
WO 2005/081169 PCT/US2005/004276  1 SYSTEM AND METHOD
FOR FLOW MONITORING AND CONTROL  5 Related
Applications The present application is a
continuation-in-part  of and claims the benefit of
priority under 35 U.S.C.  120 of United States Patent
Application No. 10/777,300, entitled "System and
Method for Flow  10 Monitoring and Control" by Brodeur
et al., filed  February 12, 2004, which is hereby
fully incorporated by reference herein.  FIELD OF THE
INVENTION 15 Embodiments of the present invention
relate  generally to the field of flow monitoring and
control  and more particularly to monitoring and/or
controlling  flow over a range of flow rates. 20
BACKGROUND In semiconductor manufacturing, accurate
control  of. fluid flow through manufacturing tools is
critical  for the precise fabrication of circuits on
substrates.  To control fluid flow in current
semiconductor 25 manufacturing systems, a mass flow
meter determines  the flow rate of a fluid in the
system and, if the  flow rate should be adjusted, a
mass flow controller  opens or closes a valve
accordingly. Many current  systems rely on pressure
differential mass flow 30 meters, though thermal mass
flow meters are becoming  more common. In a pressure
differential mass flow  meter, two pressure sensors
read the pressure drop WO 2005/081169
PCT/US2005/004276  2 across a constriction, which acts
as a pressure loss  inducing element, having a known
area to calculate the  



flow rate of a gas based on known principles of fluid
dynamics. Using the calculated gas flow rate, the 5
mass flow controller can adjust a valve to increase or
decrease the flow rate. Prior art systems that rely on
pressure  differentials across a constriction
typically have a  limited range of operation. More
particularly, the 10 range of operation is often
limited at low flow rates  because the pressure
differential between the two  sensors becomes so small
as to be indiscernible  compared to system noise.
Thus, for example, even if  a flow controller is
physically capable of controlling 15 flows at rates of
0-100 mL per second, the controller  may only be able
to accurately control flows having  rates of 20-100 mL
per second because, beneath 20 mL  per second, the
pressure differential from the two  pressure sensors
is indiscernible. 20 In order to extend the working
range to lower  flow rates, in some prior art systems,
a constriction  with a smaller cross-sectional area is
employed to  increase the sensed pressure
differential. While this  may allow the flow meter to
detect lower flow rates, 25 employing a more
restrictive constriction reduces the  maximum flow
capacity of the meter for a given fluid  supply
pressure and is often an unsatisfactory  solution. 30
SUMMARY OF THE DISCLOSURE: Embodiments of the present
invention provide  systems and methods of flow
monitoring and control WO 2005/051169
PCT/US2005/004276  3 that reduce the disadvantages of
previously developed  flow monitoring and control
systems and methods. More  



particularly, embodiments of the present invention
provide a flow control device that can control flow 5
using a single pressure sensor. In one mode of
operation, the flow control device can control flow
based on a differential determined from pressure
measurements from multiple pressure sensors. For
example, the flow control device can control flow 10
based on the differential between pressure
measurements from a pressure sensor upstream of a
pressure loss element and a pressure sensor downstream
of the pressure loss element. In another mode of
operation, the flow control device can control flow 15
based on the pressure sensed at a particular pressure
sensor, such as the downstream pressure sensor. The
flow control device can automatically switch between
modes of operation at a predetermined point. In one
embodiment of the present invention, the predetermined
20 point can be at a particular pressure differential.
Another embodiment of the present invention provides a
system for controlling flow solely based on pressure
measurements at a single pressure sensor. Embodiments
of the present invention can also 25 include a flow
control device that can determine if a  change has
occurred that may require recalibration of  the flow
control device. In one embodiment of the  present
invention, a controller can monitor a pressure  sensor
(e.g., a downstream pressure sensor) for 30
fluctuations. If the fluctuations exceed a
predetermined amount, the controller can generate an 4
alarm indicating that the flow device may have to be
recalibrated. In accordance to the first aspect of the
present  



invention, there is provided a flow control device
comprising an inlet, an outlet in fluid communication
with  the inlet, a pressure loss element between the
inlet and  outlet in fluid communication with the
inlet and outlet, a  pressure sensor located upstream
from the pressure loss  element configured to measure
a first pressure of a fluid  flowing through the flow
control device, a pressure sensor  located downstream
from the pressure loss element,  configured to measure
a second pressure of the fluid  flowing through the
flow control device, and a controller  coupled to the
first pressure sensor and the second  pressure sensor
to generate a valve drive signal. The  controller can
generate a valve control signal based on a
differential between the first pressure and the second
pressure during a first mode of operation. The
controller  can also generate a valve control signal
based on a  measured pressure at a particular pressure
sensor during a  second mode of operation. The mode of
operation can  automatically <BR> <BR> switch based on
a predefined  parameter (e. g., a preset differential,
a preset pressure  at one of the sensor, a fluctuation
in the readings of a  particular sensor or other
parameter). In accordance to the second aspect of the
present  invention, there is provided a computer
program product  comprising a set of computer
instruction stored on at  least one computer readable
medium and executable by at  least one processor to:
receive a measurement of a first  pressure; receive a
measurement of -a second pressure; 5  operate
according to a first mode of operation, wherein  the
computer instructions are executable to calculate a
flow rate based on a differential between the first
pressure and the second pressure; operate according to
a  



second mode of operation, wherein the computer
instructions are operable to calculate the flow rate
based  on a measured pressure at a particular pressure
sensor and switch between the first mode of operation
and the  second mode of operation based on a
predefined parameter.  In accordance to the third
aspect of the present invention, there is provided a
method of measuring a first  pressure; measuring a
second pressure ; in a first mode of  operation,
generating a valve control signal based on a
differential between the first pressure and the second
pressure; in a second mode of operation, generating
the valve  control signal based on a measured pressure
at a particular  pressure sensor ; and switching
between the first mode of  operation and the second
mode of operation according to a  predefined
parameter. In accordance to one embodiment of the
present  invention, there is provided a set of
computer  instructions executable to receive pressure
measurements from a sensor, monitor the pressure
measurements for a fluctuation, compare the
fluctuation to a predetermined limit and, if the
fluctuation is greater than the predetermined limit,
generate an alarm. In accordance to the fourth aspect
of the present  invention, there is provided a set of
computer  instructions executable to receive an
upstream pressure  from an upstream sensor located
upstream of a pressure  loss element, receive a
downstream pressure measurement  from a 6  downstream
of the pressure loss element, monitor a valve  for a
valve position, determine a differential between the
measured pressures and determine a control resolution
based  



on the differential between the measured pressures,
the  valve position and a valve resolution. In
accordance to one embodiment of the present
invention, there is provided the computer program
product  as defined above, wherein the predefined
parameter  comprises a pressure differential
threshold. In accordance to the fifth aspect of the
present  invention, there is provided a computer
program product  comprising a set of computer
instructions stored on at  least one computer readable
medium executable by at least  one processor to:
receive a measurement of a first  pressure; receive a
measurement of a second pressure;  operate according
to a first mode of operation, wherein the  computer
instructions are executable to generate a valve
control signal based on a differential between the
first  pressure and the second pressure; operate
according to a  second mode of operation, wherein the
computer instructions  are operable to generate the
valve control signal based on  a measured pressure at
a particular pressure sensor; and  switch between the
first mode of operation and the second  mode of
operation according to a predefined parameter. In
accordance to the sixth aspect of the present
invention, there is provided a method of monitoring
flow  comprising measuring a first pressure, measuring
a second  pressure; in a first mode of operation,
determining a flow  rate based on a differential
between the first pressure and  the second 7
pressure; in a second mode of operation, determining
the  flow rate based on a measured pressure at a
particular  pressure sensor; and switching between the
first mode of  operation and the second mode of
operation according to a  



