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t he d%teciion of traces of inmpurities (for exanple water vapor) in a gas
sanpfe. It nore particularly relates to the nethods for detecting and
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time of t or der ,of few mnutes for variations, Qntent_ from qne
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diode laser absorption spectroscopy”)., the hygrometers
available on the market (whether, for example, dew-

point hygrometers, vibrating-quartz hygrometers or P,0O¢
electrolytic hygromeﬁers) offered unsatisfactory
15 performances both relating to the lower detection limit
(more than 10 ppb) and relating to the often
prohibitive response time of these apparatuses, which
may be more than one hour, with an operating time of
often more than several hours.
20 The so-called APIMS method (for atmospheric
pressure mass spectrometer) for the first time provided
a considerable improvement in the perfoimances achieved
in comparison with traditional hygrometers, with a
detection limit as low as 10 ppt of water wvapor in a
25 neutral gas and a response time of the order of a few
minutes for variations in content from one sample to
another which can spread over three orders of
magnitudé. - _
However, either with traditional hygrometers or
30 APIMS, their operation is relatively incompatible with
the measurement of impurities in corrosive gases (such
as HCl, HBr, HF, etc.), these hygrometers then having
sensitivities of noc less than 100 ppb in the optimum
case, their performances being largely degraded by the
3% presence c;f such corrosive gases, and their operation
being even sometimes made impossible because of
degradation of the instrumentation (incompatibility
with the materials).
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(having the appearance of a Lorentzian) ., make it
possible to identify the presence of the molecule and
to quantify this presence in the medium analyzed.
Still using the example of the detection of the

15 water molecule, the laser source {most often a
semiconductor diode laser) can emit light at a very
precise wavelength in the near infrared, which wave-
length can be varied by adjusting the temperature and
the supply current of the diode.

20 The Beer-Lambert law is most often used to
express the intensity of the light transmitted by the
gas medium which comprises the impurity molecules, as
attenuated at the characteristic waveléngths of these
impurity molecules, according to the formula:

- 25 I{A) = Io{(A). exp (~k.N.L/m.y)
where
N represents the concentration of the absorbing
mol-ecule,
I, represents the initial intensity of the beam

30 emitted by the diode, on entry into the gas sample
analyzed,

k represents the intensity of the al_asorption
line,
L represents the path length in the gas sample

35 analyzed, and '

Y represer;ts the linewidth.

It can therefore be seen that it is possible to
detect an impurity by using the diode laser to scan the
profile of omne  of these characterigtic absorption
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will increase as the inpurit
definitively set by the range of impurity contents in

question (for example of the order of ppb). However, it

10 is always possible to select one of the more intense
absorption lines in the _spectrum of the molecule
considered, and to seek to obtain a maximum path length
of the beam through the sample to be analyzed {while
attempting to have the least possible detrimental

15 effect on the overall bulk of the apparatus).

This formulation  also shows that, for weak
absorptions, the concentration of absorbing impurity in
the analyzed sample can be deduced linearly from the
absorbance measurement for the line considered.

20 As previously indicated, this principle has
been used very widely over the last few years in works
relating to the detection of traces of water vapor, the
diode laser being set to a wavelength 1lying around
1.37 pm, or else to the detection of traces of CH, or

25 N,0 (reference may, in particular, be made to the
following works: D. Cassidy, et al., publigshed in
-Applied Opties, July 1982, p. 2527; J. Mucha et al.,
published in ISA Transactions, 1986, Vol. 25, p. 25; G.
Devyatykh et al., published in SPIE Vol. 1724, Tunable

30 Diode Laser Applications, p. 335; and S. Bone et al.,

- published in Applied Spectroscopy, 1993, Vol. 47,
p. 834). ' '

Examination of the performances reported in
these various works demonstrates the following points:

35 ' - @gince the use of pressures close ¢to
atmospheric pressure or greater than this atmospheric
pressure lead to a broadening and an amplitude decrease
in the absorption lines, these works have most often
selected low-pressure operating conditions;
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the reported detection levels remain very

high (typically several tens of ppm), the very low
levels sometimes reported being always projected
15 (extrapolation of results already obtained);

-~ since these results relate to the detection
of water wvapor in neutral gases, no information is
given regarding the compatibility of such methods with
corrosive gaseous media, and in any case the use of

20 vacuum pumps appears incompatible with such corrosive
'~ atmospheres;

- the achieved detection levels and the lack of
compatibility with the presence of corrosive gases
therefore make these methods inapplicable to the case

25 of gas lines of microelectronics manﬁfacturers, for
which the detection levels to be achieved must be of
the order of 1 ppb, in widely wvaried carrier gases,
whether they are inert gases (nitrogen, argon, etc.),
or relatively corrosive special gases according to each

30 particular case (SiH,, HBr, HC1, étc.).

In this context, the object of the present
invention is to provide a method for analyzing traces
of at least one impurity in a gas sample:

- making it possible to achieve detection -

35 1levels as low as 1 ppb; ' |

- regardless of the characteristics of the gas
sample containing the impurity (whether it 4is, for
example, a neutral gas or reactive special gas'es for
electronics) ;
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The work carried out by the Applicant Company
in this field has demonstrated that it was possible to

~ provide a solution with a good compromise between these
objectives, some of which are, however, conflicting.

15 This solution, based on the principle of semi-
conductor diode laser infrared spectroscopy, employs
the splitting of the beam emitted by the diode into at
least two branched beams, one, called the measurement
beam, encountering_ the gas sample to be analyzéd, which

20 1is at a pressure at least equal to atmospheric pressure’
(along a so-called measurement path), ‘and the other,
called the reference beam, not encoumtering this gas
sample {(along a so-called reference path), the optical
path lengthe of the measurement and reference paths

25 Dbeing equalized respectively between the diode and a
measurement photodetector present at the end of the .
measurement path, and between the diode and a reference
photodetector present at the end of the reference path,
a modulation of the wavelength emitted by the diode,

30 comprising at least one function of the exponential
type, having been introduced.

The work carried out by the 2applicant Company,
in particular in the field of the detection of traces
of water vapor, has in fact demonstrated the importance

35 of the fact of having equalized in air the optical path
lengths of the measBurement and reference paths in order
to access detection limits of the order of 1 ppb, this
being in order to overcome the contribution to the
measured signal of the humidity in the ambient air. The
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peak shapes which approach the theoretical profile of a
perfect Lorentzian. .
The method according to the invention for
analyzing traces of at least one impurity in a gas
15 sample by means of a tunable diode laser, during which
a measurement is made of the absorption, by the
impurity to be detected, of a light beam emitted by the
diode, the supply current of the diode comprising a
continuous component and a variable component making it
20 possible to introduce’ a modulation of the emitted
wavelength in order to describe all or part of the
profile of at least one of the absorption lines of the
impurity, the beam emitted by the diode being split
into at least two branched beams, of which one, called
25 the measurement beam, - is along a measurement path
directed toward the gas sample to be analyzed, which it
passes through in a multipassage cell, before being
focused onto a measurement photocdetector, another
branched beam, called the reference beam, being along a
30 reference path and directly focused onto a reference
photodetector without encountering the gas sample, and
the optical path lengths of the measurement and
reference paths, respectively between the diode and the
measurement photodetector and between the diode and the
35 reference photodetector, having béen equalized in air,
is one wherein gas sample to be analyzed is at a
pressure at least equal to atmospheric pressure, and
wherein the introduced modulation comprises at least
one function of the exponential type.
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The optical path lengths outside the absorption
cell are equalized with the aid of an optical path
15 adjustment, the precision of which should be sub-
millimetric or even micrometric. Such an equalization
of the optical path | lengtﬁs may, for example, be
obtained by using a system of plane mirrors which are
placed on the path of the reference beam and make it
20 possible to vary the optical path length of this
reference path between the diode "laser and the
reference photodetector, without altering the alignment
thereof.
_ .As indicated above, the introduced modulation,
25 which comprises a funétion of the exponential type (for
example in I, (1-A exp. (-at))) has shown, as will be
expounded upbn_ hereafter in the context of examples,
results which are substantially improved compared to
the modulations traditionally used and recommended in
30 the literature, while permitting better accommodation
of the phenomena of broadening and amplitude decrease
of the absorption lines, which are induced by operating
at a pressure close to atmospheric pressure. "
The laser source used will advantageously be a
35 semiconductor diode of the InGaAsP type (the so-called
DFB, DBR, DFB/DBR types which are well known to the
person skilled in the art) or else a diode of the
doped-crystal solid laser type. '
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stabilized (for example by using a Pelti;gr-effect
element), in order to center its emission ‘on the
selected absorption 1line, the current used for
supplying the diode then making it possible to modulate
15 the wavelength in order to describe all or part of the
profiie of the absorption. line selected for the
molecule in question (the supply current of the diode
then comprises a continuous component and a variable
component, the latter being used to modulate the
20 enmitted wavelength). '

