wO 20247256892 A1 | NI 00000 KOO0 0 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 December 2024 (19.12.2024)

(10) International Publication Number

WO 2024/256892 Al

WIPO I PCT

1)

@n

22)

@5
(26)
30)

(71)

(71)

(72)

International Patent Classification:
HOIL 23/34 (2006.01) GOGF 1/20 (2006.01)
HOIL 23/473 (2006.01) HO5K 7/20 (2006.01)
International Application Number:
PCT/1B2024/054480

International Filing Date:

08 May 2024 (08.05.2024)
Filing Language: English
Publication Language: English
Priority Data:
18/336,071 16 June 2023 (16.06.2023) UsS
Applicant: INTERNATIONAL BUSINESS

MACHINES CORPORATION [US/US]; New Orchard
Road, Armonk, New York 10504, New York, 10504 (US).

Applicant (for MG only): IBM ISRAEL - SCIENCE &
TECHNOLOGY LTD [IL/IL]; IBM ISRAEL - SCIENCE
& TECHNOLOGY LTD, Haifa University Campus, 165
Aba Khoushy Ave, Mount Carmel, 31905 Haifa (IL).

Inventors: ZIMON, Malgorzata Jadwiga; Daresbury
Laboratory, Keckwick Lane, Warrington WA4 4AD (GB).

(74)

@81)

84

MARTELLI, Fausto; Daresbury Laboratory, Keckwick
Lane, Warrington WA4 4AD (GB).

Agent: GILBOA, Eyal; IBM ISRAEL - SCIENCE &
TECHNOLOGY LTD, Haifa University Campus, 165 Aba
Khoushy Ave, Mount Carmel, 31905 Haifa (IL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,

(54) Title: MICROFLUID COOLING FOR NON-UNIFORM HEATMAP

(57) Abstract: The present inventive concept provides for a method of mi-
crofluid cooling for a non-uniform heatmap. The method includes identifying

300

AN

IDENTIFY A PLURALITY OF
ZONES OF A MICROELECTRIC
DEVICE

302

OBTAIN ONE OR MORE LOCAL
TEMPERATURE
MEASUREMENTS FOR THE
ONE OR MORE ZONES OF THE
PLURALITY OF ZONES OF THE

MICROELECTRONIC DEVICE
304

APPLY A VOLTAGE AND/OR AN
ELECTRIC FIELDTOA
MICROFLUID IN AT LEAST A
PORTION OF THE ONE OR
MORE ZONES BASED ON THE
ONE OR MORE OBTAINED
LOCAL TEMPERATURE

MEASUREMENTS
208

FiG. 3

a plurality of zones of a microelectronic device. A local temperature measure-
ment is obtained for one or more zones of the plurality of zones of the micro-
electronic device. A voltage is applied to a microfluid in at least a portion of
the one or more zones based on the obtained local temperature measurement.
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MICROFLUID COOLING FOR NON-UNIFORM HEATMAP

BACKGROUND

[0001] Exemplary embodiments of the present inventive concept relate to microfluid

cooling, and more particularly, to microfluid cooling for a non-uniform heatmap.

[0002] With an increased demand for system reliability and performance combined with
the miniaturisation of microelectronic devices, consideration of thermal dissipation has
become an increasingly crucial factor in the design of electronic packaging, from chips to
a system level. A microprocessor is a microchip which is crucial in the field of
microelectronics with billions of transistors per square centimetre, amplifying,
controlling, and generating electrical signals. As semiconductor technology continues to
scale down, the chip temperature increases rapidly due to the exponentially growing
power consumption. The increasing degree of excess heat has directly led to high
packaging and cooling costs, and threatens to significantly degrade the performance, life
span, and reliability of future computing systems. The microfluidic design of a cooling

system aims at meeting the following goals:

a. - reduction of the maximum surface temperature,
b. - minimisation of the surface temperature nonuniformity,
C. - more efficient use of the liquid pumping power.

[0003] Most studies suggest reducing the maximum surface temperature by using, e.g.,
microchannels, jet cooling, and micro-gaps. Some recent work discusses solutions to the
temperature non-uniformity of the chip surface. One such solution endeavours to tackle it
by using the hybrid jet impingement microchannels. Another concept for energy-
efficient, hotspot-targeted embedded liquid cooling of multicore microprocessors has
been proposed. The proposed microfluidic system consists of microchannels with
varying sizes, to collaboratively regulate the distribution of flow in different regions of
the chip. Another solution proposed uses temperature-regulated microvalves instead.

Although there are several interesting approaches for the thermal management of
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microelectronic devices, most of them are appropriate for a specific thermal map,

especially for steady-state conditions. Therefore, a more general and energy-efficient

approach is needed.
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SUMMARY

[0004] Exemplary embodiments of the present inventive concept relate to a method, a
computer program product, and a system for microfluid cooling for a non-uniform

heatmap.

