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SYSTEM FOR DETECTING AMINE AND OTHER BASIC MOLECULAR CONTAMINATION IN A GAS 

Background of the Invention 
The invention relates to the detection of base 

contaminants in air, especially amine contaminants, and 
to systems employing such detection, including 
semiconductor fabrication systems and systems for 

10 filtering air for semiconductor fabrication and other 
processes that require uncontaminated air of high 
quality. 

A particular purpose of the invention is to 
reliably measure low concentrations of airborne base 

15 contaminants in a semiconductor manufacturing environment 
that may adversely affect base-sensitive 
photolithographic processes being employed. 

In semiconductor manufacturing it has been found 
desirable to detect an organic amine such as NMP (normal 

20 methyl pyrrolidinone) or ammonia. Such a contaminant may 
interfere for instance with a photolithography process 
used in semiconductor fabrication. The base contaminant 
may react with protons produced as a result of exposure 
of a photoresist layer to light. This can interfere with 

25 proper exposure and can harm the yield of the process and 
the rate of production of the semiconductor wafers. 

For this reason, semiconductor manufacturers have 
s.ought to measure and control the concentration of 
airborne molecular contamination during the critical 

30 steps of the photolithography process which 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 
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manufacturing facilities to monitor the air quality in 

the vicinity of production tools. 

To· ·understand the novel aspects of the invention 

it is useful to mention some detection techniques that 

5 have been used in other contexts. 

For study of combustion processes or atmospheric 

pollution, U.S. Patents 4,333,735 and 3,647,387 disclose 

processes for measuring the total fixed gaseous nitrogen 

species, including NH3 , NO, N02 , HCN and organic amines in 

10 gaseous mixtures. The process involves catalytic 

conversion at elevated temperature of all fi~ed nitrogen 

species to NO, followed by chemiluminescent measurement 

of the resulting NO concentration. 

For detection of ammonia, NO and NOx, U.S. 

15 Patent 3,904,371 and products from various instrument 

manufacturers, including Thermo-Environmental, Advance 

Pollution Instruments, and Instrumatics International, 

employ an ammonia scrubber or absorber coupled with a 

thermal/catalytic converter with or without a molybdenum 

20 catalyst. For instance, in the Instrumatics instrument 

for stack gas analysis, a diluted sample is directed by a 

valve to alternatively flow through or past an absorber 

that specifically removes ammonia. The alternating 

samples proceed along a common line through a thermal 

25 converter to a chemiluminescent detector that operates in 

the 650-750 millibar range. By subtracting signals, the 

ammonia concentration can be calculated. 

U.S. Patent number 5,057,436 discloses the use of 

an ammonia scrubber, positioned between two ammonia 

30 detectors, to measure the ammonia level in air. 

II 

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 

., 
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ammonia, semiconductor manufacturers have used chemical 
filters to remove the contaminants. "These filtering 

systems employ filter stages within an enclosure, the 
filter media of each stage being penetrable by air with 

5 acceptable pressure drop. As air flows through the 
filtering system, unwanted contaminants are retained on 

10 

the chemically active surf ace 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 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 

15 concentration of ammonia in the air flow associated with 
the filter system. 

Summary of the Invention 
The measurement of ammonia only is not 

satisfactory to photolithographic processes that are 
20 affected by low concentration of any basic material or 

amines, such as chemically amplified DOV photoresist 
processing. The measurement of total fixed nitrogen 
species is not applicable because many of the species 
(e.g., HCN, NO, N02 ) are not basic in nature and do not 

25 affect the process. Detection of ammonia at high 
concentrations is not useful for the monitoring of amines 
at low levels. 

None of the techniques mentioned above have 
suggested the concept of the present invention of 

30 measuring in a single, non-specific reading, the 

concentration at low levels of the multiple amines in air 
exposed to photolithographic processes and the like, that 
will be described more fully below. 
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The invention is based at least in part on the 

realization that semiconductor manufacturing and certain 

other proce·sses, which are recognized to be sensitive to 

NMP, ammonia, or other amines, are in fact sensitive to 

5 the total proton-bonding capability of all base 

contaminants present, regardless of the specific identity 

of the amine contamination. According to the invention, 

rather than determine the presence and concentration of 

each individual contaminant by a separate detector, it is 

10 realized that important advantages can be obtained by 

providing a detector that provides a single reading that 

is stoichiometrically related to the aggregate proton­

bonding characteristic of various base contaminants that 

may be present in the monitored air. In this way a 

15 "total amine detector" is provided. 

As explained further below, what is recognized to 

be of use is a measurement of the totality of those 

multiple amine contaminants in the air that can adversely 

affect the process being monitored. For instance, 

20 currently-employed deep UV photolithography processes are 

sensitive to both strong and weak bases, hence, according 

to the present invention, all airborne amines are 

measured down to low concentration levels. In other 

cases, where the process is sensitive only to bases 

25 greater than a certain pH, then the system is 

implemented, according to this idea of the invention, to 

measure the totality of the multiple amines within the pH 

range to which the process is sensitive down to low 

concentration levels. 

30 In one aspect, the invention features a detection 

system for detecting base contamination at low 

concentrations in gas characterized in that the detection 

system is constructed to examine multiple amines in gas 

!:I. 
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to produce a reading stoichiometrically related to the 
proton bonding characteristic of the multiple amines 
present, the detection system comprising at least two 
channels through which gas samples to be examined pass, 
at least one converter for converting the multiple amines 
into NO, and at least one chemiluminescent NO detector 
for producing signals representative of the NO 
concentration in air passing therethrough, wherein the 
total amine concentration is determined based upon the 

10 difference between the detected NO concentration in a 
co~verted gas sample and the detected NO concentration in 
an unconverted gas sample. 

In another aspect, the invention features a 
detection system for detecting base contamination at low 

15 concentrations in gas characterized in that the detection 
system is constructed to examine multiple amines in gas 
to produce a reading stoichiometrically related to the 
proton bonding characteristic of the multiple amines 
present, the detection system comprising at least two 

20 channels through which gas samples to be examined pass, 
an amines remover, which has a high removal efficiency 
for both strong and weak amines, coupled to one of the 
channels, a converter for converting the multiple amines 
into NO, and at least one chemiluminescent NO detector 

25 for producing signals representative of the NO 
concentration in air passing therethrough, wherein the 
total amine concentration is determined from the 
.difference between the detected NO concentration in a 
converted gas sample that has passed through the amines 

30 remover and the detected NO concentration in a converted 
gas sample that has bypassed the amines remover. 

In yet another aspect, the invention features a 
detection system for monitoring molecular amine 
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contamination in sampled air, comprising: a first air 

channel for delivering a reference air sample; a second 

air channei·for delivering a target air sample; a 

converter coupled to the second air channel for 

5 converting molecular amine contamination in the target 

air sample into NO; a chemiluminescent NO detection 

system coupled to the first and second air channels for 

determining the NO concentrations in the reference air 

sample and in the target air sample; and a pressure 

10 reducing system coupled to the chemiluminescent NO 

detector for reducing operating pressure of the 

chemiluminescent NO detector to a level of 150 millibar 

or lower; wherein a total amine contaminant concentration 

in the sampled air may be determined f rorn the difference 

15 between the determined NO concentrations in the target 

air sample and in the reference air sample. 

In another aspect, the invention features a 

detection system for monitoring molecular amine 

contamination in sampled air, comprising: a first air 

20 channel for delivering a reference air sample; a second 

air channel for delivering a target air sample; the first 

and second air channels being defined by respective 

elongated tubes having interior surfaces, which are 

substantially inert to amines, exposed for contact with 

25 air flowing therethrough; a heating· system for heating 

the first and second air channels; a converter coupled to 

the second air channel for converting molecular amine 

contamination in the target air sample into NO; and a 

chemiluminescent NO detection system coupled to the first 

30 and second air channels for determining the NO 

concentrations in the reference air s~mple and in the 

target air sample; where~n a total amine contaminant 

concentration in the sampled air may be determined from 

I ~ I 
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the difference between the determi·ned NO concentrations 

in the target air sample and in the reference air sample. 

In still another aspect, the invention features a 

method of monitoring molecular amine contamination in 

5 sampled air, comprising: providing a reference air 

sample; providing a target air sample; converting amines 

in the target air sample into NO; determining by 

chemiluminescence, under pressure conditions of 150 

millibar or lower, the NO concentrations in the reference 

10 air sample and in the target air sample; and determining 

a total amine contamination concentration from the 

difference between the determined NO concentrations in 

the target air sample and in the reference air sample. 

