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EXTENDED TRAVEL FLEXURE BEARING AND MICRO CHECK VALVE

The present Application claims benefit of priority to U.S. provisional application 61/536,993,
which was filed in the United States Patent and Trademark Office on September 20, 2011, the

entire contents of which are hereby incorporated by reference.

Background:

[0001] For some IR sensor applications, may be necessary to meet two critical
performance requirements with the same system design configuration: very fast cooldown
time (seconds to reach Sensor operating temperature) and long system operational run times
(enabling the system to operate for thousands of hours without maintenance or service). Also,
in some cases, the ability to abort a mission and re-use the device at a later date can be a

desirable feature and adds operational flexibility.

[0002] The requirements for achieving very quick cooldown time to operating
temperature and maintaining long operational run times are challenging to realize for
applications where weight, size and power are a premium. Applications such as a seeker on
a missile or a surveillance sensor, are preferably small, lightweight, portable and adaptable.
So there is generally a trade—off between quick cooldown time and operational run time

because of size and weight constrains.

[0003] Cryocoolers designed for applications requiring very fast turn on times are
generally based on the Joule Thomson (J-T) effect because of the very high rates of cooling
achievable with this cooling cycle. As a result, applications requiring rapid IR sensor
activation typically use J-T cooling approaches because fast cooldown times are crucial to the
program. However, some variations of J-T type coolers suffer from relatively short run times
because of the size, weight and power penalty associated with running these coolers for long
periods of time. J-T cryostats can be made very small, lightweight and compact but lack
operational run time. Although longer operational times can be realized by supplying a J-T

cooler with large reservoir volumes of very high pressure gasses or very large compressors to
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supply very high pressure gasses, such solutions add to the size, weight and power to the

device.

Summary:

[0004] In view of the foregoing problems, it would be desirable to have a cooler which
can meet the requirements of fast cool-down and long operation time while remaining small,
light-weight, and relatively low-power. The purpose of this document is to address this
problem and provide a design approach which will meet these requirements and be small in
size, low weight and low input power. This Design provides a JT cooler that achieves both
performance requirements and meets size and weight constraints in the same system. Some
variations of the design discussed herein allow for both open and closed cycle modes of
operation in the same IDCA, and thereby achieves both very fast cooldown and extended
steady state continuous operation without the need for bulky gas reservoirs or bulky
compressors. This Design also provides a method of operating a JT cooler to achieve the

above-stated objectives.

[0005] Variations of the devices discussed herein may pertain to an integrated detector
cooler assembly (IDCA) comprising a cryostat having at least one cooling circuit disposed
therein; a compressor; and a refrigerant source having a refrigerant to be provided to the
cooling circuit; where the compressor provides the refrigerant to the cooling circuit, the
cooling circuit being configured for closed-loop operation; and the compressor includes a
compressor pump, the compressor pump including a piston operably connected to an
extended travel spiral flexure bearing, the extended travel spiral flexure bearing having two
or more spiral arms arranged in a spiral pattern originating at a center of the bearing and
extending outward towards an edge of the bearing, being configured for unlimited fatigue life
and further, being configured to enable lateral movement of the piston in a plane

perpendicular to a plane of the extended travel spiral flexure bearing.

[0006] In some variations, the compressor further includes a micro check valve, the micro
check valve comprising: a valve base equipped with an inlet port, a valve seat, a flexure

clamp area and, a flexure travel clearance area; a valve cover equipped with an exhaust port,
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a flexure clamp area, and a flexure travel recess area; and a flexure equipped with a valve
door, a reverse-bend flexure arm connected to the valve door, and a flexure body; where the
valve base, flexure body, and valve cover are bonded together into a micro check valve
assembly configured to have open and closed valve positions, where the closed valve position
is realized when the valve door rests on the valve seat and where an open position is realized
when the valve door is lifted from the valve seat in a flexure space defined by a combination

of the flexure travel recess area and the flexure travel clearance area.

[0007] In some variations, the spiral flexure bearing includes three spiral arms arranged
in a spiral pattern based on a spiral angle of 480 degrees. In some variations, the spiral

flexure bearing has an operating stroke of at least 2.3mm.

[0008] In some variations, the compressor pump includes a second extended travel spiral
flexure bearing. In some variations, the extended travel spiral flexure bearing and the second
extended travel spiral flexure bearing are disposed on opposite sides of a moving magnet

assembly disposed within the compressor pump.

[0009] Some variations include a bearing clamp attached to the spiral flexure bearing, the
bearing clamp including: an outer clamp; and an inner clamp, the outer clamp being
physically separate from the inner clamp; the outer clamp being disposed at the edge of the
bearing and being attached to an outer end of each spiral arm of the flexure bearing; the inner
clamp being disposed at the center of the bearing and being attached to an inner end of each

spiral arm of the flexure bearing.

[0010] In some variations, the compressor pump further includes a housing base arranged
around the moving magnet assembly such that the extended travel spiral flexure is attached to
one end of the housing base and the second extended travel spiral flexure is attached to an

opposite end of the housing base.

[0011] Variations of the devices discussed herein may pertain to an extended travel spiral
flexure bearing having a circular shape, the bearing comprising: two or more spiral arms,

each spiral arm having an outer end disposed near an outer periphery of the flexure bearing
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and an inner end disposed near a center of the flexure bearing, where each of the spiral arms

includes an attachment point at the inner end thereof and at the outer end thereof.

[0012] Some variations may include a bearing clamp to be attached to the spiral flexure
bearing at the attachment points, the bearing including: an outer bearing portion to be
disposed on the outer periphery of the flexure bearing, the outer bearing portion having an
outer periphery and an inner periphery, the outer periphery of the outer bearing portion
having a circular shape, the inner periphery of the outer bearing portion having outer
protruding portions corresponding to the attachment points at the outer ends of the spiral
arms, the outer protruding portions extending from the inner periphery of the outer bearing
portion towards the center of the flexure bearing; and the outer protruding portions being
configured to be attached to the attachment points at the outer ends of the spiral arms, and an
inner bearing portion to be disposed at the center of the flexure bearing, the inner bearing
portion inner protruding portions extending outward from a center of the inner bearing
portion, the inner protruding portions corresponding to the attachment points at the inner ends
of the spiral arms and being configured to be attached to the attachment points at the inner

ends of the spiral arms.

