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(57) Abstract: An electronic device manufacturing system includes a
mass flow controller (MFC) that has a thermal flow sensor. The thermal
flow sensor may measure a mass flow rate and may include a sensor tube
having an inner surface coated with a material to form an inner barrier
layer. The inner barrier layer may prevent or substantially reduce the
likelihood of a corrosive reaction from occurring on the inner surface,
which may prevent or reduce the likelihood of the MFC drifting beyond
the MFC's mass flow rate accuracy specifications. This may improve
the repeatability of tlow detection by the MFC. Methods of measuring
and controlling a mass flow rate in an electronic device manufacturing
system are also provided, as are other aspects.
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METHODS AND APPARATUS FOR ENHANCED FLOW DETECTION
REPEATABILITY OF THERMAL-BASED MASS FLOW CONTROLLERS (MFCS)

RELATED APPLICATION

[001] This claims priority from U.S. Non-Provisional
Patent Application No. 15/396,619, filed December 31, 2016,
entitled “METHODS AND APPARATUS FOR ENHANCED FLOW DETECTION
REPEATABILITY OF THERMAL-BASED MASS FLOW CONTROLLERS (MFECS)”
(Attorney Docket No. 24591/USA), which is hereby incorporated

herein by reference in its entirety for all purposes.

FIELD

[002] This disclosure relates to electronic device
manufacturing and, more particularly, to mass flow controllers

used therein.

BACKGROUND
[003] Electronic device manufacturing systems may include
one or more mass flow controllers (MFCs). MFCs measure and

control the mass flow rates of process gases used in the
manufacture of electronic devices. Process gases may include,
e.g., cleaning, deposition, and etchant gases, as well as
others, that may be delivered to one or more process chambers
in which electronic circuits may be fabricated on
semiconductor wafers, glass plates, or like substrates. In
some electronic device manufacturing systems, process gases
may need to be delivered precisely with mass flow rate
accuracies as high as, e.g., +/- 1% in order to produce
electronic devices having, e.g., microscopically small
dimensions. While some mass flow controllers (MFCs) may be
able to initially provide such high mass flow rate accuracies,

as well as other accuracy tolerances, over time some MFCs may
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experience a “drift” or shift in their specified mass flow
rate accuracies that may exceed their specified tolerances.
This may adversely affect the production of the electronic
devices being manufactured. Accordingly, improved MFCs are

desired.
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SUMMARY
[004] According to a first aspect, a mass flow controller
is provided. The mass flow controller comprises an inlet

port, an outlet port, a thermal flow sensor, a flow rate
control valve, and a controller. The thermal flow sensor is
configured to measure a mass flow rate of a gas flowing
through the mass flow controller. The thermal flow sensor has
a sensor tube, and the sensor tube has an input coupled to the
inlet port. The sensor tube also has an output, an inner
surface, and an outer surface. The inner surface is coated
with a material to form an inner barrier layer. The flow rate
control wvalve 1s coupled between the output of the sensor tube
and the outlet port. The flow rate control wvalve is
configured to increase or decrease the mass flow rate of the
gas flowing through the mass flow controller. The controller
is configured to receive sensor information from the thermal

flow sensor and to operate the flow rate control valve.

[005] According to a second aspect, an electronic device
manufacturing system is provided. The electronic device
manufacturing system comprises a process chamber, a gas
delivery system, and a system controller. The process chamber
has a substrate support, and the gas delivery system includes
a gas supply and a mass flow controller. The mass flow
controller includes a thermal flow sensor having a sensor
tube. The sensor tube has an input, an output, an inner
surface, and an outer surface. The inner surface is coated
with a material to form an inner barrier layer. The system
controller is configured to operate the process chamber and

the gas delivery system.

[006] According to a third aspect, a method of measuring
and controlling a mass flow rate in an electronic device

manufacturing system is provided. The method comprises
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providing a mass flow controller comprising a thermal flow
sensor having a sensor tube. The sensor tube has an input, an
output, an inner surface, and an outer surface. The inner
surface 1s coated with a material to form an inner barrier
layer. The method also comprises measuring a mass flow rate
via the thermal flow sensor, and adjusting the mass flow rate

as needed via the mass flow controller in response to the

measuring.

