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cryopumpsystem(100) includesasensor (22, 23, 54, 55)
that measures a measurement parameter related to the
cryopump system (100), a cryopump controller (110) that
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from the sensor (22, 23, 54, 55), to determine an opera-
tion parameter of the cryopump system (100) such that
the measurement parameter follows a target value, and
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mined operation parameter, and a cryopump monitor
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the measurement parameter and time-series data of the
operationparameter and todisplay a time-seriesgraphof
the measurement parameter and a time-series graph of
the operation parameter with time axes thereof aligned
with each other.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a cryopump
system, a cryopumpmonitoringmethod, anda cryopump
monitoring program.

Description of Related Art

[0002] A cryopump is a vacuum pump that captures
gas molecules through condensation and adsorption on
a cryopanel cooled to a cryogenic temperature and that
exhausts the gas molecules. The cryopump is mounted
on a vacuum process device in order to realize a clean
vacuum environment required for semiconductor circuit
manufacturing processes or the like (for example, Japa-
nese Unexamined Patent Publication No. 7‑293438) .

SUMMARY OF THE INVENTION

[0003] During the operation of the cryopump, various
types of data are continuously acquired from the cryo-
pump. Examples of data to be acquired can include a
cooling temperature of each of a cryopanel in the cryo-
pump and a radiation shield surrounding the cryopanel,
an internal pressure of a cryocooler that cools the cryo-
pump, and an operation frequency of a motor for driving
the cryocooler. In one vacuumprocess device, a plurality
of cryopumps are often mounted, and such data is ac-
quired for each cryopump. Such various and large
amounts of data related to the cryopump can be used
in monitoring or diagnosing the cryopump.
[0004] In order to verify that a diagnosis result is ac-
curate, and further, in order to report such verification to a
user of the cryopump as necessary, a design engineer of
the cryopumpmay be required to organize and analyze a
large amount of acquired data so that the state of the
cryopump can be identified. Although such work is actu-
ally performed by an engineer using his/her own know-
how, it is time-consuming. In addition, it is practically
difficult for a user who does not have such know-how
to perform the operation described above.
[0005] An exemplary object of an aspect of the present
invention is to provide a cryopump monitoring technique
helpful in easily identifying a state of a cryopump system.
[0006] According to an aspect of the present invention,
there is provided a cryopump system including a sensor
that measures a measurement parameter related to the
cryopump system, a cryopump controller that is config-
ured to receive the measurement parameter from the
sensor, to determine an operation parameter of the cryo-
pump system such that the measurement parameter
follows a target value, and to operate the cryopump
system with the determined operation parameter, and
a cryopump monitor that is configured to acquire time-

series data of the measurement parameter and time-
series data of the operation parameter and to display a
time-series graph of the measurement parameter and a
time-series graph of the operation parameter with time
axes thereof aligned with each other.
[0007] According to another aspect of the present in-
vention, there is provideda cryopumpmonitoringmethod
including acquiring time-series data of a measurement
parameter related to a cryopump system, acquiring time-
series data of an operation parameter of the cryopump
system, which is controlled such that the measurement
parameter follows a target value, and displaying a time-
series graph of the measurement parameter and a time-
series graph of the operation parameter with time axes
thereof aligned with each other.
[0008] Any combination of the components described
above and substitutions of expressions of the present
inventionbetweenmethods, devices, systems, recording
media, computer programs,and the likearealsoeffective
as aspects of the present invention.
[0009] With the present invention, a cryopump mon-
itoring technique that is helpful in easily identifying a state
of the cryopump system can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a schematic view showing a cryopump
system according to an embodiment.
Fig. 2 is a schematic view showing an example of a
cryopump that can be used in the cryopump system
according to the embodiment.
Fig. 3 is a schematic view showing an example of a
compressor that can be used in the cryopump sys-
tem according to the embodiment.
Fig. 4 is a flowchart showing a cryopump monitoring
method according to the embodiment.
Fig. 5 is a schematic view showing an example of a
cryopumpmonitor that can be used in the cryopump
system according to the embodiment.
Fig. 6 is a schematic view showing an example of
time-series graph display on the cryopump monitor
according to the embodiment.
Fig. 7 is a schematic view showing another example
of the time-series graph display on the cryopump
monitor according to the embodiment.
Fig. 8 is a schematic view showing still another
example of the time-series graph display on the
cryopump monitor according to the embodiment.
Fig. 9 is a schematic view showing another example
of the cryopump system according to the embodi-
ment.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hereinafter, an embodiment for carrying out the
present invention will be described in detail with refer-
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ence to thedrawings. In thedescriptionanddrawings, the
same or equivalent components, members, and proces-
sing will be assigned with the same reference symbols,
and redundant description thereof will be omitted as
appropriate. The scales and shapes of shown parts
are set for convenience in order to make the description
easy to understand and are not to be understood as
limiting unless stated otherwise. The embodiment is
merely an example and does not limit the scope of the
present invention.All characteristicsandcombinations to
be described in the embodiment are not necessarily
essential to the invention.
[0012] Fig. 1 is a schematic view showing a cryopump
system100according to theembodiment. The cryopump
system 100 ismounted on a vacuum process device 200
and is used in order to evacuate a vacuum chamber 202
of the vacuum process device 200 to a desired degree of
vacuum. The vacuum process device 200 is configured
to process a workpiece, such as a wafer, in a vacuum
environment in the vacuum chamber 202 through a de-
sired vacuum process. The vacuum process device 200
may be, for example, an ion implanter, a sputtering
device, a vapor deposition device, or other vacuum pro-
cess devices.
[0013] Thevacuumprocessdevice200 includesahost
controller 204andacasing206, in addition to the vacuum
chamber 202. The host controller 204 is configured to
control communication between the vacuum process
device 200 and the cryopump system 100. The host
controller 204may be configured as a control device that
controls the vacuum process device 200 or may config-
ure a part of such a control device. The casing 206 forms
the exterior of the vacuum process device 200 and
houses various components of the vacuum process de-
vice 200. The vacuum chamber 202 and the host con-
troller 204 are disposed in the casing 206.
[0014] The casing 206 may be an enclosure that cov-
ers the entire surface of the vacuum process device 200.
The casing 206 may include a frame structure in which
the components of the vacuum process device 200 are
provided and which supports the components, a panel
member which partitions the inside of the vacuum pro-
cess device 200 from the outside, and a door which can
be opened and closed for accessing the inside of the
vacuum process device 200 from the outside. The panel
member and the door may be mounted on the frame
structure. The casing 206may include a radiation shield-
ing material such as lead in order to prevent radiation,
which can be generated by the vacuum process device
200, from leaking to the outside.
[0015] Alternatively, the casing 206 may not cover the
entire surface of the vacuum process device 200. For
example, a part of the casing 206 may be opened, and a
part of the vacuumprocess device 200may be seen from
the outside.
[0016] The cryopump system100 includes at least one
cryopump 10, at least one compressor 12, a cryopump
controller 110, a network 120, and a cryopump monitor

130.
[0017] The cryopump 10 is attached to the vacuum
chamber 202 in order to evacuate the vacuum chamber
202 of the vacuum process device 200. Accordingly, the
cryopump10 is disposed in the casing 206 of the vacuum
process device 200 together with the vacuum chamber
202. An exemplary configuration of the cryopump 10 that
canbeused in the cryopumpsystem100according to the
embodiment will be described later with reference to Fig.
2.
[0018] The compressor 12 is provided in order to sup-
ply and discharge a refrigerant gas to and from an ex-
pander (to be described later) provided in the cryopump
10. The compressor 12 is connected to the expander of
the cryopump 10 by a gas line 13 and is disposed outside
the casing 206 of the vacuum process device 200. The
gas line 13 includes a high pressure line 13a that con-
nects the compressor 12 to the expander such that the
refrigerant gas is supplied from the compressor 12 to the
expander and a low pressure line 13b that connects the
compressor 12 to the expander such that the refrigerant
gas is collected from the expander to the compressor 12.
An exemplary configuration of the compressor 12 that
canbeused in the cryopumpsystem100according to the
embodiment will be described later with reference to Fig.
3.
[0019] In the cryopump system 100, a plurality of cryo-
pumps 10, for example, several to tens of cryopumps 10
or more may be provided. In addition, in order to supply
and discharge the refrigerant gas to and from the cryo-
pumps 10, a plurality of compressors 12may beprovided
in the cryopump system 100.
[0020] The cryopump controller 110 is configured to
control the cryopump system 100 in a comprehensive
manner based on a command received from the host
controller 204. In addition, the cryopump controller 110 is
configured to transmit information related to the cryo-
pump system 100 to the host controller 204. Accordingly,
the cryopump controller 110 can control the cryopump 10
and the compressor 12 based on the command from the
host controller 204 and can transmit information related
to the cryopump 10 and information related to the com-
pressor 12 to the host controller 204.
[0021] Thecryopumpcontroller 110 is connected to the
host controller 204byafirst communication line208soas
to be able to communicate therewith. The first commu-
nication line 208 may be a communication cable such as
RS‑232C. As an example, similar to the host controller
204, the cryopump controller 110 is disposed in the
casing 206 of the vacuum process device 200. As an-
other example, the cryopump controller 110 may be
disposed in the casing 206 of the vacuumprocess device
200.
[0022] Although details will be described later, the
cryopump system 100 includes a sensor that measures
a measurement parameter related to the cryopump sys-
tem 100. In the cryopump system 100, a plurality of
sensors (for example, a first temperature sensor 22
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and a second temperature sensor 23 provided in the
cryopump 10, a first pressure sensor 54 and a second
pressure sensor 55 provided in the compressor 12, and
the like) thatmeasuremeasurementparametersdifferent
from each other may be provided. In a case where the
cryopump system 100 includes the plurality of cryo-
pumps 10, such a plurality of sensors may be provided
for each of the cryopumps 10.
[0023] Thecryopumpcontroller 110maybeconfigured
to receivemeasurement parameters from the sensors, to
determine an operation parameter of the cryopump sys-
tem 100 (for example, the operation frequency of an
expander motor 30) such that the measurement para-
meters follow target values, and to operate the cryopump
10 with the determined operation parameter. In a case
where the cryopump system 100 includes the plurality of
cryopumps 10, the cryopump controller 110 may be
configured to receive themeasurement parameters from
the sensors of the cryopump 10 for each of the plurality of
cryopumps 10, to determine the operation parameter of
the cryopump10 such that themeasurement parameters
follow the target values, and to operate the cryopump 10
with the determined operation parameter.
[0024] The network 120 connects the cryopump 10 to
the cryopump controller 110 so as to be able to commu-
nicate with each other. The cryopump system 100 trans-
mits information related to the cryopump 10 between the
cryopump 10 and the cryopump controller 110 via the
network 120. The cryopump 10 is connected to the
cryopump controller 110 by a second communication line
122. The second communication line 122 may be a
communication cable such as RS‑485.
[0025] The network 120 further connects the compres-
sor 12 to the cryopump controller 110 so as to be able to
communicatewith eachother. Thecryopumpsystem100
transmits information related to the compressor 12 be-
tween the compressor 12 and the cryopump controller
110via thenetwork120.Thecompressor12 is connected
to the cryopump controller 110 by a third communication
line 123. The third communication line 123 may be a
communication cable such as RS‑485.
[0026] The cryopump monitor 130 is connected to the
network 120 and is configured to display information
related to the cryopump 10, which is transmitted via
the network 120. In addition thereto or instead thereof,
the cryopump monitor 130 may be configured to display
information related to the compressor 12, which is trans-
mitted via the network 120.
[0027] As shown, the cryopump monitor 130 may be
connected to the network 120 without going through the
host controller 204. That is, the cryopump monitor 130
may be configured not to communicate with the host
controller 204 of the vacuum process device 200. In
the shown example, the cryopump monitor 130 is con-
nected to the cryopump controller 110 by a fourth com-
munication line 124. The fourth communication line 124
may be a communication cable such as RS‑485.
[0028] The cryopump monitor 130 is disposed outside