[0013] In some variations, the flexure bearing has a lateral stiffness of at least 27 N/mm.
In some variations, the flexure bearing is made from stainless steel. In some variations, the
spiral arms are arranged in a spiral pattern based on a spiral angle of at least 480 degrees. In
some variations, the flexure bearing includes three spiral arms arranged in a spiral pattern. In
some variations, the bearing has an outer flexure diameter of 70mm. In some variations, the

bearing has an extension capability of 8.5mm.

[0014] Some variations further include a spacer to be attached to the spiral flexure
bearing such that the spacer and the outer bearing portion are on opposite sides of the flexure
bearing, the spacer having a shape substantially similar to that of the outer bearing portion
and having spacer protruding portions corresponding to the attachment points at the outer
ends of the spiral arms, the spacer protruding portions configured to be attached to the

attachment points at the outer ends of the spiral arms.
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[0015] Variations of the devices discussed herein may pertain to a micro check valve
assembly, the assembly comprising: a valve base equipped with an inlet port, a valve seat, a
flexure clamp area and, a flexure travel clearance area; a valve cover equipped with an
exhaust port, a flexure clamp area, and a flexure travel recess area; and a flexure equipped
with a valve door, a reverse-bend flexure arm connected to the valve door, and a flexure
body; where the valve base, flexure body, and valve cover are bonded together into a micro
check valve assembly configured to have open and closed valve positions, where the closed
valve position is realized when the valve door rests on the valve seat and where an open
position is realized when the valve door is lifted from the valve seat in a flexure space
defined by a combination of the flexure travel recess area and the flexure travel clearance

area.

[0016] In some variations, the valve base, valve cover, and flexure are bonded together
by spot welding the valve base, valve cover, and flexure together, the spot welding creating a

spot weld area on each of the valve cover, valve base, and flexure.

[0017] In some variations, the spot weld area includes two spot weld points. In some

variations, at least one of the valve base, valve cover, and flexure are made of stainless steel.

[0018] In some variations, the flexure is stamped from a metal ribbon such that the
flexure is equipped with breakaway tabs on the flexure body. In some variations, the valve
cover is equipped with recessed portions disposed over the breakaway tabs such that the

breakaway tabs protrude out from under the valve cover.

[0019] In some variations, the valve base has a diameter of Smm. In some variations, the
valve is configured to rectify a flow of refrigerant being pumped into an integrated detector

cooler assembly (IDCA) by a compressor pump.

[0020] Variations of the devices discussed herein may pertain to a compressor that pumps
refrigerant for a cooling circuit, the compressor comprising: a compressor pump, the
compressor pump including a piston operably connected to an extended travel spiral flexure

bearing, the extended travel spiral flexure bearing having two or more spiral arms arranged in
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a spiral pattern originating at a center of the bearing and extending outward towards an edge
of the bearing, being configured for unlimited fatigue life and further, being configured to
enable lateral movement of the piston in a plane perpendicular to a plane of the extended

travel spiral flexure bearing.

[0021] In some variations, the compressor includes a micro check valve, the micro check
valve comprising: a valve base equipped with an inlet port, a valve seat, a flexure clamp area
and, a flexure travel clearance area; a valve cover equipped with an exhaust port, a flexure
clamp area, and a flexure travel recess area; and a flexure equipped with a valve door, a
reverse-bend flexure arm connected to the valve door, and a flexure body; where the valve
base, flexure body, and valve cover are bonded together into a micro check valve assembly
configured to have open and closed valve positions, where the closed valve position is
realized when the valve door rests on the valve seat and where an open position is realized
when the valve door is lifted from the valve seat in a flexure space defined by a combination

of the flexure travel recess area and the flexure travel clearance area.

[0022] In some variations, the spiral flexure bearing includes three spiral arms arranged
in a spiral pattern based on a spiral angle of 480 degrees. In some variations, the spiral

flexure bearing has an operating stroke of at least 2.3mm.

[0023] Some variations, may include at least a second extended travel spiral flexure
bearing. In some variations, the extended travel spiral flexure bearing and the second
extended travel spiral flexure bearing are disposed on opposite sides of a moving magnet

assembly disposed within the compressor pump.

[0024] Some variations may include a bearing clamp attached to the spiral flexure
bearing, the bearing clamp including: an outer clamp; and an inner clamp, the outer clamp
being physically separate from the inner clamp; the outer clamp being disposed at the edge of
the bearing and being attached to an outer end of each spiral arm of the flexure bearing; the
inner clamp being disposed at the center of the bearing and being attached to an inner end of

each spiral arm of the flexure bearing.
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[0025] Some variations may include a housing base arranged around the moving magnet
assembly such that the extended travel spiral flexure is attached to one end of the housing
base and the second extended travel spiral flexure is attached to an opposite end of the

housing base.

[0026] Some variations may include a first bearing clamp, of the type and structure
described above, attached to the extended travel spiral flexure bearing in the manner
described above, and a second bearing clamp attached to the second extended travel spiral
flexure, the second bearing clamp being substantially identical to the first bearing clamp and
being arranged, with respect to the second extended travel flexure bearing, in a substantially

identical manner as the first bearing clamp.

[0027] Further scope of applicability of the techniques and solutions discussed herein will
become apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating preferred
embodiments of the techniques and solutions discussed herein, are given by way of
illustration only, since various changes and modifications within the spirit and scope of the
techniques and solutions discussed herein will become apparent to those skilled in the art

from this detailed description.

