
1/44  PCT/JP2007/061183  SPECIFICATIONS  MASS FLOW CONTROLLER FIELD OF THE
ART  [0001] 5 The present invention relates to a mass flow  controller that
controls a flow rate of a fluid, such as gas  and liquid. BACKGROUND ART
[0002] 10 For example, in a semiconductor manufacturing  apparatus to which
various kinds of gas used for  manufacturing a semiconductor are supplied,
a mass flow  controller is provided for each gas supply channel to adjust
the flow rate of the gas. Conventionally, a pressure 15 regulator is
connected in series to each mass flow  controller for preventing an extreme
change in pressure in  the channel to which the mass flow controller is
attached,  thereby facilitating flow rate control. [0003]  20 A basic flow
rate control method for the mass flow  controller is the PID control. For
example, there has been  known a feed back control based on a variation of
the PID  control disclosed in the patent document 1. Specifically,
according to the method disclosed in the patent document 1, 25 the feed
back control value is calculated by performing a  PID calculation on the
deviation and multiplying the  calculation result by a function whose value
increases as  the flow rate setting value decreases. 



2/44  PCT/JP2007/061183  [0004] Recently, a system configuration has become
popular in  which a regulator is provided only for a fluid supply source,
such as a cylinder, rather than for each supply channel, 5 although the
mass flow controller is provided for each  supply channel divaricated from
the fluid supply source.  [0005] However, for example, this system
configuration has  the following disadvantage. That is, if one of the
supply  10 channels is suddenly closed, or the flow rate of one of the mass
flow controllers is largely changed, the resulting  pressure change affects
the other supply channel or mass  flow controllers (this is referred to as
a crosstalk). As a  result, the conventional control method based on the 15
assumption that the pressure regulator controls the pressure  change to
some extent cannot achieve adequate flow rate  control. [0006] More
specifically, in the case where the control  20 method disclosed in the
patent document 1 is used, if the  pressure on the primary side (the
pressure on the upstream  side of the mass flow controller (a flow rate
sensor section) changes beyond a certain level, the flow rate  excessively
responds to the change of the pressure and  25 changes beyond a prescribed
level. [0007] Such a problem of flow rate change due to the pressure
change is caused not only by the crosstalk but also by other 



3/44  PCT/JP2007/061183 factors. In addition, such a problem occurs not
only when  the pressure on the primary side changes but also when the
pressure on the secondary side changes. [0008]  5 However, under the
current circumstance in which  higher speed and precision are needed in the
control of the  raw material gas or the like used in semiconductor
processes,  the speed of following the change of the flow rate setting
value (the speed of response) cannot be sacrificed to 10 suppress the
excessive response described above. Patent Document 1 Japanese Patent
Laid-Open No. 2004-280689  DISCLOSURE OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION  [0009] 15 Thus, a main object of the present
invention is to  provide a mass flow controller that can prevent a flow
rate  change due to a pressure change caused by a crosstalk or the  like
without sacrificing the speed of following the change  of the flow rate
setting value. 20 MEANS TO SOLVE THE PROBLEMS  [0010] Specifically, a mass
flow controller according to the  present invention comprises: a flow rate
sensor section that  measures a flow rate of a fluid flowing through a flow
25 channel and outputs a flow rate measurement signal  indicating the
measurement value; a flow rate control valve  that is disposed on the
upstream side or the downstream side  of the flow rate sensor section; a
control section that 



4/44  PCT/JP2007/061183 calculates an opening control signal to be supplied
to the  flow rate control valve based on a predetermined calculation
formula including at least a flow rate measurement value  indicated by the
flow rate measurement signal and a flow 5 rate setting value, which is a
target value, as parameters  and outputs the opening control signal; and a
pressure  sensor section that detects pressure of the fluid on the
upstream side or the downstream side of the flow rate sensor  section and
outputs a pressure detection signal indicating 10 the pressure value, and
is characterized in that the control  section uses different calculation
formulas for a changing  period, which is a predetermined period from a
point in time  when the flow rate setting value changes by a predetermined
amount or more, and for a stable period, which is the 15 remaining period,
and that at least in the stable period,  the calculation formula further
includes the pressure value  as a parameter. [0011] The term "a
predetermined calculation formula" refers  20 to a calculation formula for
feedback-controlling the  opening of the control valve using at least the
flow rate  measurement value and the target value as parameters. For
example, a formula including at least a proportional  calculation (a PID
calculation, preferably) may be used. 25 [0012] Furthermore, for example,
the action "the flow rate  setting value changes by a predetermined amount
or more" may  be an instantaneous (one control cycle) change of the flow 



5/44  PCT/JP2007/061183 rate setting value by a predetermined amount or
more.  [0013] A concrete example of "the different calculation  formulas
are used" is represented by that different factors  5 such as different
gains (a reference character P, to be described later) in a proportional
calculation are used for  the changing period and the stable period. With
this  arrangement, for example, the control may be performed so as  to
ensure a quick response for the valve of the mass flow 10 controller in the
changing period and the control may be  performed so as to make the valve
of the mass flow  controller less sensitive to a disturbing noise in the
stable period. [0014]  15 In addition, the "the pressure value included in
the  calculation formula as a parameter" includes a case in which  a value
related to an actually measured pressure value such  as an amount of change
(time differential value) of the  pressure detected during a predetermined
length of time and 20 the time integral value is included in the
calculation  formula, in addition to a case in which the pressure value
itself detected by the pressure sensor section is included  in the
calculation formula. [0015]  25 In accordance with this arrangement, since
control is  switched between the stable period and the changing period,  in
the changing period in which the flow rate setting value  changes, for
example, the control is performed with a higher 



