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(57) ABSTRACT

Methods, apparatuses and systems associated with a heat
exchanger for cooling an IC package are disclosed herein. In
embodiments, a heat exchanger may include a base plate
having a bottom side to be thermally coupled to the IC
package, and a fin side, wherein the fin side is to include a
plurality of fins to dissipate thermal energy emanated from
the IC package. The heat exchanger may further include a
manifold structure disposed on top of the base plate, having
one or more layers, to regulate a coolant fluid flow to cool
the plurality of fins, wherein the one or more layers are to
include a plurality of channels and ports complementarily
organized to distribute the coolant fluid flow to the plurality
of fins tailored to a thermal energy emanation pattern of the
integrated circuit package. Other embodiments may be
described and/or claimed.
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HEAT EXCHANGER METHODS,
APPARATUSES AND SYSTEMS WITH A
MANIFOLD STRUCTURE

FIELD

[0001] Embodiments of the present disclosure generally
relate to the field of integrated circuits. More specifically,
embodiments of the present disclosure relate to heat
exchanger methods, apparatuses and systems with a mani-
fold structure to provide a coolant fluid flow to an integrated
circuit package, tailored to a heat emanation pattern of the
integrated circuit package.

BACKGROUND

[0002] Generally, the technology for liquid cooling of
integrated circuit packages may use high density fin arrays
and may include additional features integrated with the fin
arrays. The additional features may include liquid pumps,
which may make manufacturing of a fin system on a large
scale expensive, may require filtration levels beyond what is
economic for a large system, and may present a challenge
from a reliability and solution height perspective. These
types of liquid coolant heat exchangers also may present
challenges for the integration of a centrally applied loading
mechanism to mount the liquid coolant heat exchanger to an
integrated circuit package, e.g., a multi-core processor.
Interface quality and performance on the multi-core proces-
sor may be compromised.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments will be readily understood by the
following detailed description in conjunction with the
accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements.
Embodiments are illustrated by way of example and not by
way of limitation in the figures of the accompanying draw-
ings.

[0004] FIG. 1 schematically illustrates a cross-section side
view of an integrated circuit (IC) assembly that includes a
heat exchanger with a manifold structure of the present
disclosure, in accordance with some embodiments.

[0005] FIG. 2 schematically illustrates an exploded view
of the heat exchanger with the manifold structure of the
present disclosure, in accordance with some embodiments.
[0006] FIG. 3 schematically illustrates an apparatus for
computing that includes one or more heat exchangers as
described herein, in accordance with some embodiments.
[0007] FIG. 4 schematically illustrates a method for form-
ing a heat exchanger with the manifold structure of the
present disclosure, in accordance with some embodiments.
[0008] FIG. 5 shows an example temperature distribution
of an integrated circuit coupled with a prior art heat
exchanger and an example temperature distribution of the
same integrated circuit coupled with a heat exchanger with
the manifold structure of the present disclosure, in accor-
dance with some embodiments.

[0009] FIG. 6 illustrates an exposed top view of the
manifold structure of the heat exchanger of the present
disclosure, in accordance with some embodiments.

DETAILED DESCRIPTION

[0010] Methods, apparatuses and systems associated with
a heat exchanger for cooling an integrated circuit package
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are disclosed herein. In embodiments, a heat exchanger may
include a base plate having a bottom side to be thermally
coupled to the integrated circuit package, and a fin side
opposite to the bottom side, wherein the fin side is to include
a plurality of fins to dissipate thermal energy emanated from
the integrated circuit package. The heat exchanger may
further include a manifold structure disposed on top of the
base plate, having one or more layers, to regulate a coolant
fluid flow over the plurality of fins to cool the plurality of
fins, wherein the layers are to include a plurality of channels
and ports complementarily organized to distribute the cool-
ant fluid flow to the plurality of fins tailored to a thermal
energy emanation pattern of the integrated circuit package.
Additionally, the heat exchanger may include a lid plate
disposed on top of the manifold structure. Further, either the
manifold structure or the 1id plate may include an inlet port
and an outlet port for provision and removal of the coolant
fluid flow. Details of these and/or other embodiments, as
well as some advantages and benefits, are disclosed and
described herein.

[0011] In the following description, various aspects of the
illustrative implementations are described using terms com-
monly employed by those skilled in the art to convey the
substance of their work to others skilled in the art. However,
it will be apparent to those skilled in the art that embodi-
ments of the present disclosure may be practiced with only
some of the described aspects. For purposes of explanation,
specific numbers, materials, and configurations are set forth
in order to provide a thorough understanding of the illus-
trative implementations. However, it will be apparent to one
skilled in the art that embodiments of the present disclosure
may be practiced without the specific details. In other
instances, well-known features are omitted or simplified in
order not to obscure the illustrative implementations.
[0012] In the following description, reference is made to
the accompanying drawings that form a part hereof, wherein
like numerals designate like parts throughout, and in which
is shown by way of illustration embodiments in which the
subject matter of the present disclosure may be practiced. It
is to be understood that other embodiments may be utilized
and structural or logical changes may be made without
departing from the scope of the present disclosure. There-
fore, the following detailed description is not to be taken in
a limiting sense, and the scope of embodiments is defined by
the appended claims and their equivalents.

[0013] For the purposes of the present disclosure, the
phrase “A and/or B” means (A), (B), or (A and B). For the
purposes of the present disclosure, the phrase “A, B, and/or
C” means (A), (B), (C), (A and B), (A and C), (B and C), or
(A, B, and C).

[0014] The description may use perspective-based
descriptions such as top/bottom, in/out, over/under, and the
like. Such descriptions are merely used to facilitate the
discussion and are not intended to restrict the application of
embodiments described herein to any particular orientation.
[0015] The description may use the phrases “in an
embodiment,” or “in embodiments,” which may each refer
to one or more of the same or different embodiments.
Furthermore, the terms “including,” “having,” and the like,
as used with respect to embodiments of the present disclo-
sure, are synonymous.

[0016] The terms “coupled with” and “coupled to” and the
like may be used herein. “Coupled” may mean one or more
of the following. “Coupled” may mean that two or more
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elements are in direct physical or electrical contact. How-
ever, “coupled” may also mean that two or more elements
indirectly contact each other, but yet still cooperate or
interact with each other, and may mean that one or more
other elements are coupled or connected between the ele-
ments that are said to be coupled with each other. By way of
example and not limitation, “coupled” may mean two or
more elements or devices are coupled by electrical connec-
tions on a printed circuit board such as a motherboard, for
example. By way of example and not limitation, “coupled”
may mean two or more elements/devices cooperate and/or
interact through one or more network linkages such as wired
and/or wireless networks. By way of example and not
limitation, a computing apparatus may include two or more
computing devices “coupled” on a motherboard or by one or
more network linkages.

