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CHAMBER EFFLUENT MONITORING SYSTEM AND SEMICONDUCTOR
PROCESSING SYSTEM COMPRISING ABSORPTION SPECTROSCOPY
MEASUREMENT SYSTEM, AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
5 This application is a Continuation-in-Part of
application Serial No. 08/634,449 filed on April 18, 1996,
and this application claims the benefit of U.S. Provisional
Application No. 60/005,013 filed on October 10, 1995.

BACKGROUND OF THE INVENTION
10 1. Field of the Invention
The present invention relates to a novel chamber

effluent monitoring system and a semiconductor processing
system which include an absorption spectroscopy measurement
system for measuring a gas phase molecular species. The

15 present invention also relates to a method of detecting a
gas phase molecular species within the inventive chamber
effluent monitoring system and inventive semiconductor
processing system.

2. Description of the Related Art

20 In the manufacture of semiconductor integrated circuits
(ICs), it is important to have an extremely low partial
pressure of molecular impurities in the processing chamber.
In particular, water vapor is especially detrimental to the
devices fabricated in the processing tools. For example,

25 water vapor must be eliminated or minimized in an aluminum
etching chamber in order to achieve reproducible etching
processes. Also, when subjected to water vapor during
processing, corrosion of the device metallization layers is
accelerated, substantially reducing product yield.

30 | Molecular impurities may be introduced into the
processing chamber in a number of ways. For example,
molecular impurities may be present in the process gases



(45) Conplete Specification published 22 March 1972 (51) | nt er nati onal

Classification H 04 n 5/08 (52) Index at acceptance

HAF . D73X D75 (54) TELEVSI ON SYNCHRONI ZI NG PULSE SEPARATOR
(71) We, PH LIPS ELECTRONIC AND plied to the input term nal conprises a
gi ven 50 ASSOCI ATED | NDUSTRI ES LI M TED, of Abacus percentage of the
peak-to- peak val ue of the House, 33 Qutter Lane, London, E.C 2, a
vi deo signal. For given anplitude of the British Conpany, do hereby

declare the in- video signal and the synchggnizing pul ses

introduced into the chamber during processing. Also,
molecular impurities such as moisture are present in the air
to which the chamber is exposed during maintenance of the
processing tool. Air and water may also be intreoduced into
5 the processing chamber whenever a substrate is introduced
into the chamber. Molecular impurities may also be released
from the substrates themselves after introduction into the
process chamber or may result from the process conditions
themselves. For example, during plasma processing and rapid
10 . thermal processing, molecular impurities may take the form
of reaction byproducts or, as in the case of water vapor,
may be released from substrate and chamber surfaces upon
heating.
Molecular impurities which are introduced into the
15 process chamber with a substrate are typically removed by
purging the chamber with a pure gas, by evacuating the
chamber, or by a series of pressurization-evacuation cycles.
In the case of chamber evacuation, the base pressure in
the chamber is used as a measure of the extent of removal of
20 the mélecular impurities. Conversely, when relying on the
chamber purge technique, the chamber is filled with a pure
gas for a period of time which is usually determined by the
operator’s experienée.
The extent of removal of atmospheric contamination from
25 the pfocessing chamber can also be determined by the
measurement of water vapor concentration in the chamber.
Such a technique is particularly useful in the case of
contamination resulting from exposing the processing chamber
to. the outside atmosphere during maintenance and from
30 introducing a substrate into the chamber. Water vapor can
adhere to the surfaces inside a processing chamber as well
as to the surface of the substrate. It is present in the
atmosphere in an amount of from about 1-2%, and is generally
the most difficult atmospheric constituent to remove by
35 evacuation or purging.



Q vention, for which we pray that a patent may the transistor starts to

conduct when the be granted to us, and the nethod by which pulses in
t he video signal exceed a | evel 55 it is to be perforned, to be
paticlarly des- which is determ ned by the threshold cribed in and by
the follow ng statenent:- voltage plus the voltage across the parallel

The invention relates to a synchroni zing arrangenent of the capacitor and
the | eak- 10 pul se separator for a television receiver in age resistor. A
further increase has the re- which a video signal is applied to an
input sult that at a second |evel the tranﬁ?stor is 60 term nal and

in which separated synchronjz- | bot g &l further increase no
ing pul ses occur at a ? ? s t#l %f qﬁ? UCtby 5F°é RS RFEE%“% on the
col | ector- smlkﬁ%'ﬁl zrﬁgomnsess@p@ a'PBiLtfmcﬂaer&P-ﬁgl%ﬁ? centamimation
circuit, but prodigasita.cutteid kndwn to dispose particle monitors in the
exhaust line of processing tools. (See, e.g., P. Borden,
5 Monitoring Vacuum Process Equipment: In Situ Monitors -
Design and Specification," Microcontamination, 9(1), pp. 43-
47 (1991)). While such particle monitors may be useful for
tracking process events which result in the generation of
particles, they cannot be used to monitor molecular
10 concentrations.

Among the analysis tools which can be used in the
measurement of molecular contamination is one type of mass
spectrometer, usually referred to as a residual gas analyzer
({RGA). (See, e.g., D. Lichtman, Residual Gas Analysis:

15 Past, Present and Future, J. Vac. Sci. Technol., A 8(3)
{1990)). Mass spectrometers generally require pressures in
the range of about 10° torr, whereas the operating pressures
of semiconductor processing tools are often at pressures in
the range of from about 0.1 to 760 torr. Consequently, mass

20 - spectrometers require sampling systems and dedicated vacuum
pumps. Mass spectrometers are generally both expensive and
not compact in construction. Moreover, the differentially
pumped chamber in which the mass spectrometer is housed
contributes a high level of residual water wvapor which is

25 difficult to remove and which severely limits the _
sensitivity of the mass spectrometer for water vapor
measurement.

Optical emission spectroscopy'is widely used for
monitoring plasma processes. In principle, optical emission
30 spectroscopy can be used to monitor molecular contamination
in the processing tool. However, the optical emission
spectrum is very complicated, and this method cannot be used
in non-plasma processes.
Other spectroscopic techniques have been widely used in
35 research situations to study process chemistry. (See, e.g.,
Dreyfus et al., Optical Diagnostics of Low Pressure Plasmas,



15 anplitude limter which anploys a transistor the base-emtter circuit
whi ch changes the havi ng three el ectrodes a collector of which
capacitor in the parallel arrangenent. 65 is coupled to the output
termnal of the Charging takes place |longe as the |ine separator and
through a resistor to a supply: synchronizing pulse is present and the

char ge source and a further electrode of which is transport is
dependent on the pulse anpli- 20 connected to a junction of a capacitor
and tude. The capacitor partially discharges a | eakage resistor
which forma tinme con- across the | eakage résistor during the in- 70

stant circuit. . . rval bet
synchroni zi ng pulB&&, and Appllgﬂcﬁh%Pﬁﬁfﬁghréﬁxgi'nﬁpSe %ﬁ%ﬁig?g¥{§%?ﬁ$%h | t

has been achi evediauesterf orhesey fpghmiues gefermhlyUr&Iuing EReCHpEdi fi cation
2,490,352 in peaksdi®ib8drotdiseecRinidie Whdamaw goal gattally been

applied to the study of contamination. For example, the

5 possibility of in situ moisture monitoring by intracavity
laser spectroscopy has been mentioned generally in a review
of that technique. (See, e.g., G.W. Atkinson, High
Sensitivity Detection of Water via Intracavity Laser
Spectroscopy, Microcontamination, 94 Proceedings Canon

10 Communications (1994)).

Finally, conventional gas analyzers have been applied
to in situ moisture measurement, usually for processes
running at or close to atmospheric pressure. (See, e.g.,
Smoak et al., Gas Control Improves Epi Yield, Semiconductor

15 International, pp. 87-92 (June 1990)). According to such
techniques, a portion of the process gas is extracted into a
probe which then delivers the sample to the analyzer.
However, use of a probe is undesirable in the measurement of
moisture since moisture tends to adsorb on the surfaces of

20 the probe. Moreover, this approach is often impractical as
it requires considerable space to accommodate the
conventional gas analyzers. It is well known that free
space inside a semiconductor fabrication cleanroom is
typically at a minimum.

25 A method for measuring the instantaneous moisture
concentration and drydown characteristics of a processing
environment is disclosed in U.S. Patent 5,241,851, to Tapp
et al. According to this method, a moisture analyzer
alternately samples the effluent from a process chamber and

30 the gas generated by a standard gas generator. The output
of the standard gas generator is adjusted until the analyzer
indicates no difference between the effluent and standard
gas streams. Because the moisture content in the output of
the standard gas generator is known, the level in the

35 effluent stream can be determined. This system, however, is
inconvenient and complicated as it requires a standard gas



25 which steps are proposed in order to be able hence of the anplitude of

the |line synchron- to satisfactorily separate the |ine synchroniz-

i zing pul ses a bias voltage occurs across the 75 i ng pul ses fromthe
video signal at a varying capacitor in the parallel arrangenent which
peak-t o- peak val ue. voltage varies in conformty
therew th and In the circuit arrangenent of Figure 1 of which, in
cooperation with the fixed thresh- 30 the said Patent Specification a base
el ecetrode ol d voltage, ensures that the first |evel at of the non-type
transistor is connected to the which the tusansistort is bottoned never
lies 80 I nput termnal of the synchronizing pulse in the picture

content of the vigmeretgnaind Apmplicaephpdping tthr efifect pertehing between

arrangement of i¢hdVRE@iudnStddd skinddrddR8d L€ UEnst NemsSdbver, thdie is a

capaci tor and t heris alé%gga&?ao%} (}Ii,me\GI‘eC @tagggxogl Igzalsngex?gzl'a %?: to the
process chamber, resulting in contamination.

5 To meet the requirements of the semiconductor
processing industry and to overcome the disadvantages of the
prior art, it is an object of the present invention to
provide a novel chamber effluent monitoring system, and in
particular a novel semiconductor processing system, which

10 includes an absorption spectroscopy system for detecting gas
phase molecular impurities, which will allow for accurate,
instantaneous and in situ determination of gas phase
molecular impurities in a semiconductor processing tool.

It is a further object of the present invention to

15 provide a method of detecting gas phase molecular species
within the inventive chamber effluent monitoring and
semiconductor processing systems.

other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art on a

20 review of the specification, drawings and claims appended
hereto. '

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, a
chamber effluent monitoring system is provided. The system
25 comprises a chamber having an exhaust line connected
thereto. The exhaust line includes a sample region, wherein
substantially all of a chamber effluent also passes through
the sample region.
The system further comprises an absorption spectroscopy
30 measurement system for detecting a gas phase molecular
species. The measurement system comprises a light source
and a main detector in optical communication with the sample
region through one or more light transmissive window. The
light source directs a light beam into the sample region
35 through one of the one or more light transmissive window,



35 forma circuit having a tinme constant. An

_ _ I't has been stated that the
11 me const ant emmter electrode of the transistor is connec- of the
paral l el arrangenent of the capacitor 85 ted to a termnal conveying a
bi as votage. and the |eakage resistor may be chosen to be In the
circuit arrangement of Figure 2 the either larger or small. For a small
tinme emtter and base el ectrodes are interchanged constant of the

order of the repetition period 40 relative to those in Figure 1, while the
tran- of the line synchronizing pulses the result sistor is of the
opposite conductvity type. is a rapid adapd-ation of the synchronizing 90
The term nal conveying a bias voltage is pul se separator tq variations in
the video comnéctled lightabedn PRFBEYHIEOBYRE CAPRLT -regs‘PQn%’i“f For
obt ai ni ng a greakitd NaRNShhpYe tnegion tiafought oherdthéhei omid cat @dre | st h
cases the to | ”E%E&nﬁfé&%e' elixixéo‘ffor Qhé-d&/ﬁ'?xt aeeostsort @esponds to the
light beam exiting the sample region.
5 In a second aspect of the invention, a semiconductor
processing system is provided. The semiconductor processing
system comprises a processing chamber for processing a
semiconductor substrate. The processing chamber comprises
an exhaust line connected thereto. The exhaust line
10 includes a sample region, wherein substantially all of a
chamber effluent passes through the sample region.

