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SINGLE SWITCH BIRECT COOLING ASSEMBLIES AND RELATED

METHODS

BACKGROUND
1. Technical Field
[6081] Aspects of this document relate generally to semiconductor packages, such
as packages for semiconductor devices and associated circuitry. More specific

implementations involve fluid cooled semiconductor packages.

2. Backeround

{0002] Semiconductor packages have been devised to provide mechanical support
and electrical connections to a semiconductor die and associated components. Various
package types may also assist with protection of the semiconductor die from humidity and

other contaminants during operation.
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SUMMARY

{6003] Implementations of a dual sided cooling module may include a high side
module coupled over a low side module through a coupling heat sink at a first largest
planar surface of the high side module and at a first largest planar surface of the low side
module; a high side heat sink coupled at a second largest planar surface of the high side
module; and a low side heat sink coupled at a second largest planar surface of the low side
module. A single cooling fluid may contact the coupling heat sink, the high side heat sink,
and the low side heat sink.

{0004} Implementations of a dual sided cooling module may include one, all, or
any of the following:

{00905] The module may include electrical connectors extending from two ends of
the high side module and from two ends of the low side module.

{6006] The high side module and the low side module include a single switch.

{8097] The coupling heat sink may be directly coupled with the first largest planar
surface of the high side module and with the first largest planar surface of the low side
module,

j0008] The coupling heat sink may include folded fins.

[0009] The coupling heat sink, the high side heat sink, and the low side heat sink all
may include the same pin structure,

[0016] Atleast one of the coupling heat sink, the high side heat sink, and the low
side heat sink may include a different pin structure.

j0011} An enclosure may enclose the high side module, the low side module, the
high side heat sink, the low side heat sink, and the single cooling fluid.

{6012} Implementations of a single sided cooling module may include a high side

module directly mechanically coupled over a low side module through a coupling heat sink
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at a first largest planar surface of the high side module and at a first largest planar surface
of the low side module. The high side module and the low side module may be thermally
coupled only through the coupling heat sink.

[6813] Implementations of a single sided cooling module may include one, all, or
any of the following:

0014} The module may include electrical connectors extending from two ends of
the high side module and from two ends of the low side module.

[8018] The high side module and the low side module may include a single switch.

{0016} The coupling heat sink may include folded fins.

{0017} Implementations of a cooling assembly may include at least two single
swiich modules coupled into corresponding openings in a support frame; an upper jacket
coupled to the support frame; a lower jacket coupled to the support frame; a coolant inlet
coupled with the support frame; and a coolant outlet coupled with the support frame. Each
of the at least two single switch modules may include a high side module directly
mechanically coupled over a low side module through a coupling heat sink at a first largest
planar surface of the high side module and at a first largest planar surface of the low side
module.

[0018] Implementations of a cooling assembly may include, one, all, or any of the
following:

[6019] The support frame may include at least two flow pathways therein
configured to direct cooling fluid to the coupling heat sink of each of the at least two single
switch modules.

{0028} The lower jacket and the upper jacket may be coupled over the at Jeast two
single switch modules.

j0021] The assembly may be an immersion cooling module,

[
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[0022] The at least two single switch modules may be configured to be single side
cooled by a coolant passing from the coolant inlet to the coolant cutlet.

{8023] The at least two single switch modules may be configured to be dual side
cooled by a coolant passing from the coolant inlet to the coolant outlet.

[0024] The high side module and the low side module may be thermally coupled
only through the coupling heat sink.

[0025] The assembly may include: a high side heat sink coupled at a second largest
planar surface of the high side wodule; and a low side heat sink coupled at a second largest
planar surface of the low side module. A single cooling fluid may contact the coupling heat
sink, the high side heat sink, and the low side heat sink.

