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SPECTROSCORPY - BACKGROUND OF THE I NVENTION 1. Field of the
| nventi on The present invention relates to a nethod for detecting gas

phase -nol ecul ar species in a sanple by harnonic detection absorption
spectroscopy, and to a nethod for detecting the sane in a sem conductor
processi ng apparatus. The present invention also relates to a systemfor
detecting gas phase nol ecul ar species in a sanple by harnonic detection
absor ption spectroscopy, and to a sem conductor processing apparatus
conprising the sane. 2. Description of the Related Art

Sem conductor integrated circuits (1Cs) are manufactured by a series of
processes, many of which involve the use-mnft gaseous materials. |ncluded
anong such processes are etching, diffusion, chem cal vapor deposition
(CVD), ion inplantati WRTHEPUANBr E¥§TEMAFORpSEBNSRBINE DETECFIONNg. I n t hese
processes, contact is nad®bHMOIBIVIAR SRRQERAICENA NBLCYVMt e and nol ecul ar
speci es in the gas phaseBYA#ARMQEG (DRFEQTRON: GRECRRQECORE feat ures of the
| C devices, parts per billion (ppb) and | ower levels of inpurities in the

gases contacting the sem copgiggﬁggogﬁ;lbsro@a&%% FrRiEiN Y consi der ed

necessary in order to mnim
1. Field of the Invention

The present invention relates to a method for detecting
gas phase molecular species in a sample by harmonic
detection absorption spectroscopy, and to a method for
detecting the same in a semiconductor processing apparatus.
The present invention also relates to a system for detecting
gas phase molecular species in a sample by harmonic
detection absorption spectroscopy, and to a semiconductor
processing apparatus comprising the same.

2. Description of the Related Art
Semiconductor integrated circuits (ICs) are

manufactured by a series of processes, many of which involve
the use of gaseous materials. Included among such processes
are etching, diffusion, chemical vapor deposition (CVD), ion
implantation, sputtering and rapid thermal processing. In
these processes, contact is made between a semiconductor
substrate and molecular species in the gas phase. As a
result of the extremely fine features of the IC devices,
parts per billion (ppb) and lower levels of impurities in
the gases contacting the semiconductor substrates are
usually considered necessary in order to minimize yield
loss. Among the molecular impurities, moisture is extremely
difficult to eliminate, and it adversely affects many
sémiconductor manufacturing processes.
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l oss. Among the nolecular inpurities, noisture is extrenely difficult to
el ijm nate, and it adversely affects many sem conductor manufacturing
processes. -2- A known net hod
for detecting nol ecular species is infrared absorption spectroscopy. This
met hod i s based on the neasurenent of infrared |ight absorption which
occurs at specific frequencies characteristic of a given nol ecul e. However,
when this nmethod is used to neasure trace quantities of nol ecul ar species

i nside a vacuum chanber, the neasurenenfzﬁrecision is often limted by

|'i ght absorption due to_th resence of .the sane species outside the
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out si de thspeedfim Erequenciiesh chayacteyistinl ahe given mpecylace this
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gas-wi th a noistufe content of essentially zero. The second and third
procedur esqEaRtAtigsHO L Bpdiadd Ay SPRFARS (IMFide & RrWERShanhei, the

However, tfeagupeaeftupecisdod ild BfitRh afifiidd/ HieSSigHtorasscptfoni f the
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out gassi ngprbbidem haye been proposed. The first involves making the
-1ight path outside the vacuum chamber as short as possible
relative to the path inside, the second is purging the light
path outside the wvacuum chamber with a pure gas and the
third is to place this light path under vacuum. As used
herein, the term "pure gas" refers to a gas with a moisture
content of essentially zero. The second and third
procedures can also be combined by evacuating prior to
measurement. |

However, these procedures are of limited effectiveness.
For exanple, if_the partial pressure of thé molecular
species of interest inside the vacuum chamber is very:low,
significant interference can still occur despite these
precautions. In particular, when the molecular species of

T interest is water, components outside of the vacuum chamber
often outgas water at a level sufficient to interfere with
the measurement. In addition to outgassing, leaks and
poorly purged volumes imposed by the geometry of the path
outside the chamber can also contribute to the interference.
These undesired sources of molecular species are extremely
difficult or impossible to completely eliminate, thereby
preventing accurate measurements from being made.

In infrared absorption spectroscopy, the absorption of
light occurs with a spread about the center absorption
frequency which increasesllinearly with pressure. _
Therefore, the width of the light absorption due to the
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poorly purged vol unes inposed by the geonetry of the path outside the
chanber gan also contribute to the interference. These undesired sources of
nol ecul ar species are extrenely difficult or inpossible to conpletely
elimnate, thereby preventing accurate neasurenents from bei ng made.

In infrared absorption spectroscopy, the absorption of |light occurs with a
spread about the center absorption frequency which increases linearly with
pressure. Therefore, the width of the |ight absorption due to the

-3- nolecul es |n t he hi gher pressure regitn outside of the vacuum chanber

h h I h
nsi'de the VEGIERHERENUE: tAAIRLBPERaPESShne" Feutoh ouicaire, BECRR O o' "
the center fvequemcyhamberréstByeptepothBOnahetUldhé gmﬁttaltpﬁessure of
the species @éléﬂﬁiégsﬁnaﬂﬂe'ﬁE§E§GP¥eEEﬁEQrE g&%b Hﬁsﬁﬁ% Whdl o % uhh

transition. nsequent ressur € gas outsi
vacuun1chanb@hamberncréé@é&lOPﬁéLmrtheoﬂaﬁﬁ@“@r&ﬁ§P$| sprpSione pEasbe

When a SInpleeheéfafeéqaaaayp&soalﬁea&uye abortlaaad £e0 theV pak-2dali S
obt ai ned by |ncreaS|ngS §ﬁ6 pressyre o¥t3| t he vgacuum chanber, even

t hough t he WPHBRSBFS; n§Pe&rESt 8L ndl EEF§§ PRY; ARVErSGldn i s
_increased, bpeepsetibnapato thepwddathr efotheherapeditdonaf iCoheeguently,

romi ne. constanEpe ERESL pRARHRS s Bhe” aaRCRR AR e, YARKIR b Simer
chanber is nbs $nppessedd bbeawidtbf ofhtheatrensitiion eflsohdncweasksact s.

|0 fact, Lhere wopindnbs 81sbhaunephagacaBRLpRecH AEaShrllihi b3 dgasndent

upon t he Doppl er new d ecu peclies in
path out si denef agMantageuisc phksdnedabioinsgeasing the pressure outside °

of the vacuum chamber, even though the width of the signal
due to molecules in that region is increased, because the
partial pressure'of the species of interest increases
proportionately (assuming the concentration of the species
remains constant), the signal due to the molecules outside

. the vacuum chamber is not suppressed because of the
cancellation of the two effects. In fact, there would be a
slight enhancement the size of which is dependent upon the
Doppler linewidth. As a result, the molecular species in
the light path outside of the vacuum chamber cannot be
negated. Therefore infrared absorption spectroscopy is not
suitable for precisely measuring trace quantities of the
molecular species inside the vacuum chamber.

According to another known spectroscopic method,
harmonic detection spectroscopy, the greater width of the
transition due to molecules outside the vacuum chamber can
be advantageously used. A more general discussion of the
following may be found in C.R. Webster et al. Infrared Laser
Absorption: Theory and Applications in Laser Remote Chemical
Analysis, Wiley, New York (1988).

In tlhe case where the water vapor is in an air or
nitrogen matrix at a pressure of 1 atmosphere or higher, the
shape of the absorption feature is described by the well-
known Lorentz profilé as follows:



negat ed. Therefore infrared absorption spectroscopy is not- suitable for
pregi sely neasuring trace quantities of the nol ecul ar species inside the
vacuum chanber . Accordi ng to anot her known spectroscopi ¢ net hod,

har noni ¢ detection spectroscopy, the greater width of the transition due to
nol ecul es outside the vacuum chanber can be advantageously used. A nore
general discussion of the followng may be found in C R Wbster et al.

I nfrared Laser Absorption: Theory and Applications in Laser Renote Chem cal
Anal ysis, Wley, New York (1988). - IT*The case where the water vapor is
in an air or nitrogen matrix at a pressure of 1 atnosphere or higher, the
shape of the absorption featurege,i scribved peitshe well - known Lorentz
profile as fol |l ows: ﬁ(vf—%v?-; (,,._V)tzsﬁl+ 2 - 4-

[err] where I[err](v) is the incident light % ntensity at frequency v,
I(v) is the transmitted light intensity at v, Pis the pressure, c is the
vol ume concentration of water vapor, 1 is the length of the |light path

t hrough t hewBergl & (W iks tthre | inpident gl lokhainkersity|at ofredrenryeyi,

absorption fe@juig, thel trahdmikeeahightdtintendity APl qr fgaf ure and

vierr] is its tenter freguency. Thi s éxpression .,gives a maxi numlight .,

absor pt i on:Pressure, c¢ is the volume, poncentration of water vapor, 1l 1is
the length of the light path through the sample, S is the

linestrength characteristic of the given absorption feature,

v is the half-width of the absorption feature and v, is its
center frequency. This expression gives a maximum light
absorption:

Pcls
Y

I, (vy) =T (V) =%

when the frequency of the incident light is v,.

In the case of infrared light absorption by water vapor
under vacuum conditions, i.e., at a very low partial
pressure (e.g., less than about 0.1 torr, with a total gas
pressure in the chamber of no more than about 0.5 torr),
absorption features are much narrower. Absorption feature
width is determined primarily by the Doppler effect, and
results from the random motion of molecules with respect to
the incident light, and is described by the following
expression (GausSian lineshape):

I, (V) -I(v) = 1‘/_ Pols
YoV T exp(v Vu)
Yo

In the above equation, yg/1ln(2) is the halwaidth_of the
absorption feature under the above conditions, and depends
on the center frequency of the absorption frequency, the
‘molecular mass and the temperature. The line-center signal
is given by the formula: '



when the frequency of the incident light is v[err]. In the case of

I nfparedfl i ght absorption by water vapor under vacuum conditions, i.e., at
a very low partial pressure (e.g.;, less than about 0.1 torr, with a total
gas pressure in the chanber of no nore than about 0.5 torr), absorption
features are nmuch narrower. Absorption feature width is determ ned
primarily bythe Doppler effect, and results fromthe random notion of

mol ecul es with respect to the incident |ight, and is described by the

foll owi ng expression (Gaussian |ineshape): [err] In
t he above equation, [err]In(2) is the half-width of. the absorption feature
under the above conditions, and deggpdy -an(v¢he er frequency of the

absorption frequency, the nol ecul ar mass and thggt®nperature. The
|l ine-center signal is given by the fornula:
- 5- [err] For wat er vapor under vacuum
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0.01 cm! for absorption of infrared light at frequencies
near 7100 cm! (where relatively strong absorption features
accessible by convenient near-infrared diode laser sources
are located). For water vapor in a matrix of air or
nitrogen at one atmosphere pressure, a typical value of 7y is
0.1cml. The value of y depends on the pressure and
temperature of the gaseous sample and the center frequency
of the absorption feature. For a given absorption feature
at constant temperature, y is approximately described by the
following formula:

Y=Ygp+Pb

where b is a cénstant. A more accurate equation has been
) provided by Olivero and Longbotham, but the above is
sufficient for purposes of this discussion.

