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7 ABSTRACT

In a vacuum pressure control system, the vacuum pressure
in a reaction chamber 10 is measured by vacuum pressure
sensors 14 and 15 (S22), the measured value is changed at
a set vacuum pressure changing speed commanded from the
exterior or determined and stored in advance in a controller
of the system (S24). The changed value is sequentially
generated as an internal command. In response to the
sequentially generated internal commands, a desired value
of the feedback control is changed in sequence (S26), so that
the feedback control is executed as follow-up control (S27).
Accordingly, the vacuum pressure in the reaction chamber
10 can be uniformly changed to a desired vacuum at a set
vacuum pressure changing speed.

8 Claims, 13 Drawing Sheets
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1
VACUUM PRESSURE CONTROL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vacuum pressure control
system for use in a semiconductor manufacturing apparatus
or line.

2. Description of Related Art

In a CVD system in a semiconductor manufacturing
apparatus or line, for instance, material gas which consists of
elements which constitute a thin film material is supplied on
wafers placed in a reaction chamber, while the inside of the
reaction chamber is maintained under decompression, or
vacuum. For example, in a CVD system shown in FIG. 14,
the material gas is supplied on the wafers placed in the
reaction chamber 111 which is a vacuum vessel through an
inlet port 111 thereof. Simultaneously, the gas in the reaction
chamber 110 is exhausted through an outlet port 112 of the
reaction chamber 111 by suction of a vacuum pump 113.
Thus, the inside of the reaction chamber 110 is maintained
under vacuum.

At this time, it is necessary to maintain the vacuum
pressure in there action chamber 110 constant. However, the
constant value varies over a wide range of pressure from
atmospheric pressure or a low vacuum near atmospheric
pressure to a high vacuum according to various conditions.
Then, in Japanese Patent No. 2,677,536, applicant of the
present invention has disclosed a vacuum pressure control
system capable of providing a constant vacuum over a wide
range from a low vacuum near atmospheric pressure to a
high vacuum.

FIG. 14 shows an example of the vacuum pressure control
system. In such the vacuum pressure control system, the
vacuum pressure in the reaction chamber 110 is measured by
vacuum pressure sensors 114 and 115. In response to a
difference between the measured pressure value and a
desired vacuum pressure value given from the exterior, the
control system controls the opening degree of a vacuum
proportional opening and closing valve 116 provided with a
poppet valve configuration.

The control system changes the conductance of an
exhaust system from the reaction chamber 110 to the
vacuum pump 113 in accordance with the opening degree of
the opening and closing valve 116, and executes feedback-
control on the vacuum pressure in the reaction chamber 110.

Thus, the control of the opening degree of the vacuum
proportional valve 116 makes it possible to widely and
surely change the conductance of the exhaust system.
Accordingly, the vacuum pressure in the reaction chamber
110 can be maintained constant at a desired vacuum pressure
value over a wide range from atmospheric pressure or a low
vacuum near atmospheric pressure to a high vacuum.

In the conventional vacuum pressure control system, as
mentioned above, the vacuum pressure sensors 114 and 115
measure the vacuum pressure in the reaction chamber 110,
and the opening of the valve 116 is controlled in response to
the difference between the measured vacuum pressure value
and the desired vacuum pressure value, thereby changing the
conductance of the exhaust system. However, the control
system can not control the speed at which the vacuum
pressure value in the reaction chamber 110 approaches the
desired value (referred to as “vacuum pressure changing
speed” hereinafter).

In the field of recent semiconductor manufacturing appa-
ratus or line, it is required to prevent particles from flying up

65

2

in the reaction chamber 110 in order to more improve the
quality of a thin film formed on the wafer in the reaction
chamber 110.

For that, when evacuation of the reaction chamber 110 is
conducted so that the vacuum pressure value in the reaction
chamber 110 which is under atmospheric pressure or a low
vacuum near the atmospheric pressure reaches a desired
value, the process of exhausting gas from the chamber 110
must be slowly conducted. However, the conventional
vacuum pressure control system could not control the
progress of exhausting gas from the chamber 110 and could
not meet the above requirement.

The conventional vacuum pressure control system is
therefore configured such that a bypass valve 117 having a
fixed orifice is disposed in parallel to the vacuum propor-
tional opening and closing valve 116, as shown in FIG. 14.
In order to control the vacuum pressure in the chamber 110
to the desired vacuum pressure value, the bypass valve 117
is opened while the valve 116 is closed to reduce the vacuum
pressure changing speed in the reaction chamber 110 so that
the conductance of the exhaust system becomes a predeter-
mined value.

The vacuum pressure changing speed which is reduced in
the bypass valve 117 is dependent on only the conductance
of the exhaust system when the velocity of gas flow (simply
referred to as “gas velocity” hereinafter) which passes
through the fixed orifice of the bypass valve 117 is in a sound
speed region. On the other hand, the gas velocity shifts to a
subsonic speed region when the vacuum pressure in the
reaction chamber 110 is reduced to an absolute vacuum in
proportion to the exhausted volume of gas therefrom. In this
manner, when the gas velocity changes from sound speed to
subsonic speed, the vacuum pressure changing speed in the
reaction chamber 110 slows down in an inverse function.

When the vacuum pump 113 is actuated to start the
exhaust of gas from the reaction chamber 110, of which the
inside pressure is initially atmospheric pressure, the vacuum
pressure changing speed in the reaction chamber 110 will
quicken at a stroke if the fixed orifice of the bypass valve 117
which determines the conductance of the exhaust system is
larger than necessary. This is not desirable at all from the
viewpoint of preventing the particles from flying up in the
reaction chamber 110.

Although a small fixed orifice which determines the
conductance of the exhaust system is desirable from the
viewpoint of preventing particles from flying up in the
reaction chamber 110, it requires a considerable long time
until the vacuum pressure in the reaction chamber 110 is
regulated to the desired vacuum pressure, resulting in a
problem that batch processing time in the chamber 110 is
prolonged.

