
WO 2007/109027PCT/TIS2007/006344 TEMPERATURE-CONTROLLED
ENCLOSURES AND TEMPERATURE CONTROL SYSTEM USING THE
SAME Related Applications  This application claims the benefit of United
States Provisional Application Serial No. 560/784,044, filed March 20,
2006, and United States Provisional Application Serial No. 60/784,745,
filed March 22, 2006, the contents of each being incorporated herein by
reference, in their entirety. Field of the Invention 10This invention relates
generally to a temperature-controlled enclosure for connecting to a source
of temperature-controlled fluid, such as air, and a system including the
enclosure and the source. This invention relates in particular to a
temperature-controlled chamber that includes thermal insulation, a means
of directing air to a device being tested, an exhausting system and a
self-closing cable feed-through module. 15 Description of the Related Art
There are many manufacturers of standard temperature chambers. In
general, in such chambers, air is circulated in a closed loop with a fan or
blower directing the air over a heating and/or cooling coil to condition the
temperature of the air before it enters a test area, 2 0The air then exits the
test area and is again directed over the heating and/or cooling coil to 



condition the temperature of the air before it reenters the test area. These
steps are repeated. The standard temperature chambers simply circulate
the air with no method for directing the air to the device being tested. In
addition, the standard temperature chambers use a metal (or  WO
2007/109027PCT/US2007/006344 other material) liner inside the
chamber. The metal liner acts as a thermal load and significantly
increases the time to transition between set temperatures. Summary of
the Invention        According to the invention, source of
temperature-controlled fluid is used as an open-loop temperature source
for controlling the temperature within a temperature chamber. The source
is either attached directly to the inlet of the temperature chamber or there
is a flexible air transfer line, i.e., a flexible extender, that connects a
source head to the temperature chamber inlet. The temperature-controlled
air exhausts out of the temperature chamber. By using the standard
source as the temperature source, it is possible to connect the
temperature- 10controlled air source (one at a time) to several different
temperature chamber configurations, thus providing an economical
solution when several different temperature chamber configurations are
required. In addition, the source can be used as a temperature source for
temperature testing various devices without attaching to a temperature
chamber. The present invention includes a family of temperature
chambers for use with the 15source, i.e., the open-loop temperature
source.        A feature of the present invention is to provide a
temperature-controlled enclosure with a highly efficient thermal insulation
design that provides overall improvement in thermal performance by
minimizing heat loss and reducing thermal loads. Another feature of the
present invention is to provide a temperature-controlled 20enclosure with
a highly efficient and field-changeable method of air distribution for
improved thermal response for specific testing applications. 



Another feature of the present invention is to provide a
temperature-controlled enclosure with an air exhaust system for
optimizing temperature uniformity.  - 3 -       Another feature of the present
invention is to provide a temperature-controlled enclosure with a
self-closing cable feed-through module.       One or more of the above
features are included in each of the temperature chamber embodiments of
the present invention. 5Another feature of the present invention is to
provide a temperature control system which incorporates one or more of
the above features.        The present invention is directed to a temperature
chamber, comprising a chamber in which a device can be located, the
chamber being connectable to a temperature-controlled source for
providing a temperature-controlled fluid to the chamber to control
temperature of 10the chamber, and a self-closing cable feed-through
module connected to an outer surface of the chamber, the module
comprising a first portion and a second portion, wherein cables are fed
through the first and second portions into the chamber in a first position of
the module and the first and second portions form a leak tight seal around
the cables in a second position of the module. 15In one embodiment, the
temperature chamber further includes a universal manifold adaptor for
directing the temperature-controlled fluid directly to the device. In another
embodiment, interchangeable manifolds are attachable to the universal
manifold to direct the fluid to the device. In one embodiment, a manifold
includes a single horizontal tube with multiple small holes for discharge of
the fluid. In another embodiment, a manifold 20includes a plurality of
horizontal tubes with multiple small holes for discharge of the fluid. In
another embodiment, a manifold has a shower-head configuration to
provide uniform distribution of the fluid. In another embodiment, a manifold
includes a baffle system. 



In one embodiment, the temperature chamber further includes an exhaust
system for  exhausting the fluid from the chamber. In another
embodiment, the exhaust system includes a plurality of exhaust ports
connected internal to the chamber and a single outlet port for allowing the
fluid to exit the chamber. In another embodiment, the exhaust system
includes a plurality of exhaust ports connected internal to the chamber
and multiple outlet ports for  5 allowing the fluid to exit the chamber. In
another embodiment, the exhaust system includes an exhaust port
centrally located in the bottom of the chamber and an outlet port for
allowing the fluid to exit the rear of the chamber. In another embodiment,
a location of an exhaust is selectable by a user. In one embodiment, the
chamber has a hood configuration. In another embodiment, a 10thin layer
of silicone is bonded to the surface of the thermal insulation material. In
one embodiment, the chamber has a clamshell configuration in which a
top portion of the chamber is connected to a bottom portion of the
chamber such that the top portion is opened in order to load the device
being tested into the chamber. In another embodiment, the thermal
insulation material is positioned between an outer shell of the chamber
and an inner 15liner of the chamber.       In one embodiment, the chamber
has a front-loader configuration in which a front portion of the chamber is
connected to a rear portion of the chamber such that the front portion is
opened in order to load the device into the chamber. In another
embodiment, the thermal insulation material is positioned between an
outer shell of the front-loader and an 20inner liner of the chamber. In one
embodiment, the fluid is air. In accordance with another aspect of the
invention, the invention is directed to a 



