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MULTI-STAGE THERMAL ISOLATOR
FOR FOCAL PLANE ARRAYS AND OTHER DEVICES

TECHNICAL FIELD
[0001]  This disclosure is generally directed to thermal isolation. More specifically,
this disclosure relates to a multi-stage thermal isolator for focal plane arrays and other

devices.

.BACKGROUND

[0002] A focal plane array is an image sensing device where pixels are positioned at
the focal plane of a lens. Focal plane arrays are used in various types of applications,
including long wave infrared (LWIR) sensors. In these types of applications, it is often
necessary or desirable to maintain the temperature of a focal plane array at cryogenic
temperatures, Thermal isolators are typically used to couple the colder focal plane arrays to
warmer structures.

[0003] Thermal isolators of various sizes, shapes, and materials have been developed
over the years. When supporting relatively small masses, thermal isolators can be generally
simple in design, but these isolators often suffer from low strengths, high costs, or high
coefficients of thermal expansion (CTE). More efficient thermal isolators often require
multiple components that are assembled together in order to constrain six degrees of freedom
of motion. However, these types of thermal isolators can suffer from low structural stiffness,

low resonant frequencies, and higher thermal conductivities than desired.
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SUMMARY

[0004]  This disclosure provides a multi-stage thermal isolator for focal plane arrays
and other devices.

[0005] In a first embodiment, an-apparatus includes a first interface platform and a
second interface platform. One interface platform is configured to be coupled to a support
structure, and the other interface platform is configured to be coupled to a device that
operates at a temperature different than a temperature of the support structure. The apparatus
also includes at least one intermediate stage platform and struts connecting the first and
second interface platforms to the at least one intermediate stage platform.

[0006] In a second embodiment, a system includes a support structure and a device
configured to operate at a temperature different than a temperature of the support structure,
The system also includes a thermal isolator configured to reduce heat transfer between the
support structure and the device. The thermal isolator includes a first interface platform and a
second interface platform. One interface platform is configured to be coupled to the support
structure, and the other interface platform is configured to be coupled to the device. The
thermal isolator also includes at least one intermediate stage platform and struts connecting
the first and second interface platforms to the at least one intermediate stage platform.

[0007] In a third embodiment, a method includes forming first and second interface
platforms. One interface platform is configured to be coupled to a support structure, and the
other interface platform is configured to be coupled to a device that operates at a temperature
different than a temperature of the support structure. The method also includes forming at
least one intermediate stage platform and forming multiple struts for connecting the first and
second interface platforms to the at least one intermediate stage platform.

[0008]  Other technical features may be readily apparent to one skilled in the art from

the following figures, descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0009] For a more complete understanding of this disclosure and its features,
reference is now made to the following description, taken in conjunction with the
accompanying drawings, in which:

[0010] FIGURE 1 illustrates an example system containing a multi-stage thermal

isolator in accordance with this disclosure;

[0011]  FIGURE 2 illustrates an example multi-stage thermal isolator in accordance
with this disclosure;

[0012]  FIGURE 3 illustrates an example method for thermal isolation using a multi-
stage thermal isolator in accordance with this disclosure; and

[0013] FIGURES 4 and 5 illustrate example methods for forming a multi-stage

thermal isolator in accordance with this disclosure.
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DETAILED DESCRIPTION

[0014] FIGURES 1 through 5, described below, and the various embodiments used to
describe the principles of the present invention in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the invention.
Those skilled in the art will understand that the principles of the present invention may be
implemented in any type of suitably arranged device or system.

[0015] FIGURE 1 illustrates an example system 100 containing a multi-stage thermal
isolator in accordance with this disclosure. As shown in FIGURE 1, the system 100 includes
a support structure 102, a multi-stage thermal isolator 104, and a device 106. The support
structure 102 generally represents a structure on or to which the thermal isolator 104 can be
mounted. The thermal isolator 104 could be mounted on or to the support structure 102 in any
suitable manner, such as by using bolts or other connectors that fit through openings in the
thermal isolator 104. The support structure 102 includes any suitable structure that supports a
thermal isolator, such as a warm-stage bench.

