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WD 2004/ 063725 PCT/ SE2004/ 000038 1 TITLE OF THE

| NVENTI ON: A GAS CELL 5 TECHNI CAL FI ELD The present
WO poansi7en rel ates generally to a gas cel |l andp@msE2004/000038

particularly to a gas cell that is included in a gas

sensor and adapted to determ ne the presence of a gas

and/or a gas mxture and/or the concentration of such

a gas and/or gas mxture, with the aid of spectral

anal ysis of |ight waves that have one or nore
THEEOETHRINVENTIONS re@iciigg. 10 It also lies

within the scope of the invention to determ ne the

presence of a plurality of gases in a gas mxture,

Tﬁeﬁﬂﬂﬂi ?} pases nay be related to one or nore
ion §

absor equenci es. 15 The inventive gas cell is
Tmlammﬂ invention m@atem\gdnbraélly&c argancell alhd moid gartsulalyto 4 gas cell that
said. cjrcuits enabljn gas,cel | ht sourc
SRR bl 5 gHRPS S BT E SrioHes B WERECT opA s andior a gas

m'iﬁﬁl%' a\ﬁ@fo? tﬁ@c&ﬁeﬁ%ﬁ%f sEALR o8 addi: %a's Hkik& ALY 8k id Sf spectral
adapted for evaluation of the instant light intensity

amatysus ofilight wadesi thatrhespent orohorsrkifeneniabserptino frequencies.
wavel engt hs and to eval uate the presence of one or
nore chosen gases and/or the concentration of said
[t %% Bés @RRMSthe QBopnSf P SheentidRt6 UeterR BE pi®eRcbf a plurality of
these light receivers may conveniently be used as a
gases &t ergge mixgnel cack D avkick gasep may beirslatedninetiicedr mere absorption
ﬁtl% q]ectronlc circuits, for indicating visually the
%i s8ERte of a gas and/or its concentration. Gas cells
of this kind include a Iight reflecting facility,
whi ch includes a cavity defined b wal |  portions and
Th‘htfé’ﬁﬁlfé‘@ £35 Hcip gdepted szFQrﬁ%t with §é°ﬁ°@‘ﬁ§1r6\41tsgﬁt%a unit, said circuits
re
o the B el Y Ge B o B0 B A5 Ll D UL E o Sor prore light
reseives &o bpsaked.abl y one which gene- rates and enits
light wwthin the visible frequency range or, in the
case of certain applica WO 2004/ 063725
EE&U@E@ R4/ 1@9(99@@ is £dd %‘erg%r eélaﬂﬁlﬂfon'cﬁT tﬁJ‘Fnsfai% ﬁ@ﬁgﬁtensq{@rdoccumng
Is adapted to e ['1ght bundle which is
1r)dles1®ct eftorecor more chosen wavelengths and to evaluate the presence of one or more

chosen gases and/or the concentration of said gas or gases, on the basis thereof.
One or more of these light receivers may conveniently be used as a reference signal.

A display unit is connected to the electronic circuits, for indicating visually the presence of

a gas and/or its concentration.

Gas cells of this kind include a light reflecting facility, which includes a cavity defined by
wall portions and intended to enclose a volume of said gas or gas mixture for assaying or

measuring purposes.

Gas cells of this kind also include or co-act with a light source, preferably one which gene-

rates and emits light within the visible frequency range or, in the case of certain applica-



10

15

20

25

as to be reflected between nutually opposite wal
portions of said cavity. Wth the aid of requisite
w0 edosmeieve el ements, the |ight bundl e shall bBCT/SE2004/000038
conprised of 5 diverging |light beans or |ight rays
which are directed onto and reflected by a concave-

tiansy light imétiel IRprangé, end sdiichsis adapticsd tatsnat & Hgkidrndlegehightsolirected so
one or re Light receivers.wth the aid.of id wall

sl e e e ey S el ool Bk dBuh the
medi um of electronic circuits to sense the light 10
intensity in respect of its chosen |ight-absorhin

. €3 I . g .

Withy theeridt of squisite alcpgjiveselomenpnthe lighfnbundds, shal} bg, comprised of

.COrres t 0 sal . i Li.Si '
oSSR A s ! Dty concve
clre¢dhald ipgriiohi soaastto ibe abkstpeohvarfe speainealr maorallight sceivers with the

Light receivers of this kind are connected to
méP%&Fﬂ&ﬁﬁd“%@@%uits to enable the intensity of 15 the

wavel engt hs of the light spectrumto be eval uated and

al so to sense the intensity of a reference wavel ength
Suchl alight rea@ivteh és ddagtet] thoughtietyediamed chestionin cirelist tosanse the light

RERUNIFUNTTA S e T i N

spebuf éUr&%‘?érQﬁ@iaw E£d3a8, kY AMsihg a 2Rubliéh of ta. giferd@Bs-significant
sensor that utilises an infrared (IR) spectroneter
weedengitlep saifl nedacton bring significantin sespeqaf spactmldialisist i on
US- A- 5, 550, 375 can be nentioned as a first exanple of
the technical background of the invention and the
LioB€ beveatls éf lsdkih® avdhisimetbe to Bleemrdnio ritbealktogmabR5the intensity of
is prior publication illustrates and describes an, .
thgrwanslpagtstof ke Baht spactprm fe bpicralugied ppd also tp jggnse the intensity of a

0SsSi bili f i . . . .
BTl RS 00t 0SSl o e it souce
an | R spectroneter, by establishing the specific
absor&ti on_wavel engths of the gas and evaluating the

BAGRGRQYND OF JHEINVENTIQN a5 - si gni fi cant
| Ld O RethBEs bitf SRife8menS oF RECA ORI 1HGAIRE are known t
S éﬁégggégﬁg@$§?$ﬁﬁstr%ted&?%ﬁ§%$d pri or pulgfuicatioﬁre own 1o
thesartpar ti cul arly adapted for the continuous control of
a gas flow or a gas-filled cavity, where the sensor or
cell body is conprised of one single part and is

A%a_;ig%%g 613&'/3? 8%8%2% 1%fra1'§ﬂ({ﬁ@)3§p%é’t§61ﬂét8r 1eV¥Ri g0 QBSridfce with U.S

Patent Publication US-A-5,550,375 can be mentioned as a first example of the technical

background of the invention and the technical field to which the invention belongs.

This prior publication illustrates and describes an arrangement which, in principle, utilises
the possibility of detecting a gas and/or the concentration of the gas selectively with the aid
of an IR spectrometer, by establishing the specific absorption wavelengths of the gas and
evaluating the intensity of the gas in its gas-significant wavelengths within the infrared

spectral region.

The gas sensor illustrated in said prior publication is particularly adapted for the
continuous control of a gas flow or a gas-filled cavity, where the sensor or cell body is

comprised of one single part and is produced as a body of microstructure.
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The cavity in the gas cell includes a wall-rel ated
mrror grating placed between the input and output
wop@niosdyss f or beans of infrared |ight. 5 AccorBCT§E2004/000038

the enbodinent, illustrated in Figure 113, a |ight
bundl e having divergent |light rays is emtted from
the light source (7) through a gap or opening (3) onto

The Bt BdSEBr (LIS B R Ty By PP fethien the input
a6 ltpeR perihg @R bbhas 6f m@hicAaighe or diffracted

obl i quely as a light wave onto an adjacent concave

second mrror surface (8) so as to be able to pass

Altcg ! btﬁ g en? f?lstr ?414% F% glie @%d% 1‘1: Qgﬁégl?léaéf ne divergent

hE Ry hsa&ﬁlt(e&)frcﬁﬁﬁh@ﬁgﬁif stiveed) \thlaxug(h raagap o1 deddiga(®) onto a first
ic etching, electroplating and noul d g1 processes,
S

CQICaVe WMo sapfagh (o dg) Whishthi @%@é}b&l@]& ¥ 9Bige Rlgper grid or gratmg

GRS B oo el Bttt PN an acen

ctrmake sezond narrdr suréact €8hsu asato Hei ﬂildtoa]pmb ltlu‘abglethetamtpdh @pening (4)

gresent I nv ion. This latter prior publication
?Fﬂ§@ﬁ§?@§g Ja&®€sensor (A) adapted for eval uating

t he conposi - 20 tion of a gas sanple enclosed in a

cavity (2) or in a gas cell. The gas cell has been
Itk slawi that the Hody rw @fga&ccdll base, plath &} ecandei nrodugetl véa Xrrdy, lithograp-

- hi gh
hies i Sfelse e ans v g ot e’ ot ML Piateitor
surfaces (11A 12A). 25 The cavity (2) includes an

opening (2a) for incom ng |light rays which shall be
Thefdas ceredr showhi and Hesceibed tiy the dristhatiensli PatentnBeiisatigy WO-Al-

9%/‘0??22 rﬁ%;ééo%l%f %éraglp%e B{ t:ﬂg é&thh%gluﬁeﬁk%r%uﬁ@ ?ﬁdj{he qgchnﬂ:% f Helg" applicable
td @ pre3éntNbventipar ti cul arly, the prior publ [ cat | on
teaches the use of three nmutually opposite and con-

cave light-reflecting wall portions (11, 12, 13) in

13 b A A RGOy SR compos
1160 SEZ A PIOAREBed th AcadyqRporih2)gaanel.a third (13) of
said wall portions have a simlar form conformng to

a part of a sem-ellipse or ellipsoid.
The gas cell has been shown in the form of a block, where cavity walls and cavity wall sec-

tions are said to have a very high light reflecting ability and are designated mirror surfaces
(11A, 12A).

The cavity (2) includes an opening (2a) for incoming light rays which shall be reflected
within the cavity a predetermined number of times such as to define a requisite measuring

path or extremity before exiting through an output opening (6).

More particularly, the prior publication teaches the use of three mutually opposite and con-

cave light-reflecting wall portions (11, 12, 13) in the gas cell.

A first wall portion (11) has the form of a semi-ellipse or ellipsoid.



10

15

20

25

30

SUMVARY OF THE PRESENT | NVENTI ON 5 TECHNI CAL PROBLEMS
When taking into consideration the technical
waledouioes7ai i ons that a person skilled in this pBCF/SE2004/000038
ticular art nmust nake in ordet to provide a solution
to one or nore technical problens that he/she
A esmmdr(ﬂ b)r @,d 4 thindi (1) besadd@nlltpeationsthayve arsggdarsigry, conforming to a
ft i se,the nmeasures and/or the sequence
paBtfo r?esgghregg’s?ﬂ‘é‘? Y- be undertaken to this end, and
also to realise which 10 neans is/are required to
sol ve one or nore of Sall‘ﬁ\gErObl ens. On this basis, it

SUMMARY OF THEHRESENT ERCENIION cal probl ens |isted
| evant to the devel opnent of the
T%&é@g‘?{l nven ElVf§V\hen consi dering the present state
Wakn tdkéngsifito coﬁ&d@ﬂﬁ@ﬁ itheeidclatical eelibdratidris|thdie eeson skilktl ia this par-
15 techni cal, prob emresld({i?es in the ability to reali

tiquipe ah st ARakarie 145 TRREPVidect SR 1@ gaE O UsRltige Problems that
heMhE RnE RS, N0wal 8@Seefi $hds if 19 'heée@&’r&' Sigaly t‘& r@éhse ﬁhe measures and/or

connection’to a gas sensor that can include

the eqqneneermfmﬁaglr&sethat mushbee undarabercta dns emd) anldalsqmeblese which
vVen a ver, formwhile, nevertheless, . . . .