temperature control system for controlling temperature of a device. The
temperature control  - 5 - system includes a chamber in which the device
can be located and a temperature-controlled source connected to the
chamber for providing a temperature-controlled fluid to the chamber to
control temperature in the chamber. The temperature control system
further includes a self-closing cable feed-through module connected to an
outer surface of the chamber, the module 5comprising a first portion and a
second portion, wherein cables are fed through the first and second
portions into the chamber in a first position of the module and the first and
second portions form a leak tight seal around the cables in a second
position of the module. In one embodiment, interchangeable manifolds are
attachable to the universal manifold to direct fluid to the device. In one
embodiment, a manifold includes a single 10horizontal tube with multiple
small holes for discharge of the fluid. In another embodiment, a manifold
includes a plurality of horizontal tubes with multiple small holes for
discharge of the fluid. In another embodiment, a manifold has a
shower-head configuration to provide unifonn distribution of the fluid. In
another embodiment, a manifold includes a baffle system. In one
embodiment, the temperature control system further includes an exhaust
system 1 5for exhausting the fluid from the chamber. In one embodiment,
the exhaust system includes a plurality of exhaust ports connected
internal to the chamber and a single outlet port for allowing the fluid to exit
the chamber. In another embodiment, the exhaust system includes a
plurality of exhaust ports connected internal to the chamber and multiple
outlet ports for allowing the fluid to exit the chamber. In another
embodiment, the exhaust system includes 20an exhaust port centrally
located in the bottom of the chamber and an outlet port for allowing 



the fluid to exit the rear of the chamber. In another embodiment, a location
of an exhaust is selectable by a user. In one embodiment, the chamber
has a hood configuration. In another embodiment,  thermal insulation
material is formed on side surfaces of the chamber, wherein a thin layer of
silicone is bonded to the surface of the thermal insulation material.       In
one embodiment, the chamber has a clamshell configuration in which a
top portion of the chamber is connected to a bottom portion of the
chamber such that the top portion is 5opened in order to load the device
into the chamber. In another embodiment, thermal insulation material is
formed on side surfaces of the chamber, wherein the thermal insulation
material is positioned between an outer shell of the chamber and an inner
liner of the chamber. In one embodiment, the chamber has a front-loader
configuration in which a front 10portion of the chamber is connected to a
rear portion of the chamber such that the front portion is opened in order
to load the device into the chamber. In another embodiment, thermal
insulation material is formed on side surfaces of the chamber, wherein the
thermal insulation material is positioned between an outer shell of the
front-loader and an inner liner of the chamber. 15In one embodiment, the
temperature chamber further includes a self-closing cable feed-through
module connected to an outer surface of the chamber. The module
includes a first portion and a second portion, wherein cables are fed
through the first and second portions into the chamber in a first position of
the module and the first and second portions form a leak tight seal around
the cables in a second position of the module. 20In one embodiment, the
fluid is air.       In accordance with another aspect of the invention, the
invention is directed to a self-closing cable feed-through module,
comprising: a first portion; a second portion; and a joint for rotating the
second portion relative to the first portion, wherein cables are fed through
the  



- I-  first and second portions into an opening in a temperature chamber in
which a device can be located in a first position of the module and the first
and second portions form a leak tight seal around the cables in a second
position of the module. In one embodiment, the temperature chamber
further includes an exhaust system for 5exhausting the fluid from the
chamber. In one embodiment, the exhaust system includes a plurality of
exhaust ports connected internal to the chamber and a single outlet port
for allowing the fluid to exit the chamber. In another embodiment, the
exhaust system includes a plurality of exhaust ports connected internal to
the chamber and multiple outlet ports for allowing the fluid to exit the
chamber. In another embodiment, the exhaust system includes 10an
exhaust port centrally located in the bottom of the chamber and an outlet
port for allowing the fluid to exit the rear of the chamber. In another
embodiment, a location of an exhaust is selectable by a user.         In one
embodiment, the chamber has a hood configuration. In another
embodiment, thermal insulation material is fonned on side surfaces of the
chamber, wherein a thin layer of 15silicone is bonded to the surface of the
thermal insulation.        In one embodiment, the chamber has a clamshell
configuration in which a top portion of the chamber is connected to a
bottom portion of the chamber such that the top portion is opened in order
to load the device into the chamber. In another embodiment, thermal
insulation material is formed on side surfaces of the chamber, wherein the
thermal insulation 20material is positioned between an outer shell of the
clamshell and an inner liner of the chamber.  WO
2007/109027PCT/US2007/006344 



In one embodiment the chamber has a front-loader configuration in which
a front portion of the chamber is connected to a rear portion of the
chamber such that the front portion is opened in order to load the device
into the chamber. In another embodiment, thermal insulation material is
formed on side surfaces of the chamber, wherein the thermal insulation
material is positioned between an outer shell of the front-loader and an
inner liner of the chamber. In one embodiment, the fluid is air.        In one
embodiment, the temperature chamber further includes a universal
manifold adaptor for directing the temperature-controlled fluid directly to
the device, wherein 10interchangeable manifolds are attachable to the
universal manifold to direct the fluid to the device. In one embodiment, a
manifold includes a single horizontal tube with multiple small holes for
discharge of the fluid. In another embodiment, a manifold includes a
plurality of horizontal tubes with multiple small holes for discharge of the
fluid. In another embodiment, a manifold has a shower-head configuration
to provide uniform distribution of the fluid. In 15 another embodiment, a
manifold includes a baffle system. In accordance with another aspect of
the invention, the invention is directed to a temperature chamber. The
temperature chamber includes a chamber in which a device can be
located. The chamber is connectable to a temperature-controlled source
for providing a temperature-controlled fluid to the chamber to control
temperature in the chamber, The 20temperature chamber further includes
thermal insulation material formed on side surfaces of the chamber.        In
one embodiment, the temperature chamber further includes a universal
manifold adaptor for directing the temperature-controlled fluid directly to
the device. In one  WO 2007/109027PCT/US2007/006344 



