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(57) ABSTRACT 

A How monitoring system (14) for and method of monitor 
ing the How of processing gases in a Wafer processing 
system (10) during the manufacturing of microelectronic 
devices. The Wafer processing system includes a Wafer 
processing chamber (12) in ?uid communication With a gas 
delivery system (18) via a common conduit (32). The gas 
delivery system includes a plurality of gas sources (22) each 
having a How regulator (24) and a How meter (26). The How 
monitoring system includes a total ?oW meter (36) in ?uid 
communication With the common conduit betWeen the gas 
delivery system and the processing chamber. When a gas is 
?owed into Wafer processing chamber from one of the gas 
sources, the comparator compares a ?rst ?oW signal from the 
total ?oW meter to a second signal from the How meter 
corresponding to the active gas source to determine Whether 
or not the corresponding ?oW regulator is properly cali 
brated. 
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SYSTEM FOR AND METHOD OF MONITORING 
THE FLOW OF SEMICONDUCTOR PROCESS 
GASES FROM A GAS DELIVERY SYSTEM 

FIELD OF INVENTION 

[0001] The present invention relates generally to the ?eld 
of manufacturing processes utilizing one or more process 
gases. More particularly, the present invention is directed to 
a system for and method of monitoring the How of process 
gases from a gas delivery system during the manufacture of 
semiconductor devices to determine if the gas delivery 
system is properly calibrated. 

BACKGROUND OF THE INVENTION 

[0002] The manufacture of microelectronic devices, such 
as semiconductor and superconductor devices, requires pre 
cise control of the amount of one or more gases used during 
processing of a Wafer upon Which the devices are formed. 
Wafer processing of this sort includes subjecting the Wafer 
to processing steps such as ?lm deposition, doping and 
etching. The concentration and/or amount of processing 
gas(es) present in a Wafer processing chamber during Wafer 
processing can affect one or more physical properties, such 
as ?lm thickness, dopant concentration and depth of etch, 
among others, of the structure of the microelectronic devices 
that have small error tolerances that must not be exceeded to 
produce devices that function properly. In addition, precise 
control of the concentration and/or amount of process 
gas(es) is necessary to ensure uniformity among devices 
produced in different processing chambers or in the same 
chamber but at different times. For at least these reasons, 
precise control of the concentration and/or amount of the 
process gas(es) Within the processing chamber during Wafer 
processing is vital to manufacture of such devices. 

[0003] The concentration of each process gas Within a 
process chamber is typically controlled by controlling the 
rate of How of the gas into the chamber using a How 
regulator, such as a mass ?oW controller (MFC). The MFC 
must be highly accurate to achieve the precise concentration 
of gas required for a particular processing step. To ensure the 
accuracy of the MFC, it must be calibrated. Whenever an 
MFC is neW or is being used in a processing system for the 
?rst time, it undergoes an initial calibration. Subsequent to 
initial calibration, the MFC is re-calibrated periodically to 
ensure it is operating Within acceptable limits. 

[0004] Re-calibration of an MFC is typically performed 
in-situ using a “rate-of-rise” test. The rate-of-rise test gen 
erally involves ?oWing a purge gas into the processing 
chamber, pumping the processing chamber to a base pres 
sure and then ?oWing a gas through the MFC for a knoWn 
period of time. Based upon the knoWn volume of the 
processing chamber, the temperature of the test gas, the 
pressure change Within the chamber and the elapsed time, an 
empirical ?oW rate through the MFC may be determined. 
The empirical ?oW rate may then be compared to the design 
How rate. Typically, if the difference betWeen the empirical 
and design How rates is greater than about 10% of the design 
How rate, the MFC is deemed defective and is removed from 
service. 

[0005] A draWback of this method is that there are a 
number of factors that can lead to a false determination that 
the How regulator is out of calibration. For eXample, the 
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processing chamber isolation valve located doWnstream of 
the processing chamber and/or the chamber itself may leak. 
In addition, the volume of the processing chamber may be 
diminished from its original volume due to polymer buildup 
or other deposition buildup on the interior of the Walls of the 
processing chamber. Another draWback of this method is 
that the processing system under re-calibration must be 
taken out of production to perform the test. 

SUMMARY OF THE INVENTION 

[0006] In one aspect, the present invention is directed to a 
?uid delivery system for supplying at least a ?rst ?uid to a 
processing chamber. The ?uid delivery system comprises a 
?rst ?oW meter located upstream of and in ?uid communi 
cation With the processing chamber. The ?rst ?oW meter is 
for generating a ?rst ?oW signal. A second ?oW meter is 
located upstream of and in ?uid communication With the 
?rst ?oW meter. The second ?oW meter is for measuring the 
How of the ?rst ?uid. The ?uid delivery system further 
comprises a comparator containing a comparend. The com 
parator is operatively coupled to the ?rst ?oW meter and is 
adapted for comparing the ?rst ?oW signal to the comparend. 

