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TITLE

Semiconductor Module and Connection Terminal Device

BACKGROUND

The present invention relates to power semiconductor devices,
and in particular it relates to a semiconductor module having
an electrical connection device for connecting the semicon-

ductor module to external circuit units.

Specifically, the present invention relates to semiconductor
modules with Insulated Gate Bipolar Transistors (IGBTs)
wherein a base substrate including semiconductor devices
(IGBTs and diodesg), an emitter terminal unit adapted to elec-
trically connect an emitter of the semiconductor circuit to
an external circuit unit and a collector terminal unit
adapted to electrically connect a collector of the semicon-

ductor circuit to the external circuit unit is provided.

Figs. 1 and 2 exhibit the principal design of collector and
emitter terminal units C and E, respectively, and their re-
spective connection to a semiconductor base plate of a power
semiconductor module. As shown in Fig. 1, the collector ter-
minal unit C and the emitter terminal unit E each have con-
tacting means, i.e. contacting means cl, c2, c¢3 and c4 for
the collector terminal unit C and contacting means el, e2, e3

and e4 for the emitter terminal unit E.

As shown in Fig. 2, the emitter terminal unit E and the col-
lector terminal unit C are installed in an upright position,
i.e. vertical to a plane which constitutes the semiconductor
device S. The emitter terminal unit E and the collector ter-
minal unit C are designed in a nearly two-dimensional shape

(see Fig. 1) such that all terminal elements at the terminal
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body and spring legs, i.e. the collector contacting means cl,
c2, c3 and c4 and the emitter contacting means el, e2, e3 and
e4, are arranged in the same plane. An advantage of such a
two-dimensional arrangement of all terminal elements is the
possibility of an easy manufacturing and an easy placement
for a soldering process. Furthermore, the collector terminal
unit C and the emitter terminal unit E according to the state
of the art have relatively low electrical resistance, i.e.
approximately 60 mQ per terminal unit. Furthermore, it is
appropriate that this design of a two-dimensional arrangement
exhibits short electrical connection sections from the exter-
nal collector/emitter contacts of the module to the sub-

strates using a massive terminal body.

A major disadvantage of the conventional terminal design as
shown in Fig. 1 and 2 is that terminal legs need to be thin
in order to provide sufficient mechanical flexibility. This
is a major disadvantage because the electrical resistance is
increased resulting in a self-heating of the respective ter-
minal unit. As shown especially in Fig. 2, the terminal units
E and C are arranged in an unsymmetrical manner with respect
to the substrate S. This results in the disadvantage of the
terminal design according to prior art that significant turn-
on/turn-off electromagnetic interference problems occur in-
side the module, the electromagnetic interference being based

mainly on the dynamic current imbalance.

Another drawback of the conventional terminal design is that
it provides mechanical flexibility only in one plane. Thus, a
spring constant of about 120 N/mm is provided which is rather

high, even if thin terminal legs are used.
SUMMARY
It is thus an object of the present invention to provide an

electrical connection device for a substrate adapted to carry

at least one semiconductor device, which substrate is capable
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of carrying high currents, which can withstand high tempera-
tures and which provides a secure and mechanically stable
contacting of the semiconductor devices carrying substrates
to an external circuit unit without electromagnetic interfer-

ence problems.

The above object is solved by an electrical connection device
for a substrate adapted to carry at least one semiconductor
device according to the independent patent claim 1. Further-
more, the above object is solved by a semiconductor module

comprising the features of independent claim 14.

Further preferred developments of the present invention are

according to the dependent claims.

According to a first aspect of the present invention an elec-
trical connection device for a substrate adapted to carry at
least one semiconductor device is provided, the electrical
connection device comprising an emitter terminal unit adapted
to electrically connect an emitter of the at least one semi-
conductor device to an external circuit unit, the emitter
terminal unit comprising first and second emitter resilient
elements for connecting first and second emitter contacting
studs to an emitter connection element, and a collector ter-
minal unit adapted to electrically connect a collector of the
at least one semiconductor device to the external circuit
unit, the collector terminal unit comprising first and second
collector resilient elements for connecting the first and
second collector contacting studs to the collector connection
element, wherein the emitter terminal unit and the collector
terminal unit are arranged in separate planes which are par-
allel to each other, and wherein the emitter terminal unit
and the collector terminal unit each exhibit a symmetry, in
their respective planes, with respect to an axis or to a sym-
metry plane which is perpendicular to the respective planes.
Furthermore, the first and second resilient elements (of the

emitter terminal unit and the collector terminal unit are
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extended in planes which are parallel to each other and to
the substrate and are each shaped in a double-O-structure

with respect to planes which are parallel to each other.