predefined parameter. In accordance to one embodiment
of the present  invention, there is provided a flow
control device that  comprises an inlet, an outlet in
fluid communication with the  inlet, a first pressure
sensor, which may be the only  pressure sensor of the
fluid control device, and a controller  coupled to the
pressure sensor. The controller can be  configured to
generate a valve control signal based on a  measured
pressure at a single pressure sensor (i.e., the  first
pressure sensor of the fluid control device). In
accordance to one embodiment of the present
invention, there is provided a method for regulating
flow  through a flow control device based on
measurements from a  single pressure sensor, the
method comprising measuring  pressure at a first
pressure sensor, calculating a flow rate  based on a
pressure measurement from the first pressure  sensor
and a set of calibration parameters, comparing the
flow rate to a set point and generating a valve
control  signal based on the difference between the
calculated flow  rate and set point. In accordance to
one embodiment of the present  invention, there is
provided a computer program product that  comprises a
set of computer instructions having instructions
executable to receive a pressure measurement from a
first  pressure sensor, calculate a flow rate based on
the pressure  measurement from the first pressure
sensor and a set of  calibration parameters, compare
the flow rate to a set point;  and generate a valve 8
control signal based on the difference between the
calculated  flow rate and set point. In accordance to
the seventh aspect of the present  invention, there is
provided a flow control device comprising: an  



inlet; an outlet in fluid communication with the
inlet; a  pressure loss element between the inlet and
outlet in fluid  communication with the inlet and
outlet; an upstream sensor  located upstream from the
pressure loss element configured to  measure a first
pressure of a fluid flowing through the flow  control
device; a downstream sensor located downstream from
the  pressure loss element, configured to measure a
second pressure of  the fluid flowing through the flow
control device; a valve to  control the flow of fluid
through the flow control device; and a  controller
coupled to the first pressure sensor, the second
pressure sensor, and the valve the controller
configured to:  receive an upstream pressure from the
upstream sensor; receive a  downstream pressure
measurement from the downstream sensor;  monitor the
valve for a valve position; determine a differential
between the measured pressures; and determine a
control  resolution based on the differential between
the measured  pressures, the valve position and a
valve resolution. In accordance to the eighth aspect
of the present  invention, there is provided a method
for a flow control device  comprising: receiving an
upstream pressure from an upstream  sensor located
upstream of a pressure loss element; receiving a
downstream pressure measurement from a downstream
sensor  downstream of the pressure loss element;
monitoring a valve for a  valve position; determining
a differential between the measured  pressures; and
determining a control resolution based on the
differential between the measured pressures, the valve
position  and a valve resolution. 8a  Embodiments of
the present invention provide an advantage over prior
art flow control devices by  providing for a greater
range of flow control.  Embodiments of the present
invention provide another advantage over prior art
flow control devices by  



providing for greater accuracy in measuring flow rate
at  low flow rates. Embodiments of the present
invention provide yet  another advantage over prior
art flow control devices by  providing monitoring to
indicate if recalibration is  necessary or an error
has occurred. BRIEF DESCRIPTION OF THE DRAWINGS: A
more complete understanding of the present  invention
and the advantages thereof may be acquired by
referring to the following description, taken in
conjunction with the accompanying drawings in which
like  reference numbers indicate like features and
wherein: FIGURE 1 is a diagrammatic representation of
a  schematic of a flow control device according to one
embodiment of the present invention; FIGURE 2 is a
diagrammatic representation of one  embodiment of a
flow control device; FIGURE 3 is a diagrammatic
representation of one  embodiment of a controller;
FIGURE 4 is a flow chart of one embodiment of a
method for controlling flow; WO 2005/081169
PCT/US2005/004276  9 FIGURE 5 is a flow chart of one
method of  monitoring a pressure sensor to determine
if a  downstream system has changed; .FIGURE 6-is a
diagrammatic representation of a  5 schematic of a
flow control device according to  another embodiment
of the present invention; FIGURE 7 is a diagrammatic
representation of a  flow control device using a
single pressure sensor;  FIGURE 8 is diagrammatic
representation of 10 another embodiment of a flow
control device using a  



single pressure sensor; and FIGURE 9 is a flow chart
of illustrating one  embodiment of controlling flow
using measurements from  a single pressure sensor. 15
DETAILED DESCRIPTION Preferred embodiments of the
invention are  illustrated in the FIGURES, like
numerals being used  to refer to like and
corresponding parts of the 20 various drawings.
Embodiments of the present invention provide a  flow
controller that can reduce or eliminate problems
associated with prior art flow control systems and
methods. One embodiment of the present invention 25
includes a flow controller that has an upstream and
downstream pressure sensor. In one mode of operation,
the flow controller can control the flow rate based on
the pressure differential between the pressure
measurements from the upstream and downstream sensors.
30 In another mode of operation, the pressure
controller  can control the flow rate based on the
pressure sensed  by a particular pressure sensor, such
as the WO 2005/081169 PCT/US2005/004276  10 downstream
pressure sensor. The flow controller can  include
logic to automatically switch between the  modes of
operation. The first mode of operation can  be
associated with higher flow rates, while the second 5
mode of operation can be associated with lower flow
rates. FIGURE 1 is a diagrammatic representation of a
flow control device 30, according to one embodiment of
the present invention. Flow control device 30 can 



10 include an inlet 32 for receiving a flow, an outlet
34  for directing a flow to other components of a flow
system, pressure loss element 36 (e.g., an orifice
plate, small diameter tube, a constricted area or
other pressure loss element), a pressure sensor 38 15
upstream of pressure loss element 36 (referred to as
the "upstream pressure sensor") configured to measure
an upstream pressure, a pressure sensor 40 downstream
of pressure loss element 36 (referred to as the
"downstream pressure sensor") configured to measure a
20 downstream pressure, a controller 42, which can
include processors, memories and software instructions
for determining a fluid flow rate and/or for
generating a valve control signal, and a valve 44
(e.g., a throttling gate valve, a poppet valve, a 25
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the valve
control  signal to regulate fluid flow. Upstream
pressure sensor 38 and downstream  pressure sensor 40
can be capacitance type, 30 piezoresitive type,
transducer type or other type of  pressure sensor
known in the art. The portions of  upstream pressure
sensor 38 and downstream pressure WO 2005/081169
PCT/US2005/004276  11 sensor 40 exposed to the fluid
flowing through flow  control device 30 can be
chemically inert with respect  to the fluid.
Controller 42 can be coupled to  upstream pressure
sensor 38, downstream pressure 5 sensor 40 and valve
44 via, for example, electrical  connections. The
valve can include a valve drive  having components,
such as microcontrollers, to  process the valve
control signal and open or close  