{0026] The foregoing and other aspects, features, and advantages will be apparent
to those artisans of ordinary skill in the art from the DESCRIPTION and DRAWINGS, and

from the CLAIMS.
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BRIEK DESCRIPTION OF THE DRAWINGS

{0027} Implementations will hereinafter be described in conjunction with the
appended drawings, where like designations denote like elements, and:

[B028] FIG. 1 s a perspective view of an implementation of a half bridge direct
cooling module with single side cocling;

[6829] FIG. 2 is a side view of the implementation of the half bridge direct cooling
module of FIG. 1

[0036¢] FIG. 3 is a perspective view of an implementation of a single switch direct
cooling module {single switch module) with single side cooling;

{0031} FIG. 4 13 a side view of the single switch module traplementation of FIG. 3,

[6832] FIG. S is a perspective view of an implementation of a half bridge direct
cooling module with dual side cooling;

[0033] FIG. 6 i3 a side view of the implementation of the half bridge direct cooling
module of FIG. 5;

[B8034] FIG. 7 is a perspective view of an implementation of a single switch direct
cooling module (single switch module) with dual side cooling;

[6835] FIG. 8 is a side view of the implementation of the single switch module of
FIG. 7;

j0036] FIG. 9 is a perspective view of an implementation of a half bridge direct
cooling module configured tor immersion cooling;

{0037} FIG 1018 a perspective view of a single swiich direct cooling module
{single switch module) configured for single side immersion cooling;

[0038) FIG. 11 is a side view of the half bridge direct cooling module

implementation of FIG. 9;
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[0039] FIG. 12 is a side view of the single switch module of implementation FIG.
10;

j0046] FIG. 13 15 a perspective view of another implementation of a half bridge
direct cooling module coufigured for immmersion cooling;

[6841] FIG. 14 is a perspective view of an implementation of a single switch direct
cooling module (single switch module) configured for dual side immersion cooling;

[0042] FIG. 15 is a side view of the half bridge direct cooling module
implementation of FIG. 13,

[6843] FIG. 16 1s a side view of the single switch module implementation of FIG.
14;

{0044] FIG. 17 is a perspective exploded view of three single switch module
implementations with single side cooling prior to being coupled with a support frame
implementation;

j0045] FIG. 18 1s a perspective view of a cooling assermbly implementation with
upper and lower jackets coupled over three single switch module implementations with
single side cooling and a support frame implementation;

0846 FIG. 19 is a perspective cross sectional view of the cooling assembly
implementation of FIG. 18;

[8047] FIG. 20 15 a perspective exploded view of a cooling assembly
implementation that includes three single switch module implementations with dual side
cooling showing upper and lower jacket implementations and a support frame
implementation;

[0048] F1G. 21 is a perspective assembled view of the cooling assembly

implementation of FIG. 20;
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[0049] FIG. 22 is a perspective exploded view of a cooling assembly
implementation that includes three single switch module implementations with dual side
cooling along with a trame implementation and upper and lower jacket implementations
with inlet and outlet portions;

[0056] FIG 23 is a perspective assembled view of the cooling assembly
implementation of FI(G. 22;

[0051] FIG. 24 is a perspective cross sectional view of the cooling assembly of
FIG. 23 and

{6852] FIG. 25 is a perspective assembled view of an alternative cooling assembly

using three single switch module implementations with single side cooling.
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DESCRIPTION

{0053} This disclosure, its aspects and implementations, are not limited to the
specific components, assembly procedures or method elements disclosed herein. Many
additional components, assembly procedures and/or method elements known in the art
consistent with the intended single switch direct cooling assemblies and related methods
will become apparent for use with particular implementations from this disclosure.
Accordingly, for example, although particular implementations are disclosed, such
implementations and implementing componenis may comprise any shape, size, style, type,
model, version, measurement, concentration, material, quantity, method element, step,
and/or the like as is known in the art for such single switch direct cooling assemblies and
related methods, and implementing components and methods, consistent with the intended
operation and methods,

[06854] Referring to FIG. 1, a perspective view of an implementation of a half
bridge direct cooling module 2 is illustrated with single side cooling via a folded fin heat
sink 4 coupled to a first largest planar surface ¢ of the module 2. FIG. 2 illustrates a side
view of the half bridge direct cooling module 2 showing the structure of the folded fin heat
sink 4. The half bridge direct cooling moduie 2 is electrically combined with another half
bridge direct cooling module 2 to form a single switch that may be used with, by non-
Himiting example, a direct current (DC) motor or an alternating current rootor (AC).
Because the half bridge direct cooling modules are cooled on only one side, when included
in a liquid cooling assembly, they are aligned side by side with their largest planar surfaces
oriented in parallel to allow the folded fin heat sinks 4 an equal opportunity to contact the
fluid flow. For asserablies that include three switches used in, by non-limiting example, a
three phase motor driver, six half bridge direct cooling modules are included which results

in the cooling assembly being six modules long and can result in a significant temperature
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rise down the length of the cooling assembly from the first module to the sixth module.
This causes cooling of the sixth module to be less efficient than for the first module due to
the cooling fluid temperature rise.