According to a second aspect of the present invention a semi-
conductor module is provided, comprising a base substrate
adapted to carry at least one semiconductor device, an emit-
ter terminal unit adapted to electrically connect an emitter
of the at least one semiconductor device to an external cir-
cuit unit, the emitter terminal unit comprising first and
second emitter resilient elements for connecting first and
second emitter contacting studs to an emitter connection ele-
ment, and a collector terminal unit adapted to electrically
connect a collector of the at least one semiconductor device
to the external circuit unit, the collector terminal unit
comprising first and second collector resilient elements for
connecting the first and second collector contacting studs to
the collector connection element, wherein the emitter termi-
nal unit and the collector terminal unit each have resilient
elements which are arranged in parallel to the base sub-
strate, and wherein the first and second resilient elements
of the emitter terminal unit and the collector terminal unit
are extended in planes which are parallel to each other and
to the base substrate and are each shaped in a double-0-
structure with respect to planes which are parallel to each

other.

DRAWINGS

Embodiments of the present invention are depicted in the

drawings and are detailed in the description which follows.

In the drawings:

Fig. 1 is a side view of a conventional terminal unit for

connecting a collector and an emitter of a semiconductor cir-

cult to external circuilt units;
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Fig. 2 is an elevation view wherein the emitter and collector
terminal units are arranged on a substrate and wherein the
emitter and collector terminal units are arranged in an up-

right position;

Fig. 3 is a perspective view of a collector terminal unit

according to a preferred embodiment of the present invention;

Fig. 4 shows the collector terminal unit depicted in Fig. 3

in a plain view before applying a bending process;

Fig. 5 is a perspective view, seen from a similar direction
as the view shown in Fig. 3, of an emitter terminal unit ac-

cording to a preferred embodiment of the present invention;

Fig. 6 is a plane view of the emitter terminal unit depicted

in Fig. 5 before a bending process has been carried out;

Fig. 7 is a schematic elevation view of a semiconductor mod-
ule having a collector terminal unit and an emitter terminal
unit arranged in parallel above a base substrate according to

a preferred embodiment of the present invention;

Fig. 8 is a schematic view which illustrates the combination
of two stiff elements and a flexible element in order to pro-
vide a string-like structure for evaluating a spring constant
of the collector terminal unit and/or the emitter terminal

unit;

Fig. 9 is a cross-sectional view of a spring element in order

to evaluate a spring constant;

Fig. 10 is a cross-sectional view of the spring element shown

in Fig. 9 wherein a displacement has been applied;
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Fig. 11(a) are two graphs showing currents flowing in a con-

ventional terminal unit;

Fig. 11(b) exhibits currents flowing in the terminal units
according to the preferred embodiment of the present inven-

tion; and

Fig. 12 is a table showing design parameters of an electrical
connection device having the terminal units according to the

preferred embodiment of the present invention.

In the Figures, same reference numerals denote the same or

similar parts or steps.

DESCRIPTION

The idea of the present invention is to provide an electrical
connection device for a substrate adapted to carry at least

one semiconductor device.

According to the present invention, the electrical connection
element comprises an emitter terminal unit and a collector
terminal unit. The emitter terminal unit is adapted to elec-
trically connect an emitter of the at least one semiconductor
device to an external circuit unit, the emitter terminal unit
comprising first and second emitter resilient elements for
connecting first and second emitter contacting studs to an
emitter connection element; and the collector terminal unit
is adapted to electrically connect a collector of the at
least one semiconductor circuit to the external circuit unit,
the collector terminal unit comprising first and second col-
lector regilient elements for connecting the first and second
collector contacting studs to the collector connection ele-
ment. The emitter and collector terminal units are arranged
such that the emitter terminal unit and the collector termi-
nal unit are in parallel to each other, i.e. they are in

separate planes, which are parallel to each other.
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The emitter terminal unit and the collector terminal unit
each exhibit a symmetry, in their respective planes, with
respect to an axis or to a symmetry plane which is perpen-
dicular to the respective planes. The first and second resil-
ient elements of the emitter terminal unit and the collector
terminal unit are extended in planes which are parallel to
each other and to the substrate and are each shaped in a dou-
ble-O-structure with respect to planes which are parallel to

each other.

