FLUID CONTROL DEVICE, CONTROL UNIT FOR FLUID CONTROL DEVICE, FLUID
CONTROL METHOD, AND FLUID CONTROL PROGRAM

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
[0001] The present invention relates to a fluid control device, a control unit for a fluid control

device, a fluid control method, and a fluid control program.

2. DESCRIPTION OF THE RELATED ART
[0002] Conventionally, a fluid control device (i.e., a mass flow controller) is used in order to
control a flow rate of a fluid flowing through a flow path. As is shown in Patent Document 1,
this fluid control device is provided with a fluid control valve and a flow rate sensor, and is
formed so as to perform feedback control of the fluid control valve based on a deviation between
a measurement flow rate obtained by the flow rate sensor, and a set flow rate.
[0003] However, in a case in which the flow rate sensor is a thermal flow rate sensor, because
the response speed of a thermal flow rate sensor is slower than that of a pressure flow rate
sensor, the fluid control response time is longer. Moreover, because of hysteresis, deterioration
over time, or peripheral heat effects or the like, the valve aperture of a fluid control valve
changes even if the same drive voltage is applied thereto. As a result, the control parameter
conditions change and overshoot, for example, may be generated in the fluid control so that it
becomes difficult for accurate flow rate control to be performed.
[0004] Note that, as is shown in Patent Document 2, a flow rate control device in which an
observer having an estimation model that estimates the flow rate passing through a downstream-
side valve is employed may be considered, however, this equates to nothing more than simply
estimating the flow rate passing through the downstream-side valve, and does not take into
account any flow rate errors caused by the flow rate sensor response speed or by changes in the
fluid control valve.
[Prior Art Document]
[Patent Document]
[0005] Patent Document 1: Japanese Patent Application Laid-Open No. 2020-140292

Patent Document 2: Japanese Patent Application Laid-Open No. 2022-83378

SUMMARY OF THE INVENTION
[0006] The present invention was, therefore, conceived in order to solve the above-described

problem, and it is a principal object thereof to enable highly accurate flow rate control to be
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performed at the same time as a fast response is achieved.

[0007] In other words, a fluid control device according to the present invention is provided with
a fluid control valve that controls a fluid, a flow rate sensor that measures a flow rate of the fluid,
and a valve control unit that controls the fluid control valve. The valve control unit is provided
with an observer that includes a valve model that estimates a valve flow rate, which is a flow rate
passing through the fluid control valve, based on a control signal input into the fluid control
valve, and that also includes a flow rate sensor model that simulates the flow rate sensor, and that
outputs an estimation value, and with a feedback controller that performs feedback control of the
fluid control valve based on the estimation value obtained by the observer. The observer is
characterized in that, based on a deviation between a flow rate measurement value output by the
flow rate sensor and a flow rate estimation value output by the flow rate sensor model, the
observer determines a model error estimation value which is an estimation of a model error in
the flow rate sensor model relative to the flow rate sensor, and a flow rate error estimation value
which is an estimation of a flow rate error caused by a change in the fluid control valve, and
inputs the model error estimation value into the flow rate sensor model, and then outputs the
estimation value based on the flow rate error estimation value and the valve flow rate estimation
value output by the valve model.

[0008] According to this fluid control device, by employing an observer having a valve model
that estimates a valve flow rate, which is a flow rate of a fluid control valve, and a flow rate
sensor model that simulates a flow rate sensor, it is possible to achieve a fast response.
Moreover, because both a flow rate error estimation value, which is an estimation of a flow rate
error caused by a change in the fluid control valve, and a model error estimation value, which is
an estimation of a model error in the flow rate sensor model relative to the flow rate sensor, are
respectively determined, and the model error estimation value is input into the flow rate sensor
model, and because an estimation value is output based on the flow rate error estimation value
and on the valve flow rate estimation value output by the valve model, it is possible to accurately
compensate both a flow rate error caused by a change in the fluid control valve, and a model
error in the flow rate sensor model relative to the flow rate sensor. As a result, it is possible to
perform highly accurate flow rate control while simultaneously achieving a fast response time.
[0009] As a specific aspect of the observer, it is desirable that the observer be provided with a
first observer gain portion that multiplies a deviation between the flow rate measurement value
output by the flow rate sensor and the flow rate estimation value output by the flow rate sensor
model by a first observer gain, and then outputs the error estimation value, and with a second
observer gain portion that multiplies a deviation between the flow rate measurement value output

by the flow rate sensor and the flow rate estimation value output by the flow rate sensor model
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by a second observer gain, and then outputs the model error estimation value.
[0010] Itis also desirable that the fluid control device of the present invention be further
provided with a valve model update portion that updates the valve model of the observer.

