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DESCRIPTION

Description

TECHNICAL FIELD

[0001] This document relates to systems and methods for providing cooling to electronic
equipment, such as computer server racks and related equipment in computer data centers,
with a cold plate.

BACKGROUND

[0002] Computer users often focus on the speed of computer microprocessors (e.g.,
megahertz and gigahertz). Many forget that this speed often comes with a cost-higher power
consumption. This power consumption also generates heat. That is because, by simple laws of
physics, all the power has to go somewhere, and that somewhere is, in the end, conversion
into heat. A pair of microprocessors mounted on a single motherboard can draw hundreds of
watts or more of power. Multiply that figure by several thousand (or tens of thousands) to
account for the many computers in a large data center, and one can readily appreciate the
amount of heat that can be generated. The effects of power consumed by the critical load in
the data center are often compounded when one incorporates all of the ancillary equipment
required to support the critical load.

[0003] Many techniques may be used to cool electronic devices (e.g., processors, memories,
networking devices, and other heat generating devices) that are located on a server or network
rack tray. For instance, forced convection may be created by providing a cooling airflow over
the devices. Fans located near the devices, fans located in computer server rooms, and/or
fans located in ductwork in fluid communication with the air surrounding the electronic devices,
may force the cooling airflow over the tray containing the devices. In some instances, one or
more components or devices on a server tray may be located in a difficult-to-cool area of the
tray; for example, an area where forced convection is not particularly effective or not available.

[0004] The consequence of inadequate and/or insufficient cooling may be the failure of one or
more electronic devices on the tray due to a temperature of the device exceeding a maximum
rated temperature. While certain redundancies may be built into a computer data center, a
server rack, and even individual trays, the failure of devices due to overheating can come at a
great cost in terms of speed, efficiency, and expense.
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[0005] US 2009/218078 A1 discloses a datacenter having a plurality of liquid cooled computer
systems. The computer systems each include a processor coupled with a cold plate that allows
direct liquid cooling of the processor. The cold plate is further arranged to provide adapted flow
of coolant to different portions of the processor whereby higher temperature regions receive a
larger flow rate of coolant. The flow is variably adjusted to reflect different levels of activity. By
maximizing the coolant temperature exiting the computer systems, the system may utilize the
free cooling temperature of the ambient air and eliminate the need for a chiller. A datacenter is
further provided that is coupled with a district heating system and heat is extracted from the
computer systems is used to offset carbon emissions and reduce the total cost of ownership of
the datacenter.

[0006] US 2011/299244 A1 discloses a cooling member for withdrawing heat from a heat
containing device. The cooling member can have a housing with a fluid inlet, a fluid outlet and
a plurality of irregular-shaped fins located at least partially therewithin. In addition, a plurality of
irregular-shaped and hierarchical branched fluid pathways can be located between the plurality
of fins and the housing and/or the plurality of fins can be in physical contact with the heat
containing device.

[0007] US 2012/175094 A1 discloses a cold plate assembly consisting of a thermally
conductive base component with an insert having a high thermal transfer characteristic
adapted for contacting the surface of a heat source on one side. The surface of the base
component opposite from the insert is surrounding by a housing defining an enclosed volume
through with a flow of liquid coolant is directed. Inlet baffles adjacent to a fluid inlet in the
housing direct the incoming flow of liquid coolant towards the surface of the base component in
proximity to the insert, facilitating an efficient transfer of thermal energy from the heat source to
the liquid coolant through the insert and base component. Optional extensions or fins
extending into the liquid coolant contained in the enclosed volume from the surface of the base
component further facilitate the transfer of thermal energy from the heat source.

SUMMARY

[0008] The invention is defined by the independent claims. Dependent claims specify
embodiments thereof.

[0009] This disclosure describes a cooling system, for example, for rack mounted electronic
devices (e.g., servers, processors, memory, networking devices or otherwise) in a data center
is disclosed. In various disclosed implementations, the cooling system includes a liquid cold
plate assembly that is part of or integrated with a server tray package. In some
implementations, the liquid cold plate assembly includes a base portion and a top portion that,
in combination, form a cooling liquid flow path through which a cooling liquid is circulated and a
thermal interface between one or more heat generating devices and the cooling liquid. The top
portion of the liquid cold plate assembly includes multiple inlets and/or multiple outlets to
customize a flow path through which a liquid coolant flows to cool the electronic devices in



DK/EP 3799705 T3

conductive thermal contact with the cold plate assembly.

[0010] In an example implementation, a server tray package includes a motherboard assembly
that includes a plurality of data center electronic devices; and a liquid cold plate assembly. The
liquid cold plate assembly includes a base portion mounted to the motherboard assembly, the
base portion and motherboard assembly defining a volume that at least partially encloses the
plurality of data center electronic devices; and a top portion mounted to the base portion and
including a heat transfer member that includes a first number of inlet ports and a second
number of outlet ports that are in fluid communication with a cooling liquid flow path defined
through the heat transfer member, the first number of inlet ports being different that the second
number of outlet ports.

