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A liquid multi-nozzle jet-impingement cooling device may
include a microjet multi-nozzle plate, outlet plate, inlet plate,
outlet flow plate and cover plate. The cover plate is coupled to
the outlet flow plate, which is coupled to the inlet plate, which is
coupled to the outlet plate, which is coupled to the microjet
multi-nozzle plate. A first inlet through hole of the cover plate is
fluidly and an outlet through hole of one or more sub-outlet
plenums of the cover plate are respectively fluidly coupled to a
chamber of the microjet multi-nozzle plate. The chamber is
sealably mounted on a surface of a processor. A plurality of third
inlet orifice arrays of the microjet multi-nozzle plate directs
liquid coolant to the surface of the processor and a plurality of
first outlet orifice arrays of the microjet multi-nozzle plate
directs liquid coolant away from the surface of the processor.
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LIQUID MULTI-NOZZLE JET-IMPINGEMENT
COOLING DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to heat-transfer com-
ponents and assemblies, and more particularly, but not lim-
ited to, liquid multi-nozzle jet-impingement cooling
devices.

BACKGROUND OF THE INVENTION

[0002] Direct liquid cooling (DLC), cold plate cooling, or
direct-to-chip (DTC) cooling, circulates liquid coolant
through a chamber of a flat metal plate, such as a cold
plate. The flat metal plate is in thermal contact with a heat
source, such as a CPU or GPU, and as the liquid coolant
flows through the chamber, the liquid coolant absorbs heat
generated from the heat source. The heated liquid coolant
then exits the chamber and is cooled in a heat exchanger or
expelled.

[0003] Thermal resistance is the ratio of the difference
between the heat source temperature and liquid coolant
temperature (°C) divided by a given thermal load (Watt).
The lower the thermal resistance, the better the cooling per-
formance at the flat metal plate and heat source level.
[0004] Generally, heat source and flat metal plate mating
surfaces have microscopic irregularities and roughness. Air
gaps between the mating surfaces hinder thermal conduc-
tion, thus, increasing thermal resistance. Often, thermal
interface materials (TIMs) are used to fill in air gaps
between the mating surfaces, improving heat transfer there-
between. O f the different TIMs, thermal paste and thermal
grease allows for the removal of the flat metal plate for ser-
vicing, maintenance or replacement of components.

[0005] However, improper application, thickness, and pres-
sure, may lead to suboptimal thermal performance of the
TIMs. Also, natural degradation over time and pump-out
for direct die contact may lead the TIMs to no longer
effectively transfer heat away from the heat source.

[0006] Thus, lowering the thermal resistance at flat metal
plate and heat source level, eliminating natural degradation,
and preventing pump-out for direct die contact of TIMs,
while allowing efficient removal of the flat metal plate for
servicing, maintenance or replacement of components con-
tinues to remain a challenge.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides a liquid multi-
nozzle jet-impingement cooling device with higher heat
transfer rate.

[0008] The liquid multi-nozzle jet-impingement cooling
device for cooling a processor of a first configuration
includes a microjet multi-nozzle plate, an outlet plate, an
inlet plate, an outlet flow plate and a cover plate. The
microjet multi-nozzle plate includes a chamber having a top
portion. The top portion includes a plurality of third inlet
orifice arrays, a plurality of first outlet orifice arrays, and a
bottom opening. The bottom opening is opposite the top
portion. The outlet plate is coupled to the microjet multi-
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nozzle plate. The outlet plate includes an outlet plenum and
one or more first outlet channels. The outlet plenum
includes an outlet bottom portion having a plurality of flow
guide wall structures and a plurality of second outlet orifice
arrays. Each plurality of flow guide wall structures includes
a second inlet orifice array. The inlet plate is coupled to the
outlet plate. The inlet plate includes an inlet plenum and
one or more second outlet channels. The outlet flow plate is
coupled to the inlet plate. The outlet flow plate includes a
second inlet through hole and one or more third outlet
channels. The cover plate is coupled to the outlet flow
plate. The cover plate includes a first inlet through hole and
one or more sub-outlet plenums. Each one or more sub-out-
let plenums includes an outlet through hole. The first inlet
through hole is centrally disposed through the cover plate.
The one or more sub-outlet plenums is disposed at a side of
the first inlet through hole and within the cover plate. The
first inlet through hole is fluidly coupled to the chamber via
the second inlet through hole, the inlet plenum, each second
inlet orifice array of the plurality of flow guide wall struc-
tures, and the plurality of third inlet orifice arrays. The out-
let through hole is fluidly coupled to the chamber via the
one or more sub-outlet plenums, the one or more third out-
let channels, the one or more second outlet channels, and
the plurality of first outlet orifice arrays. The chamber is
sealably mounted on a surface of the processor and the
plurality of third inlet orifice arrays directs liquid coolant to
impinge downwards toward a surface of the processor. The
plurality of first outlet orifice arrays directs liquid coolant
upward to be transported away from the surface of the pro-
cessor.

[0009] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the inlet plenum includes an inlet bottom
portion. The inlet bottom portion includes a plurality of
first inlet orifice arrays. The second inlet through hole is
fluidly coupled to each second inlet orifice array of the
plurality of flow guide wall structures via the plurality of
first inlet orifice arrays.

[0010] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein a first inlet orifice of each plurality of first
inlet orifice arrays includes a first inlet diameter, a second
inlet orifice of each second inlet orifice array includes a
second inlet diameter, and a third inlet orifice of the plural-
ity of third inlet orifice arrays includes a third inlet dia-
meter, and wherein a first outlet orifice of each plurality of
first outlet orifice arrays includes a first outlet diameter,
and a second outlet orifice of each second outlet orifice
array includes a second outlet diameter. The first inlet dia-
meter and the second inlet diameter and the third inlet dia-
meter correspond in inlet sizes. The first outlet diameter
and the second outlet diameter correspond in outlet sizes.
The first inlet diameter and the second inlet diameter and
the third inlet diameter is smaller than the first outlet dia-
meter and the second outlet diameter.

[0011] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein each plurality of first outlet orifice arrays is
between each neighboring plurality of third inlet orifice
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arrays, and each plurality of second outlet orifice arrays is
between each neighboring plurality of flow guide wall
structures.

[0012] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the outlet plate further includes a plurality
of flow guide channels. The plurality of flow guide chan-
nels is defined between each neighboring plurality of flow
guide wall structures. The one or more first outlet channels
is fluidly coupled to the plurality of second outlet orifice
arrays via the plurality of flow guide channels.

[0013] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the microjet multi-nozzle plate further
includes a plurality of pin fins. Each plurality of pin fins is
between each neighboring plurality of first outlet orifice
arrays and plurality of third inlet orifice arrays.