RS e I LR LS TR I B CRBaGha R s il be evi-
de% tHK EHe%e&Mcal Phdbltintl A& Béivia¥e Righfy@ledas: 6 @hd d&Rlopent of the

to enabl e an accurate spectral analysis to be carried
pr2@noinventiath t he ai d of one or nore rel evant absorption

wavel engths in respect of a given gas or certain

sel ected gases with the aid of electronic circuits. It

Wideh |condi8@idReths §REkehh athtedoft the AR, agldefiibbd @Bdvep st alh beBeen that a
creati n‘%ﬂwl th sinple neasures and _ si npl e means

teglmetil tpir gmtrﬁstiewm the athHiY do aerdise thavpigaifigarcesofapnd e advantages
asggcelatgtﬁ 8vq81r &f}%ﬁ% ahg&h eg15fo‘t: ?ﬁglﬁs?tgﬂr gf;&i 509111@&10?1 tgl & Q'(%]ses%ﬁﬁﬁ that can

Sire egree o ution an
indRge e Rbuir@héits pRea\n tﬂd inwoliictimhsmd tbatseenbe lgatena very compact

techni cal problemresides in.the neasure equi red .t
fosmgipite nev;eaﬁhﬁlew PrRTUAS & spHieiqndbidere Sfticahe ﬁsg%grpﬁ%m extremity

withil Q%&m&f nfptﬁg %as ﬁélfjf {45&abfe Mcbhrﬁte?sg@@tfril%ﬁ%m t8Be carried

cons rUCtIO t source use thi's end
owtdiith therwd of endoi mate mmmeahsomdbd ewvelengthe imixspéat y>f @fgiven gas

real j SI t.he si C c of and. the advantages
OL{FBINfE Wgagqsr’(%r}bfﬁlﬁﬁ% SJecHANS ST neasuri ng pat h,
occurring wthin the WO 2004/ 063725 PCT/ SE2004/ 000038

5 gas-sanple cavity, by which light is reflected and
It dviflfalscheesken dhed astectonetil yvrthfpmlrS%g% ifugrqaigg with simple measures and

simple means conditions that will enable one or more gases and/or one or more gas con-
centrations to be evaluated as desired, with a high degree of resolution and a high degree of

efficiency.

It will also be seen that a technical problem resides in the measures required to signifi-
cantly increase the length of the measuring distance or path, and to use primarily a reflector

construction for the light source used to this end.

An additional technical problem resides in the ability of realising the significance of and

the advantages afforded by using primarily an optical measuring path, occurring within the
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opti cal neasurenent path, occurring in said reflector
construction. There then resides the technical problem

wW@R00Bm631g5 abl e to realise the significance of BeTSEI964/000038
5 advant ages afforded by creaﬁing a gas cell of such

geonetrical shape and including a _gas- sanple an
gasisgimpler eapvitchy whichdight ip reflegtedyand d lgﬁﬁ%?de éecefldlafmﬂélse a further
t : e-rel at ed
ol KRR bR R pn Gl oS
S|de related sllghtly in front of on one side of, or

slightly. reflected |ct| ual.
T e idroAns Behpaaronpan braibh Pastlise e Yentiite of and the
acﬁfghﬂag syaﬁ‘d?d&?@}L bl%@tlﬁé@ Ig§§ (o] f)f &ﬁﬁ%@oﬂfeﬁﬁﬂﬁsﬁaﬁ@aﬁ&iimludmg a gas-
vant ages afforded plraci ng a sel’ected nunber of
sasnpddambligtt- rbﬁ@smgtcwmy thagwill erebls ensrar raeke lyga’wn@lvcr@ to be placed,

ot SiE gt esel o Al O BRIGRE N S earlgped stghtly o

fré’ﬁt\(ﬂ'rcﬁi oM dideddT ofNIRE P belfigdh rafl dtddfetive @R VirRALKER source.
reflector. 15 A technl cal problemalso resides in the
ability to realise the significance of and t he ad-

Aﬁ%@%gi{%%ﬁ[ags%?re ? ﬂ‘?gltn ' o t%ar\éjclﬁs)é [Egn#giaﬁgé’] 684 the ad-

vdnfeplesl effbrddil be mlivig 4 Segédtecbm&db@ df,esmehwe dt feaﬂﬂ‘wbhléght receivers ad-
_light source ontog at{)ﬁcanar grating-allocated cavity
jagertfto pest extermally of arefipeios spngtaicHan aad adjpesst ienandeiiermdlly of a con-
nd the
vk daBELiveldd ol BB Schl B IR sG0F RRLF
portion and its reflecting and diffracting surface to
|nclu or. be structured as known trow
i ATRIO Al frakien Gt i G pRoBmish e SfEiicange phand the ad-
f 1205 Eavel wal li
véh r%egtagfgfcfgg bzaighﬁﬁ-byi‘ g?ﬂygfgk@ih 2 C‘lx}%\g walortiB t&BefledPan oblique
arid gtghtlyehmc:ttud]gergmﬂ@he bandlb ageeiwedi ftém cbelighihsouree onto a planar
t he SE(%‘ and. cur ﬁre of a section of a parabolic
gipfipgaloidfayinse pro #% se that the planar
light-reflecting and grating-allocated wall portion

shal | define an angle which creates conditions to
Adlutthey tactuigal prablend resides in rdmtblhty tpgealist [teecsigeificgwe of and the ad-

technic ro S in
vaibteer ot BE b ook Pl SRLSTCpERs Bpiifie and diffactng
sifhvard grde af B@gtdmhrbdf ach eﬂdwm gutﬂi‘oxﬁ’aaﬂﬂangamlehty

conditions such that the |ight bundle or the wave
front is caused to fall onto said planar wall portion

. . | i
Aggth%i gegglﬁs% npgp&kﬁ reﬁﬁ&e é)ytthg %tbﬁg{)gé ge%alﬁlg&g?hevézﬁrﬁﬁ&{ngé erhAd the ad-

assli
eﬁﬁ&g@é EL TS| b@@ﬁlﬁgﬂﬁ)@éﬂrﬁwﬁgﬁ reBeddingeattacecakhape ofilientonforms to

ﬂ)glsg‘%?eg a}en(sélg:%g%t%g 0 ggeq%}%lglolgt&y\pg}:ﬁ%oﬁg ﬁlnle esmed ‘{herewrch realise that the planar

light-reflecting and grating-allocated wall portion shall define an angle which creates

conditions to allow a diffracted wave front to be reflected.

Still a further technical problem resides in the ability to realise the significance of and the
advantages afforded by creating in said cavity conditions such that the light bundle or the
wave front is caused to fall onto said planar wall portion at a chosen angle, namely an

angle that lies close to a “Blaze” angle assigned to the grating.
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tages afforded by causing one or nore wavel engths

present in the |ight bundle and corres- ponding to the
W@ bwam7gRs or gases to be refl ected and def | eRCEEEIY4/000038

said planar wall portion in @ "straight" opposite

direction so that the light will again be reflected as
A gectinfont probleen 8savessisles imthe ability 4o tpalisy e ¢ignifiqaneeobang the advan-

tab RS ARIE b e bt 6l RGO PRIt aN Bl Buflle and corres-

rec

ponditioGe theddHolew cﬁr| giasﬂéttb Ve kefleored and defledibbbeadid pl%nar wall portion
technical problemalso resides .in the ability to

inrae A¢traightt mBPQSitg riiferdemh se that the Highthwilhagaum be feﬂ?%%%S a difracted
wQ\fe i?&ﬂqg <24 c%lwe‘avgluﬁgcesﬁlddth&lé t@%ﬂ‘@@\}eh t(p?éﬂe'cpg cﬁ(%en wavelength or

ormto a e curved shape forned
cmaasraWa{relengﬂnmm odirectipartawalds saidrlight Bcuurtd;;laétho@aslrghﬂa to one side
tecEnl cal problemis believed to reside in the ability
theisoteal i se the signifi- cance of and the advant ages
afforded by allow ng said part of the curved shape to
lie close 15 to the vertex of a parabolic |ine and

Agecwice] problenpalsh eesidss is thegabilsl e reslise tiedignifieanceof and the advan-

t bl l. [ d |1

tapGorinea®y 1l AR5E Pl SubRr VR bR G Piore kGt of the curved
sh%é sirahed by paelbolit lihder $partbdlRSdrc.0f sal d curved shape

by a point or a section orienta- ted at right angles

to the axis of a parabolic Iine and through an

Inatﬁls g a?rd al ?eghltuggl rﬂ?l?.}igﬂ% bel%&/eﬁ‘ th ?&?CIEQ fdthe Bbi Bl &)ni]egllls%Qhe signifi-

s1nt O rea eS|gn||cance
cafmeéi of hel e \aaVantatgau g afforlet (b[yd!ﬁdwh)g @alid part ofjthe hamedmb@ectb lie close

a physi cal t. source to be d virtuall
toghp uertex of a&ﬂ%@}la@aﬁﬁn @S%Clpé%{;’stﬁ%§ ocugiag Powg P %ali%l

parabolic shape via a reflector construc- tion. 25 It

will also be seen that a technical problemresides in
Attbéhnadal piobient also eedides én tHeeabdlity o féatian te sigifificemde pfiend the advan-

taggs\r/ %?%ﬁgcggy 3‘31?18%6'3&5 %‘o‘?l‘]rg&{%\fmrr‘?‘?é q’reaB \éfp%fr\ﬁaé{r apig?tgon orienta-

te@ at ﬂglﬁ% gﬁg kd the@kfs drARJardbeliOfihe Bﬂcﬁ{h%hgﬁ%ea&}‘s-@ﬁtéa%cal point.
he axis of a  parabolic shape. 30 It w

also be seen that a technical problen1|s one of

lis he [ advapt
AL B R i ER o i B0 e i SO TBLAPER " g e ecvan-
taE@sr Aﬂf&aecps hilewiag\thd ¥ndge ofiahlysidel legh@ kbt @ 54 plaeddWigtually or to
aving a aze angl e for ?rOV|d|ng reflection, and
apgiedsf ingeteidisgentrio a focus or focal point of a parabolic shape via a reflector construc-

tion.

It will also be seen that a technical problem resides in the ability to realise the significance
of and the advantages associated by allowing the curved wall portion of said cavity to have
the form of that part of a parabolic arc that is orientated solely on one side of the axis of a

parabolic shape.

It will also be seen that a technical problem is one of realising the significance of and the
advantages afforded by allowing the planar grating-allocated wall portion of the cavity to
include a grating structure having a Blaze angle for providing reflection and diffraction in

an essentially straight opposite direction.
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an essentially straight opposite direction. WO

2004/ 063725 PCT/ SE2004/ 000038 7 A technical problem
W@bk®a/06335 des in the ability to realise the  PCT/SE2004/000038

significance of and the advan! tages afforded by

adapting the grating structure and ot her neasures to

provi de solely a diff- raction grating of a first
AO(F1 cgl ][:r?roﬁénll his@ ?&Fcﬂa@ tg% Fé’cfh@@*ﬂ%@%ﬁﬁé&ﬁﬁ%@ of Bnd the advan-

to realise t e significance o d the

tageimffdr@blw :afabnngjém gngatmgraumstumgami @herzpeasngghs ¢o pfovide solely a diff-

bet ween 50 It will also be seen that a
raP%%&‘iﬂE%O{ﬁﬁbﬁtsm f-esides in the ability to realise

the significance 10 of and the advantages afforded by

placing one or nore |ight receivers adagted for
Stnlnl afothet iechnieal erehigmirssides ipdhp pbidisttocteslise the signéficance of and the

sical_.li ource e, to [,tual
PSSt bx ARiSHE e M aChgfe et St me oy o3
t owar ds associ ated surface sectlons wthin the

parabolically curved surface. 15 Another technical
It mlﬂkaﬂsarhersesm d@Sa iteshnicel problemt sgsitles ingthe ibidity togrealise the significance

of o 2R SR RagtEohE ] B B P pented for

difRERE fhbelbibtReto B E laesl aldiearemt phybioslusehokowcé @ﬁ@’br close to the
point for said parabolic shape. Another technical

visiuablighhspwse, d@@h theirtgeciwpe |1q>116§ dirgcted fgwayds pysaciated surface sections
d- 20 vantages afforded by
W?t 191%£ B&%&g}agnggd%ﬁg%%t wo pol yner - based replicas
t hat have been treated to give chosen wall portions
light-reflecting propert A technical prohlem al
Berisshpieal b S fepiflgs ’cno&]P &Ity &o f‘ﬁ’é‘s"s r@nﬁilgm’é%*eg ogfend the ad-
I
e T kA e B o RO PRl o gl fegeivers 1o be
placed adpdregientocat ongfoaal\qmnﬁlfen@nmparpbxﬂicrshapw t hi n the IR
range. Yet another technical problemresides in the
ability to realise the significance of and the
Aﬁg‘ﬁh@meéﬂﬁéaleﬁrgﬁléﬁﬁel@s@&‘s fﬂ 1heWbNHy 3o BRYiSE @R sibhifiBdnce of and the ad-
source or a virtual light source to be placed in or
vadjges eﬁfbrded by foooing seid @vttm cfmm pwo polyaws-bdesedireplicss that have been
; 33 arab i cal ltjnpﬁ ? ncave surface. A
reeleh i 87 ShstbraleatielS Peb R oE R Rl Tty ©o
realise the significance of and the advan- t ages

afforded by placing one or nore |i receivers in the
Acteehnicab probllem elpo gesidesin dlag atpliyrie rea 1se the significance of and the advan-

tages afforded by allowing the light source used to consist of an incoherent light source, for

generating a wavelength spectrum within the IR range.

