Saturation Filtering NDIR Gas Sensing Met hodol ogy Jacob Y. Wng
Cross-Reference to Related Applications The present application is a

cont i nuatwoneionepent application of U S. Patent Applicatrcomshioo/osibsPl2, 713
filed April 14, 2009 entitled "Saturation filtering ND R nethodol ogy. "
Field of The Invention The present application is in the field of gas

anal ysis, and specifically relates to apparatus using a Non-Di spersive
Infrared (NDIR) gas anal ysis technique to determ ne the concentration of a
particul ar type of gas present in a sanple chanber by sensing the

absorption of infrar on [ ou Background O The
| nvention The Non-Di{sgng\‘\'/‘? |tﬁT'P§$@hE€ﬁD$ﬁ‘§'ﬂg&%ﬁpaﬁfggﬁas Igng been
consi dered as one of the best nethods for gas neasurenent. In addition to
being highly specific, NDIR gas anal yzers are also very sensitive, stable,
reliable and easy to maintain and J@égt?/l Yc&o"8yer since the NDIR techni que of

gas neasurenent was first introduced and practiced in the md 1950's, a

| arge number of inproved measurenent techniques based upon the NDI R
pri nci pl% fgpsad%,efﬂ@t“éEttP&?'ﬁ&%‘ﬂ?é’éﬂt'ﬁ?%posed and successful |y

denonstrated. Thee 'ﬁéﬁen@@b@tﬂaﬂo@@vé%ﬁﬁﬁwﬁ‘ﬁ@ﬁ irl- B@r‘t )é@élrc%tlbrﬁ\ of Us. Paehd are
sunmari zed as follows. Burch 525). and BI au et

al. (U S. Paplicaien Mo. 8611/%1277763 f“ieﬁ /’1@5744\/\%%9 ?Wé‘eﬁ ﬁéﬁUf?fdp%ﬁtﬁﬁ'ﬁaé“%
so-cal | ed "RoMbh&ogeant technique for NDI R gas measurenent by taking
advant age of the principle of nonlinear absorption for sone strongly
absor bi ng gases such as COto create a reference channel. Shortly

t her eaffeer , Fibldl 6f THaOWDLRtiGeant NDI R gas sensor techni que was
The present application is in the field of gas analysis, and specifically
relates to apparatus using a Non-Dispersive Infrared (NDIR) gas analysis
technique to determine the concentration of a particular type of gas present in a
sample chamber by sensing the absorption of infrared radiation passing through

15 the gas.

Background Of The Invention
The Non-Dispersive Infrared (“NDIR”) technique has long been considered
as one of the best methods for gas measurement. In addition to being highly
20 specific, NDIR gas analyzers are also very sensitive, stable, reliable and easy to
maintain and service. Ever since the NDIR technique of gas measurement was
first introduced and practiced in the mid 1950’s, a large number of improved
measurement techniques based upon the NDIR principle for gas detection have
been proposed and successfully demonstrated. The most notable advances over
25 the years in this field are summarized as follows.
Burch et al. (U.S. Pat. No. 3,793,525) and Blau et al. (U.S. Pat. No.
3,811,776) in 1974 were the first to advance a so-called “Double Beam” technique
for NDIR gas measurement by taking advantage of the principle of nonlinear
absorption for some strongly absorbing gases such as CO; to create a reference
30 channel. Shortly thereafter, this “Double Beam” NDIR gas sensor technique was
greatly simplified with the use of two interposed spectral filters (one absorbing and

one neutral) to create a sample and a reference detector channel. Subsequent



greatly sinplified with the use of two interposed spectral filters (one
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15 All of the NDIR gas analyzers described above for the measurement of the
concentrations of one or more gases in a mixture perform well functionally and
have contributed successfully to the overall technical advancement in the field of
gas analysis during the past two decades. They have been widely accepted in
both the medical and industrial communities. Despite their undisputed success

20 over the years, there still remain a number of important sensor performance
characteristics that need to be greatly improved in order to further extend the
useful applications of these devices in a number of areas.

By far the most deficient performance characteristic of gas sensors of
today, inclusive of NDIR gas sensors, is the sensor output stability over time.