Brief Description of Drawings

[0028] The techniques and solutions discussed herein will become more fully understood
from the detailed description given herein below and the accompanying drawings which are
given by way of illustration only, and thus are not limitative of the techniques and solutions

discussed herein, and wherein

[0029] Fig. 1 depicts a variation of an IDCA as disclosed herein;
[0030] Fig. 2a depicts a variation of an embodiment of a flexure bearing;
[0031] Fig. 2b depicts an embodiment of an extended travel flexure bearing as described

herein;
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[0032] Fig. 2c depicts an embodiment of a clamp for an embodiment of an extended
travel flexure bearing as disclosed herein;

[0033] Fig. 2d depicts an embodiment of a housing base for an embodiment of an
extended travel flexure bearing as disclosed herein;

[0034] Fig. 3a depicts an embodiment of a bearing assembly including an embodiment of
an extended travel flexure bearing as disclosed herein;

[0035] Fig. 3b depicts an embodiment of a compressor pump including an embodiment
of extended travel flexure bearings as disclosed herein;

[0036] Fig. 4a depicts an embodiment of a base portion of an embodiment of a check
valve as disclosed herein;

[0037] Fig. 4b depicts an embodiment of a flexure portion of an embodiment of a check
valve as disclosed herein;

[0038] Fig. 4c depicts an embodiment of a cover portion of an embodiment of a check
valve as disclosed herein;

[0039] Fig. 4d depicts an embodiment of a valve assembly for an embodiment of a check
valve as disclosed herein;

[0040] Fig. 5a depicts a cutaway of an embodiment of a check valve as disclosed herein;
[0041] Fig. 5b depicts operation of an embodiment of a check valve as disclosed herein;
and

[0042] Fig. 6 depicts an embodiment of a valve assembly of an embodiment of a check
valve as disclosed herein.

[0043] The drawings will be described in detail in the course of the detailed description

of the techniques and solutions discussed herein.

Detailed Description

[0044] The following detailed description refers to the accompanying drawings. The
same reference numbers in different drawings identify the same or similar elements. Also,
the following detailed description does not limit the techniques and solutions discussed
herein. Instead, the scope of the techniques and solutions discussed herein is defined by the

appended claims and equivalents thereof.
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[0045] The above-noted problems can be solved by bringing together three different
technologies. The first is the performance of Hot MWIR sensors, i.e. operating detectors at
temperatures well above 77K. The second is leveraging the high cooling efficiencies of
mixed gas refrigerants at these high sensor operating temperatures. The third is incorporating
the design and operation of planar geometry Joule Thomson cryostats to provide multiple J-T
cooling circuits in the same planar cryostat, a technique not possible in traditional wound

tube heat exchanger J-T cryostat designs.

[0046] In view of the foregoing problems, it would be desirable to have a cooler which
can meet the requirements of fast cool-down and long operation time while remaining small,
light-weight, and relatively low-power. The purpose of this document is to address this
problem and provide a design approach which will meet these requirements and be small in
size, low weight and low input power. This Design provides a J-T cooler that achieves both
performance requirements and meets size and weight constraints in the same system; i.e.
providing both open and closed cycle modes of operation in the same IDCA (integrated
detector cooler assembly), and thereby achieves both very fast cooldown and extended steady
state continuous operation without the need for bulky gas reservoirs or bulky compressors.
This Design also provides a method of operating a J-T cooler to achieve the above-stated

objectives.

[0047] The above problem can be solved by bringing together three different
technologies. The first is the performance of HOT (high operating temperature)
photodetectors such as Infra-Red (IR) sensors, i.e. operating detectors at temperatures above
77K. The second is leveraging the high cooling efficiencies of mixed gas refrigerants at these
high sensor operating temperatures. The third is incorporating the design and operation of
planar geometry J-T cryostats to provide multiple J-T cooling circuits in the same planar
cryostat, a technique not possible in traditional wound tube heat exchanger J-T cryostat

designs.

[0048] An optimal preferred sensor temperature(s) may be selected for the HOT
photodetector(s) in question. In some variations, a preferred temperature range for a HOT

photodetector may be between 100K and 150K. In other variations, a preferred temperature
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range may be up to 250K or higher. In some variations, a HOT photodetector may be an IR
detector configured to detect one or more frequency bands / ranges associated with long-

wave, mid-wave, and short-wave IR.

[0049] Mixed gas refrigerants can then be tailored and, in some cases, optimized to meet
the cooling rates and heat loads of the high temperature detector(s). The high enthalpy
changes achievable with mixed gas refrigerants compared to traditional refrigerants, in
conjunction with high operating temperatures make very fast cooldown times achievable. In
addition, with mixed gasses, the peak pressures and flow rates required for efficient
refrigeration can be substantially reduced compared to traditional refrigerants, in some cases
by an order of magnitude or more. This makes possible the use of relatively small
compressors to provide closed-cycle operation and allows operating in closed-cycle mode
with a small compressor. Planar technology cryostat designs are flexible and make possible
the integration of multiple cooling circuits in the same refrigeration stage of the Dewar and

integrated in an IDCA.

[0050] In some variations, a fast cooldown loop may be activated to achieve fast
cooldown time to make an MWIR sensor operable quickly, and then a valve or switching
device or assembly (such as the diverter manifold shown above) may be used to change the
cryostat over into a closed-loop mode that maintains the operating temperature of the device

for an extended period and / or conserves refrigerant to allow for multiple activation cycles.

[0051] Variations of this concept leverage the advantages of HOT (high operating
temperature) photodetectors such as nBn type MWIR detectors. Variations of HOT
photodetectors may include devices having reduced dark noise or dark current. Some
variations of such devices may include photo-detectors of the type taught in U.S. Patent
7,687,871, issued to Shimon Maimon on March 30, 2010, the entire contents of which are
hereby incorporated by reference, and / or photo-detectors of the type taught in U.S. Patent
Publication 2001/0037097 by Jeff Scott, Published on February 17, 2011, the entire contents
of which are hereby incorporated by reference, and / or of the type taught in U.S. Patent
3,044,435, issued on October 25, 2011 to Jeff Scott, the entire contents of which are hereby

incorporated by reference, and also further variations thereon.
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[0052] Mixed gas refrigerants are tailored and optimized to meet the cooling rates and
heat loads of high temperature detectors. The very high enthalpy changes achievable with
mixed gas refrigerants compared to traditional refrigerants, in conjunction with high
operating temperatures make very fast cooldown times achievable. In addition, with mixed
gasses, the peak pressures and flow rates required for efficient refrigeration can be
substantially reduced compared to traditional refrigerants; i.e. an order of magnitude
decrease. This makes possible the use of relatively small compressors to provide closed cycle

operation and allows operating in close cycle mode with a small compressor.

[0053] Planar technology cryostats design are flexible and make possible the integration
of multiple cooling circuits in the same refrigeration stage of the Dewar and integrated in an
IDCA. This design provides a method of operating a J'T cooler to achieve both performance
requirements and meet size and weight constraints in the same system,; i.e. provide both open
and closed cycle modes of operation in the same IDCA and thereby achieves both very fast
cooldown and extended steady state continuous operation without the need for bulky gas

reservoirs or bulky compressors. A variation of such an IDCA design is shown in Fig. 1.