[007] Still other aspects, features, and advantages in
accordance with these and other embodiments of the disclosure
may be readily apparent from the following detailed
description, the appended claims, and the accompanying
drawings. Accordingly, the drawings and descriptions herein
are to be regarded as illustrative in nature, and not as

restrictive.
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BRIEF DESCRIPTION OF DRAWINGS

[008] The drawings, described below, are for illustrative
purposes only and are not necessarily drawn to scale. The
drawings are not intended to limit the scope of the disclosure

in any way.

[009] FIG. 1 illustrates an electronic device
manufacturing system according to embodiments of the

disclosure.

[0010] FIG. 2 illustrates a mass flow controller of an
electronic device manufacturing system according to

embodiments of the disclosure.

[0011] FIG. 3A illustrates a thermal flow sensor of a mass

flow controller according to embodiments of the disclosure.

[0012] FIG. 3B illustrates a cross—-sectional view of a
sensor tube of the thermal flow sensor taken along section
line 3B-3B of FIG. 3A according to embodiments of the

disclosure.

[0013] FIG. 4 illustrates a method of measuring and
controlling a mass flow rate in an electronic device
manufacturing system according to embodiments of the

disclosure.
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DETAILED DESCRIPTION

[0014] Reference will now be made in detail to example
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the

same or like parts.

[0015] Electronic device manufacturing may involve precise
control and delivery of process gases to process chambers in
the production of electronic devices. Mass flow controllers
(MFCs) are used 1in gas delivery systems of electronic device
manufacturing systems to measure and control a mass flow rate
of a process gas flowing there through. However, some MFCs,
particularly thermal-based MFCs that have been used with
corrosive process gases, may over time no longer accurately
measure and control the mass flow rate of process gases
flowing there through. That is, such MFCs may experience a
drift or shifting of a mass flow rate beyond a specified
accuracy of the MFC, which may adversely affect the production

yvield of the electronic devices being manufactured.

[0016] In one aspect, electronic device manufacturing
systems include improved MFCs in accordance with one or more
embodiments of the disclosure. The improved MFCs may include
a thermal flow sensor having a sensor tube at which a mass
flow rate of a process gas flowing there through may be
measured. Based on the measured mass flow rate and the
“setpoint” of the MFC (i.e., the desired mass flow rate), the
MFC may operate a flow rate control valve of the MFC as needed
to increase or decrease the mass flow rate of the gas flowing
through the MFC in order to maintain the setpoint within a
predetermined accuracy. The sensor tube may have an inner
surface coated with a material to form an inner barrier layer.

The inner barrier layer may prevent or substantially delay
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corrosive process gases flowing there through from adversely
affecting the accuracy of the mass flow rate measurements and
subsequent flow rate control valve operations performed by the

MEC.

[0017] Further details of example embodiments illustrating
and describing the improved MFCs, as well as other aspects
including methods of measuring and controlling a mass flow
rate in an electronic device manufacturing system, will be
explained in greater detail below in connection with FIGS. 1-

4.

[0018] FIG. 1 illustrates an electronic device
manufacturing system 100 in accordance with one or more
embodiments. Electronic device manufacturing system 100 may
include a gas delivery system 102, a process chamber 104, and
a system controller 106. Gas delivery system 102 may supply
one or more process gases at one or more desired mass flow
rates to process chamber 104. Gas delivery system 102 may
include a first gas supply 108a coupled to process chamber 104
via a first MFC 110a and a second gas supply 108b coupled to
process chamber 104 via a second MFC 110b. In other
embodiments, additional or fewer gas supplies and MFCs may be
provided for delivering additional or fewer gases to process

chamber 104.

[0019] MFCs 110a and 110b may each be used to measure and
control the flow of gas there through from their respective
gas supply 108a and 108b into process chamber 104. That is,
MFCs 110a and 110b may each measure a mass flow rate of a gas
flowing there through and then adjust, if or as necessary, a
flow rate control valve in accordance with a setpoint of the
respective MFC. The setpoint may be established by a user
and/or system controller 106. MFCs 110a and 110b may each be
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configured to maintain their rated accuracies as described

below in connection with FIGS. 2-4.