the casing 206 of the vacuum process device 200. The
cryopump monitor 130 may be disposed at a place se-
parated from the casing 206. As shown, the cryopump
monitor 130 may be provided in the compressor 12 or in
the vicinity thereof. The cryopump monitor 130 may be
provided on a monitor provision surface provided in the
vicinity of the compressor 12. The monitor provision
surfacemay be, for example, a wall surface in the vicinity
of the compressor 12 or a surface of a device in the
vicinity of the compressor 12.
[0029] The cryopump monitor 130 may be detachably
provided in the cryopump system 100 and may be con-
nected to the network 120 as necessary at a timing when
the cryopump system 100 needs to be monitored. The
cryopump monitor 130 is not necessarily provided in the
cryopump system 100 at all times. For example, the
cryopump monitor 130 may be detachably mounted on
the compressor 12.
[0030] In the embodiment, the cryopump monitor 130
is configured to acquire time-series data of a measure-
ment parameter and time-series data of an operation
parameter and to display a time-series graph of the
measurement parameter and a time-series graph of
the operation parameter with time axes thereof aligned
with each other. An exemplary configuration of the cryo-
pump monitor 130 that can be used in the cryopump
system 100 according to the embodiment will be de-
scribed later with reference to Fig. 5.
[0031] Internal configurations of the cryopump control-
ler 110 and the cryopumpmonitor 130 are realized by an
element or a circuit including a CPU and a memory of a
computer as a hardware configuration and are realized
by a computer program or the like as a software config-
uration, but are shown in the drawings as functional
blocks realized in cooperation therewith as appropriate.
It is clear for those skilled in the art that the functional
blocks canbe realized in variousmanners in combination
with hardware and software. For example, the cryopump
monitor 130 can be mounted in combination with a pro-
cessor 132 suchasa central processing unit (CPU) anda
microcomputer and a software program executed by the
processor132.Thesoftwareprogrammaybeacomputer
program (for example, a cryopump monitoring program)
for causing the processor 132 to execute the cryopump
monitoring method according to the embodiment.
[0032] Fig. 2 is a schematic view showing an example
of the cryopump 10 that can be used in the cryopump
system100according to theembodiment. The cryopump
10 includes an expander 14, a cryopump container 16, a
radiation shield 18, and a cryopanel 20. In addition, the
cryopump 10 includes a pressure sensor 21, a rough
valve 24, a purge valve 26, and a vent valve 28, and the
components are provided in the cryopump container 16.
[0033] The compressor 12 is configured to collect a
refrigerant gas from the expander 14, to pressurize the
collected refrigerant gas, and to supply the refrigerant
gas to the expander 14 again. The expander 14 is also
called a cold head and configures a cryocooler together
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with the compressor 12. The expander 14 is also called a
"cryocooler" in some cases. A thermodynamic cycle,
through which chill is generated, is configured by per-
forming circulation of the refrigerant gas between the
compressor 12 and the expander 14 with an appropriate
combination of pressure fluctuations and volume fluctua-
tions of the refrigerant gas in the expander 14, and there-
by the expander 14 can provide cryogenic temperature
cooling. Although the refrigerant gas is typically a helium
gas, other appropriate gases may be used. In order to
facilitate understanding, a direction in which the refriger-
ant gas flows is indicated with arrows in Fig. 1. Although
the cryocooler is, for example, a two-stage Gifford-
McMahon (GM) cryocooler, the cryocooler may be a
pulse tubecryocooler, aStirling cryocooler, or other types
of cryocoolers.
[0034] The cryopump container 16 is a vacuum cham-
ber designed to maintain vacuum during an evacuation
operation of the cryopump 10 and to withstand the pres-
sure of an ambient environment (for example, the atmo-
spheric pressure). The cryopumpcontainer 16 includes a
cryopanel accommodation unit 16a including an intake
port 17 and a cryocooler accommodation unit 16b. The
cryopanel accommodation unit 16a has a dome shape in
which the intake port 17 is opened and an opposite side
thereof is closed, and the radiation shield 18 and the
cryopanel 20 are accommodated therein. The cryocooler
accommodationunit 16bhasacylindrical shape, andhas
one end fixed to a room temperature portion of the ex-
pander 14 and the other end connected to the cryopanel
accommodation unit 16a. The expander 14 is inserted
therein. In addition, the pressure sensor 21 measures a
pressure in the cryopump container 16.
[0035] The radiation shield 18 is thermally coupled to a
first cooling stage of the expander 14 and is cooled to a
first cooling temperature (for example, 80K to 120K). The
cryopanel 20 is thermally coupled to a second cooling
stage of the expander 14 and is cooled to a second
cooling temperature (for example, 10K to 20K) lower
than the first cooling temperature. The radiation shield
18 is disposed in the cryopump container 16 to surround
the cryopanel 20 and shields against input heat into the
cryopanel 20 from the cryopump container 16 and the
ambient environment. A gas that enters from the intake
port 17 of the cryopump 10 is captured through conden-
sation or adsorption in the cryopanel 20. Since various
known configurations can be adopted as appropriate as
configurations of the cryopump 10, such as the disposi-
tions and shapes of the radiation shield 18 and the
cryopanel 20, description thereof will not be made in
detail herein.
[0036] In addition, the first temperature sensor 22 that
measures the temperature of the radiation shield 18 and
the second temperature sensor 23 that measures the
temperature of the cryopanel 20 are provided in the
cryopump container 16. The cryopump controller 110
may be connected to the first temperature sensor 22 to
receive a first measured temperature signal indicating a