[0014] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the chamber is centrally disposed within
the microjet multi-nozzle plate, the outlet plenum is cent-
rally disposed within the outlet plate, and the inlet plenum
is centrally disposed within the inlet plate. The one or more
first outlet channels is disposed on an outlet perimeter side
of the outlet plenum, the one or more second outlet chan-
nels is disposed on an inlet perimeter side of the inlet
plenum, and the one or more third outlet channels is
aligned with the one or more second outlet channels.

[0015] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the one or more first outlet channels
includes a first elongated oval-shape and two one or more
first outlet channels. The one or more second outlet chan-
nels includes a second elongated oval-shape and two one or
more second outlet channels. The one or more third outlet
channels includes a third elongated oval-shape and two one
or more third outlet channels. The one or more sub-outlet
plenums includes a quadrilateral shape and two one or
more sub-outlet plenums. Each of the two one or more first
outlet channels is on opposite first perimeter sides of the
outlet plenum. Each of the two one or more second outlet
channels is on opposite second perimeter sides of the inlet
plenum. Each of the two one or more third outlet channels
is respectively aligned with the one or more second outlet
channels. Each of the two one or more third outlet channels
is respectively aligned within each two one or more sub-
outlet plenums.

[0016] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the one or more second outlet channels is
not fluidly coupled to the inlet plenum.

[0017] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, further including an inlet conduit and one or more
outlet conduits. The inlet conduit is disposed through the
first inlet through hole and the second inlet through hole.
The one or more outlet conduits is disposed through each
outlet through hole of the one or more sub-outlet plenums.
The inlet conduit is fluidly coupled to the inlet plenum. The
one or more outlet conduits fluidly is coupled to the one or
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more sub-outlet plenums.

[0018] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the inlet conduit includes an input diameter
and each one or more outlet conduits includes an outlet dia-
meter. The input diameter is larger than the outlet diameter.
[0019] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device. The one or more outlet conduits include two one or
more outlet conduits. The one or more sub-outlet plenums
includes two one or more sub-outlet plenums.

[0020] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the microjet multi-nozzle plate further
includes a groove and a sealant member. The bottom open-
ing defines a chamber perimeter and the groove surrounds
the chamber perimeter. The sealant member is disposed
within the groove to sealably mount the chamber on the
surface of the processor.

[0021] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, wherein the processor includes a semiconductor
device mounted on a printed circuit board.

[0022] In some aspects, the techniques described herein
relate to a liquid multi-nozzle jet-impingement cooling
device, further including a plurality of fasteners for mech-
anically fixing the liquid multi-nozzle jet-impingement
cooling device to the printed circuit board. The cover plate
further includes a plurality of cover plate fastener through
holes disposed surrounding a sub-outlet perimeter of the
one or more sub-outlet plenums. The outlet flow plate fur-
ther includes a plurality of flow plate fastener through holes
disposed surrounding a third perimeter including the one or
more third outlet channels. The inlet plate further includes a
plurality of inlet plate fastener through holes disposed sur-
rounding a second perimeter including the inlet plenum and
the one or more second outlet channels. The outlet plate
further includes a plurality of outlet plate fastener through
holes disposed surrounding a first perimeter including the
outlet plenum and the one or more first outlet channels. The
microjet multi-nozzle plate further includes a plurality of
nozzle plate fastener through holes disposed surrounding a
chamber perimeter of the chamber. The plurality of cover
plate fastener through holes align with the plurality of flow
plate fastener through holes, which align with the plurality
of inlet plate fastener through holes, which align with the
plurality of outlet plate fastener through holes, and which
align with the plurality of nozzle plate fastener through
holes.

BRIEF DESCRIPTION OF DRAWINGS

[0023] Unless specified otherwise, the accompanying
drawings illustrate aspects of the innovative subject matter
described herein. Referring to the drawings, wherein like
reference numerals indicate similar parts thronghout the
several views, several examples of liquid multi-nozzle jet-
impingement cooling devices incorporating aspects of the
presently disclosed principles are illustrated by way of
example, and not by way of limitation.
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[0024] FIG. 1A illustrates a perspective view of a liquid
multi-nozzle jet-impingement cooling device, in accord-
ance with various embodiments of the present disclosure.
[0025] FIG. 1B illustrates an exploded view of the liquid
multi-nozzle jet-impingement cooling device of FIG. 1A, in
accordance with various embodiments of the present dis-
closure.

[0026] FIG. 2 illustrates a perspective view of a cover plate
of the liquid multi-nozzle jet-impingement cooling device
of FIG. 1A, in accordance with various embodiments of the
present disclosure.

[0027] FIG. 3 illustrates a perspective view of an outlet
flow plate and internal edge view of the cover plate of FIG.
2, in accordance with various embodiments of the present
disclosure.

[0028] FIG. 4 illustrates another perspective view of the
outlet flow plate of FIG. 3 and internal edge view of an
inlet plate of the liquid multi-nozzle jet-impingement cool-
ing device of FIG. 1A, in accordance with various embodi-
ments of the present disclosure.

[0029] FIG. 5 illustrates a perspective view of an outlet
plate of the liquid multi-nozzle jet-impingement cooling
device of FIG. 1A, in accordance with various embodi-
ments of the present disclosure.

[0030] FIG. 6 illustrates a perspective view of a microjet
multi-nozzle plate of the liquid multi-nozzle jet-impinge-
ment cooling device of FIG. 1A, in accordance with vari-
ous embodiments of the present disclosure.

[0031] FIG. 7A illustrates an internal edge view of the
liquid multi-nozzle jet-impingement cooling device of FIG.
1A and a cross-sectional view A-A’ line, in accordance
with various embodiments of the present disclosure.

[0032] FIG. 7B illustrates a side, cross-sectional view along
the A-A’ line of the liquid multi-nozzle jet-impingement
cooling device of FIG. 7A, in accordance with various
embodiments of the present disclosure.

[0033] FIG. 8A illustrates an internal edge view of the
liquid multi-nozzle jet-impingement cooling device of FIG.
1A and a cross-sectional view B-B’ line, in accordance with
various embodiments of the present disclosure.

[0034] FIG. 8B illustrates a side, cross-sectional view along
the B-B’ line of the liquid multi-nozzle jet-impingement
cooling device of FIG. 8A, in accordance with various
embodiments of the present disclosure.

[0035] FIG. 9A illustrates a perspective view of another
microjet multi-nozzle plate of the liquid multi-nozzle jet-
impingement cooling device of FIG. 1A, in accordance
with various embodiments of the present disclosure.

[0036] FIG. 9B illustrates another perspective view of the
another microjet multi-nozzle plate of FIG. 9A, in accord-
ance with various embodiments of the present disclosure.
[0037] FIG. 10A illustrates an internal edge view of
another liquid multi-nozzle jet-impingement cooling device
of FIG. 9A and a cross-sectional view C-C’ line, in accord-
ance with various embodiments of the present disclosure.
[0038] FIG. 10B illustrates a side, cross-sectional view
along the C-C’ line of the liquid multi-nozzle jet-impinge-
ment cooling device of FIG. 10A, in accordance with vari-
ous embodiments of the present disclosure.
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[0039] FIG. 11A illustrates a perspective view of another
liquid multi-nozzle jet-impingement cooling device, in
accordance with various embodiments of the present dis-
closure.