The proceséing system further comprises an absorption
spectroscopy measurement system for measuring a gas phase
molecular species as described above with reference to the

15 chanber effluent monitoring system.

A third aspect of the invention is a method of
detecting a gas phase molecular species in a chamber
effluent. In the inventive method, a chamber is provided
which has an exhaust line connected thereto. The exhaust

20 line includes a sample region. Substantially all of a
chamber effluent is removed from the chamber through the
exhaust line and is passed through the sample region.

A gas phase molecular species is detected by an
absorption spectroscopy method by directing a light'beam

25 from a light source into the sample region through one or
more light transmissive window. The light bean passes
through the sample region and exits the sample region

" through one of the one or more light transmissive window,
and the light beam exiting the cell through one of the one

30 or more light transmissive window is detected.

The novel systems and methods permif accurate,
jnstantaneous and in situ detection of gas phase molecular
species in a chamber effluent. Particular applicability can
pbe found in semiconductor manufacturing process control and

35 in hazardous gas leak detection. For example, the time



55 obj ect of the positive, adjustabe bias volt- choose the tine, constant
‘to be larger. age at the termnal is to give the transistor The known
synchroni zi ng pul se separa- 95 a fixed, but adjustable threshold
voltage. tor is described for separating the |line syn- The anplitude
of the line synchronizing chronizing pulses from the video sig-

pul ses to be separated in the video signal ap- nal. If both short

line synchroniz- [Price 25p]
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dependent moisture concentration and drydown characteristics
of a semiconductor process environment can be monitored.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will becone
5 apparent from the following detailed description of the
preferred embodiments thereof in connection with the

accompanying drawings in which like numerals designate like
elements, and in which:

FIGS. 1A and 1B are side-sectional views of chamber
10 effluent monitoring systems according to the present
invention;

FIGS. 2A and 2B are cross-sectional views of chamber
effluent monitoring systems according to the present
invention;

15 FIG. 3 is a graph of water vapor concentration versus
etching ﬁrocess time in accordance with Example 1; and

FIG. 4 is a graph of carbon monoxide concentration
versus etching process time in accordance with Example 2.

DETAILED DESCRIPTION OF THE PREFERRED
20 EMBODIMENTS OF THE INVENTION

The above objectives of the present invention have been
realized through the use of a spectroscopic method to
measure molecular gas phase species in a chamber effluent)
wherein substantially the entire flow of effluent gas from

25 the chamber is directed through a spectroscopic sample
region. In this way, measurements which follow changes in
the actual impurity content in the effluent can be made very
quickly.

As used herein, the terms "molecular gas phase -

30 species," "molecular impurity" and "contamination® are
considered equivalent terms, and refer to a molecular gas or
vapor species which is the object of the absorption
spectroscopy measurement. Also, as used herein, the term



2 _ 1, 267, 729 ing pulses and long field
synchroni z- , detector may be provided with a direct volt- I ng pul ses

occur in the video signal, the age source supplying a bias voltage, which
known separator does not at all function bias voltage |ess the voltage
drop in the DC satisfactorily. In fact, the long, rapidly suc-
connection is substantially equal to the volt- 5 cessive field

gznchronizing pul ses occurring age inpressed on the collector electrode of

-8 -

“substantially the entire flow of effluent" means about 90-
100% by volume of the total effluent flow from the chamber.
The invention will now be described with reference to
FIGS. 1A and 2A, which illustrate side-sectional and cross-
5 sectional views, respectively, of an inventive chamber
effluent monitoring system.
System 1 comprises a semiconductor processing chamber
2, inside which a semiconductor substrate 3 is disposed on a
substrate holder 4. A gas inlet 5 is provided for
10 délivering a process gas or plural gases to processing
chamber 2. Effluent from processing chamber 2 is exhausted
through an exhaust openin§ 6 in processing chamber 2 and
through an exhaust line 7.
According to one aspect of the invention, the
15 processing system is suitable to run vacuum processes, such
as etching, sputtering, ion implantation or chemical vapor
deposition (CVD) processes. In such a case, processing
chamber 2 is a vacuum chamber, and a vacuum pump (not shown)
can be connected to the exhaust line 7. The vacuum pump can
20 be connected to another pump and/or to a gas scrubber (not
shown). Examples of vacuum pumps which may be employed in
these processes are mechanical rotary and booster pumps,
diffusion pumps, cryogenic pumps, sorption pumps and
turbomolecular pumps. Alternatively, the processing system
25 can run processes such as atmospheric pressure CVD, wherein
processing chamber 2 is held at about atmospheric pressure
with a slight vacuum. .
The processes often call for reactive or nonreactive
(inert) gas spécies which can be in a plasma- or non-plasma
30 state. Examples of reactive gases which can be used in the
inventive system include SiH,, HC1l and Cl,, provided the
moisture level is less than 1000 ppm. However, the reactive
gases are not limited to these. Any inert gas such as,
e.g., 0,, N;, Ar and H, can be used in the inventive system.
35 In order to detect and measure molecular gas phase
impurity concentrations in the processing tool, the



during the field synchronizing interval result the anplitude Iimter with

‘the aid of the sup- in the capacitor in the parallel arrangenment ply
sour ce. in the anplitude Iimter being charged for A third
transi stor connected as an emtter a long period and bei ng di scharged

very follower may be provided between the input. 10 little. The capacitor
is charged up to the termnal of the separator and the ohmc 75
maxi nrum val ue of the field synchronizing resistor connected to the emtter
electrode ~ pulses. As a result the clipped strip is shifted of the
first transistor. An automatic gain t owards the peaks of the

synchroni zing control circuit may be additionally connected ul ses

I nterference and Hoiensipe esgmHcondReLer PFS°F?E§H%1ﬁﬁ?t?¥HQ%Fﬁ3Frcﬁn%ﬂiges
separator, the 154 h@spubbisn tpeptidsanpyl peamemenbesys®m Bh€or aut omati c

gain control ci rcﬁi'é.atsug"i.haga %O%ﬁgse 8hQ)lecular species. The absorption
spectroscopy measurement system comprises a light source 9
5 and a detector 10, which can be a photodiode, in optical
communication with a sample region 11 in exhaust line 7.
Any molecular impurity of interest can be detected,
subject only to the availability of a suitable light source.
For example, water vapor, nitric oxide, carbon monoxide and

10 methane or other hydrocarbons can be detected by measuring
the attenuation of light from a diode laser source which
emits light of a wavelength characteristic of the impurity.

Laser light sources which emit light in spectral
regions where the molecules of interest absorb most strongly
i5 lead to improvements in measurement sensitivity. 1In
particular, light sources which emit at wavelengths longer
than about 2um are preferred, since many of the molecular
impurities of interest have strong absorption bands in this
region.

20 Any suitable wavelength-tunable light source can be
used. Of the currently available light sources, diode laser
light sources are preferred because of their narrow
linewidth (less than about 10%cm?) and relatively high
intensity (about 0.1 to several milliwatts) at the emission

25 wavelength.

Examples of diode lasers include Pb-salt and GaAs-type
_ diode lasers. The Pb-salt-type laser requires cryogenic
temperatures for operation and emits infrared light (i.e.,
wavelength greater than 3um), while the GaAs-type diode

30 laser can operaté at close to room temperature and emits in
the near infrared region (0.8-2um).

Recently, diode lasers which include Sb in addition to
GaAs (or other pairs of III-V compounds such as AsP) have
been described (see, "Mid-infrared wavelengths enhance trace

35 gas sensing," R. Martinelli, Laser Focus World, March 1996,
p. 77). These diodes emit light of a wavelength greater



base and the emtter electrode of the tran- to provide an automatic gain

control voltage sistor. The result is that the interference for the
tel evi si on receiver. and noise may switch the transistor on and The
i nvention al so provides an integrated off during the field

synchroni zing pulses. <circuit conprising the conponents of a syn- 20
Consequent |y, unwanted pul ses upsetting the chronising pul se separator
according to the 85 synchroni zati on of the receiver appear at
i nventi on. the output termnal of the separator. In The invention
I s based on the recognition addition theoe applies that after the field
of the fact that a small tine constant can be synchroni zi ng i nterval
the capacitor in P 248t dhhtel IperehEndiatch8r gt° Ci r Bile gfacbhe Y% anpl i t ude
limter first hastémpeyatutediofndtt soneapaaitl oit idorpheeantdvdradey |witt er
wi t hout 90 the cryogenic temperatures (less than -170°C) required by
Pb-salt lasers. Operation of similar lasers at 4 gm and
5 12°C has also been reported (see, Lasers and Optronics,
March 1996). Diode lasers of the above described type will
most preferably operate at temperatures of at least -40°C.
Use of a thermoelectric cooler for temperature control at
such temperatures makes these light sources less complicated
10 than the lower temperature diode systems. To make use of
these lasers more desirable, improvement in the optical
properties over current levels is important. For example,
single mode diodes (i.e., diodes whose emission at fixed
temperature and drive current is at a single wavelength with
15 emission at other wavelengths at least 40 dB less intense)
should be available.

Suitable light sources for use in the invention are not
limited to the above described diode lasers. For example,
other types of lasers which are similarly sized and tunable

20 by simple electrical means, such as fiber lasers and guantum
cascade lasers, are envisioned. The use of such lasers as
they become commercially available is envisioned.

