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THERMAL MANAGEMENT SYSTEM FOR ELECTRICALLY-POWERED
DEVICES

Cross Reference to Related Applications

[0001] This application claims the benefit of U.S.
Application Serial Number 17/133,200, filed on December
23, 2020, to Joseph L. Pikulski, et al., entitled THERMAL
MANAGEMENT SYSTEM FOR ELECTRICALLY-POWERED DEVICES, which
is hereby incorporated by reference herein in its

entirety.

BACKGROUND
Related Field

[0002] Described herein are devices, systems and
methods relating to thermal management, for example, the
cooling of electrically-powered devices, and particularly
to the wuse of fluid cooling of electrically-powered

devices.

Description of the Related Art

[0003] In modern times, many areas of technology are
concerned with damage and malfunction caused to
electrically-powered devices due to overheating through

their ordinary use. Many different fields are concerned
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with this issue, for example microprocessors to lighting
solutions. One area where cooling of lighting devices is
particularly needed 1s in the field of grow lights used
on commercial crops, for example 1in greenhouse-based
farming.

[0004] While fluid-based cooling itself 1is sometimes
utilized to cool electrically-powered devices, the
devices are put 1in direct serial fluid communication
where each subsequent device receives heated cooling
fluid from the previous device in serial fluid
communication. This results in the <cooling fluid
becoming more and more heated after it absorbs heat from
each subsequent device in series. This can result in the
devices receiving different levels of cooling and can
result in the devices having different levels of damage
across the array of electrically-powered devices 1n
cooling fluid serial. In the aforementioned field of
greenhouse growing, for example, this can result in
different areas of a crop receiving different levels of
light due to the differing levels of damage across an
array of 1lights, resulting 1in an uneven dJrowing rate

across the crop.

SUMMARY

[0005] Embodiments incorporating features of the
present disclosure include devices, systems and methods
to cool one or more electrically-powered devices without
a device receiving a cooling fluid that has previously

absorbed heat from a previous device.
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[0006] In one embodiment, a thermal management system
comprises a base thermal management fixture 1in fluid
communication with a cooling fluid source, the Dbase
thermal management fixture being configured to receive
and hold at least one electrically-powered device in a
targeted area and comprising a fluid-input opening
configured to receive <cooling fluid from the cooling
fluid source, wherein the base thermal management fixture
comprises internal components configured to direct the
cooling fluid toward the targeted area, such that the
cooling fluid can absorb heat from the at least one
electrically-powered device and Dbecome heated waste
fluid. The base thermal management fixture also comprises
an exit port configured such that the heated waste fluid
can exit from the exit port and can be removed from the
base thermal management fixture and the thermal

management system.

[0007] In another embodiment, a base thermal
management fixture for use in a thermal management system
comprises a targeted area configured to receive at least
one electrically-powered device, an input opening
configured to receive cooling fluid from a cooling fluid
source, internal components configured to direct cooling
fluid received from the cooling fluid source toward the
targeted area, such that the cooling fluid can absorb
heat from the at least one electrically-powered device
and become heated waste fluid and an exit port configured
such that the heated waste fluid can exit from the exit
port and can be removed from the base thermal management

fixture.
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[0008] In yvet another embodiment, a method of
thermally-regulating a plurality of electrically-powered
devices comprises providing a cooling fluid source and
flowing cooling fluid from the <cooling fluid source
through a first base thermal management fixture in fluid
communication with the cooling fluid source, the first
base thermal management fixture configured to receive and
hold a first electrically-powered device 1in a first
targeted area. The first base thermal management fixture
comprises 1internal features configured to direct the
cooling fluid received from the cooling fluid source
toward the first targeted area, such that the cooling
fluid absorbs heat from the first electrically-powered
device and becomes a first heated waste fluid. The first
base thermal management fixture 1s configured such that
the first heated waste fluid exits from the first base
thermal management fixture and 1s removed from the
thermal management system, flowing cooling fluid from the
first thermal management body, received from the cooling
fluid source, to a second base thermal management fixture
in fluid communication with the first base thermal
management fixture, the second base thermal management
fixture 1s configured to receive and hold a second
electrically-powered device in a second targeted area,
wherein the second base thermal management fixture
comprises internal features configured to direct said
cooling fluid received from said first base thermal

management fixture toward said second targeted area.
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[0009] These and other further features and advantages
of the invention would be apparent to those skilled in
the art from the following detailed description, taken
together with the accompanying drawings, wherein 1like
numerals designate corresponding parts in the figures, in

which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A shows a front perspective view of an
embodiment incorporating features of the present

disclosure;

[0011] FIG. 1B, 1is a semi-exploded front perspective
view of the embodiment of FIG. 1A;

[0012] FIG. 1C, 1s an exploded view of the embodiment
of FIG. 1A;

[0013] FIG. 1D is an exploded, elevated rear isometric

view of the embodiment of FIG. 1A4;

[0014] FIG. 1E is an exploded, elevated rear isometric

view of the embodiment of FIG. 1A4;

[0015] FIG. 1F is an exploded, elevated rear isometric

view of the embodiment of FIG. 1A4;

[0016] FIG. 1G 1s a front sectional view of the
embodiment of FIG. 1lA;
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[0017] FIG. 1H 1s an 1isometric view of another
embodiment incorporating features of the present
disclosure;
[0018] FIG. 1T is an lisometric wview of another
embodiment incorporating features of the present
disclosure;
[0019] FIG. 1J 1s an 1isometric view of another
embodiment incorporating features of the present
disclosure;
[0020] FIG. 1K 1is an lisometric wview of another
embodiment incorporating features of the present
disclosure;
[0021] FIG. 1L 1is an lisometric wview of another
embodiment incorporating features of the present
disclosure;
[0022] FIG. IM 1is an lisometric wview of another
embodiment incorporating features of the present
disclosure;
[0023] FIG. IN 1is an lisometric wview of another
embodiment incorporating features of the present
disclosure;
[0024] FIG. 2A 1s an angular cross-sectional view of

another embodiment of the embodiment of FIG. 1A;

[0025] FIG. 2B is an off axis front perspective view
of another embodiment incorporating features of the
present disclosure;

[0026] FIG. 3 is an off axis front perspective view of
another embodiment incorporating features of the present

disclosure;



WO 2022/140700 PCT/US2021/065151

[0027] FIG. 4A 1s an exploded isometric view of
another embodiment incorporating features of the present

disclosure;

[0028] FIG. 4B, 1is an isometric front perspective of
another embodiment incorporating features of the present

disclosure;

[0029] FIG. 4C shows an off-axis elevated isometric
view of another embodiment incorporating features of the

present disclosure;

[0030] FIG. 4D 1is an elevated off axis view of the
embodiment of FIG. 4C;

[0031] FIG. 5A is an elevated isometric view of
another embodiment incorporating features of the present

disclosure;

[0032] FIG. 5B 1s an off-axis side view of the

embodiment of FIG. 5A;

[0033] FIG. 5C is a bottom isometric perspective view

of the embodiment of FIG. 5A;

[0034] FIG. 5D is a bottom isometric perspective view
of the embodiment of FIG. bLA with the mnmulti-station

rotary plate removed to further show additional features;

[0035] FIG. 5E an isometric view of a normal operating
position of a multi-station rotary head incorporating

features of the present disclosure;



WO 2022/140700 PCT/US2021/065151

[0036] FIG. 5F an isometric view of a different rotary

position of the multi-station rotary head of FIG. 5E;

[0037] FIG. 5G an isometric view of a different rotary

position of the multi-station rotary head of FIG. 5E;

[0038] FIG. 5H an isometric view of a different rotary

position of the multi-station rotary head of FIG. 5E;

[0039] FIG. 5I shows the multi-position rotary head of
FIG. 5H positioned at an angle of ¢3 with respect to the

index shown in FIG. 5H;

[0040] FIG. 5J shows the multi-position rotary head of
FIG. b5H positioned at an angle rotated to the Q lens

cleaning starting position;

[0041] FIG. 5K shows a different aspect for the
rotation of the multi-position rotary head of FIG. b5H
through the arbitrary angle of Q;

[0042] FIG. 5L a front perspective view of another
embodiment incorporating a multi-position rotary head

incorporating features of the present disclosure;

[0043] FIG. 6A 1s an elevated isometric wview of a
monolithic embodiment incorporating features of the

present disclosure;

[0044] FIG. 6B 1is an exploded isometric wview of the
embodiment of FIG. 6A;

[0045] FIG. ©6C 1s a cross cut sectional view of the

embodiment of FIG. 6A;
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[0046]

the embodiment of FIG.

[0047]

embodiment of

[0048]

embodiment of

[0049] FIG.
oE;

[0050] FIG.
of FIG. 6E,
feature;
[0051] FIG.

embodiment of

FIG.

FIG.

FIG.

PCT/US2021/065151

6D 1s a lateral cross-sectional view of

oA;

6FE 1is an expanded isometric wview of the
FIG. 6A;

6FE 1is an expanded isometric wview of the
FIG. 6A, with additional features added;

6G 1s a top view of the embodiment of FIG.

6H is another top view of the embodiment

shown with an addition 1lens holder body

6dJ 1s an isometric view of the of the

FIG. 6H with the lens holder body shown in

a fully closed position;

[0052]
embodiment

disclosure;

[0053]

embodiment of

[0054]
embodiment

disclosure;

[0055]
of oL;

FIG.

FIG.

FIG.

FIG.

6K 1is an 1isometric view of another
incorporating features of the present
6L shows an isometric view of the
FIG. 6K;
6M 1is an 1isometric view of another
incorporating features of the present

6N is an isometric view of the embodiment
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[0056] FIG. 60 1s another isometric view of the
embodiment of 6L, except integrating automated features

from FIG. ©6N;

[0057] FIG. 6P 1s a front perspective view of the

embodiment of 6L, shown in a fourfold array;

[0058] FIG. 7A 1is an overhead isometric view of
another embodiment incorporating features of the present

disclosure;

[0059] FIG. 7B 1is another cross-sectional view of the

embodiment of FIG. 7A;

[0060] FIG. 7C 1is another cross—-sectional view of the

embodiment of FIG. 7A;

[0061] FIG. 7D is an expanded isometric wview of the

embodiment of FIG. 7A;

[0062] FIG. 7E 1s an off axis elevated view of the
embodiment of FIG. TA;

[0063] FIG. 7F 1s an front perspective operational
view of the embodiment of FIG. 7A;

[0064] FIG. 7G is an off axis operational view of the
embodiment of FIG. TA;

[0065] FIG 7H is a magnified cross-sectional view of

the embodiment of FIG. 7TA4;
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[0066] FIG. 71 1s an elevated off axis view of the
embodiment of FIG. TA;
[0067] FIG. 8A 1s an 1isometric off axis wview of a

spray assembly 892, that can be added to the embodiments
of FIG. TA-TI;

[0068] FIG. 8B 1is an off axis low angle view of spray
assembly of FIG. 8A installed on the embodiment of FIG.
1G;

[0069] FIG. 9A 1s an elevated isometric view of
another embodiment incorporating features of the present

disclosure;

[0070] FIG. 9B 1s a cross-sectional view of the

embodiment of FIG. 9A;

[0071] FIG. 10A 1i1s an elevated isometric wview of an
embodiment of an impingement head incorporating features

of the present disclosure;

[0072] FIG. 10B 1is an elevated off axis cCross-

sectional view of the embodiment of FIG. 10A;

[0073] FIG. 10C is a partial underside cross-sectional

view of the embodiment of FIG. 10A4;

[0074] FIG. 11 1is a low off axis view of another
embodiment incorporating features of the present

disclosure;

Detailed Description
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[0075] In the following detailed description, numerous
specific details are set forth in order to provide a more
thorough  understanding of embodiments incorporating
features of the present disclosure. However, 1t will be
apparent to one skilled in the art that the present
invention can be practiced without necessarily being
limited to these specifically recited details. In other
instances, well-known structures and devices are shown in
block diagram form, rather than in detail, 1in order to
better describe embodiments incorporating features of the
present invention.

[0076] Systems and methods incorporating features of
the present disclosure can utilize one or more base
thermal management fixtures, which can be configured to
receive and/or securely hold one or more electrically-
powered devices, for example, a light-emitting device or
a microprocessor, but it can be any device powered by
electricity that can benefit from thermal management. The
base thermal management fixtures can be configured to
receive the electrically-powered device by any known
structure and can comprise a device recess with
dimensions accommodating or corresponding to a particular
device, and/or can comprise clips, adhesives, fastening
structures or other structural features to connect an
electrically-powered device to the base thermal
management fixture.

[0077] The portion of the Dbase thermal management
fixture that is configured to receive the electrically-
powered device can define a targeted area. The Dbase

thermal management fixture can comprise internal
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components such as channels, internal walled structures
and impingement heads, as 1s described in more detail
herein. The base thermal management fixtures can be put
in fluid communication with a source of cooling fluid,
for example, air or gas, and can receive the cooling
fluid such that it flows through the internal components
and is directed to 1impinge upon the targeted area and
thus the electrically-powered device.

[0078] After the «cooling fluid impinges upon the
electrically-powered device and absorbs heat from it, the
heated cooling fluid can be directed to an exit port by
the internal components and the heated fluid flushed from
the system.

[0079] In systems and methods incorporating features
of the present disclosure, multiple base thermal
management fixtures can be connected in parallel, wherein
each individual base thermal management fixture in the
system receives 1its own cooling fluid supply, or they can
be connected in a serial, cascading fashion, wherein each
subsequent instance of a base thermal management fixture
receives cooling fluid from the fixture before 1t in
fluid communication. In the embodiments utilizing this
serial configuration, the cooling fluid that has been
directed to 1mpinge on a connected electrically-powered
device and which has absorbed heat can be expelled from
the base thermal management fixture after it  has
impinged, thus not passing on heated cooling fluid to a
further base thermal management fixture. In these serial
embodiments the only cooling fluid received by a base
thermal management fixture from a previous base thermal

management fixture would be cooling fluid that has not
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impinged on an electrically-powered device and absorbed
heat.

