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(54) Thermal diffusion chamber with convection compressor

(57) Preferably, a frame supporting a containment
chamber, with a sealed process chamber confined within
the containment chamber, and at least one fluid inlet
structure in fluidic communication with an exterior of the
sealed process chamber, the fluid inlet structure includ-
ing at least a flow adjustment structure to control a fluid

flow from a fluid source around the exterior of the sealed
process chamber; and an open loop fluid convection sys-
tem in fluidic communication with an interior of the sealed
process chamber, wherein the fluid convection system
includes a rotary compressor assembly that extends into
the sealed process chamber is disclosed.
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Description

Field of the Invention

[0001] The claimed invention relates to the field of ther-
mal diffusion chamber equipment and methods of making
thermal diffusion chambers for the production of solar
energy panels, and more particularly to structures and
methods of a obtaining a more even thermal profile of
substrates confined within the thermal diffusion chamber.

Background

[0002] A form of solar energy production relies on solar
panels, which in turn rely on the diffusion of select ma-
terials onto a substrate. In one example, glass is used
as the substrate, which is exposed to a gaseous selenide
species to form a copper, indium and selenide containing
film on the substrate. The gaseous selenide species is
known to be toxic to humans, which underscores prudent
handling methods, including thermal regulation systems.
[0003] As such, thermal regulation systems capable of
precluding migration and leakage of the gaseous sele-
nide species from within a process chamber to atmos-
phere, in an efficient and reliable manner, can greatly
improve the operation and production output of thermal
chambers used in providing substrates of copper, indium
and selenide containing film diffused within them.
[0004] Accordingly, there is a continuing need for im-
proved mechanisms and methods of thermal regulation
of the process chamber for thermal diffusion chambers.

Summary of the Invention

[0005] In accordance with various exemplary embod-
iments, preferably, a frame supporting a containment
chamber, with a process chamber confined within the
containment chamber, and at least one fluid inlet struc-
ture in fluidic communication with an exterior of the sealed
process chamber, the fluid inlet structure including at
least a flow adjustment structure to control a fluid flow
from a fluid source around the exterior of the process
chamber is provided. Preferably, the exemplary embod-
iment further provides an open loop fluid convection sys-
tem in fluidic communication with an interior of the proc-
ess chamber, wherein the fluid convection system in-
cludes a rotary compressor assembly that extends into
the process chamber, a controller communicating with
the flow adjustment structure, and a control signal buss
communicating with at least the flow adjustment struc-
ture, and the controller, the control signal buss sends a
control signal to the flow adjustment structure in response
to a measured internal temperature value of an interior
of said process chamber, wherein the rotary compressor
assembly includes a central shaft for rotation within the
process chamber.

Brief Description of the Drawings

[0006]

FIG. 1 displays an orthogonal projection, with partial
cut-away, of an exemplary embodiment of a thermal
chamber of the claimed invention.
FIG. 2 provides an orthogonal projection of an ex-
emplary substrate support frame configured for use
with the exemplary embodiment of the thermal
chamber of FIG. 1.
FIG. 3 shows a cross-sectional, right side elevation
view of the exemplary embodiment of the thermal
chamber of FIG. 1.
FIG. 4 illustrates a cross-sectional, front elevation
view of the exemplary embodiment of the thermal
chamber of FIG. 1 showing an exhaust manifold and
conduit.
FIG. 5 provides an enlarged detailed cross-section-
al, elevation view of a fluid inlet structure with an
attached inlet conduit of the exemplary embodiment
of the thermal chamber of FIG. 1.
FIG. 6 depicts a cross-sectional, right side elevation
view of the exemplary embodiment of the thermal
chamber of FIG. 1, showing an exemplary closed
loop internal heat exchanger.
FIG. 7 shows a cross-sectional, right side elevation
view of the exemplary embodiment of the thermal
chamber of FIG. 1, showing an exemplary open loop
internal heat exchanger.
FIG. 8 depicts a cross-sectional, right side elevation
view of the exemplary embodiment of the thermal
chamber of FIG. 1, showing an exemplary internal
thermal sensor.
FIG. 9 generally illustrates a plan view of an exem-
plary combination internal thermal sensor, open loop
internal heat exchanger, and closed loop internal
heat exchanger assembly of the thermal chamber of
FIG. 1.
FIG. 10 displays an orthogonal projection, of an ex-
emplary door with attached primary thermal deflec-
tion assembly, of the thermal chamber of FIG. 1.
FIG. 11 provides an orthogonal projection of the pri-
mary thermal dispersion assembly of FIG. 10.
FIG. 12 shows an orthogonal projection of a second-
ary thermal dispersion assembly of the thermal
chamber of FIG. 1.
FIG. 13 illustrates a schematic of a cool down heat
exchange system for use in cooling down the interior
and exterior of the thermal chamber of FIG. 1.
FIG. 14 illustrates a plan view of an alternate exem-
plary combination internal thermal sensor, open loop
internal heat exchanger, and closed loop internal
heat exchanger assembly of the thermal chamber of
FIG. 1.
FIG. 15 provides an end view of the alternate exem-
plary combination internal thermal sensor, open loop
internal heat exchanger, and closed loop internal
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heat exchanger assembly of FIG. 14.
FIG. 16 displays a side elevation view of the alternate
exemplary combination internal thermal sensor,
open loop internal heat exchanger, and closed loop
internal heat exchanger assembly of FIG. 14.
FIG. 17a shows an end view of the alternate exem-
plary combination internal thermal sensor, open loop
internal heat exchanger, and closed loop internal
heat exchanger assembly of FIG. 14 positioned with-
in the thermal chamber of FIG. 1.
FIG. 17b shows a plan view of a bottom port support
attached to the thermal chamber FIG. 17a.
FIG. 18 depicts a side elevation view of the alternate
exemplary combination internal thermal sensor,
open loop internal heat exchanger, and closed loop
internal heat exchanger assembly of FIG. 14 posi-
tioned within the thermal chamber of FIG. 1.
FIG. 19 generally illustrates a flow chart of a method
of forming an exemplary embodiment of the thermal
chamber of FIG. 1.
FIG. 20 reveals a flow chart of a method of forming
an exemplary embodiment of the thermal chamber
of FIG. 1.
FIG. 21 shows a flow chart of a method of forming
an alternate exemplary embodiment of the thermal
chamber of FIG. 1.
FIG. 22 displays a flow chart of a method of forming
an alternative exemplary embodiment of the thermal
chamber of FIG. 1.
FIG. 23 reveals a flow chart of a method of forming
an alternative alternate exemplary embodiment of
the thermal chamber of FIG. 1.
FIG. 24 displays an orthogonal projection an exem-
plary embodiment of an open loop heat exchange
system of the claimed invention.
FIG. 25 illustrates an orthogonal projection of a cool-
ing tubes assembly of the exemplary embodiment
of the open loop heat exchange system of FIG. 23.
FIG. 26 shows a right side view in elevation of the
cooling tubes assembly of FIG. 23.
FIG. 27 depicts a right side view in elevation of a
preferred embodiment of a cooling tubes assembly.
FIG. 28 illustrates a right side, cross section view of
an embodiment of the cooling tubes assembly posi-
tioned within the process chamber of the thermal
chamber.
FIG. 29 illustrates an orthogonal projection displays,
of an exemplary embodiment of the thermal chamber
of FIG. 1, with an open loop fluid convection system
integrated therewith.
FIG. 30 shows a right side, partial cut-away view of
the thermal chamber with the open loop fluid con-
vection system of FIG. 25.
FIG. 31 depicts a right side, orthogonal projection of
a substrate support frame supporting a plurality of
substrates and communicating with a shroud.
FIG. 32 illustrates one of a pair of flow confinement
covers of a convection conduit, in partial cut-away,

enclosing the plurality of substrates of FIG. 21.
FIG. 33 displays an internal view of a rotary com-
pressor assembly interacting with a door assembly
of FIG. 25.
FIG. 34 reveals an external view of the rotary com-
pressor assembly interacting with the door assembly
of FIG. 33.
FIG. 35 shows a portion of the pair of flow confine-
ment covers of the convection conduit, in partial cut-
away, enclosing the plurality of substrates of FIG. 32.

[0007] FIG. 36 depicts a partial cut-away view of a door
gurney communicating with the door of the process
chamber of FIG. 1.

