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(54) Advanced cooling for power module switches

(57) A system 20 includes an electronic device 22, a heat spreader 30 with a vapor chamber 44 attached to a bottom
end of the electronic device 22, so that heat flows from the electronic device 22 to the heat spreader 30, and a heat sink
32 with microchannels 60 running through it attached to a bottom end of the heat spreader, so that heat from the heat
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Description

BACKGROUND

[0001] The present invention relates to cooling sys-
tems, and in particular, to a cooling system for use with
power module switches.
[0002] As technology is advanced, increased power
generation and distribution is required to support the
technology. This is especially true when wide bandgap
semiconductor devices are being used. Wide bandgap
devices can provide high power at small sizes. This is
beneficial for applications where space is limited and
weight needs to be kept at a minimum. While wide band-
gap devices can maximize power generation in small siz-
es, one problem that exists is that they operate at very
high heat fluxes. The high heat produced by the wide
bandgap devices can cause problems, as exposure to
high heat can limit the life and durability of the compo-
nents that are located by and around the wide bandgap
devices.
[0003] To transfer heat away from the high bandgap
devices, cooling systems exist that can be attached to
the high bandgap devices to transfer heat away from the
high bandgap devices and into an ambient. The cooling
systems currently being used include systems with mul-
tiple layers of materials stacked up through which the
heat can be transferred. One limitation of the currently
used cooling systems is the amount of thermal resistance
that exists between the layers of materials that are used.
Another limitation includes the differences in coefficients
of thermal expansion that exist between the layers. The
high mismatch in coefficients of thermal expansion of the
layers limits the life as the device, as the mismatch caus-
es thermo-mechanical fatigue which ultimately limits the
life of the system.

SUMMARY

[0004] According to the present invention, a system
includes an electronic device, a heat spreader with a va-
por chamber attached to a bottom end of the electronic
device, so that heat flows from the electronic device to
the heat spreader, and a heat sink with microchannels
running through it attached to a bottom end of the heat
spreader, so that heat from the heat spreader flows
through the heat sink and to an ambient.
[0005] A cooling system for a device, the cooling sys-
tem comprising a conductivity layer; a frame attached to
a bottom side of the conductivity layer; a wick structure
layer held inside the frame at a top end; a vapor cavity
held inside the frame below the wick structure layer; a
working fluid held inside the frame and moving between
the vapor cavity and the wick structure layer; and a heat
sink with microchannels running through it attached to a
bottom side of the frame.
[0006] A method for cooling a device includes trans-
ferring heat generated by a device through a conductivity

layer, spreading the heat through a heat spreader, trans-
ferring the heat from the heat spreader to a heat sink that
contains microchannels, and releasing the heat from the
heat sink into an ambient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1A is a front cross-sectional view of a cooling
system according to the present invention.
FIG. 1B is an exploded view of the cooling system
seen in FIG. 1A.
FIG. 2 is a front cross-sectional view of a heat
spreader portion of the cooling system seen in FIG.
1A.
FIG. 3 is a perspective cross-sectional view of a heat
sink portion of the cooling system seen in FIG. 1A,
taken along line 3-3 of FIG. 1A.
FIG. 4 is a front cross-sectional view of the cooling
system of FIG. 1A showing support posts in the cool-
ing system.
FIG. 5 is a front cross-sectional view of the cooling
system of FIG. 1A showing the heat transfer through
the cooling system.