[0020] Process chamber 104 may be any suitable process
chamber for performing one or more processes, such as, e.g.,
physical vapor deposition (PVD), chemical vapor deposition
(CVD), etching, annealing, pre-cleaning, metal or metal oxide
removal, or the like, on one or more substrates. Other
processes may be carried out on substrates therein. In some
embodiments, process chamber 104 may include a showerhead 112
for delivering one or more process gases into process chamber
104 in a predefined pattern, which may depend on the
configuration of showerhead 112 (e.g., the number, size,
and/or arrangement of gas delivery openings in showerhead
112)y. 1In other embodiments, one or more types of nozzles
and/or fixtures may alternatively or additionally be used in

process chamber 104 to deliver one or more process gases.

[0021] Process chamber 104 may also include a substrate
support 114 configured to hold a substrate 116 thereon during
processing of substrate 116 in process chamber 104. Substrate
116 may be, e.g., a semiconductor wafer, a glass plate, or
other suitable type of substrate for fabricating wvarious
electrical or other types of devices thereon. Substrate
support 114 may include one or more mechanisms for positioning
and/or holding substrate 116 in place, such as, e.g., an
electrostatic chuck or guide pins. In some embodiments,
substrate support 114 may also include suitable equipment for
raising and lowering substrate 116, providing and/or removing

heat from substrate 116, and/or providing an electrical bias.

[0022] System controller 106 may be any suitable computer
processor coupled to and/or configured to control one or more
components of electronic device manufacturing system 100

either individually or in unison for performing a process
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within process chamber 104. System controller 106 may include
a central processing unit, microcontroller, or other suitable
computer processing device; a memory; and support circuits.
System controller 106 may be configured to execute programming
instructions related to the operation of process chamber 104
and/or to provide instructions to other controllers of
electronic device manufacturing system 100, such as, e.g.,

providing a setpoint to MFC 110a and/or 110b.

[0023] FIG. 2 illustrates an MFC 210 in accordance with one
or more embodiments. MFC 210 may be used in electronic device
manufacturing system 100 and, in some embodiments, may be
identical or similar to MFC 110a and/or 110b. MFC 210 may
operate within a specific pressure range, wherein pressures
below that range may starve MFC 210 of gas, causing it to fail
to achieve its setpoint, while pressures above that range may
cause erratic mass flow rates. For example, 1in some
embodiments, MFC 210 may operate within a pressure range of
about 7 psia to 50 psia (pounds per square inch absolute).

MFC 210 may operate within other suitable pressure ranges.

[0024] MFC 210 may include a controller 218, a thermal flow
sensor 220, a flow rate control valve 222, an inlet port 224,
an outlet port 226, and a flow path 228 coupled to and between
inlet port 224 and outlet port 226. Flow path 228 may divide
into a sensor flow path 230 and a bypass flow path 232.
Thermal flow sensor 220 may measure a mass flow rate of a gas
flowing there through received via sensor flow path 230, as
described in more detail below in connection with FIG. 3A.
Bypass flow path 232 may be coupled between inlet port 224 and
flow rate control valve 222 and may be, for example, coupled
parallel to thermal flow sensor 220. Bypass flow path 232 may
establish a laminar flow of gas upstream and downstream of

thermal flow sensor 220. Bypass flow path 232 may also set
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the flow range by diverting a portion of the total flow via
thermal flow sensor 220. Bypass flow path 232 may further
maintain a constant ratio of flow between the thermal flow
sensor 220 and the total flow (independent of gas temperature
and pressure). Suitable bypass geometries (not shown), such
as, e.g., flat disks, annular slugs, and tube bundles, may be
used. Sensor flow path 230 and bypass flow path 232 may

rejoin at the input to flow rate control valve 222.