Detailed Description of an Exemplary Embodiment 
of the Drawings

[0008] Reference will now be made in detail to one or
more examples of various embodiments of the present
invention depicted in the figures. Each example is pro-
vided by way of explanation of the various embodiments
of the present invention, and not meant as a limitation of
the invention. For example, features illustrated or de-
scribed as part of one embodiment may be used with
another embodiment to yield still a different embodiment.
Other modifications and variations to the described em-
bodiments are also contemplated within the scope and
spirit of the claimed invention.
[0009] Turning to the drawings, FIG. 1 displays an ex-
emplary thermal diffusion chamber 100 which includes
at least a containment chamber 102 supported by a frame
104. The containment chamber 102 in turn supports a
process chamber 106, which is preferably formed from
quartz, but may alternatively be formed from titanium or
a titanium alloy.
[0010] Preferably the exemplary thermal diffusion
chamber 100 further includes a heat source module 108
disposed between the process chamber 106 and the con-
tainment chamber 102, a thermal regulation cavity 110
formed between the process chamber 106 and the heat
source module 108, and a collar 109 secured to a lip of
the process chamber 106 and anchored to the contain-
ment chamber 102. FIG. 1 further shows that at least one
fluid inlet box 112 (also referred to herein as a fluid inlet
structure 112) is provided, which is in fluidic communi-
cation with the thermal regulation cavity 110.
[0011] FIG. 2 shows an exemplary substrate support
frame 113, configured for use with the exemplary em-
bodiment of the thermal diffusion chamber 100 (of FIG.
1). In a preferred embodiment, the substrate support
frame 113, is preferably formed from quartz, but may
alternatively be formed from titanium or a titanium alloy,
and accommodates a plurality of substrates 115 (one
shown). In an alternate embodiment, the substrate sup-
port frame 113 is formed from titanium. In operation, the
substrate support frame 113 is filled to capacity with sub-
strates 115 and positioned within the process chamber
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106. Within the process chamber 106, the substrate sup-
port frame 113, serves as a fixture for the substrates 115
during the diffusion process. Preferably the substrates
115 are rectangular in shape having a width of substan-
tially 650 millimeters and a length of substantially 1650
millimeters, and are formed from glass, preferably soda-
lime-silica glass.
[0012] FIG. 3 shows an exemplary embodiment of the
thermal diffusion chamber 100 includes the fluid inlet
structure 112 in fluid communication with the thermal reg-
ulation cavity 110. Further shown by FIG. 3 is a plurality
of supports 114 preferably positioned between the heat
source module 108 and the process chamber 106.
[0013] In a preferred exemplary embodiment, the heat
source module is formed from a plurality of heaters 116
(also referred to herein as a heat source), which in an
exemplary embodiment consists of substantially a total
of twenty two (22) heaters. Preferably, each heater pro-
vides a heater shell 118, heater insulation 120 adjacent
the heater shell 118, and a plurality of heating elements
122. In an exemplary embodiment, the heating elements
122 are powered by electricity, and are preferably a coiled
element. However it is noted that the term "heat source"
is not limited to the disclosed plurality of heaters 116.
The heat source 116 may be natural gas, super heated
steam, geo-thermal energy, or any other source of ener-
gy to produce a desired temperature within the process
chamber 106.
[0014] Returning back to FIG. 1, which shows the fluid
inlet structure 112 further includes an inlet conduit 124
secured to an inlet manifold 126. Preferably, the inlet
manifold 126 delivers air to the air inlet structures 112
for distribution over the process chamber 106, as depict-
ed in FIG. 3.
[0015] FIG. 3 further shows the exemplary thermal dif-
fusion chamber 100 includes a purge conduit 128 in flu-
idic communication with the thermal regulation cavity 110
and secured to an outlet manifold 130, the outlet manifold
130 selectively providing an internal pressure less than
atmospheric pressure to draw air through the fluid inlet
structure 112, around the process chamber 106, and out
the purge conduit 128.
[0016] Also shown by FIG. 3, is a plurality of external
thermal sensors 132 in contacting adjacency with the
process chamber 106, extending through corresponding
heaters 116, and presenting electrical lead lines 133 for
connection from the outside of the containment chamber
102. In a preferred mode of operation of the exemplary
thermal diffusion chamber 100, fluid flow is suspended,
i.e., the fluid flow undergoes fluid flow modulation, to pro-
vide a more accurate reading of the external temperature
of the process chamber 106. Information collected from
the plurality of external thermal sensors 132 is used to
cross check information collected by an internal thermal
sensor assembly 158 of FIG. 8. Preferably the informa-
tion collected by the internal thermal sensors is used to
determine which air inlet structures 112 should undergo
a restriction of fluid flow, and which should be adjusted

for maximum fluid flow.
[0017] By adjusting the fluid flow through the plurality
of air inlet structures 112, a more uniform cool down of
the process chamber 106 may be attained. Further, in
an alternate preferred mode of operation of the exem-
plary thermal diffusion chamber 100, the internal thermal
sensor assembly 158, with additional input from the plu-
rality of external thermal sensors 132, provides informa-
tion for regulating an amount of power supplied to the
heating elements 122 during a heat up cycle of the proc-
ess chamber 106. That is, during a heat up cycle of the
process chamber 106, power is being supplied to each
of the plurality of heater 116. By modulating the power
supplied to each of the plurality of heaters 116, a more
uniform heat up of the process chamber 106 may be at-
tained.
[0018] FIG. 4 depicts the fluid inlet structure 112 in-
cludes a valve 134, which mitigates the flow of fluid from
the thermal regulation cavity 110 through the fluid inlet
structure 112 and external to the containment chamber
102. FIG. 4 further shows the fluid inlet structure 112
includes a flow adjustment structure 136, which prefer-
ably includes a positioning shaft 135 controlled by a motor
137. In response to a rotation of the motor 137, the po-
sitioning shaft 135 interacts with the valve 134 to control
fluid flow from the exterior of the containment chamber
102 past the valve 134 and into the thermal regulation
cavity 110.
[0019] FIG. 5 provides a more detailed view of the fluid
inlet structure 112. In a preferred embodiment, the fluid
inlet structure 112 further provides an intake port 138
supporting the inlet conduit 124, which is in contacting
adjacency with the valve 134. Preferably, the fluid inlet
structure 112 further provides an exhaust port 140 that
supports an outlet conduit 142 that is in fluidic commu-
nication with the thermal regulation cavity 110. During an
operation of the fluid inlet structure 112, a pair of pinch
rollers 139 of the motor 137 act upon the positioning shaft
135 to change a position of the positioning shaft 135 rel-
ative to the valve 134.
[0020] As shown by FIG. 5, in a preferred embodiment
in addition to providing the exhaust port 140 supporting
the outlet conduit 142, the fluid inlet structure 112 pro-
vides an extension conduit 150 having a proximal end
and a distal end, the proximal end in contacting adjacency
with and secured to the outlet conduit 142, the extension
conduit 150 is provided to conduct fluid originating from
the containment chamber 102 to the thermal regulation
cavity 110 of FIG. 4. The distal end of the extension con-
duit 150 is preferably fashioned with a diffusion member
152 affixed thereon, wherein the diffusion member 152
is configured to preclude fluid originating external the
containment chamber 102 from being applied to the proc-
ess chamber 106 of FIG. 4 in a stream normal to the
exterior of the process chamber 106.
[0021] FIG. 5 further shows the fluid inlet structure 112
further provides a pivot pin 154 disposed between the
valve 134 and a pivot support 156. The pivot support 156
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is secured adjacent the inlet conduit 124. The pivot pin
154, in combination with the flow adjustment structure
136, promotes a controlled, predetermined, and adjust-
able displacement of the valve 134 from contacting ad-
jacency with the inlet conduit 124 when fluid is drawn into
the thermal regulation cavity 110. The pivot pin 154 fur-
ther promotes the closing of the valve 134 adjacent the
inlet conduit 124 when the flow of fluid originating external
the containment chamber 102 is stopped. In other words,
a closed valve 134 deters passage of fluid from the ther-
mal regulation chamber 110 to external the containment
chamber 102 when fluid is not being drawn into the ther-
mal regulation cavity 110.
[0022] FIG. 6 shows that an exemplary embodiment
of the thermal diffusion chamber 100 includes the fluid
inlet structure 112 in fluid communication with the thermal
regulation cavity 110. Further shown by FIG. 6 is a cham-
ber door 160. Preferably, the chamber door 160 includes
a face plate 162 secured to a main body portion 164, and
a primary thermal dispersion assembly 166 secured to
the face plate 162. With the exception of a bottom portion,
the primary thermal dispersion assembly 166 is aligned
in close proximity to an inner surface of a sealed process
chamber 168, also referred to herein as process chamber
168. The sealed process chamber 168 is preferably
formed when the chamber door 160 is secured in sealing
contact with the process chamber 106.
[0023] In the exemplary embodiment of FIG. 6, a sec-
ondary thermal dispersion assembly 170 is aligned with
the primary thermal dispersion assembly 166 and pref-
erably communicates with a wall of the inner surface of
the sealed process chamber 168. In conjunction with a
plurality of support members 172, the secondary thermal
dispersion assembly 170 confines and supports a closed
loop heat exchanger 174 adjacent the wall of the sealed
process chamber 168. The closed loop heat exchanger
174 provides a means for circulation of a fluid through
the interior of the sealed process chamber 168, to facil-
itate a cool down of the interior of the sealed process
chamber 168 during a process cycle of the thermal dif-
fusion chamber 100.
[0024] FIG. 7 shows that an alternate exemplary em-
bodiment of the thermal diffusion chamber 100 includes
the fluid inlet structure 112 in fluid communication with
the thermal regulation cavity 110. Further shown by FIG.
7 is the chamber door 160, which preferably includes the
face plate 162 secured to the main body portion 164, and
the primary thermal dispersion assembly 166 secured to
the face plate 162. With the exception of the bottom por-
tion, the primary thermal dispersion assembly 166 is
aligned in close proximity to the inner surface of the
sealed process chamber 168.
[0025] In the alternate exemplary embodiment of FIG.
7, preferably, the secondary thermal dispersion assem-
bly 170 is aligned with the primary thermal dispersion
assembly 166 and rests on the bottom of the inner surface
of the sealed process chamber 168. In conjunction with
a plurality of support members 176, the secondary ther-