[0054] In the variation shown, a gas pressure bottle 1040 may include a mixed gas
refrigerant that includes one or more of methane, ethane, Argon, isobutene, nitrogen, krypton,
propane, and R14. When a focal plane array (FPA) 1001 or photodetector disposed on the
cryostat 1060 is activated, the diverter manifold 1030 may be engaged or switched over to
open-loop operation such that the refrigerant from the gas pressure bottle 1040 quickly cools
the FPA 1001 through an open loop cooling circuit in the cryostat 1060. In some variations,

an FPA 1001 may reach a desired operating temperature within ten seconds or less.

[0055] When a desired operating temperature is achieved, the diverter manifold 1030
may be switched over to a closed-loop operation, stopping the flow of refrigerant from the
gas pressure bottle 1040 and engages the compressor 1050, which activates to maintain the
FPA 1001 at the desired operating temperature without a further significant loss of
refrigerant. Although not preferred for quickly cooling an FPA 1001 to a desired operating

temperature, a closed-loop compressor-based 1050 cooling system enables the cryostat 1060
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to maintain the FPA 1001 at the desired operating temperature for a relatively long period of
time. In some cases, compressor-based cooling can allow for extended ongoing operation of
an infra-red FPA 1001 for up to an hour or longer. In some cases, the closed-loop cooling
circuit can operate indefinitely so long as there is power to run the compressor 1050. In some
such variation, a closed-loop cooling circuit may also bring the FPA 1001 down to an
operating temperature, but such a cooldown process may take 30 minutes or longer as

compared to ten seconds or less for a high-flow open loop system.

[0056] In some variations, switching to a closed loop operation may have no effect on the
flow of refrigerant from the gas pressure bottle 1040. In such variations, the FPA 1001 may
be meant for a single-use application or otherwise intended to only be activated once during
the course of a mission or application. In such variations, the gas pressure bottle 1040 may
be reduced in size such that it holds only enough refrigerant for 10 or 20 seconds of use in the
open loop cooling mode. In some such variations, the diverter manifold 1030 may include or
be replaced with a valve that controls the flow of refrigerant from the gas pressure bottle
1040. In further variations, the open loop and closed-loop cooling circuits may be activated
simultaneously or concurrently, such that the closed-loop cooling circuit begins working to
maintain an operating temperature for the FPA 1001 at the same time that the open loop

cooling circuit begins working to reduce the operating temperature to the desired level.

[0057] The variation shown has a diverter manifold 1030 with a charge port. The charge
port may accept a high-pressure refrigerant source or input that can feed a high-flow, open-
loop cooling circuit in the cryostat 1060 and / or can charge a low-pressure reservoir 1040

that can feed a low-pressure, low-flow open loop cooling circuit in the cryostat 1060.

[0058] In some variations, where the FPA 1001 is intended for a single-use application,
such as a missile seeker or a targeting feature of a single-use or limited-use weapon or device,
the diverter 1030 and / or charge port may be omitted . In further variations, the diverter
manifold 1030 may be replaced with a different type of switch or switching paradigm, such
as one or more valves. In some variations, the open and closed loop circuits may each have a
separate, independently controlled valve to allow for either or both of the cooling circuits to

be closed off at any time.
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[0059] The operating temperature of the FPA 1001, as well as the selection of open-loop
or closed-loop cooling may be controlled by the CPE (close proximity electronics) board
1020. Variations of CPE boards 1020 may be custom-made devices or may be programmable
devices that can be configured with a range of operating programs and parameters. The
required logic and programs for control of both the IDCA and the FPA 1001 disposed in the
IDCA may be realized through the CPE board 1020 included in the IDCA. In some
variations, the FPA 1001 may include or otherwise be attached to a motherboard also
disposed inside the dewar of the IDCA. A connector may pass from inside the dewar to the
CPE board for transmission of signals between the FPA 1001 and downstream control and

image processing components / systems.

[0060] The variation shown in Fig. 1 includes a cryostat 1060 having dual cooling
circuits. The cryostat depicted has one cooling circuit disposed therein for open-loop
cooling, and a second cooling circuit for closed-loop cooling. Such a variation helps prevent
unwanted refrigerant loss from the closed-loop cooling system. In some such variations, the
closed-loop and open-loop systems may be simultaneously active for some period while the
FPA 1001 is being brought to operating temperature. In some such variations, the diverter
manifold 1030 or cooling system switch / switches may be configured to allow both cooling

systems to operate simultaneously.

[0061] Such a solution solves both very fast cooldowns for applications having rapid
activation time requirements and provides a means for operating the IDCA in a continuous
closed-cycle mode to support missions with very long periods of operation. It combines the
desirable features of or technologies currently used separately to solve applications
requirements. Further variations of IDCA systems and cryocoolers suitable for the systems,
devices and techniques discussed herein are described in PCT Application No.
PCT/US2012/047688, filed on July 20, 2012, the entire contents of which are hereby

incorporated by reference.

[0062] One aspect of such a solution is the enablement of continuous operation of a JT-

type cryocooler in a close-cycle system (operating in a mode that does not employ a gas
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pressure bottle) by using a piston-type compressor. This may be realized by an improved
compressor and valve assembly that uses one or both of a micro check valve and an extended

travel flexure bearing.

Flexure Bearing

[0063] The flexure bearing enables friction-free linear motion. Having an extended travel
range in an axial direction provides advantages to many mechanisms needing this kind of
motion, but attaining longer travel without exceeding the infinite fatigue life stresses in the
flexing arm requires special geometry. This is especially important in situations where

bearing size cannot easily or readily be increased.

[0064] As shown in Fig. 2a, a spiral pattern 2001 in a flat, disc-shaped flexure 2010 may
provide axial travel at low spring rates and low stresses while reducing lateral excursions
with high lateral spring rates. A flexing element such as the one shown in Fig. 2a may be
used where a limited range of friction free travel is desired. However, such flexing elements
have limited axial travel ranges which are defined and determined by the spiral pattern 2001.
The spiral pattern defines one or more flexing elements 2020 which allow the flexure to
travel axially (perpendicular to the plane of the flexure). The travel range of the flexure is
determined by a length and flexibility of these flexing elements 2020. Extending the
effective axial travel range of such an element is a non-trivial task. A variation of an

extended range flexure bearing is shown in Fig. 2b.