[0017] In various embodiments, the phrase “a first feature
formed, deposited, or otherwise disposed on a second fea-
ture” may mean that the first feature is formed, deposited, or
disposed over the second feature, and at least a part of the
first feature may be in direct contact (e.g., direct physical
and/or electrical contact) or indirect contact (e.g., having one
or more other features between the first feature and the
second feature) with at least a part of the second feature.

[0018] As used herein, the term “metal” may refer to any
number of metals including alloys of metals and metal-
ceramic composites. When referring to a specific metal, such
as copper, such reference includes alloys of the specific
metal. As the case may be for copper or aluminum, this may
include alloys of copper and alloys of aluminum.

[0019] Various embodiments of the heat exchangers
described herein may allow for a reduction in the costs
associated with manufacturing of liquid cooled electronic/
computing apparatuses incorporating the heat exchangers.
Additionally, various embodiments may reduce the overall
height of a heat exchanger and, hence, reduce the overall
height of an integrated circuit assembly having a heat
exchanger mounted on an integrated circuit package. Fur-
thermore, various embodiments may include a structural
load path through the heat exchanger to provide improved
mounting ability because the heat exchanger is not crushed
or deformed by a mounting load, and no special process
and/or device is required for mounting. In other words, the
structural integrity of the heat exchanger, and layers within,
is maintained even after application of a mounting load to
the heat exchanger. Structural integrity means that there is
no significant damage or deformation that may impact the
performance of the heat exchanger. As described earlier,
various embodiments of the heat exchanger may include a
manifold structure with one or more layers having flow
channels and ports to enable precise targeting of a coolant
fluid flow tailored to various hot spot areas (thermal energy
emanation sources) on an attached integrated circuit pack-
age. The manifold structure may allow an ability to tune the
flow distribution and pressure drop of the heat exchanger
independent of the fin structures of a heat sink disposed
between the heat exchanger and the integrated circuit pack-
age. The flow may be tuned by optimizing the manifold
structure’s layers, and their flow channels and ports. For
example, some embodiments may allow changing of a
manifold structure layer’s thickness, the flow channels
geometry and/or sizes, and/or the ports’ locations and/or
sizes to control the pressure drop and flow balance to direct
the coolant fluid flow to different regions of the heat
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exchanger thermally coupled with the heat sink. These
advantages and benefits may be appreciated from the further
description of the heat exchanger with a layered manifold
structure having channels and ports, to follow. manifold
structure

[0020] FIG. 1 schematically illustrates a cross-section side
view of an integrated circuit (IC) assembly 100 that includes
a heat exchanger 130 of the present disclosure, in accor-
dance with some embodiments. The IC assembly 100 may
include a heat exchanger 130 physically and thermally
coupled to one or more dies 102 (hereinafter “die 102”).
During operation, dies 120 may generate thermal energy,
which may be removed by the heat exchanger 130. The
emanation of thermal energy from dies 102 may be uneven
across the interfacing surface with the heat exchanger 130.
That is, some areas of the interfacing surface may emanate
more thermal energy (hot spots) than other areas. The heat
exchanger 130 may be employed to direct a coolant fluid
flow that is tailored to the thermal energy emanation pattern
of the dies 102.

[0021] In embodiments, the heat exchanger may include
an inlet 132 for a coolant fluid and an exit 134 for the coolant
fluid. The heat exchanger 130 may be physically coupled to
the die 102 by a thermal interface material (TIM). The heat
exchanger 130 may be thermally and physically coupled to
an inactive side S2 of the die 102. The die 102 may include
an integrated heat spreader (not shown). The heat exchanger
130 may include an integrated heat spreader having a
plurality of fins, and a manifold structure with layers having
channels and ports to facilitate the targeted coolant fluid flow
over the fins to remove heat from the heat sink/spreader
absorbed from die 102.

[0022] In embodiments, the heat exchanger 130 may be
coupled to the die 102, using a mechanical device and
application of mechanical force, such as a clip, by way of
example and not limitation. The layers of the heat exchanger
130 may include structural elements to individually contrib-
ute, and collectively provide structural support for the heat
exchanger 130, to bear the force (also may be referred to as
load) that may be applied to the heat exchanger 130, during
the mounting process.

[0023] In some embodiments, the die 102 may be electri-
cally and/or physically coupled with a substrate 121. In
some embodiments, the substrate 121 may be electrically
coupled with a circuit board 122, as can be seen. In some
embodiments, an integrated circuit (IC) assembly 100 may
include one or more of the die 102, substrate 121 and/or
circuit board 122, according to various embodiments. The
various embodiments described herein of heat exchangers
130 may be coupled to the one or more die 102 to cool the
die 102. The various embodiments will be described in more
detail later with references to FIG. 2 and FIG. 6, after a
description of the die 102, the substrate 121 and circuit
board 122.

[0024] The die 102 may represent a discrete product made
from a semiconductor material (e.g., silicon) using semi-
conductor fabrication techniques such as thin film deposi-
tion, lithography, etching, and the like used in connection
with forming complementary metal oxide semiconductor
(CMOS) devices. In some embodiments, the die 102 may be,
include, or be a part of a uni or multi-core processor,
memory, system on chip (SoC), or application specific
integrated circuit (ASIC).
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[0025] The die 102 may be attached to the substrate 121
according to a wide variety of suitable configurations includ-
ing, for example, being directly coupled with the substrate
121 in a flip-chip configuration, as depicted. In the flip-chip
configuration, an active side, S1, of the die 102 including
circuitry may be attached to a surface of the substrate 121
using die-level interconnect structures 106 such as bumps,
pillars, pins, or other suitable structures that may also
electrically couple the die 102 with the substrate 121. The
die 102 may be coupled to substrate 121 via a socket on the
substrate 121. Alternatively, the die 102 may be coupled
directly to circuit board 122 via a socket on circuit board
122. The active side S1 of the die 102 may include active
devices such as, for example, transistor devices. As earlier
described and can be seen, an inactive side, S2, may be
disposed opposite to the active side S1.