[0080] One advantage of the disclosed thermal
management system 1is that the impingement configuration
can obviate the need for extensive heat sinks, which can
require expensive frames made of metal or other costly
materials to support. The disclosed base thermal
management fixtures can be manufactured with cheaper,
lightweight materials such as plastics, saving on cost
and management costs associated with transporting and
maintaining bulky, heavy, costly metal frames.

[0081] Throughout this description, the preferred
embodiment and examples illustrated should be considered
as exemplars, rather than as limitations on the present
invention. As used herein, the term “invention, "
"device," "present invention," or "present device" refers
to any one of the embodiments of the invention described
herein, and any equivalents. Furthermore, reference to
various feature(s) of the "invention," "device," "present
invention," or "present device" throughout this document
does not mean that all claimed embodiments or methods
must include the referenced feature(s).

[0082] Furthermore, any element in a claim that does
not explicitly state ™"means for" performing a specified
function, or "step for" performing a specific function,
is not to be interpreted as a "means" or "step" clause as
specified in 35 U.S.C. § 112, for example, in 35 U.S.C. §
112 (f) or pre-AIA 35 U.S.C. § 112, sixth paragraph. In
particular, the use of "step of" or "act of" 1in the
claims herein 1is not intended to invoke the provisions of

35 U.S.C. § 112.
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[0083] It is also understood that when an element or

w 144

feature 1is referred to as being “on” or “adjacent” to
another element or feature, it can be directly on or
adjacent the other element or feature or intervening
elements or features may also be present. It 1is also
understood that when an element is referred to as being
"attached," "connected" or "coupled" to another element,
it can be directly attached, connected or coupled to the
other element or intervening elements may be present. In
contrast, when an element 1s referred to as being
"directly attached," "directly connected" or "directly
coupled"” to another element, there are no intervening
elements present.

[0084] Where wused, relative terms such as Y“left,”
“right,” “front,” ‘“back,” “top,” “bottom’” “forward,”
“reverse,” “clockwise,” “counter-clockwise,” “outer,”
“inner,” “above, ” “upper, ” “lower,” “below, ”

(4

“Horizontal,” “vertical,” and similar terms, have been
used for convenience purposes only and are not intended
to imply any particular fixed direction. Instead, they
are used to reflect relative locations and/or directions
between various portions of an object.

[0085] Although the terms first, second, third, etc.,
may be used herein to describe various elements or
components, these elements or components should not be
limited by these terms. These terms are only used to
distinguish one element or component from another element
or component. Thus, a first element or component
discussed below could be termed a second element or

component without departing from the teachings of the

present invention.
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[0086] The terminology used herein is for describing
particular embodiments only and 1is not intended to be

limiting of the invention. As used herein, the singular

144 w 144

forms “a, an, and “the” are intended to include the
plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that

(4

the terms “comprises,” “comprising,” when used herein,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements,
components, and/or groups thereof.

[0087] Embodiments of the 1invention are described
herein with reference to different views and
illustrations that are schematic illustrations of
idealized embodiments of the invention. As such,
variations from the shapes of the illustrations as a
result, for example, of manufacturing techniques and/or
tolerances are expected. Embodiments of the invention
should not be construed as limited to the particular
shapes of the regions illustrated herein, but are to
include deviations 1in shapes that result, for example,
from manufacturing.

[0088] It is understood that when a first element is
referred to as being “between, ” “sandwiched, ” or
“sandwiched between” two or more other elements, the
first element can be directly between the two or more
other elements or intervening elements may also be
present Dbetween the two or more other elements. For
example, 1f a first element is “between” or “sandwiched

between” a second and third element, the first element
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can be directly between the second and third elements
with no intervening elements or the first element can be
adjacent to one or more additional elements with the
first element and these additional elements all between
the second and third elements.

[0089] As used herein, the term “cooling fluid” can
include any fluid or combination of fluids that can
perform the cooling function, for example a liquid, a gas
or a combination thereof. In some embodiments the
cooling fluid can comprise water. In some embodiments the
cooling fluid can comprise water. In some embodiments,
cooling fluid can comprise antifreeze-type substances,
such as ethylene glycol or propylene glycol. In some
embodiments the cooling fluid can comprise ambient air.
[0090] When describing the various specific
embodiments incorporating features of the present
disclosure, it is understood that the disclosed features
of one embodiment can be utilized in any other embodiment
unless a description of a particular embodiment
explicitly states otherwise.

[0091] FIG. 1A depicts an embodiment incorporating
features of the present disclosure showing a base thermal
management fixture 10, comprising a thermal management
device body 15, which 1is configured to receive an
electrically-powered device 110. In the embodiment shown,
the electrically-powered device 110 is a light, such as a
solid state light, such as a light emitting diode (LED),
however 1t 1is understood that any electrically-powered
lights, for example, 1incandescent lights, or entire
arrays of solid state lights or chip on board (C0OB) LED

lights, can be utilized 1in embodiments 1ncorporating
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features of the present disclosure. Indeed, 1in some
embodiments, the base thermal management fixture 10 is
configured to receive an electrically-powered device 110
that is not a 1light at all, but instead a different
electrically-powered device. The electrically-powered
device 110 can be any electrically-powered device that
can benefit from the thermal management features of the
present disclosure, for example, cooling needs. In some
embodiments, the electrically-powered device 110 1is a
microprocessor Or array Or mMicroprocessors.

[0092] The device body 15 can comprise any suitable
shape or material <capable of comprising the fluid
pathways or performing the functions of fluid dynamic
systems set forth in the present disclosure. For example,
the body 15 can comprise the shape of any regular or
irregular polygon. Some example materials the body 15
can comprise include, but are not limited to: plastics,
polyvinyl chloride (PVC), metal, wood, and combinations
thereof. In some embodiments, the body 15 comprises
waterproof or water-resistant materials; in such
embodiments, this provides the advantage of protecting
the body 102 against operational wear and tear in systems

utilizing a liquid cooling fluid.

[0093] FIG. 1B 1s an off-axis view of the thermal
management fixture 10 of FIG. 1A, showing the body 15
further comprising an 1mpingement head 305. This
impingement head 305 can be formed as an integral part of
the body 15 (as shown), or can be a separate feature
integrated into, or separately-contained within the body

15. In the embodiment shown, the impingement head 305
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comprises a shower-head style thermal management feature
positioned to direct cooling fluid CF, such as a liquid
or gas, toward the electrically-powered device 110, such
as toward the rear and/or substrate of the electrically-
powered device 110. For example, 1n some embodiments,
the impingement head 305 can be positioned in other
positions that also allow the cooling fluid CF to be
directed toward the electrically-powered device 110, for
example, the impingement head 305 can be positioned above
or lateral to the electrically-powered device 110. In
some embodiments, the impingement head 305 can be
configured to rotate, vibrate, or otherwise move to
further enhance, alter or further customize the

distribution of cooling fluid from the impingement head.

[0094] Cooling fluid CF can be introduced into the
main body interior through a cooling fluid input aperture
410. In systems utilizing multiple base thermal
management fixtures 10, the cooling fluid CF can be
introduced into individual instances of separate thermal
management fixtures 10, through piping connected to each
of the thermal management features respective input
apertures 410 in a parallel-style fashion. In other
embodiments, the separate thermal management structures
can be fluidly connected in a serial or cascading fashion
wherein each subsequent instance of the thermal
management fixtures 10 are configured to receive cooling
fluid CF from the preceding thermal management fixture,

which is fluidly connected upstream. In these cascading
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embodiments, heated waste fluid, which has already
absorbed heat from, and therefore cooled, the
electrically-powered device 110 can be expelled from the
thermal management fixture 10, such that the downstream
fluidly-connected thermal management fixture can receive
cooling fluid CF from the upstream fluidly connected
thermal management fixture, without receiving heated
cooling fluid, that has already absorbed heat from an
electrically-powered device. After cooling fluid CF is
introduced into the body 15 of the thermal management
fixture 10 via the input aperture 410, the cooling fluid
CF can then be introduced to a channel forming egress
wall 302 and the floor 303 of the main body interior.
This forms an internal cooling fluid reservoir (shown in
more detail in FIG. 1C), so that the cooling fluid CF’ is
forced out of the impingement head 305 impinging on the
electrically-powered device 110. In embodiments wherein
the electrically-powered device 110 is a 1light, the
electrically-powered device can be configured such that
the heat that’s generated from the light will exit the
backside of the electrically-powered device 110 and the
light will exit the front emitter side of the
electrically-powered device 110.

[0095] The cooling fluid CF’ can be configured to
emerge from one or more orifices 304, which impingement
head 305 can comprise. The cooling fluid CF’ can be
configured to impinge on the electrically-powered device
110, for example, on the backside of the electrically-
powered device 110 as shown in FIG. 1B, and can carry the
heat away and exit through the one or more cooling fluid

exit ports (two shown, 412 and 414). The exiting heated
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waste cooling fluid is designated CF’’. The heated waste
cooling fluid CF’’, can travel to the exit port 414
and/or the exit port 412 by moving to the floor 303 of
the 1mpingement head 305 and can exit the respective
cooling fluid exit apertures 414 and 412.

[0096] FIG. 1C is an exploded view of the embodiment
of FIG. 1A, showing the base body 15 of a base thermal
management fixture 10, configured to receive an
electrically-powered device 110. In the embodiment
shown, the base body 15 is configured to receive the
electrically-powered device 110, within a device recess
220. The thickness or depth of the device recess 220 can
be determined by the thick of the side wall 140 of the
electrically-powered device 110 and/or the depth of the
electrically-powered device 110. The electrically-
powered device-holding assembly portion 200 1is an
optional portion of the thermal management fixture 11,
that can enable easier connection and removal of the
electrically-powered device 110 to the body 15. Instead
of having to directly install and remove the
electrically-powered device to and from the body 15,
electrically-powered devices can be pre-connected to the
device-holding portion 200, which can function as an
intermediate connection between the electrically-powered
device 110 and the body 15 and can comprise features
facilitating connection to the body 15, allowing for
easier replacement or interchangeability of electrically-
powered devices to the body 15.

[0097] While in FIG 1C the electrically-powered device
110 is shown as connecting to the device-holding assembly

portion 200 of the body, which in turn is connected to
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base body 15, 1in other embodiments the base body 15
itself can be configured to directly connect to and
accept the electrically-powered device 110, for example
the base body 15 can comprise a device recess, like
device recess 220.

[0098] FIG. 1C further shows optional features that
can improve device function in certain embodiments. For
example, in embodiments utilizing a liquid cooling fluid,
the base thermal management fixture 10 can comprise
optional features such as a seal 162, for example an
elastomeric seal, an anti-erosion material 164, and/or a
thermal transfer material 166. FIG. 1C further shows the
embodiment comprising an optional bonding material
assembly 168 comprising an opening 170 that would allow
cooling fluid to impinge on the Dbackside of the
electrically-powered device 110. The surface of the
bonding material assembly 168 1is represented by the front
face 174, which can be be applied to the backside of the
electrically-powered device, for example as though it
were a silkscreen process. This 1s one of multiple
methods of applying the bonding material to the backside
of the electrically-powered device 110; any method of
adhesion or connection that is known in the art may be
utilized. Although the optional anti-erosion material 164
shown in FIG. 1C is a circle it may also be any different
geometry to accommodate any anti-erosion purpose, for
example any regular or irregular polygon, and may also
have epoxy or another bonding material applied to its
surface so as to secure 1t to the backside of the

electrically-powered device 110.
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[0099] Also shown in FIG. 1C, the base body 15 can
comprise within itself a channelizer assembly 300. In the
embodiment shown, the base thermal management fixture 10
comprises a connection feature 320, which schematically
represents a bonding 1line that will connect  the
channelizer assembly 300 to the inside portion 404 of the
base body 15. The connection feature 320 creates a fluid
tight cavity that i1s shown in FIG. 1C as a dashed line
that will form a cooling fluid reservoir 424. The cooling
fluid reservoir 424 receives <cooling fluid through
aperture 410, and will force the cooling fluid through
the apertures 304 of the impingement head 305. Then the
cooling fluid CF’ that has extracted the heat from the
backside 114 now exits as CF’’. In some embodiments, the
aperatures 304 can comprise further features to direct
the flow of cooling fluid, for example to prevent the
mixture of different types of cooling fluid CF, CF’,
CE"7. In Some embodiments, tThe apertures can comprise
one-way valves.

[00100] FIG. 1D is an exploded, elevated rear isometric
view of the thermal management fixture 10 of FIG. 1C,
wherein reference numbers utilized in FIG. 1C have been
included to fully illustrate the thermal management
fixture 10. FIG. 1D further shows the optional added
feature of a channel-forming surface 206 with the
complimentary surface curvature of the channelizer
fixture 300. Combined, these two surfaces form a channel,
guiding cooling fluid to proceed to exiting apertures
412, and 414 (414 not show in FIG. 1D), respectively. The
channel-forming surface 206 can comprise one oOr more

apertures 208 (two shown, one in each instance of the
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channel forming surface 206). The apertures 208 can be
formed to direct cooling fluid to flow to the exiting
apertures 414 and 412.