The invention also features a method of monitoring 

15 molecular amine contamination in sampled air, comprising: 

sampling air from a region; delivering sampled air to a 

scrubber having a high removal efficiency for both strong 

and weak amines; delivering scrubbed air sample to ~ 

converter for converting amines therein to NO to provide 

20 a reference air sample; delivering sampled air to a 

converter for converting amines therein NO to provide a 

target air sample; determining by chemiluminescence the 

NO concentrations in the reference air sample and in the 

target air sample; and determining a .total amine 

25 concentration from the difference between the determined 

NO concentrations in the target air sample and in the 

reference air sample. 

30 

Other features and advantages will become apparent 

from the following description and from the claims. 

Brief Description of the Drawings 

Fig. 1 is a plan view of a deep UV 

photolithography processing facility employing a 

contaminant detection system. 
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Fig. 2 is a diagrammatic view of parallel trays o.f 

filter media. 

Fig: 3 is a diagr~mmatic view of an impinger 
· drawing unconverted sample gas. · 

5 Fig. 4 is an enlarged view of the filtration tower 

shown in Fig. 1. 

Fig. 5 is a diagrammatic view of a converter­

detector subsystem of the detection system of claim 1. 

Fig. 6 is a diagrammatic view of the converter-

10 detector subsystem of Fig. 5 adapted to include a 

scrubber. 

Fig. 7 is a flow diagram illustrating the process 

of calibrating the detection system of Fig. 1. 

Fig. 8 is a flow diagram illustrating the 

15 continuous operation and calibration of the embodiment of 

Fig. 1. 

20 

25 

30 

II 

Fig. 9 is a flow diagram illustrating the 

monitoring and control of the processing tools and 

filtration system of the embodiment of Fig. 1. 

Fig. 10 is a diagrammatic view of a total amine 

detector as a mobile detection unit. 

Fig. 11 is a diagrammatic view of a 

photolithographic system in which a total amine detector 

is combined with a track. 

Fig. 12 is a diagrammatic view of a sample 

delivery train for total amine detection that has an 

amine scrubber to produce an internal reference, and in 

which a pressure reducer is located upstream of the amine 

scrubber. 

Fig. 12a illustrates separate pressure reducers, 

Fig. 12b illustrates a scrubber arrangement, and Figs. 

12b and 12c illustrate thermal converter arrangements 

useful in the system of Fig. 12 and generally. Fig 12d 

I ~ r 
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is a diagrammatic view of three converters coupled 
together in series. Fig. 12e is a diagrammatic view of a 
detection system that includes three separate sample 
channels coupled to an No· detector. 

5 Fig. 13 is a diagrammatic view of a sample 
delivery train similar to that of Fig. 12 in which an 
isolation valve is located upstream of an amine scrubber. 

Fig. 14 is a diagrammatic view of a sample 
delivery train similar to Fig. 13 in which the pressure 

10 reducer is located downstream of a thermal catalytic 
converter. 

Fig. 15 is a diagrammatic view of a sample 
delivery train similar to Fig. 13 in which the pressure 
reducer is located downstream of an amine scrubber and a 

15 selection valve. 

Fig. 16 is a view similar to Fig. 12 of a system 
implemented to be immune to variations in NOx at the 
sampling site. 

Fig. 17 is a flowchart of a process for 
20 determining the optimum sample cost and sample frequency. 

Fig. 18 is a table illustrating the operation of 
the process of Fig. 17. 

Fig. 19 is a flowchart of a process for 
determining the sample sequence based on past 

25 performance. 

30 

Fig. 20 is a flowchart of a process for 
determining the sample sequence based on average 
concentrations. 

Description of the Preferred Embodiments 
In Figure 1 a photolithography tool cluster for 

the production of semiconductor wafers is shown. The 
cluster consists of two tools, a stepper 8, and a track 
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9. Each of these tools is supplied by a separate clean 

air filtration system, ·1 and la, respectively. The 

filtratiori·tower comprises a metal enclosure 10 and a set 

of spaced apart chemically active filter stages 12, 14, 

5 16, 18 installed in series within the enclosure. The air 

enters at 20, at the top of the tower, 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. 

10 The filters are composed of chemically active 

composite materials, typically nonwoven fabric media to 

which are bound activated carbon particles that have been 

treated to remove ammonia and organic amines. The filter 

media (e.g., VAPORSORBm air filters.available from 

15 Extraction Systems, Inc. of Franklin, Mass., U.S.A.). 

Other filter media may be used, including one or more of 

the following: parallel trays o·f loose activated carbon 

particles produced by e.g. Donaldson Company; extruded 

carbon blocks using a dry thermoplastic adhesive as the 

20 binding agent as produced by e.g. Flanders Filters, KX 

Industries, Peneer Industries; thin extruded carbon 

blocks manifest as a fabric as manufactured by·e.g. KX 

Industries; media made by the modification of the 

chemical properties of the fiber structure as produced by 

25 e.g. Ebara Ltd. and Takuma Ltd.; and carbon fiber 

structures as produced by e.g. Kondo Limited; and carbon 

particle sheet media produced by e.g. Hoechst-Celanese. 

In another embodiment, a converter-detector is 

employed to monitor filter performance of a filter 

30 deployed in either the make-up or recirculation air 

supplying a cleanroom. In this case, the converter­

detector is employed in such a manner as to monitor total 

amines both upstream and downstream of a filter deployed 
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either alone, or in-series in the make-up or 
recirculation air system of the cleanroom. 

PCT/US!>S/03998 

As ·shown in Fig. 2, each filtration tower, 1 and 
la, includes, respectively, an upstream sampling port 2, 

5 2', a downstream sampling port 4, 4', and an intermediate 
sampling port 3, 3'. Sampling ports Ba and 9a are 
likewise provided for the stepper 8 and track 9, 
respectively. For each filter and tool combination, 
there is one converter, 6 (for the stepper B) and 6' (for 

10 the track 9). These two converters, 6 and 6', are 
connected to a common, remotely located NOx detector, 7. 
The detector, for instance, may be a Model 17 detector 
available from Thermo Environmental Instruments Inc.; the 
converters may be obtained from Thermo Environmental 

15 Instruments, Inc. The converters 5, 5' are preferably 
located near the sampling sites to obtain rapid 
stabilization of determination cycle and, consequently, 
rapid accurate readings to give early warning of any 
contaminant problems. Amine contaminants have a high 

20 adsorption coefficient relative to the interior surfaces 
of typical sampling lines, and deposits of amines in long 
sample lines can require long periods of flushing until a 
stable reading is obtained. On the other hand, the 
converted gas, NO, has a low adsorption coefficient 

25 relative to the sample line surf aces. Thus, by 
localizing the NO converter at the site to be monitored, 
only a short sample line is subject to adsorption of 
amines, while the extended line between the converter and 
the remote detector conducts air containing relatively 

30 non-adsorptive NO. In this manner, the sampling cycle 
can be of very short duration, to provide early warning 
for the detection of unwanted contaminants. 
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A remotely controlled manifold, 5, 5', is 

associated with each converter. Via· respective sample 

lines, the· ·manifold directs to the converter a sample 

from the tool, the inlet ·stream to the filter, the outlet 

5 stream of the filter, and the intermediate filter port, 

according to a sequence controlled by a computer 51. 

Likewise, through associated direct sample lines, 

unconverted samples from each port are directed to the 

detector 7. Within the converter, all the amines in each 

10 gas sample are converted to NO by thermal oxygenation, 

for example, 

.. 15 

Mixtures of .airborne 

amines such as: 

morpholine 

diethyleamine ethanol 

NH3 

NMP 

other amines 

NO + etc. 

20 The converted gas and the unconverted sample air are 

directed to the detector 7 by air flows maintained by a 

vacuum pump 22 located downstream of the detector 7. 

The inf low to the filtr~tion system typically has 

a certain amount of NOx in it. For each sampling port, 

25 the bypass line that bypasses the converter enables the 

detector 7 to detect the NOx inlet value at each 

respective sample port in a correlated manner to the 

detection of the NOx value in the converted gas coming 

from the same ports. The difference in the NOx 

30 concentration between the two lines for a respective port 

yields a reading of the total amines present, by the 
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equivalent NO value. This value is stoichiometrically 
related to the aggregate proton-bonding characteristic of 

all the amines present in the sample. 

