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1 METHOD FOR INTELLIGENT DATA ACQUISITION IN A MEASUREMENT SYSTEM
BACKGROUND OF THE INVENTION 1.    Field of the Invention 5             The
present invention relates to a novel method for intelligent data
acquisition for a measurement system. The method has particular
applicability in intelligent data acquisition from a system which can be
used to monitor a semiconductor processing tool. 2.    Description of the
Related Art 10             Large volumes of data tend to be generated in
on-line measurement systems, leading to significant difficulties in data
handling and data acquisition. For example, in the field of in-situ
particle monitoring, used widely in the semiconductor manufacturing
industry, a particle counter is often incorporated into or added to the
exhaust line of a semiconductor processing tool. Particles in the exhaust
line are then 15       counted continuously, and the measured particle
counts are used as an indicator of the quality of the semiconductor
manufacturing process. Full utilization of the particle measurements,
however, is often hampered by the sheer volume of data accumulated. This is
compounded by the difficulty in correlating particle counts in the exhaust
line with defects on the product wafers. 2 0             In-situ monitoring
of moisture in the semiconductor manufacturing industry is a relatively new
field. This method is of particular interest since moisture is generally
considered a more useful indicator of the extent of contamination in a
semiconductor processing tool than are particle monitoring systems.
Although in-situ moisture monitoring is a much newer field than in-situ
particle monitoring, field trials have 25       revealed that the problems
associated with the handling of large quantities of data in particle
monitoring are also encountered with moisture monitoring. The concentration
of the gas species being measured can be calculated based on the results of
the absorption measurement together with the sample pressure, the sample
temperature, the length of the diode laser light path and the nature of the
gas  
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2 species present. This calculation is well known, and is described, for
example, by R. D. May and C. R. Webster, Journal of Quantitative
Spectroscopy and Radiative Transfer, Vol. 49(4), pp. 335-347 (1993). Data
collection from a diode laser system may be automated as described by 5
C.R. Webster et al, Applied Optics Vol. 33(3), pp. 454-472 (1994). Although
this publication and the previously mentioned publication are concerned
with airborne measurement of atmospheric components, the same electronics
and data processing can be applied to in-situ moisture monitoring. The
primary difference between the two methods lies in the timing of the
calculations following measurement. In the 10        airborne measurement
of atmospheric components, multiple spectra are collected during flight
followed by moisture concentration determination. Because it is important
that the data be more immediately available for in-situ moisture
monitoring, it is necessary that moisture concentrations be calculated
directly after the measurement of each spectrum. 15              The output
from the in-situ moisture sensor is a record of moisture concentration
versus time, with the interval between moisture concentration measurements
typically being in the range of from about one to three seconds. Because
the in-situ sensor is often operated unattended for days or weeks at a
time, a large volume of data can rapidly accumulate over that time period.
2 0             In a typical data collection system, moisture concentration
and several other diagnostic parameters are written to a file on a memory
storage device, called a "data file." At predefined intervals of, for
example, 20 minutes, the currently open data file is saved and closed, and
a new data file is opened. Although the period corresponding to data
collection for a given data file can be longer, this period is generally
set at less 25        than one hour due to limitations of memory
encountered and the risk of losing large blocks of data in the event a data
file is corrupted. The data file is assigned a name which is generated
automatically, for example, according to the date and time at which it is
saved. 



According to a procedure currently in use in many data acquisition systems,
3 0       and in particular, in unattended diode laser systems, a signal to
save and close the    WO 99/03049
PCT/US98/12792 3 currently open data file and to open a new data file is
sent to the measurement system after a counter reaches some predefined
number. This counter is incremented by one each time a new moisture
concentration is calculated and the corresponding record is written to the
data file. 5              In these continuously operating measurement
systems, it is necessary to examine all of the data collected for proper
analysis of the process which is being monitored. Although various aspects
of the data collected can be readily automated (e.g., by data charting),
the data review task remains very time consuming. In addition, depending
upon the utilization of the processing tool with which 10       the
moisture sensor is associated, the importance of different blocks of data
collected can vary widely. A known solution to the above-described problem,
used in the field of in-situ particle counting, is to provide a trigger to
the measurement system whenever the processing tool becomes active. The
measurement system then operates only after becoming activated by the
trigger, i.e., during actual operation of the 15       processing tool. One
disadvantage of this solution is the inability to collect data when the
processing tool is inactive, thereby preventing the collection of baseline
data. Moreover, a compatible output from the processing tool is required to
provide the measurement system with such a trigger. Because compatible
outputs are sometimes lacking, a trigger is often unavailable. Finally,
this solution does not reduce the total 20*      amount of data collected
during processing, nor does it do anything to increase utilization of that
data. To overcome the disadvantages of the prior art, it is an object of
the present invention to provide a novel method for intelligent data
acquisition in a measurement system, which method can substantially reduce
the size of the data storage system 2 5       called for, as well as the
time required for review of the collected data. The inventive 



