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INTEGRATED LIQUID TO AIR CONDUCTION MODULE

Related Applications
This Patent Application claims priority under 35 U.S.C. 119 (e) of the co-pending

U.S. Provisional Patent Application, Serial No. 60/788,545 filed March 30, 2006, and entitled
“MULTI CHIP COOLING ”. The Provisional Patent Application, Serial 60/788,545 filed
March 30, 2006, and entitled “MULTI CHIP COOLING” is also hereby incorporated by

reference.

Field of the Invention
This invention relates generally to heat exchangers. More specifically, the present
invention relates to methods of and systems for cooling multi-chip using a combination of

liquid and air cooling structures.

Background of the Invention

Cooling current semiconductor structures presents significant challenges for
traditional cooling structures, such as fan-rnouhted heat sinks and heat pipes. For instance,
modern high performance processors have very high heat dissipation requirements, but
traditional cooling structures cannot satisfy these requirements. Fan-mounted heat Sinks
often do not move sufficient air quickly enough to cool a modern processor. Similarly, heat
pipes are limited in both the amount of heat they can dissipate and the distance they can
move the heat from the heat source. Hence, conventional cooling techniques that use heat
pipes or fan-mounted heat sinks are not adequate for cooling modern electronics.

These limitations are even more apparent with systems that incorporate multiple
electronic components, each generating heat. For example, high performance laptops are
increasingly used as replacements for desktop systems. These laptops integrate on a small
footprint many electronics components such as CPUs, graphics processors, and memory hub
controllers. System-level and component-level cooling solutions each has its drawbacks.

System-level solutions are sub-optimal because any solution optimized for one
system is necessarily sub-optimal for another system. Cooling solutions addressing cooling

on an individual component basis decreases the system reliability by requiring additional
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critical components, joints, and connections, failure of any one of which could cause a

system failure.

Summary of the Invention
Embodiments of the present invention provide more efficient cooling of systems that

contain multiple heat-generating electronic devices. In a first aspect of the present invention,
an integrated cooling system includes a first cooling structure stacked on top of a second
cooling structure. The first cooling structure is for circulating a first cooling medium, and
the second cooling structure is for circulating a second cooling medium different from the
first medium. In one embodiment, the system includes a fluid path in the first cooling
structure. The fluid path contains a microchannel structure. Preferably, the first cooling
medium is water and the second cooling medium is air.

Preferably, the fluid path includes a double-counter structure. The double-counter
structure is a multi-pass flow structure with the predominant flow path counter to that of the
flow in the second medium. The purpose of the multi-pass flow structure is spread the heat
over a larger area and to maximize the time during which the fluid is flowing under the air
fins and transferring heat. In one embodiment, the system also includes a pump coupled to
the fluid path,

In a second aspect of the invention, an integrated cooling system includes a first layer,
a second layer, and a pump. The first layer is coupled to the second layer. The first layer has
a contact area configured for coupling to a heat source and has a fluid path adjacent to the
contact area. The second layer has a plurality of air fins. The pump is coupled to the fluid
path and forms a closed path for circulating a fluid through the first layer.

Preferably, the second layer seals to the first layer to provide an inner surface of the
fluid path. In one embodiment, the fluid path has a fluid contact area with the second layer
that is greater than two times the contact area of the first layer with the heat source.
Preferably, the first layer and the second layer both have a thermal conductivity of at least 15
W/(mK) or greater.

In one embodiment, the fluid path contains a plurality of fluid fins that are
substantially equally spaced over the contact area. Preferably, the fluid fins have a thermal
conductivity of 15 W/(mK) or greater and are evenly spaced.

Preferably, the system includes a heat source coupled to the contact area. The heat
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source can include one or more electronic devices. The fluid path includes a double-counter
structure. In some embodiments, the system includes a programmable controller coupled to a
temperature-sensing element within the fluid path. The programmable controller is
programmed to increase a fluid flow rate within the fluid path when the temperature-sensing
element detects an increase in temperature. Altematively; or additionally, the programmable
controller is programmed to increase the air-mover speed when the detected temperature
increases and decrease the air-mover speed when the temperature decreases.

