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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates to a vacuum-ex-
haust device and a vacuum-exhaust method for evacu-
ating a vacuum container using an oil-rotary vacuum
pump.

2. DESCRIPTION OF RELATED ART

[0002] Various vacuum-exhaust devices for exhaust-
ing air from and forming a vacuum in (i.e., evacuating)
high-vacuum requiring vacuum containers of devices
such as scanning electron microscopes or space envi-
ronmental testers by using oil-rotary pumps have been
conventionally known.
[0003] According to a conventional arrangement of
such a vacuum-exhaust device, oil, oil vapor and the like
from an oil-rotary pump are prevented from counterflow-
ing into a vacuum container (see, for instance, Document
1: JP-A-05-44643 or Document 2: JP-A-2003-157786).
[0004] The vacuum-exhaust device according to Doc-
ument 1 includes: a turbo-molecular pump for highly
evacuating a vacuum container, the turbo-molecular
pump connected to the vacuum container via an inlet
valve; and an oil-rotary pump connected in series to the
turbo-molecular pump. The vacuum-exhaust device ac-
cording to Document 1 further includes a container vac-
uometer for measuring a vacuum degree of the vacuum
container and an exhaust vacuometer for measuring a
vacuum degree of the turbo-molecular pump adjacent to
the container. In the vacuum-exhaust device according
to Document 1, a controller controls a driving of the turbo-
molecular pump and the oil-rotary pump and opening and
closing of an exhaust valve and the inlet valve.
[0005] However, with the arrangement of Document 1
in which two expensive vacuometers are required to be
used, cost for the vacuum-exhaust device can be hardly
reduced.
[0006] According to the arrangement of Document 2,
an observation chamber of a scanning electron micro-
scope, which is used for observing a sample, is linked
with a spare chamber repeatedly changed between an
atmospheric state and a vacuum state through a gate
valve. In addition, an oil-rotary pump, which is connected
to the observation chamber via a first rough-piping valve,
is also connected to the spare chamber via a second
rough-piping valve. According to Document 2, a vacu-
ometer and an arrangement for introducing gas in a small
amount are provided between the spare chamber and
the second rough-piping valve.
[0007] However, according to Document 2, when
opening or closing of the valve is erroneously operated,
or when an excessively high vacuum that is beyond ca-
pabilities of the oil-rotary pump is formed in the spare

chamber, oil, oil vapor and the like from the oil-rotary
pump may counterflow into the spare chamber. In addi-
tion, since the vacuum-exhaust device according to Doc-
ument 2 requires an arrangement for flowing gas to be
separately provided and also requires gas to be constant-
ly exhausted during observation, it may not be easy to
simplify the arrangement of the vacuum-exhaust device
or to reduce cost for observation.
[0008] As described above, it has been difficult to
achieve simplification of arrangement and cost reduction
in such conventional vacuum-exhaust devices as dis-
closed in Documents 1 and 2.
[0009] JP H07197884A relates to an oil steam reverse
flow preventing device for an evacuation line and disclos-
es all of the features in the preamble of claim 1.
[0010] JP 2006322405 relates to an evacuation sys-
tem capable of stopping an evacuation device while pre-
venting reverse flow of oil from the evacuation device.

SUMMARY OF THE INVENTION

[0011] In view of such problems, an object of the
present invention is to provide a vacuum-exhaust device
and a vacuum-exhaust method capable of reducing de-
vice cost in a simplified arrangement.
[0012] The object is achieved by a vacuum-exhaust
device according to claim 1 and a vacuum-exhaust meth-
od according to claim 10.
[0013] A vacuum-exhaust device according to an as-
pect of the present invention is a vacuum-exhaust device
connected to a vacuum container and adapted to evac-
uate the vacuum container, the vacuum-exhaust device
including: an oil-rotary vacuum pump connected to the
vacuum container and adapted to evacuate the vacuum
container; a pair of on-off valves provided in series be-
tween the vacuum container and the oil-rotary vacuum
pump; and a vacuometer positioned between the pair of
on-off valves and adapted to measure a vacuum degree.
[0014] According to the aspect of the present invention,
the pair of on-off valves are provided in series between
the vacuum container and the oil-rotary vacuum pump
for evacuating the vacuum container, and the vacuome-
ter for measuring the vacuum degree is provided be-
tween the pair of on-off valves. By opening only the first
on-off valve adjacent to the vacuum container, the vac-
uum degree of the vacuum container can be measured.
By opening only the second on-off valve adjacent to the
oil-rotary vacuum pump, the vacuum degree of the oil-
rotary vacuum pump can be measured. Further, by open-
ing both of the on-off valves, the vacuum container can
be evacuated while the vacuum degree thereof during
the evacuation can be measured.
[0015] Accordingly, while oil or oil vapor from the oil-
rotary vacuum pump is prevented from flowing into the
vacuum container, the vacuum degree can be suitably
measured with a single vacuometer. Thus, a configura-
tion of the vacuum-exhaust device can be simplified and
cost for the vacuum-exhaust device can be reduced.
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[0016] The vacuum-exhaust device according to the
aspect of the present invention further includes a con-
troller that controls the pair of on-off valves to be opened
or closed based on the vacuum degree measured by the
vacuometer.
[0017] According to the aspect of the present invention,
the controller controls the opening and closing of the pair
of on-off valves based on the vacuum degree measured
by the vacuometer.
[0018] With this arrangement, flowing of oil, oil vapor
and the like from the oil-rotary vacuum pump into the
vacuum container due to erroneous operations by an op-
erator can be prevented. In addition, since the on-off
valves are automatically opened and closed, workability
of the vacuum-exhaust operation can be enhanced.
[0019] In the vacuum-exhaust device according to the
aspect of the present invention, the controller controls a
vacuum-exhaust operation so that: a first on-off valve
provided adjacent to the vacuum container, when the oil-
rotary vacuum pump is driven, is opened for a predeter-
mined time so as to store container vacuum-degree data
about a vacuum degree of the vacuum container meas-
ured by the vacuometer; the first on-off valve is closed,
and a second on-off valve provided adjacent to the oil-
rotary vacuum pump is subsequently opened so as to
obtain pump vacuum-degree data about a vacuum de-
gree in the vicinity of the oil-rotary vacuum pump meas-
ured by the vacuometer; and, when recognizing that the
vacuum degree in the vicinity of the oil-rotary vacuum
pump has become larger than the stored vacuum degree
in the vacuum container by comparing the stored con-
tainer vacuum-degree data with the pump vacuum-de-
gree data about the vacuum degree in the vicinity of the
oil-rotary vacuum pump measured by the vacuometer,
the pair of on-off valves are opened after the vacuum
degree in the vicinity of the oil-rotary vacuum pump is
obtained.
[0020] According to the aspect of the present invention,
when the oil-rotary vacuum pump is driven, the controller
controls the vacuum-exhaust operation. Specifically, the
controller opens the first on-off valve adjacent to the vac-
uum container to obtain the container vacuum-degree
data about the vacuum degree of the vacuum container
measured by the vacuometer, and subsequently closes
the first on-off valve and opens the second on-off valve
to obtain the pump vacuum-degree data about the vac-
uum degree in the vicinity of the oil-rotary vacuum pump
measured by the vacuometer. Following the above, when
recognizing that the vacuum degree in the vicinity of the
oil-rotary vacuum pump has become larger than the vac-
uum degree in the vacuum container by comparing the
stored container vacuum-degree data with the pump vac-
uum-degree data about the vacuum degree in the vicinity
of the oil-rotary vacuum pump measured by the vacuom-
eter, the controller opens both of the on-off valves, so
that the vacuum container is evacuated by the driving of
the oil-rotary vacuum pump.
[0021] With this arrangement, while oil, oil vapor and

the like from the oil-rotary vacuum pump are prevented
from flowing into the vacuum container, the vacuum con-
tainer can be suitably evacuated with the single vacuom-
eter 140 used.
[0022] The driving of the oil-rotary vacuum pump may
be manually started, which may be recognized by the
vacuum-exhaust device through power supply, opera-
tions of a power switch or the like. Alternatively, the driv-
ing of the oil-rotary vacuum pump may be automatically
started when the vacuum-exhaust device recognizes a
setting input (e.g., switch operation) for requesting the
driving of the oil-rotary vacuum pump. In short, the oil-
rotary vacuum pump may be automatically or manually
driven.
[0023] In the vacuum-exhaust device according to the
aspect of the present invention, it is preferable that the
controller controls the second on-off valve to be open for
a predetermined time when obtaining the pump vacuum-
data about the vacuum degree in the vicinity of the oil-
rotary vacuum pump measured by the vacuometer.
[0024] According to the aspect of the present invention,
the controller opens the second on-off valve for the pre-
determined time to obtain the pump vacuum-degree data
about the vacuum degree in the vicinity of the oil-rotary
vacuum pump measured by the vacuometer. After ob-
taining the pump vacuum-degree data about the vacuum
degree in the vicinity of the oil-rotary vacuum pump, the
controller closes the second on-off valve once and sub-
sequently opens the pair of on-off valves, so that the vac-
uum container is evacuated by the driving of the oil-rotary
vacuum pump.
[0025] Accordingly, with a simple arrangement using
the pair of on-off valves and the vacuometer, differences
between the vacuum degree in the vicinity of the oil-rotary
pump and the vacuum degree in the vicinity of the vac-
uum container can be easily recognized. In addition, even
when both of the on-off valves are simultaneously
opened, air containing oil, oil vapor and the like, which
are harmful to the vacuum container, can be prevented
from flowing into the vacuum container from the oil-rotary
vacuum pump.
[0026] In the vacuum-exhaust device according to the
aspect of the present invention, it is preferable that the
controller opens the pair of on-off valves after obtaining
the pump vacuum-degree data about the vacuum degree
in the vicinity of the oil-rotary vacuum pump, and the con-
troller closes the second on-off valve when recognizing
that the vacuum degree of the vacuum container meas-
ured by the vacuometer has reached a predetermined
vacuum degree.
[0027] According to the aspect of the present invention,
after obtaining the pump vacuum-degree data about the
vacuum degree in the vicinity of the oil-rotary vacuum
pump, the controller opens the pair of on-off valves, so
that the vacuum container is evacuated. Then, when the
controller recognizes that the vacuum degree of the vac-
uum container measured by the vacuometer (i.e., the
vacuum degree contained in the container vacuum-de-
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gree data) has reached a predetermined vacuum degree
(e.g., a predetermined threshold), the controller closes
the second on-off valve.
[0028] With this arrangement, even when the driving
of the oil-rotary vacuum pump is stopped, not only oil, oil
vapor and the like from the oil-rotary vacuum pump are
prevented from flowing into the vacuum container, but
also the vacuum formed in the vacuum container can be
maintained for a longer time while being monitored by
the vacuometer. In addition, since the driving of the oil-
rotary vacuum pump can be stopped, cost for driving the
oil-rotary vacuum pump to maintain the vacuum formed
in the vacuum container can be reduced. Further, when,
for instance, a calibration is conducted on a precision
device using the vacuum container, complication of the
calibration operation and reduction in accuracy of the cal-
ibration due to oscillation caused by the driving of the oil-
rotary vacuum pump can be prevented by stopping the
driving of the oil-rotary vacuum pump.
[0029] In the vacuum-exhaust device according to the
aspect of the present invention, it is preferable that the
controller controls the second on-off valve to be closed
after the vacuum degree of the vacuum container has
reached the predetermined vacuum degree, and subse-
quently controls the oil-rotary vacuum pump to stop driv-
ing.
[0030] According to the aspect of the present invention,
the controller controls the second on-off valve to be
closed after the vacuum degree of the vacuum container
reaches the predetermined vacuum degree, and subse-
quently controls the oil-rotary vacuum pump to stop the
driving. The controller may control the oil-rotary vacuum
pump to automatically stop the driving, control the power
supply to be blocked in accordance with a manual termi-
nation operation, or perform any other suitable control to
stop the driving of the oil-rotary vacuum pump.
[0031] With this arrangement, it is possible to prevent
the oil-rotary vacuum pump from being stopped while the
vacuum container is communicated with the oil-rotary
vacuum pump, thereby reliably preventing flowing of oil,
oil vapor and the like from the oil-rotary vacuum pump
into the vacuum container.
[0032] In the vacuum-exhaust device according to the
aspect of the present invention, it is preferable that the
controller controls a vacuum-re-exhaust operation so
that: container vacuum-degree data about a vacuum de-
gree of the vacuum container is stored when the stopped
oil-rotary vacuum pump resumes driving due to a reduc-
tion in the vacuum degree of the container, the vacuum
degree of the vacuum container being measured by the
vacuometer with the first on-off valve being open while
the second on-off valve being closed; the first on-off valve
is closed after the container vacuum-degree data is
stored, and the second on-off valve is subsequently
opened so as to compare the stored container vacuum-
degree data with pump vacuum-degree data about a vac-
uum degree in the vicinity of the oil-rotary vacuum pump
sequentially measured by the vacuometer; and the first