25  Unlike the temperature controller or thermostat device which just about everybody
is familiar with at home or in their workplaces for sensing temperature and never
requires output adjustment or recalibration over time, such is not the case for gas
sensors irrespective of their operational principle, functional design, material
construct or even costs. Dependent upon the type of gas sensors, just about

30 every one of them requires recalibration once every six months to a year without
exception in order that they remain accurate over time. While this performance
deficiency has been well tolerated over the years, it remains as a significant



is famliar with at home or in their workplaces for sensing tenperature and
never requires output adjustnment or recalibration over tine, such is not

t he case wonogaosensors irrespective of their operatiomalt/yseénospie,
functional design, material construct or even costs Dependent upon the type
of gas sensors, just about every one of themrequires recalibration once
every six nonths to a year without exception in order that they remain
accurate over tinme Wiile this perf®rmance deficiency has been well
tolerated over the years, it remains as a significantdrawback for gas

sensor s andENeR PSRN ERhCl Ueey [DeATREY L YA LRh,ARE) REQRinS and

nmust there e ev | m nat
per f or rrancepdlﬁfatlcmsaam:cymbetrthgmrsebnsayeetuaﬂy EIodlayteldr r espectl ve of t hel r

operational pri ir out as a_ function of th

t enperat ure of flﬁe %‘gﬁ%cf ﬁﬁﬁ{omgﬁﬁpﬁrq?rﬁgnggnﬁmgny 401 8%%tssas°r€rrﬁf

per f or rrancdaod@ﬁrresmm:lye fo®|the;|usperatnmetl palhblp@as memmwmtlo&pundemasaad by,

al bei t bgct ntI {)% segg/mf the otkl} put corre(i per
degr ee 8’?8 e@?Pe?ﬁ 8"?/\? tf’?{ NoNe eSS P8I19%a  at a

st andar d t difsepafarmance RieScialcygs S nEbous afl @sesemsbnuis mn&m@alm @it
corrections aLe uite ar e and_i many case imt theueof

t hese sensé‘?g 8y dog?asl ﬁ’v&yulscﬁ)eﬁ' hanl0 Fpé‘g ?orge[cgé fB?rvvefjregref% Sf

devel opnenteroperbturelr enagige sdths oespecpaot itteul autpyt Sopulated BDI R ttyipoardbecause
of its preyal ent, use in nost |ndustr|es ce deficiency

b bl oo’ oy KEH i kel Ses SRS e prklBlentabratuRE o st

gener aliDy dthirgecnddint ma@an ca@amsa\tenslyamdt tret hesl oﬂttmésezsergoa; sutdgbe. n&rr ow
band- pass ﬁ\Pefdt éal fil i.er ti% a non- er S| Ve i nf rarfg sensor for both a
signal chafif¥l® Bhd S9eFaNertR 2NN én u%éjﬁv? BPYEPL Rt TUUT§ 985, FeMSY % est

wher ei n t heartellarig farehe NDIR &y pea be Catendf ats (pee\a A tuge & most ibeldtriennibati ni ng

the gas of ,interest an nal detector and a reference detector are
mounted ontiE EFgTerER gefigr b e frercshe

15 SUMMARY OF THE INVENTION

The present invention is generally directed to an apparatus and method
utilizing a single narrow band-pass spectral filter in a non-dispersive infrared
sensor for both a signal channel and a reference channel used to detect a gas of
interest wherein the reference channel also contains a saturation cell containing

20 the gas of interest and both a signal detector and a reference detector are
mounted on a single thermal platform.