In one embodiment, the direction of fluid pumping from the inlet to the outlet where
the fluid has cooled the more before reaching the pump. Typically, this fluid flow direction
is where the flow-path distance is the longest from a port and the highest dissipation heat
source.

In another embodiment, the system also includes a fluid reservoir coupled to or within
the fluid path, preferably coupled to the pump.

Preferably, the first layer includes an enclosure that forms at least one airflow channel
and at least one air-mover coupled to at least one airflow channel. The air fins within the
channel have a shape that can be, but not limited to, folded, pin, hexagonal, airfoil, ruffled,
herringbone, lanced, louvered, or any combination of these.

In a third aspect of the invention, an integrated cooling system includes a first layer, a
plurality of fluid fins, a second layer coupled to the first layer, a plurality of pin and folded
air fins, an air-mover, a heat source; a pump, and a programmable controller. The first layer
has a first side containing a contact area for coupling a heat source adjacent to it. The first
layer contains a fluid path adjacent to the contact area and a heat-transfer area adjacent to the
second layer having an area greater than two times the contact area. The fluid path contains a
double-counter flow path structure adjacent to at least a portion of the heat source. The first
layer has a thermal conductivity of at least 15 W/mK.

The plurality of fluid fins are placed in the flow path over the heat source which
includes the double-counter flow path. The fins are evenly spaced and thermally conductive
with the first layer contact area, with the fluid in the fluid path, and with the second layer.
The fluid fins have a thermal conductivity of at least 15 W/mK.

The air fins coupled to the second layer are covered with an enclosure to create one or
more air channels. A channel divider, the air fins shape, and the placement of the air fins

control the rate and direction of a cooling airflow.
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Preferably, the second layer seals to the first layer to provide an inner surface of the
fluid path. In one embodiment, the flow path is optimized to maximize cooling of each
electronic device. In another embodiment, the flow path is optimized to minimize the

.temperature of each electronic device. In yet another embodiment, the flow path is optimized
to maximize the cooling of a selected electronic device.

The programmable controller is connected to the air-mover and the pump in a manner
where it controls the speed of the pump and air-mover. In one embodiment, the
programmable controller controls the pump flow rate and air-mover rate. The programmable
controller includes the ability to take temperature measurements from a location on the first
layer or second layer assembly. The controller can be integrated with the mother board and
use information provided by the chips to control the air movers and pumps. The controller
uses the temperature information to control the pump flow rate and the air-mover rate
including the state of the pump and air-mover.

In a fourth aspect of the invention, a method of manufacturing an integrated cooling
system is disclosed. In the manufacturing method, a first layer is provided with a first side
configured with coupling areas for one or more electronic devices and a second side
configured to seal with a second layer. The first structure has a fluid path configured to
channel fluid from an inlet to an outlet where the fluid path passes over the coupling area for
the heat source. Preferably, the flow path éontains fluid fins over the coupling areas for the
electronic devices. In another embodiment, the flow path has a double-counter flow structure
over a coupling area. In another embodiment, the flow path has a mirochannel plate
assembly.

As another step in the manufacture of the cﬁrrent invention, second layer for
circulating a cooling medium is provided and sealed to the first layer. Attached to the second
layer is a plurality of air fins. Additionally, all or part of the air fins can be mounted to or
formed as an integral part of the second layer.

In another of the manufacturing steps, a pump is coupled to the fluid path forming a
closed flow path. In another of the manufacturing steps, a programmable controller is
attached to the pump.

Preferably, the seal between second layer and the first layer defines an inner surface
of the closed fluid path. In one embodiment, the fluid path contact area between the first and

second layer is greater than the contact areas with the electronic devices. Preferably the
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materials from which the first and second layer are formed have a thermal conductivity of 15
W/(mK) or greater. In some embodiments the programmable controller has a means for
measuring a temperature, controlling a fluid flow rate of the pump. Preferably the
programmable controller will increase fluid flow rate when the temperature increases and
decrease the rate when the temperature drops. In another embodiment, the pump is turned on
when the temperature exceeds a specific temperature and turned off when the temperature
falls below a specific temperature.

In other embodiments the pump inlet is coupled to the port that has the longest flow-
path distance between the port and the highest dissipation heat source.

In another embodiment, a reservoir is coupled to the flow path.