Yet another technical problem resides in the ability to realise the significance of and the
advantages afforded by allowing a physical light source or a virtual light source to be
placed in or adjacent to a focus or a focal point associated with the parabolically curved

concave surface.

A technical problem also resides in the ability to realise the significance of and the advan-
tages afforded by placing one or more light receivers in the close proximity of a focal point

allocated to the parabolically curved concave surface or in said focal point.
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all ocated to the parabolically curved concave surface
or in said focal point. WO 2004/ 063725

wEOAB8EY0D4/ 000038 8 A technical probl em al soPC€ESEWMeE000038

in the ability to realise the8significance of and the
advan- tages afforded by placing a physical |ight
source in one focus or focal point of an ellipsoida

ASRERRRE Bt AP s P8 gourg E  FRERRgisd ahd e advan

ta?@él rERrRAPBRPIAENg A FhysRAPMEhi B6WSe Gh drie Bocd®CRNfbcal point of an
ocal point. A technical problemalso resides in the

eliipsoifiglyshens anddyi macingan eptgcml filtera Adaptesk todhridetptongyter, in or close
I
< L9RRgPHEats B DRRESRL PRl Ehheloin
wthin a free spectral region applicable to the

det ect ste 1Q.Yet another te hn| cal, pr.obl e
Arteshniea problem é@amlﬂwnﬁ Q taqlfie g %}ﬁlglﬁﬁ‘%%?ﬁ&é agg the advan-

t%@? aFfled %g,y@agwﬁlea&ogtm ﬁﬁeﬂ% kﬁea,@s {h8 3’9 %ge' o?RighEAllated wave-

ter to r out or to block wavel e that” are
leslgthstvathin b firee spessrel regical apphicdbie tolthe deteaorcsystendi nat ed
within the free spectral region applicable to the
chosen detector system 15 SOLUTION The present

Y'eﬂ‘e(ﬁ&hétot@cﬁrﬁéﬁ?%r@o‘leﬂﬂr@sﬁésalhtth@ dbiiey B rdali§e the significance of and the
af orenment i oned known techni que _in " which a gas sensor

advantigss afferded by ddapsingisaid aphiealdilies énGlerofut oneo Bloclrpeclengths that

o ERAT AL 00 S B FETE i g e st egion
a%ﬁ%bl@@@tﬁe%oé@ﬁeﬁctcﬁ sgasmeel | that includes a cavity,
ich is defined by wall portions that have |ight

reflecting properties and which is intended to encl ose
ﬁﬂﬂ] voI unme of said gas to be neasured, and that

SO |ncI udes a |ight source which is adapt ed to emt
Tae lprgbit Duagion wkéeat ke startingr @iihtetiei afrelmehti@ed known technique in
QE osite wall portions of said cavity 25 wher e said
W 25 PRAOE 1S CS2hP letqripRG t IPFeéenW fong ef Hert gQSPbﬁ%d/ or is de-

S g&tot&@érm%eethe%ﬁc%ﬁ&%msald gencave wal | portion and

Irected towards one or nore I1ght receivers, and
mhlch sense the occurring light intensity of one or

D PR R P RB U2 S5, SARRE et o v
p6itionslithat- have light reflecting properties and which is intended to enclose a first
volume of said gas to be measured, and that also includes a light source which is adapted to
emit a light bundle directed for reflection between opposite wall portions of said cavity,
where said light bundle is formed, inter alia, by divergent light rays that are reflected in a
concave wall portion and directed towards one or more light receivers, and which sense the
occurring light intensity of one or more significant absorption wavelengths corresponding

to said gas, through the medium of electronic circuits.

With the intention of solving one or more of the aforesaid technical problems, it is pro-
posed, in accordance with the invention, that the known technique is modified by adapting
said concave curved wall portion to reflect an oblique light bundle received from the light

source onto a planar grating-allocated wall portion of said cavity.
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30 Wth the intention of solving one or nore of the

af oresaid technical problens, it is pro- posed, in
wa@e@anadarte with the invention, that the knownPCT/SE2004/000038

technique is nodified by adapfing said concave curved

wal | portion to ref|ect an oblique |I§ht bun
Theep]@marggplk pastipn plall inglyde agefilpctine swifasedha) il es or is structured as a

S58h B AL R Bl BRAE™ BepdBt ) BRI siq lebar vall porion

atraﬁrahgle fha Miak tloke ol thel Blaxe hegleof thevgamg face that
includes or is structured as a Littrow arrangenent,
where the light bundle is intended to fall on said
TI{RE %R%Fes%h(lhtle fply ﬂl%v@hnéer Ao BosbRMon! WRR1BLM38n R light bundle
aze an e grating. 5 This creates
corresphnding thh ahoahlgawtcohe reﬂectvdraadabﬁ“mpwdﬁmsald planar wall portion

t, e |ight , bund c ng. to th
inc o§t§ﬂg1%as°p&°8mf?eg’rr%cft]|° tf”é‘&reg‘ﬁﬁl ﬁﬁef‘?f%%?%dntbq r@gn wavelengths are
ag‘ﬁhﬁfﬁfecﬂé@lh sBiE duk- R wAID partiontdsaingr 'meRRefédi&@l wavelengths and are
direction, wherewith the diffracted absorption
divwotes tewgtds saiddight regeiver.r ef | ected in said curved wal |
portion as one or nore reflected wavel engths and are
directed towards said light receiver. 10 By way of
B Moo ke @hﬂi@ﬂﬁﬁentshﬁlht li¢ evithiird therscbpeeoSihe ﬁ@vofmhvé lbencept, it is

I nventive concept, it r?glroposed that the L

pigapsed Fhat; the usted el aﬂﬂt@rﬂ b copform, tp\fag chwgéé ape apphcable toa
to a parabolic shape. 15 This enables a

mﬁﬁggfggﬁg'ight source to appear virtually, via a

refl ector or reflector con- struction, and to be

aced |n close to the focus qr f cal

Elareaslalw é 51{5@1 la*ﬁéoewwe&mganwwl % § 5&95%% pr eflector con-
stﬁﬁggﬁ,' 3?1? t§ RQ Bfa‘éed’fn ke %’ﬁL'fSeﬁr& fRQ$ b&lh%@éjpéwbdli&eshape

side” 0 e axl s a parabolic shape.

particularly, it is proposed that the planar

ge; g&r!v%g@val :{)8%{05?1’%&%?%!&]% Xw\ggrlll%e %)aé‘g%fo aa]ﬂadt#lé hrc &{rc posmone?l on one side
of ®E Ia%to[fg@aﬁggﬁ@ghagéf fraction in a "straight"
opposite direction, where the grating structure and

ot her measures may be con- veniently adapted for a

iffr ctl rati st .an I . .
P NI S T
clgé wepntinh saeufdthat has a Blaze angle for reflection and/or diffraction in a

“straight” opposite direction, where the grating structure and other measures may be con-

veniently adapted for a diffraction grating of a first and possibly a second order.

It is also proposed that the Blaze angle is between 50 and 60°.

It is also proposed, in accordance with the invention, that one or more light receivers can
be placed close to the light source and/or close to a virtual light source and that the re-

ceiving lobes of the light receiver used are directed towards the curved surface.

More particularly, it is proposed that the cavity is comprised of two polymer-based replicas

that have been treated to provide selected wall portions with light reflective properties.
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It is also proposed, in accordance with the invention,
that one or nore |ight receivers can be placed close
w0 o00tloe3723 ght source and/or cl ose to a vi rtual PCT/gi2004/000038
source and that the re- 30 cdiPving | obes of the |ight
recei ver used are directed towards the curved surface.
It inis papesedunaceqrdance with the dpssten ihaithe hght sawce fthllscomprlse an

I

inf R PR Qb0 R AeHEL 2 P ERabERE AT AR D

light reflective properties. WO 2004/063725

PCT/ SE2004/ 000038 10 It_is al so_prop oseq1
It ixalep gromeesdnintt aocpriancsvahithe rnve{%ﬁ thata Y@ﬁ?l ligh spigree or a vir-

r ol

otk SRRE LA B liped NG ETh o (OB reREIBRIETS the concaye curved
suafas®arpl thpiosedr niove fightoeckvare cad bdpladee inov elosé torsaid foaal point.

a physical light source or a vir- 5 tual light source

can be placed close to or in a focal point allocated
It H@al"sg‘ DréfORE R a%é’cfrﬁﬁﬁe vﬁ%ﬁ fiRCBvaRHnt Hﬁ& aPhgsieAl l@ﬂ Qource can be

receivers can be placed in or close fo sa

pla@adah aneifncal pointi |os fadus of mmcqébmedshapﬁ onet sHirapidal waph and that an

oty BT 5 BREE e SePAY T mosi oL g B, Afrkidfal tight souree
ap?)@ﬁﬂ% Alsaidend Qe oSiRpe and that an 10 opti cal

Iter is placed in the second focal point or focus
and the virtual Ilght source appearing at said second

foc | i . .
Tlaee lg ter ghgli P%]H% eceﬂ% glgxg g léh%giia %aigla hf f1%1’ftq§i( ea‘it{gavelengths with-
inveged gp@h’alsraﬂgé Applicabk thriBe dsieeiot Eﬁtem,aﬂgbmaﬂ:plbarﬁabhﬂ}y that said

to the detector s%ahgghwan nor e g@rtlcularl t. hat

opsigplfiltarsshafithecaglap & REl inchlo blaglp feyelepsths thag ﬁreo-‘ihortel than
ngrliqel‘{ sbéoocﬁhm\ﬁ@\ﬁ% ﬁ{éqggé pfea?aﬁ I}‘]ﬁ’lrgg shorter than
wavelengths co-ordinated int ree spectral range.
ADVANTAGES Those advantages primarily characteristic
of the present invention and the particular sig- 20
ARVANBAGE har acteristic features thereof reside in the
e -
TG A Bl SFORAIL ORI AR ik BReRARRIERe JARicular si
niﬁamittcjnaraatehstghfeaamw mereoﬁmj,ldgrm tbe creatien bf genditions which enable a
receivers are c ed t.o
sisraanien et Pt e Bodtoh Rn i oy G WEGh e\t gh feht source
arféneObr HBFL1iEN QS QAR ERScoARfedIRSfofth X dn@sact dBit And are directly
arabolically curved light-reflecting wall portion of
adateddavhe gndtherdor onbiatiog pa¢ pempreathopdiL gasemand(pr gas mixtures.
di vergent |ight bundle as a wave front onto a pl anar
grating-allocated wall portion which, in turn,
ArpibdRatalyecuidd hgtieechay Qvaﬂlfplﬂﬁorhaﬁ/ﬂhe @awiel R@ERshs to reflect an in-

wavel engths back onto the
coming divergent light bundle as a wave front onto a planar grating-allocated wall portion

which, in turn, reflects a diffracted wave front having selected wavelengths back onto the
curved surface, which, in turn, reflects diffracted wavelengths onto one or more light re-
ceivers so as to enable the concentration of one or more gases and/or gas concentrations to
be established with the aid of an evaluated light intensity within a chosen absorption

wavelength or chosen absorption wavelengths.
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curved surface, which, in turn, reflects diffracted

wavel engths onto one or nore light re- ceivers so as
w0 eoogf06dTk® t he concentration of one or nore gaBEBSE2004/000038

and/ or gas concentrations to 30 be established with

the aid of an evaluated light intensity within a

chosen absorption wavel engt hllor chosen absorption

wavel engt hs. WO 2004/ 063725 PCT/ SE2004/ 000038 11

-------------- The prinmary- tharacteristic features of
Tfl{: ? Qhallaet\éﬁ d%atﬁ[e‘? gff fh@egrésgntt Bventi tipn . are, defined in the

a r|3|ng clause he acconpanyi ng ai m

chafracterismg- elause-of Ble%bﬁﬁp@&ﬁ@ﬂﬁiﬁhm\l OF THE DRAW NG An

enbodi nment that includes significant characteristic

features of the present”invention and that is at

present preferred will now be descri bed by way of

exanple with reference to the acconpanyi ng draw ngs,
BiRIEEI‘DE&CRIBTHD@MDE THEDRAWIXNGs in principle and in