[0016] The device 106 generally represents a structure that operates at a different
temperature (higher or lower) than a temperature of the support structure 102. For example,
the device 106 could be cooled to a temperature below that of the support structure 102, In
some embodiments, the device 106 is cooled to an extremely low temperature, such as to a
temperature within a cryogenic temperature range below 100°K. The device 106 may require
such low temperatures in order to operate correctly. Alternatively, the device 106 could
represent a device that operates at higher temperatures than the support structure 102. The
device 106 includes any suitable structure that operates at a temperature different than that of
a support structure. As a particular example, the device 106 can represent a cryocooled long
wave infrared (LWIR) focal plane array. However, any other suitable device 106 could be
used here.

[0017]  The thermal isolator 104 represents a structure that can be mounted on or to
the support structure 102, and the device 106 can be mounted on ot to fhe thermal isolator
104. The thermal isolator 104 reduces heat transfer between the support structure 102 and the
device 106. Among other things, this can make it easier to maintain the device 106 at a
desired temperature and reduce energy usage by a cooling or heating system that controls a
temperature of the device 106. As described in more detail below, the thermal isolator 104
represents a multi-stage structure having a warm stage platform, a cold stage platform, and at

least one intermediate stage platform that connects the warm and cold stage platforms.
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[0018]  The thermal isolator 104 can be formed from any suitable material(s). The
thermal isolator 104 can also be fabricated using any suitable manufacturing technique(s). In
some embodiments, for example, the thermal isolator 104 can be fabricated from a single
piece of titanium or other material(s) using conventional milling, electric discharge
machining (EDM), or other operations. In other embodiments, the thermal isolator 104 can be
assembled from multiple pieces that are manufactured separately. In yet other embodiments,
the thermal isolator 104 can be integrally formed using casting or injection molding.
Additional details regarding an example embodiment of the thermal isolator 104 are provided
below.

[0019] In some embodiments, at least one temperature control structure 108 can be
mounted on or to the thermal isolator 104, In the example in FIGURE 1, the temperature
control structure 108 is mounted to an intermediate stage platform of the thermal isolator 104.
The temperature control structure 108 can be used in this example to maintain the
intermediate stage platform of the thermal isolator 104 at a desired intermediate temperature
between the temperature of the support structure 102 and-the temperature of the device 106.
The temperature control structure 108 includes any suitable structure for maintaining or
altering the temperature of an intermediate stage platform of a thermal isolator, such as a cold
plate or a heater.

[0020]  Although FIGURE 1 illustrates one example of a system 100 containing a
multi-stage thermal isolator, various changes may be made to FIGURE 1. For example, the
support structure 102 and the device 106 could have any suitable size, shape, and dimensions.
Also, any number of thermal isolators 104 could be used to mount any number of devices 106
on or to one or more support structures 102. In addition, the positions of the support structure
102 and the device 106 could be reversed.

[0021] FIGURE 2 illustrates an example multi-stage thermal isolator 104 in
accordance with this disclosure. As shown in FIGURE 2, the thermal isolator 104 includes a
first interface platform 202 and a second interface platform 204 separated by a gap 206. In
some embodiments, the interface platform 202 is configured to be mounted on or to the
support structure 102, and the interface platform 204 is configured to contact and support the
device 106. In other embodiments, the interface platform 204 is configured to be mounted on
or to the support structure 102, and the interface platform 202 is configured to contact and
support the device 106. The interface platform coupled to the warmer support

structure/device can be referred to as a “warm stage” interface platform, while the interface
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platform coupled to the cooler support structure/device can be referred to as a “cold stage”

interface platform.

[0022]  Each interface platform 202-204 can be formed from any suitable material(s),
such as titanium. Each interface platform 202-204 could also have any suitable size, shape,
and dimensions. While shown as being in the form of a square ring (a square outer shape with
a square-shaped opening), each interface platform 202-204 could have any other suitable
outer shape, and each interface platform 202-204 could have an opening of any other suitable
shape. Further, in this example, the heights of the interface platforms 202-204 are
substantially equal, and all or substantially all of the interface platform 204 resides within the
opening in the interface platform 202. This is not necessarily required. For instance, the
interface platform 204 could have a height that is greater than the height of the interface
platform 202. The interface platform 202 could also have a height that is greater than the
height of the interface platform 204, In addition, the interface platform 204 need not reside
directly within the opening of the interface platform 202,