first cooling temperature measured by the first tempera-
ture sensor 22 and may be connected to the second
temperature sensor 23 to receive a second measured
temperature signal indicating a second cooling tempera-
ture measured by the second temperature sensor 23.
[0037] The rough valve 24 is attached to the cryopump
container 16, for example, the cryocooler accommoda-
tion unit 16b. The rough valve 24 is connected to a rough
pump (not shown) provided outside the cryopump 10.
The rough pump is a vacuum pump for evacuating the
cryopump 10 to an operation start pressure thereof.
Through control by the cryopump controller 110, the
cryopump container 16 communicates with the rough
pump when the rough valve 24 is opened, and the cryo-
pump container 16 is cut off from the rough pump when
the rough valve 24 is closed. By opening the rough valve
24 and operating the rough pump, the cryopump 10 can
be decompressed.
[0038] The purge valve 26 is attached to the cryopump
container 16, for example, to the cryopanel accommoda-
tion unit 16a. The purge valve 26 is connected to a purge
gas supply device (not shown) provided outside the
cryopump 10. Through control by the cryopump control-
ler 110, a purgegas is supplied to the cryopumpcontainer
16when the purge valve 26 is opened, and the purge gas
supply to the cryopump container 16 is cut off when the
purge valve 26 is closed. The purge gas may be, for
example, a nitrogen gas or other dry gases. The tem-
perature of the purge gas may be adjusted, for example,
to the room temperature or may be heated to a tempera-
ture higher than the room temperature. By opening the
purge valve 26 and introducing the purge gas into the
cryopump container 16, the cryopump 10 can be pres-
surized. In addition, the temperature of the cryopump 10
can be increased from a cryogenic temperature to the
room temperature or a temperature higher than the room
temperature.
[0039] The vent valve 28 is attached to the cryopump
container 16, for example, the cryocooler accommoda-
tion unit 16b. The vent valve 28 is provided in order to
exhaust a fluid from the inside to the outside of the
cryopump 10. The fluid exhausted from the vent valve
28 is basically a gas, but may be a liquid or a mixture of a
gas and a liquid. The vent valve 28 can be opened and
closed through control by the cryopump controller 110.
Along with this, the vent valve 28 can be mechanically
opened by a differential pressure inside and outside the
cryopump container 16. When an excessive pressure is
generated in the cryopump container 16, the vent valve
28 is configured to also function as a safety valve for
releasing the pressure to the outside.
[0040] In addition, the expander 14 is providedwith the
variable speed expander motor 30 that drives the ex-
pander 14. The expander motor 30 includes an inverter,
and the operation frequency (that is, rotation speed) of
the expander motor 30 can be changed by the control of
the cryopump controller 110. The operation frequency of
theexpandermotor 30determines thenumber of timesof
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a heat cycle (in the case of a GM cryocooler, a GM cycle)
performed in the expander 14 per unit time, that is, the
frequency of the heat cycle.
[0041] The cryopump 10 may include an input and
output circuit 32 that puts transmission and reception
between the cryopump 10 and the cryopump controller
110 together. The input and output circuit 32 may be, for
example, an I/O module or a remote I/O unit. The input
and output circuit 32 is electrically connected to each of
devices of the cryopump 10, such as the pressure sensor
21, the first temperature sensor 22, the second tempera-
turesensor23, the roughvalve24, thepurgevalve26, the
vent valve 28, and the expandermotor 30 to transmit and
receive a signal to and from each of the devices. In
addition, the input and output circuit 32 is connected to
the cryopump controller 110 by the second communica-
tion line 122 so as to be able to communicate therewith.
[0042] Therefore, the cryopump 10 transmits a mea-
sured pressure signal indicating a measured pressure in
the cryopump container 16 from the pressure sensor 21
to the cryopump controller 110 via the input and output
circuit 32 (and the second communication line 122). The
cryopump 10 transmits a measured temperature signal
indicating a measured temperature from each of the first
temperature sensor 22 and the second temperature
sensor 23 to the cryopump controller 110 via the input
and output circuit 32. In addition, the cryopump 10 trans-
mits a valve state signal indicating the open or closed
state of each valve (that is, the rough valve 24, the purge
valve 26, and the vent valve 28) to the cryopump con-
troller 110 via the input and output circuit 32. The cryo-
pump 10 transmits a motor state signal indicating the on
or off state and operation frequency of the expander
motor 30 to the cryopump controller 110 via the input
and output circuit 32.
[0043] In addition, the cryopump 10 receives a valve
control signal from the cryopump controller 110, which
indicates an operation command to each valve, with the
input andoutput circuit 32, and the input andoutput circuit
32 transmits the valve control signal to a corresponding
valve. The valve which has received the valve control
signal is opened and closed in accordance with the valve
control signal. Similarly, the cryopump 10 receives a
motor control signal from the cryopump controller 110,
which indicates an operation command to the expander
motor 30, with the input and output circuit 32, and the
input and output circuit 32 transmits the motor control
signal to the expander motor 30. The expander motor 30
is turned on and off or an operation frequency thereof is
controlled in accordance with the motor control signal.
[0044] As described above, the cryopump controller
110 may be configured to receive measurement para-
meters from the sensors, to determine an operation
parameter of the cryopump 10 such that the measure-
ment parameters follow target values, and to operate the
cryopump 10 with the determined operation parameter.
[0045] For example, the cryopump controller 110 may
be configured to control the expander 14 based on a first

cooling temperature measured by the first temperature
sensor 22 during the evacuation operation of the vacuum
chamber 202 by the cryopump 10. For example, the
cryopump controller 110 may control the operation fre-
quency of the expander motor 30 through feedback-
control to minimize a deviation between the first mea-
sured temperature and a first target temperature. The
cryopump controller 110 may determine the operation
frequency of the expander motor 30 as a function of a
deviation between a measured temperature and a target
temperature (for example, through PID control). The
cryopump controller 110 outputs the determined opera-
tion frequency to the expander motor 30, and the ex-
pander motor 30 is operated at the determined operation
frequency.
[0046] The first target temperature is usually set to a
constant value. For example, the first target temperature
is determined as a specification according to a process
performed by the vacuum process device 200 to which
the cryopump 10 is attached. The target temperature
may be changed as necessary during the operation of
the cryopump 10.
[0047] When a heat load to the cryopump 10 has
increased, the temperature of the radiation shield 18
can increase. In a case where a measured temperature
from the first temperature sensor 22 is higher than the
target temperature, the cryopump controller 110 in-
creases the operation frequency of the expander motor
30. As a result, the frequency of the heat cycle in the
expander 14 isalso increased, and the radiationshield18
is cooled toward the target temperature. On the contrary,
in a case where a measured temperature from the first
temperature sensor 22 is lower than the target tempera-
ture, the operation frequency of the expandermotor 30 is
decreased, and the temperatureof the radiation shield 18
is increased toward the target temperature. In such a
manner, the first cooling temperature can be kept in a
temperature range in the vicinity of the first target tem-
perature. Since the operation frequency of the expander
motor 30 can be appropriately adjusted according to the
heat load, such control is helpful in reducing the power
consumption of the cryopump 10.
[0048] In order to adjust the cooling capacity of the
expander 14, the expander 14 may include a heating
device 34 such as an electric heater thermally coupled to
the radiation shield 18 such that the radiation shield 18
can be heated, instead of or in addition to controlling the
operation frequency of the expander motor 30. The cryo-
pump controller 110may be configured to control switch-
ing of the on or off state of the heating device 34 and/or
power input into the heating device 34. In this case, the
cryopump controller 110 may control an input into the
heatingdevice34 through feedback-control tominimizea
deviation between a first measured temperature and the
first target temperature. The cryopump controller 110
may determine the input into the heating device 34 as
a function of a deviation between a measured tempera-
ture and a target temperature (for example, through PID
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control). In a case where a measured temperature from
the first temperature sensor 22 is higher than the target
temperature, the cryopump controller 110 decreases the
input into the heating device 34 (or turns off the heating
device 34). Accordingly, the radiation shield 18 is cooled
toward the target temperature. On the contrary, in a case
where the measured temperature from the first tempera-
ture sensor 22 is lower than the target temperature, the
input into the heating device 34 is increased (or the
heating device 34 is turned on), and the temperature of
the radiation shield 18 is increased toward the target
temperature.
[0049] Controlling the cryopump 10 according to the
first target temperature as described above is called
"single-stage temperature control" in some cases. In
the single-stage temperature control, the temperature
of the cryopanel 20 is not directly controlled. That is,
as a result of the single-stage temperature control, the
cryopanel 20 is cooled to a temperature determined by a
two-stage cooling capacity of the expander 14 and a heat
load from the outside.
[0050] Similarly, the cryopump controller 110 can also
execute so-called "two-stage temperature control" in
which the expander 14 is controlled such that the tem-
peratureof thecryopanel 20 followsa target temperature.
In this case, the cryopump controller 110 may be config-
ured to control the expander 14 based on a second
cooling temperature measured by the second tempera-
ture sensor 23. For example, the cryopumpcontroller 110
may control the operation frequency of the expander
motor 30 (or an input into a heating device that heats
the cryopanel 20) through feedback-control tominimize a
deviation between a second measured temperature and
a second target temperature. Accordingly, the tempera-
ture of the cryopanel 20 can be made to follow the target
temperature. In the two-stage temperaturecontrol, a first-
stage cooling temperature (that is, the temperature of the
radiation shield 18) is not directly controlled. The first-
stage cooling temperature in the two-stage temperature
control is determined by a first-stage cooling capacity of
the expander 14 and a heat load from the outside.
[0051] In addition, in a regeneration operation of the
cryopump 10, the cryopump controller 110 may control
the rough valve 24, the purge valve 26, the vent valve 28,
and the expander motor 30 based on a pressure in the
cryopump container 16 (or as necessary, based on the
temperature of the cryopanel 20 and a pressure in the
cryopump container 16) .
[0052] Fig. 3 is a schematic view showing an example
of the compressor 12 that can be used in the cryopump
system 100 according to the embodiment. The compres-
sor 12 includes a high pressure gas outlet 50, a low
pressure gas inlet 51, a high pressure flow path 52, a
low pressure flow path 53, the first pressure sensor 54,
the second pressure sensor 55, a bypass line 56, a
compressor main body 57, and a compressor casing 58.
[0053] The high pressure gas outlet 50 is provided in
the compressor casing 58 as a working gas discharge

