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HEAT AND VOLATILE-ORGANIC-COMPOUNDS
DETECTING SYSTEMS
CLAIM OF PRIORITY
[0000] This application claims the priority benefit to U.S. Patent
Application Serial No. 62/926,289, filed on 25 October 2019, and entitled
“HEAT AND VOLATILE-ORGANIC-COMPOUNDS DETECTING

SYSTEMS,” which is incorporated by reference herein in its entirety.

TECHNCOLOGY FIELD
{0001] The disclosed subject matter is generally related to the field of
detecting elevated temperatures within or near a localized volume, such as

within a partially-enclosed or fully-enclosed container.

[0002] In a specific example, the disclosed subject matter relates to
detecting elevated temperatures in and near environments such as local
power-boxes (LLPBs) used to supply high-voltage power to varicus pieces of
equipment and tools, such as machining tools, heating and refrigeration
equipment, semiconductor tools (e.g., metrology tools and processing
tools), and a variety of other types of equipment and tools, More
spocifically, in various embodiments, the disclosed subject matter is
related to avtomated detection of at least one of the detection of elevated
temperatures through the use of various sensors and the detection of heat-
generated volatile-organic-compounds (VOCs) emitted within the

containers and power boxes.

BACKGROUND

[0003] Numerous types of tools and equipment have components that
may overheat due to a variety of problems including improper component
selection, improper connection of components, improper use of the tool or
equipment, or even through failure or degradation of components with
age. Overheating of components can cause substantial damage to the tool
or cquipment as well as work pieces or products being formed or

manufactured within the equipment.
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{0004] For example, many pieces of equipment rely on local power-
boxes (LPB) and other devices o provide a supply of various voltages to
components within the equipment. {n the semiconductor industry for
example, various semiconductor process-tools have one or more power
boxes proximate to the tools to supply a range of voltages. There are often
400 connections within a power box. For various semiconductor process-
tool manufacturers, thousands or even tens of thousands of power boxes
are shipped annually, potentiaily resulting in up to several million
chances each year for one of the connections within the LPB or device to
fail. A failed connection can mean smoked, burned, and/or melted
components at facilities in which these tools are located. The failed
coraponent can impact both the trust of the customer that purchased the
tool as well as the productivity of each customer. Overall, a typical cost of
g failed component can result in tens of thousands of dollars or even
hundreds of thousands of dollars (as measured in USD) per incident. In
addition to new tools shipped that are coupled with one or more LPBs each
year, hundreds of new connections are made or reworked each year during

an LPB retrofit or upgrade, resulting in an additional added risk.

{0005] EKlevated temperatures within LPBs and other devices can be
caused by a number of problems such as, an improper torque on wiring
connectors, improper crimping fechniques (both over and under crimping)
on wiring connectors, one or more improper gauges of wire used in the
original construction of the LPB or device, and other factors understood by
a person of ordinary skill in the art. Typical initial testing of LPBs and
other devices includes infrared (IR) inspection techniques, which can catch
some but not all problems listed above since, for example, (1) some issues
develop over time and at variable load conditions; (2) LPB and other
device testing is not necessarily performed at full load conditions; and (3)
L.PB and device testing is not performed continuously during operation of
the tool. Therefore, contemporaneous testing techniques are estimated as

QL

only being approximately 67% effective. Even so, current testing
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techniques rely on repeat testing of tools in the field at, for example, six-
month intervals. Therefore, a more effective means of detecting elevated
temperatures within LPBs and other devices, in substantially real-time, is

needed.

[0008] The background description provided here is for the purpose of
generally presenting the context of the disclosed subject matter. Work of
the presently named inventors, 1o the extent that it is described in this
background section, as well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly
nor impliedly admitted as prior art against the present disclosure.
Consequently, the information described in this section is provided to offer
the skilled artisan a context for the following disclosed subject matter and
should not be considered as admitted prior art. The information described
in this section is therefore provided to offer the skilled artisan a context
for the following disclosed subject matter and should not be considered as

admitted prior art.
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SUMMARY

{00071  An embodiment of the disclosed subject matter describes a heat-
detection system having at least oue heat sensor mounted externally to a
iocal power-box (LPB). The heat sensor has an area-of-detection to detect
heat emitted from at least one face of the LPB at one or more locations. A
high-ahbsorptance, infrared-collector (HAIC) formed within the LPB is
arranged to collect excessive heat generated by a component within the
LPB. The excessive heat is correlated to a pre-determined temperature
level. A temperature of the collected excessive heat to be measured by the
at least one heat sensor. The heat sensors and the HAIC are coupled to a

control module.

{0008] An embodiment of the disclosed subject matter describes a heat-
detection system including at least one volatile-organic-cornpound (VOC)
sensor mounted within a device to detect reducing gases produced by
outgassing as one or more components within the device approach their
respective melting points. The at least one VOC sensor is coupled to a

control module.

f0008] An embodiment of the disclosed subject matter describes a heat-
detection system for a device. The system includes a number of heat
sensors mounted within the device, with each of the heat sensors having
an arca-of-detection to detect heat emitied from at least one of a plurality
of components mounted within the device. A control module is in electrical
communication with the number of heat sensors; the control module is
arranged to collect electrical signals from the plurality of components
where a level of the electrical signals corresponds to a level of
temperature. The control module is further arranged to make a
determination when at least one of the electrical signals received from the
plurality of components exceeds a corresponding pre-determined

temperature level.
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f00106]  An embodiment of the disclosed subject matter describes a heat-
detection system to detect heat generated by a device. The system includes
at least one rope comprised of a pluraiity of thermocouples that traverses
arcas within the device; sach of the ropes are arranges to detect heat
emitted from at least one of a plurality of componeunts mounted within the
device. A control module is in electrical communication with the at least
one rope. The control module is arranged to collect electrical signals from
the plurality of thermocouples within the at least one rope where a level of
the electrical signals corresponds to a level of temperature. The control
module is further arranged to make a determination when at least one of
the electrical signals received from the plurality of components exceeds a

corresponding pre-determined temperature level,

{6011]  An embodiment of the disclosed subject matter describes a heat-
detection system to detect heat generated by a deviee. The system includes
at least one linear heat-detection cable placed within the device to detect
heat generated in a device. The at least one linear heat-detection cable
having a polymer-based thermally reactive sheathing to detect heat
emitted from at least one of a plurality of components roounted within the
device to detect heat generated by at least one of the plurality of
components, A control module is in electrical communication with the at
least one hnear heat-defection cable with the control module being
arranged to collect electrical signals from the at least one linear heat-
detection cable. A level of the electrical signals corresponds to a level of
temperature. The control module is further arranged to make a
determination when at least one of the electrical signals received from the
plurality of components exceeds a corresponding pre-determined

temperature level.
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BRIEF DESCRIPTION OF FIGURES