The major advantage of the present invention is that a me-
chanical stability together with low electromagnetic inter-
ference can be provided. An important issue in power semicon-
ductor module development is an increase in the operation
junction temperature of the semiconductor which implicitly
means an increase in operation currents. Under these circum-
stances, the collector and emitter terminal units are criti-
cal components of the entire power semiconductor module de-
sign. This is because on the one hand there is the self-
heating of the respective terminal unit due to resistive
power losses, and on the other hand there is mechanical
stress caused by thermal extension of the respective terminal

unit.

Furthermore, electromagnetic interferences (EMI) inside the
power semiconductor module are a major issue. Dynamic imbal-
ance in power semiconductor modules is a cause for electro-
magnetic interferences, especially during turn-on and turn-

off periods.

It is expedient that the terminal unit design according to
the present invention is adaptable to medium voltage (MV)
power modules, also called HiPak-modules, which is a family
of high-power Insulated Gate Bipolar Transistors (IGBTs) in
industry-standard housings. MV power modulesexclusively use

aluminum silicon carbide (AlSiC) base plate material for a
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good thermal cycling capability and aluminum nitride (AL1N)
isolation for low thermal resistance. The medium voltage
power semiconductor modules have been optimized for reliable

operation even in harsh environments.

According to the present invention, a terminal unit design is
provided which has a high mechanical flexibility together
with low electrical resistance. Furthermore, an imbalance in
current distribution is avoided. The terminal unit design
according to the present invention takes into account each of
the above-mentioned issues. Thus, the terminal unit design
according to the present invention includes a concept design
of both collector and emitter terminals and their placement

in an existing MV power semiconductor module.

It is thus another advantage of the present invention that
longer lifetime and improved and reliable mechanical and
electrical characteristics of the entire power semiconductor
module can be provided. Furthermore, an excellent elastic
flexibility in all planes as well as an outstanding dynamic
current distribution across the power semiconductor module is

achieved.

According to a first embodiment of the present invention, an
electrical connection device for a substrate adapted to carry
at least one semiconductor device is provided, wherein the
electric connection device comprises an emitter terminal unit
adapted to electrically connect an emitter of the at least
one semiconductor device to an external circuit unit and a
collector terminal unit adapted to electrically connect a
collector of the at least one semiconductor device to the
electrical circuit unit. Preferably, the semiconductor part
of a power module comprises IGBTs and diodes. The emitter
terminal unit and the collector terminal unit are arranged in

parallel to each other.
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According to a second embodiment of the present invention, a
semiconductor module is provided which comprises a base sub-
strate adapted to carry at least one semiconductor device, an
emitter terminal unit adapted to electrically connect an
emitter of the semiconductor circuit to an external circuit
unit, the emitter terminal unit comprising first and second
emitter resilient elements for connecting first and second
emitter contacting studs to an emitter connection element;
and a collector terminal unit adapted to electrically connect
a collector of the semiconductor circuit to the external cir-
cuit unit, the collector terminal unit comprising first and
second collector resilient elements for connecting the first
and second collector contacting studs to the collector con-
nection element. Thus, preferably the semiconductor module
comprises an IGBT within a housing. The emitter terminal unit
and the collector terminal unit preferably each have resil-
ient elements which are arranged in parallel to the base sub-
strate. The first and second resilient elements of the emit-
ter terminal unit and the collector terminal unit are ex-
tended in planes which are parallel to each other and to the
base substrate and are each shaped in a double-O-structure

with respect to planes which are parallel to each other

According to a preferred development of the present inven-
tion, the emitter terminal unit and the collector terminal
unit each comprise connection elements for connecting the
respective terminal unit to the external circuit unit. It is
an advantage if the respective connection elements, i.e. a
collector connection element and an emitter connection ele-
ment, are arranged near a central axis of the power semicon-
ductor module, i.e. an axis which is perpendicular to the

plane of a base plate.

Preferably, the emitter terminal unit is arranged between the
collector terminal unit and the base substrate wherein the

emitter terminal unit, the collector terminal unit and the
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base substrate are arranged in planes which are in parallel

to each other.

According to yet another preferred development of the present
invention, the connection elements are arranged in parallel

to an axis which is perpendicular to the base substrate.