[0023] The gap 206 exists between the interface platform 202 and the interface
platform 204 along the outer periphery of the interface platform 204. The gap 206 represents
empty space that substantially reduces or prevents heat transfer between the interface
platforms 202-204. The gap 206 could represent any suitable amount of empty space between
the interface platforms 202-204. The empty space within the gap 206 could be filled with one
or more gases or other material(s), or the thermal isolator 104 could operate within a vacuum,

[0024] Note that in some embodiments, the top or outer surfaces of the interface
platforms 202-204 can be substantially coplanar. In particular embodiments, the interface
platforms 202-204 can be coplanar to within one or several millionths of an inch, although
such precision may not be required in certain applications. Such a high level of precision
could be obtained, for example, by fabricating the interface platforms 202-204 and then
“lapping” the structure by running the outer surfaces of the interface platforms 202-204 over
a granite or other table with a polishing compound for a specified length of time (such as one
or more hours). Any other suitable procedure, such as precision grinding or polishing, could
be used to achieve a desired level of co-planarity in the outer surfaces of the interface
platforms 202-204. The use of substantially coplanar interface platforms 202-204 allows for
very precise placement of the device 106 with respect to the support structure 102, Other
techniques could also be used to fabricate the interface platforms 202-204. However, note

that substantial coplanarity of the interface platforrﬁs 202-204 is not required, such as when
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the device 106 can be tuned to handle a height difference between the interface platforms.

[0025]  Various holes 208 are also formed through the interface platforms 202-204.
These holes 208 represent portions of the interface platforms 202-204 through which bolts or
other connectors could be used to secure the interface platforms 202-204 to the support
structure 102 and the device 106. The holes 208 could have any suitable cross-sectional
shape, size, and dimensions depending on the type(s) of connector(s) being used. The holes
208 could also be formed in any suitable manner, such as by using conventional milling
operations or laser drilling operations.

[0026] In this example, the thermal isolator 104 includes at least one intermediate
stage platform 210. The intermediate stage platform 210 physically connects to the interface
platform 202 via struts 212, and the intermediate stage platform 210 physically connects to
the interface platform 204 via struts 214. When the interface platforms 202 is mounted on or
to the support structure 102, the struts 212 help to hold the intermediate stage platform 210 in
place, and the struts 214 help to hold the intefface platform 204 in place. Alternatively, when
the interface platforms 204 is mounted on or to the support structure 102, the struts 214 help
to hold the intermediate stage platform 210 in place, and the struts 212 help to hold the
interface platform 202 in place. The intermediate stage platform 210 can also be coupled to a
temperature control structure 108 that helps to maintain the temperature of the intermediate
stage platform 210 at some intermediate temperature between the temperature of the interface
platform 202 and the temperature of the interface platform 204,

[0027]  The intermediate stage platform 210 could be formed from any suitable
material(s), such as titanium. The intermediate stage platform 210 could also be fabricated in
any suitable manner. The intermediate stage platform 210 could further have any suitable
size, shape, and dimensions. In this example, the intermediate stage platform 210 is shown as
having the form of a square ring with faceted corners and a circular opening. However, the
intermediate stage platform 210 could have any other suitable outer shape and an opening of
any other suitable shape.

[0028]  As shown in FIGURE 2, eight struts 212 form an octopod that couples the
interface platform 202 and the intermediate stage platform 210, and eight struts 214 form an
octopod that couples the interface platform 204 and the intermediate stage platform 210. Each
strut 212-214 could be formed from any suitable material(s), such as titanium. Each strut 212-
214 could also be fabricated in any suitable manner. Each strut 212-214 could further have

any suitable size, shape, and dimensions. In this example, the struts 212-214 are shown as
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having a generally square cross-sectional shape, although the struts 212-214 could have any
other suitable cross-sectional shape. Also, each strut 212-214 may represent a solid structure
or a hollow tube or other structure with empty space within that strut. In general, the struts’
thicknesses or other design parameters can be tuned to provide the desired strength, stiffness,
and/or thermal isolation between platforms, and the struts between one pair of platforms may
or may not have the same size and shape as the struts between another pair of platforms.
Tuning the thermal isolation between platforms using strut thickness or other design
parameter(s) can also be a tool for controlling the position of the stage on which the device
106 is mounted.

