
;e3eL\f6TL!"WO 00l42427  -1  1 4 J U l 2003  DETECTION OF BASE CONTAMINANTS
IN GAS SAMPLES RELATED APPLICATION This application is a
Continuation-in-fart of U.S. Application No. 09/Z32,199, filed January 1.4,
1999, the entire teachings of which are incorporated 5 herein by reference.
BACKGROUND OF THE INVENTION The invention relates to the detection of base
contaminants in a gas sample, especially amine contaminants, and to systems
employing such detection, including semiconductor fabrication systems anal
systems for filtering gases for semiconductor 10 fabrication and other
processes that require uncontaminated atmospheres of high qualify. A
particular purpose of the invention is to reliably measure low
concentrations of airborne base contaminants in a semiconductor
manufacturing environment that may adversely affect base-sensitive
photolithographic processes 15 being employed. In semiconductor
manufacturing it has been Found desirable to detect airborne basic
compounds such as normal methyl pyn-olidinone (NMf) and ammonia.  Such
contaminants may interfere, for instance, with a photolithography process
used in semiconductor fabrication. The base contaminant may react with 20
protons produced as a result of exposure of a photoresist layer to light,
This can interfere with proper exposure and development and can harm the
yield of the process and the rate of production of the semiconductor
wafers. For this reason, semiconductor manufacturers have sought to measure
and control the concentration of airborne molecular contamination during
the critical. 25 steps of the photolithography process that are sensitive
to it. A detecting instrument specific to the detection of NMP and a
detecting instrument specific to the detection of ammonia have been
employed in semiconductor nnanufacturing facilities to monitor the
atmospheric quality in the vicinity of production tools.   1 4 J U L 2003
WO 00I42427 -2 PCTJU500100966 To understand the novel aspects of the
invention it is useful to mention some detection techniques that have been
used in other contexts. For study of combustion processes or atmospheric
pollution, a process has been developed for measuring the total fixed
gaseous nitrogen species, including 5 NH3, N0, No and organic amines in
gaseous mixtures. The process involves catalytic conversion at elevated
temperature of all fixed nitrogen species to N0, followed by
chemiluminescent measurement of the resulting NO concentration. For
detection of ammonia, NO and NOx, machines have been made that employ an
ammonia scrubber or absorber coupled with a thermallcatalytic converter 10
with or without a molybdenum catalyst. For instance, in one instrument for
stack gas analysis, a diluted sample is directed by a valve to alternately
flow through or past an absorber that specifically removes ammonia. The
alternating samples proceed along a common line through a thermal converter
to a chemiluminescent detector that operates in the 6S0-750 millibar range.
By subtracting signals, the 15 ammonia concentration can be calculated.
Another aspect of the invention relates to the use of air filters for the
ambient air in semiconductor manufacturing. To avoid harm to the process
from NMP or ammonia, semiconductor manufacturers have used chemical filters
to remove the contaminants. These filtering systems employ filter stages
within an enclosure, the 20 filter media of each stage being penetrable by
air with acceptable pressure drop. As 



air flows through the filtering System, unwanted contaminants are retained
on the chemically-active surface of the various stages of the filter
system. A, problem associated with such filtering systems has been to
accurately predict the remaining life of the filter so that the filter
media can be changed at appropriate times with 25 minimal disruption to the
use of the expensive production facility. In the case of semiconductor
fabrication facilities, typically, filter life has been estimated by
measuring the concentration of ammonia in the air flow associated with the
filter system. DISCLOSURE OF THE INVENTION 30 The measurement of ammonia,
exclusive of other basic contaminants, is unsatisfactory in
photolihographic processes that are affected by lovsr concentrations   1 4
JUL 2003 WO UO/aZa27 ~ PCTNS00100966 -3 of any basic contaminant gas. One
process that is sensitive to low levels of any basic contaminant gas is
chemically-amplified deep-ultraviolet (DUV) photoresist processing.
Typically, most or all of such basic contaminations that can affect the
process include nitrogen. Measurement of total fixed-nitrogen species is
not 5 applicable, however, because many of the fixed-nitrogen species
(e.g., HCN, N0, N02) are not basic in nature and do not affect the process.
None of the techniques mentioned above have suggested a concept behind the
present invention involving measuring, in a non-specific reading, a
low-level concentration of multiple basic nitrogen compounds in a gas
sample exposed to x 0 photolithographic processes and the like. the
invention is based, in part, on the realization that semiconductor
manufacturing and certain other processes, which are recognized to be
sensitive to NMP, ammonia, or other basic nitrogen compounds, are in fact
sensitive to the total proton-bonding capability of all nitrogenous base
contaminants present, regardless 15 of the specific identity of the
nitrogenous base contaminants, According to the invention., rather than
detaining the presence and concentration of each individual contaminant by
a separate detector, it is realized that important advantages can be
obtained by providing a detector that provides a single reading that is
stoichiometrically related to the aggregate proton-banding characteristic
of various 20 nitrogenous base contaminants that may be present in the
monitored air. In this way, a "total basicnitrogen-compound detector" is
provided. As explained further, below, what is recognized to be of use is a
measurement of the totality of those multiple basic-nitrogen-corapound
contaminants in the gas sample that can adversely affect the process being
25 monitored. For instance, currently-employed DUV photolithography
processes are sensitive to both strong and weak bases; hence, according to
the present invention, all airborne basic nitrogen compounds are measured
down to low concentration levels. In other cases, where the process is
sensitive only to bases greater than a certain pKy, the system is
implemented, according to this aspect of the invention, to 30 measure the
totality of the multiple basic nitrogen compounds within the pK, range to
which the process is sensitive, even at low-concentration levels.   14 JUL
2003 wo oonia2~ -4 PC?/US00/00966 The present invention focuses
specifically on an apparatus and method in which a diagnostic gas of a
known reference composition is passed through a detector that generates a
reading of a nitrogen compound in the diagnostic gas. A control system is
used to determine how closely the detector reading corresponds to 5 the
reference concentration of a nitrogen compound in the diagnostic gas. A 



detected variance in the detector reading can then be used either as a
basis for providing a calibration or to trigger an alarm, which can be in
the form of a transmitted service-call request to provide notice of a
system malfunction, Depending on its composition, the diagnostic gas can
also be passed through a 10 converter and, in some embodiments, through a
scrubber as well. In other embodiments, two or more diagnostic gases of
different compositions and . concentrations of nitrogen compounds axe
passed through one or more detectors in an apparatus for detecting basic
nitrogen compounds in a gas sample. Detector readings can then be compared
to provide a span calibration or other forms of 15 calibration to account
for variances in the efficiency of scrubbers, converters or detectors. A
system for performing this method includes a sensor (e.g., at least one
detector), which operates as described above, as well as a primary channel
that delivers a target gas sample to a detector and at least one scrubbing
channel that 20 delivers a reference gas sample to the same or a different
detector. The system also includes at least one converter, which converts
basic nitrogen compounds into an indicator gas, coupled to the primary
channel and to the scrubbing channel. Further still, the system includes
two or more gas sources coupled with the convertor apparatus and sensor,
The gas sources each supply a gas with a distinct, knoewn 25 concentration
of a nitrogen compound through the convertor and sensor. In
preferreddiments, the sensor includes at least two detectors, one coupled
to the primary channel and another coupled to the scrubbing channel. In
this embodiment, the converter apparatus includes a pair converters (one
coupled to the primary channel and the other coupled to the scrubbing
channel), thereby enabling 30 simultaneous measurements to be made from
both channels. A control system of this invention can be included in the
detection system. The control system is programmed and configured to (a)
generate commands to   14 JUL 2003 WO 00I42427 ~GT/t7S00100966 -5 direct
gas samples from each of the pair of gas sources through the sensor, (b)
receive data values (or "readings") from the sensor for each gas source,
(c) calculate a difference in data values, (d) generate a span calibration
value, and (e) apply the span calibration value to subsequent data values
for a process gas to generate a S scaled value indicative of the
basic-tuttogeu-compound level for the process gas. Alternatively, or in
addition, the control system is programmed and configured to compare data
values with known reference concentrations of nitrogen compounds in a
diagnostic gas source either to evaluate whether the detection system is
functioning properly oz to generate a calibration value for the detection
system. The 10 control system includes a processor, interfaces for
receiving detector readings arid a computer-readable medium storing
software code for performing the above described functions. Other aspects
of the invention focus oxi the basic-nitrogen-compound scrubber system.
While a single ion exchange 'bed can be provided in a channel to x 5 remove
ammonia from a gas sample flov~ing through the channel, this solution is
not without drawbacks. Of particular concern is that ion exchange beds over
time do not effectively filter basic nitrogen compounds other than ammonia.
Fox example, NMP, a higher-molecular-weight imide, can pass through a
2-inch-deep, '/z-inchdiameter scrubber in about 15 hours triggering
false-negative signals in a 20 measurement of total basic nitrogen
compounds. This is a major problem which affects the functionality and
reliability of the instrument's output. In preferred embodiments of a
detection system of this invention, a primary channel and a plurality of
scrubbing channels ire connected to a sensor. The term, "sensor" (oz
"detector apparatus")) as used herein includes a single detection 25
devieelunit as well as a plurality of detection deviceslunits. Each of the
scrubbing channels includes a basic-nitrogen-compound scrubber. Downstream
from each of the scrubbers is a converter which converts gaseous nitrogen
compounds into an indicator gas and a detector for detecting the indicator
gas. A primary channel also leads to the converter apparatus and sensor. As
used, herein, the term, "coraverrer 30 apparatus," refers either to a
single converter unit to which a11 channels are ' connected, in parallel,
or to multiple converter units individually associated with a single or
multiple channels. 



1 4 JUL 2003 WO 00/4Zaz7 PCT/LTS00/00966 -6 In preferred embodiments of a
method of this invention, reference gas samples are passed through first
and second scrubbers to remove basic nitrogen compounds fzona the gas
samples. The second scrubber is purged to remove reversibly-bound nitrogen
compounds while a gas sarxiple passes through the second 5 scrubber. The
gas samples passing through either the first ox second scrubber then pass
through the converter apparatus and sensor. Alternately, a target gas
sample bypasses the scrubbers before delivery to the converter apparatus
and sensor. The total concentration of basic nitrogen compounds in the gas
sannples is then determined on the basis of the.difference of the detected
concentration of the 10 indicator gas in the target gas sample anal the
detected indicator gas concentration in the reference gas sample. In
further preferred embodiments of the system, the scrubbing channels are
connected in parallel, and the system includes purge systems coupled to the
scrubbers for purging reversibly-bound basic nit~ogezi compounds from the
15 scrubbers. Preferably, the scrubbers include ration exchange media. A
flow controller governed by a control system can be positioned to
selectively contxol which of the scrubbing channels the sampled gas can
flow through to the converter apparatus. The control system can be
programmed to transfer the flow of the reference gas sample that reaches
the sensor from a scrubbing channel with a ?0 contaminated scrubber to a
scrubbing channel with a purged scrubber and then to direct a purge gas
through the contaminated scrubber. preferably, the control system is
programmed to transfer the flow of the reference gas sample away from a
scrubbing channel and to purge the scrubber of that scrubbing channel
before a weak-base nitrogen compound can penetrate through the scrubber.
Moreover, the 25 purging process can alternate between scrubbers with the
flow of gas sazxxples to the converter preferably continuing substantially
without interruption. Finally) the control system can be programmed to
alternately transfer the flow of a gas sample between the primary channel
and one of the scrubbing channels. In accordance with one aspect of the
invention, 'the system samples gas from 30 a photolithography tool cluster
for the fabrication of semiconductor wafers and is adapted to monitor the
concentration of basic nitrogen compounds in the photolithography tool
cluster. In a specific form of this embodiment, the scrubbers   1 4 J U L
2003 WO 00I42427 ~ pCT/US00/00966 include photoresist-coated beads, the
photoresist coating matching the photoresist applied by the
photolithography tool cluster. Other preferred embodiments of the system
include a pressure reducer located upstream from the sensor and a vacuum
pump located downstream from the 5 sensor. Further, a common converter and
detector can be coupled to the primary channel arid the filtering channels,
Further still, scrubbers are preferably excluded from the primary channel,
and at least one multi-way valve is preferably arranged for selecting which
of the channels the sampled gas may flow through to the converter. 10
Particular advantages of this invention include the ability to accurately
and reliably determine whether the basic-nitrogen-compound detection system
is functioning as expected and intended. By providing diagnostic gas
sources and a 