[0005] According to an exemplary embodiment of the present inventive concept, a
method of microfluid cooling for a non-uniform heatmap is provided. The method
includes identifying a plurality of zones of a microelectronic device. A local temperature
measurement is obtained for one or more zones of the plurality of zones of the
microelectronic device. A voltage is applied to a microfluid in at least a portion of the
one or more zones based on the obtained local temperature measurement. Thus,
microfluid flow rate, and consequently thermal cooling, can be non-uniformly influenced

in the one or more zones without changing an architecture of a microelectronic device.

[0006] According to an exemplary embodiment of the present inventive concept, a
computer program product for microfluid cooling for a non-uniform heatmap is provided.
The computer program product includes one or more computer-readable storage media
and program instructions stored on the one or more non-transitory computer-readable
storage media capable of performing a method. The method includes identifying a
plurality of zones of a microelectronic device. A local temperature measurement is
obtained for one or more zones of the plurality of zones of the microelectronic device. A
voltage is applied to a microfluid in at least a portion of the one or more zones based on
the obtained local temperature measurement. Thus, microfluid flow rate, and
consequently thermal cooling, can be non-uniformly influenced in the one or more zones

without changing an architecture of a microelectronic device.

[0007] According to an exemplary embodiment of the present inventive concept, a
computer system is provided for microfluid cooling for a non-uniform heatmap. The
computer system includes one or more computer processors, one or more computer-
readable storage media, and program instructions stored on the one or more of the
computer-readable storage media for execution by at least one of the one or more

processors capable of performing a method. The method includes identifying a plurality
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of zones of a microelectronic device. A local temperature measurement is obtained for
one or more zones of the plurality of zones of the microelectronic device. A voltage is
applied to a microfluid in at least a portion of the one or more zones based on the
obtained local temperature measurement. Thus, microfluid flow rate, and consequently
thermal cooling, can be non-uniformly influenced in the one or more zones without

changing an architecture of a microelectronic device.

[0008] In an embodiment of the present inventive concept, the applying of the voltage
alters the intermolecular cohesion in the microfluid. Thus, microfluid flow rate, and
consequently thermal cooling, can be non-uniformly influenced in the one or more zones

without changing an architecture of a microelectronic device.

[0009] In an embodiment of the present inventive concept, the applying of the voltage
induces a super diffusivity of the microfluid. Thus, microfluid flow rate, and
consequently thermal cooling, can be non-uniformly influenced in the one or more zones

without changing an architecture of a microelectronic device.

[0010] In an embodiment of the present inventive concept, the applying of the voltage
alters an intermolecular dimensionality of the microfluid. Thus, microfluid flow rate, and
consequently thermal cooling, can be non-uniformly influenced in the one or more zones

without changing an architecture of a microelectronic device.

[0011] In an embodiment of the present inventive concept, the microfluid is water,
wherein the applying of the voltage disrupts intermolecular hydrogen bonding in the
water, and wherein a dimensionality prevalence of the water differs between the one or
more zones and at least one other zone. Thus, microfluid flow rate, and consequently
thermal cooling, can be non-uniformly influenced in the one or more zones without

changing an architecture of a microelectronic device.

[0012] In an embodiment of the present inventive concept, the one or more zones
include a plurality of electrodes for the applying of the voltage. Thus, microfluid flow
rate, and consequently thermal cooling, can be non-uniformly influenced in the one or

more zones without changing an architecture of a microelectronic device.
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[0013] In an embodiment of the present inventive concept, the one or more zones
include a plurality of electrodes oppositely disposed in pairs across a coolant channel for
the applying of the voltage. Thus, microfluid flow rate, and consequently thermal
cooling, can be non-uniformly influenced in the one or more zones without changing an

architecture of a microelectronic device.

[0014] In an embodiment of the present inventive concept, the non-uniform heatmap is
generated from the local obtained temperature measurement for the plurality of zones,
and the applying of the voltage is different for at least two zones of the plurality of zones
based on the non-uniform heatmap. Thus, microfluid flow rate, and consequently thermal
cooling, can be non-uniformly influenced in the one or more zones without changing an

architecture of a microelectronic device.

[0015] According to an exemplary embodiment of the present inventive concept, a
method of microfluid cooling for a non-uniform heatmap is provided. The method
includes disposing electrodes on protruding contacts of a microelectronic device at least
partially defining a coolant channel for a microfluid. A plurality of local temperature
measurements is obtained from temperature sensors disposed in different zones of the
microelectronic device adjacent to corresponding segments of the coolant channel for the
microfluid. A voltage is applied to the microfluid in the coolant channel using the
disposed electrodes based on the obtained local temperature measurement. Thus,
microfluid flow rate, and consequently thermal cooling, can be non-uniformly influenced

in the one or more zones without changing an architecture of a microelectronic device.

[0016] In an embodiment of the present inventive concept, the protruding contacts of the
microelectronic device are heat sources. Thus, microfluid flow rate, and consequently
thermal cooling, can be non-uniformly influenced in the one or more zones without

changing an architecture of a microelectronic device.