[6833] Referning to FIG. 3, an implementation of a sivgle switch direct cooling
module (single swiich module) 8 that is single side cooled using a folded fin heat sink 10 is
illustrated. Here the single switch module 8 includes high side module 12 and fow side
module 14, The high side module 12 includes the high side half bridge circuitry of the
switch and the low side module 14 includes the low side half budge cireuitry of the swiich.
While the semiconductor package implementations disclosed herein include semiconductor
devices and related circuitry used in switches, the mechanical and thermal structures and
principles disclosed herein can be applied with a wide variety of semiconductor
device/circuit types including, by non-limiting example, rectifiers, inverters, boost
converters, thyristors, lateral devices, metal oxide semiconductor field effect transistors
{(MOSFETs), insulated gate bipolar transistors (IGBTs), gallium nitride semiconductor
devices, silicon carbide semiconductor devices, gallium arsenide semiconductor devices, or
any other semiconductor device/circuit type where fluid cooling of a package using a heat
sink is desired.

[0056] Asillustrated in FIG. 3, the use of the single folded fin heat sink 10 to
directly couple the high side module 12 and fow side module 14 aliows the perimeters of
both modules to be substantially aligned over each other. Where, as in this
implementation, the high side module 12 and the low side module 14 are half bridge
modules that form a single circuit, this ability to overlap the perimeters of the modules can
allow for reducing a total length of a cooling assembly that includes the single switch
module. For example, where three single switch modules like those illustrated in FIG. 3

are included in a cooling assembly, the total length of the cooling assembly now only
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would need to be three modules long rather than six modules as with the half bridge direct
cooling module illustrated in FIGS. 1 and 2. In the implementation illustrated in FIG. 3
and referring to the side view illustrated in FIG. 4, the coupling heat sink 10 {a single
folded fin heat sink in this implementation) both mechanically and thermally couples the
high side module 12 and the low side module 14 together at a first largest planar surface 16
of the high side module 12 and at a first largest planar surface 18 of the low side module
14, While the use of a folded fin heat sink design is illustrated in FIGS. 3-4 and throughout
this document, this is only for convenience as many other heat sink designs could be used
in varicus implementations, including, by non-limiting example, pin fin heat sinks,
extruded heat sinks, bonded-fin heat sinks, skived heat sinks, or any other heat sink type
capable of mechanically and thermally connecting the high side module 12 and low side
module 14,

{00571 As tllustrated in FIGS. 3-4, various electrical connectors 20, 22, 24, extend
from two ends of the high side module 12 and the low side module 14, In the various
module implementations, the particular type, orientation, and point at which the electrical
connectors extend from the modules depend on the particular semiconductor
device/electrical circuit(s) included in the modules so a wide variety of electrical connector
types can be employed in varicus implementations.

[8058] Referring to FIG. 5, a perspective view of an implementation of a half
bridge direct cooling module 26 that has two folded fin heat sinks 28, 30 is illustrated, each
coupled to a largest planar surface of the module 26. FIG. 6 illustrates a side view of the
implementation oof FIG. 5. As with the half bridge direct cooling module 2 tllustrated in
FIGS. 1 and 2, while the use of the two folded fin heat sinks 28, 30 helps with increasing
heat transfer from the module, since the module 1s only half of the switch circuitry, the

tength of the cooling assembly will be about the same as when the modules of FIGS. 1-2
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are used. Furthermore, the increased ability to transfer heat from the half bridge direct
cooling module 26 due to the increased surface area of the two heat sinks may worsen
rather than improve the issue of increasing coolant temperature along the length of the
cooling assernbiy as the cooling fluid will experience enhanced heat transfer.