DETAILED DESCRIPTION

[0008] In general, the present invention relates to an
advanced cooling system for power module switches.
The advanced cooling system includes a heat spreader
attached to a heat sink. An electronic device can be at-
tached to the cooling system and heat from the electronic
device can be transferred through the cooling system to
an ambient. The heat spreader includes a vapor chamber
that increases the amount of heat that can be transferred
from the device to the heat sink under a given tempera-
ture differential by utilizing a phase change working fluid.
The heat sink includes a plurality of microchannels run-
ning through it that offer very high heat transfer coeffi-
cients due to area enhancement and a heat transfer sub-
stance running through the microchannels.
[0009] FIG. 1A is a front cross-sectional view of cooling
system 20 according to the present invention. FIG. 1B is
an exploded view of cooling system 20 seen in FIG. 1A.
Cooling system 20 includes electronic device 22, inter-
face layer 24, heat spreader 30, heat sink 32, and con-
necting layer 34. Heat spreader 30 includes frame 40,
conductivity layer 42, and vapor chamber 44. Vapor
chamber 44 includes wick structure layer 50, vapor cavity
52, and working fluid 54. Heat sink 32 includes micro-
channels 60.
[0010] As seen in FIG. 1A, a bottom side of electronic
device 22 is attached to a top side of heat spreader 30
with interface layer 24. In the embodiment shown, elec-
tronic device 22 is a wide bandgap device constructed
out of a wide bandgap semiconductor, such as silicon
carbide or gallium nitride. In alternate embodiments,
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electronic device 22 can be any type of electronic device
and can be made out of any material that is capable of
being used as an electronic device. Interface layer 24
can be any material that is capable of holding electronic
device 22 on heat spreader 30, for instance a metal-
based material such as sintered silver. Further, interface
layer 24 can be placed between electronic device 22 and
heat spreader 30 with any suitable manufacturing proc-
ess, including soldering, sintering, or brazing. In the em-
bodiment shown, interface layer 24 is a soldered layer
that attaches electronic device 22 to heat spreader 30.
[0011] Heat spreader 30 includes conductivity layer
42, frame 40, and vapor chamber 44, including wick struc-
ture layer 50, vapor cavity 52, and working fluid 54. A
bottom side of conductivity layer 42 is connected to a top
side of frame 40 and wick structure layer 50. Conductivity
layer 42 is made out of copper-molybdenum-copper lay-
ers in the embodiment shown. In alternate embodiments,
conductivity layer 42 can be made out of any material
that is capable of transferring heat from electronic device
22 to vapor chamber 44. Conductivity layer 42 is used to
spread the heat that is entering cooling system 20 from
electronic device 22. Conductivity layer 42 can be further
used for electrical conduction with electronic device 22.
[0012] A top side of frame 40 is connected to a bottom
side of conductivity layer 42. A bottom side of frame 40
is connected to connecting layer 34 to connect heat
spreader 30 to heat sink 32. Frame 40 houses vapor
chamber 44, including wick structure layer 50, vapor cav-
ity 52, and working fluid 54. In the embodiment shown,
frame 40 is constructed out of copper and is brazed to
conductivity layer 42 and connecting layer 34. In alternate
embodiments, frame 40 can be made out of any suitable
material and can be manufactured with any suitable man-
ufacturing process.
[0013] Vapor chamber 44 is held inside frame 40 un-
derneath conductivity layer 42. Vapor chamber 44 in-
cludes wick structure layer 50 held inside frame 40 at a
top end of frame 40. Wick structure layer 50 is a porous
material that is capable of wicking and holding working
fluid 54 in both liquid form and vapor form. Wick structure
layer 50 is made out of sintered copper particles in the
embodiment shown, but can be made out of any material
that is capable of wicking fluid, including copper mesh.
A top side of wick structure layer 50 is connected to a
bottom side of conductivity layer 42 for heat conduction.
Vapor cavity 52 is held inside frame 40 at a bottom end
of frame 40. Vapor cavity 52 is an empty space that is
capable of containing working fluid 54 in both liquid form
and vapor form. Working fluid 54 is contained in vapor
chamber 44, including both wick structure layer 50 and
vapor cavity 52. Working fluid 54 is a two-phase change
material that will vaporize when heated and condense
when cooled. Working fluid 54 moves between wick
structure layer 50 and vapor cavity 52 to transfer heat
from conductivity layer 42 through vapor chamber 44 to
heat sink 32.
[0014] A bottom side of heat spreader 30 is attached