[0065] As can be seen in Fig. 2b, the spiral pattern 2110 of the flexure 2101 provides for
an extended range of movement by increasing the overall length of the flexing elements /
spiral arms 2120. Such length increase is realized, in the variation shown, by removing
portions 2130 of the flexure near the outer ends 2170 of the flexing elements to reduce
stiffness and also by modifying the inner ends 2140 of the flexing elements / spiral arms 2120
to allow for additional reinforcement at or near the point of maximum axial travel 2150.
Such a spiral pattern 2110 may be realized by geometric perturbation of an Archimedes

spiral, as described by an augmenting Fourier series.
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[0066] The shape of the spiral arms (flexing elements) 2120 is tailored to more evenly
distribute the stress of flexing action along the arm, thereby reducing and, in some cases,
eliminating, stress concentration areas. This allows for higher overall train and flexing action
in the bearing. Also, wider spiral arms help maintain radial stiffness. In some variations, a
shape of the spiral angle may be configured to be 480 degrees. In some such variations, a
lateral stiffness of 27 N/mm may be realized with an outer flexure diameter of 70mm. In

some such variations, an extension capability of 8.5mm may be realized.

[0067] Such an extended travel flexure bearing 2101 may be made of various materials.
In one variation, such a bearing may be made from stainless steel. In one variation, such
stainless steel may include UHB 716. Such variations may have an effectively unlimited
fatigue life. In some such variations, unlimited fatigue life may be realized by configuring
the flexure 2101 to have a stress of less than 400 MPa (58kpsi) at full extension. In some

variations, a maximum stress of 600 MPa may be realized.

[0068] Although shown as having three flexing elements 2120, some variations may be
designed so as to have more or fewer flexing elements. In some variations, flexure bearings
having two or one flexing elements may be realized. In some variations, such an extended
travel flexure may be configured to have an operating stroke of between 2 and 3 mm. In
some variations, the operating stroke of such a flexure 2101 may be 2.5mm. In other
variations, the operating stroke of such a flexure may be 2.36mm. In some variations, such a
flexure 2101 may be 0.38mm thick. In other variations, such a flexure may be 0.25mm thick.
In further variations, such an extended travel flexure bearing may be configured to

accommodate a suspended mass of up to 23 grams.

[0069] In the variation shown, the spiral pattern 2110 extends the effective length of the
spiral arms / flexing elements 2120 at the outer radius for longer travel. The removal of some
portions 2130 in some variations may add additional clearance for flexing near the outer base
of each spiral arm 2120. In some variations, the spiral arms 2120 have an increased thickness
as compared to a typical flexure 2010, allowing the extended travel flexure 2101 to maintain
radial stiffness even with increased strain at the flexing element ends 2120 arising from the

increased travel distance.
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[0070] A typical bearing clamp is ring-shaped and attaches to the outer perimeter of the
flexion bearing. A variation of a bearing clamp configured for use with an extended flexure
bearing of the type shown in Fiig. 2b is shown in Fig. 2c. In the variation shown, the bearing
clamp 2260 includes two portions, an outer clamp portion 2201 and an inner clamp portion
2210. 'The outer clamp portion 2201 includes a mounting point 2220 for an outer end of a
flexing element and the inner clamp portion includes a mounting point 2240 for an inner end

of a flexing element.

[0071] For an extended travel flexure bearing, the clamp geometry 2250, 2270 at both
inner and outer ends of the spiral arm / flexing element is configured to be perpendicular to
the direction of the bend. Such a shorter and more efficient clamp line requires less space
and fewer attaching screws. This is so because it simplifies the clamping and mounting,

requiring a single anchor point 2240, 2220 for each end of each arm.

[0072] The effective length of the spiral arms is thereby extended by undercutting the
outer clamp 2201 at the outer diameter in strategic places 2230. In some cases, this may
require one Or more spacers, or extra machining, but the resultant longer arm allows for
longer lateral travel without increasing overall bearing diameter. A spacer may allow for
small clearance for flexing near the outer base of each spiral arm, allowing for increased
movement range without increasing the inner diameter of a housing base. In some variations,

such a spacer may have the same size, shape and geometry as the outer clamp 2201.

[0073] Some variations of an extended travel flexure bearing of the type shown in Fig. 2b
2101 may also be equipped with a housing, as shown in Fiig. 2d. Such a housing 2301 may
be equipped with mounting or attachment points 2310 configured to align with the mounting
points of the external clamp(s) and the spiral arms / flexing members. A variation of an
assembled spiral flexure bearing that includes the components depicted and described in Figs.

2b — 2d is shown in Fig. 3a.

[0074] In the variation depicted in Fig. 3a, an interaction between the clamp 3020 3010,
flexion bearing 3030, and, in the variation depicted, a spacer 3040, is shown. Although

shown as having a spacer 3040 disposed between the housing 3050 and the flexion bearing
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3030, other variations may not use a spacer element or may have a housing 3050 that
includes an integrated spacer portion. In the variation shown, mounting bolts 3001 are used
to connect the clamp 3010 3020, extended travel flexion bearing 3030, optional spacer 3040,
and housing 3050. Other variations may use different fastener types such as rivets or

different fastening methods such as solder or epoxy.

[0075] A variation of a flexure bearing assembly of the type shown in Fig. 3a may be
used in a variation of a piston-type compressor as shown in Fig. 3b. In the variation shown, a
piston 3180 moving along an axis of travel 3170 may be equipped with forward and aft
flexure spiral flexure bearings 3160, 3130 connected to a housing base 3101. At least one of
the flexure bearings 3130 may be equipped with inner and outer top clamp portions 3120,
3110 and, in some variations, a bottom spacer 3150. The flexure bearings may support a
moving magnet assembly 3140 that is part of a motor used to move the piston 3180. A
variation of such a compressor may be employed in a variation of the compressor 1050

depicted in Fig. 1.

[0076] A variation of such a compressor, equipped with extended travel flexure bearings
3160, 3130 configured for unlimited fatigue life, may be operated for an extended period and
at a high rate of movement. The extended flexion / travel distance provided by the flexure
bearing(s) 3160, 3130 reduces or eliminates mechanical fatigue, allowing the compressor to
operate potentially indefinitely. The flexure bearing design also decreases power

consumption by making requiring a reduced amount of force to move the bearing.