[0040] FIG. 11B illustrates another perspective view of the
liquid multi-nozzle jet-impingement cooling device of FIG.
11A, in accordance with various embodiments of the
present disclosure.

[0041] FIG. 11C illustrates an exploded view of the liquid
multi-nozzle jet-impingement cooling device of FIG. 11A,
in accordance with various embodiments of the present dis-
closure.

[0042] FIG. 12 illustrates a perspective view of a cover
plate of the liquid multi-nozzle jet-impingement cooling
device of FIG. 11A, in accordance with various embodi-
ments of the present disclosure.

[0043] FIG. 13 illustrates a perspective view of an outlet
flow plate and internal edge view of the cover plate of FIG.
12, in accordance with various embodiments of the present
disclosure.

[0044] FIG. 14A illustrates an internal edge view of the
liquid multi-nozzle jet-impingement cooling device of FIG.
11A and a cross-sectional view A-A’ line, in accordance
with various embodiments of the present disclosure.

[0045] FIG. 14B illustrates a side, cross-sectional view
along the D-D’ line of the liquid multi-nozzle jet-impinge-
ment cooling device of FIG. 14A, in accordance with vari-
ous embodiments of the present disclosure.

[0046] FIG. 15A illustrates an internal edge view of
another liquid multi-nozzle jet-impingement cooling device
and a cross-sectional view E-E’ line, in accordance with
various embodiments of the present disclosure.

[0047] FIG. 15B illustrates a side, cross-sectional view
along the E-E’ line of the liquid multi-nozzle jet-impinge-
ment cooling device of FIG. 15A, in accordance with vari-
ous embodiments of the present disclosure.

DETAILED DESCRIPTION

[0048] The following describes various principles related to
components and assemblies for processor cooling by way
of reference to specific examples of liquid multi-nozzle jet-
impingement cooling devices, including specific arrange-
ments and examples of plates and channels embodying
innovative concepts. More particularly, but not exclusively,
such innovative principles are described in relation to selec-
ted examples of inlet orifice arrays directing liquid coolant
to impinge downwards toward a surface of a processor and
outlet orifice arrays directing liquid coolant upward to be
transported away from the surface of the processor, and
well-known functions or constructions are not described in
detail for purposes of succinctness and clarity. Nonetheless,
one or more of the disclosed principles can be incorporated
in various other embodiments of different inlet orifice
arrays and outlet orifice arrays to achieve any of a variety
of desired outcomes, characteristics, and/or performance
criteria.

[0049] Thus, plates and channels having attributes that are
different from those specific examples discussed herein can
embody one or more of the innovative principles, and can
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be used in applications not described herein in detail.
Accordingly, embodiments of inlet orifice arrays and outlet
orifice arrays not described herein in detail also fall within
the scope of this disclosure, as will be appreciated by those
of ordinary skill in the relevant art following a review of
this disclosure.

[0050] Example embodiments as disclosed herein are direc-
ted to liquid multi-nozzle jet-impingement cooling devices
that can be used in cooling systems, as a part of a cooling
loop, to dissipate high heat loads via circulation of a liquid
coolant inside of metal plates. The liquid multi-nozzle jet-
impingement cooling devices can be used to cool electronic
components such as high-performance processors used in
data center servers or other types of electronic components
that generate high heat loads during use. The processor can
include central processing units (CPUs), graphics
processing units (GPUs), neural network processing units
(NPUs), tensor processing units (TPUs) etc. The liquid
coolant is usually a mix of water and glycol, but fluids such
as oil, dielectric fluids, custom heat transfer fluids, and the
like can also be used. The cooling system can comprise
liquid cold plates, cooling lines (tubing and piping), fans,
pump(s), and additional heat transfer devices (such as a
radiator). Some cooling systems can also comprise mani-
folds, expansion tank(s), and a cooling distribution unit.
[0051] FIGS. 1A to 8B illustrate a liquid multi-nozzle jet-
impingement cooling device 100, in accordance with vari-
ous embodiments of the present disclosure. The liquid
multi-nozzle jet-impingement cooling device 100 for cool-
ing a processor 140 of a first configuration includes a
microjet multi-nozzle plate 150, an outlet plate 130, an inlet
plate 120, an outlet flow plate 160 and a cover plate 170.
The microjet multi-nozzle plate 150 includes a chamber
155 having a top portion. The top portion includes a plural-
ity of third inlet orifice arrays 153, a plurality of first outlet
orifice arrays 158, and a bottom opening 157. The bottom
opening 157 is opposite the top portion. The outlet plate
130 is coupled to the microjet multi-nozzle plate 150. The
outlet plate 130 includes an outlet plenum 136 and one or
more first outlet channels 135. The outlet plenum 136
includes an outlet bottom portion having a plurality of flow
guide wall structures 133 and a plurality of second outlet
orifice arrays 138. Each plurality of flow guide wall struc-
tures 133 includes a second inlet orifice array 134. The
inlet plate 120 is coupled to the outlet plate 130. The inlet
plate 120 includes an inlet plenum 127 and one or more
second outlet channels 125. The outlet flow plate 160 is
coupled to the inlet plate 120. The outlet flow plate 160
includes a second inlet through hole 161 and one or more
third outlet channels 165. The cover plate 170 is coupled to
the outlet flow plate 160. The cover plate 170 includes a
first inlet through hole 171 and one or more sub-outlet
plenums 175. Each one or more sub-outlet plenums 175
includes an outlet through hole 178. The first inlet through
hole 171 is centrally disposed through the cover plate 170.
The one or more sub-outlet plenums 175 is disposed at a
side of the first inlet through hole 171 and within the cover
plate 170. The first inlet through hole 171 is fluidly coupled
to the chamber 155 via the second inlet through hole 161,
the inlet plenum 127, each second inlet orifice array 134 of
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the plurality of flow guide wall structures 133, and the plur-
ality of third inlet orifice arrays 153. The outlet through
hole 178 is fluidly coupled to the chamber 155 via the one
or more sub-outlet plenums 175, the one or more third out-
let channels 165, the one or more second outlet channels
125, and the plurality of first outlet orifice arrays 158. The
chamber 155 is sealably mounted on a surface of the pro-
cessor 140 and the plurality of third inlet orifice arrays 153
directs liquid coolant to impinge downwards toward a sur-
face of the processor 140. The plurality of first outlet ori-
fice arrays 158 directs liquid coolant upward to be transpor-
ted away from the surface of the processor 140.