control system for comparing known reference concentrations of a nitrogen
compound in a diagnostic gas with detector readings, this invention is used
to 15 determine whether the detectors) of the detection system is/are
providing accurate readings of the concentration of nitrogen compounds in
the sampled gas. If the detector readings do not rr~atch the lmown
reference concentration of a nitrogen compound in a diagnostic gas, the
control system can then automatically trigger an alarm, preferably
transmitting a service-call request to a service provider to provide 20
notice to remedy the malfunction. Further, the methods and apparatus of
this invention can be used to gcn.erate calibration values that can be
applied to subsequent detector readings to compensate for variances in the
efficiency of a scrubber, converter or detector and thereby proNide for
more accurate and reliable readings from the system. 25 BRIEF DESCRIPTION
OF THE DRAWINGS Fig. 1 zs a plan view of a DW photolithography processing
facility employing a contaminant detection system. Fig. 2 is an enlarged
schematic view of the filtration tower shown in Fig, 1. Fig. 3 is a flow
diagxam illustrating the process of zero calibrating the 30 detection
system ofFig. 1.   1 4 JUl 20D3 WO 00/42427 _g_ PCTNS00/00966 Fig. 4 is a
flow diagram illustrating the continuous operation arad calibration of the
embodiment of Fig. 1. Fig. 5 is a flow diagram illustrating the monitoring
and control of the processing tools and filtration system of the embodiment
of Fig. 1. 5 Fig. 6 is a schematic view of a total basic-nitrogen-compound
detector as a mobile detectionutut. Fig. 7 is a schematic view of a
photolitho~raphie system in which a total basic-nif~ogen-compound detector
is combined with a track. Fig. 8A is a schematicview of a sample delivery
train for total basic 10 nitrogen-compound detection that has a scrubber
system to produce an internal reference, and in which a pressure reducer is
located downstream from the scrubber system. Fig. 8B illustrates a
basic-nitrogen-compound scrubber system. Fig. 8C illustrates a sample
delivery train with separate pressure reducers. 15 Fig. 8D illustrates a
thermal converter useful in the system of Fig. 8A. Fig, 8E is a schematic
view of a detection system that includes three separate sample channels
coupled to an NO detector. Fig. 9 is a schematic view of a sample delivery
train similar to that of Fig_ 8A in which an isolation valve is located
upstream from a scrubber system. 20 Fig. 10 is a view similar to Fig. 8A of
a system implemented to be immune to variations in NO and other
interferents at the sampling site. Fig. 11 is a : thematic view of a sample
delivery train similar to that 



illustrated in Fig., 8A and further including a zero source and a span
source for performing a span calibration of this invention. 25 Fig. 12 is a
flowchart illustrating a span-calibration process of this invention. Fig.
13 is a flolvchart illustrating a process of this invention wherein the
span calibration, along with zero calibration and interference calibration,
is applied to subsequent detector measurements. Fig. 14 is a schematic view
of a photolithographic apparatus including a 30 diagnostic system. Fig. 15
is an illustration of a computer-generated sample-location menu. Fig. 16 is
an illustration of a computer-generated toolbar.   1 4 J U l 2003 Wp
00/424Z7 _g_ PCTNS00/00966 Fig. 17 is an illustration of a
computer-generated window for a data acquisition schedule. Fig. 18 is an
illustration of a computer-generated window for a sample locations display.
5 Fig. 19 is an illustration of a computer-generated window for a local
alarm display. Fig. 20 is an illustration of a computer-generated window
for a real-time sampling monitor. Fig. 21 is an illustration of a
computer-generated window for a system of this 10 invention including an
ion mobility spectrometer.   1 4 J U l 2003 WO 00/42427 -10 DESCRll'TTON OF
THE PREFERREA EMBObnvIENTS PCTlUS00/00966 A description of preferred
embodiments of the invention follows. Tn Fig. 1, a photolithography tool
clustez is shown for the production of semiconductor wafers. The cluster
consists of two tools, a stepper 8 and a track 9. 5 A wafer processed by
the cluster is coated with photoresist in the track 9, tzat~sfe-rred to the
stepper 8 where the coated wafer is exposed to ultraviolet radiation
passing through a reticle, and then transferred back to the track 9 where
the exposed photoresist is developed. Each of these tools 8, 9 is joined to
a separate clean air filtration system, 1 and la,'respectively. Each
filtration tower comprises a metal 10 enclosure 10 and a set of spaced
apart chemically-active ~Iter stages 12, 14, 16, 18 installed in series
within the enclosure. As depicted in Fig. 1, the air enters at 20, at the
fop of the louver, the air being supplied from either outside the
fabrication facility or from within the facility, or from within the clean
room or the tool itself. This system and its operation are more fully
described in U.S. Patent Applications Nos. 15 08/79S,949, filed February
28,1997, and 08I996,790, filed December 23,1997, the 



teachings ofboth of which are hereby incorporated by zeference. The filters
are composed of chemically-active composite materials, typically nonwoven
fabric media, to which are bound activated carbon particles or ion exchange
beads that have been treated to remove ammonia and organic amines. The 20
filter media is typically arranged as a set of pleats in the enclosure. An
example of such filter media is lm.own by the trademark, Vaporsorb~,
produced by the Assignee, hxtraction 5;~.~terns rnc, of Franklin,
Massachusetts, U. S.A. In another embodiment, a converter-detector
apparatus is employed to monitor filtering performance of a filter deployed
in either the make-up or 25 recirculai~or~ air supplying a clean room. In
this case, the converter-detector apparatus is employed iI1 Such a manner
as to monitor total basic nitrogen compounds both upstream and downstream
of a filter deployed either alone or in series in the make-up or
recirculation air system of the clean room. In other implementations,
different filter media 'are employed. Certain 30 examples include parallel
trays of loose activated carbon particles produced by, e.g., l~onaldson
Company (Minneapolis, Minnesota, USA.); extruded carbon blocks using a dry
thermoplastic adhesive as tZae binding agent as produced by, e.g., Flandezs
1 4 J U L 2003 WO 0014z427 ~ PC'1,IUS00100966 -11 p'ilters (Washington,
North Carolina, USA.), KX Industries, and Peneer Ti`rdustries; thin
extruded carbon blocks manifest as a fabric as manufacturing by, e.g., KX
Industries; media made by the modification of the chemical properties of
the fiber` structure as produced by, e.g., Ebara Core. (Tokyo, Japan) and
Takuma Ltd.; axed 5 carbon fiber structures as produced by, e.g., Kondoh
Ltd.; and carbon particle sheet media produced by, e.g., Hoechst-Celanese.
As shown izx Fig) x, each filtration tov~rer, 1 and 1 a, includes;
respectively, an upstream sampling port 2, 2', a downstream sampling port
4, 4', and an intermediate sampling port 3, 3'. Sampling ports 8a and 9a
are likewise provided for the stepper 8 10 and track 9, respectively. For
each filter and tool combination, there is one conversion module 6 (for the
stepper 8) and 6' (for the track 9). The conversion modules 6 and 6' are
connected to a common, remotely-located NO detector 7. In other
embodiments) a single conversion module receives gas xamples from. both
tools 8 and 9 and delivers the converted samples to the detector 7. In this
case, 15 the conversion module and the detector 7 can. be in the fOZTx7 of
a Model 17 instrument, which is available from Thermo Environmental
Ixlstruments Inc. (Franklin, Massachusetts, USA). Although the remaining
description relating to Fig, 1 is generally directed to the illustrated
embodiment, which includes a pair of conversion modules 6 and 6', a single
conversion module can generally be used with 20 equal success. A
remotely-controlled manifold 5, 5', is associated with each conversion
module 6, 6', respectively. Via respective sample lines, the manifolds 5,
5' direct to the conversion modules 6, 6' respective samples from the tools
8, 9, from the inlet streams 2, 2' of the filters, from the outlet streams
4, 4' of the filters, and from the 25 intermediate filter ports 3, 3',
according to a sequence controlled by a computer 51, As shown in Fig. 8A,
and as described in greater detail, below, the conversion modules 6, 6'
include a pair of channels, A and B, through which the flow of sampled gas
is alternated every 10 seconds, a scrubber system x20 in channel A, a
rxtulti-way valve 122 for controlling and redirecting flow through channels
A and B, 30 a pressure reducer 118, and a thermal catalytic converter i24
in which nitrogen 



compounds in a gas sample are converted to nitric oxide (NO). '   1 4 JUl
20D3 WO 00/42427 PCT/fS00/00966 -12 The converted samples are drawn. from
the conversion modules 6, 6' to a detector 7 by a vacuum pump 22 located
downstrearn of the detector 7. The detector 7 includes a reaction chamber
where NO is oxidised to produce electronicallyexcited NO~ molecules and a
photomultiplier tube which measures photons emitted 5 by the
electronically-excited N02 molecules as they return to their ground state.
!~ one embodiment, an impinger is employed to identify possible
cozttaminants in the unconverted gas sample, The irnpinger consists of a
glass or quartz tube holding a liquid. rn this embodiment, a vacuum pump
and an associated calibrated flow controller are employed to draw the gas
sample from one of the 10 sample lines through the liquid to take a grab
sample. The grab sample is then analyzed or subj ected to real-time
colorimetric analysis, providing a quantitative assessment of the
contaminating basic nitrogen compounds in the sampled gas) In an instrument
associated with azore than one conversion module, each converter-detector
subsystem is considered as a single instrument, which is 1 ~ calibrated
independently of the other converter-detector subsystems. In the preferred
embodiment illustrated in Fig. 1, there are two converter-detector
subsystems: one subsystem serves the track 9 and its air filter system 1
and the other subsystem serves the stepper 8 and its air filter system 1 a.
To perform a "zero" calibration, zero air (i.e., air f=ee of basic nitrogen
compounds) is provided by 20 filter system 1 for the stepper subsystem and
by filter system 1 a for the track subsystem. By having the conversion
module 6, 6' near the sampling area, the length of the sampling lines
exposed to basic nitrogen compounds is reduced, which increases the
response time of the system. To zero calibrate each converter-detector
subsystem, two or more samples of 25 known reference concentration of
conta~~srants are provided to the instrument, as illustrated in Fig. 3. The
instrument response is then compared with the known reference
concentrations, and a zero calibration curve is generated and associated
either manually or electronically (through sof~vaxe) associated with the
instrument to provide corrections to the instrument's response. In general,
the instrument 30 response over the concentration raage remains stable for
an extended period. The instrument is sensitive, hourever, to loss of zero
calibration, for reasons such as drift of the photomultiplier, and the
curve must be shitted relative to the true zero reading   1 4 J U L 2003 WO
00l42427 ~ pCTIUS00l00966 -13 as it varies over time, Because harmful
contaminant concentrations in photolithography processing are extremely low
(on the order of 1 part per billion (ppb) or lower), zero calibration in
preferred systems is typically performed on the 