to a top side of heat sink 32 with connecting layer 34.
Connecting layer 34 can be any material that is capable
of holding heat spreader 30 and heat sink 32 together.
Further, connecting layer 34 can be placed between heat
spreader 30 and heat sink 32 with any suitable manufac-
turing process, including soldering, sintering, or brazing.
In the embodiment shown, connecting layer 34 is a cop-
per layer that is direct-bonded to heat sink 32 and brazed
to heat spreader 30.
[0015] Heat sink 32 is made out of a ceramic material,
such as aluminum nitride or silicon nitride, in the embod-
iment shown. In alternate embodiments, heat sink 32 can
be constructed out of any suitable material. Heat sink 32
transfers heat from heat spreader 30 to an ambient. Heat
sink 32 includes a plurality of microchannels 60. Micro-
channels 60 run from a first side of heat sink 32 to a
second side of heat sink 32. Microchannels 60 are ca-
pable of containing a heat transfer substance to facilitate
heat transfer through heat sink 32. The heat transfer sub-
stance that is held in microchannels 60 can include a
two-phase change substance, such as a refrigerant, that
is capable of transforming between a vapor when heated
and a liquid when cooled. The heat transfer substance
can also include a single-phase liquid or vapor fluid that
flows through microchannels 60. The heat transfer sub-
stance can be moved through microchannels 60 with a
variety of processes, including a fan, a liquid pump, or
other technologies that produce fluid motion, such as
electro-hydro-dynamics. To pump the substance through
microchannels 60, the first side of heat sink 32 is con-
nected to a fluid supply and the second side of heat sink
32 is connected to a fluid return, which can include a
tube, a drain, or any other fluid return. The heat transfer
substance that is passed through each microchannel 60
picks up the heat that is transferred through heat sink 32
and transfers it out of cooling system 20.
[0016] In the embodiment shown in FIG. 1A, conduc-
tivity layer 42 and heat sink 32 are constructed out of
materials that have a similar coefficient of thermal ex-
pansion as that of electronic device 22. This will reduce
the coefficient of thermal expansion mismatch between
electronic device 22, heat spreader 30, and heat sink 32,
which will reduce the thermo-mechanical stresses on
cooling system 20. The reduction in thermo-mechanical
stresses and thermo-mechanical fatigue experienced by
cooling system 20 will improve the life, effectiveness, and
reliability of cooling system 20.
[0017] Cooling system 20 as seen in FIG. 1A is an im-
provement over the prior art, as it reduces the number
of interface layers required to connect the different layers
of the system. This reduction in interface layers will re-
duce thermal resistance through the system and will yield
a more reliable cooling system. The reduction in interface
layers also makes cooling system 20 easier to manufac-
ture and reduces the cost of manufacturing cooling sys-
tem 20.
[0018] Cooling system 20 is advantageous, as it is able
to handle higher heat generating electronic devices, such
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as wide bandgap devices. Using cooling system 20 in
power module systems provides greater engineering
margins by allowing more heat to be transferred with a
given temperature difference. These engineering mar-
gins can be taken up with higher heat generating elec-
tronic devices, reduced device operating temperatures,
and/or increased coolant temperatures. Using higher
heat generating electronic devices is advantageous, as
these electronic devices are typically smaller in size and
weight. Reducing the size and weight of electronic de-
vices is beneficial in applications where space and weight
are limited. Reduced device operating temperature can
improve the lifetime of the device. Increased coolant tem-
perature can allow the device to operate in a wider range
of applications and environments. Overall, cooling sys-
tem 20 reduces the thermal resistances seen in prior art
applications and increases the reliability and effective-
ness of cooling system 20.
[0019] Currently used power module packages attach
an electronic device to a power module system that in-
cludes a ceramic layer between two direct bonded copper
layers that are attached to a copper thermal spreader
and a cold plate. These power module packages consist
of materials with significantly different coefficients of ther-
mal expansion, with a mismatch up to 200%. The present
application reduces the coefficient of thermal expansion
mismatch to 100%, resulting in a significant power mod-
ule life increase. Further, the present application reduces
the junction-to-ambient thermal resistance (or tempera-
ture drop) by 50% over currently used packages, thus
improving the maximum heat flux of power module
switches by greater than two times over currently used
packages. The power module reliability will also be en-
hanced by a factor greater than four times due to a two
times reduction in thermal resistance and a two times
improvement in coefficient of thermal expansion match
between an electronic chip and its carrier.
[0020] FIG. 2 is a front cross-sectional view of heat
spreader 30 of cooling system 20. Heat spreader 30 in-
cludes frame 40, conductivity layer 42, and vapor cham-
ber 44. Vapor chamber 44 includes wick structure layer
50, vapor cavity 52, and working fluid 54. Wick structure
layer 50 includes sintered particles 56 and liquid menis-
cus curvature 58.
[0021] Conductivity layer 42 is held on a top end of
heat spreader 30. A top side of frame 40 is connected to
a bottom side of conductivity layer 42. Frame 40 holds
vapor chamber 44, including wick structure layer 50, va-
por cavity 52, and working fluid 54. Conductivity layer 42
can be attached to an electronic device, and will spread
heat from the electronic device through conductivity layer
42. This heat will then transfer to vapor chamber 44. Va-
por chamber 44 can transfer an increased amount of heat
through heat spreader 30 due to the use of working fluid
54. Vapor chamber 44 will further spread the heat coming
from the electronic device through cooling system 20.
[0022] Vapor chamber 44 includes wick structure layer
50 at a top end and vapor cavity 52 at a bottom end. Wick