In addition to the detection of total amines, by 

5 suitable adaptations, NO and N02 concentrations in the 
unfiltered air are readily determined by the detector as 
well. For certain applications, it is desirable to know 
the NO and N02 present. 

In another embodiment, an impinger 23 is employed 
10 to identify possible contaminants in the unconverted 

sample air, as shown in Fig. 3. The impinger consists of 
a glass or quartz tube holding a liquid. In this 
embodiment, vacuum pump 22 and an associated calibrated 
flow controller are employed to draw sample air through 

15 the liquid to take a grab sample. The grab sample is 
then analyzed or subjected to real-time colorimetric 
analy$is, providing a quantitative assessment of the 
amine contaminants in the sample air. 

Referring to Fig. 4, a filtration tower 1 is shown 
20 with a corresponding computer controlled manifold 5 and 

converter 6. The sampling manifold, 5, directs the 
specified sample to the converter while it directs a 
respective un~onverted sample directly to the detector. 
Two sampling lines 20, 21 thus extend to the detector, 

25 for distances as long as, for example, 1000 feet. The 
length of the sampling lines is not critical because, as 
previously mentioned, the converted gas, NO, has a low 

adsorption coefficient relative to the interior surface 
of sampling lines, constructed, for example, of PTFE 

30 (TEFLON™ brand of PTFE avialable from DuPont) and 

stainless steel, whereas, in the case of the sample inlet 
gas, no measurement of amines is made so deposits in the 
sample lines are of no consequence. 
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In an alternate embodiment; the converter is not 

located near the sampling region, arid silica-steel 

sampling iines are employed. These lines are made of 

stainless steel, and the ·inner surfaces are coated with a 

5 thin layer of fused si·lica. The inner surf aces are 

nonporous, chemically inert and have a low adsorption 

coefficient with respect to amines. 

In the preferred embodiment, there is a heated 

stainless steel surface (at a temperature of 500° C to 

10 1000° C) within the converter to which the s·ample gas is 

passed. This enables oxygenation with oxygen contained 

in the air sample. Depending upon the particular set of 

amines that may be expected in the installation, the 

precise temperature of the converter surf ace is 

15 determined to optimize the most efficient conversion of 

the amines. In other embodiments, a heated quartz surface 

is employed. In another embodiment a catalytic surface 

is provided for oxygenation to occur through catalysis, 

in which the surface temperature can be lower. The 

20 appropriate conversion technique is determined by the 

desired application, taking into account cost and 

conditions of use. 

The NOx detector 7, or analytical module, is 

illustrated in Fig. 5, in conjunction with converter 6. 

25 Shown are the two sampling lines 20, 21 extending, in 

this case, from the converter to the detector. By action 

of selection valve 12, within the converter, line 20 

bypasses the converter reaction unit 10 while line 21 

provides converted gas to the detector. In the presently 

30 preferred implementations, the detector employs 

chemiluminescence for NOx detection. For this purpose NO 

is caused to react in the reaction chamber 30 with ozone, 

namely, 

; d : 
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NO + 03 -+ N02" + 02 , 

. 
where the ozone is provided by an internal ozone 

generator 32. This produces electronically excited N02 

molecules which in returning to the ground state emit 

5 photons, hv, that are detected by appropriately cooled 

photomultiplier 34. The reaction is given by the 

expression 

NO/ -+ N02 + hv . 

Associated electronics amplifies the signal from the 

10 photomultiplier (PMT) to provide a reading of NOx 

concentration. 

The ozone reaction is conducted under conditions 

that prevent conversion of amines to NO, so that the NOx 

reading of the sample arriving unconverted from the 

15 sample port NOx(u) is not disturbed either by amines in 

the air sample or amines adhered to the inner surf aces of 

the sample conduit. Total amine detection, Ar, is then 

determined by comparison of the reading for the 

unconverted sample NOx(u) with the reading NOx(c) for the 

20 converted sample according to the expression 

NOx (u) - NOx (c} = ~NOx = Ar . 

To achieve the needed sensitivity for current deep UV 

photolithographic processes with presently available 

photomultipliers, the photomultiplier tube is cooled at 

25 least to -5° C. To achieve sensitivities required for 

next generation fine resolution deep UV photolithography 

in semiconductor manufacturing, the tube is cooled to -15° 

C by associated thermoelectric cooler 36. Moreover, 
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since there is significant variation in the sensitivity 

of photomultiplier tubes produced by the same 

manufacturer, the analyzer sensitivity is further 

increased by testing and ·choosing an optimum 

5 photomultiplier tube for the performance required. In 

other implementations, NOx is detected by colorimetric 

methods using devices available from, e.g., Tytronics, 

Inc. of Bedford, Massachusetts; other methods based upon 

continuous in-line sampling may also be used. 

10 In other embodiments of the invention, additional 

sample lines are employed, as illustrated in Fig. 6. For 

instance, in addition to sampling lines 20 and 21, 

another line is employed to direct an unconverted sample 

from the sampling manifold 5 to a scrubber 24. The 

15 scrubber employs chemically treated carbon filters to 

scrub out amines from the sample, or the amines are 

scrubbed out by bubbling the sample air through a liquid 

scrubber solution. The NOx concentration in the scrubbed 

sample is compared with that of the unconverted sample 

20 from sampling line 20. If the two reading are the same or 

within a predetermined differential threshold, the method 

provides further verification that the NOx readings are 

correct. 

According to another aspect of the invention, in 

25 an instrument associated with more than one converter, 

each converter-detector subsystem is considered as a 

single instrument, which is calibrated independently of 

the other converter-detector subsystems. In the preferred 

embodiment illustrated in Fig. 1, there are two 

30 converter-detector subsystems: one subsystem serves the 

track and air filter system 1 and the other subsystem 

serves the stepper and it's air filter system la. For 

calibration purposes, "zero air" (air that is 

" 1;1 ! 
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substantially free of amine contamination) is provided by 

filter system 1 for the stepper subsystem and by filter 

system la for the track subsystem. By having the 

converter near the sampling area, the length of the 

5 sampling lines exposed to amines is reduced, which 

increases the response time of the system. 

To calibrate each converter-detector subsystem, 

two or more samples of known concentration of 

contaminants are provided to the instrument, as 

10 illustrated in Fig. 7. The instrument response is then 

compared with the known concentrations, and a calibration 

curve is generated and either manually or electronically, 

through the software, associated with the instrument to 

provide corrections to the instrument's response. In 

15 general, the instrument response over the concentration 

range remains stable for an extended period. The 

instrument is sensitive to zero calibration, and for 

reasons such as drift of the PMT the curve must be 

shifted relative to the true zero reading as it varies 

20 over time. Because in photolithography processing 

harmful contaminant concentrations are extremely low (on 

the order of 1 ppb or lower), in preferred systems the 

zero calibration is performed regularly {at least once a 

day) to assure the fidelity of the zero reading. In a 

25 particular preferred implementation, the detection system 

is arranged to operate continuously, as shown in Fig. 8, 

whereby the system performs a total amine detection for 

each of the sampling ports in turn, and conducting two 

calibrations each cycle, one with respect to each of the 

30 converters with which the detector operates. 

In the preferred embodiment, the zero air employed 

for calibration is provided by the outlet ports 4 (and 

4') of the filtration system (see Fig. 1). The instrument 
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is then instructed to provide a zero reading for the 

calibration sample. In the case that the difference 

between the total amine reading for the outlet port 4 and 

the sample at the intermediate port 3 is not greater than 

5 .zero, the sample· from the outlet port 4 is employed to 

establish zero air. In another preferred embodiment, a 

sampling port located jus·t 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 

10 an alternate 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 

through a liquid scrubber solution. 

An external computer, preferably situated outside 

15 the clean room in which the tools are located, is 

employed to control the operation and monitor the entire 

photolithography process. The software is customized for 

the required application. Performance data is provided 

to the computer to provide an archival data base to be 

20 employed to give the contamination history of the tool 

clusters. 

Based on the particular ports being sampled, the 

software employed in the operation of the instrument 

determines which converter-detector subsystem is to be 

25 calibrated and the appropriate source of zero air for 

calibration purposes. The software also designates which 

calibration curve to employ. As the detection system is 

calibrated and new zero readings are determined, the 

calibration curves are adjusted accordingly. 