mal dispersion assembly 170 confines and supports an
open loop heat exchanger 178 adjacent the bottom of
the sealed process chamber 168. The open loop heat
exchanger 178 provides a plurality of supply ports 180
through which fluid may be introduced into the sealed
process chamber 168 during a process cycle of the ther-
mal diffusion chamber 100 to facilitate a cool down of the
sealed process chamber 168.
[0026] FIG. 8 shows that an alternative exemplary em-
bodiment of the thermal diffusion chamber 100 includes
the fluid inlet structure 112 in fluid communication with
the thermal regulation cavity 110. Further shown by FIG.
8 is the chamber door 160, which preferably includes the
face plate 162 secured to the main body portion 164, and
the primary thermal dispersion assembly 166 secured to
the face plate 162. With the exception of the bottom por-
tion, the primary thermal dispersion assembly 166 is
aligned in close proximity to the inner surface of the
sealed process chamber 168.
[0027] In the alternative exemplary embodiment of
FIG. 8, the secondary thermal dispersion assembly 170
is aligned with the primary thermal dispersion assembly
166 and rests on the bottom of the inner surface of the
sealed process chamber 168. In conjunction with a plu-
rality of support members 182, the secondary thermal
dispersion assembly 170 confines and supports the ther-
mal sensor assembly 158 adjacent the bottom of the
sealed process chamber 168. Preferably, the thermal
sensor assembly 158 provides a plurality of thermocou-
ples 184 disposed along a length of the sealed process
chamber 168. The plurality of thermocouples 184, are
responsive to a change in temperature of the interior of
the sealed process chamber 168. Preferably, the thermal
sensor assembly 158 further includes a sensor conduit
186 extending from an opening of the sealed process
chamber 168 through at least a mid portion of the sealed
process chamber 168. The sensor conduit 186 shields
the plurality of thermocouples 184 from exposure to an
internal environment of the sealed process chamber 168.
[0028] FIG. 8 further shows that the thermal sensor
assembly 158 preferably further includes a plurality of
signal lines 188 connected to and corresponding with
each of the plurality of thermocouples 184. Each signal
line 188 conveys a signal to the exterior of the sealed
process chamber 168 in response to the change in tem-
perature of the interior of the sealed process chamber
168.
[0029] As shown in a preferred embodiment by FIG.
9, a combined heat exchange assembly 190 includes
each: the closed loop heat exchanger 174 of FIG. 6; the
open loop heat exchanger 178 of FIG. 7; and the thermal
sensor assembly 158 of FIG. 8. The closed loop heat
exchanger 174, the open loop heat exchanger 178, and
the thermal sensor assembly 158 are each supported by
a plurality of heat exchanger supports 192, and attached
to and confined by the secondary thermal dispersion as-
sembly 170.
[0030] FIG. 10 provides a more detailed depiction of
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the chamber door 160. Preferably, the chamber door 160
includes a face plate 162 secured to the main body por-
tion 164, and a lamp support 194 secured to the face
plate 162. As shown by FIG. 10, the chamber door 160
further includes the primary thermal dispersion assembly
166, while the lamp support 194 provides a plurality of
alignment notches 195 (shown by FIG. 11) upon which
the thermal dispersion assembly 166 is aligned and rests
during operational modes of the thermal diffusion cham-
ber 100 of FIG. 8.
[0031] FIG. 11 further shows the primary thermal dis-
persion assembly 166 includes at least a diffusion plate
196 adjacent a plurality of radiation reflection plates 197.
The diffusion plate 195 and a plurality of radiation reflec-
tion plates 197 are preferably held in alignment by the
lamp support 194. In a preferred exemplary embodiment,
the main body portion 164, the face plate 162, and the
thermal dispersion assembly 166 are preferably formed
from quartz, but may alternatively be formed from titani-
um or a titanium alloy.
[0032] FIG. 12 shows the secondary thermal disper-
sion assembly 170 provides a plurality of access ports
198, which are used to align, support, and confine each
closed loop heat exchanger 174, the open loop heat ex-
changer 178, and the thermal sensor assembly 158 of
FIG. 8. Preferably, the secondary thermal dispersion as-
sembly 170 includes at least a diffusion plate 196 adj
acent a plurality of radiation reflection plates 197a, which
in a preferred embodiment are formed from quartz, but
may alternatively be formed from titanium or a titanium
alloy.
[0033] FIG. 13 illustrates a schematic of a heat ex-
change system 200 for use in cooling down an interior
and an exterior of the sealed thermal chamber 168 during
a process cycle of the thermal diffusion chamber 100. In
a preferred embodiment, the heat exchange system 200
includes a control system 202 (also referred to herein as
controller 202) communicating with each a first fluid han-
dling system 216, a second fluid handling system 218,
and third fluid handling system 220. Preferably, the con-
trol system 202 includes at least a control signal buss
222 communicating with at least the first, second, and
third fluid handling systems (216, 218, 220), and a con-
troller 202.
[0034] In a preferred embodiment, the controller 202
includes at least an input/output module 204 communi-
cating with the control signal buss 222, a processor 206
communicating with the input/output module 204, a mem-
ory 208 storing control logic 210 and communicating with
the processor 206, an input device 212 communicating
with the processor 206 and a display 214 communicating
with the processor 206.
[0035] During a preferred operation of the thermal
chamber 100, upon receipt by the input/output module
204 of a measured temperature value of a first fluid flow-
ing around the exterior of the sealed process chamber
168, the input/output module 204 provides said meas-
ured temperature value of the first fluid flowing around

the exterior of the sealed process chamber 168 to the
processor 206. The processor 206 accesses the stored
control logic 210 and determines a control signal based
on the measured temperature value of the first fluid flow-
ing around the exterior of the sealed process chamber
168. The processor 206 transmits the control signal to
the input/output module 204, the input/output module 204
advances the control signal by way of the control signal
buss 222 to the first fluid handling system 216.
[0036] Preferably, the processor 206 further deter-
mines an in use flow capacity percentage of fluid flowing
through the first fluid handling system 216 based on data
received from a flow usage monitoring device 224 com-
municating with a fluid transfer device 226 of the first fluid
handling system 216. The processor 206 still further pref-
erably provides the in use flow capacity percentage of
the first fluid transfer device 226 and the measured tem-
perature value of the first fluid flowing around the exterior
of the sealed process chamber 168 to the display 214.
[0037] The schematic of FIG. 13 shows that the heat
exchange system 200 preferably utilizes a plurality of
control valves 228, responsive to control signals gener-
ated by the processor 206 and provided to each of the
plurality of control valves 228 by the control signal buss
222 to control the flow of fluids through each the first,
second, and third fluid handling systems (216, 218, 220).
FIG. 13 further shows that the heat exchange system
200 preferably utilizes a plurality of check valves 230 to
control backflow of the flow of fluids through each the
first, second, and third fluid handling systems (216, 218,
220), and a plurality of thermal sensors 232 to provide
temperature measurement values to the processor 206
upon which the processor 206 bases the determination
of a plurality of control signals to be transmitted to each
corresponding control valve of the plurality of control
valves 228.
[0038] FIG. 13 still further provides a flow direction
symbol 234, which reveals the direction of flow of fluids
through each corresponding the first, second, and third
fluid handling systems (216, 218, 220), and that each of
the plurality of thermal sensors 232 along with each of
the plurality of control valves 228 communicate with the
control signal buss 222. In a preferred embodiment, the
first fluid handling system 216 includes at least the first
fluid transfer device 226 in fluid communication with at
least one fluid inlet structure 112. The at least one fluid
inlet structure 112 is preferably in fluidic communication
with an exterior of the sealed process chamber 168, and
the at least one fluid inlet structure 112 includes at least:
the flow adjustment structure 137 (of FIG. 5) to control
the flow of the first fluid around the exterior of the sealed
process chamber 168; and a fluid return conduit 130 in
fluid communication with each the exterior of the sealed
process chamber 168 and the first fluid transfer device
226, the fluid return conduit 130 returning the first fluid
flowing around the sealed process chamber 168 to the
first fluid transfer device 226.
[0039] As shown by FIG. 13, the first fluid handling sys-
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tem 216 preferably includes a first thermal sensor of the
plurality of fluid sensors 232 communicating with each
the returned first fluid and the control system 202, the
first thermal sensor measures a temperature value of the
returned first fluid and provides that value to the control
system 202. Upon receipt of the measured temperature
value by the control system 202, the processor 206 of
the control system 202 compares the measured temper-
ature value to a predetermined temperature value and
sends a control signal to a first control valve of the plurality
of control valves 228 disposed between the fluid return
conduit 130 and the first fluid transfer device 226. In re-
sponse to the control signal, the first control valve mod-
ulates flow of the returned first fluid from the exterior of
the sealed process chamber 168 to the first fluid transfer
device 226.
[0040] Further shown by FIG. 13, the first fluid handling
system 216 preferably further includes an in line fluid
heater 236, such as a SureHeat MAX® manufactured by
OSRAM Sylvania of Danvers Main, USA. Preferably the
in line fluid heater 236 is plumbed into the first fluid han-
dling system 216 between the fluid transfer device 226
and the plurality of fluid inlet boxes 112. The in line fluid
heater 236 may be selectively included in the fluid path
of the first fluid through activation of a second control
valve in response to a control signal provided by the con-
trol signal buss 222 from the processor 206 based on a
temperature measurement value provided by a second
thermal sensor measuring the first fluid exiting the fluid
transfer device 226. The in line fluid heater 236 is pref-
erably used when the out flow temperature of the first
fluid departing the fluid transfer device 226 is less than
a desired inlet temperature of the fluid inlet structure 112.
[0041] Additionally, the first fluid handling system 216
preferably further includes a heat exchanger 238, exter-
nal to and plumbed into the first fluid handling system
216 between the thermal diffusion chamber 100 and the
fluid transfer device 226. The heat exchanger 238 may
be selectively included in the fluid path of the first fluid
through activation of a third control valve in response to
a control signal provided by the control signal buss 222
from the processor 206 based on a temperature meas-
urement value provided by a third thermal sensor meas-
uring the first fluid exiting the thermal diffusion chamber
100. Preferably, the heat exchanger 238 is utilized to
safeguard the fluid transfer device 226 from experiencing
a thermal condition that exceeds its operating parame-
ters.
[0042] To provide data regarding an in use thermal ca-
pacity of each of the plurality of heat sources 116 (of FIG.
8), the first fluid handling system 216 preferably further
includes an energy usage monitoring device 240 com-
municating with each the heat elements 130 of the plu-
rality of heat sources 116 and the control system 202.
The energy monitoring device 240 is preferably used to
safeguard against thermal runaway of each of the plu-
rality of heat sources 116. That is, when any of the plu-
rality of heat sources 116 exceeds a preferred, predeter-