-9- embodiment, interchangeable manifolds are attachable to the universal
manifold to direct the fluid to the device. In one embodiment, a manifold
includes a single horizontal tube with multiple small holes for discharge of
the fluid. In another embodiment, a manifold includes a plurality of
horizontal tubes with multiple small holes for discharge of the fluid. In
another 5embodiment, a manifold has a shower-head configuration to
provide uniform distribution of the fluid. In another embodiment, a manifold
includes a baffle system.       In one embodiment, the temperature
chamber further includes an exhaust system for exhausting the fluid from
the chamber. In one embodiment, the exhaust system includes a plurality
of exhaust ports connected internal to the chamber and a single outlet port
for 10allowing the fluid to exit the chamber. In another embodiment, the
exhaust system includes a plurality of exhaust ports connected internal to
the chamber and multiple outlet ports for allowing the fluid to exit the
chamber. In another embodiment, the exhaust system includes an
exhaust port centrally located in the bottom of the chamber and an outlet
port for allowing the fluid to exit the rear of the chamber. In another
embodiment, a location of an exhaust is 15selectable by a user.       In one
embodiment, the chamber has a hood configuration. In another
embodiment, a thin layer of silicone is bonded to the surface of the
thermal insulation material.       In one embodiment, the chamber has a
clamshell configuration in which a top portion of the chamber is connected
to a bottom portion of the chamber such that the top portion is 20opened
in order to load the device being tested into the chamber. In another
embodiment, the thermal insulation material is positioned between an
outer shell of the chamber and an inner liner of the chamber. In one
embodiment, the chamber has a front-loader configuration in which a front
WO 2007/109027PCT/US2007/006344 



portion of the chamber is connected to a rear portion of the chamber such
that the front portion is opened in order to load the device into the
chamber. In another embodiment, the thermal insulation material is
positioned between an outer shell of the front-loader and an inner liner of
the chamber. 5In one embodiment, the temperature chamber further
includes a self-closing cable feed-through module connected to an outer
surface of the chamber. The module includes a first portion and a second
portion, wherein cables are fed through the first and second portions into
the chamber in a first position of the module and the first and second
portions form a leak tight seal around the cables in a second position of
the module. 10In one embodiment, the fluid is air.        In accordance with
another aspect of the invention, the invention is directed to a temperature
control system for controlling temperature of a device. The temperature
control system includes a chamber in which the device can be located, a
temperature-controlled source connected to the chamber for providing a
temperature-controlled fluid to the chamber 15to control temperature in
the chamber, and a universal manifold adaptor for directing the
temperature-controlled fluid directly to the device.        In accordance with
another aspect of the invention, the invention is directed to a temperature
control system for controlling temperature of a device. The temperature
control system includes a chamber in which the device can be located, a
temperature-controlled  20 source connected to the chamber for providing
a temperature-controlled fluid to the chamber to control temperature in the
chamber and a self-closing cable feed-through module connected to an
outer surface of the chamber. The module includes a first portion and a
second portion, wherein cables are fed through the first and second
portions into the chamber in a first  WO 2007/109027PCT/U52007/006344
position of the module and the first and second portions form a leak tight
seal around the cables in a second position of the module, Brief
Description of the Drawings  



The foregoing and other objects, features and advantages of the invention
will be apparent from the more particular description of preferred aspects
of the invention, as illustrated in the accompanying drawings in which like
reference characters refer to the same parts throughout the different
views. The drawings are not necessarily to scale, emphasis 10instead
being placed upon illustrating the principles of the invention.       FIG. I is a
schematic perspective view of a hood chamber connected to a
temperature-controlled air source in accordance with an embodiment of
the invention.       FIGs. 2A-2E are schematic views of the hood chamber
of FIG. I with a universal manifold adapter in accordance with an
embodiment of the invention. 15FIG. 3 is a schematic perspective view of
the hood chamber of FIG.1 in accordance with an embodiment of the
invention.       FIG. 4 is a schematic perspective view of the hood chamber
of FIG. I in accordance with an embodiment of the invention. FIGs. 5A and
5B are schematic perspective views of a clamshell chamber connected
20to a temperature-controlled air source in'accordance with an
embodiment of the invention. FIGs. 6A-6D are schematic views of the
clamshell chamber of FIGs. 5A and 5B in accordance with an embodiment
of the present invention. FIG. 6E is a schematic cross-sectional view of
the clamshell chamber in accordance with an embodiment of the present
invention.  WO 2007/109027PCT/US2007/006344       FIGs. 7A-C are
schematic views of the clamshell chamber of FIGs. SA and 513 with a
universal manifold adapter in accordance with an embodiment of the
invention.        FIGs. 8A and 8B are schematic perspective view of a
frontloader chamber connected to a temperature-controlled air source in
accordance with an embodiment of the invention. 



5FIGs. 9A and 9B are schematic perspective views of the frontloader
chamber of FIGs. SA and 8B connected to a temperature-controlled air
source in accordance with an embodiment of the invention.           FIGs.
10A and 108 are schematic perspective view of the frontloader chamber
of FIGs. 8A and 8B connected to a temperature-controlled air source in
accordance with an 10embodiment of the invention.       FIG. I I is an
exploded perspective view of the frontloader chamber of FIGs. SA and 83
in accordance with an embodiment of the invention.       FIGs. 12A and
1213 are schematic views of the frontIoader chamber of FIGs. 8A and 8B
with a universal manifold adapter in accordance with an embodiment of
the invention. 15FIGs. 13A-13E are schematic views of the frontloader
chamber of Has. 8A and 8B in accordance with an embodiment of the
invention.       FIGs. 14A-14H are schematic views of a self-closing cable
feed-through module in accordance with an embodiment of the invention.
20Detailed Description of Preferred Embodiments of the Invention
According to the invention, a source of temperature-controlled fluid such
as air, for example, ThermoStreamm model TPO4300 or TPO4310,
manufactured and sold by Temptronic Corporation of Sharon,
Massachusetts, is used as an open-loop temperature  WO
2007/109027PCT/US2007/006344 -13 - source for controlling the
temperature within a temperature chamber. The source is either attached
directly to the inlet of the temperature chamber or there is a flexible air
transfer line, i.e., a flexible extender, that connects a source head to the
temperature chamber inlet. The temperature-controlled air exhausts out of
the temperature chamber. According to the 