on-off valve is opened when the controller recognizes
that the vacuum degree in the vicinity of the oil-rotary
vacuum pump contained in the pump vacuum-degree
data has become equal to or higher than the stored vac-
uum degree of the vacuum container.
[0033] According to the aspect of the present invention,
when the vacuum degree of the vacuum container is re-
duced (i.e., the vacuum degree approximates to the at-
mospheric pressure), the stopped driving of the oil-rotary
vacuum pump is resumed again. At this time, the con-
troller controls the vacuum-re-exhaust operation. Specif-
ically, the controller stores the container vacuum-degree
data about the vacuum degree of the vacuum container,
which is measured by the vacuometer with the first on-
off valve being open while the second on-off valve being
closed. Then, the controller closes the first on-off valve
and subsequently opens the second on-off valve to ob-
tain the pump vacuum-degree data about the vacuum
degree in the vicinity of the oil-rotary vacuum pump,
which is sequentially measured by the vacuometer. Fol-
lowing the above, the controller compares the stored con-
tainer vacuum-degree data about the vacuum degree of
the vacuum container with the pump vacuum-degree da-
ta about the sequentially-measured vacuum degree in
the vicinity of the oil-rotary vacuum pump. When recog-
nizing that the vacuum degree in the vicinity of the oil-
rotary vacuum pump, which is sequentially measured by
the vacuometer, becomes equal to or higher than the
already-stored vacuum degree of the vacuum container,
the controller opens the first on-off valve to open both of
the on-off valves, so that the vacuum container can be
evacuated again by the driving of the oil-rotary vacuum
pump.
[0034] With this arrangement, also in the vacuum-re-
exhaust operation, while oil, oil vapor and the like from
the oil-rotary vacuum pump are prevented from flowing
into the vacuum container, the vacuum container can be
suitably evacuated with the single vacuometer used.
[0035] The vacuum-exhaust device according to the
aspect of the present invention preferably further in-
cludes a leak portion provided in a branched manner be-
tween the vacuum container and the first on-off valve
adjacent to the vacuum container , the leak portion in-
cluding a leak valve adapted to equalize a pressure of a
region between the vacuum container and the first on-
off valve substantially with the atmospheric pressure
when opened.
[0036] According to the aspect of the present invention,
the leak portion having the leak valve for equalizing a
pressure of the region between the vacuum container
and the first on-off valve adjacent to the vacuum container
substantially with the atmospheric pressure when
opened is provided in a branched manner between the
vacuum container and the first on-off valve.
[0037] With this arrangement, when the pressure of
the evacuated vacuum container is returned to the at-
mospheric pressure, the leak valve is opened after the
first on-off valve is opened, so that the pressure of the
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region between the vacuum container and the second
on-off valve is equalized substantially with the atmos-
pheric pressure. When the second on-off valve is subse-
quently opened, air in the vacuum container, in which a
pressure has been equalized substantially with the at-
mospheric pressure, flows into the oil-rotary vacuum
pump. Accordingly, the oil-rotary vacuum pump can be
stopped after the air flows into the oil-rotary vacuum
pump from the vacuum container. Thus, air containing
harmful oil or oil vapor from the oil-rotary vacuum pump
can be prevented from flowing into the vacuum container
and the vacuometer via the second on-off valve. Accord-
ingly, the pressure of the vacuum container can be favo-
rably and easily equalized substantially with the atmos-
pheric pressure with a simple arrangement.
[0038] In the vacuum-exhaust device according to the
aspect of the present invention, it is preferable that the
controller controls a leak operation so that: the leak valve
is controlled to be opened after the second on-off valve
adjacent to the oil-rotary vacuum pump is closed; the oil-
rotary vacuum pump is controlled to stop driving when
the controller recognizes that the vacuum degree of the
vacuum container measured by the vacuometer has be-
come substantially equal to the atmospheric pressure;
and the second on-off valve is opened.
[0039] According to the aspect of the present invention,
in order to control the leak operation by the controller,
the leak valve is opened after the second on-off valve is
closed. The leak valve may be manually opened, auto-
matically opened by the controller, or opened by any oth-
er suitable method. When recognizing that the vacuum
degree in the vacuum container measured by the vacu-
ometer is substantially equal to the atmospheric pres-
sure, the controller opens the second on-off valve, so
that the pressure in the vicinity of the oil-rotary vacuum
pump is equalized substantially with the atmospheric
pressure. Then, the controller controls the oil-rotary vac-
uum pump to stop the driving. As described above, the
oil-rotary vacuum pump may be automatically controlled
to stop the driving, manually controlled to stop the driving
with supply of the power being blocked by a manual ter-
mination operation, or controlled to stop the driving by
any other suitable method..
[0040] With this arrangement, also in equalizing the
pressure of the vacuum container substantially with the
atmospheric pressure, while oil, oil vapor and the like
from the oil-rotary vacuum pump are prevented from flow-
ing into the vacuum container, the pressure of the vacu-
um container can be suitably equalized substantially with
the atmospheric pressure with the single vacuometer
used.
[0041] The vacuum-exhaust device according to the
aspect of the present invention preferably further in-
cludes a leak portion provided in a branched manner be-
tween the pair of on-off valves, the leak portion including
a leak valve adapted to equalize a pressure of a region
between the pair of on-off valves substantially with the
atmospheric pressure when opened.

[0042] According to the aspect of the present invention,
the leak portion having the leak valve for equalizing the
pressure of the region between the pair of on-off valves
substantially with the atmospheric pressure when
opened is provided in a branched manner between the
pair of on-off valves.
[0043] With this arrangement, when the pressure of
the evacuated vacuum container is equalized substan-
tially with the atmospheric pressure, the leak valve is
opened after the first on-off valve is opened, so that the
pressure of the region between the vacuum container
and the second on-off valve is equalized substantially
with the atmospheric pressure. When the second on-off
valve is subsequently opened, air in the vacuum contain-
er, in which the pressure has been equalized substan-
tially with the atmospheric pressure, flows into the oil-
rotary vacuum pump. Accordingly, the oil-rotary vacuum
pump can be stopped after the air flows into the oil-rotary
vacuum pump from the vacuum container. Thus, air con-
taining harmful oil or oil vapor from the oil-rotary vacuum
pump can be prevented from flowing into the vacuum
container and the vacuometer via the second on-off
valve. Accordingly, the pressure of the vacuum container
can be favorably and easily equalized substantially with
the atmospheric pressure with a simple arrangement.
[0044] In the vacuum-exhaust device according to the
aspect of the present, it is preferable that the controller
controls a leak operation so that: the leak valve is con-
trolled to be opened and the first on-off valve adjacent to
the container is controlled to be opened after the second
on-off valve adjacent to the oil-rotary vacuum pump is
closed; and the second on-off valve is controlled to be
opened when the controller recognizes that the vacuum
degree of the vacuum container measured by the vacu-
ometer has become substantially equal to the atmos-
pheric pressure.
[0045] According to the aspect of the present invention,
in order to control the leak operation by the controller,
the leak valve is opened after the second on-off valve is
closed. The leak valve may be manually opened, auto-
matically opened by the controller, or opened by any oth-
er suitable method. Then, the controller controls the first
on-off valve to be opened. The first on-off valve may be
manually opened or automatically opened by the control-
ler. When the controller recognizes that the vacuum de-
gree of the vacuum container measured by the vacuom-
eter is substantially equal to the atmospheric pressure,
the controller controls the second on-off valve to be
opened, so that the pressure in the vicinity of the oil-rotary
vacuum pump is equalized substantially with the atmos-
pheric pressure. The second on-off valve may be man-
ually opened or automatically opened by the controller.
[0046] With this arrangement, also in equalizing the
pressure of the vacuum container substantially with the
atmospheric pressure, while oil, oil vapor and the like
from the oil-rotary vacuum pump are prevented from flow-
ing into the vacuum container, the pressure of the vacu-
um container can be suitably equalized substantially with
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the atmospheric pressure with the single vacuometer
used.
[0047] A vacuum-exhaust method according to anoth-
er aspect of the present invention is a vacuum-exhaust
method for evacuating a vacuum container, the method
including: using: an oil-rotary vacuum pump adapted to
evacuate the container via a pair of on-off valves provided
in series; and a vacuometer positioned between the pair
of on-off valves and adapted to measure a vacuum de-
gree; opening a first on-off valve provided adjacent to the
vacuum container for a predetermined time when the oil-
rotary vacuum pump is driven, and storing container vac-
uum-degree data about a vacuum degree of the vacuum
container measured by the vacuometer; closing the first
on-off valve to subsequently open a second on-off valve
provided adjacent to the oil-rotary vacuum pump after
the vacuum degree of the vacuum container is stored,
and obtaining pump vacuum-degree data about a vacu-
um degree in the vicinity of the oil-rotary vacuum pump
measured by the vacuometer; and evacuating the vacu-
um container by the oil-rotary vacuum pump driven with
the pair of on-off valves being open after the vacuum
degree in the vicinity of the oil-rotary vacuum pump is
obtained.
[0048] According to the aspect of the present invention,
when the oil-rotary vacuum pump is driven, the vacuum-
degree of the vacuum container is stored. Specifically,
the vacuum degree is measured by the vacuometer with
the first on-off valve adjacent to the vacuum container
being open for a predetermined time while the second
on-off valve adjacent to the oil-rotary pump being closed
for the same predetermined time, and the measured vac-
uum degree is obtained and stored as the container vac-
uum-degree data about the vacuum degree of the vac-
uum container. After the vacuum degree of the vacuum
container is stored, the vacuum degree in the vicinity of
the oil-rotary vacuum pump is obtained. Specifically, the
first on-off valve is closed and the second on-off valve
adjacent to the oil-rotary vacuum pump is subsequently
opened, so that the vacuum degree measured by the
vacuometer is obtained as the pump vacuum-degree da-
ta about the vacuum degree in the vicinity of the oil-rotary
vacuum pump. After the vacuum degree in the vicinity of
the oil-rotary vacuum pump is obtained, the vacuum con-
tainer is evacuated. Specifically, both of the on-off valves
are opened, so that the vacuum container is evacuated
by the driving of the oil-rotary vacuum pump.
[0049] With this arrangement, while oil, oil vapor and
the like from the oil-rotary vacuum pump are prevented
from flowing into the vacuum container, the vacuum con-
tainer can be suitably evacuated with the single vacuom-
eter used, thereby simplifying the arrangement of the
vacuum-exhaust device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