[0017] According to an exemplary embodiment of the present inventive concept, a
method of microfluid cooling for a non-uniform heatmap is provided. The method
includes inducing a transient change in a prevailing dimensionality of a microfluid within

a coolant channel for a plurality of zones of a microelectronic device to increase a flow
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rate of the microfluid using an electric field. The induced transient change in the
prevailing dimensionality of the microfluid varies between at least some zones of the
plurality of zones. Thus, microfluid flow rate, and consequently thermal cooling, can be
non-uniformly influenced in the one or more zones without changing an architecture of a

microelectronic device.

[0018] In an embodiment of the present inventive concept, the induced transient change
in a prevailing dimensionality of the microfluid is a two-dimensional hydrogen bond
network. Thus, microfluid flow rate, and consequently thermal cooling, can be non-
uniformly influenced in the one or more zones without changing an architecture of a

microelectronic device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The following detailed description, given by way of example and not intended to
limit the exemplary embodiments solely thereto, will best be appreciated in conjunction

with the accompanying drawings, in which:

[0020] FIG. 1 illustrates a schematic diagram of computing environment 100 including a
microfluid cooling for a non-uniform heatmap program 150, in accordance with an

exemplary embodiment of the present inventive concept.

[0021] FIG. 2 illustrates a block diagram of components included in the microfluid
cooling for a non-uniform heatmap program 150, in accordance with an exemplary

embodiment of the present inventive concept.

[0022] FIG. 3 illustrates a flowchart of a method of microfluid cooling for a non-uniform
heatmap 300, in accordance with an exemplary embodiment of the present inventive

concept.

[0023] It is to be understood that the included drawings are not necessarily drawn to
scale/proportion. The included drawings are merely schematic examples to assist in
understanding of the present inventive concept and are not intended to portray fixed

parameters. In the drawings, like numbering may represent like elements.
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DETAILED DESCRIPTION

[0024] Exemplary embodiments of the present inventive concept are disclosed hereafter.
However, it shall be understood that the scope of the present inventive concept is dictated
by the claims. The disclosed exemplary embodiments are merely illustrative of the
claimed system, method, and computer program product. The present inventive concept
may be embodied in many different forms and should not be construed as limited to only
the exemplary embodiments set forth herein. Rather, these included exemplary
embodiments are provided for completeness of disclosure and to facilitate an
understanding to those skilled in the art. In the detailed description, discussion of well-
known features and techniques may be omitted to avoid unnecessarily obscuring the

presented exemplary embodiments.

EE AN 13

[0025] References in the specification to “one embodiment,” “an embodiment,” “an
exemplary embodiment,” etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but not every embodiment may necessarily
include that feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to implement such feature,

structure, or characteristic in connection with other embodiments whether explicitly

described.

[0026] In the interest of not obscuring the presentation of the exemplary embodiments of
the present inventive concept, in the following detailed description, some processing
steps or operations that are known in the art may have been combined for presentation
and for illustration purposes, and in some instances, may have not been described in
detail. Additionally, some processing steps or operations that are known in the art may
not be described at all. The following detailed description is focused on the distinctive
features or elements of the present inventive concept according to various exemplary

embodiments.
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[0027] The present inventive concept provides for a novel self-adaptive microfluidic
method, computer program product, and system for the thermal management of
microelectronic chips with a non-uniform thermal map. We use the fact that fluids under
nanoscale confinement exhibit properties not observed in the bulk; water for example
exhibits flow rates which exceed up to three orders of magnitude of the values predicted
by the continuum hydrodynamic theory. Since the ability of water to absorb/release heat
locally depends on how fast molecules diffuse, we propose a method, computer program
product, and system that can regulate temperature locally by controlling the speed of
diffusivity of a microfluid. Unlike existing technologies which modify the flow rates of a
microfluid with the use of microvalves or channels of varying sizes, our solution does not
endeavour to alter the architecture of microelectronic devices. We instead focus on a
novel solution which induces a local change in topology and/or dimensionality formation,
such as inducing two-dimensional (2D) hydrogen bond networks (HBNs) in water to
regulate the distribution and/or diffusivity thereof, such as in the context of increasing
cooling of a microelectronic device. It is to be understood that non-uniform control of
microfluid diffusivity can be applied to various other small-scale systems and
technologies that involve use of sufficiently narrow channels, for example, membrane
separation technology (desalination) or drug delivery. In addition, the present inventive
concept is not limited to inducing changes in microfluid diffusivity with voltage. Various
means for effectuating changes in microfluid diffusivity and/or dimensionality can be

additionally or alternatively used in conjunction with the present inventive concept.

[0028] FIG. 1 illustrates a schematic diagram of computing environment 100 including
the microfluid cooling for a non-uniform heatmap program 150, in accordance with an

exemplary embodiment of the present inventive concept.

[0029] Various aspects of the present disclosure are described by narrative text,
flowcharts, block diagrams of computer systems and/or block diagrams of the machine
logic included in computer program product (CPP) embodiments. With respect to any
flowcharts, depending upon the technology involved, the operations can be performed in
a different order than what is shown in a given flowchart. For example, again depending

upon the technology involved, two operations shown in successive flowchart blocks may
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be performed in reverse order, as a single integrated step, concurrently, or in a manner at

least partially overlapping in time.