5invention, it is possible to connect the temperature-confrolled air source
(one at a time) to several different temperature chamber configurations,
thus providing an economical solution when several different temperature
chamber configurations are required. The device being tested in the
temperature chamber could be a printed circuit board, mechanical or
electronic module or any other device requiring thermal test. In addition,
the source can be used as a 10temperatUre source for temperature
testing various devices without attaching to a temperature chamber. The
present invention includes a family of interchangeable temperature
chambers for . use with the source, i.e., the open-loop temperature
source. The features of the chambers include a highly efficient thermal
insulation design that provides overall improvement in 15thermal
performance by minimizing heat loss and reducing thermal loads, a highly
efficient and field changeable method of air distribution for improved
thermal response for specific testing applications, unique air exhaust
systems for optimizing temperature uniformity, and a self-closing cable
feed-through module. In a first embodiment of the present invention, the
chamber is of a hood configuration. 20FIG. 1 is a schematic perspective
view of a hood chamber 12 according to an embodiment of the invention
connected to a source 10 of temperature-controlled fluid such as air. The
source 10 can be, for example, a ThermoStreamTm model TPO4300 or
TPO4310, manufactured and sold by Temptronic Corporation of Sharon,
Massachusetts, or other similar device. The  WO
2007/109027PCT/US2007/006344 -14 - 



source 10 is used as the temperature-controlled air source for controlling
the temperature within the hood chamber 12. A head 14 of the source 10
attaches directly to the top side of the hood chamber 12 with three knurled
screws. No tools are required to attach the head 14 to the hood chamber
12. The head 14 is attached to the source 10 by a pivoting arm 15. 5FIGs.
2A-2E are schematic views of the hood chamber 12 of FIG. 1 with a
universal manifold adapter 20 in accordance with an embodiment of the
invention. The hood chamber 12 is provided with the universal manifold
adapter 20 designed to improve temperature response which reduces
time for completion of a test and, therefore, reduces the test cost. The
universal manifold adapter 20 allows interchangeable manifolds to be
used to optimize 10temperature testing. FIGs. 2A-2E illustrate the
interchangeable manifolds. To optimize thermal performance it is
desirable that the temperature-controlled air being supplied by the source
10 be directed to the device being tested. Conventional thermal
enclosures (chambers) simply circulate the air with no method for directing
the air to the device being tested. With the universal manifold adapter 20
in the hood chamber 12, a manifold can be added to direct 15the
temperature-controlled air directly to the device being tested.        The
universal manifold adapter 20 allows the air distribution manifold to be
changed to a different configuration if necessary to accommodate
changes in test requirements within the same hood chamber 12, FIG. 2A
is a schematic view of the hood 12 with the universal manifold adaptor 20
with no manifolds attached thereto. The universal manifold adapter 20
20has several attachment points (holes) that allow attachment of
interchangeable manifolds. The manifold can be a single horizontal tube
22 with multiple small holes for air discharge. The manifold can be two or
more horizontal tubes 22. FIG. 23 is a schematic view of the hood
chamber 12 with two horizontal tubes 22 with multiple small holes for aii
discharge attached  WO 2007/109027PCT/U52007/006344 - 1 5 - to the
universal manifold adapter 20. The manifold can be a piece of flexible
tube to better 



direct air on the device being tested. The manifold can be a shower head
type to provide uniform distribution of temperature-controlled air, or any
other manifold for distribution of temperature-controlled air. FIG. 2C is a
schematic view of the hood chamber 12 with a 5shower-head type
manifold 24 attached to the universal manifold adaptor 20. FIG. 2D is a
schematic view of the hood chamber 12 with a shower-head type manifold
24 attached to the universal manifold adaptor 20 and exhaust ports 26 at
side portions of the hood chamber 12. FIG. 2E is a schematic view of the
hood chamber 12 with a shower-head manifold 24 and four horizontal
tubes 22 with multiple small holes for air discharge attached to the
universal 10manifold adaptor 20.        FIG. 3 is a schematic perspective
view of the hood chamber 12 of FIG. I in accordance with an embodiment
of the invention. The thermal insulation design used for the hood chamber
12 as shown in FIG. 3 allows temperature changes to occur much faster
than with existing approaches. The hood chamber 12 includes a layer of
thermal insulation 16 with 15a thin layer of silicone 18 bonded to the
surface of the insulation 16. The bonded layer 18 provides needed
protection against damage to the insulation 16. The bonded layer 18
eliminates the need for a metal (or other material) liner inside the hood
chamber 12, which would act as a thermal load and significantly increase
the time to transition between set temperatures. The hood chamber 12
includes a handle 23. 20FIG. 4 is a schematic perspective view of the
hood chamber 12 of FIG. 1 in accordance with an embodiment of the
invention. In FIG. 4, the hood chamber 12 is disconnected from the air
source 10. An air-in connection 25 is used to connect to the source  WO
2007/109027PCT/US2007/006344 -3.6-       The hood chamber 12 also
incorporates a unique air exhausting system to optimize temperature
uniformity within the test area. All hood chamber configurations provide
multiple exhaust areas within the test areas to ensure uniform air
distribution throughout the test area. The exhaust areas are typically
located in side portions of the hood chamber 12 but can be in 