{0012] FIG. 1A shows an exemplary embodiment of a front-view of a
local power-box (1LPB, a front cover is not shown so as to avoid obscuring
details of the disclosed subject matter) having a single heat-sensor,
sitnated external to the LPB, o sense excessive heat generated within the

LPB;

f0013] FIG. 1B shows an exemplary embodiment of a side-view of the
LPB of FIG. 1A, and indicates a position of a failed component, as well as

an HAIC placed on or above a front cover of the LPB;

{0014] FIG. 2 shows an internal view of an LPB having a volatile-

organic-compound (VOC) sensor;

{6018] FIG. 3A shows an exemplary embodiment of an internal view of

an LPB having a number of heat sensors placed therein;

{0016] KIG. 3B shows another exeroplary embodiment of an internal

view of an LPB having a nomber of heat sensors placed therein;

[0017] G 4A shows an example of a string of digital thermocouples
(D-TCs) for use within an LPB in accordance with various examples of the

disclosed subject matter;

[0018] KFIG. 4B shows an exemplary embodiment of the string of D-TCs
of FIG. 4A, as well as a number of heat sensors, used within an LPB to

detect excessive heat generated within the LPB;

{00181 FIG. 4C shows another exemplary embodiment of the string of
D-TCs of FIG. 44, as well as a numnber of heatl sensors, used within an

LPB to detect excessive heat generated within the LPB;

f0020] FIG. BA shows an exemplary embodiment of a linear heat-
detection (LHD) cable, as well as a number of heat sensors, used within an

LPB to detect excessive heat generated within the LPB; and
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{0021] G 5B shows an exemplary embodiment of the lincar heat-
detection (LHD) cable of FIG. BA, as well as a number of heat sensors,

used within an LPB to detect excessive heat generated within the LPB.

DETAILED DESCRIPTION

{00622] The description that follows includes illustrative examples,
devices, and apparatuses that embody various aspects of the disclosed
subject matter. In the following description, for purposes of explanation,
numerons specific details are set forth in order to provide an
understanding of various embodiments of the inventive subject matter. it
will be ovident however, to those of ordinary skill in the art, that various

embodiments of the disclosed subject matier may be practiced without

these specific details. Further, well-known structures, materials, and
technigues have not been shown in detail, so as not to obscure the various

ilustrated embodiments.

f0023] Various exemplary embodiments discussed below focus on
detecting elevated temperatures within various devices that contain
comnponents capable of producing excessive heat. A teroperature related to
“excessive heat” may be determined readily by a person of ordinary skill in
the art based on the type of device in use. In one specific exemplary
embodiment, the device may be one or more local power-boxes (LPBs) used
to supply high-voltage power to equipment, although any limitation to
LPBs only is not intended. Upon reading and understanding the disclosure
provided herein, a person of ordinary skill in the art will readily
understand that the various techniques, designs, and examples may all be
applied singly or in various combinations. As an introduction to the
subject, a few embodiments will be described briefly and generally in the
following paragraphs, and then a more detailed description, with reference

to the figures, will ensue.

f0024] Various ones of the exemplary embodiments described herein

are arranged to detect elevated temperatures within a device or LPB in
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substantially real-time. The embodiments allow either continuous or
periodic temperature-monitoring of the device or LPB to sense
termperature spikes and escalating temperature during, for example,
ramp-up and power-on cycles, as well during steady-state operations of a
tool. Each of the various embodimenis is arranged to either shut down a
device or an LPB automatically and/or alert an end-user of a tool before a
catastrophie failure can occur. Further, each of the various embodiments
can be configured to allow continuous data logging of temperature trends
within a device or an LPB. Moreover, as will be understood by a person of
ordinary skill in the art upon reading and understanding the disclosed
subject matter, one or more the various embodiments disclosed may be

used in combination with one another.

{6025] With reference now to FIG. 1A, an exemplary embodiment of a
front-view 100 of a local power-box 110 (LLPB, a front cover of the L.PB is
not shown so as to avoid obscuring details of the disclosed subject matter)
having a single heat sensor 101, situated external to the LPB 110. As wili
be recognized by a person of ordinary skill in the art upon reading and
understanding the disclosed subject mattor, although various figures may
refor to an LPB, such construction is provided for brevity only as the
disclosed subject matier may be used with any device having components

capable of generating heat and not necessarily only an LPB.

{0026] The heat sensor 101 is used to sense excessive heat on an
external area 105 that is generated within the LPB 110. As shown, the
heat sensor 101 may have an arvea-of-detection 103 sufficient to cover an
entire arca of one or move faces of the LPB 110 or may have a hmited
area, such as an area sufficient to cover the external arca 105, as
discussed in more detail below. Moreover, although only a single heat
sensor 101 is shown for clarity, a person of ordinary skill in the art will

understand that multiple heat sensors (of one or more fypes) may be used.
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The heat sensor 101 may comprise any type of heat sensor known in the

relevant art such as, for example, an infra-red (IR)-based heat sensor.