Light beam 12 which is generated by the described light
source 9 is transmitted into sample region 11 through at

25 least one light transmissive window 13, which can be
disposed in the wall of exhaust line 7. The measurement
system can be configured such that light beam 12 is
reflected by a light reflective surface 14 within the sample
region and exits sample region 11 through the same window it

30 enters the sample region through. Alternatively, the
windows through which the light beam enters and exits the
sample region can be different and can be disposed on
different sides of the exhaust line. The measurement system
can also be configured such that the light beam passes

35 straight through the sample region from a light inlet window



superfluous charge before the line syn- the noise occurring across the

line and field chroni zi ng pul ses can be separated again

synchroni si ng pul ses influencing the syn- It is an object of the
invention to obviate chronization of the television receiver, if a t he
above- nenti oned drawbacks. resistive potential divider is

I ncorporated in 30 The i nvention provides a synchronising the
emtter-collector circuit of the transis- 95 pul se separator for a

tel evision receiver, the tor in the anplityde limter the transistor
synchroni si ng pul se separator having an in- ""being arranged in conmon base

configura- PUthE&IgH Bah i gUERLAY UOndAE Vi¥Bowk \HedRE SéARIted! LRMnelNE
potential divider_th det erm nes and an output term nal adapted to
provi de the smal FeR -6 éﬁ%‘mhich may be present 35 separated
synchroni si ng pul ses, Tigdtsyaflecdvgssuxfacecapatan de famred aifBeroi se
occur- 100 separate from or integral with a wall of exhaust line 7.
5 Light reflective surface 14 is preferably a polished metal.
As a high reflectivity of this surface is desirable, the
surface can be coated with one or more layers of a
reflective material such as gold, other metallic layers or a
highly reflective dielectric coating in order to enhance the
10 reflectivity thereof. Moreover, to minimize the adverse
effects created by deposits formed on the light reflective
surfaces, a heater for heating the light reflective surface
can also be provided. '
With reference to FIG. 1B, when the spectroscopy
i5 measurement is made in a portion of the exhaust line which
' is not connected to the chamber by a straight line, but
rather is connected to the chamber after a bend in the line,
it has been determined that removal of a small portion of
the exhaust at the bend is particularly advantageous in that
20 the fluid dynamics in the measurement region are enhanced
considerably. A bend in the exhaust line upstream from the
sample region results in eddies which are relatively slow to
respond to upstream concentration changes. .
In such a case, a fluid stabilizing amount of exhaust
25 can be removed through fluid stabilization line(s) 15. 1In
so doing, the eddies can be effectively eliminated or
nininized. The amount of effluent removed from through
fluid stabilization line 15 is less than about 10% by volunme
of the total effluent flow from the chamber.
30 In reference to FIGS. 2A, the absorption spectroscopy
measurement system 8 can further include at least one first
mirror 16 for reflecting light beam 12 from light source 9
through light transmissive window 13 into sample region 11,
and at least one second mirror 17, 18 for reflecting light
35 beam 12 exiting sample region 11 to main detector 10.
Mirror 16 is preferably curved in order to collimate the



chroni sing pul se separator including an am ring across the synchroni zi ng

pul ses cannot plitude limter enploying a transistor the influence the
operation of the transisor due col |l ector el ectrode of which is coupl ed
to to the voltage drop across the resistor con- the output term nal of

the separator and is nected to the emtter of the transistor. The 40
adapted to be coupled through a resistor to field synchronizing pul ses
have any noi se 105 a supply source whil st the base el ectrode of

t hereon reduced as are the line synchroniz- the transistor is connected

to the junction ing pulses. of a capaeiz-or and a | eakage resistor
whi ch I n order that the invention may be readjly forms a tine

constant circuit,lighé BARRtas theatighly flrﬁ{“ot%effdéﬁ’fi LR FBBEFSE® t her e-
.45 el ectrode of &iaiedtgbntinsilsikewibej ngirconserlcds8 afeprdfemablpecwyedri bed

in detail, by way;@forhdP té focus the parallel 1light beam on detector 10.
In a further embodiment of the invention, illustrated
5 in FIG. 2B, the angle of light transmissive window 13 can be
adjusted such that the incident angle of the laser light can
be increased or decreased away from an angle normal to the
window. This feature is particularly advantageous because
reflection of the laser light back to the laser can be
10 adjusted and minimized. Such back reflection can both
increase laser noise (e.g., by feedback into the cavity) or
lead to interference fringes (e.g., by forming an etalon
with the laser facets) which reduce measurement sensitivity.
Disposing window 13 at an angle conveys a further
15 advantage in that a second detector 19 can be conveniently
utilized for detection of the reflected portion of the
incident light beam. It should be noted that the figures
are not drawn to scale, and in practice window 13 can be
made as small as required. Also, the angle between the
20 incident light beam and the reflected light beam from mirror
14 is, in practice, smaller than indicated. Thus, the
importance of angling the window 13 is greater than might
appear from a very casual inspection of FIGS. 2A and 2B.
Light transmissive window 13 can additionally be
25 provided with a coating layer on a surface opposite the
surface facing the sample region for reflecting a portion of
light beam 12. Subtracting the signal due to the reflected
portion of the beam from that of the transmitted portion can
result in more accurate absorption measurements. Among the
30 commercially available coating materials, metallic coatings
are preferred. Suitable coated windows are commercially
available from various suppliers such as Oriel, Melles
Griot, and Newport.
A second detector 19, which can also be a photodiode,
35 for measuring a portion 20 of the light beam which is
reflected from light transmissive window 13 as well as means



t hrough an ohm c resistance to the input exanple with reference to the

acconpanyi ng termnal of the separator. The input term nal draw ng,
in which: - of the separator may have a DC connecti on Figure |
shows a synchroni zi ng pul se to a video, detector from which a video
separator according' to the invention; and 50 signal may be derived from a
negatively Figure 2 serves to explain the operation 115 nodul at ed
carrier. The collector electrode of the separator of Figure 1. of the
first nentioned transistor may be con- Figure 1 shows only that part of a
tel e- nected to the base el ectrode of &3econd vision receiver which

s, relevant for theydesseract ik Al TObrdRASS B | HlonchRLIQRARR CON-

cription of the synch(on|2|ng?ﬁu se separa- 557ne to.a term.nal for

the supply source °PFBiPeR o BPAG TEIIETI hY ity BREionally be grgyided in

the system. An operational amplifier in a configquration
such as described in the literature (Seé, e.g., Moore, J.H.
5 et al., Building Scientific Apparatus, Addison Wesley,
London, (1983)) can act as the means for subtracting the
reference signal.
The reflected light does not show any absorption by the
molecules of interest in the sample region, and therefore
10- provides a reference signal. By subtracting the reference
signal from that of the light which passes through the cell
(which is measured by the main detector), variations in the
light source can be compensated for. This alsoc allows for
enhanced sensitivity to signal changes due to the molecular
15 species in the processing chamber 2. While "dual beam"
techniques using subtraction of a reference beam are well-
known, they usually require a dedicated beam-splitter, i.e.,
an optical element whose only function is to divide the
light beam. According to the present invention, the
20 entrance window to the chamber can provide this function
without the need for any additional components. The ratio
of transmitted to reflected light at this window can be
controlled by use of an appropriate coating for the window.
The light source is preferably a diode laser maintained
25 at a precisely controlled temperature. The temperature of
the diode laser is generally controlled with a precision of
at least plus or minus 0.1°C. Suitable diode lasers and
temperature controllers are well known in the art and are
available from several manufacturers. Lead salt lasers are
30 available from the Laser Analytics Division of Laser
Photonics Corp., and GaAs lasers are available from Sensors
Unlimited, Inc. A suitable temperature controller is the
Lake Shore DRC-210A temperature controller (for cryogenic
temperatures) or any of several models from ILX Lightwave,
35 Inc. for near room temperature operation.
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impurity desired to be measured. As current applied to the
laser diode increases, wavelength increases or decreases
depending on the diode type. Laser current controllers are
known in the art and commercially available. A suitable
controller is the ILX Lightwave LDX-3620.

A detector, such as a photodiode, responds to light of
the same wavelength as emitted by the diode laser. Suitable
detectors are known in the art and commercially available,
such as the Graseby HgCdTe Model 1710i12 for infrared
detection, or the EG&G InGaAs C30641 for near infrared
detection, with a 10-MHz bandwidth amplifier. Detector 10
responds to light beam 12 which is reflected from a surface
within the exhaust line and exits the sample region through
one of the one or more light transmissive window 13.
Detector electronics receive the output from the detector
and generate an output which is related to the absorbance of
light at the desired wavelength. The absorbance, i.e., the
ratio of the detected light intensity in the presence of the
nmolecular impurities of interest to the intensity which
would be observed in their absence, can be converted into a
concentration of the molecular impurities by a computer
using known calibration data.

Various methods for controlling the wavelength of the
light emitted by the diode laser can be used. For example,
the laser wavelength may be locked to the desired value by a
feedback system or may be repetitively swept over a region
which includes the desired wavelength in order to generate a
spectrum. Subsequent spectra may be averaged to improve
sensitivity. Both of these techniques are known. (See,
e.g., Feher et al., Tunable Diode Laser Monitoring of
Atmospheric Trace Gas Constituents, Spectrochimica Acta, A
51, pp. 1579-1599 (1995) and Webster et al., Infrared Laser
Absorption: Theory and Applications, Laser Remote Chemical



3.

1,267,729
3 across the primary 4, this tel evision signal by the | evel of
potential +V[err] mnius the volt- 5 being shown as two signals

5[err] and 5[err] The age drop across the base-emtter junction

10

15

20

25

30

35

-15-

Analysis, R.M. Measuews (Ed.), Wiley, New York (1988)). A
further method for stabilizing wavelength is disclosed in
copending application, Serial No. , Filed on even
date herewith, Attorney Docket No. 016499-205, which is
hereby incorporated by reference.

Further improvements in sensitivity can be achieved by
modulating the diode current and wavelength and demodulating
the detector signal at the modulation frequency or one of
its higher harmonics. This technique is known as harmonic
detection spectroscopy. (See, Feher et al., Tunable Diode
Laser Monitoring of Atmospheric Trace Gas Constituents,
Spectrochimica Acta, A 51, pp. 1579~1599 (1995) and Webster
et al., Infrared Laser Absorption: Theory and Applications
in Laser Remote Chemical Analysis, R.M. Measuews (Ed.),
Wiley, New York (1988)).

As disclosed in copending application, Serial No.

, £iled on even date herewith, Attorney Docket No.
016499-203, which is hereby incorporated by reference, in a
particularly effective harmonic detection absorption system,
the light source modulation amplitude can be set to a value
which approximately maximizes the value of a harmonic signal
at the center of the absorption feature being detected. 1In
this system, the light source and detector are contained
within a chamber which is isolated from the sample region,
and the chamber pressure is controlled to a pressure greater
than atmosﬁheric pressure. By pressurizing the chamber, the
detected signal can be maximized, thereby providing accurate
measurements in a sample as low as in the parts per billion
{ppb) range.

In another embodiment of the invention, a plurality of
mirrors (or one mirror having multiple faces) can be
disposed within the exhaust line 7. This allows the light
beam to pass through the sample region a plurality of times.
By increasing the effective pathlength in this manner,
sensitivity of the measurement system is thereby enhanced.



television sighal 5 is associated, for exanple, of the transistor 10. In

the case of the satis- with the reception of a signal having a

| arge factorily operation AGC circuit 15, the vari- 5 anplitude of
the carrier, whilst the tel evision able resistor 16 may be used for
adjusting 70 signal 5[err] is associated with a small anpli- the
contrast in the video signal 12. tude of the carrier. The signal
shown as Terminal 14 is also the input termnal of bei ng
negatively nodul ated so that the syn- synchroni zi ng pul se separat or
accordi ng chroni zing pul ses in the-tetevision signal to the

5
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maxi mum nodul at i oRCRANYIRE eRPYicetipAsSewial No.sistor 17 4 Hd1lBdsen évedt r ode
of which is con- date herepéth Catttophey IIbcRakIR€r ABRbHt2mME. which is
nected to the jungligly QhcbbfortlelChy ¥ df@Rdfce. As disclosed in this
5 copending application, multipass cells are able to improve
sensitivity of the measurement system by extending the
effective pathlength the light beam travels. Among these
cells, the planar multipass cell can be made arbitrarily
small in directions parallel and perpendicular to the plane
10 of propagation of the light. Because of its size, the
planar multipass cell is particularly well suited for use in
existing semiconductor processing tools.
The particular cell featured in that application is a
polygonal planar multipass cell. The cell comprises a
15 sample region circumscribed by a plurality of walls with
light reflective surfaces. As a result of the regular
shape, the light beam can be reflected by each wall prior to
exiting the cell. Because the light beam can remain in the
same plane, the size of the cell can be kept to a minimum.
20 The following example illustrate that the systems and
methods of the invention are particularly beneficial in the
detection of gas phase molecular species.

