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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a polygonal planar

multipass cell useful in absorption spectroscopy. The
present invention also relates to a system for detecting éas

" phase molecular species in a sample and a semiconductor
processiﬁg apparétus which comprise 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 materials in the .gas phase. As a result of
the extremely fine features of the IC devices, parts per
billion (ppb) and lower levels of all impurities in the
gases contaéting the semiconductér éubstrates are usually
considered necessary in order to minimize yield loss. Among
the potential impurities, moisture is extremely difficult to
eliminate, and it adversely affects many semiconductor
manufacturing processes.

e | In atmosphefes of nitrogen, argon and hydrogen several
analytical techniques, most notably atmospheric pressure
ionization mass spectroscopy (APIMS), deliver the requisite
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consi dered necessary in order to mininze yield |loss. Anmong the potenti al
inpurities, noisture is extrenely difficult to elimnate, and it adversely
af fect's many sem conduct or manufacturing processes. I n at nospheres of
ni trogen, argon and hydrogen several analytical technlques nmost notably
atﬁbspherlc pressure I oni zati on mass spectroscopy (APIM5), deliver the
reqU|S|te -2- sensitivity for
freasuri ng noi sture and other inpurities. ~dewever, APIMS is not conpatible
wi th many reactive gases. Although its operation in SiHerr] has been
denonst r at ed.re(rﬁaﬂ:l\c'lw tfay nﬁéasﬁr:,mf’rmmdnmsam dticer Ol apdénitdes.
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many gas analysis laboratories. Unfortunately FT-IR seems
unable to deliver the 1 ppb sensitivity that is required in
the semiconductor manufacturing industry. In addition, the
spectral resolution achievable by FT-IR is limited, which
makes it more difficult to detect impurities in the presence
of other infrared absorbing molecules. It is also difficult
to devise an extremely compact FT-IR.

Tunable diode laser absorption spectroscopy (TDLAS) is
a technique having considerable flexibility and sensitivity,
which has become'widely used in environmental monitoring,
spectfoscopy} chemical kinetics, and the like. TDLAS lends
itself to the construction of a.compact sensor, as its
component parts can be made very small. The sensitivity of
detection of gas phase molecular species by absorption
spectroscopy increases as the length of the iight path
through the sample increases,_fof constant pressure and
concentration. The intensity of light reaching the detector
is given by Beer’s Law: '

where I, is the intensity of the incident fadiation, a is
.the absorptivity, 1 is the pathlength through the sample, c
is the concentration of the impurity in the sample (by
volume), and P is the total pressure of the sample. For



“whi ch has becone widely used in environnmental nonitoring, spectroscopy,
chemi cal kinetics, and the like. TDLAS lends itself to-the construction of
a conpact sensor, as its conponent parts can be made very small. The
sensitivity of detectlon of gas phase nol ecul ar species by absorption
spectroscopy increases as the length of the light path through the sanple
increases, for constant pressure and concentration. The intensity of |ight
reachi ng the detector is given by Beer's Law I

= I[err]. e[err] where I[err] is the iT¥ensity of the incident radiation,
[err] is the absorpt|V|ty, 1l is the g thlength through the s c.is the
concent r at iRl aBReTRIERSy Hhetamountpe %b?h9O?Hgﬁfbegn&ngF¥ePh€Ytota
pressure of the sanple. For - 3-

smal | absorptions, the amount of I<.@bsorg i's glven by

| - I[err] =([err]lcP In order t ma g Is frequently

I npractical to
In order to make 1 1argé, it is frequéntly impractical to
place the light source and detector very far apart and so
"folded" light paths are often used, in which mirrors
reflect the light back and forth through the sample gas many
times. ‘

As shown in Fig. 1, the cell of White 100 is the best
known folded path cell design and uses a single curved
mirror 101 mounted at one end and a pair of curved mirrors
102 mounted at the opposite end of a usually cylindrical gas
sample éell. Herriott’s design 200, shown in Fig. 2, is
often preferred for TDLAS. This design uses two curved
mirrors 201 mounted at opposite ends of a usually
cylindrical gas sample cell 202. Additionally, "folded pass
cells" exist in which the light does not pass repeatedly
through the same gas volume but instead a long, single-pass
sample cell is folded back on itself to give a compact
geometry, using mirrors to transport the light around the
folds in the cell. Finally, simple multi-pass arrangements
are often used, including for a example a straightforward
"retroreflector" which is a single mirror directing the
light back to a detector mounted adjacent to the source and
pairs of parallel plane mirrors which allow light striking
one mirror at a slight angle to reflect back and forth
between the two mirrors until it reaches the end of one
mirror or the other, such as described in U.S. Patent No.
3,524,066. '

U.S. Patent No. 5,173,749 also describes a non-planar
multipass cell for spectroscopic measurement of a gas

. sample. This cell consists of a cylindrical measurement
tube which is divided into twelve 30 degree segments, with



place the light source and detector very far apart and so "fol ded" I|ight
paths are often used, in which mrrors reflect the Iight back and forth

t hrougyh the sanple gas nany tines. As shown in Fig. 1, the cell of
White 100 is the best known fol ded path cell design and uses a single
cufved mrror 101 nounted at one end and a pair of curved mrrors 102
nounted at the opposite end of a usually cylindrical gas sanple cell.
Herriott's design 200, shown in Fig. 2, i often preferred for TDLAS. This
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twel ve 30 d?ﬂﬁ%@d%?ggﬂﬁéhngéfbendicular to the light path. This is
not always convenient aﬁd is costly to manufacture. The
design of the cell set forth in U.S. Patent No. 5,173,749
prevents minimization of the cell height due to the path of
the light beam extending from one end of the cell to the '
opposite end. In light of these characteristics, the prior
art cell designs are unsuitable for use with many designs of
semiconductor processing equipment. For example, when it is -
desired to retrofit a sensor using a multipass light path to
detect molecules in the gas exhausted from a vacuum chamber
which forms a portion of a semiconductor processing
apparatus, a vacuum pump is connected to the vacuum chamber
so as to exhaust the chamber through a large opening. 1In
such an apparatus, it is desirable to mount the multipass
cell befween the vacuum chamber and the pump while
displacing the pump mount as little as possible. Therefore,
the multipass cell should have a dimension as small as
possible in the direction of gas flow through the cell. The
need for a small displacement of the vacuum pump arises -
because other equipment is typically mounted in close
proximity to the pump, and there is typically little room to
move the pump without redesigning the entire process tool.
This multipass cell is extremely suitable for use with TDLAS
to obtain a compact measurement system.



-4- each segnent containing a dielectric mrror for reflecting a |ight
beam A light beaminlet and an exit are disposed at opposite ends of the

cell.” The beamis reflected by the segnents inside the neasurenent cell,
with the beam pattern automatically repeating itself as it passes upwardly
t hr ough the cell between the inlet and exit. The mul ti pass cel

designs of Wiite and Herriott are well-suited to analysis in cylindrical
sanpl e cells, however, they require curugd mrrors of equal extension in
both directions perpendicular to the light path. This is not always
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TDLASItO(ﬂgngk&E(gngéﬁgcg§éégﬁgfﬁﬁfoé¥§éfﬂb apparatus which includes
an absorption spectroscopy system for detecting gas phase
molecular impurities in a sample at a level at least as low
as in the ppb range. _ _ |

It is further an object of the present invention to
provide a method of detecting gas phase impurities by
absorption spectioscopy using the inventive cell.