order of once a month to assure the ~delity of the zero reading. In a
particularly 5 preferred implementation, the detection system is arranged
to operate continuously, as shown in Fio. 4, whereby the system performs a
total basic-nitrogen-compound detection for each of the sampling ports in
turn and conducts tvvo zero calibrations each cycle, one with respect to
each of the cozwersion modules 6, 6' with which the detector 7 operates. I
0 Preferably, the zero air employed for calibration is provided by the
outlet ports 4 and 4' of the tltration system (see Fig.l). The instcv_ment
is then instructed to provide a zero readinb for the calibration sample. In
the case that the difference between the total basic-nitrogen-compound
reading for the outlet port 4 and the sample at the intermediate port 3 is
not greater than zero, the sample from the outlet 15 port 4 is employed to
establish zero air. 3n another preferred emboditzlent, a sannpling port
located just preceding the last filter stage is employed to verify that the
zero air from the output of the filter stack is in fact zero air. Also, in
an alternative embodiment, a built-in, dedicated, zero air generator is
employed. The generator provides zero air by either filtering the ambient
air or by bubbling air 20 through a liquid scrubber solution. An e.cternal
computer, preferably situated outside the clean room in which the tools are
located, is employed to control the operation aad monitor the entire ,
photolithography process. The software is customized for the intended
application. Performance data is provided to the computer to provide an
archival database to be 25 employed to give the contamination history of
the tool cluster. B aced on the particular ports being sampled, the
software employed in the operation of the instrument deternvnes which
converter-detector subsystem is to be calibrated and the appropriate source
of zero air for calibration purposes) The software also designates which
calibration curve to employ. As the detection system 30 is calibrated az~d
the new zero readings axe determined, the calibration curves are adjusted
accordingly.   1 4 J U l 2003 1V0 00I42427 ~ PCT/US00100966 -14 rn a
desired application, control instrumentation, as illustrated in Fig. 5,
monitors the performance of the filtering system and the level of
contamination at the track and stepper tools. Should a reading from either
the stepper or track exceed a predetermined threshold, an alarm is
activated and the process is immediately shut S down. However, by use of
this detection system, the occurrence of such an emergency can normally be
avoided. As shoran in Fig. 5, the filtering system is continuously
monitored in real time, as follows. The sample at the inlet to the filter
system, over time, provides a quantitative history of the input of
basic-nitrogen-compound contaminants to the 10 filter. $y using samples
drawn from the intermediate position along the filter system as well as
from the outlet of the f lter stack, and by measuring the difference in
concentration levels floor these locations, one of the following steps is
triggered. If the difference is zero (condition green) and the total amine
or Bronstead base concentration at the tool is within operating limits,
then the operation continues 15 without interruption. When the difference
is greater than zero, the difference is compared with a predetermined
threshold. If the threshold is not e~cceeded (condition yellow), operation
continues but a filter replacement is scheduled. rf the threshold is
exceeded, ox if the total basic nitrogen compound detected at the tool
e~cceeds operating limits (condition red), the operation is immediately
shut down. 20 rn another embodiment, there are three or more conversion
modules remotely located at various locations in the fabrication facility.
One conversion module is employed to monitor the general conditions in the
clean room; a pair of conversion modules is employed to monitor the
contamination around a different tool cluster; another conversion module is
employed to monitor the contamination level within a 25 chemical storage
cabinet to provide early indication of chemical spills, A central
controller is used to monitor detector readings associated with each of
these conversion modules. Accordingly, the central controller can identify
a particular line in the fabrication facility where basic-nitrogen-compound
contamination is a 



problem and can sound an alarm identifying the problematic line so that
remedial 30 action (e.g., filter replacement) can be taken. In another
implementation, shown in Fig. 6, the converter-detector instrument is
constructed as a mobile leak detector. The mobile unit is moved to   14
JU12003 WO 00/42427 ~ pCZ'/US00100966 -15 selected regions of the
fabrication facility to seek possible areas of contamination leaks. By
following an escalating basic-nitrogen-compound concentration trend, the
mobile unit localizes the source of the contamination. Tn another
embodiment, illustrated in Fig. 7, the system is combined with a 5
mufti-point sampling system of an array of sensors to monitor the operating
status of a 'track, including temperature, temperature of the hot plate,
time on the chill plate, exposure time, etc. A total
basic-nitrogen-compound detector rz~.onitors process contaminants, such as
the concentration of an adhesion promoter, e.g., hexamethyldisilozane
(FIMDS), in a gas sample during the coating stage when 10 photoresist is
applied to the senniconductor wafers. The wafers are then sent to the
stepper for exposure and subsequently brought back to the track for
developing. During this stage, another, or the same, total
basic-nitrogen-compound detectoz monitors the concentration of another
possible intenr~ally-processed chemical contaminant, such as
tetremethylatnmonium hydroxide (TMAH), employed in the 15 developing stage.
The system enables, in its total basic-nitrogezl-compound reading, the
simultaneous detection, of NMP and ammonia, which previously were typically
monitored with separate detectors. The system also enables detection, in
its total basic-nitrogen-compound reading of other basic nitrogen compounds
that are known 20 to be harmful to the photolithography process, such as
morpholine, diethylamiue ethanol, and cyclohexylanzine, agents which are
commonly used to inhibit corrosion in high-humidity regions. Basic nitrogen
compounds $orn the facility cafeteria, especially seafood, are also
included in the detection as well as basic nitrogen compounds from the
breath of the facility workers, which can create high levels of 25
basic-nitrogen-compound contamination, depending upon diet and smoking
habits. As has been explained, the system, as illustrated, converts
substantially all such airborne basic nitrogen compounds to a common
detectable compound, which it detects to indicate the level of
hydrogen-bonding contaminants. If high concentrations of the contaminants
are detected, by grab sampling techniques, the 30 exact sources of the
contamination can be detemn.ined and remedied) Another advantageous aspect
of the system is its adaption to the certification pmcess of clean rooms.
Heretofore, during the certification process, each individual   1 4 J U L
2003 WO 0042427 pCTlUS00/00966 -1 s molecular base present in the clean
room was typically detected by a separate detector, The concentrations were
summed providing a number indicating the total base loading in the clean
room. For instance, if three bases were present, each with a concentration
of 10,000 parts per trillion (ppt), the clean room rating would be 5
MB30,000 (or 30,000 ppt). the present invention solves the problem of
detecting individual bases by providing the total base loading within a
clean room with a single reading. The following embodiments of the
invention are particularly effective in 



providing an accurate determination of total basic nitrogen compounds at
low 10 concentrations, for protection of the base-sensitive processes.
,'These embodiments include a primary channel and a plurality of scrubbing
channels for delivering gas samples from a source to the converter and
detector. Each of the scrubbing channels includes a removal device for
removing basic nitrogen compounds from the gas samples to produce reference
samples. In some embodiments, the removal device is~ 15 process-specific,
meaning that it removes only those basic compounds that are of interest for
a specific process. For exarraple, in an embodiment specifically designed
for use with semiconductor fabrication tools, the removal device is coated
with photoresist to remove from the gas sample those compounds that will
interfere with photolithographic deposition and development. The primary
channel, meanwhile, 20 delivers target gas samples from the same source to
the convertor without scrubbing. )3ecause the scrubbing channels produce a
reference sample that is free of substantially all of the gas molecules
correc~onding to the class of basic nitrogen compounds of interest, the
reference sample provides a baseline for canceling the effects of
background, nitrogen-containing contaminants which might otherwise 25
contribute to the NO concentration detected by the chemiluminescent
detector in the target gas sample. The baseline reading is then subtracted
$om a reading performed on a target gas sample, Referring to Fig. 8A, a
sample delivery train, including a conversion module 6, is shown for
deterrminiilg the total basic-nitrogen-compound concentration in a 30 gas
sample using an internal reference for Zero air (i.e., air that is free of
basic nitrogen compounds). The sample enters through a selection valve 114
(e.g, a multi-position valve rnauufactured by Vici Co., TIouston, Texas,
USA), which   1 4 J U l 2003 VVO 00/4Z427 PCTN500I00966 -17 creates an open
flow path from one of the sampling ports 112) Fronn. the selection valve
114, the sample is directed to the conversion module 6, which splits each
incoming sample into two parts, chanuoels A and B, and directs each part
separately, via a mufti-way valve 122, to a thermal catalytic converter 124
followed by a 5 chemiluminescent detector 126, Alternatively, a pair of
tluee-way valves (illustrated as valves 122a and 122b in Fig. 8C and
connected.as shown) can, in practice, be substituted for the mufti-way
valve 122. Another valve 123 is provided upstream from the scrubber
systerr~ 120 to help direct the flow of the gas sample into channels A and
B and to prevent backflow through the channels. 10 Channel A, which serves
as a "scrubbing channel," directs part of the sample through a
basic-nitrogen-compound scwbber system 12D and then to the valve 122, while
channel B, referred to as the "primary channel," directs pant of the sample
directly to valve 122. The term, "scrubber," as used in this document is
intended to refer to any device that is effective for removing basic
nitrogen compounds, or a 15 device that otherwise txeats the basic nitrogen
compounds in such a way that they have no effect on the response of the
detection system being employed. The scrubbed and unscrubbed parts of dze
original sample from channel A and B, respectively, proceed from valve 122
through the thermal catalytic converter 1Z4 to the chemiluminescent
detector 126 as time-separated samples in a single 20 conduit. The
difference betyveen the response of the chemiluminescent detector 126 to
samples from channel A and B reflects the total basic-nitrogen-compound
concentration in the original sample of gas. It has been determined that
the sensitivity of basic-nitrogen-compound detection improves as the
operating pressure of the chemilununescent NO 25 concentration measurement
decreases. Accordingly, the chemiluminescent NO detector 126 operates at a
pressure of 125 millibar or less, by co-action of vacuum pump 128 and an
upstream pressure reducer 118, to achieve a low noise level and tv achieve
a detection sensitivity of 1 part per billion (ppb), preferably 0.5 ppb, or
better, Though the ideal operating pressure in the detector 12b is a
function o~the 30 gas flow rate through the detector in any given
applicarion, a preferred pxessure Level in the detector is generally about
40 mbar (about 30 Torr). 