According to yet another preferred development of the present
invention, the emitter terminal unit and the collector termi-
nal unit each comprise first and second contacting studs for
contacting the respective terminal unit to the base sub-
strate. Preferably, the emitter terminal unit has first and
second emitter contacting studs, wherein the collector termi-

nal unit has first and second collector contacting studs.

According to yet another preferred development of the present
invention, the emitter terminal unit comprises first and sec-
ond emitter resilient elements for connecting the first and
second emitter contacting studs for the emitter connection

element.

In addition to that, preferably the collector terminal unit
comprises first and second collector resilient elements for
connecting the first and second collector contacting studs to

the collector connection element.

It is an advantage that the first and second resilient ele-
ments of the emitter terminal unit and the collector terminal
unit are extended in a plane which is parallel to the base
substrate. Furthermore, the first and second resilient ele-

ments are formed in an O-shaped structure.

Furthermore, it is advantageous to form the emitter terminal
unit and the collector terminal unit in a structure which is
axially symmetric with respect to an axis which is perpen-

dicular to the base substrate.
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According to yet another preferred development of the present
invention, the first and second resilient elements of the
emitter terminal unit and the collector terminal unit have

merely identical cross-sectional shapes.

According to yet another preferred development of the present
invention, the first and second resilient elements of the
emitter terminal unit and the collector terminal unit are
shaped in a double-O-structure with respect to a plane which

is parallel to the base substrate.

It is preferred that the emitter terminal unit and the col-
lector terminal unit each have stiff elements forming the
contacting studs. Furthermore, it is preferred that the emit-
ter terminal unit and the collector terminal unit each have
stiff elements forming the respective connection elements.
Advantageously, the emitter terminal unit and the collector
terminal unit each have flexible elements forming the resil-
ient elements between the respective stiff elements forming
the contacting studs and the respective stiff elements form-

ing the respective connection elements.

Herein below, a preferred embodiment of the present invention

is described with respect to Figs. 3 to 12.

Fig. 3 is a perspective view of a collector terminal unit 300
according to a preferred embodiment of the present invention.
As shown, the collector terminal unit 300 comprises a collec-
tor connection element 301 which is parallel to an axis 101

which 1is a base substrate normal axis (see below).

As shown in Fig. 3, the rest of the collector terminal unit
300 is extended in a plane the normal vector of which is par-
allel to the base substrate normal axis 101. The main sec-
tions of the collector terminal unit 300 consist of two col-
lector resilient elements, i.e. a first collector resilient

element 304 and a second collector resilient element 305. The
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resilient elements 304, 305 are formed in order to provide a
mechanical and an electrical connection between the collector
connection element 301 and first and second collector con-
tacting studs 302 and 303, respectively. The first and second
collector contacting studs 302 and 303 extend downwards from
the plane which is defined by the first and second collector
resilient elements 304, 305. The first and second collector
contacting studs 302, 303 thus extend in a direction which is

parallel to the base substrate normal axis 101.

Fig. 4 illustrates a plane view of the collector terminal
unit 300 before bending along bending lines (dashed lines in
the Figure B) is applied. As can be seen from Fig. 4, the
manufacturing of the collector terminal unit 300 according to
a preferred embodiment of the present invention is easily
achieved by punching a structure shown in Fig. 4 and by bend-
ing along the bending lines B shown in Fig. 4. Such bending
is performed downwards in order to obtain the first and sec-
ond collector resilient elements 304 and 305 and such bending
is performed upwards in order to provide a collector collec-
tion element 301. After these bending processes, the collec-
tor terminal unit as shown in the perspective view of Fig. 3

is obtained.

Fig. 5 shows a perspective view of an emitter terminal unit
200 according to a preferred embodiment of the present inven-
tion. It is noted that the observation angle of Figs. 3 and 4
is identical such that it can be seen that it is possible to
arrange the emitter terminal unit 200 in a plane below the

collector terminal unit 300 (see also Fig. 7 below).