[0052] The microjet multi-nozzle plate 150, the outlet plate
130, the inlet plate 120, the outlet flow plate 160 and the
cover plate 170 can be formed with a metal. For example,
the material forming the microjet multi-nozzle plate 150,
the outlet plate 130, the inlet plate 120, the outlet flow plate
160 and the cover plate 170 can include high thermally
conductive metals, such as aluminum, copper, and alloys
thereof. Any combination of the microjet multi-nozzle plate
150, the outlet plate 130, the inlet plate 120, the outlet flow
plate 160 and the cover plate 170 can be integrally formed.
For example, the outlet plate 130, the inlet plate 120, the
outlet flow plate 160 and the cover plate 170 can be integ-
rally formed and the microjet multi-nozzle plate 150 can be
replaced with newer or custom microjet multi-nozzle plate
or for example, the outlet plate 130 and the inlet plate 120
can be integrally formed, the outlet flow plate 160 and the
cover plate 170 can be integrally formed, and the outlet
flow plate 160/cover plate 170 and the microjet multi-
nozzle plate 150 can be respectively replaced with newer or
custom outflow plate/cover plate and microjet multi-nozzle
plate. The surface of the processor 140 can be a processor
die or a heat spreading processor lid (or integrated heat
spreader (IHS)). The processor 140 can include a central
processing unit, a graphics processing unit, a neural net-
work processing unit, and a tensor processing unit. In some
embodiments, the processor 140 includes a semiconductor
device mounted on a printed circuit board.

[0053] In some embodiments, the inlet plenum 127
includes an inlet bottom portion. The inlet bottom portion
includes a plurality of first inlet orifice arrays 123. The
second inlet through hole 161 is fluidly coupled to each
second inlet orifice array 134 of the plurality of flow guide
wall structures 133 via the plurality of first inlet orifice
arrays 123.

[0054] In some embodiments, each plurality of first outlet
orifice arrays 158 is between each neighboring plurality of
third inlet orifice arrays 153, and each plurality of second
outlet orifice arrays 138 is between each neighboring plur-
ality of flow guide wall structures 133. In some embodi-
ments, the outlet plate 130 further includes a plurality of
flow guide channels 137. The plurality of flow guide chan-
nels 137 is defined between each neighboring plurality of
flow guide wall structures 133. The one or more first outlet
channels 135 is fluidly coupled to the plurality of second
outlet orifice arrays 138 via the plurality of flow guide
channels 137.

[0055] In some embodiments, the chamber 155 is centrally
disposed within the microjet multi-nozzle plate 150, the
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outlet plenum 136 is centrally disposed within the outlet
plate 130, and the inlet plenum 127 is centrally disposed
within the inlet plate 120. The one or more first outlet chan-
nels 135 is disposed on an outlet perimeter side of the out-
let plenum 136, the one or more second outlet channels 125
is disposed on an inlet perimeter side of the inlet plenum
127, and the one or more third outlet channels 165 is
aligned with the one or more second outlet channels 125. In
some embodiments, the one or more first outlet channels
135 includes a first elongated oval-shape and two one or
more first outlet channels 135. The one or more second out-
let channels 125 includes a second elongated oval-shape
and two one or more second outlet channels 125. The one
or more third outlet channels 165 includes a third elongated
oval-shape and two one or more third outlet channels 165.
The one or more sub-outlet plenums 175 includes a quadri-
lateral shape and two one or more sub-outlet plenums 175.
Each of the two one or more first outlet channels 135 is on
opposite first perimeter sides of the outlet plenum 136.
Each of the two one or more second outlet channels 125 is
on opposite second perimeter sides of the inlet plenum 127.
Each of the two one or more third outlet channels 165 is
respectively aligned with the one or more second outlet
channels 125. Each of the two one or more third outlet
channels 165 is respectively aligned within each two one or
more sub-outlet plenums 175. In some embodiments, the
one or more second outlet channels 125 is not fluidly
coupled to the inlet plenum 127.

[0056] In some embodiments, a first inlet orifice of each
plurality of first inlet orifice arrays 123 includes a first inlet
diameter, a second inlet orifice of each second inlet orifice
array 134 includes a second inlet diameter, and a third inlet
orifice of the plurality of third inlet orifice arrays 153
includes a third inlet diameter, and wherein a first outlet
orifice of each plurality of first outlet orifice arrays 158
includes a first outlet diameter, and a second outlet orifice
of each second outlet orifice array includes a second outlet
diameter. The first inlet diameter and the second inlet dia-
meter and the third inlet diameter correspond in inlet sizes.
The first outlet diameter and the second outlet diameter
correspond in outlet sizes. The first inlet diameter and the
second inlet diameter and the third inlet diameter is smaller
than the first outlet diameter and the second outlet dia-
meter. Each first inlet diameter, second inlet diameter and
the third inlet diameter can comprise a diameter within the
range of 0.05 to 0.1 millimeters, inclusive. Each first outlet
diameter and second outlet diameter can comprise a dia-
meter within the range of 0.05 to 0.1 millimeters, inclusive.
[0057] In some embodiments, the first inlet diameter and
the second inlet diameter and the third inlet diameter is
equal to the first outlet diameter and the second outlet dia-
meter. In some embodiments, the first inlet diameter and
the second inlet diameter and the third inlet diameter is lar-
ger than the first outlet diameter and the second outlet dia-
meter.

[0058] In some embodiments, the liquid multi-nozzle jet-
impingement cooling device 100 further includes an inlet
conduit 110 and one or more outlet conduits 180. The inlet
conduit 110 is disposed through the first inlet through hole
171 and the second inlet through hole 161 to provide liquid

Jul. 16, 2026

coolant to the surface of the processor 140 from a compon-
ent or device of a cooling system. The one or more outlet
conduits 180 is disposed through each outlet through hole
178 of the one or more sub-outlet plenums 175 to transport
liquid coolant from the surface of the processor 140 to a
component or device of the cooling system to be cooled.
The inlet conduit 110 is fluidly coupled to the inlet plenum
127. The one or more outlet conduits 180 fluidly is coupled
to the one or more sub-outlet plenums 175. In some embod-
iments, the inlet conduit 110 includes an input diameter and
each one or more outlet conduits 180 includes an outlet dia-
meter. The input diameter is larger than the outlet diameter.
In some embodiments, the one or more outlet conduits 180
include two one or more outlet conduits 180. The one or
more sub-outlet plenums 175 includes two one or more
sub-outlet plenums 175.

[0059] In some embodiments, the input diameter is equal to
the outlet diameter. In some embodiments, the input dia-
meter is smaller than the outlet diameter.