Such the problem would be resolved by using a plurality
of bypass valves and needle valves in addition to the above
mentioned bypass valve 117, all of which are disposed in
parallel to the proportional valve 116. However, this con-
figuration goes against the trend in recent years to reduce the
size and cost of semiconductor manufacturing apparatus.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
circumstances and has an object to overcome the above
problems and to provide a vacuum pressure control system
capable of preventing particles from flying up in a vacuum
vessel by controlling the opening degree of a vacuum
proportional opening and closing valve to change the
vacuum pressure in the vacuum vessel to a desired vacuum
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at a predetermined vacuum pressure changing speed com-
manded from the exterior or determined and stored in
advance in a controller to proceed slowly the process of
exhausting gas from the vacuum vessel, thereby reducing
the gas velocity in the vacuum vessel, and simultaneously,
capable of shortening the time required for controlling the
vacuum pressure in the vacuum vessel to the desired
vacuum.

Additional objects and advantages of the invention will be
set forth in part in the description which follows and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and attained by means of the
instrumentalities and combinations particularly pointed out
in the appended claims.

To achieve the purpose of the invention, according to the
first aspect of the present invention, there is provided a
vacuum pressure control system including a vacuum pres-
sure proportional opening and closing valve which is dis-
posed on a pipe connecting a vacuum vessel to a vacuum
pump and changes its opening degree to regulate vacuum
pressure in the vacuum vessel, and a vacuum pressure sensor
for measuring the vacuum pressure in the vacuum vessel, the
system controlling the opening degree of the vacuum pres-
sure proportional opening and closing valve based on a
measured vacuum pressure value output from the vacuum
pressure sensor, wherein the vacuum proportional opening
and closing valve is controlled to open from a closed state
at a predetermined minute opening degree to allow a small
quantity of gas mass-flow to be exhausted from the vacuum
vessel so that velocity of gas flow in the vacuum vessel is
reduced to prevent particles from flying up in the vacuum
vessel.

According to the second aspect of the present invention,
there is provided a vacuum pressure control system for
executing feedback control on vacuum pressure in a vacuum
vessel in a range from atmospheric pressure to high vacuum
pressure, the system including a vacuum vessel disposed on
a semiconductor manufacturing line, a vacuum pump for
exhausting gas from the vacuum vessel, a vacuum propor-
tional opening and closing valve which is disposed on a pipe
connecting the vacuum vessel to the vacuum pump and
changes its opening degree to regulate vacuum pressure in
the vacuum vessel, the valve including a poppet valve
configuration, a vacuum pressure sensor for measuring the
vacuum pressure in the vacuum vessel, a controller which
generates an external command based on a difference
between the vacuum pressure value output from the vacuum
pressure sensor and a desired vacuum pressure value given
from an exterior, and an air pressure control part which
manipulates the opening degree of the vacuum proportional
opening and closing valve in accordance with the external
command, wherein a vacuum pressure value calculated
based on a set vacuum pressure changing speed given from
the exterior or determined and stored in advance in the
controller is sequentially generated in the controller as an
internal command, while a desired value of the feedback
control is changed in sequence by the internal command to
execute the feedback control as follow-up control, and the
vacuum pressure in the vacuum vessel is changed at the set
vacuum pressure changing speed so that a process of
exhausting gas from the vacuum vessel can be slowly
proceeded.

In the above vacuum pressure control system, preferably,
the set vacuum pressure changing speed is changeable by
means of a host control device which controls the semicon-
ductor manufacturing line even during execution of the
feedback control as the follow-up control.

15
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The above vacuum pressure control system, preferably,
further includes a pneumatic cylinder which serves as an
actuation source of the vacuum proportional opening and
closing valve, and the pneumatic cylinder is pressurized in
advance of a start of the feedback control in order to remove
a dead zone characteristic of the vacuum proportional open-
ing and closing valve.

The above vacuum pressure control system, preferably,
further includes a potentiometer for measuring positions of
a piston rod of the pneumatic cylinder, and the pneumatic
cylinder is pressurized in advance based on measured results
of the potentiometer.

The vacuum pressure control system, preferably, further
includes an air pressure sensor for measuring air pressure in
the pneumatic cylinder, and the pneumatic cylinder is pres-
surized in advance based on measured results of the air
pressure sensor.

Preferably, the pneumatic cylinder is pressurized in
advance up to an instant preceding actuation.

In the vacuum pressure control system, preferably, a
constant value control setting a value which is slightly
changed from the vacuum pressure value in the vacuum
vessel as a desired value of the feedback control is executed
for a predetermined time immediately after the previous
pressurization on the pneumatic cylinder so that the dead
zone characteristic of the vacuum proportional opening and
closing valve is surely removed.

In vacuum pressure control system configured as above,
the vacuum pressure in the vacuum vessel disposed on the
semiconductor manufacturing apparatus or line is measured
by the vacuum pressure sensor. A difference between the
measured pressure value and a desired vacuum pressure
value commanded from the exterior is calculated. Based on
the difference, the controller generates an external command
to cause the air pressure control section to control the
opening degree of the vacuum proportional opening and
closing valve. The conductance of the exhaust system from
the vacuum vessel to the vacuum pump is changed accord-
ingly. Thus, the feedback control for maintaining the
vacuum pressure in the vessel from which gas is exhausted
by the vacuum pump at the desired vacuum pressure value
in a range from atmospheric pressure to a high vacuum.

At this time, the controller successively generates internal
commands each representing a vacuum pressure value cal-
culated based on the measured vacuum pressure in the
vacuum vessel by the vacuum pressure sensor and the
predetermined vacuum pressure changing speed com-
manded from the exterior or determined and stored in
advance in the controller. This internal command is set as a
desired value of the feedback control. By sequentially
changing the desired value, the feedback control is executed
as follow-up control. Accordingly, the vacuum pressure in
the vacuum vessel can be uniformly changed at the prede-
termined vacuum pressure changing speed.

That is to say, in the vacuum pressure control system of
the present invention, the opening degree of the proportional
valve is manipulated so that the vacuum pressure in the
vacuum vessel can be uniformly changed at the predeter-
mined vacuum pressure changing speed given from the
exterior or determined and stored in advance in the control-
ler. If a small value of the predetermined vacuum pressure
changing speed is given from the exterior, the process of
exhausting (sucking) gas from the vacuum vessel can be
conducted slowly. This makes it possible to prevent particles
from flying up in the vacuum vessel.

In addition, the vacuum pressure in the vacuum vessel can
be uniformly changed at the predetermined vacuum pressure
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changing speed given from the exterior or determined and
stored in advance in the controller until the vacuum pressure
in the vacuum vessel reaches the desired vacuum pressure
value. Accordingly, unlike the vacuum pressure changing
speed reduced in the bypass described in the prior art, the
vacuum pressure changing speed in the vacuum vessel of the
present invention does not slow down in an inverse function.
This makes it possible to shorten the time needed to control
the vacuum pressure in the vacuum vessel to the desired
vacuum pressure value. Therefore, it will greatly contribute
to the shortening for batch processing time in the vacuum
vessel disposed on the semiconductor manufacturing line.