[0011] An aspect combinable with the example implementation further includes a first thermal
interface material positioned between a top surface of the base portion and at least a portion of
the plurality of data center electronic devices; and a second thermal interface material
positioned between the top surface of the base portion and a bottom surface of the top portion.

[0012] In another aspect combinable with any of the previous aspects, the liquid cold plate
assembly further includes a plurality of heat transfer surfaces enclosed within the cooling liquid
flow path.

[0013] In another aspect combinable with any of the previous aspects, the first number of inlet
ports are greater than the second number of outlet ports.

[0014] In another aspect combinable with any of the previous aspects, the first number of inlet
ports include at least two inlet ports positioned on opposed edges of the top portion of the
liquid cold plate assembly.

[0015] In another aspect combinable with any of the previous aspects, the at least two inlet
ports include at least four inlet ports positioned as pairs of inlet ports on opposed edges of the
top portion of the liquid cold plate assembly.

[0016] Another aspect combinable with any of the previous aspects further includes a plurality
of cooling liquid flow circuits defined by heat transfer surfaces positioned in the cooling liquid
flow path.

[0017] In another aspect combinable with any of the previous aspects, the plurality of cooling
liquid flow circuits extend between the at least two inlet ports and the second number of outlet

ports.

[0018] Another aspect combinable with any of the previous aspects further includes at least
one flow diverter positioned across one or more of the plurality of cooling liquid flow circuits.

[0019] In another aspect combinable with any of the previous aspects, the heat transfer
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surfaces include pin fins.

[0020] In another aspect combinable with any of the previous aspects, the plurality of data
center electronic devices include at least one hardware processing device and a plurality of
memory devices.

[0021] In another aspect combinable with any of the previous aspects, each of the plurality of
memory devices is mounted to the motherboard between the at least one hardware processing
device and at least one of the at least two inlet ports.

[0022] In another example implementation, a method for cooling heat generating devices in a
data center includes circulating a flow of a cooling liquid to a server tray package. The server
tray package includes a motherboard assembly that includes a plurality of data center
electronic devices, and a liquid cold plate assembly that includes a base portion mounted to
the motherboard assembly, the base portion and motherboard assembly defining a volume
that at least partially encloses the plurality of data center electronic devices, and a top portion
mounted to the base portion. The method includes circulating a flow of a cooling liquid into a
first number of inlet ports of the heat transfer member; circulating the flow of the cooling liquid
from the first number of inlet ports through a cooling liquid flow path defined through the heat
transfer member to transfer heat from the plurality of data center electronic devices into the
cooling liquid; and circulating the heated flow of the cooling liquid from the cooling liquid flow
path to a second number of outlet ports of the heat transfer member, the first number of inlet
ports being different that the second number of outlet ports.

[0023] An aspect combinable with the example implementation further includes transferring the
heat from the plurality of data center electronic devices through a first thermal interface
material positioned between the plurality of data center electronic devices and to a top surface
of the base portion.

[0024] Another aspect combinable with any of the previous aspects further includes
transferring the heat from the top surface of the base portion through a second thermal
interface material positioned between a bottom surface of the top portion of the liquid cold
plate assembly and to the cooling liquid.

[0025] In another aspect combinable with any of the previous aspects, circulating the flow of
the cooling liquid through the cooling liquid flow path defined through the heat transfer member
includes circulating the cooling liquid through a plurality of flow channels defined by a plurality
of heat transfer surfaces enclosed within the cooling liquid flow path.

[0026] In another aspect combinable with any of the previous aspects, the first number of inlet
ports are greater than the second number of outlet ports.

[0027] Another aspect combinable with any of the previous aspects further includes circulating
the flow of the cooling liquid into at least two inlet ports positioned on opposed edges of the top
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portion of the liquid cold plate assembly.

[0028] Another aspect combinable with any of the previous aspects further includes circulating
the flow of the cooling liquid into at least four inlet ports positioned as pairs of inlet ports on
opposed edges of the top portion of the liquid cold plate assembly.

[0029] Another aspect combinable with any of the previous aspects further includes circulating
the flow of the cooling liquid through a plurality of cooling liquid flow circuits defined by heat
transfer surfaces positioned in the cooling liquid flow path that extend between the at least two
inlet ports and the second number of outlet ports.

[0030] Another aspect combinable with any of the previous aspects further includes diverting
at least a portion of the cooling liquid that flows within one or more of the plurality of cooling
liquid flow circuits.

[0031] In another aspect combinable with any of the previous aspects, the heat transfer
surfaces include pin fins.

[0032] In another aspect combinable with any of the previous aspects, the plurality of data
center electronic devices include at least one hardware processing device and a plurality of
memory devices.

[0033] Another aspect combinable with any of the previous aspects further includes circulating
the flow of the cooling liquid from the first number of inlet ports over a portion of the cooling
liquid flow path positioned above at least one of the plurality of memory devices; circulating the
flow of the cooling liquid from the portion of the cooling liquid flow path positioned above at
least one of the plurality of memory devices to another portion of the cooling liquid flow path
positioned above the at least one hardware processing device; and circulating the flow of the
cooling liquid from the another portion of the cooling liquid flow path positioned above the at
least one hardware processing device to the second number of outlet ports.

