[DESCRIPTION]

[Title of Invention]

PRESSURE CONTROL DEVICE

[Technical Field]

[0001]

The present invention relates to a pressure control device for use in semiconductor
manufacturing devices and the like.

[Background Art]

[0002]

Pressure control devices which maintains a pressure within a chamber constant have
conventionally been proposed (see PTL 1, for example). The pressure control device
disclosed in PTL 1 detects the pressure within the chamber using a pressure sensor and
controls the pressure within the chamber to a constant level by turning on and off the supply
of gas based on the detected pressure and a set pressure.

[Citation List]

[Patent Literature]

[0003]

[PTL 1]

Japanese Patent Application Publication No. H03-291706

[Summary of Invention]

[Technical Problem]

[0004]

Incidentally, depending on the circumstances of the facilities, in some cases the volume of the
chamber is large with respect to the controlled flow of a gas, or the pipe between the pressure

control device and the chamber is long. In such cases, when the pressure control disclosed in



PTL 1 is performed, a delay time occurs in the time from the flow of the gas by opening the
flow control valve device until the pressure within the chamber increase or from when the
flow control valve device is closed until when the pressure drops. Consequently, the pressure
within the chamber fluctuates and cannot be maintained constant.

[0005]

Therefore, an object of the present invention is to provide a pressure control device that is
capable of maintaining a constant pressure within a chamber even if a volume of the chamber
with respect to the controlled flow of a gas is large or when a pipe between a flow control
valve device and the chamber is long.

[Solution to Problem]

[0006]

In order to attain the above object, a pressure control device which maintains a pressure
within a target of pressure control at a set pressure, according to one embodiment of the
present invention includes: correction means for correcting a pressure signal, which represents
the pressure within the target of pressure control that is detected by a pressure sensor, such
that the pressure signal approaches a set pressure signal representing the set pressure;
comparison means for comparing the corrected pressure signal with the set pressure signal;
and valve drive means for controlling an opening and closing of a flow control valve based on
a comparison result from the comparison means. The correction means is a filter circuit. A
frequency characteristic of the filter circuit has a peak at a prescribed frequency, and corrects
the pressure signal so as to raise a component of the prescribed frequency of the pressure
signal.

[0007]



The prescribed frequency may be determined based on a relationship between a flow rate of a
gas flowing through a pipe and a volume of the chamber and/or based on a length of the pipe
between the chamber and the pressure control device.

[0008]

When the pressure signal has a value greater than that of the set pressure signal and changes
in a decreasing manner, the correction means may correct the pressure signal in such a
manner that the value thereof becomes small.

[0009]

When the pressure signal has a value smaller than that of the set pressure signal and changes
in an increasing manner, the correction means may correct the pressure signal in such a
manner that the value thereof becomes large.

[Advantageous Effects of Invention]

[0010]

The present invention can provide a pressure control device that is capable of maintaining a
constant pressure within a chamber even if the volume of the chamber with respect to the
controlled flow of a gas is large or when a pipe between a flow control valve device and the
chamber is long.

[Brief Description of Drawings]

[0011]

[Fig. 1]

Fig. 1 shows a configuration diagram of a pressure control system having a pressure control
device according to an embodiment of the present invention.

[Fig. 2]

Fig. 2 shows a configuration diagram of the pressure control device.

[Fig. 3]



Fig. 3 shows a block diagram of a flow control valve device and a control circuit.

[Fig. 4]

Fig. 4 is a diagram showing the behaviors of a detected pressure signal, a corrected pressure
signal, a set pressure signal, and a valve drive signal, which are obtained at the start of control
of the pressure control system.

[Fig. 5]

Fig. 5 is a diagram showing an example of a frequency characteristic curve.

[Fig. 6]

Fig. 6 is a diagram showing the behaviors of a detected pressure signal, a corrected pressure
signal, a set pressure signal, and a valve drive signal, which are obtained at the start of control
of a pressure control system according to a modification.

[Description of Embodiments]

[0012]

A pressure control device according to an embodiment of the present invention is now
described with reference to the drawings.

[0013]

Fig. 1 shows a configuration diagram of a pressure control system 10 having a pressure
control device 1.

[0014]

The pressure control system 10 has the pressure control device 1, an opening/closing valve
device 2, a chamber 3, which is a target of pressure control, a pressure sensor 4, a variable
valve device 5, a dry pump 6, and a pipe 7.

[0015]



A gas supply source, not shown, is connected to the pressure control device 1 by the pipe 7.
The opening/closing valve device 2 is provided on the upstream side of the pressure control
device 1.