5 other locations if necessary to optimize uniformity. As shown in FIG. 2D
and FIG. 3, exhaust ports 26 are located at side portions of the hood
chamber. 12. As shown in FIG. 2D and FIG. 3, all of the exhaust ports 26
are connected internal to the hood chamber 12 with only one exit exhaust
28 exiting the hood chamber 12 being used in a selected configuration.
Internal route 27 is the route of the exhaust in the hood chamber 12. The
exhaust location is user selectable 10(first and second exit ports 28, which
are 90 degrees apart) for test operator convenience. The hood chamber
12 includes a handle 23.         In an alternative embodiment, the chamber
is of a clamshell configuration. FlGs. 5A and 5B are schematic perspective
views of a clamshell chamber 30 connected to the source 10, in
accordance with an embodiment of the invention. The clamshell chamber
30 is top- 15loaded such that the device being tested is loaded into the
chamber from the top. In FIGs. 5A and 5B, a source 10 is used as the
temperature-controlled air source for controlling the temperature within the
clamshell chamber 30. In FIG. 5A, the head 14 of the source 10 attaches
to the side of the clamshell chamber 30 via a flex extender 32 which
transfers the temperature-controlled air from the source 10 to the
clamshell chamber 30. In FIG. 5A, the 20head 14 is connected to a
pivoting arm 15. In FIG. 5B, the output of the source 10 attaches to the
side of the clamshell chamber 30 via the flex extender 32 which transfers
the temperature- controlled air from the source 10 to the clamshell
chamber 30. Attachment of the flex extender 32 to the clamshell chamber
30 is made with three knurled screws. No tools are  WO
2007/109027PCT/US2007/006344 -17 - required to attach the flex
extender 32 to the clamshell chamber 30. The attachment can be made to
either side of the clamshell chamber for convenience.       FIGs. 6A-6E are
schematic views of a clamshell chamber 30 of FIGs. 5A and 53 in
accordance with an embodiment of the present invention. Specifically,
FIG. 6A is a 5schematic top view of the clamshell chamber 30. FIG. 63 is
a schematic rear view of the 



clamshell chamber 30. FIG. 6C is a schematic front view of clamshell
chamber 30. FIG. 6D is a schematic view of the clamshell chamber 30 in
an open position. FIG. 6E is a schematic cross-sectional view of the
clamshell chamber 30 along section E-E of FIG. 6A in accordance with an
embodiment of the present invention. 10The clamshell chamber 30
includes a top portion 34 connected to a bottom portion 36 by a hinges 35.
When the clamshell chamber 30 is closed, the top and bottom portions 34
and 36 are latched together by latches 33. The clamshell 30 includes four
cable feed-through openings 41 for connecting cables to the interior of the
clamshell chamber 30 on each side of the clamshell chamber 30. 15The
thermal insulation design used for the clamshell chamber 30 and as
shown in FIG. 6E allows temperature changes to occur much faster than
with existing approaches. The clamshell chamber 30 uses thermal
insulation 43, i.e., foam, between the outer shell 37 of the clamshell
chamber 30 and the inner liner 39 of the clamshell chamber 30. The inner
liner 39 protects the insulation 43 from damage that might result from
frequent use. The inner liner 39 2 0is thermally decoupled from the outer
shell 37 to minimize thermal losses and optimize thermal performance,
i.e., temperature response and temperature uniformity. In one
embodiment, the inner liner 39 is made of very thin stainless steel to
minimize thermal load, but could be other suitable materials.  WO
2007/109027PCT/US2007/006344 -18 -       FIGs. 7A-7C are schematic
views of the clamshell chamber 30 of FIGs. 5A and 5B with a universal
manifold adapter 20 in accordance with an embodiment of the invention.
The clamshell chamber 30 is provided with the universal manifold adapter
20 to improve temperature response which reduces time for completion of
a test and, therefore, reduces test 5cost. The universal manifold adapter
20 allows interchangeable manifolds to be used to optimize temperature
testing. To optimize thermal performance it is desirable that the
temperature-controlled air being supplied by the source 10 be directed to
the device being tested. Conventional thermal enclosures (chambers)
simply circulate the air with no method for directing the air to the device
being tested. With the universal manifold adapter 20 in the 10clamshell
chamber 30, a manifold can be added to direct the temperature-controlled
air 



directly to the device being tested.        The universal manifold adapter 20
allows the air distribution manifold to be changed to a different
configuration if necessary to accommodate changes in test requirements
within the same clamshell chamber. The universal manifold adapter 20
has several attachment points is(holes) that allow attachment of
interchangeable manifolds. The manifold can be a single horizontal tube
22 with multiple small holes for air discharge. The manifold can be two or
more horizontal tubes 22. FIG. 7A is a schematic diagram of the clamshell
chamber 30 with two horizontal tubes 22 with multiple small holes for air
discharge attached to the universal manifold adapter 20. The manifold can
be a piece of flexible tube to better direct air on the 20device being tested.
The manifold can be a shower-head type to provide uniform distribution of
temperature-controlled air, or any other manifold for distribution of
temperature-controlled air. FIG. 73 is a schematic diagram of the
clamshell chamber 30 with a shower-head type manifold 24 attached to
the universal manifold adaptor 20. FIG. 7C is a schematic diagram of  WO
2007d09027PCTX52007/006344 -19 - the clamshell chamber 30 with a
shower-head type manifold 24 and four horizontal tubes 22 with multiple
small holes for air discharge attached to the universal manifold adaptor
20.        The clamshell chamber 30 also incorporates a unique air
exhausting system to optimize temperature uniformity within the test area.
The clamshell chamber 30 includes a 5mounting platform 38, as shown in
FIG. 6E on which the user places the device being thermally tested. The
device being tested could be a printed circuit board, mechanical or
electronic module or any other device requiring thermal test. The
mounting platform 38 is located above an exhaust port 40, which is
centrally located in the bottom of the clamshell chamber 30, so that all of
the temperature-controlled air entering the clamshell chamber 30
10through the air-in port 45 flows over the device being tested before it
exits the clamshell 