[0026] The die 102 may generally include a semiconduc-
tor substrate 102a, one or more device layers (hereinafter
“device layer 1025”) and one or more interconnect layers
(hereinafter “interconnect layer 102¢”). The semiconductor
substrate 102¢ may be substantially composed of a bulk
semiconductor material such as, for example, silicon, in
some embodiments. The device layer 1025 may represent a
region where active devices such as transistor devices are
formed on the semiconductor substrate. The device layer
1025 may include, for example, transistor structures such as
channel bodies and/or source/drain regions of transistor
devices. The interconnect layer 102¢ may include intercon-
nect structures (e.g., electrode terminals) that are configured
to route electrical signals to or from the active devices in the
device layer 102b. For example, the interconnect layer 102¢
may include horizontal lines (e.g., trenches) and/or vertical
plugs (e.g., vias) or other suitable features to provide elec-
trical routing and/or contacts.

[0027] Package-level interconnects such as, for example,
solder balls 112 may be coupled to one or more pads
(hereinafter “pads 110”) on the substrate 121 and/or on the
circuit board 122 to form corresponding solder joints that are
configured to further route the electrical signals between the
substrate 121 and the circuit board 122. The pads 110 may
be composed of any suitable electrically conductive material
such as metal including, for example, nickel (Ni), palladium
(Pd), gold (Au), silver (Ag), copper (Cu), and combinations
thereof. Other suitable techniques to physically and/or elec-
trically couple the substrate 121 with the circuit board 122
may be used in other embodiments.

[0028] The IC assembly 100 may include a wide variety of
other suitable configurations in other embodiments includ-
ing, for example, suitable combinations of flip-chip and/or
wire-bonding configurations, interposers, multi-chip pack-
age configurations including system-in-package (SiP) and/or
package-on-package (PoP) configurations. Other suitable
techniques to route electrical signals between the die 102
and other components of the IC assembly 100 may be used
in some embodiments.

[0029] FIG. 2 schematically illustrates an exploded view
of a heat exchanger 200 with a manifold structure 204
having multiple layers with channels and ports, in accor-
dance with some embodiments. FIG. 2 illustrates the various
layers of the manifold structure 204 of the heat exchanger
(“HX”) 200 in a separated form to allow description of the
individual layers. In addition to the manifold structure 204,
the HX 200 may include a lid plate 202 having a fluid inlet
port 202.1 for a coolant fluid to enter the HX 200 and be
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provided to manifold structure 204, and a fluid outlet port
202.2 for the coolant fluid to return from the manifold
structure 204 and exit the HX 200. The arrows shown in
FIG. 2 illustrate a flow direction of the coolant fluid through
the various layers of manifold structure 204 of HX 200.
manifold structure

[0030] In embodiments, the manifold structure 204 may
include a channel layer 204.1 with an inlet flow channel
204.1a to receive a coolant fluid from the fluid inlet port
202.1 and direct the fluid along the inlet flow channel
204.1a, as shown by the arrows. The channel layer 204.1
may include an outlet flow channel 204.15 to receive the
coolant fluid upon its return after passing through other
portions of the manifold structure 204 of the HX 200, as
illustrated by the arrows. The outlet flow channel 204.15
may direct the flow of the returning coolant fluid to the fluid
outlet port 202.2, as illustrated by the arrows. Further, the
channel layer 204.1 may include internal structure 204.1¢ to
provide internal structural support to the HX 200.

[0031] The manifold structure 204 further may include a
port layer 204.2 with a distributor port 204.2a to direct the
coolant fluid and collection or return ports 204.25 to receive
the coolant fluid upon its return after passing through
portions of the manifold structure 204 of the HX 200, as
illustrated by the arrows. Port layer 204.2 may also be
referred to as the distribution layer, the return layer, or both.
[0032] The manifold structure 204 further may include a
cooling layer 204.3 having a cooling channel 204.3a as
illustrated by the arrows. The cooling channel 204.3a may
receive the coolant fluid through the distributor port 204.2a
of the port layer 204.2 and direct the coolant fluid along the
cooling channel 204.3a to the collection ports 204.2b, as
illustrated by the arrows.

[0033] The HX 200 may further include a base plate 206,
formed with e.g., metal, having cooling fins 206.1, as
illustrated. The metal base plate 206 may be a skived fin base
plate. The cooling layer 204.3 of the manifold structure 204
may have an internal structure 204.3b, as a part of the
cooling channel 204.3a, to fit between the cooling fins
206.1, as illustrated. This internal structure 204.35 of the
cooling layer 204.3 may align with the internal structure
204.1c¢ of the channel layer 204.1 to provide internal struc-
tural support to the HX 200 during a compressive load
applied during mounting of the HX 200 to prevent damage
to the HX 200. The cooling channel 204.3a¢ may direct
coolant fluid from a center of the cooling fins 206.1 outward
and across the cooling fins 206.1, as illustrated by the
arrows.

[0034] Invarious embodiments, the thickness of the chan-
nel layer 204.1, port layer 204.2, and cooling layer 204.3,
and the geometry and/or sizes of the inlet flow channel
204.1a, cooling channel 204.3q, the outlet flow channel
204.15, distributor port 204.2a and return ports 204.25 may
be complementarily coordinated to provide and direct cool-
ant fluid flow over the cooling fins 206.1 in a manner that is
targeted for the thermal energy emanation pattern of the die
102 to be cooled, that is, of sufficient volume and/or appro-
priate pressure.

[0035] The HX 200 with the layers as illustrated may be
manufactured from a variety of materials including metals,
plastics, and composites of various types. The metal may be
copper or aluminum or an alloy of copper or aluminum. The
layers of HX 200 may be coupled by various methods
including adhesives of various types and/or mechanical
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devices such as rivets or screws, for example. The layers of
HX 200 may be brazed together with the lid plate 202 and
metal base plate 206 to form a laminated heat exchanger
structure. In an embodiment, the manifold structure 204 may
be a single layer with various manifold configurations and
inlet ports and outlet ports to direct flow of a coolant fluid
across cooling fins 206.1. The manifold structure 204 may
be formed by one or more of computer numerical control
(CNC) machining, stamping, molding, 3D printing, or by
one or more similar processes, for example. In alternate
embodiments, there may be more layers instead.