[0034] Various implementations of a data center cooling system according to the present
disclosure may include one, some, or all of the following features. For example, a server tray
package according to the present disclosure may provide for direct liquid cooling to high heat
generating electronic devices in a data center with uniform flow and uniform temperature of a
cooling liquid that flows through a liquid cold plate assembly. As another example, a server tray
package according to the present disclosure may provide for multiple functionality including
cooling, mechanical rigidity, and liquid coolant sealing. As another example, a server tray
package according to the present disclosure may provide for custom cooling liquid flow paths
and flow geometries to cool both high and low heat generating electronic devices mounted on
a single substrate. As a further example, a server tray package according to the present
disclosure may allow for hot spot spreading in combination with high performance liquid cooling
via cold plates. As another example, a server tray package according to the present disclosure
may allow for higher power computing components (e.g., processors) to be cooled by direct
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conductive contact with a liquid cooled cold plate for better performance.

[0035] The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0036]

FIG. 1 illustrates a front view of a server rack and server rack sub-assemblies configured to
mount within a rack used in a data center environment.

FIG. 2A illustrates a schematic cross-sectional side view of an example implementation of a
server tray package that includes a liquid cold plate assembly.

FIG. 2B illustrates a schematic cross-sectional top view of an example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 2C illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 3 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 4Aillustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 4B illustrates an example flow diverter of a liquid cold plate assembly.

FIG. 5 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 6 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 7 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 8 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.

FIG. 9 illustrates a schematic cross-sectional top view of another example of a portion of the
example implementation of a server tray package that includes a liquid cold plate assembly.
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DETAILED DESCRIPTION

[0037] In some example implementations, a cooling system, for example, for rack mounted
electronic devices (e.g., servers, processors, memory, networking devices or otherwise) in a
data center is disclosed. In various disclosed implementations, the cooling system includes a
liquid cold plate assembly that is part of or integrated with a server tray package. In some
implementations, the liquid cold plate assembly includes a base portion and a top portion that,
in combination, form a cooling liquid flow path through which a cooling liquid is circulated and a
thermal interface between one or more heat generating devices and the cooling liquid. The top
portion of the liquid cold plate assembly includes multiple inlets and/or multiple outlets to
customize a flow path through which a liquid coolant flows to cool the electronic devices in
conductive thermal contact with the cold plate assembly.

[0038] FIG. 1 illustrates an example system 100 that includes a server rack 105, e.g., a 13
inch or 19 inch server rack, and multiple server rack sub-assemblies 110 mounted within the
rack 105. Although a single server rack 105 is illustrated, server rack 105 may be one of a
number of server racks within the system 100, which may include a server farm or a co-
location facility that contains various rack mounted computer systems. Also, although multiple
server rack sub-assemblies 110 are illustrated as mounted within the rack 105, there might be
only a single server rack sub-assembly. Generally, the server rack 105 defines multiple slots
107 that are arranged in an orderly and repeating fashion within the server rack 105, and each
slot 107 is a space in the rack into which a corresponding server rack sub-assembly 110 can
be placed and removed. For example, the server rack sub-assembly can be supported on rails
112 that project from opposite sides of the rack 105, and which can define the position of the
slots 107.

[0039] The slots 107, and the server rack sub-assemblies 110, can be oriented with the
illustrated horizontal arrangement (with respect to gravity). Alternatively, the slots 107, and the
server rack sub-assemblies 110, can be oriented vertically (with respect to gravity). Where the
slots are oriented horizontally, they may be stacked vertically in the rack 105, and where the
slots are oriented vertically, they may be stacked horizontally in the rack 105.

[0040] Server rack 105, as part of a larger data center for instance, may provide data
processing and storage capacity. In operation, a data center may be connected to a network,
and may receive and respond to various requests from the network to retrieve, process, and/or
store data. In operation, for example, the server rack 105 typically facilitates the
communication of information over a network with user interfaces generated by web browser
applications of users who request services provided by applications running on computers in
the datacenter. For example, the server rack 105 may provide or help provide a user who is
using a web browser to access web sites on the Internet or the World Wide Web.

[0041] The server rack sub-assembly 110 may be one of a variety of structures that can be
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mounted in a server rack. For example, in some implementations, the server rack sub-
assembly 110 may be a "tray" or tray assembly that can be slidably inserted into the server
rack 105. The term "tray” is not limited to any particular arrangement, but instead applies to the
motherboard or other relatively flat structures appurtenant to a motherboard for supporting the
motherboard in position in a rack structure. In some implementations, the server rack sub-
assembly 110 may be a server tray package, server chassis, or server container (e.g., server
box). In some implementations, the server rack sub-assembly 110 may be a hard drive cage.

