34 Chip groups

35 Ceramic layer

36 O-ring

37 Screw

38 IGBT individual switch

39 IGBT individual switch

40 Capacitance

41 Resistance

42 Screen
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