[0029]  Note that any number of struts 212-214 could be used in each set of struts in
the thermal isolator 104. In this example, there are eight struts in each set, forming multiple
octopods. In other embodiments, a different number of struts could be used in at least one of
the sets. For instance, each set could include six struts, forming multiple hexapods. Moreover,
in this example, one set of struts 214 is nested inside the other set of struts 212, forming
nested octopods. The term “nested” generally indicates that one set of structures (struts) is
located within another set of structures (struts). In addition, in this example, the struts 212 are
generally parallel with the adjacent struts 214, and the struts 212 are connected to the
intermediate stage platform 210 near locations where the struts 214 are connected to the
intermediate stage platform 210. In other embodiments, however, the inner struts 214 could
be inverted so that the struts 212-214 cross one another when the thermal isolator 104 is
viewed from the side.

[0030]  As noted above, the thermal isolator 104 could be formed from a single piece
of material so that all components of the thermal isolator 104 form an integral device. In
these embodiments, for example, conventional milling operations could be used to form the
interface platforms 202-204, the gap 206, the holes 208, and the intermediate stage platform
210 out of a single piece of material like titanium. Electric discharge machining in two
directions can then be used to remove portions of the material to form the struts 212-214. In
other embodiments, the interface platforms 202-204 and the intermediate stage platform 210
could be machined or otherwise formed separately, such as by using separate pieces of
titanium, The interface platforms 202-204 and the intermediate stage platform 210 could then
be coupled together using struts 212-214 to form a completed isolator. In yet other
embodiments, casting or injection molding can be used to form an integral thermal isolator

104. At some point during fabrication, the interface platforms 202-204 can be processed so
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that their outer surfaces are substantially coplanar.

[0031]  In the design shown in FIGURE 2, the thermal isolator 104 helps to provide
improved or optimally efficient thermal isolation versus structural rigidity through the use of
nested struts that form multiple octopods, hexapods, or other structures. Moreover, the entire
thermal isolator 104 can be fabricated from one or multiple pieces of material, providing a
simple and compact design that can be achieved in various ways. In some embodiments, the
thermal isolator 104 could be as small as about one inch (2.54cm) in width or even smaller,
or the thermal isolator 104 could be much larger. The size can depend, among other things,
on the application and the device 106 to be supported. Further, the thermal isdlator 104 here
offers excellent dimensional stability and can provide substantially coplanar mounting
surfaces for the cold and warm stages to support alignment transfer, In addition, the thermal
isolator 104 can provide highly efficient thermal isolation of the device 106, which may be
particularly useful when parasitic thermal loads are primarily conducted during operation of
cryogenic devices (such as below 100°K).

[0032]  Note that while FIGURE 2 shows a single intermediate stage platform 210, the
thermal isolator 104 could include multiple intermediate stage platforms. For example, one
set of struts could connect the interface platform 202 to a first intermediate stage platform, a
second set of struts could connect the first intermediate stage platform to a second
intermediate stage platform, and a third set of struts could connect the second intermediate
stage platform to the interface platform 204, The intermediate stage platforms could have
associated temperature control structures 108 so that the intermediate stage platforms get
progressively colder. Any number of intermediate stage platforms could be used in the
thermal isolator 104.

[0033]  Also note that the thermal isolator 104 could be used in a wide range of
applications. For instance, smaller thermal isolators 104 could be used in smaller applications
such as handheld infrared imaging devices. Larger thermal isolators 104 could be used in
larger applications, such as satellites or other space-imaging devices. In general, the thermal
isolator 104 could be used in any application where thermal isolation of one component from
another is desired. |

[0034]  Although FIGURE 2 illustrates one example of a multi-stage thermal isolator
104, various changes may be made to FIGURE 2. For example, as noted above, the sizes,
shapes, and dimensions of the components in the thermal isolator 104 shown in FIGURE 2

are examples only. Moreover, multiple intermediate stage platforms could be used in the
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thermal isolator 104, and none, one, some, or all of the intermediate stage platforms could
have associated temperature control structures for adjusting or controlling the temperature(s)
of the intermediate stage platform(s). Further, while shown as having struts arranged in two
octopods, a different number of struts could be used to connect an interface platform to an
intermediate stage platform or to connect two intermediate stage platforms. For instance,
three or more struts could be used to connect two platforms in a thermal isolator. In addition,
any number of thermal isolators 104 could be used to mount any number of devices 106 on or
to one or more support structures 102. As a particular example, it is possible to “stack”
multiple thermal isolators 104, where the interface platform 204 of one isolator 104 is
mounted on or to the interface platform 202 of another isolator 104.