valve 44 in response to the valve control signal. 10 A
fluid (gas or liquid) can enter flow control  device
30 at inlet 32, pass through valve 44 and  pressure
losselement 36 and exit flow control device  30 at
outlet 34. Upstream pressure sensor 38 and  downstream
pressure sensor 40 can generate upstream 15 pressure
signal 46 and downstream pressure signal 48,  which
can be digital or analog signals that represent  the
pressure measurements at upstream pressure sensor  38
and downstream pressure sensor 40, respectively.
Controller 42, using, for example, software 20
instructions stored on a computer readable medium, can
generate valve control signal 50 to open or close
valve 44 to achieve a desired flow rate based on the
pressures measured by upstream pressure sensor 38
and/or downstream pressure sensor 40. According to 25
one embodiment of the present invention, controller 42
can determine a differential between the upstream
pressure measurement and the downstream pressure
measurement. The differential can be any
representation of the difference between the pressure
30 measurements at upstream pressure sensor 38 and
downstream pressure sensor 40. For example, the
differential can be represented as a pressure value WO
2005/081169 PCT/US2005/004276  12 (e.g., 100 Pa) or as
a signal having a particular  voltage value (e.g., 100
mV), or in any other format  that represents the
difference between the pressure  measurements.
Controller 42 can compare the 5 differential to a set
point to generate valve control  signal 50 according
to any control scheme (e.g.,  proportional-integral
("PI") control scheme,  



proportional-integral-derivative ("PID") control
scheme, or any other control scheme known or developed
10 in the art). Based on control signal 50, valve 44
can  open or close to regulate the flow rate.
Calculating flow rates based on the differential
between measured pressures at upstream pressure sensor
38 and downstream pressure sensor 40 can provide 15
acceptable accuracy at higher flow rates. However, as
the flow rate decreases, the signal to noise ratio of
upstream pressure sensor 38 and downstream pressure
sensor 40 can become so low that it is difficult to
make an accurate flow rate calculation based on the 20
differential of measured pressures. In other words,
at low flow rates, the pressure differential can
become indiscernible from noise. To address this
issue, controller 42, according to one embodiment of
the present invention, can switch to calculating the
25 flow rate based on the pressure measured at a
single  flow sensor. Controller 42 can calculate the
flow rate based  on the pressure sensed by a
particular pressure sensor  based on known fluid
dynamic equations and/or 30 empirical comparisons of
sensor readings to flow rates  established during
calibration. According to one  embodiment of the
present invention, flow control WO 2005/081169
PCT/US2005/004276  13 device 30 can be calibrated at
installation to  determine the correlation between
sensed pressure at a  particular sensor and the flow
rate in the system in  which flow control device 30 is
installed. This can 5 include calibrating flow control
device 30 to account  for pressure losses caused by
components downstream of  



flow control device 30 that affect the calculated flow
rate. Based on this calibration, controller 42 can
generate valve control signal 50 responsive to a 10
pressure signal from a particular sensor (e.g.,
upstream pressure sensor 38 or downstream pressure
sensor 40) to regulate the fluid flow rate. It should
be noted that when controller 42 is generating the
control signal based on the measurements of a 15
particular sensor, the other sensor can be in an "off"
state or can continue sending pressure measurements to
controller 42. The switch between calculating the flow
rate  based on a differential to calculating the flow
rate  20 based on the pressure measured by a
particular pressure sensor can occur at any
arbitrarily defined  point. By way of example, but not
limitation,  controller 42 can make the switch when
the  differential becomes sufficiently small, the
pressure 25 measured at a particular sensor falls
below a  specified level or the fluctuations in either
or both  sensors exceeds a limit where a single sensor
would  provide a more accurate flow. Thus, one
embodiment of the present invention can  30 include a
flow control device that comprises an inlet,  an
outlet, a pressure loss element in fluid
communication with the inlet and the outlet, an WO
2005/081169 PCT/US2005/004276  14 upstream pressure
sensor, a downstream pressure sensor  and a
controller. The upstream pressure sensor can  measure
an upstream pressure and the downstream  pressure
sensor can measure a downstream pressure. 



5 Over a first range of flow rates, the controller can
generate a valve control signal based on the
differential in the measured pressures. Over a second
range of flow rates, the controller can generate a
valve control signal based on the pressure measured at
10 the upstream or downstream pressure sensor. The
flow  control device can further include a valve that
can  open or close in response to the valve control
signal.  The controller can automatically switch
between the  first mode of operation (i.e., basing the
control 15 signal on the differential) and the second
mode of  operation (basing the control signal on the
pressure  at a particular sensor) at a predefined
point. FIGURE 2 is a diagrammatic representation of
one  embodiment of flow control device 30. Flow
control 20 device 30 can include an inlet 32 for
receiving a  flow, an outlet 34 for directing a flow
to other  components of a flow system, a flow passage
35, for  directing fluid from inlet 32 to outlet 34, a
pressure  loss element 36, an upstream pressure sensor
38, a 25 downstream pressure sensor 40, a controller
42 to  generate a valve control signal, and a valve 44
to  regulate fluid flow responsive to the valve
control  signal. Controller 42 can receive signals
from upstream  30 pressure sensor 38 and downstream
pressure sensor 40  representing the measured pressure
at the respective  sensor. The signal can be an analog
or digital signal WO 2005/081169 PCT/US2005/004276  15
that can represent the measured pressure by voltage
level, as bits representing the measured pressure or
in any other manner known in the art. Controller 42  



can determine a differential between the measured 5
pressures, by for example, generating a difference
signal and/or calculating a pressure difference.
Controller 42 can generate a valve control signal
based on the differential or based on the pressure
signal received from the upstream and/or downstream 10
pressure sensor. Valve 44 can open or close
responsive to the received valve control signal.
FIGURE 3 is a diagrammatic representation of one
embodiment of controller 42. Controller 42 can
include an analog to digital (A/D) converter 52 to 15
receive signals from the upstream pressure sensor and
downstream pressure sensor and convert the received
signals to a digital format. Processor 54 (e.g., CPU,
ASIC, or other processor known in the art) can receive
digital values from A/D converter 52, representing the
20 measured pressures, and calculate a differential.
Based on the differential or the measured pressure
from either the upstream or downstream sensor,
processor 54 can generate a digital control signal
that represents how much a valve should open or close
25 to regulate fluid flow. A/D converter 52 can
convert  the digital value to an analog valve control
signal  and send the analog control valve signal to
the valve. Processor 54 can generate the digital
control  signal by executing a software program that
can 30 include a control algorithm, stored as a set of
computer instructions 56 on a computer readable memory
58 (e.g., EEPROM, RAM, ROM, flash memory, magnetic WO
2005/081169 PCT/US2005/004276  16 storage, optical
storage or other computer readable  memory known in
the art), accessible by processor 54.  