[0007] In another aspect, the present invention is directed 
to a method of monitoring ?oW Within a processing system. 
The processing system has a processing chamber, a ?rst ?oW 
meter located upstream of and in ?uid communication With 
the processing chamber. A second ?oW meter is located 
upstream of and in ?uid communication With the ?rst ?oW 
meter. The second ?oW meter is for measuring the How of a 
?uid. The method comprises the steps of sensing a ?rst ?oW 
signal at the ?rst ?oW meter and comparing the ?rst ?oW 
signal to a comparend. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] For the purpose of illustrating the invention, the 
draWing shoWs a form of the invention that is presently 
preferred. HoWever, it should be understood that the present 
invention is not limited to the precise arrangements and 
instrumentalities shoWn in the draWing. 

[0009] The FIGURE is a schematic vieW of a processing 
system according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] Referring noW to the FIGURE, Wherein like 
numerals indicate like elements, there is shoWn in accor 
dance With the present invention a processing system, Which 
is denoted generally by the numeral 10. Processing system 
10 illustrated is a Wafer processing system for manufactur 
ing semiconductor devices. HoWever, processing system 10 
may be another type of processing system, such as a Wafer 
processing system for manufacturing superconducting 
devices or a ?lm deposition system for depositing one or 
more layers of ?lm for applications other than microelec 
tronic device manufacturing, among others. 

[0011] System 10 includes a Wafer processing chamber 12 
that during a processing step contains one or more Wafers 
(not shoWn) and one or more gases for performing the 
particular processing step. One skilled in the art Will under 
stand the variety of Wafer processing steps, such as ?lm 
deposition, doping and etching, among others, performed 



US 2002/0083984 A1 

during Wafer processing and the variety of gases used 
therefor. Therefore, the details of these steps and gases are 
not included herein. System 10 includes a ?oW monitoring 
system 14 that permits monitoring of the accuracy of the 
?oW of gas(es) supplied to Wafer processing chamber 12. 
Accordingly, ?oW monitoring system 14 provides system 10 
With a number of bene?cial features, several of Which are 
described beloW. 

[0012] System 10 further includes a vacuum system 16 
and a gas, or ?uid, delivery system 18. Vacuum system 16 
is in ?uid communication With Wafer processing chamber 12 
via conduit 20 and is generally provided for maintaining 
Wafer processing chamber 12 at a particular vacuum and to 
eXhaust the gases from the processing chamber. Vacuum 
system 16 may be any type of vacuum system knoWn in the 
art. 

[0013] Fluid delivery system 18 comprises a plurality of 
gas, or ?uid, sources 22 for providing the one or more 
processing gases to Wafer processing chamber 12. Although 
three gas sources 22 are shoWn in the FIGURE, more or 
feWer gas sources may be provided depending upon the 
particular application. The ?oW of gas from each gas source 
22 is controlled by a corresponding ?oW regulator 24, Which 
may be a mass ?oW controller or other ?oW regulating 
device. In a preferred embodiment, ?oW regulator 24 
includes a ?oW meter 26, such as a mass ?oW meter or 

coriolis-effect meter, among others. HoWever, ?oW meters 
26 may be separate from ?oW regulators 24. Each gas source 
22 is in ?uid communication With a corresponding ?oW 
regulator 24, e.g., via a conduit 28. 

[0014] Gas delivery system 18 further includes a miXing 
chamber 30 Where tWo or more gases are miXed With one 
another before being supplied to Wafer processing chamber 
12. Depending upon the particular application, miXing 
chamber 12 may be eliminated, e.g., if gas delivery system 
18 has only one gas source 22, or may be replaced by 
another suitable miXing device. Each ?oW regulator 24 is in 
?uid communication With miXing chamber 30, e.g., via a 
conduit 32. Gas delivery system 18 is in ?uid communica 
tion With Wafer processing chamber 12 via a common 
conduit 34 that carries the total gas ?oW from miXing 
chamber 30 and, thus, the gas ?oW from all of gas sources 
22 being used for a particular processing step. 

[0015] How monitoring system 14 comprises a total ?oW 
meter 36 in ?uid communication With common conduit 34 
for measuring the gas ?oW through the conduit. When gas 
delivery system 18 includes only a sole gas source 22 or only 
one of a plurality of the gas sources is used for a particular 
process, total ?oW meter 36 measures, a fortiori, only the 
?oW from that source. HoWever, When gas delivery system 
18 includes a plurality of gas sources 22 and tWo or more of 
the gas sources are supplying gases to Wafer processing 
chamber 12 simultaneously, total ?oW meter 36 measures 
the combined ?oW of the tWo or more gases. Total ?oW 
meter 36 may be a mass ?oW meter, a coriolis-effect ?oW 
meter or other type of ?oW meter capable of accurately 
measuring the ?oW of gas Within common conduit 34. 