In the vacuum pressure control system of the present
invention, the feedback control of manipulating the opening
degree of the vacuum proportional opening and closing
valve is executed as the follow-up control so that the vacuum
pressure in the vacuum vessel is uniformly changed at the
predetermined vacuum pressure changing speed given from
the exterior or determined and stored in advance in the
controller. This system does not need to use any bypass
valves mentioned in the prior art. Such the removal of
bypass valves makes it possible to achieve a small-sized and
low-cost semiconductor manufacturing apparatus.

Since the vacuum pressure in the vacuum vessel can be
uniformly changed at the predetermined vacuum pressure
changing speed given from the exterior or determined in
advance in the controller, the process of exhausting gas from
the vacuum vessel can be conducted at a desired proceeding
rate. This differs from the prior art in which the proceeding
rate at which gas is exhausted from the vacuum vessel is
determined according to the size of a fixed orifice of the
bypass valve.

In the vacuum pressure control system of the present
invention, even during execution of the feedback control as
the follow-up control, the predetermined vacuum pressure
changing speed can be changed by means of a host control
device which controls the semiconductor manufacturing
line. The progress of exhausting gas from the vacuum vessel
can be controlled at a desired proceeding rate while consid-
ering conditions of the whole semiconductor manufacturing
process.

Furthermore, when the vacuum pressure control system of
the present invention is provided with a pneumatic cylinder
as an actuation source for actuating the vacuum proportional
opening and closing valve, the pneumatic cylinder is pres-
surized in advance of the start of feedback control in order
to prevent the proportional opening and closing valve from
having a dead zone. Therefore, no response delay will arise
when the vacuum pressure in the vacuum vessel is uniformly
changed at the predetermined vacuum pressure changing
speed given from the exterior or determined and stored in
advance in the controller.

However, the degree of pressure to be exerted in advance
on the pneumatic cylinder is delicately different according to
different conditions due to factors such as displacements of
a mechanical zero point of the vacuum proportional opening
and closing valve, differences in pressure between the
vacuum vessel and the vacuum pump, etc. For eliminating
the dead zone characteristic of the vacuum proportional
valve, preferably, a constant value control is executed for a
predetermined time immediately after a predetermined pres-
sure is exerted in advance on the pneumatic cylinder. The
constant value control is conducted using a value slightly
changed from the pressure value in the vacuum vessel as a
desired value of the feedback control. In this manner, the
occurrence of response delay can be prevented when the

6

vacuum pressure in the vacuum vessel is uniformly changed
at the predetermined vacuum pressure changing speed com-
manded from the exterior or determined and stored in the
controller. Consequently, it is possible to optimize the initial
state where the process of exhausting gas from the vacuum
vessel is slowly executed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification illustrate an
embodiment of the invention and, together with the
description, serve to explain the objects, advantages and
principles of the invention.

In the drawings,

FIG. 1 is a flow chart of execution time (or execution
processing) of a vacuum pressure changing speed control
mode in a vacuum pressure control system in a first and
second preferred embodiments according to the present
invention;

FIG. 2 is a flow chart of preparation time (or preparation
processing) of the vacuum pressure changing speed control
mode in the vacuum pressure control system in the first
embodiment;

FIG. 3 is a cross sectional view of a vacuum proportional
opening and closing valve used in the vacuum pressure
control system, the valve being in a closed state;

FIG. 4 is a cross sectional view of the vacuum propor-
tional opening and closing valve of FIG. 3, it being in an
open state,

FIG. 5§ is a block diagram of schematically showing the
vacuum pressure control system in the first embodiment;

FIG. 6 is a graph showing an example of the vacuum
pressure changing speed control mode;

FIG. 7 is a graph showing another example of the vacuum
pressure changing speed control mode;

FIG. 8 is a flowchart of preparation time (or preparation
processing) of the vacuum pressure changing speed control
mode in the vacuum pressure control system in the second
embodiment;

FIG. 9 is a block diagram of schematically showing the
vacuum pressure control system in the second embodiment;

FIG. 10 is a graph of showing input signals in a ramp-up
processing on valve lifting amounts in the first embodiment;

FIG. 11 is a graph of showing input signals in a ramp-up
processing on air pressure values in the second embodiment;

FIG. 12 is a block diagram of showing in detail a vacuum
pressure control circuit in the first and second embodiments;

FIG. 13 is a graph of showing effects obtained with the
vacuum pressure control system in the embodiments; and

FIG. 14 is a schematic constructive view of a CVD system
and its exhaust system in a prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A detailed description of preferred embodiments of a
vacuum pressure control system embodying the present
invention will now be given referring to the accompanying
drawings.

It is to be noted that the vacuum pressure control system
in the following embodiments has a similar structure to that
of the vacuum pressure control system disclosed in Japanese
Patent No. 2,677,536. The detail thereof is referred to that
patent and omitted from the present embodiments.
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Accordingly, only a schematic structure thereof will be
simply described below.

FIG. 5 is a block diagram of the vacuum pressure control
system in the first embodiment according to the present
invention.

The system is mainly constructed of a controller 20, an air
pressure control section 30, a vacuum proportional opening
and closing valve 16 (referred to as “vacuum proportional
O/C valve” hereinafter) which constructs an operating sec-
tion 40, and vacuum pressure sensors 14 and 15 which
construct a detecting section 60. The vacuum proportional
O/C valve 16 in the system is connected to a reaction
chamber 10 of which the pressure is to be controlled.

The controller 20 includes an interface circuit 21, a
vacuum pressure control circuit 22, and a sequential control
circuit 23. The interface circuit 21 is the circuit which
converts a signal input with buttons on a front panel (not
shown) of the controller 20 on an operating site and a signal
input with a central control device 80 on a remote site and
transmitted therefrom to the controller 20 through a con-
nector (not shown) of a backpanel of the controller 20 into
the signal suitable for the vacuum pressure control circuit 22
and the sequence control circuit 23.