chamber 30. This arrangement optimizes temperature uniformity within
the clamshell chamber 30 as well as temperature response, i.e., changing
set point temperatures is faster. The exhaust is internally routed to the
rear of the clamshell chamber to a rear exhaust 42, as shown in FIG% 6B
and 6E. 15In FIG& 8A, 8B, 9A, 9B, 10A and 108, a source 10 is used as
the temperature- controlled air source for controlling the temperature
within a frontloader chamber 44, in accordance with another embodiment
of the invention. FIGs. 8A and 8B are schematic perspective views of the
frontloader chamber 44 connected to a source 10, in accordance with the
invention. In FIGs. 8A and 8B, the head 14 of the source 10 attaches to
the rear of the 20frontloader chamber 44 either directly or via a flex
extender 32 which transfers the temperature-controlled air from the source
head 14 to the frontloader chamber 44. In FIGs. SA and 8B, the head 14
is attached to the source 10 by a pivoting arm 15. FIGs. 9A and 98 are
schematic perspective views of the frontloader chamber 44 connected to a
source 10, in  WO 2007/109027PCT/1J52007/006344 -2 0 - accordance
with another embodiment of the invention. In FIGs. 9A and 9B, the output
of the source 10 is attached to the rear of the frontloaded chamber 44 via
a flex extender 32 which transfers the temperature-controlled air from the
source 10 to the frontloader chamber 44. FIGs. 10A and 10B are
schematic perspective views of the frontloader chamber 44 connected 5to
a source 10, in accordance with another embodiment of the invention. In
FIGs. 10A and 108, the frontloader chamber 44 is directly docked to the
top of the source 10.        Referring to FIGs. 8A, 8B, 9A, 9B, 10A and 108,
the frontloader chamber 44 includes a front portion 46 connected to a rear
portion 48 by a hinge 47. When the frontloader chamber 44 is in the
closed position, Latches 49 latch the front and rear portions 46 and 48
10together. The frontloader chamber 44 has cable feed-through 51 for
connecting cables to the interior of the frontloader chamber 44.        FIG.
11 is an exploded perspectiv& view of the frontloader chamber 44 of FIGs.
SA and 8B in accordance with an embodiment of the invention. The
thermal insulation design used for the frontloader chamber 44, as shown
in FIG. 11 allows temperature changes to occur 



15much faster than with existing approaches. The frontloader chamber 44
uses thermal insulation 54 between the outer shell 56 of the frontloader
chamber 44 and the inner liner 52 of the frontloader chamber 44. The
inner liner 52 protects the insulation 54 from damage that might result
from frequent use. However, the inner liner 52 is thermally decoupled from
the outer shell 56 to minimize thermal losses and optimize thermal
performance, i.e., temperature 20response and temperature uniformity. In
one embodiment, the inner liner 52 is made of very thin stainless steel to
minimize thermal load, but could be other suitable materials. FIGs. 12A
and 128 are schematic views of the frontloader chamber 44 with a
universal manifold adapter 20 in accordance with an embodiment of the
invention. In FIGs.  WO 2007/109027PCT1US2007/006344 -21- 12A and
I2B, the frontloader chamber 44 is provided with the universal manifold
adapter 20 designed to improve temperature response which reduces
time for completion of a test and, therefore, reduces test cost. The
universal manifold adapter 20 allows interchangeable manifolds to be
used to optimize temperature testing. To optimize thermal performance it
is desirable that the temperature-controlled air being supplied by the
source 10 be directed to the device being tested. Conventional thermal
enclosures (chambers) simply circulate the air with no method for directing
the air to the device being tested. With the universal manifold adapter 20
in the frontloader chamber 44, a manifold can be added to direct the
temperature-controlled air directly to the device being tested. 10The
universal manifold adapter 20 allows the air distribution manifold to be
changed to a different configuration if necessary to accommodate
changes in test requirements within the same fronfloader chamber 44.
The universal manifold adapter 20 has several attachment points (holes)
that allow attachment of interchangeable manifolds. The manifold can be
a single tube 22 with multiple small holes for air discharge. The manifold
can be two or more 15tubes 22 with multiple small holes for air discharge.
The manifold can be a piece of flexible tube to better direct air on the
device being tested. The manifold can be a shower-head type manifold to
provide uniform distribution of temperature-controlled air. FIG. 12A, is a
schematic diagram of the frontloader chamber 44 with a shower-head type
manifold 24 and four horizontal tubes 22 with multiple small holes for air
discharge attached to the universal 



20manifold adapter 20. The manifold can be a bathe system 58, as shown
in FIG. 128, in which a plate uniformly distributes temperature-controlled
air over a large area or any other manifold for distribution of
temperature-controlled air. The frontloader chamber 44 also incorporates
a unique air exhausting system to  WO 2007/109027PCT/US2007/006341
-22- optimize temperature uniformity within the test area. FIGs. 13A-13E
are schematic views of the frontloader chamber 44 in accordance with an
embodiment of the invention. Specifically, FIG. 13A is a schematic view of
the frontloader chamber 44 in a closed position. FIG. I3B is a schematic
view of the frontloader chamber 44 in an open position. FIG. 13C is a
schematic 5top view of the frontloader chamber 44. FIG. I 3D is a
schematic rear view of the frontloader chamber 44. FIG. 13E is a
schematic side view of the frontloader chamber 44. The frontloader
chamber 44 can include various types of shelving on which the user
places the device being thermally tested. The device being tested could
be a printed circuit board, mechanical or electronic module or any other
device requiring thermal test. In the preferred 10embodiment, as shown in
FIGs. 12A, 12B and 13B, the shelving 50 is generally located in horizontal
planes allowing the temperature-controlled air to flow over the device(s)
being tested before it exits the frontloader chamber 44. The shelving 50 is
attached to the frontloader chamber 44 by a mounting device 53. The
mounting device 53 has multiple notches, such that the shelves 50 can be
inserted into the mounting device at multiple 15locations or include
multiple shelves 50. As shown in FIG. I3D, air enters the rear of the
frontloader chamber 44 through the air-in port 61 and flows forward to four
or more exhaust ports areas 60 located so as to optimize thermal
response and temperature uniformity within the frontloader chamber 44.
The exhaust ports areas 60 are shown, in FIG. 13B, in the four forward
corners but could be at other locations to optimize thermal performance.
The exhaust 