According to cn,é of the embodiments of the
invention, no cell is arranged on the reference path,
between the diode and the reference photodetector.

Advantageously, the diode and/or the

25 measurement and reference photodetectors are mounted
without a window.

The miultipassage cell used is, for example, of
the Herriot type, as composed of two spherical mirrors
with the same focal iength,' one of these mirrors

30 comprising an off-center_ed orifice through which the
beam enters and leaves the cell after a certain number
of reflections. The input window of the cell is
advantageocusly inclined at the Brewster angle, so that
the naturally polarized beam of the diode 1laser is

35 fully transmitted, while minimizing parasitic
reflections which are a source of perturbation of the
signal.

A multipassage cell of the astigmatic type, for
example, may also be envisaged. :
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certain cases with corrosive gases, such as nickel or else Hastelloy,
and also a very low degassing/desorption factor for the

molecules to be detected.
It will alsoc be chosen to construct the cell

15 according to the 7rules relating to ultravacuum
conditions or gases of very high purity, £favoring
metallic materials and avoiding polymer materials,
including for the seals, except when their use proves
necessary (in particular around the window).

20 According to a preferred embodiment of the
invention, the cell is made from a single metal block
(thus machined from solid), without welded joints or
weld .beads ' which  represent  points which are
potentially vulneraﬁle to corrosion.

25 -8till with the aim of minimizing optical noise
and other parasitic reflections, it may, for example,
be chosen to use, for the component used to split the
beam emitted by the diode into as many branched beams,
a splitter component (for example a splitter plate)

30 which is thin and perfectly cleared. It is also
possible to incline the detectors sufficiently to limit
reflections toward the diode laser and to clear the
rear face of this diode laser, and also, in general, to
prevent the beams from being diaphragmed downstream of

35 the splitter component at any moment.

In order to achieve the aim of a detection
" 1imit which is as ‘low as 1 ppb (for example 1 ppb of
water vapor), it is advantageous, as a complement to
the equalization of the analysie/reference optical path -



of industrial pipelines. The optical path | engths outside the absorption
cell aré equalized with the aid of an optical path 15 adjustnent, the
precision of which should be sub- mllinmetric or even mcronetric. Such
an efjualization of the optical path lengths may, for exanple, be obtained
by using a systemof plane mirrors which,gre placed on the path of the

ref erence beam and nmeke it 20 possible, to vary the_optical path

l ength of tﬁr%n?r"é?%réllré'éadﬁatqﬁen‘b’e?%nabf’ﬂé' d"r‘Z)déz'-“Is thear‘Fd’actehe
reference photestet£iied bwlttvbeut thé edidget hBa@éth&mnt eh BRI elfteADT

I ndi cat ed above,, . he int Eced rmdul %llon % gh |ses function
of the exponen‘ﬁ a}f ?‘yB’éo F% ﬁ%fgé [ F[ «?Frc’] ef Xee?ﬁsn%r z?t‘ﬁ)n)a shown,
as will be expounpessibbe. henedheeronien hamd coheexedufee tiep|msasidsia ts

whi ch are ubSéfgtHAﬁI '&’ué W&V%&Ofﬁi@éé‘&é& tde mglatdqns Gradigional Iy

used and recommended he literature, while péermtting better

accommodat i on KL ?%%eﬁ&ﬁ'ﬁna%‘?‘l b??)ﬁﬁerﬁ%g"%‘?ﬁe%ﬁfbl thgd e RrsEdtedf the
absorption |i rtgst;idum Ghowers, ibshmetk byf ofer atedigreti abgurgasicne ! a3R t 0

at mospheri c pr e o? T‘{]ﬁ A,‘f&gg&%%tglc&c ??%u‘%lﬁ gdvant ageously be a 35

semi conductor So-call ed DFB, DBR, DFB/DBR
t ypes which are vveII KFein tofiﬁéhp%gson%hl | ed®in Ph’et&PF}-Ver elgse a

di ode of the dpperkstysdsSP! | nd 858%ed YPCOr else argon) will
advantageously be implemented by including the, assembly
constituted by the diode, the measurement and réference
photodetectors and the multipassage cell -containg the
gas to be analyzed in a hood, which is isolated from

15 the surrounding atmosphere, and which will be flushed
with such a protective gas flow. The absence of a
window at the detectors and the diode then represents a
véry positive point as regards the limitation of the
presence of any unpurged dead volumes. |

20 Such flushing with the protective gaes will
advantageously be carried out in laminar flow, in order
to improve the efficiency and stability of the flow,
and .also to optimize the gas consumption.

In order to favor the obtaining of Iimproved

25 response times for the method, it appears quite
particularly advantageous to minimize the residence
time of the molecules of the gas sample to be analyzed
in the cell, which the Applicant Company has obtained
according to the invention by minimizing the dead

30" wvolumes. and the vortex phenomena when the gas enters
the cell and when it flows through this cell, ensuring
a laminar or quasi-laminar flow of the gas in the cell.
An illustration of embodiments making it possible to
“obtain such a laminar flow is given further on in the

35 present description. ' '

The invention also relates to an apparatus for
analyzing traces of at least one impurity in a gas
sample, suitable for implementing the invention,
comprising,



-8- As wll be clearly apparent to the person skilled in the art,
dependihg on the inpurity to be detected in the gas sanple to be anal yzed,
the em ssion of the diode will be centered on a wavel ength 5 corresponding
to " an absor ption line  which I s advant ageous for the inpurity in
guestion (for exanple on the wavelength close to 1.37 pm or else on a
wavel ength close to 1.9 [err], for detec%}ng traces of water vapor). 10

The diode is then advanﬁag@@ésbydugnperdtqde 133eb3I|zed (for exanple by

using a Peltier-effect elaq;rrerite)ast i Q:n %lttt%r m | tmsa.kl %'?ngslt

the selected absqrption li.ne, nt use or supp

di ode then mﬁ%@%epﬁﬁlsé’l]é-tt d'—h\ﬁ)éiﬂam emittedhbyndhel digde iimtoradr to
descri be al | a.reawtws H&&nl&h@fil | Sedtis | he?ab&mgtédénthﬁn%e%ﬁé&%%tfor the
nol ecul e | of the dio t hen conprises a

cont i nuousgcg#p%%%ne 2‘ Sﬁgi §n%8ﬁeﬁ?ger?ﬂ°ée%?%‘l“f‘9r bei ng used

to nodulate the 20 -em mmmm)u Acndradiniggt chengraef sadaple

embodi nents ofed B iaRu@RLle@r, no cell is arranged on the reference path,
bet ween the diode and the refer ence phot odetector. Advantageously, t he

di ode and/ or thé 2!'5‘n mBREIFRIentiedhge r MFIRE e HhotRRARIGN D $0 are
mount ed wi t hodtirecti mmmeamnaﬂaummgmwgl alSRh dufreniedit pHTIaa, Of

the Herri t onpaosed two_spherical mrrors with the sanme focal
| engt h, oﬁae o%gt%ﬁ‘egzlt% rrors Gk LR, 8RNEL £