6/44  PCT/JP2007/061183 speed of response so that the actual flow rate can
quickly  follow the changed flow rate setting value. On the other  hand, in
the stable period in which the flow rate setting  value does not change
significantly, for example, the 5 control is performed with a higher
stability so that the  flow rate can be prevented from being significantly
affected  by and excessively responding to any pressure change that  occurs
on the primary side or the like (a pressure change  occurs on the upstream
side of the mass flow controller (the 10 flow rate sensor section)) so that
the actual flow rate can  be stabilized. [0016) At least in the stable
period, the predetermined  calculation formula at least including the flow
rate 15 measurement value and the flow rate setting value further  includes
the pressure value obtained by the pressure sensor  section as a parameter.
Therefore, in the stable period in  which the flow rate change due to the
pressure change particularly becomes a problem, the actual flow rate can be
20 further stabilized against the pressure change. [0017] More
specifically, it is possible to provide an  excellent mass flow controller
that can effectively suppress  a flow rate change due to a pressure change
without 25 sacrificing the speed of response to a change of the flow  rate
setting value and that can be adopted in a system that  can generate a
disturbance, such as a crosstalk. [0018] 



7/44  PCT/JP2007/061183 The changing period may always be constant or may
be  changed in duration in order to improve the control  stability as
required. As an example, it is represented that  the changing period is
terminated at a time when the 5 deviation of the flow rate measurement
value from the flow  rate setting value decreases to fall within a certain
range.  [0019] The calculation formula including the pressure value  (time
differential value) according to the present invention  10 may use a
formula in which the pressure time differential value is added to,
subtracted from, multiplied by or divided  by the result of the PID
calculation based on the deviation  e of the flow rate measurement value
from the flow rate  setting value, more specifically, a formula expressed
by the 15 following formula (a) or formula (b). V = Pe + I?e8t + D,86/8t +
YAp ... (a)  V = (Pe + I?eSt + Dbe/St)YAp ... (b)  In case, e = S - OUT
Where a reference character V denotes a feed back 20 control value, based
on which the opening control signal is  set. Reference characters P, I, D
and Y denote factors  appropriately determined respectively. A reference
character  S denotes the flow rate setting value, and a reference
character OUT denotes the flow rate measurement value. A 25 reference
character Ap denotes the time differential value  of the pressure value
obtained by the pressure sensor  section or a value expressed by a formula
including the time  differential value. 



8/44  PCT/JP2007/061183  [0020] In addition to this, as the calculation
formula  represented is a formula wherein the pressure time  differential
value is added to as a parameter in case of 5 calculating the deviation
itself. This formula is expressed  by the following formula (c). V = P6' +
I?6'6t + D&'/St ... (c) In this formula, 6' = h(S, OUT, Ap) where a
reference character h is a function including  10 at least S, OUT, and Ap
as parameters. [[0021]  As a concrete example of the above-mentioned
function  h conceived is a formula wherein the pressure time  differential
value is added to, subtracted from, multiplied 15 by or divided by at least
either one of the flow rate  measurement value and the flow rate setting
value, more  specifically, a formula expressed by the following formulas
(d), (e), (f) and (g). 6' = S - (OUT + XAp) ... (d)  20 6' = S - (OUTXAp)
... (e)  6' = S'X'Ap - OUT ... (f) 6' = (S - XAp) - OUT ... (g) where X
denotes a factor appropriately determined.  [0022] 25 On the contrary,
conventionally, there is a case in  which the flow rate indicative value
output from the mass  flow controller for external use indicates a value
different  from the actual flow rate measured on the downstream side 



9/44  PCT/JP2007/061183 (or the upstream side) because of a mutual
interference with  the control of the flow rate control valve that is
excessively sensitive to a pressure change on the primary  side. 5 [0023]
In order to stabilize the flow rate indicative value  and bring the flow
rate indicative value close to the actual  flow rate value by improving the
opening control algorithm  for the flow rate control valve described above,
it is 10 preferable that a flow rate output section that performs a
predetermined calculation on the flow rate measurement value  and outputs
the result as the flow rate indicative value is  provided, and the flow
rate output section is configured to  use different calculation formulas on
the flow rate 15 measurement value for the changing period and the stable
period. With this arrangement, the indicative value can also  be stabilized
according to the actual flow rate. [0024]  20 As a concrete example it is
represented that, in the  stable period, the flow rate measurement value is
smoothed  with respect to time and the result is output, and in the
changing period, the flow rate measurement value is output  without being
processed. 25 [0025] In addition, the flow rate indicative value may be
calculated from the flow rate measurement value using at  least the time
differential value of the pressure value 



10/44  PCT/JP2007/061183 detected by the pressure sensor section as a
parameter.  EFFECT OF THE INVENTION [0026]  As described above, according
to the present invention,  5 since the mass flow controller switches the
control between the stable period and the changing period, the mass flow
controller can suppress a flow rate change without  sacrificing the speed
of response to a change of the flow  rate setting value even if a pressure
change occurs and can 10 be applied to a system that may generate a
disturbance such  as a crosstalk. Furthermore, even if the pressure change
occurs in the stable period in which a flow rate change due  to a pressure
change particularly becomes a problem, the  actual flow rate can be further
stabilized against the 15 pressure change, because the value control is
performed  based on the opening control signal determined by the
calculation formula including at least the flow rate  measurement value and
the flow rate setting value as well as the pressure value obtained by the
pressure sensor section.  20 BRIEF DESCRIPTION OF THE DRAWINGS [0027]
[Figure 1] Figure 1 is a schematic diagram showing the whole  of a mass
flow controller according to an embodiment of the  present invention. 25
[Figure 2] Figure 2 is a diagram showing an example of a  configuration of
a flow rate control system by the use of  the mass flow controller
according to the embodiment.  [Figure 3] Figure 3 is a functional block
diagram of a 



11/44  PCT/JP2007/061183 control section according to the embodiment.
[Figure 4] Figure 4 is a control flow chart according to the  embodiment.
[Figure 5] Figure 5 is a functional block diagram of a  5 control section
according to a second embodiment of the  present invention. [Figure 6]
Figure 6 is a schematic diagram showing the whole  of an effect checking
and testing system for a mass flow  controller according to the embodiment.
10 [Figure 7] Figure 7 is a graph showing a result of effect  checking and
testing (in the case wherein a flow rate  measurement value corrected based
on a pressure value is  used in a stable period). [Figure 8] Figure 8 is a
graph showing a result of effect  15 checking and testing (in the case
wherein a flow rate  measurement value corrected based on a pressure value
is  used in a changing period). [Figure 9] Figure 9 is a graph showing a
result of effect  checking and testing according to a third embodiment of
the  20 present invention. [Figure 10] Figure 10 is a graph showing a
result of effect  checking and testing according to the third embodiment of
the present invention. BEST MODES OF EMBODYING THE INVENTION  25 [0028] In
the following, embodiments of the present invention  will be described with
reference to the drawings. <First embodiment> 