[0059] Referring to FIG. 7, an implementation of a single switch module 32 is
ilhustrated that incorporates dual side cooling. Like the single switch module
implementation 8 of FIGS. 3-4, the module 32 includes a high side module 34 and a low
side module 36 that are directly mechanically coupled through coupling heat sink 38,
Coupling heat sink 38 also thermally couples the high side module 34 and the iow side
module 36 at a first largest planar surface 40 of the high side module 34 and a first largest
planar surface 42 of the low side module 36 As illustrated in FIGS. 7 and 8, a high side
heat sink 44 is coupled to second largest planar surface 46 of the high side module 34. A
low side heat sink 48 is also coupled to a second largest planar surface 50 of the low side
module 36, As previously discussed, the high side module 34 and low side module 36
together form a single switch circuit. However, any of the semiconductor device and
circuit implementations disclosed in this document could be used in place of the high side
module and low side module in various package implementations.

[06060] While all three of the coupling heat sink 38, the high side heat sink 44, and
the low side heat sink 48 are illustrated to have the same structure (a folded fin design in
the implementation illustrated in FIGS. 7-8), they could be different heat sink designs in
various implementations. For example, the coupling heat sink 38 could have one pin
structure while the hugh side heat sink 44 and low side heat sink 48 could use another pin
structure. Alternatively, all three heat sinks could use different pin structures. Any of the
heat sink types and pin structures disciosed in this document could be used for the coupling

heat sink 38, the high side heat sink 44, or the low side heat sink 48.
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0061} The previously discussed module types are used in a cooling system where
flowing coolant contacts the surfaces of the modules. As the flowing coolant in these
systems often 1s electrically conductive (like water) and may contain corrosive 1ons or
other chemicals, the semiconductor components of the modules are enclosed/encapsulated
in mold compounds or other protective films. In immersion cooling systems, however, as
the coclant is not electrically conductive and does not contain appreciable amounts of
corrosives or other conductive materials, the need to encapsulate the modules may not be
needed and may be avoided to increase heat transfer effects to the coolant. Accordingly,
the various semiconducter die and other components remain exposed to the coolant.

[0062] FIG. 9 illustrates a half bridge direct cooling module 52 that does not
include encapsulant and which shows various semiconductor die 54, 56 therein. This half
bridge direct cooling module 52 will be placed into an immersion cooling assembly along
with other similar modules. Referring to FIG. 11, a side view of the half bridge direct
cooling module of FIG. 9 is illustrated in more detail showing the semiconductor die 54, 56
and heat transfer plate 74 coupled thereto. Like the cooling assembly for the previously
discussed half bridge modules, in varicus implementations, the half bridge modules will be
placed side by side down the length of the immersion cooling assembly, with the result that
for an assembly that contains three switch circuits, the immersion cooling assembly will be
six half bridge modules long,

[0063] Referring to FIG. 10, an implementation of a single switch module 58 18
Hlustrated that is designed for use in an immersion cooling assembly. Here the high side
module 60 and the low side module 62 are coupled together at first ends 64, 66 and at
second ends 68, 70. In various implementations, they may be coupled together
mechanically using, by non-limiting example, a spacer and fasteners, mold compound,

clips, brackets, spacers and mold compound, or any other structure or system for
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mechanically coupling. Coupled between/to the high side module 60 and the low side
module 62 is coupling heat sink 72, In this implementation, the coupling heat sink 72 may
mechanically couple the high side module 60 and the low side module 62 together. In
other implernentations, the coupling heat sink 72 may work principally to thermally couple
the high side module 60 and the low side module 62 together. As illustrated in FIG. 10, the
coupling heat sink 72 is a folded fin heat exchanger, but in other implementations any other
heat exchanger tvpe/pin design disclosed herein may be employed. FIG 12 is a side view
of the single switch module 38 of FIG. 10 showing the coupling heat sink and how it is
coupled with heat transfer plates 76, 78 of the high side module 60 and low side module
62, respectively. Similar to the previously discussed single switch modules, various
electrical connectors 80, 82, 84 extiend from first ends 64, 66, and second ends 68, 70 o
allow the single switch module to be electrically coupled into the larger circuit of the
system the switch circuit is controtling. FIG. 10 also tllustrates how mold compound 86,
88 is used to couple the first ends 64, 66 and second ends 68, 70 together.