[0042] FIG. 2A illustrates a schematic cross-sectional side view of an example implementation
of a server tray package 200 that includes a liquid cold plate assembly 201. In some
implementations, the server tray package 200 may be used as one or more of the server rack
sub-assemblies 110 shown in FIG. 1. Referring to FIG. 2A, the server tray package 200
includes a printed circuit board 202 (e.g., motherboard 202) that supports one or more
heatgenerating data center electronic devices; in this example, two or more memory modules
214 and one or more processing devices 216 (e.g., one or more application-specific integrated
circuits (ASIC)). In some aspects, the motherboard 202 may be mounted on a frame (not
shown), which can include or simply be a flat structure that can be grasped by technicians for
moving the motherboard 202 into place and holding it in position within the rack 105. For
example, the server tray package 200 may be mounted horizontally in the server rack 105
such as by sliding the frame into the slot 107 and over a pair of rails in the rack 105 on
opposed sides of the server tray package 200 - much like sliding a lunch tray into a cafeteria
rack. The frame can extend below the motherboard 202 or can have other forms (e.g., by
implementing it as a peripheral frame around the motherboard 202) or may be eliminated so
that the motherboard itself is located in, e.g., slidably engages, the rack 105. The frame can be
a flat plate or include one or more side walls that project upwardly from the edges of the flat
plate, and the flat plate could be the floor of a closed-top or open-top box or cage.

[0043] In some examples, one motherboard 202 is mounted on a frame; alternatively, multiple
motherboards 202 may be mounted on a frame, depending on the needs of the particular
application. In some implementations, one or more fans (not shown) can be placed on the
motherboard 202 or a frame so that air enters at the front edge of the server tray package
200, closer to the front of the rack 105 when the server tray package 200 is installed in the
rack 105, flows over the motherboard 202, over some of the data center electronic
components on the motherboard 202, and is exhausted from the server tray package 200 at
the back edge, closer to the back of the rack 105 when the server tray package 200 is installed
in the rack 105. The one or more fans can be secured to the motherboard 202 or a frame by
brackets.

[0044] As illustrated, a substrate 204 and an interposer 212 (e.g., a silicon interposer) are
positioned between the data center electronic devices 214 and 216 and the motherboard 202.
The substrate 204, for example, provides an interface between one or more of the data center
electronic devices (e.g., the processing device 216) and the motherboard 202, such as through
pins that provide electrical and communication interfaces. The substrate 204 also, in this
example, may provide a mounting location for one or more components of the liquid cold plate
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assembly 201. The interposer 212, for example, provides a high bandwidth connection
between the data center electronic devices, such as between the memory modules 214 and
the processing device 216.

[0045] For example, as shown in FIG. 2B, in some examples, there is a single processing
device 216 mounted on the interposer 212 and at or near a center of the interposer 212 (e.g.,
such that centers of the processing device 216 and the interposer 212 are aligned). Memory
modules 214, in this example, are positioned (in pairs) on only two opposed sides of the
processing device 216. Thus, more heat may be generated (e.g., by the processing device
216) at or near a center portion of the interposer 212 relative to a perimeter area of the
interposer 212 (e.g., in which the memory modules 214 are mounted).

[0046] As another example, as shown in FIG. 2C, in some examples, there is a single
processing device 216 mounted on the interposer 212 and at or near a center of the interposer
212 (e.g., such that centers of the processing device 216 and the interposer 212 are aligned).
Memory modules 214, in this example, are positioned (in pairs) on all four opposed sides of
the processing device 216. Thus, more heat may be generated (e.g., by the processing device
216) at or near a center portion of the interposer 212 relative to a perimeter area of the
interposer 212 (e.g., in which the memory modules 214 are mounted).

[0047] As shown in FIG. 2A, the liquid cold plate assembly 201 includes a top portion 222, also
referred to as a top hat 222, and a base portion 206. The base portion 206 includes a lid 208
that defines a top surface of the base portion 206 and sides 210 that couple the lid 208 to the
substrate 204. In combination, the lid 208 and the sides 210 define or enclose a volume 203 in
which the interposer 212 and the data center electronic devices 214 and 216 (mounted
thereon) are positioned in the server tray package 200. As shown in this example, a thermal
interface material 218 (e.g., a phase change material or otherwise thermally conductive
material) is contactingly positioned between a bottom side of the lid 208 and the data center
electronic devices 214 and 216 to provide a conductive heat transfer interface between these
components.

[0048] In this example implementation, the top hat 222 is mounted to a top surface of the lid
208 through another thermal interface material 220 (e.g., a phase change material or
otherwise thermally conductive material) that provides a conductive heat transfer interface
between a bottom 228 of the top hat 222 and the lid 208 of the base portion 206. The top hat
222, as shown, includes a cap 224 that is connected to the bottom 228 through sides 226. In
combination, the cap 224, sides 226, and bottom 228 define a volume 234 through which a
flow of a cooling liquid may be circulated.

[0049] As shown in this example, the cap 224 includes at least two cooling liquid inlets 230
through which a supply 240 of cooling liquid may enter. The cap 224 also includes (in this
example) a single cooling liquid outlet 232 through which a return 242 of cooling liquid may
exit. Thus, in this implementation, there is a two-to-one ratio of inlets 230 to outlets 232. In
some aspects, such a ratio may be implemented but with different quantities of inlets 230 and
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outlets 232. For example, there may be four inlets 230 and two outlets 232. Other quantities
and ratios of inlets 230 to outlets 232 are also possible (e.g., four inlets 230 to one outlet 232).

