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(54) TEMPERATURE CONTROL DEVICE AND INSPECTION DEVICE

(57) A temperature control apparatus according to
one embodiment comprises: a refrigeration cycle device
10 including a compressor 11, a first heat exchanger 12,
an expander 13, and a second heat exchanger 15, and
causing a natural refrigerant to circulate; a first fluid
passage 20 including a first side downstream flow path
part that receives and causes the first fluid to flow, the first
fluid exchanging heat with the natural refrigerant passing
through the first heat exchanger 12, the first fluid then
flowing out from the first heat exchanger 12; a second
fluid passage 30 including a second side downstream
flow path part that receives and causes the second fluid to
flow, the second fluid exchanging heat with the natural
refrigerant passing through the second heat exchanger
15, the second fluid then flowing out from the second heat
exchanger 15; and a heat transfer member 40 capable of
receiving and causing the first fluid flowing out from the
first side downstream flow path part to flow, and capable
of receiving and causing the second fluid flowing out from
the second side downstream flow path part to flow.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
a temperature control apparatus and an inspection ap-
paratus.

BACKGROUND ART

[0002] Refrigeration cycle devices using natural refrig-
erants have attracted attention from a viewpoint of en-
vironmental protection. A natural refrigerant has an
ozone depletion potential and a global warming potential
that are extremely lower than those of a general fluor-
ocarbon refrigerant. Therefore, the natural refrigerant is
extremely useful from the viewpoint of environmental
protection.
[0003] Examples of the natural refrigerant include am-
monia, carbon dioxide, air, oxygen, and nitrogen. Among
these, air, oxygen, and nitrogen have extremely low
boiling points and thus enable cooling in an ultra-low
temperature zone.
[0004] As refrigeration cycle devices using natural re-
frigerants, air refrigeration cycle devices using air are
conventionally known (for example, JP6946113B). Such
an air refrigeration cycle device is already used in a large
freezer or the like.

SUMMARY OF THE INVENTION

[0005] When an operation test of a semiconductor
device such as a large scale integration (LSI) or an
integrated circuit (IC) is performed, a device called a
handler device may be used. Generally, the handler
device can cool and heat the semiconductor device,
thereby enabling an operation test of the cooled orheated
semiconductor device.
[0006] A conventional general handler device uses a
freezer that circulates a Peltier element or a fluorocarbon
refrigerant as means for cooling a semiconductor device.
[0007] However, there is a case where the Peltier ele-
ment does not have sufficient durability depending on
desired temperature conditions. In addition, use of fluor-
ocarbon refrigerants is being restricted from the view-
point of environmental protection.
[0008] In addition, in a case where a freezer that cir-
culates a fluorocarbon refrigerant is used in a handler
device, usually, brine is cooled by an evaporator of the
freezer, and the semiconductor device is cooled through
the cooled brine. Furthermore, in a case where the semi-
conductor device is heated in such a handler device, the
brine used for cooling the semiconductor device may be
heated by a heater, and the semiconductor device may
be heated by the heated brine. However, in a case where
the cooled brine is heated up to a desired temperature,
time until the brine reaches the desired temperature is
prolonged. Meanwhile, a handler device for heating may