[0064] Referring to FIG. 13, another implementation of a half bridge direct cooling
module 90 designed for immersion cooling using dual cocling that includes an upper heat
transfer plate/slug 92 is tllustrated. The use of the upper heat transfer plate/slug 92 is used
to facilitate heat transfer from the top and bottom side of the module and in some
implementations, beat sinks ike those disclosed herein may be attached to the upper heat
transfer plate/slug 92 and a corresponding lower heat transfer plate/slug 94, FIG. 151sa
side view of the half bridge direct cooling module 90 of FIG. 13 showing the exposed
semiconductor die 96, 98 and the upper heat transfer plate/siug 92 and lower heat transfer
plate/slug 94.

{6063] Referring to FIG. 14, a perspective view of a single switch module 100

designed for use in an imnmersion cooling assembly is illustrated. As illustrated, the single



WO 2024/167577 PCT/US2023/084556

switch moduie 100 includes high side module 102 and tow side module 104 which are
coupled through coupling heat sink 106 (best illustrated in the side view of FIG. 16). High
side heat sink 108 is coupled to the high side module 102 and low side heat sink 110 i
coupled to the low side module 104, Similar to the single switch module 538 of FIG. 10, the
high side module 102 and {ow side module 104 implementations illustrated in FIGS. 14
and 16 are coupled together at their ends through an encapsulant/mold compound 112, 114
The single switch module 100 also includes electrical connectors 116, 118, 120 that extend
from the ends of the high side roodule 102 and low side module 104, Similar to the single
switch module 58 implementation illustrated in FIG. 10, because the perimeters of the high
side module 102 and the low side module 104 substantially overlap/are arranged over cach
other, three single switch modules can be placed side by side in about half the length of the
circuit equivalent number of half bridge modules {six). Because of this, the use of the
single side modules 58, 100 can significantly reduce the length of the immersion cooling
assemblies in which the modules are installed for the same switching capacity. Similar to
the half bridge module 90, exposed semiconductor die 122, 124 are included in cach of the
high side module 102 and the low side module 104,

j0066] The various single switch modules disclosed in this document, both single
side and dual side cooled, can be incorporated in various implementations of cooling
assemblies, both immersion cooling and flow cooling. Referring to FIG. 17, an
implementation of a support frame 126 is illustrated that includes openings 128 into which
single side direct cooled single switch modules 130 like those disclosed herein can
couple/attach. The support frame 126 contains a fluid inlet port 132 and fluid cutlet port
134 through which a cooling fluid enters and is directed through the coupling heat sinks
136 of the single side direct cooled single switch module 130, To retain and direct the

fluid through the coupling heat sinks 136 and referring to FIG. 18, an upper jacket 138 and
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fower jacket 140 are coupled over the single switch modules 130, forming a seal around the
modules and the flow of the cooling fluid. FIG. 19 shows a cross section of the cooling
assembly of FIG. 18 showing the direction of the cooling fluid flow from the fluid inlet
port 132 to the fluid outlet port 134 and the chavnel 142 in which the fluid flows between
the upper jacket 138 and lower jacket 140. In varicus implementations, the upper jacket
138 and lower jacket 140 can provide some additional thermal cooling for the single switch
modules 130.

[8067] While the support frame 126 1s Ulustrated in use with an upper jacket 138
and lower jacket 140 that couple over the support frame and the single switch modules 130,
in other implementations, as tlustrated in FIG. 25 with reference to FIG. 17, the jackets
may not be used, and the systern instead relies on a seal between the single switch modules
130 and the openings 128 of the support frame 126 to retain the cooling fluid as it flows
from the fluid inlet port 132 and fluid outlet port 134, In such an implementation, the
cooling of the cooling assembly takes place using almost entirely the cooling fluid itself
However, the weight of the cooling assembly can be reduced by not including the jackets.