[0030] A computer program product embodiment ("CPP embodiment" or “CPP”) is a
term used in the present disclosure to describe any set of one, or more, storage media
(also called "mediums") collectively included in a set of one, or more, storage devices
that collectively include machine readable code corresponding to instructions and/or data
for performing computer operations specified in a given CPP claim. A "storage device"
is any tangible device that can retain and store instructions for use by a computer
processor. Without limitation, the computer readable storage medium may be an
electronic storage medium, a magnetic storage medium, an optical storage medium, an
electromagnetic storage medium, a semiconductor storage medium, a mechanical storage
medium, or any suitable combination of the foregoing. Some known types of storage
devices that include these mediums include: diskette, hard disk, random access memory
(RAM), read-only memory (ROM), erasable programmable read-only memory (EPROM
or Flash memory), static random access memory (SRAM), compact disc read-only
memory (CD-ROM), digital versatile disk (DVD), memory stick, floppy disk,
mechanically encoded device (such as punch cards or pits / lands formed in a major
surface of a disc) or any suitable combination of the foregoing. A computer readable
storage medium, as that term is used in the present disclosure, is not to be construed as
storage in the form of transitory signals per se, such as radio waves or other freely
propagating electromagnetic waves, electromagnetic waves propagating through a
waveguide, light pulses passing through a fiber optic cable, electrical signals
communicated through a wire, and/or other transmission media. As will be understood
by those of skill in the art, data is typically moved at some occasional points in time
during normal operations of a storage device, such as during access, de-fragmentation or
garbage collection, but this does not render the storage device as transitory because the

data is not transitory while it is stored.

[0031] Computing environment 100 contains an example of an environment for the
execution of at least some of the computer code involved in performing the inventive

methods, such as the microfluid cooling for a non-uniform heatmap program 150. In
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addition to block 150, computing environment 100 includes, for example, computer 101,
wide area network (WAN) 102, end user device (EUD) 103, remote server 104, public
cloud 105, and private cloud 106. In this embodiment, computer 101 includes processor
set 110 (including processing circuitry 120 and cache 121), communication fabric 111,
volatile memory 112, persistent storage 113 (including operating system 122 and block
150, as identified above), peripheral device set 114 (including user interface (UI) device
set 123, storage 124, and Internet of Things (IoT) sensor set 125), and network module
115. Remote server 104 includes remote database 130. Public cloud 105 includes
gateway 140, cloud orchestration module 141, host physical machine set 142, virtual

machine set 143, and container set 144.

[0032] COMPUTER 101 may take the form of a desktop computer, laptop computer,
tablet computer, smart phone, smart watch or other wearable computer, mainframe
computer, quantum computer or any other form of computer or mobile device now
known or to be developed in the future that is capable of running a program, accessing a
network or querying a database, such as remote database 130. As is well understood in
the art of computer technology, and depending upon the technology, performance of a
computer-implemented method may be distributed among multiple computers and/or
between multiple locations. On the other hand, in this presentation of computing
environment 100, detailed discussion is focused on a single computer, specifically
computer 101, to keep the presentation as simple as possible. Computer 101 may be
located in a cloud, even though it is not shown in a cloud in Figure 1. On the other hand,
computer 101 is not required to be in a cloud except to any extent as may be affirmatively

indicated.

[0033] PROCESSOR SET 110 includes one, or more, computer processors of any type
now known or to be developed in the future. Processing circuitry 120 may be distributed
over multiple packages, for example, multiple, coordinated integrated circuit chips.
Processing circuitry 120 may implement multiple processor threads and/or multiple
processor cores. Cache 121 is memory that is located in the processor chip package(s)
and is typically used for data or code that should be available for rapid access by the

threads or cores running on processor set 110. Cache memories are typically organized
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into multiple levels depending upon relative proximity to the processing circuitry.
Alternatively, some, or all, of the cache for the processor set may be located “off chip.”
In some computing environments, processor set 110 may be designed for working with

qubits and performing quantum computing.

[0034] Computer readable program instructions are typically loaded onto computer 101
to cause a series of operational steps to be performed by processor set 110 of computer
101 and thereby effect a computer-implemented method, such that the instructions thus
executed will instantiate the methods specified in flowcharts and/or narrative descriptions
of computer-implemented methods included in this document (collectively referred to as
“the inventive methods”). These computer readable program instructions are stored in
various types of computer readable storage media, such as cache 121 and the other
storage media discussed below. The program instructions, and associated data, are
accessed by processor set 110 to control and direct performance of the inventive methods.
In computing environment 100, at least some of the instructions for performing the

inventive methods may be stored in block 150 in persistent storage 113.

[0035] COMMUNICATION FABRIC 111 is the signal conduction path that allows the
various components of computer 101 to communicate with each other. Typically, this
fabric is made of switches and electrically conductive paths, such as the switches and
electrically conductive paths that make up busses, bridges, physical input / output ports
and the like. Other types of signal communication paths may be used, such as fiber optic

communication paths and/or wireless communication paths.