port of the compressor 12, and the low pressure gas inlet
51 is provided in the compressor casing 58 as a working
gas suction port of the compressor 12. The high pressure
line 13a is connected to the high pressure gas outlet 50,
and the low pressure line 13b is connected to the low
pressure gas inlet 51. The high pressure flow path 52
connects a discharge port of the compressor main body
57 to the high pressure gas outlet 50, and the low pres-
sure flow path 53 connects the low pressure gas inlet 51
to a suction port of the compressor main body 57. The
compressor casing 58 accommodates the high pressure
flow path 52, the low pressure flow path 53, the first
pressure sensor 54, the second pressure sensor 55,
the bypass line 56, and the compressor main body 57.
The compressor 12 is also called a compressor unit.
[0054] The compressor main body 57 is configured to
internally compress a working gas sucked from the suc-
tion port and to discharge the working gas from the
discharge port. The compressor main body 57 may be,
for example, a scroll type pump, a rotary type pump, or
other pumps that pressurize the working gas. The com-
pressor main body 57 may include a variable speed
compressor motor 57a. The compressor motor 57a in-
cludes an inverter and can change a motor operation
frequency through control by the cryopump controller
110. In such a manner, the compressor main body 57
may be configured to change the flow rate of the working
gas to be discharged. Alternatively, the compressormain
body 57may be configured to discharge the working gas
at a fixed and constant flow rate. The compressor main
body 57 is called a compression capsule in some cases.
[0055] The first pressure sensor 54 is disposed in the
high pressure flow path 52 to measure the pressure of a
workinggasflowing in thehighpressureflowpath52.The
second pressure sensor 55 is disposed in the low pres-
sure flow path 53 tomeasure the pressure of the working
gas flowing in the low pressure flow path 53. Accordingly,
the first pressure sensor 54 and the second pressure
sensor55canalsobecalledahighpressuresensoranda
low pressure sensor, respectively.
[0056] The bypass line 56 connects the high pressure
flow path 52 to the low pressure flow path 53 such that a
working gas bypasses the expander 14 and returns from
the high pressure flow path 52 to the low pressure flow
path 53. A relief valve 60 for opening and closing the
bypass line 56 and controlling the flow rate of theworking
gas flowing in thebypass line 56 is provided in thebypass
line 56. The relief valve 60 is configured to open when a
differential pressure that is equal to or higher than a set
pressure acts between an inlet and an outlet thereof. The
relief valve 60maybeanon/off valve or a flow rate control
valve or may be, for example, a solenoid valve. The set
pressure can be set as appropriate based on empirical
knowledge of a designer, experiments or simulations by
the designer, or the like. Accordingly, a differential pres-
sure between the high pressure line 13a and the low
pressure line 13b can be prevented from exceeding the
set pressure and becoming excessive.
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[0057] For example, the relief valve 60may be opened
and closed under the control by the cryopump controller
110. The cryopump controller 110 may compare a mea-
sured differential pressure between the high pressure
line 13a and the low pressure line 13b to the set pressure
and control the relief valve 60 such that the relief valve 60
is opened in a case where the measured differential
pressure is equal to or higher than the set pressure,
and the relief valve 60 is closed in a case where the
measured differential pressure is lower than a set differ-
ential pressure. The cryopump controller 110 may ac-
quire the measured differential pressure between the
high pressure line 13a and the low pressure line 13b
from measured pressures from the first pressure sensor
54 and the second pressure sensor 55. As another ex-
ample, the relief valve60maybeconfigured tooperateas
a so-called safety valve, that is, may be mechanically
opened when the differential pressure that is equal to or
higher than the set pressure acts between the inlet and
the outlet.
[0058] Thecryopumpcontroller 110maybeconfigured
to receivemeasurement parameters from the sensors, to
determine an operation parameter of the compressor 12
such that the measurement parameters follow target
values, and to operate the compressor 12 with the de-
termined operation parameter. For example, the cryo-
pump controller 110 may be configured to control the
operation frequency of the compressor motor 57a based
on a measured pressure (for example, a first pressure
measured by the first pressure sensor 54, a second
pressure measured by the second pressure sensor 55,
or a differential pressure between the first pressure and
the second pressure). The cryopump controller 110 may
control the operation frequency of the compressor motor
57a through feedback-control to minimize a deviation
between the measured pressure and a target pressure.
The cryopump controller 110 may determine the opera-
tion frequency of the compressormotor 57a as a function
of a deviation between the measured pressure and the
target pressure (for example, through PID control). The
cryopump controller 110 outputs the determined opera-
tion frequency to the compressor motor 57a, and the
compressor motor 57a is operated at the determined
operation frequency.
[0059] The compressor 12 can include other various
components. For example, an oil separator, an adsorber,
or the likemay be provided in the high pressure flow path
52. A storage tank and other components may be pro-
vided in the low pressure flow path 53. In addition, an oil
circulation system that cools the compressor main body
57 with an oil, a cooling system that cools the oil with
cooling water, and the like may be provided in the com-
pressor 12.
[0060] The operation of the cryopump 10 having the
configuration will be described below. In a case of oper-
ating the cryopump 10, first, the vacuum chamber 202 is
evacuated to a predetermined pressure (for example,
approximately 100 Pa or approximately 10 Pa) by an-

other suitable roughing pump before the operation. A
gate valve is usually provided between the vacuum
chamber 202 and the intake port 17 of the cryopump
10, and the gate valve is closed during evacuation of the
vacuum chamber 202. Then (or in parallel with the eva-
cuation of the vacuum chamber 202), the cryopump 10 is
operated. The radiation shield 18 and the cryopanel 20
are cooled to a first cooling temperature and a second
cooling temperature, respectively, by driving the expan-
der 14. The intake port 17 may be provided with a baffle
thermally coupled to the radiationshield18, and thebaffle
is also cooled to the first cooling temperature together
with the radiation shield 18. Then, the gate valve is
opened, and the evacuation of the vacuum chamber
202 by the cryopump 10 is started.
[0061] Thebaffleand the radiationshield18cooled toa
first cooling temperature cool a gas flying from the va-
cuum chamber 202 toward the cryopump 10. A gas
having a sufficiently low vapor pressure (for example,
10‑8 Pa or less) at the first cooling temperature con-
denses on surfaces thereof. The gas may be called a
type 1 gas. The type 1 gas is, for example, steam. In such
a manner, the cryopump 10 can exhaust the type 1 gas.
Some of the gas having a vapor pressure that is not
sufficiently low at the first cooling temperature enters
the cryopump 10 from the intake port 17. Alternatively,
the rest of the gas is reflected by the baffle and returns to
the vacuum chamber 202 without entering the cryopump
10.
[0062] A gas that has entered the cryopump 10 is
cooled by the cryopanel 20. A gas having a sufficiently
low vapor pressure (for example, 10‑8 Pa or less) at a
second cooling temperature condenses on the surface of
thecryopanel 20.Thegasmaybecalleda type2gas.The
type 2 gas is, for example, argon. In such a manner, the
cryopump 10 can exhaust the type 2 gas.
[0063] A gas having a vapor pressure that is not suffi-
ciently low at a second cooling temperature is adsorbed
by an adsorbent such as activated carbon provided on
the surface of the cryopanel 20. The gas may be called a
type 3 gas. The type 3 gas is, for example, hydrogen. In
such a manner, the cryopump 10 can exhaust the type 3
gas. Therefore, the cryopump 10 can exhaust various
gases through condensation or adsorption and can
cause the degree of vacuum of the vacuum chamber
202 to reach a desired level.
[0064] Fig. 4 is a flowchart showing the cryopump
monitoring method according to the embodiment. The
present method includes acquiring time-series data of a
measurement parameter related to thecryopumpsystem
100 (S10), acquiring time-series data of an operation
parameter of the cryopump system 100, which is con-
trolled such that the measurement parameter follows a
target value (S20), and displaying a time-series graph of
the measurement parameter and a time-series graph of
an operation parameter with time axes thereof aligned
with each other (S30).
[0065] As described above, the cryopump system 100
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is provided with various types of sensors that measure
measurement parameters related to the cryopump sys-
tem 100, such as the first temperature sensor 22, the
second temperature sensor 23, the first pressure sensor
54, and the second pressure sensor 55. The measure-
ment parameters continuously measured by such sen-
sorsduring theoperationof thecryopumpsystem100are
input into the cryopump controller 110 in order to control
the cryopump system 100. The cryopump controller 110
determines an operation parameter of the cryopump
system 100 based on the acquired measurement para-
meters.
[0066] Time-series data of the measurement para-
meters and the operation parameter acquired in such a
manner may be stored in a storage unit provided in the
cryopump controller 110. Alternatively, the time-series
data of themeasurement parameters and the time-series
data of the operation parameter may be stored in an
external storage device that can be connected to the
cryopump controller 110. The time-series data may be
relatively long-term data and may be, for example, time-
series data over at least onemonth, at least half a year, or
at least one year of an operation period.
[0067] In S10, the processor 132 (see Fig. 1) of the
cryopump monitor 130 acquires time-series data of a
measurement parameter from the cryopump controller
110. The processor 132may acquire the time-series data
of themeasurement parameter from the external storage
device in which the time-series data is stored.
[0068] The processor 132 may acquire time-series
data for a plurality of measurement parameters. For
example, the processor 132 may acquire the time-series
data for each of first to fourth measurement parameters.
The first measurement parameter may be a first cooling
temperature measured by the first temperature sensor
22. The second measurement parameter may be a sec-
ond cooling temperature measured by the second tem-
perature sensor 23. The third measurement parameter
may be a first pressure measured by the first pressure
sensor 54. The fourthmeasurement parametermay be a
second pressure measured by the second pressure
sensor 55.
[0069] In S20, the processor 132 acquires the time-
series data of the operation parameter from the cryo-
pump controller 110 (or the external storage device). The
processor 132 may acquire the time-series data for a
plurality of operation parameters and may acquire the
time-seriesdata for, for example, theoperation frequency
of the expander motor 30 and the operation frequency of
the compressor motor 57a. In a case where the heating
device 34 is provided in the expander 14, the processor
132 may acquire time-series data of an input into the
heatingdevice34 insteadof or inaddition to theoperation
frequency of the expander motor 30.
[0070] In S30, the processor 132 generates a time-
series graph of the measurement parameter based on
the acquired time-series data of the measurement para-
meter. In a casewhere the time-seriesdataof theplurality