EXAMPLE 1:
As described below, moisture concentration in a
25 semiconductor processing system during etching is monitored,

using the operating procedure described below.

As the semiconductor processing system, an Applied
Materials Precision 5000 plasma etching system is used in
conjunction with a TDLAS measurement system. The ’

30 measurement system is set up for water vapor measurement to
determine the drydown characteristics of the processing
chamber.

The measurement system sample region is disposed in the
exhaust line of the etching tool. The light transmissive
35 inlet and outlet windows are disposed directly across from



Transforner 3 is provided wwth a second ment of a capacitor 18 and a

| eakage resis- ary 6 which is connected to the series ar- tor 19,
whi ch series arrangenent is provided - rengenment of a diode 7 and
parellel ar- bet ween at erm nal conveying the potenti al ranged
resistor 8 and capacitor 9. The +V[err] and earth. A term nal conveying
a cat hode of diode 7 is connecting to the sec- positive potenti al

+V of a supply source V[err] ondary 6, while the anode is connected
to is connected through a resistor 20 to the col - the base

el ectrode of the trasistor 10 con- Iector el ectrode of the transistor
17. The 20 neatettaeralinethd twal1b0bt el extldiesteMihbprvith eRet $fiple

el ectrode of t ra“%ééi&{ dszspbée&oéherebetween elsggflrtgpdq._ %etiﬁﬂﬁé %?n%téé) tly

connected to necte a resistor 21 t he
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separ a- the outlet window.

5 The diode is manufactured by Sensors Unlimited Inc.,
and is composed of InGaAsP/InP. The diode is fabricated in
order to emit light in the wavelength region including
1.3686 micrometer where a strong absorption by water vapor
occurs. The diode should is of the distributed feedback

10 (DFB) type, ensuring single mode emission, i.e., to ensure
that the diode emits at a single frequency, as described in
M. Feher et al, Spectrochimica Acta A 51 pp. 1579-1599
(1995). The diode is mounted on a thermoelectric cooler
which is controlled to 2511°C by a Hytek 5610 subniniature

15 proportional temperature controller. The laser current is
controlled by an ILX Lightwave ILX 3620,

The diode is placed at the focus of a 0.5 inch diameter
off-axis paraboloid nirror which collimates the diode laser
beam. The mirror has a polished aluminum surface. The

20 detector is an EG&G C30642 which is a 2mm active diameter
InGaAs photodiode. The detector output is amplified by an
Analog Modules Inc. pre-amplifier. The system is extremely
compact, and (except for the current controller) can be
accommodated in a cube about 6 inches on each side.

25 The wavelength of the light emitted by the laser diode
is locked to the characteristic value {i.e., 1.3686 um)
‘using a feedback signal to the laser diode. To properly
lock onto the wavelength, a signal corresponding to the
third derivative of the absorption signal is used. Moisture

30 measuréments are initiated upon entry of the substrate into
the processing chamber and are terminated upon completion of
the process, with measurements being averaged over one
second intervals. The data are instantaneously calculated,

with the results being fed back to the etching tool process
35 controller.



winding 6 renote fromthe diode 7 is con- tor thus inclide amanplitude
limter which nected to one termnal of a direct voltage - 1is
built uo fromthe transistor 17 arranged 25 source V[err] conveying a
postitive constant in comon base configuration, the capacitor 90
potential +V[err] the other termnal of which 18 and the resistors 19,
20 and 21. The re- I's connected to earth. By detection with the
sistor 19 and the capacitor 18 forma tine aid_of the video
detector including the com costant circuijgsCapacitor 18 in the anpli-

30 ponents 7, 8 and 9, a video signal 12 present tude limter may
alternatively be conpgetedioading th@@WedSgond@sicit 8ubddrdte @htaitied from

e el e o N PAEL ML Dalot oo Wten 1o ovalhBhOD HigBalyd igh

vi deo signal occ he col [éctor 'S, conne

termnals 13 and Pn&arEidhRRTSANER 1R P  BE BRLD RABEL rIUYSHP a
further transi st oBCl;, 40 sccm Cl,, 250 sccm He and 9.4 sccm CHCL, are

5 introduced into the processing chamber. After one minute,
the gas flows are shut off and the moisture level gradually
recovers to approximately its previous level following
reaction with residual BCl,;.

FIG. 3 is a graph of water vapor pressure versus
10 processing time. The moisture partial pressure drops below
detectable levels because of the rapid reaction of BCl,; With
water vapor as follows:

2BCl, + 3H;0 = B,0, (solid) + 6HCl

Thus, adding BCl; too early in the process, when the
is moisture partial pressure is too high, is disadvantageous
since an excessive quantity of particles will be formed.
Particles are well-known to have deleterious effects on the
semiconductor devices. On the other hand, the presence of
water vapor during several etch processes, such as aluminum
20 etching, is intolerable. BCl; is therefore necessary in
order to eliminate the last vestiges of water vapor. The
inventive system can be used to determine when the moisture
partial pressure is sufficiently low to permit BCl; addition
and also to verify that the addition of BCl, is sufficient
25 to completely remove vestigial water wvapor.

EXAMPLE 2
Using the same etching tool described above in
reference to Example 1, CO is monitored in a plasma ASH
process wherein photoresist from an etched substrate is
30 stripped. In the measurement system, a Pb-salt diode
manufactured by Laser Photonics Corp. is mounted in a Laser
Analytics liquid nitrogen-cooled coldhead. A one inch
diameter, aspheric, antireflective coated, F/1 ZnSe lens is



inal 13. In conformty with the television 22. A supply source V[err]

IS connected in signal 5 the video signal 12 is also shown series
with the supply source V[err] such that 35 as two signals 12 and
12[err] which lie between the termnil +V[err] is connected to the term
100 the I evel indicated by the potential +V[err] inal V[err].
The emtter electrode of transis- and the earth potential 0. The
signals 12 and tor 22 is connected to term nal conveying 12[err]
shown for aproximtely one |ine period _{ée potential +V[err] of the
supply source V[err] each conprise a synchronizing part having

whil e .the coll ecigza ebecdIdid@tiestiorveant.edThe detl@ctbr nis sy Behsay zi ng

pul ses at an anplgddiie ﬁgdel 1624IN R ¢real 86 M2 BahGuidts: ?aﬁPﬂf'?ér.C()n‘
25% of the maxi num peak-t Vie

- +
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source V[err]. Thand d&thei hekpifatager e afrdrolledrby a Lake Shore DRC-910A
5 controller. The wavelength of the light emitted by the

laser diode is locked to the characteristic value for CO,

i.e., 4.7 pm, using a feedback signal to the laser diode. A

signal corresponding to the third derivative of the

absorption signal is used.

10 After loading the semiconductor substrate into the
etching chamber, 0, at a flow rate of 60 sccm is introduced
into the chamber. The pressure is maintained at 1.5 Torr
during processing, and the CO measurements are performed
throughout processing. Measurements are averaged over one

15 second intervals.

The results from the CO measurement are set forth in
FIG. 4, showing CO vapor pressure versus processing tine.
The graph indicates that the endpoint of the process occurs
after about 6 minutes, at which point the CO in the
20 processing chamber drops off.

The above examples show that the inventive system and
method are well suited for monitoring gas phase molecular
species in an exhaust line.

In addition to the above applications, the invention is

25 particularly applicable to use in a load-lock chamber.

' Whenever a wafer is introduced into a semiconductor
processing chamber, it is generally first placed in a load-
lock chamber, which is purged andfor vacuum cycled in order
to remove atmospheric air and other contaminants. The wafer

30 is then transferred from the load-lock chamber to the
process chamber itself. The extent of purging and/or vacuum
cycles required may be determined by the pressure attained
in the vacuum cycle. However, this is not a specific
measurement and does not indicate whether the residual

35 pressure is primarily due to water vapor (usually a result
of substrate exposure to air), or to other species



100% represents the picture content. veying the potential V[err]
+V[err] is also con- The video signal 12 occurring at term na
nected through a resistor 24 to base elec- 45 13 is available for further
handling in the trode of the transistor 22 and is directly

tel evision receiver and may be applied for connected to the collector

el ectrode of the exanple, to a video anplifier. Termnal 14
transi stor 10. The collector el ectrode is connected to an i nput
of an Automatic gain the transistor 22 is @@rnected to a term nal

control (AGC) circuit 15 an output of which 25 whi ch serves as an out put

termi nal of outgrssingn foer cthe subhtratecdusealiy fgon2pfeNioysoprocasse
separ at or . steps). Thus, it \isdpgrei&niigl baddizgar ¢o \whniiabke
S O e 1ot PRELE B, OBR! AN LGuRERA Ay o metnog 540 1S shown
to indicate that t Gt e og §¥1 ystra k&hemﬁaﬁﬁe# I n which
t he especxally useful for load-locks relying solely on purging,

5 since vacuum measurement is not feasible.

By disposing a diode laser system on the exhaust line
of a load~lock chamber, it is possible to measure water
vapor in the load lock effluent after purge cycling. If the
required moisture level in the process is known, the purging

10 time can be optimized to be just sufficient to provide the
requisite purity. As transfer steps between processes are
known to account for a significant fraction of available
process chamber time in the semiconductor industry,
significant cost advantages can be realized by this

15 procedure.

In a similar way, a moisture sensor placed on the
exhaust of any chamber can be used to optimize the length of
an initial purge or vacuum cycle, which is often used to
eliminate atmospheric constituents after loading wafers from

20  the clean room, a previous process step, a load-lock
chamber, or a transfer chamber.

While the invention has been described in reference to
a semiconductor processing tool, persons of ordinary skill
in the art will readily appreciate that the inventive system

25 can also be adapted to a variety of different application.
For example, it is envisioned that the chamber effluent
monitoring system can also be used as a safety device in
dealing with hazardous gases or vapors.

It is well known that in the IC manufacturing

30 processes, a multitude of hazardous and toxic gases are

" required. Generally, such gases are Kkept in cabinets which
are continuously evacuated. The cabinet exhaust, i.e.,
effluent, is drawn through an exhaust line usually to a
scrubber system. The inventive chamber effluent monitoring

35 system is particularly well suited for use with these gas
cabinets. By disposing an absorption spectroscopy



of the AGC circuit 15 can be vari ed. separator al so operates

satisfactorily in case Starting fromthe fact that with a given
of a greatly weakened tel evision signal 5. 55 reception the
television signal 5[ err] is provided, Figure 1 shows the signals occuring
at dif- by the stage 2, it can be assuned that the ferent points
in the circuits. In conformty weakened tel evision signal 5[err]
occurs if either with the television signal 5 the other signals .

the received signal is greatly weakened, foE are al so divided and denot ed
by the in- exanpl e, by atnDspherlc ¢ircunstances so dices 1 and
2. The potenti al ﬁﬁaéd%@mhh%“éystem in 2 cABinACexfihhst) ta Jrakaddiction
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potential at the RAticular, a systep|fewidetestion ofi ?’Fe‘ﬂ”ﬁht haémnaid of re-
| ect or el ectrode aibsdrpeibnaostsisstwavelendth d€-1330 nm, coincident with
5 relatively convenient InGaAsP dioxide emission, is
envisioned.