m of

AE?P%’&%%{ Iae%ta@a% chu%ﬂi] g{g%?fi aﬂﬂg?clsﬁ?résﬁn Sf%atgléeg Ooffgkgﬁ (%esent invention

aid bt fshe Ftéﬂé’xﬁ"iﬁét@ﬁe@ well h@@'tUe\tﬁé‘;crﬂféd byt\hi}oé@kaﬂdﬁ)ﬂéiﬁltﬁ reference to
gas can wherein the gas cell includes a [ight

theqaeqrapanying duewinggHin whidiei ver s connected to
el ectronic circuits that include a display unit; 15
Figure 2 is a plan view of an enlarged i mage of the
Figage Q6libstrasdsanipigciphearciivi thy faranef Sbiode tiagram & rgas kéngéut which in-
source and two |.ight recelvers al t hoaugh w t ho
cliuﬁ@q aogasgeedl gt iy piractugsdy iy pecordagee aity ithy n%‘ﬁ@tl@ri g tlirectives and
iC LS8
SUECEnEAS EREN AR, ISR 1 LD Eler et spurge and two light
rdceivemamhnababmmﬂewnnmmehmahmhuéé atlesglalyamnit; chosen
gas; 20 Figure 3 illustrates a chosen system design
and Bl aze angle where said design and angle are
s"\é%) {Ne(W 5P eRafPe@lilnade SFHME LAY IR BRI he cavity con-
C ysta [1ne SI ica; Figure 4 1T[ustrafes nore
stouctions theylight seate eam}dmdmht redeiverd, ialthoegh withewigenmding electronic

cﬁclnllts f(s)lr grgving the light source and receiving and evaluating the light intensity for a re-

levant absorption wavelength or relevant absorption wavelengths related to a chosen gas;

Figure 3 illustrates a chosen system design and Blaze angle, where said design and angle

are chosen with a view to a grating structure present in crystalline silica;

Figure 4 illustrates more precisely a used embodiment of a Littrow arrangement allocated

to a planar light-reflecting and wavelength-diffracting wall portion;

Figure 5 is a plan view of the gas cell shown in Figure 2, in which light reflection and
wavelength or light diffraction is shown for a gas cell adapted to determine the presence of

carbon dioxide gas and its present concentration;

Figure 6 is a graph showing the variation in efficiency with respect to wavelengths for a

Littrow arrangement, and;
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25 to a planar light-reflecting and
wavel ength-diffracting wall portion; Figure 5is a

w@b@n/ogi7esv of the gas cell shown in Figure 2, PeT/8kE0041000038

light reflection and wavelentgh or light diffraction
Is shown for a gas cell adapted to determ ne the
Figuae drit e gesoh shavbarthe wexslerethraglatad seqeponpplkibe detectors in relation to

llgﬁ%ﬁ reﬁﬁés%ﬁ&e?@en@g%yre 6 is a graph show ng the

with respect to wavel engt hs
for a L|ttrom1arrangenent and; WO 2004/ 063725

PCT/ SE2004/ 000038 12 ure 7 1 howi ng the
DESSREIION Oar BVaao PRSP TS ATop kb PR IENER
It'i§ g@ﬂﬁé&"butt ChitihliyHHat FLBLCEIRIALS &I QR i H?ﬁ&ﬁ)‘i‘ﬁ)%gédescriﬁ)ﬁon of an em-
DESCRI PTI ON OF "EMBCDI MENTS AT PRESENT PREFERRED 5 1t
bbdirq@nt att petsadtpréfiaired ahd yndlinding wignifzoast cheysderistio fegterdsrof the in-

efoII n tion qQf,an em bodi ment . at .
Dot FsPERy it Bep R o dhe ooy Miscye vines, specil terms and
te@ﬁﬁ’foﬁ’&g tis tHeGnie8 B M6 EiflufitatinB €hd Conc¥R IR Indétion more clearly.
il ustrated in the figures of the acconpanying

drawi ngs, special ternms and termnology with the

F 0L S M5B A5 PR S B0 e o

le@X py B Sdhosss t@i‘iﬂ§ asediartke dbrliptifQtanbehf@ach &sml dhvkdreshall be inter-
so- lely to the chosen _ terns used in the_ description,

PrgiRg %Sh%nlﬁo secdpding pHh teehmicah eqwixplents éh@trﬁleimorbme@‘felea%sessentlally the
sﬁ'hec‘ %a& %' é’sd{on Qch"f‘éxje 1111? %Qx% c 811 e%gﬁﬁa\ﬂ&a@l@ tssgmtggﬁ{enﬁbﬁ' %H/‘BP technical

| east essentia the achi
efﬂst&. same, or essenti al I y the sane intention and/or
technical effect. 15 Thus, Figure 1 illustrates
schematically and principally the fundanmental

THiE) @1$drgqﬁllﬁﬁfatésrb%herﬁ£t§,%ﬁg teandll Efégénlt)élgn’ehﬁ i etnhﬁ conditions for the

signiticant features o een
pesetrigtdnsien, Where dire gghifidantdedtuas op thesiementipndfage bech emgretised in

desrbedlnrmred [ relater.2 The principle
w SR OpSITERT PG ey g AESHOR tShirmiler Yer it

is known to the art. The i nvention includes primarily
the gas cell 2 used with a unique orientation of a
Thapsnaple constistion olithegag senger b shewvy ireFigoreok,ds kieavimoie the art.
a nunber of light receivers, where two side- related
light receivers 4 and 5 are shown in the illustrated

Tase@hii®ncludes primarily the gas cell 2 used with a unique orientation of a physical
light source 3 and a unique co-ordination of a number of light receivers, where two side-

related light receivers 4 and 5 are shown in the illustrated embodiment.

A person familiar with this technical field will realise that the number of light receivers 4,
5 may vary, as can also their physical placements, depending on the gas or gases chosen or

on the gas mixture chosen and also on the shape of the cavity in the gas cell 2.

Consequently, the proposed embodiment is illustrated and described with respect to two
side-related light receivers, solely for the sake of simplicity, where one light receiver 4 is
placed and adapted in respect of an absorption wavelength corresponding to the chosen
gas, while the other light receiver 5 is placed and adapted to serve as a reference

wavelength.
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25 A person famliar with this technical field wll
realise that the nunber of |ight receivers 4, 5 may
WwWo 200¢/06335 can al so their physical placenents, PepsEa®HE0038
on the gas or gases chosen orl3 on the gas m xture
chosen and al so on the shape of the cavity in the gas
cell 2. 30 Consequently, the proposed enbodi nent is
illustrated and descr.i bed wi;th r t. .t .
A P e R B a0 el A isgl 9 B geperllyndependent
ofSnfRiatigtidryin WO BER ifRasity ghthe lightdovede 3 sich vaplatior deatfing at least
adapted in respect of an absorption wavel ength
asdbe Heldsowgr Ageed t he chosen gas, while the other
light receiver 5 is placed and adapted to serve as a
reference wavel ength. WD 2004/ 063725
TIRCEASSEDQ44f0Pig0R81 ifdudes @ thésend mutimdlysopposdd cavityrdefining wall
receiver. 4 c be_nornalised sq.as fo be gengerall .
DR, BRHBRYS DEN-TERSF PR RIaReTss. The: waSatigty  fdiaigd, yall portions
dd¥tnid ﬁleldagh‘% 2% QHﬁqﬁﬁsé?’a s CdRIdt@t Wal RBEH 24, N0seRbnd side-related
ea as the light source 3 ages. 5 The gas cell 2 of )
whll gortien2bi, adhindl eslerelateli walbpettion 2o anil y fopb sislg-related wall portion
avity-defining wall portions that have
24 ght-reflecting properties. The schematically
illustrated wall portions defining the cavity 2

conprise a first side-related wall portion 2a, a .
Thetidertelated sat alomieng 2andlb.| 2cpad2dae hoo-getion; wigh a flat bottom portion

L

2a, 2b, 2c and 2d are in co-action with a flat bottom
ortion 2e and a flat roof portion 2f, that are here

Thse all (ufhesse ihaasane OneHIRN dhferefFredsenumergls Ey 2b, {hpf have been

) C . ce: )

RHEL SR R T PR e b ERLEIAE, 2 0 n

cdni ghtefarell ke ad mhgorpuaherstlas 2bhanksdeem the fadlosnegdes2eaption.

2b' and so on and can be referred to as nmrror

surfaces 2a', 2b' and so on in the follow ng

ng@ﬁ&ﬁ' Lptii i LNCH Mt Bearh 1P Serh BG4 ifoad e Rt SourédRtshall
. amlﬁlg’"l? ggﬁ%llél{bggh%t%h thgal [ gh’te sour ce(:) 3, S%gl! | pass Shal pass
th2Gavite 2¢ and ther® be acadily reflestdsieby dwdwhl) surdddecartrairasysuripee 2b” and

wall surface or mrror.surface ' and directed onto..
e e tronyed e R g B £ T kel FiRer g gt beam
“JrRRReSwithl A8fidds Ghéaviigamtlosdd opthel evabdtindepdih@Srofgh an enclosed gas
cavity-encl osed optical neasuring path through an

seamle (Gkd gas

Different gases and different gas mixtures require optical measuring paths of mutually
different lengths or extremities. This requirement can be met by enlarging the dimensions
of the cavity 2" or by creating conditions for a plurality of reflection paths between the

light source 3 and the receivers 4 and 5.

Thus, Figure 1 illustrates, in the form of a block, schematic a gas cell 2 through which a
gas “G” can flow and which will enclose a gas sample (G) intended for electronic evalu-

ation.
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sample (G . 25 Different gases and different gas
m xtures require optical neasuring paths of nutually
waledoiesrt | engths or extremties. This requi r BOERE20040D0038

be net by enlarging the dinensions of the cavity 2

or by creating conditions forla plurality of

reflection paths between the |[|ight source 3 and the
Thedeyepsive 2as gelt 25shoygn hhiguresi lgand 21 isi adapted g cesact jwith electronic

f td cal

c&ﬁﬁts é) c%l%ﬁna%%so% lglr]]lt’f oé;svr@n 3813\% agga% alssec?nccl:eft%ﬂs gglgtkoulce 3 to be
opaﬁ’&klavﬂﬁ)helam engidlelbetionid eieduinré andetsaletect sighads ocdiﬁlng on one or

2004/ 063725 PCT/ S 04/ QQQ03 14 The inventiv as )
mage [ight reegieRim 41 a‘ﬁf 8’6 % ‘%?i’ée b evaEJ E?dgﬁﬂfe&?f% gggtom’g@pty related
t(ymatéﬂogéne%?gﬁoﬁ wiVelehbiH! & @avél&ggﬂgs' RAt AtrARival e?élﬁted $8 a chosen

as to ena a gas cefl-associ at I'I’ght sour
réferencp wratlenptivior lnefetwcamdvdénghs cnd|therewihievaluatedbé psesence of a

nd to detect  si S occyrri,ng on one or nore
Cﬁ?stjﬂtga? e@e?‘i‘fg?rsthﬁ Cg%ce QD Sugh ?ﬁasoe able to eval uate
the instant light intensity related 5 to a chosen
absorption wavel ength or wavel engths, or,
Apdlisplay anitvies gonnegtedite dhe deetrastio sieenits tefos skawgiag visually on a display

SR PSP e LehaaT She BESRD Bt B 81 ONEHRAA, 1
concentration of such a gas. A display unit 7 is

connected to the electronic circuits, 6 for showng . .
ngug@ alis ¢ plan viewithy|shyws 2@as geH d@eceding;te thepreseyt dyention in more

le he gffgﬁlgﬁgedﬁ? %Sﬁstﬁlfch@te %i““?heo asI defi e (?é%xlr l?etcf fAmore detail here-

gUre an view that shows a g 5 ce
uﬁﬁmnrdlng to the present invention in nore detail,
t he geonetry and construction of the gas cell being
described in nore detail here- inafter. 15 The gas

l%a s €ell SNV dﬂ:gﬁ’ﬂérf s a ﬁe %o 11:&6 ngu?é'&fo%dand deﬁnes pri-

i guration an efines pr e cavity 2
mqndyc thetdasiity @hot spmes that gadosangae sz(rﬁ)let(G) bebereesuret) ,sa1d cavity 2”

sai cayi 2' i, described in nore detail
beingde '?‘(’Fé{r.lm?ff’ eﬁalgg?rfﬂp@ Tenbodi nent, the act ual

optical neasuring path is devel oped within the space
desi gnated a second space "K2". Al of the inner wall
Ipar fiisbambodiment thavctupl optiqahimdasuripig pathHs dewelepasepithimthe space

d(e)glgrtlateeed e\lNgelclond space “K2”.