{6027] FIG. 1B shows an exemplary embodiment of a side-view 130 of
the LPB 110 of F'IG. 1A, and indicates an example of a failed component
135, as well as a high-absorptance IR-collector (HAIC) 131 placed on or
proximate to a front cover or other external surface of the LPB 110,
Generated heat 133 from the failed component 135, which, in this
example, has failed or may fail soon due to excessive heat being generated
in or neay the component, is collected by the HAIC 131, The heat collected
by the HAIC 131 in turn radiates to the external area 105, thereby raising
the local temperature of the external area 105. The heat sensor 101 then

detects the elevated temperature of the external arca 105.

{0028] The HAIC 131 is formed over at least a portion of the LPB 110.
The heat sensor 101 may, in some embodiments, be positioned in
proximity to one or more locations in which the HAIC 131 is formed. Also,
the area-of-detection 103 of the heat sensor 101 may be limited to cover
substantially only an area in which each of the one or more HAICs 131 ave
located. For example, the HAIC 131 may be formed on an inside face of the
front cover (not shown) of the LPB 110, an exterior wall of the LPB 110, or

another area that may be monitored readily by the heat sensor 101,

{002%] The HAIC 131 collects the generated heat 133 (or residual heat)
from suspected or anticipated generators of heat within the LPB 110. Once
the generated heat 133 is collected, a temperature of the HAIC 13
increases and is readily detectable by the heat sensor 101. Since the heat
sensor 101 is configured to be mounted permanently and proximate to the
LPB 110, temperatores within the L.PB 110 are monitored continuously.
In other embodiments, temperatures within the LPB 110 may be
monitored at predetermined intervals (e.g., only during ramp-up of the
tool coupled to the LPB 110, during anticipated peak-load demands on the

tool, ete.).
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[0036] With continuous reference now to both FIGS. 1A and 1B, the
HAIC 131 may comprise a coating material having a high level of thermal
absovptance, coupled with a low level of reflectance. Such materials are
known in the art and are used in fabricating, for example, thermal solar
collectors. In a specific exemplary embodiment, the HAIC i31is a
MaxiBlack™ black-film coating (manufactured by Acktar Lid., 19 Topaz
St., POB 8643; Kiryai-Gat, 8213513 Israel). MaxiBlack™ is a graphene-
based black-film polymer {ilm that can be applied {e.g., with an available
applied-adhesive layer) to various surfaces. The graphene absorbs radiant
energy {e.g., IR energy from heated components) to heat the graphene-
based film to, for example, 160 °C in a few seconds. The heat sensor 101
will therefore sense the absorbed heat from the HAIC 131 quickly. In
other exemplary embodiments, the HAIC 131 may comprise another type
of high-absorptance coating capable of absorbing radiant energy (e.g., IR
energy) such as, for example, a high-absorptance paint or other material
for the wavelengths (e.z., IR) of interest. The skilled artisan will recognize
that the external area 105 and the HAIC 131 as shown in FIGS. 1A and
18 are for illustrative purposes only. The actual area roay be larger or
smaller, with reference to the LPB 110, than shown. Also, the HAIC 131

may be placed in a number of locations within or on the LPB 110,

f0031] If the heat sensor 101 determines that a temperature of the LPR
110 {e.g., as measured at the external area 105) has surpassed a pre-
determined temperature (e.g., the pre-determined temperature being
related to a safety level for both the LPB and an operator), the heat sensor
101 can be arranged to send an alert signal to a control unit (CU, not
shown), located with the LPB 119, on the tool, or at a remote location. The
CU can be pre-programmaed to take certain preventive actions, such as
shutting down power being delivered to the LPB 110 or alerting an
operator of the tool that an internal temperature level of the LPB 110 has
been exceeded. The operator may then perform appropriate actions to

safely shut down the LPB 110.

10
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{0032] G 2 shows an internal view of an LPB having a volatile-
organic-compound (VOC) sensor 203. The VOC sensor 203 is known in the
art and is configured to sense and measure ambient concentrations of a
broad range of reducing gases formed within the LPB 110. Such reducing
gases are produced during outgassing as the parts or componeunts within
the LPB 110 are at or approaching their respective melting points. The
reducing gases may comprise, for example, amines, organic chloramines,
aliphatic and aromatic hydrocarbons, as well as other gases produced by
heated or melting components (e.g., nylons, plastics, ete) used as dielectric
materials in manufacturing LPBs. Although only a single VOC sensor 203
is shown, no such lmitation is intended. A person of ordinary skill in the
art will recognize that more than one VOC sensor 203 may be included
within the LPB 110, For example, two or more VOU sensors 203 may be
used to reduce or minimize false alarms. In another example, two or more
VOC sensors 203 may be used with one VOC sensor 203 used at a fresh-
air inlet to the LPB 110 with the second VO sensor 203 being placed
within the LPB 116 as shown. The VOC sensor 203 placed at the inlet can
sevve as a baseline sensor for VOCs. In this example, the inlet VOC sensor
can provide a baseline, such as when technicians are using aleohol fo clean
compounents outside the LEPB 110. The inlet VOC can then be arranged to
prevent the second VOU sensor from triggering an alarm il the relative
amount of VOCs measured by each VOUC sensor is the same or close to

being the same within a predetermined level,

f00633] G, 2 also shows a convection current 201 that is produced by
fans mounted on or in the LPB 110. Additionally, in various embodiments,
one or more small fans (not shown) may be added within the LPB 1160 to
further circulate air (for example, from the failed component 135 to the
VOC sensor 203) within the LPB 110. Air circulated by convection current
201 within the LPB 110 is therefore detected more readily by the VOC

sensor 203.

