WO 01/ 81900 PCT/ SE01/ 00899 GAS CELL ADAPTED FOR CARBON DI OXI DE Fi el d of

I nvention The present invention relates primarily to a gas cell and nore
particul avby1/8M0d 0 a gas cell adapted for carbon di oxi de pOTUSEN@is® ng a
cavity for receiving a vol- ume of gas to be assayed, a |ight source and a
|'i ght-beam or |ight-bundle receiving unit, also referred to as a detector.
By a gas cell adapted for carbon dioxide is nmeant a gas cell in which a

| i ght sour GASEELL ADARTER RORGABBEN DIQXIDEays, where the |ight bundl es
are influ- io enced by the gas present in the cavity by absorption
spectronmetry during passage of the |light bundl es along an optical neasuring
pat h extr epjdid ofinv8rtiéavi ty, such that a detector is able to determ ne

t he presence of carbon dioxide and/or the in- stant concentration of carbon
di oxi de in a gasThepresent inueatien relgtePxRbY-tadhgeeeelhand e natisulady a
cavity-ada I ght r ed: i ; L I~ ot y
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whi ch enabl es the presence of carbon di oxi de and/or the concentration of
carbon di BRILGRISY FeferrerdP @shdeesial e encl osed in a cavity of small vol une

to be deter- 20 E'},gﬁ%nﬁ&@ﬁ@%iﬂ%ﬂ%ﬁbﬁ% iYmedh€a baggan liPWhitdsa been

devel oped to ena e car i oxide content of a small volume of
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first cavity defining surface.

More particularly, the present invention relates to a miniaturised gas cell
which enables the presence of carbon dioxide and/or the concentration of carbon
dioxide in a small gas sample enclosed in a cavity of small volume to be deter-

20 mined by absorption spectrometry.

The invention has been developed to enable the carbon dioxide content of
a small volume of exhalation gas to be determined at the end phase of the exhala-
tion cycle (the measurement value) and is intended to find suitable application in
postoperative monitoring processes.

25
Description of the background art

It has long been known in conjunctioh with absorption spectrometry to use
electromagnetic waves, particularly light beams or bundles (groups) of light rays,
that have a frequency in the infrared range, and to allow said beams or light bun-

30 dles to pass along an optical measuring path extremity and to arrange for these
light beams to be received by a detector.

In the case of gas sensors that are based on absorption technology, the
light beams shall be allowed to pass through a gas sample enclosed in the cavity

of a gas cell, in which a given volume of a chosen gas will result in frequency-



of a gas cell, in which a given volune of a chosen gas will result in
frequency WO 01/81900 PCT/ SE01/ 00899 2 dependent absorption of the Iight
rays. I nwoossmwespect, a detector is adapted to detect theCcT/sEQUBSBY
spectrumof the light beans in respect Qf a gas or gas concentration
currently in the cavity, and the gas or gas concentration can be
determ ned by evaluating the intensity of the 5 detected |ight beans in
rel ati on tdependentehsomtionsifthe ightirags.i nci dent 1ight beams and the

absorption coeffjgjent t he res ' i | 1 t 40 the
| i ght concer ned,Ingtb%trﬁg%‘ftegtdreg%%aﬁ'&a}o%%\%\%@g} @%‘%Pﬁﬁ‘%%q%gé‘\? ts;‘/)%?ﬁﬁ %'I gas
cell is nothesighy bbamaad réypedt of aagis argasf ¢arkienaation carreath imthepeavity waod e

i nternal surfaces have each been treated to provide surfaces i t wll

. ig th
strongly ri&€gasonRgRs ¢oREMtagon cgRibedairEmines; by eyalygtnghtnedniansiy ohilg v

conprise ¢ | I ¢l I ; | i -
wherewrt h TAeCiee, Btk PeoRRT BIATS AR e iy BRI MBS AgORams
met al and amaktheeatsotptitm seeffitient bhihe gasapiesgnpindbesavity Withdeppect tothe 15 t he

desired optical qualit f the rfaces and for. which optical wavel ength or
wavel engt E\'égr&H’Qng%rrnlelgcéé%@Pptréﬁ‘agpﬂﬁgWﬁtgeP@tht : on i I?\t:anded. ¥he )

material in the Thodyvigfintthe @%Sc;eﬂ]fié bﬁgﬁéﬂly} forned tieat 84St bridHirét and one

consi deration. By way of exanple o present st'andpoi nt of techniques
can be nenseadndrpalit whesganterml surfaces have eack beandregted ta preyidensurfaces

I nternatiopal P n i | on . 01448, Publication No.

w097/ 1 460%“%?4’&%&?@9@2%‘9&@% PRpafido E@%prtque?ﬁé't i on PCT/ SE97/ 01366,

Publication No. ¥Hi88/<¥heAt wilhsoreeiy@ahtprize ddaingaadidwiney spEheatvith one

publications can al so be considered to belong to the present state of the

art as rel @t@gre matadayershwhergwith medn&alﬂm@rga%@m'ed formshthedgflestyep; :

US- A- 5, 170, 04 eThi s publication illustrates and descri bes a gas anal yser

and in par%l cular an analyser for determning the instant, or current,

concentrati ons ofhenetarambthe mghweschddenToethisabatirey prooeps mdledeperabdy t hat

i ncl ' whi ch i | - .

' ne udclass ath%agelzsti?éd oplticcal clnggllt)llj %?%easnur?aces and for which optical wavelength or
wavelengths the surfaces shall provide the reflection intended. The material in the
body of the gas cell shall also be taken into consideration.

By way of example of the present standpoint of techniques can be men-
tioned the gas sensors illustrated and described in International Patent Application
20 PCT/SE96/01448, Publication No. WO97/10460, and International Patent Applica-
tion PCT/SE97/01366, Publication No. WO98/09152.
The contents of the following patent publications can also be considered to

belong to the present state of the art as related to the technical field of the present

invention.
25
D1: US-A-5,170.064
This publication illustrates and describes a gas analyser and in particular
an analyser for determining the instant, or current, concentrations of one or more
gases.
30 The analyser comprises a body that includes a cavity which includes an el-

liptically shaped light-reflective surface.
This surface is designed to define two focal points.
In this regard, there is provided a chamber (2) for enclosing the gas vol-

ume to be measured or assayed, said chamber (2) having a chosen height dimen-



liptically shaped light-reflective surface. This surface is designed to
define two focal points. In this regard, there is provided a chanber (2)
for encl os0ngswhe gas vol - une to be neasured or assayed, PEBSH1gI0saYDer (2)
having a chosen hei ght di nen WO 01/81900,PCT/ SE01/ 00899 3 sion, and a
chanmber (4) which is intended to enclose an inert gas and which has a

hei ght commensurate with half the height of the chanber (2). There is also

i ncl uded asiP0r 8RR ke (4) Whichns dntended de gnelose A ipge gas anskwhishhasgs
wherei n t hg_hei LS C ' tgy t he height of 5 the
chanber (4 elgﬁt Q%n%nssg%@%g{stté Flfhr? @ggpéfrthgr&%u elrégl.i on that the