[0036] VOLATILE MEMORY 112 is any type of volatile memory now known or to be
developed in the future. Examples include dynamic type random access memory (RAM)
or static type RAM. Typically, volatile memory 112 is characterized by random access,
but this is not required unless affirmatively indicated. In computer 101, the volatile
memory 112 is located in a single package and is internal to computer 101, but,
alternatively or additionally, the volatile memory may be distributed over multiple

packages and/or located externally with respect to computer 101.
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[0037] PERSISTENT STORAGE 113 is any form of non-volatile storage for computers
that is now known or to be developed in the future. The non-volatility of this storage
means that the stored data is maintained regardless of whether power is being supplied to
computer 101 and/or directly to persistent storage 113. Persistent storage 113 may be a
read only memory (ROM), but typically at least a portion of the persistent storage allows
writing of data, deletion of data and re-writing of data. Some familiar forms of persistent
storage include magnetic disks and solid state storage devices. Operating system 122
may take several forms, such as various known proprietary operating systems or open
source Portable Operating System Interface-type operating systems that employ a kernel.
The code included in block 150 typically includes at least some of the computer code

involved in performing the inventive methods.

[0038] PERIPHERAL DEVICE SET 114 includes the set of peripheral devices of
computer 101. Data communication connections between the peripheral devices and the
other components of computer 101 may be implemented in various ways, such as
Bluetooth connections, Near-Field Communication (NFC) connections, connections
made by cables (such as universal serial bus (USB) type cables), insertion-type
connections (for example, secure digital (SD) card), connections made through local area
communication networks and even connections made through wide area networks such as
the internet. In various embodiments, Ul device set 123 may include components such as
a display screen, speaker, microphone, wearable devices (such as goggles and smart
watches), keyboard, mouse, printer, touchpad, game controllers, and haptic devices.
Storage 124 is external storage, such as an external hard drive, or insertable storage, such
as an SD card. Storage 124 may be persistent and/or volatile. In some embodiments,
storage 124 may take the form of a quantum computing storage device for storing data in
the form of qubits. In embodiments where computer 101 is required to have a large
amount of storage (for example, where computer 101 locally stores and manages a large
database) then this storage may be provided by peripheral storage devices designed for
storing very large amounts of data, such as a storage area network (SAN) that is shared
by multiple, geographically distributed computers. IoT sensor set 125 is made up of
sensors that can be used in Internet of Things applications. For example, one sensor may

be a thermometer and another sensor may be a motion detector.
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[0039] NETWORK MODULE 115 is the collection of computer software, hardware,
and firmware that allows computer 101 to communicate with other computers through
WAN 102. Network module 115 may include hardware, such as modems or Wi-Fi signal
transceivers, software for packetizing and/or de-packetizing data for communication
network transmission, and/or web browser software for communicating data over the
internet. In some embodiments, network control functions and network forwarding
functions of network module 115 are performed on the same physical hardware device.
In other embodiments (for example, embodiments that utilize software-defined
networking (SDN)), the control functions and the forwarding functions of network
module 115 are performed on physically separate devices, such that the control functions
manage several different network hardware devices. Computer readable program
instructions for performing the inventive methods can typically be downloaded to
computer 101 from an external computer or external storage device through a network

adapter card or network interface included in network module 115.

[0040] WAN 102 is any wide area network (for example, the internet) capable of
communicating computer data over non-local distances by any technology for
communicating computer data, now known or to be developed in the future. In some
embodiments, the WAN 102 may be replaced and/or supplemented by local area
networks (LANs) designed to communicate data between devices located in a local area,
such as a Wi-Fi network. The WAN and/or LANs typically include computer hardware
such as copper transmission cables, optical transmission fibers, wireless transmission,

routers, firewalls, switches, gateway computers and edge servers.

[0041] END USER DEVICE (EUD) 103 is any computer system that is used and
controlled by an end user (for example, a customer of an enterprise that operates
computer 101), and may take any of the forms discussed above in connection with
computer 101. EUD 103 typically receives helpful and useful data from the operations of
computer 101. For example, in a hypothetical case where computer 101 is designed to
provide a recommendation to an end user, this recommendation would typically be
communicated from network module 115 of computer 101 through WAN 102 to EUD

103. In this way, EUD 103 can display, or otherwise present, the recommendation to an
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end user. In some embodiments, EUD 103 may be a client device, such as thin client,

heavy client, mainframe computer, desktop computer and so on.

[0042] REMOTE SERVER 104 is any computer system that serves at least some data
and/or functionality to computer 101. Remote server 104 may be controlled and used by
the same entity that operates computer 101. Remote server 104 represents the machine(s)
that collect and store helpful and useful data for use by other computers, such as
computer 101. For example, in a hypothetical case where computer 101 is designed and
programmed to provide a recommendation based on historical data, then this historical

data may be provided to computer 101 from remote database 130 of remote server 104.