11
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{0034] Consequently, in one embodiment, the VOU sensor 203 can be
arranged to continuously monitor outgassing of parts that are at or
approaching their respective melting points. {n another embodiment, the
VO sensor 203 can be arranged to periodically monitor (e.g., as noted
with reference to the heat sensor 101 of FIG. 1A) outgassing of parts that
are at or approaching their respective melting points. I the VOC sensor
203 determines that a concentration of volatile compounds has surpassed
a pre-determined level {e.g., a pre-determined safety level), the VOC
sensor 203 can be arranged to send an alert signal to a control unit (CU)
or control module (CM), located with the LPB 110, on the tool, or at a
remote location. The CU or CM can be pre-programmed to take certain
preventive actions, such as shutting down power being delivered fo the
LPB 110 or alerting an operator of the tool that an internal temperature
fevel of the LPB 110 has been exceeded. The operator may then perform

appropriate actions to safely shut down the LPB 110

{6038] Upon reading and understanding the disclosed subject matter, a
person of ordinary skill in the art will recognize that the embodiments
described in FIGS, 14, 1B, and 2 may be combined. In such a combination,
the heat sensor 101 and the HAIC 131, forms a privaary thermal-detection
system and the VOC sensor 203 forms a secondary thermal-detection
system, whereby both systems send their respective signals to the CU or
CM. In other embodiments of this combination, signals received by the CU
of CM from the VOU sensor 203 may be given priority over the heat sensor
101 and the HAIC 131. {n still other emmbodiments of this combination,
signals received by the CU or CM from either the heat sensor 101 and the
HAIC 131 or from the VOC sensor 203 may be given equal priovity — if the
CU or CM receives a signal from either one of the systems, one or more

preventive actions, as described above, may be performed.

{0036] FIG. 3A shows an exemplary embodiment of an internal view

300 of an LPB 310 (e.g., an upper LPB) having a number of heat sensors

12
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303 placed therein. FIG. 3A is also shown to include a control module
(CM) 301 located within the LPB 310. Various types and arrangements, as
hardware-based, firmmware-based, or software-based configurations, of the

CM 301 are described in more detail, below.

[0037] Since individual ones of the heat sensors 303 may have a limited
viewing-angle (typically about 90° to 1007 for commercially available
units), using a larger number of heat sensors 203 enables coverage of all or
most components within the LPB 310. That is, the volume within an LPB
310 is limited. Therefore, increasing the number of heat sensors 303
allows for coverage of all or substantially all of the components within the
LPB 310 since no one of the heat sensors 303 may be able to be mounted
sufficiently far enough away to cover all, or even a majority of, the

components with only a single or limited number of the heat sensors 303.

{0038] Hach of the heat sensors 303 may comprise various types of
thermal-detection instruments including, for example, a thermocouple, an
infra-red sensor, or some other type of thermal-detoction device {e.g.,
resistance temperature-detectors (RTDs)) known in the art. In various
embodiments, the heat sensors may comprise on or more of the thermal-
detection instruments. Each of the heat sensors 303 may be elecirically
coupled to the CM 301 within the LPB 310 or to a vemote CU or CM
outside of the LPB. Upon receiving a signal from one or more of the heat
sensors 303 indicating that a pre-determined temperature level has been
exceeded, the CM 301 or the remote CU or CM can be pre-programmed to
take certain preventive actions, such as shutting down power being
delivered to the LPB 310 or alerting an operator of the tool that an
internal temperature level of the LPB 310 has been exceeded. The
operator may then perform appropriate actions to safely shut down the

LPB 310

f0038] KIG. 3B shows another exemplary embodiment of an internal

view of an LPB 320 (o.g., a lower LPB box) having a number of heat

13
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0

sensors 335 placed therein. FIG. 3B is also shown to include a control
module (CM) 331 located within the LPB 320. Each of the heat sensors
333 may be the same as or similar to the heat sensors 303 of FI1G. 3A.
Additionally, the CM 331 may be the same as or similar to the CM 301 of
FIG. BA. Each of the CM 301 and the CM 331 may be coupled to be in
communication with a remote CU or CM outside of the respective LPB
310, 330. In either of the embodiments of FIG. 3A or 3B, a heat sensor
{e.g., the same as or sitnilar to the heat sensor 101 of FIG. 1A) may also be
mounted externally to the respective LPBs 310, 320. In a specific
exemplary embodiment, approximately 30 or more heat sensors 303, 333
may be used to provide sufficiently uniform coverage of the wpper and

lower power boxes (LPB 310 and LPB 330).

[0040] In varicus embodiments, the CM 301 of FIG. 3A and the CM 331
of FIG. 3B may electrically be coupled wirelessly to one another (e.g., by
wireless operations including radio-frequency, Bluetooth®, and other
protocols known in the relevant art) or hard-wired (e.g., physically wired
directly or through various LAN protocols) to one another. Upon receiving
a signal from one or more of the heat sensors 303 and/or the heat sensors
443 indicating that a pre-determined temperature level has been
exceeded, one or more of the CM 301, the CM 331, and the remote CU or
CM can be pre-programmed to take certain preventive actions, such as
shutting down power being delivered to a respective one or both of the
LPRB 310, 330 or alerting an operator of the tool that an internal
temperatore level of the LPB 310, 330 has been exceeded. The operator
may then perform appropriate actions to safely shut down one or both of

the LPB 310, 330.

{0041] FIG. 4A shows an example of a string of digital thermocouples
(D-TCs) 410, 420 for use within an LPB in accordance with various
examples of the disclosed subject matter. Each of the strings of D-TCs 416,

420 include a number of individual D-TCs 407 that are electrically coupled

14



WO 2021/081000 PCT/US2020/056526

to cach other through, for example, a Voo connection 401, a data
connection 403, and a ground connection 405. In a specific exemplary
embodiment, one of the strings of [-TCs 410, 420 that is approximately
1.22 meters (approximately 48 inches) may be run near various
components within an LPB to cover all or substantially all of the
components within the LPB. Such arrangements are described in more

detail with reference o FIGS. 4B and 4C, bhelow.

f0042]  As shown in FIG. 44, the string of D-TCs 410, 420 are arranged
to electrically be coupled to each other 1 a parallel connection. However,
at least portions of the string of D-TCs 410, 420 may be arranged to
electrically be coupled in a series connection or in a hybrid series-parallel
connection in limited areas of the string. For example, a large number of
D-TCs 407 may be clustered in series near a particular component within
an LPB such that if any one of the D-TCs 407 senses a temperature that
has exceeded a pre-determined temperature level, a signal is sent to a CM
as described below with reference to FIGS. 4B and 4C. Further, upon
reading and understanding the disclosed subject matter, a person of
ordinary skill in the art will recognize that one or more of the D-TCs 407
may be substituted or used in addition to other types of thermal-detection

devices described herein (e.g., such as RTDs) as known in the relevant art.