[0035] FIGURE 3 illustrates an example method 300 for thermal isolation using a
multi-stage thermal isolator in accordance with this disclosure. For ease of explanation, the
method 300 is described with respect to the thermal isolator 104 as shown in FIGURE 2
operating in the system 100 as shown in FIGURE 1. The method 300 could be used with any
other suitable thermal isolator and in any other suitable system.

[0036] As shown in FIGURE 3, a thermal isolator is mounted on or to a support
structure at step 302, and a device is mounted on or to the thermal isolator at step 304. This
could include, for example, attaching the thermal isolator 104 to the support structure 102
using bolts or other connectors. This could also include attaching the device 106 to the
thermal isolator 104 using bolts or other comnectors, The support structure 102 could
represent an optical bench or other structure that is typically higher in temperature, and the
device 106 could represent a focal plane array or other device that typically operates at lower
temperature (such as sub-ambient or cryogenic temperatures). Of course, the device 106
could operate at a higher temperature than the support structure 102. The device 106 can
include or be coupled to a cryogenic cooler, heater, or other structure that controls a
temperature of the device 106.

[0037] At least one temperature control structure is mounted to the thermal isolator at
step 306. This could include, for example, mounting one or more temperature control
structures 108 on one or more intermediate stage platforms 210 of the thermal isolator 104,
The temperature control structure(s) 108 can be used to alter the temperature(s) of the
intermediate stage platform(s) 210. However, each intermediate stage platform does not
necessarily require use of its own temperature control structure or even any temperature

control structure,
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[0038]  The temperature of the device is controlled at step 308. This could include, for
example, an external or internal cooling or heating system altering the temperature of the
device 106 to sub-ambient or cryogenic temperatures. One or more temperatures of the one or
more intermediate stages are controlled at step 310. This could include, for example, the
temperature control structure(s) 108 adjusting or controlling the temperature(s) of the
intermediate stage platform(s) 210. The intermediate stage platform(s) 210 could be adjusted
to temperatures between the temperature of the support structure 102 and the temperature of
the device 106. The device can operate at a temperature different than that of the support
structure at step 312, and the device is thermally isolated using the thermal isolator at step
314. This could include, for example, operating the device 106 at the sub-ambient or
cryogenic temperature while the thermal isolator 104 reduces heat transfer from the support
structure 102 to the device 106. This reduced heat transfer can help to reduce or minimize
energy usage or coolant usage needed to maintain the device 106 at a desired temperature or
within a desired temperature range.

[0039]  Although FIGURE 3 illustrates one example of a method 300 for thermal
isolation using a multi-stage thermal isolator, various changes may be made to FIGURE 3.
For example, while shown as a series of steps, various steps in FIGURE 3 could overlap,
occur in parallel, occur in a different order, or occur any number of times. As a particular
example, steps 308-312 could all occur at the same time.

[0040] FIGURES 4 and 5 illustrate example methods 400 and 500 for forming a
multi-stage thermal isolator in accordance with this disclosure. For ease of explanation, the
methods 400 and 500 are described with respect to the thermal isolator 104 as shown in
FIGURE 2. The methods 400 and 500 could be used with any other suitable thermal isolator.

[0041] As shown in FIGURE 4, the method 400 involves fabricating a thermal
isolator as an integral unit. A piece of material is obtained at step 402. This could include, for
example, obtaining a piece of titanium or other material(s) in a size that equals or exceeds the
desired size of the thermal isolator 104,

[0042]  Joined interface platforms and one or more intermediate stage platforms are
formed in the piece of material at step 404. This could include, for example, using
conventional milling or other technique(s) to form the interface platforms 202-204 (without
the gap 206) and the intermediate stage platform(s) 210. Material still resides between the
interface platforms and the intermediate stage platform(s) where struts are to be formed. The

interface platforms are separated from each other at step 406. This could include, for
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example, using conventional milling or other technique(s) to form the gap 206 between the

interface platform 202 and the interface platform 204.