- a measurement photodetector;
- an optical device making it j_)ossible to
~direct the measurement beam output by the multipassage

cell onto the measurement photodetector;

15 - a reference photodetector;

- an o;ptical device making it possible to
direct the reference branched beam along a reference
optical path onto the reference photodetector;

- elements for acquisition and processing of

20 the beams generated by the two photodetectors,

the apparatus comprising means making it
possible to equalize the optical path lengths of the
measurement and reference paths, respectively between
the diode and the measurement photodetector, and

25 Dbetween the diode and the reference photodetector,

and which device comprises means for modulating
the supply current of the diode, making it possible to
introduce a modulation comprising at least one function
of the exponential type.

30 The equalization means  may, for example,
comprise systems of plane mirrors present on the
reference path between the splitter system and the
reference photodetector.

According to one of the aspects of the

35 invention, the apparatus comprises a Peltier-effect
element making it possible to stabilize the temperature
of the diode.

The dicde and/or the measurement and reference
photodetectors are 'advantageously without a window.



30 conprising an off-centered orifice through which the beamenters and

| eaves the cell after a certain nunmber of reflections. The input w ndow
of the cell is advantageously inclined at the Brewster angle, so that
the naturally pol ari zed beam of the diode laser is 35 fully transnmitted,
whil e m ni m zi ng parasitic reflectiangawhich are a source of

perturbation of the sigpal. A rul.tipassage cell of h asti |cf pe, for
exanple, may al so be en %ag%%lsembi 9-CTE X 11 %he < o‘g{r%&' h'é‘

mul ti passage ce!hdzasnsednephly5| eafll y refrmeatdebl eplmbtdsdqrt@lettqra/ar rafll e tigas

sanpl es to be apa Q@gt heLyi he%hgéﬁ gggﬁﬁrggegerghgl g?agurl ARY for
exanple the det ectlon resid wat er” vapor conten at the 1evel
of 1 ppb in nit3eAEEeR drgbh iEYRRERILMHY pde t hsolRted séxam r ddieve

gases enpl oyed emf&mmﬁg oe&zmémﬁé:.s By A ngl Gt 61&1 HF. hddd, dirs etc.
It wll then bghghgsgnltno mak e, %%ceal_{_’ and gl so,t.he rors o% which it

I s conposed, 1 $F om madert Al §' it ¥ rémtelaﬁ hﬁ?é“ﬁ‘iggh oﬁﬁgtsﬁ‘ LB trsf’vm' th
corrosive gasesfluskhthe rintleglioar @f stheiadroeld ofithand prodestivey damw
degassi ng/ desor gib@n Friel Ohed A4 hla%armk@fuhe&r&@nge&lﬂeehﬁg diuMildg al so

be chosen to construct the cell 15 _according the rules relat |%g to
ul t ravacuum contf+t oﬁg"ﬁthag%%s%Y ber F’-I‘Heﬁ‘lﬂﬁ&PFlt {0 fEHRR | AgWway that

10 the flushing produced is substantially laminar.

Porous channels may, for example, be .envisaged
for obtaining such a substanf:ially laminar ' regime.
Reference may also be made to the work carried out by
the Applicant Company, relating to the gas injection

15 systems for the production of protective atmospheres in
confined spaces (French Patent Application No. 93.15503
of 22 December 1993).

The cell will advantageously be in the form of

a single metal block machined from solid (and therefore
20 without a welded joint or weld bead). '

According to one of the aspects of the
invention,. the points where the gas is injected into
the cell and where the gas leaves the cell are designed
in such a way as to establish a substantially laminar

25 flow regime of the gas to be analyzed in the cell.

Other features and advantages of the present
invention will emerge from the following description of
embodiments which are given by way of illustration but
without implying any limitation, made with reference to

30 ° the appended drawings, in which:
' - Figure 1 is a schematic representation of an
installation suitable for implementing the invention;

- Figure 2 is a schematic representation of
some of the optical elements found on the path of the

35 measurement and reference beams;

- Figure 3 is a representation of an exémple of
a modulation function of the current of the diode
laser, comprising an exponential compozient;



netallic materials and avoiding polynmer materials, including for the seals,
except when their use proves necessary (in particular around the w ndow).

20 . According to a preferred enbodinment of the invention, the
cell is made froma single -netal block (thus nmachined. fromsolid),

w t hout wel ded joints or weld beads, whi ch repr esent poi nts whi ch
are potentially vulnerable to corrosion.” 28 - Still with the ai m of

m ni m zi ng opti cal noi se Rbgupther ipanasihtesr ehbetkbbalss bbtamsed{ oin

exanpl e, be chogo L Jise, ranc%‘ %orrggpgngngiggt tm%d'iﬁlatlotnhe,!%e@m emtted

by the diode in nan er onént™ ( f Or
exanpl e. a splift@ér5Spltat ei)oﬂcfam\tm HjG cqmqntmor;ﬁermmwt theshed.

It is also poggkbkampPel 86! bBEahhBydelectors sufficiently to limt
reflections toward the diqode | aser andéo clear the rear face of this diode

| aser, and @so, in gendr ALTHESHr BvaRd t fe TBtsm BRe nGoHPApRELYfed
downst r eam of 35esumesspl,f| tti':mr s:cgnﬂnensutaaitnﬁ]y:.ummm absancedsf Twata&hl eve

the aimof a deb@g&koq gt 20! B A1 il ((P1.EHAD! Enb PPD
a van a eous

of water vapor. i"S as a co e equa |zat|on
of the anal ysi sFFéF-erthéb oB%FE&geﬁht h respeq ‘lel}léng%ﬁ“?élgal Bea@pvirerthoned

above, to fl usaoahaa%maﬁe (Ot pedspeturRenahheethditbnt AT nad198¢bn
detector w t h a(gr ot ec ¥e59§§) this protective gas flow making

Figures 7 and 8 J.llustrate an exemplary
embodiment of a laminar flow regime of the gas to be
analyzed in the cell.

Figure 1 schematically illustrates the path of

15 measurement and reference beams from the diode to the
data acquisition and processing system. A tunable
semiconductor diode 1 (here of the InGaAsP type) emits
a beam 2 which is split by a splitter plate 20 into an
undeviated measurement beam 3 and a reflected reference

20 beam 4. |

_ The - diode is temperature-stabilized, for
example at a temperature close to ambient temperature,
by using a Peltier-effect element 12.

It is supplied by a current generator 13 with a

25 current comprising a continuous component and a
variable component used to modulate the wavelength of
the beam emitted by the diode, in order to describe all
or part of the profile of the absorption line selected
for the molecule é‘nalyzed.

30 - The measurement beam 3 is aligned so as to be
injected into a cell 5, advantageously of the Herriot
type (containing the gas sample to be analyzed) at a
given . point and with given directional coefficients.
The window for input into the cell 5 is advantageously

35 inclined at the Brewster angle, in order for the
naturally polarized beam to be fully transmitted.