radi ati on sour ceThe®)is atdaincludedd fcthér ichambler (3xwhichad uped ta efdlaje anhi | e

two radiati gn det ector 26,, 27).shall], . be. placed,in.a secqnd focal point
(19 " Eacniedpranie Sasamieran tod fbishd Pt s By EREngt S a0 fhe PRlEgER: [ ve
cham 1o Dbfije cryfisbér @ye chanber is intended for the inert gas and the other
chanber is in- tended for the gas used as a reference. The anal yser al so

i ncl udes partitilbis alsblpsopased inghisapriokipudboatiarntitat the radiatiqesource§24)
connecti on_betweepn an .u r I a 14a. nd_a,l ower I tA-{,14h),,
and al so.asiall ¥ Bl e el ndRl Huhcbile 506 sRuafif Gelttlar W phshel 5
4) one 15 pé&@maddaanat §edondifoealggmnt@r).(2) includes holes (15) that allow
the gas to be assayed or neasured to pass throu&h t he chanber (2). The

partition walls Eagh ofthe mdiatigndeatactory @& i2dain alocatest bs respeckive cheat
ints, (12 f gcal._ naj i
hanbel® ( 155" W8k Prekhanfiidis Al Med thne Ferb3at Bnd 18 bihet BRI IS5

Thi s publ i temidedrfor tHeugds asebasndeflronce.bes an arrangenent adapted to func-
tion as a dust indicator wh&ch enabl es the Vgéesencigi n the gas of snall

particles to 25 B%_aﬁélyééf 80 'n¢ludes partitiop 'Se‘i1_t7h ) Beyiglof tgag@rmwoa or a
(1) of choday tORLCABCRBRboniee)s 8N P ol FRTE (e and RURr well parl By, 2™
t hat encl oged atdoea paditionovale(1&) dhatfenctions to separate the chambers (3, 4) one
15 from the other.
The chamber (2) includes holes (15) that allow the gas to be assayed or
measured to pass through the chamber (2).
The partition walls (17, 18) are placed significantly closer to the focal
points (12) than to the focal point (11), so as to create a measuring chamber (12)

20 of relatively large measuring volume.

D2: US-A-4,254.910

This publication illustrates and describes an arrangement adapted to func-

tion as a dust indicator which enables the presence in the gas of small particles to
25  be detected, these particies either being in a solid or a liquid state.

In this case, concentrated, essentially parallel, light beams (1) of chosen
wavelength are directed through the measuring chamber (2) that encloses the gas
to be analysed.

The light beams are enclosed by an inwardly directed, reflecting elliptical

30 and cylindrical reflector (4) such that the light beams will coincide with a focal axis
(B1).

A light-sensitive detector (6) is disposed in the other focal axis (B2) of said

reflector.

The arrangement also includes a part (7) which has been designed to al-



The |ight beans are enclosed by an inwardly directed, reflecting elliptical
30 and cylindrical reflector (4) such that the |light beans will coincide
with a focabi/seos (Bl). A light-sensitive detector (6) iBCOSBRo®&®™ in the
ot her focal axis (B2) of said reflector, The arrangenent also includes a
part (7) which has been designed to al V\i) 01/ 81900 PCT/ SE01/00899 4 | ow the
gas being analysed to pass into the neasuring chanber, wherewith said part

can be gi view W@e@‘?lﬂﬁ@nﬁb’ﬁﬁﬂ tapassiidedhe m%uﬂégé@ﬁmbe(fﬁwh@%ﬂwlﬂ’esﬁjﬂsposed
in an openbgrgc aﬂilg%%lwg 8? ré%fé Frg'a%d%ﬂ@r%ﬁ?ﬂ} e&@t@ﬁ!’g? %cg%/&qg% Hg)%sbaner

surface of sal non-re I ve present
i nvention Femhopemhgmﬁsbhemsnﬁ@nV%en taking into consideration the

t echni cal dellberatlons that a skilled.in t i s part art nust
make in order tolt ,!ﬁBf\ﬂpaée%G§B?‘Ejg?)bﬁ1qt(§h%m@%§u%?%0 ?%'gtﬂﬁ"b{ﬁ Sbl"‘hlgﬁems t hat

he/ she encoyni&ictivet W Il be seen that it is necessary ini- tially to
real i se the neasures and/or the sequence of neasures that nust be un-
dertaken to this end on the one hand, and on the other hand to realise

whi ch 15 ans is/a uired to oI ve one or nore said problens. On this
basis, it WHMMBY ot&? Eﬁset”ﬁéf'v?’ﬁéo?echm cal problens |isted below are

hi ghly relevant to the devel - opnent of the present invention. Wen

considering the present state of the art as described above, it will be
seen t hat ﬂgﬂyuﬁﬂuﬁgh_ﬁkbblenlre3|des in providing a gas cell adapted for
car bon, 20 di oxi S I as
car bon, @0 di ox! dfaRdalg'ibtl Dbl e BaRhRY, dobetafieda S

source and a e recelving unit

which is saummmmpa‘ticalar b rhést maké il ofeen ed pmv@dlé o slotutroastpen'te of mosy y
smal | gas voI umes, for instance volunes of | ess than 10 . It wl] also

be seen t higchaicebeiakenms thiathie/ehe pacaunters; f wih Boseeainani it esspsangi-
ditions, Wiy fhieafiehie! mBadRes dMfiineidadette bf fRA%LRS Mgt ARRFBANA! ! on

of carbon I"'oxi de 1 n very small avai '€ gas vo et erm ned
reliably, dadakétetoethisfendaomﬂw)beethlaedcamtentthatolhm heindctarrealisedwbichde in t he
expir at | Onmaelarns?sf/agehrequweg to solve one or more said problems. On this basis, it will be
evident that the technical problems listed below are highly relevant to the devel-
opment of the present invention.
When considering the present state of the art as described above, it will be
seen that a technical problem resides in providing a gas cell adapted for carbon
20 dioxide and including a cavity adapted for a chosen small gas volume, and includ-
ing a light source and a light-bundle receiving unit which is so constructed as to be
useful beneficially in respect of very small gas volumes, for instance volumes of
less than 100 pl.
It will also be seen that a technical problem resides in the creation of con-
25  ditions, with the aid of simple means, that will enable the concentration of carbon
dioxide in very small available gas volumes to be determined reliably, and there-
fore enable the concentration of carbon dioxide in the expiration air of children and
small animals, such as rats, to be determined.
It will also be seen that a technical problem resides in the creation of con-
30 ditions that will also enable the carbon dioxide content to be determined in the final
phase of the expiration cycle of new-born babies.
Moreover, in the case of very small available gas volumes, a technical
problem resides in deflecting for determining carbon dioxide contents such a small

proportion of said gas as to allow said small proportion to be released freely to the



smal | animals, such as rats, to be determned. It will also be seen that a
technical problemresides in the creation of con- 30 ditions that will also
enabl e t veooason di oxi de content to be determ ned in ther€i/RRd1/00pd9ase of