[0043]  Nested struts are formed between the interface platforms and the intermediate
stage platform(s) in the piece of material at step 408. This could include, for example, using
electric discharge machining or other technique(s) to form struts 212-214 that are arranged in
multiple octopods or hexapods. If a single intermediate stage platform 210 is used, struts can
connect the interface platforms 202-204 to the single intermediate stage platform 210. If
multiple intermediate stage platforms 210 are used, struts can connect the interface platforms
202-204 to different intermediate stage platforms 210, and struts can connect the intermediate
stage platforms 210 together. The struts 212-214 are integral to the interface platforms 202-
204 and the intermediate stage platform(s) 210 since they are formed from the same piece of
material.

[0044]  Fabrication of the thermal iéolator is then completed, which could include
planarizing the outer surfaces of the interface platforms at step 410. This could include, for
example, lapping, polishing, or grinding the outer surfaces of the interface platforms 202-204
so that the outer surfaces are substantially coplanar.

[0045]  As shown in FIGURE 5, the method 500 involves fabricating a thermal
isolator using different components that are formed and then assembled together. Interface
platforms are formed at step 502. This could include, for example, using conventional milling
or other technique(s) to form separate interface platforms 202-204 using one or more pieces
of material. One or more intermediate stage platforms are formed at step 504. This could
include, for example, using conventional milling or other technique(s) to form one or more
separate intermediate stage platforms 210 using one or more pieces of material. Struts for the
thermal isolator are formed at step 506. This could include, for example, forming solid or
hollows tubes or other structures using one or more pieces of material.

[0046]  The interface platforms and the intermediate stage platform(s) are coupled
together using a nested arrangement of the struts at step 508. If a single intermediate stage
platform 210 is used, this could include using struts to connect the interface platforms 202-
204 to the single intermediate stage platform 210. If multiple intermediate stage platforms
210 are used, this could include using struts to connect the interface platforms 202-204 to
different intermediate stage platforms 210 and using struts to connect the intermediate stage
platforms 210. Any suitable mechanism can be used to couple a strut to an interface platform

or intermediate stage platform, such as brazing or welding,
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[0047]  Fabrication of the thermal isolator is then completed, which could include
planarizing the outer surfaces of the interface platforms at step 510. This could include, for
example, lapping, polishing, or grinding the outer surfaces of the interface platforms 202-204
so that the outer surfaces are substantially coplanar.

[0048]  Although FIGURES 4 and 5 illustrate examples of methods 400 and 500 for
forming a multi-stage thermal isolator, various changes may be made to FIGURES 4 and 5.
For example, while shown as series of steps, various steps in each figure could overlap, occur
in parallel, occur in a different order, or occur any number of times. Also, a combination of
these techniques could be used to form the thermal isolator 104, such as when some (but not
all) of the interface/intermediate plafforms are integral with various struts and others of the
interface/intermediate platforms are brazed, welded, or otherwise connected to various struts.
Further, planarization of the interface platforms 202-204 is not required, as an offset in height
may be acceptable in various situations. Other techniques could further be used to form the
thermal isolator 104, such as when casting or injection molding is used to form all
components of the thermal isolator 104 simultaneously. One example type of material that
could be used during casting or injection molding is a protruded glass-reinforced
polyetherimide like ULTEM 2300.

[0049] Note that in general, the multi-stage thermal isolator 104 could be used to
separate any structures of different temperatures, regardless of which structures are mounted
on which portions of the thermal isolator 104. Also note that multiple thermal isolators 104
could be stacked. This provides great flexibility in how the thermal isolator(s) 104 can be
used to thermally isolate components.