The measurement beam 3’ obtained at the output
of the cell is focused onto a detector 6 (for example
InGahs or else Ge) . '



I t- possible, on the one hand, to reduce the parasitic 5 signal -due to
the presence of inpurities in the detection head, and also to increase
the transmitted optical power, because of the reduced absorption by the
presence of such parasitic inmpurities. Such- flushing W th a
protective gas 10 (advantageously ni trogen or el se argon) wi ||
advant ageousl y be i npl enented by |nclud|n&4the assenbly constituted by the
di ode, the measurenent T cef:eezemcgeqndsmmtktlactms pinct ddeet entidn pRasissage

cell -contain e apnal yzed. .in.: [ | ¢4 .50l af ed m 15
t he surroundi %g{)gfgarr%gﬁﬁg'?%g aglg \M¥~|Z ﬂrgﬂf ?m%@&% g\m%fﬁ&o a,t e
protective gas ?P%RPQ‘Fhes’@E@ncé‘eGPl&lngw %%P%E°’t‘hé’%é’e§acﬁ&ﬂ§ aﬁ@l the

di ode then repr§§gﬁ§§eﬁty§1ya,§9ﬁﬁéﬁe goint as regards the limtation of
the presence of any unp Jushing with

the protective gas ??gaﬂﬁﬁn%’ﬁﬁéwgg% E«?%@&Fﬁcgdb&&fn |§n ’rsan‘%h’é? “%$%w, in
order to inproventhe zef fayatexcy ofindmirabrei t (natf tdeprielsenwtedndial sthi®

gptim ze the gag;GORSYMAELAR. ddbudl de ! SeldVBhtbNE PUAMIL AL, M oved

25 response it appears quite particularly
advant ageous ténﬁfl whiicke alsR mi‘%%?déﬁcé"ﬁ%?]ﬁ the VABFecthesoRF L ek gas
sanple to be anghynedléﬁydmeoceldhe V\béﬁbréﬁeeA@ﬁlmzcaﬁétmalﬂﬁehaﬁl&bé ai ned

according to i nvent i by. nj m Zi t he, 30, volunes.. and the
vortex pherfohen ﬁ/ﬁ'én R g%gleentdee;ps r}% d"%en |t0)r‘f S hrbtih
this cell, ensualignmehtni ntbusr nqérg;gg-! At rmssim oftat heayadike ttkecel | .
An. illustratiogppfo8fbQAtIEN endild N9s! thROSHFYRenk@ and measurement

paths in air (the optical elements involved in this
equalization of the optical path 1lengths of the
15 measurement and reference ©paths will be detailed

further on in the context of Figure 2). .

The current generated by the photodetector 15
is here again preamplified on a transimpedence
amplifier 8, the voltage signal resulting therefrom

20 being sent to the differential amplifier 9, mentiomed
above, which performs subtraction with the signal
output b-y the preamplifier 7, in order to reconstruct
the profile of the absorption line of the impurity
traces in the gas sample analyzed.

25 : For the embodiment represented, the beams are
subtracted after each beam has been preamplified, on a
transimpedence amplifier (7, 8). One variant could
consist in performing the subtraction, followed by the
preamplification of the signal obtained during the

30 subtraction operation. ~ '

The signal resulting therefrom is sent towards
a data acquisition and integration system 10, where
this signal is filtered, sampled and converted into a
digital signal, then stored in memory, this being done

35 for each of the wavelengths scanned in the absorption
line by the sgignal emitted by the diode 1. The
operation is thus repeated for each of the these
wavelengths and the corresponding signals are added to
the previous ones, with the aim of improving the



obtain such a lamnar flowis given further on in the 35 present
description. *The invention also relates to an apparatus for anal yzing
traces of at least one inpurity in a gas sanple, suitable for

i mpl enenting the invention, conprising, - a sem conductor diode |aser;
- at least one splitter systemmaking it possible to' split the beamenmtted
by the diode into at |east two branched-bdans, one called the neasurenment 5

beam and the otdiyn#£Bidcikd hearkaber epEes basParatidbnUiki PassagCagEbhsly
cont ai ni ng the gas sarTcPlng to_be_anal yzed; - an optical device rmgé%ﬁng | t
possible to di r'gecqe?trfe %%u?%n%ﬁ?ybééﬁegl 8Rg '8 MEFSHEAREN DR 49
path onto the nebtijmssdiprosiile signadneiseeratilot odet ector - an
optical device makingeidire Pesshbbeidls deeChethes TeRsULEEEN, DA

out put by the nultipassage cell onto the neasurenent photodetector;
- a reference pHOTBRERCTRTOUBLERLYRY cHre JRSFBEMER oS | 2nPoseferenee
direct the ref et ebeambr Huthakrheele adabgea ¥ cipd chbe QitLabc@albiond® the

ref erence phot Oéje ector, ) el emergs fq{ acqui sition and processing of 20
the beams genermted N THETISHHThdt'ect ors, the apparatus conprising
means nmaking it The diode laser 1 emits a beam which is

directed toward -the splitter plate 20, in this case

10 passing through collimation optiecs 23 and a diaphragm
22, the emitted beam being gplit into the measurement 3
and reference 4 beams.

The measurement beam 3 encounters a mirror 24
before reaching the multipassage cell 5, through its

15 input window 17 which, in the example represented, is
inclined at the Brewster angle. This cell 5 is of the
Herriot type and, for the embodiment iepresented, is
composed of two spherical mirrors 18 and 19 with the
same focal léngth, one of these mirrors cbmprising an

20 off-centered orifice 28 through which the beam 3 enters

' and leaves the cell (the output beam' is denoted 37)
after N reflections. The beam 3* emerging £from the.
multipassage cell 5 is directed via a parabolic mirror
21 onto the measurement photodetector 6.

25 For its part, the reference beam 4 output by
the splitter 20 is directed, via a system of plane (11,
25) and parabolic (14) mirrors, onto the reference
photodetector 15. The system of plane mirrors 25, which
is mounted on a translation plate, makes it possible to

30 vary the optical path length of the reference path
between the diode laser -and the reference photodetector
15, without altering its alignment, in order to obtain
equalization of the optical "path lengths of the
reference and measurement paths. ' '

35 Figure 3 illustrates an example of a modulation
functioﬁ of the current supplying the diode laser 1,
set up using the current generator 13. The represented
example illustrates the case of a modulation function
of the type 1-A exp. (-2.5 t) with a period of 1 kHz.



possi ble to equalize the optical path | engths of the neasurenent and

ref erencé paths, respectively between the diode and the nmeasurenent
phot odet ector, and 25 between the diode and the reference photodetector,
and whi ch device conprises neans for nodul ating the supply current of the
di ode, making it possible to introduce a nodul ation conprising at |east one
function of the exponential type. 30 ~ 16 - The "equalization neans nmay,

for exanple, conprise IISYSiIﬂJE cQEe I0|@E@ dBdu1@tS ondl €56 Ntepdked i1
reference path between t:he split, M Y stem d the referenc
of S 38‘&

phot odet ect or. Ketdr 8FRFETEEY 6’5‘& 5553 h%n‘g. gn the
i nvention, theord\;xmtat ustomompr kims mz.iPeIﬁqrertb.fo esbselissentambkiang it

possible to stabi]{Ze tfigs ¢ efﬁledrﬁié”o‘i'dlfnaté%@ di ode. The di ode and/or the
t

measur enent and ref er ence phot odet ect ors ar e ‘advant ageousl| wi thout a
wi ndow. 512 - The EE&il ¢ trpteg e resulBfogbtaipgd for
measur enent andari@iereﬁf&plw ogrbeaifests Ak tahe mbtamﬂsﬁm &£l |

which conpris th be analy will .Jadv gegQus

i sol at ed fromé?%crq?b Su FO%%%I%%n%?%S%Dﬁ TuRe |Jhc ﬁg 31 %‘ iStF‘ood
this hood bei ngcasevpicdelieckingediraceskiof) watemnsvapbe to fd usititdgen
interior of theg W) BePld 8504 I8fel IMMuIHE FE2RERHEEEN  Qlsed

carrying out th| s Tl ushi n%
here had e form l-exp. (-2.5 t), the temperature of

the diode being regulated soc as to adjust the

wavelength of the diode 1laser emission around that

absorption 1line of water vapor which 4is c¢lose to

1.37 ym (coverage of the spectral band, approximately
15 1.364 pum to 1.372 um).