{0043] Referring now o FIG. 4B, an exemplary embodiment 430 of the
string of D-TCs 410, 420 of FIG. 4A, as well as a number of heat sensors
433, used within an LPB 410 (e.g., an upper LPB) to detect excessive heat
generated within the LPB 410, are shown. FIG. 4B is also shown to
include a control module (CM) 431 within the L.PB 4160, Kach of the heat
sensors 433 may be the same as or similar to the heat sensors 303 of FIG.
3A. Additionally, the CM 431 may be the same as or similar to the CM 301
of FI1G. 3A. The CM 431 may also be coupled to a remote CU or CM
outside of the LPB 410.

15
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{0044] A rope 420 comprising the string of D-TCs 410, 420 of FIG. 4A is
shown to traverse various portions of the LPB 410. A skilled artisan will of
course recognize various ones of the components within a given LPB under
which the rope 420 should be run (e.g., high-power circuit breakers). In
one example, the rope 420 may be run under or within a track used to
mount various components within the LFB 410. Further, although only
three heat sensors are shown, and all three of the heat sensors 433 are
placed 1n close proximity to the CM 431, no such Hmitation is intended.
More or fower ones of the heat sensors 433 may be used in various

iocations within the LPB 410.

[0045]  Additionally, the rope 420 may comprise a number of {lexible or
fixed printed-circuit hoards (PCBs), all coupled to at least the CM 431, and
potentially to one another, by various wireless or wired connections as
described herein. Moreover, some or all of the PCBs can include another

type of heat sensor (e.g., an RTD or IR sensor as described herein).

{0046] Iach of the one or more ropes 420, or the D-TCs 407 coupled to
the one or more ropes 420, as well as the heat sensors 433, may
electrically be coupled to the CM 431 within the LPE 410 or to a remote
CU or CM outside of the LPB. Upon recciving a signal from at least one of
the one or more ropes 420, the D-TCs 407, or the heat sensors 433,
indicating that a pre-determined temperature level has been excoeded, the
CM 431 and/or the remote CU or CM can be pre-programmed to take
certain preventive actions, such as shutting down power being delivered to
the LPB 410 or alerting an operator of the tool that an internal
termaperature level of the LPB 410 has been exceeded. The operator may

then perform appropriate actions to safely shut down the LPB 410.

[0047] FIG. 4C shows another exemplary embodiment 450 of the string
of B-TCs 410, 420 of F1G. 4A, as well as a number of heat sensors 453,
used within an LPB 440 (e.g., a lower LPB box) to detect excessive heat

generated within the LPB 440. Each of the heat sensors 453 may be the

16
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same as or similar to the heat sensors 303 of FIG. 3A. Additionally, the

CM 451 may be the same as or similar to the CM 301 of FIG. 3A. Each of
the CM 431 (of FIG. 4B) and the CM 451 may be coupled to a remote CU

or CM outside of the respective LPB 410, 440.

[0048] A rope 420 comprising the string of D-TCs 410, 420 of FIG. 4A, is
shown to traverse various portions of the LPB 440. A skilled artisan will of
course recognize various ones of the components within a given LPB under
which the rope 420 should be run. As described with reference to FIG. 4B,
in one example, the rope 420 may be run under or within a track used to
mount various components within the LPB 440. Further, although only
three heat sensors are shown, and all three of the heat sensors 453 are
placed in close proximity to the CM 451, no such Hmitation is intended.
More or fewer ones of the heat sensors 453 may be used in various

locations within the LPB 440.

[0048] Additionally, the rope 420 may comprise a number of flexible or
fixed printed-circuit hoards, all coupled to at least the CM 451, and
potentially to one another, by various wireless or wired connections as
described herein. Moreover, some or all of the PCBs can include another
tvpe of heat sensor (e.g., an RTD or IR sensor as described herein). Each of
the one or more ropes 420, or the D-TCs 407 coupled to the one or more
ropes 420, as well as the heat sensors 453, may be coupled electrically to
the CM 451 within the LPB 440 or to a remote CU or CM outside of the
LPB.

{0050]  In either of the embodiments 430, 450 of FI1G. 4B or FIG. 4C, the
rope 420 could also be atiached or thermally coupled to a panel behind one
or ruore components (e.g., breakers) within the respective LPB 410, 440 or
on an internal portion of a front panel covering the respective LPB 410,
440. For example, in a specific exemplary embodiment, the rope 420 could
be adhered chemically (e.g., by an adhesive), by double-sided tape, or

otherwise mechanically fastened {(e.g., tie mounts) to appropriate portions

17



WO 2021/081000 PCT/US2020/056526

of the respective LPB 410, 440. In either of the embodiments of F1G. 4B or
4C, a heat sensor (8.g., the same as or similar to the heat sensor 101 of

FIG. 1A) may also be mounted externally to the respective LPBs 410, 440.