[0060] In some embodiments, the microjet multi-nozzle
plate 150 further includes a groove 156 and a sealant mem-
ber 151. The bottom opening 157 defines a chamber peri-
meter and the groove 156 surrounds the chamber perimeter.
The sealant member 151 is disposed within the groove 156
to sealably mount the chamber 155 on the surface of the
processor 140. When viewed facing the groove 156, the
groove 156 can form a square or rectangle and can be prism
shaped, having outer dimensions (width and length) smaller
than corresponding dimensions of the surface of the pro-
cessor 140 having a same shape, and having inner dimen-
sions larger than corresponding dimensions of inside wall
surfaces of the chamber 155 having a same shape. When
viewed from the top, the microjet multi-nozzle plate 150,
the outlet plate 130, the inlet plate 120, the outlet flow plate
160 and the cover plate 170 together can form a square or a
rectangle and be prism shaped.

[0061] In some aspects, grooves and sealant members can
further be disposed surrounding a conduit perimeter of the
inlet conduit 110, each one or more outlet conduits 180,
each one or more sub-outlet plenums 175, the inlet plenum
127, each one or more second outlet channels 125, the out-
let plenum 136 and each one or more first outlet channels
135, and on an opposite side of the perimeter of the bottom
opening 157. As an example, the sealant member 151 can
be a gasket or any other type of sealant member that fluidic
seals the liquid multi-nozzle jet-impingement cooling
device 100 on the surface of the processor 140.

[0062] In some embodiments, the liquid multi-nozzle jet-
impingement cooling device 100 further includes a plural-
ity of fasteners 199 for mechanically fixing the liquid
multi-nozzle jet-impingement cooling device 100 to the
printed circuit board. The cover plate 170 further includes a
plurality of cover plate fastener through holes 179 disposed
surrounding a sub-outlet perimeter of the one or more sub-
outlet plenums 175. The outlet flow plate 160 further
includes a plurality of flow plate fastener through holes 169
disposed surrounding a third perimeter including the one or
more third outlet channels 165. The inlet plate 120 further
includes a plurality of inlet plate fastener through holes 129
disposed surrounding a second perimeter including the inlet
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plenum 127 and the one or more second outlet channels
125. The outlet plate 130 further includes a plurality of out-
let plate fastener through holes 139 disposed surrounding a
first perimeter including the outlet plenum 136 and the one
or more first outlet channels 135. The microjet multi-nozzle
plate 150 further includes a plurality of nozzle plate
fastener through holes 159 disposed surrounding a chamber
perimeter of the chamber 155. The plurality of cover plate
fastener through holes 179 align with the plurality of flow
plate fastener through holes 169, which align with the plur-
ality of inlet plate fastener through holes 129, which align
with the plurality of outlet plate fastener through holes 139,
and which align with the plurality of nozzle plate fastener
through holes 159.

[0063] FIGS. 9A to 10B illustrate another liquid multi-
nozzle jet-impingement cooling device 104, in accordance
with various embodiments of the present disclosure. The
another liquid multi-nozzle jet-impingement cooling device
104 may be similar in some respects to the liquid multi-
nozzle jet-impingement cooling device 100 of FIGS. 1A to
8B, and therefore may be best understood with reference
thereto where like numerals designate like components not
described again in detail. In some embodiments, the micro-
jet multi-nozzle plate 152 further includes a plurality of pin
fins 154. Each plurality of pin fins 154 is between each
neighboring plurality of first outlet orifice arrays 158 and
plurality of third inlet orifice arrays 153. The plurality of
pin fins 154 is substantially perpendicular to the processor
140 and is configured to enable low thermal resistance. For
example, cross-sectional shapes of the one or more pin fins
can include circular, ellipse, diamond, square and triangular
shapes. The plurality of pin fins 154 enhance heat transfer,
and support a predetermined height of the chamber 155
above the surface of the processor 140.

[0064] During operation, liquid coolant is pumped through
the first inlet through hole 171 and the second inlet through
hole 161, via the inlet conduit 110, into a center of the inlet
plenum 127 and across a bottom surface of the inlet plenum
127. The liquid coolant is then forced though the plurality
of third inlet orifice arrays 153 via each second inlet orifice
array 134 of the plurality of flow guide wall structures 133
aligned with the plurality of third inlet orifice arrays 153
and the first plurality of inlet orifice arrays aligned with
each second inlet orifice array 134 of the plurality of flow
guide wall structures 133. The liquid coolant then enters the
chamber 155 and impinges upon the surface of the pro-
cessor 140, absorbing heat from the processor 140. In some
embodiments including the plurality of pin fins 154, the
liquid coolant passes by the plurality of pin fins 154,
whereby the plurality of pin fins 154 increase the heat
transfer surface area and promote flow mixing, thus, enhan-
cing heat transfer. Next, the heated liquid coolant is forced
through the plurality of second outlet orifice arrays 138 via
the plurality of first outlet orifice arrays 158 aligned with
the plurality of second outlet orifice arrays 138. The heated
liquid coolant then travels through the plurality of flow
guide channels 137 to the one or more first outlet channels
135, and then to the one or more sub-outlet plenums 175
via the one or more second outlet channels 125 aligned
with the one or more first outlet channels 135 and the one
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or more third outlet channels 165 aligned with the one or
more second outlet channels 125. The heated liquid coolant
flows out of the liquid multi-nozzle jet-impingement cool-
ing device 100/104 through the one or more outlet through
holes 178 via the one or more outlet conduits 180.