12/44  PCT/JP2007/061183 As shown in the schematic diagram of Figure 1, a
mass  flow controller 100 according to an embodiment of the  present
invention comprises an internal channel 1, a flow  rate sensor section 2
that measures the flow rate of a fluid 5 F flowing through the internal
channel 1, a flow rate  control valve 3 disposed on, for example, a
downstream side  of the flow rate sensor section 2, a pressure sensor
section  4 disposed on, for example, an upstream side of the flow  rate
sensor section 2 and a control section 5. The mass flow 10 controller 100
is used, for example, in a gas supply system  that supplies gas to a
chamber in a semiconductor process as  shown in Figure 2. [00291 Now, each
component will be described. The internal  15 channel 1 has an inlet port
P1 on the upstream side and an  outlet port P2 on the downstream side. For
example, the  inlet port P1 is connected to a fluid supply source B, such
as a cylinder, via an external pipe, and the outlet port P2  is connected
to a chamber (not shown in drawings) for 20 manufacturing semiconductor via
an external pipe. In this  embodiment, as shown in Figure 2, a pipe
connected to one  fluid supply source B is branched, and each of the
branched  pipes is provided with one mass flow controller 100.
Furthermore, a pressure regulator PR is provided only at the 25 outlet of
the fluid supply source B (before the branch point  to each pipe), and no
pressure regulator for the mass flow  controller 100 is provided for each
pipe. A reference  character FV denotes an air pressure valve. 



13/44  PCT/JP2007/061183  [0030] Although details are not shown, the flow
rate sensor  section 2 has a pair of heat-sensitive sensors (thermal
sensors) disposed in the internal channel 1, for example. 5 The thermal
sensors measures the instantaneous flow rate of  the fluid F as an electric
signal, performs amplification or  the like on the electric signal by an
internal electric  circuit and outputs a flow rate measurement signal
having a  value depending on the measured flow rate. 10 [0031] Although
details are not shown, the flow rate control  valve 3 can change the
opening by means of, for example, an  actuator constituted by a
piezoelectric element or the like.  The flow rate control valve 3 drives
the actuator in 15 response to an opening control signal, which is an
electric  signal supplied externally, and adjusts the opening in
accordance with the value of the opening control signal,  thereby
controlling the flow rate of the fluid F. [0032]  20 Although details are
not shown, the pressure sensor  section 4 is disposed on the upstream side
of the flow rate  sensor section 2 and is constituted by a pressure
transducer,  for example. The pressure sensor section 4 samples and
detects the pressure of the fluid F at predetermined time 25 intervals,
such as every several milliseconds, and outputs  the value of the detected
pressure, as a pressure detection  signal, to the control section 5. [0033]



14/44  PCT/JP2007/061183 The control section 5 is composed of a digital or
analog electric circuit comprising a CPU, a memory, an A/D  converter, a
D/A converter and the like, not shown. The  control section 5 may be a
dedicated one or partially or 5 wholly composed of a general-purpose
computer, such as a  personal computer. Furthermore, the CPU may be
omitted, and  the functions of the remaining parts may be implemented only
by an analog circuit. Furthermore, the control section 5 may  not be a
physically integral unit but may be composed of a 10 plurality of devices
interconnected by wires or wirelessly.  [0034] A predetermined program is
stored in the memory, and  the CPU and a peripheral device thereof are
operated in  cooperation with each other in accordance with the program. 15
Thus, as shown in Figure 3, the control section 5 performs  at least the
functions of a flow rate signal receiving  section 5a, a pressure detection
signal receiving section 5b,  a calculation section 5c, an opening control
signal output  section 5d and a flow rate output section 5e. 20 [0035] The
flow rate signal receiving section 5a receives the  flow rate measurement
signal sent from the flow rate sensor  section 2, a flow rate setting
signal input from another  computer or the like, and stores the values of
the signals 25 in a predetermined region in the memory, for example.
[0036] The pressure detection signal receiving section 5b  receives the
pressure detection signal sent from the 



15/44  PCT/JP2007/061183 pressure sensor section 4 and stores the value of
the signal  in a predetermined region in the memory, for example. [0037]
The calculation section 5c has a deviation calculating  5 section 5c1 that
obtains the flow rate measurement value  indicated by the flow rate
measurement signal and calculates  the deviation of the flow rate
measurement value from the  flow rate setting value indicated by the flow
rate setting  signal and a control value calculating section 5c2 that 10
calculates a feed back control value to be sent to the flow  rate control
value 3 by performing at least a proportional  calculation on the
deviation. [0038] A concrete calculation in the calculating section 5c  15
(or the control value calculating section 5c2) will be  explained. Here,
the feed back control value V is calculated  based on the following formula
(1). V = Pe + I?sSt + DSe/St + YAp ... (1),  In case, e = S - OUT 20 Where
s denotes the deviation and the reference  characters P, I, D and Y denote
factors for adjustment  (adjustment factors) including 0 appropriately
determined  respectively. There is a case in which the reference
characters D and Y might not include 0. A reference 25 character S denotes
the flow rate setting value, and a  reference character OUT denotes the
flow rate measurement  value respectively. A reference character AP denotes
a time  differential value of the pressure value p obtained by the 