mined usage percentage, the processor 206 issued a
command to an energy source control unit instructing the
energy source control unit to stop the supply of energy
to the out of operating range heat source 116. The proc-
essor further preferably provides the in use thermal ca-
pacity status of each of the plurality of heat sources 116
to the display 214 for presentation by the display 214.
[0043] In the preferred embodiment, shown by FIG.
13, the third fluid handling system 220 preferably includes
at least a closed system fluid transfer device 242 in fluid
communication with at least one fluid distribution conduit
244. The at least one fluid distribution conduit 244 is pref-
erably in fluidic communication with an interior of the
sealed process chamber 168. Preferably, a feed conduit
246 is disposed between the second fluid transfer device
242 and the at least one fluid distribution conduit 244.
The feed conduit 246 preferably communicates the sec-
ond fluid from the second fluid transfer device 242 to the
at least one fluid distribution conduit 244.
[0044] Also preferably provided by the second fluid
handling system 218 is a check valve disposed between
the feed conduit 246 and the at least one fluid distribution
conduit 244, the check valve mitigating a back flow from
the interior of the sealed process chamber 168 to the
second fluid transfer device 242. Additionally, an interior
fluid control valve is preferably plumbed between the sec-
ond fluid transfer device 242 and the at least one fluid
distribution conduit 244, to control a flow of the second
fluid into the interior of the sealed process chamber 168.
The preferred embodiment also provides a fluid collection
conduit 248 in fluid communication with the interior of the
sealed process chamber 168 and the second fluid trans-
fer device 242. The fluid collection conduit 248 returns
the second fluid flowing into the interior of the sealed
process chamber 168 to the second fluid transfer device
242.
[0045] Preferably, a fourth thermal sensor communi-
cating with the returned second fluid and the control sys-
tem 202 is provided by the second fluid handling system
218. The fourth thermal sensor preferably measures a
temperature value of the returned second fluid and pro-
vides said measured temperature value to the control
system 202. Upon receipt of the measured temperature
value by the control system 202, the control system 202
compares the measured temperature value to a prede-
termined temperature value and sends an interior fluid
control valve signal to the interior fluid control valve to
modulate flow of the returned second fluid from the sec-
ond fluid transfer device 242 in response to the interior
fluid control valve signal.
[0046] Further shown by FIG. 13, the second fluid han-
dling system 218 preferably further includes an in line
fluid heater 236, such as a SureHeat MAX® manufac-
tured by OSRAM Sylvania of Danvers Main, USA. Pref-
erably the in line heater 236 is plumbed into the second
fluid handling system 218 between the fluid transfer de-
vice 242 and the feed conduit 246. The in line fluid heater
236 may be selectively included in the fluid path of the
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second fluid through activation of a fourth control valve
in response to a control signal provided by the control
signal buss 222 from the processor 206. The control sig-
nal is preferably based on a temperature measurement
value provided by a fifth thermal sensor measuring the
second fluid exiting the fluid transfer device 242. The in
line fluid heater 236 is preferably used when the out flow
temperature of the second fluid departing the fluid trans-
fer device 242 is less than a desired inlet temperature of
the at least one fluid distribution conduit 244.
[0047] Additionally, the second fluid handling system
218 preferably further includes a heat exchanger 250,
external to and plumbed into the second fluid handling
system 218 between the fluid collection conduit 248 and
the second fluid transfer device 242. The heat exchanger
250 may be selectively included in the fluid path of the
second fluid through activation of a fifth control valve in
response to a control signal provided by the control signal
buss 222 from the processor 206 based on a temperature
measurement value provided by a sixth thermal sensor
measuring the second fluid entering the fluid collection
conduit 248.
[0048] Preferably, the heat exchanger 250 is utilized
to safeguard the fluid transfer device 242 from experi-
encing a thermal condition that exceeds its operating pa-
rameters. Further, to provide data regarding an in use
percentage of the fluid transfer device 242, a flow usage
monitoring device 252 is preferably used to safeguard
against exceeding the operating capabilities of the fluid
transfer device 242.
[0049] In the preferred embodiment, shown by FIG.
13, the third fluid handling system 220 is preferably a
closed loop fluid handling system 220. That is, the third
fluid is isolated from all environments external to the
closed loop fluid handling system 220. The closed loop
fluid handling system 220 preferably includes at least a
closed loop fluid transfer device 254 in fluid communica-
tion with at least one fluid distribution conduit 256. The
at least one fluid distribution conduit 256 is preferably
adjacent an interior of the sealed process chamber 168.
Preferably, a feed conduit 258 is disposed between the
closed loop fluid transfer device 254 and the at least one
fluid distribution conduit 256. The feed conduit 258 pref-
erably communicates the isolated third fluid from the
closed loop fluid transfer device 254 to the at least one
fluid distribution conduit 244.
[0050] Also preferably provided by the closed loop fluid
handling system 220 is a check valve disposed between
the feed conduit 258 and the at least one fluid distribution
conduit 256, the check valve mitigating a back flow from
the at least one fluid distribution conduit 256 to the closed
loop fluid transfer device 254. Additionally, a sixth fluid
control valve is preferably plumbed between the closed
loop fluid transfer device 254 and the at least one fluid
distribution conduit 256, to control a flow of the isolated
third fluid into the at least one fluid distribution conduit
256. The preferred embodiment also provides a fluid col-
lection conduit 260 in fluid communication with a return

conduit 262 and the closed loop fluid transfer device 254.
The fluid collection conduit 260 returns the isolated third
fluid flowing into the at least one fluid distribution conduit
256.
[0051] Preferably, a seventh thermal sensor that com-
municates with the returned isolated third fluid and the
control system 202 is provided by the second fluid han-
dling system 220. The seventh thermal sensor preferably
measures a temperature value of the returned isolated
third fluid and provides said measured temperature value
to the control system 202. Upon receipt of the measured
temperature value by the control system 202, the control
system 202 compares the measured temperature value
to a predetermined temperature value and sends a fluid
control valve signal to the fluid control valve, preferably
plumbed in between the fluid collection conduit 260 and
the return conduit 262. The fluid control valve preferably
functions to modulate flow of the returned isolated third
fluid from the return conduit 262 to the closed loop fluid
transfer device 254 in response to the fluid control valve
signal.
[0052] Further shown by FIG. 13, the closed loop fluid
handling system 220 preferably further includes an in-
line fluid heater 264, such as a SureHeat MAX® manu-
factured by OSRAM Sylvania of Danvers Main, USA.
Preferably the in-line fluid heater 264 is plumbed into the
closed loop fluid handling system 220 between the feed
conduit 258 and the at least one fluid distribution conduit
256. The in line fluid heater 236 may be selectively en-
gaged or disengaged during an operation mode of the
closed loop fluid handling system 220 in response to a
control signal. The control signal is preferably based on
a temperature measurement value provided by an eighth
thermal sensor measuring the isolated third fluid exiting
an external gas to gas heat exchanger 266. The external
gas to gas heat exchanger 266 is preferably plumbed
into the closed loop fluid handling system 220 between
the feed conduit 258 and the closed loop fluid transfer
device 254. The in line fluid heater 264 is preferably used
when the out flow temperature of the isolated third fluid
is departing the external gas to gas heat exchanger 266
is less than a desired inlet temperature if the at least one
fluid distribution conduit 256. Preferably, the external gas
to gas heat exchanger 266 extracts heat from the isolated
third fluid provided by the return conduit 262, and trans-
fers the extracted heat to the isolated third fluid provided
by the closed loop fluid transfer device 254.
[0053] Additionally, the closed loop fluid handling sys-
tem 220 preferably further includes a heat exchanger
268, internal to and plumbed within the closed loop fluid
transfer device 254. The heat exchanger 268, may be
selectively included in the fluid path of the isolated third
fluid through activation of a sixth control valve in response
to a control signal provided by the control signal buss
222 from the processor 206 based on a temperature
measurement value provided by a ninth thermal sensor
measuring the isolated third fluid exiting the external gas
to gas heat exchanger 266.
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[0054] Preferably, the heat exchanger 268 is utilized
to safeguard a fluid advancement device 270 housed
within the closed loop fluid transfer device 254, from ex-
periencing a thermal condition that exceeds the operating
parameters of the fluid advancement device 270. Further,
to provide data regarding an in use percentage of the
closed loop fluid transfer device 254, a flow usage mon-
itoring device 272 is preferably used to safeguard against
exceeding the operating capabilities of the fluid advance-
ment device 270, while being operated by a drive system
274, connected to the fluid advancement device 270. In
a preferred embodiment the isolated third fluid is held at
a pressure below atmospheric pressure, while the fluid
is at ambient temperature, to allow for thermal expansion
of the isolated third fluid when the isolated third fluid is
absorbing thermal energy from the interior of the sealed
process chamber 168.
[0055] It is noted that each the first fluid, the second
fluid, and the isolated third fluid may be any of a number
of fluids including, but not limited to air, water, nitrogen,
helium, propylene glycol, ethylene glycol, or any other
heat transfer sympathetic fluid.
[0056] It is further noted that FIG. 13 shows that the
preferred embodiment heat exchange system 200 in-
cludes the exemplary combined heat exchange assem-
bly 190, which preferably includes each: the closed loop
heat exchanger 174 of FIG. 6; the open loop heat ex-
changer 178 of FIG. 7; and the thermal sensor assembly
158 of FIG. 8.
[0057] A person skilled in the art will understand that
alternate embodiments are inherently presented by FIG.
13. A number of these include, but are not limited to, a
fluid handling system such as 216 in fluidic communica-
tion with the exterior of the sealed process chamber 168,
combined with a closed loop heat exchange system in
fluidic communication with the interior of the sealed proc-
ess chamber 168. Wherein the control system 202 com-
municates with each the fluid handling system 216 and
the closed loop heat exchange system, and sets a flow
rate of each the fluid flowing around an exterior of the
sealed process chamber 168, fluid flowing through the
closed loop heat exchange system in response to the
measured internal temperature of the sealed process
chamber 168.
[0058] In the present alternate embodiment, the closed
loop heat exchange system preferably includes at least
a fluid transfer device, such as the closed loop fluid trans-
fer device 254 in fluid communication with at least one
closed loop heat exchanger, such as the closed loop heat
exchanger 174 of FIG. 6. In the present alternate em-
bodiment, the exterior surface of the exemplary closed
loop heat exchanger 174 is adjacent an interior surface
of the sealed process chamber 168.
[0059] A second alternate embodiment includes at
least a fluid handling system such as 216 in fluidic com-
munication with the exterior of the sealed process cham-
ber 168, combined with an open loop heat exchange sys-
tem in fluidic communication with the interior of the sealed