[0065] FIGS. 11A to 14B illustrate yet another liquid multi-
nozzle jet-impingement cooling device 100A, in accord-
ance with various embodiments of the present disclosure.
The another liquid multi-nozzle jet-impingement cooling
device 100A may be similar in some respects to the liquid
multi-nozzle jet-impingement cooling device 100 of FIGS.
1A to 8B, and therefore may be best understood with refer-
ence thereto where like numerals designate like compon-
ents not described again in detail. The liquid multi-nozzle
jet-impingement cooling device 100A for cooling a pro-
cessor 140 of a second configuration includes a microjet
multi-nozzle plate 150, an outlet plate 130, an inlet plate
120, an outlet flow plate 160 and a modified cover plate
170A. The microjet multi-nozzle plate 150 includes a
chamber 155 having a top portion. The top portion includes
a plurality of third inlet orifice arrays 153, a plurality of
first outlet orifice arrays 158, and a bottom opening 157.
The bottom opening 157 is opposite the top portion. The
outlet plate 130 is coupled to the microjet multi-nozzle
plate 150. The outlet plate 130 includes an outlet plenum
136 and one or more first outlet channels 135. The outlet
plenum 136 includes an outlet bottom portion having a
plurality of flow guide wall structures 133 and a plurality of
second outlet orifice arrays 138. Each plurality of flow
guide wall structures 133 includes a second inlet orifice
array 134. The inlet plate 120 is coupled to the outlet plate
130. The inlet plate 120 includes an inlet plenum 127 and
one or more second outlet channels 125. The outlet flow
plate 160 is coupled to the inlet plate 120. The outlet flow
plate 160 includes a second inlet through hole 161 and one
or more third outlet channels 165. The modified cover plate
170A is coupled to the outlet flow plate 160. The modified
cover plate 170A includes a combined through hole 173
and a modified sub-outlet plenum 177. The combined
through hole 173 is centrally disposed through the modified
cover plate 170A and the modified sub-outlet plenum 177.
The modified sub-outlet plenum 177 is centrally disposed
and within the modified cover plate 170A. The combined
through hole 173 is fluidly coupled to the chamber 155 via
an inlet conduit 110 disposed through the combined
through hole 173 and the second inlet through hole 161, to
the inlet plenum 127, through each second inlet orifice
array 134 of the plurality of flow guide wall structures 133,
and through the plurality of third inlet orifice arrays 153.
The combined through hole 173 is fluidly coupled to the
chamber 155 via a modified outlet conduit 180A disposed
surrounding the inlet conduit 110 and through the com-
bined through hole 173, to the modified sub-outlet plenum
177, through the one or more third outlet channels 165,
through the one or more second outlet channels 125, and
through the plurality of first outlet orifice arrays 158. The
inlet conduit 110 is disposed through the combined through
hole 173 and the second inlet through hole 161 to provide
liquid coolant to the surface of the processor 140 from a
component or device of a cooling system. The modified
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outlet conduit 180A is disposed through the combined
through hole 173 to transport liquid coolant from the sur-
face of the processor 140 to a component or device of the
cooling system to be cooled. The inlet conduit 110 is flu-
idly coupled to the inlet plenum 127. The modified outlet
conduit 180A is fluidly coupled to the modified sub-outlet
plenum 177. The chamber 155 is sealably mounted on a
surface of the processor 140 and the plurality of third inlet
orifice arrays 153 directs liquid coolant to impinge down-
wards toward a surface of the processor 140. The plurality
of first outlet orifice arrays 158 directs liquid coolant
upward to be transported away from the surface of the pro-
cessor 140. In some embodiments, the processor 140
includes a semiconductor device mounted on a printed cir-
cuit board.

[0066] In some embodiments, the inlet plenum 127
includes an inlet bottom portion. The inlet bottom portion
includes a plurality of first inlet orifice arrays 123. The
second inlet through hole 161 is fluidly coupled to each
second inlet orifice array 134 of the plurality of flow guide
wall structures 133 via the plurality of first inlet orifice
arrays 123.

[0067] In some embodiments, each plurality of first outlet
orifice arrays 158 is between each neighboring plurality of
third inlet orifice arrays 153, and each plurality of second
outlet orifice arrays 138 is between each neighboring plur-
ality of flow guide wall structures 133. In some embodi-
ments, the outlet plate 130 further includes a plurality of
flow guide channels 137. The plurality of flow guide chan-
nels 137 is defined between each neighboring plurality of
flow guide wall structures 133. The one or more first outlet
channels 135 is fluidly coupled to the plurality of second
outlet orifice arrays 138 via the plurality of flow guide
channels 137.

[0068] In some embodiments, the chamber 155 is centrally
disposed within the microjet multi-nozzle plate 150, the
outlet plenum 136 is centrally disposed within the outlet
plate 130, and the inlet plenum 127 is centrally disposed
within the inlet plate 120. The one or more first outlet chan-
nels 135 is disposed on an outlet perimeter side of the out-
let plenum 136, the one or more second outlet channels 125
is disposed on an inlet perimeter side of the inlet plenum
127, and the one or more third outlet channels 165 is
aligned with the one or more second outlet channels 125. In
some embodiments, the one or more first outlet channels
135 includes a first elongated oval-shape and two one or
more first outlet channels 135. The one or more second out-
let channels 125 includes a second elongated oval-shape
and two one or more second outlet channels 125. The one
or more third outlet channels 165 includes a third elongated
oval-shape and two one or more third outlet channels 165.
The modified sub-outlet plenum 177 includes a quadrilat-
eral shape and two a modified sub-outlet plenum 177. Each
of the two one or more first outlet channels 135 is on
opposite first perimeter sides of the outlet plenum 136.
Each of the two one or more second outlet channels 125 is
on opposite second perimeter sides of the inlet plenum 127.
Each of the two one or more third outlet channels 165 is
respectively aligned with the one or more second outlet
channels 125. Each of the two one or more third outlet
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channels 165 is respectively aligned within each two a
modified sub-outlet plenum 177. In some embodiments, the
one or more second outlet channels 125 is not fluidly
coupled to the inlet plenum 127.

[0069] In some embodiments, a first inlet orifice of each
plurality of first inlet orifice arrays 123 includes a first inlet
diameter, a second inlet orifice of each second inlet orifice
array 134 includes a second inlet diameter, and a third inlet
orifice of the plurality of third inlet orifice arrays 153
includes a third inlet diameter, and wherein a first outlet
orifice of each plurality of first outlet orifice arrays 158
includes a first outlet diameter, and a second outlet orifice
of each second outlet orifice array includes a second outlet
diameter. The first inlet diameter and the second inlet dia-
meter and the third inlet diameter correspond in inlet sizes.
The first outlet diameter and the second outlet diameter
correspond in outlet sizes. The first inlet diameter and the
second inlet diameter and the third inlet diameter is smaller
than the first outlet diameter and the second outlet dia-
meter.

[0070] In some embodiments, the first inlet diameter and
the second inlet diameter and the third inlet diameter is
equal to the first outlet diameter and the second outlet dia-
meter. In some embodiments, the first inlet diameter and
the second inlet diameter and the third inlet diameter is lar-
ger than the first outlet diameter and the second outlet dia-
meter.

[0071] In some embodiments, the microjet multi-nozzle
plate 150 further includes a groove 156 and a sealant mem-
ber 151. The bottom opening 157 defines a chamber peri-
meter and the groove 156 surrounds the chamber perimeter.
The sealant member 151 is disposed within the groove 156
to sealably mount the chamber 155 on the surface of the
processor 140.

[0072] In some embodiments, the liquid multi-nozzle jet-
impingement cooling device 100 further includes a plural-
ity of fasteners 199 for mechanically fixing the liquid
multi-nozzle jet-impingement cooling device 100 to the
printed circuit board. The modified cover plate 170A fur-
ther includes a plurality of modified cover plate fastener
through holes 179 disposed surrounding a sub-outlet peri-
meter of the modified sub-outlet plenum 177. The outlet
flow plate 160 further includes a plurality of flow plate
fastener through holes 169 disposed surrounding a third
perimeter including the one or more third outlet channels
165. The inlet plate 120 further includes a plurality of inlet
plate fastener through holes 129 disposed surrounding a
second perimeter including the inlet plenum 127 and the
one or more second outlet channels 125. The outlet plate
130 further includes a plurality of outlet plate fastener
through holes 139 disposed surrounding a first perimeter
including the outlet plenum 136 and the one or more first
outlet channels 135. The microjet multi-nozzle plate 150
further includes a plurality of nozzle plate fastener through
holes 159 disposed surrounding a chamber perimeter of the
chamber 155. The plurality of modified cover plate fastener
through holes 179 align with the plurality of flow plate
fastener through holes 169, which align with the plurality
of inlet plate fastener through holes 129, which align with
the plurality of outlet plate fastener through holes 139, and
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which align with the plurality of nozzle plate fastener
through holes 159.