In one mode of operation, the control algorithm can
use operator, calibration and/or factory parameters to
5 calculate the digital control signal based on the
differential between measured pressures or, in another
mode of operation, the control algorithm can use the
measured pressure at an upstream or downstream
pressure sensor to calculate the digital control 10
signal. The control algorithm can automatically
switch between the first mode and the second mode at a
predefined point. For example, the control algorithm
can switch from the first mode to the second mode when
the differential drops below a predefined level. 15
Processor 54 can determine whether to switch between
the first mode of operation and the second mode of
operation each cycle or on a predetermined schedule.
The control algorithm can calculate the digital
control signal for a particular mode of operation 20
using any control scheme known in the art, including,
but not limited to, a PID, a modified PID with offset
or other control algorithm known in the art. The basic
operation creates an error signal. The error signal is
then corrected for the particular valve. The 25
corrected error signal is converted from digital
format to an analog signal by A/D converter 52, and
the resulting analog signal is sent to a voltage-to-
current converter that drives the control valve to a
new position. 30 Controller 42 can include additional
input/output  capabilities. For example, controller 42
can include  a serial interface to support
administrative functions WO 2005/081169
PCT/US2005/004276  17 such as updating computer
instructions 56.  



Additionally, controller 42 can include network
interfaces to communicate with other flow control
devices, administrative computers or other device 5
capable of communicating over a network. Computer
instructions can implement the control  algorithm in a
variety of manners. For example, the  control signal
can be based on comparing a calculated  value (e.g., a
calculated pressure value, pressure 10 differential
value, or calculated flow rate value) to  a set point.
As another example, rather than  digitally calculating
the differential between  measured pressures, the
controller can calculate the differential between
measured pressures by generating  15 a differential
signal using a summer. In this case,  the control
signal, in the first mode of operation,  can be based
on comparing the differential signal to a  set point.
In the second mode of operation, the  controller can
compare a pressure signal to a set 20 point, rather
than a calculated pressure value. FIGURE 4 is a flow
chart illustrating a method of  controlling flow
according to one embodiment of the  present invention.
The method of FIGURE 4 can be  implemented by a
controller having one or more 25 processors executing
a set of computer instructions  (e.g., a software
program) stored on a computer  readable medium. The
controller can use a number of  input parameters in
generating a control signal,  including pressure
differential threshold 60, preset 30 flow calibration
parameters 62, in situ flow  calibration parameters 64
and set point 66, and can  calculate a flow rate based
on a differential between WO 2005/081169
PCT/US2005/004276  18 



measured pressures or the pressure at a particular
sensor. The input parameters can be stored on a
computer readable medium (e.g., RAM, ROM, magnetic
storage device or other computer readable medium known
5 in the art). Pressure differential threshold 60 can
be used to  determine when the controller switches
between  generating the control signal based on the
differential between sensed pressures or a particular
10 sensed pressure. According to one embodiment of the
present invention, pressure differential threshold 60
can be calculated based on the downstream pressure,
the differential pressure, the supply pressure and the
valve position. In determining pressure differential
15 threshold 60, fluid can be run through the flow
control device until a differential pressure of
approximately 10% of the full scale (i.e., the supply
pressure) of the flow control device is achieved. For
example, if the supply pressure is 100 psi, the 20
controller can adjust the valve until a differential
pressure of 10 psi is achieved. At this point, the
downstream pressure and valve position can be measured
by the controller. The downstream pressure determines
the "load" of the system and the valve position gives
25 an indication of the supply pressure and the
effective  remaining range of the valve. With the
above values, the control resolution of  the flow
control device can be determined as follows:
Res=(dP%/(valve position%))* valve resolution 30
(psi/step) [EQ 1]  where:  dP%=differential pressure
as a percentage of  the supply pressure of the flow
control device, 



WO 2005/081169 PCT/US2005/004276  19 valve position%=
is the percent the valve is  open; valve resolution=
the resolution of the  particular valve, typically
determined by the  5 valve manufacturer. If the
control resolution as determined by [EQ.  1] is
insufficient in comparison to a desired control  10
resolution value, meaning the slope is too high, the
controller can adjust the valve to achieve a higher
pressure differential. When the control resolution
yielded by [EQ. 1] is deemed sufficient, the
corresponding differential pressure can be selected as
15 pressure differential threshold 60. This point acts
as a proxy to the point at which the signal to noise
ratio of the sensors prevents an accurate pressure
differential reading. According to one embodiment of
the present invention, determining differential 20
pressure threshold 60 can be performed automatically
by the controller. It should be noted, in other
embodiments of the present invention, pressure
differential threshold 60 can be determined by other
schemes or can be determined arbitrarily. 25 In situ
flow calibration parameters 64 can  include parameters
calculated for a particular flow  control device based
on installation of the flow  control device in a flow
system. In situ flow  calibration parameters reflect
the fact that devices 30 downstream from the flow
control device will affect  the pressures sensed at
the flow control device.  While this may have little
affect on flow rates  calculated based on a pressure
differential, it can  



significantly affect the flow rate calculated from a
WO 2005/081169 PCT/US2005/004276  20 particular
pressure sensor. Therefore, a flow control  device can
be recalibrated after installation to  establish in
situ flow calibration parameters 64 that  account for
downstream devices. The in situ 5 calibration can be
done, for example, by manually  entering system
specific values or by an automated  software
controlled device routine. Because the  controller
will typically determine the flow rate  based on the
pressure at a particular sensor at lower 10 flow
rates, calibration parameters 64 can be  established,
in one embodiment of the present  invention, based on
laminar flow of a fluid through  the fluid control
device. As long as the flow rate  corresponds to
laminar flow, compensation for fluid 15 viscosity and
downstream pressure loses requires only  an offset
value to be used as the in situ flow  calibration
parameter 64. Preset flow calibration parameters 62
can include  parameters used for calculating a flow
rate based on  20 gas type, flow control device setup
or other parameter. Preset flow calibration parameters
62 can  be established according to any calibration
technique  known in the art. Set point 66 represents a
desired  flow rate. The calculated flow rate can be
compared 25 to set point 66 to determine how much to
open or close  a valve. Set point 66 can be updated
automatically  by, for example, a remote computer, by
an operator, or  in any manner known in the art. The
controller, at step 70, can receive pressure  30
measurements from an upstream and downstream pressure



sensor and, at step 72, can calculate a pressure
differential. At step 74, the controller can compare
WO 2005/081169 PCT/US2005/004276  21 the calculated
pressure differential to pressure  differential
threshold 60. if the calculated pressure  differential
is greater than pressure differential  threshold 60,
control can pass to step 76, otherwise 5 control can
pass to step 78. At step 76, the controller can
calculate the flow  rate based-on the differential
between measured  pressures using preset flow
calibration parameters 62.  This can be done according
to any scheme for 10 calculating a flow rate based on
a differential in  measured pressures known in the
art. At step 78, on  the other hand, the controller
can use in situ flow  calibration parameters 64 to
determine the flow rate.  This can be done according
to any scheme for 15 calculating a flow rate based on
a single pressure,  including comparing the measured
pressure to a  calibration curve of flow rates
(stored, for example,  in the memory of the controller
or other computer  readable medium accessible by the
controller). 20 The controller, at step 80, can
compare the  calculated flow rate to a set point. If
the flow rate  does not equal the set point, the
controller, at step  82, can calculate an error gain
based on the pressure  from a particular sensor (e.g.,
the measured pressure 25 from the downstream sensor).
If, conversely, the flow  rate does equal the set
point, the controller can  calculate the error gain
based on the differential  between the measured
pressures (step 84). At step 86,  the controller can
convert the error gain to an analog 