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
According to a first aspect of the present invention, a

novel polygonal planar multipass cell useful in absorption
spectfoscopy is provided. The cell comprises a sample
region circumscribed by'a plurality of walls. Each wall has
a light reflective surface facing the sample region, and
each wall is connected to at least one other wall so as to
form in cross section substantially a polygon. At least one
side of the polygon has a light entry/exit port therein, and
each entry/exit port contains a light transmissive window



-b5- To neet the requirenents of the sem conductor processing industry
and to overcone the disadvantages of the prior art, it is an. object of the
present inventi-on to provide a novel cell useful in absorption spectroscopy
which will allow for accurate in situ deternmnation of gas phase nol ecul ar
inmpurities in sanples without having to redesign existing sem conductor
processi ng equi pnent. It is a further object of the present invention
to provide an absorption spectroscopy sygtemfor detecting gas phase

nol ecul ar speci es in a sanple using the inventive cell. It is further
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permits accurate in situ detection of gas phase molecular
species in a sample. ' '

According to a second aspect of the invention, a system -
for detecting gas phase molecular species in a sample is
provided. The system includes a polygonal planar multipass
cell as described above with reference to the first aspect
of the invention. The inventive system further comprises a
light source for directing a light beam through one of the
at least one light transmissive windows into the cell and a
main detector for measuring the light beam exiting the cell
through one of the at least one light transmissive windows.

A sample gas flows through the sample region in a direction
parallel to the cell central axis.

According to a third aspect of the invention, a
semiconductor processing apparatus is provided. The
apparatus comprises a vacuum chamber in communication w1th a
vacuum pump for evacuating the vacuum chamber, and the
inventive system as described above with reference to the
second aspect of the invention.

A fourth aspect of the invention is a method of
detecting gas phase impurities using the inventive sample -
cell, system and apparatus. |

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



~According to a first aspect of the present invention, a novel polygonal

pl anar nul ti pass cell useful in absorption spectroscopy is provided. The
cell tonprises a sanple region circunscribed by a plurality of walls. Each
wal | has a light reflective surface facing the sanple region, and each wall
i s*connected to at | east one other wall so as to formin cross section
substantially a polygon. At |east one side of the polygon has a |ight
entry/exit port therein, and each entrylexit port contains a |ight
transm ssi ve wi ndow -6- which has a
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cell in the cir .al direction. The cell has a central axis paralle
to the |igplepentset 28 dfy Mliehof the walls and the surface of each light
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mul ti pass ce ! resent Jnventi.on permts accurate in situ detection
of gas pha?&cﬁﬁﬁéeﬂl %"pé:g’&%?q%e‘i}%%l e. According to a second
aspect of the igrenti2ons a satwntiomaletahsonrp iprs spectrostepyl e@llpeci es
in a sanple is._provided., T £ [ S a polygonal planar multipass
cell as deg&;lofg&% b%\elée?vkﬁ]ﬁ{reé eoﬁ-'(raence .%qf’he first aspect of the .
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ows into the ce nd a main detector” for neasuring the |ight beam
éxi ting th®regent invention; _

FIG. 3B is a longitudinal sectional view of the
polygonal planar multipass cell illustrated in Fig. 1;

FIG. 4A is a cross sectional view of a systenm for
detecting gas phase molecular species in a sample .according
to one embodiment of the presént.invention;

FIG. 4B is a longitudinal sectional view of the sysfem
illustrated in Fig. 43;

FIG. 5 is a side sectional view of a semiconductor
processing apparatus which includes a system for detecting
gas phase molecular species in a sample according to one
embodiment of the present invention; and

FIG. 6 is a graph showing absorption of diode laser

light és a function of water vapor pressure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

Referring to the drawings, Figs. 3A and 3B illustrate a

cross sectional view and longitudinal sectional view,
respectively, of a preferred polygonal planar multipass cell
300 useful in absorption spectroscopy according to the
invention. In this embodiment, a sample region 301 is
circumscribed by a plurality of walls 302 which have light
reflective surfaces facing the sample region 301. The light
reflective surfaces are preferably polished metal. As a
high reflectivity of these surfaces is desirable, the
surfaces can be coated with one or more layers of a



t hrough one of the at |least one light transm ssive wi ndows. A sanple gas
flows through the sanple region in a direction parallel to the cell central
axis.w According to a third aspect of the invention, a sem conductor
processing ‘apparatus is provided. The apparatus conprises a vacuum chanber
I ncommuni cation with a vacuum punp for evacuating the vacuum chanber, and
the inventive system as descri bed above with reference to the second aspect
of the invention. A fourth aspect ofgihe invention is a met hod of
detecting gas phase inpurities using the 1nventive sanple cell, system and
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- Each wall 302 of the cell is connected to at least one
other wall so as to form in cross section substantlally a
polygon. The polygon is preferably a regular polygon, and
+  can have any number of walls. An octagon is the preferred
geometrj of the polygbn. ‘At least one side of the polygon
has a 11ght entry/exit port 303 therein for allowing a light
beam to pass into and/or out of the cell. The entry/exit
port 303 contains a light transmissive window 304 which has
a surface facing the sample fegion 303. It is through the
light transmissive window(s) that a light beam is directed
into the cell to the sample region and through which the
beam exits the cell. Thus, the light beam can enter and
exit the cell through the same or different windoﬁs, and the
windows can be disposed on the same or different sides of
the cell. Suitable light transmissive materials for the
window are known to those skilled in the art.

The light transmissive window 304 seals the cell in the
circumferential direction. To form a seal between the
window and cell, a sealing means such as an O-ring 305 or
other suitable structure can be used. Sealing'the cell in
this manner makes possible the measurement of gas samples at
low pressure, i.e., at vacuum conditions. The light
transmissive window 304 can additionally be provided with a

- coating layer on a surface opposite the surface facing the
sample region for reflecting a portion of a light beam 306.
As will be explained below, subtracting the signal due to
the reflected portion of the beam from that of the
transmitted portion results in more accurate absorption



-planar nultipass cell according to one enbodi ment of the present i nvention;
FIG 3B is a longitudinal sectional view of the polygonal planar multipass

cell illustrated in Fig. 1; . FIG 4A is a cross sectional view of a
system for detecting gas phase nol ecul ar species in a sanple according to
one enbodi ment of the present invention; FIG 4B is a |ongitudina
sectional view of the systemillustrated in Fig. 4A FIG 5 is a side

sectiional view of a sem conductor processing apparatus which includes a
system for detecting gas phase nol ecul ar-8pecies in a sanple according to
one enbodi nent of the present invention; and FIG 6 is a graph show ng
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of a each wall 302 is substantially planar. Because the
' inventive cell design does not require curved mirrors such
o as are present in the prior art cells, the cell according to
the present invention is inexpensive to manufacture relative
to the prior art structures. Furthermore, the walls are
arranged such that a light beam entering the cell remains in
substantially the same plane while inside the cell.
Consequently, the cell can be made arbitrarily small in
directions parallel and perpendicular to the plane of
propagation of the light, subject only to the diameter of
the light beam .and the geometrical constraints imposed by
the window(s) through which the light beam enters and exits
the chamber. This aspect of the invention makes it
particularly well suited for use in existing semiconductor
processing apparatus. . :

The walls are preferably arranged such that a light
beam entering the cell is reflected from the light
reflective surface of one wall to the light reflective
surface of another wall, such that the light beam is
reflected from each wall at least once prior to exiting the

'cell through the entry/exit port. The beam residence time
and effective pathlength in the cell sample area is thereby
extended.