1 4 J U L 2003 wp 00/424Z7 PCT/USOO100966 -18 The conversion zxiodule 6
initially takes a sample of gas fzom oz~e of the sampling ports I12 via
selection valve 114 and channels it through one of the sample lines 116,
Sample lines 116 are tubes formed of Teflon PFA fzonrt E.I. DuPont de
Nemours of Wilmington, Delaware, USA, Alternatively, sample lines 5 116 can
be stainless steel tubes coated with C'YD-coated silica (e.g.,
Silcosteef~'M from Aestek Cocp., Bellefonte, Pennsylvania, USA). Sample
lines coated with silica are nonporous and nonreactive and, therefore, have
little effect on ammonia and organic amines passing through the.tubes. In
contrast, commonly-used tubing of PTFB is relatively porous and tends to
emit hydrogen fluoride, a strong acid, which 10 reacts with ammonia and
amines, interfering with the measurement of total basi c nitrogen
compounds. Silica may be deposited onto the stainless steel tubing using
chemical vapor deposition_ In certain applications, sample lines comprising
glass are used. The'glass sau~,pling lines may be reinforced with epoxy. In
certain advantageous embodiments, sample lines 116 are heated 15
substantially along their total length to approximately 50 C using
electrical heating lines (see, e.g., U.S. Patent 3,727,029, incorporated
herein by reference). This ' reduces the tendency for basic nitrogen
compounds to deposit on the walls of the tubing (reduces
basic-nitrogen-compound-sticking coefficient) and thus reduces sample line
contamination of the alternating sample gas slugs. 20 In this context, the
combination of heating the sample lines along with using a silica coating
on the lines is advantageous because it reduces both contamination of the
gas sample and deposition of gas sample components. Nevertheless, the
practice of heating sample lines of other compositions, by itself, can
provide a beneficial effect. Xleating is preferably accomplished using
electrical resistance wire 25 incorporated in the wall of the sample line
or otherwise disposed in thermal contact with it. Selection valve 114
(e.g., a multi-position valve nn~anufactured by Vici) enables samples fiom
different locations to be channeled into a single conversion module 6, The
gas sample then flows through channel A or B to multi-way valve 30 122.
After exiting valve 122, the gas sample passes through a pressure reducer 1
I 8 (e.g., a flow restrictor, such as a capillary glass tube or a small
orifice), where the pressure drops $om atmospheric pressure on the
Ltpstream side of pressure reducer   ' r i 4 JUL 2003 WO 00I42427 ~. ' ~ ~
pC'fIUSDO/OD966 . ` , , -I9- , . . . . , ,. " . , I.., , ,, ...,_. " ; , .
, - ., , . . , .:~..~;: ;. : .., ... , . . . 1.1.8 to approxirtiately
one-tenth atmospheric~pressure on the dovv~ns~ream side. This pressure~drop
is maintained by vacuum pump 128 positioned~down5tream~o.~ . de~ectoz I26.
The~pressuse reducer 118 is preferably positioned downstream, of the
scrubber system 120 because the scrubber system 120 operates with greater 5
' effectiveness at higher. pressures. Preferably, the~pressure reducer 118
'comprises a calibrated glass capillary heated to 50 C to reduce the
basi~:nitrogen compound sticking coefficient. The pressure reducer 11$ can
be made from tubes -bf glass, ~'cerainic, stainless steel, quartz, or
stainless steel with an interior plated with gold or other inert material.
. The low pressure of the samples- created~by~pressure reducer; 10 118 and
vacuum pump 128, in addition to enabling high sensitivity detection,
reduces the response time for measuring total basic-nitrogen-compound
concentration, This is because the samples travel through the delivery
traizi rapidly; for instance, in the system described, valve I22 may be
shifted between channels A and B every 10 seconds in normal operation. 1 S
~ ~ Auxiliary conduit Il6a is connected at one end to valve 122, At its
opposite end, auxiliary conduit 116a is connected to the vacuum pump 128.
Auxiliary conduit 116a includes a pressure reducer 118a to limit flow there
through, During operation, valve 122 connects the non-selected channel A yr
B to the auxiliary conduit 1 I6a to maintain a gas flow through the
non-selected channel. In this way 20 substantially-steady-state flow
conditions can be maintained in the scrubber system 1Z0, and fresh sample
is immediately available to the converter 124 upon actuation of valve 122.
Further, the steady-state flow of gas through the channels reduces t'he
incidence and magnitude of pressure spikes that can occur upon switching
and ' thereby produce erratic instrument readings. 2S The components of a
scrubber system 120 of this invention are illustrated in Fig. 8B. The
scrubber system 120 includes three scrubbers 1Z1 ebnnected in parallel to
the sample line 116. The scrubbers 121 of channel A are constructed to
selectYVely remove from the gas sample the totality of the basic nitrogen
compounds to which a photvlithographic or other process being guarded is
sensitive, yet their 30 construction and function axe nevertheless such as
to not affect other nitrogencontaining compounds. Each scrubber 121 is
preferably a solid-state scrubber, comprising an ion exchange medium with
active sulfonie or carboxylic groups, The   1 4 J U l 2003 w0 00/42427 ~
PCT/L1S00/00966 -20 ion exchange medium is substantially non-hygroscopic
and nonpomus. The , medium can be in the form, for example, of either
fibers yr a resin.. The scrubber 



may also comprise any material that preferentially binds the airborne
molecular bases (e.g,, photoresist-coated substrates, weak acid-coated
substrates, strong acid 5 coated substrates, ion exchange m.atesials, or
chemically-treated activated carbon and molecular sieves), The properties
of the active media cart be chosen to optimize the selectivity of the
detection process. Further still, the scrubber can be a chemical gas filter
medium, along the lines of the air filter that supplies "zero air" in the
previously described embodiments. , .,' . 10 A. strong cation exchange
medium is preferred as the scrubber substance in the scrubbers 121 of Fig.
88. The medium within basic-nitrogen-compound scrubber 121, being a strong
acid, removes multiple molecular bases; such as ammozu.a and other basic
nitrogen compounds, A strong cation excliange; medium _. ensures removal of
both strong and weak molecular bases) and is suitable for.' ,' i.5,
photoxcsist lithography techniques that are seztsitive to both strong and
weak bases. For techniques sensitive only to strong bases, a weaker acid
ion eXCh~ange.medium . uaay be employed, so that weak bases are not removed
and occur equally iri~thc . :, . scrubbed and unscrubbed samples. , ' ,
Nevertheless, even when a strong catiou exchange medium ~s used, 20
chromatic differences in removal efficiency will develop ovei time. ' A
stro~o base, such as ammonia (NH3), will be tightly bound to the catioa
exchange~,me'dium and, once it is removed from the gas sample, will likely
remain, $xed to the scntbber.., A' weak base (typicahy, one with a high
molecular weight, such as NMP), however,.. will tend to gradually drift
through the scrubber, repeatedly binding to and releasing 2 S from the
catiori exchange medium. Gradually, over a matter of hours, NMP will ~ ,
work its way ,through and out of the scrubber. When a tube that is %a. inch
in diameter anc~.2 feet in length is used with a flow rate of 1~ liter per
hour, N1V1P will pass through the scrubber in about IS hours, Bases with
strengths between. that of , ammonia aad,2VIt2P will gradually drift
through the scnibber, albeit at rates slower" 30 than that of hIA%!P. , ~ ,
. , ~ ~ , ' , ~ ~ . '. Nine three-way valves 125, 125' and 12S" act as
florx~,controllers;~cont~olli~g, . . , .: the flow of sampled gas and purge
gas through the scrubbers 12I. Tlle valves i2~,   1 4 JUl 2003 WO OOIA2d2?
PCT/US00/00966 -21 ' 125', 125" in tum, are controlled by a control system
130. When a pair"ofvalves 125, 125' on opposite. sides of the same scrubber
121 both open,channels tv the - sample line 116, sampled gas flows through
that scrubber 121, with the scrubber 121 filtering basic nitrogen compounds
from the sampled gas. 5 . , ,In, one embodiment, the control system 130
selectively opens the channels to the sample line 116 in a single pair of
opposing valves 125, 125' at a given moment. The control system then
cyclically redirects the flow from the sample line 116 to each of the
scrubbers 121, in sequence. The duration of llow (which is still received
as a series of pulses, alternating with channel B, shown in Fig. 8A)
through each 10 scrubber 121 is limited to less than the time re9uired for
a high-molecular-weight contaminant to pass through the scrubber 121.
Preferably, the gas flow is shifted among scrubbers 121 about evezy 2 to 3
hours. After the flow bas been redirected from a scrubber 121, the control
system 130 then sends a signal to respective valves 125, 125' and 125" to
open a channel from the purge line 127 through the respective 15 scrubber
121 and out the purge line exhaust 12T, illustrated on the left side of
Fig. 8B. The purge Jane 12? is supplied by a source of compressed purge gas
(typically, air. from which bases have been filtered), which flows through
valves 125" and 125' and then to scrubber I21 ) sv that the purge gas flows
through the scrubber 121 in a direction opposite to the prior flow of the
sampled gas. The purge gas is directed 20 through each scrubber 121 via its
respective valves 125, 125' and 125" in a sequence following that of the
sampled gas flow and also for a period of about Z to 3 hours. Accordingly,
the purge gas cleanses each scrubber 121 of basic nitrogen compounds '
removed from the sampled gas, Consequently, a clean scrubber 121 is always
available when the flow of sampled gas is redirected. 2~ 1n adclition to
being connected to valves 125' and to the purge line 127, valves 125" are
also connected to an exhaust line 129_ In one embodiment, the 



control system 130 regulates valves 12S, 125' and l25" to maintain~~a flew
of sampled gas through each of the scrubbers 121 at all times, except
during purging. The flow through only one of these scrubbers 121 is
directed back to the sample line 30 116, however. Sampled gas flowing
through other, inactive scrubbers 121 is directed by the valves 125' and
125" into the exhaust line 129, which removes the sampled gas from the
system. The purpose of maintaining gas flow through   1 4 JUl 2003 WO
401424Z7 ~ ~ PCT/US00100966 -22 "inactive" scrubbers is to keep "inactive"
channels conditioned so that when the gaf llow is redirected to a purged
scrubber 121, the detector readings are less likely to be skewed by a
momentazy spike due to the need to flush old gas from the newlyactivated
scrubber 121 after a shift. 5 The sample in channel A, upon exiting
scrubber system 12D, contains essentially no detrimental molecular bases;
i.e., total concentration of objectionable basic nitrogen compounds is
approximately zero. This basic-nitrogen-compound free sample becomes the
reference sample for purposes of measuring the total basicnitrogen-compound
concentration in the unscrubbed sample from channel B. The 10 scrubbers,
however, do not affect neutral or acidic nitrogen.-containing compounds.
Otherwise, a false signal would be produced because those sanne compounds
remain in the target sample. In other embodiments, the reference gas and
the target gas may be sampled from different inputs_ In these embodiments,
it is desirable to construct channels A 15 and B to have the same pressure
drop from the input location to the converter input, Referring to Fig. 8C,
separate pressure reducers 118a, 118b may be used in channels A and I3. To
ensure that the pressure drop in each cliannel is approximately the same,
pressure zeducer 118a in channel A contains a larger orifice than pressure
reducer I 1 Sb to compensate for the affect of basic-nitrogen-compound
scrubber 20 system I20 on the pressure in channel A. Thus, the pressure
drop between scrubber system 120 and three-v~ay valve I224 is equivalent to
the pressure drop between pressure reducer 1 i 8b and th~xee-way valve
122b. Valves 122a and I22b allow the basic-nitrogen-compound-free sample
from channel ~, and the unscrubbed sample $oui channel H to be directed to
thermal 25 catalytic 'converter 124 alternately, in rapid sequence.
Operating the delivery train at 125 millibar pressure, for example, enables
the three-way valves 122a and 122b to jointly suritch the flow of sample
gas between channel A and charmel H several times per minute, to enable
averaging of a number of readings, if desired, within a short monitoring
interval, for instance ten minutes or less. While either valve 122a 30 or
valve 122b directs a gas sample from one channel through the thermal
catalytic converter 124 and detector 126, the other valve 122a or I22b
maintains continuous   1 4 J U l 2003 WO 00I42427 PCT/US00/00966 -23 flow
thxough the other channel by directing gas that passes thexe through into
auxiliary conduit 116a. Thermal catalytic converter 124 (e.g., as
manufactured by Thermo Ezrvironmental Instruments Inc.) converts basic
nitrogen compounds in each gas 5 sample to runic oxide (NO) by thermal
oxidation. A suitable catalytic converter 124 is 'illustrated in Fig. 8D.
The converter 124 comprises a reaction chamber 150 that may or may not
contain a catalytic element 152 (e.o., platinum andlor palladium), a
heating element 154 to heat the reaction chamber, and a thermocouple 156
connected to power control relay 158 which regulates the temperature of the
reaction 10 chamber. Since any given sample from channel B may contain a
variety of basic nitrogen compounds (such as morplaoline, diethylamino
ethanol, amz~nonia, and nozzn.al methyl pyrrolidinone), thermal catalytic
converter 124 nnust have a high coxiversion efficiency for many types of
basic nitzogez~ compounds. To achieve a high conversion efficiency
(85-100%) for a broad zange of basic nitrogen 