t he expiration cycle of new born babi es. . Moreover, in the case of very

smal | avail abl e gas vol unes, a technical™ problemresides in deflecting for
determ ni ng carbon di oxi de contents such a small proportion of said gas as
to al | ow santientwin anstiheewith redusedbe risked dnfectioretha) theoratue ofa gas 80000
PCT/ SE01/ 00899 5 anhient air and therewith reduce the risk of infection
that the r ?%Pﬁe%fn@eﬁgcﬁ%ﬁ'WOP%o%thﬁ%'aei'Wp[yhe process woul d ot herw se

i nply. Anot her t&abteE &chpicid besbiem i9dhedf reaiing thegsighificanenof andtlee of
and the advantages associated with the use of a short optical measuring
pat h ext r eAf¥antades assaciated with thegise ofa slagrt el Meeasig Rah &XtreRity eat e
condi tions (GERTY ' rd ) . | gth
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di oxi de i nsaidengasuringrextiemitetocbe hivengalengé sufiiCienhts eriaile dedatectoetb dend

i ntended for determn- i .the_carbon,digxide content of a gas, it will be

in
seen that BW& ec%ﬂncﬁPHg}'%fﬂrPF garbop dipxjde in & 92S-sj gni fi cance of realising

that the light spuhegadBYfRE 4 GRSk thE dlolcRedtrifd Khd MhteAdBdtéd ddtbdnin-
elliptical reflective mrror surface or mrror surfaces, and to allow said

m rror suringdbe cagbdrodioxigefdardentd\a g3s, dewillhienspayuiheh adechwicaleorohlenvre-t wo
ot her _cavity defini.ng.surfaces shall, be, c .sed of -conduct |

sur f acks o?'fjéﬁf%{'@ds'g 'F'Bﬂﬂ“f%gpﬁéﬁﬁ?ﬁgrt{‘@t tgfaq'gﬁ; 83%%#8?395%"?%%6@2&%%%5 t he
detector. A&infBP4 Rartidigeptieal repeetiemirrr Sirtacef oridrsuffack$earsd Whalidwance
of and the advantages afforded by allowi ng the unit or detector receiving

the |ight SRifldnisorsyriaees i ipsacn fifst gavibedeiining strfagei whileagaeer tveatharth t he
tiall Dt : ) . ] . f
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t he secondfrdeftheieng-pantd efesid thairfoe sadapéetdwards the detectorconnection with the
end- parts of saigﬁm' rror surfaces. Yet anather te hni,caj,ggrobl giran(lé)iﬁ1 one of

real i sihg the siQRPEEIRREDIGH PERRIEM iR ONG RS 4RBIEYME the $igPHiEaNEs OLAPd WSy t he
LRipe o RSBl SRS by TUNeLiy B Wb 85BN B e ehiat ol
be placed in a second focal point associated with the partially elliptical mirror sur-
face. ,
Another technical problem is one of realising the significance of and the
20 advantages afforded by allowing the second defining surfaces to be adapted for di-
rect connection with the end-parts of said mirror surfaces.

Yet another technical problem is one of realising the significance of and
the advantages afforded by allowing the ratio between a major axis and a minor
axis in respect of the elliptical shape of the mirror surfaces to lie between 4:1 and

25  2:1, such as about 2.5:1.

Yet another technical problem is one of being able to realise the signifi-
cance of and the advantages afforded by allowing the gas-cell cavity to be delim-
ited by mutually parallel planar surfaces.

Another technical problem is one of realising the significance of allowing

30 the distance between said planar surfaces to equal approximately the chosen
length of an incandescent filament included in the light source.

Another technical problem is one of realising the significance of allowing a
cavity-associated first plate to include a recess that functions as a light-source

holder, and that the same plate may include a recess that functions as a holder for



25 2:1, such as about 2.5:1. Yet another technical problemis one of being
able to realise the signifi- cance of and the advantages afforded by

al | owi ngwde1/gmee cel | cavity to be delim ited by nutual | pcpar@aldogds pl anar
surfaces. Another technical problemis ope of realising the significance of
allowing 30 the distance between said planar surfaces to equal

approxi mately the chosen |ength of an incandescent filament included in
the |ight thedighébundls leseivingcunit, @nd torfotsn said eawitydn dhe piade bstwren daid
significanﬁq gf allowng a cavity-associated first plate to include a
recess tha OP [tions as a | i ght-source holder, and that the same plate

may include a resgshet fsshnicanptabierm ig@dna diekaiding tHe $GhifitaBdddB0enabling a
PCT/ SE01/ 00899 6 the I 8ht -bundl e receiving unit, and to formsaid cavity

in the pl athealde Recaprdigido sais plates anddsrayide saichshaat Wittod gamdedvelye of
real i sing sl gniif i I [ a sheet to be applied to said

pl at e, gnd&?@(;mgé%@Pcﬁegggﬁgcg%@g@%q'ﬁ&a gas-delivery 5 opening and a

gas- di schar ge opknothgr tedhnmidat prdtéerinris oak gireslising the sigeifiodncecaf asd the t he
significance of and f[he advantages afforded by holding together said first
Bl ate and SOEMERORDREOREGULTOINNEH oBRbea A dirSLP I8t B OaR &' QTR STPEL at e,
and by pr oy jtHtRg aiPéith S8EsHamd 8ltRirdYoldte, érﬁFBg‘ﬁM\H@ing%‘éidi@éédfﬁf Mafhdith
gas-di scharge connections. 10 A technical problemalSo resides in realising
t he signi f iesprctivepfasdelivary anddyasdiaghargefdamngestions; al | owi ng an opti cal
measuring path extrem.ty of. from4 tao . 20 nmito be obtained via t

or 1ot Car P rr o eGTicR) P oRblERRS rrdapf gh P o e HR A e vi ng
the |ight sewiHteges hffoRedByd@vEnMahlbpticdlmeaBBmt$ path@lthahity 6Efdincato
problemresides in providing a gas cell adapted for car- 15 bon di oxi de

where t he 4@Wmyo besokiaigrdiMa the elfietical srirphsudacebatwaanine lght ewieeand | to
100 1, S“C{he%ifl%céwcgaw I%lﬁlbghgfe@ in %&@&ﬁcémﬁ%&&}eeéﬂ%&@! emis one of

real i sing the signi nce the antages galn y adapting the
speed of the carAnother techthical psotilembresidessn pusvidingra g celbadapteddornsart o

enabl e a gas exchan of from1-50 tines per second, 20 to be achj eve
Anot het’ t ee%pt%rdaep%s{eemei @\iibase #oal iVQFW?@e'tfﬂb"BsFQj]ﬂe@ ¥alHee %&%&% n

ul to 100 ul, such as 40-60 ul (microlitres).

Another technical problem is one of realising the significance of and the
advantages gained by adapting the speed of the carbon dioxide gas to be meas-
ured in the cavity so as to enable a gas exchange of from 1-50 times per second

20 to be achieved.