In Fig. 3B, the cell height h, measured in a direction
parallel to the cell central axis is in the range of from
approximately 1 to 5 cm. Cell diameter d, measured in a
direction perpendicular to the cell central axis, can be



:8- reflective material such as gold, other netallic |layers or a highly
reflective dielectric coating. In order to enhance the reflectivity

t hereof . Moreover, to minimze the adverse effects created by deposits
formed on the light reflective surfaces, one or nore heaters for heating
the light reflective surfaces can al so be provided. Each wal | 302 of
the cell is connected to at | east one other wall so as to formin cross
section substantially a polygon. The polygon is preferably a regul ar

pol ygon, and can have any nunber of wallS: 0Zn. octagon is the preferred
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can be used for any absorption spectroscopy technique, it is
preferably used in tunable diode laser absorption _
spectroscopy (TDLAS). This system includes a cell 401 as
described above with reference to Figs. 3A and 3B.
Additionally, the system includes a light source 409,
preferably a diode laser, for directing a light beam 406
through the light transmissive window 404 into the cell 401.
To measure the light beam 406 which exits the cell through
the light transmissive window 404, the system 408 further
includes a main detector 410, which can be a_photodiode.
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
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
lead to improvements in measurement sensitivity. In
particular, light sources which emit at wavelengths longer
than about 2um are preferred, since many of the molecular



-9- neasurenents. Anong the commercially available coating materials,
nmetallic coatings are preferred. The cell further has a.central axis 307
which'is parallel to the light reflective surfaces of the wall and the
surface of the light transm ssive wi ndow 304 which face the sanple region
307. It is preferred that the light reflecting surface of each wall
302 is substantially planar. Because the inventive cell design does not
require curved mrrors such as are present in the prior art cells, the cel
according to the present invention is iﬁé}ﬁen3|ve to manufacture relative

E th | | rranged such that
511 ght " bea BB 148 ohc RerFEPb BRNE FhrbngsFEREFRELPY, R itie
whi |l e |n5|dmeqb@ncell Consequently, . the cell can be nade arbitrarily ?H?L|
| ght subj oot "y FuLERELERGRTLALLAL thRabig DIHE SRR SR K cal
cogstralntgu$%%os bthe heurrenbhysavahlabdh lmghh sbarbeghtdheGEIdeems
and exits thgy EiﬁﬁﬁﬁiceghéfeaﬁPSEErQEdtB@chﬁ¥3nbfoﬂhgﬁkeﬁakkoaart'CU|ar|y

The val| s aHPer{ifch ab16a, FhABCADSUENLONGR Y 434 Ko bRbAYeIY dhigh i he cel |-
is téfleCtEihﬁéﬁﬁﬂtﬁe(éE@@t 0.1 to several milliwatts) at the emission
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
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, Laser Focus World, March 1996,
P. 77). These diodes emit light of a wavelength greater
than'Zum while operatihg at -87.8°C. While such a low
temperature is not convenient, it compares 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 températures of at least -40°cC.
Use of a thermoelectric cooler for temperature control at
such temperatures makes these light sources less complicated
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



reflective surface of one wall to the light reflective surface of another
‘wal |, such that the light beamis reflected fromeach wall at |east once
prior“to exiting the cell through the entry/exit port. The beam residence
time and effective pathlength in the cell sanple area is thereby extended.
In°Fig. 3B, the cell height h, neasured in a direction parallel to the cel
central axis is in the range of fromapproximately 1 to 5 cm Cell dianeter
d, nmeasured in a direction perpendicul ar=x2»-the cell central axis, can be
-10- slightly larger than the dianeter of the vacuum punp inlet, and is
preferably iemisisdonaade odthelr oraweimngths @tl(least Uk d@lless hitemsepen
desi gn, mher | he s on circunscri bed by the walls and |ight
transm ssive v?nﬁng‘o%ep%‘e erdatﬁ%% extends throughout the entire height of the
cel|. This confi §widakde digds sowraesafiar tuse s the cinrentior are jpot

direction pargitela o tt‘?Fe %%dvé:%&mea Qiddu Chhd@kes (G- GStdmpie,

particularly well 'suited I n situ measurenegnts In sem conductor

processi ng SfpEratypes °f lﬁs@?S yhigh ane fiRilanly gized and dramaklew
and | ongit ucﬁyﬂ@uﬁﬁ@t ieQettMicil MeRERECiduH Yas oﬁmér lIH@éESx VEnd Y@Lt ¥aS

for detectin é%éa asernnlecular Specles, in qhgg tion s
spect roscopf% e laseTs &RS RGOSty b %'f? ot
spect r 0scopythiegc heicpue cdmmerqmaﬁky%dﬁaal&h&h|Istenniéxnnb®de | aser
absorpti on The system can further include at least one first
mirror 411 for reflecting the light beam 406 from the light
source 409 through the light transmissive window 404 into
the cell 401, and at least one second mirror 415, 417 for
reflecting the light beam exiting the cell to the main
detector 410. The mirror 411 is preferably curved in order
to collimate the light beam as the light from the diode
laser source is divergent. Likewise, the mirror 417 is
preferably curved in order to focus the parallel light beam
on the detector 410. A second detector 412, which can also
be a photodiode, for measuring a portion of the light beam
413 which is reflected from the light transmissive window
404 as well as means for subtracting this reference signal
from a measurement obtained by the main detector can
optionally be provided in the system. An operational
amplifier in a configuration such as describ&d in the
literature (See, e.g., Moore, J.H. et al "Building
Scientific Apparatus", Addison Wesley, London, 1983) can act
as the means for subtracting the reference signal.