If this type of structure is employed, then by updating the valve model in order to
respond to any deterioration over time in the fluid control valve or to respond to changes brough
about by heat or the like, it is possible to reduce any errors between the actual valve and the
valve model whenever this might be necessary. As a result, it becomes possible to perform
highly accurate flow rate control.

[0011] TItis desirable that the fluid control valve be a piezo valve that utilizes a piezo stack.

Even if the same drive voltage is applied thereto, the valve aperture of a piezo valve
changes because of hysteresis of the piezo stack, deterioration over time, or peripheral heat
effects or the like. As is the case in the present invention, by feeding back error estimation
values obtained by estimating flow rate errors caused by changes in the fluid control valve, it is
possible to accurately compensate flow rate errors generated by the aforementioned hysteresis,
deterioration over time, or peripheral heat effects or the like.

[0012] It is also desirable that the flow rate sensor be a thermal flow rate sensor.

Because a thermal flow rate sensor has a slower response speed compared to a pressure
flow rate sensor, as is the case in the present invention, by performing control using an observer,
it is possible to demonstrate an even more remarkable effect in a fluid control device that uses a
thermal flow rate sensor.

[0013] Moreover, a control unit for a fluid control device according to the present invention is a
control unit that is used in a fluid control device having a fluid control valve that controls a fluid,
and a flow rate sensor that measures a flow rate of the fluid, and that is provided with an
observer that includes a valve model that estimates a valve flow rate, which is a flow rate passing
through the fluid control valve, based on a control signal input into the fluid control valve, and
that also includes a flow rate sensor model that simulates the flow rate sensor, and that outputs
an estimation value, and a feedback controller that performs feedback control of the fluid control
valve based on the estimation value obtained by the observer. This control unit for a fluid
control device is characterized in that, based on a deviation between a flow rate measurement
value output by the flow rate sensor and a flow rate estimation value output by the flow rate
sensor model, the observer determines a model error estimation value which is an estimation of a
model error in the flow rate sensor model relative to the flow rate sensor, and a flow rate error
estimation value which is an estimation of a flow rate error caused by a change in the fluid
control valve, and inputs the model error estimation value into the flow rate sensor model, and

then outputs the estimation value based on the flow rate error estimation value and the valve
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flow rate estimation value output by the valve model.

[0014] Furthermore, a fluid control method according to the present invention is a fluid control
method that employs a fluid control device having a fluid control valve that controls a fluid, and
a flow rate sensor that measures a flow rate of the fluid. In this fluid control method, an
estimation value is output by an observer that includes a valve model that estimates a valve flow
rate, which is a flow rate passing through the fluid control valve, based on a control signal input
into the fluid control valve, and that also includes a flow rate sensor model that simulates the
flow rate sensor, and feedback control is performed by a feedback controller on the fluid control
valve based on the estimation value obtained by the observer. Additionally, this fluid control
method is characterized in that, based on a deviation between a flow rate measurement value
output by the flow rate sensor and a flow rate estimation value output by the flow rate sensor
model, a model error estimation value which is an estimation of a model error in the flow rate
sensor model relative to the flow rate sensor, and a flow rate error estimation value which is an
estimation of a flow rate error caused by a change in the fluid control valve are determined by
the observer and the model error estimation value is then input by the observer into the flow rate
sensor model, and the estimation value based on the flow rate error estimation value and the
valve flow rate estimation value output by the valve model is then output by the observer.
[0015] Furthermore, a fluid control program according to the present invention is a fluid
control program that is used in a fluid control device having a fluid control valve that controls a
fluid, and a flow rate sensor that measures a flow rate of the fluid. This fluid control program
causes a computer to function as an observer that includes a valve model that estimates a valve
flow rate, which is a flow rate passing through the fluid control valve, based on a control signal
input into the fluid control valve, and that also includes a flow rate sensor model that simulates
the flow rate sensor, and that outputs an estimation value, and as a feedback controller that
performs feedback control of the fluid control valve based on the estimation value obtained by
the observer. This fluid control program is also characterized in that, based on a deviation
between a flow rate measurement value output by the flow rate sensor and a flow rate estimation
value output by the flow rate sensor model, the observer determines a model error estimation
value which is an estimation of a model error in the flow rate sensor model relative to the flow
rate sensor, and a flow rate error estimation value which is an estimation of a flow rate error
caused by a change in the fluid control valve, and inputs the model error estimation value into
the flow rate sensor model, and then outputs the estimation value based on the flow rate error
estimation value and the valve flow rate estimation value output by the valve model.