The vacuum pressure control circuit 22 is the circuit
which performs the feedback control by PID control with
respect to the vacuum pressure in the reaction chamber 10.
The sequence control circuit 23 is the circuit which actuates
a drive coil SV1 of a first solenoid valve 34 and a drive coil
SV2 of a second solenoid valve 35 in the air pressure control
section 30 in accordance with an operating mode signal
transmitted from the interface circuit 21.

The air pressure control section 30 consists of a position
control circuit 31, a pulse drive circuit 32 connected to the
position control circuit 31, a timed on-off actuation valve 33
connected to the pulse drive circuit 32, and the first and
second solenoid valves 34 and 35. The position control
circuit 33 is also connected to a potentiometer 18 of the
vacuum proportional O/C valve 16 via an amplifier 19, and
makes comparison between a command value of a valve
opening degree transmitted from the vacuum pressure con-
trol circuit 22 and a measured value transmitted from the
potentiometer 18 which detects the position of a piston 44
(see FIG. 3) of the vacuum proportional O/C valve 16 in
order to control the position of a valve 45 (see FIG. 3) of the
valve 16. The pulse drive circuit 32 is the circuit which
transmits pulse signals to the timed on-off actuation valve 33
in response to control signals transmitted from the position
control circuit 31.

The timed on-off actuation valve 33 is internally provided
with an air supply proportional valve and an exhaust pro-
portional valve, which are not shown. The valve 33 is the
circuit which drives the proportional valves to make a timed
on-off actuation in response to the pulse signals transmitted
from the pulse drive circuit 32, whereby to control the air
pressure in a pneumatic cylinder 41 (see FIG. 3) of the
vacuum proportional O/C valve 16 via the first solenoid
valve 34.

The vacuum proportional O/C valve 16 which constructs
the operating section is operated to change the conductance
of an exhaust system from the reaction chamber 10 to the
vacuum pump 13. FIGS. 3 and 4 shows cross sectional views
of the vacuum proportional O/C valve 16. As shown in
FIGS. 3 and 4, the valve 16 is mainly constructed of a
pneumatic cylinder 41 and a bellows-type poppet valve 42
disposed under the cylinder 41. The valve 16 is provided
with a piston rod 43 disposed in the center of valve 16. The
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piston rod 43 is fitted in a piston 44 within the pneumatic
cylinder 41. The other end of the piston rod 43 projects into
the poppet valve 42 and is connected with a poppet valve
member 45. Accordingly, when the piston 44 is moved
upward by the air pressure supplied into the pneumatic
cylinder 41, the poppet valve member 45 is moved upward
at the same time (FIG. 4). In the cylinder 41, a bellofram 50
having an outer periphery and an inner periphery is joined at
its outer periphery with the inner wall of the cylinder 41 and
at its inner periphery with the bottom of the piston 44,
thereby dividing the inside of the cylinder 41 into both sides
of the piston 44 in the axial direction.

When the pneumatic cylinder 41 of the vacuum propor-
tional O/C valve 16 configured as above is not supplied with
compressed air through a supply port 18 A while the cylinder
41 is communicated with an exhaust line via an exhaust port
18B, the downward biasing force of a return spring 46 is
exerted on the piston 44. As shown in FIG. 3, the poppet
valve 45 is thus brought into contact with a valve seat 47,
then blocking a flow passage (which communicates with an
outlet of the reaction chamber 10) formed in the center of the
valve seat 47. Thus, the vacuum proportional O/C valve 16
is closed.

On the other hand, when the pneumatic cylinder 41 is
supplied with compressed air via the supply port 18A, the
downward biasing force of the return spring 46 and the
upward force or pressure of the compressed air in the
cylinder 41 are simultaneously exerted on the piston 44. In
proportion to a balance between the downward force and the
upward force, the piston 44 is moved upward so that the
poppet valve member 45 is separated from the valve seat 47
as shown in FIG. 4. Thus, the vacuum proportional O/C
valve 16 is put in an open state. Accordingly, the reaction
chamber 10 is put into communication with the vacuum
pump 13 through the valve 16, so that gas is sucked from the
reaction chamber 10 in accordance with the opening degree
of the valve 16 (i.e., the distance between the valve member
45 and the valve seat 47).

The distance which the poppet valve member 45 is
separated from the valve seat 47, which is considered as a
valve lifting amount, can be controlled by the supply and
exhaust of compressed air with respect to the pneumatic
cylinder 41. It is to be noted that the lifting amount of the
valve member 45 is measured by the potentiometer 18 with
a slid lever 48 connected to the piston 44 and corresponds to
the opening degree of the vacuum proportional O/C valve
16.

The vacuum pressure sensors 14 and 15 constructing the
detecting section are capacitance manometers which mea-
sure the vacuum pressure in the reaction chamber 10. In the
present embodiment, two capacitance manometers are
appropriately used according to the range of the vacuum
pressure to be measured.

In the vacuum pressure control system in the first embodi-
ment described above, when a forced-closing (CLOSE)
mode is selected as an operating mode on the front panel of
the controller 20, the sequence control circuit 23 actuates the
first and second solenoid valves 34 and 35 respectively to
bring into an OFF state (FIG. 5). Accordingly, no com-
pressed air is supplied to the pneumatic cylinder 41, and the
internal pressure of the cylinder 41 becomes atmospheric
pressure, allowing the piston 43 to move downward by the
biasing force of the spring 46. The valve member 45 is then
brought into contact with the valve seat 47. Thus, the
vacuum proportional O/C valve 16 is put in a closed state.

When a vacuum pressure control (PRESS) mode is
selected as an operating mode on the front panel of the
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controller 20, the sequence control circuit 23 actuates the
first and second solenoid valves 34 and 35 respectively to be
put into an OFF state (FIG. 5), allowing the timed on-off
actuation valve 33 to communicate with the pneumatic
cylinder 41. The air pressure in the cylinder 41 of the
vacuum proportional O/C valve 16 is regulated, so that the
lifting amount of the valve member 45 is put in a state where
it is controllable by the cylinder 41.

The vacuum pressure control circuit 22 starts the feedback
control with a desired vacuum pressure value commanded
by the on-site input or the remote input. Specifically, the
vacuum pressure sensors 14 and 15 measure the current
vacuum pressure in the reaction chamber 10. The controller
20 receives the measured value from the vacuum pressure
sensors 14 and 15, and regulates the lifting amount of the
valve member 45 in proportion to a difference (or controlled
deviation) between the measured value and the desired value
to change the conductance of the exhaust system. The
vacuum pressure in the reaction chamber 10 is thus main-
tained constant at the desired vacuum pressure.