Fig. 1 is a block diagram schematically showing an
arrangement of a vacuum-exhaust device according
to a first exemplary embodiment of the present in-
vention.
Fig. 2 is a timing chart showing operations in a vac-
uum-exhaust operation according to the first embod-
iment, in which: (A) is a graph showing vacuum pres-
sure Pvc within a vacuum chamber; (B) is a graph
showing vacuum pressure Pvp in an oil-rotary vac-
uum pump; (C) is a waveform chart showing a trigger
signal; (D) is a waveform showing opening and clos-
ing of a first on-off valve; (E) is a waveform chart
showing opening and closing of a second on-off
valve; and (F) is a waveform showing timings at
which vacuum degree measured by a vacuometer
is read.
Fig. 3 is a timing chart showing operations in a vac-
uum re-exhaust operation according to the first em-
bodiment, in which: (A) is a graph showing vacuum
pressure Pvc within the vacuum chamber; (B) is a
graph showing vacuum pressure Pvp in the oil-rotary
vacuum pump; (C) is a waveform chart showing a
trigger signal; (D) is a waveform showing opening
and closing of the first on-off valve; (E) is a waveform
chart showing opening and closing of the second on-
off valve; and (F) is a waveform showing timings at
which vacuum degree measured by a vacuometer
is read.
Fig. 4 is a timing chart showing operations to stop
the oil-rotary vacuum pump according to the first em-
bodiment, in which: (A) is a graph showing vacuum
pressure Pvc within the vacuum chamber; (B) is a
graph showing vacuum pressure Pvp in the oil-rotary
vacuum pump; (C) is a waveform chart showing a
trigger signal; (D) is a waveform showing opening
and closing of the first on-off valve; (E) is a waveform
chart showing opening and closing of the second on-
off valve; (F) is a waveform showing timings at which
vacuum degree measured by a vacuometer is read;
and (G) is a waveform showing opening and closing
of a leak valve.
Fig. 5 is a timing chart showing operations in a leak
operation according to the first embodiment, in
which: (A) is a graph showing vacuum pressure Pvc
within the vacuum chamber; (B) is a graph showing
vacuum pressure Pvp in the oil-rotary vacuum pump;
(C) is a waveform chart showing a trigger signal; (D)
is a waveform showing opening and closing of the
first on-off valve; (E) is a waveform chart showing
opening and closing of the second on-off valve; (F)
is a waveform showing timings at which vacuum de-
gree measured by a vacuometer is read; (G) is a
waveform showing opening and closing of the leak
valve; and (H) is a waveform chart showing a trigger
signal for opening and closing the leak valve.
Fig. 6 is a block diagram schematically showing an
arrangement of a vacuum-exhaust device according
to a second exemplary embodiment of the present
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invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENT(S)

[0051] A first exemplary embodiment of the present
invention will be described below with reference to the
attached drawings.
[0052] While a vacuum-exhaust device according to
the present invention is exemplarily applied to, for in-
stance, an optical interferometer in the first embodiment,
the vacuum-exhaust device is applicable to structures
having various vacuum containers for which vacuum
evacuation is required.
[0053] Fig. 1 is a block diagram schematically showing
an arrangement of a vacuum-exhaust device according
to the present embodiment.

[Arrangement of Vacuum-Exhaust Device]

[0054] In Fig. 1, a vacuum-exhaust device, which is
denoted by a numeral 100, is exemplarily applied to an
optical interferometer (not shown). The vacuum-exhaust
device 100 evacuates a vacuum chamber 101 that
serves as a vacuum container for forming an interference
portion of laser beams in the optical interferometer (i.e.,
the vacuum-exhaust device 100 exhausts air inside the
vacuum chamber 101 to form a vacuum within the vac-
uum chamber 101).
[0055] The vacuum-exhaust device 100 includes an
oil-rotary vacuum pump 110, an exhaust piping 120, a
leak pipe 130 as a leak portion, a vacuometer 140 and
a controller (not shown).
[0056] The oil-rotary vacuum pump 110 is connected
to the vacuum chamber 101 via the exhaust piping 120.
The oil-rotary vacuum pump 110 is driven to exhaust the
air in the vacuum chamber 101 through the exhaust pip-
ing 120 so as to evacuate the vacuum chamber 101.
[0057] The oil-rotary vacuum pump 110 may be man-
ually driven by power supplied from, for instance, a power
supply (not shown) operated by a power switch, or may
be automatically driven in a controllable manner with
power supplied from a power supply being controlled by
a controller adapted to recognize operations of the
switch. Any driving method may be employed.
[0058] The exhaust piping 120, in which a pressure-
resistant piping is exemplarily used, is connected to the
vacuum chamber 101 at its first end while being connect-
ed to the oil-rotary vacuum pump 110 at its second end.
The exhaust piping 120 is provided with a first on-off valve
121 and a second on-off valve 122. The first and second
on-off valves 121, 122 form a pair in series. The first on-
off valve 121 is located adjacent to the vacuum chamber
101 while the second on-off valve 122 is located adjacent
to the oil-rotary vacuum pump 110.
[0059] The first on-off valve 121 and the second on-off
valve 122 are exemplarily adapted to be electromagnet-
ically opened and closed by a controller (i.e., adapted to

be opened and closed by the controller). The first and
second on-off valves 121, 122 each may be a so-called
normal close valve, which is automatically closed when
power supplied to the controller is blocked, or the like.
[0060] The leak pipe 130 as the leak portion, which
may be, for instance, a pressure-resistant pipe as in the
exhaust piping 120, is connected to the exhaust piping
120 at its first end to branch from between the vacuum
chamber 101 and the second on-off valve 122 (i.e., con-
nected to the exhaust piping 120 in a branched manner).
On the other hand, a second end of the leak pipe 130 is
a free end opened to the atmosphere.
[0061] The leak pipe 130 is provided with a leak valve
131. By opening the leak valve 131, the pressure of the
exhaust piping 120 between the vacuum chamber 101
and the second on-off valve 122 is approximated to the
atmospheric pressure.
[0062] The vacuometer 140 may be any one of various
vacuometers for measuring vacuum degree as long as
the vacuometer does not bring harmful effects such as
air refraction on the laser beams in the optical interfer-
ometer. Examples of such a vacuometer are an ionization
vacuum gauge and Pirani gauge.
[0063] The vacuometer 140 is disposed between the
first on-off valve 121 and the second on-off valve 122 of
the exhaust piping 120 so as to measure vacuum degree
thereof. The vacuometer 140, which is connected to the
controller, outputs data corresponding to the measured
vacuum degree to the controller.
[0064] The controller, which exemplarily includes a
central processing unit (CPU) and the like, controls the
first on-off valve 121 and the second on-off valve 122 to
be opened and closed in accordance with the vacuum
degree measured by the vacuometer 140 in order to
evacuate the vacuum chamber 101 or equalize the pres-
sure of the vacuum chamber 101 substantially with the
atmospheric pressure.
[0065] Specifically, the controller performs a vacuum-
exhaust operation, a vacuum-re-exhaust operation and
a leak operation. Based on a reference pulse such as
internal clock, the controller obtains vacuum-degree data
about the vacuum degree measured by the vacuometer
140. Specifically, when vacuum-degree data about the
vacuum degree measured and output by the vacuometer
140 is input in the controller, the controller stores the data
in a cache memory or the like for suitable computation.
[0066] In the vacuum-exhaust operation, the controller
initially recognizes a signal requesting for the vacuum-
exhaust operation (i.e., the signal requesting that the vac-
uum chamber 101 be evacuated) and opens the first on-
off valve 121. Then, the vacuometer 140, which has been
communicated with the vacuum chamber 101 via the ex-
haust piping 120 by the opening of the first on-off valve
121, measures the vacuum degree of the vacuum cham-
ber 101, and the controller obtains the vacuum-degree
data output by the vacuometer 140 as container vacuum-
degree data to store the obtained container vacuum-de-
gree data in a storage such as a random access memory
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(RAM). Subsequently, the controller closes the first on-
off valve 121 while opening the second on-off valve 122,
such that the vacuometer 140, which has been commu-
nicated with the oil-rotary vacuum pump 110 via the ex-
haust piping 120 by the opening of the second on-off
valve 122, measures the vacuum degree in the vicinity
of the oil-rotary vacuum pump 110, and the controller
obtains the vacuum-degree data output by the vacuom-
eter 140 as pump vacuum-degree data. The signal re-
questing for the vacuum-exhaust operation, which will be
described later, may be a signal to the effect that a control
signal from a controlling unit has been recognized, a sig-
nal to the effect that an actuation of the oil-rotary vacuum
pump 110 has been recognized, or the like.
[0067] Following the above, the controller opens the
first on-off valve 121 and the second on-off valve 122 to
communicate the chamber 101 with the oil-rotary vacuum
pump 110 via the exhaust piping 120, such that the oil-
rotary vacuum pump 110 is driven to evacuate the vac-
uum chamber 101. When the controller recognizes that
the vacuum -degree of the vacuum chamber 101, which
is sequentially measured by the vacuometer 140, has
reached a predetermined threshold value, the controller
closes the second on-off valve 122 and terminates the
vacuum-exhaust operation so that the vacuum degree
of the vacuum chamber 101 can be monitored through
the vacuometer 140 and maintained at the threshold val-
ue irrespective of termination of the driving o the oil-rotary
vacuum pump 110.
[0068] On the other hand, in the vacuum-re-exhaust
operation, when the oil-rotary vacuum pump 110 under
suspension is driven again due to reduction in the vacu-
um degree of the vacuum chamber 101 and the controller
recognizes a signal requesting for the vacuum-re-ex-
haust operation (i.e., a signal requesting that the vacuum
chamber 101 be evacuated again), the controller recog-
nizes that the first on-off valve 121 is open while the sec-
ond on-off valve 122 is closed. Then, the vacuometer
140, which is in communication with the vacuum chamber
101 via the exhaust piping 120, measures the vacuum
degree of the vacuum chamber, such that the controller
stores the measured vacuum degree in the storage. In-
cidentally, when recognizing that the first on-off valve 121
is open while the second on-off valve 122 is not closed
in this operation, the controller switches the opening and
closing of the first and second on-off valves 121, 122
such that the first on-off valve 121 is open while the sec-
ond on-off valve 122 is closed.
[0069] After storing the vacuum degree of the vacuum
chamber 101, the controller closes the first on-off valve
121 and opens the second on-off valve 122, so that the
vacuometer 140 sequentially measures the vacuum de-
gree in the vicinity of the oil-rotary vacuum pump 110.
Then, the controller compares the stored vacuum degree
of the vacuum chamber 101 with the sequentially-meas-
ured vacuum degree in the vicinity of the oil-rotary vac-
uum pump 110. When recognizing that the vacuum de-
gree in the vicinity of the oil-rotary vacuum pump 110,

which is sequentially measured by the vacuometer 140,
becomes equal to or higher than the stored vacuum de-
gree of the vacuum chamber 101, the controller opens
the first on-off valve 121. Since both of the first on-off
valve 121 and the second on-off valve 122 are open with
the first on-off valve 121 being opened, the vacuum
chamber 101 and the oil-rotary vacuum pump 110 are
communicated with each other, such that the oil-rotary
vacuum pump 110 is driven to evacuate the vacuum
chamber 101 again.
[0070] In the leak operation, after the second on-off
valve 122 is closed, the leak valve 131 is opened. The
leak valve 131 may be manually opened, automatically
opened by the controller, or opened by any other suitable
method.
[0071] When recognizing that the vacuum degree of
the vacuum chamber 101 measured by the vacuometer
140 is substantially equal to the atmospheric pressure,
the controller opens the second on-off valve 122. With
the second on-off valve 122 being opened, the pressure
in the vicinity of the oil-rotary vacuum pump 110 is equal-
ized substantially with the atmospheric pressure.
[0072] Then, the controller controls the oil-rotary vac-
uum pump 110 to terminate the driving. As described
above, the controller may control the oil-rotary vacuum
pump 110 to automatically terminate the driving, control
the power supply to be blocked in accordance with a man-
ual termination operation, or control the oil-rotary vacuum
pump 110 to terminate the driving by any other suitable
method.
[0073] As described above, the oil-rotary vacuum
pump 110 is stopped after the second on-off valve 122
is opened, thereby reliably preventing contamination by
air containing oil or oil vapor.
[0074] In addition, the controller is connected with, for
instance, a controlling unit such as a personal computer
for setting and controlling the entire operation of the op-
tical interferometer. When an operator (i.e., a user of the
optical interferometer) performs input operations on an
input unit such as a keyboard of the controlling unit, the
controlling unit issues various control signals based on
various set signals respectively corresponding to the in-
put operations. When the controller recognizes such con-
trol signal(s), the controller controls operations of the en-
tire optical interferometer.