[0025] Flow rate control valve 222 may receive signals from
controller 218 to regulate gas flow in response to input
signals received by controller 218 from thermal flow sensor
220. Flow rate control valve 222 may be configured to
increase or decrease the mass flow rate of a gas flowing

through MFC 210 from, in some embodiments, a fully closed

position (i.e., a 0% setpoint - no gas flow) to a fully open
position (i.e., a 100% setpoint - full flow). Flow rate

control valve 222 may, in some embodiments, have a ball-seat
combination, wherein the moving part of the valve may be
connected to the ball for closing against the seat. In some
embodiments, flow rate control valve 222 may be a thermal,
proportional solenoid, or piezo-—-actuator type valve. Other

suitable flow rate control valves may be used.

[0026] Controller 218 may be configured to receive sensor
information from thermal flow sensor 220 and to operate flow
rate control valve 222. Controller 218 may also be configured
to perform other functions and/or to communicate with other
devices and/or controllers of an electronic device
manufacturing system. Controller 218 may include several
electronic components, such as, e.g., a microcontroller or
other suitable computer processing device, one or more A/D
converters, a valve drive, and other conditioning components

that may be, e.g., mounted on a printed circuit board. For
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setting a desired mass flow rate, controller 218 may receive a
setpoint command from a user and/or a system controller, such
as, e.g., system controller 106 of electronic device
manufacturing system 100. In some embodiments, the setpoint
command may be a 0-5VDC or 0-20mA electrical signal
representing a 0% to 100% mass flow rate. In some
embodiments, MFC 210 may operate in less than full range, such
as, e.g., from about 10% to 90% of full range. Other setpoint
command values and/or operational ranges are possible.
Controller 218 may also receive sensor information (e.g., mass
flow rate measurements) from thermal flow sensor 220 and, in
response, provide a control voltage to flow rate control valve
222 to increase or decrease the mass flow rate through MFC 210
to achieve the setpoint indicated by the setpoint command.

For example, 1f a mass flow rate measurement received from
thermal flow sensor 220 is lower than the setpoint, controller
218 may adjust flow rate control valve 222 to increase the
mass flow rate through MFC 210 until the mass flow rate
achieves the setpoint (or is within an acceptable range of the

Q.

setpoint, such as, e.g., +/- 1%).

[0027] FIG. 3A illustrates a thermal flow sensor 320 in
accordance with one or more embodiments. In some embodiments,
thermal flow sensor 320 may be identical or similar to thermal
flow sensor 220 and/or may be used in MFC 210 (FIG. 2) and/or
MFCs 110a and/or 110b (FIG. 1). Thermal flow sensor 320 may
include circuitry 334, temperature-sensing/heater coils 336a
and 336b, and a sensor tube 340. Sensor tube 340 may have an
input 342 coupled to an inlet port, such as, e.g., inlet port
224 via sensor flow path 230 of FIG. 2. Sensor tube 340 may
also have an output 344 coupled to the input of a flow rate
control wvalve, such as, e.g., flow rate control valve 222 of
FIG. 2. In some embodiments, sensor tube 340 may be made of

or include stainless steel or Hastelloy® (Nickel-Chrome-

- 11 -
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Molybdenum alloy), and more particularly in some embodiments,
stainless steel 316L or Hastelloy® C-22 or another Ni-Cr-Mo
steel alloy. In some embodiments, sensor tube 340 may be
subjected to an annealing process at above about 1,000 degrees
C under a wvacuum condition. Sensor tube 340 may, 1in some
embodiments, have an inside diameter D as shown in FIG. 3B of
about 1.3 mm to 1.7 mm. Other suitable inside diameters of

sensor tube 340 are possible.

[0028] In some embodiments, temperature-sensing/heater
coils 336a and 336b may have a dual role as a heater and a
resistance-temperature detector. Mass flow rate is measured
by thermal flow sensor 320 based on the heat conductivity of
gases flowing there through. As a gas enters thermal flow
sensor 320 through input 342 of sensor tube 340, temperature-
sensing/heater coils 336a and 336b may warm the gas. Other
embodiments may have alternative and/or additional heaters.
Mass flow rate may be determined as a proportional change in
temperature and may be converted by circuitry 334 into an
electrical signal transmitted to an MFC controller, such as,
e.g., controller 218 of FIG. 2. More particularly,
temperature—-sensing/heater coils 336a and 336b may be wound
around sensor tube 340 as shown in FIG. 3A. Resistance of
temperature—-sensing/heater coils 336a and 336b and their
accuracy at a given temperature may be known. Temperature-
sensing/heater coils 336a and 336b may be connected to a
bridge circuit of circuitry 334 and may be supplied with a
regulated current from circuitry 334. Coil temperature in
some embodiments may be about 70 degrees C above ambient
temperature. As gas flows through sensor tube 340, heat
introduced by temperature-sensing/heater coils 336a and 336b
may be carried downstream. This gas flow may cause upstream
temperature—-sensing/heater coil 336a to detect a cooler