In order to carry out harmonic detection, the frequency
of the incident light source is modulated, with a sinusoidal
modulation of amplitude a and frequency w so that the
frequency of light at time t is given by the expression:

Vpoq (£) =V+acosw t

For first harmonic détection, that component of the signal
at the detector which has a frequency w and the same phase
as the laser modulation is selected. This can be achieved,
for example, by using a lock-in amplifier or by using a
mixer to combine the detector output with a sinusoidal
signal of frequency w, whose phase is suitably adjusted
using a phase shifter, and passing the mixer output through



‘accessi bl e by convenient near-infrared diode | aser sources are | ocated).
Fori wat ¢r vapor in a matrix of air or nitragen at one atnosphere pressure,
a typical value of [err] is O.1lcnferr]. The value of [err] depends on the
pressure and tenperature of the gaseous sanple and the center frequency of
the absorption feature. For a given absorption feature at constant
tenperature, [err] is approxinmately described by the follow ng fornmula:
[err] where b is a constant. A nore acgu ate equati on has been provided
by Aivero and Longbot ham but the above is sufficient for purposes of this
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frequency [erT whose phaSe 1s SU|tabI¥ adj ust ed usi ng_a phase shifter,
and paSS,ruquﬁgqﬁgRM QkﬁFﬁngqﬁ%% hof he signal with frequency 3w is
- 6- selected, and so forth.

For the case of water vapor in nitrogen or air at one
atmosphere pressure, the second harmonic signal at v, (line
center) is given by the formula: '

-

. =2 Pcls (cos(208 )d8

Signal(v,) Xy of(a cosB)2+1
Y

Similarly, for the case of water vapor under vacuum
conditions,

Signal(v,) =—2 2 PclS cos (20 )dez
' v Ye § exp(a cosB)
Yep

These expressions were derived by G.V.H. Wilson, J. Appl.
Phys. Vol. 34 No. 11 p. 3276 (1963), who also showed that
the maximum value of Signal(v,) is obtained when a/y (or
a/vym)= 2.2 for both cases. -

Second harmonic spectroscopy méy be implemented either
by setting the frequency of light v emitted by the light
source equal to the center frequency of the absorption
feature v, or by repetitively scanning the frequency over a
region which includes v,. The former method usually
requires active feedback control of the light source if it
is a laser diode. In the latter case, scans over the entire
absorption feature of interest are obtained. 1In either
case, it is most advantageous if the signal at v, is



a'suitable lowpass filter. A detailed description may be found in The Art
of Electyonics by Horowitz and Hill. This technique is well-known and is
used to renove noi se conponents with a frequency of less than [err] from

t he signal. In second harnoni c detection, the conponent of the signal
with frequency 2w is selected, in third harnonic detection, the conponent
of the signal with frequency 3[err] is selected, and so forth. For the
case of water vapor in nitrogen or air at-ane atnosphere pressure, the
second harnonic signal at v[err] (line center) is given by the formul a:
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signal at v[err
ler values of the modulation amplitude. It follows

L then, that for a sample under vacuum wherein the ambient
outside the vacuum chamber is at atmospheric pressure, if
the modulation amplitude is set to 2.2 times the width of
the absorption due to the molecular species of interest
inside the vacuum chamber, this modulation amplitude will
necessarily be much less than the optimum value for the same
molecular species outside the chamber.

However, in practice, when it is desired to detect a
small partial pressure of a molecular species such as water
in a vacuum chamber, and this species is present in the
light path outside the chamber, a modulation amplitude which
is less than the optimum value for detection of molecules
inside the chamber has been used. Sub-optimum modulation
amplitudes are purposely chosen as they further suppress the
signal due to the higher pressure molecules ;utside the
vacuum chamber.

The above advantages of harmonic spectroscopy for

~ suppressing signals due to molecules at atmospheric pressure
in the light path outside the chamber has been recognized by
Mucha, ISA Transactions, Vol;zs, No.3, p.25 (1986). Mucha
further notes the existence of an optimum modulation
amplitude which balances suppression of the étmospheric
pressure signals with optimization of the signals due to
molecules inside the vacuum chamber. In this regard, in
previous work of the presently named inventors, Inman et él,
Application of Tunable Diode Laser Absorption Spectroscopy
to Trace Moisture Measurements in Gases, Anal. Chen.,



+7- primarily due to absorption by water nolecules in the sanple region of
I nt erest,: Figure 1 is a plot of Signal[err], which is obtained from
Signal (v[err]) by setting [err] = 0.1, PIS =1 (for ease of calcul ation,
as only relative values are of interest), ¢ = 10[err] and a = nod[err],
where nod[err] varies between 0 and 1. It can be seen fromFigure 1 that
Signal[err] is a maxi mum when nod[err] = 0.22 (i.e. 2.2[err]0.1), and that
the signal becones |ower for smaller valugs of the nodul ati-on anplitude.. It
follows then, that for a sanple under vacuum wherein the amnbi ent outside
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processing 1ndustry and to overcome the disadvantages of the
prior art, it is an object of the present invention to

provide a novel method for detecting gas phase molecular
species in a sample by harmonic detection spectroscopy which
will allow for accurate in situ determination of gas phase
- molecular species in a sample at a level at least as low as
in the ppb range. .

It is a further object of the present invention to
provide a method for detecting gas phase molecular species
in a semiconductor proceésing apparatus by harmonic
detection spectroscopy, using the inventive method.

It is a further object of the present invention to
provide a system for detecting gas phase molecular species
in a sample by harmonic detectioh spectroscopy, for
practicing the inventive method.

It is a further object of the present invention to
provide a semiconductor processing apparatus which includes
the inventive system for detecting gas phase molecular
species in a sample by harmonic detection spectroscopy.

Other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art on a
review of the specification, drawings and claims appended
hereto.

. SUMMARY OF THE INVENTION



pressure signals with optim zation of the signals due to nol ecul es inside

t hes vacuum chanber. In this regard, in previous work of the presently naned
i nventors, Inman et al, Application of Tunabl e Di ode Laser Absorption
Spectroscopy to Trace Moi sture Measurenents in Gases, Anal. Chem,

-8- Vol .66, No.15, pp.2471-2479 (1994), the Mucha techni que was

i npl ement ed by applying nodul ation anplitudes from1l.3 to 1.8 tines the

| i newi dth due to species inside the chanbeé . However, as a result of
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in the circumferential direction. A sample gas flows
through the sample region in a direction parallel to a cell
central axis, and the cell operates at less than atmospheric
pressure.

A frequency (or wavelength) modulated light source is
provided for directing a light beam through ocne of the at
least one light transmissive windows into the cell. The
light source modulation amplitude is set to a value which
approximately maximizes the value of a harmonic signal at
the center of the absorption feature due to the detected gas
phase molecular épecies inside the sample region. The
center frequency of the light source is adjusted so that it
is either locked to the center of the absorption feature or
repetitively scanned over the frequency range which includes
the feature. A spectra is then generated which may be
recorded individually or averaged.

A detector is provided for measuring the light beam
exiting the cell through one of the at least one light
transmissive windows. The light source and detector are
contained within a chamber which is external to the cell and
isolated from the sample region, the chamber and the sample
region being placed in optical communication with each other
through at least one of the at least one light transmissive
windows. The pressure inside the chamber is controlled to a
value which is positive relative to atmospheric pressure.



.praéticing the inventive nethod. It is a further object of the present
i nvention to provide a sem conductor processing apparatus which includes
the inventive systemfor detecting gas phase nol ecul ar species in a sanple

by harnoni c detection spectroscopy. O her objects and-aspects of the
present invention will becone apparent to one of ordinary skill in the art
on a review of the specification, drawi ngs and cl ai ns appended hereto.
SUMMARY OF THE | NVENTI ON - 9-

The foregoi ng objectives are achi eved byi%e nethods, system and appar at us

of the present invention, Accordk&g o0 g first, aspect of the invention, a
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direction. saimpl'e gas f1ows throgg1 the sanple region in a direction
parall el to a ceBl thamd @spegts ofatthe Haventhiagpdmtae sSyatemsfon han

at mospher | CBEREEINY gas phalde Wb sppvlandhl)a TRARS ol | | oht

[
source i s provided dirfecting a light beamthrough one of the at | east
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the invention.

According to a fourth aspect of the invention, a
semiconductor processing apparatus is provided. The
apparatus comprises a vacuum chamber in communication with a
vacuum pump for evacuating the vacuum chamber, for |
practiciné the inventive method with reference to the second
aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will become
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:

FIG. 1 is a graph that depicts the second harmonic
signal at the center of the absorption region for a total
pressure of 1 atmosphere versus modulation amplitude.

FIGS. 2A and 2B illustrate a cross-sectional and
perspective view, respectively, of a system for detecting
gas phase molecular species according to the present
invention.

FIG. 3 is a comparative graph that depicts the ratio of
the second harmonic signal due to water molecules in the
outer chamber to that in the inner chamber versus pressure
in the outer chamber for three inner chamber water molecule
partial pressures.



approxi mately maxi m zes the value of a harnonic signal at the center of the
absor ptison feature due to the detected gas phase nol ecul ar species inside
the sanple region. The center frequency of the |ight source is adjusted so
that it is either locked to the center of the absorption feature or
repetitively scanned over the frequency range which includes the feature. A
spectra is then generated which may be recorded individually or averaged.