[0036] The fluid inlet port 202.1 and the fluid outlet port
202.2 of the lid plate 202 may be placed at a different
location on the HX 200. For example, the channel layer
204.1 of the manifold structure 204 may include an inlet port
and/or an outlet port for a coolant fluid. Alternatively, the
inlet port and the outlet port for a coolant fluid may be on the
lid plate 202 and/or the channel layer 204.1. For example, an
inlet port may be on the lid plate 202 and an outlet port may
be on channel layer 204.1. As another example, an inlet port
may be on channel layer 204.1 and an outlet port may be on
lid plate 202. As another example, the inlet port may be on
channel layer 204.1 and the output port may be on cooling
layer 204.3, wherein the collection ports 204.25 and outlet
flow channel 204.15 may not be present or required when
one or more output ports are on cooling layer 204.3. The
ability to have flexibility in locating the inlet port and outlet
port is provided by the manifold structure 204 since this
structure allows a coolant fluid to be directed as needed to
the cooling fins 206.1. For example, additional distributor
ports 204.2a may be located on port layer 204.2 to target hot
spots. Additional flexibility is provided in locating comput-
ing devices in a package since a coolant fluid may be
directed to the location of the computing devices on a
package when the HX 200 is mounted to the package by
appropriately aligning one or more distributor ports 204.2a.
This flexibility further allows computing devices of a pack-
age to be kept at nearly the same temperature, if required,
which may reduce thermal stresses on the package and
increase durability of the package.

[0037] The lid plate 202, manifold structure 204, and
metal base plate 206 may be designed to provide the ability
of HX 200 to withstand loading associated with socketing/
mounting and/or mating of a package to an HX 200 via
thermal interface material (TIM). For example, the channel
layer 204.1, port layer 204.2, and cooling layer 204.3 may
have flow channels between support structures that allow
HX 200 to withstand compression loading without any
permanent deformation or causing defects to HX 200. In
other words, structural integrity is maintained after socket-
ing/mounting. This internal support, as discussed above,
may be provided by internal structures 204.1¢ and 204.35, as
illustrated. Compression loading may be on lid plate 202 and
may be transferred through the layers of HX 200 to metal
base plate 206, which may be coupled to a package via TIM.
For example, load bearing structure may be incorporated in
the HX 200 to withstand a 250 1b load used to ensure contact
with a socket by a computing device with the HX 200
coupled thereto via TIM. The load may also provide proper
coupling of the heat exchanger to the computing device via
the TIM. In some embodiments of HX 200, the manifold
structure 204 may have sufficient structural integrity to
withstand a mounting load via the perimeter structure of the
manifold structure 204.
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[0038] Insomeembodiments, one or more HX 200 may be
part of a closed cooling loop. The closed cooling loop may
include the one or more HX 200, conduit coupling the one
or more HX 200, and a main heat exchanger or condenser to
remove heat from the coolant fluid flowing through the one
or more HX 200. In some embodiments, the HX 200 may
allow for use of a coolant fluid where a portion of the fluid
may evaporate inside a heat exchanger. The evaporated
portion, the vapor, may flow to and be condensed in a
separate unit, such as a condenser or some type of heat
exchanger, and then the condensed vapor, now a liquid, may
be reused for cooling in one or more heat exchangers, as
described herein. The coolant fluid may be a dielectric fluid.
For example, R134a is very commonly used in the United
States for auto, household, and industrial air conditioning
appliances, while in Europe, HFO 1234 yfhas been accepted
as a replacement to R134a. In some embodiments, the
refrigerant may include 1,1,1,2-tetrafluoroethane or 2,3,3,3-
tetrafluoropropene. Other refrigerants may be used.

[0039] FIG. 6 illustrates an exposed to view of a manifold
structure 604 of a heat exchanger, having a single layer with
channels and ports, in accordance with some embodiments.
As shown, similar to manifold structure 204 of FIG. 2,
manifold structure 604 may include a plurality of channels
604.1a, 604.3a, and 604.15, and ports 602.1, 604.2a, 604.25,
and 602.2 complementarily organized to distribute a coolant
fluid flow tailored to a thermal energy emanation pattern of
an integrated circuit package, except the channels 604.1a,
604.3a, and 604.15, and ports 602.1 604.2a, 604.25, and
602.2 are all complementarily organized on one layer. The
channels may include an inlet flow channel 604.1a, a
number of cooling channels 604.3a, and an outlet flow
channels 604.15. The ports may include distribution 604.2a
and collection port 604.25. Further, for the particular
embodiments, the ports may include inlet port 602.1 and
outlet port 602.2. Still further, like the manifold structure
204 of FIG. 2, internal structure 604.1¢ to provide internal
structural support to the heat exchanger. Other embodiments
are also possible.

[0040] Embodiments of the present disclosure may be
implemented into a system using any suitable hardware
and/or software to configure as desired. FIG. 3 schematically
illustrates an apparatus for computing 300 that includes one
or more heat exchangers as described herein, in accordance
with some embodiments. The apparatus for computing 300
may house a board such as motherboard 302 (e.g., in
housing 326). The motherboard 302 may include a number
of components, including but not limited to a processor 304,
liquid cooling system components 306, one or more heat
exchangers 308, chipset 310, memory 312, slots 314, com-
puter bus interface 316, local area network (LAN) controller
318, cooling system 322, interface devices 324, and ports
320. The chipset 310 may include a communications chip.
The components may be physically and electrically coupled
to the motherboard 302 and may include other components.
The term “processor” may refer to any device or portion of
a device that processes electronic data from registers and/or
memory to transform that electronic data into other elec-
tronic data that may be stored in registers and/or memory.
[0041] In some embodiments, the cooling system compo-
nents 306 may include routing for the coolant fluid and
pumping devices for pumping the coolant fluid. In some
embodiments, the heat exchangers 308 may be thermally
coupled to various heat generating components of the appa-
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ratus for computing 300. The cooling system components
306 may be coupled to the one or more heat exchangers 308
to route the coolant fluid through the heat exchangers 308.
One or more of the heat exchangers 308 may be the heat
exchanger 130 described earlier.

[0042] Depending on applications, the apparatus for com-
puting 300 may include other components that may or may
not be physically and electrically coupled to the mother-
board 302. These other components may include, but are not
limited to, a liquid cooling system, interface devices (key-
board, display, mouse), memory, a graphics processor, a
digital signal processor, a crypto processor, a chipset, a
touchscreen display, a touchscreen controller, a battery, an
audio codec, a video codec, a power amplifier, a speaker, a
camera, and a mass storage device (such as hard disk drive,
compact disk (CD), digital versatile disk (DVD), and so
forth). In various implementations, the apparatus for com-
puting 300 may be a computer system, a server, a rack
server, a blade server, and a super computer system. In
further implementations, the apparatus for computing 300
may be any other electronic device that processes data.
[0043] Various components of the apparatus for comput-
ing 300 shown as being comprised on the motherboard 302
are shown as an illustration of the embodiment and are not
intended to be limiting.