structure layer 50 is sintered copper particles in the em-
bodiment shown, but can be made out of any material
that is capable of wicking working fluid 54. In FIG. 2,
sintered particles 56 are shown running along a bottom
end of wick structure layer 50. Sintered particles 56 are
scaled to a visible size in FIG. 2, but could be microscopic
in size in application. Vapor cavity 52 is an empty space
held in frame 40 below wick structure layer 50 and the
bottom side of heat spreader 30 (which is capable of be-
ing attached to heat sink 32, as seen in FIG. 1A). Vapor
chamber 44 also contains working fluid 54. Working fluid
54 flows between wick structure layer 50 and vapor cavity
52, and is capable of transforming between a liquid state
and a vapor state as it is heated and cooled. Working
fluid 54 forms liquid meniscus curvature 58 around sin-
tered particles 56 along the bottom of wick structure layer
50 when it is in liquid form in wick structure layer 50.
Liquid meniscus curvature 58 is scaled to a visible size
in FIG. 2, but could be microscopic in size in application.
[0023] Working fluid 54 is initially in a liquid state when
it is held in wick structure layer 50. As heat is transferred
into wick structure layer 50 from conductivity layer 42,
working fluid 54 will be heated and will vaporize. Vapor-
ized working fluid 54 will then flow out of wick structure
layer 50 to vapor cavity 52. As the vaporized working
fluid 54 reaches a bottom side of vapor cavity 52 it will
contact heat sink 32 (as seen in FIG. 1A). The heat will
then transfer out of working fluid 54 and into heat sink
32, which will cause working fluid 54 to condense back
to liquid form. Liquid working fluid 54 can then move to-
wards frame 40, as indicated by flow path A in FIG. 2.
When liquid working fluid 54 reaches frame 40, it will be
transported up the sides of frame 40 into wick structure
layer 50, as indicated by flow paths B located on either
side of vapor cavity 52 along frame 40. Working fluid 54
moves towards frame 40 and up into wick structure layer
50 due to capillary forces. The capillary forces are gen-
erated due to liquid meniscus curvature 58 formed in wick
structure layer 50. Since the capillary forces are dominant
over viscous forces and gravity at small length scales,
the liquid wicking action from heat sink 32 to electronic
device 22 is nearly independent of the device orientation.
[0024] The use of vapor chamber 44 in heat spreader
32 is advantageous, as it increases the amount of heat
that can be transferred from conductivity layer 42 to heat
sink 32. Working fluid 54 can efficiently transfer heat
through vapor chamber 44, which increases the reliability
of cooling system 20. Further, using vapor chamber 44
in cooling system 20 reduces the number of other com-
ponents required to transfer heat through the cooling sys-
tem, which reduces the cost, size, and manufacturing
difficulties present with prior art systems. Additionally,
vapor chamber 44 is advantageous, as it can increase
heat transfer through cooling system 20 regardless of
the orientation of cooling system 20, as it is nearly inde-
pendent of acceleration and gravitational forces.
[0025] FIG. 3 is a perspective cross-sectional view of