[0016] Note that this fluid control program may be distributed electronically, or may be

recorded on a program recording medium such as a CD, DVD, or flash memory stick or the like.
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[0017] According to the present invention which is structured in the manner described above, it
is possible to perform highly accurate flow rate control while simultaneously achieving a fast

response.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a schematic diagram showing the structure of a liquid material vaporization
device that incorporates a fluid control device according to an embodiment of the present
invention;

FIG. 2 is a schematic diagram showing the structure of a fluid sensor of the same
embodiment;

FIG. 3 is a schematic diagram showing the structure of a vaporizer of the same
embodiment;

FIG. 4 is a control block diagram showing details of a valve control unit of the same
embodiment;

FIG. 5 contains graphs showing response waveforms in a conventional example of flow
rate control and in the flow rate control of the present embodiment;

FIG. 6 contains graphs showing partial enlargements of the response waveforms in a
conventional example of flow rate control and in the flow rate control of the present
embodiment;

FIG. 7 contains graphs showing effects obtained when model error estimation values are
fed back into a flow rate sensor model;

FIG. 8 is a graph illustrating how flow rate error estimation values enable flow rate
errors that are caused by changes in a fluid control valve to be accurately estimated;

FIG. 9 is a control block diagram showing details of a valve control unit of a variant
embodiment; and

FIG. 10 is a schematic diagram showing a fluid control device of a variant embodiment.

DETAILED DESCRIPTION
[0019] Hereinafter, an embodiment of a vaporizer that incorporates a fluid control device
according to the present invention will be described with reference to the drawings.

Note that, in order to simplify an understanding thereof, each of the drawings depicted
below is shown schematically with omissions or enhancements made where these have been
deemed appropriate. In addition, component elements that are the same in the respective
drawings are indicated by the same descriptive symbols and any duplicated description thereof is

omitted.



[0020] A vaporizer 200 according to the present embodiment is used, for example, in a
semiconductor manufacturing process, and vaporizes a liquid material (i.e., a raw material
liquid) so as to generate a material gas (i.e., a raw material gas) that is supplied to a chamber
interior. Note that the fluid control device according to the present embodiment is formed by a
liquid flow rate sensor 2, a fluid control valve 3, and a valve control unit 4 that are each
described below.

[0021] More specifically, as is shown in FIG. 1, the vaporizer 200 is equipped with a vaporizer
201, a liquid material supply line L1 that supplies liquid material to the vaporizer 201, a carrier
gas supply line L2 that supplies carrier gas to the vaporizer 201, and a discharge line L3 that
discharges a mixture gas formed when the carrier gas and material gas are mixed together from
the vaporizer 201. Each instrument provided in the vaporizer 201 and in the respective lines L1
to L3 is controlled by a control unit CTL.

[0022] A tank 202 that internally stores a liquid material is connected to one end of the liquid
material supply line L1, and the fluid flow rate sensor 2 that measures the flow rate of the liquid
material is provided between the tank 202 and the vaporizer 201.