30 In a desired application, control instrumentation, 

as illustrated in Fig. 9, monitors the performance of the 

filtering system and the level of contamination at the 

track and stepper tools. Should a reading from either 

II 
! I 
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the stepper or track exceed a predetermined threshold, an 

alarm is enabled and the process is.immediately shut 

down. However, by use of this detection system, the 

occurrence of such an emergency can normally be avoided. 

5 As shown in Fig. 9, 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 amines or 

other Bronstead base contaminants to the filter. By use 

10 of samples drawn from the intermediate position along the 

filter system as well as from the outlet of the filter 

stack, and measuring the difference in concentration 

levels from these locations, one of the following steps 

is caused to occur: if the difference is zero (condition 

15 green) and the total amine or Bronstead base 

concentration at the tool is within operating limits, 

then the operation continues with no interruption; when 

the difference is greater than zero, the difference is 

compared with a predetermined threshold; if the threshold 

20 is not exceeded {condition yellow), operation continues 

but a filter replacement is scheduled; if the threshold 

is exceeded, or if the total amine detected at the tool 

exceeds operating limits (condition red) the operation is 

immediately shut down .. 

25 Another way of predicting the time for filter 

replacement employs the total amine detector to detect 

total amines from a sample port upstream of the filtering 

.system. This provides information regarding the past 

history of contaminant concentration in the airflow that 

30 has passed through the filtering system. The 

contamination of air entering the system may change 

because of the season of the year, industrial or 

agricultural activity in the region, or accidental spills 
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within the facility. The overall ·contamination rate is 

monitored over time at the upstream ·sample port. And, by 

correlation of this history of contaminant loading with 

the past performance of the filter, as monitored at an 

5 intermediate stage, ·the amount of filter life remaining 

is projected, and the time is set when the filter 

elements should be changed. In a system combining these 

features, information from the sampling port at the 

outlet of the filtering system is employed to assure that 

10 no contaminant enters the environment to be protected, 

the intermediate port is employed to provide for early 

warning, and the upstream sample is employed to provide 

information about background contamination and is used to 

determine filter performance. In certain instances, 

15 multiple intermediate sampling ports are employed along 

the filtering system, to provide further information to 

assist in indicating when change of the filter elements 

should be scheduled. The intermediate port closest to 

the outlet can be employed to verify the fidelity of the 

20 outlet air as a zero reference for the detection system. 

In another embodiment, there are three or more 

converters remotely located at various locations in the 

fabrication facility. A converter is employed to monitor 

the general conditions in the clean room, a pair of 

25 converters is employed to monitor the contamination 

around a different tool cluster, and another converter is 

employed to monitor the contamination level within a 

chemical storage cabinet, to provide early indication of 

chemical spills. 

30 In another implementation shown in Fig. 10, the 

converter-detector instrument is constructed as a mobile 

leak detector. The mobile unit is moved to selected 

regions of the fabrication facility to seek possible 

11 i 
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areas of contamination leaks. By following an escalating 
amine concentration trend, the mobiXe unit localizes the 
source of the contamination. 

As illustrated in· Fig. 11, the invention, in 
5 another preferred embodiment, is combined with a multi-· 

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 amine detector monitors 

10 process contaminants in air such as the concentration of 
an adhesion promoter, such as hexamethyldisilozane 
(HMDS), during the coating stage where photoresist is 
applied to the semiconductor wafers. The wafers are then 
sent to the stepper for exposure and subsequently brought 

15 back to the track for developing. During this stage, 
another, or the same, total amine detector monitors the 
concentration of another possibly internally processed 
chemical contaminant, such as 

·tetramethylammoniumhydroxide (TMAH), employed in the 
20 developing stage. 

The present invention enables, in its total amine 
reading, the simultaneous detection of NMP and ammonia, 
typically monitored previously with separate detectors. 
The invention enables detection, in its total amine 

25 reading of other amines that are known to be harmful to 
the photolithography process, such as morpholine, 
diethylamine ethanol, and cyclohexylamine, agents which 
are commonly used to inhibit corrosion in high humidity 
regions. Amines from the facility cafeteria, especially 

30 seafood, are also included in the detection as well as 
amines from the breath of the facility workers, that can 
create high levels of amine contamination, depending upon 
diet and smoking habits. As has been explained, the 
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system as illustrated converts substantially all such . 

air-borne amines to a common detectable compound and 

detects it ·to indicate the level of hydrogen-bonding 

contaminants. If high concentrations of the contaminants 

5 are detected, by ·grab sampling techniques, the exact 

sources of the contamination can be determined and 

remedied. 

Another advantageous aspect of the invention is 

its adaptation to the certification process of clean 

10 rooms. Heretofore, during the certification process, 

each individual molecular base present in the clean room 

had to be detected by separate detectors. The 

concentrations were summed providing a number indicating 

the total base loading in the clean room. For instance, 

15 if three bases were present, each with a concentration of 

10,000 ppt, the clean room rating would be 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. 

··. 20 In prior cases employing a chemiluminescent method 

of detection in other contexts, a sampling strategy and 

signal calculation for ammonia or total nitrogenous 

compounds calculation have been based on the output of 

two converted samples. We have recognized the importance 

25 of the fact that such strategy, if sought to be applied 

to the measurement of low concentrations of "total 

amines" for process detection, would not take into 

account periodic changes in the ambient NO, and N02 

concentrations, and that such changes would significantly 

30 affect important readings. If the ambient NO or N02 

concentrations do not vary, the ammonia or total 

nitrogenous compounds would be stable and supply an 

accurate output. However, if small variations in the 

II I ii 
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ambient NO or N02 level occur, then the fidelity of the 

total measurement would be compromis.ed and large 

variations·· in ambient NO or N02 level could make the 

signal so noisy that the ·data is not useful. 

According to the present invention accurate 

chemiluminescent detection of total amines at low 

concentrations, for protection of the base-sensitive 

processes, is achievable. 

The following further embodiments are particularly 

10 effective in this regard. These embodiments use an amine 

or process-specific (e.g., photoresist-coated) removal 

device or scrubber to provide, in one channel, a 

reference sample for non-specifically measuring "total 

amines" from a second channel from the same source. By 

15 removing from the reference sample substantially all of. 

the molecules corresponding to the class of amines of 

interest, the reference sample may be used as a baseline 

for canceling the effects of background, nitrogen­

containing contaminants which might contribute to the NO 

20 concentration detected by the chemiluminescent detector 

in the target air sample. Also, it has been determined 

that amine detection sensitivity improves as the 

operating pressure of the chemiluminescent NO 

concentration measurement decreases. Accordingly, the 

25 chemiluminescent NO detection is preferably carried out_ 

at sub-atmospheric pressures of 150 millibar absolute, 

125 millibar absolute, or less to achieve a low noise 

levels and to achieve a detection sensitivity of 1 part 

per billion (ppb), preferably 0.5 ppb, or better. 

30 Referring to Fig. 12, in this preferred 

embodiment, a sample delivery train 110 is shown for 

determining the total amine concentration in a sample of 

gas using an internal reference for zero air (i.e, amine-
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free air) that contains ambient NOx at the selected 

sampling location. The sample delivery train 110 splits 

each incoming sample from a sampling port 112 into two 

parts, channels A and B, ·and directs each part 

5 separately, via a three-way valve 122, to a thermal 

catalytic converter 124 followed by a chemiluminescent 

detector 126. Channel A directs part of the sample to an 

amine scrubber 120 and then to the three-way valve 122, 

while channel B directs part of the sample directly to 

10 valve 122. (The term "scrubber" as used in this document 

is intended to ref er to any effective amine removal· · 

device, or a device that otherwise treats the amines in 

such a way that they have no effect on the response of 

the detection system being employed.) 

15 The scrubbed and unscrubbed parts of the original 

sample from channel A and B, respectively, proceed from 

three-way valve 122 through the thermal catalytic · 

converter 124 to the chemiluminescent detector 126 as 

time-separated samples in a single conduit. The 

20 difference between the response of the chemiluminescent 

detector 126 to samples from channel A and B equals the 

total amine concentration in the original sample of gas. 

The detector operates at a pressure of 125 millibar or 

less, by the co-action of vacuum pump 128 and an upstream 

25 pressure reducer 118. 

Sample delivery train 110 initially takes a sample 

of gas from.one of the sampling ports 112 and channels 

the sample into sample lines 116 by selection valve 114. 

Sample lines 116 comprising stainless steel tubes coated 

30 with fused silica (e.g., Silcosteel™) are preferred. 