30 valve control signal and communicate the valve
control  signal to a valve. Steps 70-84 can be
repeated. WO 2005/081169 PCT/US2005/004276  22 It
should be noted that, at step 74, the  controller
determined whether to calculate flow rate  based on
the differential in measured pressures or  based on
the pressure at a particular sensor. This 5
determination can be made each time a flow rate is to
be calculated. In another embodiment of the present
invention, this determination can be made according to
a predefined schedule (e.g., every 30 milliseconds).
In this embodiment of the present invention, the 10
controller can calculate the flow rate according to a
particular mode of operation (e.g., according to step
76 or step 78) for a predetermined period of time,
before determining whether it should switch to the
other mode of operation. Moreover, steps 70-78 can be
15 carried out by a mass flow meter to determine a
flow  rate. In this case, the pressure differential
threshold 60 (or other preset parameter) can be
arbitrarily determined. As described in conjunction
with FIGURE 4, the  20 flow rate can be calculated
based on the pressure  reading from a single sensor by
calibrating the flow  control device at installation
to account for the  pressure drops caused by
downstream components. If  the downstream components
change, the required offset 25 may also change. This
can occur if new tubing is  installed, the flow
control unit is moved, a  downstream filter becomes
restricted, loose tubing  shifts during a dispense
process or any other event  occurs that can affect the
sensor readings. 



30 'According to one embodiment of the present
invention, the controller, using computer instructions
stored in a computer readable medium accessible by the
WO 2005/081169 PCT/US2005/004276  23 controller, can
monitor one or both of the upstream  and downstream
sensors to ensure that the pressure  measurements of
the sensors do not fluctuate outside  of a desired
range. For example, if the upstream 5 pressure sensors
measures .75 psi and the downstream  pressure sensor
measures .25 psi during a dispense  process, the
controller can be configured to generate  an alarm if
the downstream sensor reads outside of +/- .05 psi
limit (.45 to .55 psi differential) during the 10
dispense process, while controlling with the
downstream sensor. An alarm based on a fluctuation in
a pressure sensor can indicate that the system has
changed, requiring recalibration of the flow control
device or that the flow control device is not 15
functioning properly. If the controller did not
monitor fluctuations, the downstream sensor reading
could increase to .5 psi (indicating a .25 psid
pressure increase from the system after the
controller) leading to change a decrease in the actual
20 flow rate (e.g., 50% of the calculated value).
FIGURE 5 is a flow chart illustrating one  embodiment
of a monitoring process. At step 90, the  controller
can receive pressure measurements from a  sensor
(e.g., the downstream sensor of FIGURE 1). The 25
controller at step 92, can compare the current
pressure reading to one or more previous pressure
readings to determine the fluctuation in the pressure
sensor. If the fluctuation falls outside of a preset  



range, as determined at step 93, the controller, at 30
step 94 can generate an alarm. The alarm can be an
email notification, an audible alarm, a visual alarm
or any other notification of an error condition known
WO 2005/081169 PCT/US2005/004276  24 in the art. Steps
90-94 can optionally be repeated.  The monitoring
process of FIGURE 5 can be implemented  as a set of
computer instructions in any flow control  device
capable of executing computer instructions and 5 is
not limited to flow control devices that provide
multiple mode flow control as described in conjunction
with FIGURES 1-4. FIGURE 6 is a diagrammatic
representation of  another embodiment of a flow
control device 100. Flow  10 control device 100 can
include an inlet 102 for receiving a flow, an outlet
104 for directing a flow  to other components of a
flow system, a pressure loss  element 106 (e.g., an
orifice plate, small diameter  tube, a constricted
area or other pressure loss 15 element), a pressure
sensor 108 upstream of pressure  loss element 106
(referred to as the "upstream  pressure sensor") for
sensing an upstream pressure, a  pressure sensor 110
downstream of pressure loss  element 106 (referred to
as the "downstream pressure 20 sensor") for sensing a
downstream pressure, a  controller 112 for generating
a valve control signal,  and a valve 114 (e.g., a
throttling gate valve, a  poppet valve, a butterfly
valve, a pneumatically  driven valve or other valve
known in the art) 25 responsive to the valve control
signal to regulate  fluid flow. Upstream pressure
sensor 108 and downstream  



pressure sensor 110 can be capacitance type,
piezoresitive type, a transducer or other type of 30
pressure sensor known in the art. Controller 112 can
be coupled to upstream pressure sensor 108, downstream
pressure sensor 110 and valve 114 via, for example,
WO2005/081169 PCT/US2005/004276  25 electrical
connections. Although not shown for the  sake of
simplicity, there can be intervening logic  between
controller 112, upstream pressure sensor 108,
downstream pressure -sensor 110 and valve 114. Valve 5
114 can further include components, such as
microcontrollers, to process the valve control signal
and open or close the valve responsive to the valve
control signal. Fluid control device 100 can function
similarly to fluid control device 30 of FIGURE 1, 10
except that fluid will flow through the pressure loss
element prior to flowing through the valve. It should
be noted that, in the embodiment of  FIGURE 6, because
downstream pressure sensor 110 is  upstream of valve
114, the pressure at downstream 15 pressure sensor 110
may fluctuate, due to changes in  valve 114.
Therefore, to determine if the downstream  system has
changed and recalibration is necessary, a  third
sensor can be added downstream of valve 114. As
described in conjunction with FIGURE 5, the controller
20 can monitor the fluctuations in pressure at the
third  sensor and, if the fluctuations are too great,
can  generate an alarm. In another embodiment, the
valve  position can be monitored. If the valve
position  changes by greater than a predetermined
amount, the 25 controller can generate an alarm.
FIGURE 7 is a diagrammatic representation of a  



flow control device 700, according to one embodiment
of the present invention. Flow control device 700 can
include an inlet 702 for receiving a flow, an outlet
30 704 for directing a flow to other components of a
flow  system, a pressure sensor 708, a controller 712,
which  can include processors, memories and software
WO 2005/081169 PCT/US2005/004276  26 instructions for
determining a fluid flow rate and/or  for generating a
valve control signal, and a valve 714  (e.g., a
throttling gate valve, a poppet valve, a  butterfly
valve, a pneumatically driven valve or other 5 valve
known in the art) responsive to the valve control
signal to regulate fluid flow. Pressure sensor 708 can
be capacitance type,  piezoresitive type, transducer
type or other type of  pressure sensor known in the
art. The portions of 10 upstream pressure sensor 708
exposed to the fluid  flowing through flow control
device 700 can be  chemically inert with respect to
the fluid.  Controller 712 can be coupled to pressure
sensor 708,  and valve 714 via, for example,
electrical 15 connections. The valve can include a
valve drive  having components, such as
microcontrollers, to  process the valve control signal
and open or close  valve 714 in response to the valve
control signal. A fluid (gas or liquid) can enter flow
control  20 device 700 at inlet 702, pass through
valve 704 and  exit flow control device 700 at outlet
704. Pressure  sensor 708 can generate pressure signal
716, which can  be a digital or analog signal that
represents the  pressure measurements at pressure
sensor 708. 