of measurement parameters is acquired, the processor
132 generates a time-series graph for each measure-
ment parameter. In addition, the processor 132 gener-
ates a time-series graph of the operation parameter
based on the acquired time-series data of the operation
parameter. In a case where the time-series data of the
plurality of operation parameters is acquired, the proces-
sor 132 generates a time-series graph for each operation
parameter. The time-series graph is agraph inwhich time
is representedbyoneof a vertical axis or ahorizontal axis
(for example, the horizontal axis), and a measurement
parameter (or an operation parameter) is represented by
the other (for example, the vertical axis).
[0071] As shown in Fig. 5, the cryopump monitor 130
includes adisplay 134 that displays information related to
the cryopump system 100. The processor 132 is config-
ured to control the display 134 to display the generated
time-series graph of at least one of the measurement
parameters and/or the operation parameters on the dis-
play 134.
[0072] For example, the processor 132 may be con-
figured to set a display area for displaying a specific time-
series graph on the display 134. A single display area
may be set on the display 134, and a time-series graph of
one measurement parameter (or operation parameter)
may be displayed in the display area. Alternatively, a
plurality of display areas for displaying corresponding
time-series graphs may be set on the display 134, and
the time-series graphs corresponding to the respective
display areas may be displayed. For example, a first
display area and a second display area may be set on
the display 134, and a time-series graph of the measure-
ment parameter may be displayed in the first display
area, and a time-series graph of the operation parameter
may be displayed in the second display area.
[0073] The processor 132may be configured to switch
a plurality of graph display screens on the display 134. In
this case, for example, at least one display area may be
set on a first graph display screen, and at least one
display area may be set on a second graph display
screen. Time-series graphs ofmeasurement parameters
(or operation parameters) different from each other may
be displayed in the display area of the first graph display
screen and the display area of the second graph display
screen. For example, a time-series graph of the mea-
surement parameter and the operation parameter re-
lated to the cryopump 10 may be displayed on the first
graph display screen, and a time-series graph of the
measurement parameter and the operation parameter
related to the compressor 12 may be displayed on the
second graph display screen.
[0074] In addition, the processor 132 may be config-
ured to collectively display a plurality of time-series
graphs in a specific display area. For example, the same
measurement parameter (for example, the first cooling
temperature) for the plurality of cryopumps 10 may be
collectively displayed in the specific display area. In
addition, the same operation parameter (for example,
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the operation frequency of the expandermotor 30) for the
plurality of cryopumps10maybe collectively displayed in
the specific display area.
[0075] In the embodiment, the processor 132 is con-
figured to display a time-series graph of a measurement
parameter and a time-series graph of an operation para-
meter on the display 134 with time axes thereof aligned
with each other. An example of such graph display will be
described later.
[0076] Fig. 5 is a schematic view showing an example
of the cryopump monitor 130 that can be used in the
cryopump system 100 according to the embodiment. As
shown, on the display 134 of the cryopump monitor 130,
for example, a first display area 136a, a second display
area 136b, and a third display area 136c are set.
[0077] In this example, a time-series graph of a first
cooling temperature T1 measured by the first tempera-
ture sensor 22 is displayed in the first display area 136a
as a first measurement parameter. In the first time-series
graph, a vertical axis represents the first cooling tem-
perature T1, and a horizontal axis represents time. In the
second display area 136b, the operation frequency of the
expander motor 30 is displayed as a first operation para-
meter. In a second time-series graph, a vertical axis
represents the operation frequency of the expander mo-
tor 30, and a horizontal axis represents time. In the third
display area 136c, a time-series graph of a second cool-
ing temperatureT2measuredby thesecond temperature
sensor 23 is displayed as a second measurement para-
meter. In a third time-series graph, a vertical axis repre-
sents the second cooling temperature T2, and a horizon-
tal axis represents time.
[0078] The display areas, specifically, the first display
area 136a, the second display area 136b, and the third
display area 136c are set to be arranged in a vertical
direction on the display 134. For this reason, the hor-
izontal axes of the time-series graphs displayed in the
display areas, that is, the time axes are alignedwith each
other. In other words, the same position on the horizontal
axis of the time-series graph displayed in each display
area represents the same time point.
[0079] The first display area 136a, the second display
area 136b, and the third display area 136c are set to an
upper portion, amiddle portion, anda lower portionon the
display 134, respectively. The second display area 136b
is adjacent to a lower side of the first display area 136a,
and the third display area 136c is adjacent to the lower
sideof theseconddisplayarea136b.Therefore, the time-
series graph of the operation frequency of the expander
motor 30 is displayed adjacent to the lower side of the
time-series graph of the first cooling temperature T1.
Further, the time-series graph of the second cooling
temperature T2 is displayed adjacent to the lower side
of the two time-series graphs.
[0080] The plurality of display areas are set to be able
to identify the time-series graphs displayed in the respec-
tive display areas. In Fig. 5, as an example, the first
display area 136a, the second display area 136b, and

the third displayarea136careset on thedisplay134 tobe
arranged in the vertical direction with a slight gap there-
between. As another example, two display areas adja-
cent to each other (for example, the first display area
136a and the second display area 136b)may be set to be
arranged without a gap. Alternatively, two display areas
maybeset tooverlapeachotherat least partially. In short,
insofar as time-series graphs of different parameters can
be identified on the display 134, the display areas for the
time-series graphs may be separated from each other or
may overlap each other on the display 134.
[0081] As will be described later, the time-series graph
of the first measurement parameter and the time-series
graph of the first operation parameter may be displayed
to be arranged so that a target value of the first measure-
ment parameter and a limit value of the first operation
parameter are close to each other. In order to realize this,
a display position of the target value of the first measure-
ment parameter may be determined at an edge portion
(for example, a lower edge portion) of the first display
area 136a, and a display position of the limit value of the
first operation parameter may be determined at an edge
portion (for example, an upper edgeportionof the second
display area 136b) close to the edge portion of the first
display area 136a, among edge portions of the second
display area 136b.
[0082] Fig. 6 is a schematic view showing an example
of time-series graph display on the cryopump monitor
130 according to the embodiment. In this graph display,
as described with reference to Fig. 5, the first cooling
temperature T1 is displayed in the first display area 136a,
the operation frequency of the expander motor 30 is
displayed in the second display area 136b, and the
second cooling temperature T2 is displayed in the third
display area 136c.
[0083] In the example, the vertical axis of the first dis-
play area 136a is set on the right side of the area, and a
numerical value (80K, 90K, 100K) indicating the first
cooling temperature T1 is displayed on the right side.
In addition, the vertical axis of the second display area
136b is set on the left side of the area, and a numerical
value (50 Hz to 100 Hz) indicating the operation fre-
quency of the expander motor 30 is displayed on the left
side. Similarly, the vertical axis of the third display area
136c is set on the left side of the area, and a numerical
value (10K to 20K) indicating the second cooling tem-
perature T2 is displayed on the left side.
[0084] In addition, in the example of Fig. 6, since the
lower edge portion of the first display area 136a and the
upper edgeportionof the seconddisplay area136bare in
contactwith each other, a horizontal line indicating 80K in
the first display area 136a and a horizontal line indicating
100 Hz in the second display area 136b match each
other. On the other hand, a lower edge portion of the
second display area 136b and an upper edge portion of
the third display area 136c are separated from each
other, and a horizontal line indicating 50Hz in the second
display area 136b and a horizontal line indicating 20K in
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the third display area 136c are drawn separately.
[0085] In the embodiment, as shown in Fig. 6, the
cryopump monitor 130 can display the time-series
graphs of the first cooling temperature T1, the operation
frequency of the expander motor 30, and the second
cooling temperatureT2with the timeaxes thereof aligned
with each other.
[0086] Therefore, a measurement parameter and an
operation parameter determined based on the measure-
ment parameter can be visually and integrally read, such
as the first cooling temperature T1 and the operation
frequency of the expander motor 30. The state of the
cryopump system, for example, the behaviors of the
measurement parameter and the operation parameter
at a certain timepoint orwithin acertain time rangecanbe
easily identified.
[0087] In addition, even for different measurement
parameters such as the first cooling temperature T1
and the second cooling temperature T2, behaviors there-
of can be identified on the same time axis.
[0088] In the example, the cryopump system 100 in-
cludes four cryopumps (Pump 1, Pump 2, Pump 3, and
Pump 4). Accordingly, in Fig. 6, four time-series graphs
corresponding to the four cryopumps are displayed for
each of the first cooling temperature T1, the operation
frequency of the expander motor 30, and the second
cooling temperature T2 (that is, a total of 12 graphs
are displayed). The four graphs of the first cooling tem-
perature T1 are collectively displayed in the first display
area 136a, the four graphs of the operation frequency of
the expander motor 30 are collectively displayed in the
second display area 136b, and the four graphs of the
second cooling temperatureT2are collectively displayed
in the third display area 136c. Therefore, the measure-
ment parameter (or the operation parameter) can be
easily compared between the different cryopumps 10.
[0089] However, for the first cooling temperature T1,
four graphs overlap each other in most of the portions of
the graph. This is because the single-stage temperature
control described above is performed. In each of the four
cryopumps, the first cooling temperature T1 is controlled
to match a target temperature (in this example, 80K)
within a predetermined temperature range (for example,
a range of ±0.1°C) .
[0090] However, as shown in parts surrounded by
dashed-line squares 138a, 138b, and 138c in Fig. 6,
the first cooling temperature T1 of a certain cryopump
10 deviates from the target temperature and a situation
where the target temperature is exceeded occurs in
some cases. Such a situation can occur due to a case
where a heat load to the cryopump 10 from the outside
such as the vacuum chamber 202 is excessively large,
degradation of the cryopump 10 over time caused by a
long-term operation of the cryopump 10, and the like. In
this case, to return the first cooling temperature T1 to the
target temperature, the operation frequency of the ex-
pander motor 30 is increased to finally reach an upper
limit value determined in advance (95Hz in this example)