The reflected 1ight does not show any absorption by the
molecules of interest in tlie sample region, and therefore
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 also allows for
enhanced sensitivity to signal changes due to molecules in



-spectroscopy (TDLAS). This systemincludes a cell 401 as described above
with reference to Figs. 3A and 3B. Additionally, the systemincludes a

| i ght- source 409, preferably a diode |aser, for directing a |light beam 406
through .the |ight transm ssive w ndow 404 into the cell 401. To neasure the
| i ght beam 406 which exits the cell through the light transm ssive w ndow
404, the system 408 further includes a main detector 410, which can be a
phot odi ode. Any nol ecul ar inpurity_ Q% i nterest can be detected,

subject only to the availability of a suitable |ight source. For exanple,

vat er vapory, Shé;aéri%éergeéﬂg?bﬁﬁrfe‘? mﬁﬂfige"ﬁggl”BEQﬁ“etQE:hﬁtlﬁlﬁbs us:. g

hydr ocar bon neasuring t attenuation of froma
di ode | asersuhfuract i cof edi rgfergm:eobeammw ¥Rlnkerypathey é‘ﬁ"éléﬁ! t he

i npurity. r ¢ kight |
where the m?%“i‘féeeé éé@%{:%gggt Bgarg!é?gﬁte& i@ ; laﬁ spedtal 1 egieRtS

ad to oI ove t
i n neasur efdiese PR1Y| frpgtion bﬁrFPCGP-XP' Igéﬁt Qi@ﬁFcE?%l cﬁ é’r‘ﬁrﬁ X
wavel engt hstd Omrpiééénﬂbﬂtﬁieﬁi:@bhl théeeﬁteéﬁbéeﬂh.ndbm d:mmhya ahainiber

nmol ecul ar ur t|e | rpti on bands
in this red?d. Pr°Vldﬁngﬂgﬁ|FBBF ﬂﬁvg %ﬁ Fﬁ §F§hllg t §ﬁrce can be
used. O tham@ﬂtionalycempohehts.l|ghe rahnoeef ttragemiided ftioght sources

e P of e PECOUAC) PR eI Qilabi®ail Bel optrohAe B use of
an appropriate coatlng for the window.

The novel system described above allows for in situ
detection of a molecular gaé impurity, such as water vapor.
In this regard, Fig. 6 illustrates the variation in -
absorption peak height of the light emitted by a diode laser
at a wavelength of about 1.38 um as a function of water
vapor pressure at 27.8°C. These data were collected using
second harmonic spectroscopy. This technique is discussed
in copending applications, Serial No. , filed on
even date herewith, Attorney Docket No. 016499-203, and
Serial No. , filed on even date herewith, Attorney
Docket No. 016499-206. |

The inventive system has particular applicability in

detecting a molecular species in a gas exhausted from a
vacuum chamber. In such a case, the cell can be disposed
between a vacuum chamber and a vacuum pump system. The '
system is compatible with a wide range of materials. For
example, the vacuum chamber can contain certain reactive or
nonreactive (inert) gas species which can be in a plasma- or
non-plasma state. Examples of reactive gases which are
compatible with the inventive system include SiH,, HCl and
Cl, provided the moisture level is less than 1000 ppm. Any
' inert gas such as, e.g., 0,, N, Ar and H, can be used in the
inventive system. In 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



intensity (about 0.1 to several milliwatts) at the em ssion wavel ength.
Exanpl es of diode |asers include Pb-salt and GaAs-type di ode |asers. The
Pb-sal't-type | aser requiires cryogenic tenperatures for operation and emts
infrared light (i.e., wavelength greater than 3[err]m, while the GaAs-type
di 6de | aser can operate at close to roomtenperature and emts in the near
infrared region (0.8-2[err]m. Recently, diode |asers which include Sb
in addition to GaAs (or other pairs of | Lhz¥ conpounds such as AsP) have
been described (see, "Md-infrared mavelengths enhance trace gas sensing,"”
R. Martinel lhjnigpes El'i’éufoi"ﬁé’t%n'\/afcae 886tsPon’the WHRSBWE QRS otHer
i ght of a wave| engt reater than 2[errfmwhile operating at -87.8[err]C
Wi | e such a??%%/$%ﬁﬁ%gﬁ?ure is not convenient, it conpares favorably wth
the cryogenic tenm@éa:hyéeahél d&teb’aaan- syskenr iekciinedr adoe Rbr sal t
| asers. Cperatfon of s% % rs é herrgn1and 125 régc has_al so been
reported (scESTEERRTE HAd EBFro an afgBe) US4l PAESPE §F P98 above
descri bed t yprasmal atmespheeésr abl yetpeast wikh uaeptrarureacaﬁvd:gasﬁﬂ
-40[err] C e I 0 cql
tenper at ur esouacerSiplchE BaEELELTATY e bt ERRTEBE (LBECTN Rnfhrany
tenperature msdehzssstmi;ecubanaﬁpegsesm supbsas| water wepordediny abl e,
| Mprovement Ldni8sn@RLEoR pp?eeeg&hg ggs&aeugrenbslee&%l hieS mg:rttl%t For
|xe

exanmpl e, single node diodes whQse em ssion at
tenperature %ﬁﬂtﬂm|¥% %GPBBHFtF§naW1§hsFn&ﬁglﬁﬁpépﬁﬁQFhPWP95551n9

apparatus allows for real time in situ monitoring of gas

phase molecular impurities. Additionally, because the cell
height h and diameter 4 (See Fig. 3A and 3B) can be made
arbitrarily small as described above, use of the cell in a
semiconductor processing apparatus would not adversely
affect operétion of the aﬁparatus or require costly

- alterations during retrofitting thereof.

One example of such a configuration is shown in Fig. 5.
While the structure of a semiconductor processing apparatus
‘has been shown géﬁérically in Fig. 5, persons ékilled_in the
art will appreciate that the system can be readily adapted
to virtually any of the semiconductor processing apparatuses
employing a vacuum systém._ Ekamples of such apparatuses are
etching, diffusion, chemical vapor deposition (CVD), ion
implantation, sputtering and rapid thermal ﬁ}ocessing
apparatuses.

The apparatus 515 illustrated in Fig. 5 comprises a
vacuum chamber 516 inside which a semiconductor substrate
517 is disposed.on a substrate holder 518. A gas inlet 519
is provided for delivering a gas or plural gases to the
vacuum chamber 516. The vacuum chamber is evacuated through
an exhaust opening 520 in the vacuum chamber. A vacuum pump
521 for evacuating the vacuum chamber 516 is connected to
the chamber, either directly or through a vacuum line, and a
punp exhaust line 522 can be connected to the pump 521,



--12- em ssion at other wavel engths at |east 40 dB |l ess intense) should be
avai |l abl e. Suitable Iight sources for use in the invention are not
limted to the above described di ode | asers. For exanple, other types of
lasers which are simlarly sized and tunabl e.by sinple electrical neans,
such as fiber |asers and quantum cascade | asers, are envisioned. The use of
such |l asers as they becone commercially avail able is envisioned. The
system can further include at |east onesgsst mrror 411 for reflecting the
|l i ght beam 406 fromthe |ight source 409 through the |light transm ssive

wi- ndow 404whEEﬁl };Qﬁt B8l offibetidd t3 dritAfHero PunfiP G dtdlid s Mdrulber f or

ellg

reflecting t I beam exi tiing the cell totheﬁ&ia\irhdetetor 4]._g. T@e
mrror 411(netprBPWRAb| y EEGMPIES Lo VRTIY RIUINS FEER Y ictb%te%% P23 the
light fromai-hemdicnea ilcage ot arnd bostiayeumps i i fuesidmhepwips pr 417

is preferably curyed in order taq .focus I he
det ect or 4?6§°ﬂe?égoﬁ’bm§’&'e(ﬁ°6:rpoc ' Rt *% %ﬁ]ﬁgrgﬂoo%&eﬂ;%ﬁ%fm: for
nMeasuri ng hposystemofforhddtegittintrayas! phads atoleculsds 0% has dpeehe |ight

transm ssi e w.n 4 el | a.H,%;r t4 t hy ejgnce
signal fro egcﬁé%?gr é’?r'er‘fe%&\ﬁaiane %;‘jﬁrpﬁreé%ax; n etgt%ir@sc'a?% %li?%nglﬁl' y be
provi ded i Whiile thet sacutm aummtihandiie (sEstem £or AR HRY 0%8uch as
gescribeds ﬁgtsléeﬂoilte‘acﬁﬂ%%dssﬁvé-ﬁhen Mophestrhtid &is abeimyi ddipesed