temperature than downstream temperature-sensing/heater coil

- 12 -
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336b. The temperature difference may be directly proportional
to the mass flow rate of the gas flowing through sensor tube
340. Circuitry 334 may determine the mass flow rate based on
the sensed coil temperatures and may output an electrical
signal representative of that determined mass flow rate. The
output of thermal flow sensor 320 may therefore be a function
of mass flow rate and may vary significantly for different

gases.

[0029] In conventional MFCs where a corrosive gas, such as,
e.g., chlorine (Cl:) or hydrogen bromine (HBr) flows through a
sensor tube of the MFC, a corrosive reaction with the sensor
tube material may occur at heated areas where moisture is
present. The heated areas may have an elevated temperature
of, e.g., 100 degrees C or higher, and may be located at or
near a heater such as temperature-sensing/heater coils 336a
and 336b. Such corrosive reactions may change the heat
conductance property of the sensor tube, which may cause
inaccurate mass flow rates to be measured and responded to via
inaccurate or unnecessary adjustment of a flow rate control

valve.

[0030] To prevent or reduce the likelihood of such
corrosive reactions, sensor tube 340 may be coated with a
material to form a barrier layer. As shown in FIG. 3B, sensor
tube 340 has an inner surface 346 and an outer surface 348.
Inner surface 346 may be coated with a material 350 to form an
inner barrier layer 352. In some embodiments, outer surface
348 may also be coated with material 350 to form an outer
barrier layer 354. Material 350 may be applied via atomic
layer deposition (ALD). Other suitable methods of applying
material 350 to inner surface 346 and/or outer surface 348 may
alternatively be used. In some embodiments, material 350 may

be made of, or include, aluminum oxide (Al.03) or tantalum
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pentoxide (Ta:0s). Inner barrier layer 352 may be formed in a
single layer and/or may have a thickness of about 50 nm to 150
nm. Outer barrier layer 354 also may be formed in a single
layer and/or may have a thickness of about 50 nm to 150 nm.
Inner barrier layer 352 and/or outer barrier layer 354 may
have other suitable thicknesses, and/or in some embodiments,
may be formed from multiple material types. In some
embodiments, inner barrier layer 352 and outer barrier layer
354 may be formed from different materials. Inner barrier
layer 352 and/or outer barrier layer 354 may prevent or
substantially reduce the likelihood of a corrosive reaction
from occurring on inner surface 346 and/or outer surface 348,
respectively, which may prevent or reduce the likelihood of an
MFC, such as MFC 210 (FIG. 2), drifting beyond the MFC’s mass
flow rate accuracy specifications. This may improve the

repeatability of flow detection by the MFC.

[0031] FIG. 4 illustrates a method 400 of measuring and
controlling a mass flow rate in an electronic device
manufacturing system in accordance with one or more
embodiments. At process block 402, method 400 may include
providing an MFC comprising a thermal flow sensor having a
sensor tube, the sensor tube having an input, an output, an
inner surface, and an outer surface, the inner surface coated
with a material to form an inner barrier layer. For example,
the MFC may be MFC 110a, 110b (FIG. 1), or 210 (FIG. 2) and
may include thermal flow sensor 320 (FIG. 3A) having sensor
tube 340, wherein sensor tube 340 may have inner surface 346

coated with material 350 to form inner barrier layer 352 (FIG.

3B).
[0032] At process block 404, a mass flow rate may be
measured via the thermal flow sensor. For example, a mass

flow rate of a gas flowing through MFC 210 (FIG. 2) may be
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measured by thermal flow sensor 220 (FIG. 2) or thermal flow
sensor 320 (FIG. 3A).