2 ois internally routed to the rear of the frontloader chamber 44 through
rear exhaust port 62.        FIGs. 14A-1411 are schematic views of a
self-closing cable feed-through module 64 in accordance with an
embodiment of the invention. The self-closing cable feed-through module
64 of the invention can be used in connection with the frontloader
chamber 44, as shown in  WO 2007/109027PCT/US2007/006344 -23-
FIG. 14F, in connection with the clamshell chamber 30, as shown in FIG.
I40, and in connection with the hood chamber 12, as shown in FIG. 14H,
or in connection with any other standard temperature chamber or other yet
undefined chamber configurations. FIG. I4A is a detailed schematic view
of section A of FIG. 14F, illustrating the cable 5feed-through module 64
used with the frontloader chamber 44, as an example. The self- closing
cable feed-through module 64 provides a convenient way for passing
cables 66 from the exterior of a chamber to the interior of a chamber. The
cables 66 referred to can be for any purpose to support the requirements
of the device being temperature tested in the chamber. The cables 66
connect the device being tested inside the chamber to a test system that
is used 10,to send and/or receive data from the device being tested in the
chamber. The self-closing cable feed-through module 64 is removable
from the chamber for installation of the cables 66. The cables 66 are
routed through a first half 68 and a second half 70 of the self-closing cable
feed-through module 64. The self-closing cable feed-through module 64 is
then installed into the chamber wall and, when installed, the first half 68
and the second half 70 close tightly and 15form a leak-tight seal around
the cables, as shown in FIGs. 14A, 14D and 14E        The self-closing
cable feed-through module 64 is secured in place with clamps 74 as
shown in FIGs. 14A and 14E or by any other suitable means. A dry air
source 76 provides dry air to self-closing cable feed-through module 64 to
ensure that there is no moisture/frost formation during cold temperature
operation. The self-closing cable feed-through module 64 20is connected
to an outer surface of a chamber. When the self-closing cable
feed-through module 64 is in an open position, as shown in FIGs. NB and
I4C, the first half 68 and the second half are separated by rotating the
second half 70 relative to the first half about joint 72. When the
self-closing cable feed-through module 64 is in the open position, the
cables 66 are 



-24 - fed through the first and second halves 68 and 70 into the chamber.
When the self-closing cable feed-through module 64 is in a closed
position, first and second portions are closed and form a leak tight seal
around the cables 66, as shown in FIGs. 14A, 14D and 14E. As shown in
FIGs. 14A, 14B and 14D-14H, self-closing cable feed-through module 64
includes a pull 5handle 78. FIG. 14E is a cross-sectional view along
section B-B of FIG. 14D. As shown in FIG. I4D, the self-closing cable
feed-through module 64 includes insulation 80.       While the present
invention has been particularly shown and described with reference to
exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made
therein without departing from the 10spirit and scope of the present
invention as defined by the following claims.  MCSLIP 25 CLAIMS  1. A
temperature chamber, comprising:        a chamber in which a device can
be located, the chamber being connectable to a 5temperature-controlled
source for providing a temperature-controlled fluid to the chamber to
control temperature of the chamber, and       a self-closing cable
feed-through module connected to an outer surface of thc chamber, the
module comprising a first portion and a second portion, wherein cables
arc fed through the first and second portions into the chamber in a first
position of the 



10module and the first and second portions form a leak tight seal around
the cables in a second position of the module.  2. The temperature
chamber of claim 1, further comprising an exhaust system for exhausting
the fluid from the chamber. 15  3. The temperature chamber of claim 2,
wherein the exhaust system comprises a plurality of exhaust ports
connected internal to the chamber and a single outlet port for allowing the
fluid to exit the chamber. 20 4.The temperature chamber of claim 2,
wherein the exhaust system comprises a plurality of exhaust ports
connected internal to the chamber and multiple outlet ports for allowing
the fluid to exit the chamber.  MC SLLP 26 5.The temperature chamber of
claim 2, wherein the exhaust system comprises an exhaust port centrally
located in the bottom of the chamber and an outlet port for allowing the
fluid to exit the rear of the chamber. 56.The temperature chamber of claim
2, wherein a location of an exhaust is selectable by a user. 7.The
temperature chamber of claim 1, further comprising thermal insulation 



material formed on side surfaces of the chamber. 10  8. The temperature
chamber of claim 7, wherein the chamber has a hood configuration.  9.
The temperature chamber of claim 8, wherein a thin layer of silicone is
bonded 15to the surface of the thermal insulation material.  10. The
temperature chamber of claim 7, wherein the thermal insulation material is
positioned between an outer shell of the chamber and an inner liner of the
chamber 2011.The temperature chamber of claim 10, wherein the inner
liner of the chamber is thermally decoupled from the outer shell. 12.The
temperature chamber of claim 11, wherein the chamber has a clamshell
configuration in which a top portion of the chamber is connected to a
bottom portion of  MCSLLP 27 the chamber such that the top portion is
opened in order to load the device into the chamber. 13. The temperature
chamber of claim 11, wherein the chamber has a front-loader 



5configuration in which a front portion of the chamber is connected to a
rear portion of the chamber such that the front portion is opened in order
to load the device into the chamber. 14. The temperature chamber of
claim 1, wherein the fluid is air. 10  15. The temperature chamber of claim
1, further comprising a universal manifold adaptor for directing the
temperature-controlled fluid directly to the device.  16. The temperature
chamber of claim 15, wherein interchangeable manifolds are 15attachable
to the universal manifold to direct the fluid to the device.  17. The
temperature chamber of claim 16, wherein a manifold comprises a single
horizontal tube with multiple small holes for discharge of the fluid.
2018.The temperature chamber of claim 16, wherein a manifold
comprises a plurality of horizontal tubes with multiple small holes for
discharge of the fluid. 19.The temperature chamber of claim 16, wherein a
manifold has a shower-head configuration to provide uniform distribution
of the fluid.  MCSLLP 28 