Another technical problem is one of realising the significance of varying
the speed of the gas in accordance with the application concerned, and therewith
choose a speed which will enable the gas to be changed from 5 to 10 times per
second.

25 In addition, it will be seen that a technical problem is one of realising the
significance of and the advantages afforded by building on a basic concept that
leads towards reducing the measuring volume to the greatest possible extent and
therewith enable said measuring volume to be quickly exchanged and therewith
obtain short measuring cycles although with the use of a sufficiently long meas-

30  urement path extremity and with the use of high light intensity, by utilising not only
light that is reflected by the elliptical reflective surfaces but also light that is re-
flected by the mutually parallel, upper and lower reflective surfaces that delimit the
volume of the measurement chamber.

It will also be seen that a technical problem is one of realising the signifi-



the speed of the gas in accordance with the application concerned, and
therewith choose a speed which will enable the gas to be changed from5 to
10 tinmes weni/swecond. 25 In addition, it will be seen thapCuSE@atsgocal
problemis one of realising the signifigance of and the advantages
afforded by building on a basic concept that |eads towards reducing the

nmeasuring volunme to the greatest possible extent and therewith enable said
nmeasuri ng Gnagnef angd the @&%‘kﬂgﬁseﬁ)égﬂdﬂ@@d agapting dhe distancebetmeendhgmaral-

measuri ng . | f f.f Lieirgot
i ement  pah eEREs SUFHERS H ootroetRnt3E o o el HERY ateud i (Haterbtn
utilising ofodn mtlhydesdagittfildrhant used; éfis éaigtil being deprekimatelychb mmfbyestyve

surfaces but also Ii ?ht that _is re- fLect ed by the nutually parallel, upper

and | ower ‘Pfleef’faéEFP'?\)% ke Fas aEpresent @ehnAiodYt he  vol une of the neasurenent

chanmbers It will also be seen that a technical problemis one of realising
the signifi WO 01/81900 PCT/ SE01/00899 7 cance of and the advantages
af f orded b@oldiapti ng t he di stance between the paral- lel reflective

surfaces to corr ond or.at l.east.only slight exceed the total, |ength
of an incandesce *ﬁng?%ﬁ%mveﬂ 8 ,%uflﬁ§ Qxlaegu ﬁelLé’PH%‘ '358?8%‘#8{8?9)% 4= m by
way Of eX@ﬂBé%nidrwrﬁibﬁ Hé@%ﬁcélfitypéééﬁtéb foeslthebeg¥mail gl \kdllhtﬂé, a highpr esent
i nvention builds on a gas cell which is adapted for carbon di- oxide and

whi ch has $owaei ayd aatirreteteetor tordaesivingdhalliighyaendies umeereln thedight sour ce,
. > _ o ! i i
"0 soullhe. 78lingf 5% BRH i rabaitiy ditoblafed LA or B in6Re pHfIEIF bIplic plrd)

el I'i pti cal rorisurfaces fermihgads st cavityiigfinidg swfaceavi ty defining surface. In
the case of a gas cell of this kind adapted for cfar bon di oxide, . it is pro-
posed in accor daficBeGask of Rdasealhefithis kind @deRisdior CARIONOXIEG. Ui Pi-ng

o s VS IPERNLLAGR, B AOEnASRNALD% TR RARIBAL MO,
uni t shal | shudl lpé aoewprised af gas coddudtongasurfariestoresdated dtord the endpaetspeftbeal |y
OBt o o et 355 B he Bohl e S0 e e F o BB
present i njRat piRt bEciat8 vivineYpdrBallEelliptical mirror surfaces.

With the intention of solving one or more of the aforesaid technical prob-
lems, it is proposed in accordance with the present invention that the cavity is de-
limited by parallel planar surfaces, where the distance between said planar sur-

20 faces shall correspond to the length of the incandescent filament in the light
source.

By way of embodiments that lie within the scope of the inventive concept,
it is proposed that these further defining or delimiting surfaces are adapted for di-
rect connection with the end-parts of said mirror surfaces.

25 It is also proposed in accordance with the invention that the ratio of the
major axis to the minor axis of the elliptical mirror surfaces lies within the range of
4:1 to 2:1, such as about 2.5:1.

It is also proposed in accordance with the invention that a first cavity-

associated plate shall include a first recess which functions as a light-source

30 holder, and that the same plate includes a second recess which functions as a
holder for the unit or detector receiving said light bundles, and that the cavity is
formed between these holders.

It is also proposed in accordance with the invention that a sheet which in-

cludes a gas delivery inlet and a gas discharge outlet is applied to said plate.



limted by parallel planar surfaces, where the distance between said pl anar
sur 20 faces shall correspond to the I ength of the incandescent filanent in
the |ightwososmwee. By way of enbodinments that |lie wthin poeSEaapsof the

i nventive concept, it is proposed that fhese further defining or
delimting surfaces are adapted for di- rect connection with the end-parts
of said mrror surfaces. 25 It is also proposed in accordance with the

i nvention that tlhis alaoipsordseadibat aseeencirand a thirdhdatei aterpraxifed &er halding

elliptical, mpror - f Ligs, wthin the r fenid 1. Ssuch as
Sbout 2. 5 1p0eleMseRkfisEB s abE ¥ o b i S e Brsaid oo R A, 75
first caviijed asthoespéetivengas-suppiplandigastdisehargbioophettsress whi ch functions
as a light-source, 30 holder, and that the sang plate includes

d
recess whi ch funléis @IAQ PARPSaRiNaRAN PeHcalBeaH iNdRatgETIY. N@c@'ﬁi}?@ﬂsag d
| 1ght Bunddasmir@Pdutfets bOfdmihbight sol @EMTHY BINREL detec®r RleiAg thd t 1 S

al so proposed 1 n accordance w e ITnvention that a sheet
cl udes a glaghtdeihdies: has &l lebgthnof 4atog2Gmaihscharge outlet is applied to said

| ate. WO 01/81900 PCT/ SE01/00899 .8 It i | J dth d d
Ito hird plate are 'gfso?r'?_ﬁé’ﬂo?%?re%tgﬁgm?gv‘?'?'laééﬁﬁég_Cg{é\'?ﬁ%fs"ier?@%er%f’y?r@éggﬁgongnor :
nor e Sheetﬁom‘éﬂgﬁﬁo%(ﬂﬁ@@ﬁ@r‘i‘gsFB'eﬂké’erﬂ ﬁo%rnlﬁ;SQ’LI‘?'ed with respective

gas-supply an as-di scharge connecti ons. I's al so proposed that an
opti cal neasuri ntheatlociy bf tva gas cantainingecaiblonptioxide andlintended forsandlgsiss

between the |ight source and fh it gr detector recejving,the |ight
bunal o8,  naeia e cavty Gon B adapedfh endbie 85,585 pe b gtk br R e of
the cavit yfrinl 1 tPsGtiRIcdber se8Aygre from30 | to 100 |, such as between 40
and 60 |I. The velocity of the gas contai ni naacar bon di oxi de and i ntended

for analysis i oOnicenain oeeasiens, this sapet shalisptastapted themikiegas eas to be

Thi s speedctansel 455m g pal b8 ralsbdRL R BHERBE of froms 1o 10 times

per second to be achieved. is Advantages Those advantages primarily
associated wth a gas cell adapted for carbon
15 Advantages

Those advantages primarily associated with a gas cell adapted for carbon
dioxide and having features significant of the present invention reside in the provi-
sion of conditions for obtaining a cavity of very small volume while still providing an
optical measuring path extremity of sufficient length to enable the gas cell to be

20 used for determining the presence of carbon dioxide and/or determining the con-
centration of carbon dioxide in a small volume of gas mixture present in said cav-
ity.