[00101] FIGS. 1E-1F show additional views of the Dbase
thermal management fixture 10 shown in FIGS 1A-1D above,
wherein reference numbers utilized in FIGS. 1A-1D have
been included to fully illustrate the thermal management
fixture 10. FIG. 1E is an elevated exploded front view of
the components that form a channelizer body assembly;
comprising the device-holding assembly portion 200, the
channelizer fixture 300, and the impingement head 305.
[00102] FIG. 1F is an elevated rear view showing the
components that form the channelizer body and the
backside of the channelizer fixture 300. Also shown 1n
FIG. 1F are the apertures 304 that provide a pathway for
the cooling fluid that will flow through the impingement
head 305. This view shows the channel forming feature 206
on the backside of the device-holding assembly portion
200, with an aperture 208 that directs cooling fluid to
the exit aperture 412 and exit aperture 414. The curved
surface 302 of the channelizer fixture 300 and the
complementary channel forming feature 206 direct the
cooling fluid to the exit aperture 412 and exit aperture
414. Two exit apertures were chosen to allow for rapid
removal of the cooling fluid. This also helps minimize
the size of the base body 15. The curvature of the
channel forming feature 206 provides a maximum diameter
for the exit aperture 414 and exit aperture 412,

[00103] FIG. 1G shows the internal pathways for the
cooling fluid CF that 1s introduced through the input
aperture 410. After the cooling fluid CF enters into the
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cooling fluid reservoir 424 of the channelizer body
assembly 450 it becomes CF’ and flows through the channel
apertures 304. The cooling fluid CF’ 1is directed to and
impinges on the thermally active region 112 of the COB
assembly 100. Having impinged on a targeted area 112
corresponding to a portion at or near the electrically-
powered device 110, in FIG. 1G, this targeted area 112

corresponds to a the thermally active region of the

device. The cooling fluid then 1is denoted as waste
cooling fluid CF’’" (it now has removed heat from the
electrically-powered device 110) and exits the

impingement head 305 by moving to the floor 303 of the
impingement head 305 and snakes around the aperature
walls 306 eventually making its way to the channel egress
420 formed by the channelizer surface 206, the partial
aperture 208 and the curved surface 302 of the
channelizer fixture 300. The waste cooling fluid CF’’
exits through the exit apertures 412, 414, 1In some
embodiments, the cooling fluid exit aperture 414 and
cooling fluid exit aperture 412 as well as the input
cooling fluid aperture 410 may have threaded features,
connected fittings and self-threaded fittings. As can be
seen in FIG. 1G the cooling fluid reservoir 424 can be
formed by the channelizer fixture 300 being affixed to
the floor 404 and sidewalls 402,

[00104] The impingement cooling head 305 through the
various apertures provided forces the cooling fluid CF to
impinge on the Dbackside of the electrically-powered
device 110. The cooling fluid CF removes the heat from
the thermally active region 112. The heat generated by

the LED die 150 emanates through various features
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provided by the manufacturer to direct the heat to the
backside 114 or the thermally active region 112.

[00105] FIGS. 1H-1IN set forth alternate channelizer
fixture embodiments that can be integrated into the
disclosed embodiments herein, for example, in lieu of
utilizing the channelizer fixture 300 of FIG. 1A above.
FIG. 1H 1is an isometric view of a channelizer fixture
370, which is similar to the channelizer fixture 300, set
forth above. However, this channelizer fixture 370 has
walled portions in the form of cooling nipples 376 that
direct the flow towards a surface that requires heat to
be extracted from it. Channelizer fixture 370 has a
series of cooling nipples 376 comprising an aperture 374
where cooling fluid CF’ emanates from. Upon reaching the
surface to be cooled the cooling fluid CF’’ flows in-
between the cooling nipples 376 as shown by cooling path
between cooling nipples 376 represented by inter-nipple
pathway 373 and moves to the curved egress wall 372 over
the curved surface 372 that forms part of the channelized
wall that will form the exit channel 420 as seen 1n the
previous FIG. 1G. The difference here is that there is no
plateau floor such as floor 303 from the previous FIG.
1G, so the cooling fluid CF’’ follows a cylindrical face
or curvature 372 two begin its egress through the
channels 373 formed by the group of nipple walls 376.
[00106] FIG. 1I shows a channelized fixture 380 with
linear channelized apertures 384 formed by nipple walls
386 that emanate from a floor 383, or a plateau 383,
provides a pathway for the cooling fluid CF’’ to flow as
it begins its egress through the curved feature 382,

similar to that of 302 1in the previous examples. The
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curved feature 382 in conjunction with the channelized
feature 206 as discussed with regard to FIG. 1D above,
will form a channel 420 that directs the flow of the
cooling fluid CF’’ fo the exit apertures 414 and 412,
respectively.

[00107] FIG. 1J shows a planarized channelizer aperture
390 that comprises a pedestal 397 with a cooling fluid
aperture 394 and multiple exit apertures 395. The cooling
fluid CF’ emerges from the cooling fluid aperture 394 and
is constrained against the object 1t is cooling. This
allows the cooling fluid CF’ to interact with the
electrically-powered device to be cooled. The cooling
fluid CF’’ then exits through any of the exit apertures
395 on the face of the pedestal 397 or it cascades over
the edge of the pedestal 397. Cooling fluid CF’’ exiting
the exit apertures 395 flows onto the floor 393 and
egresses across the sloping curvature face 392. The
curvature feature 392 coupled with the channelizer
feature 206 of the COB mounting bracket 200 form a
channel 420 that directs the flow of the cooling fluid
CF’’ to the exit apertures 414 and 412 respectively.
[00108] FIG. 1K shows a planarized multiple pedestal
channelizer 360 that 1is comprised of multiple pedestals
365 and multiple cooling fluid apertures 364. The cooling
fluid CF’ emerges from the cooling fluid apertures 364
and is constrained against the object it is cooling. The
pedestals 365 allows the cooling fluid CF’ to interact
with the object to be cooled. The cooling fluid CF’’ then
flows off the face of the pedestals 365. Cooling fluid
CF/’ exiting flows onto the floor 363 and egresses across

the sloping curvature face 362. The curvature feature 362
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coupled with the channelizer feature 206 discussed with
regard to FIG. 1D above form a channel 420 that directs
the flow of the cooling fluid CF’’ to the exit apertures
414 and 412 respectively.

[00109] FIG. 1L, shows a slit channelized aperture
fixture 350, comprising a series of roughly parallel
circumferentially slotted apertures 354. These apertures
can be circumferentially aligned along the curved egress
wall 352. This slit channelized aperture fixture 350 can
be used in a spray head application where the cooling
fluid CF’ emanating from the circumferentially slotted
apertures 354 1impinge on the object to be cooled and
flows to the edges making way for new cooling fluid CF’
impingement. The curvature feature 352 coupled with the
channelizer feature 206 of the COB mounting bracket 200
form a channel 420 that directs the flow of the cooling
fluid CF’’ to the exit apertures 414 and 412
respectively.

[00110] FIG. 1M shows the multiple channelizer fixture
300, which 1s similar to the channelizer fixture 300
discussed above with reference to FIG. 1D, wherein 1like
reference numbers are utilized to denote like features.
The channelizer fixture 300 comprizes a channelizer
main body 301, a curved egress wall 302, a channelizer
floor 303, channelizer nipple walls 306 with a channel
aperture 304, where cooling fluid CF’ will impinge on a
surface in front of it to be cooled. The cooling fluid
CF’’ quickly flows from the object to be cooled, to the
channel floor 303 and i1s directed between the channelizer
nipple walls 306 eventually to egress to the curved

egress wall 302. The curvature feature 302 coupled with
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the channelizer feature 206 of the COB mounting bracket
200 form a channel 420 that directs the flow of the
cooling fluid CF’’" to the exit apertures 414 and 412
respectively. A major difference between the channelizer
fixture 303 in FIG. 1M and the chanalizer fixture 300 in
FIG. 1D above 1s that the channelizer fixture 303 in FIG.
1M comprises nipple walls 306 that comprise a flexible
structure that allows the nipple walls 306 to move while
cooling fluid CF flows through then, allowing for a more
widely-spread cooling fluid distribution to a targeted
area.

[00111] FIG. 1N shows a multiple small aperture fixture
340 comprising multiple rectangular apertures 344 that
are Tformed on the curved egress surface 342. These
multiple rectangular apertures are formed into the
fixture body 341 and are radially and cylindrically
aligned. These multiple rectangular apertures 344 are not
built atop a plateau as some have been 1in previous
embodiments. In this configuration, the multiple
rectangular aperture fixture 340 can be used in a direct
spray configuration in front of the body that needs to be
cooled and can be formed in a matching shape.

[00112] Most of the fixtures represented in FIG. 1H
through FIG. 1IN can have the complimentary shape of most
objects that require cooling. They may comprise any
suitable shape, including any regular or irregular
polygon.

[00113] FIG. 2A 1s an angular cross-sectional view of
the thermal management fixture 10 of FIG. 1A-1G above,
wherein previous reference numbers have been included to

more fully illustrate the structure. This angular cross-
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sectional view shows the channel-forming surfaces that
form the exit channel 420, mainly, the channel-forming
feature 206 and the curved egress slope 302. Also seen is
the cooling fluid CF’ reservoir 424 and a view of the
channelizer floor 303. Cooling fluid CF’ impinges on the
thermally active region 112 of the electrically-powered
device 110, and the cooling fluid CF’'’ is forced to move
to the channelizer floor 303 and follow a flow pattern
that would be dictated by the channelizer walls 306 and
flow to the exit channel 420 (shown in FIG. 1G above).
The cooling fluid CF’ may also impinge on the optional
protective surface 164 (or in some embodiments, thermal
transfer material 166).

[00114] FIG. 2B is an off axis front perspective view
of another base thermal management fixture 600, which is
similar to the Dbase thermal management fixture 10,
described in relation to FIGS. 1A-1G above, wherein like
reference numbers denote like features, except that the
base thermal management fixture 600 in FIG. 2B further
comprises one or mere recessed wiring channels. In this
particular embodiment two are shown: a first recessed
wire routing channel 242 and a second recessed wire
routing channel 244. In order to facilitate the curved
path of the multiple wire routing channels, the short
wire routing channel recess 214 and wire routing channel
recess 212 <can be optionally included. In certain
electrically-powered devices 110, the recessed wire
routing channel 242 can secure a cathode power wire 122
and hold it securely and the recessed wire routing
channel 244 can secure the anode power wire 132 and hold

it securely.
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[00115] FIG. 3 is an off axis front perspective view of
a base thermal management fixture 700, similar to the
base thermal management fixture 10 in FIGS. 1A-1G, but
comprising one or more additional added features. To
further advance a clean environment for the dust free
operation of the electrically-powered device 110, the
thermal management fixture 700 can comprise a window
aperture 243. This window aperture 243 will accommodate
an acceptable material to act as a window 245, that
protects the electrically-powered device 110. The window
material can comprise any material suitable for operation
of the electrically-powered device, for example, in
embodiments wherein the electrically-powered device 110
comprises a light, the window material can comprise a
material that it is sufficiently transparent to all of
the required wavelengths emitted by such a 1light. The
window 245 may also comprise a lens (not shown), that has
an appropriate curvature that is suitable to any lighting
requirements, also a low loss material to all of the
wavelengths emitted by the COB assembly 100.

[00116] The base thermal management fixture 700 can
further comprise aperture 237 and aperture 238. These two
apertures are aperture through-holes that will allow a
fluid, for example, a gas, to be introduced into the
cavity formed by the window 245 and the internal
structures within the window recess 243, that will allow
a cooling fluid CF to circulate by introducing it through
the aperture 237 and exiting the through aperture 238. In
the region of the short wire channel recesses 214 and 212
respectively, there can be a small amount of leakage that

passes through those channels along with their respective
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wires, to keep air moving, dust out, and cool the active
surface 110 of the COB assembly 100.

[00117] FIG. 4A is an exploded isometric view of a base
thermal management fixture 702, similar to the base
thermal management fixture 700 in FIG. 3 above, wherein
like reference numbers are utilized to denote 1like
features. However, the base thermal management fixture
702 1in FIG. 4A further comprises additional features,
including sensor access ports in the form of aperture
through-hole 204 which can be configured to hold a
thermocouple 180. Aperture through-hole 207 can Dbe
configured to hold an exit cooling fluid pipe bib 182 and
aperture 209 can be configured to hold a two wire liquid
sensor 186. The aperture through-hole 237 can Dbe
configured to hold a cooling fluid pipe bib 184. The base
thermal management fixture 702 can further comprise an
additional sensor in the form of a ground wire 134 that
has a through-hole 136 formed in the body of the base
thermal management fixture 702. This ground wire 134 can
be used to sense a current fault when connected to the
system 1f there is a cooling fluid 1leak that would
actuate a current sensor (not shown) to protect the
operators and/or the equipment. The base thermal
management fixture 702 can further comprise a
multipurpose fixture 176, to act as a current sensor, to
sense 1f there is a breach in the seal 162, or any other
facet of a leak that would involve a dangerous current.
[00118] The multipurpose fixture 176 can further act
as a reflector to reflect or thermally deflect any
damaging radiation that may result in thermal overload in

the system, until the temperature sensor or the
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thermocouple 180 senses a thermal runaway. The
multipurpose fixture 176 can comprise one Or more
through-holes, in this embodiment shown, two: through-
hole 124 and through-hole 125, +to accommodate their
respective cooling fluid pipe bib 184 and cooling fluid
pipe bib 182 to deliver the appropriate cooling fluid to
the inside aperture 178. The multiple purpose fixture 176
can further comprise one or more through-holes to
accommodate the thermocouple 180 through a through-hole
126 as well as a pair of through-holes 128 to accommodate
the 1liquid sensor 186. The thermal couple 180 can be
inserted until it reaches the inside aperture 178 of the
multipurpose fixture 176. Likewise, the aperture through-
hole pair 209 and aperture through-hole pair 128 align
when 1in operational form and provide a path for the
insertion of the liquid detector 186. Aperture through-
hole 237 and aperture through-hcocle 124, form a path when
aligned in operational form and provides a path, so that
the cooling fluid pipe bib 184 can connect to the inside
aperture 178 of the multipurpose fixture 176.
Correspondingly, aperture through-hole 207 and aperture
through-hole 125 are aligned when in operational form and
provide a path for securing the cooling fluid pipe bib to
the inside aperture 178 of the multipurpose fixture 176.