16/44  PCT/JP2007/061183  pressure sensor section 4. [0039]  The opening
control signal output section 5d generates  an opening control signal
having a value corresponding to 5 the feed back control value and outputs
the opening control  signal to the flow rate control valve 3. [0040] The
flow rate output section 5e calculates a flow rate  indicative value by
performing a predetermined calculation  10 on the flow rate measurement
value and outputs a flow rate indicative signal (analog or digital)
representing the flow  rate indicative value to a display screen or the
like for  the purpose of external use. [0041]  15 Meanwhile, according to
this embodiment, the control  value calculating section 5c2 classifies a
changing period  (for example, about several seconds, and more concretely
about 0-10 seconds and more preferably about 0.3-5 seconds),  which is a
certain period from a point in time when the flow 20 rate setting value
changes by a predetermined amount (for  example, about 0-10 percentage and
more preferably 0.3-5  percentage with respect to a full scale) or more in
a unit  of time and a stable period, which is a remaining period,  and
calculates the feed back control value from the 25 deviation by the use of
the above-described formula (1) in  which the adjustment factors are varied
for the changing  period and the stable period. [0042] 



17/44  PCT/JP2007/061183 First, the calculation formula in the changing
period  will be explained. In the changing period, the control value
calculating section 5c2 expresses the gain (the factor) P to  be multiplied
by the deviation e in the proportional 5 calculation term of the formula
(1) by a function having the  flow rate setting value as the parameter so
that the  function is different between the changing period and the  stable
period. [0043]  10 A function fl used for the changing period (referred  to
also as a first function in the following for the purpose  of
differentiation) is a function that returns a greater  value as the flow
rate setting value to be substituted  decreases. In this embodiment, the
function is expressed by 15 the following formula (2), for example.  fl(S)
= (100 + K1)/(Kl + S) (=P) ... (2) In this formula, a reference character S
denotes the  flow rate setting value (in percentage with respect to a  full
scale), and a reference character K1 denotes an 20 adjustment factor.
[0044] Furthermore, Y=0 and an influence from the pressure is  disregarded
in the changing period, however, an influence  from the pressure may be
considered by giving a value other 25 than zero to the reference character
Y.  [0045] On the contrary, a function f2 in the stable period  (referred
to also as a second function in the following for 



18/44  PCT/JP2007/061183 the purpose of differentiation) is a function that
returns a  smaller value as the flow rate setting value to be  substituted
decreases. In this embodiment, the function is  expressed by the following
formula (3), for example. 5 f2(S) = SK2 + d (=P) ... (3) In this formula, a
reference character S denotes the  flow rate setting value (in percentage
with respect to a  full scale), a reference character K2 denotes an
adjustment  factor, and a reference character d denotes an offset 10
constant.  [0046]  In addition, in the stable period, if the pressure value
indicated by the pressure detection signal from the  pressure sensor
section 4 changes by a predetermined amount  15 (10 kPa or more, for
example) or more in a unit of time, the control is performed with further
considering the pressure  value (more concretely, the time differential
value of the  pressure value) by giving a value other than zero to the
reference character Y in the formula (1). 20 [0047] Furthermore, in this
embodiment, the flow rate output  section 5e determines the flow rate
indicative values for  the changing period and the stable period by
performing  different calculations on the flow rate measurement value 25
and outputs the flow rate indicative values as the flow rate  indicative
signals to the outside. Specifically, in the  stable period, the flow rate
output section 5e outputs the  flow rate indicative value that is
determined by smoothing 



19/44  PCT/JP2007/061183 the flow rate measurement value with respect to
time. In the  changing period, the flow rate output section 5e outputs the
flow rate measurement value as the flow rate indicative  value without
processing. 5 [0048] Furthermore, in this embodiment, if the pressure value
indicated by the pressure detection signal from the pressure  sensor
section 4 changes by a predetermined amount (10 kPa  or more, for example)
or more in a unit of time at least in  10 the stable period, the flow rate
measurement value is corrected with the pressure value, more specifically
the  time differential value of the pressure value, a moving  average that
is specific to the stable period is taken, and  the flow rate indicative
value smoothed with respect to time  15 is determined and then output.
[0049] An actual flow rate indicative value is calculated by  the use of
the following formula (4). MFCOUT = (OUT_"ew - MFCOUT_OLD) Z + MFCOUT_OLD
... (4)  20 Where OUT_11e. = OUT + YlAp [0050] In this formula, a reference
character MFCOUT denotes  the latest flow rate indicative value calculated
with a  current control cycle, a reference character MFCOUT_OLD 25 denotes
a previous flow rate indicative value calculated in  the previous control
cycle, and a reference character Z  denotes an adjustment factor. In
addition, OUTew denotes  the flow rate measurement value after corrected
based on the 



20/44  PCT/JP2007/061183 pressure (hereinafter called also as the corrected
flow rate  measurement value), a reference character OUT denotes the
latest flow rate measurement value actually sampled, a  reference character
4p denotes the time differential value 5 of the pressure value detected by
the pressure sensor  section, and the reference character Y1 denotes the
adjustment factor. Yl may be the same value as that of the  reference
character Y or may be different from the value of  Y. 10 [0051] In order to
smooth the flow rate indicative value  with respect to time, O<Z<l. In
order not to smooth the flow  rate indicative value with respect to time,
Z=1. In addition,  in case of considering the pressure, a value other than
0 is 15 substituted to Y1. In case not to consider the pressure, 0  is
substituted to Yl. [0052] Next, an operation of the mass flow controller
100  configured as described above will be explained with 20 reference to
the flowchart of Figure 4, focused primarily on  the operation of the
control section 5. [0053] The flow rate signal receiving section 5a
receives the  flow rate measurement signal constantly output from the flow
25 rate sensor section 2 and the flow rate setting signal output from
dedicated input means or another computer at  constant sampling intervals
(step Si). [0054] 



21/44  PCT/JP2007/061.1.83 If the flow rate setting value changes by a
predetermined amount or more compared with the flow rate  setting value at
a previous sampling time (step Si'). a  certain period (about several
seconds) from the point in 5 time of the change is determined as a changing
period, and  the process proceeds to a step S2. The remaining period is
determined as the stable period, and the process proceeds to  a step S6.
[0055]  10 In the step S2, the deviation calculating section 5c1
calculates the difference between the value of the flow rate  measurement
signal (the flow rate measurement value)  received by the flow rate signal
receiving section 5a and  the flow rate setting value, which is the value
of the flow 15 rate setting signal, or in other words, the deviation c.
[0056] Next, the control value calculating section 5c2  calculates the feed
back control value to be supplied to the  flow rate control valve 3 by
performing the PID calculation 20 on the deviation based on the formula
(1). In this step, a  value obtained by substituting the flow rate setting
value  into the first function (formula (2)) is used as the gain
(adjustment factor) to be multiplied by the deviation e in  the
proportional calculation and the calculation is 25 performed by
substituting zero into the reference character  Y in the formula (1) (step
S3). In other word, the pressure  is not considered in this step. [0057] 