The invention enables the concentration of carbon dioxide in the exhala-
tion air of small animals, such as rats, and small children, such as new-born ba-

25  bies, to be evaluated in such small volumes that render it unnecessary to return
the gas volume used for measuring purposes.

The invention enables the carbon dioxide content (about 5% by volume) of
the exhalation air to be measured solely at the terminal phase of the exhalation
cycle.

30 The primary characteristic features of a gas cell for carbon dioxide are set

forth in the characterising clause of the accompanying claim 1.



di oxi de and having features significant of the present invention reside in
the provi- sion of conditions for obtaining a cavity of very snmall vol une
whil e stiwbopsooi di ng an optical measuring path extrem t pJCDRE®UN89Ci ent
length to enable the gas cell to be 20 uged for determ ning the presence of
carbon di oxi de and/or determ ning the con- centration of carbon dioxide in
a small volune of gas mxture present in said cav- ity. The invention
enabl es t hBriefdesatiptionnf the dawiBgasdi oxi de in the exhala- tion air of
smal | animals, s r '

bies, to be evalﬁ S |"n s?@%&@mﬁ%@%fj@gygd%rﬁd;?a\?ggE%?tﬁ{%?%@ﬁ@(%égg%r@éto
return thpregast invkenfien wilbdow e deestsibed g muore gesaibby Wag of exaniple@and vathl es

t he carbon (¥i oxi de content (abqut 5% by volune) of the exhalation air to

be measur etf %@”@P)}oér_ﬂe AREOPRAMYING ArANIGS. BYWRIGR exhal at i on cycle. 30 The
pri marys cheifd qr [ SIGstABL W s &l AgAisd 56 darbBh diidoBoMctsdR 8 e Set
forth in thé characterising clause of the acconpanying claim 1. WO 01/81900
PCT/ SE01/ 00899 9 Br i rekspitatory spsteondesigned fatrsamalhgfyldremias cel | adapt ed for
car bon di oxi de gnd havi features, significant of the .present . .inyvention
will now be'%ES¢ri beld ﬂgﬁlﬁgggﬂ@?‘atpﬁ{ @ys%t\?s&cae&g%f%lg%ﬁgwdteﬁec%ref erence
to the acconpanyi ng gdaned &S détdriirghthe ifbaut eodcdntiativhldicasoéh gisidee! |
adapted for carbon di oxide connected to a respiratory system designed for

smal | children; Fi guard/erthe cargppgioxidegenrerntradionifoiaed pytiraeamvaiebon
di oxi de, gag; ctor; aaflﬁ%tn‘? : L | t I on of
car bon?odi oE‘ggjzé gand/'gr e c%}éb@%n i%v?(ioﬁé%d%%%%ﬁg??%ﬂdﬂcg?%ﬁ%f%an
val ues; i oFigueide 3 isaa perspbetivat viewpdfahe yaswetifshawpan figelBt adapted for
carbon dioxjde; . Figure 4 is a perspective view of the s cell shown jn
Fro 03 “F bl 5 | s Hnamiensloned o prolShPsons Buckhrs gasicoh APk as
cell adapted for cagbesrgdnoXibdige: Figure 6 is a perspective view of a gas
cel |l adapted for carbon '#S%Se', eZand 15 shows the cell in an assenbl ed and
i nt egr at edFiguae 6 andisadpgrspectiver viewoafrat gag celhadaptedforcarboncivxidecznd] or
card; 15 shows the cell in an assembled and integrated state and adapted for
mounting on a printed circuit board or card;
Figure 7 is a sectioned view of the gas cell shown in figs. 4, 5 and 6 including

incandescent filament and detector;

Figure 8 is a detector view of the incandescent filament at a chosen, optimis-
20 ed cavity height; and
Figure 9 is a detector view of the incandescent filament in respect of a chosen

excessively extensive cavity height.

Description of an embodiment at present preferred
25 Figure 1 thus illustrates schematically a gas cell 1 which is adapted for
carbon dioxide and which is used to determine the concentration of carbon dioxide
in the expiration air of a child 2.
The expiration air shall thus pass the air passageways 2a and through a
pipe system 3a to a respiratory device 3 (not shown).
30 A breathing mask 5 is connected to the pipe system or a hose 3a.
The gas cell 1 may be integrated with a central processing unit 6, in the
way shown in fig. 2.
A one-way valve shown in fig. 1 may conveniently be replaced with a

pump 4’ that sucks the gas volume to be analysed from the pipe system 3a and



Figure 7 is a sectioned view of the gas cell shown in figs. 4, 5 and 6

I ncl udi ng incandescent filanent and detector; Figure 8 is a detector view
of the i wandge®eent filanment at a chosen, optims- 20 ed pavkEy/dogioght ; and
Figure 9 is a detector view of the incangescent filanment in respect of a
chosen excessively extensive cavity height. Description of an enbodi nent

at present preferred 25 Figure 1 thus illustrates schematically a gas cell
1 whi ch i souldais bg frag atmesnbhere. Ao BNANSBITEWSi s used to determ ne the
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syst em 3a hereinaftespi ratory device 3 (not shown). 30 A breathing mask 5 is

connected to the_pipe systemor a hose 3a., The . gas cel] 1 e integrated
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sucks the gas volune to be anal ysed fromthe pipe system 3a and WO 01/ 81900

PCT/ SE01/ 00899 1Refsuting tn figs. e 4f beandhf rtbepshisrshowasa gaswelldywbieh iar r ows. The
circuit arrangenent, shown in fig. 2.wi.l.l bhe described in nor Ll

her of naf ¢ ePaoRRE 1 peleimioe oy v Ban diite eanee o et ot T KB bon

di oxi de  Singaneanty vd, wileh exdddpibd @ astémhibddie afdhdeen paRs@IWhe! dght

exhal ation cycle. " Referring to figs. 3, 4, 5 and 6, there is shown a gas
cel | 1 whigeurce 1adapti@d1mbord@¢t§pw%8 fonEeceiying theibendles of gFeuns eHlighdn of a

gas, sgjd |4 GO 1S 41 | : which is adapted to acconmodate a
chosen?dgaspaygﬂufraéﬁné ?Q%E?Q @o%?%éeﬁ%cf&gl nd a unit or detector 12 for

recei vi ng the buTik éghtsowgce@dpds pfacedatith its incaagesdeht filandntah aafodalljoiht 11
b' respect '

{11 amont 1 B R et bpBliogeal PGP udaea TawhcBm s sl Siedoe GinPiRss 13,
"R | e LA S RN BSou/ Atk Lo o e, Part 132
partially elliptMos specificallysthef partially 8diptidaimisnoe surfaces 13a, 13b are in-

15 tended to form a refiector in the form of a semi-ellipse in the plane according to fig.
3.