A detector is provided for measuring the_#ight beam exiting the cel

t hrough one of the at |east one light transm ssive wi ndows. The |ight

el “and i solated §Ford 156 SapaeatitTul SrRbCRER (dbElqte SHbCkRRLo 85 on
bei ng pl acedthe Heurthl havnonibecaignal ilueé tacwatehemolaculgs in tkest one
of the at |egst %#ggf' apsOE SSh VEy Wi : | BS) e
chanber is cpnt?]glnﬁé to aééa%%%mlﬁ#cﬁql&nsgggé?t?%Jd;ﬁ?g%g?‘?géﬁtsoﬁg?%%g%ﬁeri c
pressur e. in the outer chamber for three inner chamber watar smebaguigpect

of the inveidopids gré®éhpdsfor detecting gas phase nol ecul ar species in a
sem conduct or processing,apgaratus bg,harnnnic det ec

i op spectroscopy,
usi ng the inventi¥ESme? hb8 YeSCFPREFLLEBVErIPRAEhRFe %HtﬁtgotPﬁer?F£§t°f
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or detecti Ss e ecu ecjes in a.s rmpnj c_det ection
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¢ dt f?h
The apparatus conprises a vacuun1cgan%er I'n communrcation wt
IG. 6 illustrates in cross-sectlon, a semiconductor

processing apparatus which includes the system for detecting
gas phase molecular species according to the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE INVENTION.

The harmonic detection spectroscopy method of the
present invention includes providing a cell having a sample
region which is circumscribed by at least one wall. The
cell has at least one light entry/exit port therein, and
each entry/exit port contains a light transmissive window
having a surface facing the sample region and disposed so as
to seal the cell in the circumferential direction. A sample
gas flows through the sample region in a direction parallel
to a cell central axis, and the cell operates at less than
atmospheric pressure.

A frequency (or wavelength) modulated light source ié
provided for directing a light beam through one of the at
least one light transmissive windows into the cell. The
light source modulation amplitude is set to a value which
approximately maximizes the value of a harmonic signal at
the center of the absorption feature due to the detected gas
phase molecular species inside the sample region. For
example, in the case of the second harmonic this value is
approximately 2.2 times the width of the spectral feature



-vacuum punp for evacuating the vacuum chanber, for practicing the inventive
nmet-hod with reference to the second aspect of the invention.

BRI'EF DESCRI PTI ON OF THE DRAW NGS . The objects and advantages of the

i nvention will beconme apparent fromthe follow ng detail ed description of
the preferred enbodi nents thereof in connection with the acconpanying

drawi ngs, in which like nunerals designate |ike elements, and in which:

FIG 1 is a graph that depicts the second harnonic signal at the center of
the absorption region for a total pressur®™of 1 atnosphere versus

nodul ati on litude. FIGS. 2A and 2B illustrate a ,cross-segtiqnal and
per spect i vegggeﬁ" %&p%ﬁ%&‘-ﬁs é’%ﬁfﬁ JAlesa (ﬁ?ﬁcﬂfsgé@s&r?ffsé&e
nmol ecul ar spampde zegdosi.ng Floxr tihe Porrdd hHarweticgnthis vadlde ik is a

conparative . t dep Gt S.s ALl Q «Of I 0 oni al due
Co ator norBRAPAINAREIRER 6 Sikk e Yo N R MDA ol DTS
pressure i ndugetoutbe detesded gas phesd mdeatdarnspegies insistaithe

parti al preggﬂng.r gion. FIG 4 is a conparative graph that
depicts the ratio OF the fourth harnonic signal due to water nolecules in
the outer chambePheocemder Framigngye o thebhdrigh SRULSQssin® i Fhate outer

chanber for giBgaencnabottaRBEchHacIuIE R e dard,| dayplaierese - FIG

5 i's a comparallve.draph that, denictg the ratlg of 1he signal due to water
repetitively scanned over the frequency range which includes
the feature. Spectra are génerated which may be recorded
individually or averaged as desired. When the center
frequency is repetitively scanned over the spectral region
of interest, such scans should occur at a rate which is slow
compared to the modulation frequency.

A detector is provided for measuring the light beanm
exiting the cell through one of the at least one light
transmissive windows. The light source and detector are
contained within a chamber which is external to the cell and
isolated from the sample region. Thé_chamber and the sample
region are placed in optical communication with each other
through at least one of the at least one light transmissive
windows. The pressure inside the chamber is controlled to a
value which is positive relative to atmospheric pressure.

The methods and system of the present invention are
particularly well suited for overcoming the problems
associated with spectroscopic measurements of molecular
species in a vacuum chamber. These prdblems stem in part
from interference due to light absorption caused by the
presence of the same molecular species in the light path
external to the vacuum chamber. In particular, by the
present invention, Applicants have prevented or minimized
the adverse effects caused by this interference by
containing in a pressurized chamber that portion of the
light path which is located outside of the wvacuum
chamber /measurement cell. The pressurized chamber is



that in the inner chanber versus pressure in the outer chanber for second
and four'th harnonic detection, and for detection with no nodul ati on of the
| i ght source frequency. FIG 6 illustrates in cross-section, a

sem conduct or processi ng apparatus which includes the systemfor detecting
gas phase nol ecul ar species according to the present invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE

| NVENTI ON The harnoni c detection spast+oscopy nethod of the present

i nvention includes providing a cell having a sanple region which is

ci rcunscri bedibabde Ifexspperatisn unfier eeditise predssagtesomelatgive to

entry/exit QQﬁBsEBQEEEn 2rdygach entry/exit port contains a light
transm ssive W ndow having a surface facing the sanple region and di sposed

so as to seal thengepspest: Bf thec preseat: laventian Wddl RA¥LMA e gas fl ows

through thegsapik8ecledi®h rerrénceC iticdFikd.aldaland 28, comickentral axis,
and the cell, erates gt | ess than gtnospherjc pressur.e. . A frequency
(or vavel ondhRStEaERa L) FRSRSe5tobals A AEFEPacHive MdeMir a I ght
beam t hr ougireepectlively,at syatiemfor idgtedtings Yassiphasy mdbdwculHro t he
cell. The light .source nodul ation anplitude is set to a value which-
approxinateF?eﬁ&?Fﬁizes the value of a harnonic signal at the center of the
absor ption featuTheddaventtive aysteme@0fasquipasieaslaac akmorptdsires i nsi de

2T S EBRRRon by L S0u Wi Sl e e bt e

-172- molecular species in a gas sample. The cell 201 has a
sample region 202 which contains a éample to be measured.
The sample region is circumscribed by a wall or a plurality
of walls 203. The cell 201 further includes an opening
extending along the longitudinal axis 204 thereof which
extends through the cell. This arrangement allows a sample
to pass through the cell in the direction parallel to the
cell central axis (indicated by arrows).

- One or more light entry/exit potts 205 are included in
the walls of the cell, with each entry/exit port containing
a light transmissive window 206 which faces the sample
region. Together, the cell walls and light transmissive
windows seal the cell in the circumferential direction. To
form a seal suitable for vacuum environments, an O-ring or
other conventional vacuum sealing material can be used.

The cell further comprises at least one light -
reflective surface 207 such as a mirror for reflecting a
light beam within the cell 201. This light reflective
surface 207 is preferably a polished metal.

Also included in the system is a light source 208 which
can be a frequency modulated light source, preferably a
diode laser. Light source 208 directs a light beam 209
through a light transmissive window 206 into the cell sample
region 202, where the beam is reflected from light
reflective surface 207.

Any molecular impurity of interest can be detected,
subject only to the availability of a suitable light source.



due to the detected gas phase nol ecul ar species inside the sanple region.
For :the fourth harnonic, this value is approximately 3.9 tinmes the wi dth of
the spectral feature due to the detected gas phase nol ecul ar species inside
t he sanpl e region. The center frequency of the |light source, i.e.,

t hat frequency about which nodul ati on occurs, may either be | ocked to the
center of the absorption feature or may be repetitively scanned over the
frequency range which includes the featufjg. Spectra are generated which may
be recorded individually or averaged as desired. Wen the center frequency

i's repetitipst ye:s&ﬁ@nesd REeert bapﬁﬁ‘?(:hiﬁheeex@aeof ch#bohembnoxide e&ans
shoul d occur ation frﬁﬂyency
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cell and isoO e sanple gion. and nple<regi on
are placed in opbtaser tibghtinsources Whihheamhtoﬁhehtthnosghcaraﬂeast one of

the at |easte + ngéréréﬂé Eié %’ﬁ”g?""int&‘ésﬂr apsblrd h%%‘td%t%?xglgﬂ .

chamber is co to a v ositive relative to atnos
pressure. eadTﬁ@ h@Pﬁ@HgmaﬁHSs}gtBﬁﬁﬁpr?ﬁénﬁr§§§ﬁﬂtFH9§NP|oﬁnare
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t he vacuum chapber. I n particular, by the present invention, Applicants
have preveﬁf%% 9% i ni mi zed the adverse effects caused by this i nterference
by cont ai ni ng i nAny pseitabilecwavedshgtht-tunapdet laghtf sohercel gan fet h whi ch

'Cf]a'nggft fg QLLs! deoff thBecurUHEN R enAREAS Y GHRLobies, BlBdY a%y! 2ed
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
wavelength. .

Examples 6f 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
laser can operate 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
gas sensing," R. Martinelli, lLaser Focus World, March 1996,
p.- 77). These diodes emit light of a wavelength greater
than 2um while operating at -87.8°C. While such a low
temperature is not convenient, it éompares favorably with
the cryogenic temperatures (less than -170°C) required by
Pb-~salt lasers. Operation of similar lasers at 4 um and
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 cpntrol at



-13- suitable for'operation under positive pressures relative to

at npspheri c pressure. One aspect of the present invention wll now be
di scussed with reference to Figs. 2A and 2B, which illustrate in
cross-sectional and perspective views, respectively, a systemfor detecting
gas phase nol ecul ar speci es. The inventive system 200 conprises an

.absor ption spectroscopy cell 201 which allows for in situ detection of

nol ecul ar species in a gas sanple. The cell_ 201 has a sanple region 202
whi ch contains a sanple to be neasured. Tﬁ%SEanple region is circunscribed
by a wall or a pluyrality of walls 203.. The gell 201 further includes an
openi ng ext erftHty SHERRFTHESS MDESRI thESS,d LaBh SOWEres Laft (FPIRt brried
t hrough the aHdn thHe slewernnigeamneetatailtovdicdes capdeens. paBs hdkeouge tde cel |
in the direct,0 q!l;f nt | | ngd] d . ary ows) .
One or nore th%téjgirﬁagréﬁéex]{l&%g%%l %’r e{%%%%%%&l& n ﬁ@%\ﬁ?ﬁl%{t he
cel |, with egsterantigde dvencrurnentt alevels als i hpoxtameni SBOW cevamplbay 206
whi ch faces tdyg, Sad < ddes PO NP1 dds GosdPen s in |4 Eixed

transm ssi ve w ndows seal in the circunferenti a rection. To

forma seal sfuRANatyrs and Andve\currRhtis ah ©Fingle vayetength with
conventional afpiGEiors et | dEhePtwivalerdthdeat'SBshst 40 dBELESS | intende)

conprises at |l east.qne |i reflective surface 207 such as a mirror for
reflecting aﬁqﬁﬁid;hﬁnﬁVéiiﬂ?f%he cell 201. This light reflective surface
207 is preferably suipdbbdelligiet adources - o3 mserclindele | invdet byrstare isota
| i ght. source Iﬂ@% Gall b r SALGN L. aht C

preferably a%‘?‘g&e a(%s.ber. L?bg%fé s%urpe%ﬁo#é%?%%éﬁlghfp%éa%%le'
through a |i githar &vprs 9f clasecpwizith iare sinilarly ssiged angitmaole
wher e the beqsp Ieipihld I&Ck{ {08 |ndits | UG Y O A bl and qudtitm
nol ecul ar inpdrity of interest can be gbtected, subject only to th

avai | abi | i ty cs¥sqadg ikagres/ i3ye ewyisioned. The use of such lasers as

they become commercially available is envisioned.