[0023] The fluid flow rate sensor 2 is a thermal flow rate sensor. As is shown in FIG. 2, this
fluid flow rate sensor 2 is provided with a cooling device 22 such as, for example, a Peltier
element or the like that cools a portion of a flow pipe 21 through which a liquid material is
flowing, a first temperature detection portion 23 that detects a temperature of a cooling area 21a
of the flow pipe 21, a second temperature detection portion 24 for feedback control that detects a
temperature of a portion located away from the flow pipe 21 in the cooling device 22, and a third
temperature detection portion 25 that detects a temperature of a non-cooling area on the
upstream side of the cooling area 21a of the flow pipe 21. The cooling device 22 is controlled in
such a way that a difference between a detection temperature t2 detected by the second
temperature detection portion 24 and a detection temperature t3 detected by the third temperature
detection portion 25 (i.e., t3 — t2) remains constant. In addition, temperature changes when a
liquid material is flowing through the flow pipe 21 are measured by the first temperature
detection portion 23, and the flow rate of the liquid material is calculated based on a temperature
difference between the detection temperature t2 detected by the second temperature detection
portion 24 and a detection temperature t1 detected by the first temperature detection portion 23
(ie., tl —t2).

[0024] Here, the control of the cooling device 22 described above is performed by the control
unit CTL, and the calculation of the flow rate described above is performed by a flow rate
calculation portion 5 of the control unit CTL. Note that the calculation portion 5 of the present

embodiment is provided in the control unit CTL, however, it is also possible for the calculation
6



portion 5 to be provided separately from the control unit CTL.

[0025] Moreover, a mass flow controller 203 that controls a flow rate of a carrier gas such as
nitrogen or the like that is supplied to the vaporizer 201 is provided on the carrier gas supply line
L2. The mass flow controller 203 is formed by packaging a valve, a flow rate sensor, and a
control board (not shown in the drawings) together into a single unit, and the valve aperture is
controlled by means of feedback control which is based on a deviation between a set flow rate
and a flow rate measured by a flow rate sensor. The mass flow controller 203 of the present
embodiment performs flow rate control such that, for example, carrier gas is supplied at a
uniform flow rate to the vaporizer 201.

[0026] As is shown in FIG. 3, the vaporizer 201 is provided with a fluid control valve 3, and
with a vaporizing portion 204 that is located on the downstream side of the fluid control valve 3.
[0027] The fluid control valve 3 is a piezo valve that utilizes a piezo stack. More specifically,
the fluid control valve 3 is provided with a metal body 31 having a flow path formed in an
interior thereof and a valve seat 33 formed on an upper surface thereof, a metal diaphragm
structure 32 that is provided on the upper surface of the body 31 and is equipped with a
diaphragm 321 that functions as a valve body 34 that moves towards or away from the valve seat
33, and a piezo actuator 35 which is formed by a piezo stack that drives the diaphragm 321. The
flow rate of the liquid material is controlled as a result of the valve aperture between the valve
seat 33 and the valve body 34 being adjusted by the piezo actuator 35.

[0028] A liquid intake port P1 through which a liquid material is introduced from the liquid
supply line L1 into the interior of the body 31, and a gas intake port P2 through which a carrier
gas is introduced into the interior of the body 31 are formed in a side surface of the body 31 of
the fluid control valve 3. The liquid material and carrier gas that are introduced into the interior
of the body 31 pass through the internal flow path therein, and flow into a gas-liquid mixing
portion, which is a space formed between the upper surface of the body 31 and the diaphragm
structure 32, where they are mixed together. The gas-liquid mixture formed when the liquid
material and carrier gas are mixed together passes further along the internal flow path and is
discharged to the outside through a discharge port P3 that is formed in a side surface of the body
31. The discharge port P3 of the control valve 3 is connected to an intake port of the vaporizing
portion 204 that is positioned adjacent thereto on the downstream side.

[0029] In addition, a valve heater 36 is built into the interior of the body 31, and is adjusted so
that the interior of the fluid control valve 3 is maintained at a predetermined temperature. For
example, the temperature of the fluid control valve 3 is set to a temperature that is higher than
that of the liquid material inside the tank 202, but is lower than that of the vaporizing portion 204

where the liquid material is vaporized. In other words, the temperature adjusted by the valve
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heater 36 is set such that the liquid material to be introduced into the vaporizing portion 204 is
preheated beforehand by the fluid control valve 3 in order to make it easier to vaporize, but such
that the liquid material is not vaporized in the fluid control valve 3.