The structure of the emitter terminal unit 200 is similar to
that of the collector terminal unit 300 shown in Fig. 3. The
emitter terminal unit 200 acts essentially as an emitter con-
nection element 201 which is arranged perpendicular to an
axis which is normal to a base substrate, i.e. a base sub-

strate normal axis 101. As the collector terminal unit 300
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(Fig. 3), the emitter terminal 200 has first and second emit-
ter resilient elements 204 and 205, respectively, which are
arranged in a plane, the normal vector of which is parallel
to the base substrate normal axis 101. Furthermore, the emit-
ter terminal unit 200 has first and second emitter contacting
studs 202 and 203, respectively, for contacting an emitter of
the at least one semiconductor device. The first emitter con-
tacting stud 202 is connected to the emitter connection ele-
ment 201 via the first emitter resilient element 204, wherein
the second emitter contacting stud 203 is connected to the
emitter connection element 201 via the second emitter resil-
ient element 205. Thus, the first and second emitter resil-
ient elements 204 and 205, respectively, provide a mechanical
and an electrical connection. The mechanical properties of
the collector and emitter resilient elements are described in

detail herein below with reference to Figs. 8 to 10.

As shown in Fig. 3 and 5, the collector terminal unit 300 and
the emitter terminal unit 200 each comprise terminal bodies
such as to obtain two horizontal, axially symmetric O-shaped
sections each. It is essential that the whole surface of the
O-shaped section of the terminal is used to provide an excel-
lent mechanical flexibility in all planes, even when using
thick materials for the collector terminal unit and the emit-
ter terminal unit. The manufacturing of the collector termi-
nal unit 300 and the emitter terminal unit 200 may be pro-
vided by water jet cutting or by pressing methods from a sin-

gle sheet of copper.

Furthermore, Fig. 6 exhibits a plane view of the emitter ter-
minal unit 200. As before and as described with respect to
Fig. 4, the graph of Fig. 6 shows a terminal unit before
bending. For the emitter terminal unit 200, the bending lines
are depicted by a reference numeral B and by dashed lines.
Thus, the sections representing the first emitter contacting
stud 202 and the second emitter contacting stud 203 are bent

downwards, whereas the section representing the emitter con-
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nection element 201 is bent upwards such that the structure

shown in Fig. 5 is obtained.

Fig. 7 is a schematic perspective view of a power semiconduc-
tor module having a base substrate 100 which is extended in a
plane perpendicular to the base substrate normal axis 101.
Furthermore, the power semiconductor module shown in Fig. 7
comprises the terminal unit described above, i.e. the emitter
terminal unit 200 and the collector terminal unit 300. As
shown, the emitter terminal unit 200 and the collector termi-
nal unit 300 are arranged in parallel to each other and in
parallel to the base substrate 100. Furthermore, electronic
components 102a-102n are shown mounted on the base substrate
100.

As it is shown in Fig. 7, the O-shaped structures of both the
collector terminal unit 300 and the emitter terminal unit 200
nearly coincide with each other or are the same such that
electromagnetic interference effects can be minimized. Fur-
thermore, both the collector terminal unit 300 and the emit-
ter terminal unit 200 provide sufficient mechanical flexibil-
ity for connecting the collector and emitter of the base sub-
strate 100 via the first and second collector contacting
studs 302, 303 and the first and second emitter contacting

studs 202, 203, respectively.

The connection elements, i1.e. the emitter connection element
201 and the collector connection element 301, are arranged
parallel to each other and parallel to the base substrate
normal axis 101 such that an electrical connection to exter-
nal circuit units may be provided. It is noted that the power
semiconductor module shown in Fig. 7 is adapted to MV power

modules mentioned above.

In the following, mechanical properties of the emitter termi-
nal unit 200 and the collector terminal unit 300 shown above

will be described with respect to Figs. 8 to 10. Fig. 8 is a
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schematic view of a spring element S in order to calculate
spring constants. As shown in Fig. 8, two stiff elements,
i.e. a first stiff element 401 and a second stiff element
402, are forced in opposite directions by a force F. The
first stiff element 401 is connected to the second stiff ele-
ment 402 of the flexible element 400 having a thickness of h,
a width of b and a radius of r (see Fig. 8). With respect to
Fig. 8, the spring constant of the terminal unit shown above
may be estimated. It is noted that Fig. 8 is a simplified
version of first and second emitter resilient elements and
first and second collector regilient elements, regpectively.
For calculating the spring constant, the winding (three quar-
ters) shown in Fig. 8 is unrolled which results in a shape
shown in Fig. 9. Here, L defines the length of the flexible
element 400, wherein the stiff elements 401 and 402 are at-
tached to the ends of the flexible element 400. Thus, the
unrolled version of the terminal consists of a flexible ele-
ment of the length L, wherein both ends of the terminal are
supposed to be stiff. The length L, using Figs. 8 and 9, is

expressed as:

