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MOLDING FOR HOLDING HEAT SINKS IN A CLAMPED STACK

ABSTRACT OF THE DISCLOSURE

In a semiconductor clamped stack, 1n particular

for high-power converters, a plurality of power
semlconductor components are arranged alternately
together with water-cooled cooling cans i1n a stack. A
clear arrangement of all the components and suppliles 1is
achieved, and defective semliconductor components can be
- replaced more easily, 1in that a molding (10) according
to the invention 1s used for holding in each case one
heat sink and one power semiconductor component. Rails
and latching-in fasteners are provided for guiding and

holding the latter.

Figure 1.
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TITLE OF THE INVENTION

MOLDING FOR HOLDING HEAT SINKS IN A CLAMPED STACK

BACKGROUND OF THE INVENTION

oy

Field of the Invention

The present invention relates to the field of
power semiconductor technology. It relates to a holder
for heat sinks as claimed in the preamble of patent
claim 1, and to the preferred use in a semiconductor
clamped stack, in particular for high-power converters.

Such a semiconductor clamped stack is known, for

example, from the document P. Steimer et al.
"Serieschaltung von GTO-Thyristoren fir
Frequenzumrichter hoher Leistung" [Series circuit of
GTO thyristors for high-power frequency converters],
ABB Technik 5 (1996), pages
14-20.

qu scussion of Bag_kg_rognd_

In known water-cooled high-power converters, a

plurality of power semiconductor components are
alternately combined in a series of clrcults with
cooling cans through which water flows, in order to
form a stack. The required electrical and thermal
characteristics are achieved by mechanical bracing by

means of tie rods. In order to feplace a defective
power semiconductor component, the clamped stack is
loosened, during which process all the components must
still be held in their position centered with respect
to the stack axis.

A large number of plastic parts are provided
for holding and centering the cooling cans and the

power semlconductor components, and for fixing the

cooling water supply line, the cooling water outlet

line, and the supply and control cables. These separate




10

15

20

25

30

35

CA 02276885 1999-07-02

holders 1nvolve greater assembly effort and are not

conducive to rapid replacement of individual

components.
In the latest generation of power semiconductor

switches, a GTO thyristor accommodated in a presspack
case 1s connected to a board, on which the associated
drive unit 1s also arranged. The power semiconductor
components and drive thus form a unit (see the document
mentioned above, Figure 5). Owing to the weight of the
drive unit, it and the board on which it is mounted

must likewise be supported in order to improve the

mechanical stability.

SUMMARY OF THE INVENTION

Accordingly, one object of the invention is to

provide a novel apparatus for holding components in a

semiconductor clamped stack, which apparatus 18

distinguished by a considerably simplified and more

compact design, and allows quick and easy replacement

of 1ndividual power semiconductor components.

The object is achieved by a new moldihg for
simultaneously holding and centering a heat sink as
well as a power semiconductor component which 1is
immediately adjacent to it. This results in a new basic
unit, comprising the molding according to the
invention, a power semiconductor component and a heat
sink, which basic unit offers maximum flexibility for
constructing a multi-component clamped stack. The power
semiconductor  component  and the heat sink are
positioned such that one electrode of the power
semiconductor component and one cooling surface of the
heat sink are opposite one another and are
superimposed. When the stack 1is being braced, one
electrode and one cooling surface are in each case
pressed against one another, as a result of which the
thermal and electrical conductivity between the

components of the stack are optimized.
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A first preferred embodiment is distinguished
by the <fact that both the heat sink and the power
semiconductor component are connected to the molding
according to the invention by means of a detachable
fastener which latches in. This allows, in particular,
the power semiconductor component to be replaced easlly
1in that, when the tensile force on the power
semiconductor component is sufficient, the
corresponding fastener releases this component again.

A second preferred embodiment is distinguished
by the fact that, in addition to the stack-centered
final position of the two components, the invention
also defines the way in which this final position can

be reached. To this end, the invention provides the

exlistence of installation alds for the power

semiconductor component, which aids comprise guide

means for the molding according to the invention and
guide elements which are firmly mounted on the power
semiconductor component. These guide elements are, for
example, configured as studs or vanes, and are directly
connected to the power semiconductor component, being
guided by an appropriate mating piece (guide means),
which 1s associated with the molding, in the form of a
rail or groove.