and ismaintainedat theupper limit value.Nevertheless, it
can be seen from Fig. 6 that the first cooling temperature
T1 continues to rise.
[0091] In the example, as shown in Fig. 6, the time-
series graph of the first cooling temperature T1 and the
time-series graph of the operation frequency of the ex-
pander motor 30 are displayed to be arranged so that a
target value (for example, 80K) of the first cooling tem-
perature T1 and a limit value (for example, an upper limit
value, for example, 95 Hz) of the operation frequency of
the expander motor 30 are close to each other. Specifi-
cally, a display position of the target value of the first
cooling temperature T1 is determined at the lower edge
portion of the first display area 136a, and a display posi-
tion of the upper limit value of the operation frequency of
the expander motor 30 is determined at the upper edge
portion of the second display area 136b. Accordingly, it is
possible for an observer to continuously and integrally
recognize the behavior of the cryopump system 100 in
which the first cooling temperature T1 exceeds the target
temperature and rises when the operation frequency of
the expander motor 30 reaches the upper limit value.
[0092] Theprocessor 132of thecryopumpmonitor 130
may be configured to display a mark 140 indicating that
diagnosis has been performed on the cryopump 10 at a
position 142 of a diagnosis time on the time axis of the
time-series graph on the display 134. In such amanner, it
is possible to easily identify that there is a related diag-
nosis result on the time-series graph of themeasurement
parameter and/or the operation parameter.
[0093] Diagnosis may be performed by the cryopump
controller 110 based on an acquired measurement para-
meter and/or an acquired operation parameter. The di-
agnosismaybeperformedbyapplying adiagnosismeth-
od based on comparison between the acquired para-
meter and a diagnosis threshold value, a known cryo-
pump diagnosis method already proposed, or other ap-
propriate diagnosis methods, and the diagnosis will not
be described in detail herein.
[0094] In the shown example, a symbol "!" is displayed
as the mark 140 to indicate the position 142 on the time
axis corresponding to the diagnosis time. The mark 140
may include, for example, words indicating a diagnosis
result such as "failure", "abnormality occurrence", and
"normal".
[0095] In addition, the mark 140 may be displayed to
indicate a parameter to be focused on in the diagnosis
result. In the shown example, at a diagnosis time point
indicated by themark 140, the operation frequency of the
expander motor 30 reaches the upper limit value, and as
a result, the first cooling temperature T1 starts deviating
from the target temperature. Therefore, the mark 140
includes an arrow indicating the position of the diagnosis
time point on the time-series graph of the first cooling
temperature T1.
[0096] In addition, the processor 132 may be config-
ured to display diagnosis information of the cryopump 10
associated with the mark 140 on the display 134 in
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response to designation of the mark 140 by an operator.
The diagnosis information of the cryopump 10 may be a
diagnosis report including a document, a drawing, and a
photograph describing a diagnosis result. In a case
where disassembly inspection of the cryopump 10 is
performed during diagnosis, a photograph or a descrip-
tion document of the disassembly inspection may be
included in the diagnosis information. For example, the
diagnosis information of the cryopump 10 may be asso-
ciated with the mark 140 in a hypertext format or other
appropriate formats. Themark 140 can be designated by
an appropriate input operation by the operator, for ex-
ample, operating a pointer displayed on the display 134.
In such a manner, the detailed diagnosis result can be
easily identified, which is convenient.
[0097] Fig. 7 is a schematic view showing another
example of time-series graph display on the cryopump
monitor 130 according to the embodiment. In a case
where the heating device 34 is controlled instead of
controlling the operation frequency of the expander mo-
tor 30, an input into the heating device 34 may be dis-
played in the second display area 136b. As in the ex-
ample described above, the first cooling temperature T1
and the second cooling temperature T2 are displayed in
the first displayarea136aand the third displayarea136c,
respectively. Three time-series graphs of the first cooling
temperature T1, the input into the heating device 34, and
the second cooling temperature T2 are displayed on the
display 134 with the time axes thereof aligned with each
other.
[0098] As described with reference to Fig. 6, the first
cooling temperatureT1of the cryopump10deviates from
the target temperature and a situation where the target
temperature is exceeded occurs in some cases (the
dashed-line squares 138a, 138b, and 138c in Fig. 6).
In this case, to return the first cooling temperature T1 to
the target temperature, an input into the heating device
34 is reduced to finally reach a lower limit value deter-
mined in advance (0W in this example) and ismaintained
at the lower limit value determined in advance. In short,
the heating device 34 is turned off. However, it can be
seen from Fig. 7 that the first cooling temperature T1
continues to rise even when the heating device 34 is
turned off.
[0099] The time-series graph of the first cooling tem-
perature T1 and the time-series graph of an input into the
heating device 34 are displayed to be arranged so that
the target value (for example, 80K) of the first cooling
temperature T1 and a limit value (for example, a lower
limit value, for example, 0W) of the input into the heating
device 34 are close to each other. Specifically, a display
position of the target valueof the first cooling temperature
T1 is determined at the lower edge portion of the first
display area136a, and adisplay position of the lower limit
value of the input into theheating device 34 is determined
at the upper edge portion of the second display area
136b. The vertical axis of the second display area
136b representing the input into the heating device 34

has a value that decreases as it goes upward. Accord-
ingly, it is possible for the observer to continuously and
integrally recognize thebehavior of the cryopumpsystem
100 inwhich the first cooling temperature T1 exceeds the
target temperaturewhen the input into the heating device
34 reaches the lower limit value.
[0100] In a casewhere both the operation frequency of
the expander motor 30 and the input into the heating
device34are controlled inorder to control thefirst cooling
temperature T1 so that the first cooling temperature T1
becomes the target temperature, both the time-series
graphs of the operation frequency of the expander motor
30 and the input into the heating device 34 may be
displayed together with the time-series graph of the first
cooling temperature T1.
[0101] Fig. 8 is a schematic view showing still another
example of time-series graph display on the cryopump
monitor 130 according to the embodiment. The cryo-
pump monitor 130 may display a measurement para-
meter and an operation parameter related to the com-
pressor 12with timeaxes thereof alignedwith eachother.
Thus, the cryopumpmonitor 130may set a fourth display
area 136d and a fifth display area 136e on the display
134. In the fourthdisplayarea136d, time-seriesgraphsof
a first pressure PHmeasured by the first pressure sensor
54 and a second pressure PL measured by the second
pressure sensor 55 are collectively displayed. In the fifth
display area 136e, a time-series graph of a differential
pressure DP between the first pressure PH and the
second pressure PL and a time-series graph of an opera-
tion frequency F of the compressor motor 57a are collec-
tively displayed. In other words, the fifth display area
136e where the differential pressure DP is displayed
and a sixth display area where the operation frequency
F is displayed are set on the display 134 so as to overlap
each other. The mark 140 may be displayed for the
measurement parameter and the operation parameter
related to the compressor 12.
[0102] The two display areas shown in Fig. 8 may be
set on the same screen as the first to third display areas
(136a to 136c) related to the cryopump 10 or may be set
on a different screen that can be switched.
[0103] As shown by the mark 140 in Fig. 8, during the
operation of the compressor 12, regardless of the fact
that the operation frequency F of the compressor motor
57a reaches an upper limit value (78 Hz in this example)
determined in advance, the differential pressure DP be-
tween the first pressure PH and the second pressure PL
deviates from a target differential pressure (for example,
1.5MPa)and falls below the target differential pressure in
some cases (a vertical axis on the right side in the fifth
display area 136e, which indicates the differential pres-
sure DP, indicates a smaller value as it goes upward.)
[0104] In the example, as shown in Fig. 8, the time-
series graph of the differential pressure DP and the time-
series graph of the operation frequency of the compres-
sor motor 57a are displayed to be arranged so that a
target value (for example, 1.5 MPa) of the differential
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pressureDPand a limit value (for example, an upper limit
value, for example, 78 Hz) of the operation frequency of
the compressor motor 57a are close to each other. Ac-
cordingly, it is possible for the observer to continuously
and integrally recognize the behavior of the cryopump
system100 inwhich thedifferential pressureDPdeviates
from the target value and decreases when the operation
frequency of the compressor motor 57a reaches the
upper limit value.
[0105] Thepresent inventionhasbeendescribedhere-
inbefore based on the examples. It is clear for those
skilled in the art that the present invention is not limited
to theembodiment, variousdesign changesarepossible,
various modification examples are possible, and such
modification examples are also within the scope of the
present invention. Various characteristics described in
relation to one embodiment are also applicable to other
embodiments. A new embodiment generated through
combination also has the effects of each of the combined
embodiments.
[0106] Although a case where the cryopump monitor
130 displays a time-series graph as an image on the
display 134 has been described as an example in the
embodiment described above, the cryopump monitor
130 may be configured to display the time-series graph
in another format. For example, the cryopump monitor
130 may be configured to print the display of the time-
series graph on a paper surface.
[0107] In addition, the cryopump monitor 130 may be
disposed remotely from the cryopump 10 or the vacuum
process device 200 and may be connected to the cryo-
pump controller 110 so as to be able to communicate
therewith via, for example, the Internet or other appro-
priate communication network. The cryopump controller
110may output time-series data of ameasurement para-
meter and/or the operation parameter to the communica-
tion network, and the cryopumpmonitor 130may receive
thedata output from the cryopumpcontroller 110 from the
communication network.
[0108] The cryopump monitor 130 may be a stand-
alone device. In other words, the cryopump monitor
130 may be configured not to communicate with the
cryopump controller 110. In this case, the cryopump
monitor 130 may acquire such time-series data from a
computer-readablemedium inwhich the time-seriesdata
of the measurement parameter and/or the operation
parameter is stored. The time-series data may be output
and stored in advance in the computer-readablemedium
from the cryopumpcontroller 110 (or another controller or
a storage device). Such a computer-readable medium
may be connected to the cryopumpmonitor 130, and the
time-series data may be read into the cryopump monitor
130. The computer-readable medium may be, for exam-
ple, a computer-readable medium in various known
forms such as a hard disk and a USB memory.
[0109] The cryopump monitor 130 may be a computer
(for example, a general-purpose computer such as a
personal computer) on which the cryopump monitoring