20.The temperature chamber of claim 16, wherein a manifold comprises a
baffle system. 521.The temperature chamber of claim 1, wherein the
self-closing cable feed- through module is removable from the chamber.
22. The temperature chamber of claim 1, wherein the self-closing cable
feed-through module is installed into a wall of the chamber, and clamps
secure the self-10closing cable feed-through module to the chamber.  23.
The temperature chamber of claim 1, further comprising a dry air source
for providing dry air to the self-closing cable feed-through module.
1524.The temperature chamber of claim 1, wherein the self-closing cable
feed- through module comprises a joint for rotating the second portion
relative to the first portion.  25. The temperature chamber of claim 1,
wherein the self-closing cable feed- 20through module further comprises
insulation.  26. A temperature control system for controlling temperature of
a device, comprising: a chamber in which the device can be located:
MCSLLP 29 



a temperature-controlled source connected to the chamber for providing a
temperature-controlled fluid to the chamber to control temperature in the
chamber; and       a self-closing cable feed-through module connected to
an outer surface of the chamber, the module comprising a first portion and
a second portion, wherein cables are 5fed through the first and second
portions into the chamber in a first position of the module and the first and
second portions form a leak tight seal around the cables in a second
position of the module.  27. The temperature control system of claim 26,
further comprising a universal 10manifold adaptor for directing the
temperature-controlled fluid directly to the device.  28. The temperature
control system of claim 27, wherein interchangeable manifolds are
attachable to the universal manifold to direct the fluid to the device.
1529.The temperature control system of claim 28, wherein a manifold
comprises a single horizontal tube with multiple small holes for discharge
of the fluid.  30. The temperature control system of claim 28, wherein a
manifold comprises a plurality of horizontal tubes with multiple small holes
for discharge of the fluid. 20  31. The temperature control system of claim
28, wherein a manifold has a shower-head configuration to provide
uniform distribution of the fluid.  MCSLLP 



30  32. The temperature control system of claim 28, wherein a manifold
comprises a baffle system.  33. The temperature control system of claim
26, further comprising an exhaust 5system for exhausting the fluid from
the chamber.  34. The temperature control system of claim 33, wherein
the exhaust system comprises a plurality of exhaust ports connected
internal to the chamber and a single outlet port for allowing the fluid to exit
the chamber. 10  35. The temperature control system of claim 33, wherein
the exhaust system comprises a plurality of exhaust ports connected
internal to the chamber and multiple outlet ports for allowing the fluid to
exit the chamber. 1536.The temperature control system of claim 33,
wherein the exhaust system comprises an exhaust port centrally located
in the bottom of the chamber and an outlet port for allowing the fluid to exit
the rear of the chamber.  37. The temperature control system of claim 33,
wherein a location of an exhaust is 20selectable by a user.  38. The
temperature control systcm of claim 26, further comprising thermal
insulation material formed on side surfaces of the chamber.  CS L. L P 



31  39. The temperature control system of claim 38, wherein the chamber
has a hood configuration.  40. The temperature control system of claim
39, wherein a thin layer of silicone is 5bonded to the surface of the
thermal insulation material.  41. The temperature control system of claim
38, wherein the chamber has a clamshell configuration in which a top
portion of the chamber is connected to a bottom portion of the chamber
such that the top portion is opened in order to load the device 10being
tested into the chamber.  42. The temperature control system of claim 41,
wherein the thermal insulation material is positioned between an outer
shell of the chamber and an inner liner of the chamber 15  43. The
temperature control system of claim 42, wherein the inner liner of the
chamber is thermally decoupled from the outer shell.  44. The temperature
control system of claim 38, wherein the chamber has a front- 20loader
configuration in which a front portion of the chamber is connected to a rear
portion of the chamber such that the front portion is opened in order to
load the device into the chamber.  MCSLLP 



32 45.The temperature control system of claim 44, wherein the thermal
insulation material is positioned between an outer shell of the front-loader
and an inner liner of the chamber. 546.The temperature control system of
claim 45, wherein the inner liner of the chamber is thermally decoupled
from the outer shell. 47.The temperature control system of claim 26,
wherein the fluid is air. 1048.The temperature control system of claim 26,
wherein the self-closing cable feed- through module is removable from the
chamber.    49. The temperature control system of claim 26, wherein the
self-closing cable feed-through module is installed into a wall of the
chamber, and clamps secure the self-15closing cable feed-through
module to the chamber.  50. The temperature control system of claim 26,
further comprising a dry air source for providing dry air to the self-closing
cable feed-through module. 2051.The temperature control system of claim
26, wherein the self-closing cable feed- through module comprises a joint
for rotating the second portion relative to the first portion.  MOBLLP 33 



52. The temperature control system of claim 26, wherein the self-closing
cable feed-through module further comprises insulation.  53. A self-closing
cable feed-through module, comprising: 5a first portion; a second portion;
and a joint for rotating the second portion relative to the first portion,
wherein cables are fed through the first and second portions into an
opening in a temperature chamber in which a device can be located in a
first position of the module and the first and 10second portions form a leak
tight seal around the cables in a second position of the module.  54. The
self-closing cable feed-through module of claim 53, wherein the
self-closing cable feed-through module is removable from the temperature
chamber. 15 55. The self-closing cable feed-through module of claim 53,
further comprising a dry air source for providing dry air to the self-closing
cable feed-through module, 56. The self-closing cable feed-through
module of claim 53, wherein the self-closing 20cable feed-through module
further comprises insulation. 