[0043] PUBLIC CLOUD 105 is any computer system available for use by multiple
entities that provides on-demand availability of computer system resources and/or other
computer capabilities, especially data storage (cloud storage) and computing power,
without direct active management by the user. Cloud computing typically leverages
sharing of resources to achieve coherence and economies of scale. The direct and active
management of the computing resources of public cloud 105 is performed by the
computer hardware and/or software of cloud orchestration module 141. The computing
resources provided by public cloud 105 are typically implemented by virtual computing
environments that run on various computers making up the computers of host physical
machine set 142, which is the universe of physical computers in and/or available to public
cloud 105. The virtual computing environments (VCEs) typically take the form of virtual
machines from virtual machine set 143 and/or containers from container set 144. Itis
understood that these VCEs may be stored as images and may be transferred among and
between the various physical machine hosts, either as images or after instantiation of the
VCE. Cloud orchestration module 141 manages the transfer and storage of images,
deploys new instantiations of VCEs and manages active instantiations of VCE
deployments. Gateway 140 is the collection of computer software, hardware, and

firmware that allows public cloud 105 to communicate through WAN 102.

[0044] Some further explanation of virtualized computing environments (VCEs) will

now be provided. VCEs can be stored as “images.” A new active instance of the VCE
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can be instantiated from the image. Two familiar types of VCEs are virtual machines and
containers. A container is a VCE that uses operating-system-level virtualization. This
refers to an operating system feature in which the kernel allows the existence of multiple
isolated user-space instances, called containers. These isolated user-space instances
typically behave as real computers from the point of view of programs running in them.
A computer program running on an ordinary operating system can utilize all resources of
that computer, such as connected devices, files and folders, network shares, CPU power,
and quantifiable hardware capabilities. However, programs running inside a container
can only use the contents of the container and devices assigned to the container, a feature

which is known as containerization.

[0045] PRIVATE CLOUD 106 is similar to public cloud 105, except that the computing
resources are only available for use by a single enterprise. While private cloud 106 is
depicted as being in communication with WAN 102, in other embodiments a private
cloud may be disconnected from the internet entirely and only accessible through a
local/private network. A hybrid cloud is a composition of multiple clouds of different
types (for example, private, community or public cloud types), often respectively
implemented by different vendors. Each of the multiple clouds remains a separate and
discrete entity, but the larger hybrid cloud architecture is bound together by standardized
or proprietary technology that enables orchestration, management, and/or data/application
portability between the multiple constituent clouds. In this embodiment, public cloud

105 and private cloud 106 are both part of a larger hybrid cloud.

[0046] FIG. 2 illustrates a block diagram of components included in the microfluid
cooling for a non-uniform heatmap program 150, in accordance with an exemplary

embodiment of the present inventive concept.

[0047] A disposition component 202 can identify a plurality of zones of a
microelectronic device. At least some of the identified plurality of zones can overlap
and/or can be symmetrical or asymmetrical. The plurality of zones can be selected
arbitrarily, based on predetermined sizes (e.g., quadrants, regions, grid array units, etc.),

predetermined areas (e.g., user input, manufacturer designation, heatmap densities, one or
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more locations and/or densities of one or more temperature sensors and/or disposed
electrodes (e.g., pairs) for applying a voltage and/or an electric field to one or more
microfluids (e.g., coolants (e.g., water), etc.), and/or based on an architecture of the
microelectronic device (e.g., predetermined quantities, shapes, dimensions, locations,
and/or densities of chips, temperature sensors, at least a portion of predictable heat

sources (e.g., contacts), coolant channels and/or segments thereof, etc.).

[0048] The disposition component 202 can dispose the one or more electrodes and/or the
temperature sensors or can instruct an implementation component 206 to do so in another
step (referred to below in step 206). The disposition component 202 can determine one
or more locations, arrays, and/or arrangements to dispose the one or more electrodes
and/or the temperature sensors (e.g., based on predetermined intervals, the architecture of
the microelectronic device and/or a sufficiency thereof, the one or more zones, optimized
function efficiency, cost-benefit-analysis, etc.). For example, the optimal locations,
quantities, and/or densities of the disposed electrodes can be based on resource cost
minimization, cooling maximization, and/or areas of the one or more zones. The one or
more temperature sensors can be disposed adjacent to or on the contacts (e.g.,
longitudinal contacts) and can overlap multiple zones, such as multiple zones defined by
respective electrode pairs. At least some of the plurality of zones can include at least a
segment of a coolant channel that one or more microfluid (e.g., water) can flow through.
The coolant channel can be at least partially defined by contacts (e.g., horizontally
protruding contacts and longitudinal contacts connected thereto). The contacts can be
heat sources. The disposed electrodes can be situated on the contacts (e.g., the
horizontally protruding contact). The electrodes can be disposed in pairs on opposite
sides of at least a segment of the coolant channel (e.g., on adjacent horizontally

protruding contacts).

[0049] The disposition component 202 can generate a schematic map including the one
or more zones, the one or more locations and/or the densities of the one or more
temperature sensors and/or disposed electrodes for applying the voltage and/or the
electric field to the one or more microfluid, and/or the architecture of the microelectronic

device (e.g., predetermined quantities, shapes, dimensions, and/or densities of chips,
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temperature sensors, predictable heat sources (e.g., contacts), coolant channels, etc.). The

schematic map can be displayed on a user interface.