15 compounds, a stainless steel surface heated to 900C is used as the
catalyst. Alternatively, a metal oxide surface can be used. The gas sample
is oxidized as it passes over tue heated surface resulting in the
conversion of basic nitrogen compounds to NO. If the gas sample lacks
oxygen for oxidation, oxygen gas should be supplied to the converter. 20 1n
other embodiments, the converter may perform photocatalysis, wherein the
bonds of nitrogen-containing molecules are split with ultraviolet light to
free nitrogen atoms for oxidation to thereby form N0. The appropriate
conversion technique is determined by the desired application, taking into
account cost and conditions of use. 25 In some applications, gas samples
entering thermal catalytic converter 124 rnay contain molecules that aze
not basic nitrogen compounds, but will nonetheless be converted into NO.
For example, compounds such a5 NF3, HCN and Cli3CN are not basic nitrogen
compounds, yet if present in the gas sample, will be converted to hTO in
thermal catalytic converter 124. These compounds will not affect the total
30 basic-nitrogen,-compound concentration calculation, however, because the
basic nitrogen-compound scrubbers 121 do not.retain these compounds since
they are not bases. As such, samples fzom. channel A and channel B contain
equal amounts o f   1 4 J U L Z003 'WO 00I42427 PCTlUS00l00966 -24~ these
non,-basic compounds, and thermal catalytic converter 124 converts these
compounds to NO equally for channel A and channel B, thus canceling out any
effect.  Likewise, where the process to be monitored is sensitive only to
strong 5 bases, scrubbers that include a medium, e.g., a weak acid, that
removes only the various strong-base nitrogen compounds are selected. In
this case, since the weakbase nitrogen compounds will be present in both.
channels, their presence does not affect the response of the system.
Alternatively, basic nitrogen cozr~pounds carp be differentiated on the
basis of strength by using converters that convert bases of x 0 different
strengths with different efficiencies. Converted samples exit thermal
catalytic converter 124 and enter ehemiluminescence detector 126 (e.g_, as
manufactured by Thermo Environmental Instruments, Inc.). The detector 126
employs chemilurninescence for NO detection. Typically, the maximum signal
from chezailuminescence detector 126 is achieved at 15 a pressure of about
65 Torr and at a flow rate of about 1.5 liters per minute under the
operating conditions described above, Detector 126 operates at
approximately 125 millibar, suitable for detection of low concentrations
ofbasic nitrogen compounds. This high sensitivity affords detection of
total basic-nitrogen-compound concentrations of less than 1 ppb, preferably
less than 0,5 ppb. 20 Detector 126 employs chemilum~inescence for NO
detection. For this NO + 03 ~ N02 + 02 , purpose NO is caused to react with
ozone generated by an internal ozone generator in a reaction chamber of the
detector 126. This produces electronically-excited N02 molecules (N02*),
which, in returning to the ground state, emit photons, hv, that ate
detected by an appropriately-cooled photomultiplier tube. The reaction is
given by 25 the expression, N02 - N02 + by .   1 4 JUL 2003 WO 00/4Z427
PCT/USOo/00966 -25 To achieve the needed sensitivity for current DUV
photolithographic processes rwith presently-available photomultipliers, the
photornultiplier tube is cooled a temperature of -5 C or less. To achieve
sensitivities required for nextgeneration fire-resolution DUV
photolithography in semiconductor manufacturing, 



5 the tube is cooled to -15 C by an associated thermoelectric cooler.
Moreover, since there is significant variation in the sensitivity of
photornultiplieT tubes produced by the same manufacture, the analyzer
sensitivity is further increased by testing and choosing an optimum
photomultiplier 'tube for the performance required- In other
implementations, NO is detected by colorimetric methods using devices
available 10 loan, e.g_, Tytronics, Inc. of Bedford, Massachusetts; other
methods that are based upon cozrtinuous in-line sampling may also be used.
Tl~e signal from the photomultiplier is converted into time-based NO
concentration values by a control system 130, and then the total
basic-nitrogen compound concentration of the gas sample from the selected
sampling point is 15 determined, e.g., by appropriately averaging and
differencing the values. The total basic-nitrogen-compouzxd concentration
for the gas sample equals or is proportional to (accounting for incomplete
NO conversion of basic nitrogen connpounds) the difference between the NO
concentration of the unscrubbed sample from charnel B, e.g., at txm.e t~
(vr the average of NO concentrations at times tl, t3, . . . tp." n being an
20 even number) and the NO concentration for the
basic-nitrogen-compound-$ee sample from channel A, e.g., at time tz (or the
average of NO concentrations determined at times tz, td , , , tn, n being
an even number). In as alternative embodiment, the detector 12b comprises a
plurality of detection devices, with a separate detection device being
ahocated to each Channel. 25 Additional channels may be used to provide
further analysis of the components of the sampled gas. For example,
referring to Fig. 8E, three chanziels (C131, CH2 and CH3) may be used to
determine the component concentrations of NO, N02 and other non-basic
nitrogen-containing compounds which are convertible to NO, and the total
basic nitrogen compounds in a gas sample. The following 30 discussion
focuses on the various classes of nitrogen-containing compounds in the
sampled gas. NO, NOz, basic nitrogen compounds, and other N-containing
compounds reach the NO detector through CHl; and the NO detector produces a
1 4 J U L 2003 WO 00I42427 PCTlUS00/00966 -26 signal representative of the
NO concentration is the sampled gas. NO (including NO converted from NOz
and other convertible N-containing molecules) and non convertible
N-containing molecules reach the NO detector through C112; and the
difference between the detector signals for CHl and CH2 provides a measure
of the 5 concentration of NOz and other non-basic, nitrogen-containing
compounds which are convertible to NO in the sampled gas. NO (including NO
converted from NOz, basic nitrogen compounds and other convertible
N-containing molecules) and non convertible N-containing molecules~reach
the NO detector through Clr3; and a measurement of the concentration of
total basic-nitrogen-compounds in the sampled 10 gas is obtained by
subtracting the detector reading for CH2 tom the detector readi.no for
C1I3. Accordingly, an interference calibration is provided by the
above-recited steps. In some implementations, variations chat occur in the
ambient NO and N02 concentrations may affect the accuracy of the total
basic-nitrogen-compound 



1~ concentration measurement. In such cases where the disturbance warrants,
an algorithm is used to minimize the affects of such fluctuations by
calculating the total basic-nitrogen-compound concentration based on a
moving average for NO concentrations from channel A and channel B. For
example, each NO concentration measurement is added to the previous
consecutive measurements and divided by the ZO ,total number of
measurements made at that point in time. This moving average calculation
may be represented by the following algorithm: Moving NO Average = (X, + Xz
+ . . . + X~ / n, where X equals the NO concentration at a given time and n
equals the total number of NO measurements made. The moving average
calculation may be reset 25 periodically to avoid the weighting of out-of
date measurements. In another algorithm, a selected number of values are
added togetb,er to provide any initial average value and thereafter the
oldest value is dropped from the average as the newest measured valve is
added to it. As shown in Figs. SA and 8B, control system 130 (e.g., a
computer), in 30 addition to collecting and analyzing data received $om
chemiluminescence detector   i 4 J U l 2003 WO 00/42427 ~CTfUS00100966 x26,
controls selection valve 114, valve 122 (or valves 122a and 122b, as shown
in Fig. 8C), and scrubber-system valves 125, 12S' and 125". Selection valve
114 is controlled by control system 130 to channel samples tom multiple
sampling ports 1 x 2 into the conversion module 6 in a selected order.
Valve 122 is controlled to 5 switch between channel A and channel B on the
basis of settling times (i.e., the time required for the measured NO value
to reach equilibrium following a shift). Preferably, multiple switching
cycles are employed for a given sample line and the measurements are
averaged, or a ninr?ng average is employed, to produce a reliable measure
of total basic nitrogen compounds, as has been described. 10 Referring to
Fig. 9, in another embodiment, conversion module 6 employs an additional
valve 140 at the branching point of channels A and B. 'Valve 140, in
conjunction with valve l22, isolates basic-nitrogen-compound scrubber
system Z20 and thus prevents th.e possibility of back-ilow diffusion. The
amount of sample that is directed by valve l40 to channel A and channel B
is controlled by control system 1 S 130. In this embodiment, valve x22 is
also :,onnected to the vacuum. pump by an. auxiliary conduit l lda (which,
again, is connected, in parallel with sample line 116, to a common vacuum
pump) to draw gas through the non-selected channel so that substantially
continuous flow conditions are maintained through both channels A and B at
all tines. Valve 140 is also connected to sample lines 116b and 116c, 20
which are connected, in parallel, upstream from channels A and B. Sample
lines 116b and 116c include respective pressure reducers 118b and 118c,
which restrict the flow of sample gas to different degrees. When the sample
gas is flowing through channel B, valve 140 selects the sample line
with~the more-restrictive pressure reducer (in this example, sample line
116c) as the source of that gas. The resistance 25 o~Fthe
a'nore-restrictive pressure reducer is selected to offset the inherent flow
restriction generated by the scrubber system 120. While channel B is
selected, valve 140 connects sample line 116b, which has the
less-restrictive pressure reducer, to supply a flaw of gas sample through
channel A and on through auxiliary sample line 116a. ' 30 Referring to Fig.
10) in another embodiment, a separate and distinct channel for producing a
reference o f Zero air is op erated p arallel with another charui,el for
determining the total basic-nitrogen-compound concentration. Sampling point
1 4 J U L 2003 