heat sink 32 of cooling system 20, taken along line 3-3
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of FIG. 1A. Heat sink 32 includes a plurality of microchan-
nels 60. Heat sink 32 is made out of a ceramic material
in the embodiment shown, but can be constructed out of
any suitable material in alternate embodiments.
[0026] As seen in FIG. 3, microchannels 60 run through
heat sink 32 and extend from a first side of heat sink 32
to a second side of heat sink 32. In the embodiment
shown, microchannels 60 are rectangular shaped and
have a width between 0.05 millimeters (0.002 inches)
and 5.0 millimeters (0.197 inches). In alternate embodi-
ments, microchannels 60 can be made any shape (in-
cluding circular, triangular, or trapezoidal shaped) and
any size that is capable of transferring heat from heat
spreader 30 to an ambient. The number of microchannels
60 running through heat sink 32 will depend on the size
of heat sink 32 and the size of microchannels 60. The
configuration and arrangement of microchannels 60 in
heat sink 32 can vary depending on the construction and
use of cooling system 20.
[0027] As heat is transferred through cooling system
20, the heat will dissipate through heat sink 32 and into
microchannels 60. Microchannels 60 include a heat
transfer substance such as a refrigerant, water, or die-
lectric liquid. These materials include both two-phase
change materials, that vaporize when they are heated
and condense when they are cooled, and single-phase
materials in either liquid or vapor form. In the embodiment
shown, microchannels 60 include a two-phase change
refrigerant. The refrigerant will begin to be heated when
it enters microchannels 60 at the first side of heat sink
32. The refrigerant will then flow through microchannels
60, as indicated by arrow C. As the refrigerant flows
through microchannels 60, it will be vaporized as it ab-
sorbs heat being transferred into heat sink 32 from heat
spreader 30. The refrigerant will then exit heat sink 32 at
the second end of heat sink 32, which will transfer heat
out of heat sink 32 and cooling system 20.
[0028] Utilizing heat sink 32 with microchannels 60 is
advantageous, as it increases the amount of heat that
can be reliably transferred through heat sink 32. This
increases the effectiveness and reliability of cooling sys-
tem 20 overall.
[0029] FIG. 4 is a front cross-sectional view of cooling
system 20 showing support posts 70 in cooling system
20. Cooling system 20 includes electronic device 22, in-
terface layer 24, heat spreader 30, heat sink 32, connect-
ing layer 34, and support posts 70A and 70B. Heat
spreader 30 includes frame 40, conductivity layer 42, and
vapor chamber 44. Vapor chamber 44 includes wick
structure layer 50, vapor cavity 52, and working fluid 54.
Heat sink 32 includes microchannels 60.
[0030] As described above, cooling system 20 in-
cludes electronic device 22 attached to heat spreader 30
with interface layer 24. Heat spreader 30 is then attached
to heat sink 32 with connecting layer 34. Heat spreader
30 includes conductivity layer 42 at a top end. A bottom
side of conductivity layer 42 is attached to a top side of
frame 40 and vapor chamber 44. Vapor chamber 44 is