[0050] For example, the disposition component 202 can analyse the architecture of the
microelectronic device, including the dimensions, shapes, and densities of contact heat
sources and coolant channels for water. The disposition component 202 determines that
the contact heat sources and the temperature sensors are regularly disposed. The
disposition component 202 determines positions to oppositely dispose electrode pairs
across adjacent horizontally protruding contacts of the coolant channel in a uniformly
spaced arrangement. The disposition component 202 identifies the zones to correspond
to virtually bounded rows of the electrode pairs which are overlapped at opposing

horizontal sides by two different temperature sensors.

[0051] A measurement component 204 can obtain one or more local temperature
measurements for at least a portion of the one or more zones of the microelectronic
device. The obtained one or more local temperature measurements can correspond to
temperatures of and/or adjacent to at least a portion of at least one contact heat source, the
microfluid, and/or one or more segments of the coolant channel in the at least one or
more zones. At least some of the one or more zones can include the one or more
temperature sensors. The temperature sensors can overlap multiple zones and/or can be
disposed on opposite sides thereof. The measurement component can interpolate or
distinguish obtained one or more local temperature measurements for temperature sensors
that overlap a same zone. The measurement component 204 can compare the obtained
one or more local temperature measurements to predetermined temperature thresholds.
The measurement component 204 can identify locations (e.g., zones, coolant channel
segments, microelectronic device architecture, etc.), frequencies, times, and/or
magnitudes of the obtained local temperature measurements that exceed the
predetermined temperature thresholds, create a predictive model, and/or generate or
update a heatmap accordingly. The heatmap can be overlay on the schematic map and

can be displayed to the user.
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[0052] For example, the measurement component 204 obtains local temperature
measurements from the temperature sensors disposed in respective identified zones. The
measurement component 204 compares the obtained local temperature measurements
from the temperature sensors to predetermined temperature thresholds. The measurement
component 204 identifies the zones which include first and third protruding contacts as
exceeding the predetermined temperature thresholds. The measurement component 204

generates a heatmap and predictive model accordingly.

[0053] An implementation component 206 can apply a voltage and/or an electric field to
the one or more microfluids in at least a portion of the one or more zones (e.g., one or
more coolant channel segments) based on the one or more obtained local temperature
measurements, the predictive model, and/or the generated heatmap. The implementation
component 206 can select one or more microfluids to perform a predetermined function
(e.g., cooling) and determine the adequacy thereof. A magnitude of the voltage and/or
the electric field applied can be calculated based on at least one of a present microfluid
temperature, microfluid chemical/physical attributes, a predetermined threshold of
cooling in the one or more zones, and/or an amount necessary to change a prevailing
dimensionality of intermolecular formations. The voltage and/or the electric field can be
applied by the disposed electrodes (e.g., an electrode pair) in at least a portion of the one
or more zones (e.g., one or more coolant channel segments and corresponding electrode
pairs). The applied voltage and/or the electric field can change the prevailing
dimensionality of intermolecular formations within the microfluid (e.g., from multi-
dimensionality to two-dimensionality), such as by disrupting intermolecular affinities
(e.g., hydrogen bonds). The change can induce a super diffusivity in the microfluid.
Thus, a flow rate of the microfluid can be influenced (e.g., increased) in the one or more
zones without modifying the architecture of the microelectronic device. The induced
change can be transient and can differ between at least a portion of at least two zones.
Thus, the change can be instantaneous and/or non-uniform. The implementation
component 206 can dispose additional electrodes and/or temperature sensors based on the
predictive model, the one or more obtained local temperature measurements, and/or the

generated heatmap (e.g., to fix “blind spots” and/or increase cooling efficiency).
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[0054] For example, the implementation component 206 selects water as a coolant. The
implementation component 206 calculates voltage magnitudes necessary to disrupt
hydrogen bonds and induce two-dimensionality intermolecular formations. The
calculated voltage for zone 1 is greater than the calculated voltage for zone 3. The
implementation component 206 uses the disposed electrode pairs throughout zones 1 and
3 to apply the respective calculated voltages to water when it reaches corresponding

coolant channel segments.

[0055] FIG. 3 illustrates a flowchart of microfluid cooling for a non-uniform heatmap

300, in accordance with an exemplary embodiment of the present inventive concept.

[0056] The disposition component 202 can identify a plurality of zones of a

microelectronic device (step 302).

[0057] The measurement component 204 can obtain a local temperature measurement

for one or more zones of the plurality of zones of the microelectronic device (step 304).

[0058] The implementation component 206 can apply a voltage to a microfluid in at
least a portion of the one or more zones based on the obtained local temperature

measurement (step 306).