Scientific par at us”, i sqn \\esl eg/ Laondon, 1,983%%can a&ig!:t as,the nmeans
for subtrabelsy the Vaaehchamher 51, thosg skitled By ¥Ryt Hoes not

show any abeRuayomnderdtand rat estivdr | oif baptsdt ions hersaapse regi on, and
therefore provi,dés a reference signal. By subtracting the reference signal
fromthat @PW&%'ght whi ch passes through the cell (which is neasured by
the main det ect WhilevatHeatirovention Heas i lgen stesceibed e dehpdhswith for.

This also al lfoevl\:',serICOer teOn C&&f@”&hﬁé&iﬁgnég éﬁ%f?hfegﬁ§lguﬁet 0

mol ecul es i5F .
apparent to one skilled in the art that various changes and

modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.



-13- the system chanber 407. Wil e "dual beani techniques using

subtraction of a reference beamare well-known they usually require a

dedi cated beamsplitter, i.e., an optical elenent whose only function is to

divide the light beam According to the present invention, the entrance

wi hdow to the chanber can provide this function without the need for any

addi tional conponents. The ratio of transmtted to reflected |ight at this

wi ndow can be controll ed by use of an appropriate coating for the w ndow.

The novel system described above allows P& in situ detection of a

nmol ecul ar gas inpurity, such as water vapor. In this regard, Fig. 6

i |l ustrat esCLBaM&ariation in absorption peak height of the light enmitted by

a diode |aser atja wamepelggonal pleamarl mi Higpassnckdl 1a dsafil dm of water
o

t,.27.8 _Ih dat a . I t-ed Usj. d
LSRR 0 i s B G Pl

appl i cat i ongirSemsariled by a pluralitlyi lofd wallsereatdht ovaldr dvaving A&t or ney

Docket No. 9- Sesru:]? : : anidl] £ G L KY EWHAL S

herew t h; A?%g;ﬁ%e§ %g'gfg:{lq’ﬁo gfég_f%:é._ng the ﬁedl nvenétgllve 'system %s

particul ar epphi vadil isy conngsites itey at dnastulie Pdheedal £FYas to

exhaust ed fEB%ai\ﬁﬁ%%@sd&@@%qron | Bubstart ea98 4 o 1Rjdn cat bredkispased

. between a vacuum chanber and a vacyum punp, %yste lpe %iste i.s conpatible
with a w desifggefotheapolygan haying s phig ?tﬁ?gﬁ¥lﬁﬁﬁ fﬂﬁ#ﬁﬂéhﬁﬁﬁ tain

certain reaghiche eAtrPy@naaC Port dortidinigRs & Reiies trdrEniEsive window

pl asma- or . . - . .

: having a surface facing the sample region and disposed so as

to seal the cell in the circumferential direction, the cell

having a central axis parallel to the light reflective

surfaces of the walls and the surface of each light

transmissive window, which face the sample region.

2. ‘The polygonal planar multipass cell accofding to
claim 1, wherein the polygon is a regular polygon.

3. The polygonal planar multipass cell according to
claim 2, wherein the regular polygon is an octagon.

4. The polygonal planar multipass cell according to
claim 1, wherein the light reflecting surfacg of each wall
is substantially planar.

5. The polygonal planar multipass cell according to
claim 1, wherein the walls are arranged such that a light
beam entering the cell remains in substantially the same
plane while inside the cell.

6. The polygonal planar multipags cell according to
claim 1, wherein the walls are arrangéa such that a light
beam entering the cell is reflected from the light
reflective surface of one wall to the light reflective

-

A A



non-plasma state. Exanples of reactive gases which are conpatible with the
inventive systeminclude SiHerr], HO and C[err] provided the noisture

| evel-is less than 1000 ppm Any inert gas such as, e.g., Olerr], Nerr],
Ar and Herr] can be used in the inventive system In the case of the

I nventive systenis use in a plasma environnent, the systemis preferably
nount ed about 6 inches or nore away fromthe plasm zone in order to

-14- mninze the formation of deposits-Qn the wi ndows and other cell

surf aces. Because the detection system descri bed above in reference to

Figs: 4A AU ABRARDRANHLY YIS TR i HAVRN Wageres 2o wel | as

with inert~or reactive ses, e systemis particularly weII_SJitelefor
9 they 5

use in nonreflesgedafrom each wadd At deasteoncg @FLRr kR XY

semi conductgh 1 PEACBRYNEMPRAE x5 it L he detection systemin
conjunction wth a sém conduct or processing apparatus allows for real tine

in situ nonitoring of gas phase nolecular inpurities. Additionally, because

;?g_ 'frel I Ihei ght |7|h anend qmq_:)ﬁonhb:l( igﬁﬁzg'.m;ﬁlkmat'h sSBelrhnmdeondikg to

itrari snal I, as_descr.i above .use o ' sem conduct or
processi ng\é&ﬁﬂﬁ’r dtrus %"%?ﬁq‘eaa‘?ﬁeﬁsgﬁﬁ at fl'éécltgq'b%gdr%?él%r}g%ffﬁnh% apgar g{ us
or requireddeecition paratlilels thirthey cell cfentialy akis bt the ramge ekanpl e
of such a %%3%%@2}’?@&%& 0.1."‘”\:6%%19: 5. While the structure of a :

sem conduc g apparat us

8. The polygonal planar multipass cell according to
claim 1, wherein the cell has a diameter in the range of
from approximately 5 to 40 cm. '

9. The polygonal planar multipass cell according to
claim 1, wherein at least one of the at least one window has
a coating on a surface opposite the surface facing the
sample region for reflecting a portion of a light bean.

10. A system for detecting gas phase molecular species
in a sample by absorption spectroscopy, comprising:

a polygonal planar multipass cell, comprising a
sample region circumscribed by a plurality of walls, each
wall having a liéht reflective surface facing the sample
region, wherein each wall ié connected to at least one other
wall so as to form in cross—-section substantiélly a polygon,
at least one side of the polygon having a 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, the cell having a central axis
parallel to the 1ighf reflective surfaces of the walls and
the surface of each light transmissive window, which face
the sample region; '

I
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has been shown generically in Fig. 5, persons skilled in the art wll
appreci ate that the systemcan be readily adapted to virtually any of the
sem conduct or processi ng appar at uses enpl oyi ng a vacuum system Exanpl es of
such apparatuses are etching, diffusion, chem cal vapor deposition (CVD),
ion inplantation, sputtering and rapid thernal processi ng appar at uses.