Specifically, during removal of a power
semiconductor component from the molding, these guide
means allow the power semiconductor component to be
gulded such that the contact surface of the heat sink
and the electrode of the power semiconductor component
are not damaged. To do this, the entire stack is first
of all loosened, and the individual basic units, which
can move parallel to the stack axis (since they are
guided, for example, by the tie rods which run parallel

to the stack), are somewhat separated from one another.
During removal from the holder, the power semiconductor
component 1s moved thanks to the gquide means such that

1ts electrode is disconnected obliquely from the

corresponding contact surface of the heat sink, and

thus cannot scratch the contact surface. This 1is
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achieved 1n a simple manner by means, for example, of a
guide groove, which 1s not parallel to the contact
surface of the heat sink.

A next preferred embodiment relates to the use
of power semiconductor components of the type mentioned
initially, in which the semiconductor is located on a
poard together with its drive..In this case, the guide
elements are not directly attached to the power

semiconductor component but are attached to said board,

and are also used for mechanically supporting the drive
unit. If necessary, the board may itself be the guide
element and may be inserted directly in corresponding
gulde grooves.

Further advantageous refinements of the

invention are defined in the dependent patent claims.

Brief Description of the Drawings

A more complete appreciation of the invention
and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying
drawings, wherein:

Figure 1 shows a perspective view of a molding
according to the invention, together with parts of the

cooling apparatus.
Figure 2 shows the same, but in addition a

power semliconductor component mounted on a board.

Figure 3 shows a detail of the latching-in

fastener.
Figure 4 shows a detail of the guide groove.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

| Referring now to the drawings, wherein like
reference numerals designate identical or corresponding
parts throughout the several views, Figure 1 and Figure

2 show perspective views of a preferred exemplary
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embodiment of a molding 10 according to the invention,
together wlth a number of components of the cooling
apparatus 30. Figure 2 also shows a power semiconductor
component 41, which is firmly connected to a board 43.

5 - The cooling apparatus 30 comprises a cooling
can 31 through which water flows and which is mounted
on the corresponding holder 11 of the molding 10
according to the invention. The cooling water supply

and outlet lines 36, 37 between the cooling can 31 and

10 the cooling water distribution tube (not shown) and the

cooling water collecting tube 35 may possibly need to
be of a certain minimum length. This is because any
potential difference petween the cooling can 31 and the
electrically conductive tube 35 will produce a
15 corrosive electrolysis current, which must not exceed a
certain value. In order to achieve the necessary
length, the lines 36, 37 may be configured in a spiral
shape. Their holders 14, 15 prevent contact between two
polints on the cooling water lines that are at different
20 electrostatic potentials.
The power semliconductor component 41 1s
accommodated 1in a cylindrical case, which is provided
on both end faces with flat circular electrodes 42
(anodes, cathodes) for electrical and thermal coupling.
25 A cooling can 31, which is likewise cylindrical, is
arranged on both sides of each power semiconductor
component 1n the semiconductor stack, in such a manner
that its contact surfaces 32, 33 come into contact with
the electrodes 42 of the power semiconductor component.
30 By wusing the molding according to the invention, a
power semiconductor component is in each case combined
with an adjacent cooling can, in pairs.
The power semiconductor component 41 shown in
Figure 2 is a GTO thyristor which is firmly connected

3> to a board 43. The holders 12, 13, which are

responsible for correct positioning of the power
sémiconductor component 41, 1in this case do not act
directly on the power semiconductor component 41. The
central part of the holder 12, 13 is a latching-in
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fastener 18, 19, whose mating piece 45 is mounted on

the board 43. Such a latching-in fastener is shown in

Figure 3 together with its mating piece 45, which is
inserted 1nto the fastener and is held firmly by the

two lugs Z21. These are in turn of such a size that,

when stressed 1n tension, they once again release the

mating piece 45, and thus the power semiconductor

component 41.
During 1installation, the power semiconductor

component 41 1s not guided directly, but by means of
guide elements (not shown) which are mounted on the

poard 43. The guide means 16, 17 responsible for this
have the form of vane-shaped expanded regions, as part
of the molding 10. There are guide grooves 20 on their
inside, which, during 1nstallation of the power
semiconductor component 41, guide the board 43, and
thus the power semiconductor component, which is firmly
connected to 1t, as well (Figure 4). As a result of the

inclination of this groove, the power semiconductor

component 1s moved 1n such a manner that its electrode

42 does not touch the contact surface 33 of the cooling

1

can 31 until the final position is reached, and

friction prior to this between the two surfaces 42, 33

any

1s avoided. Once the power semiconductor component has
been installed, the board and the drive unit 44 located
on 1t are additionally supported and mechanically
stabilized by the guide means 16, 17.

The apparatus according to the invention 1is
produced from electrically insulating material,
preferably plastic, and can be produced economically
using the injection-molding process.