06511  In various emmbodiments, the CM 431 of FI1G. 48 and the CM 451
of FIG. 4C may electrically be coupled wirelessly to one another (¢.g., by
wireless operations including radio-frequency, Bluetooth®, and other
protocols known in the relevant art) or hard-wired (e.g., physically wired
directly or through various LAN protocols) to one another. Upon receiving
a signal from at least one of the one or more ropes 420, the D-TCs 407, or
the heat sensors 433, 453 indicating that a pre-determined temperature
level has been exceeded, one or more of the CM 431, the CM 451, and the
remote CU or CM can be pre-programmed to take certain preventive
actions, such as shutting down power being delivered to a respective one
or both of the LPB 410, 440 or alerting an operator of the tool that an
internal temperature level of the LPB 410, 440 has been exceeded. The
operator may then perform appropriate actions to safely shut down one or

both of the LPBs 410, 440.

f0052] Referring now to FI1G. A, FIG. 5A shows an exemplary
embodiment 500 of a linear heat-detection (LHD) cable 505, as well as a
number of heat sensors 508, used within an LPB 510 (e.g., an upper LPB)
to detect excessive heat generated within the LPB 510. FIG. 5A is also
shown to include a control module (CM) 501 located within the LPB 510.
Each of the heat sensors 503 may be the same as or similar to the heat
sensors 303 of FIG. 3A. Additionally, the CM 501 may be the same as or
similar to the CM 301 of FIG. 3A. In various embodiments, the CM 501

may also be coupled o a remote CU or CM outside of the LPB 510,

{0053] In a specific exemplary embodiment, the LHD cable 505
comprises a linear-heat cable known as Protectowire® (manufactured by
Fike® Coporation, 704 SW Tenth Street, Blue Springs, Missouri, USA

684015). Protectowire® comprises a continuous run of spot-based heat
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detectors that includes a tri-metallic core (providing tensile strength for
the cable as well as electrical conductivity) having a heat-sensitive,
polymer-based thermally reactive sheathing survounding the metallic
core. An outer diameter of the cable is about 3.18 mm {(approximately 1/8

inch),

{0054] In various embodiments, the heat sensors 503 and the LHD
cable 505 are coupled to the CM 501 and/or the remote CU or CM outside
the LPB 510. Upon receiving a signal from one or more of the heat sensors
803 and/or the LHD cable 505 indicating that a pre-determined
temperature level has been exceeded, one or more of the CM 501 and the
remote CU or CM can be pre-programmed to take certain preventive
actions, such as shutting down power being delivered to the LPB 510 or
alerting an operator of the tool that an internal temperature level of the
LPB 510 has been exceeded. The operator may then perform appropriate

actions to safely shut down the LPB 510.

i00558] FIG. 5B shows an exemplary embodiment 520 of the Hnear heat-
detection (LHD) cable 505 of F1G. 5A, as well as a number of heat sensors
523, used within an LPB 530 (e.g., a lower LPB) to detect excessive heat
generated within the LPB 530. FIG. 5B is also shown to include a control
module (CM) 521 located within the LPB 530, Kach of the heat sensors
523 may be the same as or similar to the heat sensors 303 of FIG. 3A.
Additionally, the CM 521 may be the same as or similar to the CM 301 of
FIG. 3A. Although not shown explicitly, in various embodiments the CM
521 may also be coupled to a remote CU or CM outside of the LPB 530. In
various ernbodiments, the heat sensors 523 and the LHD cable 505 are

coupled to the CM 521 and/or the remote CU or CM outside the LPB 530.

[0058] With continuous reference to both FIGS. BA and 5B, in various
embodiments, the CM 501 of FIG. 5A and the CM 521 of FIG. 5B may be
coupled wirelessly to one another (e.g., by wireless operations including

radio-frequency, Bluetooth®, and other protocols known in the velevant art
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or hard-wired {(e.g., physically wired directly or through various LAN
protocols) to one another. Upon receiving a signal from one or more of the
heat sensors 503 and/or the heat sensors 523 indicating that a pre-
determined temperature level has been exceeded, one or more of the CM
501, the CM 521, and the remote CU or CM can be pre-programmed to
take certain preventive actions, such as shutting down power being
delivered to a respective one or both of the LPB 518, 530 or alerting an
operator of the tool that an internal temperature level of the LPB 510, 530
has been exceeded. The operator may then perform appropriate actions to

safely shut down one or both of the LPB 510, 530.

f00857]  As noted and described above, one or more of the various
embodiments described in detail above may be combined with others of the
embodiments. For example, the embodiments of FIGS. 5A and 5B may be
combined with the heat sensor 101 of FIGS. 1A and 1B, which is mounted
externally to the LPBs 510, 530. In other embodiments, the embodiments
of FIGS. BA and 5B may be combined with both the heat sensor 101 of
FIGS. 1A and 1B and the VOO sensor 203 of FIG. 2. In still other
embodiments, the embodiments of FIGS. BA and 5B may be combined
with the string of D-TCs 410, 420 of FIG. 4A. Therefore, various
permutations of the embodiments of each of the figures may be combined
and inchide sore or all of the various types of heat sensors, string of
thermocouples, and heat-detection cable. Such embodiments are

considered as being within a scope of the disclosed subject matter.

i0058] Consequently, throughout this specification, plural instances
may implement components, operations, or structures described as a
single instance. Although individual operations of one or more methods
are illustrated and described as separate operations, one or more of the
individual operations may be performed concurrently, and nothing
requives that the operations be performed in the order tllustrated.

Structures and functionality presented as separate components in
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example configurations may be implemented as a combined structure or
component. Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and improvements fall within the

scope of the subject matter herein,

f0058]  Such devices, apparatuses, and methods as described above may
be run on various types of dovices as described below in more detail. The
devices include, for example, a computer or microprocessor, a special-
purpose processor, such as a field programmable gate array (FPGA) or an
application-specific integrated circuit (ASIC) that is programmed, in
software, firmware, or as a hardware implementation, with one or more
aspects of the disclosed subject matter described above. Af least one of
these devices may be included in one of the local control modules, or in one

or more remotely-located CMs or CUs.

[0066]  Moreover, certain embodimnents are described herein as
including logic or a number of components, modules, or mechanisms.
Modules may constitute either software modules (e.g., code embodied on a
machine-readable medium or in a {ransmission signal) or hardware
modules. A “hardware module” (e.g., a control module) is a tangible unit
capable of performing certain operations and may be configured or
arranged in a certain physical manner. In various embodiments, one or
more computer systems (e.g., a standalone coroputer system, a client
computer system, or a server computer system) or one or more hardware
modules of a computer system (8.g., a processor or a group of processors)
may be configured by software {e.g., an application or application portion)
as a hardware module that operates to perform certain operations as

described herein.