L = 2r¢w
360°

In an O-structure as shown in Fig. 8 there is an angle be-
tween thee stiff elements 401, 402 (or the elements 201, 202
or 301, 302 for the emitter or collector terminal unit re-
spectively, which are connected by the respective resgilient
element 204, 205, 304 or 305), which is larger than 180°, in
particular larger than 270°, in particular larger than 315°
and in particular larger than 340°. The midpoint of the
flexible element 400 is a symmetry point such that only one
half of this element has to be modelled as a lever. This
situation is shown in Fig. 10 wherein the arrow indicates the

point symmetry. Thus, the length of the lever is

N |
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A shift s of the lever tip can be expressed as

Ax
S:_

2
wherein Ax 1is the differnce in length by application of a
force F.
According to "Stdker, Taschenbuch der Physik, page 152, Ver-
lag Harri Deutsch", the shift s may be expressed according to

the following equation:

F
E-J

a

13
g = —.
3
wherein E is the elastic modulus and J, is the axial angular
impulse which is for a rectangular cross-section:

b-h’
12

Ja =

wherein b 1s the width and h is the thickness of the flexible
element 400.

The above equations can be solved in order to obtain the

spring constant from the following equation:

In order to calculate a spring constant, as an example values
are inserted such as E = 128 GPa, L = 70 mm, b = 6 mm, h =

2,5 mm (see Fig. 8). The spring constant becomes:

= 34.9 N

= k = 34932 —
m mm
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Fig. 11 shows four separate graphs exhibiting current distri-
butions as a function of time. The graphs have different time
scales such as a time scale 501 where time is measured in us
the division being 10 ps/div (10 microseconds/division). The
time scale of the two diagrams shown below in Fig. 11 is in

ns, wherein the scale is 200 ns/div (200 nanoseconds/division) .

Thus, the upper row of diagrams (A) shows current distribu-
tions on a reduced time scale wherein the lower row of dia-
grams (B) shows current distributions on an enlarged time
scale. Fig. 11 (a) are current distributions in conventional
terminal units, whereas Fig. 11 (b) shows, as a comparison,
current distributions of the terminal units according to a
preferred embodiment of the present invention. In each of the
four diagrams two currents are shown, i.e. a first collector
down current 503 and a collector up current 504. Herein the
term collector down current 503 denotes a current which is
flowing via a first collector contacting stud, i.e. to a
first portion 100a of the base substrate 100, whereas the
term collector up current means that the current is flowing
via a second collector contacting stud, i.e. to a second por-
tion 100b of the base substrate 100 (see Fig. 7).

As shown in Fig. 11(a), the conventional electrical connec-
tion device exhibits a large asymmetry of the up and down
currents resulting in large electromagnetic interferences
(EMI). In contrast to that, as shown in Fig. 11(b), the col-
lector terminal unit 300 and the emitter terminal unit 200
arranged according to a preferred embodiment of the present
invention (Fig. 7) nearly have symmetrical distributions of

the collector down current and the collector up current.

Furthermore, the analysis of Fig. 11 (b) compared to

Fig. 11 (a) exhibits a significant improvement of the turn-on
transient characteristics. The turn-on current peak of the
lower substrate IGBTs has been reduced from around 130 A to

around 70 A. In addition to that, the asymmetric turn-on cur-
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rent distribution of the electrical connection device accord-
ing to the state of the art is almost completely balanced
when using the terminal unit design according to the present

invention (Fig. 11(b)).

Fig. 12 is a table showing design parameters with respect to
terminal resistance and inductance and a corresponding spring
constant of electrical connection devices according to prior
art (last line in the table of Fig. 12) compared to the de-
sign of the terminal unit according to the present invention
(second line of the table shown in Fig. 12). The comparison
has been made under the assumption that the terminal units
according to the present invention are made of copper wherein
the flexible element has a cross-section of 6 mm x 2.5 mm. It
is shown that the terminal resistances according to the pre-
sent invention are only slightly increased with respect to
the prior art design, whereas the inductances are slightly
decreased. A major advantage of the present invention may be
seen from the last column of the table shown in Fig. 12. It
is evident that the spring constant k of the terminal unit
according to the present invention is much smaller than the
spring constant of a terminal unit of an electrical connec-
tion device according to prior art (reduction from 120 N/mm
to 34.9 N/mm) .