[0068] For the dual side cooled single switch modules, similar structures can be
employed, but the use of the jackets is needed to form the flow passages around the high
side and low side heat sinks. Referring to FIG. 20, a perspective exploded view of a
cooling assembly 144 1s dlustrated that includes a support frame 146 that includes a flud
inlet port 148 and fluid cutlet port 150, The support frame 146 includes openings 152 into
which dual side cooled single switch modules 154 are coupled over which upper jacket 156
and lower jacket 158 are coupled. As illustrated, in this implementation, depressions 160
are provided in the upper jacket 156 and lower jacket 158 that accommodate the
dimensions of the high side heat sinks and low side heat sinks of the single switch modules

154 and provide fluid pathways for the cooling fluid to contact the high side and low side

e
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heat sinks. Referring to FIG. 21, the assembled cooling assembly of FIG. 20 1s illustrated
showing the overlapping relation between the upper jacket 156 and lower jacket 158 and
the fluid inlet port 148 and fluid outlet port 150 which allows fluid to flow into the
depressions in the jackets.

[0069] Referring to FIG. 22, ancther implementation of a cooling assembly 162 is
ilhustrated in an exploded view. As illustrated, a support frame 164 is included that shows
flow channels 166 that direct coolant to openings 168 therethrough. The design of the
support frame 164 s thicker than the frame 146 of FIG. 20 allowing the cooling water to
flow through the frame 164 rather than over the frame material as in the frame 146,
Because of the greater thickness of the frame 164, a separate inlet port 170 and outlet port
172 are coupled to the frame 164, Ag lusirated in the perapective view of the outlet
portion 172, the inside opening 174 s flared larger than the outside opening (and
178 and lower jacket 180 each include channels 182, 184 therein. FIG. 23 is a perspective
assembled view of the cooling assembly 162 showing how the thickness of the upper jacket
178 and lower jacket 180 are set to allow them to sit flush with the inlet port 170 and outlet
port 172.

[0078] Referring to the cross sectional view in FIG. 24, the effect of the flared
inside openings 174 and 186 is to allow cooling fluid to flow through the opemings 166 o
the support frame 164 and upwardly and downwardly into the channels in the upper jacket
178 and lower jacket 180. This permits cooling fluid to flow across the high side heat
sinks 190 and low side sinks 192 as well as the coupling heat sinks 194 of the dual side
cooled single switch modules 188,

{6071] Any of the cooling assemblies disclosed in this document could be used

with single switch modules designed for fluid flow cooling or immersion cooling. In
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various implementations of immersion cooled cooling assemblies, the immersion fluid may
be cycled through the cooling assembly similar to the fluid flow cooled implementations.
The chief difference between the two versions is the nature of the cooling fluid and
whether the semiconductor die are covered with a protective material to prevent direct
contact with the cooling fluid. The dual side cooled single switch modules 188 of cooling
assembly 162 are designed for immersion cooling. Accordingly, the cooling assembly 162
is designed for immersion cooling whether single phase or two phase cooling. Where two
phase unmersion cooling systems are employed, the two phase transition may take place
throughout the cooling assembly 162, In other implementations, the phase transition may
take place in a flash tank or other vessel coupled with the outlet of the of cooling assembly.
Any of a wide variety of immersion cooling system components may be emploved with the
various cooling assemblies disclosed herein. Similarly, any of a wide variety of flow
cooling system components (heat exchangers, etc.} may be employed with the varicus
cooling assemblies used for tlow cooling.

[6872] Asillustrated in the cross sections of the implementation of the cooling
assembly 162 of FIG. 24 and the implementation of the cooling assembly 143 of FIG. 19,
during operation a single cooling fluid contacts the coupling heat sink, high side heat sink,
and low side heat sink of each module. This is because each cooling assembly and dual
side cooled single switch module work together to direct flow of the same coolant
{timmersion or otherwise) over the heat sinks of each module. In this way, the need to
multiple flow paths through the same module or the use of multiple coolant streams is
avoided.

0073} In places where the description above refers to particular implementations
of single switch direct cooling assemblies and related methods and implementing

components, sub-components, methods and sub-methods, it should be readily apparent that
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a number of modifications may be made without departing from the spirit thereof and that
these implementations, implementing components, sub-components, methods and sub-
methods may be applied to other single switch direct cooling assemblies and related

methods.