[Operation(s) of Vacuum-Exhaust Device]

[0075] Next, operations of the vacuum-exhaust device
100 will be described below with reference to the attached
drawings.

(Vacuum-Exhaust Operation)

[0076] The vacuum-exhaust operation, which is one of
the operations of the vacuum-exhaust device 100, will
be described below with reference to the attached draw-
ings.
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[0077] While the oil-rotary vacuum pump 110 is exem-
plarily driven or stopped by manual operations of a user
in the present embodiment, the oil-rotary vacuum pump
110 may be automatically driven or stopped by the con-
troller in accordance with, for instance, an input operation
for requesting the vacuum-exhaust operation.
[0078] Fig. 2 is a timing chart showing operations in
the vacuum-exhaust operation, in which: (A) is a graph
showing vacuum pressure Pvc within the vacuum cham-
ber 101; (B) is a graph showing vacuum pressure Pvp in
the oil-rotary vacuum pump 110; (C) is a waveform chart
showing a trigger signal; (D) is a waveform showing open-
ing and closing of the first on-off valve 121; (E) is a wave-
form chart showing opening and closing of the second
on-off valve 122; and (F) is a waveform showing timings
at which the vacuum degree measured by the vacuom-
eter 140 is read.
[0079] Initially, for instance, a user of the optical inter-
ferometer switches on the oil-rotary vacuum pump 110
for driving while performing an input operation requesting
for the vacuum-exhaust operation through the controlling
unit so that the vacuum chamber 101 of the optical inter-
ferometer is evacuated. By this operation, the controlling
unit outputs a control signal related to the request for the
vacuum-exhaust operation as shown in Fig. 2(C).
[0080] As shown in Fig. 2(D), the controller, having rec-
ognized the control signal, controls the first on-off valve
121 to be open for a predetermined time. When the first
on-off valve 121 is opened, the controller determines
whether or not the second on-off valve 122 and the leak
valve 131 are closed. When the second on-off valve 122
and the leak valve 131 are not closed, the controller clos-
es the second on-off valve 122 and the leak valve 131 in
advance. The leak valve 131 may be automatically
switched to be closed by the control of the controller, or
may be manually switched to be closed by a user. The
controller may recognize that the leak valve 131 has been
switched to be closed from a report issued when such a
switching operation is conducted. In short, any automatic
or manual method may be employed. When a manual
method is employed, the vacuum-exhaust operation is
preferably not initiated unless the controller recognizes
that the leak valve 131 is switched to be closed. Then,
with the first on-off valve 121 being opened, the exhaust
piping 120 is communicated with the vacuum chamber
101.
[0081] After controlling the first on-off valve 121 to be
switched to be opened, as shown in Fig. 2(F), the con-
troller starts issuing reference pulse from which a trigger
signal for obtaining the data about the vacuum degree
measured by the vacuometer 140 is generated. When
the reference pulse is issued while the first on-off valve
121 is open, the controller obtains the vacuum-degree
data about the vacuum degree measured by the vacu-
ometer 140. Specifically, the controller obtains the con-
tainer vacuum-degree data obtained by the measure-
ment of vacuum degree Pvc (i.e., vacuum pressure of
the exhaust piping 120 communicated with the vacuum

chamber 101) and stores the obtained container vacuum-
degree data in the not-shown storage (see Fig. 2(A)).
[0082] After the container vacuum-degree data is
stored, the controller closes the first on-off valve 121 and
subsequently opens the second on-off valve 122 after a
predetermined time is elapsed since the closure of the
first on-off valve 121 as shown in Fig. 2(E). With the sec-
ond on-off valve 122 being opened, the exhaust piping
120 is communicated with the oil-rotary vacuum pump
110. When the reference pulse is issued while the second
on-off valve 122 is open, the controller obtains the vac-
uum-degree data about the vacuum degree measured
by the vacuometer 140. Specifically, the controller ob-
tains the pump vacuum-degree data obtained by the
measurement of vacuum degree Pvp (i.e., vacuum pres-
sure of the exhaust piping 120 communicated with the
oil-rotary vacuum pump 110) and stores the obtained
pump vacuum-degree data in the storage (see Fig. 2(B)).
[0083] After the pump vacuum-degree data is stored,
the controller compares the container vacuum-degree
data stored during the step for storing the vacuum degree
of the vacuum container with the pump vacuum-degree
data stored during the step for acquiring the vacuum de-
gree of the oil-rotary vacuum pump. When recognizing
that the vacuum degree in the vicinity of the oil-rotary
vacuum pump 110 has become larger than the vacuum
degree in the vacuum chamber 101, the controller opens
the first on-off valve 121. As a processing after the pump
vacuum-degree data is stored, for instance, the controller
may close the second on-off valve 122 once and subse-
quently open both the first on-off valve 121 and the sec-
ond on-off valve 122 in order to check the value of the
vacuum degree measured by the vacuometer 140.
[0084] With the first and second on-off valves 121, 122
being opened, the oil-rotary vacuum pump 110 and the
vacuum chamber 101 are communicated with each other
via the exhaust piping 120. Then, the oil-rotary vacuum
pump 110 is driven to exhaust the air in the vacuum cham-
ber 101 to form a vacuum in the vacuum chamber 101
(i.e., evacuate the vacuum chamber 101). At the time of
evacuating the vacuum chamber 101, the controller ob-
tains the vacuum-degree data from the vacuometer 140
every reference pulse, and determines whether or not
the measured vacuum degree has reached a vacuum
degree Pm of a predetermined target value (e.g., the con-
troller determines whether or not the measured vacuum
degree has reached a value of 0.1 pa). When the con-
troller recognizes that the vacuum degree of the vacuum
chamber 101 has reached the vacuum degree Pm, i.e.,
the predetermined target threshold value (see Fig. 2(A)
and (B), measurement, observation or the like using the
vacuum chamber 101 can be conducted.
[0085] When the controller recognizes the vacuum de-
gree has reached the targeted vacuum degree Pm, the
controller may close the second on-off valve 122 to con-
trol the oil-rotary vacuum pump 110 to stop the driving,
thereby terminating the vacuum-exhaust operation. With
this arrangement, unnecessary supply of power to the
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oil-rotary vacuum pump 110 can be prevented, thereby
facilitating power saving. In addition, while the second
on-off valve 122 is closed after the vacuum degree of the
vacuum chamber 101 has reached the targeted vacuum
degree Pm in the vacuum-exhaust operation according
to the above arrangement, the second on-off valve 122
may not be closed.

(Vacuum-Re-Exhaust Operation)

[0086] The vacuum-re-exhaust operation, which is one
of the operations of the vacuum-exhaust device 100, will
be described below with reference to the attached draw-
ings.
[0087] In an exemplary vacuum-re-exhaust operation,
when the vacuum degree of the vacuum chamber 101 is
reduced while the driving of the oil-rotary vacuum pump
110 is under suspension after the evacuation of the vac-
uum chamber 101, the stopped driving of the oil-rotary
vacuum pump 110 is resumed so as to evacuate the vac-
uum chamber 101 again. As described above, while the
oil-rotary vacuum pump 110 is exemplarily driven or
stopped by manual operations of a user in the present
embodiment, the oil-rotary vacuum pump 110 may be
automatically driven or stopped by the controller in ac-
cordance with, for instance, an input operation for re-
questing the vacuum-exhaust operation.
[0088] Fig. 3 is a timing chart showing operations in
the vacuum-re-exhaust operation, in which: (A) is a graph
showing vacuum pressure Pvc in the vacuum chamber
101; (B) is a graph showing vacuum pressure Pvp in the
oil-rotary vacuum pump 110; (C) is a waveform chart
showing a trigger signal; (D) is a waveform showing open-
ing and closing of the first on-off valve 121; (E) is a wave-
form chart showing opening and closing of the second
on-off valve 122; and (F) is a waveform showing timings
at which the vacuum degree measured by the vacuom-
eter 140 is read.
[0089] Initially, for instance, a user of the optical inter-
ferometer switches on the oil-rotary vacuum pump 110
for driving while performing an input operation requesting
for the vacuum-re-exhaust operation through the control-
ling unit so that the vacuum chamber 101 of the optical
interferometer is evacuated again. By this operation, the
controlling unit outputs a control signal related to the re-
quest for the vacuum-re-exhaust operation as shown in
Fig. 3(C). The controller, having recognized the control
signal, recognizes that the first on-off valve 121 is open
while the second on-off valve 122 is closed. Then, the
controller obtains the vacuum-degree data about the vac-
uum degree measured by the vacuometer 140 in accord-
ance with the reference pulse (i.e., the controller obtain
the container vacuum-degree data provided by the meas-
urement of the vacuum degree Pvc of the exhaust piping
120 communicated with the vacuum chamber 101), and
stores the obtained container vacuum-degree data in the
storage (not shown) as shown in Fig. 3(A) and (F). Inci-
dentally, when the first on-off valve 121 is opened while

the second on-off valve 122 is not closed in this operation,
the controller switches the opening and closing of the
first and second on-off valves 121, 122 such that the first
on-off valve 121 is open while the second on-off valve
122 is closed.
[0090] After the vacuum degree of the vacuum cham-
ber 101 is stored, the controller initially closes the first
on-off valve 121 (see Fig. 3(D)) and subsequently opens
the second on-off valve 122 (see Fig. 3(E)). While the
second on-off valve 122 is open, the controller obtains
the vacuum-degree data about the vacuum degree
measured by the vacuometer 140 in accordance with the
reference pulse. Specifically, the controller sequentially
obtains the pump vacuum-data provided by the meas-
urement of the vacuum degree Pvp of the exhaust piping
120 communicated with the oil-rotary vacuum pump 110.
Then, the controller compares the sequentially-obtained
vacuum degree Pvp of the oil-rotary vacuum pump 110
with the already-stored vacuum data Pvc of the vacuum
chamber 101. When recognizing that the vacuum degree
Pvp in the vicinity of the oil-rotary vacuum pump 110,
which is sequentially measured by the vacuometer 140,
becomes equal to or higher than the already-stored vac-
uum degree Pvc of the vacuum chamber 101, the con-
troller opens the first on-off valve 121.
[0091] As described above, when the controller con-
trols the first on-off valve 121 to be opened, the controller
may close the second on-off valve 122 once and subse-
quently open both of the first on-off valve 121 and the
second on-off valve 122.
[0092] With both of the first on-off valve 121 and the
second on-off valve 122 being open, the vacuum cham-
ber 101 and the oil-rotary vacuum pump 110 are com-
municated with each other, such that the oil-rotary vac-
uum pump 110 is driven to evacuate the vacuum cham-
ber 101 again. After the vacuum chamber 101 is evacu-
ated again, the same operations as in the above-de-
scribed vacuum-exhaust operation shown in Fig. 2 are
performed.