[00119] FIG. 4B, 1s an 1isometric front perspective
view that shows a base thermal management fixture 708,
similar to the Dbase thermal management fixture 700,
discussed with regard to FIG. 3 above, wherein 1like
reference numbers are used to denote similar features and
to further illustrate the embodiment. In addition to the

main cooling fluid input 410 and cooling fluid output
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414, wherein the cooling fluid CF can comprise any
suitable cooling fluid, for example, a liquid or a gas,
this embodiment employs the use of a secondary
specifically gas-based cooling fluid CG that can be
configured to cool a different portion of the
electrically-powered device. The gas can be selected for
cooling properties or temperature or can be from the
ambient. If the main cooling fluid CF comprises a ligquid
and is configured to cool the backside of an
electrically-powered device, the cooling gas CG can
comprise a gas and be configured to cool the opposite
front portion of an electrically-powered device. As 1is
shown in FIG. 3 and FIG. 4A., the window 245 can be used
to protect the electrically-powered device to prevent
debris from accumulating. The window 245 may also
comprise a lens. Confinement of ambient gas inside the
base thermal management fixture 708 could potentially
lead to overheating and degraded performance of the
electrically-powered device. By passing a cooling gas
CG through the internal cavity of the base thermal
management fixture 708, formed between the window 245 and
the electrically-powered device 110, with positive or
negative pressure the cooling gas CG entering the cooling
gas input bib 184 can purge the heated gas CG’, through
the cooling gas output bib 182. In some embodiments, gas
can be configured to migrate through the open short
channel wire recesses 212, 214.

[00120] FIG. 4C shows an off-axis elevated isometric
view of a base thermal management fixture 709, similar to
the base thermal management fixture 708, discussed with

regard to FIG. 4B above, wherein like reference numbers
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are used to denote similar features and to further
illustrate the embodiment. A difference between the base
thermal management fixture 709 in FIG. 4C and the base
thermal management fixture 708 in FIG. 4B 1is that the
areas of the anode connection wires 132 and the cathode
connection wires 122 comprise a different configuration
in that the channels that were opened at 214 and 212 in
FIG. 4B are now closed in FIG. 4C and the only through -
holes present are through-hole 213 and through-hole 211.
In this embodiment, the wire recesses allow the cooling
fluid CG to leak or vent to the open environment. If the
cooling fluid CG or CF 1is not compatible with the
electrically-powered device, the active surface 110 can
be coated with a conformal coating. With all the power
connections completely sealed, a liquid coolant can be
used instead of a gas, and solder connections in the area
of the cathode and the anode of an electrically-powered
device <can Dbe conformal <coated or sealed with an
appropriate insulating coating.

[00121] FIG. 4D 1is an elevated off axis view of the
base thermal management fixture 709, wherein additional
features are visible. The dashed circle 270 represents a
cathode soldering site, the cathode soldering site 270
can be defined by the outside circumference 177 of the
multipurpose ring 176 and the perpendicular sidewalls
224, After the cathode 130 1s soldered to the cathode
power connection 132, the volume formed Dby the
perpendicular sidewalls 224 and the outside circumference
177 of the multipurpose ring 176 can be filled with a
substance such as an epoxy or elastomer or a UV cured

epoxy and/or conformal coated. This will protect the
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soldering connections from corrosion and prevent short
circuit events. The same process can be applied within
the dashed circle 272 representing the anode soldering
site where the two perpendicular sidewalls 224 and the
outside circumferential surface 177 will be filled with
epoxy, an elastomer, or a UV cured epoxy once the anode
120 is soldered to the anode connection wire 132. This
will provide the needed protection of the solder joint to
minimize corrosive effects and to further secure the COR
assembly 100 and 1its ©position. The other quadrants
defined by the two perpendicular sidewalls 224 and the
outside circumferential surface 177 can be filled with
substances such as epoxies or UV cement to help protect
against corrosion and further help secure the
electrically-powered device. The cleanest solder
connections are preferable, for example, those that use
no or minimum amounts of solder flux.

[00122] FIG. 5A 1s an elevated isometric view of an
automated light assembly 50. The automated light assembly
50 comprises a sealed light assembly 45, which can
include base thermal management features, wherein the
electrically-powered device comprises a light or can
comprise another 1lighting assembly comprising a light-
emitting device or array of light-emitting devices. The
automated light assembly 50 further comprises a mounting
base 502, a motor 504, a cooling fluid mounting structure
500, and a function control box 520 with a communications
component 521. An advantage of the automated 1lighting
assembly 50 is to minimize the amount of labor necessary
during operational cycles or other 1lighting conditions,

for example, in lighting systems utilized in greenhouse
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or other environments requiring cyclical wvariations 1in
lighting output. The automated lighting assembly 50, with
the control Dbox 520 and communications component 521,
monitors and controls the operating requirement of the
automated light assembly 50. The communications system
interrogates and instructs the functions of the automated
lighting assembly 50 by communicating with the wvarious
sensors using WiFi or other communication protocols.
[00123] The function control box 520 comprises one or
more connectors for controlling various devices that are
associated with the automated lighting assembly 50. Among
the connectors the function control box 520 can comprise
are a first connector 522 and a second connector 523,
which are connectors that will power a lighting
component, for example, a chip-on-board (COB) LED
lighting assemnbly, contained within the automated
lighting assembly 50. Other connectors such as 524 can
provide control signals to the linear actuator 537
through the power connection 529. The motor controller
circuit within the control box 520 can send signals to
the motor 504 through the connector on the control box
525 that would connect to the connector on the motor 503.
The motor 504 comprises, connected to its rotary axis 505
on the lower side of the base plate 502, a multiple-
station holder platform 508.

[00124] The sealed 1light assembly 45 1is connected to
the base plate 502 with fasteners 579, 578, which can
include any known structures configured to perform a
fastening or connecting function, including, for example,
screws, nuts and bolts, and adhesives. The base plate 502

itself can be connected to a cooling fluid supply pipe
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542 and a cooling fluid return pipe 540. The base plate
503 has fastened to its underside one multiple-pipe snap
clamp 530 that holds a cooling fluid supply pipe 542, a
cooling fluid air pipe 545, and a cleaning fluid pipe
543. On the opposite side is a second multiple-pipe snap
clamp 532 which holds at least two pipes, i1including a
return cooling fluid pipe 540 and a return air supply
cooling fluid pipe 544. Through different actuator
controls and flow regulators, some of these pipes can be
reconfigured to perform different functions.

[00125] FIG. 5B 1s an off-axis side view of the
automated lighting assembly 50 and includes a closer view
of the control box 520 with a series of connectors for
one or more thermocouples throughout the system. The
thermal couple connectors shown include six, in the form
of thermocouple connectors 551, 552, 553, 554, 555, and
556. The other bank of connectors on the control box 520
are one or more the actuator/controller connectors (five
shown) 572, 573, 574, 575, 576. As an example, from FIG.
5B the connector 572 on the function control box 520
could be connected to connector 571 operating the control
valve 570. The thermal couple 547 could be connected to
the thermocouple connector 556 on the control box 520.
[00126] FIG. 5C is an isometric view of the underside
of the automated lighting assembly 50. The multi-station
rotary plate 508 has multiple positions corresponding to
different features (four positions shown in this
particular embodiment; position 512 has assigned to it
the specialty lens 515, position 509 has assigned to 1t a
lens 514, position 510 has an open aperture 516 that can

be used to fasten commercial sensors for diagnostic
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purposes, position 511 holds a c¢leaning brush or a
multipurpose cleaning head. The multi-station rotary
plate 508 can have, as a starting position, the lens 514
positioned over the sealed light assembly 45. From this
viewpoint, the backside cleaning brush 539 mounted to the
linear actuator arm 558 and connected to the Ilinear
actuator 537 wvia the coupling 557. The linear actuator
537 is mounted atop spacers to ensure the proper height
for <c¢leaning the lens. The Dbrush 513 that sits in
position 511 will be the brush or cleaning head that is
used to keep the window of the sealed light assembly 45
clean and performing optimally.

[00127] FIG. 5D is an underside isometric wview of the
automated 1lighting assembly 50 with the multi-station
rotary plate 508 removed. The <cooling fluid for the
sealed light assembly 45 can flow from the cooling fluid
supply pipe 542, through the reducing nipple 590 and can
be controlled wvia the flow controller 560, which can
receive its on and off control signal or flow velocity
signals from the function controller 520 acting through
the connector 561, the function controller 520. The rate
for the flow controller 560 can be determined by a
feedback loop generated from the cooling fluid
temperature differential of the exit cooling fluid
thermal-couple sensor 547 and exit cooling fluid thermal-
couple sensor  548. Internal firmware within the
controller box 520 determines the correct flow rates to
maintain proper temperature for the sealed light assembly
45, Also, comparing the differential temperatures between
the exit cooling fluid thermocouple 547 and exit cooling

fluid thermocouples 548 1is processed by the function
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controller box 520 to determine if there are any flow
issues or restrictions within the light and if any of the
impingement flow nozzles may be preferentially plugging
causing an asymmetry 1in the respective thermal couple
temperatures.

[00128] The gas supply line 545 1is controlled by a
flow control wvalve 562 and receives 1its flow rate
instructions from the function control box 520. These
instructions are communicated over a connector 563 of the
flow control wvalve 562 which 1is connected to the
connector 573 of the flow controller 520. The temperature
of the input cooling gas in the input cooling gas conduit
545 is monitored by the connectorized thermal couple 549
connected to the thermal couple input connector 551 of
the function control box 520. A dual action diverter
valve 568 controls the cooling gas in the input cooling
gas conduilt 545 to pass through the pipe nipple 594
allowing the input cooling gas 1in the input cooling gas
conduit 545 to pass into the basic light assembly 50, and
cool the active surface of the basic light assembly 45
(corresponding to the electrically-powered device 110).
The egress of the input cooling gas passes through the
exit pipe nipple 595. The input cooling gas may be
diverted by the diverter valve 568 to perform an
alternate function. The alternate function could be
connected to the hose 582 for the purpose of, for
example, blow drying the surface of the window 245.
Another alternative could be connected to the two
separate sprayers 536 and 538 respectively and use their
nozzle to blow-dry the respective surfaces that have been

washed. Alternative functions that the two sprayers 536
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and 538 can perform other operational tasks such as:
misting for ©precision environmental control, water
fertilizing crops, and administering gas/pesticide/
fungicide/mold control. As there 1is a possibility of
flowing a 1ligquid through the internal chamber of the
basic light 50, there can be a feature downstream passed
the nipple pipe nipple 595 where a diverter actuator 570,
controlled by connector 571, can route cooling fluid into
the cooling fluid return path through the pipe nipple
584. The actuator connector 571 could Dbe controlled
through the function control box 520 from connector 575.
[00129] The fluid supply system and control mechanisms
are illustrated in FIG. 5D showing the fluid supply pipe
543, controlled by a flow control actuator 564 through a
connector 565. The fluid 542 flows to a diverter actuator
566 acting through connector 567. The diverter actuator
566 diverts the fluid to the spray head 538. Spray head
538 1s used to provide fluid to be used in conjunction
with the brush 513 that will clean the backside of the
lenses 515 and 514. The diverter actuator 566 can divert
the fluid to spray head 536 the spray head will be used
in conjunction with the brush 513 on station 511 of the
multi-position rotary platform 508. The flow controller
564 can then regulate the amount of pressure that the
fluid 542 requires to perform its task via the firmware
residing in the function controller 520 and acting
through the connector 575 communication with the
connector 565 of the flow control actuator 564.

[00130] FIG. 5E 1s an isometric wview of a normal
operating position of the multi-station rotary head 508

shown with the U0 reference index. Through software



WO 2022/140700 PCT/US2021/065151
42

control from the function control box 520, the different
lenses desired for specialized functions or the cleaning
function can be established by controlling the motor 504
with control signals to 1its connector 503 from the
function control box 520 connector  525. In this
particular case, for reference purposes, this is referred
to as the starting position. This position uses the lens
514.

[00131] FIG. 5F shows the rotation of the multi-station
rotary head 508 by yl, and shows rotation from the
starting position through software control in order to
the lens 515 for an intended function.

[00132] FIG. 5G shows the rotation of the multi-station
rotary head 508 by {2 at an angle with respect to the
original reference index through software control. This
position would be the starting point for cleaning the
window 245 of the sealed light assembly 45 using the
cleaning brush 513.

[00133] FIG. 5H shows the rotation of the multi-station
rotary head 508 rotated by some angle Y3 with respect to
the original reference index, through software control.
This position would be the open aperture 516 if there
were no requirement for lenses, filters or any other
function but with a clear aperture. Another use would be
to include any commercial light monitoring equipment that
can be mounted into a fixture for insertion into this
open aperture. Some of the equipment that can be inserted
into open aperture would be any light measuring equipment
to monitor the status and performance of the sealed light
assembly 45, for example, spectral-radiometer, fiber-

optic spectral radiometer heads the transfer the light to
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be measured or diagnosed, to a central monitoring
station. A PAR meter (Photosynthetically Active
Radiometer) such as a PAR meter to measure the micromoles
of the photonic output can also be included.