Sample lines coated with fused silica are nonporous and 

nonreactive and therefore have little effect on ammonia 

and organic amines passing through the tubes. In 
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contrast, commonly-used tubing of ·PTFE is relatively 

porous and tends to emit hydrogen fluoride, a strong 

acid, which reacts with ammonia and amines, interfering 

with the measurement of total amines. Silica may be 

5 deposited onto the stainless steel tubing using chemical 

vapor deposition. Glass tubing, steel tubing, and 

fiberglass tubing may also be coated with silica to 

reduce sample line contamination. Silica-coated sample 

lines 116 are used throughout sample delivery train 110 

10 to convey the gas sample from sampling ports 112 to 

chemiluminescent detector 126. In certain applications, 

sample lines comprising glass are used; the glass sample 

lines may be coated with silica. The glass sampling 

lines may be reinforced with epoxy. 

15 In certain advantageous embodiments, sample lines 

116 are heated 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 amines to 

20 deposit on the walls of the tubing (reduces amine­

sticking coefficient) and thus reduces sample line 

contamination of the alternating sample gas slugs. 

In this context, the combination of heating the 

sample lines with use of a silica coating on the lines is 

25 advantageous, though heating of sampling lines of other 

composition, by itself, can provide a beneficial effect. 

Heating is preferably accomplished using electrical 

resistance wire incorporated in the wall of the sample 

line or otherwise disposed in heat transfer relation to 

30 it. 

Selection valve 114 (e.g. multi-position valve 

manufactured by Vici) enables samples from different 

locations to be channeled into a single sample delivery 
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train 110. Following valve 114, the gas sample passes 

through the pressure reducer 118 (e:g.~ a flow 

restrictor; such as a capillary glass tube or a small 

orifice), where the pressure drops from atmospheric 

5 pressure on the upstream side of pressure reducer 118 to 

approximately one-tenth atmospheric pressure on the 

downstream side. This pressure drop is maintained by 

vacuum pump 128 positioned downstream of detector 126. 

Pressure reducer 118 preferably comprises a calibrated 

10 glass capillary heated to 50°C to reduce the amine­

sticking coefficient. The pressure reducer may be made 

from tubes of glass, ceramic, stainless steel, quartz, or 

stainless steel with an interior plated with gold or 

other inert material. The low pressure of the samples 

15 created by pressure reducer 118 and vacuum pump 128, in 

addition to enabling high sensitivity detection, reduces 

the response time for measuring total amine 

concentration. ·This is because the samples travel 

through the delivery· train rapidly; for instance, in the 

20 system described, valve 122 may be shifted between 

channels A and B every 7 seconds in normal operation. 

In other embodiments, the reference air and the 

target air may be sampled from different inputs. In 

these embodiments, it is desirable to construct channels 

25 A and B to have the same pressure drop from the input 

location to the converter input. Referring to Fig. 12a, 

separate pressure reducers 118a, 118b may be used in 

channels A and B. To ensure that the pressure drop in 

each channel is approximately the same, pressure reducer 

30 118a in channel A contains a larger orifice than pressure 

reducer 118b to compensate for the affect of amine 

scrubber· 120 on the pressure in channel A. Thus, the 

pressure drop between pressure reducer 118a and three-way 

1:1. 
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valve 123a is equivalent to the pressure drop between 

pressure reducer 118b and three-way ·valve 123b. 

The·. split of the gas into . channels A and B occurs 

after the sample exits pressure reducer 118. A three-way 

5 valve 122a may be used to direct the sample into channels 

A and B. The amine scrubber 120 of channel A is 

constructed to selectively remove from the sample the 

totality of the multiple bases or amines to which a 

photolithographic or other process being guarded is 

10 sensitive, but it is constructed to not affect other 

nitrogen-containing compounds. Amine scrubber 120 is 

preferably a solid-state scrubber, comprised of an ion 

exchange resin with active sulfonic or carboxylic groups. 

The scrubber may also be comprised of any material that 

15 preferentially binds the airborne molecular bases {e.g.· 

photoresist-coated substrates, weak acid-coated 

substrates, strong acid-coated substrates, ion exchange 

materials, or chemically treated activated carbon and 

molecular sieves) . The properties of the active media 

20 can be chosen to optimize the selectivity of the 

detection process. The scrubber can be a chemical air 

filter medium, along the lines of the air filter that 

supply "zero air" in the previously described embodiments 

1-10. In other embodiments of the broad aspects of the 

25 invention, the scrubber can be a wet scrubber. 

A strong cation exchange resin is pref erred as the 

scrubber substance in scrubber 120 of Fig. 12. The resin 

within amine scrubber 120, being a strong acid, removes 

multiple molecular bases, such as ammonia and other 

30 amines, and thereby enables total amines detection. A 

strong cation exchange resin that has a high amines 

removal efficiency {e.g., a removal efficiency of about 

100% for all amines of interest) ensures the removal of 
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both strong and weak molecular bases, and is therefore 

suitable for photoresist lithography' techniques that are 

sensitive to both strong and weak bases. For techniques 

sensitive only to strong bases, a weaker acid ion 

5 exchange resin may be employed, so that weak bases are 

not removed and occur equally in the scrubbed and · 

unscrubbed samples. In some embodiments, the amines 

remover may be constructed to remove only multiple amines 

of interest from air passing through one of the channels. 

10 For example, the system may be combined with a 

photoresist system for conducting a process which is 

particularly sensitive to a limited class of multiple 

amines, wherein the amines remover is constructed to 

selectively remove only the limited class of amines to 

15 which the process is particularly sensitive. In this 

embodiment, the amines remover may comprise photoresist 

coated beads, the photoresist coating corresponding to 

the photoresist of the process. 

The sample in channel A, upon exiting amine 

20 scrubber 120, contains essentially no detrimental 

molecular bases, i.e., total concentration of 

objectionable amines is approximately zero. This amine­

free sample becomes the reference sample for purposes of 

measuring the total amine concentration in the unscrubbed 

25 sample from channel B. 

Depending upon.the particular processes being 

monitored one or more scrubbers of a series of scrubbers 

may also be employed, as illustrated in Fig. 12b. ·These 

may be heated for instance to different temperatures, or 

30 contain different reactants. For adaptation of a 

detection system to protection of different processes, a 

valving and bypass system may be implemented to enable 

selection of the particular scrubber sections of a multi-

l'I 
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section scrubber, for detecting the particular amines 
against which a respective process is being guarded. 

Three-way valve 122 of Fig. 12 allows the amine­
free sample from channel ·A and the unscrubbed sample from 

5 channel B to be directed to thermal catalytic converter 
124 alternately, in rapid sequence. Operating the 

delivery train at 125 millibar pressure, for example, 
enables three-way valve.122 to switch between channel A 
and channel B several times per minute, to enable 

10 averaging of a number of readings, if desired, within a 
short monitoring interval, for instance ten minutes or 
less. 

Thermal catalytic converter 124 (e.g., as 
manufactured by Thermo Environmental Instruments Inc.) 

15 converts amines in each gas sample to nitrogen oxide (NO) 
by thermal oxygenation. Since any given sample from 
channel B may contain a variety of amines (such as 
morpholine, diethylamine ethanol, NH3 , and normal methyl 
pyrrolidinone) thermal catalytic converter 124 must have 

20 high conversion efficiency for many types of amines. To 
achieve high conversion efficiency (85-100%) for a broad 
range of amines, a stainless steel (304 grade) surface 
heated to 900°C is used within thermal catalytic 
converter 124. The gas sample becomes oxygenated as it 

25 passes over the heated stainless steel surface resulting 
in the conversion of amines to NO. 

A suitable catalytic converter is diagrammatically 
illustrated in Fig. 12c. The converter is comprised of a 

reaction chamber 150 that may or may not contain a 
30 catalytic element 152 (e.g., platinum and/or 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 chamber. 
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The higher the efficiency of the converter, the 

higher the detected NO concentration signal for the same 

sample concentration. For this reason, a high conversion 

efficiency is desirable. · The total amines concentration 

5 measurement is improved, however, when the conversion 

efficiency is substantially the same for all amines of. 

interest. Where there are different contaminants that 

are converted at highest efficiency under differing 

conditions~ a series of converters, as shown in Fig. 12d, 

10 is employed. In some preferred embodiments the 

converters are operated at different temperatures and/or 

with differing chamber designs and materials. 

In some applications, gas samples entering thermal 

catalytic converter 124 may contain molecules that are 

15 not amines, but will nonetheless be converted into NO. 