[0044] Referring now to FIG. 4, wherein a flow chart s
illustrating a process for forming a heat exchanger with the
manifold structure of the present disclosure, in accordance
with some embodiments, is shown. As illustrated, the pro-
cess 400 for forming the heat exchanger 130 may include
operations performed at blocks 402-406. At block 402, a
metal base plate with a plurality of fins may be formed.
Next, at block 404, a manifold structure with one or more
layers having channels and ports that are complementarily
organized may be formed for a targeted IC package to be
cooled, on top of the metal base plate. The formation of the
manifold structure may include formation of a cooling layer
having one or more cooling channels, followed by a com-
bined distribution and return layer having one or more
distribution ports and one or more return ports, and then, a
port layer having one or more inlet flow channels, and one
or more outlet flow channels. Next, at block 406, a lid plate
having at least one inlet port and at least one outlet port may
be formed on top of the manifold structure. In alternate
embodiments, the inlet and outlet port may be formed with
one or more layers of the manifold structure.

[0045] Referring now to FIG. 5, wherein an example
temperature distribution of an integrated circuit package
coupled with a prior art heat exchanger and an example
distribution of the same integrated circuit package coupled
with a heat exchanger with the manifold structure of the
present disclosure, in accordance with some embodiments,
are shown. As illustrated, the temperature distribution 500a
of the integrated circuit coupled with a prior art heat
exchanger is uneven and has a hot spot 502, and whereas the
temperature distribution 5005 of the same integrated circuit
coupled with the heat exchanger having the manifold struc-
ture of the present disclosure is more even (spread into
multiple spots 504 and 506), with temperatures of the “hot
spots” 504 and 506 of temperature distribution 5005 lower
than the temperature of the “hot spot” 502 of temperature
distribution 5004.

[0046] Various operations are described as multiple dis-
crete operations in turn, in a manner that is most helpful in

Jun. &, 2017

understanding the claimed subject matter. However, the
order of description should not be construed as to imply that
these operations are necessarily order dependent.

Examples

[0047] According to various embodiments, the present
disclosure describes a number of embodiments related to
devices, systems, and methods for a computing apparatus
with a closed cooling loop coupled to a heat exchanger. Set
forth below are numerous examples and implementations of
the embodiments.

[0048] Example 1 may be an heat exchanger for cooling
an integrated circuit package, comprising: a base plate
having a bottom side to be thermally coupled to the inte-
grated circuit package, and a fin side opposite to the bottom
side, wherein the fin side may include a plurality of fins to
dissipate thermal energy emanated from the integrated cir-
cuit package; a manifold structure disposed on top of the
base plate, having one or more layers, to regulate a coolant
fluid flow over the plurality of fins to cool the plurality of
fins, wherein the one or more layers may be configured to
include a plurality of channels and ports complementarily
organized to distribute the coolant fluid flow to the plurality
of fins tailored to a thermal energy emanation pattern of the
integrated circuit package; and a lid plate disposed on top of
the manifold structure. Further, the manifold structure or the
lid plate may further comprise an inlet port and an outlet port
for provision and removal of the coolant fluid flow.

[0049] Example 2 may be example 1, wherein the plurality
of channels and ports of the manifold structure may include
one or more inlet flow channels and one or more distribution
ports; wherein the one or more inlet flow channels may be
configured to receive the coolant fluid from the inlet port and
to direct the coolant fluid to the one or more distribution
ports.

[0050] Example 3 may be example 2, wherein the one or
more layers of the manifold structure may include a port
layer located immediate below the lid plate, and a distribu-
tion layer located below the port layer, wherein the one or
more inlet flow channels may be disposed on the port layer,
and the one or more distribution ports may be disposed on
the distribution layer.

[0051] Example 4 may be example 2, wherein the one or
more distributor ports may be configured to direct the
coolant fluid to one or more cooling channels.

[0052] Example 5 may be example 4, wherein the one or
more layers of the manifold structure may include a distri-
bution layer and a cooling layer located below the distribu-
tion layer and immediately above the base plate, wherein the
one or more distribution ports may be disposed on the
distribution layer, and the one or more cooling channels may
be disposed on the cooling layer.

[0053] Example 6 may be example 4, wherein the plurality
of channels and ports of the manifold structure may further
include one or more return ports; wherein the one or more
cooling channels may be configured to direct the coolant
fluid to flow over the plurality of fins, and onto the one or
more return ports, tailored to the thermal energy emanation
pattern of the integrated circuit package.

[0054] Example 7 may be example 6, wherein the one or
more layers of the manifold structure may include a cooling
layer located immediately above the base plate and a return
layer located above the cooling layer, wherein the one or



US 2017/0162475 Al

more cooling channels may be disposed on the cooling layer,
and the one or more return ports may be disposed on the
return layer.

[0055] Example 8 may be example 6, wherein the plurality
of channels and ports of the manifold structure may be
configured to further include one or more outlet flow chan-
nels; wherein one or more return ports may be configured to
direct the coolant fluid, after flowing over the plurality of
fins, to the one or more outlet flow channels; and wherein the
one or more outlet flow channels may be configured to direct
the coolant fluid to the outlet port to remove the coolant fluid
from the heat exchanger.

[0056] Example 9 may be example 8, wherein the one or
more layers of the manifold structure may include a return
layer, and a port layer located above the return layer and
immediately below the lid plate, wherein the one or more
return ports may be disposed on the return layer, and the one
or more outlet flow channels may be disposed on the port
layer.

[0057] Example 10 may be example 1, where the one or
more layers of the manifold structure may include a port
layer located immediately below the lid plate and having one
or more inlet flow channels to direct flow of the coolant fluid
provided through the inlet port; a combined distribution-
return layer located below the port layer and having one or
more distribution ports to receive the coolant fluid from the
one or more inlet flow channels and distribute the coolant
fluid; and a cooling layer located below the combined
distribution-return layer and immediately above the base
plate, and having one or more cooling channels to receive
the coolant fluid from the one or more distribution ports and
direct the coolant fluid to flow over the plurality of fins,
tailored to the thermal energy emanation pattern of the
integrated circuit package.