Micro Check Valve

[0077] Check valves allow fluid flow in one direction but restrict flow in the opposite
directions. Such valves are useful in pulsating (AC) systems to “rectify” the oscillating
pressure and produce unidirectional (DC) flow. Arrangements may use single or multiple

valves in various combinations to produce such rectified flow.
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[0078] Some variations of check-valve designs are known as “reed valves” because they
utilize a straight, single-element flexure (the reed) which requires a relatively large amount of

space to achieve flexibility.

[0079] Such a design results in a larger open angle at the orifice, inhibiting flow and
making for an inefficient seal when closed. Such a design also makes the valve susceptible to

contamination entrapment, which further impairs sealing and thus performance.

[0080] By reducing the size required to contain the valve, a check valve can be used in
miniature mechanisms. Furthermore, a clamp and / or cover portion applied to the flexure
limits the excursion of the flexing element, preventing damage due to overstressing. Altering
the geometry of the flexure to give it a reverse-bend flexing action allows the flexure to
conform to the flow port seal in the closed position, allowing for an improved seal and
improved performance. This also reduces the bend angle in the open position, allowing for

better flow around the flow port opening.

[0081] One variation of a check valve meeting the above criteria may be made of a 3-
component assembly — a base, a flexing element, and a cover. In some variations, a base
serves as a structural part that mounts the flexing element and includes a metered flow port

and valve seat. A variation of such a base is shown in Fig. 4a.

[0082] In the variation shown, a bottom side of the base may be equipped with a metered
entrance port 4010 and a sealing ring surface 4001. A top side of the base may be equipped
with a valve seat 4040. In some variations, the valve seat is preferably polished to reduce or
eliminate any sources of friction between the valve seat and valve cover, and also reduce or
eliminate the possibility of anything adhering to the valve seat 4040. The valve seat 4040
may be disposed within a flexure travel clearance arca 4030 meant to accommodate the
flexing element (not shown). The base may also include flexure clamp edge(s) 4050, a
sealing ring surface 4060, and a keying notch 4070 that may be used for alignment during
installation and / or manufacturing. The base may also be equipped with designated spot

weld area(s) 4020 where the check valve components may be welded together
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[0083] In some variations, the check valve components are made of metal. In one
variation, the check valve components are made of stainless steel. Such metal variations may
be well suited to assembly through spot welding. In other variations, one or more of the
check valve components may be made of materials such as plastics or polymers. In some
such variations, the valve components may be held together using alternate techniques, such

as epoxy or rivets.

[0084] A variation of a flexing element, or flexure, accommodated in the flexure travel
clearance area 4030 is shown in Fig. 4b. In the variation shown, the flexure is a thin flat
element which bends to open and close the flow port depending on pressure gradients. A
curved, bifurcated flexure design uses a double-reverse bend configuration which reduces
size while also reducing opening angle of the flexed element at the flow port. The flexure
embodiment shown in Fig. 4b is equipped with a valve door 4101 that is meant to cover the
valve seat 4040 of the base shown in Fig. 4a. The flexure embodiment is also equipped with
reverse-bend flex arms 4110 that allow the valve door 4101 to open and close, opening and
closing a flow passage through the valve seat 4040. The flexure embodiment shown may be
made of metal and equipped with designated spot weld areas(s) 4130 on the flexure body

where the flexure may be welded to the base and to a cover.

[0085] In the variation shown, the flexure also has breakoff tab(s) 4120 left over from a
production process whereby flexures are stamped from a ribbon of material. In some
variations, such material may include stainless steel. In other variations, such material may
include plastic or polymer. In other variations, such a breakoff tab 4120 may remain from a
casting or injection molding operation used to make one or more flexures. The flexure may

be attached to a base with a cover of the type depicted in Fig. 4c.

[0086] The cover piece variation shown in Fig. 4c may be used to anchor the flexing
element to the base and also serves to limit its travel. On a top side, the cover piece may be
equipped with one or more exit port(s) 4201 and designated spot weld areas(s) 4230 where
the cover may be welded to the base and flexure. Variations of a cover may also be equipped
with a flexure relief port 4210 to allow for some variations in flexure travel or deformation

and also breakoff relief area(s) 4220 for the flexure breakoff tab(s) 4120.
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[0087] On a bottom side of the cover piece variation shown in Fig. 4c, there may be a
flexure travel recess areca 4280 defined by a standoff piece 4260 and the flexure clamping
edges 4270. In some variations, the flexure travel recess area 4280 of the cover piece may be

configured to match the flexure travel clearance area 4030 of the base shown in Fig 4a.

[0088] A variation of the overall valve, which may be welded together, may be
assembled as shown in Fig 4d. The valve 4301 may be assembled by disposing the flexure
4320 between the cover 4310 and base 4330 portions, with the bottom side of the cover 4310
matching the top side of the base 4330. In some variations, the valve is spot welded together.
In such variations, some or all of the valve components may be made of metal such as, for
example, stainless steel. In other variations, some or all of the valve components may be held
together or otherwise assembled using rivets, epoxy, solder, or other attachment techniques.

Such variations may include components made of metal, plastic, and / or polymer.

[0089] A variation of a valve is depicted in a cutaway view in Iig. 5a to illustrate valve
operation. In the variation shown, the valve is depicted in an open state. The valve cover
clamps the flexure 5120 to the valve base. The valve door 5110 is at an open position, the
maximum opening size of which is defined by the flexure travel recess area 4280 of the valve
cover 5101. The valve cover 5101 also protects the flexing arm(s) of the flexure. In the open
position, the valve defines a flow path 5130 that goes from the entrance port disposed in the
base, through the valve seat opened and closed by the flexure door 5110, and out one or both
exit port(s) of the valve cover. As can be seen from the variation depicted, in an open

condition, the valve cover limits flexure travel while still permitting flow through the valve.