[0050] It may be advantageous to set forth definitions of certain words and phrases
used throughout this patent document. The terms “include” and “comprise,” as well as
derivatives thereof, mean inclusion without limitation. The term “or” is inclusive, meaning
and/or. The phrase “associated with,” as well as derivatives thereof, may mean to include, be
included within, interconnect with, contain, be contained within, connect to or with, couple to
or with, be communicable with, cooperate with, interleave, juxtapose, be proximate to, be
bound to or with, have, have a property of, have a relationship to or with, or the like. The
phrase “at least one of,” when used with a list of items, means that different combinations of
one or more of the listed items may be used, and only one item in the list may be needed. For
example, “at least one of: A, B, and C” includes any of the following combinations: A, B, C,

Aand B, A and C, Band C, and A and B and C.
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[0051] While this disclosure has described certain embodiments and generally

associated methods, alterations and permutations of these embodiments and methods will be

apparent to those skilled in the art. Accordingly, the above description of example

embodiments does not define or constrain this disclosure. Other changes, substitutions, and

alterations are also possible without departing from the spirit and scope of this disclosure, as

defined by the following claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a first interface platform and a second interface platform, one interface platform
configured to be coupled to a support structure and the other interface platform configured to
be coupled to a device that operates at a temperature different than a temperature of the
support structure;

at least one intermediate stage platform; and

struts connecting the first and second interface platforms to the at least one
intermediate stage platform;

wherein the apparatus is configured to reduce heat transfer between the support

structure and the device.

2. The apparatus of Claim 1, wherein top surfaces of the first and second

interface platforms are substantially coplanar.

3. The apparatus of Claim 1, wherein at least a portion of the second interface

platform resides within an opening of the first interface platform.

4, The apparatus of Claim 1, wherein the struts are arranged in a nested
configuration having first and second sets of struts, the second set of struts located within the

first set of struts.

5. The apparatus of Claim 4, wherein each strut in the first set is substantially

parallel to an adjacent strut in the second set.

6. The apparatus of Claim 1, wherein:

the first interface platform comprises a first square ring having a larger size;

the second interface platform comprises a second square ring having a smaller size;
and

the at least one intermediate stage platform comprises a third square ring with faceted

corners and a circular opening.
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7. The apparatus of Claim 1, wherein the first interface platform, the second

interface platform, the at least one intermediate stage platform, and the struts form an integral

structure.

8. The apparatus of Claim 1, wherein:

at least three struts connect the first interface platform to the at least one intermediate
stage platform; and

at least three struts connect the second interface platform to the at least one

intermediate stage platform.

9. The apparatus of Claim 1, wherein:

the apparatus comprises multiple intermediate stage platforms;

a first set of struts connects the first interface platform to a first of the intermediate
stage platforms;

a second set of struts connects the second interface platform to a second of the
intermediate stage platforms; and

at least one third set of struts connects the intermediate stage platforms.

10. A system comprising:

a support structure;

a device configured to operate at a temperature different than a temperature of the
support structure; and

a thermal isolator configured to reduce heat transfer between the support structure and
the device, the thermal isolator comprising:

a first interface platform and a second interface platform, one interface
platform configured to be coupled to the support structure and the other interface platform
configured to be coupled to the device;

at least one intermediate stage platform; and

struts connecting the first and second interface platforms to the at least one

intermediate stage platform.
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11.  The system of Claim 10, wherein top surfaces of the first and second interface

platforms are substantially coplanar.

12. The system of Claim 10, wherein the struts are arranged in a nested
configuration having first and second sets of struts, the second set of struts located within the

first set of struts.

13.  The system of Claim 12, wherein each strut in the first set is substantially

parallel to an adjacent strut in the second set.

14.  The system of Claim 10, wherein:

the thermal isolator comprises multiple intermediate stage platforms;

a first set of struts connects the first interface platform to a first of the intermediate
stage platforms;

a second set of struts connects the second interface platform to a second of the
intermediate stage platforms; and

at least one third set of struts connects the intermediate stage platforms.

15. A method comprising:

forming first and second interface platforms, one interface platform configured to be
coupled to a support structure and the other interface platform configured to be coupled to a
device that operates at a temperature different than a temperature of the support structure;

forming at least one intermediate stage platform; and

forming multiple struts for connecting the first and second interface platforms to the

at least one intermediate stage platform.

16.  The method of Claim 15, wherein top surfaces of the first and second interface

platforms are substantially coplanar.
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17.  The method of Claim 15, wherein forming the first interface platform and
forming the second interface platform comprise:
forming a joined pair of interface platforms from a single piece of material; and
forming a gap within the joined pair of interface platforms to separate the first and

second interface platforms.