[0033] And at process block 406, method 400 may include
adjusting the mass flow rate as needed via the mass flow
controller in response to the measuring. For example, in
response to measuring a mass flow rate with thermal flow
sensor 220 (FIG. 2) or thermal flow sensor 320 (FIG. 3),
controller 218 may adjust flow rate control valve 222 as
needed to adjust the mass flow rate through MFC 210 to achieve

or come within an acceptable range of the setpoint of MFC 210.

[0034] The foregoing description discloses only example
embodiments of the disclosure. Modifications of the above-
disclosed apparatus, systems, and methods may fall within the
scope of the disclosure. Accordingly, while example
embodiments of the disclosure have been disclosed, it should
be understood that other embodiments may fall within the scope

of the disclosure, as defined by the following claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A mass flow controller comprising:

an inlet port;

an outlet port;

a thermal flow sensor configured to measure a mass flow
rate of a gas flowing through the mass flow controller, the
thermal flow sensor having a sensor tube, the sensor tube
having an input coupled to the inlet port, the sensor tube
also having an output, an inner surface, and an outer surface,
the inner surface coated with a material to form an inner
barrier layer;

a flow rate control valve coupled between the output of
the sensor tube and the outlet port, the flow rate control
valve configured to increase or decrease the mass flow rate of
the gas flowing through the mass flow controller; and

a controller configured to receive sensor information
from the thermal flow sensor and to operate the flow rate

control wvalve.

2. The mass flow controller of claim 1, wherein the outer
surface of the sensor tube is coated with the material to form

an outer barrier layer.

3. The mass flow controller of claim 1, wherein the material

comprises aluminum oxide or tantalum pentoxide.

4. The mass flow controller of claim 1, wherein the inner

barrier layer has a thickness of about 50 nm to 150 nm.

5. The mass flow controller of claim 1, wherein the sensor

tube has an inside diameter of about 1.3 mm to 1.7 mm.

_16_
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6. The mass flow controller of claim 1, wherein the sensor
tube comprises stainless steel or a Nickel-Chrome-Molybdenum

alloy.

7. The mass flow controller of claim 1, further comprising a
bypass flow path coupled between the inlet port and the flow
rate control valve, the bypass flow path coupled parallel to

the thermal flow sensor.

3. An electronic device manufacturing system, comprising:

a process chamber having a substrate support;

a gas delivery system including a gas supply and a mass
flow controller, the mass flow controller including a thermal
flow sensor having a sensor tube, the sensor tube having an
input, an output, an inner surface, and an outer surface, the
inner surface coated with a material to form an inner barrier
layer; and

a system controller configured to operate the process

chamber and the gas delivery system.

9. The electronic device manufacturing system of claim 8§,
wherein the outer surface of the sensor tube is coated with

the material to form an outer barrier layer.

10. The electronic device manufacturing system of claim 8§,
wherein the material comprises aluminum oxide or tantalum

pentoxide and is applied via atomic layer deposition.

11. The electronic device manufacturing system of c¢laim 8,
wherein the inner barrier layer comprises a single layer and

has a thickness of about 50 nm to 150 nm.
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12. A method of measuring and controlling a mass flow rate in
an electronic device manufacturing system, the method
comprising:

providing a mass flow controller comprising a thermal
flow sensor having a sensor tube, the sensor tube having an
input, an output, an inner surface, and an outer surface, the
inner surface coated with a material to form an inner barrier
layer;

measuring a mass flow rate via the thermal flow sensor;
and

adjusting the mass flow rate as needed via the mass flow

controller in response to the measuring.

13. The method of claim 12, wherein the providing comprises
applying the material to the inner surface via atomic layer

deposition.

14. The method of claim 12, wherein the providing further
comprises providing the outer surface coated with the material

to form an outer barrier layer.

15. The method of claim 12, wherein the material comprises

aluminum oxide or tantalum pentoxide.