[0016] Total ?oW meter 36 is operatively coupled to a 
comparator 38 via a control cable 40. Comparator 38 may 
comprise a dedicated circuit or may be implemented in 
softWare running on a logic device, such as a central 
processing unit or custom logic chip. In a preferred embodi 
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ment, comparator 38 may be part of a system controller 42 
as shoWn in the FIGURE. HoWever, comparator 38 may be 
separate from system controller 36 or may be integrated into 
another device, such as a handheld device. One skilled in the 
art Will understand the various forms comparator 38 may 
have. Therefore, these forms need not be discussed in detail 
herein. Comparator 38 is preferably operatively coupled to 
each ?oW meter 26 of a corresponding ?oW regulator 24 via 
a control cable 44. The function of comparator 38 is 
described beloW in detail. 

[0017] In a ?rst aspect of the invention, ?oW monitoring 
system 14 may be used to monitor the ?oW accuracy of one 
of ?oW meters 26 When only one gas source 22 is active. In 
this aspect, comparator 38 may have at least ?rst and second 
modes of operation for determining Whether or not the ?oW 
meter is properly calibrated. In each mode, a ?rst signal, 
such as a voltage signal, from total ?oW meter 36 propor 
tionate to the magnitude of ?oW measured by the total ?oW 
meter may be directly compared to a comparend contained 
Within the comparator. Depending upon the type of com 
parator 38 used, comparend may be either an analog or 
digital signal. If comparend is an analog signal, it may be 
?rst ?oW signal or another signal that is directly proportional 
to the ?rst ?oW signal. If comparend is a digital signal, it Will 
have a particular digitiZed value corresponding, or propor 
tional, to the magnitude of the ?rst ?oW signal. One skilled 
in the art Will understand the various forms comparend may 
have. 

[0018] In the ?rst mode, the comparend is a second signal, 
such as a voltage signal, from ?oW meter 26 corresponding 
to the active gas source 22 proportionate to the magnitude of 
the ?oW measured by ?oW meter 26. Optionally, an output 
signal may be generated by comparator 38 corresponding to 
the difference betWeen the tWo signals to display the differ 
ence to a user via a display (not shoWn) and/or control 
system controller 42 to either shut doWn processing system 
10 or alloW gas delivery to continue. This ?rst mode may be 
used either during processing of the one or more Wafers or 
during calibration While processing system 10 is out of 
production. 

[0019] In the second mode, the comparend to Which the 
?rst signal from total ?oW meter 36 need is compared is a 
particular set point corresponding to a design ?oW based 
upon calculations, empirical data or the like for the particu 
lar process step or calibration being performed at the time of 
the monitoring. Optionally, an output signal may be gener 
ated by comparator 38 corresponding to the difference 
betWeen the ?rst signal and the set point to display the 
difference to a user via a display (not shoWn) and/or control 
system controller 42 to, e.g., shut doWn processing system 
10, alloW gas delivery to continue and/or alert a user that the 
?oW measured by total ?oW meter 36 is outside of a desired 
range. In this second embodiment, the second signal from 
?oW meter 26 may also be compared to the set point. 
Correspondingly, the difference betWeen the ?rst signal from 
total ?oW meter 36 and the set point and the difference 
betWeen the second signal from ?oW meter 26 may be used 
to generate an output signal used to control a display and/or 
system controller 42. 

[0020] In a second aspect of the present invention, ?oW 
monitoring system 14 may be used to measure the accuracy 
of the total ?oW of gas from gas delivery system 18 When 



US 2002/0083984 A1 

tWo or more gas sources 22 are active. In this aspect, a ?rst 
signal from total ?oW meter 36 corresponding to the total 
?oW through common conduit 34 may be compared by 
comparator 38 to a set point comparend corresponding to a 
design How based upon calculations, empirical data or the 
like for the particular process step or calibration being 
performed at the time of the monitoring. Optionally, an 
output signal may be generated by comparator 38 corre 
sponding to the difference betWeen the ?rst signal and the set 
point to display the difference to a user via a display (not 
shoWn) and/or control system controller 42 to either shut 
doWn processing system 10 or alloW gas delivery to con 
tinue. 

[0021] While the present invention has been described in 
connection With preferred embodiments, it Will be under 
stood that it is not so limited. On the contrary, it is intended 
to cover all alternatives, modi?cations and equivalents as 
may be included Within the spirit and scope of the invention 
as de?ned in the appended claims. 