This embodiment is preferably used in conjunction with
a visual and/or audio alarm system. The alarm system can be
activated upon the happening of a certain event, such as the

10 detected absorption or gas concentration exceeding a
predefined limit. 1In addition, the detector can be
connected to a valve control system which will automatically
close the gas cylinder or other valve(s)} to stop the flow of
gas. Those skilled in the art will readily be able to

15 design and integrate appropriate alarm systems and controls
in the inventive system by use of well known devices,
circuits and/or processors and means for their control.
Further discussion of thiss matter is omitted as it is deemed
within the scope of persons of ordinary skill in the art.

20 In another embodiment of the invention, the chamber
effluent monitoring system can be applied to the monitoring
of cleanroom environments. Because the air exhausted from
the cleanroom is generally returned to the cleanroom,
hazardous gas leaks or the presence of hazardous vapors in

25 the cleanroom are especially problematic. Therefore, use of
an absorption spectroscopy measurement system in the
cleanroom exhaust can provide a particularly advantageous
leak detection system. As discussed above in reference to
the gas cabinets, this system can be used in conjunction

30 with an alarm system. '

While ‘the invention has been described in detail with
reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made, and equivalents employed, without

35 departing from the scope of the appended clainms.
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WHAT IS CLAIMED IS:

1. A chamber effluent monitoring system, comprising:

a chamber having an exhaust line connected
thereto, the exhaust line including a sample region, wherein
substantially all of a chamber effluent also passes through
the sample region;

an absorption spectroscopy measurenent system for
detecting a gas phase molecular species, comprising a light
source and a main detector in optical communication with the
sample region through one or more light transmissive window,
the light source directing a light beam into the sample
region through one of the one or more light transmissive
window, wherein the light beam passes through the sample
region and exits the sample region through one of the one or
more light transmissive window, and the main detector
responding to the light beam exiting the sample region.

2. The chamber effluent monitoring system according to
claim 1, wherein the absorption spectroscopy system is a
tunable diode laser absorption spectroscopy systen.

3. ﬁfhe chamber effluent monitoring system according to
claim 1, wherein the absorption spectroscopy system is a
harmonic detection absorption spectroscopy systen.

4. The chamber effluent monitoring system according to
claim 3, wherein the harmonic used is a second harmonic.

5. The chamber effluent monitoring system according to
claim 3, wherein the harmonic used is a fourth harmonic.

6. The chamber effluent monitoring system according to
claim 1, further comprising a second detector for detecting
the gas phase molecular species in a portion of the light
beam which is reflected by the one of the one or more light
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4 —— The. synchroni zi ng pulses in the video sig- emtter junction of
the trapsistor 10 when nal 12 cause the transistor 17 to be bottoned
forrredLE M’lm tead of silicon is during the pul se period when
t he si ”mlbly smal|l relative to the smallest val ue of the

pul se is bel ow t"he voftage set by the of the carrier, then the described
second 5 capacitor 18 at the base el ectrode of that effect can be

obt ai ned without using transis- 70 _;4ransistor. Transistor 17 serves as
a swwtch tor 22 by connecting the collector electrode whi ch connects
resi stor 21 thanbmiss e alindbw Wfraughnehixthothé 71l ihtebehy passelseintd put term

Wi th capaci tigfe $8mpid ddyisglies with the re- inal 28. If transistor 17 is
| i kewi se fornmed -

7. The chamber effluent monitoring system according to
claim 1, further comprising means for subtracting a
reference signal provided by the second detector from a
measurement obtained by the main detector.

8. The chamber effluent monitoring system according to
claim 1, wherein the sample region is disposed in the
exhaust line between and in communication with the chamber
and a vacuum pump, a fan, or a scrubber systen.

9. The chamber effluent monitoring system according to
claim 1, wherein the operation pressure of the processing
chamber is about atmospheric pressure.

10. The chamber effluent monitoring system according
to claim 1, wherein the absorption spectroscopy measurement
system is adapted to measure a concentration of water vapor.

11. The chamber effluent monitoring system according
" to claim 1, wherein the light beam passes through a first
light transmissive window before entering the sample region,
and the light beam passes through a second light
transmissive window after passing through the sample region,
wherein a light path from the first and second light
transmissive window is substantially linear.

12. The chamber effluent monitoring system according
to claim 1, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

13. The chamber effluent monitoring system according

to claim 1, wherein the sample region is contained within a
measurement cell.
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sistor 20. Capacitor 18 is discharged across of germanium resistors 19
and 20 can _be 10 the-resistor 21 so that a potential decreasing connected

to a term nal of s 3 hugr-V[ err] during the synchronizing pul se
period is \I\M‘B\\@%ﬁﬁ!“%r\“‘:and transistor 17 is a silicon shown in

bot h si gnal sgnal 27. transistor, resistor 20 is to be _
connected to" The bottom ng of transistor 17 results in the a term nal
of potential V[err] and resistor 19 bottoned transi stor 22 being

i medi ately is to be connected to a termgqual of poten- 15 cut off.
Transi stor 22 operates as a swtch tial Verr] and resistor 19 is to
be 80 so that 3pulThe chewper iaffinemtalmoR8tohinth sysbemeatcogtding a

term nal convewonglagm 13, WhesebettMReReifiGdpehentdal Sst¥[ Rirdipand Vi err]
is to be conne eggu;:%“&g el.yynal conveying a V[err].The transistor 17
Is cut off at the en potential of V[err] plus the base-enitter thresh-

15. The chamber effluent monitoring system according
to claim 1, wherein the monitoring system further comprises
a measurement stabilization line for removing less than

about 10% by volume of the total effluent flow from the
chamber . )

16. The chamber effluent monitoring system according
to claim 1, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

17. The chamber effluent monitoring system according
to claim 1, wherein the chamber is a gas cylinder cabinet.

18. The chamber effluent monitoring system according
to claim 17, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

19. The chamber effluent monitoring system according
to claim 1, wherein the chamber is a vacuum pump housing.

20. The chamber effluent monitoring system according
to claim 19, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

21. The chamber effluent monitoring system according
to claim 1, wherein the chamber is a cleanroom.

22. The chamber effluent monitoring system according
to claim 21, further comprising an alarm system which
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of the_syﬂchfonizing—pulse in the video sig- old voltage of transistor 17.

ransi st or I s then bottoned For obtaining information
regar (ﬂ@l lmu Hmlr” ur| ng which tine the base el ectrode of tran-
anplit tlvely nodul at ed sistor 22 and the collector
el ectrode of tran- carrier, it is necessary that a DC connection

sistor 17, due to the voltage di vision across exists between the video

detector (7, 8, 9) the resistors 24 and 20, acquire a potential and
the input termnal 14 of the separator. 25 which is denoted by the |evel
+V[err] inthe |If this were not the casé5 this information 90 . si gnal
27 being the s ¥ R SESN L o542 Gh Py gg e to the
potential +V[er ivLQ gfﬁ cap gc?tor it %WB ecﬁ%rtxﬁ'fhr is lost due

to for exanpleFeéfheép%c?¥?4ﬁ§lEﬁﬂ detQCtPﬂ% }%ﬁﬁi ‘resistor 19 as i s shown by
an in- nectlon and cannot thereafter be extracted

23. A semiconductor processing system, comprising:

a processing chamber for processing a
semiconductor substrate, the chamber having an exhaust line
connected thereto, the exhaust line including a sample
region, wherein substantially all of a chamber effluent also
passes through the sample region;

an absorption spectroscopy measurement system for
detecting a gas phase molecular species, comprising a light
source and a main detector in optical communication with the
sample region through one or more light transmissive window,
the light source directing a light beam into the sample
region through one of the one or more light transmissive
window, wherein the light beam passes thrbugh the sample
region and exits the sample region through one of the one or
more light transmissive window, and the main detector
responding to the light beam exiting the sample region.

24. The semiconductor processing system according to
claim 23, wherein the absorption spectroscopy system is a
tunable diode laser absorption spectroscopy system.

25. The semiconductor processing system according to
claim 23, wherein the absorption spectroscopy systen is a
harmonic detection absorption spectroscopy system.

26. The semiconductor processing system according to
claim 25, wherein the harmonic used is a second harmonic.

27. The semiconductor processing system according to
claim 25, wherein the harmonic used is a fourth harmonic.

28. The semiconductor processing system according to
claim 23, further comprising a second detector for detecting
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creasing potential in signal 26. fromthe capacitively transmtted
signal.” A" 30 -1t--i-s—found that separated synchronizing direct current or

di rect lifier can 95 pul ses having a constant anplitude
occur ” ma!@ﬂﬁ (ui | uded in the DC connection. at the output
term na L ly of a Figure 2 serves to explain the operation

of - video signal 12[err] or 12[err]. A second effect the separator of
Figure 1, when a few, for for which transistor 22 may be used is the
anple, five field synchronizing pul ses gegcur 35 elimnation of the

i nfluence of the voltage in the received television signal during the 100
drop across t hee bgse phaseterldawietri speaes Lnad dogymehremithiendightt erval . The

IS:! gnal |27_ ﬁEmfkgii%{hﬁEs%ﬁgﬂrkécfthe b Udle bﬂetmlmnsﬁé%ﬂ FmoreShoyt i n o
igure | is shown by t.he thi ne N u i 0; na
at g\/\,hi ch in FFROFRESPIvVELE: ‘g?wertf’%’ Fgﬁgh wmcggtlgey %?gl?r?eélp%a\éggg 1)

denoted
the sample region.

29. The semiconductor processing system according to
claim 23, further comprising means for subtracting a
reference signal provided by the second detector from a
measurement obtained by the main detector.

30. The semiconductor processing system according to
claim 23, wherein the sample region is disposed in the
exhaust line between and in communication with the
processing chamber and a vacuum punmp.

31. The semiconductor processing system according to
claim 30, wherein the semiconductor processing system is
selected from the group consisting of an etching system, a
chemical vapor deposition system, an ion implantation
system, a sputtering system and a rapid thermal processing
systen. "

32. The semiconductor processing system according to
claim 31, wherein the semiconductor processing system is an

etching system selected from an oxide etch and a metal etch
systen.

33. The semiconductor processing system according to
claim 23, wherein the operation pressure of the processing
chamber is about atmospheric pressure.

34. The semiconductor processing system according to
claim 23,. wherein the processing chamber is adapted to
contain a plasma atmosphere.

