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SYSTEM FOR AND METHOD OF MONITORING FLOW THROUGH
MASS FLOW CONTROLLERS IN REAL TIME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. §
119 from United States Application Number 13/354,988, filed January 20, 2012

which is incorporated herein by reference in its entirety.
BACKGROUND
FIELD

[0001] This disclosure relates generally to mass flow controllers (MFCs), and
more particularly to a system for and method of monitoring flow through MFCs in
real time. As used herein the term “gas” includes the term “vapor(s)” should the two

terms be considered different.
OVERVIEW

[0002] Mass flow controllers (MFCs) are devices for measuring and controlling
the flow of gases. They are usually used to control the flow of gases during a
semiconductor manufacturing process wherein the flow of gases into a semiconductor
tool, such as a vacuum chamber, must be carefully controlled in order to produce high
yield semiconductor products. MFCs are usually designed and calibrated to control
specific types of gas at particular ranges of flow rates. The devices control the rate of
flow based on a given setpoint, usually predetermined by the user or an external
device such as the semiconductor tool itself. MFCs can be either analog or digital.
They are typically designed to be used with pressure ranges of the inlet gases, with
low pressure and high pressure MFCs being available. All MFCs have an inlet port,
and outlet ports, a mass flow meter including a mass flow sensor and a proportional
control valve. A system controller is used as a part of a feedback control system that
provides a control signal to the control valve as a function of a comparison of the flow

rate as determined by the setpoint with the measured flow rate as sensed by the mass
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flow sensor. The feedback control system thus operates the valve so that the

measured flow is maintained at the flow rate as determined by the setpoint.

[0003] Such control systems assume that the MFC remains in calibration within
certain tolerances. In order test whether an MFC is within the tolerances of
calibration, the MFC is typically tested off line with such devices as mass flow
verifiers. The latter are used to test the flow rates. While off line testing is very
accurate, there is always a problem that a MFC can become out of calibration during
the running of a process (in real time), and not be detected until the process is
completed. Often this can result in lower yields of semiconductor product, and even a
complete failure resulting in the loss of the entire product yield. This can be
expensive, and is clearly undesirable. What is needed is a device and method for
continually testing the calibration settings of a MFC in real time while processes are

being run.

DESCRIPTION OF RELATED ART

[0004] Reference is made to Japanese Published Application 2004-
246826A2004.9.2

SUMMARY

[0005] A mass flow controller comprises:

a first flow meter constructed and arranged to measured flow rate of mass
through the mass flow controller;

a second flow meter constructed and arranged to measure flow rate of
mass through the mass flow controller;

a control valve constructed and arranged so as to control the flow rate of
mass through the mass flow controller in response to a control signal generated as a
function of the flow rate as measured by one of the flow meters; and

a system controller constructed and arranged to generate the control signal,

and to provide an indication when a difference between the flow rate of mass as

-0



WO 2013/109443 PCT/US2013/020790

measured by the first flow meter and the flow rate of mass as measured by the second

flow meter exceeds a threshold.

[{0006] These, as well as other components, steps, features, objects, benefits, and
advantages, will now become clear from a review of the following detailed

description of illustrative embodiments and the accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

[0007] The drawings disclose illustrative embodiments. They do not set forth all
embodiments. Other embodiments may be used in addition or instead. Details which
may be apparent or unnecessary may be omitted to save space or for more effective
illustration. Conversely, some embodiments may be practiced without all of the
details which are disclosed. When the same numeral appears in different drawings, it

refers to the same or like components or steps.

[0008] Fig. 11is a simplified block diagram of a MFC constructed and arranged to

control flow through the MFC and monitor the accuracy of the MFC in real time;

[0009] Fig. 2 is a block diagram of an embodiment of a MFC employing the

teachings described here; and

[0010] Fig. 3 is a block diagram of components for generating a signal indicating
when an MFC, such as the ones described in connection with Figs. 1 and 2 are out of

calibration tolerances.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0011] Ilustrative embodiments are now discussed. Other embodiments may be
used in addition or instead. Details which may be apparent or unnecessary may be
omitted to save space or for a more effective presentation. Conversely, some

embodiments may be practiced without all of the details which are disclosed.

[0012] Referring to Fig. 1, the illustrated, exemplary mass tflow controller 10 is
constructed and arranged to control flow through the MEFC and monitor the accuracy
of the MFC in real time. As shown the controller 10 includes two flow meters 12 and
14, each independently generating a signal representing the measured rate of flow of
gas through the MFC. The output of the two flow meters are provided to the system
controller 16. The controller 16 processes the two signals received from the two flow
meters 12 and 14 and provides a control signal to the proportional control valve 18
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based on the flow measured by one of the flow meters and a set point, and an
indication (“alarm™) signal when a determination is made that the difference in the

flow rates as measured by the two meters exceeds a predetermined threshold.