The light source modulation amplitude is set a value
which approximately maximizes the value of a harmonic signal
at the center of the absorption feature due to the detected
gas phase molecular species in the sample region. This
value is 2.2 times the width of the spectral feature due to
the detected gas phase molecular species inside the sample
region, for the second harmonic. For the fourth harmonic,
this value is 3.9 times the width of the spectral feature.

The center frequency of the light sourge, i.e., that
frequency about which modulation occurs, may either be
locked to the center of the absorption feature or may be
repetitively scanned over the frequency range which includes
the feature. Spectra are generated which hay be recorded -
individually or averaged as desired. When the center
frequency is repetitively scanned over the spectral region
of interest, such scans should occur at a rate which is slow
compared to the modulation frequency.

To detect the light beam 209 after it passes through
the sample region and exits the cell through the light
transmissive window, detector 210, which is preferably a
photodiode, is provided.



-14- - For exanple, water vapor, nitric oxide, carbon nonoxide and net hane
or @t her; hydrocarbons can be detected by neasuring the attenuation of |ight
froma diode | aser source which emits light of a wavel ength characteristic

of the inpurity. Laser light sources which emt light in spectral
regi ons where the nol ecul es of interest absorb nost strongly lead to
| nprovenents in neasurenent sensitivity. In particular, |ight sources which

emt at wavel engths | onger than about 2ng£]ﬁ1are preferred, since many of
the nolecular inpurities of interest haveé strong absorption bands in this

region. ANY % fﬂ‘%‘g%ﬁ”@ﬁ@ &i‘ gfll kEQ&@?“%&eaﬁi‘E £g H%Eﬂgn

t he currentl aval sources, | aser sources are
preferred mummprh@te maansvxtprnmrﬁt:nm(ln%§regaﬁn§150mpdulatlon.
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(see, "M d-Tnfrared wavel eng ance trace gas se Martinel | i
Laser Focusomdﬁneryh@kth11$96thp art) These dlodes emit Ilght of a

vavel ength or ealgsehheRe ) sghkmulirbe 968! ahindetbet8Z Sh6rake Vhile such
a Iom/tenperature I'S npt convenient, it ares favorabply. w,th the
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(see, Laser s A P S 285 st 800 2R0hmel 45 LARCER1D' sbiB12°%LG 10m,
the.pressurlzed chamber and the sample region are in optical
communication with each other through at least one light
transmissive window. However, the respective atmospheres
within the pressurized chamber and sample region are
isolated from each other.

The system can further include means for controlling
the pressure inside the pressurized chamber 211 to a value
which is positive relative to atmospheric pressure. The
pressure level in the pressurized chamber can be maintained
either with or without .the use of a gés flow. Should a gas
flow be used, suitable gases include pure or inert gases
such as, e.g., nitrogen, argon and helium. These gases can
be introduced into the pressurized chamber 211 through a
pressurizing gas inlet line 212. The pressurized chamber
can further include a gas exhaust line 213. 1In addition, a
suitable gas flow restrictor 214, such as an orifice or a
back-pressure regulator can be included on the gas exhaust
1ine. '

Wheh used in éeries with a vacuum chamber and vacuum
pump system, the cell is capable of operation at less than
atmospheric presSure, i.e., under vacuum conditions. 1In
this case, because the pressﬁrized chamber 211 and cell 201



nost preferably operate at tenperatures of at |east -40[err]C. Use of a

t herinoel ectric cooler for tenperature control at such

t enperatures makes these |ight .sources | ess conplicated than the | ower
tenperature di ode systens. To nake use of these | asers nore desirable,
-inmprovenent in the optical properties over current levels is inportant. For
exanpl e, single node diodes (i.e., diodes whose em ssion at fixed
tenperature and drive current is at a sinrgle wavel ength with em ssion at

ot her wavel engths at |east 40 dB | ess intense) should be avail abl e.
Suitabl e |igatesbgolageliofroncone ahethetenthenpaESSnw&zbanbhadbb& can
above descri hed . ers. r t whi ch are
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of t-he absorfoldawingt foemularay be repetitively scanned over the frequency
range whi ch includes the feature. Spectra are generated which may be
recorded individually or averaged 3dsgdesired. Wien:the center
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The numerator is equivalent to the expression given
previously for the second harmonic signal due to water vapor
in the presence of one atmosphere or higher pressure of air
or nitrogen. The denominator is the sum of the same
expression with the previously given expfession for the
second harmonic signal due to water vapor under vacuum
conditions.

Likewise, the fourth harmonic signal for the same case
is given by the formula:

For the above, it has been assumed that the pathlength and
water partial pressure inside and outside the cell are equal



frequency is repetitively scanned over the spectral region of interest,
such scans should occur at a rate which is slow conpared to the nodul ation
frequency. To detect the |ight beam 209 after it passes through the
sanpl e region and exits the cell through the |light transm ssive w ndow,
detector 210, which is preferably a photodi ode, is provided.

Those skilled in the art wll readily be able to design the appropriate
means for perform ng frequency m)dulatlg_rét t he neans for adjusting the
center frequency of the light source an he nmeans for generating spectra
by use of well known devi ces, CIrCUItS and/or processors and nmeans for
their control. Further dlscu35|on i th agiingtlon of frequency

nodul ati on and/ or control and spectra gener Aritted as it is deened
within the scope of those of ordinary gkildsa? the|a Both the |ight
source 208 and detector 210 are cant ﬁéﬁ‘V%T .aj pressurlzed chanber 211
whi ch is disposed external to the“cell 204. Tb aLI w the light beamto pass
bet ween the plo@Raml- 4 ~essuri zed

chanber and the sanp|®& reglon in optlcakuconnunlcatlon wi { h each ot her
t hrough at | east one; | ight GitfdhsSt ss 3 elmnndomu_tbweﬁﬁib_thm tive

at nospheres within the d’ ) ed haﬁbﬁr and sarml ol at ed
from each ot her | -1§%§¥g; Qaﬁﬁﬂ’ Eblé

) further iy mkrgﬁans controlllng
the pressure inside he pres&urlzed chamber 211 t a'val ue lCh S

positive relative to‘atnDspherlc pressure. e pressure level'in the
pressuri zed chanber can be maintained either with or without the use of a

gas flow. Should a gas
when the pressure outside the cell is one atmosphere, and

that the concentration of water vapor outside the cell
remains constant as the pressure in that region increases

(P; is in atmospheres). However, extension of these
principles to the case where the pathlengths and water
partial pressure are unequal is within the level of
knowledge of persons having ordinary skill in the art. The
modulation amplitude a is assumed to be 2.2 times the
Doppler width in the situation in which the second harmonic
is being used. '

As shown in Fig. 3, the above formula was evaluated
using values of the parameters appropriate for absorption of
light at wavelengths in the region of 1400 nm, due to water
vapor, for a concentration of water vapor of 1 ppm (by
volume) in nitrogen in the pressurized chamber, and for
partial pressures of 10%, 10° and 10* torr (ratio 1, ratio
2, and ratio 3, respectively) inside the cell/vacuum
chamber. In Fig. 3, the ratio of the second harmonic signal
due to water molecules in the outer chamber to the signal in
the inner chamber is plotted versus pressure in the
pressurized chamber tor the three inner chamber partial
pressures. .

' This graph illustrates the general relationship of a
decrease in the ratio (i.e., an increase in the signal due
to water inside the cell relative to that due to water in
the pressurized chamber) with an increase in pressure in the



fl ow be used, suitable gases include pure or inert gases such as, e.g.,
ni ty ogerr, argon and helium These gases can be introduced into the

- pressurized chanmber 211 through a pressurizing gas inlet line 212. The
pressurized chanber can further include a gas exhaust line 213. ‘In
~addition, a suitable gas flow restrictor 214, such as an orifice or a

back- pressure regul ator can be included on the gas exhaust I|ine. When
used in series with a vacuum chanber andjpqcuum punp system the cell is
capabl e of operation at |ess than atnospheric pressure, i.e., under vacuum

condi tions. ﬁﬁéééuﬁm%hmse Rd¥e iA051d ;) zfsk C&laéﬁaﬁbéllpﬁéwb&ﬁ lo£201
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been deter mcﬁ.d./tdmmy dpnbey iof) 10t ﬁoa:tn,o 803 tdfe firee tutral isnixjrael t he
Potal i gnaichie Hon G5 &0 AE HAASTHET 1 S o R e
rel ative t o Thiis tattdlo snsgrra:bt chm:&ptahﬂ@,c&saslt wilkk meswlt cirardber. The
{ﬁtel ?OSLI tgl n% pro%‘%‘% ‘9{] %ﬁ%{ﬁﬂ%%}?'&%%ﬁ@eﬁé}&m '
[err] e partial pressure of the water molecules is exceptionally
stable. : .
Thus, in order to use the optimum modulation amplitude
N the pressure in the outer chamber should be made as high as
possible, but at least 65 psig in order to reduce the
contribution from water there to 10% of the total. 1In
addition, for a water vapor partial pressure of 10* torr in
the cell/vacuum chamber, water in the pressurized chamber
will account for only 3% of the total signal at atmospheric
pressure, and operation under these conditions may be
feasible. However, as shown in Fig. 3, by increasing the
outer pressure to 20 psig one would expect a substantial
- reduction in the contribution from water molecules inh the
outer chamber to 0.6% of the total. Further increases in
the pressure inside the pressurized chamber in this case
would be unlikely to lead to additional benefit since other
sources of instability that will lead to fluctuations in the
signal on the order of 1% can be expected. %he pressure in
the cell is preferably less than 1 torr, although some
benefit of the invention is obtained at cell pressures up to
1 atmosphere, and between 1 and 5 qtmospheres in the
chamber. |
It has been found that particularly beneficial and
unexpected results can be obtained when harmonics other than
the second are applied to the present invention. In fact,
higher harmonics were found to provide an even better
suppression of the signal due to the molecular species in
the pressurized chamber as the pressure therein is .
increased. '



The nunerator is equivalent to the expression given previously for the
second harnonic signal due to water vapor in the presence of one atnosphere
or higher pressure of air or nitrogen. The denominator is the sumof the
sanme expression with the previously given expression for the second

har noni ¢ signal due to water vapor under vacuum conditi ons. Li kew se,
the fourth harnonic signal for the sane case is given by the fornul a:

For the above, it has been assuned that-20r pat hl ength and water parti al

pressure inside and outside the cell are equal
- 18- FIG. 4 is a comparatfigie jgraph depicting the results

obtained for detection of the fourth harmonic from the
analogous calculation to that discussed above in reference
to Fig. 3, which relates to the second harmonic. In Fig. 4,
the ratio of the fourth harmonic signal due to water
molecules in the pressurized chamber to that in the inner
chamber is plotted against pressure in the pressurized
chamber for three inner chamber water molecule partial
pressures of 10%, 10° and 10* torr (ratio 1, ratio 2, and
ratio 3, respectively). As can be seen from this figure,
the fourth harmonic generally shows a decrease in the ratio
with an increase in pressure of the pressurized chamber.
However, for increases beyond a certain pressure, this ratio
becomes relatively constant, and further increases in
pressure would not lead to further substantial reductions in
the ratio.