[0050] In FIG. 2A, as further shown in this example, the inlets 230 are each placed at or near a
perimeter edge of the top hat 222, while the single outlet 232 is positioned at or near a center
of the top hat 222. Other positions of the inlets 230 and the outlet 232 are also contemplated
by the present disclosure, such as, for example, both inlets 230 positioned near the center of
the top hat 222 and one or more outlets 232 positioned at or near the perimeter edge of the
top hat 222.

[0051] The volume 234 defines or includes a cooling liquid flow path between the inlets 230
and the outlets 232. As shown in this example, one or more heat transfer surfaces 236 (e.g.,
fins, undulations, ridges, or other extended surfaces that increase a heat transfer area) are
positioned in the volume 234. The heat transfer surfaces 236 define channels 238, for
example, through which the cooling liquid may be circulated to increase an amount of heat
transferred from the data center electronic devices 214 and 216 to the cooling liquid (e.g.,
relative to an amount transferred in an implementation of the server tray package 200 that
does not include the heat transfer surfaces 236).

[0052] Turning briefly to FIG. 3, this top view of the example implementation of the server tray
package 200 shown in FIG. 2A and 2C further shows the two cooling liquid inlets 230 and the
single cooling liquid outlet 232. In this example, each inlet 230 is shaped as a rectangular
opening with a length generally commiserate with a dimension of the interposer 212 and a
width much less than the length. Here, each of the two inlets 230 is positioned on a particular
edge of the perimeter of the top hat 222 (and vertically above a corresponding edge of the
interposer 212). The single outlet 232, positioned from one edge of the top hat 222 to an
opposed edge of the top hat 222 also has a similar opening shape as the inlets 230. Here,
heat transfer area 250 represents the portion of the bottom 228 which is in conductive thermal
contact with the heat generating devices (processor 216, memory modules 214, and others)
through the top208 of the base portion 206.

[0053] In an example operation of the server tray package 200 to cool the data center
electronic devices 214 and 216, the server tray package 200 may be deployed, for example, in
a data center server rack 105 in a data center. During operation of the server tray package
200, the processing device 216 and memory modules 214 generate heat that may need to be
dissipated or removed from the server tray package 200 (e.g., for proper operation of the
server tray package 200). Heat generated by the processing device 216 and memory modules
214 is transferred through the thermal interface material 218 and to the lid 208 of the base
portion 206 of the liquid cold plate assembly 201. The transferred heat is further transferred
from the lid 208, through the thermal interface material 220, and to the bottom 228 of the top
hat 222. In some examples, one or more components of the liquid cold plate assembly 201
may be formed or made from a thermally conductive material, such as copper, aluminum, a
combination of copper and aluminum, or other thermally conductive materials.
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[0054] The heat transferred to the bottom 228 of the top hat 222 is then transferred to the
supply 240 of the cooling liquid that is circulated through the inlets 230 and into the volume 234
of the top hat 222. In some examples, the cooling liquid may be a chilled water or glycol, such
as from one or more chillers fluidly coupled to the server tray package 200. In alternative
examples, the cooling liquid may be a condenser water or other evaporatively-cooled liquid
(e.g., without mechanical refrigeration). In other examples, the cooling liquid may be a
dielectric single or two-phase fluid. In any event, the cooling liquid supply 240 may be at an
appropriate temperature and flow rate to remove a desired amount of heat from the data
center electronic devices 214 and 216.

[0055] In some examples, heat is transferred directly from the bottom 228 to the cooling liquid
supply 240. Heat may also be transferred from the bottom 228, through one or more heat
transfer surfaces 236, and then to the cooling liquid supply 240 that flows through channels
238. As shown in FIG. 3, the supply 240 of the cooling liquid first flows through a portion of the
volume 234 that is vertically above the memory modules 214 (on two sides). Some of the
supply 240 of the cooling liquid, after receiving heat generated by the memory modules 214,
flows through another portion of the volume 234 that is vertically above the processing device
216 and then to the outlet 232 (now heated by the memory module(s) 214 and processing
device 216). Given that the memory modules 214 usually run at lower temperature than
processing devices 216, the liquid cold plate assembly 201 described herein results in a more
efficient usage of the cooling liquid as the cooling liquid can first receive some heat from the
memory modules and subsequently receive further heat from the processing device. Some of
the supply 240 of the cooling liquid, after receiving heat generated by the memory modules
214, flows to the outlet 232 and through the outlet 232 as return 242 of the cooling liquid (now
heated by the memory modules 214).

[0056] The heated cooling liquid supply 240 is circulated to the outlet 232 and exits the top hat
222 as the cooling liquid return 242 (e.g., that is at a higher temperature than the cooling liquid
supply 240). The cooling liquid return 242 is circulated back, e.g., to a source of the cooling
liquid, to expel the heat (e.g., in a chiller, cooling tower, or other heat exchanger) from the
return 242.