program according to the embodiment is implemented.
Alternatively, the cryopumpmonitor 130maybemounted
onanelectronic device suchasa smartphone that canbe
carried by a worker. Alternatively, the cryopump monitor
130maybemountedonamonitor devicemountedon the
vacuum process device 200.
[0110] Although a case where the plurality of cryo-
pumps 10 are controlled by the common cryopump con-
troller 110 has been described as an example in the
embodiment described above, the present invention is
not limited thereto. As shown in Fig. 9, the cryopump
system 100 may include a plurality of controllers 110a
that individually control the plurality of cryopumps 10,
instead of the cryopump controller 110. As described
above, in each of the cryopumps 10, a sensor (for ex-
ample, as shown in Figs. 2 and 3, the first temperature
sensor 22 and the second temperature sensor 23 pro-
vided in the cryopump 10, the first pressure sensor 54
and the second pressure sensor 55 provided in the
compressor 12, and the like) that measures a measure-
ment parameter related to the cryopump 10 may be
provided. Each of the controllers 110a may be config-
ured, for the corresponding cryopump 10, to receive the
measurement parameter from the sensor of the cryo-
pump 10, to determine the operation parameter of the
cryopump10so that themeasurement parameter follows
the target value, and to operate the cryopump 10with the
determined operation parameter.
[0111] For each of the plurality of cryopumps 10, the
cryopump monitor 130 may be configured to acquire
time-series data of a measurement parameter and
time-series data of anoperation parameter and to display
a time-series graphof themeasurement parameter and a
time-series graph of the operation parameter with the
timeaxes thereof alignedwitheachother. In this case, the
cryopump monitor 130 may acquire the time-series data
of the measurement parameter and/or the operation
parameter from each controller 110a via the communica-
tion network. Alternatively, the cryopump monitor 130
may acquire such time-series data from the computer-
readable medium in which the time-series data of the
measurement parameter and/or the operationparameter
is stored. In such a manner, as shown in Fig. 6, the
cryopump monitor 130 may display time-series graphs
of the first cooling temperature T1, the operation fre-
quencyof the expandermotor 30, and the second cooling
temperature T2.
[0112] Although a case where the compressor 12 is
controlled by the cryopump controller 110 has been
described as an example in the embodiment described
above, the present invention is not limited thereto. As
shown in Fig. 9, the cryopump system 100may include a
compressor controller 12a that controls the compressor
12. The compressor controller 12a may be configured to
autonomously (that is, independently of the control of the
cryopump 10) control the compressor 12. Therefore, the
compressor controller 12a may be configured to receive
the measurement parameter related to the compressor
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12 from the sensor, to determine theoperation parameter
of the compressor 12 such that the measurement para-
meter follows the target value, and to operate the com-
pressor 12 with the determined operation parameter. For
example, the compressor controller 12a may be config-
ured to control theoperation frequencyof thecompressor
motor 57a based on a measured pressure (for example,
the first pressure measured by the first pressure sensor
54, the second pressure measured by the second pres-
sure sensor55, or a differential pressurebetween thefirst
pressure and the second pressure). The compressor
controller 12amay be provided separately from the cryo-
pump controller 110 and may be mounted on the com-
pressor 12.Also in the cryopumpsystem100exemplified
with reference to Figs. 1 to 3, the compressor controller
12a that controls the compressor 12 may be provided as
described above.
[0113] The cryopump monitor 130 may be configured
to acquire time-series data of a measurement parameter
and time-series data of an operation parameter related to
the compressor 12 and to display a time-series graph of
the measurement parameter and a time-series graph of
the operation parameter with the time axes thereof
aligned with each other. In this case, the cryopump
monitor 130 may acquire the time-series data of the
measurement parameter and/or the operationparameter
from the compressor controller 12a via the communica-
tion network. Alternatively, the cryopump monitor 130
may acquire such time-series data from the computer-
readable medium in which the time-series data of the
measurement parameter and/or the operationparameter
is stored. In such a manner, as shown in Fig. 8, the
cryopump monitor 130 may display time-series graphs
of the first pressure PH measured by the first pressure
sensor 54, the second pressure PL measured by the
second pressure sensor 55, the differential pressure
DP between the first pressure PH and the second pres-
surePL,and theoperation frequencyFof thecompressor
motor 57a.
[0114] The embodiment of the present invention can
also be expressed as each of the following items with
numbers.

1. A cryopump system including:

a sensor that measures a measurement para-
meter related to the cryopump system;
a cryopump controller that is configured to re-
ceive themeasurement parameter from thesen-
sor, to determine an operation parameter of the
cryopump system such that the measurement
parameter follows a target value, and to operate
the cryopump system with the determined op-
eration parameter; and
a cryopumpmonitor that is configured to acquire
time-series data of themeasurement parameter
and time-series data of the operation parameter
and to display a time-series graph of the mea-

surement parameter and a time-series graph of
the operation parameter with time axes thereof
aligned with each other.

2. The cryopump system according to item 1,
in which the cryopump monitor is configured to dis-
play the time-series graph of themeasurement para-
meter and the time-series graph of the operation
parameter to be arranged so that the target value
of the measurement parameter and a limit value of
the operation parameter are close to each other.
3. The cryopump system according to item 2,
in which the cryopump monitor is configured to de-
termine a display position of the target value of the
measurement parameter at an edge portion of a first
display area where the time-series graph of the
measurement parameter is displayed and to deter-
mine a display position of the limit value of the
operation parameter at an edge portion close to
the edge portion of the first display area, among
edge portions of a second display area where the
time-series graph of the operation parameter is dis-
played.
4. The cryopump system according to any one of
items 1 to 3,
in which the cryopump monitor is configured to dis-
playamark indicating that diagnosisof thecryopump
system has been performed at a position of a diag-
nosis time on the time axis.
5. The cryopump system according to item 4,
in which the cryopump monitor is configured to dis-
play diagnosis information of the cryopump system
associated with the mark in response to designation
of the mark by an operator.
6. The cryopump system according to any one of
items 1 to 5, further including:

a second sensor that measures a second mea-
surement parameter related to the cryopump
system, which is different from the measure-
ment parameter,
in which the cryopump monitor is configured to
acquire time-seriesdataof thesecondmeasure-
ment parameter and to also display a time-ser-
ies graph of the second measurement para-
meter together with the time-series graphs of
the measurement parameter and the operation
parameter with the time axes thereof aligned
with each other.

7. The cryopump system according to any one of
items 1 to 6, further including:

a plurality of cryopumps; and
a plurality of sensors that each measure a mea-
surement parameter related to a corresponding
cryopump among the plurality of cryopumps,
in which the cryopump controller is configured
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to, for eachof the plurality of cryopumps, receive
the measurement parameter from a corre-
sponding sensor among the plurality of sensors,
to determine an operation parameter of the
cryopump such that the measurement para-
meter follows a target value, and to operate
the cryopump with the determined operation
parameter, and
the cryopump monitor is configured to, for each
of the plurality of cryopumps, acquire time-ser-
ies data of the measurement parameter and
time-series data of the operation parameter
and to display a time-series graph of the mea-
surement parameter and a time-series graph of
the operation parameter with time axes thereof
aligned with each other.

8. The cryopump system according to item 7,
in which the cryopump monitor is configured to col-
lectively display a plurality of the time-series graphs
of the measurement parameters for the plurality of
cryopumps and to collectively display a plurality of
the time-series graphs of the operation parameters
for the plurality of cryopumps.
9. The cryopump system according to any one of
items 1 to 6, further including:

a plurality of cryopumps;
a plurality of sensors that each measure a mea-
surement parameter related to a corresponding
cryopump among the plurality of cryopumps;
and
a plurality of controllers that individually control
the plurality of cryopumps, instead of the cryo-
pump controller,
in which each controller is configured to, for the
corresponding cryopump among the plurality of
cryopumps, receive the measurement para-
meter from a corresponding sensor among the
plurality of sensors, to determine an operation
parameter of the cryopump such that the mea-
surement parameter follows a target value, and
to operate the corresponding cryopumpwith the
determined operation parameter, and
the cryopump monitor is configured to, for each
of the plurality of cryopumps, acquire time-ser-
ies data of the measurement parameter and
time-series data of the operation parameter
and to display a time-series graph of the mea-
surement parameter and a time-series graph of
the operation parameter with time axes thereof
aligned with each other.

10. A cryopump monitoring method comprising:

acquiring time-series data of a measurement
parameter related to a cryopump system;
acquiring time-series data of an operation para-

meter of the cryopump system, which is con-
trolled such that the measurement parameter
follows a target value; and
displaying a time-series graph of the measure-
ment parameter and a time-series graph of the
operation parameter with time axes thereof
aligned with each other.