Figure 5 illustrates the relative benefit of
‘pressurizing the outer chamber for the case of second
harmonic detection (secharm), fourth harmonic detection
(fourharm) and detection without any modulation of the light
source frequency (nomod), for the case where the partial
pressure of water and the pathlength in the inner and the
outer chamber are equai. It can be seen that where there is
no modulation, no advantage is obtained from pressurization.
Second harmonic detection with atmospheric pressure in the
outer chamber results in 80% absorption by water in the
outer chamber, which, as mentioned previously, is
unacceptable. Increasing the outer chamber pressure to 65
psig will result in a contribution of 10% of the total
signal from water vapor in this chamber, which should be
acceptable. However, it is preferable in this case to use
fourth harmonic detection, which, even when the pressure in
the outer chamber is one atmosphefe, leads to a contribution
of 10% by water vapor in that chamber, and, when coupled
with a modest pressurization of 15 psig of the outer



when the pressure outside the cell is one atnosphere, and that the
concentration of water vapor outside the cell remains constant as the
pressure in that region increases (Pj is in atnospheres). However,
extension of these principles to the case where the pathl engths and water
partial pressure are unequal is within the |evel of know edge of persons

having ordinary skill in the art. The nodul ation anplitude a is assuned to
be 2.2 tines the Doppler width in the S|5g?t|on in which the second
harmoni c i s being used. As shomn in t he above fornul a mes

Tt uéhﬁeng?l S San %he regi on n%%%ﬁd%ﬁwl% e Ve S B

| i ght at wave Bhs Th due to water Vvapor, for a
concent r at i Ghagbegater legsoithan L¥pm (by vol une) in nitrogen in the

pressurized chanige naRdil efyshan ki@so%.%%wra%@ aQ[cvid ]ﬁorl%zegfe ! e

10[err] torr (ratio 1, rati 0 2, and ratjio 3, res ectlve I NS|
cel | / vacuunfiekgrkdePn pf H°d-e°3‘ arh Spegies dn @ fre®sidgnal due

to water rmlvaeuhﬁs chambles,0dind’ halzardher da@audielajygrb’fl dperidtdomres uphasger

is plotted us_pressu

i pressurl for .the three L nner
chanber par Ilg 8?"e§¥ﬁf’e§ﬁtra th eﬁﬁ ra?[ré’s R S the
rel ati onshi pedft aadebeeds.spnswn@ettaieien @ vacuum qhmtrb@a:senm vtahmtm gnal

O Lo VPO BB Cble Kethnt .l QoIS (AU Uifge of

P materials. For example, the vacuum chamber can contain
reactive or nonreactive (inert) gases which can be in a
plasma~- or non-plasma state. Examples of reactive gases
which are compatible with the inventive system include SiH,
HC1l and Cl, provided the moisture level is less than 1000
ppm. Inert gases such as, e.g., 0;, N,, Ar and H, can also
be used in the inventive system. 1In the case of the
inventive system’s use in a plasma environment, the system
is preferably mounted about 6 inches or more away from the
plasma zone in order to minimize formation of deposits on
the windows and other cell surfaces.

Because the system described above in reference to
Figs. 2A and 2B can be used in a variety of atmospheres, the
system. is particularly well suited for use in monitoring
molecular species in a semiconductor processing apparatus.
Use of the system in conjunction with a semiconductor
proeessing apparatus allows for real-time in situ detection
of gas phase molecular impurities which is of particular
importance in minimizing yield loss. -

One example of such a configuration is shown in Fig. 6.
The illustrated apparatus 615 comprises a vacuum chamber 616
inside which a semiconductor substrate 617 is disposed on a
substrate holder 618. A process gas inlet 619 is provided
for delivering a gas or plural gases to the vacuum chamber.
The vacuum chamber is evacuated through an exhaust opening
620 in the vacuum chamber. A vacuum pump (not éhown) for
evacuating the vacuum chamber is connected to the chamber,
either directly or through a vacuum line. A pump exhaust



-19- pressurized chanber. For exanple, for a chanber pressure of one

at nesphere (0 psig) and a water vapor pressure in the cell/vacuum chanber
of 10[err] torr, 80%of the total signal will be due to water nol ecules in
the pressurized chanber. This ratio is not acceptable, as it will result in
a substantial anmpbunt of interference in the nmeasurenment unless the partial
pressure of the water nolecules is exceptionally stable. Thus, in
order to use the optimum nodul ati on anplitude the pressure in the outer
chanber shoul d be made as high as possiBl%~ but at |east 65 psig in order

to reduce t onLri bhuti erg.f o] 00, 0f .t 0
addi tion, fgrem% e?’lévacg%'rg%ar &ll\gclto ptrheeggjur%é)t'of ) ers Ipf%ér ré%\n%%%d to

~ cel | / vacuunaniogitesy pumpt @r ite tchgas esymbbait cByanrples 19f acsauun pumpsnl y
3% of the t Si et i o, &1 AEbAREA ) AEssy, t hese
condi tions %3‘55’;“%2’25 I?ﬁl wevgf, as s o,vmcealln' %Bg. S,Qb%ﬁ?ncreas)l( ng.t he
out er pressBMEPSe 20-§RISHE B PWHRA d THRIENLE RPN FWP QR RYRPE i3nd he

contri buti ofubriRMoIRRIL AP IREPLS IThd Ryt hadh B desd-H%Pfin he _
thi e case wSBtd o AT TIPS FOAIE o2k et o noe other
sources of (yi nst alwihliitey m%mtim'{aldtﬂva;_ckytstén.l lﬁi(%maidﬁlrllﬁe:lrg i:fmﬁ:gyt[)wéd |O?s L he
Than 1°tor  Pefe GHFHRERAE Haf SV Tialhhdsy olded PhEl SR
pressur es ufthieo ar tawidslp heeagd 1 lgh mstesiate that Sthewsphientationseare
CLAITEL can it RAB, [ e R SU 0k L0 S ot et o
the present PERF@sSinG anparaius hashdeamshawn genrerigatig in Hidyide an
even bett er pebHamRs FXAN 184 L tHonatt QHA T G dEl 1P| Hepitad i Shectigst | thé he
pressuri zed S():,g%rg)ne-rca%s lgeheadjarp(?tsesciJ r'l:eo tvt}(i'rt%arliys a{r{]f réa Steﬁjé semiconductor

processing apparatuses employing a vacuum system. Exanmples

of such apparatuses are etching, diffusion, chemical vapor

deposition (CVD), ion implantation, sputtering and rapid

thermal proces-sing apparatuses. ' '

While the invention has been described in detail with

reference to specific embodiments thereof, it will be

apparent to one skilled in the art that various changes and

modifications can be made, and equivalents employed, without

departing from the scope of the appended clainms.



- 20- FIG 4 is a conparative graph depicting the results obtained for
detéction of the fourth harnmonic fromthe anal ogous cal culation to that

di scussed above i k0. 3, which relates to the second '
harnmonic. In Fig. Tmmmﬂﬂ'@“(ﬂ!ﬂm he fourth harnonic signal due to water
mol ecul es in the pressuriz anper to that in the inner chanber is

pl otted agai nst pressure in the pressurized chanber for three inner chanber
wat er nol ecul e partial pressures of 10[er&3~ 10[err] and 10[err] torr
(ratio 1, ratio 2, and ratio 3, respectively). As can be seen fromthis
figure, theWH3E L8 CLAIMED, I8sheral |y shows a decrease in the ratio with an
i ncrease in pres3ayreaoindthdd IfRAS @dtart ishaayy pHdde wyledular HaARS
beyond a certain gﬁs sute, (this ratip becanes relativel constant”:ﬁnq
fur ther | noi@adeSampls, &Y HAFMRIG dRETHEER SPathmansoRm SN, Lth:
reductions in the ratiproviding-iagued 15 havinsy raatsesndliee reefiadn whidnefs t of
pressuri zi ng,s f a f 0 ar i C
(secharnm, % &%rgtﬁﬁg%gﬁ%ﬁ?ﬂgtec]gaﬁ o%ur al(ra'rf) %g%d Q%e]{leé%}_ r&m%%?’u%d%y
nmodul ati on ehet Adghitglentay/resd Y manpte thereaioo®achk entuw extide partr e t he
partial pre s Qs erjﬁﬁ% ; sl ' ut er
chanber ar e%&&gll?ulnparcaar% e s%ﬁ&zg’t@{bﬁg ?%@%ﬁdﬁﬁﬁﬁ uxtaét%oérz, no
advant age i $2680g B¢ SATRIR Zediqn And fisassd st T sRAedihoradt h

at {mSp_her It ﬁi&f e.?&u e rictni: b ﬂ&e\iihﬁi%ﬁ G:iia:@lﬁfitdnﬁ;s H}éie'i'éiﬁi_ %D‘éaa@_@ Rfd P rE tes
water in out e amber,, ich,, as .,renti.qne reviously, .

inaccept abl ERTPHG. ShE S ATRIS Helt i Eh AT & el B IRE Foud calsul
in a contri kentraloaxli®) dhd elbhtopgeratdmy aftr @bowtt erttmesphtenic t hi s
chanber, wh%%gﬁ%g%%lgrbgégggeptable. However, it is preferable in this case

to use four ni-Cc ection, which, even when the pressure in the
outer chanber is one @mowigiaie a |fmimancys avhior Bopldtude modulated

light source for directing a light beam through. one of the

at least one light transmissive windows into the cell and
setting the light source modulation amplitude to a value
which approximately maximizes the value of a harmonic signal
at the center of the absorption feature due to the detected
gas phase molecular species inside the sample region;

adjusting the center frequency of the light source
so that it is either locked to the center of the absorption
feature or repetitively scanned over the frequency range
which includes the feature, generating spectra which may be
recorded individually or averaged as desired;

providing a detector for measuring the light beam
exiting the cell through one of the at least one light
transmissive windows;
_ wherein the light source and detector are
contained within a chamber which is external to the cell and
isolated from the sample region, the chamber and the sample
region being placed in optical communication with each other
through at least one of the at least one light transmissive
windows, and controlling the pressﬁre inside the chamber to’
a value which is positive relative to atmospheric pressure.