[0059] Based on the foregoing, a computer system, method, and computer program
product have been disclosed. However, numerous modifications, additions, and
substitutions can be made without deviating from the scope of the exemplary
embodiments of the present inventive concept. Therefore, the exemplary embodiments of
the present inventive concept have been disclosed by way of example and not by

limitation.
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CLAIMS
What is claimed is:
L. A method of microfluid cooling for a non-uniform heatmap, the method

comprising:

identifying a plurality of zones of a microelectronic device;

obtaining a local temperature measurement for one or more zones of the plurality
of zones of the microelectronic device; and

applying a voltage to a microfluid in at least a portion of the one or more zones

based on the obtained local temperature measurement.

2. The method of claim 1, wherein the applying of the voltage alters intermolecular

cohesion in the microfluid.

3. The method of claim 1, wherein the applying of the voltage induces a super

diffusivity of the microfluid.

4. The method of claim 1, wherein the applying of the voltage alters an

intermolecular dimensionality of the microfluid.

3. The method of claim 4, wherein the microfluid is water, wherein the applying of
the voltage disrupts intermolecular hydrogen bonding in the water, and wherein a
dimensionality prevalence of the water differs between the one or more zones and at least

one other zone.

6. The method of claim 1, wherein the one or more zones include a plurality of

electrodes for the applying of the voltage.

7. The method of claim 1, wherein the one or more zones include a plurality of
electrodes oppositely disposed in pairs across a coolant channel for the applying of the

voltage.
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8. The method of claim 1, further comprising:

generating the non-uniform heatmap from the local obtained temperature
measurement for the plurality of zones, and wherein the applying of the voltage is
different for at least two zones of the plurality of zones based on the non-uniform

heatmap.

9. A computer program product for microfluid cooling for a non-uniform heatmap
comprising:
one or more computer-readable storage media and program instructions stored on
the one or more non-transitory computer-readable storage media capable of performing a
method, the method comprising:
identifying a plurality of zones of a microelectronic device;
obtaining a local temperature measurement for one or more zones of the
plurality of zones of the microelectronic device; and
applying a voltage to a microfluid in at least a portion of the one or more

zones based on the obtained local temperature measurement.

10. The computer program product of claim 9, wherein the applying of the voltage

alters intermolecular cohesion in the microfluid.

11. The computer program product of claim 9, wherein the applying of the voltage

induces a super diffusivity of the microfluid.

12. The computer program product of claim 9, wherein the applying of the voltage

alters an intermolecular dimensionality of the microfluid.

13. The computer program product of claim 12, wherein the microfluid is water,
wherein the applying of the voltage disrupts intermolecular hydrogen bonding in the
water, and wherein a dimensionality prevalence of the water differs between the one or

more zones and at least one other zone.
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14. The computer program product of claim 9, wherein the one or more zones include

a plurality of electrodes for the applying of the voltage.

15. The computer program product of claim 9, wherein the one or more zones include
a plurality of electrodes oppositely disposed in pairs across a coolant channel for the

applying of the voltage.

16. A computer system for microfluid cooling for a non-uniform heatmap, the
computer system comprising:
one or more computer processors, one or more computer-readable storage media,
and program instructions stored on the one or more of the computer-readable storage
media for execution by at least one of the one or more processors capable of performing a
method, the method comprising:
identifying a plurality of zones of a microelectronic device;
obtaining a local temperature measurement for one or more zones of the
plurality of zones of the microelectronic device; and
applying a voltage to a microfluid in at least a portion of the one or more

zones based on the obtained local temperature measurement.

17. The computer system of claim 16, wherein the applying of the voltage alters

intermolecular cohesion in the microfluid.

18. The computer system of claim 16, wherein the applying of the voltage induces a

super diffusivity of the microfluid.

19. The computer system of claim 16, wherein the applying of the voltage alters an

intermolecular dimensionality of the microfluid.



WO 2024/256892 PCT/1IB2024/054480
24

20. The computer system of claim 19, wherein the microfluid is water, wherein the
applying of the voltage disrupts intermolecular hydrogen bonding in the water, and
wherein a dimensionality prevalence of the water differs between the one or more zones

and at least one other zone.

21. The computer system of claim 16, wherein the one or more zones include a

plurality of electrodes for the applying of the voltage.

22. A method of microfluid cooling for a non-uniform heatmap, the method
comprising:

disposing electrodes on protruding contacts of a microelectronic device at least
partially defining a coolant channel for a microfluid;

obtaining a plurality of local temperature measurements from temperature sensors
disposed in different zones of the microelectronic device adjacent to corresponding
segments of the coolant channel for the microfluid; and

applying a voltage to the microfluid in the coolant channel using the disposed

electrodes based on the obtained local temperature measurement.

23. The method of claim 22, wherein the protruding contacts of the microelectronic

device are heat sources.

24. A method of microfluid cooling for a non-uniform heatmap, the method
comprising:

inducing a transient change in a prevailing dimensionality or topology of a
microfluid within a coolant channel for a plurality of identified zones to increase a
diffusivity of the microfluid, wherein the induced transient change in the prevailing
dimensionality of the microfluid varies between at least some zones of the plurality of

Z0ones.

25. The method of claim 24, wherein the induced transient change in a prevailing

dimensionality of the microfluid is a two-dimensional hydrogen bond network.
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