22/4.4  PCT/JP2007/061183 On the other hand, if judged as the stable period
(step Si'), as in the step S2, the deviation calculating  section 5cl
calculates the difference between the flow rate  measurement value and the
flow rate setting value, or in 5 other words, the deviation a (step S6).
[0058] Then, if the pressure value indicated by the pressure  detection
signal from the pressure sensor section 4 changes  by a predetermined
amount or more in the stable period (step 10 S7), the control value
calculating section 5c2 calculates  the feed back control value based on
the calculation formula  (1) described above (step S8). In this step, a
value  obtained by substituting the flow rate setting value into  the
second function (formula (3)) is used as the gain 15 (adjustment factor) to
be multiplied by the deviation e in  the proportional calculation and the
calculation is  performed by substituting a predetermined value other than
zero into the reference character Y. In other word, the  pressure is
considered in this step. 20 [0059] On the other hand, if it is not the case
(step S7),  the control value calculating section 5c2 calculates the  feed
back control value also based on the formula (1) (step  S10). In this step,
a value obtained by substituting the 25 flow rate setting value into the
second function (formula  (3)) is used as the gain (adjustment factor) to
be  multiplied by the deviation a in the proportional  calculation and the
calculation is performed by substituting 



23/44  PCT/JP2007/061183 zero into the reference character Y with ignoring
the  pressure change. [0060] Once the feed back control value is thus
calculated,  5 the opening control signal output section 5d generates the
opening control signal based on the feed back control value,  outputs the
opening control signal to the flow rate control  valve 3, and adjusts the
flow rate by changing the opening  of the flow rate control valve 3 (step
S12). 10 [0061] On the other hand, if we focus attention on an  operation
of the flow rate output section 5e, in the  changing period, the flow rate
indicative value is obtained  by performing the calculation expressed by
the formula (4) 15 on the flow rate measurement value, or in other word,
Z=1,  Y1=0 so that the flow rate measurement value directly  indicates the
flow rate indicative value (step S4). [0062] In addition, in the stable
period, essentially the  20 flow rate indicative value is determined by
smoothing the  flow rate measurement value with respect to time, or in
other word, by performing the calculation expressed by the  formula (4) on
the flow rate measurement value on condition  that 0<Z<-1, Y1=0 and then
the flow rate indicative signal 25 having the flow rate indicative value is
output to the  outside (step S11). [0063] In the stable period, in case
that the pressure value 



24 / 44  PCT/JP2007/061183 indicated by the pressure detection signal from
the pressure  sensor section 4 changes by a predetermined amount (10 kPa
or more, for example) or more, the flow rate indicative  value is
determined by correcting the flow rate measurement 5 value with the
pressure time differential value and further  smoothing the corrected flow
rate measurement value with  respect to time, or in other word, the
calculation expressed  by the formula (4) is performed on the flow rate
measurement  value on condition that 0<Z :1, Y1*0 (step S9). 10 [0064]
Then, the flow rate indicative signal having the flow  rate indicative
value thus determined is output to the  outside (step S13). [0065]  15 In
consequence, since the mass flow controller 100  switches control between
the stable period and the changing  period, the actual flow rate can
extremely quickly follow  the changed flow rate setting value in the
changing period  in which the flow rate setting value changes, and even if
a 20 pressure change occurs on the primary side or the like (a  pressure
change occurs on the upstream side of the mass flow  controller 100), an
excessive response thereto can be  suppressed so that the actual flow rate
can be stabilized in  the stable period in which the flow rate setting
value does 25 not change significantly. In addition, since at least with
regard to the stable period, the calculation formula further  includes the
value of the pressure detected by the pressure  sensor section 4 as a
parameter, as can be seen from the 



25/44  PCT/JP2007/061183 calculation formula (1), the actual flow rate can
be  stabilized by following such a pressure change.  [0066] Furthermore,
since the flow rate measurement value 5 smoothed with respect to time is
used as the value (the flow  rate indicative value) of the flow rate
indicative signal to  be output to the outside or the flow rate indicative
value  is corrected by the use of the pressure value in the stable  period,
the flow rate indicative value can be stabilized and  10 brought close to
the actual flow rate value without excessively responding to the pressure
change on the primary  side. [0067]  <Second embodiment> 15 In the
above-mentioned first embodiment, the deviation  calculating section 5cl
calculates the deviation of the flow  rate measurement value from the flow
rate setting value,  however, it is not limited to this, and the deviation
between the flow rate measurement value or the corrected 20 flow rate
measurement value and the flow rate setting value  or the corrected flow
rate setting value may be calculated.  Now, the second embodiment, wherein
the deviation calculating section 51cl calculates the deviation of the
value obtained by correcting the flow rate measurement value  25 by the use
of the pressure value from the flow rate setting  value, will be described
with reference to Figure 5. In Figure 5, the same parts as those in the
first  embodiment are denoted by the same reference numerals as 



26 / 44  PCT/JP2007/061183 those in the embodiment, and descriptions
thereof will be  omitted. In the following, only differences from the first
embodiment will be described. [0068]  5 The deviation calculating section
51c1 first corrects  the flow rate measurement value based on the pressure
value  (time differential value) multiplied by a gain. Specifically,  as
shown by the following formula (5), a value XAp is added  to or subtracted
from the flow rate measurement value. 10 [0069] OUT_new = OUT + X  Ap ...
(5) In this formula, a reference character OUT new denotes  the flow rate
measurement value corrected based on the  pressure (the corrected flow rate
measurement value), a 15 reference character OUT denotes the sampled flow
rate  measurement value, a reference character Ap denotes the  differential
of the value of the pressure detected by the  pressure sensor section, and
a reference character X denotes  the gain adjusting factor and is a
constant value in this  20 formula. [0070] This correction may be performed
regardless of whether  in the stable period or in the changing period or
whether or  not the pressure value changes by a predetermined amount or 25
more. As a result, regardless of whether in the stable  period or in the
changing period, that is, over the entire  period, even if a pressure
change occurs and the flow rate  sensor section 2 outputs a flow rate
measurement value 