be used separately from the handler device for cooling,
but it takes time and effort to replace the semiconductor
device between the handler device for cooling and an-
other handler device for heating. In addition, the occupy-
ing size and cost of a device in use may increase.
[0009] Therefore, an object of the present invention is
to provide a temperature control apparatus and an in-
spection apparatus capable of improving durability and
suppressing an increase in device size while ensuring
favorable environmental performance by using a refrig-
eration cycle device using a natural refrigerant.
[0010] A temperature control apparatus according to
an embodiment of the present invention includes: a re-
frigeration cycle device including a compressor, a first
heat exchanger, an expander, and a second heat ex-
changer, in which a natural refrigerant flowing out from
the compressor passes through the first heat exchanger,
the expander, and the second heat exchanger in this
order and then circulates to the compressor, and the
compressor and the expander are connected by a com-
mon drive shaft; a first fluid passage including a first side
upstream flow path part that causes a first fluid to flow into
the first heat exchanger and a first side downstream flow
path part that receives and causes the first fluid to flow,
the first fluid exchanging heat with the natural refrigerant
passing through the first heat exchanger, the first fluid
then flowing out from the first heat exchanger; a second
fluid passage including a second side upstream flow path
part that causes a second fluid to flow into the second
heat exchanger and a second side downstream flow path
part that receives and causes the second fluid to flow, the
second fluid exchanging heat with the natural refrigerant
passing through the second heat exchanger, the second
fluid then flowing out from the second heat exchanger;
and a heat transfer member capable of causing the first
fluid to flow out to the first side upstream flow path part
after receiving and causing the first fluid flowing out from
the first side downstream flow path part to flow, the heat
transfer member being capable of causing the second
fluid to flow out to the second side upstream flow path part
after receiving and causing the second fluid flowing out
from the second side downstream flow path part to flow, in
which the temperature of an object to be temperature-
controlled is controlled through the heat transfer member.
[0011] The temperature control apparatus according to
the one embodiment may further include: a first bypass
flow path connecting the first side downstream flow path
part and the first side upstream flow path part; a first valve
mechanism that adjusts a ratio between a flow rate of the
first fluid flowing from the first side downstream flow path
part to the heat transfer member and a flow rate of the first
fluid flowing through the first bypass flow path; a second
bypass flow path connecting the second side down-
stream flow path part and the second side upstream flow
path part; and a second valve mechanism that adjusts a
ratio between a flow rate of the second fluid flowing from
the second side downstream flow path part to the heat
transfer member and a flow rate of the second fluid
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flowing through the second bypass flow path.
[0012] When the first fluid is caused to flow through the
heat transfer member, the second valve mechanism may
block a flow of the second fluid in the heat transfer
member and allow a flow of the second fluid in the second
bypass flow path, and when the second fluid is caused to
flow through the heat transfer member, the first valve
mechanism may block a flow of the first fluid in the heat
transfer member and allow a flow of the first fluid in the
first bypass flow path.
[0013] In the heat transfer member, there may be
formed a plurality of first heat transfer flow path parts
that causes the first fluid to flow out to the first side
upstream flow path part after receiving and causing the
first fluid flowing out from the first side downstream flow
path part to flow, and a plurality of the first heat transfer
flow path parts may be positioned in parallel so as to be
branched from the first side downstream flow path part.
[0014] In the heat transfer member, there may be
formed a plurality of second heat transfer flow path parts
that causes the second fluid to flow out to the second side
upstream flow path part after receiving and causing the
second fluid flowing out from the second side down-
stream flow path part to flow, and a plurality of the second
heat transfer flow path parts may be positioned in parallel
so as to be branched from the second side downstream
flow path part.
[0015] Each of the first heat transfer flow path parts
may include a first side interface part having a mean-
dering shape, a helical shape, a spiral shape, or a shape
that enlarges a flow path area, each of the second heat
transfer flow path parts may include a second side inter-
face part having a meandering shape, a helical shape, a
spiral shape, or a shape that enlarges a flow path area,
the heat transfer member may be provided with a plurality
of temperature control parts, and any of a plurality of the
first side interface parts and any of a plurality of the
second side interface parts may be close to each other
to form a temperature control source, and the tempera-
ture control part may be provided on a surface of the heat
transfer member on the temperature control source.
[0016] In addition, an inspection apparatus according
to an embodiment includes: a refrigeration cycle device
including a compressor, a first heat exchanger, an ex-
pander, and a second heat exchanger, in which a natural
refrigerant flowing out from the compressor passes
through the first heat exchanger, the expander, and the
second heat exchanger in this order and then circulates
to the compressor, and the compressor and the expander
are connected by a common drive shaft; a first fluid
passage including a first side upstream flow path part
that causes a first fluid to flow into the first heat exchanger
and a first side downstream flow path part that receives
and causes the first fluid to flow, the first fluid exchanging
heat with the natural refrigerant passing through the first
heat exchanger, the first fluid then flowing out from the
first heat exchanger; a second fluid passage including a
second side upstream flow path part that causes a sec-

ond fluid to flow into the second heat exchanger and a
second side downstream flow path part that receives and
causes the second fluid to flow, the second fluid exchan-
ging heat with the natural refrigerant passing through the
second heat exchanger, the second fluid then flowing out
from the second heat exchanger; and a heat transfer
member capable of causing the first fluid to flow out to the
first side upstream flow path part after receiving and
causing the first fluid flowing out from the first side down-
stream flow path part to flow, the heat transfer member
being capable of causing the second fluid to flow out to
the second side upstream flow path part after receiving
and causing the second fluid flowing out from the second
side downstream flow path part to flow, in which the
temperature of an object to be inspected that is held by
a holding member or an object to be inspected that is held
by the heat transfer member is controlled through the
heat transfer member.
[0017] The present invention makes it possible to im-
prove durability while ensuring good environmental per-
formance and to suppress an increase in device size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

[Fig. 1] Fig. 1 is a diagram schematically illustrating
an inspection apparatus according to a first embodi-
ment.
[Fig. 2] Fig. 2 is a diagram illustrating a heat transfer
member and a holding member constituting the in-
spection apparatus of Fig. 1.
[Fig. 3] Fig. 3 is a diagram illustrating a state in which
the temperature of an object to be inspected is con-
trolled by the inspection apparatus illustrated in Fig.
1.
[Fig. 4] Fig. 4 is a diagram illustrating a heat transfer
member constituting an inspection apparatus ac-
cording to a second embodiment.
[Fig. 5] Fig. 5 is a diagram illustrating a heat transfer
member constituting an inspection apparatus ac-
cording to a third embodiment.
[Fig. 6] Fig. 6 is a device illustrating a heat transfer
member and a holding member constituting an in-
spection apparatus according to a fourth embodi-
ment.

MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, embodiments of the present inven-
tion will be described.