[0030] The vaporizing portion 204 is formed so as to create a material gas by heating and
decompressing a gas-liquid mixture so that this gas-liquid mixture is vaporized. More
specifically, the vaporizing portion 204 is provided with a nozzle 204a whose flow path diameter
becomes progressively wider towards the downstream side thereof, and with a vaporizing heater
204b that heats the gas-liquid mixture flowing through the nozzle 204a.

[0031] The control unit CTL is a computer that is equipped, for example, with a CPU, internal
memory, input/output interfaces, A/D converters, and communication devices and the like. The
control unit CTL performs the functions of the valve control unit 4 described below as a result of
the CPU and various peripheral devices operating in collaboration with each other in accordance
with a fluid control program stored in the internal memory.

[0032] As is shown in FIG. 4, the valve control unit 4 is provided with an observer 41 that
includes models for each of the fluid control valve 3 and the flow rate sensor 2, and with a
feedback controller 42 that performs feedback control of the fluid control valve 3 based on
estimation values obtained by the observer 41.

[0033] The observer 41 calculates the estimation values to be fed back into the feedback
controller 42, and includes a valve model 41a that estimates a valve flow rate (u), which is the
flow rate of the fluid control valve 3, based on a control signal (for example, a drive voltage)
input into the fluid control valve 3, and a flow rate sensor model 41b that simulates the flow rate
sensor 2.

[0034] Here, the valve model 41a simulates the behavior or characteristics of the response
speed or the like of the fluid control valve 3, and can take the form of relational data such as, for
example, a lookup table or the like that shows a relationship between at least a control signal
(i.e., the drive voltage) and the valve flow rate. The flow rate sensor model 41b simulates the
behavior or characteristics of the response speed or the like of the thermal flow rate sensor 2.
[0035] The observer 41 determines model error estimation values m’ obtained by estimating
model errors m in the flow rate sensor model 41b relative to the flow rate sensor 2, and flow rate
error estimation values uz’ obtained by estimating a flow rate error uz caused by changes in the
fluid control valve 3 based on a deviation y — y’ between flow rate measurement values y output
by the flow rate sensor 2 and flow rate estimation values y’ output by the flow rate sensor model
41b.

[0036] In addition, the observer 41 inputs the model error estimation values m’ into the flow

rate sensor model 41b as feedback, and then feeds the estimation values obtained based on the
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flow rate error estimation values u2’ and on the valve flow rate estimation values u’ output by the
valve model 41a back into the feedback controller 42. The observer 41 of the present
embodiment performs feedback by superimposing the flow rate error estimation values u»’ on the
valve flow rate estimation values u’ output by the valve model 41a. Note that it is also possible
for the observer 41 to multiply the flow rate error estimation values u2’ by a gain and to then
superimpose the result on the valve flow rate estimation values u’. Moreover, it is also possible
for the observer to filter the flow rate error estimation values uy’, or to filter the model error
estimation values m’. Furthermore, in addition to estimation values obtained by superimposing
the flow rate error estimation values u;’ and the valve flow rate estimation values u’, it is also
possible for the observer 41 to feed back other estimation values such as estimation values, for
example, of the drive voltage or the like obtained based on the flow rate error estimation values
u’ and the valve flow rate estimation values u’ output by the valve model 41a. In addition to
these, it is also possible for a gain or filter to be applied to the estimation values fed back from
the observer 41 to the feedback controller 42.

[0037] Here, the observer 41 is provided with a first observer gain portion 41c that outputs the
model error estimation values m’, and with a second observer gain portion 41d that outputs the
flow rate error estimation values uz’.

[0038] The first observer gain portion 41c outputs the model error estimation values m’ by
multiplying the deviation y — y’ between the flow rate measurement values y output by the flow
rate sensor 2 and the flow rate estimation values y’ output by the flow rate sensor model 41b by a
first observer gain L.

[0039] The second observer gain portion 41d outputs the flow rate error estimation values u>’
by integrating the deviation y — y’ between the flow rate measurement values y output by the
flow rate sensor 2 and the flow rate estimation values y’ output by the flow rate sensor model
41b using an integrator, and then multiplying the results by a second observer gain L.