WO 2018/125414

100
\

GAS
SUPPLY

/

102

1/4

PCT/US2017/061862

GAS
[ 08a 1085~ | SUPPLY
[1103 110b\
MFC MFC
SHOWERHEAD |~
/IN /IN /NP
116
,_LI 104
SUBSTRATE |
SUPPORT | 114

106
f

FIG. 1

CONTROLLER




WO 2018/125414

2/4

PCT/US2017/061862

CONTROLLER

P
[

FIG. 2
320\
334
CIRCUITRY L
3363 | [ “336b
f( 1 { L1 \\
L
340 3B| |3B
£114
342 344
7/ \\—

FIG. 3A



1111111111111

FFFFFF



WO 2018/125414 PCT/US2017/061862

4/4

400
\

PROVIDING A MASS FLOW CONTROLLER
COMPRISING A THERMAL FLOW SENSOR HAVING
A SENSOR TUBE, THE SENSOR TUBE HAVING \
AN INPUT, AN OUTPUT, AN INNER SURFACE, 402

AND AN OUTER SURFACE, THE INNER
SURFACE COATED WITH A MATERIALTO
FORM AN INNER BARRIER LAYER

l

MEASURING A MASS FLOW RATE \
VIA THE THERMAL FLOW SENSOR 404

l

ADJUSTING THE MASS FLOW RATE
AS NEEDED VIA THE MASS FLOW CONTROLLER | X\
IN RESPONSE TO THE MEASURING 406

FIG. 4



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/061862

A. CLASSIFICATION OF SUBJECT MATTER
GO5D 7/06(2006.01)i, GO1F 1/76(2006.01)i, GO1F 15/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO5D 7/06; GO1F 1/68; G02B 5/08; F17D 5/00; GO1F 1/76; GO1F 15/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: MFC, mass flow controller, sensor, valve, inlet, outlet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 06044701 A (DOYLE; MICHAEL J. et al.) 04 April 2000 1-15
See claims 1, 4 and column 3 lines 41-43.

Y US 05811195 A (BERCAW; CRAIG et al.) 22 September 1998 1-15
See claims 7, 9 and column 3 lines 18-20.

Y US 6216726 Bl (BROWN; TIMOTHY R. et al.) 17 April 2001 6
See column 10 line 65—column 11 line 1.

A US 2012-0197446 A1 (STEPHEN P. GLAUDEL) 02 August 2012 1-15
See claims 1-16.

A US 2015-0027558 A1 (ILLINOIS TOOL WORKS INC.) 29 January 2015 1-15
See claims 1-9.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
15 March 2018 (15.03.2018) 16 March 2018 (16.03.2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office BYUN, Sung Cheal
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8262

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/061862
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 06044701 A 04/04/2000 EP 0664879 Al 05/01/2000
EP 0664879 Bl 05/01/2000
JP 08-502582 A 19/03/1996
JP 3279567 B2 30/04/2002
KR 10-0323962 Bl 20/06/2002
US 6044701 A 04/04/2000
WO 94-09344 Al 28/04/1994
US 05811195 A 22/09/1998 EP 0702098 Al 20/03/1996
EP 0702098 B1 18/11/1998
JP 08-181048 A 12/07/1996
JP 2009-256800 A 05/11/2009
JP 5138637 B2 06/02/2013
KR 10-0259679 Bl 15/06/2000
US 5756222 A 26/05/1998
US 6216726 Bl 17/04/2001 AU 2000-20396 Al 18/12/2000
AU 2039600 A 18/12/2000
CA 2366580 Al 07/12/2000
CN 1350668 A 22/05/2002
GB 2365980 A 27/02/2002
GB 2365980 B 26/03/2003
GB 2373054 A 11/09/2002
GB 2373054 B 26/03/2003
GB 2381589 A 07/05/2003
GB 2381589 B 10/09/2003
JP 2003-501637 A 14/01/2003
KR 10-2002-0000867 A 05/01/2002
SG 102683 Al 26/03/2004
TW 468101 B 11/12/2001
US 6119710 A 19/09/2000
WO 00-73868 Al 07/12/2000
US 2012-0197446 Al 02/08/2012 None
US 2015-0027558 Al 29/01/2015 US 9810377 B2 07/11/2017
WO 2013-134136 Al 12/09/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