The elliptical mirror surfaces 13a, 13b forming said reflector form together
a first defining or delimiting surface of the cavity 10.
Two further cavity-defining surfaces 14a, 14b are comprised of surfaces

20  14a, 14b which converge mutually from the end-parts 13a, 13b of the mirror sur-
faces 13a, 13b.

These surfaces 14a, 14b are primarily intended to serve as gas-flow con-
ducting surfaces, and the convergent form shown in fig. 3 is adapted for a mini-
mum volume of the cavity 10.

25 If a cavity of greater volume can be accepted, there is nothing to prevent
the surfaces 14a, 14b from being formed in accordance with the elliptical shape
shown in broken lines in fig. 3, or given a still greater size.

These surfaces will preferably not have light-reflective properties, but will
have, instead, light-absorbent properties; said surfaces will definitely not have

30 light-reflective properties in certain applications.

The unit 12 receiving the light bundles is placed in a second focal point F’
associated with the extension of the partially elliptical mirror surface 13 into a
complete elliptical shape.

The second defining surfaces 14a, 14b are adapted more particularly for



1s tended to forma reflector in the formof a sem-ellipse in the plane
according to fig. 3. The elliptical mrror surfaces 13a, 13b form ng said
refl ect owdorsmodogether a first defining or delimting seef/aE@/ 0899t he
cavity 10. Two further cavity-defining S| rfaces 1l4a, 14b are conprised of
surfaces 20 14a, 14b which converge nmutually fromthe end-parts 13a, 13b
of the mrror sur- faces 13a, 13b. These surfaces 14a, 14b are prinmarily

i nt ended t direeiropangstierato o1 eantingaLs ¢aoneetiprsvith thesndpadt 132, tInwithent
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definitely no ave ective propertres in certain applications.
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associ at ed W|th the extension of the parti al I el | HJtl cal mrror sur&ice 13

into a colfIl@shalisalgly recgive lightaayy featare did %réth' IRdhe apglar anoe;t
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connection to or I NnUOUS connect 1 on he end- part

m rror surs$adases T 13htshallet oteesendortie) withiathes rdrafe aidt 1d01% haauclas " b"  of
the all ocat ed e Je i ptical shape 13 may, theoretically, be very I|arge,
althou WPt éﬂect to the 5 outer dinensions of the light source 11 and
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resulting fromthe beneficial preference that the detéc- tor 12 shall
sol el y rectices, whera thegdistanpebetween agidqdanangurfacestihehesgutaeorresnpnd3oo,

the m rr or © BB A8 ncpsfelfictiarheRt s R bB! Rt b e R FPan BB Y
4:1 to 2: lthescmibr@ﬁaﬂ@utabslmhmZ 5:1. In the figure 5 illustration, the
cavi ty 10 'S def'Irrrmlg?nc%%dggégrltlfl(laellmglltasnhaall béjgnentated centrally in the focal point F

and perpendicular to the plane shown in fig. 3.

It is particularly proposed in respect of a prototype that a first plate 41 is
provided with a first recess 42 that functions as a holder for the light source 11,
that the same plate 41 is provided with a second recess 43 that serves as a holder

20  for the unit 12 receiving the light bundle, and that the cavity is formed between
said holder so that the incandescent filament will be placed centrally in focal point
F and the detector 12 placed centrally in focal point F’, to which focal points the
delivery and discharge of the gas are also directed.

With reference to fig. 5, the illustrated prototype includes a sheet 51 which

25  can be applied to the plate 41 and which includes a respective gas-supply 52 and
gas-discharge recess or opening.

A second plate 53 and a third plate 54 are arranged to hold together said
first plate 41 and one or more sheets 51, and the second plate 53 is provided with
gas-supply and gas-discharge connections 55 and 56 respectively. The exploded

30 view of fig. 5 is intended to illustrate that in respect of a gas cell which consists
solely of two parts, some chosen parts in fig. 5 can be integrated and assigned to
one part or to a function block, and other parts can be integrated and assigned to
the second part or a function block.

An optical measuring path extremity between the light source 11 and the



faces, where the distance between said planar surfaces is chosen to
correspond to the length of the incandescent filanent in the |ight source.
This | engt@donsapobbe in the order of about 1.5 mm 15 The PaTanda®s®nt
filament shall be orientated centrally iB the focal point F and

per pendi cul ar to the plane shown in fig. 3. It is particularly proposed in
respect of a prototype that a first plate 41 is provided with a first
recess 42 unibfl2freevingribedightbungdlesrvia sespactive efipticalonirts sutfaces fda ange

sane plate ' V] | C ecess 43 that serves as a hol der
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recei vi ng éexehdnggdtfrdmrdioes( timea peespeand.ve el liptical mrror surfaces 13a
and 13b, will have a.length of from4 to 20 mm An optjcal, nmeasurenent
path extren ty |0 GaTaR ERSeedieoa BRecdiTatbr poepiit BRI BRI Ihe T o
havi ng beep|aced lorekeRakyed f8M™ td 90 tifdsl aasebdndas a Iight 5 bundle 11 a;
a further neasurenent path extremty associated with the |light bun- dles 11

b, 11 B is al solissan bergdeciedbygiontrollingdhe sueep #ninffiggd. 3-6 are therefore
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oxide measurement. The cell is divided along the line 61 and includes connections
55, 56 and an opening 42 for the light source 11. The gas cell is also provided with
connecting lines for supplying energy to the light source and for evaluating signals

20 from the light-bundle receiving unit.

Included in the block diagram shown in fig. 2 is a sensor unit 100, which
can be considered as an integration of the gas cell 1 and the central processing
unit 6 shown in fig. 1.

This sensor may conveniently consist of a construction described and il-

25 lustrated more clearly in International Patent Application PCT/SE96/01448 (SE95
04020-0) or International Patent Application PCT/SE97/01366 (SE96 03109-1)
based on spectral analysis of a gas mixture present in the cavity of a measuring
cell.

Raw data delivered by the sensor 101 is subjected to an adapted signal

30  processing procedure in a circuit 112, for instance. This signal processing proce-
dure may include dynamic filtration, temperature adjustment or temperature com-
pensation, linearisation and/or calibration.

A signal representative of the instant value of the measured CO, concen-

tration, such as the end-tidal values is delivered on a line 112a.