[0057] FIG. 4Aillustrates a schematic cross-sectional top view of another example of a portion
of the example implementation of a server tray package 200 that includes a liquid cold plate
assembly 201. In this example, one or more flow diverters 260 are mounted within the volume
234 on a top surface of the bottom 228 of the top hat 222. As shown in this example, four flow
diverters 260 are mounted within the volume 234 to impede the supply 240 of the cooling liquid
as it flows from the inlets 230 toward the outlet 232. In this example, the flow diverters 260 are
positioned to impede a flow of the supply 240 of the cooling liquid that flows only over one or
more memory modules 214 between a particular one of the inlets 230 to the outlet 232. In
some aspects, the flow diverters 260 may promote temperature uniformity of the supply 240 of
the cooling liquid at the outlet 232.

[0058] In some example implementations, the flow diverter 260 is shaped as a solid wall that,
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for example, extends all or partially from the bottom 228 of the top hat 222 toward the cap 224.
FIG. 4B illustrates an example flow diverter 260 in which one or more perforations 261 are
formed in the flow diverter 260. In some aspects, the perforations 261 may be designed to
promote flow and temperature uniformity of the supply 240 of the cooling liquid at the outlet
232.

[0059] FIG. 5 illustrates a schematic cross-sectional top view of another example of a portion
of the example implementation of the server tray package 200 that includes the liquid cold
plate assembly 201. In this example implementations, flow circuits 262 are formed in a surface
of the bottom 228 of the top hat 222. In this example, the flow circuits 262 are formed by ridges
264 formed in the surface of the bottom 228. Alternatively, the circuits 262 may be formed as
troughs embedded in the surface of the bottom 228. The flow circuits 262, are oriented in this
example in a parallel or substantially parallel direction of flow of the supply 240 of the cooling
liquid from the inlets 230 to the outlet 232. In this example, the flow circuits 262 are formed
from one edge of the bottom 228 that is orthogonal to the direction of flow to an opposed edge
of the bottom 228 (in this drawing, from top edge of the heat transfer area 250 to bottom edge
of the heat transfer area 250). In operation, the flow circuits 262 may channel the flow of the
supply 240 of the cooling liquid as it circulates from the inlets 230 toward the outlet, thereby,
e.g., promoting heat transfer of heat from the bottom 228 into the supply 240 of the cooling
liquid.

[0060] FIG. 6 illustrates a schematic cross-sectional top view of another example of a portion
of the example implementation of the server tray package 200 that includes the liquid cold
plate assembly 201. In this example implementation, flow circuits 272 and 282 are formed in a
surface of the bottom 228 of the top hat 222. In this example, the flow circuits 272 are formed
by ridges 270 formed in the surface of the bottom 228, and the flow circuits 282 are formed by
ridges 280 formed in the surface of the bottom 228. Alternatively, the circuits 272 and 282 may
be formed as troughs embedded in the surface of the bottom 228. As shown in this example,
flow circuits 272 are more closely spaced (e.g., a higher pitch) relative to the flow circuits 282.
Also, as shown, the flow circuits 272 are formed in the heat transfer area 250 above portions of
the bottom 228 that are vertically above only memory modules 214 on the interposer 212. The
flow circuits 282 are formed in the heat transfer area 250 above portions of the bottom 228
that are vertically above memory modules 214 and the processing device 216 on the
interposer 212.

[0061] The flow circuits 272 and 282 are oriented in this example in a parallel or substantially
parallel direction of flow of the supply 240 of the cooling liquid from the inlets 230 to the outlet
232. In this example, the flow circuits 272 and 282 are formed from one edge of the bottom
228 that is orthogonal to the direction of flow to an opposed edge of the bottom 228 (in this
drawing, from top edge of the heat transfer area 250 to bottom edge of the heat transfer area
250). In operation, the flow circuits 272 and 282 may channel the flow of the supply 240 of the
cooling liquid as it circulates from the inlets 230 toward the outlet, thereby, e.g., promoting heat
transfer of heat from the bottom 228 into the supply 240 of the cooling liquid.



DK/EP 3799705 T3

[0062] Turning to FIG. 7, this figure illustrates a schematic cross-sectional top view of another
example of a portion of the example implementation of the server tray package 200 that
includes the liquid cold plate assembly 201. As shown in this example, there are four inlets
230, each of which is positioned at a perimeter edge of the top hat 222. There is a single outlet
232 (shown as a circular cross-sectional outlet in this example) positioned in the center of the
heat transfer area 250 of the top hat 222. Thus, during operation of the liquid cold plate
assembly 201 in FIG. 7, the supply 240 flows in the volume 234 in a direction from the inlets
230 and toward a center of the top hat 222 where the outlet 232 is located. In this example, all
or much of the supply 240 of the cooling liquid flows first within a portion of the volume 234
vertically above one or more memory modules 214 and then within another portion of the
volume 234 vertically above the processing device 216 to receive heat from the devices,
through the bottom 228 and into the cooling liquid.

[0063] Turning to FIG. 8, the implementation of the liquid cold plate assembly 201 is shown
(e.g., with four inlets 230 and a single, center outlet 232) with multiple pin fins 286 mounted
onto the bottom 228 of the top hat 222 within the volume 234. As shown, the pin fins 286
define multiple tortuous flow paths for the supply 240 of the cooling liquid to flow through from
the inlets 230 to the outlet 232. In this example, the pin fins 286 may cover all or most of the
heat transfer area 250 and, for instance, extend from the bottom 228 to the cap 224. In
alternative implementations, there may be some portions of the heat transfer area 250 that do
not include pin fins 286. In alternative implementations, the pin fins 286 my only extend
partially from the bottom 228 into the volume 234 and toward the cap 224.