In a first, separate group of aspects of the present invention, the reference
channel signal remains substantially unchanged irrespective of the absence or
presence of the gas to be detected in any concentration level in a sample

25 chamber of the non-dispersive infrared sensor. The saturation cell can have a
length L' and contain a concentration ¢’ of the gas of interest such that a resulting
saturation cell concentration of the gas of interest of (L) x (¢') is at least an order
of magnitude greater than a sample cell concentration of the gas of interest of (L)
x (c) where L is a length of the sample cell and ¢ is a maximum concentration of

30 the gas of interest in the sample cell.
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DRAW NGS Fi.qure 1 depicts a Doubl e Beam Measurenent net hodol ogy Figure 2
depi cts thd™8at uration Filteri ng Reference net hodol ogy of the present
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invention set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 depicts a Double Beam Measurement methodology.
Figure 2 depicts the Saturation Filtering Reference methodology of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

20 The Non-Dispersive Infrared (NDIR) method of gas concentration
measurement takes advantage of the presence of strong infrared absorption
bands for many gas molecules whose atomic configurations are non-centro-
symmetric. Common examples are Carbon dioxide (CO;), Water Vapor (H,0)
and Methane (CH4). Among the many NDIR gas sensing methodologies in use

25 today, the so-calied “Double Beam” technique ranks as the most widely adopted
and practiced. Figure 1 shows schematically the components and their
arrangement deployed in the Double Beam methodology of NDIR gas
measurement.

The reason why the name of this methodology is called “Double Beam”

30 stems from the fact the optical arrangement for this technique comprises two

optical beams or channels, one is designated as “Signal’ and the other as
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signal vol tﬁ"eggr%néeocr:haen%% ] Pefspéale\'\/efy\.mﬂ?ehgﬂ;'&?rja?fil?‘er 3 defines a narrow spectral
pass-band coincident with the chosen absorption band of the gas to be detected
15  while the spectral filter 4 defines a narrow spectral pass-band that is free of any
absorption bands of the gas. The signal voltages for each of the two channels 1
and 2 are generated from a single infrared source § and respectively with
separate detectors 6 and 7 as depicted in Figure 1. The Double Beam
measurement method processes the ratio R = Vg / Vg where Vg is the voltage
20 signal for the Signal channel 1 and Vg is the voltage signal for the Reference
channel 2 respectively. To complete the gas measurement capability for the
sensor, the ratio R is calibrated against known concentrations of the gas to be
detected present in the sample chamber. Once properly calibrated, such a
“‘Double-Beam” NDIR gas sensor can be used to measure the concentration of the

25 gas to be detected that is present in the sample chamber.

By processing the ratio R of the voltage signals of the respective Signal
and Reference beams, any common-mode changes in the sensor which affect
equally the Signal and the Reference beams are cancelled and these changes
therefore are not reflected in the processed signal R = Vg / Vg and the output of

30 the sensor remains stable or drift-free. However, if the change over time, short-

term or long-term, of one or more components of the sensor affects the Signal and
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of their respecThe/®ouble Beam measurement methodology for an NDIR gas sensor is
15 susceptible to changes of its infrared source due to aging and to any
environmental temperature changes that might affect the immediate surroundings
of the source. The reason is that any such changes carry with them noticeable
shifts in the spectral radiation output of the infrared source. Since each of the
“Signal” and the “Reference” channels possesses its own narrow bandpass
20 spectral filter, their reactions to these spectral content changes will therefore be
different leading to unavoidable changes in the sensor output. Since the infrared
source of an NDIR gas sensor will inevitably age over time, the output of an NDIR
gas sensor designed with this “Double-Beam” measurement methodology cannot
and will not remain stable over time.
25 Furthermore, its output could also be susceptible to drifts due to any short-
term environmental temperature changes surrounding the sensor which could in
turn affect the operating temperature of the source. In addition to the infrared
source changes, this methodology is also susceptible to changes in other sensor
components. Since the Signal channel 1 and the Reference channel 2 (see
30 Figure 1) have separate autonomous detectors and band-pass filters, if the
temperature of these components does not track one another for whatever