[0058] Example 11 may be example 10, wherein the
combined distribution-return layer may further include one
or more return ports to receive and direct the coolant fluid
after flowing over the plurality of fins, and the port layer may
further include one or more outlet flow channels to receive
the coolant fluid from the one or more return ports, and
direct the coolant fluid to the outlet port.

[0059] Example 12 may be example 10, wherein the port
layer may further include one or more structural members to
contribute to strengthen the heat exchanger to support a
predetermined amount of load.

[0060] Example 13 may be example 10 or 12, wherein the
cooling layer may further include one or more structural
members to contribute to strengthen the heat exchanger to
support a predetermined amount of load.

[0061] Example 14 may be any one of examples 1-11,
wherein the one or more layers of the manifold structure
may include structural members disposed on one or more of
the one or more layers to strengthen the heat exchanger to
support a predetermined amount of load.

[0062] Example 15 may be example 14, wherein thickness
of the one or more layers, and geometry or size of the
channels or ports are complementarily organized, tailored to
the thermal energy emanation pattern of the integrated
circuit package.

[0063] Example 16 may be a method for forming a heat
exchanger for cooling an integrated circuit package; com-
prising: forming a metal base plate having a bottom side to
be thermally coupled to the integrated circuit package, and
a fin side opposite to the bottom side, wherein the fin side
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may include a plurality of fins to dissipate thermal energy
emanated from the integrated circuit package; forming a
manifold structure on top of the metal base plate, having one
or more layers, to regulate a coolant fluid flow over the
plurality of fins to cool the plurality of fins, wherein the
layers may include a plurality of channels and ports comple-
mentarily organized to distribute the coolant fluid flow to the
plurality of fins tailored to a thermal energy emanation
pattern of the integrated circuit package; and forming a lid
plate on top of the manifold structure. Further, forming a
manifold structure or forming a lid plate may include
forming an inlet port and an outlet port for provision and
removal of the coolant fluid flow.

[0064] Example 17 may be example 16, wherein forming
the manifold structure may include forming the plurality of
channels and ports of the manifold structure to include one
or more inlet flow channels and one or more distribution
ports; wherein the one or more inlet flow channels may be
configured to receive the coolant fluid from the inlet port and
to direct the coolant fluid to the one or more distribution
ports.

[0065] Example 18 may be example 17, wherein forming
the manifold structure may include forming the one or more
layers of the manifold structure to include a port layer
located immediate below the lid plate, and a distribution
layer located below the port layer, wherein the one or more
inlet flow channels may be disposed on the port layer, and
the one or more distribution ports may be disposed on the
distribution layer.

[0066] Example 19 may be example 17, wherein forming
the manifold structure may include forming the one or more
distributor ports to direct the coolant fluid to one or more
cooling channels.

[0067] Example 20 may be example 19, wherein forming
the manifold structure may include forming the one or more
layers of the manifold structure to include a distribution
layer and a cooling layer located below the distribution layer
and immediate above the metal base plate, wherein the one
or more distribution ports may be disposed on the distribu-
tion layer, and the one or more cooling channels may be
disposed on the cooling layer.

[0068] Example 21 may be example 19, wherein forming
the manifold structure may include forming the plurality of
channels and ports of the manifold structure to further
include one or more return ports; wherein the one or more
cooling channels may be configured to direct the coolant
fluid to flow over the plurality of fins, and onto the one or
more return ports, tailored to the thermal energy emanation
pattern of the integrated circuit package.

[0069] Example 22 may be example 21, wherein forming
the manifold structure may include forming the one or more
layers of the manifold structure to include a cooling layer
located immediate above the metal base plate and a return
layer located above the cooling layer, wherein the one or
more cooling channels may be disposed on the cooling layer,
and the one or more return ports may be disposed on the
return layer.

[0070] Example 23 may be example 21, wherein forming
the manifold structure may include forming the plurality of
channels and ports of the manifold structure to further
include one or more outlet flow channels; wherein the one or
more return ports may be configured to direct the coolant
fluid, after flowing over the plurality of fins, to the one or
more outlet flow channels; and wherein the one or more
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outlet flow channels may be configured to direct the coolant
fluid to the outlet port to remove the coolant fluid from the
heat exchanger.

[0071] Example 24 may be example 23, wherein forming
the manifold structure may include forming the one or more
layers of the manifold structure to include a return layer, and
a port layer located above the return layer and immediately
below the lid plate, wherein the one or more return ports may
be disposed on the return layer, and the one or more outlet
flow channels may be disposed on the port layer.

[0072] Example 25 may be example 16, where forming
the one or more layers of the manifold structure may include
forming a port layer located immediately below the lid plate
and having one or more inlet flow channels to direct flow of
the coolant fluid provided through the inlet port; a combined
distribution-return layer located below the port layer and
having one or more distribution ports to receive the coolant
fluid from the one or more inlet flow channels and distribute
the coolant fluid; and a cooling layer located below the
combined distribution-return layer and immediately above
the metal base plate, and having one or more cooling
channels to receive the coolant fluid from the first one or
more distribution ports and direct the coolant fluid to the
plurality of fins tailored to the thermal energy emanation
pattern of the integrated circuit package.

[0073] Example 26 may be example 25, wherein forming
the combined distribution-return layer may further include
forming one or more return ports to receive and direct the
coolant fluid after flowing over the plurality of fins, and the
port layer to further include one or more outlet flow channels
to receive the coolant fluid from the one or more return ports,
and direct the coolant fluid to the outlet port.

[0074] Example 27 may be example 25, wherein forming
the manifold structure may include forming the port layer to
further include one or more structural members to contribute
to strengthen the heat exchanger to support a predetermined
amount of load.

[0075] Example 28 may be example 25 or 27, wherein
forming the manifold structure may include forming the
cooling layer to further include one or more structural
members to contribute to strengthen the heat exchanger to
support a predetermined amount of load.

[0076] Example 29 may be any one of examples 16-26,
wherein forming the manifold structure may include form-
ing the one or more layers of the manifold structure to
include structural members disposed on one or more of the
one or more layers to strengthen the heat exchanger to
support a predetermined amount of load.