All of the inner wall portions of the cavity 2’ (although with the exception of the wall
portions 3d, 3e), with associated bottom portion and roof portion, are surface-treated in a

known manner to provide highly light-reflective properties.

The gas cell 2 and its cavity 2’ shall be considered as a thin structure, in that the wall por-
tions 2a, 2b, 2¢ and 2d are extremely narrow and in that the bottom portion 2e and the roof

portion 2f are placed close together.

In the Figure 2 embodiment, the height dimension is chosen to correspond to the requisite

height of the light source 3, which can be from 3 to 5 mm.
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portions 3d, 3e), with associated bottom portion and

roof portion, are surface-treated in a 25 known
wornes37e® provi de highly light-reflective proper/sSE®84/000038

The gas cell 2 and its cavity 2' shall be considered

as a thin structure, in that tshe wall por- tions 2a,

2b, 2c and 2d are extrenely narrow and in that the
Tbﬁ:)t:tt\diry] Z{Eiocrahihmmoﬁeidawd tb vensisodf t“momh‘[uaﬁy 2épaadte spahc&@eﬁﬁrst space

,0se her n t he Figu nbodi

R B Gfeme Plvsioad Eicwaree Sos fespoRar 1 eeioe construction, and a
sde &K oh isgH¥io I

POt ik S2" adhig B pERar CARKioA W e e o ASCRREAE (GEmeasuring
clepmdetavity 2' can be considered to consist of two

mutual |y separate spaces, a first space "K 1" that

i ncl udes a physical light source 3 and a reflector or

Inf thid €8 0the CRANEY 2GHE AR, sedbll Spacs ERONAnEIRAS 8 ﬂrb’izopemng 21 for the
having the primary function of defining a gas sanple

exxt@)lcm%g%ﬁ Orig becneasyeed, algd pseqamdsopening, 22 fos thaagxit pr putput of the
orrétdt%‘q’%&?l@g zpace include a first opening 21

e of gas Gto be neasured, and a
second opening 22 for the exit or output of t he
nmeasur ed gas .sa (G, .10 The first space "K2"
Tl&%ﬁgsit rSH%‘“teeg&t olsg%é'ﬁfé chfp Sl'hﬁ%?srea%ﬂ QPnH; lﬁﬁ%Pbﬁlcaﬂ |11@ht source 3

WE%% (rjllg gad§ telhtb Chinik @6‘1@‘&%& i tl%ﬁr B g%l@ TORNELGF %hto %&P Ythrough an

dlrecte ont o openi
onehimgiprthtough thedinedinmfofa reﬁédt@ndraeﬂ@:ltorroeﬁi;tamnon 30
construction 3c. The first space "K1" and the
reflector 3c have a partially elliptical or

TI?J ﬁfsP%}S’dc@ a"KISLHﬂEQh& refleetdr St ﬁav@%dpeﬁtlﬁgnaﬁ_ﬁﬁ&dqgﬁ %{ﬂﬂﬁ@fdtal subpart

1"), which has a tapering shape Ira
(KRyaidoa¢onnpging ssbpart €K 13')j whiph heeditaperimgehapacus or

focal point FI of the elliptical cavity (K1l'),
wherewith the radiating light rays fromthe Iight

TigObmhB@adatiig phydRal gt B6Eed Egplwé@ ih @k 648 orI6c Potht &1 of the
second focus or focal point and there form a

elljptical; gavity 2K i hagfeergsitly thﬁ raglisging Hight s frangithe Bghtrsosrce 3 will be

regg%%g% 'tl{eg%ﬁ%&&l £ o@g%,e%ecépdgfo%?s\igrn%gilwg} gige(:tdv\t]gglle form a virtual
inpae (¥) dfithapiysieal light source.

In the illustrated case, the second or connecting subpart (K1) is delimited by two

convergent wall parts 3d and 3e.

The light rays from the light source 3 are reflected partly towards the focus F2 in an
elliptically curved mirror surface belonging to the reflector 3¢, and are partly emitted

directly onto the focus F2 from the light source 3.
The wall portions 3d and 3e are given a mutually converging form such as to define an
opening angle “a” for the first space “K1”, and shall be formed or treated to avoid light

reflections or, alternatively, to be given deficient reflective properties.

In this latter case, the wall portions 3d, 3¢ may be “serrated” or “blackened”.
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25 The light rays fromthe |ight source 3 are
reflected partly towards the focus F2 in an
webkdospsizenl |y curved mrror surface bel ongi ng POT/512804/000038
reflector 3c, and are partly émtted directly onto
the focus F2 fromthe |ight source 3. The wal

Adtght burdle 38’ badnge diveseait wagles amgen apwybecemyiderdrg depart from a
S I T S BT 09 2 it o
Witﬁhn&‘llleisécdnldgﬁibhce FEDY dierging light bedrhe whidhi arelryfledted bbliquely in a

given deficient reflective prop rties. .In this Iat r
covgave ek @ogiian 2 dhatjinrludesp trgatedpyallygrage or gpigipr sypface 2b°. The
Bl Bk 004/ 083017 %%9@%6&%0931& o Gsufface 2b’ and
dl'Ivlgn Egﬂdpnm¥§3ah2€fng g%d}Jﬁggent angle " "r%an m%ﬁ -
thbewithrslapted ¢ol bt dirdetpdias af‘vawe drongleo iah eppositer seg@nd flat wall por-

BRSPS 0 5 bR FPtrcion of

regél\/@d B %ays ﬁﬁtwﬁéﬁﬁgth!\@amvﬂ[ mifr6f duet e’ dalinguedonsirtiction that
concave wal ortron 2b that includes a treated

l'S\ﬁaNfle@Iﬂf@Q@ dﬁ’fal greipafterur f ace 2b'. The 5 diverging
light bundle 3a" is reflected totally in the concave
mrror surface 2b' and therewith adapted to be
Dbl Bghtdhathaswavevd fromtwhichimehales aphoshiveaveagthdor wavelengths
flat wall por-_ tion 2g, which includes a wall mrraor
isgafeciedeirony the Hlgt welsmiseos pusfaeeat s Pt thegsanervge Walh sudce or mirror
e
{67 26 B St R JRESL BN, FO 0B flaS dhe Prfchflight source
(3°)) althéighdeitiaite &Ewmtrmédirpﬁon Mvﬂeﬁgth@cteidvdnt gﬂsﬂorptfmltwavelengths
has a wave front which |ncludes a chose elen
dipetest terBPHIZe NOTE SR IRRLE HghkTeeTh eReSUFR 28 ¢ Taht Face ‘fS fand 5, ina
méflljlﬁef 37@120%!% de&?f;ogcrinﬁt\{‘l\% geﬁc{&eﬂYﬁer Hteeritﬁgtg reﬁEel fr? Pz;lélﬁ?ires 5,6 and 7.
direction towards the virtual |ight source (3'),

| t.hough . wth the relev absor pti on wayel engt L .
TR e s copr s Sy S e R, uSey TS 86 e gpy geceiver s
aff otREQi ré@@fv& o ﬂo@ Bﬁovﬁ%‘%@é Y&Yghed 38/ ke RE ahdd Betebtdhé light intensity in

recei vers and 5, in manner which is described in
thnodﬁrdmchuabsdrEMm nrwfvp@ngth/\mmespem@ng rieetheogdsi gam@lg &), whereas

re%eagrgg% é]rgh{ Egct%i\!elgsg Bgtg @gd\égtg tﬁ@ﬂd %éll%f ?ﬁt; r}gsr Ver ghelr allocated
alR0htRdhRAiveleh gt id £6i@iiMehBnAGt shown) are deSI gned to
receive and detect the light intensity in 20 the
di ffracted absorption wavel ength corresponding to the
[ e
Tgea?g glryPLg aﬁg@ ’ted"&%ﬁt&a%%ocﬁa‘?%ﬁeikﬁgllgglréok %{rﬁtef%d'eg’f t}ﬁ‘ffg ?Iﬁg?nrts a light
reflebixgn bedl hght—d1ffract1ng or wavelength-diffracting surface where said surface is

treated and given the reference numeral 2g” and structured as a Littrow arrangement.

The total light wave 3a” containing parallel light rays and reflected by the wall mirror
surface 2b’ is caused to fall onto said wall portion 2g and said wall mirror surface 2g’ and

2g” at an angle of incidence that lies close to the Blaze angle of the grating.

The conditions for causing a “Littrow” arrangement and to arrange for a “Blaze” angle are
defined in the publication Springer Series in Chemical Physics, Volume 5, Laser Spectro-

scopy, on pages 132 and 134.



10

15

20

25

30

absorption wavel engths in a simlar manner. ' The flat
grating-all ocated cavity-associated wall mrror

WGQ 0fa622g' thus presents a |ight- 25 refl ectP@mSEQN04/000038
light-diffracting or wavel engtth-di ffracting surface,
wher e sai d surface is treated and given the reference
numer al and structured as a Littrow arrangenent.

E«fe%%hﬁ' o s hds 65 DT fos BRIt g b ugical length

o fhd IRt bandlalsla qRé @pﬁ@'l (I’erigﬂ'l bf BRI fefledtivégvardirsii 34 Wkl diffracted
mrror surface 2 at an angl e of

an "
wayR: fresinGe”) e raficetsd c,arlé sﬂéffta@teflri&gharaﬁeﬁ@ﬁgthe cgicayp anirror surface
r dit o n

219 %n g‘%men{} gﬁ&é@tg) gl?dpg%gegfe¥ @%ll %fngtzltéqlré t’tﬂer Qéﬁ’al effectlve optical
nﬁﬁs‘uhﬁg@aﬂﬁbrteh&emub ktiroagh t(hla eﬁ@m;eld@ﬂ sﬁapleeé@) | n Chem cal

Physics, Volune 5, Laser Spectro- scopy, on pages 132

and 134. WD 2004/ 063725 PCT/ SE2004/ 000038 17 Wth

fid enfodintdd€ of B 2IERER o) IL.2, the length of

Agﬁgﬁ%ge&dq}nﬁgﬁe@ﬁé&ﬁcg 0 et [ ca1 er?gt h of th eéa 9 e length o
thie izl eri:Bepath téreboipricesdd byeai:gx mclmlﬂlrlgrva qp@f:dllemasmeng/\mib in the first

f ", th f f t ed f
sgagg Pg&;’% %aﬁal?lg ]lftqt gar‘isa@ é(g a sp\gﬂ%%/se 2 3711(()%%{1%1& Zte o ﬁg%\c)gt through an

opinidgoro>surface 5 2b" anmong ot her th| ngs to the
recetver 4 will constitute the total, effective
optical measuring path or extremty through the

EBCHRREE SBARTESH e PROBE ST B R GBS ca o o

rdfRBgl An@tiffrhdred bR 84l fiahFal atifrof anfdee 2phaidensdd abﬁtragﬁt’f opposite
including an optical neasuring path in the first

dgm@e asradlffrweft dighi wave ﬁentgb%w@ discete yrapelsasths rréﬁ?gqilced (3a”),
| r
ghgge%ﬁ\e\g%gﬁétﬁd?%dthg l&lﬁ\’ela &l %&ﬁgﬁ? gﬁ’g{vﬂﬁ gﬁ% wavé hs mutually

sé{ﬁta%cf raﬁﬂtthéirawnb) atlowedvid @assrtef datiCligltt eoelveli 4 b aﬁtabsbrbﬁon-wave-

said flat wall mrror surface 2g' and 29" in a
16“5@@1%1"%}6%’6@? B 15 direction as a diffracted

light wave front having discrete wavel engt hs,

referenced (3a"), and thereafter reflected by t he
By Ufstregghtti ppmosits ulifeaten 2b'meant hn tihegmifivait ediggchenal difference and a

tuaI rated w.th allowed to pass to
Ffdor} ‘?‘é]ﬁ ?’Iag cYiafes oy glégh%lpﬁ%%go; Pi-on- wave-
I ength-related |ight bundle 3f. 20 By "straight"

opposite direction is nmeant an insignificant
Irdthiersispestiait 1ajxmﬁoenaehthet thecchgsenr abispeptipn ovavaleggid torhgtmeasured will

ngtea\}/)pggrelr? or Qlloge t% thg r%qu gh? rs%ur%ee f30)

The shape of the curved wall mirror surface 2b’ in Figure 2 conforms to the curved shape

applicable to a mathematical parabolic function.