{0061] In some embodiments, a hardware module may be implemented
mechanically, electronically, or any suitable combination thereof. For

example, a hardware module may include dedicated circuitry or logic that
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is permanently configured to perform certain operations. For example, a
hardware module may be a special-purpose processor, such as a field

programmable gate array (FWPGA) or an ASIC.

{00662] A hardware module may also include programmable logic or
circuitry that is temporarily configured by software to perform certain
operations. For example, a hardware module may include software
encompassed within a general-purpose processor or other programmable
processor. It will be appreciated that a decision to implement a hardware
module mechanically, in dedicated and permanently configured civeuitry,
or in temporarily configured civcuitry {o.g., configured by software) may be

driven by cost and time considerations.

{0063] Accordingly, the phrase “hardware module” should be
understood to encompass a tangible entity, be that an entity that is
physically constructed, permanently configured (e.g., hardwired), or
teraporarily configured {e.g., programmed) {o operate in a certain manner
or to perform certain operations described herein. As used herein,
“hardware-implemented module” refors to a hardware module.
Considering embodiments in which hardware modules are temporarily
configured (c.g., programmed), each of the hardware modules need not be
configured or instantiated at any one instance in time. For example, where
a hardware module comprises a general-purpose processor configured by
software to become a special-purpose processor, the general-purpose
processor may be configured as respectively different special-purpose
processors (e.g., comprising differont hardware modules) at different
times. Software may accordingly configure a processor, for example, to
constitute a particular hardware-module at one instance of time and to

constitute a different hardware module at a different instance of time.

{0064] Hardware modules can provide information to, and receive
information from, other hardware modules. Accordingly, the described

hardware modules may be regarded as being communicatively coupled.
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Where multiple hardware modules exist contemporaneously,
communications may be achieved through signal transmission (e.g., over
appropriate civeuits and buses) between or among two or more of the
hardware modules. In embodiments in which multiple hardware modules
are configured or instantiated at different times, communications between
such hardware modules may be achieved, for example, through the storage
and retrieval of information in memory structures to which the multiple
hardware modules have access. For example, one hardware module may
perform an operation and store the ontput of that operation in a memory
device to which it is communicatively coupled. A further hardware module
may then, at a later time, access the memory device to retrieve and
process the stored output. Hardware modules may also initiate
communications with input or output devices, and can operate on a

resource (e.g., a collection of information).

{00653] The various operations of example methods described herein
may be performed, at least partially, by one or more processors that are
temporarily configured (¢.g., by software) or permanently configured to
perform the relevant operations. Whether temporarily or permanently
configured, such processors may constitute processor-implemented
modules that operate to perform one or more operations or functions
described herein. As used herein, “processor-inplemented module” refors

to a hardware module implemented using one or more processors.

{0066] Similarly, the methods of operation described herein may be at
least partially processor-implemented, a processor being an example of
hardware. For example, at least some of the operations of a method may
be performed by one or more processors or processor-implemented
modules. Moreover, the one or more processors may also operate to
support performance of the relevant operations in a “cloud computing”
environment or as a “software as a service” (SaaS). For example, at least

some of the operations may be performed by a group of computers (as
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examples of machines including processors), with these operations being
accessible via a network (e.g., the Internet) and via one or more

appropriate interfaces {e.g., an application program-interface (APH).

[0087] 'The performance of certain of the operations may be distributed
among the one or more processors, not only residing within a single
machine, but deployed across a number of machines. In some
embodiments, the one or more processors or processor-implemented
modules may be located in a single geographic location {e.g., within a
home environument, an office environment, or a server farm). In other
embodiments, the one or more processors or processor-implemented

modules may be distributed across a number of geographic locations.

{0068]  As used herein, the term “or” may be construed in an inclusive or
exciusive sense. Further, other embodiments will be wnderstood by a
person of ordinary skill in the art upon reading and understanding the
disclosuye provided. Further, upon reading and anderstanding the
disclosure provided herein, the person of ordinary skill in the art will
readily understand that various combinations of the techniques and

examples provided herein may all be applied in various combinations.

{0089] Although various embodiments are discussed separately, these
separate embodiments are not intended to be considered as independent
techuniques or designs. As indicated above, each of the various portions
may be inter-related and each may be used separately or in combination
with other embodiments of the heat-detection systems discussed herein.
For example, although various embodiments of methods, operations, and
processes have been described, these methods, operations, and processes

may be used either separately or in various combinations.

[0070] Counsequently, many modifications and variations can be made,
as will be apparent to a person of ordinary skill in the art upon reading

and understanding the disclosure provided herein. Functionally
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equivalent methods and devices within the scope of the disclosure, in
addition to those enumerated herein, will be apparent to the skilled
artisan from the foregoing descriptions. Portions and features of some
embodiments may be included in, or substituted for, those of others. Such
modifications and variations are intended to fall within a scope of the
appended claims. Thervefore, the present disclosure is to be limited only by
the terms of the appended claims, along with the full scope of equivalents
{o which such claims are entitled. 11 is also to be understood that the
terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting.

f0871] The Abstract of the Disclosure is provided to allow the reader to
quickly ascertain the nature of the technical disclosure. The abstract is
submitted with the understanding that it will not be used o interpret or
limit the claims. In addition, in the foregoing Detailed Description, it may
be seen that various features may be grouped together in a single
embodiment for the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as limiting the claims. Thus, the
following claims are hereby incorporated into the Detatled Description,

with each clairo standing on its own as a separate embodiment.
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THE FOLLOWING NUMBERED EXAMPLES ARE SPECIFIC
EMBODIMENTS OF THE DISCLOSED SUBJECT MATTER

f0072] Example 1: An embodiment of the disclosed subject matter
describes a heat-detection system having at least one heat sensor mounted
externally to a local power-box (LPB). The heat sensor has an arca-of-
detection to detect heat emitted from at least one face of the LPB at one or
more locations. A high-absorptance, infraved-collector (HAIC) formed
within the LPB is arranged to collect excessive heat generated by a
component within the LPR. The excessive heat is correlated to a pre-
determined temperature level. A temperature of the collected excessive
heat to be measured by the at least one heat sensor. The heat sensors and

the HAIC are coupled to a control module.