<First Embodiment>

[0020] Fig. 1 is a schematic diagram of an inspection
apparatus T1 according to a first embodiment of the
present invention. The inspection apparatus T1 illu-
strated in Fig. 1 includes a refrigeration cycle device
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10 that circulates a natural refrigerant, a first fluid pas-
sage 20 that causes a first fluid to flow, a second fluid
passage 30 that causes a second fluid to flow, a heat
transfer member 40 connected to the first fluid passage
20 and the second fluid passage 30, a holding member
50, and a controller 100. Here, the refrigeration cycle
device 10, the first fluid passage 20, the second fluid
passage 30, and the heat transfer member 40 constitute
a temperature control apparatus 1.
[0021] The inspection apparatus T1 cools or heats an
object to be inspected 60 held by the holding member 50
by the heat transfer member 40 to perform temperature
control. In the present embodiment, the object to be
inspected 60 is an electronic component such as an
LSI or an IC as an example. The inspection apparatus
T1 can perform an operation test of the object to be
inspected 60 in a state where the temperature of the
object to be inspected 60 is controlled to be in a high
temperature range or a low temperature range. In other
words, the inspection apparatus T1 according to the
present embodiment is an inspection apparatus includ-
ing a handler device. However, the object to be inspected
60 is not particularly limited, and an inspection apparatus
according to the present invention may be an inspection
apparatus including a prober that inspects a wafer as an
object to be inspected. In addition, the inspection appa-
ratus according to the present invention can also con-
stitute various inspection apparatuses such as a tester.
[0022] The refrigeration cycle device 10 in the present
embodiment circulates air as a natural refrigerant. In
other words, the refrigeration cycle device 10 is an air
refrigerant cycle device.
[0023] The refrigeration cycle device 10 includes a
compressor 11, a first heat exchanger 12, a recovery
heat exchanger 13, an expander 14, and a second heat
exchanger 15. The refrigeration cycle device 10 connects
the compressor 11, the first heat exchanger 12, the
recovery heat exchanger 13, the expander 14, and the
second heat exchanger 15 through a refrigerant circula-
tion path 16 so that the air circulates in this order. After
being compressed by the compressor 11, the air is cooled
in stages by the first heat exchanger 12 and the recovery
heat exchanger 13 and then flows into the expander 14.
Thereafter, the air is expanded by the expander 14 and
flows out from the expander 14.
[0024] The refrigeration cycle device 10 can lower the
temperature of the air expanded by the expander 14 in a
range of, for example, ‑10°C to ‑110°C and cause the air
to flow into the second heat exchanger 15. The second
heat exchanger 15 is connected to the second fluid
passage 30. Here, the second heat exchanger 15 can
cool the second fluid caused to flow by the second fluid
passage 30 with the low-temperature air flowing therein.
Furthermore, after passing through the second heat ex-
changer 15, the air circulates to the compressor 11.
[0025] Specifically, the air flowing out from the second
heat exchanger 15 exchanges heat with the air flowing
out from the first heat exchanger 12 in the recovery heat

exchanger 13 before circulating to the compressor 11. As
a result, the air before flowing into the expander 14 is
cooled in stages by the first heat exchanger 12 and the
recovery heat exchanger 13. Meanwhile, the tempera-
ture of the air flowing out from the second heat exchanger
15 is increased by the recovery heat exchanger 13 and
then the air flows into the compressor 11.
[0026] The compressor 11 compresses the air flowing
therein and then sends the compressed air to the first
heat exchanger 12. The compressor 11 can raise the
temperature of the compressed air to, for example, 80°C
or more and cause the compressed air to flow into the first
heat exchanger 12. The first heat exchanger 12 is con-
nected to the first fluid passage 20. Here, the first heat
exchanger 12 causes the high-temperature air flowing
out from the compressor 11 and the first fluid to exchange
heat with each other. As a result, the first heat exchanger
12 can cool the air. In addition, the first fluid can be heated
by the high-temperature air flowing into the first heat
exchanger 12.
[0027] In addition, the compressor 11 and the expan-
der 14 are connected by a drive shaft 17A of a common
motor 17. As a result, the compressor 11 and the ex-
pander 14 rotate in conjunction with each other by the
rotation of the drive shaft 17A.
[0028] Note that although the refrigeration cycle device
10 is an air refrigerant cycle device in the present embo-
diment, other types of devices may be used. The refrig-
eration cycle device 10 may be a refrigeration cycle
device that uses nitrogen or the like as a natural refrig-
erant. In addition, the recovery heat exchanger 13 does
not need to be provided.
[0029] The first fluid passage 20 includes a first side
upstream flow path part 21 and a first side downstream
flow path part 22. The first heat exchanger 12 includes an
inflow port into which the first fluid (not illustrated) flows
and an outflow port from which the first fluid flows out. A
downstream end opening of the first side upstream flow
path part 21 is connected to the inflow port of the first heat
exchanger 12, and an upstream end opening of the first
side downstream flow path part 22 is connected to the
outflow port of the first heat exchanger 12. In addition, the
first fluid passage 20 connects an upstream end opening
of the first side upstream flow path part 21 to a down-
stream end opening of a flow path part (first heat transfer
flow path part 41 to be described later) formed in the heat
transfer member 40, and the first fluid passage 20 con-
nects a downstream end opening of the first side down-
stream flow path part 22 to an upstream end opening of
the above-described flow path part formed in the heat
transfer member 40. As a result, the first fluid passage 20
forms a closed circuit in cooperation with the heat transfer
member 40 and circulates the first fluid through the heat
transfer member 40.
[0030] In a case where the first fluid passage 20 circu-
lates the first fluid through the heat transfer member 40,
the first side upstream flow path part 21 causes the first
fluid flowing out from the heat transfer member 40 to flow
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and flow into the first heat exchanger 12. The first side
downstream flow path part 22 receives and causes the
first fluid that has exchanged heat with the natural re-
frigerant in the first heat exchanger 12 to flow. A first side
pump 22A is provided in the first side downstream flow
path part 22. The first side pump 22A generates a driving
force for causing the first fluid to flow. Note that an
installation position of the first side pump 22A is not
particularly limited, and for example, the first side pump
22A may be provided in the first side upstream flow path
part 21.
[0031] In addition, in the present embodiment, there
are provided a first bypass flow path 24 connecting the
first side upstream flow path part 21 and the first side
downstream flow path part 22 and a first valve mechan-
ism 26 that adjusts a ratio between a flow rate of the first
fluid flowing from the first side downstream flow path part
22 to the heat transfer member 40 and a flow rate of the
first fluid flowing through the first bypass flow path 24.
[0032] Specifically, the first bypass flow path 24 is
connected to a part on the downstream side of the first
side pump 22A in the first side downstream flow path part
22. More specifically, the first valve mechanism 26 in the
present embodiment includes a first side three-way valve
27. The first side three-way valve 27 includes a first side
first port 271, a first side second port 272, and a first side
third port 273. Furthermore, a flow path from the first side
first port 271 to the first side second port 272 constitutes a
part of the first side upstream flow path part 21. Further-
more, the first bypass flow path 24 has an upstream end
opening connected to the first side third port 273 and a
downstream end opening connected to the first side
downstream flow path part 22.
[0033] The first side three-way valve 27 can adjust a
ratio between a flow rate of the first fluid received in the
first side first port 271 and flowing out from the first side
second port 272 and a flow rate of the first fluid received in
the first side first port 271 and flowing out from the first
side third port 273. As a result, it is possible to adjust a
ratio between the flow rate of the first fluid flowing from the
first side downstream flow path part 22 to the heat trans-
fer member 40 and the flow rate of the first fluid flowing
through the first bypass flow path 24.
[0034] In a case where the first side three-way valve 27
connects the first side first port 271 and the first side
second port 272 and blocks the first side first port 271 and
the first side third port 273, the first fluid flowing out from
the first heat exchanger 12 returns to the first heat ex-
changer 12 through the heat transfer member 40. In a
case where the first side three-way valve 27 blocks the
first side first port 271 and the first side second port 272
and connects the first side first port 271 and the first side
third port 273, the first fluid flowing out from the first heat
exchanger 12 does not pass through the heat transfer
member 40 but returns to the first heat exchanger 12
through the first bypass flow path 24. Here, a first side
check valve 28 is provided on the upstream side of a
connection position of the first bypass flow path 24 in the