T
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| evel the transistor 17 is bottonmed. To this is that which occurs at the
base el ectrode of 40 end the potential +V[err] as denoted in signal the

transistor 17 _and. corresponds to the sig- 105 27 is inpressed on the
col | ector electrode nal 26 of Figure 1. The difference between of the
normal |y M\mml“‘“ﬁ“ﬂt r 17 with the the level of potential +V[err] and
potentlal the transistor 22. The result is that

occurring during" the |ine synchroni zi ng pul se signal 27 (27[err]
27[err]) shows pulses the anpli- is denoted by Uerr] so that Uerr]

represents the 45 tude of which is proﬁbrtlonal to the anpli- voltage

which is present 1
(12[err] EZ[ e?p qg" Os-ﬁ}%k&m%éh c9<for g:pocessﬂnljd@yé)tf.exﬁ f&%ch‘.k&lﬁﬁ‘; gognal 12

and acl oss, 1 h
to the anpli t SRR 3y NERYESIN é;pe,xhrq “E‘Fg‘ﬁ’éﬂm&’ﬁ h%gas aﬁ’e pu se!ssshown Egce

the thin tettaiins aoneasctginl gbs (Bfrmspher&{ err]). The sanme applies
denoted by Uerr] so that the conbination of

36. The semiconductor processing system according to
claim 23, wherein the absorption spectroscopy measurement

system is adapted to measure a concentration of water vapor.

37. The semiconductor processing system according to
claim 23, wherein the light beam passes through a first
light transmissive window before entering the sample region,
and the light beam passes through a second light
transmissive window after passing through the sample region,
wherein a light path from the first and second light
transmissive window is substantially linear.

38. The semiconductor processing system according to
claim 23, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

39. The semiconductor processing system according to
claim 23, wherein the sample region is contained within a
measurement cell.

40. The semiconductor processing system according to
claim 39, wherein the measurement cell is a multipass
measurement cell. ’

41. The semiconductor processing system according to
claim 23, wherein the monitoring system further comprises a
measurement stabilization line for removing less than about

10% by volume of the total effluent flow from the processing
chamber.

42. A method of detecting a gas phase molecular
species in a chamber effluent, comprising the steps of:

-_—
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to the voltage

of the vidéo 50 whichis so |arge that the noise present across

applied nal 14 115 the pulses in the video signal
has no | m ”clmﬁﬂ! Eﬂm t he tranS| stor 17 to be bot- fl uence on the
ramsi

conducti on

21. of thecshHacRE@NEHd @ oPULBE d¥hatiBe EingNah&1dding aFkgkgr 2 al so

shows a signa
exanpl e, 25%

drop across the resistor 21 lines represents that portion

si gnal

med. The presence of noise on the pul ses
The said proportion results in the transistor shown in thin lines is

i ndi cat ed by neans of 17 being bottonmed al ways at the sane per-
undul ating line. It is found that the peakg 55 centage of the carrier
anplitude of, for ex- of the synchronizing pulses in the video sig- 120
anpl e, 8% independent| ypwofvidhegnmgrhambde hawinglan sexhavsgutéee by resi stor

%; err] in thick and 12[err] which anounts to, for
TFTHES " whi ch occurs at the collector electrode
removing substantially all of a chamber effluent

from the chamber through the exhaust line thereby passing
the removed effluent through the sample region;

detecting a gas phase molecular species by an
absorption spectroscopy method by directing a light beam
from a light source into the sample region through one or
more light transmissive windoﬁ, wherein the light beam
passes through the sample region and exits the sample region
through one of the one or more light transmissive window,
and detecting the light beam exiting the cell through one of
the one or more light transmissive window.

43. The method of detecting a gas phase molecular
species according to claim 42, wherein the absorption

spectroscopy method is a tunable diode laser absorption
spectroscopy method.

44, The method of detecting a gas'phase molecular
species according to claim 42, wherein the absorption
spectroscopy method is a harmonic detection absorption
spectroscopy method.

45. The method of detecting a Qas phase molecular
species according to claim 44, wherein the harmonic used is
a second harmonic.

46. The method of detecting a gas phase molecular

species according to claim 44, wherein the harmonic used is
a fourth harmonic.

47. The method of detecting a gas phase molecular
species according to claim 42, further comprising detecting
the gas phase molecular species in a portion of the light

_—
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of the carrier anplitude. The result is that of transistor 17 if the
field- synchron|21ng_69 the separation of the synchronizing pul ses signa

to the |nput ternlnal 14 125 from the video signal 12
connenceg !ﬂlﬂuuﬂ" arator The potentials +V[err], +V[err]
fixed pe peaks of the pulses and V[err] and the voltage
Uerr] are again shovin * so that the separator can never be active in
in the signal 27[err]. As in signal 27 described t he picture content
the he video signal 12. above, a voltgge drop Uerr] occurs across 65
If the voltage (V[err]-V[err]) across tﬁe base- resistor 21.

seam which is reflected by the one of the one or more light
-ransmissive window through which the light beam passes into
he sample region.

48. The method of detecting a gas phase molecular
species according to claim 47, further comprising
subtracting a reference signal provided by the second
jetector from a measurement obtained by the main detector.

49. The method of detecting a gas phase molecular
species according to claim 42, wherein the chamber operates
at about atmospheric pressure.

50. The method of detecting a gas phase molecular
species according to claim 42, wherein the chamber is
evacuated by a vacuum pump, a fan, or a scrubber system in
communication with the exhaust 1line.

51. The method of detecting a gas phase molecular
species according to claim 42, wherein the molecular species
is water vapor.

52. The method of detecting a gas phase molecular
species according to claim 42, wherein the chamber is a
semiconductor processing chamber which forms a part of a
semiconductor processing system.

53. The method of detecting a gas phase molecular
species according to claim 52, wherein the semiconductor
processing system is selected from the group consisting of
an etching system, a chemical vapor deposition system, an
ion implantation system, a sputtering system and a rapid
thermal processing system.
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S _ 1,267,729
Starting-fromthe-fact that the potential of 4 [err]s scan be realized in

the di scharge V[err] at the commencenent of the first field
Ci rcu:”!ll’ "ﬂ mgﬂﬁtﬂu!‘or 18 wi thout jeopardiz- 65
synch [ s a value which is

I ng the satisfactory operation of

the separa- equal to the value of V[err] at the commence-
tor. In the given enbodi ment the voltage
-30-

54. The method of detecting a gas phase molecular
species according to claim 53, wherein the semiconductor
srocessing system is an etching system.

55. The method of detecting a gas phase molecular
species according to claim 52, wherein the processing
chamber contains a plasma atmosphere.

56. The method of detecting a gas phase molecular
species according to claim 52, wherein the processing
shamber contains a reactive gas atmosphere.

S7. The method of detecting a gas phase molecular

species according to claim 52, wherein the molecular species
is water vapor.

58. The method of detecting a gas phase molecular
species according to claim 42, wherein the light beam passes
through a first light transmissive window before entering
the sample region, and the light beam passes through a
second light transmissive window after passing through the
sample region, wherein a light path from the first and
second light transmissive window is substantially linear.

59. The chamber effluent monitoring system according
to claim 42, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

60. The method for detecting gas phase molecular
species according to claim 42, wherein the sample region is
sontained within a measurement cell.

61. The method for detecting gas phase molecular
species according to claim 42, wherein the measurement cell
is a multipass measurement cell.
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5 ment—of--a-li-ne synchroni zing pul se in signal across the capacitor 18

e val ue 27 of Figure 2, then the potenti al
V[err]z ﬂuﬂ' jw'"mrj by the potential divider forned
to th of the field synchroniz. by the resistors 20 and 21
al ready during 70 ing pulse, will have greatly decreased
at the the first field synchronizing pul se. end of the
first pulse thereof. Capacitor 18 10 will only receive a
very snall charge in the VWHAT WE CLAIM14 S - short
peri od between the first and the second 1. A synchronising pul se

separator for a 62. The method forf deteckingcHpsPRASHyMpLLSRIAO that the
poten- tel eV|s§,|egme§eg@1dt@rmgsa¢ t1SMRC e préEithgr pednperising removing

tion Vierrl refaing,shbAAR h8k! dy RIh8Me chlCrobfPURIAENERA0 an | nput

t erm nal adapt éeﬁs ect occurs for the second
field syn- tdE5oscEhe mepsPTEBENE| S and an out put term

63. The method for detecting gas phase molecular
species according to claim 42, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.

64. The method for detecting gas phase molecular
species according to claim 42, wherein the chamber is a gas
cylinder cabinet.

65. The method for detecting gas phase molecular
species according to claim 64, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.

66. The method for detecting gas phase molecular
species according to claim 42, wherein the chamber is a
vacuum pump housing.

67. The method for detecting gas phase molecular
species according to claim 66, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.

68. The method for detecting gas phase molecular
species according to claim 42, wherein the chamber is a
cleanroom.

69. The method for detecting gas phase molecular
species according to claim 68, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.
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15 chroni zing pulse. At the third field syn- inal adapted to provide
separ ated synchroni s- chroni zing pulse V[err] reaches a
| evel which ing pulses, sai d synchroni si ng pul se separa- S
i ndi cated by a dot-and-dash Iine. This tor including an anplitude limter

| evel is determined relative to the potenti al
a transistor the collector el ectrode of which 80

- enpl oyi ng

+V[err] by the voltage division across the re-

term nal of the
and separator

found that t FHAMBERnEFFLHENEgMONITORINGOSYSTEM ANBpSEMECONBUCTOR| st

tial V[err] ERARFESSINGr SYSTEMN

to the junction

190

15

20

is coupled to said output
20 sisteB8-20 and 21 as is shown by R err]
and is adapted to be coupl ed Rlerr] in Figure 2. It

nect ed

i's

(FOMBRIGENGIABSOBPTION HBECTROSCPP¥Hde of said
transistor is con- MEASURBMENT| GXSFEM; aNDIMBETHOBR. OFhUSEesult s

of a capacitor and a 85 t hat the noise
reduction action of the resis- |eakage rARSYRSE which forms a time con-

Provided is a novel chamber effluent monitoring system.
The system comprises a chamber having an exhaust line
connected thereto. The exhaust line includes a sample
region, wherein substantially all of a chamber effluent also
passes through the sample region. The system further
comprises an absorption spectroscopy measurement system for
detecting a gas phase molecular species. The measurement
system comprises a light source and a main detector in
optical communication with the sample region through one or
more light transmissive window. The light source directs a
light beam into the sample region through one of the one or
more light transmissive window. The light beam passes
through the sample region and exits the sample region
through one of the one or more light transmissive window.
The main detector responds to the light beam exiting the
sample region. The system allows for in situ measurement of
molecular gas impurities in a chamber effluent, and in
particular, in the effluent from a semiconductor processing
chamber. Particular applicability is found in semiconductor

manufacturing process control and hazardous gas leak
detection.