Light rays to and from the reflector or reflector surface 3¢ converge onto the focusing or
focal point F2 through the medium of a convergent light bundle 3a, therewith exposing the
virtual light source (3”), which may be orientated in or preferably in the close proximity of
a focusing point or focal point F3 of the parabolically shaped curved wall mirror surface
2b’.
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In this respect, it is inportant that the chosen
absorption wavel ength to be neasured will not appear
WO 00a/0637kDse to the virtual |ight source (3').PRBESHI¥84/000038
shape of the curved wall mrrier surface 2b" in Figure
2 conforms to the curved shape applicable to a
Theaduresdawalt adirrpasuataot 2o° ik tinstaoowprised gfe walkipsrtion (3b'd (See Figure 5)

fromt ectaor .or reflector surface onver ge,
b GG OB ar 60 BEsifonsditin Csi GG RE' of the pare
bdIRdhsB. of a convergent light bundle 3a, therew th

exposing the wvirtual |ight source (3'), which may be

orientated in or preferably in the cl ose proximty of
T]ge %r%ﬁﬁg : @gﬁxt %‘dns}% scée fZO’C %eo' 1 sur a?er %l?) IS%U F‘lP‘élar to Qgher measures,
addfled Q0 4/d063¢i2én Mﬁ@&ﬂﬁ@ﬂrﬁ@%B 18 The curved wal |

mrror surface 2b'" 1s thus conprised of a wall portion

(2b") (See Figure 5) having the shape of a parabolic

e . .

Tlgga?ga_%' ‘Anglgsié 'iih}g&ﬁgn &*ﬁl@echrﬁéa% ahbg,f) ?ﬂ%\/ﬁleég Q{da\'g{elﬁ in practice,

ha&@'hvametdfe:emedehsmmﬂﬁoe 2b is, simlar to other
neasures, adapted as a diffracti on grating of the
first order. The Blaze angle is dependent on the

S el
oGS0 SRR ALY MRSIBI P Gy sy R B iers 4 5 e
pladed e&tegnulky of therficstlspaea K 1T wod 81 the blobcypmpmtsabﬁtlie Ivugtal light sour-

receivers 4, 5 are ace er nal.l of.the fir

ces@ak and R resgriopriopercy ange Yffrs%emw regfivpHa litpiisg tovards the
#/&Pﬁlﬁ&ué'urfagg 263aga tHRNAGEREd WeRGRIHHAD gibe’)bﬁ as3fo B5b18Ko receive

respective receivers are directed towards the

d1ﬁ“nremeabsmptmmzs/@}ehgme réfivesentative bethe gds cogases. wal |

portion (2b') so as to be able to receive 15
di fferent absorption wavel engths representative of the

MISSpéticlad e St 1s'\f5f6ﬁo§éérf&1' debbrabhcé, with tHeSinPERRAS BRAL tHeltavity 2° may
accordance with e invention, that the cavi ty 2'

may
bdoéarm@d of dwofpdmerphﬂs?dmfrphb%@dt hays! besndraatedt infrasepatsée process to
treate

arate rocess t Lnpar t d.lLight
s s o0 SRR PRSP TR Al potyTRS it 8o i Etaces
mrror surfaces. 20
The light source 3 is also comprised of an incoherent light source for generating a
wavelength spectrum in the IR range, wherewith the light source 3 may have the form of

an incandescent filament 30, surrounded by silica glass 31.

The reflector 3c in Figure 2 is formed along an elliptical line 3¢’ as a flat elliptically
curved surface that extends slightly beyond one focus point F1 by a distance corresponding

to a chosen value between said focus point F1 and a vertex “V1”.

The curved elliptical line 3¢’ terminates at a point distal from the two converging flat wall
portions 3d and 3e, which connect the curved line 3¢’ with the second focusing point F2
such as to leave a small opening 3g, (3b), for instance an opening measuring about 1.2-0.3

mm, such as 0.6 mm, at said second focusing point F2.
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The light source 3 is also conprised of an incoherent
i ght source for generating a wavel ength spectrumin
wo b@40&3728nge, wherewith the |ight source 3 naRCTSE®04/000038
the formof an incandescent filanment 30, surrounded
by silica glass 31. 25 The reflector 3c in Figure 21is
elo\ffgﬂa ?or?ioﬁ{]gd ! §J—: hé\%té e?1latedI %}‘f‘ootlﬁgur%cy . aS t? be able to absorb
curved sur ace ends slightly

orbeﬁecn dimlyanfdegmlqadisﬁirb&besbuglﬁ tﬁashamlwthee&fmw lop@nng angle
sen_val ue between said foc poi.nt _.F1 and

“ay ngf dhe ?bght bunde 3a)rgragraind st diragied oy ethschglttewr%a% ggd/or via
regécﬂ%npef fﬁhd@% dﬁ émtﬁ Shﬁﬁ&ll QMR FhiRGr (th&Bc W the surface 3c.

por tions nect the curved line
with the second focu3|ng point F2 such as to

Ie e.a..snal l ni for instance an
Ths PR st Bt 54 bl leponiirainowall S8 t§g 3and 3e of the
af&led S@tiBed SEADAMEACHE IMMGuilBl & difidnsi¥E LA Qﬁ%ggeﬁt 11%ht bundle 3a’
PCT/ SE2004/ 000038 19 The "wal | Fortlons 3d an ave
exgtingethreitgbothe opsaing Gt Wwidwuarf epiwcal §lemdg’t mobeied heascinowill obtain a

Cifitah PagR gL P LTI LT ceBAsArRHl Ungl o et for

the l'ight bundle 3a’ generated and directed by the
ght source 3 and/or via reflections of incident
The| mht huadle 320, keeinglthd ppdnieg Bg, is ukivesgentiwithoedgderalloc@ed light rays

urface 3c. 5 The elliptically curved flat
m%ﬂ??&§é§ 5%’hd the converging wall portions 3d and 3e

of the aforedescribed arrangement are mutually so
di mensi oned that a divergent |ight bundle 3a" exiting

Therusvrghsurtaee gpantl ke Bitronurfaceirbopeiadapted pp aenarabghc line with the

or]BURL eger%g%gglgn 4 And \91% %Q 2 2bd gﬁﬁ@%ﬂﬂ@%&he T, eﬂ lea%{ close to,

tmeen such as about
thdupetlige Baand ﬂle&dw@gtm&ltopﬁjwhlgnﬁwz is divergent with
edge-all ocated light rays referenced 13a', 23a'. The
curved surface 2b and the mrror surface 2b' are

Tﬁ%?&e%‘%u?ﬁc@@%@ﬁ@ 'ﬁ\(l)\% QLEQACWQB *thﬁ%bch@eﬂdrﬁ& ﬂo?tl@h (2b”) of one

vertex point an axi s orientated

hai frofaugimbotbic liae V\I@als:tfocdl@smtbnfocm tederopedili3g 3g and t he
focusing point or focal point F2. The curved surface
2b and the mrror surface 2b' forma chosen part or

TIROLIUOF2( AR 1heCfocROF3 MY co%en%nﬂ?rM1ﬂ§ it oA eitfolliment of the
its focal point or focus referencéd .

invention, although they have been shown in the 111ustrated embodiment to be displaced

slightly from one another along the axis 2b”, as will be described in more detail herein-

after.

The wave front 3a” reflected in the mirror surface 2b’ is reflected towards the grating
surface 2g” and is diffracted so as to return to the mirror surface 2b’ as a diffracted wave
front (3a”) and therewith be reflected onto a respective light receiver 4 and 5 as two diff-
racted light bundles 3f and 3h with their respective absorption wavelengths, among other

things.

The reflection angle “b” for the first edge-related light ray 13a’ of the light bundle 3a’ will
preferably be between 20° and 40°, preferably between 25° and 35°, such as about 30°.
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20 The focus F2 and the focus F3 may conveniently

coincide in one enbodi nent of the invention, although
wo bay/obzree been shown in the illustrated enbodP@ERE2004000038

be displaced slightly fron19@e anot her al ong the axis

2b", as wll be described in“fnore detail herein-

after.. 25 & ron 1ol ' 5 11T ,
T g flcsigh 3t C A s R0 il R 23 S B Bl bundle 3o
willGprefidbly Be Befviden c40e thnd BAS pleferally Wetwden 30teand 70°psuch as about

surface 2b' as a diffracted wave front (3a") and
60fherewith be reflected onto a respective |ight

receiver 4 and 5 as two diff- racted |ight bundl es 3f

and 3h with their respective absorpti on wavel engt hs,
Maroneti iy, the3fdchinbdifiSor obes FRhh®Hel qpendgPgearé plackdloser to the

the first edge-related Iight ray 13a" of the |ight, )
fogps e, altepehin|a dlreﬁ‘a@q @»@g?sjth@ YeRSt When isTeas (ghe4@:,>en1ng 4a serving

RSB M AL P S-SR PRt on e

othd sideqf thdhfocssknnd edge-rel ated |ight ray 23a' of the
light bundle 3a" wll preferably be between 40 and
80, preferably between 50 and 70, such as about 60. 5
THPLERE § 1 Githafs penI-r%eSef, Q¢ alaRd B rQeiveAeHRtdd2i @A day6f chosen
opening 3g are placed closer to the focus F3,
fragjutingyugithinntha rdeeieiogilobe Bhwhesks salénted Eghtesays Warving as a reference
.mhgrqss fhe oFening 4a serving the receiver 4 that
signal i e gleeReIP CEF Sundl e within the receiving | obe 3f
is placed on the other side of the focus F3. 10 The
receiver 5, with its opening 5a, is adapted to receive
It sall detapgaentgfiomrthy sfayédeserisd Figire qenabedimgnt thaha phueality of other
.receiving |abe. 3 these selected light.ra Vi .
g e PRE © e ghebir T e reeb B 3/ B b S{peSY prysicatly
and diktriBBte@PRad &finnér (Michheeraiiterike esreiibedf Mifferest 2bsorption wave-
enbodi ment that a plurality of other 15 |ight
length®ioy ébsqrptpmiffegrenciest ppsTaspendings fo And figificankdn respect of other
recej 5, may be separated physically and
Chﬁﬁ% E%é%{}ted in a manner which permts the detection of
di fferent absorption wave- |engths or absorption

frequencjes corresponding to and_ signifjcant in ]
Ak}@@%&’gbe hght geqsiyers 4 anc(ij 5 'afe shown to be Ip?aclecfl bercath the first space “K17, it

will be understood that said receivers may alternatively be placed above the space “K1”.

As will be evident from Figures 3 and 4, the choice of system design and Blaze angles for
the planar grating-allocated cavity-associated wall surface 2g” have been made, infer alia,
with the view of the grating structure in crystalline silica forming two different crystal
planes with a mutual angle of 70.6°, which can be used to create a diffraction grating with

a natural Blaze angle “d” of 54.7°.

This enables an original required for tool manufacture to be created in an inexpensive and

readily producible manner, and also to provide a polymer-based replica.