process chamber 168. The second alternate embodi-
ment preferably further includes the control system 202,
which communicates with each the fluid handling system
216 and the open loop heat exchange system, and sets
a flow rate of each the fluid flowing around an exterior of
the sealed process chamber 168, fluid flowing through
the open loop heat exchange system and into the sealed
process chamber 168 processing cavity in response to
the measured internal temperature of the sealed process
chamber.
[0060] In the present second alternate embodiment,
the open loop heat exchange system preferably includes
at least a fluid transfer device, such as the fluid transfer
device 242 in fluid communication with at least one open
loop heat exchanger, such as the open loop heat ex-
changer 178 of FIG. 7. In the present alternate embodi-
ment, the exterior surface of the exemplary closed loop
heat exchanger 174 is adjacent an interior surface of the
sealed process chamber 168.
[0061] A third alternate embodiment includes at least
a fluid handling system such as 216 in fluidic communi-
cation with the exterior of the sealed process chamber
168, combined with a closed loop heat exchange system,
and an open loop heat exchange system, in which both
the open loop and closed loop heat exchange systems
are in fluidic communication with the interior of the sealed
process chamber 168.
[0062] The third alternate embodiment preferably fur-
ther includes the control system 202, which communi-
cates with each the fluid handling system 216, the closed
loop heat exchange system, and the open loop heat ex-
change system, and sets a flow rate of each the fluid
flowing around an exterior of the sealed process chamber
168, and the fluid flowing through each the open loop
and closed loop heat exchange systems, and into the
sealed process chamber 168 processing cavity in re-
sponse to the measured internal temperature of the
sealed process chamber.
[0063] In the present third alternate embodiment, the
open loop heat exchange system preferably includes at
least a fluid transfer device, such as the fluid transfer
device 242 in fluid communication with at least one open
loop heat exchanger, such as the open loop heat ex-
changer 178 of FIG. 7. In the present alternate embodi-
ment, the exterior surface of the exemplary closed loop
heat exchanger 174 is adjacent an interior surface of the
sealed process chamber 168. Further, in the third alter-
nate embodiment, the closed loop heat exchange system
preferably includes at least a fluid transfer device, such
as the closed loop fluid transfer device 254 in fluid com-
munication with at least one closed loop heat exchanger,
such as the closed loop heat exchanger 174 of FIG. 6.
In the present alternate embodiment, the exterior surface
of the exemplary closed loop heat exchanger 174 is ad-
jacent an interior surface of the sealed process chamber
168.
[0064] Turning to FIG. 14, shown therein is an alternate
exemplary embodiment of a combined heat exchange
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assembly 276 that preferably includes each: a closed
loop heat exchanger 278; an open loop heat exchanger
280; and the thermal sensor assembly 158 of FIG. 8. The
closed loop heat exchanger 278, the open loop heat ex-
changer 280, and the thermal sensor assembly 158 are
each supported by the plurality of heat exchanger sup-
ports 192, and attached to and confined by a bottom port
support 284 of FIG. 17 attached adjacent an access port
286 of the sealed process chamber 168 of FIG. 17.
[0065] FIG. 15 shows a front view in elevation of the
exemplary combined heat exchange assembly 276. Pref-
erably the combined heat exchange assembly 276 in-
cludes at least the closed loop heat exchanger 278 ad-
jacent the thermal sensor assembly, and each supported
by the plurality of heat exchanger supports 192. FIG. 16
shows a right side view in elevation of the exemplary
combined heat exchange assembly 276. Preferably the
combined heat exchange assembly 276 includes at least
the closed loop heat exchanger 278 adjacent each the
open loop heat exchanger 280, and the thermal sensor
assembly 158.
[0066] FIG. 17a shows a front view in elevation of the
exemplary combined heat exchange assembly 276
mounted within the sealed process chamber 168 of a
thermal diffusion system 294. The heat exchange as-
sembly 276, preferably includes at least the closed loop
heat exchanger 278 adjacent the thermal sensor assem-
bly and each secures to the bottom port support 284, and
protruding through the access port 286 of the sealed
process chamber 168 of FIG. 17, and supported by the
plurality of heat exchanger supports 192.
[0067] FIG. 17b shows a plan view of the bottom port
support 284, to reveal: a pair of closed loop access ports
288, through which the closed loop heat exchanger 278
gains access to the interior of the sealed process cham-
ber 168; a pair of open loop access ports 290, through
which the open loop heat exchanger 280 gains access
to the interior of the sealed process chamber 168; and a
thermal sensor access port 292, through which the ther-
mal sensor assembly 158 gains access to the interior of
the sealed process chamber 168.
[0068] FIG. 18 shows a right side view in elevation of
the exemplary diffusion chamber 294 that preferably in-
cludes the combined heat exchange assembly 276 ad-
jacent the interior surface of the sealed process chamber
168. Preferably the combined heat exchange assembly
276 includes at least the closed loop heat exchanger 278
adjacent each the open loop heat exchanger 280, and
the thermal sensor assembly 158. FIG. 18 further shows
the combined heat exchange assembly 276 is supported
by the plurality of heat exchanger supports 192, and se-
cured to the bottom port support 284.
[0069] FIG. 19 provides an exemplary method of mak-
ing a thermal chamber 300, which commences at start
step 302 and continues with process step 304. At process
step 304, a frame (such as 104) is provided. At process
step 306, a containment chamber (such as 102) is sup-
ported and secured to the frame. At process step 308, a

heat source module is disposed within and confined by
the containment chamber. At process step 310, a sealed
process chamber (such as 168) is confined within the
heat source module. Preferably, the sealed process
chamber includes at least an interior surface and an ex-
terior surface.
[0070] A process step 312, a fluid inlet structure (such
as 112) is preferably secured to the containment cham-
ber in fluidic communication with the thermal regulation
cavity. Preferably, the fluid inlet structure provides a valve
(such as 134) that mitigates the flow of gasses from the
thermal regulation cavity through the fluid inlet structure
and to the atmosphere, and wherein the fluid inlet struc-
ture further includes a flow adjustment structure (such
as 136) interacting with the valve to control fluid flow from
the atmosphere past the valve and into thermal regulation
cavity.
[0071] At process step 314, a thermal sensor assembly
(such as 158) is disposed within the sealed process
chamber. At process step 316, a controller (such as 204)
is connected to each a flow adjustment structure (such
as 136) and the thermal assembly, and the process con-
cludes at end process step 318.
[0072] FIG. 20 provides an exemplary method of mak-
ing a thermal chamber 400, which commences at start
step 402 and continues with process step 404. At process
step 404, a frame (such as 104) is provided. At process
step 406, a containment chamber (such as 102) is sup-
ported and secured to the frame. At process step 408, a
heat source module is disposed within and confined by
the containment chamber. At process step 410, a sealed
process chamber (such as 168) is confined within the
heat source module. Preferably, the sealed process
chamber includes at least an interior surface and an ex-
terior surface.
[0073] A process step 412, a first fluid handling system
(such as 216) is preferably secured to in fluidic commu-
nication with an exterior of the sealed process chamber.
Preferably, the first fluid handling system provides a fluid
inlet structure (such as 112), which in turn provides a
valve (such as 134). The valve mitigates the flow of fluid
from the thermal regulation cavity through the fluid inlet
structure and external the containment chamber, and
wherein the fluid inlet structure further includes a flow
adjustment structure (such as 136) interacting with the
valve to control fluid flow from external the containment
chamber, past the valve and into thermal regulation cav-
ity.
[0074] A process step 414, a second fluid handling sys-
tem (such as 218, or 220) is preferably positioned in flu-
idic communication with an interior of the sealed process
chamber. Preferably, the second fluid handling system
provides means for transferring fluid into and out of the
interior of the sealed process chamber during a thermal
diffusion process cycle. At process step 416, a controller
(such as 204) is connected to each the first and second
fluid handling systems, and the process concludes at end
process step 418.
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[0075] FIG. 21 provides an exemplary method of mak-
ing a thermal chamber 500, which commences at start
step 502 and continues with process step 504. At process
step 504, a frame (such as 104) is provided. At process
step 506, a containment chamber (such as 102) is sup-
ported and secured to the frame. At process step 508, a
heat source module is disposed within and confined by
the containment chamber. At process step 510, a sealed
process chamber (such as 168) is confined within the
heat source module. Preferably, the sealed process
chamber includes at least an interior surface and an ex-
terior surface.
[0076] At process step 512, a fluid handling system
(such as 216) is preferably secured to in fluidic commu-
nication with an exterior of the sealed process chamber.
Preferably, the first fluid handling system provides a fluid
inlet structure (such as 112), which in turn provides a
valve (such as 134). The valve mitigates the flow of fluid
from the thermal regulation cavity through the fluid inlet
structure and external the containment chamber, and
wherein the fluid inlet structure further includes a flow
adjustment structure (such as 136) interacting with the
valve to control fluid flow from external the containment
chamber, past the valve and into thermal regulation cav-
ity.
[0077] At process step 514, a closed loop heat ex-
change system (such as 296 of FIG. 13) is preferably
positioned in fluidic communication with an interior of the
sealed process chamber. Preferably, the closed loop
heat exchange system provides means for transferring
fluid into and out of the interior of the sealed process
chamber during a thermal diffusion process cycle, with-
out exposing the transferred fluid to the internal environ-
ment of the sealed process chamber. At process step
516, a controller (such as 204) is connected to each the
fluid handling system and the closed loop heat exchange
system, and the process concludes at end process step
518.
[0078] FIG. 22 provides an exemplary method of mak-
ing a thermal chamber 600, which commences at start
step 602 and continues with process step 604. At process
step 604, a frame (such as 104) is provided. At process
step 606, a containment chamber (such as 102) is sup-
ported and secured to the frame. At process step 608, a
heat source module is disposed within and confined by
the containment chamber. At process step 610, a sealed
process chamber (such as 168) is confined within the
heat source module. Preferably, the sealed process
chamber includes at least an interior surface and an ex-
terior surface.
[0079] At process step 612, a fluid handling system
(such as 216) is preferably secured to in fluidic commu-
nication with an exterior of the sealed process chamber.
Preferably, the first fluid handling system provides a fluid
inlet structure (such as 112), which in turn provides a
valve (such as 134). The valve mitigates the flow of fluid
from the thermal regulation cavity through the fluid inlet
structure and external the containment chamber, and