first side upstream flow path part 21. The first side check
valve 28 restricts the first fluid flowing from the first
bypass flow path 24 into the first side upstream flow path
part 21 from flowing back and into the heat transfer
member 40. Note that although the first valve mechanism
26 includes the first side three-way valve 27, a config-
uration in which two or more two-way valves are com-
bined may be used.
[0035] The first fluid is, for example, water. However,
the first fluid is not particularly limited and may be, for
example, brine. The brine may be an ether-based liquid
or a fluorine-based liquid. In addition, the first fluid may be
silicone oil. In addition, the first fluid may be a gas such as
air, nitrogen, or argon.
[0036] The second fluid passage 30 includes a second
side upstream flow path part 31 and a second side down-
stream flow path part 32. The second heat exchanger 15
includes an inflow port into which the second fluid (not
illustrated) flows and an outflow port from which the
second fluid flows out. A downstream end opening of
the second side upstream flow path part 31 is connected
to the inlet port of the second heat exchanger 15, and an
upstream end opening of the second side downstream
flow path part 32 is connected to the outflow port of the
second heat exchanger 15. In addition, the second fluid
passage 30 connects an upstream end opening of the
second side upstream flow path part 31 to a downstream
end opening of a flow path part (second heat transfer flow
path part 42 to be described later) formed in the heat
transfer member 40 and connects a downstream end
opening of the second side downstream flow path part 32
to an upstream end opening of the above-described flow
path part formed in the heat transfer member 40. As a
result, the second fluid passage 30 forms a closed circuit
in cooperation with the heat transfer member 40 and
circulates the second fluid through the heat transfer
member 40.
[0037] In a case where the second fluid passage 30
circulates the second fluid through the heat transfer
member 40, the second side upstream flow path part
31 causes the second fluid flowing out from the heat
transfer member 40 to flow and flow into the second heat
exchanger 15. The second side downstream flow path
part 32 receives and causes the second fluid that has
exchanged heat with the natural refrigerant in the second
heat exchanger 15 to flow. A second side pump 32A is
provided in the second side downstream flow path part
32. The second side pump 32A generates a driving force
for causing the second fluid to flow. Note that an installa-
tion position of the second side pump 32A is not particu-
larly limited, and for example, the second side pump 32A
may be provided in the second side upstream flow path
part 31.
[0038] In addition, in the present embodiment, there
are provided a second bypass flow path 34 connecting
the second side upstream flow path part 31 and the
second side downstream flow path part 32 and a second
valve mechanism 36 that adjusts a ratio between a flow
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rate of the second fluid flowing from the second side
downstream flow path part 32 to the heat transfer mem-
ber 40 and a flow rate of the second fluid flowing through
the second bypass flow path 34.
[0039] Specifically, the second bypass flow path 34 is
connected to a part on the downstream side of the second
side pump 32A in the second side downstream flow path
part 32. More specifically, the second valve mechanism
36 in the present embodiment includes a second side
three-way valve 37. The second side three-way valve 37
includes a second side first port 371, a second side
second port 372, and a second side third port 373.
Furthermore, a flow path from the second side first port
371 to the second side second port 372 constitutes a part
of the second side downstream flow path part 32. Further-
more, the second bypass flow path 34 has an upstream
end opening connected to the second side third port 373
and a downstream end opening connected to the second
side downstream flow path part 32.
[0040] The second side three-way valve 37 can adjust
a ratio between a flow rate of the first fluid received in the
second side first port 371 and flowing out from the second
side second port 372 and a flow rate of the second fluid
received in the second side first port 371 and flowing out
from the second side third port 373. As a result, it is
possible to adjust the ratio between the flow rate of the
second fluid flowing from the second side downstream
flow path part 32 to the heat transfer member 40 and the
flow rate of the second fluid flowing through the second
bypass flow path 34.
[0041] In a case where the second side three-way
valve 37 connects the second side first port 371 and
the second side second port 372 and blocks the second
side first port 371 and the second side third port 373, the
second fluid flowing out from the second heat exchanger
15 returns to the second heat exchanger 15 through the
heat transfer member 40. In a case where the second
side three-way valve 37 blocks the second side first port
371 and the second side second port 372 and connects
the second side first port 371 and the second side third
port 373, the second fluid flowing out from the second
heat exchanger 15 does not pass through the heat
transfer member 40 but returns to the second heat ex-
changer 15 through the second bypass flow path 34.
Here, a second side check valve 38 is provided on the
upstream side of a connection position of the second
bypass flow path 34 in the second side upstream flow
path part 31. The second side check valve 38 restricts the
second fluid flowing from the second bypass flow path 34
into the second side upstream flow path part 31 from
flowing back and into the heat transfer member 40. Note
that although the second valve mechanism 36 includes
the second side three-way valve 37, a configuration in
which two or more two-way valves are combined may be
used.
[0042] In the present embodiment, basically, when the
first fluid is caused to flow through the heat transfer
member 40, the second valve mechanism 36 blocks a