(Stopping of Oil-Rotary Vacuum Pump for Calibration)

[0093] Operation(s) for stopping the oil-rotary vacuum
pump 110 so as to conduct a calibration and the like,
which is one of the operations of the vacuum-exhaust
device 100, will be described below with reference to the
attached drawings.
[0094] In view of a need to maintain a vacuum between
the vacuum chamber 101 and the second on-off valve
122, the leak valve 131 is kept closed so as to more
reliably maintain the vacuum. In addition, while opera-
tions for stopping the driving of the oil-rotary vacuum
pump 110 in order to conduct a calibration is exemplarily
described, the same operations are applied when, for
instance, the driving of the oil-rotary vacuum pump 110
is stopped after the above-described vacuum-exhaust
operation, vacuum-re-exhaust operation or the like in or-
der to reduce a driving cost and the like.
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[0095] Fig. 4 is a timing chart showing operations to
stop the oil-rotary vacuum pump, in which: (A) is a graph
showing vacuum pressure Pvc within the vacuum cham-
ber 101; (B) is a graph showing vacuum pressure Pvp in
the oil-rotary vacuum pump 110; (C) is a waveform chart
showing a trigger signal; (D) is a waveform showing open-
ing and closing of the first on-off valve 121; (E) is a wave-
form chart showing opening and closing of the second
on-off valve 122; (F) is a waveform showing timings at
which vacuum degree measured by the vacuometer 140
is read; and (G) is a waveform showing opening and clos-
ing of the leak valve 131.
[0096] Initially, for instance, a user of the optical inter-
ferometer performs an input operation requesting for
stopping of the oil-rotary vacuum pump 110 through the
controlling unit in order to conduct a calibration of the
optical interferometer. By this operation, the controlling
unit outputs a control signal related to the request for
stopping of the oil-rotary vacuum pump 110 as shown in
Fig. 4(C). The controller, having recognized the control
signal, closes the second on-off valve 122 as shown in
Fig. 4(E). With this operation, the exhaust piping 120,
with which the vacuometer 140 is connected, is commu-
nicated only with the vacuum chamber 101. While the
second on-off valve 122 is closed, the controller obtains
the vacuum-degree data about the vacuum degree
measured by the vacuometer 140 in accordance with the
reference pulse while maintaining the monitoring of the
vacuum degree Pvc of the vacuum chamber 101.
[0097] The controller subsequently performs opera-
tions necessary for stopping the oil-rotary vacuum pump
110. Specifically, the controller reports to a user by dis-
play or audio output that the oil-rotary vacuum pump 110
is allowed to be stopped, or automatically blocks the sup-
ply of power to the oil-rotary vacuum pump 110. Then,
with the driving of the oil-rotary vacuum pump 110 being
stopped, the pressure in the vicinity of the oil-rotary vac-
uum pump 110 gradually approximates to the atmospher-
ic pressure.

(Leak Operation)

[0098] Next, the leak operation, which is one of the
operations of the vacuum-exhaust device 100, will be
described below with reference to the attached drawings.
[0099] In an exemplary leak operation, while the oil-
rotary vacuum pump 110 is driven with the first and sec-
ond on-off valves 121, 122 being open, the pressure of
the vacuum chamber 101 is equalized substantially with
the atmospheric pressure. As described above, while the
oil-rotary vacuum pump 110 is exemplarily driven or
stopped by manual operations of a user in the present
embodiment, the oil-rotary vacuum pump 110 may be
automatically driven or stopped by the controller in ac-
cordance with, for instance, an input operation for re-
questing the vacuum-exhaust operation.
[0100] Fig. 5 is a timing chart showing operations of
the leak operation, in which: (A) is a graph showing vac-

uum pressure Pvc within the vacuum chamber 101; (B)
is a graph showing vacuum pressure Pvp in the oil-rotary
vacuum pump 110; (C) is a waveform chart showing a
trigger signal; (D) is a waveform showing opening and
closing of the first on-off valve 121; (E) is a waveform
chart showing opening and closing of the second on-off
valve 122; (F) is a waveform showing timings at which
vacuum degree measured by a vacuometer 140 is read;
(G) is a waveform showing opening and closing of the
leak valve 131; and (H) is a waveform chart showing a
trigger signal for opening and closing the leak valve 131.
[0101] For instance, when a user stops using the op-
tical interferometer and leaves the optical interferometer
unused for a relatively long time, in order to approximate
the pressure in the vacuum chamber 101 of the optical
interferometer to the atmospheric pressure, the user in-
itially performs an input operation for requesting for the
leak operation through the controlling unit, such that the
controlling unit issues a control signal related to a request
for the leak operation as shown in Fig. 5 (C). The con-
troller, having recognized the control signal, closes the
second on-off valve 122 as shown in Fig. 5(E). Then, the
controller performs operations necessary for opening the
leak valve 131 as shown in Fig. 5(G) and (H). Specifically,
the controller reports to the user by display or audio out-
put that the leak valve 131 is allowed to be opened, or
automatically switches the leak valve 131 to be opened.
With the leak valve 131 being switched to be opened,
the vacuum chamber 101 is in communication with the
atmosphere, so that the pressure therein approximates
to the atmospheric pressure as shown in Fig. 5(A).
[0102] When subsequently recognizing that the pres-
sure in the vacuum chamber 101 has become substan-
tially the atmospheric pressure based on the container
vacuum-degree data measured by the vacuometer 140,
the controller opens the second on-off valve 122 while
stopping monitoring the vacuum degree by stopping the
issue of the reference pulse as shown in Fig. 5(E). Al-
though the oil-rotary vacuum pump 110 is communicated
with the atmosphere by this operation, the oil-rotary vac-
uum pump 110 maintains a reduced pressure that is ap-
proximate to that of the atmospheric pressure as shown
in Fig. 5(B) because the oil-rotary vacuum pump 110 is
being driven to vacuum suction. The controller subse-
quently performs operations necessary for stopping the
oil-rotary vacuum pump 110. Specifically, the controller
reports to a user by display or audio output that the oil-
rotary vacuum pump 110 is allowed to be stopped, or
automatically blocks the supply of power to the oil-rotary
vacuum pump 110. Then, with the driving of the oil-rotary
vacuum pump 110 being stopped, the pressure in the
vicinity of the oil-rotary vacuum pump 110 gradually ap-
proximates to the atmospheric pressure. Through the
above operations, the pressure in the vacuum chamber
101 of the optical interferometer is equalized substantial-
ly with the atmospheric pressure.
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[Effects and Advantages of Embodiment(s)].

[0103] As described above, according to the embodi-
ment, the pair of first on-off valve 121 and the second
on-off valve 122 for evacuating the vacuum chamber 101
are provided in series between the vacuum chamber 101
and the oil-rotary vacuum pump 110, and the vacuometer
140 for measuring the vacuum degree is provided be-
tween the first on-off valve 121 and the second on-off
valve 122. By opening the first on-off valve 121 adjacent
to the vacuum chamber 101, the vacuum degree Pvc of
the vacuum chamber 101 can be measured. By opening
the second on-off valve 122 adjacent to the oil-rotary vac-
uum pump 110, the vacuum degree Pvp in the vicinity of
the oil-rotary vacuum pump 110 can be measured. By
opening both of the first and second on-off valves 121,
122, the vacuum chamber 101 can be evacuated by the
driven oil-rotary vacuum pump 110 while the vacuum de-
gree can be measured.
[0104] Accordingly, while oil or oil vapor from the oil-
rotary vacuum pump 110 is prevented from flowing into
the vacuum chamber 101, the vacuum degree can be
suitably measured with the single vacuometer 140. Thus,
a configuration of the vacuum-exhaust device can be
simplified, thereby easily enhancing manufacturability
and reducing cost for the vacuum-exhaust device.
[0105] According to the embodiment, the controller
controls the opening and closing of the pair of first and
second on-off valves 121, 122 based on the vacuum de-
gree measured by the vacuometer 140.
[0106] With this arrangement, it is possible to prevent
the vacuum chamber 101 and the oil-rotary vacuum
pump 110 from being erroneously communicated with
each other due to wrong operations and the like of a user
of the optical interferometer while the vacuum degree in
the vicinity of the vacuum chamber 101 is higher than
that in the vicinity of the oil-rotary vacuum pump 110,
thereby preventing flowing of oil, oil vapor and the like
from the oil-rotary vacuum pump 110 into the vacuum
chamber 101. In addition, since the first on-off valve 121
and the second on-off valve 122 are automatically
opened and closed, workability of the vacuum-exhaust
operation can be enhanced.
[0107] According to the embodiment, when the oil-ro-
tary vacuum pump 110 is driven, the controller controls
the vacuum-exhaust operation. Specifically, the control-
ler initially opens the first on-off valve 121 adjacent to the
vacuum chamber 101 to store the vacuum degree of the
vacuum chamber 101 measured by the vacuometer 140,
and subsequently closes the first on-off valve 121. Then,
the controller opens the second on-off valve 122 adjacent
to the oil-rotary vacuum pump 110 to obtain the vacuum
degree in the vicinity of the oil-rotary vacuum pump 110
measured by the vacuometer 140. Following the above,
the controller compares the stored container vacuum de-
gree Pvc in the vacuum chamber 101 with the pump vac-
uum degree Pvp in the vicinity of the oil-rotary vacuum
pump 110 measured by the vacuometer 140. When rec-