100 i, such as between 40 and 60 | (mcrolitres). 10 The speed at which the
gas to be analysed with respect to its carbon diox- ide content travels in
t he cavi two 2081980 adapted to enabl e the gas to be repl acedrPoT/SE@uob@nged
from1l to 50 tines per second. In certain cases, the gas speed nmay be
adapted to allow the gas to be re- placed or exchanged from5 to 10 tines
per second. 15 This can be effected by controlling the punp 4" in fig. 1.
Figure 6 is a pefBipsignalds deliered taaoweuipdi 8 whish.cda o eoidiisl s@neben @dingon

connect i onb T bianuRBsate' d el rkcld JotlgEP pe sy chir . on AR RRBE. I°C3,

i s al so prealudeshdvatddntrobsigast omg linemelBbf cin ivdaty Brsgt eresigyldvaldeforla ght
source and for evaluating signals 20 fromthe light-bundle receiving unit.
| ncl uded i $hQ9ed IBWSENAWEagr am shown in fig. 2 is a sensor unit 100, which

can be gonsider eﬁ%&’ss tAd irﬁé?éﬁtgifagﬁééié‘re%qrﬁﬁgre%ﬁ thé Glrcdit 374 ahli“x‘/vrfé?ﬂééié'in-

processing unit shown 1n S sensor nmay conveniently consist of
a const r ucstaohvalees exbeed arsét value? 8nlemsengeheyl alesmeurit isaadtiyatad Viatlee hae i onal
Pat ent Applicati on PCT/ SE96/ 0144 04020-0), or I nternational Pat.ent
hop! 1 cat | oh BCANSYF 15 BSI LS8 sS 19D BRloW B3k dALR. 8 BERERMaPARYD By o
gas m Xt urg Juiosetviaihd Nee g4ty of a measuring cell. Raw data delivered
by the sensor 101 is subjected to an adapted signal 30 processing

procedure in a cTheuyaluesrelatingito cagramndiexidgrioncenyationspand/es sthey pgtiest dur e

may i ncl ude am,c fidtratian, r,at.ur Lust nent eﬁ%te com
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i nstant valalge @onipRedndaWwiredit P8 witng eBt thréstidl@ Valusfoh tiesbidathiagdre-i dal
values is delivered on a line 112a. WD 01/81900 PCT/ SEQ1/ 00899 13 This

si gnal is @e@ndevidan gdariedrsignal omalingildfa. via a control signal on a line
11 3a, can indi cafe S if meei%mlcﬁaYé’r]l'r'l‘ﬁ?é%Brﬁhgﬂ%?aﬁ@'11'§EmgarY<f‘LI'1'§ or an

upper value, and a control signal on a b can Indicate a set’

t hreshol d a& e ofdinated wittoswstart @@s corsdamtratibnFlonghetine 1i12btiaat trarednoitter ar e

conpar ?5d | 5‘ 1(5,ht8 V\(I:TIII(I::?(I: l#ri\cetas%%e?’mgrqp vmgsn o? gtih((jerigg_ses carried on lines 110a, 110b may
also be applied.

The transmitter 110 is now able to effect wireless transmission of the in-
formation obtained to a receiver in the central unit, in which a comparison can be
made of the flag status indicated by several connectable and connected sensor

20 units 100.

The transmitter 110 may be provided with alarm circuits for emergency-
related alarm signals, acoustic and/or optical signals, and an alarm circuit for an
environment-related alarm signal, an acoustic and/or optical signal.

It has earlier been mentioned that the detector 12 is adapted primarily to

25 receive light beams that fall within the angular range of + 30°.

In certain applications, it may be appropriate to give the surfaces 14a, 14b
a light-absorbent structure, such as a microstructure. Similarly, the surface parts
10’ may be given a light-absorbent structure to prevent the ingress of disturbing
light externally of this angular area.

30 ~ The supply and discharge of gas has been illustrated adjacent respective
focusing points F and F" in fig. 3.

However, there is nothing to prevent the reflector parts 13a, 13b from

being divided into sections with gas supply and/or gas discharge points disposed

therebetween, and to divide the surfaces 14a, 14b into sections with gas inlet



stant val ues exceed a set value, an energency alarmunit is activated via
the line 11 3c, and when the instant values fall below a set val ue, an
ener gencywa@bagmwunit s activated via the line 113d. Thererbp@E®0s®l at i ng
to carbon dioxide concentrations and/or gther patient- 1o related val ues of
signals on the line 112a are processed in a circuit 114 and said value
compared in a circuit 115 wth a set threshold value for the breathing fre-
quency, viand/er gaaputiet peigisadispesed therebetwgan. The signals, in the form of

alarmflags on t ' : - L nat 1,1 h
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several connectabl e and connected sensor 20 units 100. The transmtter 110

may be provi ded Whistillustrated embodimentfiocludae adettoyn sudbaae dQaandrarceiliggal s,
acoustic and/or tical signals,.and an alarmcircuit for an . .

envi ronrren?wif%qeaf@b %'%?Wg?%é 'ng %&'@?’F@}%'x/p&fa'@dﬁnéivn%WOM 01§ has
earlier begéctiBadeenpehtt hat the detector 12 is adapted primarily to 25
receive light beans that fall within the an%ul ar range of 30. In certain

appl i cations, itTheysedexprassinn wasalied’ ghalkalsebedindessteosd 1a includemuiu-
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optimised cavity height between the surfaces 10a, 10b.

It will be seen from this that the directly-acting light bundle G1 emitted by
the incandescent filament “G” is centred in respect of the field of view 12’ of the
detector 12, and that the light bundles G2, G3 reflected by the surfaces 10a, 10b

20 are located immediately above and immediately beneath the light bundle G1,
therewith enabling optimised light intensity to be obtained.

As will be evident from fig. 9, the reflected light bundles G2 and G3 will lie
outside the field of view 12’ when said distance is excessively large.

In this regard, it lies within the scope of the invention to take measures

25 such that in respect of the surfaces 10a, 10b the reflected light bundles G2 and G3
will be slightly laterally-related to the light bundle G1 within said field of view.

It will be apparent from this that by the expression that the distance be-
tween the light-reflecting surfaces 10a, 10b shall be chosen to correspond at least
essentially to the actual length of the incandescent filament will also include a fila-

30  ment length that is slightly shorter (or greater) than said distance.

Although the exemplifying embodiment has been described with reference
to an application for determining carbon dioxide contents of a gas, the gas cell can
also be used for other applications.