WO D0142427 PCTNS00/0096G -28 selection 'valves 1 I4a and 114b, for
channels 1 and 2, may be gauged and arranged to simultaneously sample the
same location. Channel 1 produces a reference of zero air by directing a
sample to basic-nitrogen-compound sczubber system 120 and then to a thermal
catalytic converter 124a and chemiluminescence detection device 126a. 5 At
the same time, channel 2 diiects a sample to a thermal catalytic converter
124b and a chemiluminescence detection device 126b. The NO measurements
from channel 1 and 2 are made simultaneously and then compared. This
embodiment provides an >ziterference calibration eliminating the effect o f
fluctuations in ambient NO and N02 concentrations~by determining the actual
NO and N02 concentration at 10 the same time as the total NO response is
being measured. Control systerx~, 130' calculates the total
basic-nitrogen-compound concentration based on the differences between the
two readings from the detectors 126a, 126b. A calibration system (not
shown) is employed to compatibly zero the instnunents (e.g., to accommodate
variations in the converters and detection 15 devices) so that they can
operate together. A correction factor based upon, e.g., computer look up of
an experience table, can be employed for calibration purposes. A
calibration routine can be conducted periodically, and drift trends can be
measured and stored to create a dynamic correction algorithm. This
arrangement eliminates the possibility of noise from variations in 20
ambient NO and NOi concentrations because the instantaneous value of the NO
and NOz concentration is always known and does not change during a
calculation cycle. This systerr~, in effect, reduces the time between
ambient NO and N02 measurements to zero, which solves the fundamental
problem of fluctuations in NO and NOz concentrations during a single
calculation cycle. 25 The various embodiments may be implemented in a
number of useful ways. The parameters of the basic-nitrogen compound
scrubbers are selected to remove only those basic nitrogen compounds that
affect a given process. In one advantageous example, beds of
photoresist-coated beads are used as the scrubbers, the photoresist
material being selected to con espond to'the photoresist material 30 being
employed,in the process being monitored. Thus, the scrubbers remove those
basic nitrogen compounds to which the photoresist process is peculiarly
sensitive. In an irmportant case, the scrubbers used in the detection
systems of pigs. 8-10 are   1 4 JU! 20D3 WO 00l42427 FCTIUS001009G6 -29
constructed and arranged to select construction materials for use in a
basic-nitzogen~ compound-sensitive process (e.o., chemically-amplified
photoresist process). In another important case, the detection system of
Figs. 8-10 is connected to monitor the performance of a
basic-nitrogen-compound gas filter system used to filter gas in 5 a DUV
stepper, scanner or coatldewelop track. In another important case, the
detection system of Figs. 8-10 is connected to monitor the total
basic-nitrogen compound concentration inside a DW stepper, scanner, or
coat/develop track. In another important case, the detection system of
Figs: 8-10 is connected to monitor cleanroom concentration of total
basic-nitrogen-compound concentration inside a 10 DUV stepper, scanner, or
coatldevelop track. In addition to "zero" calibration, discussed above,
another calibration important to maintaining accuracy in measurements is a
"span" calibration. The term, "span," as uscd herein, refers to a scaled
range of values indicative of the 



basic-nitrogen-compound concentration in a gas sample. The scale, for
example, 15 can range tom zero to 100, where "zero" indicatca an absence
ofbasic nitrogen compounds and "100" indicates a maximum concentration of
basic nitrogen compounds. Over the course of time, detector readings may
drift, for example, due to a shift in converter efficiency or a clouding of
the optics in the photomultiplier tube. 20 In the embodiment illustrated in
Fig.11, span calibration is performed by a control system 130 which
generates commands for directing calibration-gas selection valve 171 and
multi-way valves 117 and 122 to circulate zero air from a zero source 113
through the scrubber system lid, converter 124 and detector 126. Tine
reading from the detector I26 is then recorded by the control system 130 to
25 establish a "zero reference." The control system 130 then dixects
multi-way valves 117 and 122 to circulate a kx'town reference concentration
of a basic nitrogen compound (e.g., ammonia) from known-concentration
source 115 through the scrubber system 120, converter 124 at~d detector 126
to generate a "known concentration reference" from the detector. The
control system 130 matches the 30 known-concentration reference with a
preset contamination level on a scale of basic nitrogen-compound
concentrations. The preset contamination level can either be at the scale
maximum or be at an intermediate number. Regardless, with the known   1 4 J
U L 2003 'CVO 00/42427 PCT/rJS00/00966 -3 0 reference concentration of
basic nitrogen compound circulating through the conversion module 6 and
detector 126, the reading from the detector 126 is again measured by
control system 130, The control system 130 then calculates the difference
between detector readings as measured for the zero air and as measured 5
for the gas with the known reference concentration ofbasic nitrogen
compound and corz~elales this difference with the difference in
contamination level for the two gas samples. Accordingly, by dividing the
difference in detector zeadings with the difference in contamination levels
for the taro gas samples, the control system 130 establishes a precise
ratio for each unit change of span and the corresponding change 10 in
detector reading. When the conversion module 6 is put bacls into normal
operation, the control system 130 then uses this ratio to assign a
contamination level within the calibrated span to subsequently-received
detector readings. The control system 130 then compares the generated value
vtith a threshold value to determine whether the process is to be shut down
due to excessive basic-nitrogen-compound 15 contamination. Alternatively,
the zero source 113 and known-concentration source 11 S can be coupled with
the conversion module 6 upstream from valve 122 either at valve 114 or at
valve 123. rf the sources 113 and 115 are coupled wish the conversion
module 6 at valve 114 or at valve 123, shifts in span due to changes in
scrubber 20 efficiency can likewise be factored into the calibration. The
control system 130 includes a computer having a processor governed by
software cods; stored on a computer-readable medium in communication with
the processor, where ,the software code directs the above-described span
calibration process. The steps in this process, as directed by the
processor and software code, 25 are further outlined in Figs. 12 and 13.
Specifically, the software code directs the processor to generate commands
to separately direct gas samples from the zero source and
known-concentration source through the convertor and detector. The
processor then receives detector readings for each gas sample. Finally, the
processor calculates a difference in the detector xeadings and generates a
span calibration 30 value. As further directed by the software code, the
processor then applies the span calibration value to subsequent readings
for a process gas to generate a scaled value indicative of the
basic-nitrogen-compound eozttamination level for the process gas. 



? 4 JUl 2003 'WU 00/d2427 PCTIUS00/00966 -31 ~rpically the span calibration
of detector readings is perFozuzed in coordination with an interference
calibration and a aero calibration, discussed herein. Thougli the $equency
of calibrations is situation-specific, the span calibration process
typically is performed about once a day. The zero ealibratioz~ is typically
5 perfomaed more often due to the magnified affect of relative errors at
low concentration levels.. although the frequency of the process can be
established by monitoring the deviation in span with each calibration and
recording,each deviation in rnem,ory. If little or no deviation in repeated
calibrations is observed in reviewing the calibration history, the
frequency of performing the calibration of span or gray of 10 the other
parameters can be reduced. ,Additional methods of this invention are used
for diagnostic evaluation of the functioning of the scrubber, converter and
detector subsystems. In the embodiment illustrated in Fig. 14, a plurality
of diagnostic gas sources, specif catty, a clean dry air source 162, an
ammonia gas source 145, an NO gas source 147, and 15 an NOz gas source 149
are each coupled with a mufti-way valve 127, to which the sampled air 101
is also supplied. Downstream .fi~om the mufti-way valve 127 is a splitter
161, which directs samples to one of three channels, I31, 133 ox 135. The
control system 130 directs the system through a four-part sequence useful
for both diagnostic evaluative as well as for calibration of detector
readings. 20 The ammonia gas source 145, as well as the NO gas source 147
and N02 gas source 149, preferably include a liquid precursor, which is
vaporized to provide the vapors directed through the system. One or more
permeation tubes are provided to allow selective passage of each vaporized
precursor into the system. The liquid precursor is contained in a
reservoir, and a heater is coupled with a temperature 25 controller that
commiuticates with the control system. Separate reservoirs of liquid NO2
and aixAmonia liquid are preferably heated to about 30C with a stability of
Q0,2C. The temperature is tightly controlled due to the exponential
increases of vapor pressure with respect to changes in temperature (for
example, a 10C increase in either reservoir can result in a doubling of
vapox pressure). If the temperature of 30 the reservoir must be shifted
outside a pre-established range to provide the necessary vapor to the
system, the control system, in accordance with its software, triggers an
alarm indicating a system malfunction. For example, the control system can
be   14 J U l 2003 WO 00/42a27 PC1'IUS00/009GG -32 programmed to trigger an
alarm if the temperature of the ammonia reservoir drops below about 25C.
The contro 1 system and temp erature contro ller co op erate to regulate
the heater to heat the liquid precursor to a temperature that will produce
a desired vapor 5 pressure. A processor distinct from that used to perform
the NO detection algorithm based on detector readings can be used to
provide this control over the vapor pressuze of the precursor. Accordingly,
the processor and processing steps relaring directly to the evaluation ofNO
readings at the detector can be treated as a commodity distinct $om the
other processes performed in association with this 10 invention and from
the other processvr(s) associated therewith, First, the control system 130
directs valves 160) l27, 123 and 139 to direct "zero air" from clean dry
air (CDA) source 162 through channel 131 where it passes through a scrubber
121 and converter 124 on its way to NO detector 126. The CDA is derived
from ambient air filtered of bases. Before passing through the system, the
15 CDA is preheated to a set temperature and scrubbed by scrubber 164.
Meanwhile, the control system 130 monitors readings from the detector 126
to evaluate whether the detector 126 is indicating zero contamination. The
phrase, "substantially-zero base contaminants," refers to air with a
concentration of base contaminants below the lower detection limit of the
system. The lower detection limit is generally about 20 0.6 parts per
billion (ppb). The control system 130 can be in the form of a personal
computer operating software which instructs a processor within the computer
to evaluate detector readings and to generate commands based on that
evaluation either for providing notice of a system malfunction or for
calibrating subsequent detector readings. 25 Depending on the magnitude of
the difference from a zero reading provided by the detector 126, the
control system 130 can either provide a calibratiozt value to cozz~.pensate
for this difference in subsequent readings or can trigger an alarm, in the
case of a significant difference, to indicate a system malfunction, A
system malfunction can result from faulty performance of a sciubber 121,
converter 124 or 30 detector 126 or tom a leak in the system. The alarm can
be in the form of a servicecall request electronically sent by the contzol
system 130 via line 151 to a network 153 that directs the service-call
request to a service provider 155.   1 4 J U L 2003 wo ooiaz4z~ 