Figure 1A
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25 tor 21 is also ensured when the field syn- stant circuit, the emtter

el ectrode of said
noi se

of said sep-

opera- arator.

of the separator.
separator as
clainmed in Caiml1l,

connection to

modul ated a video detector from which
carrier, the receiver should include a con-

negatively nodu- 95

recei ved

T ————
| ated carrier

chroni zi ng pul ses

transi stor being connected through an ohmc
occurring on the pul se peaks cannot at al

occur so that the

resistance to the input term nal

exert an influence on the satisfactory

90

tion

1/4 2. A synchronising pul se

30
i nal

vi deo signa

of said separator

If a television receiver provided with a
in which the input term
synchroni zi ng pul se separator accordi ngito

has DC

the ingention r?ceives a positively
)

may

verter stage soO

be derived froma

as to convert the

FIG.1B
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35 signal into a pseudo-negatively nodul at ed 3. A synchronising pul se
separator as si gnal

claimed in daiml or 2, in which the col - The
separator according to the invention |I|ector electrode of said first

mentioned tran- may be integrated in a sinple manner in
a sistor is connected to the base el ectrode of 100

sem conductor body i.e. fornmed as an i a second transistor whose enitter
el ectrode 40 tegrated circuit, to which for exanple, the is
connected to a termnal for the supply capacitor 18 and
resistor 19 forned as dis- source for said anplitude limter, the col-
crete conponents can be connected. A |ector and base el ectrodes of said

second nonol ythically integrated separator can thus
transi stor each being connected through a 105 be
obtained in a sirnple manner. rlesi stor to o termnal for a second
suppl y qa T
f \E O
so— | T _ _,-,_D\_,
a —— kT m
N\ __-——" ~
-~ _ N Sg
&=
RIS, .

¥

[TIITELLT ]
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45 The separator may include a stage to source the other term nal of

whi ch is con- whi ch interference pul ses separated from
the nected to the unsimlar termnal for the sup- vi deo

signal 12 are applied so that the sep- ply source for said anplitude

limter, the arator renmmins inactive at the occurrence
coll ector electrode of said second transistor 110

thereof. To this end a transistor could be being
to the output

term nal of said separator.

additionally connected
50 provizjed between resistor 11 and earth,

which transistor is cut off

during the occur- 4. A synchronising pul se separator as
rence of interference pul ses. claimed in daim2 or Claim3
when de- The val ues of some conponents for a pendent

upon Claim 2, said video detector 115

practi cal
enbodi nent enploying silicon is provided with a direct voltage source
sup- :
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55 transistors may be: pl ying a bias voltage,
whi ch bias voltage | ess

the voltage drop in the said DC connection ' di rect
vol t age is substantially equal to the voltage im
source V[err] = 5 W pressed on the collector el ectrode of
said 120 capacitor 18 = 0.01 [err]F
anplitude-limter with the aid of the supply
resistor 19 = 200 k. Onhms sodsge. 60
resistor 20 = 5 k. Ohns 5. A synchronising pul se separator
as resistor 21 = 400 Chns . clained in
Caim1l, 2, 3, or 4, in which be-
tween the input term nal of said separator 125 It is
found that in such a practical enbodi- and the ohm c resistor connected to
t he
1200 [
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S Alfeatsn o7
ment  a very maII time constant at a value emtter

t el ectrode of said first
fans'ﬁnmummn \!II W e face chat “ohe potent

at the potential of 4 [err]s can be
realizet in the"di scharge
_22_

WHAT IS CLAIMED IS:

1. A chamber effluent monitoring system, comprising:
a chamber having an exhaust line connected
thereto, the exhaust line including a sample region, wherein

substantially all of a chamber effluent passes through
the sample region;

a tunable diode laser absorption spectroscopy measurement system for
detecting a gas phase molecular species, comprising a light source and a main detector
in optical communication with the sample region through one or more light transmissive
window, the light source directing a light beam into the sample region through one of
the one or more light transmissive window, wherein the light beam passes through the
sample region and exits the sample region through one of the one or more light

transmissive window, and the main detector responding to the light beam exiting the
sample region.

2.

The chamber effluent monitoring system according to
claim 1,

wherein the absorption spectroscopy system is a
harmonic detection absorption spectroscopy system.
3.

The chamber effluent monitoring system according to
claim 2,

wherein the harmonic used is a second harmonic.

4.

The chamber effluent monitoring system according to
claim 2,

wherein the harmonic used is a fourth harmonic.

5.

claim 1,

The chamber effluent monitoring system according to
further comprising a second detector for detecting
the gas phase molecular species in a portion of the light

beam which is reflected by the one of the one or more light
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V[erT] at the commencenent of the first field circuit of the capacitor 18

synchroni zi ng, pulse has a value which is ing

e TR o 05 o2 P

at the comfenée-* tor.* | n the given enbodiment the voltage 5 nent of a
| i ne synchroni zing pulse in signal across the capacitor 18 reaches the
val ue 27 of Figure 2, then, theipotential V[err], due determ ned by
the potential divjider forned to the longer duration of the field
synchr onitzanspisg e wa8pgy oflrpghailicly ithy Adghy Ees® mpsse® into jng pul se,
wi | | havenhgr eahple degyieased at the the first field synchronizing pul se.
end of the first pulse thereof. Capacitor 18 10 will only receive a very
smal | charge gn t he T CLAIM IS - . hort($erLod Qetmeen t he
Flrst and thebsechif ShERBRT STRARANH BPRLHATSE “YERaP A SoHIPIats

claim 5, further comprising means for subtracting a

reference signal provided by the second detector from a

measurement obtained by the main detector.

7. The chamber effluent monitoring system according to
claim 1, wherein the sample region is disposed in the
exhaust line between and in communication with the chamber
and a vacuum pump, a fan, or a scrubber system.

8. The chamber effluent monitoring system according to
claim 1, wherein the operation pressure of the processing
chamber is about atmospheric pressure.

9. The chamber effluent monitoring system according

to claim 1, wherein the absorption spectroscopy measurement
system is adapted to measure a concentration of water varor.

10 . The chamber effluent monitoring system according
to claim 1, wherein the light beam passes through a first
light transmissive window before entering the sample region,
and the light beam passes through a second light
transmissive window after passing through the sample region,
wherein a light path from the first and second light
transmissive window is substantially linear.

11. The chamber effluent monitoring system according
to claim 1, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

12. The chamber effluent monitoring system according

te claim 1, wherein the sample region is contained within a
measurement cell.
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field synchronizirng pal'se so that the poten- television receiver, said

synchr gedisat i tion V[err] remains substantially constant. The
separaﬂ“{l}‘wﬂlgnm”mut term nal adapted 75 sanme effect occurs for
the secende T Ie S¥n-» to receive a video signal and an output term 15
chroni zing pulse. At the third field syn- inal adapted to provide

separated synchroni s- ~_chroni zT?n“g' pul se V[err] reaches a |evel which
ing pul ses, saigl syRehERMSd N rRYLSS SRRARBring systeh hBEbLALRM by a
dot - and- dash Jrlne. ThI}S‘ tor .includin antanghtude | i %t er enpl oyi ng

level is 48tSt3™hed «r ¥PeFEiR s f“ﬁ%s‘b'zgﬁ“@ﬁ‘ti a* % rafsr§tB°S he coll ector

el ect r odemefsygndnt g@ll. +V[err] by the voltage division across the re-
is coupled to said output term nal of the 20 sistors 20 and 21 as is
shown by R err],an S r | @gﬁj 0. P& HPURLEHS; Rierr] in
Figure 2. It i%‘%fogl‘rﬁlg t%ﬁg%g%)ﬁee%g%{ﬁ? 1 %tc?%%ﬁ&asfesi stor g%fna? supply

sour ce Vw“qOSFlalm 1, wherein the monitoring system further comprises

a mpeasurement stabilization line for removing less than

about 10% by volume of the total effluent flow from the
chamber . )

15. The chamber effluent monitoring system according
to claim 1, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

16 . The chamber effluent monitoring system according

to claim 1, wherein the chamber is a gas cylinder cabinet.

17. The chamber effluent monitoring system according
to claim 16, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

18 . The chamber effluent monitoring system according
to claim 1, wherein the chamber is a vacuum pump housing.

19 . The chamber effluent monitoring system according
to claim 18, further comprising an alarm system which
activates when the detected gas phase molecular species
reaches a predefined detection limit.

20. The chamwber effluent monitoring system according
to claim 1, wherein the chamber is a cleanroom.

21. The chamber effluent monitoring system according

to claim 20, further comprising an alarm system which
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tial V[err] cannot decrease any further due to the base el ectrode of said
transi |\ this resistive voltage division. The result is
nect ed “m\mmmm of a capacitor and a 85 t hat the noise

reduct n actuom ofs t e resis- |eakage resistor which forns a tinme con-
25 tor 21 is also ensured when the field syn- stant circuit, the emtter
el ectrode of said chroni zi ng-psd ses occur so that the noise

transi stor_peing connected through an ohmc occurring on the pul se
peaks caffibtvatesMhen, &E?s‘?%t?%é:egogﬁﬁeph%%ﬁwtléﬁﬁimlSRﬁClsal d sep- 90
exert anreatherrcpredefhned atatsfcadbar yimixer a- arat or. tion of the
separ at or. 2. A synchronising pul se separator as

30 | f. atelﬁwsmn rgggl% ‘?ﬁprowded with a clained in daim1, in which
the input term CRY 0TIz PRGCHTT 8 SF&FRr oFIRITST®@BAg to inal of
sai d separator has M%Gﬁﬁémlmn@@r for processing a

semiconductor substrate, the chamber having an exhaust line
connected thereto, the exhaust line including a sample
region, wherein substantially all of a chamber effluent also

passes through the sample region;

a tunable diocie laser absorption spectroscopy measurement system for
detecting a gas phase molecular species, comprising a light source and a main detector
in optical communication with the sample region through one or more light transmissive
window, the light source directing a light beam into the sample region through one of
the one or more light transmissive window, wherein the light beam passes through the
sample region and exits the sample region through one of the one or more light
transmissive window, and the main detector responding to the light beam exiting the

sample region.

23 . The senmiconductor processing system according to
claim 22, wherein the absorption spectroscopy systenm is a
harmonic detection absorption spectroscopy systen.

24 . The semiconductor processing system according to
claim 23, wherein the harmonic used is a second harmonic.

25. The semiconductor processing system according to
claim 23, wherein the harmonic used is a fourth harmonic.

26. The semiconductor processing system according to
claim 22, further comprising a second detector for detecting
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nventlon recelves pos'tively nodul ated a video detector from which
a V|deo|u" rier, the receiver should include a con- nay be
deri ved

|y modu- 9 verter stage so as to convert the
received |a ted carr| er. 35 signal into a pseudo-negatively nodul at ed
3. A synchronising pul se separat or-;as si gnal .

claimed in daiml or 2, in which the col- ) The separat or accordi ng
to the irhengesnPhiggunlechdar renpeies tmia dantdpnnehtthshddghtan- may

be i nt egrisdad whilch 5¢ A eGBBASyY ithedonéi 6t Ghel neOBAGRdRM 1ight he base
el ect rodetz%f

hod ant g
Cransi ot Fone eive wintiD CRP %1% ¥nd - Bgn Oggggﬁf&%o&%o a secon

ose emtter el ectro tegra circ rch for
exanpl e, thfe SaPRLIERHEEd to a terminal for the suppl y capacitor 18

and resistor 19 forned as dis- source for said anplitude Iimter, the col-
27. The semiconductor processing system according to

claim 26, further comprising means for subtracting a

reference signal provided by the second detector from a

measurement obtained by the main detector.

28. The semiconductor processing system according to
claim 22, wherein the sample region is disposed in the
exhaust line between and in communication with the
processing chamber and a vacuum pump.

29,

claim 28 , wherein the semiconductor processing system is
selected from the group consisting of an etching system, a
chemical vapor deposition system, an ion implantation

system, a sputtering system and a rapid thermal processing
systen.