[00134] FIG. 5I shows the multi-position rotary head
508 positioned at an angle of Y4 with respect to the
original index shown 1in the previous FIG. b5LH. This
position can be used to clean the window 245 with the
cleaning brush 513 mounted in position 511 of the multi-
station rotary head 508. A software command can be given
to rotate the multi-position rotary head 508 through an
angle from an angle starting at ¥5 and progressing to U6
within a software loop for either a certain period of
time or for a number of oscillations or cycles. While the
cycling is occurring under software control, the spray
nozzle 536 will Dbe spraying cleaning fluid 543 to the
underside of the brush bristles 517. The diverter valve
566 is positioned such that the correct spray nozzle 536
receives the cooling fluid or cleaning fluid 543 as shown
by the spray pattern 559 and the pressure and/or
volumetric flow of the spray pattern 559 is regulated by
the control flow wvalve 564. After a certain period of
time has elapsed the software control will return the
multi-position rotary head 508 to any one of the desired
operating positions on the multi-position rotary head
508.

[00135] In FIG. 5J the multi-position rotary platform
508 has been rotated to the Q lens cleaning starting
position through software control. Also, the actuator 537
has received software commands through the connector 529

to oscillate brush 539 back and forth as shown by the
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double-ended arrow 588. The software control wvia the
diverter valve 566 receives instructions through its
connector 567 to produce a cleaning spray 559 through the
spray head 538, simultaneously, software instructions are
given to oscillate the multi-position rotary head 508
through an angle of Q and Q1 to affect cleaning of the
lens 514 1in position 509. Once the cleaning process 1is
complete, the software controller within the function
control box 520 will issue the appropriate instructions
through the respective connectors to return to the normal
state of operation.

[00136] Viewed from another perspective, FIG. 5K
represents a different aspect for the rotation of the
multi-position rotary platform 508 through the arbitrary
angle of Q and starts the rotation between Q and Q1 with
the spray head 538 spraying cleaning fluid 559 onto the
brush bristles 517 of brush 513 connected to the actuator
537 and moving back and forth according to the double
ended arrow 588.

[00137] FIG. 5L shows a fully implemented multi-station
automated light assembly 55 with a support structure that
includes the cooling fluid return 1lines 540 and the
cooling fluid supply lines 542. Some additional strength
may be added through the clamping mechanisms such as the
two pipe clamp 532 and the three pipe clamp 530. By
implementing the wvarious aspects of this invention there
is a great laborsaving feature provided by this
invention.

[00138] FIG. 6A 1s an elevated isometric wview of a
monolithic body thermal management fixture 60, similar to

the base thermal management features discussed above in



WO 2022/140700 PCT/US2021/065151
45

regard to FIGS. 1A-1G and FIG. 3, wherein like features
are denoted by 1like reference numbers, except it 1is
formed as a monolithic body, for example, by using
molding techniques and/or the capabilities of three-
dimensional (3-D) printers. This monolithic body thermal
management fixture 60 can be made of one material having
sophisticated, complex internal geometries. The
monolithic body thermal management fixture 60 is
comprised of a monolithic body 601 with an input aperture
603 formed into the input boss 602. The monolithic body
thermal management fixture 60 can further comprise one or
more output apertures (two shown), including output
aperture 607 formed into the output aperture boss 606 and
the second output aperture 611 formed into the output
boss 610. Formed on the sides of the monolithic body 601
are mounting boss rim 628 and a mounting boss face 626,
These features can be used for mounting extra hardware or
mounted to another fixture. There 1is an elevated deck
624, formed onto the top side 627 of the monolithic body
©601. of the elevated deck 624, features such as an anode
wire channel recess 617, and a cathode wire channel
recess 619, and a thermocouple wire channel recess 605 as
well as a thermocouple well 604 can measure the
temperature of the incoming cooling fluid CF. A
thermocouple wire recess 613 and a thermocouple well 612
that reaches deep into the output aperture 611 can
measure the temperature of the exiting cooling fluid
CE"".

[00139] The anode wire channel recess 617 can hold the
anode wire 620. The cathode wire channel recess 619 holds

the cathode wire 621. The thermal couple wire channel
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recess 605 holds the thermal couple wire pair at one end
and 1s submerged into the aperture well 604 that enters
into the input cooling fluid aperture 603. The
thermocouple wire recess 613 holds a two-wire pair
thermocouple 615 at one end and is deeply submerged into
the thermocouple well 612 that reaches deep into the
output apertures 611. There 1is a large aperture with
sidewalls 634 that is large enough to accept the COB
assembly 100.

[00140] FIG. 6B 1is an exploded isometric wview of the
monolithic body thermal management fixture 60 of FIG. 6A
with the electrically-powered device 110 raised above the
monolithic body 601. The impingement head 650 «can
comprise spray nipple aperture 654, from which cooling
fluid CF’ emerges, and the impingement deck 656, from
which the nipple sidewalls 652 emanate. The electrically-
powered device 110 can be fastened to the platform face
632. The cooling fluid CF’ emerges from the spray nipple
aperture 654 and 1impinges on the electrically-powered
device 110 and the heated waste cooling fluid CF’’ flows
to the impingement head deck 656 exiting through channels
formed by the sidewalls 652 and quickly moves to the exit
reservoir 642 as seen in FIG. 6C.

[00141] FIG. 6C is a cross cut of the main body 601. It
shows the deep well 604 for the thermocouple and how it
intersects and interacts with the input cooling fluid
channel 630 after it enters the input channel aperture
603. The cathode wire channel recess 619 can be seen
embedded in part of the monolithic structure. The
impingement head 650 can be part of the monolithic body

601, as the cross-cut shows. The impingement head cooling
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fluid reservoir 640 receives the incoming cooling fluid
CF’ where it 1s immediately directed through the nipple
aperture 654 where it travels a very short distance to
impinge on the electrically-powered device, then flow to
the impingement deck 656 of the impingement head 650 as
described in FIG. 6B. There the heated cooling fluid CF’’
cascades through the channels created by the nipple walls
652 and flows into the cooling fluid exit reservoir 642
and exits the monolithic body 601 through the cooling
fluid exit aperture 607 and the cooling fluid exit
aperture 611.

[00142] Another feature of the monolithic body 601 is
that the raised deck 624 comprises a sidewall that
comprises a V-rail 622. On the opposite side of the
monolithic body 601 there can be another V-rail 623, that
can be identical or substantially similar to the first V-
rail 623.

[00143] A lateral cross-section of the monolithic body
601 is seen 1n FIG. 6D. This cross-sectional view shows
the structure of the monolithic body 601 and the cooling
fluid input aperture 603 receiving the cooling fluid CF
and how 1t 1is transported into the impingement head
cooling fluid reservoir 640. The dashed 1line 648
represents a targeted area corresponding to a placement
position for an electrically-powered device. The
interaction zone 632 1s where the impingement head 650
directs the cooling fluid CF’ to the electrically-powered
device. Once the cooling fluid CF’ has transferred or
accepted the heat 1t 1is denoted as heated or waste
cooling fluid CF’'’ and quickly flows to the cooling fluid

exit reservoir 642 where 1t will then exit through the
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cooling fluid exit apertures 607 and the cooling fluid
exit aperture 611 (the two exit apertures are not seen
because this 1s the bilateral cross-section). It 1is
further understood that while this particular embodiment
comprises two exit apertures, embodiments incorporating
features of the present disclosure can comprise a single
exit aperture or more than two exit apertures. The
penetration into the input cooling fluid channel 630 of
the thermocouple well 604 is also shown. The formation of
the thermocouple well 604 penetrating into the input
cooling fluid channel 630 as a monolithic feature
provides a unique 1leak proof method of manufacturing.
The same type o0f cross-section exists 1in either one or
both of the cooling fluid exit apertures 607 and cooling
fluid exit aperture ©611.

[00144] FIG. 6E 1is an expanded isometric wview of the
monolithic body 601 with the addition of a multipurpose
ring 644. The flats 646 (4) on the multipurpose ring 644
serve as a bonding surface to help secure and retain the
electrically-powered device 1n the recess formed by the
side walls 634. Flat facets 646 of the multipurpose ring
644 are affixed to the side walls 634 of the monolithic
body 601 by a connection structure, for example, welding,
epoxying, use of fasteners or other methods known in the
art.

[00145] In FIG. 6F there are two additional structures
included, angular bar 636 having flat surface 637 and
flat surface 639. The angular bar 636 is used to secure
the electrically-powered device 110, which can be affixed
to the platform floor 632 of the monolithic body 601 with

any known connection structure, including typical bonding
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compounds such as an epoxy or other chemical or physical
means using clamps, fasteners, or seals and 1lids. The
side walls 634 can have secured to them the angular bar
636 where the electrically-powered device 110 resides.
The angular bar 636 is secured to top surface 106 of the
COB assembly 100. The angular bars 636 having been fixed
to the sidewalls 634 adds more structural support to the
electrically-powered device 110. These structures can
define the soldering regions for connecting power to the
electrically-powered device 110. Other geometries for the
side walls 634 are possible as well as the corresponding
angular bar 636

[00146] FIG. 6G 1is a top view of the monolithic thermal
management fixture 60. After soldering the anode to its
power wire 620 and the cathode 120 to its power wire 621,
the confinement regions formed by the side wall and the
outside circumference of the multipurpose ring 645 can be
encapsulated or conformal coated to protect these regions
from corrosion and short circuit events.

[00147] FIG. 6H is a top view of the monolithic thermal
management fixture 60. After soldering the anode to its
power wire 620 and soldering the cathode to its power
wire 621, the confinement regions formed by the side wall
634 and the angular Dbars 636 are encapsulated or
conformal coated to protect these regions from corrosion
and short circuit events.

[00148] FIG. 6I is an isometric wview of a monolithic
thermal management fixture 65. This monolithic thermal
management fixture 65 1s similar to the monolithic
thermal management fixture 60 discussed with regard to

FIGS. 6A-0oH above, wherein 1like references numbers are
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utilized to denote like features. This monolithic thermal
management fixture 65 comprises V-rail 623 and the V-rail
622 on the monolithic body 601 to accept a lens holder
body 660, for use in, for example, embodiments wherein
the electrically-powered device comprises a light-
emitting device that can Dbenefit from an easily
interchangeable and replaceable lens. The lens holder
body 660 and the monolithic thermal management fixture 65
can comprise the complimentary V-rail 663 and V-rail 662,
which comprises the V-Rail System 675. Because of the
raised deck 624 the power connections and the
thermocouple connections remain in their respective
recesses and do not impede movement of the lens holder
body 660 back and forth on the v-rail system 675.

[00149] FIG. 6J 1s an isometric view of the monolithic
thermal management fixture 65 with the lens holder body
660 shown in a fully closed position and covering the
electrically-powered device 110. The lens holder body
does not interfere with any of the wire harnessing and
can easily be removed using the V-rail system 675.

[00150] FIG. 6K 1s an 1isometric wview of an extended
track embodiment of a monolithic thermal management
fixture 70, similar to the monolithic thermal management
fixture 60 discussed with regard to FIGS. 6A-6H above,
wherein 1like references numbers are utilized to denote
like features. In this embodiment, the upper deck 624 of
the previous drawings has been extended on both sides of
the monolithic body 701. The extended deck 725 maintains
the same features and characteristics that the upper deck
624 . However, an advantage of this extended deck

embodiment includes that a multiple-lens carrier may be
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added to the top deck 725, for example in embodiments
wherein the electrically-powered device comprises a
light-emitting device. The extended track retains the
same exit cooling fluid thermocouple well 712 and the
thermocouple wire 715 1lies in the thermocouple wire
recess 713. The input cooling fluid thermocouple well 704
retains the same position and the thermocouple wire pair
714 lies in the thermocouple wire recess 705. The anode
power connections 720 reside 1in the wire channel recess
717. The cathode power wire 721 rests 1in the power wire
channel recess 719. The deeper sidewalls 724 define the
recess where the electrically-powered device 110 resides
and the impingement head 790 has all the characteristics
of the previous impingement head 650 as shown in FIG. 6D.
The V-rails 722 and the V-rails 723 have been extended
the full 1length of the extended deck 725, and will be
referred to as the extended v-rail system 675.

[00151] FIG. 6L shows an isometric view of the extended
track monolithic assembly 70 with an added dual
lensholding fixture 730. The dual lens holding fixture
730 can comprise one or more lenses, for example, for
embodiments utilizing a light-emitting device as the
electrically-powered device, In this particular
embodiment, the lens holding fixture 730 comprises two
lenses: a first lens 728 and a second lens 729. One of
the lenses may not be required and therefore the aperture
that it fills may be left blank in order for the light-
emitting electrically-powered device to illuminate
through that wvacated aperture i1f required or desired. The
mounting boss rim 628 is a fixture support structure. A

threaded aperture 710 can be formed into the mounting
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boss face 626, and can be configured to receive a
fastener to secure to a frame for added support. The dual
lens holding fixture 730 can be easily maneuvered to any
required position using the extended v-rail system 676.
The dual lens holding fixture 730 can have more positions
by further extension of the extended v-rail system 676.