method further eliminates the need for a compatible output signal from a
semiconductor processing tool.    WO 99/03049
PCTI/US98/12792 4 SUMMARY OF THE INVENTION According to a first aspect of
the present invention, a method for intelligent data acquisition in a
measurement system is provided. The method comprises the following steps: 5
(a) providing a measurement system; (b) performing a measurement with the
measurement system, thereby obtaining a measurement result; (c) writing the
measurement result to a data file on a first storage device; (d) repeating
steps (b) and (c) one or more times, thereby accumulating a 10
plurality of measurement results. in the data file; (e) generating one or
more summary values from the measurement results; (f) saving the one or
more summary values to a summary file on the first storage device or on a
second storage device; (g) comparing at least one of the one or more
summary values with a 15        respective predefined standard summary
value corresponding to the at least one summary value, wherein the
comparing is made on the basis of a predefined inequality for each summary
value being compared; and (h) saving the data file to the first storage
device, the second storage device, or a third storage device if one or more
of the at least one summary values compared in 2 0       step (g) is
outside of an acceptable range as defined by the respective inequalities,
and/or optionally, when a trigger indicates that a condition is present.
According to a second aspect of the invention, the measurement system
performs an in-situ measurement of a gas phase molecular species in a gas
passing through a sample region. This method is similar to that described
above, except that 2 5       the measurement results are concentration
measurements. 



The objects and advantages of the invention will become apparent from the
following detailed description of the preferred embodiments thereof.    WO
99/03049                                                 PCT/US98/12792 5
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION The
above objectives of the present invention have been realized through the
use of a method for intelligent data acquisition. While not being limited
thereto, the 5       method finds particular applicability in the
performance of an in-situ measurement of a gas phase molecular species in a
semiconductor processing tool. In particular, while the following
description is made with reference to the measurement of gas phase
molecular species, and specifically to moisture (i.e., water vapor)
concentration measurements, the method according to the invention can
equally 10       be applied to any measurement system in which data is
periodically collected. As used herein, the term "gas phase molecular
species" refers to a molecular gas or vapor species which is the object of
the measurement. In the case of concentration measurement by tunable diode
laser absorption spectroscopy (TDLAS), a number of species other than water
vapor can be detected. 15       For example, nitric oxide, carbon monoxide
and methane or other hydrocarbons can be detected, subject only to the
availability of a suitable light source. In the data acquisition method of
the invention, the measurement system can include a fast moisture sensor
using a tunable semiconductor diode laser incorporated into the exhaust
line of a semiconductor processing tool. Examples of suitable 2 0
processing tools include an ion implantation apparatus, a sputtering
apparatus, a rapid thermal processing apparatus and a chemical vapor
deposition (CVD) apparatus. The diode laser, tuned to emit light at a
particular wavelength which corresponds to an .absorption characteristic of
the gas phase species of interest, transmits the light beam into the sample
region in the exhaust line. The light transmitted through the sample is 2 5
measured by a detector, such as a photodicde, thereby detecting the
molecular species 



in the gas passing through the sample region. After each measurement, the
concentration of the molecular species is calculated, and the concentration
value for that measurement is written to a data file on a storage device,
which data file accumulates the concentration values. Suitable    WO
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storage devices are known in the art and include, but are not limited to,
magnetic storage media and even memory on the microchip level. After a
predefined period of time, or after a predefined number of measurements
(e.g., concentration measurements), measurement values have been 5
written to the data file, one or more summary values are generated and
written to a second file, called a summmary file. The summary file can be
located on the same storage device on which the data file is located, or
optionally, on a separate storage device. The one or more summary values
can include any statistical function. For example, in the case of
concentration measurements, one or more of the following 10
statistical functions (or others) may be of interest: the mean
concentration x; the maximum concentration x,; and the standard deviation a
of the concentration values accumulated in the data file. The summary
values for subsequent data files are cumulatively stored in the summary
file. The current summary file is saved and closed, and a new summary file
is opened after a predefined period of time has passed or after a
predefined number of data files have been summarized. The use of relatively
long time intervals between consecutive summary files is possible. Even
with a large number of data files, a time interval of, for example, 24
hours can be used. According to the inventive method, one or more of the
summary data from 2 0       each data file is examined to determine whether
or not the data file upon which the summary data is based should be saved
to a storage device or deleted. As a result, only those data files of
interest are saved, thereby reducing the amount of memory required for data
storage. 