[0016]

The chamber 3 is provided with the pressure sensor 4 for detecting pressure and is connected
to the pressure control device 1 by the pipe 7. Pressure detected by the pressure sensor 4 is
sent to the pressure control device 1 as a pressure signal. The chamber 3 and the dry pump 6
are connected to each other by the pipe 7, and the variable valve device 5 is provided between
the chamber 3 and the dry pump 6.

[0017]

Next, the configuration of the pressure control device 1 is described with reference to Fig. 2.
[0018]

Fig. 2 shows a configuration diagram of the pressure control device 1.

[0019]

As shown in Fig. 2, the pressure control device 1 has a bypass 11, a flow sensor 12, a
controller 13, and a flow control valve device 14, which is a solenoid valve device. The
controller 13 has a bridge circuit 15, an amplifier circuit 16, and a control circuit 17.

[0020]

Gas that flows into the pressure control device 1 is separated into the bypass 11 and the flow
sensor 12 to a prescribed flow ratio. Two coils in the flow sensor 12 compose a part of the
bridge circuit 15. The amplifier circuit 16 amplifies a signal relating to a temperature
deference detected by the bridge circuit 15, and outputs the amplified signal to the outside as a
flow signal (e.g., 0 to 5 VDC). The flow signal is output to the control circuit 17 as well.
[0021]

The configuration of the control circuit 17 is described next.



[0022]

Fig. 3 shows a block diagram of the flow control valve device 14 and the control circuit 17.
[0023]

As shown in Fig. 3, the control circuit 17 has two level conversion circuits 18, 19, a frequency
characteristic correction circuit 20, a comparison circuit 21, and a valve drive circuit 22.
[0024]

The level conversion circuits 18, 19 are the circuits for amplifying or attenuating a set
pressure signal (e.g., 0 to 10 VDC) and a pressure signal (e.g., 0 to 10 VDC). The set
pressure signal represents a set pressure value of the chamber 3 that is input from the outside.
The pressure signal represents a pressure value detected by the pressure sensor 4, in order to
have the comparison circuit 21 compare these signals accurately.

[0025]

The frequency characteristic correction circuit 20 is a filter circuit that uses an operational
amplifier, and corrects the pressure signal detected by the pressure sensor 4 to raise a low-
band frequency. The comparison circuit 21 compares the pressure signal after the frequency
correction, with the set pressure signal, and then outputs a difference signal representing the
difference therebetween to the valve drive circuit 22. Based on this difference signal, the
valve drive circuit 22 controls the opening of the flow control valve device 14 so that the
pressure within the chamber 3 becomes constant.

[0026]

Next, operations performed at the start of the control of the pressure control system 10 are
described with reference to Fig. 4. The operation for maintaining the pressure of the chamber
3 constant while reducing the pressure of the chamber 3 to (to make the pressure lower than
the atmospheric pressure) is now described.

[0027]



Fig. 4 shows the behaviors of a detected pressure signal, a corrected pressure signal, a set
pressure signal, and a valve drive signal, which are obtained at the start of the control of the
pressure control system 10. The detected pressure signal detected by the pressure sensor 4 is
indicated by a solid line. The corrected pressure signal after the correction is indicated by a
chain line, the set pressure signal by a dotted line, and the valve drive signal by a solid line.
[0028]

The dry pump 6 is driven, with the opening of the variable valve device 5 being set at a
prescribed opening, to draw the gas of the chamber 3 with a constant suction force. As a
result, the detected pressure signal decreases at a constant rate, as shown in Fig. 4. Then,
frequency characteristic correction is performed on this detected pressure signal by the
frequency characteristic correction circuit 20. The frequency characteristic correction circuit
20 that has the frequency characteristics shown in Fig. 5 performs this correction when, for
example, the volume of the chamber 3 is 1 m?, the length of the pipe 7 between the pressure
control device 1 and the chamber 3 is 10 m, and the flow rate of the gas flowing through the
pipe 7 is 300 sccm. In Fig. 5, the horizontal axis represents frequencies, and the vertical axis
voltages.

[0029]

The frequency characteristic curve shown in Fig. 5 has a peak at approximately 10 Hz
corresponding to a prescribed frequency, wherein the voltage gradually increases from 1.0 V
up to 10 Hz and decreases in a linear fashion when the frequency is greater than 10 Hz. The
position of the peak (the prescribed frequency) of the frequency characteristic curve is
determined based on the relationship between the flow rate of the gas flowing through the
pipe 7 and the volume of the chamber 3 and/or based on the length of the pipe 7 between the
pressure control device 1 and the chamber 3.