For example, cqmpounds such as NF3 and HCN are not amines, 

yet if present in the gas sample, would be converted to 

NO in thermal catalytic converter 124. These compounds 

will not affect the total amine concentration 

20 calculation, however, because amine scrubber 120 does not 

retain these compounds since they are not bases. As 

such, samples from channel A and channel B contain equal 

amounts of these non-amine compounds, and thermal · 

catalytic converter 124 converts these compounds to NO, 

25 but does so equally for channel A and channel B, thus 

canceling out any effect. Likewise, where the process to 

be monitored is sensitive only to strong bases, a 

scrubber is selected, e.g. a weak acid, that removes only 

the various strong base amines. In this case, since the 

30 weak base amines will be present in both channels, their 

presence does not affect the response of the system. 

Converted samples exit thermal catalytic converter 

124 and enter chemiluminescence detector 126 (e.g., as 
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manufactured by Thermo Environmental Instruments Inc.}. 
The detector 126 employs chemiluminescence for NO 
detection.·· Typically, maximum signal .from 
chemiluminescence detector 126 is achieved at a pressure 

5 of about 65 Torr and a flow rate of 1.5 about liters per 
minute under the operating conditions described above. 
Detector 126 operates at approximately 125 millibar, 
suitable for detection of low amine concentrations. This 
high sensitivity affords detection of total amine 

10 concentrations of less than 1 ppb, preferably less than 
0.5 ppb. 

In the detector, NO is caused to react with ozone 
to produce electronically excited N02 molecules (N02"} 

which in returning to ground state emit photons, hv, that 
15 are detected by a photomultiplier. 

NO + 0 3 - NO/ + 0 2 

N02" - N02 + hv 
The signal from the photomultiplier is converted into 
time-based NO concentration values by a control system 

20 130 and then the total amine concentration of the gas 
sample from the selected sampling point is determined, 
e.g. by appropriate averaging and differencing the 
values. The total amine concentration for the gas sample 
equals the difference between the NO concentration of the 

25 unscrubbed sample from channel B, e.g., at time t 1 (or the 
average of NO concentrations determined at times t 1 + t 3 + 

.•. tn-1' n being an even number) and the NO concentration 
of the amine-fr~e sample from channel A, e.g., at time t 2 

(or the average of NO concentrations determined at times 
30 t 2 + t 4 ••• +tn, n being an even number) . 

Additional channels may be used to provide further 
analysis of the components of the sampled air. For 
example, referring to Fig. 12e, three channels (CHl, CH2 
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and CH3) may be used to determine ·the component 

concentrations of NO, N02 and other non-amine nitrogen­

containing ·compounds which are convertible to NO, and the 

total amines in a sampled region of air. The following 

5 discussion focuses on the nitrogen-containing compounds 

in the sampled air. NO, N02 , amines, and other N­

containing compounds reach the NO detector through CHl; 

and the NO detector produces a signal representative of 

the NO concentration in the sampled air. NO, including 

10 NO converted from N02 and other convertible N-containing 

molecules, and non-convertible N-containing molecules 

reach the NO detector through CH2; and the difference 

between the detector signals for CHl and CH2 provides a 

measure of the concentration of N02 and other non-amine, 

15 nitrogen-containing compounds which are convertible to NO 

in the sampled air. NO, including NO converted from N02 , 

amines and other convertible N-containing molecules; and 

non-convertible N-containing molecules reach the NO 

detector through CH3; and the difference between the 

20 detector signals for CH2 and CH3 provides a measure of 

the total amines concentration in the sampled air. 

In some implementations, variations that occur in 

the ambient NO and N02 concentrations may affect the 

accuracy of the total amine concentration measurement. 

25 In such cases where the disturbance warrants, an 

algorithm is used to minimize the effects of such 

fluctuations by calculating the total amine concentration 

based on a moving average for NO concentrations from 

channel A and channel B. For example, each NO 

30 concentration measurement is added to the previous 

consecutive measurements and divided by the total number 

of measurements made at that point in time. This moving 

II 1,1 
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average calculation may be represented by the following 
algorithm. 

Moving NO Average = (X1 + X2 + • . . Xn) I n, 
where X equals the NO concentration at a given time and n 

5 equals the total number of NO measurements made. The 
moving average calculation may be reset periodically to 
avoid the weighting of out-of-date measurements. In 
another algorithm, a selected number of values are added 
together to provide an initial average value and 

10 thereafter the oldest value is dropped from the average 
as the newest measured valve is added to it. 

Control system 130 (e.g., a computer), in addition 
to collecting and analyzing data received from 
chemiluminescence detector 126, also controls selection 

15 valve 114 and three-way valve 122. Selection valve 114 
is controlled by control system 130 to channel samples 
from multiple sampling ports 112 into the sample delivery 
train 110 in a selected order. Three-way valve 122 is 
controlled to switch between channel A and channel B on 

20 the basis of settling times. Preferably, multiple 

switching cycles are employed for a given sample line and 
the measurements are averaged, or a running average is 
employed, to produce a reliable measure of total amines, 
as has been described. 

25 As shown in dashed lines, for some applications a 
further conduit 116a may be connected to valve 122, 

communicating with an auxiliary vacuum pump 128a and 
valve 122 is modified to connect the non-selected channel 

A or B to the auxiliary pump. In this way substantially 
30 steady state flow conditions can be maintained in the 

amine scrubber, and fresh sample is immediately available 
to the converter 124 upon actuation of valve 122. 
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Referring to Fig. 13, in another embodiment, 

sample delivery train 110 employs arr additional three-way 

valve 140 at the branching point downstream of pressure 

reducer 118. Three-way valve 140 in conjunct~on with 

5 three..:..way valve 122 isolate amine scrubber 120 and thus 

prevent the possibility of back-flow diffusion. Control 

system 130 controls the amount of sample that is directed 

to channel A and channel B by three-way valve 140. In a 

variant, shown in dashed lines, valve 140 may be 

10 connected to auxiliary vacuum pump 128b by conduit 116b 

so that substantially continuous flow conditions are 

maintained through both channels at all times. 

Referring to Fig. 14, in another embodiment 

pressure reducer 118 is positioned downstream of thermal 

15 catalytic converter 124 and upstream of chemiluminescence 

detector 126. In this embodiment, amine scrubber 120 and 

thermal catalytic converter 124 operate at atmospheric 

pressure whereas chemiluminescence detector 126 operates 

at one-tenth atmospheric pressure. 

20 Referring to Fig. 15, in another embodiment 

pressure reducer 118 is positioned downstream of amine 

scrubber 120 and valve 122, and upstream of thermal 

catalytic converter 124. In this embodiment, amine 

scrubber 120 operates at atmospheric pressure whereas 

25 thermal catalytic converter 124 and chemiluminescence 

detector 126 operate at one-tenth atmospheric pressure. 

Referring to Fig. 16, in another embodiment, a 

;separate and distinct channel for producing a reference 

of zero air is operated in parallel with another channel 

30 for determining the total amine concentration. Sampling 

point selection valves 114a and 114b, for channels 1 and 

2, may be gauged and arranged to simultaneously sample 

the same location. Channel 1 produces a reference of 

II 
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zero air by directing a sample to amine scrubber 120 and 
then to a thermal catalytic converter 124a and a 
chemiluminescence detector 126a. At the same time, 
channel 2 directs a sample to a thermal catalytic 

5 converter 124b and a chemiluminescence detector 126b. 
The NO measurements from channel 1 and 2 are made 
simultaneously and then compared. This embodiment 
eliminates the effect of fluctuations in ambient NO and 
N02 concentrations by determining the actual NO and N02 

10 concentration at the same time as the total NO response 
is being measured. 

Control system 130' calculates the total amine 
concentration based on the differences between the two 
readings from detectors 126a and 126b. A calibration 

15 system (not shown) is employed to compatibly zero the 
instruments (e.g., to accommodate variations in the 
converters and detectors) so they can operate together. 
A correction factor based upon, e.g., computer look up of 
an experience table, can be employed. A calibration 

20 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 ambient NO and N02 

25 concentrations because the instantaneous value of the NO 
and N02 concentration is always known and does not change 
during a calculation cycle. This system, in effect, 
reduces the time between ambient NO and N02 measurements 
to zero, which solves the fundamental problem of 

30 fluctuations in NO and N02 concentrations during a single 
calculation cycle. 