The summary data in the summary file is examined according to a smart data
2 5      saving algorithm. This algorithm allows for the employment of
user-defined criteria, by which a logical determination can be made as to
whether or not the data file itself or only the summary data corresponding
to that data file should be saved to a memory storage device. According to
the method of the invention, one or more of the summary values 3 0
calculated for a given data file are compared with predefined standard
values which    WO 99/03049
PCTIUS98/12792 7 corresponds to that particular summary values. Depending
on how the algorithm is set up, if any one or a combination of the summary
values is outside of an acceptable range as defined by the respective
inequalities, the data is of interest and the data file is saved. 5
Additional to or instead of the standard value comparison, if a trigger
indicates that some condition is present, for example, that the processing
tool is in process, the data file can also be saved. In an exemplary method
in accordance with the invention, an absorption spectroscopy measurement
system is provided for the measurement of moisture 10        concentration
in a semiconductor processing tool. The summary values calculated include
the mean concentration x, the maximum concentration xX,, and the standard
deviation a of the moisture. concentrations included in the data file. The
summary file is opened, and, for ease of data review, a line is written to
the summary file which includes the time, the name of 15       the
corresponding data file upon which the summary values are based, and the
summary values for that data file. If a trigger is being used to indicate
the status of the processing tool, then the data line can also include a
field indicating whether the processing tool was in process during any
period of time corresponding to the data file. 2 0             If one or
more of the summary values, in this case, the mean x, the maximum 



concentration x., or the standard deviation a of the moisture concentration
does not satisfy the following inequality with respect to its corresponding
predefined standard value, xS, x,=,,S or a., respectively, and there is no
indication received from a trigger that processing has occurred, then the
corresponding data file is not saved: 25
X 2 Xs Xn=sa 2 X'M'x- a 2 aS Conversely, if any one of the summary values
satisfies the above inequality, or if a trigger indicates that the
processing tool was in operation for at least a portion of    WO 99/03049
PCTIUS98/12792 8 the period corresponding to the data file, that data file
is saved to the data storage device. Of course, the standard values
selected and the inequalities used are not limited to the above, but will
depend on the specific type of measurement system and will be 5
application specific. The predefmned moisture concentration standard values
which determine whether or not the data file is to be saved are selected
based on the detection limit andlor the baseline moisture levels of the
processing tool. For example, if a sensor which has a background level of
200 ppb moisture and a sensitivity (3 standard 10       deviations of the
baseline signal) of 150 ppb is connected to the exhaust line of a
semiconductor processing tool which is then established to have a moisture
content of between 500 and 800 ppb moisture in the exhaust line even when
no wafer processing is taking place, reasonable values for the mean x, the
maximum concentration x,l, and the standard deviation a values are, for
example, 700, 1000 and 100 ppb, 15       respectively. Provided that the
moisture is indeed detectable at some point during processing at intervals
less than the period corresponding to the data file, a dedicated trigger
indicating that processing is occurring is rendered unnecessary. In the
event that 



moisture is only detectable at certain times during processing, the period
during which 20       the concentration values are written to the data file
can be adjusted to avoid losing important measurements. The aim of the
above embodiment of the invention is to eliminate the need to analyze and
store data files when the processing tool is inactive and if no other
significant moisture event occurs, while still capturing a sufficient
record of the 2 5       background moisture behavior to establish a
baseline. Further and more sophisticated embodiments of the invention can
be established by the inclusion of a greater number of parameters in the
summary file. Examples of additional parameters which can be expected to be
of interest include the number of local maxima, and the number of data
points with moisture concentrations 3 0      greater than certain
predefined levels. These embodiments can be used, for example,    WO
99/03049                                                 PCT/US98/12792 9
to provide a preliminary analysis of actual processing records, once the
typical moisture behavior during the processes of interest has been
sufficiently characterized. While data files are generally not saved for
periods during which the processing tool is inactive, the tool baseline can
easily be established from the 5       summary values for those periods
which are recorded in the summary file. However, in the event a moisture
event does take place while the processing tool is inactive, as may occur
during maintenance of the processing tool, the event will be recorded in
full detail. This characteristic renders unnecessary the need for a
compatible output signal from the processing tool. 10             As a
consequence of the intelligent data acquisition method according to the
invention, the total number of data files which must be saved can be
drastically reduced compared to other measurement/data acquisition methods.
Consequently, capacity of the data storage system as well as the time
required for review of the measured data can be significantly reduced.
Moreover, the inventive method can aid 15       in reducing the time to
react to potential yield affecting events taking place in the 