flow of the second fluid in the heat transfer member 40
and allows a flow of the second fluid in the second bypass
flow path 34. Meanwhile, when the second fluid is caused
to flow through the heat transfer member 40, the first
valve mechanism 26 blocks a flow of the first fluid in the
heat transfer member 40 and allows a flow of the first fluid
in the first bypass flow path 24. However, the operation of
such valve mechanisms 26 and 36 is not particularly
limited, and the first fluid and the second fluid may flow
into the heat transfer member 40 simultaneously. Note
that the valve mechanisms 26 and 36 are controlled by
the controller 100.
[0043] The second fluid is, for example, brine. The
brine may be an ether-based liquid or a fluorine-based
liquid. However, the second fluid is not particularly limited
and may be silicone oil or water. In addition, the second
fluid may be a gas such as air, nitrogen, or argon.
[0044] The heat transfer member 40 can receive and
cause the first fluid flowing out from the first side down-
stream flow path part 22 to flow and then flow out to the
first side upstream flow path part 21, and the heat transfer
member 40 can receive and cause the second fluid
flowing out from the second side downstream flow path
part 32 to flow and then flow out to the second side
upstream flow path part 31. Specifically, the first heat
transfer flow path part 41 and the second heat transfer
flow path part 42 are formed in the heat transfer member
40. Furthermore, an upstream end opening of the first
heat transfer flow path part 41 is connected to the down-
stream end opening of the first side downstream flow path
part 22, and a downstream end opening of the first heat
transfer flow path part 41 is connected to the upstream
end opening of the first side upstream flow path part 21. In
addition, an upstream end opening of the second heat
transfer flow path part 42 is connected to the downstream
end opening of the second side downstream flow path
part 32, and a downstream end opening of the second
heat transfer flow path part 42 is connected to the up-
stream end opening of the second side upstream flow
path part 31.
[0045] A plurality of first heat transfer flow path parts 41
and a plurality of second heat transfer flow path parts 42
are formed in the heat transfer member 40 in the present
embodiment. The plurality of first heat transfer flow path
parts 41 is positioned in parallel so as to be branched from
the first side downstream flow path part 22. The plurality
of second heat transfer flow path parts 42 is positioned in
parallel so as to be branched from the second side down-
stream flow path part 32. Specifically, an upstream end
opening of each of the first heat transfer flow path parts 41
is connected to the downstream end opening of the first
side downstream flow path part 22 through a first com-
mon distribution flow path part 41A formed in the heat
transfer member 40. The downstream end opening of
each of the first heat transfer flow path parts 41 is con-
nected to the upstream end opening of the first side
upstream flow path part 21 through a first confluence
and distribution flow path part 41B formed in the heat
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transfer member 40. Similarly, an upstream end opening
of each of the second heat transfer flow path parts 42 is
connected to the downstream end opening of the second
side downstream flow path part 32 through the second
common distribution flow path part 42A formed in the heat
transfer member 40. A downstream end opening of each
of the second heat transfer flow path parts 42 is con-
nected to the upstream end opening of the second side
upstream flow path part 31 through a second confluence
and distribution flow path part 42B formed in the heat
transfer member 40.
[0046] Note that a flow path configuration formed in the
heat transfer member 40 is not limited to the above-
described aspect. For example, without the first common
distribution flow path part 41A and the first confluence
and distribution flow path part 41B formed, each of the
first heat transfer flow path parts 41 may be directly
connected to the first side upstream flow path part 21
and the first side downstream flow path part 22. In addi-
tion, each of the first heat transfer flow path part 41 and
the second heat transfer flow path part 42 may be a single
flow path.
[0047] Fig. 2 illustrates the heat transfer member 40
and the holding member 50. As illustrated in Figs. 1 and 2,
the heat transfer member 40 according to the present
embodiment has a plate shape. Furthermore, in the pre-
sent embodiment, a plurality of temperature control parts
44 protruding in a protrusion shape is provided on one
main surface of the heat transfer member 40. The plur-
ality of temperature control parts 44 is regularly arranged
and in the illustrated example, is arranged in a line. The
temperature control parts 44 may be arranged in a matrix
or in a staggered arrangement. The inspection apparatus
T1 can bring each of the temperature control parts 44 into
contact with the object to be inspected 60. As a result, the
temperature of each of a plurality of objects to be in-
spected 60 can be controlled by a different temperature
control part 44. The temperature control part 44 is raised,
but may be flush with a surrounding part or recessed.
[0048] Here, in the present embodiment, each of the
first heat transfer flow path parts 41 includes a first side
interface part 46 having a meandering shape. Each of the
second heat transfer flow path parts 42 includes a second
side interface part 48 having a meandering shape.
Furthermore, any of a plurality of first side interface parts
46 and any of a plurality of second side interface parts 48
are brought close to each other to form a temperature
control source 40S. Furthermore, the above-described
temperature control part 44 is provided on a surface of the
heat transfer member 40 on each temperature control
source 40S. The temperature control source 40S is posi-
tioned inside the temperature control part 44.
[0049] The heat transfer member 40 is cooled or
heated by the first fluid from the first fluid passage 20
and/or the second fluid from the second fluid passage 30.
Furthermore, the first side interface part 46 and the
second side interface part 48 that are a pair close to each
other constitute the temperature control source 40S, and