reason(s), either short-term or long-term over time, the sensor output will also



bandpass filters, resulting in an undesirable drift for the sensor output
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sample chamber, this can be achieved via the currently invented technique called
15  “Saturation Filtering”. This novel concept of creating a “Saturation Filtering”
Reference beam for an NDIR gas sensor similar to but different from the Double
Beam measurement methodology is schematically illustrated in Figure 2.
There are a couple of differences between the Double Beam configuration
as depicted in Figure 1 from that of the “Saturated Filtering” configuration shown
20 in Figure 2. First and utmost, the filter used for the Reference channel in the
“Saturated Filtering” methodology is exactly the same as that used for the Signal
channel. In other words, it is the same spectral filter that contains the absorption
band of the gas to be detected used in the Signal channel (see channel 1 of
Figure 1). Second, included in the Reference beam for the Saturated Filtering”
25 methodology is a saturation cell 8 (see Figure 2) having a length L’ cm and
containing a high concentration ¢ of the gas to be detected expressed in
atmosphere (atm) where 1 atm = 100% of the gas. For attaining the best
performance, the values L’ and ¢’ are designed in such a way so that the resulting
absorber concentration c’'L’ atm-cm of cell 8 is at least an order of magnitude
30 greater than cL atm-cm designed for the sensor, where ¢ is the maximum
concentration of the gas to be detected expressed in atm and L is the sample

chamber length in cm of the sensor. Thus if the length of cell 8 is 1 cm and it is



to create a Reference channel so that the ratio R = VsL/R can be processed
as the sensor's output, where Vs and VR are respectively the voltages of
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be detected expressed in at nosphere (at ere.1 atm= 100% o he gas For
ottaini ng. CREAGRENT e A Aosthed itk HE RetrieRtd yoaahauleghalen auch a
way so 10hatelafively esndtamtngvembabehehe concattiatiahi afnthe' das aisiectmeosampelel 8 i s
at | east an orger ni tude for the

ensor. wnararee o e BB G ReEhRCln rr T, Sop B RL e “ThUE ettt oa
expressed iohtre facathat tadistionhfeors amgirdracdtbadece lhaados first passntmbugheels 8nsor
s o ool e S b acBaBy ol BEhi e B APEL B, 1O
1 at m cm OgsdehEigoteh®r Batgince §atlfatios @8 @ cdrgains a very high concentration of
156 the gas, therefore most of the radiation that is spectrally defined by the narrow
band-pass filter and lies within the absorption band of the gas to be detected has
already been eliminated via absorption before reaching the sample chamber and
ultimately the Reference detector. Thus the Reference signal always remains
about the same level irrespective of whether there is any gas to be detected inside
20 the sample chamber for the sensor. The “Saturated Filtering” methodology has
therefore effectively also created a Reference beam having a relatively non-
absorbing spectral characteristic as that for the neutral band-pass filter of the
conventional Double Beam method.
But there is a very significant advantage for the Saturated Filtering
25 methodology over the Double Beam technique. Whereas the signal output of the
sensor utilizing a Double Beam methodology is susceptible to any changes in the
infrared source of the sensor as pointed out earlier, the signal output for the
Saturated Filtering methodology remains virtually the same irrespective of the
infrared source changes. This is because of the fact that the Signal beam and the
30 Reference beam in this case are designed to have the same narrow band-pass
filter and therefore have the same spectral characteristics. Thus when the signal

output of the sensor is expressed as the ratio of the signals for these two



designed to neasure up to 5,000 ppmof the gas or 0 005 atm and the sanple
chanber length of the sensor is 15 cm then the absorber concentration of

t he sensowO0i2810012082% atmcm I n this case the paraneters fPor/usedéiv/odmoul d be
appropriately designed for best perfornmance as its L'c’ =1 atmcmis at

| east an order of nmagnitude greater than the Lc = 0 075 atmcmfor the
sensor Wien the Reference beamfor the "Saturated Filtering" nethodology is
set up according to the way descri®bed above, the Reference signal output
stays rel atively constant even when the concentration of the gas inside the

sanpl e Cha%ﬁ?ﬁr{eﬁsfé t@é‘&tié‘?ﬂﬁ?i&s%ﬁ%ﬁféﬂ%ﬁadt%@ tﬂé‘éégfﬁé Ve SRS ar‘qg'gve Thi's

i S because 0 act thaf radia romthe rnfrared sourc to first
pass t hrougfie cledrige8 dbdfieoindragerl agurcér(loath rspebieallycanul tartsiyribevel-aise) ahén to t he