11. The cryopump monitoring method according to
item 10,
in which the displaying includes displaying the time-
series graph of themeasurement parameter and the
time-series graph of the operation parameter to be
arranged so that the target value of the measure-
ment parameter and a limit value of the operation
parameter are close to each other.
12. The cryopump monitoring method according to
item 11,
in which the displaying includes determining a dis-
play position of the target value of the measurement
parameter at an edge portion of a first display area
where the time-series graph of the measurement
parameter is displayed and determining a display
position of the limit value of the operation parameter
at anedgeportion close to theedgeportionof thefirst
display area, among edge portions of a second dis-
play area where the time-series graph of the opera-
tion parameter is displayed.
13. The cryopump monitoring method according to
any one of items 10 to 12,
in which the displaying includes displaying a mark
indicating thatdiagnosisof thecryopumpsystemhas
been performed at a position of a diagnosis time on
the time axis.
14. The cryopump monitoring method according to
item 13,
inwhich the displaying includes displaying diagnosis
information of the cryopump system associated with
themark in response todesignationof themarkbyan
operator.
15. The cryopump monitoring method according to
any one of items 10 to 12, further comprising:

acquiring time-seriesdataof a secondmeasure-
ment parameter related to the cryopump sys-
tem, which is different from the measurement
parameter,
in which the displaying includes also displaying
a time-series graph of the secondmeasurement
parameter together with the time-series graphs
of the measurement parameter and the opera-
tion parameter with the time axes thereof
aligned with each other.

16. The cryopump monitoring method according to
any one of items 10 to 15,

in which the cryopump system includes a plur-
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ality of cryopumps,
the acquiring the time-series data of the mea-
surement parameter includes acquiring time-
series data of the measurement parameter for
each of the plurality of cryopumps,
the acquiring the time-series data of the opera-
tion parameter includes acquiring, for each of
the plurality of cryopumps, time-series data of
the operation parameter of the cryopump, which
is controlled such that the measurement para-
meter follows a target value, and
the displaying includes displaying, for each of
the plurality of cryopumps, the time-series graph
of the measurement parameter and the time-
series graph of the operation parameter with
time axes thereof aligned with each other.

17. The cryopump monitoring method according to
item 16,
in which the displaying includes collectively display-
ing a plurality of time-series graphs of the measure-
ment parameters for the plurality of cryopumps and
collectively displaying a plurality of time-series
graphs of the operation parameters for the plurality
of cryopumps.
18. A cryopumpmonitoring program causing a com-
puter to execute:

acquiring time-series data of a measurement
parameter related to a cryopump system;
acquiring time-series data of an operation para-
meter of the cryopump system, which is con-
trolled such that the measurement parameter
follows a target value; and
displaying a time-series graph of the measure-
ment parameter and a time-series graph of the
operation parameter with time axes thereof
aligned with each other.

[0115] Although the present invention has been de-
scribed using specific phrases based on the embodi-
ment, the embodiment merely shows one aspect of the
principles and applications of the present invention, and
many modification examples and changes in disposition
are allowed without departing from the concept of the
present invention specified in the claims.

Brief Description of the Reference Symbols

[0116]

10 cryopump
100 cryopump system
110 cryopump controller
130 cryopump monitor
136a first display area
136b second display area

Claims

1. A cryopump system (100) comprising:

a sensor (22, 23, 54, 55) that measures a mea-
surement parameter related to the cryopump
system (100);
a cryopump controller (110) that is configured to
receive the measurement parameter from the
sensor (22, 23, 54, 55), to determine an opera-
tion parameter of the cryopump system (100)
such that themeasurement parameter follows a
target value, and to operate the cryopump sys-
tem (100) with the determined operation para-
meter; and
a cryopump monitor (130) that is configured to
acquire time-series data of the measurement
parameter and time-series data of the operation
parameter and to display a time-series graph of
the measurement parameter and a time-series
graph of the operation parameter with time axes
thereof aligned with each other.

2. The cryopump system (100) according to claim 1,
wherein the cryopumpmonitor (130) is configured to
display the time-series graph of the measurement
parameter and the time-series graphof theoperation
parameter to be arranged so that the target value of
the measurement parameter and a limit value of the
operation parameter are close to each other.

3. The cryopump system (100) according to claim 2,
wherein the cryopumpmonitor (130) is configured to
determine a display position of the target value of the
measurement parameter at an edge portion of a first
display area (136a) where the time-series graph of
the measurement parameter is displayed and to
determine a display position of the limit value of
the operation parameter at an edge portion close
to the edge portion of the first display area (136a),
among edge portions of a second display area
(136b) where the time-series graph of the operation
parameter is displayed.

4. The cryopump system (100) according to any one of
claims 1 to 3,
wherein the cryopumpmonitor (130) is configured to
display a mark (140) indicating that diagnosis of the
cryopump system (100) has been performed at a
position of a diagnosis time on the time axis.

5. The cryopump system (100) according to claim 4,
wherein the cryopumpmonitor (130) is configured to
display diagnosis information of the cryopump sys-
tem(100)associatedwith themark (140) in response
to designation of the mark (140) by an operator.

6. The cryopump system (100) according to any one of
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claims 1 to 3, further comprising:

a second sensor that measures a second mea-
surement parameter related to the cryopump
system (100), which is different from the mea-
surement parameter,
wherein the cryopump monitor (130) is config-
ured to acquire time-series data of the second
measurement parameter and to also display a
time-series graph of the second measurement
parameter together with the time-series graphs
of the measurement parameter and the opera-
tion parameter with the time axes thereof
aligned with each other.

7. The cryopump system (100) according to any one of
claims 1 to 3, further comprising:

a plurality of cryopumps (10); and
a plurality of sensors (22, 23, 54, 55) that each
measure ameasurement parameter related to a
corresponding cryopump (10) among the plur-
ality of cryopumps (10),
wherein the cryopump controller (110) is config-
ured to, for each of the plurality of cryopumps
(10), receive the measurement parameter from
a corresponding sensor (22, 23, 54, 55) among
the plurality of sensors (22, 23, 54, 55), to de-
termineanoperationparameterof thecryopump
(10) such that the measurement parameter fol-
lowsa target value, and tooperate thecryopump
(10) with the determined operation parameter,
and
the cryopumpmonitor (130) is configured to, for
each of the plurality of cryopumps (10), acquire
time-series data of themeasurement parameter
and time-series data of the operation parameter
and to display a time-series graph of the mea-
surement parameter and a time-series graph of
the operation parameter with time axes thereof
aligned with each other.

8. The cryopump system (100) according to claim 7,
wherein the cryopumpmonitor (130) is configured to
collectively display a plurality of the time-series
graphs of the measurement parameters for the plur-
ality of cryopumps (10) and to collectively display a
plurality of the time-series graphs of the operation
parameters for the plurality of cryopumps (10).

9. The cryopump system (100) according to any one of
claims 1 to 3, further comprising:

a plurality of cryopumps (10);
a plurality of sensors (22, 23, 54, 55) that each
measure ameasurement parameter related to a
corresponding cryopump (10) among the plur-
ality of cryopumps (10); and

a plurality of controllers (110a) that individually
control the plurality of cryopumps (10), instead
of the cryopump controller (110),
wherein each controller (110a) is configured to,
for the corresponding cryopump (10) among the
plurality of cryopumps (10), receive the mea-
surement parameter from a corresponding sen-
sor (22, 23, 54, 55) among the plurality of sen-
sors (22, 23, 54, 55), to determine an operation
parameter of the cryopump (10) such that the
measurement parameter follows a target value,
and to operate the corresponding cryopump
(10) with the determined operation parameter,
and
the cryopumpmonitor (130) is configured to, for
each of the plurality of cryopumps (10), acquire
time-series data of themeasurement parameter
and time-series data of the operation parameter
and to display a time-series graph of the mea-
surement parameter and a time-series graph of
the operation parameter with time axes thereof
aligned with each other.

10. A cryopump monitoring method comprising:

acquiring time-series data of a measurement
parameter related to a cryopump system (100);
acquiring time-series data of an operation para-
meter of the cryopump system (100), which is
controlled such that the measurement para-
meter follows a target value; and
displaying a time-series graph of the measure-
ment parameter and a time-series graph of the
operation parameter with time axes thereof
aligned with each other.

11. Thecryopumpmonitoringmethodaccording to claim
10,
wherein the displaying includes displaying the time-
series graph of themeasurement parameter and the
time-series graph of the operation parameter to be
arranged so that the target value of the measure-
ment parameter and a limit value of the operation
parameter are close to each other.

12. Thecryopumpmonitoringmethodaccording to claim
11,
wherein the displaying includes determining a dis-
play position of the target value of the measurement
parameter at an edge portion of a first display area
(136a) where the time-series graph of the measure-
ment parameter is displayed and determining a dis-
play position of the limit value of the operation para-
meter at an edge portion close to the edge portion of
the first display area (136a), among edge portions of
a second display area (136b) where the time-series
graph of the operation parameter is displayed.
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13. The cryopump monitoring method according to any
one of claims 10 to 12,
wherein the displaying includes displaying a mark
(140) indicating that diagnosis of the cryopump sys-
tem (100) has been performed at a position of a
diagnosis time on the time axis.

14. Thecryopumpmonitoringmethodaccording to claim
13,
wherein the displaying includes displaying diagnosis
information of the cryopump system (100) asso-
ciatedwith themark (140) in response to designation
of the mark (140) by an operator.

15. The cryopump monitoring method according to any
one of claims 10 to 12, further comprising:

acquiring time-seriesdataof a secondmeasure-
ment parameter related to the cryopumpsystem
(100), which is different from the measurement
parameter,
wherein the displaying includes also displaying
a time-series graph of the secondmeasurement
parameter together with the time-series graphs
of the measurement parameter and the opera-
tion parameter with the time axes thereof
aligned with each other.

16. Acryopumpmonitoringprogramcausingacomputer
to execute:

acquiring time-series data of a measurement
parameter related to a cryopump system (100);
acquiring time-series data of an operation para-
meter of the cryopump system (100), which is
controlled such that the measurement para-
meter follows a target value; and
displaying a time-series graph of the measure-
ment parameter and a time-series graph of the
operation parameter with time axes thereof
aligned with each other.
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