[0090] Another depiction of flexure action (with cover removed) is shown in Fig. 5b. As
can be seen from the figure, when the valve door is seated 5010 on the valve seat, the flexure
clamp edge 5001 helps keep the valve closed by preventing further downward deformation of
the flexure into the flexure travel clearance area of the base. When the valve door is
unseated, or open 5020, the reverse bend flexing arm(s) 5030 deform up into the flexure
travel recess area of the cover piece (not shown), with the upper limit of valve opening

defined by the flexure travel recess area of the cover piece.
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[0091] A variation of an assembled valve is shown in Fig. 6. In the variation shown, a
base 6001, flexure 6010, and cover 6020 may be spot-welded together to form a valve
assembly. In the variation shown, the base may have a Smm diameter and the base and cover
portions of the valve may be made entirely or partially from stainless steel. Such a valve, or
variations thereof, enable continuous operation of a JT-type cryocooler, in a close-cycle

system (without a stored gas bottle) in conjunction with a piston-type compressor.

[0092] The techniques and solutions discussed herein being thus described, it will be
obvious that the same may be varied in many ways. Such variations are not to be regarded as
departure from the spirit and scope of the techniques and solutions discussed herein, and all
such modifications as would be obvious to one skilled in the art are intended to be included

within the scope of the following claims.
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WHAT IS CLAIMED:

1. An integrated detector cooler assembly (IDCA) comprising:

a cryostat having at least one cooling circuit disposed therein;

a compressor; and

a refrigerant source having a refrigerant to be provided to the cooling circuit;
where

the compressor provides the refrigerant to the cooling circuit, the cooling
circuit being configured for closed-loop operation; and

the compressor includes a compressor pump, the compressor pump including a
piston operably connected to an extended travel spiral flexure bearing, the extended travel
spiral flexure bearing having two or more spiral arms arranged in a spiral pattern originating
at a center of the bearing and extending outward towards an edge of the bearing, being
configured for unlimited fatigue life and further, being configured to enable lateral movement

of the piston in a plane perpendicular to a plane of the extended travel spiral flexure bearing.

2. The IDCA of claims 1, the compressor further including a micro check valve, the micro
check valve comprising:

a valve base equipped with an inlet port, a valve seat, a flexure clamp area
and, a flexure travel clearance area;

a valve cover equipped with an exhaust port, a flexure clamp area, and a
flexure travel recess area; and

a flexure equipped with a valve door, a reverse-bend flexure arm connected to

the valve door, and a flexure body;
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where the valve base, flexure body, and valve cover are bonded together into a
micro check valve assembly configured to have open and closed valve positions, where the
closed valve position is realized when the valve door rests on the valve seat and where an
open position is realized when the valve door is lifted from the valve seat in a flexure space
defined by a combination of the flexure travel recess area and the flexure travel clearance

area.

3. The IDCA of claim 1 or 2, where the spiral flexure bearing includes three spiral arms

arranged in a spiral pattern based on a spiral angle of 480 degrees.

4. The IDCA of claim 3, where the spiral flexure bearing has an operating stroke of at least

2.3mm.

5. The IDCA of claims 1 or 2, the compressor pump including a second extended travel

spiral flexure bearing.

6. The IDCA of claim 5, where the extended travel spiral flexure bearing and the second
extended travel spiral flexure bearing are disposed on opposite sides of a moving magnet

assembly disposed within the compressor pump.

7. 'The IDCA of claim 1 or 2, further comprising a bearing clamp attached to the spiral
flexure bearing, the bearing clamp including:
an outer clamp; and

an inner clamp,
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the outer clamp being physically separate from the inner clamp;

the outer clamp being disposed at the edge of the bearing and being attached to
an outer end of each spiral arm of the flexure bearing;

the inner clamp being disposed at the center of the bearing and being attached

to an inner end of each spiral arm of the flexure bearing.

8. The IDCA of claim 6, the compressor pump further including a housing base arranged
around the moving magnet assembly such that the extended travel spiral flexure is attached to
one end of the housing base and the second extended travel spiral flexure is attached to an

opposite end of the housing base.

9. An extended travel spiral flexure bearing having a circular shape, the bearing comprising:
two or more spiral arms, each spiral arm having an outer end disposed near an
outer periphery of the flexure bearing and an inner end disposed near a center of the flexure
bearing,
where each of the spiral arms includes an attachment point at the inner end

thereof and at the outer end thereof.

10. The flexure bearing of claim 9, further comprising a bearing clamp to be attached to the
spiral flexure bearing at the attachment points, the bearing including:

an outer bearing portion to be disposed on the outer periphery of the flexure
bearing, the outer bearing portion having an outer periphery and an inner periphery,

the outer periphery of the outer bearing portion having a circular shape,
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the inner periphery of the outer bearing portion having outer protruding
portions corresponding to the attachment points at the outer ends of the spiral arms, the outer
protruding portions extending from the inner periphery of the outer bearing portion towards
the center of the flexure bearing; and
the outer protruding portions being configured to be attached to the
attachment points at the outer ends of the spiral arms, and
an inner bearing portion to be disposed at the center of the flexure bearing, the
inner bearing portion inner protruding portions extending outward from a center of the inner
bearing portion, the inner protruding portions corresponding to the attachment points at the
inner ends of the spiral arms and being configured to be attached to the attachment points at

the inner ends of the spiral arms.

11. The flexure bearing of claims 9 or 10, where the flexure bearing has a lateral stiffness of

at least 27 N/mm.

12. The flexure bearing of claims 9 or 10, where the flexure bearing is made from stainless

steel.

13. The flexure bearing of claims 9 or 10, where the spiral arms are arranged in a spiral

pattern based on a spiral angle of at least 480 degrees.

14. The flexure bearing of claims 9 or 10, where the flexure bearing includes three spiral

arms arranged in a spiral pattern.
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15. The flexure bearing of claims 9 or 10, where the bearing has an outer flexure diameter of

70mm.

16. The flexure bearing of claims 9 or 10, where the bearing has an extension capability of

8.5mm.

17. 'The flexure bearing of claim 10, further comprising a spacer to be attached to the spiral
flexure bearing such that the spacer and the outer bearing portion are on opposite sides of the
flexure bearing, the spacer having a shape substantially similar to that of the outer bearing
portion and having spacer protruding portions corresponding to the attachment points at the
outer ends of the spiral arms,

the spacer protruding portions configured to be attached to the attachment

points at the outer ends of the spiral arms.