-33 PCTIUS00/00966 Second, the control system 130 directs valvES 173, 171,
127 and 179 to direct N02 from N02 source 149, where the N02 is diluted
with clean dry air from CDA source 162 to about 100 to about 1,000 ppb N01
and converted to NO in converter x 62 through channel 135 directly to the
detector 126. No further conversion is 5 needed because the NO can be
measured by the detector 126 without any extra processing. The control
system 130 monitors readings from the detector 126 to evaluate whether the
detector 126 indicates an NO level matching the lmown concentration level
leaving the converter 162. Again, the control System 130 can either provide
a calibration value to compensate for this difference in subsequent 10
readings or can trigjer an alarm (e.g., transmitting a service-call
request), in the case of a significant difference, to indicate a system
malfunction. As an alternative to the above-described use of an NO source
(e.g., an NO canister), NO can be provided by directing NOz from N02 source
149 through converter 162, where a molybdenum catalyst catalyzes a reaction
converting N02 to 15 NO, and then through permeation tube 164 which
selectively allows NO to pass through. Third, the control system 130
directs a concentration of about 100 to about 1,000 ppb NOz fzom NOz source
149, vcritlz dilution again provided by clean dry air from CT~A, source 162
through valve x 73, branch 166, and then thzough valves 171, 20 127, and
175/177, and then through the converter 124 in channels x31 and 133. The
control system 130 monitors readings from the detector 126 to measure the
difference between the readings and the known N02 concentration level of
the NOz source 149. A.s before, the control system 130~cara either provide
a calibration value to compensate for this difference or can trigger an
alarm (e.g., in the form of a 25 transmitted service-call request), in the
case of a significant difference, to indicate a system zztalfur~ctaon. The
N02 source 149 will often include some measure of NO, as well, since the
N02 is typically formed by reacting an excess of NO with 03 in compliance
with EPA regulations. The NOZ concentration in the solace 149 is measured
by 3 0 subtracting the concentration of NO in the source 149 from the
eoncentraiion of NO detected at the detector 126.   14 JUl 2003 WO 00/42427
-34 PCT/US00/00966 In channel 13l, NOz flows through at least one scrubber
121 and then on to the converter 124 and detector 126. T'he scrubbers 121
tend to convert a small percentage of NOz to NO, which can skew detector
readings, Via this procedure, the degree to which that conversion takes
place can then be calibrated for in subsequent 5 detector readings. Fourth,
the control system 130 directs valves 17J., 127 and 175/177 to direct 



ammonia from ammonia source l45 iii a concentration of about 100 to about
200 parts per billion (ppb) alternately through channels 131 and 133) As an
alternative to ammonia, trimethylamine, :triethylamine, n-methyl
pyrolidnone, cyclohexylamine, 10 diethylaminoethanol, methylarnine,
dimethylamine, ethanolamine or morpholine can be used. Once again, the
control system 130 monitors readings from the detector X26 to evaluate
whether the detector 126 is indicating a contamination level matching the
concentration level of ammonia leaving the ammonia source 145, The control
apparatus can then either provide a calibration value to compensate for
this 15 difference or can trigger an alarm (e.g., transmission of a
service-call request), in the case of readings evidencing a significant
variance from the known ammonia concentration, to indicate a system
malfunction. Alternatively, the parallel scrubbers 12x can be replaced with
a single scrubber. Generally, the parallel-scrubber system, which is rrxore
robust than the single-scrubber system, is preferred when a vexy weak 20
base is used or with a combination of a weak base and a strong base.
Preferably, the ammonia source 145 supplies "wet" ammonia. "Wet" ammonia
includes water vapor, provided by mixing with clean, moist air (CMA) from
source 163 directed through scrubber 164', at a concentration approximately
matching that of ambient air (e.g., about 40% relative humidity), whereas
"dry" 25 ammonia is nearly free of water vapor. The catalyst in converter
124 typically is sensitive to vrater. Accordingly, sampled air, which
typically includes ambient water vapor concentration will, over time,
affect the conversion efficiency of the converter 124. Consequently, a
conrre~rter 124 that has been in use for an extended period will tend to
convert ammonia with varying efficiency dependant upon the 30 concentration
of water vapor in the gas stream. A failure to appreciate and account for
the converter's sensitivity to water vapor concentration can produce
calibration errors due to the unaccounted-for drop in conversion efficiency
for `fret" samples.   1 4 J U l 2003 WO o0/4Z4I7 PCTlUS00/00966 -35By
directing "wet" ammonia (with a water-vapor concentration matching that of
the sampled gases) through the system, any drop in convetter efficiency
will be canceled out when comparing measurements. Zn some embodiments, wet
and dry ammonia sources can alternately be directed through the system to
monitor this difference. The software code in one embodiment is developed
for the WINDOWS platform (frorrx Microsoft Corp.) using VISUAL C++
(available from Microsoft), which builds a template for the WINDOWS
environment into which a library of components for governing and monitozing
the methods of this invention are integrated. 10 The softvrare allows the
operator and administrator to: monitor multiple sample locations (e,g"
locations throughout a semiconductor processing tool); hold and view data
received from a single location; jump to a specific location to initiate
and view data collection; create data acquisition schedules for several
groups; configure sample locations; view real-rime data graphically and
track histozical data 15 on specific location operation. Fig. 15, for
example, illustrates apull-down menu showing a variety of sample locations
that can be selected by the operator/administrator. Further, a
computer-generated toolbar for selection of various software functions is
illustrated in Fig. 16. A display is illustrated in Fig. I7, wherein the
data acquisition schedule for 20 the systerr~ including group label, status
indication, execution mode and purge and sample times are displayed.
Further, a sample locations display is illustrated in Fig. 18. The display
is 



divided into ten fumes, with each frame representing a sample location) The
display provides a snapshot view of data as it is captured from all
TMB-RTIVI test 25 point locations in. real time, and over a period of
tiz~ne. The computer cycles through all locations and displays the data as
it is captured as the solid bat in the center of each frame and as the
numerical ppb reading at the top of the frame, As the computer cycles
through a11 sample locations, th,e active sample location has a white
border and background. 30 The display includes the fohowing features:   1 4
JU1 Q003 WO 00/4227 -3 6 PC~'/USOO100966 1) Location Name: The Sample
Location Name is displayed in the boy at the top of each frame, Location
names are set up in Administrator Mode. 2) Current ppb Reading: The Current
ppb Reading is displayed 5 ( numerically at the top of each location frame.
3) Current ppb Level Indicator: The Current Level Indicator is a graphical
representation of the current ppb reading. When the operator double clicks
on this indicator, the so~.~vare launches a real ' 10 time view of the
date, displayed in a graph format. 4) Alarm Level Indicator: The Alarm
Level Indicator is represented by a bar with a solid red arrow to the right
ofthe bar. This indicator is a graphical representation of the Alatm Level
set by the Administrator. 'When 'ttae Current ppb Level is in an alarm
state, the indicator is red. 15 5) Alarm Level Setting: The Alarm Level
Setting is set by the Administrator in Administrator Mode and cannot be
adjusted by the user. The setting is displayed in numerical format at the
bottom of each location frame. 6) High Level Indicator over time: This
indicator displays graphically 20 the high ppb level at each location, over
a period of time preset by the Administrator. 7) Low Level Indicate: over
time: This indicator displays graphically th'e low ppb level at each
location over a period of time preset by the Administrator. 25 8) Scale
Adjustment: There is a scale adjustment available at the top of each frame
that allows the user to adjust the scale for that particular frame. This
can be helpful if readings are either high or low and the arrows are out of
the scale displayed. Note that when the current ppb level indicator in a
frame is read it indicates that 34 there is an alairn condition at that
particular sample location:   14 JUL 2003 WO o01a2a2~ ~ PCTNS00/Oa966 -37
The software further includes modules and associated interfaces allowing
the administrator to create several user groups for monitoring and to
define different schedules for acquiring data for each group. Further
still, a data acquisition scheduling screen allows the administrator to
define the sequence of steps in data 5 acquisition. The following
parameters are defined for each step: order in sequence, location, purge
time and sample time, "Sample time" is the actual amount of time that a
sample is taken. at a particular location. "Purge time" is the actual
amount of time that the system takes to purge the cuzrent sample fo gas
from the instrument fox the sampled location. Sample and pur?e times do not
have to be the same for each 



10 step. Additional screens are provided in Figs 19 and 20. In Fig. 19, a
local alarm screen is illustrated, wherein the high and low alarm functions
at each location are defined. Finally, Fig. 20 illustrates a real-time view
of a sampling monitor. The horizontal line at 30 pbb represents a warning
threshold, and the horizontal line at 40 15 ppb represents an alarm
threshold. Tn operation, the detected base contaminant level is chart one
the graph as a function of time. In another system of this invention,
illustrated in Fig. 21, the detector is an ion mobility spectrometer (IMS)
170 (available from Molecular Analytics, hrip://www.ionpro.com), IMS's,
however, are prone to interference; particularly 20 prone are NAP sensors.
NMP sensor readings can be skewed by the presence of acetone, for example.
See, Bernard T. Beauchemin, lr., et al., "Optimization and Utilization of
IMS for Jeep UV Clean Room Air Monitoring of Amines and NMP," Proceedings
of the Arch Microlithography Symypo'sium, San Diego, Nvv. 14-16, 1999, at
261. Acetone is a common laboratory solvent used for cleaning equipment 25
contaminated with positive photoresist. Because the ion mobility spectra of
acetone overlaps with that of NMP, the presence of acetone residue in the
system can cause a false positive detection in the TMS or, at higher NMp
concentration, triggex a false alarm. The use of a scrubbedlunscrubbed
sampling system of this invention, whereby a primary channel is introduced
into the IMS and a secondary channel with 30 one or more
basic-nitrogen-compound scrubbers 120 (either the single scrubber or
parallel scrubber embodiments) is introduced into the IIvfS, allows for
calibration   14 J U l 20D3 WO 001424Z7 ~ PCTNS00l00966 _38_ based on this
interference. The difference between the two xeadings provides a measure of
the concentration of the basic riit~rogen compound in the sampled gas,
While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those
skilled 5 in the art that various changes in form and details may be made
therein without departing from the scope of the invention encompassed by
the appended claims.   ~ 4 J U L 2~(~3 -39 Claims What is claimed is A
detection system for detecting basic nitrogen compowzds comprising: a
sensor chat detects a concentration of an indicator gas in a gas sample; a
converter apparatus that converts gaseous nitrogen compounds in the gas
sample into the indicator gas, the converter apparatus being coupled with
the sensor for delivering the converted gas sample to the sensor; a primary
channel coupled with the convez-ter apparatus to deliver a target gas
sample to the convener apparatus; at least one scrubbing channel coupled
wish the converter apparatus foi delivering a reference gas sample to the
convener apparatus, the scivbbing channel including a scrubber for removing
basic nitrogen compounds from the reference gas sample; and a
nitrogen-compound gas source coupled with the converter apparatus and with
the sensor, the nitrogen-compound gas source supplying a diagnostic gas
including at least one nitrogen eoznpound of a reference concentration
through the converter apparatus 



and sensor. 2. The detection system of claim 1) and either: a) wherein the
nitrogen compound source includes a reservoir supplied with a heater for
vaporizing the diagnostic gas, in which case, optionally, fiu-ther
comprising a control system including a processor and computer executable
software code stored on a computer readable medium coupled with the
processor for controlling the teznperatw~e of the reservoir to generate a
desired vapor pressure of the diagnostic gas; or b) wherein the nitrogen
compound is a basic nitrogen compound; in which case, optionally, further
comprising a second gas source coupled with the converter apparatus and
wish the sensor, the second gas source suppl~~ing a second diagnostic gas,
the second diagnostic gas being substantially free of basic nitrogen
compounds or having a reference concentration of basic nitrogen compounds
distinct from that of the diagnostic gas supplied by the
basic-nitrogen-compound gas sow~ce, in l~~hich case, further optionally,
i ~ J U L 2~~~~ -40 either i) wherein the converter apparatus includes a
plurality of converters, algid the sensor includes a plurality of
defectors, and w herein a first convener and first detector are coupled to
the primary channel, and a second convener and second detector are coupled
to the scrubbing chalulel, or ii) further comprising a third charu~el that
directs an unscrubbed, uncoverted gas sample to the sensor, in which case,
further optionally comprising a third gas source coupled with the sensor,
the third gas source supplying a third diagnostic gas including a non-basic
nitrogen compowld of a reference concentration, in which case optionally
wherein the third diagnostic gas supplied by the third gas source includes
INTO of a reference concentration, in which case yet further optionally,
further comprising a fourth gas source coupled with the sensor, the fourth
gas source supplying a fourth diagnostic gas including N02 of a reference
concentration; or iii) further comprising a cor~t~-ol system programmed and
configured to: generate cvznmands to direct a first gas sample fiom a first
gas source and to direct a second gas sample from a second gas source
tlu~ough the converter apparatus and sensor; receive sensor readings for
each gas sample; generate a span calibration value based on: the difference
in the sensor reading for the first gas sample and the sensor reading for
the first gas sample; and the difference in reference concentrations of
basic nitrogen compowzds in the first and second gas smnples; ar~d 