The apparatus 515 illustrated in Fig. 5 conprises a vacuum chanber 516

i nside which a sem conductor substrate 5lg+4 s disposed on a substrate

hol der 518. A gas inlet 519.is provided for delivering a gas or plural
gases to'the vacaumiqwmur&% folhirratiimor arhiight beanfciltAtyH ewaigh an

exhaust openi.ng,520,i vacu er uum Qu 521 for vacuatlng
the vacuum & a%@r a%y geass C(?f?f?e(lj'tlgg&t r&%‘@rﬁﬁ"@r ranéﬁ% Hﬁ%cttrf '
t hrough a veeldy kande a maimd@hchmm neasnysiziy dire bhgitnwmanad to t he
punp 521, it e
.connect ed tgxg'r?ot thp?ur%allr ﬁhgoélghasonsecrou ber (notlses%sé"k%ﬁ:@ g@‘n‘%l es of
vacuum punpé'rl\ﬂi!ﬁlsﬂisﬁd-yebé”&ﬂﬂ‘@ﬁedf rein ehaanple gasrflows Yok theps,

di ffusi on pugR$) eCPrEREN G P WRE il PardiRS) &Yl £Hid RUDI &S @Fa PUNPS.
The system for, detecting gas phase nol ecul es 508 has been described in

detai |l abov@%iF-reference to Figs. 4A and 4B. Wiile the vacuum punp 519 and
the system for detecting gas phase nol ecul es 508 have been illustrated as

being di sposed bq.l ow % Vs%(cs uerﬂ Cthorn%eetecjﬁlrgg}mgsaes Sp e{sleeqncleecuhle art
'spec1es according to claim 10, wherein the polygon is a
regular polygon.

12. The system for detecting gas phase molecular
species according to claim 10, wherein the absorption
spectroscopy is tunable diode-laser absorption spectroscopy.

13. The system for détecting gas phase molecular
species according to claim 10, wherein the regular polygon
is an octagon. '

14. The system for detecting gas phase molecular
species according to claim 10, wherein the light reflecting
surface of each wall is substantially planar.

15.- The system for detecting gas phase molecular
species according to claim 10, wherein the light beam path
'in the cell is perpendicular to the cell central axis.

16. The system for detecting gas phase molecular
species according to claim 10, wherein the walls are
arranged such that the light beam remains in substantially
the same plane while inside the cell.

AR O



‘readily understand that other orientations are al so possible. Wi | e
the invention has been described in detail wth reference to specific
enbodi ments thereof, it will be apparent to one skilled in the art that
vari ous changes and nodifications can be nade, and equival ents enpl oyed,

wi t hout departing fromthe scope of the appended cl ai ns.

-16- d ains: 1. A polygonal planar multipass cell useful in
absorption spectroscopy, conprising a gggple region circunscribed by a
plurality of walls, each wall having a I'i'ght reflective surface facing the

sanpl e region, yher eiph LACH A ledyS FAMAGRS o PndS@Stoaupiber val | so
n su (0]

as to formin cioss-secti, stantially a pol ygon, at |east one side of
the pol ygospreiesgagcorgindefa Wwladm I Whexad Ehe L bHt35% exit port
cont ai M NYadrhihglla udhS Ehat theVIight Hudm et stiidicehd ase Iy ide sanpl e
region and_di sposed so as to seal .the cell in the glieu erentiai
di rect i on, rekdectead If&'\ﬂnhé'ﬁ"f zle‘rﬁl}talr iQCtLye FIHLICE (9 PRy thiFRctive
aﬁr f ﬁCfes OEPEhuvgm-Jl refltdtive wirtxcofotanothghtwdl hnssuck i tiabi thiew,

i C ace t, S e .regiqn. o L pass
.cell accor &i“ﬁg‘tt g’gp&nbllrﬁ %ec’u\/]&’neec?teel% %ﬂoé p%?%%gfisy‘gg%% a?&g%?%%%{){)

to exiting the cell.

18. The system for detecting gas phase moleculér
species according to claim 10, wherein the cell has a'height
measured in a direction parallel to the cell central axis in
the range of from approximately 1 to 5 cm.

19. The system for detecting gas phase molecular
species according to claim 10, wherein the cell has a
diaﬁetef measured in a direction perpendicular to the cell
central axis in the range of from approximately 5 to 40 cm.

20. The system for detecting gas phase molecular
species according to claim 10, wherein at least one of the
at least one window has a coating on a surface opposite the
surface facing the sample region for reflecting a portion of
a light beam.

21. The system for detectinglggs phase molecular
species according to claim 10, further comprising a first
‘mirror for reflecting the light beam from the light source
through the light transmissive window into the cell, and a
second nmirror for reflecting the light beam exiting the cell
to the main detector. ' ' '

22. The system for detecting gas phase molecular
species according to claim 10, further comprising a second
detector for measuring a portion of the light beam which is
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3. The pol ygonal

pl anar multipass cell according to claim2, wherein the
regul ar polygon is an octagon. 4. The pol ygonal pl anar nulti pass
cell according to claim1, wherein the light reflecting surface of each
wal |l is substantially planar. 5. The pol ygonal pl anar nultipass

cell according to claim1, wherein the walls are arranged such that a |ight

beam entering the cel
the cell.

prior to exiting the cel

23.
species according to

The system

remains in substantially the sane plane while inside
6. The pol ygonal
1, wherein the walls are arranged such {TA
|sreflectedf om, t t [ f f

refl ective frlect I&ebl} %e o‘ﬂé océ Ehee%{ s or@?li’ﬂil.
such whadomss | i ght beamis reflected fromeach wall
through the entry/exit port.

pl anar according to claim

4nnt|pass cel |

a light beamentering the cel

{aldif L 6
ace o anot her

at | east once

sur

for detecting gas phase molecular
claim 22, further comprising means for

subtracting a reference signal provided by the second

detector from a measurement obtained by the main detector.

24.
species according to

‘The system

for detecting gas phase molecular
claim 10, wherein the cell is disposed

between and in communication w1th a Vacuum chamber and a

vacuum pump.

25.
species according to

The systen
forms a portion of a

26.
species according to

. The systen

processing apparatus

for detecting gas phase molecular
claim 24, wherein the vacuum chamber
semiconductor processing apparatus.

for detecting gas phase molecular
claim 25, wherein the semiconductor
is selected from the group consisting

of an etching apparatus, a chemical vapor deposition

apparatus, an ion implantation apparatus, a sputtering

apparatus and a rapid thermal processing-appgratus.