It will be understood that the invention is not restricted to the aforede-



t he passage of gas at right angles to the plane of fig. 3. Figure 7 is a
sectioned view of a gas cell according to figs. 4, 5 and 6, and 5 shows

t he cavi twoa0s19en i ncandescent filanment 11 and a det ect or PAR/SENiios99
illustrated enbodi nent includes a bottomssurface 10a and a ceiling surface
10b, said surfaces being pl anar and mutual l'y paraIIeI and functioning to

re- flect incident ght. The used expression "parallel" shall also be
under st oodsqr@qdmwésm&ea exemRlifying &H&%'W&ngﬁﬁhﬁéﬁfﬁ@waﬁt medificgtiang
slightly othiepeiosda Mﬁ@,tﬂér@ogglof thd hrWe WL Jsrﬂgélgé&?]mnhteha?éc ohfle

i ncandescent f1lament has | 'engt |s sone shorter than the

di st ance bpangeg ctaimssurfaces 10a, 10b. The Iength of the incandescent
filament and the chosen distance between the surfaces 10a, 10b is
significant to the present inventi on—35+Fgure 8 shows a detector view or
a detecjor field of view 12' at a chosen, optimsed cavity height between
the surfaces 10a, 10b. It will be seen fromthis that the directly-acting
light bundle GL emtted by the incandescent filanent "G' is centred in
respect of the field of view 12' of the detector 12, and that the |ight
bundles &, G3 reflected by the surfaces 10a, 10b 20 are | ocated

i mredi ately above and i mredi ately beneath the |ight bundle GL, therewith
enabling optimsed light intensity to be obtained. As will be evident from
fig. 9, the reflected light bundles G and G3 will lie outside the field
of view 12' when said distance is excessively large. In this regard, it
lies wthin the scope of the invention to take neasures 25 such that in
respect of the surfaces 10a, 10b the reflected light bundles & and &3

will be slightly laterally-related to the light bundle GL wthin said field
of view It wll be apparent fromthis that by the expression that the

di stance be- tween the light-reflecting surfaces 10a, 10b shall be chosen
to correspond at |east essentially to the actual |ength of the

i ncandescent filament will also include a fila- 30 nent length that is
slightly shorter (or greater) than said distance. Al though the exenplifying
enbodi nent has been described with reference to an application for
determ ni ng carbon di oxide contents of a gas, the gas cell can also be
used for other applications. It will be understood that the invention is
not restricted to the aforede WD 01/81900 PCT/ SE01/ 00899



15 scribed and illustrated exenplifying enbodi nents thereof and that

nodi fications can be made within the scope of the inventive concept as

di scl oseavdni/gt9e0 accom panying clains. 5 WO 01/ 81900 PCTPSESHI100889 16
CLAIMS 1. A gas cell (1) that includes a cavity (10) adapted for a chosen
gas volune, a light source (11), and a 16 ght - bundl e receiving unit (12),
wherein the |ight source 5 (11) is positioned in a focal point (F)

associ at edCMAIMSa partially elliptical mrror sur- face (13), forming a
reflector for the light source (11) and a first defining surface of the
cavity (10), wherein two other cavity-defining surfaces are conprised of
gas- condugting Aldsased(1§ i indidées aicality ef®hdaptsa fdte eivbepagdssvdldae, |
13b') of the mrror surfaces (13a, 13b) and with the |ight-bundle

recei vi ng adight saurge g hs @adianlightduinsiie: aegiving dnit §b2 hwhergingbe dehts@ucei t h
the partia : LAk - - [ - te [ -he
cavi by 1oy P45 borRbhedin 3Bca Pty Boaqciitbd wif] & pafiaRly htgh i s

bet ween safatesusf,domsings flestor foothedighespare (1d) and esfrendefidihy stdatd of

| engt h of the incz}n&escent_ filanent in the |light source. 15 2. A tgas cel l
accor di ng the eavilyhl Q). wheteindiver other caYityrgfining surfacRs e ¢areprigpaof gas-
conducti ng e f ; r%dgrpd_ [ , ection
to the enggﬁ%ﬁ%boﬁwfggﬁg(%?ﬁﬁfp%@%_f@g?t gassgg%?ﬁ%%bggg? ﬁgﬂ{ég claim
1, char act eiiraesurfacesidBat hdb)rard with éhevigint-lundd® rexsivding aity 12)nplaaediimar

fo 2: 110 susrcend Bealifoint RS poiaef wln bR pellil it suacrni gl 196).° 1
char act eri grardtteAzéd irthabtidd aviiat0) RedeIisited By baffile! 88485ss, WHetbin the
functions as a |light source holder; in that said plate includes a 25 second

recess t haglistansethetweensaid swfaras it ehoser to cotespansthioconessentiatiytathiet : and
in that sgi Bty ] r A 3 en said holders. 5. A gas
By Bt ol s BRE B B 8L

cell accor arac eet which can be applied
to said plate and which includes a gas supply recess or opening and a gas

30 discharge recess or opening. 6. A gas cell accordi n% to . claimi1, 4 or 5,
char acteri ged byAQaseircarding to claim™, characterized in that said two further gas-

conducting delimiting surfaces (14a, 14b) are adapted for direct connection to the

end-parts of said mirror surfaces.

3. A gas cell according to claim 1, characterized in that the ratio between a
20  major axis and a minor axis of the elliptical shape of the mirror surfaces is in the

range of 4:1 to 2:1, such as about 2.5:1.

4. A gas cell according to claim 1, characterized by a first plate that includes
a first recess which functions as a light source holder; in that said plate includes a
25  second recess that functions as a holder for the light-bundle receiving unit; and in

that said cavity is formed in the plate between said holders.

5. A gas cell according to claim 1, characterized by a sheet which can be
applied to said plate and which includes a gas supply recess or opening and a gas

30 discharge recess or opening.

6. A gas cell according to claim 1, 4 or 5, characterized by a second and a
third plate adapted to hold together said first plate and one or more sheets; and

further characterized in that the second plate includes gas supply and gas dis-



third plate adapted to hold together said first plate and one or nore
sheets; and further characterized in that the second plate includes gas
supply amdogasiogh s WO 01/ 81900 PCT/ SE01/ 00899 17 charge POEREMY®SI97. A gas
cell according to claim1, characterized;4n that an optical neas- urenent
path extremty has a length of from4 to 20 mm between the |ight source 5
and the Iignt-bundle receiving unit via the partially elliptical mrror

sur f aces. aReLREYY. according to claim 1, characterized in that the
cavity has a volunetric capacity of from30 | to 100 |, such as between 40
and 60 I. 1o A gas cell according to claim1, characterized in that the

speed at wHi ch Argascaibancoddiogitd elaimont, aiharactegizedtio that amaptjcddneasavel s in

said cavity is adapted, to enable the s to be.replaced or, exchanged from
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char act gri aad thé ligMtaburiié fecMRg un® Vgl B parliﬁlcljyféllibﬁcaﬂﬁ‘ﬁiwo? stfheedlas to be
exchanged or replaced 5 to 10 trnes per second. 11. A gas cell according to

claim1l1, characterized in that said parallel sur- faces are planar. 20
8. A gas cell according to claim 1, characterized in that the cavity has a

volumetric capacity of from 30 pul to 100 pl, such as between 40 and 60 pl.

10 A gas cell according to claim 1, characterized in that the speed at which
the carbon dioxide containing gas to be analysed travels in said cavity is adapted

to enable the gas to be replaced or exchanged from 1 to 50 times per second.

10. A gas cell according to claim 1, characterized in that said speed is adapt-

15 ed to enable said gas to be exchanged or replaced 5 to 10 times per second.

11. A gas cell according to claim 1, characterized in that said parallel sur-
faces are planar.
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