What is claimed is: 
1. A?uid delivery system for supplying at least a ?rst ?uid 

to a processing chamber, comprising: 

a. a ?rst ?oW meter located upstream of and in ?uid 
communication With the processing chamber, said ?rst 
?oW meter for generating a ?rst ?oW signal; 

b. a second ?oW meter located upstream of and in ?uid 
communication With said ?rst ?oW meter, said second 
?oW meter for measuring the How of the ?rst ?uid; and 

c. a comparator containing a comparend, said comparator 
operatively coupled to said ?rst ?oW meter and adapted 
for comparing said ?rst ?oW signal to said comparend. 

2. A ?uid delivery system according to claim 1, Wherein 
said comparend is a set point. 

3. A ?uid delivery system according to claim 1, Wherein 
said second ?oW meter is operatively coupled to said com 
parator and is capable of generating a second ?oW signal, 
said comparend being proportional to said second ?oW 
signal. 

4. A ?uid delivery system according to claim 1, further 
comprising a How regulator, said ?rst ?oW meter being a part 
of said ?rst ?oW regulator. 

5. A ?uid delivery system according to claim 1, further 
comprising: 

a. a plurality of How regulators for supplying a plurality 
of ?uids to the processing chamber; and 

b. a common ?uid conduit ?uidly coupled in parallel to 
said plurality of How regulators; 

c. Wherein said ?rst ?oW meter is in series With said 
common ?uid conduit and said comparator is adapted 
for comparing said ?rst ?oW signal to said comparend. 

6. A ?uid delivery system according to claim 1, Wherein 
said ?rst ?oW meter is part of a How regulator. 

7. A ?uid delivery system according to claim 1, Wherein 
the processing chamber is a Wafer processing chamber. 

8. A ?uid delivery system according to claim 1, Wherein 
said comparator is part of a system controller. 
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9. A processing system, comprising: 
a. a processing chamber; and 

b. a ?uid delivery system, in ?uid communication With 
said processing chamber, for delivering at least a ?rst 
?uid to said processing chamber, said ?uid delivery 
system comprising: 
i. a ?rst ?oW meter located upstream of and in ?uid 

communication With said processing chamber, said 
?rst ?oW meter for generating a ?rst ?oW signal; 

ii. a second ?oW meter located upstream of and in ?uid 
communication With said ?rst ?oW meter, said sec 
ond ?oW meter for measuring the How of said ?rst 
?uid; and 

iii. a comparator containing a comparend, said com 
parator operatively coupled to said ?rst ?oW meter 
and adapted for comparing said ?rst ?oW signal to 
said comparend. 

10. A processing system according to claim 9, Wherein 
said comparend is a set point. 

11. A processing system according to claim 9, Wherein 
said second ?oW meter is operatively coupled to said com 
parator and is capable of generating a second ?oW signal, 
said comparend being proportional to said second ?oW 
signal. 

12. A processing system according to claim 9, Wherein 
said processing chamber is a Wafer processing chamber. 

13. A processing system according to claim 9, further 
comprising: 

a. a plurality of ?ow regulators for supplying a plurality 
of ?uids to said processing chamber; and 

b. a common ?uid conduit ?uidly coupled in parallel to 
said plurality of How regulators; 

c. Wherein said ?rst ?oW meter is in series With said 
common ?uid conduit and said comparator is adapted 
for comparing said ?rst ?oW signal to said comparend. 

14. A processing system according to claim 13, further 
comprising a plurality of gas sources each ?uidly coupled 
With a corresponding one of said plurality of How regulators. 

15. A processing system according to claim 14, further 
comprising a miXing chamber in ?uid communication With 
each of said How regulators and said common ?uid conduit. 

16. A processing system according to claim 9, Wherein 
said comparator is part of a system controller. 

17. A processing system according to claim 9, further 
comprising a vacuum system located doWnstream of and in 
?uid communication With said processing chamber. 

18. A method of monitoring ?oW Within a processing 
system having a processing chamber, a ?rst ?oW meter 
located upstream of and in ?uid communication With the 
processing chamber and a second ?oW meter located 
upstream of and in ?uid communication With the ?rst ?oW 
meter, the second ?oW meter for measuring the How of a 
?uid, the method comprising the steps of: 

a. sensing a ?rst ?oW signal at the ?rst ?oW meter; and 

b. comparing said ?rst ?oW signal to a comparend. 
19. A method according to claim 18, Wherein said com 

parend is a set point. 
20. A method according to claim 18, Wherein the second 

?oW meter generates a second ?oW signal, said comparend 
being proportional to said second ?oW signal. 

* * * * * 