[0040] Here, the first observer gain L1 compensates errors in the flow rate sensor model 41b
relative to the flow rate sensor 2. The second observer gain L, estimates the flow rate errors uz
that are caused by changes in the fluid control valve. These flow rate errors u» are generated by
hysteresis in the piezo stack, deterioration over time, or turbulence such as effects from
peripheral heat and the like.

[0041] These gains L1 and L are each set values, and large absolute values are set on the
negative side relative to a control gain of the feedback controller 42. It is also possible for the
gains L1 and L to be determined by means of an optimization calculation in such a way that the
deviation y — y’ between the flow rate measurement values y output by the flow rate sensor 2 and

the flow rate estimation values y’ output by the flow rate sensor model 41b are made to converge
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within a predetermined time (for example, within one second).

[0042] The feedback controller 42 performs feedback control of the fluid control valve 3 based
on the estimation values obtained by the observer 41. Here, the feedback controller 42 performs
feedback control of the fluid control valve 3 based on the valve flow rate estimation values u’ +
u2’ obtained by superimposing the flow rate error estimation values uz’ on the valve flow rate
estimation values u’. In other words, the feedback controller 42 performs feedback control of the
fluid control valve 3 such that the valve flow rate estimation values u” + uz’ become a set flow
rate Qset. The feedback controller 42 of the present embodiment performs integration control (I
control), for example, however, it is also possible for a controller that performs PID control to be
used, or for a controller that performs state feedback control or model predictive control (MPC)
to be used.

[0043] Next, verification results of the flow rate control performed by a fluid control device
having the above-described structure will be described with reference to FIG. 5 and FIG. 6.
[0044] The ‘conventional examples’ shown in FIG. 5 and FIG. 6 show a case in which
feedback control of a fluid control valve is performed based on a measurement flow rate from a
flow rate sensor. The ‘present examples’ shown therein show a case in which feedback control
of the fluid control valve 3 is performed based on a valve flow rate estimation value on which a
flow rate error estimation value obtained using the above-described observer 41 has been
superimposed.

[0045] In this verification, response times of the flow rate in a case in which the set flow rate
was varied from 0% to 100% (full-scale flow rate) were measured. Note that the response times
in the ‘conventional examples’ were measured using measurement flow rates from a flow rate
sensor, while the response times in the ‘present examples’ were measured using valve flow rate
estimation values on which flow rate error estimation values obtained using the observer 41 were
superimposed. As can be seen from FIG. 5 and FIG. 6, the response time is significantly quicker
compared to the conventional examples.

[0046] Next, an effect obtained when the model error estimation value m’ was fed back into the
flow rate sensor model 41b is shown in FIG. 7. In a case in which the model error estimation
value m’ is not used, the flow rate estimation value (model) and the measurement flow rate (y)
from the actual flow rate sensor 2 do not match each other. In contrast, in a case in which the
model error estimation value m’ is used, any model error in the flow rate sensor model is
compensated, so that the flow rate estimation value y’ (shown in FIG. 7 as y_hat) does match the
measurement flow rate (y) from the actual flow rate sensor 2.

[0047] Moreover, FIG. 8 shows how accurately the flow rate error estimation value uy’ is able

to reflect the flow rate errors u, caused by changes in the fluid control valve 3. In a case in
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which the flow rate error (u2) is set to 10% of a full-scale flow rate, the flow rate error estimation
value u2’ (shown in FIG. 8 as uz_hat) obtained using the second observer gain L> matches the
flow rate error (uy).

[0048] [Effects Obtained from the Present Embodiment]

According to the fluid control device 100 of the present embodiment that is formed in
the manner described above, by using the observer 41 that includes the valve model 41a that
estimates the valve flow rate u, which is the flow rate of the fluid control valve 3, and the flow
rate sensor model 41b that simulates the flow rate sensor 2, it is possible to achieve a fast
response. Moreover, because both the model error estimation values m’ obtained by estimating
model errors m in the flow rate sensor model relative to the flow rate sensor 2, and flow rate
error estimation values uy’ obtained by estimating a flow rate error uz caused by changes in the
fluid control valve 3 are each determined, and model error estimation values are input into the
flow rate sensor model, and the flow rate error estimation values u’ are superimposed on the
valve flow rate estimation values u’ output by the valve model 41a, it is possible to accurately
compensate both the flow rate errors u, caused by changes in the fluid control valve 3, and the
model errors m in the flow rate sensor model 41b relative to the flow rate sensor 2. As a result, it
is possible to perform accurate flow rate control while also achieving a fast response.