Brief Description of the Drawings

Figure 1 shows an integrated cooling system, including a heat rejector assembly,
according to a first embodiment of the invention.

Figure 2 is an exploded phantom view bf the heat rejector assembly of Figure 1.

Figure 3 is a top cross-sectional view of the cold-plate assembly of Figure 1, showing
fluid channels over multiple heat sources.

Figure 4 is a perspective view of an integrated cooling system for a computer card
according to a second embodiment of the invention.

Figure 5 is a top cross-sectional view of the cold-plate assembly of Figure 4 showing
macro channels and the microchannels for the cooling of a processor and memory chips.

Figure 6 is a side cross-sectional view of the cold-plate assembly and heat-rejector
assembly of Figure 4 showing a microchannel subassembly joined to macro channel base
through a hole in the cold plate.

Figure 7 is a flow chart for fabricating an integrated cooling system in accordance

with the present system.

Detailed Description of the Present Invention

Embodiments of the present invention are directed to integrated cooling systems in
which a liquid-based cold-plate assembly and an air-based heat exchanger (a heat rejector

assembly) are configured as an integrated unit. Integrated cooling systems in accordance
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with the present invention advantageously improve system reliability, improve the ability to
cool multiple electronic components with one system, and reduce cost.

In one embodiment of the invention, fluid-cooled and air-cooled heat exchangers are
stacked on top of each other, above a heat-generating device, thereby more efficiently
cooling the heat-generating device.

In another embodiment, a cooling fluid path includes a double-counter flow structure.
In a this structure, the fluid path includes a first segment that “doubles back,”or changes
direction by 180 degrees along a second segment adjacent to the first. The fluid path then
repeats this pattern of doubling back any number of times. In this way, the time in which the
fluid flow is adjacent to the heat source is maximized, thus increasing the transfer of heat.
Further, the predominant flow direction of the first fluid is counter to that of the flow
direction of the second fluid.

In still another embodiment, the system includes a first contact for coupling to a heat
source and a second contact area for dissipating heat. Preferably, the second contact area is
greater than the first contact area. '

Figure 1 is a perspective view of a preferred embodiment of an integrated cooling
system 100 for cooling a laptop computer according to a first embodiment of the present
inventipn. The cooling system 100 includes a cold-plate assembly 130 coupled to a heat-
rejector assembly 120, thereby forming an integrated cold-plate heat-rejector assembly. One
surface of the heat-rejector assembly 120 is adjacent to the cold-plate assembly 130 and
forms a top plate and seals to the cold-plate assembly 130. The integrated cold-plate heat-
rejector assembly overlies and thus cools first, second, and third électronic devices 140-142,
respectively. _

The heat-rejector assembly 120 includes air vents 125-127, all fluidly coupled to a
cooling fan 110. The cold-plate assembly 130 includes an inlet 170 and outlet 180 fluidly
coupled to the flow path 315. Coupled to the inlet 170 and outlet 180 is a pump 150. The
pump 150, integrated cold-plate 130 heat-rejector 120 assembly , and reservoir 160 thus form
a closed loop fluid path.

The cooling fan 110 generates an airflow 115 entering the vent 127 and passing
through the heat-rejector assembly 120. Additional fans (not shown) can be attached to the
heat-rejector assembly 120 and generated additional an air flow through vent 128. The

airflow 115 exits the heat-rejector assembly 120 out the vents 125 and 126 as heated exhaust
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116. The vents 125, 126 and 127 are preferably formed in the heat-rejector cover 260 and
define one or more air channels through the heat-rejector assembly 120.

The fluid path 315 starts with the pump 150 outlet and enters the inlet 170 to the cold-
plate assembly 130. The fluid path 315 passes adjacent to a first electronic component 140
where the path 315 has an area over the electronic device 140 that preferably is substantially
equal to the coupling area of the device. The fluid path then enters into a double-counter
flow structure 340. The double-count ﬂoW structure 340 overlies the electronic device 141
and has an area that is preferably substantially larger than the coupling area of the underlying
electronic device 141. The path then passes adjaceni to a third electronic device 141 where
the flow path 315 is sized to have an area greater than the coupling area for the electronic
device 141. The flow path 315 exits the cold-plate assembly 130 at the outlet 180. The
outlet 180 couples to the reservoir 160 where the reservoir is coupled to the pump 150 inlet.
Although Figure 1 depicts the inlet 170 and outlet 160 originating from the cold-plate
assembly, it will be appreciated that the location of the inlet 170 and outlet 160 can be
through the heat-reject assembly 120 or any combination of the two.