The vacuum pressure control circuit 22 controls such that
a manipulated variable of the feedback control becomes a
maximum when the controlled deviation of the feedback
control is large, so that a sufficient quick response property
of the feedback control is ensured. When the controlled
deviation is small, to the contrary, the time constant shifts
step by step to the time constant which has been adjusted in
advance. Accordingly, the vacuum pressure in the reaction
chamber 10 can be maintained in a stable condition.

FIG. 12 is a block diagram of showing in detail the
vacuum pressure control circuit 22. As shown in FIG. 12, the
vacuum pressure value in the reaction chamber 10 measured
by the vacuum pressure sensors 14 and 15 is adjusted in a
proportional-differential circuit 85 and 86. The adjusted
value is compared with the desired vacuum pressure value
commanded by the on-site input or the remote input and is
input in proportional-integral-differential circuits 82 and 83.
Then, an integral circuit 84 connected in series outputs a
predetermined voltage, for example, in a range of 0-5V in
the present embodiment, to the position control circuit 31.
The time constant of the integral circuit 84 is determined by
an integral time-adjustment circuit 91.

When the measured value output from the vacuum pres-
sure sensors 14 and 15 is far from the desired vacuum
pressure value, an internal computing circuit operates so that
the integral time of the integral circuit 84 becomes mini-
mum. The integral circuit 84 functions as an amplification
circuit having an almost infinite gain.

Specifically, when the measured value by the sensors 14
and 15 is larger than the desired value, the integral circuit 84
outputs a voltage of 5V which is the maximum value to the
position control circuit 31. As a result, the vacuum propor-
tional O/C valve 16 is actuated to rapidly open.

On the other hand, when the measure value from the
sensors 14 and 15 is smaller than the desired value, the
integral circuit 44 outputs a voltage of OV which is the
minimum value to the position control circuit 31. As a result,
the vacuum proportional O/C valve 16 is actuated to rapidly
close.

By the operation mentioned above, in the shortest time the
opening degree of the valve 16 can be made close to the
degree which provides the desired vacuum pressure.

Thereafter, when the integral time-adjustment circuit 81
judges that the opening degree has reached near the degree
which provides the desired vacuum pressure, it makes a shift
of the time constant step by step to the time constant of the
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integral circuit 84 which has been adjusted in advance in
order to stably maintain the opening degree at that point.

Furthermore, in the vacuum pressure control system in the
first embodiment, when a vacuum pressure changing speed
control (SVAC) mode is selected on the front panel of the
controller 20 as an operating mode, the changing speed of
the vacuum pressure in the reaction chamber 10 can be
controlled at the same time when the vacuum pressure in the
reaction chamber 10 is controlled to reach the desired
vacuum pressure value.

In the present embodiment, explanation is made on the
vacuum pressure changing speed control (SVAC) mode
where the vacuum pressure changing speed in the reaction
chamber 10 is adjusted to the value R, while the vacuum
pressure in the reaction chamber 10 is controlled to change
from the atmospheric pressure V, to a desired vacuum
pressure value V, and then maintained at that value, as
shown in FIG. 6. It is to be noted that the SVAC mode is
assumed to shift from the CLOSE mode.

The SVAC mode includes two parts in the operation, i.e.,
a preparation time (or preparation processing) and an execu-
tion time (or execution processing). FIG. 2 shows a flow
chart of the preparation time in the SVAC mode. FIG. 1 is
a flow chart of the execution time in the SVAC mode.

Upon selection of the SVAC mode on the controller 20,
the flow first advances to S1 in FIG. 2, where the current
vacuum pressure in the reaction chamber 10 is input in the
control circuit 22 from the vacuum pressure sensors 14 and
15. In the present embodiment, the current vacuum pressure
in the chamber 10 is the atmospheric pressure V,, (see FIG.
6). This value V, is input in the control circuit 22 accord-
ingly.

Next, in S2, a ramp-up processing is conducted on the
valve lifting amount in the vacuum proportional O/C valve
16. This valve 16 is in a closed state at the time of selection
of the SVAC mode, because the SVAC mode is assumed to
shift from the CLOSE mode in the present embodiment. A
bias control circuit 87 therefore outputs a command voltage
to the position control circuit 31 and this circuit 31 then
transmits a control signal to the pulse drive circuit 32 (see
FIGS. 5 and 12) so that the valve lifting amount changes in
a ramp function. In the present embodiment, the time t, is
taken as 10 sec. and the valve lifting amount L, as 0.1266
mm.

In S3, it is judged whether the time t; (10 sec.) has
elapsed. When the time t, has elapsed (S3: YES), the flow
advances to S6. When the time t; has not elapsed yet (S3:
NO), the flow advances to S4 where the control circuit 22
acquires the current vacuum pressure in the reaction cham-
ber 10 from the vacuum pressure sensors 14 and 15. Then,
in S5, it is judged whether there is a predetermined drop in
the vacuum pressure in the reaction chamber 10. When there
is no voltage drop (S5: NO), the flow returns to S2 and the
above processing are repeated. It is to be noted that the
predetermined voltage drop in the present embodiment is a
voltage drop of 266 Pa or more.

On the other hand, when there is a voltage drop of 266 Pa
or more (S5: YES), the flow advances to S6. In S6 through
S8, the feedback control of the vacuum pressure in the
reaction chamber 10 is executed. At this time, the value V,
(see FIG. 6) which is calculated by subtracting 266 Pa from
the current vacuum pressure value is set as the desired value
of the feedback control. This feedback control is performed
as a constant value control until a predetermined time (10
sec. in the present embodiment) has elapsed. When the time
(10 sec.) has elapsed from the start of the feedback control
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(S8: YES), the flow advances to S21 (FIG. 1) in the
execution time of the feedback control.

In the execution time shown in FIG. 1, at first, in S21, the
desired vacuum pressure value is input via the front panel of
the controller 20 on the operating site or via the central
control device 80 on the remote site. Next, in S22, the
current vacuum pressure in the reaction chamber 10 detected
by the vacuum pressure sensors 14 and 15 is input in the
controller 20. In S23, the controller 20 judges whether the
current vacuum pressure has reached the desired vacuum
pressure. When it is judged that the current vacuum pressure
has not reached the desired vacuum pressure (S23: NO), the
flow advances to S24 where the controller 20 acquires a set
value of the vacuum pressure changing speed commanded
by the on-site input or the remote input.