18.  The method of Claim 15, wherein the first interface platform, the second
interface platform, the at least one intermediate stage platform, and the struts are formed

using a single piece of material.

19.  The method of Claim 15, wherein the first interface platform, the second
interface platform, the at least one intermediate stage platform, and the struts are formed as

an integral structure using casting or injection molding.

20. The method of Claim 15, wherein:

the first interface platform, the second interface platform, the at least one intermediate
stage platform, and the struts are formed as separate pieces; and

the method further comprises coupling the struts to the first and second interface

platforms and to the at least one intermediate stage platform using the struts.



WO 2014/105265 PCT/US2013/067826

Sheet 1 of 3

106

100

104

FIG. 2



WO 2014/105265 PCT/US2013/067826

Sheet 2 of 3

300 \

1’1 MOUNT THERMAL ISOLATOR ON OR TO SUPPORT STRUCTURE |

v

304
‘Z—l MOUNT DEVICE ON OR TO THERMAL ISOLATOR |

START
302

v
306 1 MOUNT TEMPERATURE CONTROL STRUCTURE ON OR TO
THERMAL ISOLATOR

308 ¥
_z"‘ CONTROIL TEMPERATURE OF DEVICE |

310
-z, CONTROL TEMPERATURE(S) OF INTERMEDIATE STAGE(S) OF
THERMAL DEVICE

v

312
1 OPERATE DEVICE AT DIFFERENT TEMPERATURE THAN
SUPPORT STRUCTURE

314 ] Y

THERMALLY ISOLATE DEVICE USING THERMAL ISOLATOR




WO 2014/105265 PCT/US2013/067826

Sheet 3 of 3

400 1
START

402 4
42"‘ OBTAIN PIECE OF MATERIAL

v

404
[ FORM JOINED INTERFACE PLATFORMS AND INTERMEDIATE
STAGE PLATFORM(S) OF THERMAL ISOLATOR

.

406
7‘- SEPARATE INTERFACE PLATFORMS

408 i
1 FORM NESTED STRUTS BETWEEN INTERFACE PLATFORMS AND
INTERMEDIATE STAGE PLATFORM(S)

v

PLANARIZE OUTER SURFACES OF INTERFACE PLATFORMS

410 1

v
( END )

FIG. 4

500 ‘k
START

502 v
7" FORM INTERFACE PLATFORMS OF THERMAL ISOLATOR

504 i
U FORM INTERMEDIATE STAGE PLATFORM(S) OF THERMAL
ISOLATOR
506 4
Y FORM STRUTS OF THERMAL ISOLATOR

508 l
—?" COUPLE INTERFACE PLATFORMS AND INTERMEDIATE STAGE
PLATFORM(S) USING NESTED STRUTS

510 1 \ 4

PLANARIZE OUTER SURFACES OF INTERFACE PLATFORMS

v
( END )

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/067826

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1J5/02 G01J5/06
ADD.

GO2B7/00 F25D19/00 HO1L31/024

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOlJ GO2B F25D HO1L

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X SCOTT M. JENSEN ET AL: "<title>Optical 1-20
stability testing of the fiber support
technology (FiST) focal plane assembly of
the SABER instrument</title>",
PROCEEDINGS OF SPIE,
vol. 3435, 17 September 1998 (1998-09-17),
pages 230-241, XP055097638,
ISSN: 0277-786X, DOI: 10.1117/12.323741
figures 2, 3
X US 2008/290221 Al (DUPUIS JEAN [FR] ET AL) 1,10,15
27 November 2008 (2008-11-27)
figure 10
X US 5 058 993 A (WAKUGAWA JASON M [US]) 1,10,15
22 October 1991 (1991-10-22)
figure 12

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 January 2014

Date of mailing of the international search report

29/01/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rodig, Christoph

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/067826
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008290221 Al 27-11-2008 AT 416978 T 15-12-2008
CN 101124116 A 13-02-2008
EP 1676776 Al 05-07-2006
EP 1831075 Al 12-09-2007
ES 2319526 T3 08-05-2009
JP 5050247 B2 17-10-2012
JP 2008544888 A 11-12-2008
US 2008290221 Al 27-11-2008
WO 2006070156 Al 06-07-2006
US 5058993 A 22-10-1991  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