A controller 155 is coupled to the fan 110, to the pump 150, and to a temperature-
sensing element 156. The temperature-sensing element 156 is coupled to and thus monitors a
temperature of the cold plate 130. In operation, the controller 155 is programmed to sense
the temperature of the cold plate 130 sensed by the temperature-sensing element 156 and, in
response, control the pump 150, the fan 110, or both. As one example, when the temperature
of the cold plate 130 is above a predetermined threshold value, the controller 155 turns on the
pump 150 to thereby cool the cold plate 130, turns on the fan 110 to thereby cool remove
heat through the vents 125 and 126, or to turn on both the pump 150 and the fan 110. When
the temperature of the cold plate 130 falls below a threshold value, the pump 150, fan 110, or
both are tumed off. While Figure 1 depicts the temperature-sensing element 156 coupled to
the cold-plate assembly 130, alternatively it can be coupled to the heat-rejector assembly 120
or integrally formed as part of one or more of the electronic chips 140-142.

In operation, the heat sources 140-142 each generate heat that radiates into the cold
plate 130. The pump 150 pumps fluid from the reservoir 160, to the inlet 170, along the flow
path 315 that includes the double-counter flow structure 340, and to thé outlet 180. While
above the heat sources 140-142, the fluid absorbs heat conducted from the heat sources 140-

142 into the cold plate 130. The heated fluid moves the heat around the cold plate 130 where
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it is transported to the heat-rejector assembly 120. The heat-rejector assembly 120 then
conducts the heat into the air flowing from vents 127 and 128 to the exit vents 125 and 126.
The temperature within the cold plate 130 is monitored by the temperature sensing element
156 and used by the controller 155 to control the pump 150, the fan 110, or both.

As described in detail below, heat is removed efficiently by (a) positioning the heat
sources 140-142 adjacent to the flow path 315, (b) thermally coupling the electronic devices
140-142 to their respective contact areas, (c) selecting a size of the flow path to correspond to
the contact area of a heat source, or (c) selecting a combination of these.

Figure 2 illustrates an exploded phantom view of the heat-rejector assembly 120
(Figure 1). The base of the heat-rejector assembly 200 consists of a rejector plate 201, folded
air fins 230 and pin air fins 231 coupled to the rejector plate 201, an air channel divider 250,
and a cover 260 with air intake vents 127 and 128 and exit vents 125 and 126.

The rejector plate 201 forms a fluid tight seal with the cold-plate assembly 130
(Figure 1). Folded air fins 230 and pin air fins 231 are ﬁlounted to the rejector plate 201 or
formed as an integral part of the rejector plate 201.

In operation, the cover 260 preferably forms two air channels through the air fins., Air
is forced, from the vents 127 and 128 by the fan 110 (Figure 1) and exits the vents 125 and
126. The folded air fins 230 and pin air fins 231 conduct heat from the rejector plate 201 and
into the ambient environment, in this case the air within the air channels. However, air fins
cause a back pressure impeding the air flow 115 (Figure 1). Because more back pressure is
caused by the folded air fins 230, they are not used over the entire rejector plate 201. Part of
the rejector plate 201 surface has pin air fins 231 attached to the heat-rejector plate 201.
These pin air fins 231 function to accomplish the same goal as the folded air fins 230, though
less efficiently but causing less back pressure. The pin fins 231 conduct heat from the
rejector plate into the ambient environment and control the air flow 115 (Figure 1) within the
air channel.

Figure 3 illustrates a top view of the preferred embodiment of the cold-plate assembly
130. The cold-plate assembly 130 couples to the heat sources shown in phantom under the
cold-plate assembly 130. The heat sources shown represent a CPU 140, a memory hub
controller 141, and GPU 142, typical of a laptop design.