In S25, the controller 20 acquires the current vacuum
pressure in the reaction chamber 10 detected by the vacuum
pressure sensors 14 and 15. In S26, the controller 20
calculates the vacuum pressure value for an internal com-
mand based on the current vacuum pressure value acquired
in S25 and the set vacuum pressure changing speed acquired
in S24. The desired value of the feedback control is changed
by the internal command representing the calculated vacuum
pressure value. Then, the feedback control is performed with
the changed desired value.

Specifically, as shown in FIG. 12, the desired vacuum
pressure value and the vacuum pressure changing speed,
both of which are commanded by the on-site input or remote
input, are output as a voltage in a range of 05V from the
interface circuit 21 (see FIG. 5). An internal command
generation circuit 89 subtracts a predetermined value from
the current vacuum pressure value in the reaction chamber
10 in proportion to the vacuum pressure changing speed and
outputs the calculated value as the desired value. Subsequent
feedback control is the same as in the Japanese Patent No.
2,677,536 and referred herein. The detail explanation
thereof is therefore omitted in the present specification.

On the other hand, when the current vacuum pressure in
the reaction chamber 10 has reached the desired value (S23:
YES), the flow advances to S28 where the desired vacuum
pressure value acquired in S21 is set as the desired value of
the feedback control. After that, the feedback control is
executed in S27. This feedback control is the same as in
Japanese Patent No. 2,377,536.

It is to be noted that the flow after the feedback control in
S27 returns to S21 and the processing therefrom is repeated
unless the operating mode is changed from the SVAC mode
to a different mode.

In the SVAC mode, additionally, the set vacuum pressure
changing speed can be optionally changed. For example, as
shown in FIG. 7, when the vacuum pressure in the reaction
chamber 10 is changed from the atmospheric pressure V, to
the desired vacuum pressure value V¢ and maintained at that
pressure value, the set changing speed of the vacuum
pressure in the reaction chamber 10 can be controlled at
plural values R;, R,, R5, R, and R based on the measured
vacuum pressure values.

For that purpose, when the set vacuum pressure changing
speed is acquired in S24, it is controlled so that the changing
speed value is changed to a value R, at the time when the
vacuum value in the reaction chamber 10 is V,; to a value
R, at V,; to a value R, at V; to a value R, at V,; and to a
value Ry at Vs, respectively.

As described above, the set vacuum pressure changing
speed is output into the internal command generation circuit
89 (see FIG. 12) as a voltage in a rage of 0—-5V. Accordingly,
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a change in the output voltage can causes a change in the set
vacuum pressure changing speed. For example, if the set
vacuum pressure changing speed of 13.3-2660 Pa/sec. is
output as the output voltage of 05V, OV corresponds to 13.3
Pa/sec.; 0.25V to 133 Pa/sec.; 1.25V to 665 Pa/sec; 2.5V to
1330 Pa/sec.; and 5V to 2660 Pa/sec., respectively.

During the execution time shown in FIG. 1, accordingly,
the desired vacuum changing speed can be changed by the
on-site input on the front panel of the controller 20 or the
remote input from the central control device 80 without
relation to the vacuum pressure in the reaction chamber 10.
The set vacuum pressure changing speed may be changed in
accordance with the elapsed time in the execution time of
FIG. 1. Furthermore, the set vacuum pressure changing
speed may be determined and stored in advance in the
controller 20. In those manners, the vacuum pressure in the
reaction chamber 10 can be changed along an optional
pressure curve.

Next, a second embodiment of the vacuum pressure
control system according to the present invention will be
described, referring to FIGS. 8 and 9. FIG. 9 is a block
diagram of the vacuum pressure control system in the
second embodiment. Different features from the first
embodiment are only in that an air pressure sensor 70 which
measures the air pressure in the pneumatic cylinder 41 of the
vacuum proportional O/C valve 16 is provided instead of the
potentiometer 18 and the amplifier 19 in the first embodi-
ment and that an air pressure control circuit 131 instead of
the position control circuit 31. Accordingly, the valve lifting
amount of the proportional O/C valve 16 is measured
through the air pressure in the pneumatic cylinder 41 (see
FIGS. 3 and 4), the air pressure being detected by the air
pressure sensor 70. It is to be noted that the structure of the
vacuum proportional O/C valve 16 is the same as in the first
embodiment and it is referred to FIGS. 3 and 4.

FIG. 8 is a flowchart of the preparation time in a vacuum
pressure changing speed control (SVAC) mode in the second
embodiment. In the vacuum pressure control system in the
second embodiment, upon the SVAC mode is selected on the
controller 20, the controller 20 acquires the current vacuum
pressure in the reaction chamber 10 via the vacuum pressure
sensors 14 and 15 in S11.

Subsequently, in S12A, in order to regulate the air pres-
sure in the pneumatic cylinder 41 to a value (a bias value)
immediately preceding the start of actuation of the poppet
valve 45 of the vacuum proportional O/C valve 16, the bias
control circuit 87 (see FIG. 12) outputs a command voltage
to the air pressure control circuit 131, and then the control
circuit 131 transmits a control signal to the pulse drive
circuit 32.

For example, as shown in FIG. 11, the air pressure to be
supplied to the pneumatic cylinder 41 is controlled so that
the air pressure value in the cylinder 41 becomes a bias value
P,. At this time, the current air pressure value in the cylinder
41 is detected by the air pressure sensor 70 (see FIG. 9). The
reason of continuing to transmit a command of the bias value
P, until the time t, elapses is because the time for filling air
pressure in the pneumatic cylinder 41 is needed.

In the vacuum proportional O/C valve 16 in a closed state,
when the vacuum pressure in the reaction chamber 10 is
lower than atmospheric pressure, the suction force acts on
the poppet valve 45 of the valve 16 in the direction of the
reaction chamber 10. The degree of the suction force is
dependent on the degree of the vacuum pressure in the
reaction chamber 10. Thus, the optimum bias value varies
with the degree of the vacuum pressure in the reaction
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chamber 10. In the second embodiment, the correspon-
dences between the bias value P, and the degree of the
vacuum pressure in the reaction chamber 10 are stored in
advance as data in the controller 20.