[0013] A more detailed exemplary embodiment of a MFC, indicated generally at
20, is shown in Fig. 2. The MFC 20 is constructed and arranged so as to control flow
through the MFC and monitor the accuracy of the MFC in real time. As shown gas is
received at the input port 32 of block 28 including a conduit defining the main flow
path 34 through the MFC to the outlet port 60. The first flow meter 30 is shown as a
thermal mass flow meter. Thermal mass flow meters typically include a thermal mass
flow sensor 36. The latter usually includes a bypass element 38 disposed in the
bypass of the main flow path 34 of the gas flow through the block 28. A U-shaped
capillary tube 40 has opposite ends respectively connected to the primary pathway at
the upstream and downstream ends of the bypass element 38. One or more resistance
elements 42 (two being the most common) are used to measure flow through the
capillary tube based on temperature measurements as a function, in the example, of
the difference in resistances of the two resistance elements, which in turn is a function
of the difference in the sense temperatures of the fluid, a measure of the mass flow
rate. The bypass element 38 is designed to ensure that gaé flow through the bypass
element 38 between the two ends of the capillary tube 40 is laminar. By maintaining
laminar flow, the measured flow rate of gas through the capillary tube will be an
accurate percentage of the flow through the main flow path 34. Thus, the sensed flow
rate through the capillary tube 40 will be an accurate measure of the flow rate though
the MFC 20 and exiting outlet port 60. Data representing the sensed flow rate is

communicated to the system controller 16.

[0014] The second flow meter 50 is shown as a differential pressure flow meter.
For choked flow conditions, the flow meter 50 includes a tlow restrictor 52 (for
example, a critical flow nozzle or orifice), and a temperature sensor 54 and an
upstream pressure sensor 56 arranged to measure the respective temperature and
pressure of the gas flowing through the main flow path 34 upstream from the tlow
restrictor 52. Data representing the sensed temperature and pressure is transmitted to

the system controller for use in determining mass flow through the second flow meter
-5
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50 as function of these sensed measurements. For non-choked flow conditions, a
second or downstream pressure sensor 58 is provided on the downstream side of the
flow restrictor 52. Data representing the sensed temperature, upstream pressure and
downstream pressure is transmitted to the system controller 16 for determining mass
flow through the second meter 50 as a function of the sensed measurements. The
second measurement provided by the second flow meter 50 (in both the choked and
non-choked embodiments) is independent of the measurement provided by the first

flow meter 30.

[0015] Referring to Fig. 3, the system controller 16 processes the outputs of the
flow meters 70 and 72 so as to provide two flow measurements ot the same flow
through the MFC. As shown flow meter 70 is provided to a flow control unit 74,
which in turn applies a control signal to the proportional control valve 18. A
comparator 76 is provided to compare the data representing the sensed flow
measurements provided by the two meters 70 and 72 to provide an output signal as a
function of and representing any difference between the two measurements. This
output signal is compared to some threshold value (provided by threshold setting 80)
by a threshold detector 78. Should the output signal of comparator 76 exceed the
threshold value (wherein the two meters provide different flow measurements such
that the difference between the two exceed a predetermined threshold), the threshold
detector provides an alarm or indicating signal to alert the user that at least one of the
meters is inaccurate, and that the MFC should Ee taken off line and further tested. It
should be noted that the value of the threshold setting at 80 can be provided in anyone
of a number of ways including setting the value during the initial factory setup of the
MFC, or user programmed. The threshold value can be set as a function of
permissible tolerances in mass flow for the particular process with which the
controller is used to deliver gas. Thus, some processes may permit greater tolerances

in flow than others.

[0016] While the first and second flow meters have been respectively described as
a thermal mass flow meter and a differential pressure flow meter in Fig. 2, they can be
other types of flow meters as well, such as coriolis flow meter, magnetic flow meter

or ultrasonic flow meter, depending on the application for which the MFC 20 is
-6-
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intended. Although it is preferred that the type of the first flow meter is different from
that of the second flow meter, the two flow meters can be same type. For example,
both flow meters can be either thermal mass flow meters or differential pressure flow
meters. Further, although the first flow meter 30 is located upstream to the control
valve 18 and the second flow meter is located downstream to the control valve 18, the
locations of these two flow meters can be anywhere along the main flow path 34 of
the MFC. For example, both flow meters can be upstream or downstream to the

control valve 18.