18. A micro check valve assembly, the assembly comprising:

a valve base equipped with an inlet port, a valve seat, a flexure clamp area
and, a flexure travel clearance area;

a valve cover equipped with an exhaust port, a flexure clamp area, and a
flexure travel recess area; and

a flexure equipped with a valve door, a reverse-bend flexure arm connected to
the valve door, and a flexure body;

where the valve base, flexure body, and valve cover are bonded together into a
micro check valve assembly configured to have open and closed valve positions, where the

closed valve position is realized when the valve door rests on the valve seat and where an
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open position is realized when the valve door is lifted from the valve seat in a flexure space
defined by a combination of the flexure travel recess area and the flexure travel clearance

area.

19. The micro check valve assembly of claim 18, where the valve base, valve cover, and
flexure are bonded together by spot welding the valve base, valve cover, and flexure together,

the spot welding creating a spot weld area on each of the valve cover, valve base, and flexure.

20. The micro-check valve assembly of claim 19, the spot weld area including two spot weld

points.

21. The micro check valve assembly of claims 18, 19, or 20, where at least one of the valve

base, valve cover, and flexure are made of stainless steel.

22. The micro check valve assembly of claims 18, 19, or 20, where the flexure is stamped
from a metal ribbon such that the flexure is equipped with breakaway tabs on the flexure

body.

23. The micro check valve assembly of claim 22, where the valve cover is equipped with
recessed portions disposed over the breakaway tabs such that the breakaway tabs protrude out

from under the valve cover.

24. The micro check valve assembly of claims 18, 19, or 20, where the valve base has a

diameter of Smm.
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25. The micro check valve assembly of claims 18, 19, or 20, where the valve is configured to
rectify a flow of refrigerant being pumped into an integrated detector cooler assembly

(IDCA) by a compressor pump.

26. An a compressor that pumps refrigerant for a cooling circuit, the compressor comprising:

a compressor pump, the compressor pump including a piston operably
connected to an extended travel spiral flexure bearing, the extended travel spiral flexure
bearing having two or more spiral arms arranged in a spiral pattern originating at a center of
the bearing and extending outward towards an edge of the bearing, being configured for
unlimited fatigue life and further, being configured to enable lateral movement of the piston

in a plane perpendicular to a plane of the extended travel spiral flexure bearing.

27. The compressor of claim 26, the compressor further including a micro check valve, the
micro check valve comprising:

a valve base equipped with an inlet port, a valve seat, a flexure clamp area
and, a flexure travel clearance area;

a valve cover equipped with an exhaust port, a flexure clamp area, and a
flexure travel recess area; and

a flexure equipped with a valve door, a reverse-bend flexure arm connected to
the valve door, and a flexure body;

where the valve base, flexure body, and valve cover are bonded together into a
micro check valve assembly configured to have open and closed valve positions, where the

closed valve position is realized when the valve door rests on the valve seat and where an
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open position is realized when the valve door is lifted from the valve seat in a flexure space
defined by a combination of the flexure travel recess area and the flexure travel clearance

area.

28. The compressor of claims 26 or 27, where the spiral flexure bearing includes three spiral

arms arranged in a spiral pattern based on a spiral angle of 480 degrees.

29. The compressor of claims 26 or 27, where the spiral flexure bearing has an operating

stroke of at least 2.3mm.

30. The compressor of claims 26 or 27, the compressor pump including a second extended

travel spiral flexure bearing.

31. The compressor of claim 30, where the extended travel spiral flexure bearing and the
second extended travel spiral flexure bearing are disposed on opposite sides of a moving

magnet assembly disposed within the compressor pump.

32. The compressor of claims 26 or 27, further comprising a bearing clamp attached to the
spiral flexure bearing, the bearing clamp including:

an outer clamp; and

an inner clamp,

the outer clamp being physically separate from the inner clamp;

the outer clamp being disposed at the edge of the bearing and being attached to

an outer end of each spiral arm of the flexure bearing;
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the inner clamp being disposed at the center of the bearing and being attached

to an inner end of each spiral arm of the flexure bearing.

33. The compressor of claim 31, the compressor pump further including a housing base
arranged around the moving magnet assembly such that the extended travel spiral flexure is
attached to one end of the housing base and the second extended travel spiral flexure is

attached to an opposite end of the housing base.

34. The compressor of claim 31, further comprising:
a first bearing clamp attached to the extended travel spiral flexure bearing, the
first bearing clamp including
an outer clamp; and
an inner clamp,
the outer clamp being physically separate from the inner clamp;
the outer clamp being disposed at the edge of the bearing and being
attached to an outer end of each spiral arm of the flexure bearing;
the inner clamp being disposed at the center of the bearing and being
attached to an inner end of each spiral arm of the flexure bearing
and a second bearing clamp attached to the second extended travel spiral
flexure, the second bearing clamp being substantially identical to the first bearing clamp and
being arranged, with respect to the second extended travel flexure bearing, in a substantially

identical manner as the first bearing clamp.
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 11-324914 A (MITSUBISHI ELECTRIC CORP.) 26 November 1999 9-17,26,30-34
Y See paragraphs [0016]-[0028] and figures 1-2. 1-8,27-29
A 18-25
X KR 10-1999-0057578 A (LG ELECTRONICS INC.) 15 July 1999 18-25
Y See page 3, lines 11-36 and figures 2-3b. 2-8,27-29
Y JP 07-243743 A (HITACHI LTD.) 19 September 1995 1-8
See abstract and figure 1.
A KR 10-2005-0031777 A (SAMSUNG GWANGJU ELECTRONICS CO., LTD) 06 April 2005 1-17,26-34
See claim 1 and figures 1-4.
A JP 11-182424 A (DAIKIN INDUSTIRY LID.) 06 July 1999 1-17,26-34

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.
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Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other

special reason (as specified)

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

document published prior to the international filing date but later
than the priority date claimed
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

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
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INTERNATIONAL SEFARCH REPORT International application No.
PCT/US2012/056357

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Group [, claims 1-8, drawn to an integrated detector cooler assembly.

Group I1, claims 9-17, drawn to an extended travel spiral flexure bearing.

Group 11, claims 18-25, drawn to a micro check valve assembly.

Group IV, claims 26-34, drawn to a compressor that pumps a refrigerant for a cooling circuit.

1. l:l As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. g As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. l:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Information on patent family members PCT/US2012/056357

Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 11-324914 A 26.11.1999 None

KR 10-1999-0057578 A 15.07.1999 None

JP 07-243743 A 19.09. 1995 None

KR 10-2005-0031777 A 06.04.2005 None

JP 11-182424 A 06.07. 1999 None
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