[0073] FIGS. 15A and 15B illustrate further yet another
liquid multi-nozzle jet-impingement cooling device 104A,
in accordance with various embodiments of the present dis-
closure. The another liquid multi-nozzle jet-impingement
cooling device 104A may be similar in some respects to the
liquid multi-nozzle jet-impingement cooling device 104 of
FIGS. 9A to 10B, and therefore may be best understood
with reference thereto where like numerals designate like
components not described again in detail. In some embodi-
ments, the microjet multi-nozzle plate 152 further includes
a plurality of pin fins 154. Each plurality of pin fins 154 is
between each neighboring plurality of first outlet orifice
arrays 158 and plurality of third inlet orifice arrays 153.
[0074] During operation, liquid coolant is pumped through
the combined through hole 173 and the second inlet
through hole 161, via the inlet conduit 110, into a center of
the inlet plenum 127 and across a bottom surface of the
inlet plenum 127. The liquid coolant is then forced though
the plurality of third inlet orifice arrays 153 via each second
inlet orifice array 134 of the plurality of flow guide wall
structures 133 aligned with the plurality of third inlet ori-
fice arrays 153 and the first plurality of inlet orifice arrays
aligned with each second inlet orifice array 134 of the plur-
ality of flow guide wall structures 133. The liquid coolant
then enters the chamber 155 and impinges upon the surface
of the processor 140, absorbing heat from the processor
140. In some embodiments including the plurality of pin
fins 154, the liquid coolant passes by the plurality of pin
fins 154, whereby the plurality of pin fins 154 increase the
heat transfer surface area and promote flow mixing, thus,
enhancing heat transfer. Next, the heated liquid coolant is
forced through the plurality of second outlet orifice arrays
138 via the plurality of first outlet orifice arrays 158
aligned with the plurality of second outlet orifice arrays
138. The heated liquid coolant then travels through the
plurality of flow guide channels 137 to the one or more first
outlet channels 135, and then to the modified sub-outlet
plenum 177 via the one or more second outlet channels 125
aligned with the one or more first outlet channels 135 and
the one or more third outlet channels 165 aligned with the
one or more second outlet channels 125. The heated liquid
coolant flows out of the liquid multi-nozzle jet-impinge-
ment cooling device 104A through the combined through
hole 173 via the modified outlet conduit 180A.

[0075] Heat transfer rates of the liquid multi-nozzle jet-
impingement cooling devices 100/100A/104/104A of the
present disclosure are higher with the elimination of addi-
tional layers between the surface of the processor 140 and
the liquid coolant. The liquid multi-nozzle jet-impingement
cooling devices 100/100A/104/104A mount directly to the
surface of the processor 140, eliminating TIMs and/or addi-
tional layers which reduce heat transfer effectiveness. The
hermetically sealed chamber 155 creates a flow path such
that jets of liquid coolant are able to impinge downwards to
the surface of the processor 140, while preventing the
liquid coolant from leaking onto any electrical connections
of the processor 140 or electronics system including the
processor 140, which would cause an electrical short or
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damage. Moreover, with the inlet conduit 110 centrally dis-
posed, the highest flow rate of impingement jets is toward a
center of the surface of the processor 140 having a highest
heat flux. Thus, heat transfer rates at the highest heat flux
area of the processor 140 is increased for more effective
heat transfer. Also, two one or more outlet conduits 180
further increases flow rate of the liquid multi-nozzle jet-
impingement cooling devices 100/100A/104/104A. Fur-
thermore, the plurality of pin fins 154 further improves
cooling and the ability to absorb heat from the processor
140 and transfer it to the liquid coolant. Even furthermore,
the liquid multi-nozzle jet-impingement cooling devices
100/100A/104/104A have quick, simple, and safe fixing
and removal processes via fastening and unfastening of the
plurality of fasteners 199. Additionally, any combination of
the microjet multi-nozzle plate 152, the outlet plate 130, the
inlet plate 120, the outlet flow plate 160 and the cover plate
170 can be individual formed, for ease of maintenance and
repair and/or replacement with newer or custom plates.
TIMs and/or additional layers are eliminated, and liquid
coolant flow rate are raised, increasing heat transfer rates
and enhancing the effectiveness of the liquid multi-nozzle
jet-impingement cooling devices 100/100A/104/104A of
the present disclosure.

[0076] Therefore, embodiments disclosed herein are well
adapted to attain the ends and advantages mentioned as
well as those that are inherent therein. The particular
embodiments disclosed above are illustrative only, as the
embodiments disclosed may be modified and practiced in
different but equivalent manners apparent to those of ordin-
ary skill in the relevant art having the benefit of the teach-
ings herein. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that
the particular illustrative embodiments disclosed above
may be altered, combined, or modified and all such vari-
ations are considered within the scope and spirit of the
present disclosure. The embodiments illustratively dis-
closed herein suitably may be practiced in the absence of
any element that is not specifically disclosed herein and/or
any optional element disclosed herein. While compositions
and methods are described in terms of “comprising,” “con-
taining,” or “including” various components or steps, the
compositions and methods can also “consist essentially of”
or “consist of” the various components and steps. All num-
bers and ranges disclosed above may vary by some number.
Whenever a numerical range with a lower limit and an
upper limit is disclosed, any number and any included
range falling within the range is specifically disclosed. In
particular, every range of values (of the form, “from about
a to about b,” or, equivalently, “from approximately a to b,”
or, equivalently, “from approximately a-b”) disclosed
herein is to be understood to set forth every number and
range encompassed within the broader range of values.
Also, the terms in the claims have their plain, ordinary
meaning unless otherwise explicitly and clearly defined by
the patentee. Moreover, the indefinite articles “a” or “an,”
as used in the claims, are defined herein to mean one or
more than one of the elements that it introduces.
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1. A liquid multi-nozzle jet-impingement cooling device
for cooling a processor, comprising:

a microjet multi-nozzle plate including a chamber, the
chamber comprises a top portion including a plural-
ity of third inlet orifice arrays, a plurality of first
outlet orifice arrays, and a bottom opening, the bot-
tom opening opposite the top portion;

an outlet plate coupled to the microjet multi-nozzle
plate, the outlet plate includes an outlet plenum and
one or more first outlet channels, the outlet plenum
comprises an outlet bottom portion, the outlet bot-
tom portion includes a plurality of flow guide wall
structures and a plurality of second outlet orifice
arrays, each plurality of flow guide wall structures
comprises a second inlet orifice array;

an inlet plate coupled to the outlet plate, the inlet plate
includes an inlet plenum and one or more second
outlet channels;