[0077] Example 30 may be example 29, wherein the
predetermined amount of load may be up to 250 pounds.
[0078] Example 31 may be an apparatus for computing,
including cooling of the apparatus; comprising: a die having
computational circuitry; and a heat exchanger thermally
coupled with the die to cool the die, wherein the heat
exchanger may include: a base plate having a bottom side to
be thermally coupled to the die, and a fin side opposite to the
bottom side, wherein the fin side may include a plurality of
fins to dissipate thermal energy emanated from the die;
means for regulating a coolant fluid flow over the plurality
of fins to cool the plurality of fins, including one or more
layers having means for distributing the coolant fluid flow to
the plurality of fins tailored to a thermal energy emanation
pattern of the die; and a lid plate on top of the regulating
means. Further, either the regulating means or the lid plate
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may further comprise an inlet port and an outlet port for
provision and removal of the coolant fluid flow.

[0079] Example 32 may be example 31, wherein the
distributing means may include one or more inlet flow
channels and one or more distribution ports; wherein the one
or more inlet flow channels may be configured to receive the
coolant fluid from the inlet port and to direct the coolant
fluid to the one or more distribution ports.

[0080] Example 33 may be example 32, wherein the one
or more layers of the regulating means may include a port
layer located immediate below the lid plate, and a distribu-
tion layer located below the port layer, wherein the one or
more inlet flow channel may be disposed on the port layer,
and the one or more distribution ports may be disposed on
the distribution layer.

[0081] Example 34 may be example 32, wherein the one
or more distributor ports may direct the coolant fluid to one
or more cooling channels.

[0082] Example 35 may be example 34, wherein the one
or more layers of the regulating means may include a
distribution layer and a cooling layer located below the
distribution layer and immediate above the base plate,
wherein the one or more distribution ports may be disposed
on the distribution layer, and the one or more cooling
channels may be disposed on the cooling layer.

[0083] Example 36 may be example 34, wherein the
distribution means may further include one or more return
ports; wherein the one or more cooling channels may be
configured to direct the coolant fluid to flow over the
plurality of fins, and onto the one or more return ports,
tailored to the thermal energy emanation pattern of the die.
[0084] Example 37 may be example 36, wherein the one
or more layers of the regulating means may include a
cooling layer located immediate above the base plate and a
return layer located above the cooling layer, wherein the one
or more cooling channels may be disposed on the cooling
layer, and the one or more return ports may be disposed on
the return layer.

[0085] Example 38 may be example 36, wherein the
distribution means may further include one or more outlet
flow channels; wherein the one or more return ports may be
configured to direct the coolant fluid, after flowing over the
plurality of fins, to the one or more outlet flow channels; and
wherein the one or more outlet flow channels may be
configured to direct the coolant fluid to the outlet port to
remove the coolant fluid from the heat exchanger.

[0086] Example 39 may be example 38, wherein the one
or more layers of the regulating means may include a return
layer, and a port layer located above the return layer and
immediately below the lid plate, wherein the one or more
return ports may be disposed on the return layer, and the one
or more outlet flow channels may be disposed on the port
layer.

[0087] Example 40 may be example 31, where the one or
more layers of the regulating means may include a port layer
located immediately below the lid plate and having one or
more inlet flow channels to direct flow of the coolant fluid
provided through the inlet port; a combined distribution-
return layer located below the port layer and having one or
more distribution ports to receive the coolant fluid from the
one or more inlet flow channels and distribute the coolant
fluid; and a cooling layer located below the combined
distribution-return layer and immediately above the base
plate, and having one or more cooling channels to receive
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the coolant fluid from the first one or more distribution ports
and direct the coolant fluid to the plurality of fins, tailored
to the thermal energy emanation pattern of the die.

[0088] Example 41 may be example 40, wherein the
combined distribution-return layer may further include one
or more return ports to receive and direct the coolant fluid
after flowing over the plurality of fins, and the port layer may
further include one or more outlet flow channels to receive
the coolant fluid from the one or more return ports, and
direct the coolant fluid to the outlet port.

[0089] Example 42 may be example 41, wherein the port
layer may further include one or more structural members to
contribute to strengthen the heat exchanger to support a
predetermined amount of load.

[0090] Example 43 may be example 40 or 42, wherein the
cooling layer may further include one or more structural
members to contribute to strengthen the heat exchanger to
support a predetermined amount of load.

[0091] Example 44 may be any one of examples 31-41,
wherein the one or more layers of the regulating means may
include structural members disposed on one or more of the
plurality of layers to strengthen the heat exchanger to
support a predetermined amount of load.

[0092] Example 45 may be any one of examples 31-41,
wherein the die may comprise a multi-core processor, or the
apparatus is a selected one of a computing server, a net-
working router, a networking switch, a network gateway, or
a computer-readable mass storage device.

[0093] The foregoing description of one or more imple-
mentations provides illustration and description, but is not
intended to be exhaustive or to limit the scope of the
embodiments to the precise form disclosed or claimed
herein. Modifications and variations are possible in light of
the above teachings or may be acquired from practice of
various implementations of the various embodiments.
Future improvements, enhancements, or changes to particu-
lar components, methods, or means described in the various
embodiments are contemplated to be within the scope of the
claims and embodiments described herein, as would readily
be understood by a person having ordinary skill in the art.

1. A heat exchanger for cooling an integrated circuit

package, comprising:

a base plate having a bottom side to be thermally coupled
to the integrated circuit package, and a fin side opposite
to the bottom side, wherein the fin side is to include a
plurality of fins to dissipate thermal energy emanated
from the integrated circuit package;

a manifold structure disposed on top of the base plate,
having one or more layers, to regulate a coolant fluid
flow over the plurality of fins to cool the plurality of
fins, wherein the one or more layers are to include a
plurality of channels and ports complementarily orga-
nized to distribute the coolant fluid flow to the plurality
of fins tailored to a thermal energy emanation pattern of
the integrated circuit package; and

a lid plate disposed on top of the manifold structure;

wherein either the manifold structure or the lid plate
further comprises an inlet port and an outlet port for
provision and removal of the coolant fluid flow;

wherein the plurality of channels and ports of the mani-
fold structure includes one or more inlet flow channels
and one or more distribution ports; wherein the one or
more inlet flow channels are to receive the coolant fluid
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from the inlet port and to direct the coolant fluid to the
one or more distribution ports.

2. (canceled)

3. The heat exchanger of claim 2, wherein the one or more
layers of the manifold structure include a port layer located
immediately below the lid plate, and a distribution layer
located below the port layer, wherein the one or more inlet
flow channels are disposed on the port layer, and the one or
more distribution ports are disposed on the distribution
layer.