Returning to FIG. 8, in S12A, when the air pressure in the
pneumatic cylinder 41 reaches the bias value P, stored in
advance, the flow advances to S12B where a ramp-up
processing is conducted on the air pressure. For example, the
air pressure control circuit 131 transmits a control signal to
the pulse drive 32 (see FIG. 9) so that the air pressure in the
cylinder 41 is changed from the bias value P, to a value P,
before the time t; elapses as shown in FIG. 11.

It is to be noted that the relation between the graph of FIG.
11 and the graph of FIG. 10 in the first embodiment means
that, assuming that the valve lifting amount L, of the valve
16 is 0.1266 mm at the time when the air pressure value in
the cylinder 41 is P, the filling of the air pressure (P,—P,)
for providing the valve lifting amount of 0.1266 mm is
conducted at expense in 10 sec.

In S13, it is judged as to whether the duration from the
time t, to t5 has elapsed. In FIG. 8, when the air pressure in
the pneumatic cylinder 41 is at P,, the valve lifting amount
L, of the valve 16 is 0.1266 mm and the duration between
the time t, and t; is 10 sec. (t;). After that, the same
processing is conducted as in the first embodiment.
Specifically, S13-S18 in FIG. 8 correspond to S3—S8 in FIG.
2 in the first embodiment.

Furthermore, in the vacuum pressure control system in the
second embodiment, the same execution processing (see
FIG. 1) as in the first embodiment is carried out upon
completion of the preparation processing in the SVAC mode.

As described above, in the vacuum pressure control
system in the first and second embodiment, the vacuum
pressure value in the reaction chamber 10 of a CVD system
disposed on a semiconductor manufacturing line is mea-
sured by the vacuum pressure sensors 14 and 15 (S22), and
the difference between the measured value and the desired
vacuum pressure value commanded from the exterior by the
on-site input on the front panel of the controller 20 or the
remote input from the central control device 80 is calculated.
Based on the calculated difference, the controller 20 gener-
ates an external command. In accordance with the external
command, the air pressure control section 30 controls the
opening degree of the vacuum proportional O/C valve 16,
thereby changing the conductance of the exhaust system
from the reaction chamber 10 to the vacuum pump 13. In this
manner, performed is the feedback control for fixedly main-
taining the vacuum pressure in the reaction chamber 10 from
which gas is exhausted by the vacuum pump 13 at the
desired vacuum pressure value in a range from atmospheric
pressure to high vacuum pressure (S27).

In the execution processing, the controller 20 generates
internal commands in sequence (S26). The internal com-
mand represents a vacuum pressure value obtained by
changing the chamber vacuum pressure measured by the
vacuum sensors 14 and 15 at the set vacuum pressure
changing speed acquired in S24. With the internal com-
mands sequentially generated, the desired value of the
feedback control is changed in sequence (S26). The feed-
back control is thus executed as the follow-up control (S27).
Consequently, the vacuum pressure in the reaction chamber
10 can be uniformly changed at the set vacuum pressure
changing speed.

Specifically, in the vacuum pressure control system in the
above embodiments, the opening degree of the vacuum
proportional O/C valve 16 is controlled to uniformly change
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the vacuum pressure in the reaction chamber 10 at the set
vacuum pressure changing speed commanded from the
exterior by the remote input or the on-site input or deter-
mined and stored in advance in the controller 20.
Accordingly, if a small value of the set vacuum pressure
changing speed is given from the exterior, the process of
exhausting gas from the reaction chamber 10 can be slowly
proceeded at a small quantity of gas mass-flow, thus
enabling the reduction in velocity of the gas flow in the
vacuum vessel. This makes it possible to prevent particles
from flying up in the reaction chamber 10.

The vacuum pressure in the reaction chamber 10 can be
uniformly changed at the set vacuum pressure changing
speed given from the exterior or determined and stored in
advance in the controller 20 until the vacuum pressure in the
reaction chamber 10 reaches the desired pressure. Unlike the
vacuum pressure changing speed in the prior art which is
reduced in the bypass valve 17, the vacuum pressure chang-
ing speed in the reaction chamber 10 will not become slow
inverse-functionally. Thus, the time needed for controlling
the vacuum pressure in the reaction chamber 10 to the
desired vacuum pressure value can be shortened. This will
contribute to the shortening for the batch processing time in
the reaction chamber 10 disposed in the semiconductor
manufacturing line.

FIG. 13 is a graph of showing the variations of the
vacuum pressure in the reaction chamber 10 in the gas
exhaust control executed through the bypass valve 17 in the
prior art (line C) and through the vacuum proportional O/C
valve 16 in the above embodiments (lines A and B),
respectively, for changing the vacuum pressure in the reac-
tion chamber 10 to 0 Pa which is a desired vacuum pressure
value. With the vacuum proportional O/C valve 16, in either
case of the set vacuum pressure changing speeds of 665
Pa/sec. (line A) and 332.5 Pa/sec. (line B), as is evident from
the graph, the vacuum pressure in the reaction chamber 10
could be uniformly changed at the set vacuum pressure
changing speed. On the other hand, in the case of the bypass
valve 17 in the prior art, the vacuum pressure changing
speed in the reaction chamber 10 became slow inverse-
functionally (line C). From those results, in the vacuum
pressure control system in the present embodiment, the time
needed for controlling the vacuum pressure in the reaction
chamber 10 to the desired value (0 Pa) can be shortened.

In the vacuum pressure control system in the above
embodiments, the feedback control for manipulating the
opening of the vacuum proportional O/C valve 16 is
executed as follow-up control (S26, S27) so that the vacuum
pressure in the reaction chamber 10 is uniformly changed at
the set vacuum pressure changing speed given from the
exterior or determined and stored in advance in the control-
ler 20, needing no bypass valve 17 in the prior art.
Accordingly, due to the removal of the bypass valve 17, the
vacuum pressure control system can achieve the reduction in
size of a semiconductor manufacturing device.

Since the vacuum pressure in the reaction chamber 10 can
be uniformly changed at the set vacuum pressure changing
speed commanded from the exterior or stored in advance in
the controller 20, the process of exhausting gas from the
reaction chamber 10 can be proceeded at a desired proceed-
ing rate. Accordingly, unlike the case of using the bypass
valve 17, the proceeding rate of the process of gas exhaust
from the reaction chamber 10 is not determined based on the
size of the fixed orifice.