25 Controller 712, using, for example, software
instructions stored on a computer readable medium, can
generate valve control signal 720 to open or close
valve 714 to achieve a desired flow rate based on the
pressure measured by pressure sensor 708. According 30
to one embodiment, controller 702, can calculate the
flow rate based on the pressure measured at a single
flow sensor. WO 2005/081169 PCT/US2005/004276  27
Controller 702 can calculate the flow rate based  on
the pressure sensed by a particular pressure sensor
based on known fluid dynamic equations and/or
empirical comparisons of sensor readings to flow rates
5 established during calibration. According to one
embodiment of the present invention, flow control
device 700 can be calibrated at installation to
determine the correlation between sensed pressure at
sensor 708 and the flow rate in the system in which 10
flow control device 700 is installed. This can
include calibrating flow control device 700 to account
for pressure losses caused by components downstream of
flow control device 700 that affect the calculated
flow rate. Based on this calibration, controller 702
15 can generate valve control signal 720 responsive to
a  pressure signal from a particular sensor (e.g.,
sensor  708) to regulate the fluid flow rate. FIGURE 8
is a diagrammatic representation of  another
embodiment of a flow control device 800. Flow  20
control device 800 can include an inlet 802 for
receiving a flow, an outlet 804 for directing a flow
to other components of a flow system a pressure sensor
810 for sensing a pressure, a controller 812 for  



generating a valve control signal, and a valve 814 25
(e.g., a throttling gate valve, a poppet valve, a
butterfly valve, a pneumatically driven valve or other
valve known in the art) responsive to the valve
control  signal to regulate fluid flow. Pressure
sensor 810 can be capacitance type,  30 piezoresitive
type, a transducer or other type of  pressure sensor
known in the art. Controller 812 can  be coupled to
pressure sensor 810 and valve 814 via, WO 2005/081169
PCT/US2005/004276  28 for example, electrical
connections. Although not  shown for the sake of
simplicity, there can be  intervening logic between
controller 812, pressure  sensor 810 and valve 814.
Valve 814 can further 5 include components, such as
microcontrollers, to  process the valve control signal
and open or close the  valve responsive to the valve
control signal. Fluid  control device 800 is similar
to fluid control device  700 of FIGURE 7 except that
the pressure sensor is 10 located downstream of the
valve. It should be noted that, in the embodiment of
FIGURE 8, because pressure sensor 810 is downstream of
valve 814, the pressure at downstream pressure sensor
810 may fluctuate due to changes in valve 814. 15
Therefore, to determine if the downstream system has
changed and recalibration is necessary, an additional
sensor can be added downstream of valve 814. As
described in conjunction with FIGURE 5, the controller
can monitor the fluctuations in pressure at the 20
additional sensor and, if the fluctuations are too
great, can generate an alarm. In another embodiment,
the valve position can be monitored. If the valve  



position changes by greater than a predetermined
amount, the controller can generate an alarm. 25
Figure 9 is a flow chart illustrating one  embodiment
of method for flow control using a single  sensor. The
method of FIGURE 9 can be implemented by a  controller
having one or more processors executing a  set of
computer instructions (e.g., a software 30 program)
stored on a computer readable medium. The  controller
can use a number of input parameters in  generating a
control signal including in situ flow WO 2005/081169
PCT/US2005/004276  29 calibration parameters 904. The
input parameters can  be stored on a computer readable
medium (e.g., RAM,  ROM, magnetic storage device or
other computer  readable medium known in the art). 5
In situ flow calibration parameters 904 can  include
parameters calculated for a particular flow  control
device based on installation of the flow  control
device in a flow system. In situ flow  calibration
parameters reflect the fact that devices 10 downstream
from the flow control device will affect  the
pressures sensed at the flow control device.  While
this may have little affect on flow rates  calculated
based on a pressure differential, it can
significantly affect the flow rate calculated from a
15 particular pressure sensor. Therefore, a flow
control  device can be recalibrated after installation
to  establish in situ flow calibration parameters 904
that  account for downstream devices. The in situ
calibration can be done, for example, by manually 20
entering system specific values or by an automated
software controlled device routine. Because the  



controller will typically determine the flow rate
based on the pressure at a particular sensor at lower
flow rates, parameters 904 can be established, in one
25 embodiment of the present invention, based on
laminar  flow of a fluid through the fluid control
device. As  long as the flow rate corresponds to
laminar flow,  compensation for fluid viscosity and
downstream  pressure loses requires only an offset
value to be 30 used as the in situ flow calibration
parameter 904.  The controller, at step 910, can
receive a  pressure measurement from a pressure
sensor. At step WO 2005/081169 PCT/US2005/004276  30
912, the controller can use in situ flow calibration
parameters 904 to determine the flow rate. This can
be done according to any scheme for calculating a flow
rate based on a single pressure, including comparing 5
the measured pressure to a calibration curve of flow
rates (stored, for example, in the memory of the
controller or other computer readable medium
accessible by the controller). The controller, at step
914, can compare the 10 calculated flow rate to a set
point. If the flow rate  does not equal the set point,
the controller, at step  916, can calculate an error
gain based on the pressure  from a particular sensor.
At step 918, the controller  can convert the error
gain to an analog valve control 15 signal and
communicate the valve control signal to a  valve. The
steps of FIGURE 9 can be arbitrarily  repeated as
needed or desired. Additionally, it should  be noted
that control can occur based on a PI control  routine,
PID control routine or other control routine. 20 Thus,
a flow control device with a single  



pressure sensor can control flow in the same manner as
a flow control device having multiple sensors
operating according to a mode of operation for
controlling flow using a single sensor. The single 25
pressure sensor flow controller can also include
capabilities for monitoring fluctuations in pressure
measurements at the single sensor (or other sensor) or
fluctuations in valve position to generate alarms that
may indicate a change in downstream pressure. 30 As
described above, the flow rate can be  calculated
based on the pressure reading from a single  sensor by
calibrating the flow control device at WO 2005/081169
PCT/US2005/004276  31 installation to account for the
pressure drops caused  by downstream components. If
the downstream  components change, the required offset
may also  change. This can occur if new tubing is
installed, 5 the flow control unit is moved, a
downstream filter  becomes restricted, loose tubing
shifts during a  dispense process or any other event
occurs that can  affect the sensor readings. If the
downstream  components change, the flow control unit
can be 10 recalibrated to account for changes in the
overall  system (i.e., the in-situ calibration
parameters can  be updated). It should be noted that
the repeatability of  control using a single sensor is
dependent on the 15 downstream pressure drop with
repeatability generally  increasing as the downstream
pressure drop increases.  If the downstream pressure
drop in a particular in  situ configuration is
insufficient to produce adequate  repeatability,
additional tubing, such as coils, can 