held inside frame 40. Vapor chamber 44 includes wick
structure layer 50 at a top end and vapor cavity 52 at a
bottom end. Working fluid 54 is held in vapor chamber
44, and moves between wick structure layer 50 and vapor
cavity 52.
[0031] Support posts 70A and 70B are held in heat
spreader 30 and run through vapor chamber 44. A top
side of support posts 70A and 70B are attached to a
bottom side of conductivity layer 42. A bottom side of
support posts 70A and 70B are attached to a top side of
connecting layer 34. Support posts 70A and 70B can be
located at any position in vapor chamber 44 that allows
them to support vapor chamber 44. In the embodiment
shown, support posts 70A and 70B are located beneath
electronic device 22.
[0032] Support posts 70A and 70B help to ensure that
vapor chamber 44 is functioning properly. Vapor cham-
ber 44 needs to be supported so that no portion collapses
or otherwise fails. During operation when high tempera-
tures are being put on cooling system 20, vapor cavity
52 has a pressure that puts mechanical stress on cooling
system 20. Support posts 70A and 70B are used to en-
sure that cooling system 20 and vapor chamber 44 main-
tain mechanical integrity. If a portion of vapor chamber
44 were to collapse, the entire structure would be com-
promised, as the capillary forces that move working fluid
54 through vapor chamber 44 depend on the size and
structure of vapor chamber 44. If the capillary forces were
changed due to a collapse or failure of vapor chamber
44, working fluid 54 may not be able to travel between
wick structure layer 50 and vapor cavity 52, which would
affect the overall function of vapor chamber 44. Thus,
support posts 70A and 70B are advantageous, as they
can help to ensure that vapor chamber 44 is functioning
properly.
[0033] FIG. 5 is a front cross-sectional view of cooling
system 20 showing how heat is transferred through cool-
ing system 20. Cooling system 20 includes electronic de-
vice 22, interface layer 24, heat spreader 30, heat sink
32, and connecting layer 34. Heat spreader 30 includes
frame 40, conductivity layer 42, and vapor chamber 44.
Vapor chamber 44 includes wick structure layer 50, vapor
cavity 52, and working fluid 54. Heat sink 32 includes
microchannels 60.
[0034] Heat is produced by electronic device 22 and
transferred through interface layer 24 to heat spreader
30. As the heat is first transferred into heat spreader 30
it will pass through conductivity layer 42 and then through
vapor chamber 44. Conductivity layer 42 and vapor
chamber 44 will spread the heat through heat spreader
30, as seen by arrows D in FIG. 5. Spreading the heat
through conductivity layer 42 and vapor chamber 44 is
advantageous, as it will improve the overall effectiveness
of cooling system 20. The heat will initially be spread
through conductivity layer 42. As the heat reaches the
bottom of conductivity layer 42, the heat will be trans-
ferred to wick structure layer 50 in vapor chamber 44.
The heat will cause working fluid 54 that is held in wick
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structure layer 50 to vaporize, and the vaporized and
heated working fluid 54 will then move out of wick struc-
ture layer 50 to vapor cavity 52. Working fluid 52 will
moves downwards through vapor chamber 44 until it
reaches connecting layer 34 and heat sink 32, as indi-
cated by arrows D. As vaporized working fluid 54 reaches
heat sink 32, it will condense and the heat that was being
carried by vaporized working fluid 54 will be transferred
into heat sink 32, as indicated by arrows E. This process
of heat transfer from heat spreader 30 to connecting layer
34 will provide very small heat spreading resistance and
a uniform heat flux rejection area in connecting layer 34.
By rejecting the heat flux uniformly in connecting layer
34, heat sink 32 is utilized more effectively. Heat sink 32
contains microchannels 60. As the heat moves through
heat sink 32, it will transfer into microchannels 60. Micro-
channels 60 contain a heat transfer substance (for ex-
ample a refrigerant) that picks up the heat that is trans-
ferred into heat sink 32 from heat spreader 30. The sub-
stance in microchannels 60 will flow from a first end of
heat sink 32 to a second end of heat sink 32. In the em-
bodiment shown, the substance in microchannels 60 is
a two-phase change refrigerant. As the refrigerant flows
through microchannels 60 it will be vaporized by the heat
being transferred into heat sink 32 from heat spreader
30. Some of the heat will exit cooling system 20 when
the refrigerant held in microchannels 60 exits heat sink
32. Heat remaining in cooling system 20 after it has
passed through microchannels 60 can then transfer
through a bottom side of heat sink 32 into an ambient
surrounding heat sink 32.
[0035] Cooling system 20 increases the amount of heat
that can be transferred through cooling system 20 for a
given temperature difference by utilizing vapor chamber
44 and microchannels 60. Using vapor chamber 44 and
microchannels 60 also increases the reliability of cooling
system 20 by reducing the number of components that
need to be used in cooling system 20 to effectively trans-
fer heat from electronic device 22 to an ambient. The
reduction in the number of components required also
simplifies the manufacturing process and reduces the
cost of constructing cooling system 20. The reduced
number of components used by cooling system 20 also
reduces the number of interface layers that are required
to hold cooling system 20 together. Reducing the number
of interface layers that are used increases the effective-
ness of cooling system 20 by reducing the thermal re-
sistances between the components in cooling system 20.
[0036] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,