18
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CLAIMS
What is claimed is:
L. A dual sided cooling module (32) comprising:

a high side module (34) coupled over a low side module (36) through a coupling
heat sink {38} at a first largest planar surface (40) of the high side module (34} and at a first
fargest planar surface (42} of the low side module (36);

a high side heat sink (44) coupled at a second largest planar surface (46) of the high
side module (34}, and

a low side heat sink (48) coupled at a second largest planar surface (50) of the low
side module (36);

wherein a single cooling fluid contacts the coupling heat sink (38), the high side
heat sink (44), and the low side heat sink (48).

2. The module of claim 1, further comprising electrical connectors (20, 22, 24)
extending from two ends of the high side module (34) and from two ends of the [ow side

module (36}

3. The module of claim 1, wherein the high side module (34) and the low side module

36) comprise a single switch.

4. The module of claim 1, wherein the coupling heat sink (38) is directly coupled with

the first largest planar surface (40) of the high side module (34) and with the first largest

planar surface (42) of the low side module (36).

S. The module of claim 1, wherein the coupling heat sink {(38) comprises folded fins.

19
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6. The module of claim 1, wherein the coupling heat sink (38), the high side heat sink

{44), and the low side heat sink (48) all comprise the same pin structure.

7. The module of claim 1, wherein at least one of the coupling heat sink (38), the high

side heat sink (44), and the low side heat sink {48) comprises a different pin structure.

3. The module of claim 1, wherein an enclosure encloses the high side module (34),
the low side module (36), the high side heat sink {44}, the low side heat sink (48}, and the

single cooling fluid.

9. A single sided cooling module (8) comprising:

a high side module (12} directly mechanically coupled over a low side module (14)
through a coupling heat sink (10) at a first largest planar surface (16) of the high side
module {12) and at a first Jargest planar surface (18) of the low side module (14);

wherein the high side module (12) and the low side module {14} are thermally

coupled only through the coupling heat sink (10).

10 The wmodule of claim 9, further comprising electrical connectors (20, 22, 24)
extending from two ends of the high side module (12} and from two ends of the low side

module (14},

11 The module of claim 9, wherein the high side module (12} and the low side module

(14) comprise a single switch.

N2
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12. The module of claim 9, wherein the coupling heat sink {10) comprises folded fins.
13. A cooling assembly comprising:

at least two single switch modules (130) coupled into corresponding openings {128}
in & support frame (126},

an upper jacket (138) coupled to the support trame {126},

a tower jacket (140} coupled to the support frame (126);

a coolant tolet (132) coupled with the support frame (126); and

a coolant cutlet (134} coupled with the support frame (126);

wherein each of the at least two single switch modules {130) comprises a high side
module (12) directly mechanically coupled over a low side module (14} through a coupling
heat sink (10) at a first largest planar surface {16} of the high side module (12) and at a first

largest planar surface (18) of the low side module (14}

14, The assembly of clairo 13, whereio the support frame (126) coruprises at least two
flow pathways therein configured to direct cooling fluid to the coupling heat sink (103 of

each of the at least two single switch modules (130},

IS. The assembly of claim 13, wherein the lower jacket (140) and the upper jacket

{138} are coupled over the at feast two single switch modules (130},

16. The assembly of claim 13, wherein the assembly (143} 1s an immersion cooling

module.
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17. The assembly of claim 13, wherein the at least two single switch modules (130} are
configured to be single side cooled by a coolant passing from the coolant inlet {132) to the

coolant outlet (134).

18, The assembly of claim 13, wherein the at least two single switch modules (154) are
configured to be dual side cooled by a coolant passing from the coolant inlet (148) to the

coolant outlet (150).

19. The assembly of claim 13, wherein the high side module (12) and the low side
module (14) are thermally coupled only through the coupling heat sink (10).
20 The assembly of claim 13, further comprising:

a high side heat sink (44) coupled at a second largest planar surface (46} of the high
side module (34); and

a low side heat sink (48) coupled at a second largest planar surface {50) of the low
side module {(36);

wherein a single cooling fluid contacts the coupling heat sink (38), the high side

heat sink {44), and the low side heat sink {48).