[00152] FIG. oM is an automated extended track
monolithic thermal management fixture 75, similar to the
extended track monolithic assembly 70 described 1in
relation to FIG. 6L above, wherein like reference numbers
are utilized to denote 1like  features. In this
embodiment, a support structure formed by a cover plate
744, connected to the mounting boss face 626 with the
fastener 726, which can also be any known fastening or
connecting structure or adhesive, and also attached is an
actuator mounting bracket 742, and on the opposite side
another optional mounting bracket 746. The
actuatormounting bracket 742 has mounted to its surface a
dual action latching actuator 735. The actuator control
arm 734 1s attached to a coupling fixture 736 by a
fastener 740 that passes through a fastener through-hole
739 to secure the connecting arm to the coupling fixture
736. The actuator 735 receives its control signals from a
function control box 750 wvia 1its connector 737 to its
control connector 753 on the function control box 750.
The function control box 750 can receive 1ts power
through connector 756. The connector 754 is the connector
that the anode power wire 720 and the cathode power wire
721. The connector on the control box 754 can comprise a
multiple-prong connector if there were a ground sensing

or current sensing wire 1t would be connected to a third
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position on the connector 754. The multipurpose ring 645
that was discussed in the previous drawings in FIG. 6G,
can be included and serve as a ground sensor to shut down
any faulty electrical circuit that may be detected with
the multi-purpose ring 645,

[00153] Other connectors on the function control box
750 can be utilized for the thermocouple wire pairs 714
for monitoring the input cooling fluid temperature from
the thermocouple inserted into the thermocouple well 704,
Likewise, thermal couple wire pairs 715 can be connected
to a thermal couple connector on the function control box
750 and monitor the output heated cooling fluid CFE’’
temperature by inserting the thermocouple sensor into the
thermal couple sensor well 712. In this situation, the
temperature can be monitored through software and can
compare the input cooling fluid CF temperature to the
output heated waste cooling fluid CF’’ temperature and
through the communications antenna 752 alarm signals
could alert the system operator to attend to any issue.
Also, further software management via AI (Artificial
Intelligence) could perform the required tasks. A flow
control actuator can be implemented and firmware or
software from an operator can be used to control that
flow control actuator through connector 757 or 759 on the
flow control box 750

[00154] FIG. 6N is an isometric wview of the operating
face of the automated extended track 1light assembly 70
with the actuator arm 734 fully extended to allow the
lens 729 of the multiple lens holder platform 730 to be
the operating lens for the required task. FIG. 60 shows

the actuator arm 734 fully retracted thus moving the lens
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728 on the multi-lens holder platform 730 be placed in
the alternate operating position for the task required.
[00155] FIG. 6P 1s a front perspective view of the
multi-position autonomous extended track lighting
assembly 70 from FIG. 6N-60 shown in a fourfold assembly
configuration. This configuration shows how quick
disconnect connectors 764, can be mated to connect the
cooling fluid CF’’ returns 762 and also support that side
of the automated extended track thermal management
fixture 75. The opposite side can comprise quick
disconnect connectors 766 and 768 that can connect the
input cooling fluid pipe 770 and in so doing help suspend
that side of the mnmulti-position autonomous extended
thermal management assembly  75. Additional support
structures can be added as needed.

[00156] FIG. 7TA 1s an overhead isometric view of an
automated light assembly 80. The main body of the light
assembly can be formed with many unique features such as
one or more cooling fluid exit pipes, two 1in this
embodiment, a cooling fluid exit pipe 805 on the right
side and cooling fluid exit pipe 803 on the left side.
This embodiment further shows, fitted over the cooling
fluid exit pipe 803, 1s an optional slide-on spray bar
818. Connected to the main body 801 is a multifunction
control box 851 with an internal computer and a
communications antenna 852. Attached to the main body 801
are optional hanger fixtures 812. There are at least
three positions for these hanger fixtures 812 that can be
used to support the automated 1light assembly 80, also
included 1s a fourth hanger fixture and motor mount

support 814.
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[00157] FIG. 7B is a cross-sectional view of the light
assembly 80 and its components. This cross-sectional view
shows the monolithic body 801. A cooling fluid input
aperture 802 where cooling fluid CF is introduced into
the system. Once in the system the cooling fluid is
designated as cooling fluid CF’. The impingement head 807
comprises a cooling fluid reservoir 804, formed or
defined by the structure wall 810 with one or more
impingement nipple apertures 806 that are defined by the
impingement nipple walls 808, and an impingement spreader
pedestal 809. The input cooling fluid CF’ can flow
through the impingement nipple apertures 806 and impinge
on the thermally active region 822 of the electrically-
powered device 823. The cooling fluid CF’’, which has
extracted the heat from the thermally active region 822,
can egress through the restrictive channel formed by the
impingement pedestal head 809 and the backside of the
thermally active region 822.

[00158] The heated waste cooling fluid CF’’ flows past
the pedestal head 809 and emerges on either side of the
cooling fluid transition region 843 on the left and the
cooling fluid transition region 842 on the right. The
cooling fluid CF’’ cascades down the sloping walls 840 to
reach the exiting cooling fluid reservoir 844. The
cooling fluid exit reservoir 844 can comprise a
thermalcouple access port 848. Other thermal couple
access ports can be attached to the main body 801 as
required. The concave feature is not a requirement for
the cooling fluid CF’’ egress. The concave feature was
added to accommodate the left side and right side concave

reflectors 816.
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[00159] To assist in the light distribution in
embodiments utilizing an electrically-powered 1light-
emitting device, and to further protect the 1light-
emitting device, a lens 825 can be included in the
thermal management fixture 80. The lens 825 can enable
the additional spreading or concentrating of emitted
light, the lens 825 can also provide a configuration for
extracting excessive heat that can be generated. The lens
825 has on either or both front and back ends a cooling
fluid aperture 835 that propagates all the way through
the lens 825.

[00160] In some embodiments, the cooling fluid can
include a gas. The cooling fluid gas can be introduced
through the cooling fluid input aperture 835 and can flow
into the transport tubes 836. These transport tubes 836,
which can be parallel or nearly parallel, provide cooling
fluid gas CG’ to each electrically-powered device
included 1in the array. Utilizing this configuration,
there is no serial buildup of the heat, carrying the heat
from one electrically-powered device to the other. The
transport tubes 836 can transport the cooling fluid gas
across the face of the electrically-powered device 823 by
entering a gas chamber 837 that surrounds the
electrically-powered device 823 and then be exhausted
through a exhaust port channel 838. An optional spray
bar 818 can receive cleaning fluid through cleaning fluid
reservoir 815 for distribution through the cleaning fluid
813 through the spray nozzle 819.

[00161] The embodiment of FIG. 7B can further comprise
an optional lens-cleaning capability provided by a lens

scrubber platform 870 that can travel on a threaded drive
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rod 872 and a guide rod 873. This scrubber platform 870
can work in conjunction with the spray head 818. The
spray head 818 comprises a body that is slid over or onto
the cooling fluid exit chamber 803. The spray head 818
features a spray nozzle 819 that can produce a stream of
cleaning fluid 817 that can impinge on the surface of
lens 825, while the scrubbing platform 870 is in motion.
[00162] FIG. 7C 1s a cross-sectional view of the main
body 801 of the thermal management fixture 80. In this
view, the impingement head 807 has eliminated the
pedestal head 809 and uses the impingement nipple wall
808 to channelize the cooling fluid CF’ to be impinged on
the thermally active region 822, that would correspond to
the targeted area configured to receive an electrically-
powered device. An aperture with the proper cooling fluid
force can impinge on the surface to be cooled and not
require a nipple, although in the present embodiment, a
nipple is utilized. One function of the nipple wall
length or height is to provide an egress path for the
heated cooling fluid CF’’. In this embodiment, the
electrically-powered device mounting surface 830 is
recessed into the main body 801. An epoxy mask can be
applied to its surface so that the electrically-powered
device 1s bonded to the mounting surface recess 830.
Within the electrically-powered device mounting surface
830, the thermally active region 822 can comprise an open
aperture where the cooling fluid CF’ impinges on the
backside 820 of the electrically-powered device.

[00163] In embodiments wherein the electrically-powered
device 823 comprises a light-emitting device, the lens

825 (not shown) can be mounted on a lens mounting surface
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832 and fixed 1n position by a lens boss 834. The
outgoing useful radiation 826 emanates from the
electrically-powered device 823.

[00164] FIG. 7D is an expanded isometric wview of the
thermal management fixture 80 with the lens 825 elevated
above the electrically-powered device, in this
embodiment, shown as an LED chip carrier 821, wherein the
chip carrier 821 is shown elevated above its functioning
position which 1is at the chip carrier recess 832 for
illustrative purposes. The input cooling fluid CF 1is
introduced to the impingement cooling fluid CF’ reservoir
804 via a input cooling fluid pipe nipple 845 that is
fitted into the input aperture 802 of the main body 801.
An aperture 831 1s formed in the main body 801 that
allows the impingement cooling fluid CF’ to engage the
backside 820 of the chip carrier 821. Within this
aperture 831 resides the impingement head 807 with, 1in
this embodiment, a linear array of impingement nipples
808 and square 1mpingement pedestals 809, and circular
impingement pedestals 809'. In is understood, however,
that the impingement pedestals 809, 809’ can comprise
other shapes and geometries, including any regular or
irregular polygon. Fmanating from the 1impingement
pedestals 1is the input cooling fluid CF’ that will
impinge on to the backside of the chip carrier 821. Once
the cooling fluid has extracted the heat from the
backside the heated waste cooling fluid CF’’ then moves
through the internal cavities of the main body 801 as
described previously. The cooling fluid CF’'’ emerges from
the internal structures of the main body 801 to be

expelled through the cooling fluid outlet apertures
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cooling fluid outlet aperture 847 and cooling fluid
outlet aperture 846.

[00165] The lens 825 can comprise, on one or on both
ends a pipe bib 859 and on either end the electrical
connector 856 for the power to the LEDs. The electrical
power and the cooling can be introduced from either end.
The two electrical power connectors 854 and 856 allow for
cascading more light assemblies 80. The parallel exhaust
ports 838 are seen on the periphery of the cylindrical
lens 825. The exhaust ports 838 expel the heat carried
away by the cooling fluid gas CG’’ generated by the
LED’s. The heated cooling gas CG’’ can be captured and
removed controllably by a channel and directed to a
control path to exit the light assembly 80.

[00166] FIG. 7E 1s an off axis elevated view of the
light assembly 80. In this embodiment, a motor 853 1is
attached to a motor support frame 877. The motor output
shaft 879 is connected to a coupler 878 that is attached
to a threaded drive rod. The threaded drive rod 1is
supported by a bearing 875 that is fixed to a bearing
mount 876. The drive system can be configured for the
motion control of features such as a scrubber platform as
discussed above. The motor 853 can receive its commands
from the function control box 851 wvia a connector 864 on
the control box 851 and connected to the motor connector

865.

[00167] There can be one or more connected
thermocouples, In the embodiment shown, there are two
thermocouples, including an output cooling fluid

thermocouple 888 and can input cooling fluid thermocouple

890. Their signals can be fed to the control box
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connector 889 for the input cooling fluid thermocouple
890 and the signal from output cooling fluid thermocouple
888, can be sent to the control box connector 891. The
thermal differential between these two thermocouples can
be utilized to determine the proper flow rates to
establish constant temperature control set-points and can
be controlled remotely or by the firmware that resides
within the function control box 851. If the functions are
to be controlled remotely the information and data
connection can be performed preferably on a wireless
basis through the antenna 852.

[00168] Slightly below the input cooling fluid pipe
nipple 845 can reside a dual acting wvariable linear
actuator 880, which can control, on opposite sides, dual
control arms 881, 882 that can pivot about a fixed point.
The actuator control arms 881 can function to position
the reflector 816 at any position that meets the needs of
any lighting or illumination requirements.

[00169] Input cleaning fluid CF, can be introduced to
the spray bar 818 via a pipe nipple 811. To accommodate
the spray bar 818 and still have the output cooling fluid
CF’’ exiting through the aperture 847 can utilize a
slightly larger pipe nipple 833 fitted into the cooling
fluid CF’'’ exit aperture 847. The spray bar 818 is free
to rotate about the larger pipe nipple 833 through an
angle from w0 to wl. The spray bar 818 has many
functions it can perform. If the angle is w0 the spray
bar 818 can function as a lens cleaning mechanism and 1if
the angle is wl the spray bar can function as a mister,

irrigator, fertilizer or other wutility needs.
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[00170] FIG. 7TF 1s an operational view of the 1light
fixture 80 that shows reflectors 816 at a different
angular displacement from its original position to
maximize or Dbroaden the amount of 1light coverage as
required by the environment. The A6 represents the
angular displacement of the reflectors 816, that can be
performed by performed manually or by, for example, the
software control described previously. The dual acting
variable linear actuators 886 and the dual acting linear
variable actuator 880 <can receive their positioning
requirements from the function control box. The dual
acting variable linear actuator 886 through its connector
863 can receive 1its positioning information from the
connector 887 on the function control box. Likewise, the
dual acting wvariable linear actuator 880 through its
connector 884 can receive 1its positioning information
from the connector 862 of the function control box 851.
The reflectors may have lenses or filters that can
replace the reflector function SO therefore the
application of positioning via these dual acting variable
linear actuators can serve many other functions.

[00171] FIG. 7G is an off axis operational view of the
light assembly 80 and shows the implementation of the
scrubbing platform 870 being driven by a threaded rod 872
that is connected through a bearing 875, supported by a
bearing support bracket 876, and coupled to the motor 583
via a coupler 878, with the motor 853 being supported by
the motor mount 877. The threaded rod 872 is supported on
the opposite end by a bearing support structure 876 and a
bearing 875. The scrubbing platform 870 can be stabilized
by a guide rod 873 and the guide rod 873 itself can be
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stabilized by the guide rod bracket 874 on either end of
the guide rod 873. A linear bearing 868 can support the
scrubber platform 870 on the guide zrod 873. On the
opposite side, a threaded drive nut 871 is the connection
between the scrubber platform 870 and the threaded drive
rod 872. Software control signals are sent from the
function control box 851 through the motor connector 864
on the function control box 851 to the motor connector
865. Not shown 1s the actuator controlling the cleaning
fluid 817 for the spray bar 818. That controller can
coordinate the duration of cleaning fluid spraying as the
scrubber platform 870 moves from one end of the threaded
drive rod 875 to the other, until the cleaning function
is complete.