ognizing that the vacuum degree Pvp in the vicinity of
the oil-rotary vacuum pump 110 has become larger than
the stored vacuum degree Pvc in the vacuum container
101, the controller opens both of the first on-off valve 121
and the second on-off valve 122, so that the vacuum
chamber 101 is evacuated by the driving of the oil-rotary
vacuum pump 110.
[0108] With this arrangement, while oil, oil vapor and
the like from the oil-rotary vacuum pump 110 are pre-
vented from flowing into the vacuum chamber 101, the
vacuum chamber 101 can be suitably evacuated with the
single vacuometer 140 used.
[0109] According to the above embodiment, the con-
troller obtains the vacuum degree in the vicinity of the oil-
rotary vacuum pump 110 and subsequently opens both
of the first on-off valve 121 and the second on-off valve
122 to evacuate the vacuum chamber 101. Then, when
recognizing that the vacuum degree Pvc of the vacuum
chamber 101 measured by the vacuometer 140 is equal
to the predetermined vacuum degree Pm, the controller
closes the second on-off valve 122.
[0110] With this arrangement, even when the driving
of the oil-rotary vacuum pump 110 is stopped, not only
oil, oil vapor and the like from the oil-rotary vacuum pump
110 are prevented from flowing into the vacuum chamber
101, but also the vacuum formed in the vacuum chamber
101 can be maintained for a longer time while being mon-
itored by the vacuometer 140. In addition, by stopping
the driving of the oil-rotary vacuum pump 110, cost re-
quired for driving the oil-rotary vacuum pump 110 to main-
tain the vacuum formed in the vacuum chamber 101 can
be reduced. In addition, when, for instance, a calibration
is conducted on a precision device such an optical inter-
ferometer in which the vacuum chamber 101 is provided,
complication of the calibration operation and reduction
in accuracy of the calibration due to oscillation caused
by the driving of the oil-rotary vacuum pump 110 can be
prevented by stopping the driving of the oil-rotary vacuum
pump 110.
[0111] According to the above embodiment, after the
vacuum degree Pvc of the vacuum chamber 101 reaches
the predetermined vacuum degree Pm, the controller
opens the first on-off valve 121 while closing the second
on-off valve 122, so that the oil-rotary vacuum pump 110
is controlled to terminate the driving. For instance, the
controller controls the oil-rotary vacuum pump 110 to au-
tomatically terminate the driving, controls the power sup-
ply to be blocked in accordance with a manual termination
operation, or reports to a user so that the user can man-
ually stop the oil-rotary vacuum pump 110.
[0112] With this arrangement, it is possible to prevent
the oil-rotary vacuum pump 110 from being stopped while
the vacuum chamber 101 is communicated with the oil-
rotary vacuum pump 110, thereby reliably preventing
flowing of oil, oil vapor and the like from the oil-rotary
vacuum pump 110 into the vacuum chamber 101.
[0113] According to the embodiment, when the vacu-
um degree Pvc of the vacuum chamber 101 is larger than
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the predetermined vacuum degree Pm, the stopped driv-
ing of oil-rotary vacuum pump 110 is resumed again. At
this time, the controller controls the vacuum-re-exhaust
operation. Specifically, after storing the vacuum degree
Pvc of the vacuum chamber 101 measured by the vac-
uometer 140 with the first on-off valve 121 being open
while the second on-off valve 122 being closed, the con-
troller closes the first on-off valve 121 and subsequently
opens the second on-off valve 122, so that the vacuom-
eter 140 sequentially measures the vacuum degree Pvp
in the vicinity of the oil-rotary vacuum pump 110. Then,
the controller compares the stored vacuum degree Pvc
of the vacuum chamber 101 with the sequentially meas-
ured vacuum degree Pvp in the vicinity of the oil-rotary
vacuum pump 110. When recognizing that the vacuum
degree Pvp in the vicinity of the oil-rotary vacuum pump
110, which is sequentially measured by the vacuometer
140, becomes equal to or higher than the already-stored
vacuum degree Pvc of the vacuum chamber 101, the
controller opens the first on-off valve 121 to open both
of the first and second on-off valves 121, 122, so that the
vacuum chamber 101 can be evacuated again by the
driving of the oil-rotary vacuum pump 110.
[0114] With this arrangement, also in the vacuum-re-
exhaust operation, while oil, oil vapor and the like from
the oil-rotary vacuum pump 110 are prevented from flow-
ing into the vacuum chamber 101, the vacuum chamber
101 can be suitably evacuated with the single vacuom-
eter 140 used.
[0115] According to the embodiment, the leak pipe 130
having the leak valve 131 for equalizing the pressure of
the exhaust piping 120 between the vacuum chamber
101 and the first on-off valve 121 substantially with the
atmospheric pressure when opened is provided in a
branched manner between the vacuum chamber 101 and
the first on-off valve 121 adjacent to the vacuum chamber
101.
[0116] With this arrangement, when the pressure of
the evacuated vacuum chamber 101 is equalized sub-
stantially with the atmospheric pressure, the leak valve
is opened after closing of the second on-off valve 122
and opening of the first on-off valve 121, so that the pres-
sure of the exhaust piping 120 between the vacuum
chamber 101 and the second on-off valve 122 is equal-
ized substantially with the atmospheric pressure. When
the second on-off valve 122 is subsequently opened, air
in the vacuum chamber 101, in which the pressure has
been equalized substantially with the atmospheric pres-
sure, flows into the oil-rotary vacuum pump 110. Accord-
ingly, the oil-rotary vacuum pump 110 is required to be
stopped only after the air flows into the oil-rotary vacuum
pump 110 from the vacuum chamber 101. Thus, air con-
taining harmful oil or oil vapor from the oil-rotary vacuum
pump 110 can be prevented from flowing into the vacuum
chamber 101 and the vacuometer 140 via the second
on-off valve 122. Accordingly, when the vacuum portion
needs to be open to the atmospheric pressure exempla-
rily for maintenance, the pressure of the vacuum cham-

ber 101 can be favorably equalized substantially with the
atmospheric pressure with a simplified arrangement in a
facilitated manner.
[0117] According to the embodiment, in order to control
the leak operation by the controller, the leak valve 131
is opened after the second on-off valve 122 is closed.
The leak valve 131 may be manually opened, automat-
ically opened by the controller, or opened by any other
suitable method. When recognizing that the vacuum de-
gree Pvc of the vacuum chamber 101 measured by the
vacuometer 140 is substantially equal to the atmospheric
pressure, the controller opens the second on-off valve
122, so that the pressure in the vicinity of the oil-rotary
vacuum pump 110 is equalized substantially with the at-
mospheric pressure. Then, the controller controls the oil-
rotary vacuum pump 110 to terminate the driving. As de-
scribed above, the controller may control the oil-rotary
vacuum pump 110 to automatically terminate the driving,
controls the power supply to be blocked in accordance
with a manual termination operation, or report to a user
so that the user can manually stop the oil-rotary vacuum
pump 110.
[0118] With this arrangement, when the pressure of
the vacuum chamber 101 is equalized substantially with
the atmospheric pressure, the pressure of the vacuum
chamber 101 can be suitably equalized substantially with
the atmospheric pressure with the single vacuometer 140
used while oil, oil vapor and the like from the oil-rotary
vacuum pump 110 are prevented from flowing into the
vacuum chamber 101.

[Modification(s) of Embodiment(s)]

[0119] It should be understood that the above-de-
scribed aspect of the present invention merely forms one
aspect of the present invention. The present invention is
not limited to the above-described embodiment but may
include any modification or improvement made within a
scope where an object and an effect of the present in-
vention can be achieved. In addition, specific structure,
shape and the like in implementing the present invention
may be altered to other structure, shape and the like as
long as an object and an effect of the present invention
can be achieved.
[0120] Specifically, although the vacuum-exhaust de-
vice according to the present invention has been exem-
plified by the arrangement for evacuating the vacuum
chamber 101 (the vacuum container) of the optical inter-
ferometer in the above-described embodiment, the
present invention may be applied to any other arrange-
ment for evacuating various vacuum containers used in
devices such as an electronic microscope.
[0121] Although the leak pipe 130 having the leak valve
131 is provided to the exhaust piping 120 between the
vacuum chamber 101 and the first on-off valve 121 in a
branched manner in the above embodiment, the leak
pipe 130 may be provided between the first on-off valve
121 and the second on-off valve 122 in a branched man-
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ner as exemplarily shown in Fig. 6..
[0122] According to such an arrangement as shown in
Fig. 6, when a leak operation is performed, the pressure
of the vacuum chamber 101 is initially equalized substan-
tially with the atmospheric pressure by opening the first
on-off valve 121, and the pressure in the vicinity of the
oil-rotary vacuum pump 110 is subsequently equalized
substantially with the atmospheric pressure by opening
the second on-off valve 122, so that the oil-rotary vacuum
pump 110 is stopped. With this arrangement, the oil and
the like from the oil-rotary vacuum pump 110 is prevented
from flowing into the vacuum chamber 101.
[0123] Specific structures and shapes in implementing
the present invention may be altered to other structures
and the like as long as an object of the present invention
can be achieved.

Claims

1. A vacuum-exhaust device (100) connected to a vac-
uum container (101) and adapted to evacuate the
vacuum container (101), the vacuum-exhaust device
(100) comprising:

an oil-rotary vacuum pump (110) connected to
the vacuum container (101) and adapted to
evacuate the vacuum container (101);
a pair of on-off valves (121, 122) provided in
series between the vacuum container (101) and
the oil-rotary vacuum pump (110);
a vacuometer (140) positioned between the pair
of on-off valves (121, 122) and adapted to meas-
ure a vacuum degree; and
a controller that controls the pair of on-off valves
(121, 122) to be opened or closed based on the
vacuum degree measured by the vacuometer
(140) characterized in that
the controller is configured to control a vacuum-
exhaust operation so that:

a first on-off valve (121) provided adjacent
to the vacuum container (101), when the oil-
rotary vacuum pump (110) is driven, is
opened for a predetermined time so as to
store container vacuum-degree data about
a vacuum degree of the vacuum container
(101) measured by the vacuometer (140);
the first on-off valve (121) is closed, and a
second on-off valve (122) provided adjacent
to the oil-rotary vacuum pump (110) is sub-
sequently opened so as to obtain pump vac-
uum-degree data about a vacuum degree
in the vicinity of the oil-rotary vacuum pump
(110) measured by the vacuometer (140);
and
the pair of on-off valves (121, 122) are
opened when the controller recognizes that

the vacuum degree in the vicinity of the oil-
rotary vacuum pump (110) has become
larger than the stored container vacuum de-
gree of the vacuum container (101) by com-
paring the stored container vacuum-degree
data with the pump vacuum-degree data
about the vacuum degree in the vicinity of
the oil-rotary vacuum pump (110) measured
by the vacuometer (140) after the vacuum
degree in the vicinity of the oil-rotary vacu-
um pump (110) is obtained.

2. The vacuum-exhaust device (100) according to
Claim 1, wherein the controller controls the second
on-off valve (122) to be open for a predetermined
time when obtaining the pump vacuum-data about
the vacuum degree in the vicinity of the oil-rotary
vacuum pump (110) measured by the vacuometer
(140).

3. The vacuum-exhaust device (100) according to
Claim 1 or 2, wherein
the controller opens the pair of on-off valves (121,
122) after obtaining the pump vacuum-degree data
about the vacuum degree in the vicinity of the oil-
rotary vacuum pump (110), and
the controller closes the second on-off valve (122)
when recognizing that the vacuum degree of the vac-
uum container (101) measured by the vacuometer
(140) has reached a predetermined vacuum degree.

4. The vacuum-exhaust device (100) according to
Claim 3, wherein the controller controls the second
on-off valve (122) to be closed after the vacuum de-
gree of the vacuum container (101) has reached the
predetermined vacuum degree, and subsequently
controls the oil-rotary vacuum pump (110) to stop
driving.

5. The vacuum-exhaust device (100) according to
Claim 3 or 4, wherein the controller controls a vac-
uum-re-exhaust operation so that:

container vacuum-degree data about a vacuum
degree of the vacuum container (101) is stored
when the stopped oil-rotary vacuum pump (110)
resumes driving due to a reduction in the vacu-
um degree of the container (101), the vacuum
degree of the vacuum container (101) being
measured by the vacuometer (140) with the first
on-off valve (121) being open while the second
on-off valve (122) being closed;
the first on-off valve (121) is closed after the con-
tainer vacuum-degree data is stored, and the
second on-off valve (122) is subsequently
opened so as to compare the stored container
vacuum-degree data with pump vacuum-de-
gree data about a vacuum degree in the vicinity
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of the oil-rotary vacuum pump (110) sequentially
measured by the vacuometer (140); and
the first on-off valve (121) is opened when the
controller recognizes that the vacuum degree in
the vicinity of the oil-rotary vacuum pump (110)
contained in the pump vacuum-degree data has
become equal to or higher than the stored vac-
uum degree of the vacuum container (101).

6. The vacuum-exhaust device (100) according to any
one of Claims 1 to 5, further comprising a leak portion
(130) provided in a branched manner between the
vacuum container (101) and the first on-off valve
(121) adjacent to the vacuum container (101), the
leak portion (130) comprising a leak valve (131)
adapted to equalize a pressure of a region between
the vacuum container (101) and the first on-off valve
(121) substantially with the atmospheric pressure
when opened.