wherein the fluid inlet structure further includes a flow
adjustment structure (such as 136) interacting with the
valve to control fluid flow from external the containment
chamber, past the valve and into thermal regulation cav-
ity.
[0080] At process step 614, an open loop heat ex-
change system (such as 298 of FIG. 13) is preferably
positioned in fluidic communication with an interior of the
sealed process chamber. Preferably, the loop heat ex-
change system provides means for transferring fluid into
and out of the interior of the sealed process chamber
during a thermal diffusion process cycle, by pulling the
transferred fluid through the internal environment of the
sealed process chamber. At process step 616, a control-
ler (such as 204) is connected to each the fluid handling
system and the open loop heat exchange system, and
the process concludes at end process step 618.
[0081] FIG. 23 provides an exemplary method of mak-
ing a thermal chamber 700, which commences at start
step 702 and continues with process step 704. At process
step 704, a frame (such as 104) is provided. At process
step 706, a containment chamber (such as 102) is sup-
ported and secured to the frame. At process step 708, a
heat source module is disposed within and confined by
the containment chamber. At process step 710, a sealed
process chamber (such as 168) is confined within the
heat source module. Preferably, the sealed process
chamber includes at least an interior surface and an ex-
terior surface.
[0082] At process step 712, a fluid handling system
(such as 216) is preferably secured to in fluidic commu-
nication with an exterior of the sealed process chamber.
Preferably, the first fluid handling system provides a fluid
inlet structure (such as 112), which in turn provides a
valve (such as 134). The valve mitigates the flow of fluid
from the thermal regulation cavity through the fluid inlet
structure and external the containment chamber, and
wherein the fluid inlet structure further includes a flow
adjustment structure (such as 136) interacting with the
valve to control fluid flow from external the containment
chamber, past the valve and into thermal regulation cav-
ity.
[0083] At process step 714, an open loop heat ex-
change system (such as 298 of FIG. 13) is preferably
positioned in fluidic communication with an interior of the
sealed process chamber. Preferably, the loop heat ex-
change system provides means for transferring fluid into
and out of the interior of the sealed process chamber
during a thermal diffusion process cycle, by pulling the
transferred fluid through the internal environment of the
sealed process chamber.
[0084] At process step 716, a closed loop heat ex-
change system (such as 296 of FIG. 13) is preferably
located in fluidic communication with an interior of the
sealed process chamber. Preferably, the closed loop
heat exchange system provides means for transferring
fluid into and out of the interior of the sealed process
chamber during a thermal diffusion process cycle, with-
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out exposing the transferred fluid to the internal environ-
ment of the sealed process chamber.
[0085] At process step 718, a controller (such as 204)
is connected to each the fluid handling system and the
open loop heat exchange system, and the process con-
cludes at end process step 720.
[0086] FIG. 24 displays an exemplary open loop heat
exchange system 844 of the claimed subject matter,
which preferably includes cooling tubes assembly 846
communicating with an air handling unit 848 (also re-
ferred to herein as a fluid handling unit 848) by way of
an inlet conduit assembly 850 and an outlet conduit as-
sembly 852. FIG. 24 further shows that the exemplary
open loop heat exchange system 844 preferably includes
a heat exchanger 854 disposed between the outlet con-
duit assembly 852 and the air handling unit 848.
[0087] FIG. 25 shows that in a preferred embodiment,
the cooling tubes assembly 846 includes an outlet man-
ifold 856 supporting a thermal dispersion baffle 858, and
communicating with a plurality of outlet cooling tubes
860. FIG. 25 further shows, that in the preferred embod-
iment, the cooling tubes assembly 846 includes an inlet
manifold 862 communicating with a plurality of inlet cool-
ing tubes 864, and a pair of tube retention assemblies,
866 and 868 respectfully, separating and securing the
cooling tubes assemblies 860 and 864 on to the other.
[0088] Returning to FIG. 24, the preferred outlet con-
duit assembly 852 includes an outlet header 870 in com-
munication with the outlet manifold 856, an accumulator
872 cooperating with and disposed between the outlet
header 870 and a return line 874. Preferably, the return
line 874 interconnects directly with the heat exchanger
854. It is noted that a ThermaSys Heat Exchanger Part
No. SSC-1260-0, by ThermaSys Corporation of Mont-
gomery, Alabama, USA, has been found to be useful as
a heat exchanger for use in the claimed subject matter,
but is not a required heat exchanger for use in the claimed
subject matter.
[0089] FIG. 24 further shows the preferred inlet conduit
assembly 850 includes an inlet header 876 in communi-
cation with the inlet manifold 862, an inlet accumulator
878 cooperating with the inlet header 876 and a supply
line 880. Also shown by FIG. 24, is a source line 882
connected directly into a first isolation valve 884, which
front ends the air handling unit 848, and a second isola-
tion valve 886 disposed between and interconnected di-
rectly with each the air handling unit 848 and the supply
line 880. The first isolation valve 884 is disposed between
and is in fluid communication with, the heat exchanger
854 and the fluid handling unit 848, while the second
isolation valve 886 is disposed between and in fluid com-
munication with the fluid handling unit 848 and the cooling
tubes assembly 846.
[0090] FIG. 26 shows a right side view in elevation of
the cooling tubes assembly 846, which preferably in-
cludes the outlet manifold 856 supporting the first set of
thermal dispersion baffles 858, and the inlet manifold 862
supporting a second thermal dispersion baffle 888.

[0091] FIG. 27 depicts a right side view in elevation of
a preferred embodiment of a cooling tubes assembly 890,
which preferably includes the outlet manifold 856 sup-
porting the first set of thermal dispersion baffles 858, and
the inlet manifold 862 supporting a second thermal dis-
persion baffle 888.
[0092] FIG. 28 illustrates in cross section, the cooling
tubes assembly 846 positioned within the process cham-
ber 106 of the thermal chamber 100. FIG. 28 further
shows the cooling tubes assembly 846 secured to the
collar 109. It will be noted that in this embodiment, the
outlet cooling tubes 860, project to about the mid-point
of the process chamber 106. This particular embodiment
has been shown to produce quite favorable results. The
remaining sign numbers shown by FIG. 28, replicate the
sign numbers for FIG. 6. Accordingly, a review of the
discussion of FIG. 6 will aid in an understanding of other
structural features of the thermal chamber 100.
[0093] Returning again to FIG. 24, the first isolation
valve 884 communicates with the heat exchanger 854.
In a preferred embodiment, the heat exchanger 854 in-
cludes a heat exchange core 892, a fluid input port 894
communicating with the heat exchange core 892, a fluid
output port 896 communicating with the heat exchange
core 892 and offset from said fluid input port 894, a cool-
ant input port 898 in fluid communication with the heat
exchange core 892, and a coolant output port 900 in fluid
communication with the heat exchange core 892 and off-
set from the coolant input port 898 by the heat exchange
core 892.
[0094] FIG. 29 illustrates an exemplary embodiment
of a thermal diffusion chamber 902, with an open loop
fluid convection system 904 integrated therewith. The
thermal diffusion chamber 902 preferably includes at
least a containment chamber 906 supported by a frame
907.
[0095] FIG. 30 shows the thermal diffusion chamber
902, preferably further includes a sealed process cham-
ber 908, confined by the containment chamber 906, and
a fluid inlet vessel 910, in fluidic communication with an
exterior of the sealed process chamber 908. Preferably,
the fluid inlet vessel 910 including at least a flow adjust-
ment structure 136 (of FIG. 4), to control a fluid flow from
a fluid source 912 around the exterior of the sealed proc-
ess chamber 908. FIG. 30 further shows that the open
loop fluid convection system 904 is preferably in fluidic
communication with an interior 914, of the sealed process
chamber 908, and that the fluid convection system 904
preferably includes a rotary compressor assembly 916,
which is preferably formed from quartz, but may alterna-
tively be formed from titanium or a titanium alloy, and that
extends into the sealed process chamber 908.
[0096] Additionally, FIG. 30 shows that in a preferred
embodiment, the thermal diffusion chamber 902 includes
a heat source module 918, disposed between the con-
tainment chamber 906, and the process chamber 908,
and a thermal sensor assembly 920, disposed within an
interior of the sealed process chamber 908, adjacent a