The various embodiments may be implemented in a 
number of useful ways. The parameters of the amine 
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scrubber are selected to remove only those amines that 

affect a given process. In one advantageous example, a 

bed of photoresist coated beads is used as the scrubber, 

the photoresist m~terial "being selected to correspond to 

5 the photoresist material being employed in the process 

being monitored. Thus the scrubber removes those amines 

to which the photoresist process is peculiarly sensitive. 

In an important case, the scrubbers used in the detection 

systems of Figs. 12-16 are constructed and arranged to 

10 select construction materials for use in an amine-

sensi ti ve process {e.g. chemically amplified photoresist 

process). In another important case, the detection 

system of Figs. 12-16 is connected to monitor the 

performance of an amine air filter system used to filter 

15 the air of a DUV stepper, scanner or coat/develop track. 

In another important case, the detection system of Figs. 

12-16 is connected to monitor the total amine 

concentration inside a DOV stepper, scanner, or 

coat/develop track. In anothe.r important case, the 

20 detection system of Figs. 12-16 is connected to monitor 

cleanroom concentration of total amine concentration 

inside a DUV stepper, scanner, or coat/develop track. In 

another important case, the detection system of Figs. 12-

16 is connected to monitor the total amine concentration 

25 inside a chemical cabinet serving a DOV stepper, scanner, 

or coat/develop track. And in another important case, 

the embodiments of Figs. 12-16 equipped as a mobile unit 

{see Fig. 10), or operated a~ an array of fixed sensing 

points, or a hybrid of the two systems, is used in 

30 conjunction with a search procedure for pin-pointing the 

location of amine contamination source. For this 

embodiment, a series of software process steps based upon 

increasing and decreasing trends of concentration level, 

II :·:I 
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when scanning the array of values,· determines the 

location of an amine leak (e.g., in ·a semiconductor 

process) by providing an automatic direction finder. In 

this case the mobile monitoring station may be 

5 automatically directed and controlled by the search 

algorithms to find amine leaks. 

For controlling the sampling frequency of multiple 

sample locations in a monitoring system, an actuarial 

algorithm is advantageously used. On the basis of sample 

10 cost, the sampling frequencies for the various sampling 

points are determined in the manner that the points of 

greatest sensitivity and importance are monitored with 

greatest frequency. 

In Fig. 17, a flowchart 170 of a system that 

15 performs this function is shown. The data input steps 

for the monitoring system include entering at step 172 

the average cost of an alarm event at each sampling port 

112 (i.e., the cost associated with exceeding a 

predetermined total amine concentration at the respective 

20 location), at step 174 or 174a the alarm event frequency 

(i.e., how frequently a sample taken from a particular 

sampling point will exceed a predetermined level), and at 

step 176 the capital costs and operating costs for the 

monitoring system (i.e., present value of capital and 

25 operating costs for sampling). Initially, these inputs 

are entered either from a database or are manually 

entered by a user using an input device such as a keypad 

connected to a computer. For instance, an alarm 

frequency is entered at 174a as determined by the 

·30 software program by reference to the recorded history of 

alarm events at each sampling point. 

Based upon the inputs, the system performs two 

initial calculations. At step 180, the actuarial 
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algorithm calculates the optimum cost for the fabrication 

facility of sampling per hour for each sampling location, 

the output ·of which, 181, is directed to comparator 184. 

For step 180, 

Optimum sample cost/hour = (alarm event 

frequency} (cost of alarm event) (safety factor), 

where the alarm event frequency equals the number of 

alarms per houri and the cost of alarm event equals the 

dollar cost per alarm event. A safety factor (e.g., 2) 

10 may be used to decrease the probability that an alarm 

event will occur due to failure of the detection 

sequence. 

At step 182, the actual equipment cost of sampling 

per hour is determined based on the capital and operating 

15 expenses for the monitoring system, its output, 183, is 

20 

also directed to comparator 184. For step 182, 

Actual equipment cost/hour= [(capital costs/hour) 

+ (operating costs/hr)]/(number of sampling 

locations). 

Next, the output 181 from step 180 (i.e., optimum 

sample cost) and the output 183 of step 182 (i.e., actual 

equipment cost) are compared at step 184 to determine 

whether the frequency of sampling from each location 

should be modified. If the optimum sample cost is 

25 greater than the actual equipment cost, step 186 

determines that the sampling frequency should be 

increased. Likewise, if the optimum sample cost is less 

than the actual equipment cost, a determination is made 

that the sampling frequency should be decreased. 

30 Based on the information provided at step 186, the 

sample frequency is changed at step 188 or 188a. The 

optimum sampling frequency is input at step 188 into the 

control system 130, while provision is made, step 188a, 
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for manually changing sample frequency in accordance with 
the determination of .the program. An optimum sampling 
frequency for each sampling port is calculated according 
to the following formula:· 

Optimum sampling frequency = (optimum sample 
cost/hr) (equipment sample frequency/actual 
equipment cost), 

where the equipment sample frequency equals the number of 
samples the monitoring system can process per hour 

10 divided by the number of sampling ports. Fig. 18 is a 
table providing examples of the calculations previously 
mentioned for a hypothetical monitoring system using 
seven sampling locations. 

Referring to Fig. 19, in another embodiment, a 
15 flowchart 203 of a system that optimizes sample frequency 

based upon past performance is shown. At step 201 the 
concentration history at each sampling location 112 is 
entered into the memory of a multi-channel base 
contaminant monitor 200. Step 202 calculates and records 

20 the frequency with which a given sampling location 
exceeds a predetermined level. The frequency data for 
each sampling location then become inputs 204 into 
optimum sample frequency calculation step 206. The 
sample sequencing is adjusted at step 208 in accordance 

25 with stored optimization criteria data which, for 
example, is weighted according to the cost of alarm 
events at the respective sampling locations. The monitor 
is also structured to determine a sampling sequence for 
new channels which have similar characteristics to the 

30 existing channels. The sample frequency optimization 
improves monitoring efficiency by adjusting sample 
frequency based upon empirical evidence. 
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Referring to Fig. 20, in another embodiment, the 

multi-channel base contaminant monitor 210 calculates the 

sequence of channel monitoring based upon the similarity 

of the average concentration of contaminants measured at 

5 the various sampling· points. At step 212 the 

concentration history at each sampling location 112 is 

entered into the memory of monitor 210. Step 216 

calculates the average concentration measured at each 

sampling location. These averages· then become inputs 218 

10 into sample frequency calculation step 220. The sample 

sequencing is adjusted at step 222 based on the grouping 

of channels with similar average concentration 

measurements. 

For example, if channels 1, 4, and 5 always return 

15 a concentration of between 1-3 parts per billion (ppb) 

and channels 2, 3, and 6 always return a concentration of 

between 80-100 ppb, the system is constructed to 

automatically change the sampling sequence such that 

channels 1, 4, and 5 are sampled in sequence and channels 

20 2, 3, and 6 are similarly sampled. By grouping similar 

channels, the system decreases the average amount of time 

the instrument needs to stabilize between channels, 

thereby increasing the number of samples the instrument 

can handle over a given time. 

25 Certain broad aspects of the invention can be 

realized in other ways. For instance the total amine 

detector may be based on wet chemistry instead of thermal 

conversion. The common compound to which multiple base 

contaminants may be thermally converted may be a compound 

30 other than NO. 

What is claimed is: 

if 
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1. A detection system for·detecting base 
contamination at low concentrations in gas characterized 
in that the detection system is constructed to examine 
multiple amines in gas to· produce a reading 

5 stoichiometrically related to the proton bonding 
characteristic of the multiple amines present, the 
detection system comprising at least two channels through 
which gas samples to be examined pass, at least one 
convertor for converting the multiple amines into NO, and 

10 at least ohe chemiluminescent NO detector for producing 
signals representative of the NO concentration in air 
passing therethrough, wherein the total amine 
concentration is determined based upon the difference 
between the detected NO concentration in a converted gas 

15 sample and the detected NO concentration in an 
unconverted gas sample. 

2. A detection system for detecting base 
contamination at low concentrations in gas characterized 
in that the detection. system is constructed to examin.e 

20 multiple amines in gas to produce a reading 
stoichiometrically related to the proton bonding 
characteristic of the multiple amines present, the 
detection system comprising at least two channels through 
which gas samples to be examined pass, an amines remover, 

25 which has a high removal efficiency for both strong and 
weak amines, coupled to one of the channels, a converter 
for converting the multiple amines into NO, and at least 
one chemiluminescent NO detector for producing signals 
representative of the NO concentration in air passing 

30 therethrough, wherein the total amine concentration is 
determined from the difference between the detected NO 
concentration in a converted gas sample that has passed 
through the amines remover and the detected NO 
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concentration in a converted gas sample that has bypassed 

the amines remover. 