apply the span calibration value to detector readings for a process gas to
generate a scaled value indicative of the concentration of basic nitrogen
compounds in the process gas, and optionally further comprising the step of
directing the pxocess gas from a photolithography tool to the sensor; in
which case, further optionally, wherein the control system is further
progyammed to generate an interference calibration value; in wlvch case,
further optionally,   ~ 4 JUL 20U3 -41 wherein the sensor includes at least
t7~ro detectors and the control system is ful-lher programmed and
configured to receive substantially-simultaneous detector readings from a
pair of detectors and io generate the interference calibration value as a
function of the substantially-simultaneous detector readings; or c) further
cornpr~sing a control system in communication with the sensor, wherein the
control system is prograrlllned to send colnraands to direct the diagnostic
gas through the sensor, and wherein the conhol system is further programmed
to compare detector readings for the diagnostic gas wish a lclaown
nitrogen-compound concentration in the diagnostic gas, 111 WhlCh case,
optionally ~x~herein the control system is progra~runed to send colntnands
to alternately direct a first diagnostic gas and a second diagnostic gas
through the sensor and to compare detector readings for both diagnostic
gases with lrnown nitrogen-compound concentrations in both diagnostic
gases) 3. The detection system of claim 2 with option b} wherein the
diagnostic gas includes wafer vapor of an ambient concentration. 4. A
span-calibrated method for monitoring basic-nitrogen-compound contamination
in sampled gas, comprising the steps of: passing a first gas through a
converter apparatus including at least one converter chat convel-ts gaseous
nitrogen compo~u~ds in the first gas into au indicator gas, the first gas
including ai least one gaseous nitrogen compound of a first reference
concentration; then . . passing the first gas through a sensor that
includes at Jeast one detector that generates a reading of the indicator
gas; passing a second gas through the converter apparatus, the second gas
having a second reference concentration of gaseous nitrogen compounds
distinct from the first reference concentration; then passing the second
gas through the sensox to generate a reading of the indicator gas; and   1
4 JUl 2Q03 -42 generating a span-calibration value based on the difference
in detector readings for the first gas and the second gas correlated with
the difference in reference concentrations in the first and second gas;
separating a process gas into a reference gas sample and a target gas
sample; passing the reference gas sample through a scrubbing channel
including at least one scrubber that removes basic nitrogen compounds and
then passing the reference gas sample through the converter apparatus and
on to the sensor; and passing the target gas sample through a primary
channel in which the basic nitrogen-compoiu~d contamination level in the
target gas sample remains substantially unchanged and then passing the
target gas sample through the convener apparatus and on the sensor; using
the sensor to generate respective readings of the indicator gas in both the
converted reference gas sample and the converted target gas sample; and 



comparing the respective detector readings arid applying the span
calibration value to generate a value indicative of the level of
basic-ivtz'ogen-compound contamination in the process gas. 5. The method of
claim 4; further comprising the step of passing a third gas sample through
a chaiu~el free of scrubbers and converters, and optionally, wherein the
target gas sample and the reference gas sample are passed through distinct
converters in the converter apparatus and ilrrough distinct detectors in
the sensor, in which case, fw-ther optionally, further comprising the step
of subtracting the detector reading for the refer ence gas sample fr0)11
the detector reading for the ta~yet gas sample to calibrate for
fluctuations in the concentration of interference gases, in which case,
further optionally, fwlher comprising the slep of obtaining the process gas
from a photolithography tool, in v,~hicla case, fw-ther optionally, wherein
the detectors simultaneously measure the concent~~ation of indicator gases
in the target sample aild the reference sample. An interference-calibrated
defection system for detecting conian~inani gases compsing:   -43 14 J U L
2DD3 a primary channel through which a target gas sample is passed, the
primary chanel having a primary convener for convening gaseous iutrogen
compowlds in the gas samples info an indicator gas, and a primary detector
for detecting the indicator gas; and a scrubbing channel through which a
reference gas sample is passed, the SCrllbblllg chamlel including at least
one scrubber for removing basic nitrogen compounds from the reference gas
sample, a secondary converter for converting gaseous vitro gen compounds in
the gas samples into an indicator gas, and a secondary detector for
detecting the indicator gas, and optionally, further comprising a third
channel that directs an unscrubbed, unconverted gas sample to a detector,
in which case, optionally, further comprising a control system coupled to
the detectors and programmed to detern2ine the difference in readings fiom
the primary detector and from the secondary detector to provide an
indication of the concentration of basic ntrogen compounds in the tar get
gas sample, in which case, optionally, wherein the control system is
prograiruned to determine the, difference in simultaneously recorded
readings from the primary detector and from the secondary detector. 7. An
interference-calibrated method for measw-ing the concentration of basic
nitrogen compounds in a target gas sample comprising the steps of: passing
a target gas sample through a pximary channel where a primary convener
converts gaseous nitrogen compounds in the target gas sample into an
indicator gas, and a primary detector generates a reading of the indicator
gas; 



passing a reference gas sample through a scrubbing channel where a scrubber
removes basic nitrogen compounds, a secondary converter converts gaseous
nit~~ogen compounds in the reference gas sample into an indicator gas, and
a secondary detector generates a reading of the indicator gas; and
comparing the readings from the primary detector and secondary detector to
provide an indication of basic-nitrogen-compowzd concentration based on the
difference in detector readings.   -44 1 4 J U L 2DD3 8. The method of
claim 7, wherein simultaneously-recorded readings from the primary detector
and secondary detector are compared. 9. A detection system for detecting
basic nitrogen compounds comprising: a converter apparatus that converts a
nitrogen compound in a gas sample into an indicator gas; a sensor that
defects the indicator gas, the sensor being coupled with the converter
apparatus to receive a gas sample from the converter apparatus; a pr>Inary
channel coupled with the convener apparatus to deliver a target gas sample
to the convener apparatus; at least one scrubbing channel including at
least one scrubber, the scrubbing charulel coupled with the converter
apparatus to deliver a reference gas sample to the conv'ei-ter apparatus;
and a third channel coupled wish the sensor to deliver an unsciubbed,
unconvei-led gas sample to the sensor. 10. The detection system of claim 9
an either: a) wherein the sensor includes a plurality of detectors such
chat a11 tluee channels do not share a common detector; or b) wherein the
converter apparatus includes at least W o converters, with distinct
converters positioned in the prima~~y channel and the scrubbing chamzel; or
c) wherein the scrubbing channel includes a pair of sci~ub,bers joined in
parallel. 11. A detection system for defecting contaminant gas, comprising:
a sensor that detects an indicator gas in a gas sample; a primary channel
that delivers a gas sample to the sensor; a plurality of scrubbing channels
that delivers a reference gas sample to the defector such that each of the
scrubbing channels includes a scrubber that removes a basic nitrogen
compound from the reference gas sample; and   



-as- 14 JUL 2003 a convei-ler coupled to the primary channel and to the
scivbbil~g channels that converts a gaseous nitrogen compound in a gas
sample into the indicator gas. 12. The detection system of claim 11 and
either a) further comprising a purge system coupled to at least one of the
scrubbers for purgzng reversibly-bound basic nitrogen compounds from the
scrubber. or b) wherein the sei~ubbers include a cation exchange medium; or
c) wherein the scrubbing charnels are connected in parallel; and
optionally, further cornpizsing a flow controller positioned for
selectively controlling which of the scrubbing channels the sampled gas can
slow through to the converter, in which case, optionally, wherein the slow
controller is governed by a control system that is progrannned to transfer
the flow of the reference gas sample reaching the sensor from a scrubbing
channel wish a contaminated scrubber to a scrubbing channel with a purged
scrubber and io then direct a purge gas through the contaminated scrubber,
in which case, optionally, wherein the control system is progranuned to tr
ansfer the flow of the reference gas sample away from one of the scrubbing
charnels and to purge the scrubber of that scrubbing channel before a
weak-base nitrogen compound can penetrate through the scrubber; or wherein
the control system is programmed to alternately transfer the slow of a gas
sample between the primary channel, where the gas sample becomes the target
gas sample, and one of the scrubbing channels, wlaere the gas sample
becomes the reference gas sample; or d) wherein the scrubbers include
photoresisi-coated beads. or e) further comprising a presswe reducer
located betv,~een the sensor and the scrubbers. or f) wherein scrubbers are
excluded from the primary channel. 13. A method for monitoring
basic-nitTOgen-compound conian~ination in sampled gas, composing the steps
of;   -46 14 JUl 200g passing a first reference gas sample through a first
scrubber to remove a basic nltTOgen C0117pOL711d fTOt71 the first reference
gas sample; passing a second reference gas sample through a second scrubber
to remove a basic nitrogen compound fi~om the second reference gas sample;
purging the first scrubber to remove bound basic nitrogen compounds
~~,~hile passing the second reference gas sample tlu-ough the second
scrubber; 



passing the first and second reference gas samples through a converter that
converts a gaseous nitrogen compound in the reference gas samples into an
indicator gas after the reference gas samples are passed through their
respective scrubbers; passing the first and second reference gas samples
through a sensor that detects a concentration of the indicator gas in the
reference gas samples after the reference gas samples are passed through
the converter; passing a target gas sample through the converter which
converts gaseous nitrogen compounds in the target gas sample into the
indicator gas; passing the target gas sample through the sensor that
detects the concentration of the indicator gas in the target gas sample
after the target gas sample passes tlu~ough the convener; and determining a
basic-nitrogen-compound contamination concentration by comparing the
detected concentration of the indicator gas in the target gas sample with
the detected concentration of the indicator gas in at least one of the
reference gas samples. l 4. The method of claim 13 atzd either a) ~~~herein
a comoon detection device alten~ately detects the concentration of the
indicator gas in the reference gas sample flowing iluough the first
scrubber and the concentration of the indicator gas in the reference gas
sample flowing through the second scrubber; or b) fLUlher comprising the
step of alternately purging the first and second scrubbers while
maintaining substantially unintemipted flow of the gas samples to the
converter and to the sensor; or c) wherein the gas samples are taken from a
photoliihoeraphy tool cluster.   _47_ 15. A photolithography system,
comprising: a photolithography tool; 1 4 JUl 2L.3 a sensor that detects a
concentration of an indicator gas in a gas sample f~~o~n the
photolithography cool; a primary than-nel that delivers a target gas sample
to the detector; a plurality of scrubbing channels for delivering a
reference gas sample to the detector such that each of the scrubbing
channels includes a scrubber that removes a basic nitrogen compound f-om
the reference gas sample; at least one converter coupled to the primary
channel and to the scrubbing channels for convea-ting gaseous nitrogen
compounds in the gas samples into the indicator gas; and a control system
chat controls the flow of a gas sample among the primary channel and the
scrubbing channels, 



1 ti. The system of claim 14, further comprising a purge system coupled to
each of the scrubbers that purges removed basic nitrogen compounds fi-om
each of the scrubbers, wherein the scivbbers include ion exchange media,
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