21 22 



EP 2 778 587 A1

13

5

10

15

20

25

30

35

40

45

50

55

wall of the sealed process chamber 908, the thermal sen-
sor assembly 920, measures an internal temperature val-
ue of the sealed process chamber 908, and wherein the
open loop fluid convection system 904, further at least a
shroud 922, which is preferably formed from quartz, but
may alternatively be formed from titanium or a titanium
alloy, and is adjacent the rotary compressor assembly
916.
[0097] Continuing with FIG. 30, preferably, the thermal
diffusion chamber 902 further includes at least, a con-
troller 924 (of FIG. 29), communicating with the flow ad-
justment structure 136 (of FIG. 29) and the thermal sen-
sor assembly 920, the controller 924 preferably sets a
flow position of the flow adjustment structure 136 to reg-
ulate fluid flow from the fluid source 912, through the fluid
inlet vessel 910, and around the exterior of the sealed
process chamber 908, in response to the measured in-
ternal temperature value of the sealed process chamber
908, and wherein the shroud 922, which is preferably
adjacent the rotary compressor assembly 916, commu-
nicates with a substrate support frame 925 (of FIG. 31)
[0098] FIG. 31 shows a preferred embodiment of the
substrate support frame 925, supporting a plurality of
substrates 926, and communicating with the shroud 922,
while FIG. 32 reveals a preferred convection conduit 928,
formed by a pair of substrates 930, of the plurality of
substrates 926, arranged one adjacent each side of the
substrate support frame 925, and a pair of flow confine-
ment covers 932, preferably arranged one adjacent each
a top side of the substrate support frame 925, and a bot-
tom side of the substrate support frame 925, the convec-
tion conduit 928, is preferably adjacent the shroud 922.
Both the substrate support frame 925 and the flow con-
finement covers 912 are preferably formed from quartz,
but may alternatively be formed from titanium or a titani-
um alloy.
[0099] FIG. 33 shows that in a preferred embodiment,
a motor 934, communicating with the rotary compressor
assembly 916, and a motor controller 936 (of FIG. 29).
The motor controller 936 preferably communicating with
the motor 934, and responsive to the thermal sensor as-
sembly 920 (of FIG. 30). In a preferred embodiment, the
motor 934 is an alternating current electric motor, but as
those skilled in the art will recognize, the motor 934 could
also be a direct current electric motor, a hydraulic motor,
a pneumatic motor, or other rotational motion generating
devices.
[0100] FIG. 33 further shows that the rotary compres-
sor assembly 916, preferably includes at least a central
shaft 938, responsive to the motor 934, a back plate 940,
secured to the central shaft 938, for rotation with the cen-
tral shaft 938, and a plurality of blades 942, radially dis-
posed about the central shaft 938, extending from the
back plate 940, and secured to a face plate 946. Prefer-
ably, the back plate 940, face plate 946 and the blades
942 are preferably formed from quartz, but may alterna-
tively be formed from titanium or a titanium alloy.
[0101] FIG. 34 reveals an external view of the rotary

compressor assembly 916, interacting with a door as-
sembly 948, while FIG. 35 shows a portion of a preferred
pair of flow confinement covers 932, of the convection
conduit 928, in partial cut-away, enclosing the plurality
of substrates 930 (of FIG. 32). FIG. 35 further shows that
the rotary compressor assembly 916, of the thermal dif-
fusion chamber 902, preferably includes a central shaft
bushing 950 (which those skilled in the art may also be
a barring assembly), supporting the central shaft 938,
and affixed to a door assembly 948 (of FIG. 34), commu-
nicating with the sealed process chamber 908. Prefera-
bly, the rotary compressor assembly 916 further includes
a bushing cooling apparatus 952, cooperating with the
central shaft bushing 950, the bushing cooling apparatus
952, is useful in modulating a temperature of the central
shaft bushing 950.
[0102] Additionally, in a preferred embodiment, as
shown by FIG. 35, the convection conduit 928, provides
a proximal end adjacent the shroud 922, and a distal end
adjacent a closed end of the sealed process chamber
908. In response to an activation of the motor 934 (of
FIG. 33), the plurality of blades 942 (of FIG. 33), rotate
in unison with the central shaft 938, thereby pulling a fluid
confined within the sealed process chamber 908, through
the distal end of the convection conduit 928, and past
the plurality of substrate panels 930, creating a fluid flow
across surfaces of the plurality of substrate panels 930,
the fluid flow stabilizes a temperature of each of the plu-
rality of panels to coincide with a temperature of the fluid.
[0103] FIG. 36 provides view of a door gurney 954,
communicating with the door assembly 948, of the sealed
process chamber 908.
[0104] It is to be understood that even though numer-
ous characteristics and advantages of various embodi-
ments of the present invention have been set forth in the
foregoing description, together with details of the struc-
ture and function of various embodiments of the inven-
tion, this detailed description is illustrative only, and
changes may be made in detail, especially in matters of
structure and arrangements of parts within the principles
of the present claimed invention to the full extent indicat-
ed by the broad general meaning of the terms in which
the appended claims are expressed. For example, the
particular elements may vary depending on the particular
application without departing from the spirit and scope
of the present claimed invention.
[0105] It will be clear that the present invention is well
adapted to attain the ends and advantages mentioned
as well as those inherent therein. While presently pre-
ferred embodiments have been described for purposes
of this disclosure, numerous changes may be made
which will readily suggest themselves to those skilled in
the art and which are encompassed by the appended
claims.
[0106] The present invention will now be described by
way of reference to the following clauses:

1. An apparatus comprising:
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a frame supporting a containment chamber;
a process chamber confined within the contain-
ment chamber;
a heat source module disposed between the
containment chamber and the process cham-
ber;
a thermal regulation cavity formed between the
heat source module and the process chamber;
at least one fluid inlet structure in fluidic commu-
nication with the thermal regulation cavity, in
which the fluid inlet structure provides a valve,
the valve controls fluid flow from the thermal reg-
ulation cavity through the fluid inlet structure and
to an environment external to the thermal regu-
lation cavity, and wherein the fluid inlet structure
further includes a flow adjustment structure in-
teracting with the valve to control fluid flow from
the environment external to the thermal regula-
tion cavity past the valve and into the thermal
regulation cavity; and
an open loop fluid convection system in fluidic
communication with an interior of the process
chamber, wherein the fluid convection system
includes a rotary compressor assembly that ex-
tends into the process chamber.

2. The apparatus of clause 1, in which the process
chamber is a sealed process chamber, and further
comprising:

a heat source module disposed between the
containment chamber and the process cham-
ber; and
a thermal sensor assembly disposed within an
interior of the sealed process chamber adjacent
a wall of the sealed thermal chamber, the ther-
mal sensor assembly measures an internal tem-
perature value of the sealed process chamber,
and wherein the open loop fluid convection sys-
tem further comprising a shroud adjacent the
rotary compressor assembly.

3. The apparatus of clause 2, further comprising a
controller communicating with the flow adjustment
structure and the thermal sensor assembly, the con-
troller sets a flow position of the flow adjustment
structure to regulate fluid flow from the fluid source,
through the fluid inlet structure, and around the ex-
terior of the sealed process chamber in response to
the measured internal temperature value of the
sealed process chamber, and wherein the shroud,
adjacent the rotary compressor assembly, commu-
nicates with a substrate support frame.

4. The apparatus of clause 3, further comprising a
convection conduit formed by a pair of substrates
arranged one adjacent each side of the substrate
support frame, and a pair of flow confinement covers

arranged one adjacent each a top side of the sub-
strate support frame and a bottom side of the sub-
strate support frame, the convection conduit adja-
cent the shroud.

5. The apparatus of clause 4, in which the fluid con-
vection system further comprising:

a motor in communication with the rotary com-
pressor assembly; and
a motor controller communicating with the motor
and responsive to the thermal sensor assembly.

6. The apparatus of clause 5, in which the motor is
an electric motor.

7. The apparatus of clause 5, in which the motor is
a rotary hydraulic motor.

8. The apparatus of clause 5, in which the motor is
a rotary pneumatic motor.

9. The apparatus of clause 5, in which the rotary
compressor assembly comprising:

a central shaft responsive to the motor;
a back plate secured to the central shaft for ro-
tation with the central shaft; and
a plurality of blades radially disposed about the
central shaft and extending from the back plate.

10. The apparatus of clause 9, the rotary compressor
assembly further comprising, a face plate communi-
cating with the plurality of blades, the plurality of
blades disposed between the back plate and the face
plate for rotation with the central shaft.