The cold-plate assembly contains a fluid path 315 from the inlet 170 through the three
flow path structures 330, 340, and 350 and to the outlet 180. The inlet 170 and outlet 180 are
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coupled to a pump 150 (Figure 1) and reservoir 160 (Figure 1) and the flow of fluid through
the fluid path 315 is as described above for Figure 1. More details of the structures 330, 340,
and 350 are provided.

The flow path contains three fin structure, 330, 340, and 350. Each of these structures
330, 340 and 350 contains of a set of fluid fins 370 forming flow channels. Within the
structures 330, 340, and 350 the fins are substantially parallel and substantially evenly
spaced. It will be apparent that other orientations and other spacing are also contemplated.
The fluid fins 370 conduct heat from the heat source, into the fluid, and directly to the heat
rejector 120 (Figure 1). The fluid fins 370 provide several functions. First, the fluid fins 370
provide an even flow of fluid across the area adjacent to the heat source. Secondly, the fluid
fins 370 provide conduction of heat from the heat source 140, 141, and 142 into the fluid
within the fluid path 315. Thirdly, the fluid fins 370 are in thermal contact with the heat-
rejector assembly 120 (Figure 1), then the fluid fins 370 directly conduct heat to the heat
rejector assembly, 130 (Figure 1).

While figure 3 shows only one double-counter flow path over the electronic device
141, alternative embodiments of this invention can incorporate additional double-counter
flow paths over other heat sources. Further, the scope of this invention covers the use of
sequential double-counter flow paths or multiple double-counter flow paths that have parallel
flows or multiple double-counter flow paths that are placed in differing orientations. In an
alternative.embodiment, the fluid fin structure 330 can be a MCP (microchannel plate)
assembly.

Additionally, alternative embodiments can have fluid paths that pass adjacent to more or
fewer heat sources.

Figure 4 is a perspective view of an integrated cooling system 400 in accordance
with a second embodiment of the present invention. The integrated cooling system 400
includes a cold-plate assembly 410, coupled to the heat-rejector assembly 420, a pump 430,
and a fan 440. Air-fins 421 are coupled to the heat-rejector assembly 420.

The cold-plate assembly 410 contains a fluid path and fluid which is pumped though
the assembly 420 to distribute the heat generated by the heat source 460. The heat-rejector
420 is sealed to the cold-plate and defines an inner surface of the of the fluid path. A pump
430 is coupled to the fluid path though an inlet 431 and an outlet 432. The heat is conducted

to the heat-rejector assembly 420, to the air fins 421, and into the ambient air flow generated
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by the fan 440. Preferably an enclosure 450 covers the heat-rejector assembly 420 forming
an air channel. Attached to one end of the air channel is a fan 440 that either pulls or pushes
air through the air fins 421.

The pump 430 is any conventional pump, including but not limited to, an electro-
osmotic pump and a mechanical pump. The air fins 421 are illustrate;i as straight air fin but
the invention encompasses other air fin designs including but not limited to folded air fins.

Figure 5 illustrates a top view of the cold-plate assembly 410 of the second
embodiment of the present invention as shown in Figure 4. The cold-palate assembly 410
contains macro channels 540 and a MPC assembly. Fluid enters the inlet 431 flow and enters
the MCP assembly 530. The MCP assembly 530 is situated adjacent to a graphics processor
510 whicp is thermally coupled with the opposing side of cold-plate assembly 410. The fluid
is distributed to flow evenly through the microchannels 520 and then into a macro channel
540. The macro channel 540 follows a path that either is adjacent or partially adjacent to the
graphics memory 550 electronics. The graphics memory 550 is either in physical contact
with the cold-plate assembly 410 or thermally coupled to the cold-plate assembly 410.

In operation, the fluid, acts to dissipate the conducted heat over a larger area for
conduction into the environment, here the area of the heat-rejector assembly 420 (Figure 4).
The fluid exits the cold-plate assembly 420 through the port 570.

While a graphics processor is referenced in this illustration, this invention is
applicable to other computer cards such as but not limited to network processor, co-
processors and high heat dissipation electronic components.