[0017] As shown in Fig. 3, while the measurement from the first flow meter 70 is
used in the flow control unit 74 to control the MFC flow output and the measurement
from the second flow meter 72 is used to verify the accuracy of the MFC in real time,
the measurement from the second flow meter 72 can be used in the flow control unit

74 to control the flow output of the MFC 20 and the measurement from the first flow

meter 70 be used for flow verification.

[0018] The components, steps, features, objects, benefits and advantages which
have been discussed are merely illustrative. None of them, nor the discussions relating
to them, are intended to limit the scope of protection in any way. Numerous other
embodiments are also contemplated. These include embodiments which have fewer,
additional, and/or different components, steps, features, objects, benefits and
advantages. These also include embodiments in which the components and/or steps

are arranged and/or ordered differently.

[0019] Unless otherwise stated, all measurements, values, ratings, positions,
magnitudes, sizes, and other specifications which are set forth in this specification,
including in the claims which follow, are approximate, not exact. They are intended to
have a reasonable range which is consistent with the functions to which they relate

and with what is customary in the art to which they pertain.

[0020] All articles, patents, patent applications, and other publications which have

been cited in this disclosure are hereby incorporated herein by reference.
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[0021] The phrase “means for” when used in a claim is intended to and should be
interpreted to embrace the corresponding structures and materials which have been
described and their equivalents. Similarly, the phrase “step for” when used in a claim
is intended to and should be interpreted to embrace the corresponding acts which have
been described and their equivalents. The absence of these phrases in a claim mean
that the claim is not intended to and should not be interpreted to be limited to any of

the corresponding structures, materials, or acts or to their equivalents.

[0022] Nothing which has been stated or illustrated is intended or should be
interpreted to cause a dedication of any component, step, feature, object, benefit,

advantage, or equivalent to the public, regardless of whether it is recited in the claims.

{0023] The scope of protection is limited solely by the claims which now follow.
That scope is intended and should be interpreted to be as broad as is consistent with
the ordinary meaning of the language which is used in the claims when interpreted in
light of this specification and the prosecution history which follows and to encompass

all structural and functional equivalents.
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What is claimed is:

1. A mass flow controller comprising:

a first flow meter constructed and arranged to measured flow rate of mass
through the mass flow controller;

a second flow meter constructed and arranged to measure flow rate of mass
through the mass flow controller;

a control valve constructed and arranged so as to control the flow rate of mass
through the mass flow controller in response to a control signal generated as a
function of the flow rate as measured by one of the flow meters; and

a system controller constructed and arranged to generate the control signal,
and to provide an indication when a difference between the flow rate of mass as
measured by the first flow meter and the flow rate of mass as measured by the second

flow meter exceeds a threshold.

2. A mass flow controller according to claim 1, wherein the first and second

flow meters are of the same type.

3. A mass flow controller according to claim 1, wherein the first and second

flow meters are of different types.

4. A mass flow controller according to claim 1, wherein at least one of the

flow meters is differential pressure flow meter.

5. A mass flow controller according to claim 1, wherein at least one of the

flow meters is thermal mass flow meter.

6. A mass flow controller according to claim 5, wherein the other of the flow

meters is differential pressure flow meter.

7. A mass flow controller according to claim 1, wherein at least one of the

flow meters is a coriolis flow meter.

8. A mass flow controller according to claim 1, wherein at least one of the

flow meters is a magnetic flow meter.
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9. A mass flow controller according to claim 1, wherein at least one of the

flow meters is an ultrasonic flow meter.

10. A mass flow controller according to claim 1, wherein the first and second

tlow meters are respectively upstream and downstream of the control valve.

11. A mass flow controller according to claim 1, wherein the first and second

flow meters are both positioned upstream of the control valve.

12. A mass flow controller according to claim 1, wherein the first and second

flow meters are both positioned downstream of the control valve.

13. A mass flow controller according to claiml, wherein the control signal is

generated as a function of the flow rate as measured by a thermal mass flow meter.

14. A mass flow controller according to claim 13, wherein the other flow

meter is differential pressure flow meter.

15. A mass flow controller according to claiml, wherein the control signal is
generated as a function of the flow rate as measured by a differential pressure flow

meter.

16. A mass flow controller according to claim 15, wherein the other flow

meter is thermal mass flow meter.

17. A mass flow controller according to claim 1, wherein the threshold is user

set.

18. A mass flow controller according to claim 1, wherein the threshold is

factory set.

19. A mass flow controller according to claim 1, wherein the threshold is set
as a function of permissible tolerance in mass flow for the process with which the

controller is used to deliver gas.
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