The reference sign X in Figure 3 identifies a resist/oxide opening, while the reference sign

Y identifies a resist/oxide bridge.
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chosen gases. 20 Although the light receivers 4 and 5
are shown to be placed beneath the first space "KI ",

WO 2004163725 be under st ood t hat said receivers nmapCT/SE2004/000038

alternatively be placed above2the space "KI". As will
be evident fromFigures 3 and 4, the choice of system
desi gn and Bl aze angles for the planar

8 yghggrggérglg gatﬁqs %gﬁéltﬁ% 25 g@ﬂ ik tﬁ% g\@m% fpéévéegg e\{vﬁ%e" reference D

rﬁﬁﬁkh@@w&hmubtwkggmhgamnamalI|ne silica formng two
different crystal planes with a nutual angle of 70.6,
whi ch can be used to create a diffraction grating with
115]9’4 liflﬁgtra%saazﬁ a{‘aran& &t irthofe dethil, SafNBRESoR rlslng an enlar-
|g|na reqU|re or manufacturé€ to be created
gememnof ae&qjmmmdvsltmmnonBQf tleadlabgr purbabac2ds| thatrgmaiedes the grating
and alsq to provide a pol yner-based replica. The
Weedce sign Xin Figure 3 identifies a resist/oxide
opem ng, while the reference sign Y identifies a
resi st/ oxide bridge. WO 2004/ 063725 PCT/ SE2004/ 000038
I 1hem'@trwlaueng@m@ﬁ,ewc@dormngsh§t’q wedve3e” W 2llawed togfatiHa at an angle,

hin o e { fer nce D represents a val ue
g)g E‘fﬁ?@ﬂ@oﬁ%“ﬁ ﬁn%ure 4 illustrates a
thtrow arrangenent in nore detail, said figure

conprising an enlar- genent of a del i mited subsectj on
The light rpysaifatheslight atarcodp” thakhayea | nigrstermpredgpbomiign wavelength

d?%efr @%&' rbg tl?%%a,s safh pi(%j(l?}gl'dhgg é‘l\ffd"’l{fr S?%h%ﬁéagtﬁ%a ’ho %ﬁ é‘f‘%ﬁ%%‘% reflected

dvﬁfﬁaethd iis esdensalyt thet“sraiBhiizappasigl diration lne agreay smgll rdfiteetion angle,
light rays in the light wave 3a" that _have a

tharewith ereatneePdrions &r. ashicyagaraigim ciieieat-philtstiied fetigure 6.
gas sanple (G chosen and of significance to the

invention are reflected diffracted in essentially the

It stercabgybif &' dififpgpuion toeatohigrafchd Hirst atden theewgvaleradth is equal to the function

JLeflection angle 15th ewith crea nditio :
APIIBYT g WHSRITRYES & £R el iy close fq M@’g e%ﬁ@&aﬁ%ofgfi@ﬁr%bodlmema
Sﬁlcenl)lﬂl%thﬁleoﬁ@[sg Qfp@ diffraction grating of the first

order

e wavel ength is equal to the function "2D
sin 55", which results in an eff|C| ency close to 100%

I\{Legth%:gqe}ﬁ gmae%g@{)yf netggtllge c? eI%qlll t 1e case o ﬁﬁlg[l]l 1eg ?mm e(rjlceer.

Thus, there are created conditions, which enable all light having a predetermined absorp-
tion wavelength to be reflected back (3a2”) in a desired direction, and further to a respective

light receiver 4 and 5.

With regard to focus F2 for the elliptical shape and the absorption-wavelength-related
reception within the receivers 4 and 5, the receivers may not be permitted to coincide but
that a small distance therebetween is necessary, it being possible to control this small
distance in the illustrated embodiment by placing focus F2 on one side of focus F3 and the

receivers 4 and 5 on the other side of focus F3.

Should focus F2 coincide with focus F3, it is necessary to angle the planar grating surface

2g” or the grating constant D to some extent, so that the diffracted light bundle (3a”) will



10

15

25

30

Neither are there any negative orders in the case of

such high angles of incidence. Thus, there are created
wa@oeoudiosi7ehs, whi ch enable all 1ight having a PCT/SE2004/000038

predet erm ned absorp- tion wavel ength to be reflected

back (3 a") in a desired dire&ion, and further to a

respective 25 |ight receiver 4 and 5. Wth regard to

b¢ peflgeted pbkiguely ﬁ)é[h@ mifrpr sutace 2hapwl Wity raspective absorption wavelengths
RO Bl AR HeueLienal b hekaLady st eception wi thin the
recelvers an , e receivers may not be permitted
to coincide but that a small di st ance t herebetween is
necessary,, bei ng possible to cant thls snmal | 30

Shpud éIPFc@CPlﬂert H QLIRS OERSE S dbecitRsdiTuihg WS piPadi i glso necessary to
F3 and the receivers 4

pla%fﬁ%fgﬁmt e ot SEE&:?fgﬁe o?ﬁ"%g%us F3. Shoul d focus F2

coincide with focus F3, it is necessary to angle the

BT 581 S SRR Bt con
vémiéntly W drl c1049 18 AORCAOARBoeEISED A4 03Re c&?cab@ curved surface

refl écted obliquely in the mrror surface 2b' and with
2b’espective absorption wavel engths directed towards

the receiver 4 or the receiver 5. Should the receiver

4 or the receiver 5 be placed in the focus F3, it is
ARLSRLNE S 8B Yndr® light RbéElo&s UNS nfBepldoéd @bjaeae t& bl Dfocal point
the focus F3. Thus, the invention enables a l'i ght
F3 glieasted3o dhe eongie curvad iator suiaeee( 3' ) to be pl aced

con- veniently in or close to a focal point or focus

F3 assigned to the concave curved surface 2b'. 10
THE bpridanfilted oy is aduptalrtonpermit hegitssage of light-lated Wavasngies within a
pl aced adj acent to or in a focal point S#ﬂllocated

free spectialasir aRRACR IR e dhendsiocir Syiemapdersin theritiier gt 1scadepted to fil-
e{r Eev*}av@ § tﬁéjcasz esﬂmtt f?ﬁfl WdveldiBtRadsitamartli 1n the free spectral

t-re d wave engt wthin a~ 15 free spectral
nmgea appllcable to the detector system mhereln the
filter 29" is adapted to fil- ter out wavel engths that
are shorter than wavel engths co-ordinated in the free

B§er%tsf)@étral F-ABY & m%tfarsﬁ&tﬁp%gé %hl&l@ﬁgﬁufnﬁlafeﬁasmelyaby one spectral
Spectral range, which is illumnated solely by one

osﬁgem g edlcul@®naradetranidns therayithures from shoitertand refeflapping wavelengths

herevvlt free fromshorter and overl appi ng
t\%"? eﬁgror CrS.

More specifically, the optical filter 2g” shall shadow wavelengths that are shorter than a

chosen shortest wavelength.

In the event that higher orders of fundamental frequencies are received by the receivers 4,
5, these frequencies will be understood as noise. Measures should therefore be taken to

prevent the occurrence of frequencies of each higher order.

The invention will now be explained more specifically with reference to an application
according to Figure 5, where a specially designed and adapted gas cell 2 and gas sensor
shall detect the carbon dioxide content of air with a normal gas mixture. Other adaptations
and another design of the gas cell 2 and its cavity 2’ are required for the detection and

assaying of other gases.
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of another order or orders. More specifically, the
optical filter 29" shall shadow wavel engths that are

w@bh@anned72s han a chosen shortest wavel ength. 2BCT/RE20b4£000038

event that higher orders of f#zmdanmental frequencies
are received by the receivers 4, 5, these frequencies
wi || be understood as noise. Measures should therefore

e taken to revent, t. curr.en f freq oy of .. s
188 e 1 pmenen bt B ik 2f AL HEP SR T pRRonED et the Shvity 2* and
1esdadheedismone specifically mnth reference to an

application according to Figure 5 where a specially

desi gned and adapted gas cell 2 and gas sensor shall

d

A\g/éﬁem 1§l£t@8ur%@ é)ﬁﬁrsgi %)f 't}%q%%%g E(glﬁ ﬁgﬁhléﬁ c‘gﬁrdte%} elgtep Qﬁgqhe wave

léﬂg&l Bagesaihtl achl&mabtd:riﬁlc ofithetapscptia eave epgtheck (ﬁ@f. t he

detection and assaying of ot her gases. WD 2004/ 063725

PCT/ SE2004/ 000038 23 The gas "G' passes through the

I

AEQEE OB TEO U GPPgBRAER (hcifl KBy R bt bech proposed,

thﬂmmeasptfoﬁ thetiheentiog latsososablesthd psewif lightiendttngelsqdes.nt er

alia, the wave- length ranges that are characteristic

of the absorption wavel engt hs of CO2. Although an

C'h ACANHSS8EREs d c@erus O4bso thﬁrwﬁxréfern%ﬁi of 4.951%Lms Phis %vglength
een propose e concept of the i1nvention also

shaihbfl diffraduel mﬁandfecblvgﬂ] in ‘élmrd:demeg 4dwbetess a dOrt@awbwslength, say 3.9

di oxi de has, a cigracterlstlé absorption vel en tQ of

van, 3Balhbe mqpiyed i/oF BHGHIRT > SRAMCTHIIYR 3513 RET WSS

received in the receiver 4, whereas a shorter

wavel ength, say 3.9 m shall be received in the

A e6hd erdebwatdleridile il frhbe 262 |ankad arefilee 3g! FrialendedSoAlter out

second order wavel ength will then be 2.12 mand the

thase papelgpeths and shoeagwavelengthsi t er out  t hese

wavel engt hs and shorter wavel engths. The el ectronic

circuit 6 evaluates the light intensity in the

Theeicireiis cAcaind ebalamds thedight @tensienirethe tecehers@@hdyRand the pre-

established thro of conpari son, circuit

seaeetob it ke 225738 A T FmRarigoR gigcuit 6a together
wWHH 68 chicefirsil Y GHe 945, WARhAL 8RPRYe P R Wsplay surface 7.

Figure 5 shows the light spectrum and the optical measurement path applicable to the eva-

luation of CO, gas in a gas mixture present in the cavity or the space “K2”.
Figure 5 also shows the current values of the wavelengths in question.

The incandescent wire 30 is surrounded by quartz glass 31, there being defined an upper

limit of 5.0 pm.
The lower limit of, say, 3.0 um is defined by the optical filter 3g’.

The wave front 3a” is reflected and directed onto the planar surface 2g’ containing the

Littrow arrangement surface 2g” wherefrom the wavelength 4.0-4.5 p and 3.9 p are



Figure 5 shows the Iight spectrum and the optica
nmeasurenent path applicable to the eva- luation of CO2
W@am4i063725 gas m xture present in the cavity orPCT8E2004/000038
space "K2". 25 Figure 5 also shows the current val ues
of the wavel engths in question. The incandescent wire
30 is surrounded by quartz gl2dss 31, there being
defined an upper |limt of 5.0 m 30 The |ower |imt
dlffracte§e£§/a”) Fndrageived brrespedtiveyetdiverspand asulseqrast t@rgﬂectlon by
?m&ﬁ%ﬁfé opt 3a" is reflected and directed onto the
anar surtfacée 2g' containing the Littrow arrangenent
surface 29" wherefromthe wavelength 4.0-4.5 and 3.9
are WD 2004/ 63725 PCT/ SE2004/ 000038, 24 diffracte Tl
Figuyg 6)is 3 gepphstevingdhoghangs greificiracy withirgspee! 9 thipaylength fora
5 Llﬁi'bl%vs M%@ﬁlehp fiofd %ﬁf&h HORiLI0E sebd ﬁlamlfere@ﬁmét%fl?ﬁfghgf? respect of the
FI gure I's a graph show ng the change in éfficlency
wanietangthempearned.o t he wavel ength for a 5 Littrow
arrangement, fromwhich it will be seen that the
efficiency is high in respect of the wavel ength
Fig8Q8 G5 B@shphRilGiHabingd tHeSwaelngireldtéd ®bémton thdWetectors for recei-
wavel ength-rel ated reception of the detectors for
versetand 5 yetelation dgm thederagniage af light spwrce kmigsenne esid apph ghowing the

o nigh FRhior e SThERREDe rERol A ERBLEAN 0° Zna a5 | 1t

will also be seen fromFigure 5 that the active

subpart (2b') of the curved surface 2b or sai
It palt alsob¢ eeon Figarewe éhat theeactive mbpﬂm(%b 1ghthe &ﬁﬁ/eQ sarface 2b or

al | ISt a ve
saf o BE bR S ATER st 2 WPRLIThbGRg e (gance
frdrR ehesvedlex N HO & hrabdiic @ a¥d 1531163610&61:&67(1&111’(3&)1" tHé¥®cus or the focal
sungart (2b") is delimted to a point or to a section

15 poyrtitdrfaeiddingt right angles or close to a right angle
inrelation to an axis 2b" of a parabolic |ine or
par abolic function and through a focus or focal point
T}E%ubpdramﬂ) ik delsaiteld ®d p?omt?d} tb & sétion dentandiet $1tghmi1gld§air close to

e ventlon i S not, tricted to.the a scr.i bed
%Q@ AEIF R TSRy ondAHB &Kt ¢ obgamhelic h%fd?rfnae%pﬁe ctigh apbthrough
Wor‘%&eﬁgenﬁ 78 628 % Qafld Lfyg, 1 nventive concept

ustrated I n the acconpanying d ai ns.
20
It will be understood that the invention is not restricted to the aforedescribed exemplifying
embodiment and that modifications can be made within the scope of the inventive concept

illustrated in the accompanying Claims.