[0049] [Additional Embodiments]

As is shown in FIG. 9, in addition to the above-described embodiment, it is also
possible for there to be additionally provided a valve model update portion 43 that updates the
valve model 41a of the observer 41. This valve model update portion 43 updates the valve
model 41 so as to correspond to changes in the fluid control valve 3 caused by deterioration over
time or by the effects from heat and the like. The valve model 41a may be updated by being
selected by the valve model update portion 43 from a plurality of previously prepared valve
models 41a or, alternatively, the parameters contained in the valve model 41a may be updated so
as to correspond to changes in the fluid control valve 3.

[0050] Moreover, it is also possible for optimal gains L; and L to be determined as the first
observer gain L and the second observer gain L by solving an algebraic Riccati equation for
each sampling.

[0051] Furthermore, as is shown in FIG. 10, it is also possible for the fluid control device 100
to be what is known as a thermal mass flow controller, and to be provided with a fluid control
valve 3 that controls a fluid, a flow rate sensor 2 that measures the flow rate of a fluid, and a
valve control unit 4 that controls the fluid control valve 3. Note that the structure of this valve
control unit 4 is the same as in the above-described embodiment.

[0052] The fluid control valve 3 is a piezo valve that employs a piezo stack. This fluid control
11



valve 3 is mounted on a flow path block 10, inside which is formed an internal flow path R, and
controls the flow rate of a fluid flowing through this internal flow path R.

[0053] The flow rate sensor 2 is a thermal flow rate sensor that employs a heating resistor.
This flow rate sensor 2 is provided on a measurement flow path ML that forms a bypass on the
upstream side and the downstream side of a laminar flow element 11 provided on the internal
flow path R, and includes an upstream-side heating resistor 2m and a downstream-side resistor
2n that are provided on the measurement flow path ML. The flow rate sensor 2 includes a flow
rate calculation portion 5 that measures the flow rate flowing through the internal flow path R
from a difference between the resistance values of the respective heating resistors 2m and 2n.
Note that the flow rate calculation portion 5 is provided in the control unit CTL together with the
valve control unit 4, however, it may also be disposed separately from the control unit CTL.
[0054] Furthermore, it should be understood that the present invention is not limited to the
above-described embodiments, and that various modifications and the like may be made thereto
insofar as they do not depart from the spirit or scope of the present invention.

Reference Characters List

[0055] 100 Fluid Control Device

2 Flow Rate Sensor
Fluid Control Valve
4 Valve Control Unit (Control Unit)

41 Observer

41a Valve Model

41b Flow Rate Sensor Model

41c First Observer Gain Portion
41d Second Observer Gain Portion
42 Feedback Controller

43 Valve Model Updating Portion
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WHAT IS CLAIMED IS:

1. A fluid control device comprising:

a fluid control valve that controls a fluid;

a flow rate sensor that measures a flow rate of the fluid; and

a valve control unit that controls the fluid control valve, wherein

the valve control unit comprises:

an observer that includes a valve model that estimates a valve flow rate, which
is a flow rate passing through the fluid control valve, based on a control signal input into the
fluid control valve, and that also includes a flow rate sensor model that simulates the flow rate
sensor, and that outputs an estimation value; and

a feedback controller that performs feedback control of the fluid control valve
based on the estimation value obtained by the observer, and wherein,

based on a deviation between a flow rate measurement value output by the flow
rate sensor and a flow rate estimation value output by the flow rate sensor model, the observer
determines a model error estimation value which is an estimation of a model error in the flow
rate sensor model relative to the flow rate sensor, and a flow rate error estimation value which is
an estimation of a flow rate error caused by a change in the fluid control valve, and inputs the
model error estimation value into the flow rate sensor model, and then outputs the estimation
value based on the flow rate error estimation value and the valve flow rate estimation value

output by the valve model.