{0073] Hxample 2: The heat-detection systern of Example 1, wherein the

HAIC comprises a high-absorptance material to collect radiant energy.

Qo

f0074] Example 3: The heat-detection system of either Example 1 or
Example 2, wherein the HAIC is formed on an interior portion of an

external wall of the LPB.

{0075] lxample 4: The heat-detection system of any one of the
preceding Examples, wherein the at least one heat sensor comprises an

infraved (JR) sensor.

{0076] Example 5: An embodiment of the disclosed subject matter
describes a heat-detection system including at least one volatile-organic-
corpound (VOC) sensor mounted within a device to detect reducing gases
produced by outgassing as one or more components within the device
approach their respective melting points. The at least one VOC sensor is

coupled 1o a control module.

f0077]  Example 6: The heat-detection system of Example 5, further

comprising one or more fans mounted on the device 1o form a convection
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current within the device, the convection current to deliver the reducing

gases to the at least one VOC sensor.

{0078] Example 7: The heat-detection system of either Example 5 or
Fxample 6, further comprising at least one heat sensor mounted
externally to the device, the heat sensor having an area-of-detection to
detect heat emitted from at least one face of the device at one or more

locations.

{00791 Example 8: The heat-detection system of any one of Examples §
through Example 7, further comprising a high-absorptance, infraved-
collector formed within the device configured to collect excessive heat
generated by a component within the device, the excessive heat being
correlated to a pre-determined temperature level, a temperature of the

collected excessive heat 1o be measured by the at least one heat sensor.

{0080] Example 9: The heat-detection system of any one of Examples 5
through Example 8, further comprising a number of heat sensors mounted

in the device.

f0081] Example 10: An embodiment of the disclosed subject matter
describes a heat-detection system for a device. The system includes a
number of heat sensors mounted within the device, with each of the heat
sensors having an area-of-detection to detect heat emiited from at least
one of a plurality of components mounted within the device. A control
module is in electrical communication with the number of heat sensors;
the control module is arranged to collect electrical signals from the
plurality of compounents where a level of the electrical signals corresponds
to a level of temperature. The control module is further arranged to make
a detormination when at least one of the electrical signals received from
the plurality of components exceeds a corresponding pre-determined

temperature level.
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{0082] Ixample 11: The heat-detection system of Example 10, wherein
the control module is further configured to shut down the device based on
the determination that the corresponding pre-determined temperature

level has been exceeded.

[0083] Example 12. The heat-detection system of either Example 10 or
Example 11, wherein the control module is further configured to send an
alert to an operator of the device based on the determination that the

corresponding pre-determined temperature has been exceeded.

{0084] Example 13: The heat-detection system of any one of Example 10
through Example 12, further comprising at least one volatile-organic-
compound (VOC) sensor mounted within the device to detect reducing
gases produced by cutgassing as one or more components within the
device approach their respective melting points, the at least one VOC

sensor being coupled to the control module.

{60858] Example 14: The heat-detection system of any one of Example 10
through Bxample 13, further comprising at least one heat sensor mounted
externally to the dovice, the heat sensor having an area-of-detection to
detect heat emitied from at least one face of the device at one or more

locations.

[0086] Example 15: The heat-detection system of any one of Example 10
through Example 14, further comprising a high-absorptance infrared-
collector (HAIC) formed within the device configured to collect excessive
heat generated by at least one of the plurality of components within the
device, the excessive heat being correlated to a pre-defermined
temperature level, a temperature of the collected excessive heat to be

measured by the at least one heat sensor.

[0087] Example 16: An embodiment of the disclosed subject matter

deseribes a heat-detection system to detect heat generated by a device.
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The system includes at least one rope comprised of a plurality of
thermocouples that traverses arveas within the dovice; each of the ropes
are arvanges to detect heat emitted from at least one of a plurality of
components mounted within the device. A control module is in electrical
coramunication with the at least one rope. The control module is arranged
to collect electrical signals from the plurality of thermocouples within the
at least one rope where a level of the elecirical signals corresponds to a
level of termperature. The control module is further arranged to make a
determination when at least one of the electrical signals received from the
plurality of components exceeds a corresponding pre-determined

temperature level.

{0088] Example 17: The heat-detection system of Example 16, further
comprising at least one volatile-organic-compound (VOC) sensor mounted
within the device to detect reducing gases produced by outgassing as one
or more components within the device approach their respective melting

points, the at least one VOO sensor being coupled to the conirol module.

{0088] Fxample 18: The heat-detection system of either Example 16 or
Example 17, further comprising at least one heat sensor mounted
externally to the device, the heat sensor having an area-of-detection to
detect heat emitied from at least one face of the device at one or more

locations.

{0090] Example 19: The heat-detection system of any one of Examples
16 through Example 18, further comprising a high-absorptance infraved-
collector (HAIC) formed within the device configured to collect excessive
heat generated by at least one of the plurality of components within the
device, the excessive heat being corvelated to a pre-determined
temperature level, a temperature of the collected excessive heat to be

measured by the at least one heat sensor.
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[0091]  Example 20: An embodiment of the disclosed subject matter
describes a heat-detection system to detect heat generated by a device.
The system ucludes at least one linear heat-detection cable placed within
the device to detect heat generated in a device. The at least one linear
heat-detection cable having a polymer-based thermally reactive sheathing
to detect heat emitted from at least one of a plurality of components
mounted within the device to detect heat generated by at least one of the
plurality of coraponents. A control module is in electrical communication
with the at least one linear heat-detection cable with the control module
being arranged to collact electrical signals from the at least ove linear
heat-detection cable. A level of the electrical signals corresponds to a level
of temperature. The control module is further arranged to make a
determination when at least one of the electrical signals received from the
plurality of components exceeds a corresponding pre-determined

temperature level.
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