“of 10% by wat er vapor in that chanber, and, when coupled with a nodest

pressurization Wuter
-21- chanber, ﬂ" g@the contribution fromwater in that chanber to

| ess than 1% em descri bed above allows for in situ

det ection of nol eeul® .a gas exhausted from a vacuum chanber,

and has the capability of opera’flon at up to high or .even ultra-high vacuum
| evel s. In such a case, the cell can be2di~sposed between a vacuum chanber
and vacuum punp system The systemis conpatible with a w de range of

materials. For @xanfhe, wmethodaferndetestdngc siasc phagien ModesulaE or

nonr eact i vgpekngst lw&é%ﬁin%'t%hdl@ﬁmbq ' %h%r@r’ﬁs e Wartrid a3Thadl &l
Exanpl es of reactive gas ch are corrpatl ble wth the inventive system

i ncl ude Si P 8pFPfCha %éif[ éﬂ-ﬁ}‘%o@n”ﬂ‘ed‘%é’%lﬁw PERdiitudeg d& t han

1:)(10 Bpm séfietd Eppe&xiuaheay 2629 t,mlqgem]e. wilaihy %of ﬁﬂleﬁlmj)dd[tirar]] can ,
al so be use e_inventive system .In the case of the inventi system s
Gsc i a pRESREPEAGR: SRACHES ERE 5Pt Aetpries ahs, HIASR S0 Lastets

i nches or speeiesajnfthe shaplleasegioone in order to ninimze formation of
deposits on the wi ndows and other cell surfaces. Because the system
descri bed above in reference to Figs. 2A and 2B can be used in a variety of
at nospher es, t hd.syFhenmethedr fozudetierting gas phaseomalesul@mmoni toring

mol ecul ar gpeeiies th%r&Q.?ﬂgCQ%d@.‘lh@h Ar,0G@Ydit HMRAMRDHNIESSiYndiNGs
systemin COI’IJ unction with™a sem conduct or processing apparatus_all ows for

real -time n QPFEthPEE‘PPéﬁ’ §f19€é‘§‘ Race the aodulation, dmnldduda 4 i s of
particul ar se@pebt aﬁﬁeokﬂm 19 3, Isgtwasi theswidth ofOwhespgdtaraafl such a

configurat] gsorptlonwgeaturleg du% to the detected gas phase molecular
species in the sample region.

4. The method for detecting gas phase molecular
species according to claim 1, further comprising dontrolling
the pressure inside the chamber to approximately maximize
the percentage of the measured signal due to the detected
gas phase molecular species in the chamber.

5. The method for detecting gas phase molecular
species according to claim 4, wherein the chamber pressure
is controlled by use of an orifice or a back preséure
reqgulator.

6. The method for detecting gas phase molecular
species according to claim 1, further comprising introducing
a pressurizing gas into the chamber and optionally
exhausting gas from the chamber.

7. The method for detecting gas phase molecular
species according to claim 1, wherein the frequency and/or
modulated light source is a diode laser.



The |Ilustrated apparatus 615 conprises a vacuum chanber 616 inside which a
sem,conddct or subs d on a substrate hol der 618. A

process gas inlet 6 OV|ded for delivering a gas or plural gases to
t he vacuum chanber. M r i s evacuated t hrough an exhaust

opening 620 in the vacuuntpunp (not shown) for evacuating
t he vacuum chanber is connected to the chanber, either directly or through
a vacuum line. A punp exhaust -25~ -22-
| ine can be connected to the punp, which can be connected to another punp

or LO'Q gas scrublger. Bramiethod ﬁuxndeninﬁungwdﬁsﬂphaaetmbxﬁdﬁxmmd are
corpt1on purSEeRirs g S G s L S e RN s |

det ai | above iisn wadfear stapoxt.0 Fi gs. 2A and 2B. VWil e the inventive
system 600 has been illustrated as being di sposed bel ow t he vacuum chanber,
those skilled in the art will readily apprecjate that other orientations

are ai so possi bl e 8- IThe methad, el defieqting gt Rhare G lRBERi ng
appar at us haggeRdss HAYbLIEERRS it ddaim ) Grhdre REMGSIddd BY idhddieairt

will readily ci gte that the systemc e adapted to V|rtuaIIy any of
the sem conddﬁpg&ﬁr‘%@& %at?s‘b% %ilrpé) Ry PRI, fFhankeTem o

Exanpl es of <aem apmmaaﬁhmm;mmtmd:tamgapphdﬁmmEy o spieriapor
deposition (g%ggsqﬁ% i npl antation, sputtering and rapid thermal processing
appar at uses il e the invention has been described in detail with

reference to specific embodiments thereof, it will be apparent to one

skilled in the artq4ha and
h &'Pdlg%seffé& 'H?ﬂed é&? nf%?!é

equi val ent s enployed ﬁ:%ﬁ epartlng romt pe o a ended

cl ai ns. species accordlng to claim 9, whereln the cell is 1sposed

between and in communication with a vacuum chamber and a
vacuum pump. ' '

11. The method for detecting gas phase molecular
species according to claim 10, wherein the vacuum chamber
.forms a portion of a semiconductor processing apparatus.

12. The method for detecting gas phase molecular
species according to claim 11, wherein the semiconductor
processing apparatus is selected from the group consisting
of an etching apparatus, a chemical vapor deposition
apparatus, an ion implantation -apparatus, a.%puttering
apparatus and a rapid thermal processing apparatus.

13. The method for detecting gas phase molecular
species according to claim 12, wherein the semiconductor
processing apparatus is an etching apparatus.

14. The method for detecting gas phase molecular
species according to claim 1, further comprising generating
a plasma in the vacuum chamber. '



-23- WHAT IS CLAIMED | S: 1. A nethod for detecting gas phase
nol,ecul &r species _in a sanple by harnonic detection spectroscopy,
conpri si ng: provi ding a cell having a sanple region which is

ci rcunscri bed by the cell having at |east one |ight
entry/exit port ijmﬂﬂﬂs"’gmm.’ry/ exit port containing a |ight
transm ssive mﬁndom/havtnd assurface facing the sanple region and di sposed

so as to seal the cell in the circunferemé+al direction, wherein a sanple
gas flows through the sanple region in a direction paraIIeI to a cel
central axis, ttnes.cel'rh@pmsmcbd\gfqr mtbmgrwmephasgmekec’eler | ess;

provi di ng éﬁﬁ% Cen LEecting
a |light begsrﬁt rou rbEyone #gast one ﬂ?éf' ltg%lr'équnﬁ S?e&?é\ﬂdﬂﬁ%ﬁg
into the c& Irwlétﬁ tgagy %m@l%tvmmm ion anplitude to a val ue
whi ch approxi mately maxi m zes the val ue of a harnonic signal at the center
of the absorption feature ddg éo t e detected $ ghase ul ar gecies

i nsi de the sanpl¥re or hRhRER B ?FE gEntpettethe

| i ght sour cien 0 §Mcaﬁdu6t@rtpmcé@emgl appaf@tuenbyrhafmbhecabsor ption

feature or etltlve scanned over_the, f%%%yency range whi ch includes the
feature, 5 FEP%&W%%’HE?N%EI§ tded individually or averaged’
as desired pyowiding ga avaieyen t chanbber néascormgnibetioghwibbam

exi ting thg,fldn Wre. 8 GyLbubbind! hENThotl Lhibel EREFEITENS

W ndows; sour ce detector are contai ned
wi thin a chamber anchQ%#Q&QQr%a?eib haeing 2 %ﬁﬂplgorﬂgeﬁnfWbﬁphhéssanple

region, the Ghafesr Boel t &en:pé@steaﬁerwanngtﬂéaeeﬂllﬁaemhgcat; least
comuni cation with each ot

one light entry/ex1t port therein, each entry/ex1t port
containing a light transmissive window having a surface
facing the sample region and disposed so as to seal the cell
in the circumferential direction, wherein a sample gas flows
through the sample region in a direction parallel to a cell
central axis, the cell operating at about atmospheric
pressure or less;

providing a frequency and/or amplitude modulated
light source for directing a light beam through one of the
at least one light transmissive windows into the cell and
setting the light source modulation amplitude to a value
which apprdximately maximizes the value of a harmonic signal
at the center of the absorption feature due to the detected
gas phase molecular species inside the sample region;

adjusting the center frequency of the light source
so that it is either locked to the center of the absorption
feature or repetitively scanned over the frequency range
which includes the feature, generating spectra which may be
recorded individually or averaged as desired;

providing a detector for measuring the light beam
exiting the cell through one of the at least one 11ght
transmissive windows;

wherein the light source and detector are
contained within a chamber which is external to the cell and
isolated from the sample region, the chamber and the sample



‘through at |east one of the at |east one |light transm ssive w ndows, and
control’ling the pressure—inst+de-the chanber to a value which is positive

rel ative to atnos

- 24- m ,@HamﬁﬂuﬂwFCtl ng gas phase nol ecul ar speci es

accordi ng to Clalm harnmoni c signal is a second harnonic
signal, and the nodul ation anplitude is set to approximately 2.2 tines the

width of the spectral absorption featureyglue to the detected gas phase
nol ecul ar species in the sanple region. 3. The nethod for detecting

gas phase RlLEH Ae SR P Piced COR déﬁ@léé’l Q:@mﬂ&ﬂlca\@%&lmmeem& NSEhér
signal is a _fourth harnDnlc S|%nal dul ati tude,is,set to

appr oxi mat dFongh At deash P Pr 1Fh? h%t g%?:ﬁ a‘?n%b]sb?%fl%a?%‘&}%?évﬁue to
t he. det ect adiriRrsphansd r&&mﬂ»mm@eches;)r@ssme shiigpide reige othamber to4.

fur fher  cofbriQRy AT obF (0 LPEY br BELHFLV? 60 ACERESiRahp o poixd: ™

approxi mately maxi m ze the percentage of the neasured signal due to the

detected gas ph 'n¥ﬁ£“$§¥h§?efé dé@eé@fh%hgﬁ? hase ole he met hod

for detecting gas ‘phase no ecles ac a|n1 mhereln t he
chamber pr 8pREIes AcANGING o b?lixg’é b6, avhereinc %rhmw pﬁeg%%le

regul ator. jg a second harmonic signal, and the modulation amplitude is
set to approxiﬁately 2.2 times the width of the spectral
absorption feature due to the detected gas phase molecular
species in the sample region.