If the drive unit 44 is also contained on the
poard 43, this results in a further simplification for
replacement of a power semiconductor component 41, in

that the contact apparatus 22 for supplying the drive
unit 44 1is also integrated in the molding 10. The

supply cable 23 1is preferably passed through a cutout

in the molding to a socket 24, which is firmly anchored

in the molding. A plug 46, as the mating piece for the
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socket 24, 1s located on the board 43. When the power

semiconductor component 1s now installed, an electrical

contact 1s made between the supply cable 23 and the

drive 44 as soon as the power semiconductor component
reaches the final position, centered with respect to
the stack. Thus, when a power Semiconductor component
1s being replaced, all that now need be done is to
detach a control cable, where appropriate, so that it

1s separated from the old drive unit, and attach it to

the new drive unit. |
In addition to the said features, further

advantageous embodiments are provided for use of the

moldings according to the invention in a semiconductor

clamped stack.
The tie rods which are required for bracing the

stack run parallel +to the stack. In the present
example, they are 1in the form of tubes 35 and are at
the same time used to distribute and collect the
cooling water. The moldings according to the invention
are now, for their part, mounted thereon, so that the
components held by them are centered in the stack.
Figure 1 shows how a molding is fitted to the cooling
water collecting tube 35 by means of a clip fastener
25, 26. In the process, care must be taken to ensure
that the moldings are not completely blocked in the
direction of the stack axis, since it must still be
possible to move them during tightening and loosening
of the stack. On the other hand, the clip fastener 25,
26 must be capable of being loaded with tensile forces
in the plane at right angles to the stack and to the
cooling-water tube, that is to say it must never flex

earlier than the latching-in fastener 18, 19 when
loaded in tension.

Overall, use of a ©plurality of moldings
according to the invention results in a semiconductor
clamped stack which 1is distinguished by simplified
design and has increased mechanical stability.
Furthermore, the replacement of defective power

semiconductor components is simplified, since rails and
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latching-in fasteners are provided for guiding and
holding them. The multifunctional holder according to

the invention may be produced easily and economically

as an 1injection-molded part.

Obviously, numerous modlfications and
variations of the present invention are possible in
light o©of the above teachings. It 1s therefore to be
understood that, within the scope of the appended

claims, the invention may be practiced otherwise than

as specifically described herein.
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CLAIMS:

1. A molding (10) comprising first holding means

(11) for holding a liquid-cooled heat sink (31), which
has at least one contact surface (33), and which 1is

used for cooling at least one power semiconductor

component (41l) having at least one flat electrode (42);

whereiln
the molding comprises second holding means (12, 13) for

holding the power semiconductor component (41),
which second holding means (12, 13) position the

electrode (42) of the power semiconductor component

(41) essentially such that it 1s superimposed alongside
the contact surface (33) of the heat sink (31).

2 . The molding as claimed 1n claim 1, wherein the
holding means (12, 13) have at least one fastener (18,
19) which latches in and can be detached again.

3. The molding as claimed in claim 2, wherein
guide means (16, 17) are provided for guiding a guide
el‘emen‘t‘ during 1nstallation and removal of the power
semiconductor component (41) which is connected to it.

q . The molding as claimed in claim 3, wherein the
guide means (16, 17) or the guide element are/is
designed in such a manner that, during removal of the
power semiconductor component (41), the electrode (42)
of the power semiconductor component 1is disconnected
from the contact surface (33) of the heat sink (31) by
a gulded movement which is not entirely in the plane of
the contact surface.

5. The molding as claimed in claim 4, wherein the
gulde means (16, 17) comprise grooves or rails (20).

6. The molding as claimed in claim 5, wherein the

guide element is a board (43), which 1is connected to

the power semiconductor component (41).
7. The molding as claimed in claim 6, wherein an
electrical contact apparatus (22) 1is provided for

supplying the drive unit (44) which is associated with

the power semiconductor component (41), is connected to
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....10_

a supply cable (23) and makes an electrical operative
connection with the drive unit, or 1interrupts this

connection, respectively, during 1installation and,

respectively, removal of the  power semliconductor
component.
8 . The molding as <c¢laimed in <c¢laim 7, whereiln

third holding means (14, 15) are provided for holding
at least one cooling liquid line (36, 37).

9. The molding as claimed in one of claims 1-8,
excluding 7, wherein said molding comprises a plastic
body produced using the injection-molding process.

10. Use of at least one molding as claimed 1in one
of «claims 1-9, for holding and <centering power

semiconductor components and heat  sinks in a

semiconductor clamped stack, in which a plurality of
power semiconductor components are arranged alternately
together with liquid-c¢ooled heat sinks, wherein the
molding itself 1is connected to at least one rod (33),
which runs parallel to the clamped stack, in such a

manner that the molding remains movable 1n the stack

direction.
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