but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A system (20) comprising:

an electronic device (22);
a heat spreader (30) with a vapor chamber (44)
attached to a bottom end of the electronic device
(22), so that heat flows from the electronic de-
vice (22) to the heat spreader (30); and
a heat sink (32) with microchannels (60) running
through it attached to a bottom end of the heat
spreader, so that heat from the heat spreader
flows to the heat sink.

2. The cooling system of claim 1, wherein the micro-
channels (60) running through the heat sink (32)
have a width between about 0.05 millimeters (0.002
inches) and 5.0 millimeters (0.197 inches), and/or
wherein the microchannels (60) contain a refrigerant
that vaporizes when heated and condenses when
cooled.

3. The cooling system of any preceding claim 1, where-
in the heat spreader (30) further comprises:

a conductivity layer (42) held at a top end of the
heat spreader;
a frame (40);
a wick structure layer (50) held inside the frame
(40) at a top end;
a vapor cavity (52) held inside the frame (40)
below the wick structure layer (50); and
a working fluid (54) contained in the vapor cavity
(52) and wick structure layer (50);
wherein the wick structure layer (50), the vapor
cavity (52), and the working fluid (54) form the
vapor chamber (44).

4. The cooling system of claim 3, wherein the frame
(40) is attached to the heat sink (32) with a brazed
layer of copper, and/or wherein the wick structure
layer (50) is made out of a material selected from
the group consisting of sintered copper, copper
mesh, and combinations thereof.

5. The cooling system of claim 6, wherein the working
fluid (54) is water, and/or wherein the conductivity
layer (42) is made out of a copper-molybdenum-cop-
per structure.

6. The cooling system of any preceding claim, the cool-
ing system comprising:

a conductivity layer (42);
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a frame (40) attached to a bottom side of the
conductivity layer (42);
a wick structure layer (50) held inside the frame
(40) at a top end;
a vapor cavity (52) held inside the frame below
the wick structure layer;
a working fluid held inside the frame and moving
between the vapor cavity and the wick structure
layer; and
said heat sink (32) with microchannels (60) run-
ning through it attached to a bottom side of the
frame (40).

7. The cooling system of any preceding claim, and fur-
ther comprising:

a device attached to the cooling system.

8. The cooling system of any preceding claim, and fur-
ther comprising:

a plurality of support posts (70A, 70B) running
through the wick structure layer (50) and the va-
por cavity (52).

9. The cooling system of any preceding claim, wherein
the working fluid (54) flows in a loop from the vapor
cavity (52) to the wick structure layer (50) and back
to the vapor cavity (52).

10. The cooling system of any preceding claim, wherein
the microchannels (60) contain a refrigerant to in-
crease the amount of heat that can be dissipated
through the microchannels (60).

11. A method for cooling a device, the method compris-
ing:

transferring heat generated by a device through
a conductivity layer (42);
spreading the heat through a heat spreader (30);
transferring the heat from the heat spreader (30)
to a heat sink (32) that contains microchannels
(60); and
releasing the heat from the heat sink (32) into
an ambient.

12. The method of claim 11, wherein the heat spreader
comprises a wick structure layer (50), a vapor cavity
(52), and a working fluid (54), where the working fluid
(54) flows between the vapor cavity (52) and the wick
structure layer (50).

13. The method of claim 12, wherein the heat is ab-
sorbed by the working fluid (54) in the wick structure
layer (50) and flows to the vapor cavity (52) so that
the heat can be transferred to the heat sink.

14. The method of any of claims 11 to 13, wherein the
microchannels (60) contain a refrigerant.

15. The method of claim 14, wherein the refrigerant flows
from a first side of the heat sink (32) to a second side
of the heat sink (32) through the microchannels (60).
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