7. The vacuum-exhaust device (100) according to
Claim 6, wherein the controller controls a leak oper-
ation so that:

the leak valve (131) is controlled to be opened
after the second on-off valve (122) adjacent to
the oil-rotary vacuum pump (110) is closed;
the oil-rotary vacuum pump (110) is controlled
to stop driving when the controller recognizes
that the vacuum degree of the vacuum container
(101) measured by the vacuometer (140) has
become substantially equal to the atmospheric
pressure; and
the second on-off valve (122) is opened.

8. The vacuum-exhaust device (100) according to any
one of Claims 1 to 5, further comprising a leak portion
(130) provided in a branched manner between the
pair of on-off valves (121, 122), the leak portion (130)
comprising a leak valve (131) adapted to equalize a
pressure of a region between the pair of on-off valves
(121, 122) substantially with the atmospheric pres-
sure when opened.

9. The vacuum-exhaust device (100) according to
Claim 8, wherein the controller controls a leak oper-
ation so that:

the leak valve (131) is controlled to be opened
and the first on-off valve (121) adjacent to the
container (101) is controlled to be opened after
the second on-off valve (122) adjacent to the oil-
rotary vacuum pump (110) is closed; and
the second on-off valve (122) is controlled to be
opened when the controller recognizes that the
vacuum degree of the vacuum container (101)
measured by the vacuometer (140) has become
substantially equal to the atmospheric pressure.

10. A vacuum-exhaust method of evacuating a vacuum
container (101), the method comprising:

using: an oil-rotary vacuum pump (110) adapted
to evacuate the container (101) via a pair of on-
off valves (121, 122) provided in series; and a
vacuometer (140) positioned between the pair
of on-off valves (121, 122) and adapted to meas-
ure a vacuum degree;
opening a first on-off valve (121) provided adja-
cent to the vacuum container (101) for a prede-
termined time when the oil-rotary vacuum pump
(110) is driven, and storing container vacuum-
degree data about a vacuum degree of the vac-
uum container (101) measured by the vacuom-
eter (140);
closing the first on-off valve (121) to subsequent-
ly open a second on-off valve (122) provided
adjacent to the oil-rotary vacuum pump (110)
after the vacuum degree of the vacuum contain-
er (101) is stored, and obtaining pump vacuum-
degree data about a vacuum degree in the vi-
cinity of the oil-rotary vacuum pump (110) meas-
ured by the vacuometer (140); and
comparing the stored container vacuum-degree
data with the pump vacuum-degree data about
the vacuum degree in the vicinity of the oil-rotary
vacuum pump and, when the pump vacuum de-
gree in the vicinity of the oil-rotary vacuum pump
is greater than the stored container vacuum-de-
gree of the vacuum container,
evacuating the vacuum container (101) by the
oil-rotary vacuum pump (110) driven with the
pair of on-off valves (121, 122) being open after
the vacuum degree in the vicinity of the oil-rotary
vacuum pump (110) is obtained.

Patentansprüche

1. Vakuum-Abgasvorrichtung (100), die mit einem Va-
kuumbehälter (101) verbunden und dazu eingerich-
tet ist, den Vakuumbehälter (101) zu evakuieren, wo-
bei die Vakuum-Abgasvorrichtung (100) umfasst:

eine Öl-Umlaufvakuumpumpe (110), die mit
dem Vakuumbehälter (101) verbunden und da-
zu eingerichtet ist, den Vakuumbehälter (101)
zu evakuieren;
ein Paar von Schaltventilen (121, 122), die zwi-
schen dem Vakuumbehälter (101) und der Öl-
Umlaufvakuumpumpe (110) in Reihe geschaltet
sind;
ein Vakuummeter (140), das zwischen dem
Paar von Schaltventilen (121, 122) angeordnet
und dazu eingerichtet ist, einen Vakuumgrad zu
messen; und
eine Steuerung, die das Paar von Schaltventilen
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(121, 122) so steuert, dass es geöffnet oder ge-
schlossen ist, basierend auf dem von dem Va-
kuummeter (140) gemessenen Vakuumgrad,
dadurch gekennzeichnet, dass
die Steuerung dazu konfiguriert ist, einen Vaku-
um-Abgasvorgang so zu steuern, dass:

ein erstes Schaltventil (121), das sich ne-
ben dem Vakuumbehälter (101) befindet,
wenn die Öl-Umlaufvakuumpumpe (110)
angetrieben wird, für eine vorgegebene Zeit
geöffnet ist, um Behälter-Vakuumgradda-
ten über einen Vakuumgrad des Vakuum-
behälters (101) zu speichern, der von dem
Vakuummeter (140) gemessen wird;
das erste Schaltventil (121) geschlossen
ist, und ein zweites Schaltventil (122), das
sich neben der Öl-Umlaufvakuumpumpe
(110) befindet, anschließend geöffnet wird,
um Pumpen-Vakuumgraddaten über einen
Vakuumgrad in der Nähe der Öl-Umlaufva-
kuumpumpe (110) zu erhalten, der von dem
Vakuummeter (140) gemessen wird; und
das Paar von Schaltventilen (121, 122) ge-
öffnet wird, wenn die Steuerung erkennt,
dass der Vakuumgrad in der Nähe der Öl-
Umlaufvakuumpumpe (110) größer als der
gespeicherte Behälter-Vakuumgrad des
Vakuumbehälters (101) geworden ist,
durch Vergleichen der gespeicherten Be-
hälter-Vakuumgraddaten mit den Pumpen-
Vakuumgraddaten über den Vakuumgrad
in der Nähe der Öl-Umlaufvakuumpumpe
(110), der von dem Vakuummeter (140) ge-
messen wird, nachdem der Vakuumgrad in
der Nähe der Öl-Umlaufvakuumpumpe
(110) erhalten wurde.

2. Vakuum-Abgasvorrichtung (100) nach Anspruch 1,
wobei die Steuerung das zweite Schaltventil (122)
so steuert, dass es für eine vorgegebene Zeit geöff-
net ist, wenn die Pumpen-Vakuumdaten über den
Vakuumgrad in der Nähe der Öl-Umlaufvakuum-
pumpe (110) erhalten werden, der von dem Vaku-
ummeter (140) gemessen wird.

3. Vakuum-Abgasvorrichtung (100) nach Anspruch 1
oder 2, wobei
die Steuerung das Paar von Schaltventilen (121,
122) nach dem Erhalten der Pumpen-Vakuumgrad-
daten über den Vakuumgrad in der Nähe der Öl-
Umlaufvakuumpumpe (110) öffnet, und
die Steuerung das zweite Schaltventil (122) beim Er-
kennen schließt, dass der Vakuumgrad des Vaku-
umbehälters (101), der von dem Vakuummeter (140)
gemessen wird, einen vorgegebenen Vakuumgrad
erreicht hat.

4. Vakuum-Abgasvorrichtung (100) nach Anspruch 3,
wobei die Steuerung das zweite Schaltventil (122)
so steuert, dass es geschlossen ist, nachdem der
Vakuumgrad des Vakuumbehälters (101) den vor-
gegebenen Vakuumgrad erreicht hat, und anschlie-
ßend die Öl-Umlaufvakuumpumpe (110) so steuert,
dass sie den Antrieb stoppt.

5. Vakuum-Abgasvorrichtung (100) nach Anspruch 3
oder 4, wobei die Steuerung einen erneuten Vaku-
um-Abgasvorgang so steuert, dass:

Behälter-Vakuumgraddaten über einen Vaku-
umgrad des Vakuumbehälters (101) gespei-
chert werden, wenn die gestoppte Öl-Umlaufva-
kuumpumpe (110) den Antrieb aufgrund einer
Reduzierung des Vakuumgrades des Behälters
(101) wieder aufnimmt, wobei der Vakuumgrad
des Vakuumbehälters (101) durch das Vakuum-
meter (140) gemessen wird, während das erste
Schaltventil (121) geöffnet und das zweite
Schaltventil (122) geschlossen ist;
das erste Schaltventil (121) geschlossen wird,
nachdem die Behälter-Vakuumgraddaten ge-
speichert wurden, und das zweite Schaltventil
(122) anschließend geöffnet wird, um die ge-
speicherten Behälter-Vakuumgraddaten mit
Pumpen-Vakuumgraddaten über einen Vaku-
umgrad in der Nähe der Öl-Umlaufvakuumpum-
pe (110) zu vergleichen, die sequenziell von
dem Vakuummeter (140) gemessen werden;
und
das erste Schaltventil (121) geöffnet wird, wenn
die Steuerung erkennt, dass der Vakuumgrad
in der Nähe der Öl-Umlaufvakuumpumpe (110),
der in den Pumpen-Vakuumgraddaten enthal-
ten ist, gleich oder höher als der gespeicherte
Vakuumgrad des Vakuumbehälters (101) ge-
worden ist.

6. Vakuum-Abgasvorrichtung (100) nach einem der
Ansprüche 1 bis 5, des Weiteren umfassend einen
Leckabschnitt (130), der auf verzweigte Weise zwi-
schen dem Vakuumbehälter (101) und dem ersten
Schaltventil (121) neben dem Vakuumbehälter (101)
vorgesehen ist, wobei der Leckabschnitt (130) ein
Leckventil (131) umfasst, das dazu eingerichtet ist,
einen Druck eines Bereichs zwischen dem Vakuum-
behälter (101) und dem ersten Schaltventil (121) im
Wesentlichen dem atmosphärischen Druck anzu-
gleichen, wenn es geöffnet ist.

7. Vakuum-Abgasvorrichtung (100) nach Anspruch 6,
wobei die Steuerung einen Entweichungsvorgang
so steuert, dass:

das Leckventil (131) so gesteuert wird, dass es
geöffnet ist, nachdem das zweite Schaltventil
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(120) neben der Öl-Umlaufvakuumpumpe (110)
geschlossen wurde;
die Öl-Umlaufvakuumpumpe (110) so gesteuert
wird, dass sie den Antrieb stoppt, wenn die Steu-
erung erkennt, dass der Vakuumgrad des Va-
kuumbehälters (101), der von dem Vakuumme-
ter (140) gemessen wird, im Wesentlichen
gleich dem atmosphärischen Druck geworden
ist; und
das zweite Schaltventil (122) geöffnet wird.

8. Vakuum-Abgasvorrichtung (100) nach einem der
Ansprüche 1 bis 5, des Weiteren umfassend einen
Leckabschnitt (130), der auf verzweigte Weise zwi-
schen dem Paar von Schaltventilen (121, 122) an-
geordnet ist, wobei der Leckabschnitt (130) ein Leck-
ventil (131) umfasst, das dazu eingerichtet ist, einen
Druck eines Bereichs zwischen dem Paar von
Schaltventilen (121, 122) im Wesentlichen dem at-
mosphärischen Druck anzugleichen, wenn es geöff-
net ist.

9. Vakuum-Abgasvorrichtung (100) nach Anspruch 8,
wobei die Steuerung einen Entweichungsvorgang
so steuert, dass:

das Leckventil (131) so gesteuert wird, dass es
geöffnet ist und das erste Schaltventil (121) ne-
ben dem Behälter (101) so gesteuert wird, dass
es geöffnet ist, nachdem das zweite Schaltventil
(122) neben der Öl-Umlaufvakuumpumpe (110)
geschlossen wurde; und
das zweite Schaltventil (122) so gesteuert wird,
dass es geöffnet ist, wenn die Steuerung er-
kennt, dass der Vakuumgrad des Vakuumbe-
hälters (101), der von dem Vakuummeter (140)
gemessen wird, im Wesentlichen gleich dem at-
mosphärischen Druck geworden ist.