Figure 6 illustrates a side view of the cold-plate assembly 410 and hea 600 in
accordance with a second embodiment of the present invention. A heat-rejector assembly
420 is coupled to the cold-plate assembly 410 forming an integrated cold-plate 410 and heat-
rejector 420 assembly 600. The cold-plate assembly 420 includes the MCP assembly 630.
This MCP assembly 630 is shown coupled to the cold-plate assemble 420 and as part of the
fluid path from the pump 430 (Figure 4) where fluid flows into inlet 431, through the
microchannel 630, and exits at the outlet 432, returning to the pump 430 (Figure 4).

Figure 7 is a flow chart for the fabrication 700 of the an integrated cooling system. In
. Step 710 a first layer is provide. The first layer has a first side where one or more heat

sources are thermally coupled with the first layer forming a contact area.
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Preferably, the provided first layer has a thermal conductivity of 15 W/(mK) or

_ greater. The first layer will be formed with a flow path. The flow path can be formed by any
method including but not limited to stamping, casting, milling, or chemical etching.
Preferably the flow path passes adjacent to the heat sources and is of sufficient size to
substantially cover the heat source contact area. Further, as part of the flow path, a double-
counter flow path is followed. In another embodiment the flow path does not have a double-
counter flow pattern in the flow path.

As part of step 710, the fluid fins are provided in the flow path 315 (Figure 1). The
fluid fins 370 (Figure 2) provide an even flow of fluid in the areas adjacent to the heat source.
Preferably, the fluid fins 370 (Figure 2) are provided over the areas adjacent to the heat
sources contact areas and within the double-counter flow area. Preferably, the fins are in
parallel to each other, evenly spaced, and formed out of a thermally conductive material to
conduct heat from the heat source contact areas to the fluid. Preferably, the fluid fins are
thermally coupled with second layer when the second layer is sealed to the first layer. The
fluid fins can be fabricated by machining processes including but not limited to casting,
stamping, milling, chemical etching, or any combination thereof. In one embodiment, the
fluid path can include a MCP assembly. The MCP structure is preferably formed on a
separate structure that is inserted into the flow path through an opening in cold-plate
assemble 410 (Figure 5). The MPC is sealed the first layer by a means not limited to brazing,
welding, gluing, or a gasket and a attachment means.

The step 720 provides a second layer that his coupled to the first layer. Preferably,
the second layer has a plate that seals to the first layer forming a closed fluid path. As part of
the second layer are air fins 230 and 231 (Figure 2). The air fins can be attached or be
formed into the plate 201 (Figure 2) that seals with the first layer . The air fins 230 and 231
(Figure 2) can include the types but are not limited to a hexagonal shaped, airfoil shaped,
ruffled, herringbone, lanced, louvered, or any combination thereof. Perferably, the thermal
conductivity of the air fins 230 and 231 (Figure 2), the plate 201 (Figure 2), is 15 W/(mK) or
greater. The seal between the cold-plate 120 (Figure 1) and the heat-rejector 130 (Figure 1)
can be formed by the means not limited to brazing, welding, gluing, or with a gasket. The air
fins 230 and 231 (Figure 2) are coupled by the method not limited to soldering, welding,

gluing, or any combination thereof.
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In the step 730, a pump 150 (Figure 1) is provided and coupled to the fluid path 315
(Figure 1) in the first layer 130 (Figure 1), 410 (Figure 4). The pump 150 (Figure 1) is
attached directly to the first layer 130 (Figure 1), 410 (Figure 4) or through tubing. In some
embodiments, the coupling of the pump 150 (Figure 1) is through the second layer plate 201
(Figure 2) that seals to the first layer. The provided pump 150 (Figure 1) can be but is not
limited to an electro-osmotic pump and a mechanical pump.

In step 740, one embodiment includes a programmable controller. The controller
includes means for measuring a temperature on either the first layer and the second layer.
The programable controller is electrically connected to the fan 110 (Figure 1) and the pump
150 (Figure 1).

For all embodiments of the present invention, the type of fluid used in the integrated
liquid-based cooling system is preferably water-based. Alternatively, the fluid within the
liquid-based cooling system is based on combinations of organic solutions including, but not
limited to, propylene glycol, ethanol, ethylene glycol, and isopropanol (IPA). The fluid used
in the liquid-based cooling system also preferably exhibits a low freezing temperature and
has anti-corrosive characteristics.