27/44  PCT/JP2007/061183 affected by the pressure change, the flow rate
measurement  value can be corrected, and the mass flow controller can
perform the valve control appropriate to the actual flow  rate of the fluid
flowing between the flow rate sensor 5 section 2 and the flow rate control
valve 3. This correction  may be performed only in the stable period or
only when the  pressure value changes by a predetermined amount or more in
the stable period and/or in the changing period. [0071]  10 Then the
deviation calculating section 51c1 calculates  the deviation c' between the
corrected flow rate measurement  value and the flow rate setting value. The
deviation s' can  be expressed by the following formula. C = S - OUT new 15
= S - (OUT + XAp) ... (6)  [0072] Next, a control value calculating section
51c2  calculates the feed back control value V to be supplied to  the flow
rate control valve 3 based on the following formula 20 (7) and transmits
the feed back control value to the opening  control signal output section.
V = Ps' + I?a' - 8t + D&'/bt ... (7) The formula (7) corresponds to the
formula (1), and  similar to the first embodiment, a factor P in the 25
proportional calculation is calculated based on the formula  (2) in the
changing period, and the factor P is calculated  based on the formula (3)
in the stable period. [0073] 



28 / 44  PCT/JP2007/061183 As described above, according to this
embodiment,  calculation formulas are set for the stable period and the
changing period, wherein the calculation formula includes at  least the
flow rate measurement value and the flow rate 5 setting value as parameters
and further includes the  pressure value (time differential value) as a
parameter  whether or not the pressure value changes by a predetermined
value or more, not only in the stable period but also over  the entire
period, and the opening control value is 10 calculated by the use of the
different calculation formulas  for the stable period and the changing
period. [0074] As described, since the control system is configured  that
compares the flow rate measurement value corrected 15 based on the pressure
value (in particular, the time  differential value thereof) with the flow
rate setting value  to determine the deviation c' therebetween and performs
a  PID calculation on the deviation a', it is possible to  prevent
occurrence of an unstable valve operation to a 20 maximum, compared to the
embodiment described earlier in  which a factor of pressure change is
directly reflected in  the valve operation by including the factor of
pressure  change in the PID calculation. [0075]  25 In the following, a
specific effect according to this  second embodiment will be described with
regard to a case  (i) where the measurement value corrected based on the
pressure value is used in the stable period and a case (ii) 



29/44  PCT/JP2007/061183 where the measurement value corrected based on the
pressure  value is used in the changing period. [0076] (i) The case where
the measurement value corrected  5 based on the pressure value is used in
the stable period  Figure 7 shows a specific effect, and Figure 6
schematically shows an effect checking and testing system.  In Figure 6, a
reference character PC denotes pressure  changing means that changes the
pressure (primary pressure) 10 applied to the mass flow controller 100, and
a reference  character R denotes a flow meter that is disposed on the
downstream of the mass flow controller 100 and measures the  actual flow
rate. [0077]  15 For the purpose of comparison, Figure 7(a) shows an
exemplary result of flow rate control in the stable period  by a
conventional mass flow controller that controls the  flow rate using only
the first function and using the flow  rate measurement value for the feed
back control without  20 processing. [0078] According to the conventional
mass flow controller, if  the pressure on the primary side changes
(decreases), the  flow rate measurement value changes, and the value of the
25 actual flow rate measured with another flow meter R greatly  fluctuates.
To the contrary, in the case of the mass flow  controller 100 according to
this embodiment that uses  different calculation formulas for the changing
period and 



30 / 44  PCT/JP2007/061183 the stable period (uses the second function in
addition to  the first function) and corrects the flow rate measurement
value based on the pressure value, the actual flow rate is  kept
substantially constant (see Figure 7(b)). 5 [0079] (ii) The case where the
flow rate measurement value  corrected based on the pressure value is used
in the  changing period A specific effect is shown in Figure 8. 10 Figure
8(b) shows an exemplary result of flow rate  control by the mass flow
controller 100 according to the  above-mentioned embodiment in the case
where the pressure  changes in the changing period. Figure 8(a) shows an
exemplary result of flow rate  15 control by the conventional mass flow
controller described  above for the purpose of comparison. In Figure 8, as
in Figure 7, the abscissa axis  indicates the time, and the ordinate axis
indicates the flow  rate value. 20 [0080) In the case of the conventional
mass flow controller,  a change of the value of the pressure detected by
the  pressure sensor section 4 significantly affects the actual  flow rate,
and the actual flow rate overshoots (see Figure  25 8(a)). [00811 To the
contrary, in the case of the mass flow  controller 100 according to this
embodiment, even if the 
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sensor 4  changes, the actual flow rate does not change significantly,
unlike the case of the conventional mass flow controller.  Thus, the effect
of the pressure change is substantially 5 reduced compared to the
conventional mass flow controller.  That is, it can be confirmed that the
mass flow controller  100 according to this embodiment can stabilize the
actual  flow rate even if a pressure change occurs, regardless of  whether
in the stable period or in the changing period (see  10 Figures 7 and 8).
[0082]  <Third embodiment> The adjusting factor X is set to be a constant
value  for the formula (5) in the second embodiment, however, the  15
adjusting factor X is set to vary depending on a situation in the third
embodiment. The functional block diagram of the  third embodiment is
omitted to draw because it is the same  as that (the same as Figure 5) of
the second embodiment.  [0083] 20 Specifically, the adjusting factor X is
varied in  accordance with the following formulas (7), (8). In the stable
period, X = Q1 + Q2S ... (7)  In the changing period, 25 X = Qls + Q2sS ...
(8) In those formulas, the reference characters Ql, Q2,  Qls, Q2s denote
adjusting factors, and the reference  character S denotes the flow rate
setting value. 