3. ·.The detection system of claim i·or 2 in which 

the chemiiuminescent NO detector is operated at 125 

5 millibar, suitable for detection of low amine 

concentrations. 

4. The detection system of claim 2 further 

comprising a pressure reducer located upstream of the NO 

detector and a vacuum pump located downstream of the NO 

10 detector. 

5. The detection system of claim 2 in which the 

channels share a common convertor and a common detector, 

and further comprising a system for cyclically directing 

sample gas slugs from the channels through the common . 

15 converter and the common detector. 

6. The detection system of claim 5 wherein the 

amines remover is incorporated into only one of the two 

channels. 

7. The detection system of claim 6 including a 

20 multi-way valve arranged for selecting which of the 

channels air may flow through to the converter. 

8. The detection system of claim 7 including a 

pump coupled to the multi-way valve for maintaining 

substantially steady state flow conditions through one or 

25 both of the channels. 

30 

II 

9. The detection system of claim 7 including a 

second multi-way valve positioned upstream of the amines 

remover and upstream of the multi-way valve for isolating 

the amine remover. 

10. The detection system of claim 6 including 

separate pressure reducers in each of the channels, each 

of the pressure reducers being calibrated such that the 

: I 
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pressure drop in the channel with the amine remover is 

equivalent to the pressure drop in the other channel. 

11. · · The detection system of claim 2 whereby the 

amines remover is constructed to remove only multiple 

5 amines of interest from air passing through one of the 

channels. 

12. The system of claim 11 combined with a 

photoresist system for conducting a process which is 

particularly sensitive to a limited class of multiple 

10 amines, wherein the amines remover is constructed to 

selectively remove the limited class of amines to which 

the process is particularly sensitive. 

15 

13. The detection system of claim 1 or 2 wherein 

the channels comprise glass tubing. 

14. The detection system of claim 13 wherein the 

glass tubing is coated with silica. 

15. The detection system of claim 13 in which the 

glass tubing is heatable substantially along its total 

length to reduce amine deposition on the walls of the 

20 tubing. 

16. The detection system of claim 13 in which the 

glass tubing is reinforced with epoxy. 

17. The detection system of claim 2 further 

comprising a control system operable to implement a 

25 process for lowering the amplitude of intra calculation 

cycle concentration variations of NO and N02 • 

18. The detection system of claim 17 in which the 

process is based on a moving average selected to smooth 

the noise in the measurement in a manner that diminishes 

30 over-time as the number of averaging cycles increases. 

19. The detection system of claim 17 in which the 

control system is operable to implement an actuarial 

process that controls the sampling frequency of multiple 
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sample locations in a monitoring system based on sample 

cost, such that the points o·f greatest sensitivity and 

importance.are monitored with greatest frequency. 

20. The detection system of claim 17 in which the 

5 control system is· operable to implement a series of 

processes for determining the location of an amine leak 

by providing an automatic direction finder based upon 

increasing pollutant concentrations. 

21·. The detection system of claim 20 in which 

10 part of the detection system is mobile and can be 

manipulated by the processes to determine the location of 

an amine leak. 

22. The detection system of claim 17 in which the 

control system is operable to implement a series of 

15 processes for controlling a multi-channel base 

contaminant monitor by determining a sampling strategy 

for the channels based on the frequency with which the 

channels exceed a predetermined level. 

23. The detection system of claim 17 in which the 

20 control system is operable to implement a series of 

processes for controlling a multi-channel base 

contaminant monitor by determining a sampling strategy 

for new channels based on the frequency with which 

existing channels exceed a predetermined level. 

25 24. The detection system of claim 17 in which the 

control system is operable to implement a series of 

processes for controlling a multi-channel base 

contaminant monitor which calculates ·the sequence of 

channel monitoring based upon the similarity of the 

30 average concentration of contaminants measured. 

25. A detection system for monitoring molecular 

amine contamination in sampled air, comprising: 

i-1 
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a first air channel for delivering a reference air 

sample; 

a second air channel for delivering a target air 

sample; 

5 a converter coupled to the second air channel for 

converting molecular amine contamination in the target 

air sample into NO; 

a chemiluminescent NO detection system coupled to 

the first and second air channels for determining the NO 
10 concentrations in the reference air sample and in the 

target air sample; and 

a pressure reducing system coupled to the 

chemiluminescent NO detector for reducing operating 

pressure of the chemiluminescent NO detector to a level 

15 of 150 millibar or lower; 

wherein a total amine contaminant concentration in 

the sampled air may be determined from the difference 

between the determined NO concentrations in the target 

air sample and in the reference air sample. 

20 26. The detection system of claim 25 wherein the 

pressure reducing system comprises a flow restrictor. 

27. The detection system of claim 30 wherein the 

first and second air channels have respective character 
flow diameters, and the pressure reducing system 

25 comprises a pressure reducer located upstream of the 

chemiluminescent NO detector and having an air channel 

with a characteristic flow diameter that is smaller than 

the characteristic flow diameters of the first and second 

air channels. 

30 28. The detection system of claim 27 further 

comprising a vacuum pump located downstream of the 

chemiluminescent NO detector. 
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29. The detection system of claim 25 wherein the 

pressure reducing system is operable-to reduce the 

operating pressure of the chemiluminescent NO detector to 

a sub-atmospheric level sufficient to achieve an NO 

5 detection sensitivity of 1 ppb· or lower. 

30. The detection system of claim 25 further 

comprising an amines remover, which has a high removal 

efficiency for both strong and weak amines, coupled to 

the first air channel for removing amines from air 

10 flowing in the first air channel to thereby produce the 

reference air sample. 

31. A detection system for monitoring molecular 

amine contamination in sampled air, comprising: 

a first air channel for delivering a reference air 

15 sample; 

a second air channel for delivering a target air 

sample; 

the first and second air channels being defined by 

respective elongated tubes having interior surfaces, 

20 which are substantially inert to amines, exposed for 

contact with air flowing therethrough; 

a heating system for heating the first and second 

air channels; 

a converter coupled to the second air channel for 

25 converting molecular amine contamination in the target 

air sample into NO; and 

a chemiluminescent NO detection system coupled to 

the first and second air channels for determining the NO 

concentrations in the reference air sample and in the 

30 target air sample; 

wherein a total amine contaminant concentration in 

the sampled air may be determined f rorn the difference 
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between the determined NO concentrations in the target 

air sample and in the reference air sample. 

32. · T~e detection system of claim 31 wherein the 

tubes defining the first and second air channels each 

5 comprises an interior silica surf ace exposed for contact 

with air flowing therethrough. 

33. The detection system of claim 31 wherein the 

first and second air channels are each formed from glass 

tubes reinforced with epoxy. 

10 34. A method of monitoring molecular amine 

contamination in sampled air, comprising: 

providing a reference air sample; 

providing a target air sample; 

converting amines in the target air sample into 

15 NO; 

20 

determining by chemiluminescence, under pressure 

conditions of 150 millibar or lower, the NO 

concentrations in the reference air sample and in the 

target air sample; 

determining a total amine contamination 

concentration from the difference between the determined 

NO concentrations in the target air sample and in the 

reference air sample. 

35. The method of claim 34 wherein the NO 

25 concentrations in the reference air sample and in the 

30 

target air sample are determined by chemiluminescence at 

a pressure of 125 millibar or less. 

36. A method of monitoring molecular amine 

contamination in sampled air,· comprising: 

sampling air from a region; 

delivering sampled air to a scrubber having a high 

removal efficiency for both strong and weak amines; 
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delivering scrubbed air sample to a converter for 

converting amines therein to NO to provide a reference 
.·• 

air sample;" 

delivering sampled air to a converter for 

5 converting amines therein NO to provide a target air 

sample; 

10 

determining by chemiluminescence the NO 

concentrations in the reference air sample and in the 

target air sample; 

determining a total amine concentration from the 

difference between the determined NO concentrations in 

the target air sample and in the reference air sample. 

37. The method of claim 36 wherein the NO 

concentrations in the reference air sample and in the 

15 target air sample are both determined within the same 

ten-minute period of time. 

38. The method of claim 36 wherein the NO 

concentrations in the reference air sample and in the 

target air sample are determined at substantially the 

20 same time. 

f.'f 