Thus, the terminal unit according to the preferred embodiment
of the present invention provides improved mechanical and
electrical characteristics and has reduced electromagnetic
interferences. The very high mechanical flexibility of the
terminal units according to the present invention allows a
large variation of the materials' width and thickness parame-
ters for different applications without worsening electromag-
netic and mechanical properties. The symmetrical placement of
the emitter and collector pair on the substrates provides an
outstanding dynamic current distribution across the whole

module. The electrical resistance is only slightly increased.
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A major advantage of the terminal unit design according to
the present invention is that it is applicable to MV power
modules. Furthermore, the design concept according to the
present invention can be used in any kind of power semicon-
ductor modules in which high electric and electromagnetic
reliability have to coexist with excellent mechanical charac-
teristics of the terminal units. The terminal unit design
concept according to the present invention allows symmetrical
terminal placement of the substrates horizontally as well as
vertically. The symmetrical placement of the emitter and col-
lector pair provides outstanding dynamic current distribution

across the module.

It will be obvious to those skilled in the art, based upon
the teachings herein, that changes and modifications may be
made without departing from the invention disclosed and its
broader aspects. That is, all examples set forth herein above

are intended to be exemplary and non-limiting.

LIST OF REFERENCE NUMERALS

100 Base substrate

101 Base substrate normal axis

200 Emitter terminal unit

201 Emitter connection element

202 First emitter contacting stud
203 Second emitter contacting stud
204 First emitter resilient element
205 Second emitter resilient element
300 Collector terminal unit

301 Collector connection element

302 First collector contacting stud
303 Second collector contacting stud

304 First collector resilient element
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305 Second collector resilient element
400 Flexible element
401 First stiff element
402 Second stiff element
501 Time in ps (10 ps/div)
502 Time in ps (200 ns/div)
503 Collector down current

504 Collector up current
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CLAIMS

1. An electrical connection device for a substrate adapted to
carry at least one semiconductor device, the electrical con-

nection device comprising:

a) an emitter terminal unit (200) adapted to electrically
connect an emitter of the at least one semiconductor device
to an external circuit unit, the emitter terminal unit (200)
comprising first and second emitter resilient elements (204,
205) for connecting first and second emitter contacting studs

(202, 203) to an emitter connection element (201); and

b) a collector terminal unit (300) adapted to electrically
connect a collector of the at least one semiconductor device
to the external circuit unit, the collector terminal unit
(300) comprising first and second collector resilient ele-
ments (304, 305) for connecting the first and second collec-
tor contacting studs (302, 303) to the collector connection

element (301), wherein

c) the emitter terminal unit (200) and the collector terminal
unit (300) are arranged in separate planes which are parallel
to each other, wherein the emitter terminal unit (200) and
the collector terminal unit (300) each exhibit a symmetry, in
their respective planes, with respect to an axis or to a sym-
metry plane which is perpendicular to the respective planes,

and wherein

d) the first and second resilient elements (204, 205, 304,
305) of the emitter terminal unit (200) and the collector
terminal unit (300) are extended in planes which are parallel
to each other and to the substrate and are each shaped in a
double-0O-structure with respect to planes which are parallel

to each other.

2. The electrical connection device according to claim 1,
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wherein the emitter terminal unit (200) and the collector
terminal unit (300) each comprise connection elements (201,
301) for connecting the respective terminal unit to the ex-

ternal circuilt unit.

3. The electrical connection device according to claim 1,
wherein the semiconductor devices on the carrying substrates
are IGRTs and diodes.

4. The electrical connection device according to claim 1,
wherein the emitter terminal unit (200) and the collector
terminal unit (300) each comprise first and second contacting
studs (202, 203, 302, 303).

5. The electrical connection device according to claim 4,

wherein the emitter terminal unit (200) comprises first and
second emitter resilient elements (204, 205) for connecting
the first and second emitter contacting studs (202, 203) to

the emitter connection element (201).

6. The electrical connection device according to claim 4,

wherein the collector terminal unit (300) comprises first and
second collector resilient elements (304, 305) for connecting
the first and second collector contacting studs (302, 303) to

the collector connection element (301).

7. The electrical connection device according to claim 5 and
6,

wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) are extended in planes which are par-

allel to each other.