18. The method for detecting gas phase molecular
species according to claim 16, wherein the harmonic signal
is a fourth harmonic signal, and the modulation amplitude is
set to approximately 3.9 times the width of the spectral
absorption feature due'to the detected gas phase molecular
species in the sample region.

" 19. The method for detecting gas phase molecular
species according to claim 16, wherein the pressure inside
the chamber is -set to approximately maximize the percentage
of a total signal due to the detected gas phase molecular
species in the chamber. ) '

20. A system for detecting gas phase molecular species

in a sample by harmonic detection spectroscopy, comprising:
a cell having a sample region which is

circumscribed by at least one wall, the cell having at least
one light entry/exit port therein, each entry/exit port
containing a light transmissive window having 'a surface
facing the sample region and disposed so as to seal the cell
in the circumferential direction, wherein a sample gas flows
through the sample region in a direction parallel to a cell
central axis, the cell being capable of operation at less
than atmospheric pressure; '



‘6.  The nethod for detecting gas phase nol ecul ar species according to claim
1, further conprising introduci pressuri zing gas into the chanber and

optionally exhau > chanber. 7. The nethod for
detecting gas phjwmmiy 4{.@?# |es according to claim1l1, wherein the
frequency and/ or rodyl ateds| ource is a diode |aser.
- 25- 8. The nethod for detecting gas phase nol ecul ar speci es
according to-claim1l1, wherein the nDIecu ? species i s water vapor.

ec

9. The nethod for detecting gas phase nb ul ar species according to claim
1, wherein the nol ecu e St rom a
vacuun1chanber or fr%ﬁ?gé@ﬁghEZrhﬁdzggtégsg%kgd%r%éaﬁgégﬁa lqggépherlc
pressure. source 1gystem seppsisiog éeﬂégbtn§°y§§epﬁége #ﬁﬁ@@&h@raspe0|es

according tpighei Besn ﬁﬂ?bﬁgﬂ bhé 69'hhbsa@'iEQ%Qdoh%tw&%ﬁta“d in
comruni cation"wth a vacu r and a vacu 11. The

met hod for Eﬁﬁ%ﬁ?%ﬁﬁ ﬁﬁswgﬁgggsnﬁPEEUFHP §ﬁé&ve?eéeéoﬁ&FnjeFﬁleﬁaﬁhelo
wher ei n t hel igittusoahegbmbdulation amplitude to a value which

approximately maximizes the value of a harmonic 51gna1 at
- the center of the absorption feature due to the detected gas
phase molecular species inside the sample region;
means for adjusting the center frequehcy of the
" light source so that it is either locked to the center of
the absorption feature or repetitively scanned over the
frequency range which includes the feature, means for
generating spectra which may be recorded individually or
averaged; o '
~ a detector for measuring the light beam exiting
v the cell through one of the at least one light transmissive
windows;

_ wherein the light source and detector are
contained within a chamber which is external to the cell and
isolated from the sample region, the chamber and the sample
reéion being in optical communication with each other
through at least one of the at least one light transmissive
windows, and means for controlling the pressure inside the
chamber to a value which is positive relative to atmospheric
pressure.

21. The system for detecting gas phase molecular
species according to claim 20, wherein the harmonic signal
is a second harmonic signal, and the modulation amplitude is
approximately 2.2 times the width of the spectral absorption
feature due to the detected gas phase molecular species in
the sample régibn.

22. The system for detecting‘gas phase molecular
species according to claim 20, wherein the harmonic signal
is a fourth harmonic signal, and the modulation amplitude



forms a portion of a sem-conductor processing apparatus. 12. The
met Hod for deteQLLng~gas~pha§é”ﬁ6T€£ular speci es according to claim 11,

wherein the sen1conduct g apparatus is selected fromthe group
consi sting of an \ m%“i\m -a chem cal vapor deposition apparatus,
an.ion inpl antat| S,sa sputtering apparatus and a rapid thernal

processing appar at us 13. 'The method for detecting gas phase
mol ecul ar speci es according to claim 12, -ggerein the sem conduct or
processi ng apparatus is an etching apparatus. 14. The method for

detecting gasptiase walaeulis a@m@i:dmaazedqrdi mgttianes dhe widtulr tdferthe

conprising g g a%émtﬁhm
- 26- ggsfﬁgeﬁ;efa%ggﬁ% et ec ta.‘lqarllr\gé gas ase no ecmﬁted gpesc pé\.sase
accordi ng t omplechlar species @@m&hayﬁiyghﬁnﬂﬁﬁygnng a reactive gas into

t he vacuum chanber. 16. A method for detecting gas phase nol ecul ar
species 'in a sem conductor processi ng aplpar gt us by harnoni c detection

_ spect roscopy, conpBi-si fge system for, % IR PRASS, AIfEcHRT
C(r)]m‘runl Cﬁt l oapufchbsaamwugm@um mﬁm/h @@J,atwmdﬂiﬁ' t\rmlptlﬁsﬁtf,ilm‘d)drns1de
therewt rovi din ce aV|n a sa reql o I,C
ci rcunmscri be'&hﬁchPmP%?fstl q maximizg | hﬁa\ﬂe%p ta,%a ot
'~ signal due to the detected gas phase molecular species in
the chamber.

24. The system for detecting gas pﬁase molecular
species according to claim 20, wherein the chamber pressure
control means comprises a pressurizing gas inlet and an
exhaust gas outlet connected to the chamber.

25. The system for detecting gas phase molecular
species according to claim 24, wherein the chamber pressure
control means further comprises an orifice or a back
pressure regi:llator.

26. The system for detecting gas phase molecular
species according to claim 20, wherein the frequency and/or
modulated light source is a diode laser.

27. The system for detecting gas phase molecular
species according to claim 20, wherein the molecular species
is water vapor.

28. The system for detecting gas phase molecular
species according to claim 20, wherein the cell is disposed
between and in communication with a vacuum chamber and a
vacuun pump.

29. The system for detecting gas phase molecular
species according to claim 28, wherein the vacuum chamber
forms a portion of a semiconductor processing apparatus.



-one Ilght entry/exit_port therein, each entry/exit port containing a |ight
transm ssive w ndow having a surface facing the sanple region and di sposed
so as to seal the cmlllul m ']rerentlal di rection, wherein a sanple
gas flows through t mu ﬂulﬁ" n a direction paraIIeI to a cel

central axis, the cel’l 6petathng at- about atnospheric pressure or |ess;
provi ding a frequency and/or anplitude nodul ated |ight source for directing
a |ight beamthrough one of the at |eastygae |ight transm ssive w ndows
into the cell and setting the light source nodul ation anplitude to a val ue

whi ch approxrnatfby ”@Ké”&?@ﬁeﬁheofahéﬁeeﬁlﬁ h§&§09h85§'58§bcﬁha&he center
of the absorptipn feature due. t he dete hase myl ecul ar speci es

i nsi de the SRRPIeS GFERAing to caalﬁdfast ﬁ X HB Rt ERTACORGUREP O t he
Light sourqpraeeébﬁhglapparattbeislseketha Ehemcenéegrohﬁﬁhﬁﬁfﬁﬁyuuu? on )
eature or pe V. scann yer t I ranage Lch_includes the
feature, ge%ﬁr%ﬁ %S 5b§€t$§pa§ggﬁ Ha? E@ePé§§#d§§¥°ﬁd5§P8&& ﬁ? or averaged
as desired;apparatus, anoiodi dgpidadtativor apprratasyr angpultéeriigigt beam
exrtlng t he o] n t e Ssi ve
W ndows ﬁﬁA%aEQéhggé 2 Eﬁgiﬁlg Fégggr?%Bg%EE&gPeckgggggégeonta|ned
mrthrn a chanber which is external to the cell -and isolated fromthe sanple

regi.on, the chanper a@ﬂetg9s€éﬁpE8r detecting gas phase molecular
-27- region beigg gaace I n optical conmmuni Cati,on ' with egch other through

at | east on¥P8F gorging Bﬁecﬂﬁéﬁt3PraW?ﬁF§§Pv§hﬁrﬁ&@%§°

control | i ngptbeepstfiguappapatde tiBeaahakbningoappushteswhich is positive
rel ative to atnospheric pressure. :

'32. The system for detecting gas phase molecular
species according to claim 28, wherein the vacuum chamber is
adapted to contain a plasma atmosphere.

33. The system for detecting gas phase molecular
species according to claim 28, wherein the vacuum chamber is
adapted to contain a reactive gas atmosphere.