processing tool. This can result in large cost savings due to reductions in
the extent of product loss from such events. Use of a summary file in
accordance with the invention enables preliminary screening of data
collected during processing by comparing the summary parameters with values
known to be typical of the process. 2 0      Thus, only the most
interesting or anomalous data need be examined in detail. While the
invention has been described in detail with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that
various changes and modifications can be made, and equivalents employed,
without departing from the scope of the appended claims.    WO 99/03049
PCT1US98/12792 WHAT IS CLAIMED IS: 1. A method for intelligent data
acquisition in a measurement system, comprising: (a) providing a
measurement system; 5                    (b) performing a measurement with
the measurement system, thereby obtaining a measurement 'result; (c)
writing the measurement result to a data file on a first storage device;
(d) repeating steps (b) and (c) one or more times, thereby accumulating 10
a plurality of measurement results in the data file; (e) generating one or
more summary values from the measurement results; (f) saving the one or
more summary values to a summary file on the first storage device or on a
second storage device; 15                     (g) comparing at least one of
the one or more summary values with a respective predefined standard
summary value corresponding to the at least one summary value, wherein the
comparing is made on the basis of a predefined inequality for each summary
value being compared; (h) saving the data file to the first storage device,
the second storage 



2 0       device, or a third storage device if one or more of the at least
one summary values compared in step (g) is outside of an acceptable range
as defined by the respective inequalities, and/or optionally, when a
trigger indicates that a condition is present. 2. The method for
intelligent data acquisition according to claim 1, further comprising the
step of: 2 5                    (i) repeating steps (b) through (h) one or
more times n for n additional data files.    WO 99/03049
PC/ 1 1S91 ull2 7l 1112792 11 3. The method for intelligent data
acquisition according to claim 1, wherein the summary file is closed and a
new summary file is opened after a predefined interval of time. 4. The
method for intelligent data acquisition according to claim 1, 5
wherein the measurement system is an  absorption spectroscopy measurement
system. 5. The method for intelligent data acquisition according to claim
4, wherein the measurement result is concentration of a molecular gas phase
species. 6. The method for intelligent data acquisition according to claim
5, 10       wherein the molecular gas phase species is water vapor. 7. The
method for intelligent data acquisition according to claim 1, wherein the
sample region is located in a process chamber of or an exhaust line of a
semiconductor processing tool. 8. The method for intelligent data
acquisition according to claim 1, 15       wherein the measurement system
is an  absorption spectroscopy measurement system. 9. The method for
intelligent data acquisition according to claim 8, wherein the measurement
result is concentration of a molecular gas phase species. 10. The method
for intelligent data acquisition according to claim 1, 2 0       wherein
the data file is saved in step (h) when the trigger indicates that the 



semiconductor processing tool is in process.    WO 99/03049
l Ii1iJ 111111 111,1 iIel 111111  PCT/US98/12792 *C  L  M  S* 12 11. A
method for intelligent data acquisition in a measurement system,
comprising: (a) providing a measurement system for performing an in-situ
measurement of a gas phase molecular species in a gas passing through a
sample 5        region; (b) measuring an absorption for the molecular
species and calculating a concentration thereof with the measurement
system; (c) writing the concentration to a data file on a first storage
device; (d) repeating steps (b) and (c) one or more times, thereby
accumulating 10        a plurality of concentration results in the data
file; (e) generating one or more summary values from the concentration
results; (f) saving the one or more summary values to a summary file on the
first storage device or on a second storage device; 15
(g) comparing at least one of the one or more summary values with a
respective predefined standard summary value corresponding to the at least
one summary value, wherein the comparing is made on the basis of a
predefined inequality for each summary value being compared; (h) saving the
data file to the first storage device, the second storage 2 0       device,
or a third storage device if one or more of the at least one summary values
compared in step (g) is outside of an acceptable range as defined by the
respective inequalities, and/or optionally, when a trigger indicates that a
condition is present. 12. The method for intelligent data acquisition
according to claim }1, further comprising the step of: 2 5
(i) repeating steps (b) through (h) one or more times n for n additional 



data files.    WO 99/03049                  PCT/US98/12792 13 13. The
method for intelligent data acquisition according to claim 11, wherein the
summary file is closed and a new summary file is opened after a predefined
interval of time. 14. The method for intelligent data acquisition according
to claim 11, 5        wherein the molecular gas phase species is water
vapor. 15. The method for intelligent data acquisition according to claim
11, wherein the sample region is located in a process chamber of or an
exhaust line of a semiconductor processing tool. 16. The method for
intelligent data acquisition according to claim 11, 10        wherein the
data file is saved in step (h) when the trigger indicates that the
semiconductor processing tool is in process.    