While the invention has been described with reference to numerous specific details,
one of ordinary skill in the art will recognize that the invention can be embodied in other
specific forms without departing from the spirit of the invention. For instance, the figures
and description refer to one embodiment without microchannels, replaced with fluid fins.
Another embodiment with only fluid fins. HO\;VSVBI‘, additional embodiments include
different numbers and types of semiconductor devices in various permutations. Hence, in
some embodiments only one or two semiconductor devices are present and/or require a heat
exchanger for cooling, while in other embodiments more than three semiconductor devices
are housed in a single chassis that requires cooling. Thus, one of ordinary skill in the art will
understand that the invention is not to be limited by the foregoing illustrative details, but

rather is to be defined by the appended claims.
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CLAIMS
What is claimed is:
1. An integrated cooling system comprising:
a. a first cooling structure for circulating a first cooling medium; and
b. a second cooling structure stacked on the first structure for circulating a

second cooling medium different from the first cooling medium.

2. The system of claim 1 further comprising a fluid path and a high surface area to
volume ratio structure in the fluid path wherein the first medium is a fluid and the

fluid path is in the first cooling structure.

3. The system of claim 2 further comprising a double-counter flow structure in the fluid
path.
4. The system of claim 3 further comprising a pump connected to the fluid path thereby

forming a close fluid path.

5. The system of claim 4 wherein the first cooling medium is a liquid and the second

cooling medium is air.

6. An integrated cooling system comprising:
a. a first layer having a contact area configured for coupling to a heat source,
wherein the first layer has a fluid path adjacent to the contact area;
b. a second layer coupled to the first layer and having a plurality of air fins for
passing air therethrough; and

c. a pump connected to the fluid path.

7. The system of claim 6, wherein the second layer seals to the first layer to define an

inner surface of the fluid path.
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11.

12.

13.

14.

15.

16.

17.

18.
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The system of claim 7, wherein the fluid path has a contact area with the second layer
which is greater than the contact area of the first layer with the heat source.

The system of claim 6, wherein the first layer and the second layer both have a

thermal conductivity of 15 W/(mK) or greater.
The system of claim 6, wherein the first layer has a plurality of fluid fins for
controlling the flow of a fluid within the fluid path and wherein the fluid fins are

substantially evenly spaced over the area adjacent to the heat source.

The system of claim 6, wherein the fluid fins have a thermal conductivity of 15

W/(mK) or greater.
The system of claim 6, further comprising a heat source coupled to the first layer.

The system of claim 12, wherein the heat source comprises one or more electronic

devices.

The system of claim 13, wherein the fluid path comprises a double-counter flow

structure adjacent to at least one or more electronic devices.
The system of claim 6, further comprising a programmable controller.

The system of claim 15, further comprising a means for detectin g a temperature and

communicating the temperature to the programmable controller.

The system of claim 16, wherein the programmable controller is programmed to

adjust a flow rate of the fluid in response to the temperature.

The system of claim 15, wherein the programmable controller is programmed to

adjust an air-mover speed in response to the temperature.
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20.

21.

22.

23.

24.

25.

26.

27.
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The system of claim 13, wherein the flow path is optimized to maximize cooling of

each electronic device.

The system of claim 13, wherein the flow path is optimized to minimize the

temperature of each electronic device.

The system of claim 13, wherein the flow path is optimized to maximize the cooling

of a selected one of the electronic devices.
The system of claim 6, further comprising a fluid reservoir connected to the pump.

The system of claim 6, wherein the second layer is configured with at least one

airflow channel.

The system of claim 23, further comprising at least one air-mover coupled to the at

least one airflow channel.

The system of claim 6, wherein the air fins are configured to control the airflow path

and a rate of the airflow within the airflow channel.

The system of claim 6, wherein the air fins have a shape that is folded, pin, hexagonal
shaped, airfoil shaped, ruffled, herringbone, lanced, and louvered, or any combination

thereof.

An integrated cooling system comprising:

a. a first layer having a first side for coupling to a heat source adjacent to a
contaét area,
wherein the first layer has a.first port and a second port coupled to a fluid path
adjacent to the contact area,
the fluid path has a heat-transfer area adjacent to the second layer which is

greater than the contact area,



28.

29.