an outlet flow plate coupled to the inlet plate, the out-
let flow plate includes a second inlet through hole
and one or more third outlet channels; and

a cover plate coupled to the outlet flow plate, the
cover plate includes a first inlet through hole and
one or more sub-outlet plenums, each one or more
sub-outlet plenums comprises an outlet through
hole, the first inlet through hole centrally disposed
through the cover plate, the one or more sub-outlet
plenums disposed at a side of the first inlet through
hole and within the cover plate,

wherein the first inlet through hole is fluidly coupled
to the chamber via the second inlet through hole,
the inlet plenum, each second inlet orifice array of
the plurality of flow guide wall structures, and the
plurality of third inlet orifice arrays,

wherein the outlet through hole is fluidly coupled to
the chamber via the one or more sub-outlet plen-
ums, the one or more third outlet channels, the one
or more second outlet channels, and the plurality of
first outlet orifice arrays, and

wherein the chamber is sealably mounted on a surface
of the processor and the plurality of third inlet ori-
fice arrays directs a liquid coolant to impinge
downwards toward the surface of the processor and
the plurality of first outlet orifice arrays directs the
liquid coolant upward to be transported away from
the surface of the processor.

2. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the inlet plenum
comprises an inlet bottom portion, the inlet bottom portion
includes a plurality of first inlet orifice arrays, the second
inlet through hole fluidly coupled to each second inlet ori-
fice array of the plurality of flow guide wall structures via
the plurality of first inlet orifice arrays.

3. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 2, wherein a first inlet orifice of
each plurality of first inlet orifice arrays comprises a first
inlet diameter, a second inlet orifice of each second inlet
orifice array comprises a second inlet diameter, and a third
inlet orifice of the plurality of third inlet orifice arrays com-
prises a third inlet diameter, and wherein a first outlet ori-
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fice of each plurality of first outlet orifice arrays comprises
a first outlet diameter, and a second outlet orifice of each
second outlet orifice array comprises a second outlet dia-
meter, the first inlet diameter and the second inlet diameter
and the third inlet diameter correspond in inlet sizes, the
first outlet diameter and the second outlet diameter corres-
pond in outlet sizes, the first inlet diameter and the second
inlet diameter and the third inlet diameter is smaller than
the first outlet diameter and the second outlet diameter.

4. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein each plurality of first
outlet orifice arrays is between each neighboring plurality
of third inlet orifice arrays, and each plurality of second
outlet orifice arrays is between each neighboring plurality
of flow guide wall structures.

5. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 4, wherein the outlet plate fur-
ther includes a plurality of flow guide channels, the plural-
ity of flow guide channels defined between each neighbor-
ing plurality of flow guide wall structures, the one or more
first outlet channels fluidly coupled to the plurality of
second outlet orifice arrays via the plurality of flow guide
channels.

6. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 4, wherein the microjet multi-
nozzle plate further includes a plurality of pin fins, and
wherein each plurality of pin fins is between each neigh-
boring plurality of first outlet orifice arrays and the plural-
ity of third inlet orifice arrays.

7. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the chamber is cent-
rally disposed within the microjet multi-nozzle plate, the
outlet plenum is centrally disposed within the outlet plate,
and the inlet plenum is centrally disposed within the inlet
plate, and wherein the one or more first outlet channels is
disposed on an outlet perimeter side of the outlet plenum,
the one or more second outlet channels is disposed on an
inlet perimeter side of the inlet plenum, and the one or
more third outlet channels is aligned with the one or more
second outlet channels.

8. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the one or more first
outlet channels comprises a first elongated oval-shape and
two one or more first outlet channels, wherein the one or
more second outlet channels comprises a second elongated
oval-shape and two one or more second outlet channels,
wherein the one or more third outlet channels comprises a
third elongated oval-shape and two one or more third outlet
channels, and wherein the one or more sub-outlet plenums
comprises a quadrilateral shape and two one or more sub-
outlet plenums, each of the two one or more first outlet
channels is on opposite first perimeter sides of the outlet
plenum, each of the two one or more second outlet chan-
nels is on opposite second perimeter sides of the inlet
plenum, each of the two one or more third outlet channels
is respectively aligned with the one or more second outlet
channels, and each of the two one or more third outlet
channels is respectively aligned within each two one or
more sub-outlet plenums.
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9. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the one or more
second outlet channels is not fluidly coupled to the inlet
plenum.

10. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, further comprising an inlet
conduit and one or more outlet conduits, the inlet conduit is
disposed through the first inlet through hole and the second
inlet through hole, the one or more outlet conduits is dis-
posed through each outlet through hole of the one or more
sub-outlet plenums, the inlet conduit fluidly coupled to the
inlet plenum, the one or more outlet conduits fluidly
coupled to the one or more sub-outlet plenums.

11. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 10, wherein the inlet conduit
comprises an input diameter and each one or more outlet
conduits comprises an outlet diameter, the input diameter
larger than the outlet diameter.

12. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 10, wherein the one or more
outlet conduits comprise two one or more outlet conduits,
and wherein the one or more sub-outlet plenums comprises
two one or more sub-outlet plenums.

13. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the microjet multi-
nozzle plate further includes a groove and a sealant mem-
ber, and wherein the bottom opening defines a chamber
perimeter, the groove surrounds the chamber perimeter, the
sealant member is disposed within the groove to sealably
mount the chamber on the surface of the processor.
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14. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 1, wherein the processor com-
prises a semiconductor device mounted on a printed circuit
board.

15. The liquid multi-nozzle jet-impingement cooling
device as claimed in claim 14, further comprising a plural-
ity of fasteners for mechanically fixing the liquid multi-
nozzle jet-impingement cooling device to the printed circuit
board, and wherein the cover plate further includes a plural-
ity of cover plate fastener through holes disposed surround-
ing a sub-outlet perimeter of the one or more sub-outlet
plenums, the outlet flow plate further includes a plurality of
flow plate fastener through holes disposed surrounding a
third perimeter including the one or more third outlet chan-
nels, the inlet plate further includes a plurality of inlet plate
fastener through holes disposed surrounding a second peri-
meter including the inlet plenum and the one or more
second outlet channels, the outlet plate further includes a
plurality of outlet plate fastener through holes disposed sur-
rounding a first perimeter including the outlet plenum and
the one or more first outlet channels, and the microjet
multi-nozzle plate further includes a plurality of nozzle
plate fastener through holes disposed surrounding a cham-
ber perimeter of the chamber, the plurality of cover plate
fastener through holes align with the plurality of flow plate
fastener through holes, the plurality of flow plate fastener
through holes align with the plurality of inlet plate fastener
through holes, the plurality of inlet plate fastener through
holes align with the plurality of outlet plate fastener
through holes, and the plurality of outlet plate fastener
through holes align with the plurality of nozzle plate
fastener through holes.
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