[0064] FIG. 9 illustrates a schematic cross-sectional top view of another example of a portion
of the example implementation of the server tray package 200 that includes the liquid cold
plate assembly 201. In this example implementation, the number and ratio of inlets 230 to
outlets 232 are reversed as compared to the implementation shown in FIG. 7. For example,
FIG. 9 shows an implementation of the liquid cold plate assembly 201 and specifically the top
hat 222 in which there is a single cooling liquid inlet 230 located at or near a center of the heat
transfer area 250 (and the cap 224), while there are four cooling liquid outlets 232, each of
which is positioned at a perimeter edge of the top hat 222. Thus, during operation of the liquid
cold plate assembly 201 in FIG. 9, the supply 240 flows in the volume 234 in a direction from
the inlet 230 and toward a perimeter of the top hat 222 where the outlets 232 are located. In
this example, all or much of the supply 240 of the cooling liquid flows first within a portion of the
volume 234 vertically above the processing device 216 and then within another portion of the
volume 234 vertically above the memory modules 214 to receive heat from the devices,
through the bottom 228, and into the cooling liquid.
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Patentkrav

1. Serverskuffepakke, der omfatter:

en motherboard-(202)-samling, der omfatter en flerhed af elektroniske enheder i et
datacenter (214, 216); og

en veeskekglepladesamling (201), der omfatter:

en basisdel (206), der er monteret pa motherboard-(202)-samlingen, hvor basisdelen
(206) og motherboard-(202)-samlingen definerer et volumen (203), der mindst delvist
omslutter flerheden af elektroniske enheder i et datacenter (214, 216); og

en overdel (222), der er monteret pa basisdelen (206) og omfatter et
varmeoverfgrselselement, som omfatter et farste antal indlgbs-(230)-abninger og et
andet antal udlgbs-(232)-abninger, der er i fluidforbindelse med en
kolevaeskestramningsbane, som er defineret gennem varmeoverfgrselselementet,
hvor det fgrste antal indlgbs-(230)-abninger er forskelligt fra det andet antal udlgbs-
(232)-abninger, hvor de respektive abninger, der antalsmaessigt er sterre, hver isaer
er placeret ved eller naer ved en perimeterkant af overdelen (222), og de respektive
abninger, der antalsmeaessigt er mindre, er positioneret ved eller naer ved en midte af
overdelen (222).

2. Serverskuffepakke ifglge krav 1, der endvidere omfatter:

et forste termisk greenseflademateriale (218), der er positioneret mellem en overside
af basisdelen (206) og mindst en del af flerheden af elektroniske enheder i et
datacenter (214, 216); og

et andet termisk graenseflademateriale (220), der er positioneret mellem basisdelens
(206) overside og en underside af overdelen (222);

hvor veeskekglepladesamlingen (201) eventuelt yderligere omfatter en flerhed af
varmeoverfgrselsflader (236), der er indesluttet inden i kelevaeskestramningsbanen.

3. Serverskuffepakke ifglge krav 1, hvor det fgrste antal indlgbs-(230)-abninger er
starre end det andet antal udlgbs-(232)-abninger.

4. Serverskuffepakke ifelge krav 3, hvor det forste antal indlabs-(230)-abninger
omfatter mindst to indlabs-(230)-abninger, der er positioneret pa modstillede kanter af

vaeskekglepladesamlingens (201) overdel (222).
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5. Serverskuffepakke ifglge krav 4, hvor de mindst to indlgbs-(230)-abninger omfatter
mindst fire indlgbs-(230)-abninger, der er positioneret som par af indlgbsabninger pa
modstillede kanter af vaeskekglepladesamlingens (201) overdel (222).

6. Serverskuffepakke ifglge krav 4, der endvidere omfatter en flerhed af
kaleveeskestramningskredslgb, der er defineret af varmeoverfarselsflader (236), som
er positioneret [ koleveeskestrgmningsbanen, hvor flerheden af
kalevaeskestramningskredslob streekker sig mellem de mindst to indlgbs-(230)-
abninger og det andet antal udlabs-(232)-abninger.

7. Serverskuffepakke ifglge krav 6,

der yderligere omfatter mindst én stramningsafleder (260), der er positioneret pa tveers
af ét eller flere af flerheden af kalevaeskestramningskredslab; eller

hvor varmeoverfgrselsfladerne (236) omfatter stiftlameller (286).

8. Serverskuffepakke ifglge krav 4, hvor flerheden af elektroniske enheder i et
datacenter (214, 216) omfatter mindst én hardwareprocessorenhed (216) og en
flerhed af hukommelsesenheder (214), og hver af flerheden af hukommelsesenheder
(214) er monteret pa motherboardet (202) mellem den mindst ene

hardwareprocessorenhed (216) og mindst én af de mindst to indlgbs-(230)-abninger.