8. The electrical connection device according to claim 1,
wherein the emitter terminal unit (200) and the collector
terminal unit (30) are formed in a structure which is symmet-

ric in a plane of the respective terminal unit.
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9. The electrical connection device according to claim 7,
wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) have nearly identical cross-sectional
shapes, in particular have the identical cross-sectional

shapes.

10. The electrical connection device according to claim 9,
wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) are each shaped in a double-0-
structure with respect to planes which are parallel to each

other.

11. The electrical connection device according to claim 4,
wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have stiff elements forming the con-
tacting studs (202, 203, 302, 303).

12. The electrical connection device according to claim 1,
wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have stiff elements forming the re-

spective connection elements (201, 301).

13. The electrical connection device according to claim 5 and
6,

wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have flexible elements forming the
resilient elements (204, 205, 304, 305).

14. A semiconductor module, comprising:

a) a base substrate (100) adapted to carry at least one semi-

conductor device;
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b) an emitter terminal unit (200) adapted to electrically
connect an emitter of the at least one semiconductor device
to an external circuit unit, the emitter terminal unit (200)
comprising first and second emitter resilient elements (204,
205) for connecting first and second emitter contacting studs

(202, 203) to an emitter connection element (201); and

c) a collector terminal unit (300) adapted to electrically
connect a collector of the at least one semiconductor device
to the external circuit unit, the collector terminal unit
(300) comprising first and second collector resilient ele-
ments (304, 305) for connecting the first and second collec-
tor contacting studs (302, 303) to the collector connection

element (301), wherein

d) the emitter terminal unit (200) and the collector terminal
unit (300) each have resilient elements (204, 205, 304, 305)
which are arranged in parallel to the base substrate (100),

and wherein

e) the first and second resilient elements (204, 205, 304,
305) of the emitter terminal unit (200) and the collector
terminal unit (300) are extended in planes which are parallel
to each other and to the base substrate (100) and are each
shaped in a double-O-structure with resgspect to planes which

are parallel to each other.

15. The semiconductor module according to claim 14,

wherein the emitter terminal unit (200) is arranged between
the collector terminal unit (300) and the base substrate
(100) .

16. The semiconductor module according to claim 14,

wherein the emitter terminal unit (200) and the collector
terminal unit (300) each comprise connection elements (201,
202) for connecting the respective terminal unit (200, 300)

to the external circuilt unit.
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17. The semiconductor module according to claim 16,

wherein the connection elements (201, 301) are arranged in
parallel to an axis which is perpendicular to the base sub-
strate (100).

18. The semiconductor module according to claim 14,

wherein the emitter terminal unit (200) and the collector
terminal unit (300) each comprise first and second contacting
studs (202, 203, 302, 303) for contacting the respective ter-
minal unit (200, 300) to the base substrate (100).

19. The semiconductor module according to claim 18,

wherein the emitter terminal unit (200) comprises first and
second emitter resilient elements (204, 205) for connecting
the first and second emitter contacting studs (202, 203) to

the emitter connection element (201).

20. The semiconductor module according to claim 18,

wherein the collector terminal unit (300) comprises first and
second collector resilient elements (304, 305) for connecting
the first and second collector contacting studs (302, 303) to

the collector connection element (301).

21. The semiconductor module according to claim 19 and 20,
wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) are extended in a plane which is par-
allel to the base substrate (100) and are formed in an O-

shaped structure.

22. The semiconductor module according to claim 14,

wherein the emitter terminal unit (200) and the collector
terminal unit (300) are formed in a structure which is sym-
metric with respect to an axis or to a symmetry plane which

is perpendicular to the base substrate (100).
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23. The semiconductor module according to claim 19 and 20,
wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) have nearly identical cross-sectional
shapes, in particular have the identical cross-sectional

shapes.

24. The semiconductor module according to claim 19 and 20,
wherein the first and second resilient elements (204, 205,
304, 305) of the emitter terminal unit (200) and the collec-
tor terminal unit (300) are shaped in a double-O-structure
with respect to a plane which is parallel to the base sub-
strate (100).

25. The semiconductor module according to claim 18,

wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have stiff elements forming the con-
tacting studs (202, 203, 302, 303).

26. The semiconductor module according to claim 16,
wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have stiff elements forming the re-

spective connection elements (201, 301).

27. The semiconductor module according to claim 19 and 20,
wherein the emitter terminal unit (200) and the collector
terminal unit (300) each have flexible elements (400) forming
the resilient elements (204, 2055, 304, 305).
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