the temperature control part 44 provided on the surface of
the heat transfer member 40 is efficiently cooled or
heated by the temperature control source 40S. In other
words, in the first side interface part 46 and the second
side interface part 48, long fluid contact time per prede-
termined area of the heat transfer member 40 is ensured.
As a result, it is possible to efficiently transfer or absorb
heat.
[0050] The first side interface part 46 and the second
side interface part 48 may have any shapes as long as the
shapes make it possible to ensure long fluid contact time
per predetermined area of the heat transfer member 40,
and the shape may be, for example, a helical shape, a
spiral shape, a shape that enlarges a flow path area, or
the like. The thermal conductivity of the heat transfer
member 40 is preferably high, and the heat transfer
member 40 is preferably formed of metal such as alumi-
num or an aluminum alloy.
[0051] Note that in the present embodiment, the first
heat transfer flow path part 41 and the second heat
transfer flow path part 42 are formed in the heat transfer
member 40. However, alternatively, a space for accom-
modating a part of the first fluid passage 20 and a part of
the second fluid passage 30 may be formed in the heat
transfer member 40. In this case, the temperature of the
heat transfer member 40 is controlled by the first fluid
through the part of the first fluid passage 20 and is
controlled by the second fluid through the part of the
second fluid passage 30.
[0052] As illustrated in Fig. 2, the holding member 50
has a plurality of accommodating parts 51 that have
recessed shapes and accommodate surfaces of the
objects to be inspected 60 while exposing the surfaces.
An arrangement pattern of the plurality of accommodat-
ing parts 51 is the same as an arrangement pattern of the
temperature control parts 44 in the heat transfer member
40.
[0053] In the present embodiment, the inspection ap-
paratus T1 can adjust a relative distance between the
heat transfer member 40 and the holding member 50
such that the temperature control part 44 of the heat
transfer member 40 and the object to be inspected 60
held by the holding member 50 come into contact with
each other as illustrated in Fig. 3. Only one of the heat
transfer member 40 and the holding member 50 may be
configured to be movable, or both may be configured to
be movable. Note that although not illustrated, the hold-
ing member 50 is provided with a contact pin that is
electrically connected to the object to be inspected 60
that is an electronic component.
[0054] Returning to Fig. 1, the controller 100 can con-
trol the first valve mechanism 26 and the second valve
mechanism 36. Specifically, when the first fluid is caused
to flow through the heat transfer member 40, the con-
troller 100 controls the first valve mechanism 26 so that
the first valve mechanism 26 allows the flow of the first
fluid in the heat transfer member 40 and blocks the flow of
the first fluid in the first bypass flow path 24. In addition, at
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this time, the controller 100 controls the second valve
mechanism 36 so that the second valve mechanism 36
blocks the flow of the second fluid in the heat transfer
member 40 and allows the flow of the second fluid in the
second bypass flow path 34. Meanwhile, when the sec-
ond fluid is caused to flow through the heat transfer
member 40, the controller 100 controls the first valve
mechanism 26 and the second valve mechanism 36 so
that the first valve mechanism 26 and the second valve
mechanism 36 are in states reverse to the above-de-
scribed states. In addition, the controller 100 can adjust
the relative distance between the heat transfer member
40 and the holding member 50 and can also adjust a
rotation speed of the motor 17.
[0055] The controller 100 may include a computer
including, for example, a CPU, a ROM, and the like
and in this case, performs various processing according
to a program stored in the ROM. In addition, the controller
100 may include another processor or an electric circuit
(for example, field programmable gate alley (FPGA) or
the like).
[0056] The inspection apparatus T1 according to the
present embodiment described above can ensure good
environmental performance by using the refrigeration
cycle device 10 using the natural refrigerant. In addition,
the heat transfer member 40 is cooled or heated by the
first fluid and/or the second fluid cooled or heated by the
refrigeration cycle device 10. Furthermore, since the heat
transfer member 40 has a mechanical configuration for
controlling the temperature of the object to be inspected
60, good durability can be ensured. Furthermore, the
inspection apparatus T1 can cool and heat the heat
transfer member 40 by the single refrigeration cycle
device 10. Therefore, it is possible to suppress an in-
crease in device size.
[0057] In the present embodiment, when the first fluid is
caused to flow through the heat transfer member 40, the
second valve mechanism 36 blocks the flow of the sec-
ond fluid in the heat transfer member 40 and allows the
flow of the second fluid in the second bypass flow path 34.
When the second fluid is caused to flow through the heat
transfer member 40, the first valve mechanism 26 blocks
the flow of the first fluid in the heat transfer member 40
and allows the flow of the first fluid in the first bypass flow
path 24. As a result, it is possible to suppress time for
switching between the temperature control at low tem-
peratures and the temperature control at high tempera-
tures.
[0058] In addition, in the heat transfer member 40, the
plurality of first heat transfer flow path parts 41 is posi-
tioned in parallel so as to be branched from the first side
downstream flow path part 22. The plurality of second
heat transfer flow path parts 42 is positioned in parallel so
as to be branched from the second side downstream flow
path part 32. As a result, the temperatures of the plurality
of objects to be inspected 60 can be efficiently controlled.
In particular, the refrigeration cycle device 10 using the
natural refrigerant can generally ensure high refrigera-

tion capacity and heating capacity. Therefore, the pre-
sent embodiment makes it possible to uniformly and
sufficiently cool or heat the plurality of objects to be
inspected 60, so that a highly reliable inspection can
be efficiently performed.