[00172] FIG 7H is a magnified cross-sectional view of a
mid-level section of the lens 825. The lens 825 acts as a
cover and comprises lens domes 837, 1if not vented, could
accumulate heat and degrade the performance of LED
emitters. Heat can be extracted from the lens dome region
837 by passing a cooling gas CG’ through channels 836 in
a parallel fashion to all of the lens dome regions 837
simultaneously or in parallel. The heat generated by the
LEDs or the COBs can be transferred to the cooling gas
CG’’. The through channels 836 are fed the cooling gas
CG’ through a feed channel aperture 859. Therefore, all
of the lens domed —regions 837 receive the same
temperature cooling gas CG’ and maintain uniform cooling
over the entire length of the LED chip carrier substrate
821. The cooling gas CG’'’’ is vented to the outside via
exit channel 838. If the cooling gas CG’'’’ were required

to be captured and directed to or vented to the outside
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of the controlled environment or vented into capturing
return line similar to the cooling gas CG input line 859
could be added to the opposite side of the lens
cylindrical 1lens 825 to capture the gases or fluids
exiting the channel 838, so that there would be an
entirely symmetric channel system to perform the parallel
cooling and serial extraction of the cooling gas CG’'’’ or
cooling fluid CE''7 .

[00173] FIG. 71 1s an elevated off axis view of the
cylindrical air cooled 1lens 825. This view shows the
region from which the mid-cross-sectional view of figure
7H was taken and shows the LED lens dome 837 with the
cooling fluid channel output port 838 and the channel
input port 836 along with the cooling gas input port 859.
Also located on the extremes of the c¢cylindrical lens
assembly 825 are one or more magnet recesses 866 (four
shown). In non-gas-tight embodiments, magnets within the
magnet recesses 866 can be used to rapidly change and
secure the cylindrical lens 825.

[00174] FIG. 8A 1s an 1isometric off axis wview of a
spray assembly 892, that can be added to the 1light
fixture 80 shown in figures 7A-7I. This spray assembly
892 can be mounted to the light fixture 80 by placing it
onto the cooling fluid return channel, securing 1t with
pipe nipple’s 839 through the apertures. The pipe
nipple’s 839 can be threaded into the cooling fluid
return channel 805 and aperture 846 as seen in FIG. 7F.
The spray assembly 892 comprises a spray Dbar 894 and
spray bar 893. Spray bar 893 receives its fluid from pipe
bib 893a, and, spray bar 894 receives its fluid from pipe

bib 89%94a. The spray bars respectively 894 and spray bar
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893 are comprised of a series of fluid distribution
orifices 894Db, and 893b. Positioning of the spray
assembly 892 1s achieved by applying pressure to the
drive tang 895 located on at least one and of the spray
assembly ends 892.

[00175] FIG. 8B 1is an off axis low angle view of the
light fixture 80 showing the spray assembly 892 attached
to the cooling fluid exit channel 805. By applying the
appropriate pressures to the cooling fluid used, the
appropriate spray pattern 893c can be realized as it
emerges from the spray nipple 893B. Also by applying the
correct pressure and fluid mixtures, liquids with gases,
the spray fixture or spray bar 894 can generate the
appropriate misting spray 894C emerging from the spray
nipple 894B. If automated positioning is required, and
actuator similar to 880 that drives the adjustable
mirrors 816 can be implemented to drive the drive tang
895. To select which spray function is required the drive
tang 895 is positioned by another a linear drive actuator
(not shown) through an arbitrary angle of o0 to «ol. In
growing environments, this feature can be used along with
the appropriate automation to enable watering of the
product 899. with the required/and/or appropriate
misting, fertilizing, general watering, and/or
distribution of pesticides.

[00176] FIG. 9A 1s an elevated isometric view of an
impingement fixture 900 configured to thermally manage
the underside of a chip carrier 940 that has on 1its
surface LEDs or COB’s. The chip <carrier 940 can be
affixed to the recessed surface 938 with methods that are

acceptable for the materials chosen. The horizontal



WO 2022/140700 PCT/US2021/065151
65

impingement fixture 900 comprises an input nipple 930
that accepts an internal fluid distribution inlet tube
946 that distributes the cooling fluid CF into the
cooling fluid flow channel ©914. The <c¢ooling fluid CF
exits small apertures 944 that are distributed uniformly
along the length of the internal fluid distribution inlet
tube 946. The apertures 944 can vary 1n size along the
total length of the rod in order to allow for equal flow
rates from each of the apertures 944. This cooling fluid
flow channel 914 has vertical walls with apertures 916
that except the cooling fluid CF and passes it through
the 1inlet aperture 916 such that it flows into the
cooling fluid pocket chamber 918, whereby fluid
turbulence causes the cooling fluid to come in contact
with all walls and the bottom side of the chip carrier
back face 928.

[00177] The cooling fluid CF’ will turbulently or
laminarly flow through the cooling fluid pocket chamber
918 extracting heat now represented by CF’’. Four arrows
illustrate the parallel flow cooling 9208 in the cooling
fluid pocket chamber 918, The cooling fluid CF’’ then
passes through and exit channel 920 and flows through the
common heat extraction channel 922, The cooling fluid
CF’’ can exit via a cooling fluid exit port 934 and a
cooling fluid exit port 936. The exiting cooling fluid
CF/’ may also exit in a single direction, by for example
plugging the exit port 934 and allowing all of the
cooling fluid CF'’’ to exit the cooling fluid exit port
936 and possibly cascading to another horizontal
impingement thermal management fixture 900. Likewise, the

input cooling fluid CF introduced via the input cooling
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fluid aperture 910 may also flow in one direction if
configured to do so by allowing the cooling fluid
aperture 912 to Dbe cascaded to another horizontal
impingement thermal management fixture 3800. Other
configurations are possible.

[00178] FIG. 9B 1s a cross-sectional view of the
horizontal impingement thermal management fixture 900
showing a serial path followed by the cooling fluid CF’
to the parallel cooling channels 916. The inlet cooling
fluid aperture 910 receives the input cooling fluid
nipple 930 the input cooling fluid aperture 912 receives
the input or output cooling fluid nipple 932 the cooling
fluid exit aperture 924 and 926 also receive respectively
there cooling fluid nipple 934 and cooling fluid nipple
936. All of the fluid nipples are shown 1in the previous
FIG. SA. Four arrows 1illustrate the parallel flow
cooling 908 in the cooling fluid pocket chamber 918. The
circular region which is the cooling fluid pocket chamber
918 may be of any desirable geometry, it may be similar
to the geometry to a Bernoulli wvalve, whereby the
Bernoulli valve generates many symmetrical channels that
can have a laminar flow or a turbulent flow that 1is
generated internally by the wvalve 1itself through the
various geometric contours.

[00179] FIG. 10A 1i1s an elevated isometric wview of an
impingement head 1000 comprising a drain, that comprises
internal drain apertures 1018 located at the base 1016 of
the impingement head 1000. Previous descriptions of the
various impingement head configurations operate in the
same manner with cooling fluid CF’ exiting the nipple

aperture 1010 and flowing to the floor or base 1016 of
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the impingement head 1000 and maneuvering around the
nipples 1014 to find the exit path (not shown). The same
input cooling fluid aperture 1022 internally formed in
the large pipe nipple 1020, provides a pathway for the
cooling fluid CF.

[00180] FIG. 10B 1is an elevated off axis cCross-
sectional view of the internal workings of the
impingement head 1000. The cooling fluid CF’ 1is shown
exiting a nipple aperture 1010, and impinges on the
backside of an electrically-powered device to be cooled,
and then redirected towards the base exit aperture 1018
where the cooling fluid CF’'’’ exits and quickly reaches a
cooling fluid CF’’’ exit pathway or exit chamber.

[00181] FIG. 10C is a partial underside cross-sectional
view of the impingement head 1000 with drain. The cooling
fluid CF is introduced through the cooling fluid aperture
1022 in the access pipe 1020. The cooling fluid CF’
enters the cooling fluid filling reservoir 1026 where it
transfers the cooling fluid CF’ to the cooling fluid
center reservoir 1024 through the cooling fluid reservoir
fill aperture 1032, With both of these apertures
containing pressurized fluid or cooling fluid CF’ it 1is
forced through nipple aperture 1010 where it then will
impinge on the backside 1031 of a device that requires
thermal management. The fluid path 1030 shows the
transformation of the cooling fluid CF’ fto a slightly
perpendicular profile and then transformed into CF'’,
where CF’’ indicates that the <cooling fluid CF’  has
absorbed heat or performed a thermal transfer at the
electrically-powered device 1031. The cooling fluid CF’’

containing the heat to be removed from the assembly exits



WO 2022/140700 PCT/US2021/065151
68

through a drain channel 1018. The drain channel 1018
proceeds all the way through the body or bodies 1008 and
1007 to the base Dbottom 1028. It exits through the
aperture 1018.

[00182] The nipple terminus 1012 1is terminated with no
specific geometry however, 1t could include a mushroom, a
sphere hollow sphere or other geometries that deflect the
cooling fluid CF’ with whatever geometry is required.
[00183] The body section 1008 and body section 1007, of
the impingement head with drain 1000, can function by
themselves if they are fitted to the appropriate cavities
that will enclose the cooling fluid and the device to be
cooled 1031 in an appropriate fashion as to control the
cooling fluid CF’ and CF’’ and CF'’’

[00184] FIG. 11 is a low off axis view of a
multifunction fixture 1100, wherein the electrically-
powered device to be cooled comprises a COB, however, it
is understood that in some embodiments the features set
forth in FIG. 11 <can be utilized with electrically-
powered devices that are not light-emitters, for example
microprocessor chips. The main body 1102 of the
multifunction fixture 1100 comprises a surface aperture
1110 formed in the top surface 1106. This top surface
aperture 1110 allows the cooling fluid CF’ to move from
the cooling fluid supply channel 1116 through the inside
of the nipple channel 1120. The cooling fluid CF’ then
impinges on the chip carrier backside 1132 the cooling
fluid CF’'’ then flows into the «cooling fluid return
channel 1113 and cooling fluid return channel 1112. This
multifunction fixture 1100 also comprises additional

structures such as cavities 1114 on adjacent sides of the
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main cooling fluid supply channel 1116. These cooling
channels 1114 are shown as parallelograms, they could
also have alternate geometries to function more
effectively under certain conditions for insulating the
main cooling fluid supply channel 1116. Another function
of the insulating channel 1114, it can also serves as a
cooler channel where a cooled fluid is circulated through
this channel and transfers heat so that the cooling fluid
CF’ flowing through the cooling fluid main supply channel
1116 extracts heat or reduces the temperature of the
cooling fluid CF’ that will impinge on the chip carrier
backside 1132. Also a refrigerant gas could also be
passed through to accommodate cooling. Another function
of the multifunction device 1100 could have return lines
with the negative pressure cooling gas being pulled
through the c¢ooling channel 1116 whereby the cooling
fluid CF’ is actually a cooling gas and impinges on the
surface of the chip carrier backside 1132. Implementing
this function greatly reduces the overall weight of the
system and can offer more rapid cooling response with
less weight than a liquid coolant when required.

[00185] The nipple top 1124 can comprise many different
geometries as shown in FIG.7H through FIG. 7N to
facilitate various flow characteristics such as
impingement velocities, and impingement angles and

impingement volumes.
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WE CLAIM:

1. A thermal management system, comprising:

a base thermal management fixture in fluid communication
with a cooling fluid source, said base thermal management
fixture configured to receive and hold at least one
electrically-powered device in a targeted area, said base
thermal management fixture comprising a fluid-input
opening configured to receive cooling fluid from said
cooling fluid source;

wherein said base thermal management fixture
comprises internal components configured to direct said
cooling fluid toward said targeted area, such that said
cooling fluid can absorb heat from said at least one
electrically-powered device and Dbecome heated waste
fluid;

wherein said base thermal management fixture
comprises an exit port configured such that said heated
waste fluid can exit from said exit port and can be
removed from said base thermal management fixture and
said thermal management system.

2. The thermal management system of c¢laim 1, wherein
said cooling fluid comprises a liquid.

3. The thermal management system of c¢laim 1, wherein
sald internal components comprise fluid channels.

4, The thermal management system of c¢laim 3, wherein
said internal components comprise an impingement head
configured to direct said cooling fluid toward said
targeted area.

5. The thermal management system of c¢laim 4, wherein

sald impingement head comprises one or more apertures.
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The thermal management system of claim 5, wherein
said one or more apertures are surrounded by raised
walls.

The thermal management system of claim 4, further
comprising a channelizer fixture connected to said
impingement head.

The thermal management system of claim 7, wherein
said channelizer fixture comprises a curved surface.

The thermal management system of claim 8, wherein
sald base thermal management fixture further comprises
curved channel-forming features configured to form a
complimentary surface to sald curved surface of said
channelizer fixture.

The thermal management system of claim 1, wherein
said base thermal management fixture comprises a device
recess defining said targeted area and comprising
dimensions configured to receive said at least one
electrically-powered device.

A base thermal management fixture for use 1in a
thermal management system, comprising:

a targeted area configured to receive at least one
electrically-powered device;

an input opening configured to receive cooling fluid
from a cooling fluid source;

internal components configured to direct cooling
fluid received from said cooling fluid source toward said
targeted area, such that said cooling fluid can absorb
heat from said at least one electrically-powered device

and become heated waste fluid;
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an exit port configured such that said heated waste
fluid can exit from said exit port and can be removed
from said base thermal management fixture.

The base thermal management fixture of claim 11,
wherein said internal components comprise an impingement
head configured to direct said cooling fluid toward said
targeted area.

The thermal management system of claim 12, wherein
sald impingement head comprises one or more apertures
surrounded by raised walls.