10. Vakuum-Abgasverfahren zum Evakuieren eines Va-
kuumbehälters (101), wobei das Verfahren umfasst:

Verwenden einer Öl-Umlaufvakuumpumpe
(110), die dazu eingerichtet ist, den Behälter
(101) über ein Paar von Schaltventilen (121,
122) zu evakuieren, die in Reihe angeordnet
sind; und eines Vakuummeters (140), das zwi-
schen dem Paar von Schaltventilen (121, 122)
angeordnet und dazu eingerichtet ist, einen Va-
kuumgrad zu messen;
Öffnen eines ersten Schaltventils (121), das sich
neben dem Vakuumbehälter (101) befindet, für
eine vorgegebene Zeit, wenn die Öl-Umlaufva-
kuumpumpe (110) angetrieben wird, und Spei-
chern von Behälter-Vakuumgraddaten über ei-
nen Vakuumgrad des Vakuumbehälters (101),
der von dem Vakuummeter (140) gemessen
wird;

Schließen des ersten Schaltventils (121) und
anschließendes Öffnen eines zweiten Schalt-
ventils (122), das sich neben der Öl-Umlaufva-
kuumpumpe (110) befindet, nachdem der Va-
kuumgrad des Vakuumbehälters (101) gespei-
chert wurde, und Erhalten von Pumpen-Vaku-
umgraddaten über einen Vakuumgrad in der
Nähe der Öl-Umlaufvakuumpumpe (110), der
von dem Vakuummeter (140) gemessen wird;
und
Vergleichen der gespeicherten Behälter-Vaku-
umgraddaten mit den Pumpen-Vakuumgradda-
ten über den Vakuumgrad in der Nähe der Öl-
Umlaufvakuumpumpe, und, wenn der Pumpen-
Vakuumgrad in der Nähe der Öl-Umlaufvaku-
umpumpe größer als der gespeicherte Behälter-
Vakuumgrad des Vakuumbehälters ist,
Evakuieren des Vakuumbehälters (101) durch
die Öl-Umlaufvakuumpumpe (110), die von dem
Paar von Schaltventilen (121, 122) angetrieben
wird, welche geöffnet werden, nachdem der Va-
kuumgrad in der Nähe der Öl-Umlaufvakuum-
pumpe (110) erhalten wurde.

Revendications

1. Dispositif d’extraction sous vide (100) relié à un ré-
servoir sous vide (101) et conçu pour vider le réser-
voir sous vide (101), le dispositif d’extraction sous
vide (100) comprenant :

une pompe à vide tournante à l’huile (110) reliée
au réservoir sous vide (101) et conçue pour vider
le réservoir sous vide (101),
une paire de vannes tout ou rien (121, 122) dis-
posées en série entre le réservoir sous vide
(101) et la pompe à vide tournante à l’huile (110),
un vacuomètre (140) positionné entre la paire
de vannes tout ou rien (121, 122) et conçu pour
mesurer le degré de vide, et
un contrôleur commandant la paire de vannes
tout ou rien (121, 122) pour qu’elles soient
ouvertes ou fermées sur la base du degré de
vide mesuré par le vacuomètre (140),
caractérisé en ce que
le contrôleur est configuré pour commander une
opération d’extraction sous vide de sorte que :

une première vanne tout ou rien (121), dis-
posée adjacente au réservoir sous vide
(101), est ouverte pendant une durée pré-
déterminée, lorsque la pompe à vide tour-
nante à l’huile (110) est entraînée, de façon
à stocker des données de degré de vide de
réservoir concernant le degré de vide du ré-
servoir sous vide (101) mesuré par le va-
cuomètre (140),
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la première vanne tout ou rien (121) est fer-
mée et une seconde vanne tout ou rien
(122) disposée adjacente à la pompe à vide
tournante à l’huile (110) est ensuite ouverte
de façon à obtenir des données de degré
de vide de pompe concernant le degré de
vide au voisinage de la pompe à vide tour-
nante à l’huile (110) mesuré par le vacuo-
mètre (140), et
la paire de vannes tout ou rien (121, 122)
est ouverte lorsque le contrôleur reconnaît
que le degré de vide au voisinage de la pom-
pe à vide tournante à l’huile (110) est deve-
nu plus grand que le degré de vide de ré-
servoir stocké du réservoir sous vide (101)
en comparant les données de degré de vide
de réservoir stockées aux données de vide
de pompe concernant le degré de vide au
voisinage de la pompe à vide tournante à
l’huile (110) mesuré par le vacuomètre
(140) après que le degré de vide au voisi-
nage de la pompe à vide tournante à l’huile
(110) a été obtenu.

2. Dispositif d’évacuation sous vide (100) selon la re-
vendication 1, dans lequel le contrôleur commande
la seconde vanne tout ou rien (122) afin de l’ouvrir
pendant une durée prédéterminée lors de la récu-
pération des données de vide de pompe concernant
le degré de vide au voisinage de la pompe à vide
tournante à l’huile (110) mesuré par le vacuomètre
(140).

3. Dispositif d’évacuation sous vide (100) selon la re-
vendication 1 ou la revendication 2, dans lequel
le contrôleur ouvre la paire de vannes tout ou rien
(121, 122) après avoir récupéré les données de de-
gré de vide concernant le degré de vide au voisinage
de la pompe à vide tournante à l’huile (110), et
le contrôleur ferme la seconde vanne tout ou rien
(122) lorsqu’il reconnaît que le degré de vide du ré-
servoir sous vide (101) mesuré par le vacuomètre
(140) a atteint un degré de vide prédéterminé.

4. Dispositif d’évacuation sous vide (100) selon la re-
vendication 3, dans lequel le contrôleur commande
la seconde vanne tout ou rien (122) afin de la fermer
après que le degré de vide du réservoir sous vide
(101) a atteint le degré de vide prédéterminé, et il
commande ensuite la pompe à vide tournante à l’hui-
le (110) afin de stopper l’entraînement.

5. Dispositif d’évacuation sous vide (100) selon la re-
vendication 3 ou la revendication 4, dans lequel le
contrôleur commande une opération de ré évacua-
tion sous vide de sorte à ce que :

les données de degré de vide de réservoir con-

cernant le degré de vide du réservoir sous vide
(101) sont stockées lorsque la pompe à vide
tournante à l’huile (110) reprend l’entraînement
en raison d’une diminution du degré de vide du
réservoir (101), le degré de vide du réservoir
sous vide (101) étant mesuré par le vacuomètre
(140) pendant que la première vanne tout ou
rien (121) est ouverte alors que la seconde van-
ne tout ou rien (122) est fermée,
la première vanne tout ou rien (121) est fermée
après que les données de degré de vide de ré-
servoir ont été stockées et la seconde vanne
tout ou rien (122) est ensuite ouverte de façon
à comparer les données de degré de vide de
réservoir stockées aux données de degré de vi-
de de pompe concernant le degré de vide au
voisinage de la pompe à vide tournante à l’huile
(110) mesuré séquentiellement par le vacuomè-
tre (140), et
la première vanne tout ou rien (121) est ouverte
lorsque le contrôleur reconnaît que le degré de
vide au voisinage de la pompe à vide tournante
à l’huile (110) contenu dans les données de de-
gré de vide de pompe est devenu supérieur ou
égal au degré de vide stocké du réservoir sous
vide (101).

6. Dispositif d’évacuation sous vide (100) selon l’une
quelconque des revendications 1 à 5, comprenant
en outre un organe de fuite (130) disposé dans une
dérivation entre le réservoir sous vide (101) et la pre-
mière vanne tout ou rien (121) adjacente au réservoir
sous vide (101), l’organe de fuite (130) comprenant
une vanne de fuite (131) conçue pour pratiquement
égaliser la pression d’une zone comprise entre le
réservoir sous vide (101) et la première vanne tout
ou rien (121) avec la pression atmosphérique lors-
qu’elle est ouverte.

7. Dispositif d’évacuation sous vide (100) selon la re-
vendication 6, dans lequel le contrôleur commande
une opération de fuite de sorte à ce que :

la vanne de fuite (131) est commandée pour
s’ouvrir après que la seconde vanne tout ou rien
(122) adjacente à la pompe à vide tournante à
l’huile (110) a été fermée,
la pompe à vide tournante à l’huile (110) est
commandée pour arrêter l’entraînement lorsque
le contrôleur reconnaît que le degré de vide du
réservoir sous vide (101) mesuré par le vacuo-
mètre (140) est devenu pratiquement égal à la
pression atmosphérique, et
la seconde vanne tout ou rien (122) est ouverte.

8. Dispositif d’évacuation sous vide (100) selon l’une
quelconque des revendications 1 à 5, comprenant
en outre un organe de fuite (130) disposés dans une
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dérivation entre la paire de vannes tout ou rien (121,
122), l’organe de fuite (130) comprenant une vanne
de fuite (131) conçue pour égaliser pratiquement la
pression d’une zone entre la paire de vannes tout
ou rien (121, 122) avec la pression atmosphérique
lorsqu’elle est ouverte.

9. Dispositif d’évacuation sous vide (100) selon la re-
vendication 8, dans lequel le contrôleur commande
une opération de fuite de sorte à ce que :

la vanne de fuite (131) soit commandée pour
être ouverte et la première vanne tout ou rien
(121) adjacente au réservoir (101) soit comman-
dée pour être ouverte après que la seconde van-
ne tout ou rien (122) adjacente à la pompe à
vide tournante à l’huile (110) a été fermée, et
la seconde vanne tout ou rien (122) soit com-
mandée pour être ouverte lorsque le contrôleur
reconnaît que le degré de vide du réservoir sous
vide (101) mesuré par le vacuomètre (140) est
devenu pratiquement égal à la pression atmos-
phérique.

10. Procédé d’évacuation sous vide permettant de vider
un réservoir sous vide (101), le procédé
comprenant :

l’utilisation d’une pompe à vide tournante à l’hui-
le (110) conçue pour vider le réservoir (101) par
l’intermédiaire d’une paire de vannes tout ou rien
(121, 122) disposées en série, ainsi qu’un va-
cuomètre (140) positionné entre la paire de van-
nes tout ou rien (121, 122) et conçu pour mesu-
rer un degré de vide,
l’ouverture d’une première vanne tout ou rien
(121) disposée adjacente au réservoir sous vide
(101) pendant une durée prédéterminée lorsque
la pompe à vide tournante à l’huile (110) est en-
traînée, et le stockage de données de degré de
vide de réservoir concernant le degré de vide
du réservoir sous vide (101) mesuré par le va-
cuomètre (140),
la fermeture de la première vanne tout ou rien
(121) pour ensuite ouvrir une seconde vanne
tout ou rien (122) disposée adjacente à la pompe
à vide tournante à l’huile (110) après le stockage
de degré de vide du réservoir sous vide (101),
et la récupération de données de degré de vide
de pompe concernant le degré de vide au voi-
sinage de la pompe à vide tournante à l’huile
(110) mesuré par le vacuomètre (140), et
la comparaison des données de degré de vide
de réservoir stockées aux données de degré de
vide de pompe au voisinage de la pompe à vide
tournante à l’huile et, lorsque le degré de vide
de pompe au voisinage de la pompe à vide tour-
nante à l’huile est supérieur au degré de vide de

réservoir stocké du réservoir sous vide,
la vidange du réservoir sous vide (101) par la
pompe à vide tournante à l’huile (110) entraînée,
la paire de vannes tout ou rien (121, 122) étant
ouverte après que le degré de vide au voisinage
de la pompe à vide tournante à l’huile (110) a
été obtenu.
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