<Second Embodiment>

[0059] Next, with reference to Fig. 4, an inspection
apparatus T2 according to a second embodiment will
be described. Components in the present embodiment
similar to those in the first embodiment are denoted by the
same reference signs. Hereinafter, only differences from
the first embodiment will be described.
[0060] In the second embodiment, a heat transfer
member 40 holds an object to be inspected 60. The heat
transfer member 40 is formed with a plurality of accom-
modating part and temperature control parts 44’ that
have recessed shapes and accommodates the objects
to be inspected 60. A first side interface part 46 of a first
heat transfer flow path part 41 and a second side inter-
face part 48 of a second heat transfer flow path part 42 are
positioned inside the heat transfer member 40 around the
accommodating part and temperature control part 44’.
[0061] The accommodating part and temperature con-
trol part 44’ holds the object to be inspected 60 through a
mount member 49 placed on a bottom surface. The
mount member 49 is in contact with the bottom surface
and a side surface of the accommodating part and tem-
perature control part 44’. Furthermore, the first side inter-
face part 46 of the first heat transfer flow path part 41 and
the second side interface part 48 of the second heat
transfer flow path part 42 are configured to control the
temperature of the object to be inspected 60 through the
mount member 49. In addition, a contact pin that is
electrically connected to the object to be inspected 60
is passed through the mount member 49. The inspection
apparatus T2 according to the present embodiment may
be configured as an inspection apparatus including a
handler apparatus, may be configured as an inspection
apparatus including a prober, or may be configured as a
tester or the like.

<Third Embodiment>

[0062] Next, with reference to Fig. 5, an inspection
apparatus T3 according to a third embodiment will be
described. Components in the present embodiment si-
milar to those in the first and second embodiments are
denoted by the same reference signs. Hereinafter, only
differences from the first and second embodiments will be
described.
[0063] In the third embodiment, a holding member 50
has an accommodating part 51 that accommodates an
object to be inspected 60. Furthermore, a fluid jacket 52
that causes air or liquid to flow inside the holding member
50 around the accommodating part 51 is formed. The
fluid jacket 52 is opened to an outside in the accommo-
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dating part 51 and can cause air or liquid to flow into the
accommodating part 51. In the present embodiment, the
accommodating part 51 holds a mount member 49, and a
space is formed between the mount member 49 and a
bottom surface of the accommodating part 51. Further-
more, the air or liquid from the fluid jacket 52 flows into the
space into the accommodating part 51. As a result, the air
or liquid from the fluid jacket 52 cools or heats the object
to be inspected 60 through the mount member 49.
[0064] Meanwhile, a heat transfer member 40 is in
contact with the holding member 50 on the fluid jacket
52 that controls the temperature of the air or liquid flowing
through the fluid jacket 52. The heat transfer member 40
cools or heats the air or liquid flowing through the fluid
jacket 52 by a first heat transfer flow path part 41 and/or a
second heat transfer flow path part 42. The inspection
apparatus T3 according to the present embodiment may
be configured as an inspection apparatus including a
handler apparatus, may be configured as an inspection
apparatus including a prober, or may be configured as a
tester or the like.

<Fourth Embodiment>

[0065] Next, with reference to Fig. 6, an inspection
apparatus T4 according to a fourth embodiment will be
described. Components in the present embodiment si-
milar to those in the first to third embodiments are de-
noted by the same reference signs. Hereinafter, only
differences from the first to third embodiments will be
described.
[0066] In the third embodiment, a heat transfer mem-
ber 40 is in contact with a holding member 50, and the
temperature of an object to be inspected 60 held by the
holding member 50 is controlled through the holding
member 50. A configuration of the heat transfer member
40 is similar to that in the first embodiment. Furthermore,
the inspection apparatus T4 includes a movable probe
base 71 that holds a probe 70 in contact with the object to
be inspected 60.
[0067] Although the embodiments of the present in-
vention have been described above, the present inven-
tion is not limited to the above-described embodiments,
and various modifications can be made to the above-
described embodiments. For example, in the above-de-
scribed embodiments, the first fluid passage 20 and the
second fluid passage 30 are connected to the common
heat transfer member 40. Alternatively, a first heat trans-
fer member and a second heat transfer member that are
separated from each other may be used. In this case, the
first heat transfer member receives and causes a first
fluid flowing out from a first side downstream flow path
part 22 of a first fluid passage 20 to flow and then causes a
first fluid to flow out to a first side upstream flow path part
21. The second heat transfer member receives and
causes a second fluid flowing out from a second side
downstream flow path part 32 of a second fluid passage
30 to flow and then causes the second fluid to flow out to a

second side upstream flow path part 31. In this case, the
temperature of an object to be temperature-controlled is
controlled through the first heat transfer member or the
second heat transfer member.