4. The heat exchanger of claim 2, wherein the one or more
distributor ports are to direct the coolant fluid to one or more
cooling channels.

5. The heat exchanger of claim 4, wherein the one or more
layers of the manifold structure include a distribution layer
and a cooling layer located below the distribution layer and
immediately above the base plate, wherein the one or more
distribution ports are disposed on the distribution layer, and
the one or more cooling channels are disposed on the cooling
layer.

6. The heat exchanger of claim 4, wherein the plurality of
channels and ports of the manifold structure further includes
one or more return ports; wherein the one or more cooling
channels are to direct the coolant fluid to flow over the
plurality of fins, and onto the one or more return ports,
tailored to the thermal energy emanation pattern of the
integrated circuit package.

7. The heat exchanger of claim 6, wherein the one or more
layers of the manifold structure include a cooling layer
located immediately above the base plate and a return layer
located above the cooling layer, wherein the one or more
cooling channels are disposed on the cooling layer, and the
one or more return ports are disposed on the return layer.

8. The heat exchanger of claim 6, wherein the plurality of
channels and ports of the manifold structure are to further
include one or more outlet flow channels; wherein one or
more return ports are to direct the coolant fluid, after flowing
over the plurality of fins, to the one or more outlet flow
channels; and wherein the one or more outlet flow channels
are to direct the coolant fluid to the outlet port to remove the
coolant fluid from the heat exchanger.

9. The heat exchanger of claim 8, wherein the one or more
layers of the manifold structure include a return layer, and a
port layer located above the return layer and immediately
below the lid plate, wherein the one or more return ports are
disposed on the return layer, and the one or more outlet flow
channels are disposed on the port layer.

10. A heat exchanger for cooling an integrated circuit
package, comprising:

a base plate having a bottom side to be thermally coupled

to the integrated circuit package, and a fin side opposite
to the bottom side, wherein the fin side is to include a
plurality of fins to dissipate thermal energy emanated
from the integrated circuit package;

a manifold structure disposed on top of the base plate,
having one or more layers, to regulate a coolant fluid
flow over the plurality of fins to cool the plurality of
fins, wherein the one or more layers are to include a
plurality of channels and ports complementarily orga-
nized to distribute the coolant fluid flow to the plurality
of fins tailored to a thermal energy emanation pattern of
the integrated circuit package; and

a lid plate disposed on top of the manifold structure;
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wherein either the manifold structure or the lid plate
further comprises an inlet port and an outlet port for
provision and removal of the coolant fluid flow;

where the one or more layers of the manifold structure
include a port layer located immediately below the lid
plate and having one or more inlet flow channels to
direct flow of the coolant fluid provided through the
inlet port; a combined distribution-return layer located
below the port layer and having one or more distribu-
tion ports to receive the coolant fluid from the one or
more inlet flow channels and distribute the coolant
fluid; and a cooling layer located below the combined
distribution-return layer and immediately above the
base plate, and having one or more cooling channels to
receive the coolant fluid from the one or more distri-
bution ports and direct the coolant fluid to flow over the
plurality of fins, tailored to the thermal energy emana-
tion pattern of the integrated circuit package.

11. The heat exchanger of claim 10, wherein the combined
distribution-return layer further includes one or more return
ports to receive and direct the coolant fluid after flowing
over the plurality of fins, and the port layer further includes
one or more outlet flow channels to receive the coolant fluid
from the one or more return ports, and direct the coolant
fluid to the outlet port.

12. The heat exchanger of claim 10, wherein the port layer
further includes one or more structural members to contrib-
ute to strengthen the heat exchanger to support a predeter-
mined amount of load.

13. The heat exchanger of claim 10, wherein the cooling
layer further includes one or more structural members to
contribute to strengthen the heat exchanger to support a
predetermined amount of load.

14. The heat exchanger of claim 10, wherein the one or
more layers of the manifold structure includes structural
members disposed on one or more of the one or more layers
to strengthen the heat exchanger to support a predetermined
amount of load.

15. The heat exchanger of claim 14, wherein thickness of
the one or more layers, and geometry or size of the channels
or ports are complementarily organized, tailored to the
thermal energy emanation pattern of the integrated circuit
package.

16. (canceled)

17. (canceled)

18. (canceled)

19. (canceled)

20. (canceled)

21. An apparatus for computing, including cooling of the
apparatus; comprising:
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a die having computational circuitry; and

a heat exchanger thermally coupled with the die to cool

the die, wherein the heat exchanger includes:

a base plate having a bottom side to be thermally
coupled to the die, and a fin side opposite to the
bottom side, wherein the fin side is to include a
plurality of fins to dissipate thermal energy emanated
from the die;

a manifold structure disposed on top of the base plate,
having one or more layers, to regulate a coolant fluid
flow over the plurality of fins to cool the plurality of
fins, including one or more layers having a plurality
of channels and ports complementarily organized to
distribute the coolant fluid flow to the plurality of
fins tailored to a thermal energy emanation pattern of
the die; and

a lid plate on top of the manifold structure;

wherein either the manifold structure or the lid plate
further comprises an inlet port and an outlet port for
provision and removal of the coolant fluid flow;

wherein the plurality of channels and ports of the
manifold structure includes one or more inlet flow
channels and one or more distribution ports; wherein
the one or more inlet flow channels are to receive the
coolant fluid from the inlet port and to direct the
coolant fluid to the one or more distribution ports.

22. (canceled)

23. The apparatus of claim 21, where the one or more
layers of the manifold structure includes a port layer located
immediately below the lid plate and having one or more inlet
flow channels to direct flow of the coolant fluid provided
through the inlet port; a combined distribution-return layer
located below the port layer and having one or more
distribution ports to receive the coolant fluid from the one or
more inlet flow channels and distribute the coolant fluid; and
a cooling layer located below the combined distribution-
return layer and immediately above the base plate, and
having one or more cooling channels to receive the coolant
fluid from the first one or more distribution ports and direct
the coolant fluid to the plurality of fins, tailored to the
thermal energy emanation pattern of the die.

24. The apparatus of claim 21, wherein the one or more
layers of the manifold structure to include structural mem-
bers disposed on one or more of the plurality of layers to
strengthen the heat exchanger to support a predetermined
amount of load.

25. The apparatus of claim 21, wherein further comprising
a printed circuit board; wherein the die comprises a multi-
core processor, and is disposed on the printed circuit board.
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