9. Fremgangsmade til afkgling af varmegenererende enheder i et datacenter, hvilken
fremgangsmade omfatter:

cirkulering af en strgm af en koleveeske til en serverskuffepakke, der omfatter:

en motherboard-(202)-samling, der omfatter en flerhed af elektroniske enheder i et
datacenter (214, 216), og

en vaeskekglepladesamling (201), der omfatter en basisdel (206), der er monteret pa
motherboard-(202)-samlingen, hvor basisdelen (206) og motherboard-(202)-
samlingen definerer et volumen (203), der mindst delvist omslutter flerheden af
elektroniske enheder i et datacenter (214, 216), og en overdel (222), der er monteret
pa basisdelen (206);

cirkulering af en strgm af en kolevaeske ind i et farste antal indlgbs-(230)-abninger i

varmeoverfgrselselementet;
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cirkulering af strammen af kaleveesken fra det fgrste antal indlgbs-(230)-abninger
gennem en kglevaeskestramningsbane, der er defineret gennem
varmeoverfgrselselementet, med henblik pa at overfore varme fra flerheden af
elektroniske enheder i et datacenter (214, 216) ind i kaleveesken; og

cirkulering af den opvarmede stram af kalevaesken fra kaleveeskestramningsbanen til
et andet antal udlgbs-(232)-abninger i varmeoverfarselselementet, hvor det farste
antal indlgbs-(230)-abninger er forskelligt fra det andet antal udlgbs-(232)-abninger,
hvor de respektive abninger, der antalsmaessigt er starre, hver iszer er placeret ved
eller nzer ved en perimeterkant af overdelen (222), og de respektive abninger, der
antalsmaessigt er mindre, er positioneret ved eller naer ved en midte af overdelen
(222).

10. Fremgangsmade ifalge krav 9,

der yderligere omfatter:

overfgrsel af varmen fra flerheden af elektroniske enheder i et datacenter (214, 216)
gennem et farste termisk greenseflademateriale (218), der er positioneret mellem
flerheden af elekironiske enheder i et datacenter (214, 216), og til en overside af
basisdelen (206); og

overfgrsel af varmen fra basisdelens overside gennem et andet termisk
graenseflademateriale (220), der er positioneret mellem en underside af overdelen
(222) af veaeskekolepladesamlingen (201) og basisdelens (206) overside, il
kalevaesken; eller

hvor cirkulering af stremmen af kolevaesken gennem kglevaeskestramningsbanen,
der er defineret gennem varmeoverforselselementet, omfatter cirkulering af
kaleveesken gennem en flerhed af vaeskestramningskredslob (262, 272, 282), der er
defineret af en flerhed af varmeoverforselsflader (236), som er indesluttet inden i
koleveeskestrgmningsbanen.

11. Fremgangsmade ifglge krav 9, hvor det farste antal indlgbs-(230)-abninger er
starre end det andet antal udlgbs-(232)-abninger.

12. Fremgangsmade ifglge krav 11, der endvidere omfatter cirkulering af strammen af
kelevaesken ind i mindst to indlgbs-(230)-abninger, der er positioneret pa modstillede
kanter af vaeskekglepladesamlingens (201) overdel (222).
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13. Fremgangsmade ifglge krav 12, der endvidere omfatter cirkulering af strammen af
kglevaesken ind i mindst fire indlabs-(230)-abninger, der er positioneret som par af
indlgbsabninger pa modstillede kanter af veeskekalepladesamlingens (201) overdel
(222).

14. Fremgangsmade ifglge krav 12, der endvidere omfatter cirkulering af strammen af
kolevaesken gennem en flerhed af kglevaeskestramningskredslgb, der er defineret af
varmeoverfgrselsflader (236), som er positioneret i kaleveeskestrgmningsbanen, der
streekker sig mellem de mindst to indlabs-(230)-abninger og det andet antal udlgbs-
(232)-abninger;

hvilken fremgangsmade eventuelt yderligere omfatter afledning af mindst en del af
kolevaesken, der strammer inden i én eller flere af flerheden af
kaleveeskestrgmningskredslgb (262, 272, 282).

15. Fremgangsmade ifglge krav 12, hvor flerheden af elektroniske enheder i et
datacenter (214, 216) omfatter mindst én hardwareprocessorenhed (216) og en
flerhed af hukommelsesenheder (214), hvilken fremgangsmade yderligere omfatter:
cirkulering af strammen af kaleveesken fra det farste antal indlgbs-(230)-abninger over
en del af kagleveeskestramningsbanen, der er positioneret over mindst én af flerheden
af hukommelsesenheder (214);

cirkulering af strammen af koleveesken fra den del af kaleveeskestramningsbanen, der
er positioneret over mindst én af flerheden af hukommelsesenheder (214), til en anden
anden del af kalevaeskestramningsbanen, der er positioneret over den mindst ene
hardwareprocessorenhed (216); og

cirkulering af strommen af kgleveesken fra den anden del af
koleveeskestrgmningsbanen, der er positioneret over den mindst ene
hardwareprocessorenhed (216), til det andet antal udlgbs-(232)-abninger.
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