34. A semiconductor processing apparatus,
comprising: |
a vacuum chamber in communication with a vacuum
pump for evacuating the vacuum chamber;
a system for detecting gas phase molecular species
in a sample by harmonic detection spectroscopy comprising a
cell having a sample region which is circumscribed by at
least one wall, the cell having at least one light
entry/exit port therein, each entry/exit port containing a
light transmissive window having a surface facing the sample
region and disposed so as to seal the cell in the
circumferential direction, wherein a sample gas flows
through the sample region in a direction parallel to a cell
central axis, the cell being capable of operation at less
than atmospheric pressure;
| a frequency and/or amplitude modulated light
source system comprising a light source for directing a



17. The met hod ﬂe#-deLegLng_gﬁirgigse nol ecul ar species according to claim
16, wher'ei n the harnoni c signal i second harnonic signal, and the

nodul ati on anpl |tmmﬂ,! roximately 2.2 times the width of the
spectral absorpti Of fﬂmmﬂ the detected gas phase nol ecul ar species
in the sanple region.® “ ¥ 88 wThe nethod for detecting gas phase

nol ecul ar speci es according to claim 16, wherein the harnonic signal is a

fourth harnmonic signal, and the nodul atioftanmplitude is set to _
approximately, 3.9 tinmes the width of the s gciégl absorftion feature due to
It

the det ect ed gt Reak ARGk A1 Rk shoone Fghtbn. 19.
me et h;)ﬂ fwanmmim.msdd tmsﬁﬁlﬁwlcﬂélfpﬁéms aceo rsléﬂ'lgiﬁ@ thai m 16,
erein the jaressure. inside chanber. i et,_t o_app{ oxi maxi m ze

t he percent & el"b SPYRSa ™ q‘bﬂagtfl%ea‘?%l’tﬁ%é%eY%c?eggg'é% ‘g&ﬁ% yrml ecul ar
speci es in tdppmixinEtely maximddes theyealuwefof acharnomic gabyphhsat
‘ol ecul ar spggd eéeﬂ&ﬁaéfé‘e’ﬁé = NP Ce @fé!&@e\f\%?c @58Pdctea gas

conpri si ng: havi ng a sanple region 'S CIrcumsc

by at |east RhSadqleqylar Speing ninside cthe sHEPle GFRILoR, \MeINs BO¥(

therein, eagyRIEMP e REEALEONEPARISHCR bF Ohe | 1 2GEET SSh¥Se VE&JENABAVI NG
a surface facing the saml e r%glonig?d di'sposed_so as to seal the cell in

the circunf dierkd £1HeeIoTR #R RS centern of jtherahsRrphioR ghedtre
sanpl e regi @t ivepetlitrdlpesdained advél® thectreguancyl ravge, whibhehcel |

being capablg, af, £28"Ald Fedlut€Sind ElafL PSR GLASr PE RS Yectra which
may be recorded individually or averaged;

a detector for measuring the light beam exiting
the cell through one of the at least one iight transmissive
windows;

wherein the light source and detector are
contained within a chamber which is external to the cell and
isolated from the samplé region, the chamber and the sample
region being in optical communication with each other
through at least one of the at least one light transmissive
windows, and means for controlling the pressure inside the
chamber to a value which is positive relative to atmospheric
pressure.

35. The system for detecting gas phase'molecular
species according to claim 34} wherein the harmonic signal
is a second harmonic signal, and the modulation amplitude is
approximately 2.2 times the width of the spectral'absorption
feature due to the detected gas phase molecular species in
the sample region.

36. The system for detecting gas phase molecular
species according to claim 34, wherein the harmonic signal
is a fourth harmonic signal, and the modulation amplitude is
approximately 3.9 times the width of the spectral absorption
feature due to the detected gas phase molecular species in
the sample regibn.



- -28- a frequency and/or anplitude nodul ated |ight source system
cahpriging aﬁgﬁr—’smrecti ng a |ight beamthrough one of the at
| east one Ilg ndows into the cell, neans for setting the
| i ght source ﬂmﬁﬂﬂmawr“m e to a val ue which approximately maxi m zes
the val ue of 'a harmonkc %i ghal* at the center of the absorption feature due
to the detected gas phase nol ecul ar species inside the sanple region;
means for adjusting the center frequene32ef the |ight source so that it is
either locked to the center of the absorption feature or repetitively
scanned over t 139 f r fhemystemgtonideteching dgas tphasemetecubanns for
generatin peRE r{led '
a detect o% for(énéeas%lﬁﬁr{%yt? e:gl% eil?%gniguﬁjé c%ﬁsgﬁrouﬂﬁgone of the
at | east &he |ghgmbexy ak%rﬁ%%l% %’Fﬂ-:}%’d%e the percen\?mevﬁ ?h'éof-?bht sour ce
and det eCtél(r?réfle SR Rath Mdtbdead (e sliaydi mbléSuxE espatiss ihe cell
and i sol at fromthe sanple region, the chamber and the sanple region
being.in 5&? nication with each other through at |east one of the.
at least one |light transm ssive wi ndows, and neans for controlling the
pressure inside the chanber to a value which is positive relative to
at nospheric pressure. 21. The system for detecting gas phase
nol ecul ar species according to claim20, wherein the harnonic signal is a
second "harnmoni c signal, and the nodul ation anplitude is approximately 2.2
times the wwdth of the spectral absorption feature due to the detected gas
phase mol ecul ar species in the sanpl e region. 22. The system for
detecting gas phase nol ecul ar species according to claim20, wherein the
harrmoni ¢ signal is a fourth harmonic signal, and the nodul ation anplitude



-

-29- optinmumvalue is approximately 3.9 tinmes the width of the spectral
absorption feature due to the detected gas phase nol ecul ar species in the
sanpl e region. 23. The system for detecting gas phase nol ecul ar
speci es according to claim20, wherein the pressure inside the chanber is

set to maxim ze the percentage of a toit3-signal due to the, detected gas
phase nol ecul ar species_in the ¢

hanber . 4 e or detecting
gas phase nol ecul ar sp@gFgguaéyBrﬁ?ﬁaﬁpoFQFaFﬁF§6?1§EePg¥ﬁ&¥ﬂ%ﬁchanber
pressure control means conmF MRLECHAR SREGEHER Bhd (MA@UMnd an exhaust
gas outlet connected to t sy CIRRMGNIC DETECTION SHECTROSCQOBRY or detecting
gas phase nol ecul ar species according to claim 24, wherein the chanber
pressure control means further conpriABSTRAC®rifice or a back pressure

regul g_tor- | _p&?ga&\k}ﬁi&yat%zw;méaw&tﬁw ; eW&gel KHi:ﬁSifiiéL speci es

000" 41 19 AR cp iSRRI T Egletplof It TRy our ce
cell having a sample region which is circumscribed by at
least one wall. The cell has at least one light entry/exit
port, with each entry/exit port containing a light
transmissive window having a surface facing the sample
region and disposed so as to seal the cell in the
circumferential direction. A 'sample gas flows through the
sample region in a direction parallel to a cell central
axis, and the cell operates at less than atmospheric
pressure. A frequency and/or amplitude modulated light
source is provided for directing a light beam through one of
the at least one light transmissive windows into the cell.
The light source modulation amplitude is set to a value
which approximately maximizes the value of a harmonic signél
at the center of the absorption feature due to the detected
gas phase molecular spebies inside the sample region, and
the center frequency of the light source is adjusted so that
it is either locked to the center of the absorption feature
or repetitively scanned over the frequency range which
includes the feature. A spectra is then generated which may
be recorded individually or averaged. A detector is
provided for measuring the light beam exiting the cell
through one of the at least one light transmissive windows.
The light source and detector are contained within a chamber
which 'is external to the cell and isolated from the sample
region, the chamber and the sample region being placed in
optical communication with each other through at least one
of the at least one light transmissive windows. The
pressure inside the chamber is controlled to a value which
is positive relative to atmospheric pressure. The method
can be used to detect gas phase molecular species in a .

sample. Particular applicability is found in semiconductor
processing.

FIGURES 2a and 2b
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speci es according to claim 20, wherein the nol ecul ar species is water

vapor ..’ 28. The system for detecting gas phase nol ecul ar species
according to claim 20, wherein the cell is disposed between and in
conmuni cation with a vacuum chanber and a vacuum punp. 29. The

system for detecting gas phase nDIecui?r speci es according to claim 28,
wherei n the vacuum chanber forns a po fon of a seni conduct or processing -
appar at us. ' - 30- 30. The
system for detecting gas phase nol ecul ar species according to claim 29,
wherein the sem conductor processing apparatus is selected fromthe group
consi sting of an etching apparatus, a chem cal vapor deposition apparatus,
an ion inplantation apparatus, a sputtering apparatus and a rapid thermal

processi ng appar at us. 31. The system for detecting gas phase
nmol ecul ar speci es according to claim30, wherein the sem conduct or
processi ng apparatus is an etching apparatus. 32. The system for

‘detecting gas phase nol ecul ar species according to claim 28, wherein the

vacuum chanber is adapted to contai-n a plasnma at nosphere.
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33. The systemfor detecting gas phase nol ecul ar species according to
claim.28, wherein the vacuum chamber i's adapted to contain a reactive gas
at nosphere. 34. A sem conduct or processing apparatus, conprising:
a vacuum chanber in communi cation with a vacuum punp for evacuating the
vacuum chanber; a system for detecting gas phase nol ecul ar
species in a sanple by harnonic detecﬂ(%f%pectroscopy conprising a cell
having a sanple region which is circunscriped by at | east one wall, the
cell having at |east onejight entgy/exit port' thdrein, each entry/exit
port containing a |ight tlfansm ssivg w ndo hdvi ng a surface facing the
sanpl e regi on and2d4€pQs as toigfal't e qellyin the ck;cunferential
direction, wherein a sa e ;as;fln fhrough the 'sanple region in a
direction paral | e213Q.a_( ce Y axis, thd cell bei apabl e of

operation at |ess than atjposphe fessure; | juency and(or
anpl i tude nodul apggl |i g sourc [ em C ising a li purce for !
directing a *— _,/zosfﬁﬁﬂ I -31 SR %% ough
one of the at |east one Ji tHansnTsstve-lifjdows i ngo cel |, neanF for

u Ch

setting the Ilgh%i1 ourc '

approxi mately nma 1zes - a\har noni‘'c si e center of the
absorption feature due tOJn ed gpg phdseggpl ecu beci es i nside
t he sanpl e regi on, neans flfor/a hg the cepter frequ pf the |ight
. source so that it is eithgfr {|o 0 the center of the [ption feature
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or repetitively scanned over the frequency range which includes the feature
and Aeans for generating spectra which may be recorded individually or

aver aged;
cell through one of the at

a detector for measuring the |ight beamexiting the
| east one light transm ssive w ndows;

wherein the |ight source and detector are contained within a chanber which
is external to the cell and isolated f r 34#t he sanpl e region, the chamber

and the sanpl e regionpgﬁﬁﬁgl' E—temrtcatt et er
t hrough at | east one of the — RS oo ve—weaes, and
means for controlling the pr = 3rge—te—chrapber~tto—a—vatte—~hi ch i s
positive relative to atnosp ) [eSSUr 6o 35. e _sustem for
detecting gas phase nol ecul ar &pef?gs accorqrhg\Lp clain1344 wher ki n the
harmonic signal is a secon@! =2 = BTl i t ude
is approximately 2.2 tinmes t T iﬁiﬁq:un:beature due
to the detected gas ph SFC T (1IN S 10101 IR | .
36. The system for detgéf}n -9 et specids acdordinl to claim
34, wherein the harnonigsignal i TTHeRLC Sil he -
modul ation anplitude i sy e e For=tEe=spect ral
absorption feature due gzt hie- H-Bgeclat in the
sanpl e region. -1 o — 320 =3 The
system for detecting gas phakc Fofeett-t S
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speci gs according to claim34; wherein the pressure inside the chanber is
set <to- maxi m ze the percentage of a total signal due to the detected gas
phase nol ecul ar species in the chanber.
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