10

15

20

25

30

WD 2004/ 063725 PCT/ SE2004/ 000038 25 CLAIMS 1. A gas
cell included in a gas sensor and adapted to establish

wo b@4psEsence of one or nore gases and/ or to BEL/SEIWDHE0038

t he concentration of such a gas wherein the gas cel

5 includes a cavity (2') whi cfP i s defi ned by wal

portions that have |ight gﬁ‘[gﬁvgng properties and

which is intended to enclo | ume of said gas

((Q), wherein there is included a 1|ight source (3)

which is adapted to emt a light bundle (3a') directed
1§ or Ar gesl asbl ineldedhi maamsanaot anyl adswisdli tatcsigbligti the presence of one or
ocr)e[ }g‘tagegsan%? qet%f)@quﬁgﬂn%er Selaorpcgﬁfrétﬁﬁxts of %‘c(ﬂl %"t@% e&iﬂelleﬁ'lethe gas cell

nfdhfdeE alcevity (2° ﬁwﬁﬁhﬁ@&ﬁinbwbly vﬁaﬂr IBOrCiGnd ﬂibt) hawe (lilgliﬂreﬂectmg properties
directed towards one or nor receivers

5
agh Wdfehols dnigBeist warnelpsey areabyme HE Salé 8% .(Gfr)hgwlpefr@lmther)e is included a
libft S8REd X3 d)I WhReisO da%detoagﬁx rp ghen e Qt)h recte for reflection

orrespondi ng to thegas, ar
bet&memzemt;umsemiamd Mallgmrmmr[sran(iﬁpposmg mlﬁg:toetmbnsoarrdeWhaem the light
ht bu

"). an_abli rec |ved d er ing li |l e .
bpatle s EpumtEHeCt T 5o i ey (olopie o tootitbe el pottion (2b) and
dgEAEd NGw AL QiR & nfAY iloht %%%@ @dS)"@&l'chlp afed b@htd% Mdetect the

whose refl ective surface (2 presents a Littrow

oaquriang) §ghnintepsity irs pnaict mroex alLsorhenbwamlﬁmt@n@msPomdmg to the gas,

hat . t he nd| i s adapt ed.t.0_fal ,

chiipteriae 0 Goreare s “agRaton (i f eulPr Blistey 20 an

obh@e%t @e"&wearmb&gﬁlfg Iﬁg}fe hald (387) #66 1he llégl@tso@ﬂ&@ (E’T )), onto a flat
u

nor e qftlon wavel engths in the |ight ndl e % .
gwmg@élpgai rgvityrasseeiatpds weH opertionr €goadese treflgmdive surface (2g”)

pl('egantg gtL?tgro%ln }ggrﬁfr:r%%tr %%trpl%{tufc‘e .thtI lv@ﬁrran%l&ﬁmg %{a {hato fhe light bundle

0S| Irrection

G iy @dap%d twafule |oﬁ rsgidhﬂatvwéll p&gion 20 af @hplectldeh liss sdkdlto the Blaze
curved surface (2b') and directed towards said |

apgle off \Viag grating; @)d ingthataoneaer werq absersioa; Wﬂf@g@sanghé light bundle
002?&% B%Cﬁﬁgtd [éa?%l}(gs@'tl )greg V&gl 4 ﬂ@(ﬁé& hRDdirR R dd by said flat

a CUFVG
Waﬁqroeﬁcﬁﬂ (Zgﬁpmaa gerighh @ipposi@Sditkctidn gmﬁl ﬂheﬂ dhffaemmlr whavederigths will be

ai hara terise at t ce (3
r%;ﬁ g sai CPEVS |sp§ac(e((gb %ané legﬁte ]a}w dtslbg 16CE g%s 4, 5).
poi nt (F3) of a parabolic shape. 4. A gas cell
according to Caim2 or 3, characterised in that said
20 u r \Aeghsmll lacgoding oo Cla(imbl), characférisedhn et odid @upad aimdl pagtion (2b”)

ent a n one si of the XIS of a
DB rBbr P2 ALt CuE e BP0 3l ai m
1, characterised in that the flat grating-allocated

3. A gas cell according to Claim 2, characterised in that the light source (3) appears
virtually ((3”)) in or adjacent to a focal point (F3) of a parabolic shape.

4. A gas cell according to Claim 2 or 3, characterised in that said curved wall portion
(2b) has the shape of a parabolic arc orientated on one side of the axis (2b”) of a parabolic

shape.

5. A gas cell according to Claim 1, characterised in that the flat grating-allocated
cavity-associated wall portion (2g’) includes a grating structure (2g”) that has a Blaze

angle for reflection of light in an opposite direction.
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cavity-associ ated wall portion (2g') includes a
grating structure (2g9") that has a Blaze angle for

wo edo@ei7edon of [ight in an opposite directi on. PANISE2004/000038

2004/ 063725 PCT/ SE2004/ 000038 26 6. A gas cell
according to Claimb5, characteéised in that the
grating structure is adapted to create a diffraction

6gr atA rggs sell eaoyo@ingatcf iGlaim §r ¢barasterised iof that dhe grading structure is
Shild i S n BPRC T e R0 Db By BT ey i socond grger

and 60. 8. A gas cell according to d a| m 1,
characterised in that _one or nore |i recei vers are
7ol adedat Pk accorling ¥o Claigy 1. ¢hakacte 1:’51 thm thet Blazg angle is between
gbﬁg | obes directed towards the curved surface
PZB“C; 10 9. A gas cell according to Caiml,
characterised in that the cavity is formed by at | east
one polynmer based replica that has been treated to )
8gi v gtsecollacrordimetto éﬁ@m }, gharactenisediin that opg erpapie; lgght receivers are
p}a%e% Qlos@}cﬁg§ rﬁﬁ ltlglﬂ%sglrcg WG thOir %c%iv%og’lkobgg]&‘iﬁ?c‘fécﬂrom the curved
In that e source I's conpri
surfach@bynt Ilght source for generating a wavel ength
spectrumwi thin the IR range. 11. A gas cell according
to CI aiml or 8, characterised in that a Iight source
is I
Focah sl acfil 5 PHEER R RERAUR 1Rt e Sy Toffped by ot eas
omel rpobynger (2bgd repfca aghss bednl tremtabtadgivg theo wall giomidns 18ht-reflective
or 11, characterised in that one or nore |ight
PFUReEiSers (4, 5) are placed in the close proxinity of
or in a focal point (F3) allocated to the concave
curved surface (2b). 25 13. A gas cell according to
18ny foges el adqerdmgeme@hamg 1Cehanasterispd imthat thedight souredistcomprised

h f I
o S BE R e B PG, ARE R Bt rnee
source ((3')) appears in the second focal point (F2)

and is positioned in an openin (3g) that includes an
1dpt iAc gis ¢4l] acsprdimgto)Clagp 1 or 8, ¢ aracterlsed in that a light source or virtual

light source is placed in or close to a focal point (F3) allocated to the concave curved

surface (2b).

12. A gas cell according to Claim 1, 8 or 11, characterised in that one or more light
receivers (4, 5) are placed in the close proximity of or in a focal point (F3) allocated to the

concave curved surface (2b).

13. A gas cell according to any one of the preceding Claims, characterised in that a
physical light source is placed in one focal point of an elliptical shape and in that a virtual
light source ((3”)) appears in the second focal point (F2) and is positioned in an opening

(3g) that includes an optical filter (3g”).

14. A gas cell according to Claim 13, characterised in that the optical filter is adapted to
allow the passage of light-related wavelengths within a free spectral range applicable to the

detector system.
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14. A gas cell according to Caim13, characterised in
that the optical filter is adapted to allow the
w@amgaga2df |ight-rel ated wavel engt hs wit hi n aP€T/8E2004/000038
spectral range applicable to the detector system WO
2004/ 063725 PCT/ SE2004/ 000038 27 15. A gas cell
according to Caim13 or 14, 2¢haracterised in that the

optical filter is adapted to filter out wavel engths
15 hatt gay eclb pesording itpy e@lamadé@nlgk ishaxasteyised jatthe the opfeal filter is

ad%tgc? to ﬁﬂ&ccﬁ% ?\Laa(\:/télgfr} Jéll a tsﬁlé&t‘tgaiﬁ%r? gzlg{//?lt@rggq? «9(% Ql%llﬁa?e%ln the free

spé@arairanige. t wo spaces ("K1", "K2"), where one space
("KI'") includes a physi cal i ght source and a
reflector. 17. A gas cell according to C aim 16,
165N 844 &l REGkdldy th E@hind hech%?s&msemﬁ%at(th&’avlty (é@ has the form of
serves the function of a neasuring chanber
tworspeded d 8K 1 7,g12"),evhare vhonpace KK 1A igaludesed Iphreﬂ:@d) dighhgpurce and a
0, aim16, characterised in that the first space
reél “§9™) has a subpart (3c) that is partially
elliptical in shape. 15 19. A gas cell according to
Claim 18, characterised in that a term nating subpa

17( ( K gﬁ; Celh agccﬁdltﬂaﬁ@ r¢1ﬁgn éﬁaﬁbﬁraEGFlSPd g’&éhaiéh‘t Secong space (“K2”)
1
sergf% par H(?Lkokl Qfgrgéag{u’élg% c}?a%e? ? éllo%fcgs h %tnl{g}@%ctiz)ﬁ% wal |
portions (3d, 3e) 20 21. A gas ceII accordi ng to
Cl ai m 20, characterised in that said wall porti

18 3¢p gaegell acardingiparisimdo. ehprastsrised @kﬂiabthe f&étr ﬁp@%ﬁ%”) has a
sugﬁiﬁg%ggm\é{f il tellﬁﬁlc%lzlﬁsh gas cell according to

arac erise at sai d convergi ng wal
porti- 25 ons (3d, 3e) define an angle correspondi ng
to a divergent. angle or_openin

1% i ghea ceoré@gatO)C?@m 1 Boractarie ﬁénrha@me)r%mt@g sglpart (K17))

has akapefid as cell according to daiml,
y aaaect%rs ggd in that a plurality of |ight receivers

(4, 5) are co-ordinated on one side of a

2L 05 RS o iP0of o T 5 i

mRéd by &R cdh@@t%bﬁ‘teﬁzﬁl portions (3d, 3e).

21. A gas cell according to Claim 20, characterised in that said wall portions (3d, 3e)

are prepared or formed to exhibit deficient reflective properties.

22. A gas cell according to Claim 20, characterised in that said converging wall porti-

(14 ”

ons (3d, 3e) define an angle corresponding to a divergent angle or opening angle (“a

light bundle (32’) emitted from the light source (3, 3°).

) for a

23. A gas cell according to Claim 1, characterised in that a plurality of light receivers

(4, 5) are co-ordinated on one side of a cavity-associated space (“K17).

24. A gas cell according to Claim 23, characterised in that a number of light receivers

are co-ordinated on mutually opposite side of said space.
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are co-ordinated on nmutually opposite side of said
space. WD 2004/ 063725 PCT/ SE2004/ 000038 28 25. A gas
wa@edod/oeedrding to Claiml, characterised in tPer/SE2004/000038
flat grating-allocated cavity- associated wall portion
(2g9) is given a direction in which a virtual extension
connects with or passes closgly adjacent to the
vertex ("V2") of the concave curved wall portion (2b).
259 2 gasirellascéiing 8 CIARA NBaketéHiidh that hE 10 "grallﬁg-allocated cavity-
characterised in that a neasuring path of the
asspetaadr walgpertiantiee) i gn@ma@tféaorbyl waich g varua sKfeagipn connects with
s y e
or JEGRLUp A REAhat HEESenE VoD R P RARGYC cltbed el bpyfdn 2.
the first space ("K1") 10 includes an inlet (21') and
an outlet (22') for_the gas (G to be peasured.

26. A gas cell according to Claim 1,716 or 1 characterlsed in that a measuring path of
the measuring chamber is extended by using an optical measuring path inside the first

space (“K17).

27. A gas cell according to Claim 26, characterised in that the first space (“K17)
includes an inlet (21°) and an outlet (22”) for the gas (G) to be measured.