11. An apparatus comprising:

a frame supporting a containment chamber;
a process chamber confined within the contain-
ment chamber;
at least one fluid inlet structure in fluidic commu-
nication with an exterior of the process chamber,
the fluid inlet structure including at least a flow
adjustment structure to control a fluid flow from
a fluid source around the exterior of the process
chamber;
an open loop fluid convection system in fluidic
communication with an interior of the process
chamber, wherein the fluid convection system
includes a rotary compressor assembly that ex-
tends into the process chamber;
a controller communicating with the flow adjust-
ment structure; and
a control signal buss communicating with at
least the flow adjustment structure, and the con-
troller, the control signal buss sends a control
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signal to the flow adjustment structure in re-
sponse to a measured internal temperature val-
ue of an interior of said process chamber, where-
in the rotary compressor assembly includes a
central shaft for rotation within the process
chamber.

12. The apparatus of clause 11, in which the sealed
process chamber is a process chamber, and the ro-
tary compressor assembly comprising:

a back plate secured to the central shaft for ro-
tation with the central shaft; and
a plurality of blades radially disposed about the
central shaft and extending from the back plate.

13. The apparatus of clause 12, in which the rotary
compressor assembly further comprising, a face
plate communicating with the plurality of blades, the
plurality of blades disposed between the back plate
and the face plate for rotation with the central shaft.

14. The apparatus of clause 13, in which the rotary
compressor assembly further comprising:

a motor communication with the central shaft;
and
a motor controller communicating with the motor
and responsive to the measured internal tem-
perature value of an interior of said sealed proc-
ess chamber.

15. The apparatus of clause 14, further comprising:

a substrate support frame communicating with
the interior volume of the sealed process cham-
ber; and
a shroud interacting with the substrate support
frame and in fluidic communication with the plu-
rality of blades.

16. The apparatus of clause 15, further comprising
a convection conduit formed by a pair of substrates
arranged one adjacent each side of the substrate
support frame, and a pair of flow confinement covers
arranged one adjacent each a top side of the sub-
strate support frame and a bottom side of the sub-
strate support frame, the convection conduit adja-
cent the shroud and in fluidic communication with
the plurality of blades.

17. The apparatus of clause 16, in which the rotary
compressor assembly further comprising:

a central shaft bushing supporting the central
shaft and affixed to a chamber door communi-
cating with the sealed process chamber; and
a bushing cooling apparatus cooperating with

the central shaft bushing, the bushing cooling
apparatus modulating a temperature of the cen-
tral shaft bushing.

18. The apparatus of clause 17, in which the con-
vection conduit provides a proximal end adjacent the
shroud, and a distal end adj acent a closed end of
the sealed process chamber.

19. The apparatus of clause 18, in which the sub-
strate support frame supports a plurality of substrate
panels, the substrate panels extending from a prox-
imal end of the substrate support frame adjacent the
shroud to a distal end of the substrate support frame
adjacent the closed end of the sealed process cham-
ber, the plurality of substrate panels disposed within
the convection conduit.

20. The apparatus of clause 18, in which in response
to an activation of a motor, the plurality of blades
rotate in unison with the central shaft, thereby pulling
a fluid confined within the sealed process chamber
through the convection conduit and past the plurality
of substrate panels creating a fluid flow across sur-
faces of the plurality of substrate panels, the fluid
flow stabilizes a temperature of each of the plurality
of panels to coincide with a temperature of the fluid.

Claims

1. An apparatus comprising:

a frame supporting a containment chamber;
a process chamber confined within the contain-
ment chamber;
a heat source module disposed between the
containment chamber and the process cham-
ber;
a thermal regulation cavity formed between the
heat source module and the process chamber;
at least one fluid inlet structure in fluidic commu-
nication with the thermal regulation cavity, in
which the fluid inlet structure provides a valve,
the valve controls fluid flow from the thermal reg-
ulation cavity through the fluid inlet structure and
to an environment external to the thermal regu-
lation cavity, and wherein the fluid inlet structure
further includes a flow adjustment structure in-
teracting with the valve to control fluid flow from
the environment external to the thermal regula-
tion cavity past the valve and into the thermal
regulation cavity; and
an open loop fluid convection system in fluidic
communication with an interior of the process
chamber, wherein the fluid convection system
includes a rotary compressor assembly that ex-
tends into the process chamber.
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2. The apparatus of claim 1, in which the process cham-
ber is a sealed process chamber, and further com-
prising:

a heat source module disposed between the
containment chamber and the process cham-
ber; and
a thermal sensor assembly disposed within an
interior of the sealed process chamber adjacent
a wall of the sealed thermal chamber, the ther-
mal sensor assembly measures an internal tem-
perature value of the sealed process chamber,
and wherein the open loop fluid convection sys-
tem further comprising a shroud adjacent the
rotary compressor assembly.

3. The apparatus of claim 2, further comprising a con-
troller communicating with the flow adjustment struc-
ture and the thermal sensor assembly, the controller
sets a flow position of the flow adjustment structure
to regulate fluid flow from the fluid source, through
the fluid inlet structure, and around the exterior of
the sealed process chamber in response to the
measured internal temperature value of the sealed
process chamber, and wherein the shroud, adjacent
the rotary compressor assembly, communicates
with a substrate support frame.

4. The apparatus of claim 3, further comprising a con-
vection conduit formed by a pair of substrates ar-
ranged one adjacent each side of the substrate sup-
port frame, and a pair of flow confinement covers
arranged one adjacent each a top side of the sub-
strate support frame and a bottom side of the sub-
strate support frame, the convection conduit adja-
cent the shroud.

5. The apparatus of claim 4, in which the fluid convec-
tion system further comprising:

a motor in communication with the rotary com-
pressor assembly; and
a motor controller communicating with the motor
and responsive to the thermal sensor assembly;
and
wherein preferably the motor is selected from a
group consisting of an electric motor, a rotary
hydraulic motor, and a rotary pneumatic motor.

6. The apparatus of claim 5, in which the rotary com-
pressor assembly comprising:

a central shaft responsive to the motor;
a back plate secured to the central shaft for ro-
tation with the central shaft; and
a plurality of blades radially disposed about the
central shaft and extending from the back plate;
and

wherein preferably the rotary compressor as-
sembly further comprising, a face plate commu-
nicating with the plurality of blades, the plurality
of blades disposed between the back plate and
the face plate for rotation with the central shaft.

7. An apparatus comprising:

a frame supporting a containment chamber;
a process chamber confined within the contain-
ment chamber;
at least one fluid inlet structure in fluidic commu-
nication with an exterior of the process chamber,
the fluid inlet structure including at least a flow
adjustment structure to control a fluid flow from
a fluid source around the exterior of the process
chamber;
an open loop fluid convection system in fluidic
communication with an interior of the process
chamber, wherein the fluid convection system
includes a rotary compressor assembly that ex-
tends into the process chamber;
a controller communicating with the flow adjust-
ment structure; and
a control signal buss communicating with at
least the flow adjustment structure, and the con-
troller, the control signal buss sends a control
signal to the flow adjustment structure in re-
sponse to a measured internal temperature val-
ue of an interior of said process chamber, where-
in the rotary compressor assembly includes a
central shaft for rotation within the process
chamber.

8. The apparatus of claim 7, in which the sealed proc-
ess chamber is a process chamber, and the rotary
compressor assembly comprising:

a back plate secured to the central shaft for ro-
tation with the central shaft; and
a plurality of blades radially disposed about the
central shaft and extending from the back plate;
and
wherein preferably the rotary compressor as-
sembly further comprising, a face plate commu-
nicating with the plurality of blades, the plurality
of blades disposed between the back plate and
the face plate for rotation with the central shaft.

9. The apparatus of claim 8, in which the rotary com-
pressor assembly further comprising:

a motor communication with the central shaft;
and
a motor controller communicating with the motor
and responsive to the measured internal tem-
perature value of an interior of said sealed proc-
ess chamber.
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10. The apparatus of claim 9, further comprising:

a substrate support frame communicating with
the interior volume of the sealed process cham-
ber; and
a shroud interacting with the substrate support
frame and in fluidic communication with the plu-
rality of blades.

11. The apparatus of claim 10, further comprising a con-
vection conduit formed by a pair of substrates ar-
ranged one adjacent each side of the substrate sup-
port frame, and a pair of flow confinement covers
arranged one adjacent each a top side of the sub-
strate support frame and a bottom side of the sub-
strate support frame, the convection conduit adja-
cent the shroud and in fluidic communication with
the plurality of blades.

12. The apparatus of claim 11, in which the rotary com-
pressor assembly further comprising:

a central shaft bushing supporting the central
shaft and affixed to a chamber door communi-
cating with the sealed process chamber; and
a bushing cooling apparatus cooperating with
the central shaft bushing, the bushing cooling
apparatus modulating a temperature of the cen-
tral shaft bushing.

13. The apparatus of claim 12, in which the convection
conduit provides a proximal end adjacent the shroud,
and a distal end adj acent a closed end of the sealed
process chamber.

14. The apparatus of claim 13, in which the substrate
support frame supports a plurality of substrate pan-
els, the substrate panels extending from a proximal
end of the substrate support frame adjacent the
shroud to a distal end of the substrate support frame
adjacent the closed end of the sealed process cham-
ber, the plurality of substrate panels disposed within
the convection conduit.

15. The apparatus of claim 13, in which in response to
an activation of a motor, the plurality of blades rotate
in unison with the central shaft, thereby pulling a fluid
confined within the sealed process chamber through
the convection conduit and past the plurality of sub-
strate panels creating a fluid flow across surfaces of
the plurality of substrate panels, the fluid flow stabi-
lizes a temperature of each of the plurality of panels
to coincide with a temperature of the fluid.
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