27.
species according to

The system

processing apparatus

28.
species according to

The system

adapted to contain a

for detecfing gas phase molecular
claim 26, wherein the semiconductor
is an etching apparatus.

for detectlng gas phase molecular .
claim 10, wherein the vacuum chamber is
plasma atmosphere.
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7. The polygonal planar nultipass cell according to claim1, wherein the
cell has a height neasured in a direction parallel to the cell central axis

in the range of fromapproximtely 1 to 5 cm 8. The pol ygonal
planar multipass cell according to claim1, wherein the cell has a dianeter
in~the range of fromapproximately 5 to 40 cm 9. The pol ygonal

pl anar mul ti pass cell according to claim1, wherein at | east one of the at
| east one wi ndow has a coating on a sur4zme opposite the surface facing the
sanple region for reflecting a portion of a |ight beam 10. A

syst$n1for deteg@hngxﬁﬁ;sysﬁﬁmrnﬂnnﬂétactim@igssiphaseamngCD&aabsorption
spectroscopy, Gonprising.. . |y, . Pl r | | 4
conpri si ng’ eé’&ﬁgg@ BTt %]Fl?blgéj)’ b‘;’}ﬁ)%}lgrgtﬁll tyg%#ﬁﬁmgﬁﬁé?lsggc “wal |
having a | iaglalptreef [textcortain facedcivey g&e atmpsphergi on, wherein each
wal | i's connected to at |east one other wall so as to formin cross-section
substantially a polygon, at |east one side of the polygon having.a.light
entry/exit port 10Kﬂw£4ﬁemkE9nQ#ﬁ¢9¥eRF@Ciﬁﬁ%n%oﬂPE?ﬁFﬁ Sa FPBH?lSlng'

transmi ssive w ndow haw{@wn Schdm6er f B i S6mhbRica40D6R WeBhoa ®adudinsposed
so as to seal the cell 1n the circunferential direction, the Eaéhﬁhaving a

central *axB¥a AT SVAPIFENY | Hhe YaFaur cRamRert o2 cBOLYIPHB £%%nd the
surface of A dddtcd I RNES A1 VEor absvrpvbonhspactrobeopgnliepoegidon

between and in communication with the vacuum chamber and the
vacuum pump, the cell comprising a sample region
circumscribed by a plurality of walls, each wall having a
light reflective surface facing the sample region, wherein
‘each wall is connected to at least one other wall so as to
form in plan substantially a polygon, at least one side of
the polygon having a 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 circumferéntial direction, the cell
having a central axis parallel to the light reflective
surfaces of the walls and the surface of each light
transmissive window, which face the sample region;
and further comprising a light source for directing a
light beém through one of the at least one light
transmissive windows into the cell, and a main detector for
‘ measuring the light beam-exiting the cell through one of the
at least one light transmissive windows, wherein a sample
gas flows through the sample region in a direction paréllel
to the cell central axis.

31. A method of detecting gas phase molecular species
using the polygonal planar multipass cell of Claim 1, the
method comprising the steps of:

directing a light beam through at least one of the
at least one light transmissive windows into the sample

L L



a light source for directing a |ight beamthrough one of the at |east one
l'ight transm ssive wrndows into the cell, and a nmain detector for neasuring
the light beamexiting the cell through one of the at |east one |ight
transm ssive wi ndows, wherein a sanple gas flows through the sanple region

in'a direction parallel to the cell central axis. 11. The system for
det ecting gas phase nol ecul ar species according to claim 10, wherein the
pol ygon is a regul ar pol ygon. 12. =2Be system for detecting gas phase

mol ecul ar species according to claim 10, wherein the absorption
spect r oscopyregionned| thei egdl| whirhagoptpinsenaspast seawdgy. wherein the The

system for defgrtiBdafioseR#A8 WR! 8GBSRENERRENGS tﬁ%ﬁ%h_%hanﬁlhﬁec kaiiel0,

wherein the yegul ar polygon is an octagon. e system for

det ecting gakn®HARethd| €BLlar @88eci es according to claim 10, wherein the
light reflecting surfageaghreéaghtnel Lightsbbamanhiehl exjltanghe cell 15.

The systen1f££rggégcé NPedaz 8ﬁgsgfnghgcgka&east one light transmissive

windows.

32. The method for detecting gas phase molecular
species according to claim 3i, wherein the light beanm is
reflected from the light reflective surface of one wall to
the light reflective surface of another wall, such that the
light beam is reflected from each wall at least once prior
to éxiting the cell through one of the at least one light
transmissive windows.

33. The method for detecting gas phase molecular
species according to claim 31, wherein the gas sample flows
through the cell.

34. The method for detecting Qas phase molecular
species according to claim 33, wherein the gas sample _
comprises a gas exhausted from a vacuum chamber, and wherein
the gas phase molecular species is detected in situ.

-

35. The method for detecting gas phase molecular
species according to claim 31, wherein the molecular gas
impurity is water vapor.

36. The method for detecting gas phase molecular
'species according to claim 31, further comprising measuring
a portion of the light beam which is reflected by the at "
least one of the at least one light transmissive windows
through which the light beam is directed into the cell, and
subtracting the measured signal due to the reflected light

* -C L M S *



-speci es according to claim10, wherein the Iight beampath in the cell is
perpendi cular to the cell central axis. 16. The system for detecting
gas phase nol ecul ar species according to claim 10, wherein the walls are
arranged such that the Iight beamremains in substantially the sanme pl ane
while inside the cell. - -19-.

17. The system for detecting gas phase nol ecul ar species according to claim
10, wherein the walls are arranged such that the |ight beamentering the
cell is reflected fromthe |ight refl ectdde surface of one wall to the
l'ight reflective surface of .anpther |1, such that t.he Jight beamis

refl ect ed SFSWI gg@ﬁ‘ FeSiaRy ﬁﬁ %ﬂ]\(ﬁleprqoc#utocp & Y ih%‘%e??’gm

18. The sywhéphf exidet etie rgeldas phase nol ecul ar species according to claim
10, wherein the cell has a height nmeasured in a direction parallel to the

cell central axis in the range of from approxinmately 1 to 5 cm 19.
The system for @&t.ectThey mpthgshfinr detectiing gasipkasedsebeelas cl aim 10,

wherein the,eRlileshaeR®rding to claim 31, wherein the cell is disposed
between and in communication with a vacuum chamber and a

vacuum pump.

38. The method for detecting gas phase molecular
species according to claim 37, wherein the vacuum chamber
forms a portion of a semiconductor processing apparatus.

39. The method for detecting gas phase molecular
species according to claim 37, 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 sputtering
apparatus and a rapid thermal processing apparatus.

40. The method for detecting gas phasé molecular
species according to claim 38, wherein the semiconductor
processing apparatus is an etching apparatus..

41. The method for detecting gas phase molecular
species according to claim 31, wherein the vacuum chamber
contains a plasma atmosphere.