32 / 44  PCT/JP2007/061183  [0084] Then by setting the adjusting factors
appropriately, X  increases at least as the flow rate setting value is
smaller  both in the changing period and in the stable period. This 5 is
because the smaller the flow rate setting value is, the  more susceptible
to the pressure change so that a stronger  correction is required. [0085]
In addition, X in the stable period is set to be  10 bigger than X in the
changing period. This is because a  rising responsive waveform is disturbed
if the same value of  X in the stable period is used as X in the changing
period,  then the value of X is set to be small so as to weaken a
correction, thereby preventing disturbance of the rising 15 responsive
waveform.  [0086] Figure 9 shows a comparison between a case in which  the
correction by the formulas (5), (7), (8) is performed on  the flow rate
setting value varied stepwise is shown in 20 Figure 9(a) and a case in
which the correction is not  performed on the flow rate setting value is
shown in Figure  9(b). At this time, although the pressure change occurs on
the primary side like the second embodiment, if the flow  rate measurement
value is focused attention on, overshoot is 25 significantly small in case
of Figure 9(b), which shows that  the case of Figure 9(b) is not influenced
by the pressure.  [0087] Figure 9 describes also the flow rate indicative
value, 



33/44  PCT/JP2007/061183 since a method for calculating the flow rate
indicative  value is the same as that of the first embodiment except for  a
point that the flow rate indicative value is corrected by  the pressure
time differential value irrespective of the 5 stable period or the changing
period, and the changing  amount of the pressure, an explanation will be
omitted.  [0088] [Forth embodiment] In the second and third embodiments,
the flow rate  10 measurement value is corrected by the pressure, however,
in  the forth embodiment the flow rate setting value is  corrected by the
pressure with calculations of addition,  subtraction, multiplication and
division (specifically  calculations of addition and subtraction). In
addition, 15 since the functional block diagram is the same as that of  the
second embodiment (the same as Figure 5), the functional  block diagram is
omitted. [0089] The correction expressed by a formula will be as  20
follows. Snew = S + X'  \p ... (9) In the formula (9), the reference
character Snew  denotes a flow rate setting value (corrected flow rate
setting value) after corrected by the pressure, the 25 reference character
S denotes a flow rate setting value, the  reference character Ap denotes
the time differential value  of the pressure value detected by the pressure
sensor  section, and the reference character X' denotes the 



34/44  PCT/JP2007/061183  adjusting factor. [0090] Next, the deviation is
obtained between the corrected  flow rate setting value and the flow rate
measurement value.  5 The deviation e'' is expressed by the following
formula (10). e'' = Snew - OUT S + X'Ap - OUT S - OUT + X'  zp ... (10)  10
[0091] Figure 10 shows a graph of an actually measured value  in the forth
embodiment. The condition is the same as that  of the third embodiment. The
overshoot of the flow rate  measurement value can be suppressed similar to
Figure 9(b).  15 [0092] On the contrary, since the correction by the
pressure  is not performed on the flow rate measurement value in this
embodiment although the flow rate indicative value is calculated based on
the flow rate measurement value, a  20 change in the flow rate indicative
value is a little  different from that of the third embodiment, as is clear
from Figure 10. In order to stabilize indication, the flow  rate indicative
value may be indicated based on the  corrected flow rate measurement value.
25 [0093]  <Others>  Concrete examples of the present invention are
indicated in the first - forth embodiment, however, it is to 
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to the  embodiments described above. [0094] In each of the above-described
embodiments, for  5 example, the correction is performed by adding or
subtracting the time differential value of the pressure  value multiplied
by the adjusting factor to or from the  original value, however, the
correction may be performed by  multiplying or dividing the original value
by the time 10 differential value of the pressure value multiplied by the
adjusting factor. For example, in the stable period, the  control value
calculating section 5c2 calculates the feed  back control value based on
the calculation formula (3).  However, the feed back control value may be
calculated based 15 on the following formula (b). V = (PE + I?Ebt + DSE/St)
ApY ... (11)  [0095] In addition, the position to which the pressure change
contributes, more specifically, the position corrected by 20 the pressure
value (the pressure related value) is not  limited to three positions such
as the feed back control  value, the flow rate setting value and the flow
rate  measurement value as shown in each of the above-mentioned
embodiments, the position may be either one position or more 25 in the
input/output transmission system from the flow rate  sensor section 2 to
the flow rate control valve 3. In addition, it is effective to perform the
correction  on the flow rate indicative value by the pressure value (the 



36/44  PCT/JP2007/061183  pressure related value). [0096] Furthermore, the
above-mentioned correction may not be  always performed, and the correction
may be performed in the  5 stable period, in the changing period or in a
certain period while a condition is further limited among the stable period
and the changing period, or if the period changes, the  calculation formula
for correction (the calculation formula  for control in a large sense) may
be varied by changing the 10 adjusting factor or the like. With this
arrangement, it is  possible to perform a favorable and delicate control
that  matches a characteristic of a product or a characteristic of  a whole
system to which the product is applied. [0097]  15 Furthermore, the
changing period may not be constant,  and the changing period may be
terminated using trigger  means other than a timer. For example, the
changing period  may be terminated when the deviation of the flow rate
measurement value from the flow rate setting value decreases 20 to fall
within a certain range.  [0098] The function used for each period may be a
fixed one  or a variable one. [0099]  25 For example, a value of the
function used for the  changing period (the first function) may be a
function that  varies gradually (stepwise or continuously) in accordance
with time. In this case, if the values of the first and 