The semiconductor processing system according to

30 . The semiconductor processing system according to

claim 29, wherein the semiconductor processing system is an

etching system selected from an oxide etch and a metal etch
systemn.

31 . The semiconductor processing system according to

claim 22, wherein the operation pressure of the processing
chamber is about atmospheric pressure.

32, The semiconductor processing system according to
claim 22 , wherein the processing chamber is adapted to
contain a plasma atmosphere.
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crete conpon connected. A |lector and base el ectrodes of said
secondL u mﬁmmﬂ ally integrated separator can thus transistor each
bei ng e Ths a 105 be obtained in a sinple manner.
resistor to one termnal for a second supply 45 The separator may

I nclude a stage to source the other-ggrm nal of which is con- whi ch
I nterference pﬁg ses separated fromthe nected to the unsimlar term nal
for the sup- - TRE FEBLSPYHMFEor2 PEPESSHUIY SYSEE™: AGEoiHEIsED- ply

sour ce forcladimdZanpitiqueda kheiprgcessling chamberariat edapeeditns | nacti ve at

t he occur rRngainC8l F&dtavechest{RpAkreai d second transistor 110

thereof. To this end a transistor could be being additionally connected to
t he out put 59 provi ded between resistor 11 and earth, termnal of said
separ at or . 4. WFhe FemigRutuetar ipyosass Iy sHEtiengacherdisuto 4. A
synchr oni siirgrp 225 ewsepsirathe 85sorption spectroscopy measurement

system is adapted to measure a concentration of water vapor.

35. The semiconductor processing system according to
claim 22 , wherein the light beam passes through a first
light transmissive window before entering the sample region,
and the light beam passes through a second light
transmissive window after passing through the sample region,
wherein a light path from the first and second light
transmissive window is substantially linear.

36 . The semiconductor processing system according to
claim 22, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

37 . The semiconductor processing system according to

claim 22, wherein the sample region is contained within a
measurement cell.

38. The semiconductor processing system according to

claim 37, wherein the measurement cell is a rmultipass
measurement cell. )

39.. The semiconductor processing system according to
claim 22, wherein the monitoring system further comprises a
measurement stabilization line for removing less than about

10% by volume of the total effluent flow from the processing
chanber.

40 . A method of detecting a gas phase molecular
species in a chamber effluent, comprising the steps of:

This is the replasement sheet

Date: 15 Jut. 1938



\rl'ﬁnc'edof I nterference pu: ses. claimed in daim2 or Caim3
en Eﬂl‘ M’l al ues of sone conponents for a pendent upon Claim
2, saidi mimm"lu H"’llS practical enbodi nent enploying silicon
i's provi de@l wit asditect voltage sour ce sup- 55 transi stors may be:
plying a bias voltage, which bias vl age | ess

the voltage drop | rBO?dm%% RRafBANGHIAG an exhaust lindirect vol tage
is substantially equal to The vo '

tage |.m . . urce V. = 5
V.~ connected thexetaq Wi ERB=EEY TR0t e eI e 23R RS 120
capaci tor régiom; 0.01 [err]F anplitude limter with the aid of the

supply ~ ren@%ifg Odurktantially 20Q lof ShaBamber effigentce. 60
resistor 20 . the criamber PiPough the SxhdbstSNIGH" ORLZINM pREL SRy SePar ator as

the removed effluent through the sample regionj

detecting with a main detector a gas phase molecular species by a tunable
diode laser absorption spectroscopy method by directing a light beam from a light source
into the sample region through one or more light transmissive window, wherein the light
beam passes through the sample region and exits the sample region through one of the
one or more light transmissive window, and detecting the light beam exiting the sample

region through one of the one or more light transmissive window.

41. The method of detecting a gas phase molecular
species according to claim 40 , wherein the absorption
spectroscopy method is a harmonic detection absorption
spectroscopy method.

42, fThe method of detecting a gas phase molecular
species according to claim 41, wherein the harmonic used is
a second harmonic.

43. The method of detecting a gas phase molecular
species according to claim 41, wherein the harmonic used is
a fourth harmonic.

44 ., The method of detecting a gas phase molecular
species according to claim 40, further comprising detecting

the gas phase molecular species in a portion of the light
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resis T Ohns claimed in daim1l, 2, 3, or 4, in which
be- m’[’ﬁ”’”"ﬂgf'@ l‘l tween the input
terminal Of tsam ator 125 It is found that in such a
practical enbodi- and the ohm c resistor connected to the ment a

very small time constant at a value-2emtter el ectrode of said first
transistor is

beam which is reflected by the one of the one or more light

transmissive window through which the light beam passes into
the sample region.

45. The method of detecting a gas phase molecular

species according to claim 44, further comprising
subtracting a reference signal provided by a second

detector from a measurement obtained by the main detector.

46. The method of detecting a gas phase molecular

species according to claim 40, wherein the chamber operates
at about atmospheric pressure.

47 . The method of detecting a gas phase molecular

species according to claim 40, wherein the chamber is

evacuated by a vacuum pump, a fan, or a scrubber system in
communication with the exhaust line.

48 . The method of detecting a gas phase molecular

species according to claim 40, wherein the molecular species
is water vapor.

49 . The method of detecting a gas phase molecular

species according to claim 40, wherein the chamber is a

semiconductor processing chamber which forms a part of a
semiconductor processing systen.

50. The method of detecting a gas phase molecular
species according to claim 49, wherein the semiconductor
processing system is selected from the group consisting of
an etching system, a chemical vapor deposition system, an

ion implantation system, a sputtering system and a rapid
thermal processing systen.
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ghd saJM]ﬂlHijmllmmeﬁnr ??ers]'E glrl gagpfact ed as an as clained in Caim9

st ant
capacitor. ¢ L ®6.5A*sysnchronising pul se separator as 10. An
integrated circuit conprising the -30-clained in in any of the preceding

clains, conpagnents, of synchroni sing pul se separa- .5 in which an
aut omati ¢ gai%qcfonf?%llf‘%hr"y |°l? ‘?%te td‘?‘gag '%Efsaipﬁ’% ©i ROLRF S the preceding
cl ai ns 25speciegd@ccroRhbng cocohpdet 68 mbergin thrusepdepndidtor] to 7 with the

except i onpedcddidngesisten iandn etciingsaydtewparator, said automatic gain
con- capacitor of said tine constant circuit.

52. The method of detecting a gas phase molecular

species according to claim 49, wherein the processing
chamber contains a plasma atmosphere.

53. The method of detecting a gas phase molecular
species according to claim 49, wherein the processing
chamber contains a reactive gas atmosphere.

54 . The method of detecting a gas phase molecular

species according to claim 49, wherein the molecular species
is water wvapor.

55. The method of detecting a gas phase molecular
species according to claim 40 , wherein the light beam passes
through a first light transmissive window before entering
the sample region, and the light beam passes through a
second light transmissive window after passing through the
sample region, wherein a light path from the first and
second light transmissive window is substantially linear.

56 . The method for detecting a gas phase molecular species

according to claim 40, wherein the light beam is reflected within the
sample region by one or more light reflective surfaces.

57 . The method for detecting a gas phase molecular
species according to claim 40, wherein the sample region is
contained within a measurement cell.

58 . The method for detecting @ gas phase molecular

species according to claim 57, wherein the measurement cell
is a multipass measurement cell.
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trol cir ed to provide an 11. In conbination an
I nt egrat g"m j @ tomatic gain control voltage for said tele- as
cl ai med i*n ak he resistor and 10 vision receiver.

capacitor of said t| me constant circuit. 30 7. A synchronising

pul se separator for 12. A tel evisgi-on receiver provided with a a

tel evision receiver substantially as herein synchronising pul se separator
as claimed i R9. Thesustitedd okt detaftdngne gasoohiase eRlesHRthy- any of the

precedi r@béﬁx@'s”&céoi:@n?g to clhig 402WuREhet Scomprisifg Fehegimat ed circuit
conpri siq

n f a
synchronl Sin pn 2Bout 10% by vogzumé@n ﬁeRt(‘é?jt%tent %ggn§f°"9 tor as
cl ai med F‘FP"&%&" fsafﬂﬁlﬁ MI ng cl ai ms Century House,

60 . The method for detecting a gas phase molecular
species according to claim 40, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.

61 . The method for detecting a gas phase molecular

species according to claim 40, wherein the chamber is a gas
cylinder cabinet.

62. The method for detecting a gas phase molecular

species according to claim 61, further comprising providing
an alarm system which activates when the detected gas phase
nolecular species reaches a predefined detection limit.

63. The method for detecting a gas phase molecular

species according to claim 40, wherein the chamber is a
vacuum pump housing.

64 . The method for detecting a gas vhase molecular
species according to claim 63, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.

65 . The method for detecting a gas phase molecular

species according to claim 40, wherein the chamber is a
cleanroom.

66. The method for detecting a gas phase molecular

species according to claim 65, further comprising providing
an alarm system which activates when the detected gas phase
molecular species reaches a predefined detection limit.
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wi th the exception of the capacitor of said Shaft esbury Avenue,

t| me con London, WC. 2, 20
. In c mmae mm\‘\mlegrat ed circuit Agent for the Applicants.

Pr| nt ed L Mijesty's St ationery ice by Burgess & Son (Abingdon),
Ltd.-1972 Publ i shed at”The Patent Office, 25 Southanpton
Bui | di ngs, London, WC2A | AY, from whi ch

copi es may be obt ai ned.
67. A method of detecting a gas phase molecular species in a chamber
effluent, comprising the steps of:
providing a load-lock or wafer transfer chamber in a semiconductor
processing tool, the chamber having an exhaust line connected thereto, the exhaust line
including 2 sample region;
removing substantially all of a chamber effluent from the chamber
through the exhaust line thereby passing the removed effluent through the sample region;
detecting a gas phase molecular species by an absorption spectroscopy
method by directing a light beam from a light source into the sample region through one
or more light transmissive window, wherein the light beam passes through the sample
region and exits the sample region through one of the one or more light transmissive

window, and detecting the light beam exiting the sample region through one of the one
or more light transmissive window.
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CHAMBER EFFLUENT MONITORING SYSTEM AND SEMICONDUCTOR
PROCESSING SYSTEM COMPRISING ABSORPTION SPECTROSCOPY
MEASUREMENT SYSTEM, AND METHODS OF USE

Abstract

Provided is a novel chamber effluent monitoring system.
The system comprises a chamber having an exhaust line
connected thereto. The exhaust line includes a sample
region, wherein substantially all of a chamber effluent also
passes through the sample region. The system further
comprises an absorption spectroscopy measurement system for
detecting a gas phase molecular species. The measurement
system comprises a light source and a main detector in

optical communication with the sample region through one or

more light transmissive window. The light source directs a

light beam into the sample region through one of the one or
more light transmissive window. The light beam passes
through the sample region and exits the sample region
through one of the one or more light transmissive window.
The main detector responds to the light beam exiting the
sample region. The system allows for in situ measurement of

molecular gas impurities in a chamber effluent, and in
particular,

in the effluent from a semiconductor processing
chanmber.

Particular applicability is found in semiconductor

manufacturing process control and hazardous gas leak
detection.

Figure 1A
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