In the vacuum pressure control system in the above
embodiments, even during the execution of the feedback
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control as the follow-up control, the set vacuum pressure
changing speed can be changed through a host control
device (e.g., the central control device 80) which controls
the semiconductor manufacturing line. Therefore, consider-
ing the conditions of the whole semiconductor manufactur-
ing process, the system can respond to the request for
proceeding the process of exhausting gas from the reaction
chamber 10 at the desired proceeding rate.

The vacuum pressure control system in the above embodi-
ments is provided with the pneumatic cylinder 41 serving as
an actuation source of the vacuum proportional O/C valve
16. Prior to the start of the feedback control, in particular, up
to the instant preceding the actuation of the pneumatic
cylinder 41, the cylinder 41 is pressurized in advance (S2,
S8) to remove the dead zone characteristic of the valve 16.
Therefore, no response delay occurs when the vacuum
pressure in the reaction chamber 10 is uniformly changed at
the set vacuum pressure changing speed given from the
exterior or stored in advance in the controller 20.

It is to be noted that the degree of pressure to be exerted
in advance on the pneumatic cylinder 41 is delicately
different in accordance with different conditions due to
factors such as displacements of a mechanical zero point of
the vacuum proportional O/C valve 16, differences in pres-
sure between the vacuum chamber 10 and the vacuum pump
13, ctc. Therefore, the dead zone characteristic of the
vacuum proportional valve 16 is surely eliminated by the
execution of the constant value control for a predetermined
time (S6-S8, S16-S18) immediately after a predetermined
pressure is exerted in advance on the pneumatic cylinder 41.
Such the constant value control is conducted setting the
value which has been slightly changed (by subtracting 266
Pa) from the pressure value in the vacuum chamber 10 as a
desired value of the feedback control. In this manner, the
occurrence of response delay can be avoid when the vacuum
pressure in the vacuum chamber 10 is uniformly changed at
the predetermined vacuum pressure changing speed com-
manded from the exterior or determined and stored in the
controller 20. Consequently, it is possible to optimize the
initial state where the process of exhausting gas from the
vacuum chamber 10 is slowly proceeded.

The present invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof.

For instance, although the SVAC mode in the vacuum
pressure control system in the above embodiments is shifted
from the CLOSE mode, it may be shifted from the PRESS
mode. However, in this case, the preparation time of the
SVAC mode starts from S6 (FIG. 2) or S16 (FIG. 8).

Furthermore, the vacuum pressure control system in the
above embodiment can be applied to a vacuum vessel in a
semiconductor manufacturing line besides the reaction
chamber 10 of the CVD system.

The foregoing description of the preferred embodiment of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed, and modifica-
tions and variations are possible in light of the above
teachings or may be acquired from practice of the invention.
The embodiment chosen and described in order to explain
the principles of the invention and its practical application to
enable one skilled in the art to utilize the invention in various
embodiments and with various modifications as are suited to
the particular use contemplated. It is intended that the scope
of the invention be defined by the claims appended hereto,
and their equivalents.
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What is claimed is:

1. A vacuum pressure control system including:

a vacuum pressure proportional opening and closing valve
which is disposed on a pipe connecting a vacuum
vessel to a vacuum pump and changes its opening
degree to regulate vacuum pressure in the vacuum
vessel; and

a vacuum pressure sensor for measuring the vacuum
pressure in the vacuum vessel;

the system controlling the opening degree of the vacuum
pressure proportional opening and closing valve based
on a measured vacuum pressure value output from the
Vacuum pressure sensor;

wherein the vacuum proportional opening and closing
valve is controlled to open from a closed state at a
predetermined minute opening degree to allow a small
quantity of gas mass-flow to be exhausted from the
vacuum vessel so that velocity of gas flow in the
vacuum vessel is reduced to prevent particles from
flying up in the vacuum vessel.

2. A vacuum pressure control system for executing feed-
back control on vacuum pressure in a vacuum vessel in a
range from atmospheric pressure to high vacuum pressure,
the system including:

a vacuum vessel disposed on a semiconductor manufac-
turing line;
vacuum pump for exhausting gas from the vacuum
vessel;

a vacuum proportional opening and closing valve which
is disposed on a pipe connecting the vacuum vessel to
the vacuum pump and changes its opening degree to
regulate vacuum pressure in the vacuum vessel, the
valve including a poppet valve configuration;
vacuum pressure sensor for measuring the vacuum
pressure in the vacuum vessel;

a controller which generates an external command based
on a difference between the vacuum pressure value
output from the vacuum pressure sensor and a desired
vacuum pressure value given from an exterior; and

an air pressure control part which manipulates the open-
ing degree of the vacuum proportional opening and
closing valve in accordance with the external com-
mand;

wherein a vacuum pressure value calculated based on a
set vacuum pressure changing speed given from the
exterior or determined and stored in advance in the
controller is sequentially generated in the controller as
an internal command, while a desired value of the
feedback control is changed in sequence by the internal
command to execute the feedback control as follow-up
control, and the vacuum pressure in the vacuum vessel
is changed at the set vacuum pressure changing speed
so that a process of exhausting gas from the vacuum
vessel can be slowly proceeded.

3. The vacuum pressure control system according to claim

2, wherein the set vacuum pressure changing speed is
changeable by means of a host control device which controls
the semiconductor manufacturing line even during execu-
tion of the feedback control as the follow-up control.

4. The vacuum pressure control system according to claim
2 further including a pneumatic cylinder which serves as an
actuation source of the vacuum proportional opening and
closing valve,

the pneumatic cylinder being pressurized in advance of a
start of the feedback control in order to remove a dead
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zone characteristic of the vacuum proportional opening
and closing valve.
5. The vacuum pressure control system according to claim
4 further including a potentiometer for measuring positions
of a piston rod of the pneumatic cylinder, the pneumatic
cylinder being pressurized in advance based on measured
results of the potentiometer.
6. The vacuum pressure control system according to claim
4 further including an air pressure sensor for measuring air
pressure in the pneumatic cylinder, the pneumatic cylinder
being pressurized in advance based on measured results of
the air pressure sensor.

18

7. The vacuum pressure control system according to claim
6, wherein the pneumatic cylinder is pressurized in advance
up to an instant preceding actuation.

8. The vacuum pressure control system according to claim
5, wherein a constant value control setting a value which is
slightly changed from the vacuum pressure value in the
vacuum vessel as a desired value of the feedback control is
executed for a predetermined time immediately after the
previous pressurization on the pneumatic cylinder so that the
dead zone characteristic of the vacuum proportional opening

10 and closing valve is surely removed.
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