20 be added downstream of the pressure sensor to
increase  the downstream pressure drop and increase
repeatability. While the present invention has been
described  with reference to particular embodiments,
it should be  25 understood that the embodiments are
illustrative and that the scope of the invention is
not limited to  these embodiments. Many variations,
modifications,  additions and improvements to the
embodiments  described above are possible. It is
contemplated that 30 these variations, modifications,
additions and  improvements fall within the scope of
the invention as  detailed in the following claims. 32
What is claimed is: 1. A flow control device
comprising:  an inlet; 5 an outlet in fluid
communication with the inlet; a pressure loss element
between the inlet and outlet in fluid communication
with the inlet and outlet; a first pressure sensor
located upstream from the pressure loss  element
configured to measure a first pressure of a fluid
flowing through the  flow control device; 10 a second
pressure sensor located downstream from the pressure
loss  element, configured to measure a second pressure
of the fluid flowing through  the flow control device;
and a controller coupled to the first pressure sensor
and the second  pressure sensor, the controller
configured to: operate according to a first 15 mode of
operation, wherein during the first mode of operation
the controller  generates a valve control signal based
on a differential between the first  pressure and the
second pressure; operate according to a second mode of
operation, wherein during the second mode of operation
the controller  generates the valve control signal
based on a measured pressure at a 20 particular
pressure sensor; and switch between the first mode of
operation  



and the second mode of operation according to a
predefined parameter.  2. The flow control device of
claim 1, further comprising a valve  responsive to the
valve control signal located between the inlet and the
outlet  25 and coupled to the controller. 3. The flow
control device of claim 1, wherein, in the second mode
of  operation, the controller generates the valve
control signal based on the  measured pressure at the
upstream pressure sensor. 30 4. The flow control
device of claim 1, wherein, in the second mode of
operation, the controller generates the valve control
signal based on the  measured pressure at the
downstream pressure sensor. 33  5. The flow control
device of claim 1, wherein the predefined parameter
comprises a pressure differential threshold. 6. The
flow control device of claim 5, wherein the controller
is further  5 configured to: determine the
differential between the first pressure and the second
pressure; compare the differential to the pressure
differential threshold; and  operate according to the
first mode of operation if the differential  10
between the first pressure and the second pressure is
greater than the  pressure differential threshold. 7.
The flow control device of claim 5, wherein the
controller is further  configured to: 15 determine the
differential between the first pressure and the second
pressure; compare the differential to the pressure
differential threshold; and  operate according to the
second mode of operation if the differential  between
the first pressure and the second pressure is less
than the pressure  20 differential threshold. 8. The
flow control device of claim 5, wherein the controller
is further  configured to calculate the pressure
differential threshold based on the  differential
between the first pressure and the second pressure, a
supply  



25 pressure and a valve position. 9. The flow control
device of claim 1, wherein the controller is further
configured to: monitor the first or second sensor for
a fluctuation; and if the  fluctuation is greater than
a predetermined amount, generate an alarm. 30 10. The
flow control device of claim 1, wherein the controller
is further  configured to: monitor a valve for a
change in valve position; and if the change in  valve
position is greater than a predetermined amount,
generate an alarm. 34  11. A computer program product
comprising: a set of computer instructions  stored on
at least one computer readable medium executable by at
least one  processor to: 5 receive a measurement of a
first pressure;  receive a measurement of a second
pressure; operate according to a first mode of
operation, wherein the computer  instructions are
executable to calculate a flow rate based on a
differential  between the first pressure and the
second pressure; 10 operate according to a second mode
of operation, wherein the  computer instructions are
operable to calculate the flow rate based on a
measured pressure at a particular pressure sensor; and
switch between the first mode of operation and the
second mode of  operation according to a predefined
parameter. 15 12. The computer program product of
claim 11, wherein, in the second  mode of operation,
the set of computer instructions are executable to
calculate the flow rate based on the measurement of
the second pressure  received from a downstream
pressure sensor. 20 13. The computer program product
of claim 11, wherein, in the second  mode of
operation, the set of computer instructions are
executable to  calculate the flow rate from the
measurement of the first pressure from an  upstream
pressure sensor. 



25 14. The computer program product of claim 11,
wherein the predefined  parameter comprises a pressure
differential threshold. 15. The computer program
product of claim 14, wherein the computer  30
instructions are executable to: determine the
differential between the first pressure and the second
pressure; compare the differential to the pressure
differential threshold; and 35  operate according to
the first mode of operation if the differential
between the first pressure and the second pressure is
greater than the  pressure differential threshold. 5
16. The computer program product of claim 14, wherein
the set of  computer instructions are executable to:
determine the differential between the first pressure
and the second  pressure; compare the differential to
the pressure differential threshold; and  10 operate
according to the second mode of operation if the
differential  between the first pressure and the
second pressure is less than the pressure
differential threshold. 17. The computer program
product of claim 14, wherein the set of 15 computer
instructions are executable to calculate the pressure
differential  threshold based on the differential
between the first pressure and the second  pressure, a
supply pressure and a valve position. 18. The computer
program product of claim 11, wherein the set of 20
computer instructions are further executable to:
monitor a pressure sensor for  a fluctuation; and if
the fluctuation is greater than a predetermined
amount,  generate an alarm. 19. The computer program
product of claim 11, wherein the set of 25 computer
instructions are further executable to: monitor a
valve for a change  in valve position; and if the
change in valve position is greater than a
predetermined amount, generate an alarm. 20. A method
of controlling flow comprising:  



30 measuring a first pressure; measuring a second
pressure; in a first mode of operation, generating a
valve control signal based on  a differential between
the first pressure and the second pressure; 36  in a
second mode of operation, generating the valve control
signal based on a measured pressure at a particular
pressure sensor; and  switching between the first mode
of operation and the second mode of  operation
according to a predefined parameter. 5 21. The method
of claim 20, further comprising opening or closing a
valve  responsive to the valve control signal. 22. The
method of claim 20, wherein generating the valve
control signal  10 based on the measured pressure at a
particular pressure sensor comprises  generating the
valve control signal based on the measured pressure at
a  upstream pressure sensor. 23. The method of claim
20, wherein generating the valve control signal  15
based on the measured pressure at a particular
pressure sensor comprises  generating the valve
control signal based on the measured pressure at a
downstream pressure sensor. 24. The method of claim
20, wherein the predefined parameter comprises  20 a
pressure differential threshold. 25. The method of
claim 24, further comprising: determining the
differential between the first pressure and the second
pressure; 25 comparing the differential to the
pressure differential threshold; and  operating
according to the first mode of operation if the
differential  between the first pressure and the
second pressure is greater than the  pressure
differential threshold. 30 26. The method of claim 24,
further comprising: determining the differential
between the first pressure and the second  pressure;
comparing the differential to the pressure
differential threshold; and 



37  operating according to the second mode of
operation if the differential between the first
pressure and the second pressure is less than the
pressure  differential threshold. 5 27. The method of
claim 24, further comprising calculating the pressure
differential threshold based on the differential
between the first pressure and  the second pressure, a
supply pressure and a valve position. 28. Method of
claim 20, further comprising: 10 monitoring the second
sensor for a fluctuation; and if the fluctuation is
greater than a predetermined amount, generating an
alarm. 29. The method of claim 20, further comprising:
monitoring a valve position for a change in valve
position; and 15 if the change in valve position is
greater than a predetermined amount,  generating an
alarm. 30. A computer program product comprising a set
of computer instructions  stored on at least one
computer readable medium, the set of computer 20
instructions executable by at least one processor to:
receive an upstream pressure from an upstream sensor
located  upstream of a pressure loss element; receive
a downstream pressure measurement from a downstream
sensor downstream of the pressure loss element; 25
monitor a valve for a valve position; determine a
differential between the measured pressures; and
determine a control resolution based on the
differential between the  measured pressures, the
valve position and a valve resolution. 30 31. The
computer program product of claim 30, wherein the set
of  computer instructions are further executable to:
determine if the control resolution is acceptable; 38
if the control resolution is not acceptable, generate
a signal to cause the valve to change the valve
position to a new valve position that will create a
larger differential; receive a new upstream pressure; 