WO 2007/120530 PCT/US2007/008190

16

the fluid path is configured to provide a double-counter flow structure
adjacent to at least one electronic device, and

the first layer has a conductivity constant of fifteen W/(mK) or greater;

a plurality of fluid fins in the first layer flow path substantially evenly spaced
over the contact area, and wherein the fins have a thermal conductivity
constant of fifteen W/(mK) or greater;

a second layer sealed to the first layer, thereby defining a fluid path with an
inlet and an outlet suitable for pumping the fluid, wherein the second layer is
configured with at least one air channel;

a plurality of pin fins and folded fins coupled to a side opposing the first layer,
wherein the air fins are within at least one of the air channels;

an air-mover coupled to at least one of the air channels;

a heat source comprising at least one electronic device;

a pump coupled to the fluid flow path, wherein the pump inputs from the
flow-path port that is the greatest flow-path distance from the greatest heat
source; and

a programmable controller,

wherein the programmable controller has a means for measuring the
temperature, is programmed to increase the fluid flow as a function of an
increased temperature, and is programmed to increase an airflow from the air-

mover as a function of an increased temperature.

A method of manufacturing an integrated cooling system comprising the steps of:

a.

providing a first layer having a fluid path adjacent to a contact area for
coupling to a heat source;

providing a second layer with a plurality of air fins overlying at least a portion
of the contact area; and

coupling a pump to the fluid path.

The method of claim 28, wherein an interface of the first layer and second layer has

an area that is greater than the contact area.



30.

31.
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The method of claim 29, wherein the first and second layer have a thermal

conductivity of 15 W/(mK) or greater.

The method of claim 28, further comprising the step of providing a plurality of fluid

fins positioned in the fluid path and adjacent to at least one heat source.

The method of claim 28, further comprising the step of coupling a high surface area

to volume ratio structure to the flowpath.

The method of claim 28, further comprising coupling one or more electronic devices

to the contact area.

The method of claim 33, wherein the fluid path further comprises a double-counter

flow structure adjacent to at least one electronic device.

The method of claim 34, further comprising coupling a programmable pump
controller to the pump and the air-mover wherein the programmable controller
provides a means for measuring a temperature, controlling a pump flow rate, and
controlling an air-mover airflow wherein the increase in the fluid flow rate as a
function of the temperature and the air flow is increased as a function of the

temperature.

The method of claim 35, wherein the flow path is optimized to maximize cooling of

each electronic device.

The system of claim 35, wherein the flow path is optimized to minimize the

temperature of each electronic device.

The system of claim 35, wherein the flow path is optimized to maximize the cooling

of a selected one of the electronic devices.

The method of claim 35, further comprising coupling a reservoir to the pump.



PCT/US2007/008190

1/6

WO 2007/120530

A __ |
I .w_rm ’ /GGl

18[[01jU0D)
0sT
dumg
0LT-
1o1y]
o/ A woT
H if P
. A awmapeo [os1] Ay BoMd
) I .\.l.s N — — w.|~.||r 4
orr T e 77 X
Hmzmﬁm \\\\\\\\ -/ \\h\ \\\ \\\\N .AVllen
10H A opald g e/ 1o

1A
911 i

sneyxy
101







PCT/US2007/008190

WO 2007/120530

3/6

€ *S1]

1]
/ o o
( 7 T e — _ =/ S
= S “ [
) S [ sie
0vE< e ] = ]
] — )
m _ 1 Hreie O oks
................. 7 N SIE o8t
W.—m\\./ ﬁlh«l.l‘lqlllﬂ llllll “ulllll._“ -
= = 1°pno
—> c =
N = 5
| — e |
N
7
wl
0€1




WO 2007/120530 PCT/US2007/008190

4/6




WO 2007/120530

S/6

PCT/US2007/008190

410

________________

________

e ———

[ESOUERNI M- s = e

540_|

--------

431 I? 432 j‘

Inflow Outflow
From From
Pump Pump

600

'

420

~
Ry
o

431 _~O 432 _ ~O
) \

| |
| Inflow Outflow

From From
460  Pump Pump




WO 2007/120530 PCT/US2007/008190

6/6

700

710~ Provide First Layer

!

720 Couple Second Layer to First

!
'

740~ Couple Programmable Controller

730+ Couple Pump

Fig. 7



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