2. The fluid control device according to claim 1, wherein the observer comprises:

a first observer gain portion that multiplies a deviation between the flow rate
measurement value output by the flow rate sensor and the flow rate estimation value output by
the flow rate sensor model by a first observer gain, and then outputs the model error estimation
value; and

a second observer gain portion that multiplies a deviation between the flow rate
measurement value output by the flow rate sensor and the flow rate estimation value output by
the flow rate sensor model by a second observer gain, and then outputs the flow rate error

estimation value.

3. The fluid control device according to claim 1 or 2, further comprising a valve

model update portion that updates the valve model of the observer.
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4. The fluid control device according to any one of claims 1 through 3, wherein

the fluid control valve is a piezo valve that utilizes a piezo stack.

5. The fluid control device according to any one of claims 1 through 4, wherein

the flow rate sensor is a thermal flow rate sensor.

6. A control unit for a fluid control device that is used in a fluid control device
having a fluid control valve that controls a fluid, and a flow rate sensor that measures a flow rate
of the fluid, comprising:

an observer that includes a valve model that estimates a valve flow rate, which
is a flow rate passing through the fluid control valve, based on a control signal input into the
fluid control valve, and that includes a flow rate sensor model that simulates the flow rate sensor,
and that outputs an estimation value; and

a feedback controller that performs feedback control of the fluid control valve
based on the estimation value obtained by the observer, wherein,

based on a deviation between a flow rate measurement value output by the flow
rate sensor and a flow rate estimation value output by the flow rate sensor model, the observer
determines a model error estimation value which is an estimation of a model error in the flow
rate sensor model relative to the flow rate sensor, and a flow rate error estimation value which is
an estimation of a flow rate error caused by a change in the fluid control valve, and inputs the
model error estimation value into the flow rate sensor model, and then outputs the estimation
value based on the flow rate error estimation value and the valve flow rate estimation value

output by the valve model.

7. A fluid control method that employs a fluid control device having a fluid
control valve that controls a fluid, and a flow rate sensor that measures a flow rate of the fluid, in
which:

an estimation value is output by an observer that includes a valve model that
estimates a valve flow rate, which is a flow rate passing through the fluid control valve, based on
a control signal input into the fluid control valve, and that includes a flow rate sensor model that
simulates the flow rate sensor; and

feedback control is performed by a feedback controller on the fluid control
valve based on the estimation value obtained by the observer, wherein,

based on a deviation between a flow rate measurement value output by the flow

rate sensor and a flow rate estimation value output by the flow rate sensor model, a model error
14



estimation value which is an estimation of a model error in the flow rate sensor model relative to
the flow rate sensor, and a flow rate error estimation value which is an estimation of a flow rate
error caused by a change in the fluid control valve are determined by the observer and the model
error estimation value is then input by the observer into the flow rate sensor model, and the
estimation value based on the flow rate error estimation value and the valve flow rate estimation

value output by the valve model is then output by the observer.

8. A fluid control program that is used in a fluid control device having a fluid
control valve that controls a fluid, and a flow rate sensor that measures a flow rate of the fluid,
wherein the fluid control program causes a computer to function as:

an observer that includes a valve model that estimates a valve flow rate, which
is a flow rate passing through the fluid control valve, based on a control signal input into the
fluid control valve, and that includes a flow rate sensor model that simulates the flow rate sensor,
and that outputs an estimation value; and as

a feedback controller that performs feedback control of the fluid control valve
based on the estimation value obtained by the observer, and wherein,

based on a deviation between a flow rate measurement value output by the flow
rate sensor and a flow rate estimation value output by the flow rate sensor model, the observer
determines a model error estimation value which is an estimation of a model error in the flow
rate sensor model relative to the flow rate sensor, and a flow rate error estimation value which is
an estimation of a flow rate error caused by a change in the fluid control valve, and inputs the
model error estimation value into the flow rate sensor model, and then outputs the estimation
value based on the flow rate error estimation value and the valve flow rate estimation value

output by the valve model.
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