5 receive a new downstream pressure; determine the
larger differential based on the new upstream pressure
and the new downstream pressure; and determine a new
control resolution based on the larger differential,
the  new valve position and the valve resolution. 10
32. The computer program product of claim 30, wherein
the set of  computer instructions are further
executable to: determine if the control resolution is
acceptable; if the control resolution is acceptable,
select the differential as a  15 differential pressure
threshold. 33. The computer program product of claim
30, wherein the computer  instructions are further
executable to switch between a first mode of operation
and a second mode of operation based on comparisons
subsequent 20 differentials to the differential
pressure threshold. 34. The computer program product
of claim 30, wherein the set of  computer instructions
are executable to determine the control resolution by:
multiplying the differential as a percentage of a full
scale pressure by 25 the valve position as a
percentage of how much the valve is open to generate;
and multiplying by the valve resolution. 35. A
computer program product comprising: 30 a set of
computer instructions stored on at least one computer
readable  medium executable by at least one processor
to: receive a measurement of a first pressure;
receive a measurement of a second pressure; 39
operate according to a first mode of operation,
wherein the computer instructions are executable to
generate a valve control signal based on a
differential between the first pressure and the second
pressure; operate according to a second mode of
operation, wherein the 5 computer instructions are
operable to generate the valve control signal based
on a measured pressure at a particular pressure
sensor; and 



switch between the first mode of operation and the
second mode of  operation according to a predefined
parameter. 10 36. The computer program product of
claim 35, wherein, in the second  mode of operation,
the set of computer instructions are executable to
generate the valve control signal based on the
measurement of the second  pressure received from a
downstream pressure sensor. 15 37. The computer
program product of claim 35, wherein, in the second
mode of operation, the set of computer instructions
are executable to  generate the valve control signal
from the measurement of the first pressure  from an
upstream pressure sensor. 20 38. The computer program
product of claim 35, wherein the predefined  parameter
comprises a pressure differential threshold. 39. The
computer program product of claim 38, wherein the
computer  instructions are executable to: 25 determine
the differential between the first pressure and the
second  pressure; compare the differential to the
pressure differential threshold; and  operate
according to the first mode of operation if the
differential  between the first pressure and the
second pressure is greater than the  30 pressure
differential threshold. 40. The computer program
product of claim 38, wherein the set of  computer
instructions are executable to: 40  determine the
differential between the first pressure and the second
pressure; compare the differential to the pressure
differential threshold; and  operate according to the
second mode of operation if the differential 5 between
the first pressure and the second pressure is less
than the pressure  differential threshold. 41. The
computer program product of claim 13, wherein the set
of  computer instructions are executable to calculate
the pressure differential 10 threshold based on the
differential between the first pressure and the second
pressure, a supply pressure and a valve position. 



42. The computer program product of claim 35, wherein
the set of  computer instructions are further
executable to: monitor a pressure sensor for  15 a
fluctuation; and if the fluctuation is greater than a
predetermined amount,  generate an alarm. 43. The
computer program product of claim 35, wherein the set
of  computer instructions are further executable to:
20 monitor a valve for a change in valve position; and
if the change in valve position is greater than a
predetermined amount,  generate an alarm. 44. A method
of monitoring flow comprising:  25 measuring a first
pressure; measuring a second pressure; in a first mode
of operation, determining a flow rate based on a
differential between the first pressure and the second
pressure; in a second mode of operation, determining
the flow rate based on a  30 measured pressure at a
particular pressure sensor; and switching between the
first mode of operation and the second mode of
operation according to a predefined parameter. 41  45.
The method of claim 44, wherein determining the flow
rate based on  the measured pressure at a particular
pressure sensor comprises determining  the flow rate
based on the measured pressure at a upstream pressure
sensor. 5 46. The method of claim 44, wherein
determining the flow rate based on  the measured
pressure at a particular pressure sensor comprises
determining  the flow rate based on the measured
pressure at a downstream pressure  sensor. 10 47. The
method of claim 44, wherein the predefined parameter
comprises  a pressure differential threshold. 48. The
method of claim 47, further comprising: determining
the differential between the first pressure and the
second  15 pressure; comparing the differential to the
pressure differential threshold; and  operating
according to the first mode of operation if the
differential  



between the first pressure and the second pressure is
greater than the  pressure differential threshold. 20
49. The method of claim 47, further comprising:
determining the differential between the first
pressure and the second  pressure; comparing the
differential to the pressure differential threshold;
and  25 operating according to the second mode of
operation if the differential  between the first
pressure and the second pressure is less than the
pressure  differential threshold. 50. A flow control
device comprising:  30 an inlet; an outlet in fluid
communication with the inlet; a pressure loss element
between the inlet and outlet in fluid  communication
with the inlet and outlet; 42  an upstream sensor
located upstream from the pressure loss element
configured to measure a first pressure of a fluid
flowing through the flow  control device; a downstream
sensor located downstream from the pressure loss 5
element, configured to measure a second pressure of
the fluid flowing through  the flow control device; a
valve to control the flow of fluid through the flow
control device; and  a controller coupled to the first
pressure sensor, the second pressure  sensor, and the
valve the controller configured to: 10 receive an
upstream pressure from the upstream sensor; receive a
downstream pressure measurement from the downstream
sensor; monitor the valve fora valve position;
determine a differential between the measured
pressures; and 15 determine a control resolution based
on the differential between the  measured pressures,
the valve position and a valve resolution. 51. The
flow control device of claim 50, wherein the
controller is further  



configured to: 20 determine if the control resolution
is acceptable; if the control resolution is not
acceptable, generate a signal to cause  the valve to
change the valve position to a new valve position that
will create a  larger differential; receive a new
upstream pressure;  25 receive a new downstream
pressure; determine the larger differential based on
the new upstream pressure  and the new downstream
pressure; and determine a new control resolution based
on the larger differential, the  new valve position
and the valve resolution. 30 52. The flow control
device of claim 51, wherein the controller is
configured  to: determine if the control resolution is
acceptable; 43  if the control resolution is
acceptable, select the differential as a  differential
pressure threshold; and switch between a first mode of
operation and a second mode of  operation based on
comparisons subsequent differentials to the
differential  5 pressure threshold. 53. A method for a
flow control device comprising: receiving an upstream
pressure from an upstream sensor located  upstream of
a pressure loss element; 10 receiving a downstream
pressure measurement from a downstream  sensor
downstream of the pressure loss element; monitoring a
valve for a valve position; determining a differential
between the measured pressures; and  determining a
control resolution based on the differential between
the  15 measured pressures, the valve position and a
valve resolution. 54. The method of claim 53, further
comprising:  determining if the control resolution is
acceptable; if the control resolution is not
acceptable, generating a signal to cause  



20 the valve to change the valve position to a new
valve position that will create a  larger
differential; receiving a new upstream pressure;
receiving a new downstream pressure; determining the
larger differential based on the new upstream pressure
25 and the new downstream pressure; and determining a
new control resolution based on the larger
differential,  the new valve position and the valve
resolution. 55. The method of claim 53, further
comprising: 30 determining if the control resolution
is acceptable; if the control resolution is
acceptable, selecting the differential as a
differential pressure threshold. 