For each example of water vapor content
detected, the represented signal corresponds to the
difference between the measurement and reference beams
obtained. The operation of scaning the aforementioned

20 wavelength range was repeated 96,000 times for each of
the caees treated (acquisition of the =signal,
processing, storage in memory and addition to the
previous signals).

) The £five signals correspond to water vapor

25 contents in nitrogen ranging £from 0 ppb (simple'
flushing of thé cell with ultrapure nitrogen, this “0”
ppb thus having to be consgidered as qualifying the
subtraction of two beams which have encountered the
same nitrogen atmosphere) to 16 ppb, while passing

30 through intermediate contents corresponding to 3, 7 and
12 prb of water vapor in nitrogen. These water vapor
contents were introduced into the reference nitrogen by
using permeation cartridges.

For all these exemplary efibodiments, the entire

35 detection head (diode, multipassage cell, detectors)
was placed in a hermetic hood flushed by a dry nitrogen
gas flow.

Here again, the representation in Figure 4 uses
arbitrary units both on the abscissa and on the



wi | | advant ageously be dinensioned in such a way that 10 the flushing
produced’is substantially |am nar. Porous channels may, for exanple, be
envi saged for obtaining such a substantially |amnar regine.

Ref erence may al so be made to the work carried out by the Applicant.
Conmpany, relating to-the gas injection 15 systens for the production of
pretective atnospheres in confined spacesifFrench Patent Application No.

f
93. 15503 of 22 Deesthel 1998YesgtGafisd! e ldind (anﬁﬁ{%ere Hsltxlebeaﬂ&#&eaform

of a single netal block machi ned rom SO|I ore 20 wthout a
vel ded joint oraRIPHafn WhdEo @ e 676ABaSPI the aspects of the

i nvention, the points Myﬁ’xﬁg t lae gasm;s the ecﬁ;«ai;dﬂaeq t kercethe arnchuher e
t he gasleaves& e gell ned in su as. to establish a,
sUbstantially I hEEr 2f fedh, PRt G frF e, e ' AR LA 9
cell. O her 5f,eathe esuawrd)ad\ramca!gesamf colrgeppesdntta naemosmibiiel | wather ge
fromthe foll om;igqpesgééﬁd@n ﬁ{ eéﬁpdlé@ﬁ S yg}cheﬁg gk%(g iyllyvayugf

illustration but wthout |rrp |nﬁ:hany |Tm.tation, made w refeérence to
30 the appendedFRARHS Prguieus | ¥easeRhenkPi @ slight

representation nﬁp@:ﬂfécﬂﬁic&il ahi thes Ueiyahl £z4 61 on NMPIfENERE | Ia@tb.l&ali Nyt i on,
- Figure 2 is ajr%c t-igﬁrgg&esgnt gt b%'le%f 'y oe %fox{[the tOQvth cz;1 £l errent S
a

found on the p 5t feastr entht eference beans; :'Fsgu? 3is
a represenidt i apeofechle zontgengous rmd%#a‘umm dndvnt othxgugthespage eim. of -

the di ode | aseryL&0dREdSt{ch HeLXRANGY idle GRIAQNENT ;

It is then satisfying to observe that, despite
this slight imperfection (which it is possible to
remedy or else which can be taken into account), an

15 emphatic differentiation in the signals obtained in
each concentration case is observed, even at the lowest
levels, since it is perfectly possible to differentiate
between the curves obtained for 0,3 and 7 ppb.

Figures 5 and 6 illustrate, in the case when

20 water wvapor is not introduced into the gas to be
analyzed (simple flushing with dry  nitrogen), the
comparative results observed for the use of an
exponential modulation function {modulation in 1 -
exp. (-2.5 t)) as replacement for a traditional

25 sawtooth modulation.

Figure 5 (case of a sawtocoth modulation) then
illustrates the particularly significant thickening
obtained in the case when such a sawtooth modulation is
used, even in the “absence” of water wvapor in the

30 nitrogen gas sample analyzed.

Figure 7 illustrates one of the embodiments for
injecting a gas to be analyzed into a cell 31 with
cylindrical geometry, whi‘ch hag made it possible to
successfully obtain a laminar £low regime of the gas in

35 the cell. Figure 7, which is a partial section of the
input of the cell 31, demonstrates an input mirror 29
~{it will be noted that only half of the mirror has been
represented in order to simplify the representation and
thus to aid wvisualization). The cell 31 has, at its



- 13 - - Figure 4 illustrates the results obtained, in the case of using an
exponential nodulation in l-exp (-2.5t) for various H20 concentrations

present in the gas sanple to be analyzed; 5 - Figures 5 and 6
illustrate the conparative results of the signal obtained in the absence of
wat er vapor in the gas sanple to be analyzed (flushing the cell wth

nitrogen), respectively using a sawodBh-nmodulation (At + B) and an
exponentiﬁl rmdnﬁ;aidd OBadl fa(dd‘ EXLéw 2 thet )nirfdgur ehreé RNl indedtilomstrate
an exenplary enhodi.nenj., o | am nar £l ow.reqine.of the gas to_be .anal yzed
in the cell. Ficgq’&r"él? g%%’en%% chnI 72 RGPS ThePPa :holg?' ‘ig 2EASFr ement
and reference beape f rafn tdnralilade twhidhe dnren anmilsinlyon dstrdbecedsi ng

system A tunab&fpmngwiwmtq%ah@%%ﬂf thia® 2 GAREP thiPele1gni ts a

beam 2 which is split a'spliitter platé 20 into, an undevj ated measurenent
beam 3 and & rfhecid® Fef beefd@ldFedyeithiFh BRFives fe thpsinput of

terrperature-SL&hiéiEeGll, fhen pusspke Widexr t eHpPembintor,Cl DAgide aHdnent
tenperature, by_usi a,Peltier-eff e n cald i uppl i e a
curfent. gener atiEa i, /pRESFLE s CHRE Myifuadiod® BOAD OF Rhd
conponent and cetlarTabbrdesnpoterfio 1aeerhurdan uthe efigureay shendillowf

of the gases has been illustrated by simple arrows 30,

10 there being three arrows, one per cutout.

Figure 8 illustrates a schematic repr¥sentation
of a simulation of the gas flow obtained in such a
configuration, between the input and the butput of the
ceil, with the gas circumventing the mirror in each

15 case. For the sake of simplification, the injection
cutouts have not been represented in this figure, it
being instead chosen to symbolize the result obtained,
which is the absence or the marked reduction of the
vortex phenomena, and the flow of the gas inside the

20 cell in a substantially laminar regime.

' Figures 7 and 8 illustrate only one of many
possible alternative embodiments of the gas inlet and
‘outlet means of the cell which make it possible to
ocbtain such a substantially  laminar £flow. Furthexr

25 configurations, such é.s, for example, the use of
circular injection orifices distributed approximately
regularly about the axis of the <cell, could be
envisaged.