37 / 44  PCT/JP2007/061.183 second functions at the time of switching from
the changing  period to the stable period, that is, the control factors
(gain) thereof at the time of switching from the changing  period to the
stable period are made substantially equal, 5 the flow rate control can be
prevented from being unstable  due to the change of the control factor at
the time of  switching from the changing period to the stable period.
[0100] In addition, the control valve may be provided on the  10 upstream
side of the flow rate sensor section 2. The flow  rate sensor section 2 is
not limited to the thermal sensor  described above and may be other flow
rate measuring systems,  such as a differential sensor. [0101]  15 In
addition, the configurations of other components  are not limited to
specific ones described with regard to  the embodiments described above,
and various modifications  can be made thereto without departing from the
spirit of the  present invention. 20 POSSIBLE APPLICATIONS IN INDUSTRY
[0102] As described above, according to the present invention,  since the
mass flow controller switches the control between  the stable period and
the changing period, the mass flow 25 controller can suppress a flow rate
change without  sacrificing the speed of response to a change of the flow
rate setting value even if a pressure change occurs and can  be used in a
system that can generate a disturbance, such as 



38/44  PCT/JP2007/061183 a crosstalk. Furthermore, even if a pressure
change occurs  in the stable period in which a flow rate change due to a
pressure change particularly becomes a problem, the actual  flow rate can
be further stabilized against the pressure 5 change, because the valve
control is performed based on the  opening control signal determined by the
calculation formula  including at least the flow rate measurement value and
the  flow rate setting value as well as the pressure value  obtained by the
pressure sensor section. 10 39 / 44  PCT/JP2007/061183  CLAIMS [Claim 1] A
mass flow controller, comprising: a flow rate sensor section that measures
a flow rate  5 of a fluid flowing through a flow channel and outputs a flow
rate measurement signal indicating the measurement value; a flow rate
control valve that is disposed on an  upstream side or a downstream side of
the flow rate sensor  section; 10 a control section that calculates an
opening control  signal to be supplied to the flow rate control valve based
on a predetermined calculation formula including at least a  flow rate
measurement value indicated by said flow rate  measurement signal and a
flow rate setting value, which is a 15 target value, as parameters and
outputs said opening control  signal; and 



a pressure sensor section that detects pressure of  said fluid on the
upstream side or the downstream side of  said flow rate sensor section and
outputs a pressure 20 detection signal indicating the pressure value,
wherein said control section uses different  calculation formulas for a
changing period, which is a  predetermined period from a point in time when
said flow rate setting value changes by a predetermined amount or more,  25
and a stable period, which is the remaining period, and at least in said
stable period, said calculation  formula further includes said pressure
value as a parameter.  [Claim 21 40/44  PCT/JP2007/061183 The mass flow
controller according to claim 1, wherein  said calculation formula is
expressed by the following  formula (a): V = Pe + I?s8t + D8s/8t + \YAp ...
(a),  5 In case, s = S - OUT Where a reference character V denotes a feed
back  control value, based on which the opening control signal is  set.
Reference characters P, I, D and Y denote factors  appropriately determined
respectively. A reference character 10 S denotes the flow rate setting
value, and a reference  character OUT denotes the flow rate measurement
value. A  reference character Ap denotes a time differential value of  the
pressure value detected by the pressure sensor section  or a value
expressed by a formula including the time 15 differential value of the
pressure value.  [Claim 3] 



The mass flow controller according to claim 1, wherein  said calculation
formula is expressed by the following  formula (b): 20 V = (P'e + I?e8t +
D8s/8t)YAp ... (b),  In case, e = S - OUT Where a reference character V
denotes a feed back  control value, based on which the opening control
signal is  set. Reference characters P, I, D and Y denote factors 25
appropriately determined respectively. A reference character  S denotes the
flow rate setting value, and a reference  character OUT denotes the flow
rate measurement value. A  reference character Ap denotes a time
differential value of 41/44  PCT/JP2007/061183 the pressure value detected
by said pressure sensor section  or a value expressed by a formula
including the time  differential value of the pressure value. [Claim 4] 5
The mass flow controller according to claim 1, wherein  said calculation
formula is expressed by the following  formula (c): V= PIE' + I?E'bt +
DSE'/St ... (c),  In case, E' = h(S, OUT, Ap) 10 Where a reference
character V denotes a feed back  control value, based on which the opening
control signal is  set. Reference characters P, I, and D denote factors
appropriately determined respectively. A reference character  S denotes the
flow rate setting value, and a reference 15 character OUT denotes the flow
rate measurement value. A  reference character Ap denotes a time
differential value of  



the pressure value detected by said pressure sensor section  or a value
expressed by a formula including the time differential value of the
pressure value. A reference 20 character h is a function using at least S,
OUT, and Ap as  parameters. [Claim 5] The mass flow controller according to
claim 4, wherein  said Cis expressed by the following formula (d) or (e).
25 E' = S - (OUT + XAp) ... (d)  E' = S - (OUTXAp) ... (e) Where X denotes
a factor appropriately determined.  [Claim 6] 42 / 44  PCT/JP2007/061183
The mass flow controller according to claim 4, wherein  said e'is expressed
by the following formula (f) or (g).  _ (S'X'Ap) - OUT ... (f)  (S - XAp) -
OUT ... (g) 5 where X denotes a factor appropriately determined.  [Claim 7]
The mass flow controller according to claim 1, further  comprising: a flow
rate output section that performs a 10 predetermined calculation on said
flow rate measurement  value and outputs a flow rate indicative value,
which  performs different calculations on the flow rate measurement  value
in the changing period and the stable period. [Claim 81 15 The mass flow
controller according to claim 7, wherein  said flow rate output section
smoothes said flow rate  



measurement value with respect to time and outputs the flow  rate
measurement value smoothed with respect to time in the  stable period, and
outputs said flow rate measurement value 20 without processing in the
changing period.  [Claim 9] The mass flow controller according to claim 7,
wherein  said flow rate output section calculates said flow rate
indicative value based on said flow rate measurement value 25 using at
least the time differential value of the pressure  value detected by said
pressure sensor section as a  parameter. [Claim 10] 43 / 44
PCT/JP2007/061183 The mass flow controller according to claim 1, wherein
said changing period is always set to be constant. [Claim 11] The mass flow
controller according to claim 1, wherein  5 said changing period is set to
terminate at a time when the  deviation of the flow rate measurement value
from the flow  rate setting value decreases to fall within a certain range.