42. The method for detecting gas phase molecular
species according to claim 31, wherein the wvacuum chamber
contains a reactive gas atmosphere. -
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di aneter neasured in a direction perpendicular to the cell central axis in
the range of fromapproximately 5 to 40:cm . 20. The system for
detecting gas phase nol ecul ar species according to claim 10, wherein at

| east one of the at |east one wi ndow has a coating on a surface opposite
the surface facing the sanple region for reflecting a portion of a |ight
beam - 21. The system for detecting-g&s phase nol ecul ar species
according to claim 10, further conprising a first mrror for reflecting the
li ght beam fromthe |light source through the |ight transm ssive w ndow into
the cell, and a g@%%ﬁﬁ£ﬁ¥r?%#“45r"¥%?¥ $ngEbhe FYSHEM paNB) ARPARAEUS he

cell” to the main detector. INCLUDINGZsaMB¢ ANS IMETAOD ORI@®SEI Ny gas phase
nol ecul ar species according to claim 10, further conprising a second

detector for nmeasuring a portion of the |ight beamwhich is
-20- reflected by the one of the at |least one |ight transm ssive w ndows.

_ Abstract

Provided is a novel polygonal planar multipass cell and
method of use for absorption spectroscopy. The cell
comprises a sample region circumscribed by a plurality of
walls. Each wall has a light reflective surface facing the
sample region, and each wall is connected to at least one
other wall so as to form in cross section substantially a
polygon. At least one side of the polygon has a light
entry/exit pért therein, and the entry/exit port contains a
light transmissive window which has a surface facing the
sample region. The window is disposed so as to seal the
cell in the circumferential direction. The cell has a
central axis parallel to the light reflective surfaces of
the walls and the surface of the light transmissive window
which face the sample region. The cell can be used to
measure molecular gas impurities in a sample. Particular
applicability-is_found in semiconductor processing.

(Figure 43)



23. The system for detecting gas phase nol ecul ar species according t-6-cl aim
22, further conprising neans for subtracting a reference signal provided by-
t he second detector from a neasurenent obtained by the main detector.

24. The system for detecting gas phase nol ecul ar species according to claim
107 wherein the cell is disposed between and in conmuni cation with a vacuum
chanber and a vacuum punp. 25. The- system for detecting gas phase

nol ecul ar species acecording to claim24, wherein the vacuum chanber forns a-
portion of a sem conductor processing apparatus. 26. The system for
detecting gas phase nol ecul ar speci es ﬁﬁgording to claim?25, wherein the
sem conduct or processing apparatus is ected fromthe group consisting of
an etching apparatus, a chenical vapor deposition apparatus, an ion

i npl antati on apparatus, a-sputtering apparatus and a rapid thernmal
processi ng appar at us. 27. The system for detecting gas phase

nol ecul ar speci es according to claim 26, whergpg the sem conduct or
processi ng apparatus i's an etching apparatu%( 28. The system for
detecti ng gas phase nol ecul ar species accor8ling to claim210, wherein the
vacuum chanber is adapted to contain a plasnma at nosphere.
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= 271- 29. The system for detecting gas phase nolecul ar species
.according to claim10, wherein the vacuum chanber is adapted to contain a
reactive gas atnosphere. 30. A sem conduct or processing apparatus,
conpri si ng: a vacuum chanber in comunication wth a vacuum punp
for evacuating the vacuum chanber,_a pol ygonal planar nultipass cell usefu
for absorption spectroscopy disposed Ezyseen and in comunication with the
vacuum chanber and t he vacuum punp, t el | conprising a-sanple region
~circunscribed by a plurality of walls, each wall having a Iight reflective
surface facing the sanple region, wherein each wall is connected to at
| east one other wall so as to formin plan substantially a polygon, at
| east one side of the polygon having a |ight entry/exit port therein, each
entry/exit port containing a light transm ssive wi ndow having a surface
facing the sanple region and di sposed so as to seal the cell in the
circunferential direction, the cell having a central axis parallel to the
light reflective surfaces of the walls and the surface.of each |ight
transm ssi ve wi ndow, which face the sagple regi on; and further -
conprising a light seur for directing a light beanfhrough opey of the at
| east one |ight tranhigsive winddws ipto tihe Cehl -.ithﬂnainss%tector for
the at 1east one

measuring the |ight bswamex{ting tthe Il tihr oug®
i S bﬂroughczye sanpl e
S. el
L

li ght transmi ssive w nddws, | wher eijn &|sanplie gas
region in a direction pgral|el tojthe tell {central
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31. A nmethod of detecting gas phase nol ecul ar speciés using the pol ygonal
Pl anar mul tipass cell of Caiml, the nethod conprising the steps of:

di rectl ng a light beamthrough at |east one of the at |east one |ight
transm ssive windows into the sanple

- 221 region of the cell which cont alrr%s gas sanple, wherein the |ight
beam remains in substantially the sa / ane while inside the cell; and
measuring the |light beamwhich exits the cell through at |east one of the
at | east one light transm ssive w ndows. 32. The nethod for
detecting gas phase nol ecul ar species according to claim.31, wherein the
light beamis reflected fromthe Ilight reflective surface of one wall to
the light reflective surface of/aﬁ@! her wall, such that. r/ﬁé""pﬁght beami s

reflected from ou,n WA Tar Teast _once priwy to exifTng the |1 through
one of the at @t one Ilght transm ss NI ndows & 3B. The net hod
i j 1o Clal

for detecting agcor di ng 31, wherein
t he gas s%HBI_g flows
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t hrough the cell. _ 34. The nethod for detecting gas phase nol ecul ar
speci.es according .to claim 33, wherein the gas sanple conprises a gas
exhausted from a vacuum chanber, and wherein the gas phase nol ecul ar

speeies is detected in situ. 35. The nethod for detecting gas phase
nofecul ar species according to claim31, wherein the nolecular gas inpurity
is water, vapor.’ 36. The nethod for detecting gas phase nol ecul ar

speci es according to claim 31, furthen4¢5nprising measuring a portion of
the Iight beamwhich is reflected by the at |east one of the at |east one
| i.ght transm ssive wi ndows through which the Iight beamis directed into

the cell, and subtracting the neasured signal due to the reflected Iight
-23- beamfroma signal due to the portion of tgﬁ i ght beam which exits
the cell. 37. The nethod for detectingygﬁ' ase nol ecul ar
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species according to claim31, wherein the cell is disposed between and in
communi cation with a vacuum chanber and a vacuum punp. ™ 38. The

met hod for detecting gas phase nol ecul ar species according to claim 37,
whetein the vacuum chanber forms a portion of a sem conductor processing
appar at us. 39. The nethod for detecting gas phase nol ecul ar speci es
according to claim37, wherein the sem conductor processing apparatus is
sel ected fromthe group consisting of an etching apparatus, a chem cal

- vapor deposition apparatus, an ion inplantation apparatus, a sputtering

apparatus and a rapid thernmal processing apparatus. 40. The net hod
for detecting gas phase nol ecul ar species Szgording to claim 38, wherein

t he sem conduct or processing apparatus is et'chi ng appar at us. 41.
The nethod for detecting gas phase nol ecul ar species according to claim 31,
wherein the vacuum chanber contains a plasma at nosphere. 42. The

nmet hod for detecting gas phase nol ecul ar species aceording to claim 31,
wherei n the vdacuum chanber contains a reactive gas atnosphere.
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