Although the ©present invention has Dbeen

30 described with reference to particular embodiments, it
is in no way limited thereby and, on the contrary, is
capable of modifications and variants which will occur
to a person skilled in the art. '

Thus, although the case of detecting traces of

35 water vapor has gquite particularly lbee'n mentioned and
exemplified above, it will be understocod that the
present invention applies much more broadly to other
impurities that can be detected by absorption. Mention
in this regard be made of the detection of HF and WF; by



the beamemtted by the diode, in order to describe all or part of. the
profile of the absorption line selected for the nol ecule anal yzed. 30

The measurenment beam 3 is aligned so as to be injected into a cell 5,
advant ageously of the Herriot type (containing the gas sanple to be

anal yzed) at a given point and with given directional coefficients. The
w ndow for input into the cell 5 is advantiageously 35 'inclined at the

Brewster angl @uaidd, PEHCkxadifie, | PRoNALLE {:éf{?{?{:}{g‘i%ﬁf’gu&&g BLQES LU Y

transmtted. The neasurenent am 3" obt'ai ned ) cell is
focused onto a ¥Rt ddrer 5-{uRtede @thprePTrocimately el s26LR) um. sinee THR

current generatgs Pyoshi€e@hghodewect 0ank b Ar eadBtibheHet@BendwrF, and

t ransi npedence mplifier .7, _the voltage _signal _resulting therefyom
being sent tor 'dif'f‘é*?en‘?f%ﬁt’a{;\ﬁ%‘i%} SP.fSIgF therefqpe; makeg itphe

reference béampgossikleedicedindivectlpyshemtdffyn ther sleconpiosiejoasent ed -
in this Tigureyewhighyf Eﬁéée‘féf%b?.ﬁg‘ %’i‘hﬂlp%%{a%%%%% ‘%‘aste:‘.anga%@i-(:h
I ength of the nce

al so makes it posSible to vary the optical pat refer
path between t Rr@Fede i thesednkand the detector 15, without

altering its alignnentsimilwslypkidy ddgar@si bhe t eaegiiaki zgas) herpet i cal
path | engths of the jefenence,and feasyr siept patbs.lr.aiy (1he.pptisy
10 the case of a nitrogen carrier gas {detection of traces
of water vapor on the scale of 1 ppb or several ppb in
nitrogen). It should, however, be noted that the work
completed by the Applicant Company has demonstrated
that the process and device according to the invenﬁion
15 also make it possible to achieve such detection limits
on the scale of a few ppb in the case of detecting
traces of water vapor in chemical gases such as CF,, SF
or else NF,.



equal i zation of the optical path Ilengths of the 15 neasurenent and

reference paths WIT be. detailed further on in the context of Figure

2). The curren e photodetector 15 is here again-
preanplified oﬂlmwmmﬁﬁummﬁe anplifier 8, ‘'the- voltage signal
resulting therekromm 20 ®besng*sent to the differential anplifier 9,

menti oned above, which performs subtracddon wth the signal output by

the preanplifier 7, in order to reconstraigIMshe profile of the absorption
line of the Iinpurity traces in the gas sanple analyzed. 25 For the
enbodi ment represented, the beans are subtracted after each beam has been
preanplified, oh-a tranki ppedeasefanmplapRilyzipy, tgpceenefy &b aleasudue

consi st in perfopglpgeyNensupt gast kahip1EOIHyOWREL LY ah_eapr&ﬁmhiéi&f%&&n of
t he signal aobtajned during éhe_ 30 subtraction operation. The signa
resul ting ther etPBRFI S entHGRE geb*ch aa’b%ﬁsd‘%&ﬁﬂ%i%? off2gfid 9t ER® at i on

system 10, wherabtbrptiognabyi shei limpuedtysamplbed deteataerd®dai Digha

digital signal, N _St:Qh [ I Vae i's | n f h.of the
wavel engt hs scaﬁ%g‘g ie%h%%%?‘algl&)?g |o¥h1°?d%é b‘St/}?% hgu&ggalggerﬁe? 15.: egaa%ytf?)ﬁe

di ode 1. The opéiafrosompriningr epssnddoueuse savpsmemite anhes evaniablegt hs
and the correspgsfipBefit IRaking’ e tagiREi e N PLEY Qe ONESmothileibe ai m

of InprOVIQﬂ)thgf the emitted wavelength in order to.describe all or
part of the profile of at least one of the absorption
lines of said-impurity, the beam emitted by the diode
being split into at least two branched beams, of which
one, called tlhe measurement beam (3), 1is along a
15 measurement path directed toward the gas sample to be
analyzed, which it passes through in a multipassage
cell (5), before being focused onto a measurement
photodetector (6), another branched beam, called the
reference beam (4), being along a reference path and
20  directly focuéed onto a reference 'photodetector (15)
.withcut encountering the gas sample, the optical path
lengths of the measurement, and reference ©paths,
respectively between the diode and the measurement
photodetector and between the diode and the reference
25 photodetector, having been equalized in air, wherein
said gas sample is at a pressure at least equal to
atmospheric pressure, and wherein said introduced
modulation comprises at least one function of the
'exponential type.
30 2,

pressure of said gas sample does not exceed 3.10° Pa

o The process as claimed in claim 1, wherein said

absgolute.

3. The process as claimed in claim 2, wherein

said pressure of said gas sample lies in the interval
35 . [10° Pa, 3.10° Pa] absolute.

4. The process as claimed in one of claims 1 to 3,

wherein the space contained between the diode laser and

each detector is flushed with a protective gas.



si gnal / noi se r 3ty | tion is advantageously repeated for as
many tinés as i qwgyéﬂ ﬂmﬁggilder "to obtain a favorable signal/noise
ratio. Figure 2 [ ail of the optical 5 elenents encountered

by the neasurenent 3 and reference 4 .beans between the diode 1 and the data
acqui sition and processing system 10. The _diode laser 1 emts a beam
which 1is directed toward the splitter pTa‘pe 20, in this case 10 passing

t hrough col |i mabi.on optThe gBoamdsaadi aphimgd 22, clatmedi t whdrbdanshddng
split into the 1 efere )F&?lmsf e measurenment beam 3
encounters a m ??g?ﬂ%ﬁ&ﬁg o?%@?gﬁéh{’% t ?%ﬁ 1 pas%o-acg'e cell 5, through
'its 15 input @ndow 1¥BRhPERCEFR RRecériMpleiRepresefit eyaimesl hel Pred at
the Brewster angherelfi 8ag8l impukstpfahAbykied ridtwdtere mod, for the
enbodi ment :ipr sented, IS corrgosed of _two herical, m ror§ 18, and. 19
with the sare fdcal |endPR, PEREEF AReE T ord G st hgWaRT S the

of f -cent ered orwavedefthhrenge Wessiribed daanvwixtert e thd medudstibe cell

(the output beagtandgn 1) ofb! U Nehel ARG TR Ra31dpgeRUE Ol N0
fromthe nultipassage ce 5 1s directed via a parabolic mrror 29 onto the
nmeasur enent photoddt BBt 8F &-928m. For its part, the reference beam

4 output by thessplittepedfces fhr eahRdyzing acfycdLMo¥ atamadskl, oRe)

and par abol j Q. 1?&_.m’ rLors, _aontso' :}%e ref.(%r ce _phot,odet ect or, 15thThe'

syst em of pi‘gne RPHFFE 28 3WGPEh SP8PhSuntdd S'ﬁ’ g FBgnngﬁ,&glﬁn FBFe P fakes

it.possible to Boceaspst hes optliadaiedpaih |angt bnef ¢fhe clefigmente tpat A,
comprising,

- a semiconductor diode laser (1):;