[0030]



As shown in Fig. 4, the value of the corrected pressure signal is smaller than that of the
detected pressure signal. In other words, the frequency characteristic correction circuit 20
corrects the detected pressure signal so as to raise a prescribed frequency component of the
detected pressure signal, and as a result the detected pressure signal approaches the set
pressure signal. Then, the comparison circuit 21 compares the corrected pressure signal with
the set pressure signal, and when the corrected pressure signal is smaller than the set pressure
signal (P1 in Fig. 4), the valve drive circuit 22 turns the valve drive signal on, opening the
flow control valve device 14. As a result, the gas is supplied to the chamber 3.

[0031]

After a prescribed period of time since supplying the gas to the chamber 3 (P2 in Fig. 4), the
detected pressure signal becomes equal to the set pressure signal, changing the inclination of
the detected pressure signal. This change causes the corrected pressure signal to drastically
increase and then decrease shortly thereafter, and consequently the corrected pressure signal
become approximately equivalent to the set pressure signal.

[0032]

In this manner, the frequency characteristic correction circuit 20 has a peak at a prescribed
frequency and corrects the detected pressure signal so as to raise the prescribed frequency
component of the detected pressure signal. Accordingly, the time to open the flow control
valve device 14 can be accelerated. Therefore, once the detected pressure and the set pressure
become approximately equal to each other, the gas can be supplied to the chamber 3.
Therefore, even if the volume of the chamber 3 with respect to the controlled flow of the gas
is large, or even if the pipe 7 between the pressure control device 1 and the chamber 3 is long,
the pressure within the chamber 3 can be maintained constant without fluctuating.

[0033]



Furthermore, because the prescribed frequency is determined based on the relationship
between the flow rate of the gas flowing through the pipe 7 and the volume of the chamber 3
and/or based on the length of the pipe between the chamber 3 and the pressure control device
1, the detected pressure signal can be corrected appropriately.

[0034]

In addition, when the detected pressure signal has a value greater than that of the set pressure
signal and changes in a decreasing manner, the frequency characteristic correction circuit 20
corrects the detected pressure signal so that the value thereof becomes small. By performing
such correction in order to maintain the pressure within the chamber 3 constant by reducing
the pressure within the chamber 3, the pressure within the chamber 3 can be maintained
constant without fluctuating.

[0035]

Note that the present invention is not limited to the foregoing example. Those skilled in the
art can make various additions, changes, and the like within the scope of the present
invention.

[0036]

The foregoing embodiment has described the case where the pressure control device 1 reduces
the pressure within the chamber 3 to maintain the pressure constant; however, the pressure
control device 1 may increase the pressure within the chamber 3 to maintain the pressure
constant. In other words, as shown in Fig. 6, when the detected pressure signal has a value
smaller than that of the set pressure signal and changes in an increasing manner, the frequency
characteristic correction circuit 20 corrects the detected pressure signal in such a manner that
the value thereof increases. By performing such correction, the pressure within the chamber 3
can be maintained constant without fluctuating.

[0037]



The circuits provided in the pressure control device 1 may be analog circuits or digital
circuits. The target of pressure control described in the foregoing embodiment is the chamber
3 but may also be a pressure container and the like.

[Reference Signs List]

[0038]

1 Pressure control device

3 Chamber

4 Pressure sensor

7 Pipe

14 Flow control valve device

20 Frequency characteristic correction circuit
21 Comparison circuit

22 Valve drive circuit
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[CLAIMS]
[Claim 1]

A pressure control device which maintains a pressure within a target of pressure
control at a set pressure, the pressure control device comprising:

correction means for correcting a pressure signal, which represents the pressure
within the target of pressure control that is detected by a pressure sensor, such that the
pressure signal approaches a set pressure signal representing the set pressure;

comparison means for comparing the corrected pressure signal with the set pressure
signal; and

valve drive means for controlling an opening and closing of a flow control valve
based on a comparison result from the comparison means,

wherein the correction means is a filter circuit, a frequency characteristic of the filter
circuit having a peak at a prescribed frequency, and correcting the pressure signal so as to
raise a component of the prescribed frequency of the pressure signal.

[Claim 2]

The pressure control device according to claim 1, wherein the prescribed frequency is
determined based on a relationship between a flow rate of a gas flowing through a pipe and a
volume of the chamber and/or based on a length of the pipe between the chamber and the
pressure control device.

[Claim 3]

The pressure control device according to claim 1 or 2, wherein when the pressure
signal has a value greater than that of the set pressure signal and changes in a decreasing
manner, the correction means corrects the pressure signal in such a manner that the value
thereof becomes small.

[Claim 4]
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The pressure control device according to claim 1 or 2, wherein when the pressure
signal has a value smaller than that of the set pressure signal and changes in an increasing
manner, the correction means corrects the pressure signal in such a manner that the value

thereof becomes large.
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