A method of thermally-regulating a plurality of
electrically-powered devices, comprising:

providing a cooling fluid source;

flowing cooling fluid from said cooling fluid source
through a first base thermal management fixture in fluid
communication with said cooling fluid source, said first
base thermal management fixture configured to receive and
hold a first electrically-powered device 1in a first
targeted area;

wherein said first base thermal management fixture
comprises internal features configured to direct said
cooling fluid received from said cooling fluid source
toward said first targeted area, such that said cooling
fluid absorbs heat from said first electrically-powered
device and becomes a first heated waste fluid; and

wherein said first base thermal management fixture
is configured such that said first heated waste fluid
exits from said first base thermal management fixture and
is removed from said thermal management system; and

flowing cooling fluid from said first thermal

management body, received from said cooling fluid source,
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to a second base thermal management fixture 1in fluid
communication with said first base thermal management
fixture, said second base thermal management fixture
configured to receive and hold a second electrically-
powered device in a second targeted area;

wherein said second base thermal management fixture
comprises internal features configured to direct said
cooling fluid received from said first base thermal
management fixture toward said second targeted area.

15. The method of claim 14, wherein said first
electrically-powered device is a light-emitting device.
lo6. The method of c¢laim 14, wherein said internal

components comprise an impingement head.

17. The method of c¢laim 16, wherein said impingement
head comprises one or more apertures.

18. The method of claim 17, wherein said one or more
apertures are surrounded by raised walls.

19. The method of claim 14, wherein said second base
thermal management fixture is configured such that said
cooling fluid received from said first base thermal
management fixture absorbs heat from said second
electrically-powered device and becomes a second heated
waste fluid and exits from said second base thermal
management fixture and 1s removed from said thermal
management system.

20. The method of claim 14, wherein said cooling fluid
is liguid.

21. A thermal management system, comprising:

a base thermal management fixture in fluid
communication with a cooling fluid source, said base

thermal management fixture configured to receive and hold
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at least one electrically-powered device in a targeted
area, said base thermal management fixture comprising a
fluid-input opening configured to receive cooling fluid
from said cooling fluid source;

wherein said base thermal management fixture
comprises internal components configured to direct said
cooling fluid toward said targeted area, said internal
components comprising an impingement head configured to
direct said cooling fluid toward said targeted area, such
that said cooling fluid can absorb heat from said at
least one electrically-powered device and become heated
waste fluid;

wherein said base thermal management fixture
comprises an exit port configured such that said heated
waste fluid can exit from said exit port and can be
removed from said base thermal management fixture and
said thermal management system.

The thermal management system of claim 21, wherein
said cooling fluid comprises a liquid.

The thermal management system of claim 21, wherein
sald internal components comprise fluid channels.

The thermal management system of claim 21, wherein
sald impingement head comprises one or more apertures.

The thermal management system of claim 24, wherein
said one or more apertures are surrounded by raised
walls.

The thermal management system of claim 21, further
comprising a channelizer fixture connected to said
impingement head.

The thermal management system of claim 26, wherein

said channelizer fixture comprises a curved surface.
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The thermal management system of claim 27, wherein
salid base thermal management fixture further comprises
curved channel-forming features configured to form a
complimentary surface to sald curved surface of said
channelizer fixture.

29. The thermal management system of claim 21, wherein
said base thermal management fixture comprises a device
recess defining said targeted area and comprising
dimensions configured to receive said at least one
electrically-powered device.

A base thermal management fixture for use 1in a
thermal management system, comprising:

a targeted area configured to receive at least one
electrically-powered device;

an input opening configured to receive cooling fluid
from a cooling fluid source;

internal components configured to direct cooling
fluid received from said cooling fluid source toward said
targeted area, said internal components comprising an
impingement head configured to direct said cooling fluid
toward said targeted area, such that said cooling fluid
can absorb heat from said at least one electrically-
powered device and become heated waste fluid;

an exit port configured such that said heated waste
fluid can exit from said exit port and can be removed
from said base thermal management fixture.

The thermal management system of claim 30, wherein
sald impingement head comprises one or more apertures
surrounded by raised walls.

A method of thermally-regulating a plurality of

electrically-powered devices, comprising:
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providing a cooling fluid source;

flowing cooling fluid from said cooling fluid source
through a first base thermal management fixture in fluid
communication with said cooling fluid source, said first
base thermal management fixture configured to receive and
hold a first electrically-powered device 1in a first
targeted area;

wherein said first base thermal management fixture
comprises internal features configured to direct said
cooling fluid received from said cooling fluid source
toward said first targeted area, such that said cooling
fluid absorbs heat from said first electrically-powered
device and becomes a first heated waste fluid; and

wherein said first base thermal management fixture
is configured such that said first heated waste fluid
exits from said first base thermal management fixture and
is removed from said thermal management system; and

flowing cooling fluid from said first base thermal
management fixture, received from said cooling fluid
source, to a second base thermal management fixture 1in
fluid communication with said first  Dbase thermal
management fixture, said cooling fluid from said first
base thermal management fixture not comprising said first
heated waste fluid, said second base thermal management
fixture <configured to receive and hold a second
electrically-powered device in a second targeted area;

wherein said second base thermal management fixture
comprises internal features configured to direct said
cooling fluid received from said first base thermal

management fixture toward said second targeted area.
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33. The method of claim 32, wherein said first
electrically-powered device is a light-emitting device.
34. The method of c¢laim 32, wherein said internal

components comprise an impingement head.

35. The method of c¢laim 34, wherein said impingement
head comprises one or more apertures.

36. The method of claim 35, wherein said one or more
apertures are surrounded by raised walls.

37. The method of claim 32, wherein said second base
thermal management fixture is configured such that said
cooling fluid received from said first base thermal
management fixture absorbs heat from said second
electrically-powered device and becomes a second heated
waste fluid and exits from said second base thermal
management fixture and 1s removed from said thermal
management system.

38. The method of claim 32, wherein said cooling fluid

is liguid.



PCT/US2021/065151

WO 2022/140700

1/51

o1t

C

™y
e



WO 2022/140700 PCT/US2021/065151
2/51

£

FlG. 1B




PCT/US2021/065151

WO 2022/140700

3/51

0Ty

JT DI




PCT/US2021/065151

WO 2022/140700

4/51

1

4t "oid




PCT/US2021/065151

WO 2022/140700

5/51

<
i

41 'S

41 "9




PCT/US2021/065151

6/51

ST "Oid

WO 2022/140700

747077 NAREEV ALY AL ATTRALLATTRLAT CELALALTEUALALULRLA AR

i i

[aré .vom,\ /
COe it
o7 £0¢%
81T
OTT

30E

9e7




PCT/US2021/065151

WO 2022/140700

7/51




WO 2022/140700 PCT/US2021/065151
8/51

420



WO 2022/140700 PCT/US2021/065151
9/51

600
Y

401

251

201
412

FIG. 2B

418

242
116
106



PCT/US2021/065151

WO 2022/140700

10/51

£ Ol




WO 2022/140700 PCT/US2021/065151
11/51

306
4312

303

FiG. 4A

702
162




PCT/US2021/065151

WO 2022/140700

12/51

€T
av ‘o4 \/
\\ 9€T

(A4
ve
64T
mmmu
viy
[44)

B804



PCT/US2021/065151

WO 2022/140700

13/51

at1



PCT/US2021/065151

WO 2022/140700

14/51




PCT/US2021/065151

WO 2022/140700

15/51

: EJ&LV}E!!.FLL.{LIFQI N«th»mwkumr 3\# }\NF.A “ e e ] i

L!ilv.l § 15]5& el

e et S e
s

@B A




PCT/US2021/065151

WO 2022/140700

16/51

46 ol




WO 2022/140700 PCT/US2021/065151

FiG. 5C




WO 2022/140700 PCT/US2021/065151

FlG. 5D




PCT/US2021/065151

WO 2022/140700

19/51

05



WO 2022/140700 PCT/US2021/065151




PCT/US2021/065151

WO 2022/140700

21/51




PCT/US2021/065151

WO 2022/140700

22/51

A

AS 'O




PCT/US2021/065151

WO 2022/140700

23/51

16 "9

X

S ———
m«.««

A

o

4
o
S
I M
v
R
¥

0rs



PCT/US2021/065151

WO 2022/140700

24/51

¥3 O

119

899

]



PCT/US2021/065151

WO 2022/140700

25/51

109



PCT/US2021/065151

WO 2022/140700

26/51




WO 2022/140700 PCT/US2021/065151
27/51

S

S
AR

R

Z
\656
FiG, 6D

54

1
<
D

850 _/
6332




WO 2022/140700 PCT/US2021/065151
28/51

FiG. bF

™~
o
[t}



PCT/US2021/065151

WO 2022/140700

29/51

59 "9id

s diS

v

Syo
089

g



PCT/US2021/065151

WO 2022/140700

30/51

D99

59



PCT/US2021/065151

WO 2022/140700

31/51




WO 2022/140700

PCT/US2021/065151
32/51

p

722

732

FIG. 6L




WO 2022/140700 PCT/US2021/065151
33/51

%
\ A A\ >
' \é\ \ / )\ ®
\
Nz

734

FIG. 6M

750




WO 2022/140700 PCT/US2021/065151

FIG. 60

76

FiG. 6N

70




PCT/US2021/065151

WO 2022/140700

35/51

LA

d9 'Sl




WO 2022/140700 PCT/US2021/065151
36/51

812

812

=i
o
oc

818
847



PCT/US2021/065151

WO 2022/140700

37/51

g4 "9id

[r4

£%8

\7 DAY RN 7

s N
A\m\\\\l ey

=N
T\ ) 7\ E s, S

D \ s
xwx DR
- ﬁml\\g h% wL _ ‘_



PCT/US2021/065151

WO 2022/140700

38/51

7ES

o

3L 7D

§\ LKL

33 N

%%\\k‘\\\\\\\\\ \\\ﬁw\\

08

£08

208

uaw

808

\\\

018

Ere

08



PCT/US2021/065151

WO 2022/140700

39/51




WO 2022/140700 PCT/US2021/065151

40/51

o
O
&6
o ‘_)

FiG. 7k




WO 2022/140700

L~

~
o0
oc

886

41/51

847

PCT/US2021/065151

284

880

FiG. 7F



PCT/US2021/065151

WO 2022/140700

0g

€08




PCT/US2021/065151

WO 2022/140700

43/51

(5171

>
N

AR A 658 e ——

£y
A /A .......... o TARSIE

YAY




WO 2022/140700 PCT/US2021/065151
44/51

FIG. 8A

894k

/
H
.
/%
/
/ ]
/.
{ \9 o
7, :

894

8944
\"‘\
g e
i
i

97 /
\\\\\‘?‘f
/—%3 .
\q .
293



PCT/US2021/065151

WO 2022/140700

45/51

g

8

Bl




WO 2022/140700 PCT/US2021/065151
46/51

P }\(
— T
\ a2 g

Vo 3
- > ;/Ak
33
('/

)

/f;///’
o
9

FIG. 8A




WO 2022/140700 PCT/US2021/065151

;\‘g‘ =~
>—-
~
o~
Lea}
(o]
o~
o
Rtel
-t
o
an]
(021
g .
& ]
i

508

914/

924
910

{:FIH



PCT/US2021/065151

WO 2022/140700

48/51

000t

2001

vOT "D

9103

7107

DL



PCT/US2021/065151

WO 2022/140700

49/51

d01 "Dl




PCT/US2021/065151

50/51

WO 2022/140700

¢iot

0got

oot

o n

-

R R
o)

P

&

i

n
e m M\N
i if

20T "Dl

Ry

—

&

TR

'

SO0



PCT/US2021/065151

WO 2022/140700

11 '9id

0011




INTERNATIONAL SEARCH REPORT Intermnational application No.

PCT/US 21/65151

A. CLASSIFICATION OF SUBJECT MATTER
IPC-  HO1L 33/64, HO1L 23/34, HO1L 23/40, HO1L 23/46, HO1L 23/473, HO1L 31/024 (2022.01)

CPC - HO1L 33/64, HO1L 23/34, HO1L 23/46, HO1L 23/473, HO1L 23/4735

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the interational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2020/0029463 A1 (Agency for Science, Technology and Research) 23 January 2020 1-6, 11-13, 21-25, 30-31
- (23.01.2020), entire document, especially Fig 1, para [0045], para [0053]

Y . 7-9, 26-28

X US 2012/0212907 A1 (Dede) 23 August 2012 (23.08.2012), entire document, especially Fig 2, |1, 10, 14-21, 29, 32-38
Fig 10, para [0029], para 0034]-{0039], para {0042]-[0043], para [0081]-{0083]

Y US 2006/0162365 A1 (Hoang et al.) 27 July 2006 (27.07.2006), entire document, especially Fig | 7-9, 26-28
6a, para [0043]

A US 2010/0328888 A1 (Campbell et al.} 30 December 2010 (30.12.2010), entire document 1-38

AT US 11,211,538 B1 (Pikulski et al.) 28 December 2021 (28.12.2021), entire document 1-38

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents: . “T” later document published afier the international filing date or priority

date and not in conflict with the apﬁhcanon but cited to understand

“A” document defining the general state of the art which is not considered nd | ! C :
E the principle or theory underlying the invention

to be of particular relevance

“D™ document cited by the applicant in the international application “X" document of particular relevance; the claimed invention cannot be

“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which m":ﬁ'throw doubts on priority claim(s) or which “Y” document of particular relevance; the claimed invention cannot
is cited to establish the ﬁpubhcatlon date of another citation or other be considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” documentreferring toan oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than “&” document member of the same patent family
the priority date claimed .

Date of the actual completion of the international search Date of mailing of the international search report
08 February 2022 (08.02.2022) MAR 1 7 2022

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Kari Rodriquez

P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300 Telephione No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - wo-search-report