- at least one splitter system (20} making it

15 possible to split the beam (2) emitted by the diode
into at least two branched beams, a so-called
measurement beam (3) -and a so-called reference beam
(4);

- a multipassage cell -(5) containing the gas

20 sample to be analyzed;

- an optical device (24) making it possible to
send the branched measurement beam output by the
splitter system along a measurement optical path onto
the multipassage cell;

25 - a measurement photodetector (6);

- an optical device (21) making it poesible to
direct the measurement beam (37) output by the multi-

] passage cell onto the measurement photodetector;

- a reference photodetector (15);

30 - a device (26, 25, 27) making it'\posaibie to
direct the reference branched beam output by the
splitter system along a reference optical path onto the
reference photodetector;

- elements (7, 8, 9, 10) for acquisition and

35 processing of the signals generated by the measurement
and reference photodetectors;

- means making it possible to equalize the
optical path lengths of the measurement and reference
paths, respectively between the diode and the



between the di ode | aser and the yeference photodetector 15, without

altering its ali mm‘m m mt 0. obtain equalization of the optical path
| engt hs of the rg“ i urenent paths. 35 Figure 3
illustrates an exd&npfe bf ‘a nodul ation function of the current supplying
the diode |aser 1, set up using the current generator 13. The represented

exanple illustrates the case of a nodul at i?8n ~f unction of the type 1-A exp.
(-2.5t) with omegesademait 1 phidtodetectdt,- dmi bekweeascthe t Heéodadwmi | on

i's represented, 'tpegép%lt‘é%; c#eg& &qgg}’on t he abscissa and on the

ordinate (for atrme unit, absci ssa and a voltage unit for the
ordinate). 5 vhighe 4d¢viest r gemPrires eseansmbt aiidd f dfor

various exenpl %&aﬁm@ﬂg@seha Rupply Nalddrtl | 0N 8hedaibtkhechakingheit
context of Figures J;})%gn , .,and i.n the casge of .detecting traces of water

2, .
vapor in a it rBYERREFpFE ABEERALRSI iz P IUIRTL Opp RAMRTIGHCu it i 1iR&fsed 10
here had the fostiel fexptidén 2056 the dhrergialatoype.of the di ode being

regul ated so asgto aldj ol SvX‘@XeLSn\%E.QiﬁLdt he Q:il?ﬂfn Iga'sq;}‘eet[gi?xsié)&é\round
that absorption™[ine' of wafer vapor Ich 1s close to 1.3/ pm (coverage of
the spectral bameanapfpoxiesuediging theseplisad] narh bepathg  comprizsch
exanmpl e of. Wa&ﬁéteﬁ@-paﬁf G (e ChLEs et Coh CRERS YA Sic@Fhath
correspondsloto £egween the splitter system and the reference photo-
detector and mount;éd on a translation plate. -
10, The device as claimed in one of claims. 8 or 9,
which comprises means (12) for stabilizing the
temperature of the diode.

15  11. The device as claimed in one of claims 8 to 10,
wherein at least one of the elements in the group
consisting of the diode and the measurement and
reference photodetectors is without a window.

12. The device as claimed in one of claims 8 to 11,

20 wherein the assembly consisting of the diode, the
measurement and reference photodetectors and the
multipassage cell comprising the gas to be analyzed is
isolated £from the surrounding atmosphere by being
located in a hood which is equipped with means for

25 injecting an inert gas flow into the hood.

13. The device as claimed in c¢laim 12, wherein the
means for injecting a gas flow are dimensioned in such
a way that said gas flow is substantially laminar.

14, The device as claimed in one of claims 8 to 13,

30 wherein the cell is made from a single-piece-metal
block. .

15. The device as claimed in one of claims 8 to 14,
wherein the cell is provided with means (32, 33, 34)
for inlet of the gas to be analyzed into the cell, and

35 ' for outlet of the gas to be analyzed from the cell,
making it possible to establish a substantially laminar
flow regime of the gas inside the cell.



di fference between the neasurenent and reference beanms obtained. The
operation of scaning the aforenentioned 20 wavel ength range was repeated

96,000 tines fo

r eac

h of the cases treated ' (acquisition of t he

signal, processing, storage in menmory and,gddition to the previous
five
ng f
gen,

S|gnals) The

ni trogen rangi
ultrapure nitro
the subtractio
at nosphere) to

corresponding to 3, 7"an;

signal s correspond to water vapor 25 contents in
rom O ppb (sinple flushing of the cell with
thls "0" ppb thus haV|ng to be con3|dered as quallfylng

“Wat er vapor’ln ni rogen ~These wat er

pp
vapor contents were introduced into the reference nitrogen by using
perneation cartridges. For all these exenplary enbodi nents, the entire 35

det ecti on head

(di o

de, rmultipassage cell, detectors) was placed in a’

hernetic hood flushed by a dry nitrogen gas flow. Here again, the
representation in Figure 4 uses arbitrary units both on the abscissa

and on the

- 17

- ordinate (corresponding to time units on the

absci ssa and voltage units on the ordinate). Figure 4 shows the presence,

for the curve

n 0 ppbn

of weak absorption (presence of a small rise in

ABSTRACT

The invention relates to a process for

~ analyzing traces of at least one impurity in a gas

sample, by absorption by the impurity to be detected of
a light beam emitted by a semiconductor diode laser,
the beam emitted by the diode being split into at least
two branched beams, one called the measurement beam
which passes through the gas sample to be analyzed in a
multipassage cell before being focused onto a
measurement photodetector, another branched bean,
called the reference beam, being along a reference path
and directly focused onto a reference photodetector
without encountering the gas sample, in which process
the gas sample is at a pressure at least equal to
atmospheric pressure, and a modulation of the supply
current of the diode has been introduced, which
comprises at least ovne function of the exponential

type.



5 the curve), which may correspond to a possible water vapor residue in
the cell, or else (possibly in conbination with the previous reason) to a
slight inperfection in the equalization of the optical path |engths, or

el se:to a water vapor content which is not 10 perfectly honbpgeneous over
time and/or through space in the detection head or in the cell. It is then
satisfying to observe that, despite this slight [nperfection (which it is
possi ble to renedy or el se which can be taken igggfaccount), an 15
enphatic differentiation in the signals obtai n each concentration
case is. observed, even at the lowest levels, since it is perfectly
possible to differentiate between the curves obtained for 0,3 and 7 ppb.
Figures 5 and 6 illustrate, in the case when 20 water vapor is not
introduced into the gas to begs e sinple flushing with dry
nitrogen), the conparative resplts observped for the wuse of an
exponenti al nodul ation function {nodulation fn 1 - exp. (-2.5 t)) as
replacenent for a traditionalfA25 sawooth nodul ation. Figure 5 (case of
a sawm oot h nodul ation) then ill sy the} particularly significant

t hi ckeni ng obtained in. the casfe WRen' duch a|sawt ooth nodul ation is used,
even in the "absence" of water &af ™n the 30 nitrogen gas sanple

anal yzed. Figure 7 illustrates ope of the enfodi ments for injecting a gas
geonetry, which has nmade it
w reginme of the gas in
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35 the cell. Figure 7, which is a partial section of the input of the cel