Claims

1. A temperature control apparatus comprising:

a refrigeration cycle device including a compres-
sor, a first heat exchanger, an expander, and a
second heat exchanger, wherein a natural re-
frigerant flowing out from the compressor
passes through the first heat exchanger, the
expander, and the second heat exchanger in
this order and then circulates to the compressor,
and the compressor and the expander are con-
nected by a common drive shaft;
a first fluid passage including a first side up-
stream flow path part that causes a first fluid
to flow into the first heat exchanger and a first
side downstream flow path part that receives
and causes the first fluid to flow, the first fluid
exchanging heat with the natural refrigerant
passing through the first heat exchanger, the
first fluid then flowing out from the first heat
exchanger;
a second fluid passage including a second side
upstream flow path part that causes a second
fluid to flow into the second heat exchanger and
a second side downstream flow path part that
receives and causes the second fluid to flow, the
second fluid exchanging heat with the natural
refrigerant passing through the second heat
exchanger, the second fluid then flowing out
from the second heat exchanger; and
a heat transfer member capable of causing the
first fluid to flow out to the first side upstream flow
path part after receiving and causing the first
fluid flowing out from the first side downstream
flow path part to flow, the heat transfer member
being capable of causing the second fluid to flow
out to the second side upstream flow path part
after receiving and causing the second fluid
flowing out from the second side downstream
flow path part to flow, wherein
a temperature of an object to be temperature-
controlled is controlled through the heat transfer
member.

2. The temperature control apparatus according to
claim 1, further comprising:

a first bypass flow path connecting the first side
downstream flow path part and the first side
upstream flow path part;
a first valve mechanism that adjusts a ratio
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between a flow rate of the first fluid flowing from
the first side downstream flow path part to the
heat transfer member and a flow rate of the first
fluid flowing through the first bypass flow path;
a second bypass flow path connecting the sec-
ond side downstream flow path part and the
second side upstream flow path part; and
a second valve mechanism that adjusts a ratio
between a flow rate of the second fluid flowing
from the second side downstream flow path part
to the heat transfer member and a flow rate of the
second fluid flowing through the second bypass
flow path.

3. The temperature control apparatus according to
claim 2, wherein

when the first fluid is caused to flow through the
heat transfer member, the second valve me-
chanism blocks a flow of the second fluid in
the heat transfer member and allows a flow of
the second fluid in the second bypass flow path,
and
when the second fluid is caused to flow through
the heat transfer member, the first valve me-
chanism blocks a flow of the first fluid in the heat
transfer member and allows a flow of the first
fluid in the first bypass flow path.

4. The temperature control apparatus according to any
one of claims 1 to 3, wherein in the heat transfer
member, there is formed a plurality of first heat
transfer flow path parts that causes the first fluid to
flow out to the first side upstream flow path part after
receiving and causing the first fluid flowing out from
the first side downstream flow path part to flow, and
wherein a plurality of the first heat transfer flow path
parts is positioned in parallel so as to be branched
from the first side downstream flow path part.

5. The temperature control apparatus according to
claim 4, wherein in the heat transfer member, there
is formed a plurality of second heat transfer flow path
parts that causes the second fluid to flow out to the
second side upstream flow path part after receiving
and causing the second fluid flowing out from the
second side downstream flow path part to flow, and
wherein a plurality of the second heat transfer flow
path parts is positioned in parallel so as to be
branched from the second side downstream flow
path part.

6. The temperature control apparatus according to
claim 5, wherein

each of the first heat transfer flow path parts
includes a first side interface part having a
meandering shape, a helical shape, a spiral

shape, or a shape that enlarges a flow path area,
each of the second heat transfer flow path parts
includes a second side interface part having a
meandering shape, a helical shape, a spiral
shape, or a shape that enlarges a flow path area,
the heat transfer member is provided with a
plurality of temperature control parts, and
any of a plurality of the first side interface parts
and any of a plurality of the second side interface
parts are close to each other to form a tempera-
ture control source, and the temperature control
part is provided on a surface of the heat transfer
member on the temperature control source.

7. An inspection apparatus comprising:

a refrigeration cycle device including a compres-
sor, a first heat exchanger, an expander, and a
second heat exchanger, wherein a natural re-
frigerant flowing out from the compressor
passes through the first heat exchanger, the
expander, and the second heat exchanger in
this order and then circulates to the compressor,
and the compressor and the expander are con-
nected by a common drive shaft;
a first fluid passage including a first side up-
stream flow path part that causes a first fluid
to flow into the first heat exchanger and a first
side downstream flow path part that receives
and causes the first fluid to flow, the first fluid
exchanging heat with the natural refrigerant
passing through the first heat exchanger, the
first fluid then flowing out from the first heat
exchanger;
a second fluid passage including a second side
upstream flow path part that causes a second
fluid to flow into the second heat exchanger and
a second side downstream flow path part that
receives and causes the second fluid to flow, the
second fluid exchanging heat with the natural
refrigerant passing through the second heat
exchanger, the second fluid then flowing out
from the second heat exchanger; and
a heat transfer member capable of causing the
first fluid to flow out to the first side upstream flow
path part after receiving and causing the first
fluid flowing out from the first side downstream
flow path part to flow, the heat transfer member
being capable of causing the second fluid to flow
out to the second side upstream flow path part
after receiving and causing the second fluid
flowing out from the second side downstream
flow path part to flow, wherein
a temperature of an object to be inspected that is
held by a holding member or an object to be
inspected that is held by the heat transfer mem-
ber is controlled through the heat transfer mem-
ber.
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