31, denonstrates an input mrror 29 (it will be noted that only half of the
mrror has been represented in order to sinplify the representation and
thus to aid visualization). The cell 31 has, at its - 18 - input face

and below the mrror, three gas-injection cutouts 32, 33, 34 in the shape
of portions of aring (type of corolla) which are angularly

distributed approxi mately symetrically about the axis of the cell. 5 The
gas to be analyzed, which arrives at the i of the cell, then passes
under the mrror, inside each cutout, bef oéf tering the cylindrical body
of the cell. In order not to ovh buro~n t l'gure, the flow of the gases
has been illustrated by SI c,,* 0 there being three arrows, one
per cutout. Figure 8 iR trate representation of a simulation
of the gas flow obtg{ned i n~syg -) flguratlon bet ween the input and the
out put of the cell, (th th T‘. - ing the mrror in each 15 case.
For the sake of sinpll cati
.represented in this Jigure;
obtai ned, which is ﬁé Lol &
phenorrena and the flow d

| ami nar reginme. Fi gure \\‘

ion QuUtouts have not been

sy ch&sen to synbolize the result
educti on of the vortex

he 20 cell in a substantially
only one of nmany

25
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possi bl e alternative enbodi nents of the gas inlet and outlet neans of the
cell which nake it possible to obtain such a substantially |am nar
flow Further 25 configurations, such as, for exanple, the use of
circular injection orifices distributed approxinmately regularly about the
axis of the cell, could be envisaged. Al though the present invention
has been 30 described with reference to particular enbodinents, it is in
no way limted thereby and, on the contrary, is capable of nodifications
and variants which will occur to a person illed in the art. Thus,

al t hough the case of detecting traces of.§§, ter vapor has quite
particul arly been nentioned and exenplified above, it will be understood
that the present invention applies nuch nore broadly to othergynpurities
that can be detected by absorption. Mention in this regard be de of the
detection of HF ape{-e =y e OB e— ey
particul arly advapt ageousf ™ e qared ar approxrnatel y L§$618. [err].
Since HF is produted in al W6 tank by a reaction between. W[ %] and H err]
‘the quantificatiop' of HFytherefore nakes it 5 possible tojindirectly
gquantify the decojpositiof of W err] and therefore the initlal quantity of
wat er vapor presept in thg tank. Simlarly, as regards thg_ carrier

gas, the exanplep discusskd above quite particularly illust ed
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10 the case of a nitrogen carrier gas (detection of traces of water vapor
on the seale of 1 ppb or several ppb in nitrogen). It should, however, be
noted that the work conpleted by the Applicant Conpany has denonstrated
that the process and device according to the invention 15 also nmake it
possi bl e to achi eve such detection [imts on the scale of a few ppb in the
case of detecting traces of mater vapor in chenical gases such as CF[err]
SF6 or else NF[err] * “ é? - 20 - CLAIMS 1. A
process for analyzing traces of at | eas inpurity in a gas sanple by
means of a tunable diode 5 Ilaser (1), during which a nmeasurenent is nade
of the absorption, by the inpurity to be detected, of a |ight beamemtted
by the diode, the supply current of the diode conprising a cEdtinuous
conponent and a variable conponent nmaking it possible to int&gduce a

nodul ation 10 off the emtted wavel ength in order tq descril&all or part
of the profile off at | east one of the absorption | of sq™l i npurity,
the beamenittedby the diode being split into at t wo'fbr anched beans,
of which one, cgdlled the neasurenent beam (&, alqng a 15
nmeasurenent pathjdirected toward the gas ggnpl e§ be\gnal yqded, which it
passes through i a nmul ti passage cell (5%3: bef b ng [focused onto
a nmeasur enent Q0

Q
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]
Q
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phot odet ector (6), another branched beam called the reference beam (4),
being aleng a reference path and 20 directly focused onto a reference

phot odet ector (15) without encountering the gas sanple, the optical path

| engths of the neasurenent. and reference paths, respectively between
t he di ode and the nmeasurenent photodetector and between the di ode and the
reference 25 photodetector, having beenSZE;alized inair, wherein said

gas sanple is at a pressure at | east eqqﬁi
wherein said introduced nodul ati on conpr4

sai d pressure of : Fp+-e—eeoes—n
The process as

process as clai
bet ween the di od¢

carried out in | 3mnar flow 6. The process as clained i
claims 1 to 5 w)erein said inpurity analyzed is water
The process as cllained in claim®6, wherein the

claimed in claim 2, wherein said pressure of sai
sanple lies in the interval 35 [10[err]Pa, 3.105 Pa] absolute. 4.
pd in one of clainms 1 to 3, wherein the space cont
| aser and each detector is flushed with a prot/ec
- 21 - 5. The process as clained in claim4, wherein saidAlu

at nospheri c pressure, and
at | east one function ES t he
exponential type. 30 2. The process as clained in claiml1, wh

esBl N

Ny as

gg The
hi ned
rive gas.
shing i s
of
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wavel engt h range described by virtue of the nodul ati on extends around one
of the feollow ng two wavel engths: 1.37 [err] or 1.9 [err]. 8. Devi ce
for analyzing traces of at |east one 10 inpurity in a gas sanple, suitable
for inplenenting the processes as clainmed in any one of clainms 1 to 7,
conprising, - a sem conductor diode |aser (1); - at |least one splitter
system (20) nmaking it 15 possible to split the beam (2) emtted by the
diode into at least two branched bea a so-called neasurenent
beam (3) and a so-called reference beamé;;! - a nmultipassage cell (5)
containing the gas 20 sanple to be analyzéd;, - an optical device (24)
making it possi he—to—semt—tie—brancired—measur et beanT outjut by .

the splitter. sylstem al ong a neasurenent optical path onto the mullti passage
cell; 25 - a nmeasurenent photodetector (6); - an optical] device
(21) making it ssible to direct the nmeasurenent beam (3') output t he
mul ti- passage Il onto the neasurenent photodetector; - a referé
phot odet ector (15); 30 - a device (26, 25, 27) making iT-&ssible
to direct the Jeference branched beam outpu by the splittgrSystem
along a reference optical path onto the referenceNphotodetector; -|%°
elements. (7, .& 9, 10) for acquisition and 35 rocessing of thd signals
generated by thel nmeasurenent §
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and reference photodetectors; - neans naking it possible to equalize the
optical path I engths of the neasurenent and reference paths, respectively
bet ween®* the diode and t he - 22 - measurenent photodetector, and
bet ween the di ode and the reference photodetector, which devi ce

conpri ses means . (13) for nodul ating the supply. current of the diode,
making it 5 possible to introduce a nodul ation conprising at |east one
function of the exponential type. 9. The device as clainmed in claim8,
wherein said neans for equalizing the opt iag path | engths conprise .
systens of mrrors (25) present on'the r nce path 10 between the
splitter systemand the reference photo- detector and nounted on a

transl ation plate. 10. The device as clainmed in one of clains 8 or 9,
whi ch conprises neans (12). for stabilizing the tenperature of the
di ode. 15 11. The device as clainmed in one of clains 8 to 10, wherein

at |least one of the elenents in the group consisting of the diode and
the nmeasurenent and reference photodetectors is wthout a.w ndow * 12.
The device as clainmed in one of clains 8 to 11, 20 wherein the' assenbly
consisting of the diode, (3@ and reference

phot odetectors and the nultipa TPv{Si Nng the gas to be

anal yzed is 32




I solated fromthe surroundi ng at nosphere by being | ocated in a hood which-
Is equi pped with means for 25 injecting an inert gas flow into the hood.
13. s The device as clainmed in claim12, wherein the nmeans for injecting
a gas flow are dinmensioned in such a way that said gas flowis
substantially [ am nar. 14. The device as claimed in one of clains 8 to
13, 30 wherein the cell is nmade from l &gl e- pi ece-netal block. 15.

The device as clainmed in one of clainBE%7u9914, wherein the cell is
provided with nmeans (32, 33, 34) for inlet of ©ye gas to be analyzed into
the cell and 35 for. outlet of the gas to be Sné\yzed fromthe cell,
maki ng it possible to establish antiall ' flow regi me of the

gas inside the cell
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