Ref er ence %eésgc ation cell .8 contains a

r (s Fi 2). But since sat
very high COﬂCé:hg?%ésl agrg CS‘F%’%‘E""%%{B?E% TRE T e Hﬁé‘?r q‘retaﬁéerr“é{mngfqng that is
spectral | y cHadgesdtatpffechthertamperatirarsdirmpasding iof ther scunck thaemigtittrésuit ihhe
det ect ed has_al read

absor pt %onc and Oift t hee astet 0 tr)e( det _heen elininated via
absor pt Pon B%rf%?% sr%%crﬁgﬁ’?g RS YiRsAs S AHPYGRYY UF%/ﬁr?qrﬁ?g'l y the Reference
detector Thus ther Rey enenhctoe slagreateaadmayBIR gamsasscabatilizinge vearguidevel
chamber o the?bsSrerhe i S AT iReT Ryt Rsc e IeanI B0 h Y Thor o or e
ef f ecti vel yerapegotuce ebdregsampefted enthe \basguhievare goamplatelgtdlivenatedamabsor bi ng
eI L e R S s T S
f or the0Sairmplamedtedi | Sieced fog the Shindationdilteringrméthed@ogyp Inelivitimfrfilters land que
e e o TRl O Y e e RS erl b s BoP haPERpt hoc! ooy
poi nt ed outaséaid aethest kensorgsuahpadehisudre frasuritée ofSahel same dhérindl @ratiogm
et hodol Oggort%gpitﬁeslr Yér%éjr%{ulrgs ttrb:\%k sglnrée ain(r)trh%ﬁ pgrcl:fEsl \c/iﬁeotfo %R}? temperature
changes are also kept very much to a minimum.
15 For an NDIR gas sensor implemented with the Double Beam methodology,
the construct for the entire sensor including its sample chamber, source module
and detector module are normally temperature regulated (typically to 35°C) in
order to control and minimize its signal output drifts on a short or long-term basis
over time. For the sensor implemented with the Saturation Filtering methodology,
20 such temperature regulation for the sensor is no longer necessary as long as the
Signal and the Reference detectors with the identical built-in narrow bandpass
spectral filter share a common thermal platform so that their temperatures track
one another at all times. The reason is that for the entire sensor we now
essentially have only one beam. Both the Signal and Reference beams have the
25 same filters that are spectrally identical. They also have similar detectors that are
manufactured in very much the same way. Finally, they share the same infrared
source. Thus, if there are any changes at all, processing the ratio of the Signal
channel over the Reference channel as the sensor output for the Saturation
Filtering methodology can virtually eliminate all the drifts over time, either short-
30 term or long-term, that otherwise would be there for the Double Beam

measurement technique.



infrared source changes This is because of the fact that the Signal beam
and the Reference beamin this case are designed to have the sane narrow
band- passwobi2btoerzosemd t her ef ore have the sane spectral clrarast@oiosucs Thus
when the signal output of the sensor is expressed as the ratio of the
signals for these twochannels, the ratio remains virtually constant as the
beans are affected equally by the changes of the infrared source (both
spectrally and intensity |level -wi 48) and these changes are cancel ed agai nst
one anot her. Furthernore any environnental changes that affect the
temperature sur paddhadnRhiibh fas HeehSudsAbed @i Wi Hckerbfio h2RGHAA 1L
operating tenperature are also automatically neutralized. For very nuch the
sanme reasoRXaMPER {ase sxamples havel besnmpreaented douilldetralionarshexnlanathanber

any extran S Lflaned r.c f - by 4.b 2 at anges
Tmoart ed 0 onand bELE ina et RohS, AR, Madlial HRRANAS oROTCH
Filtering esahpiegukeereobwiidze obviolsetocthose skilledhird thBoarlhaviBgdhe deeefitsof
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physi cal cleabadimantswitioeyt departtiog froasthe reeetiseoswmeptonponent s are nounted on
the sane therm I orm t hat i e ratures t Q ot her,
drifts due to ah%“p%r@h%' T tvﬁﬁ)gec%)fﬁé%g tértgéosar%) glgﬁei(d;ﬂt t%\?eérr;f/“r‘l*;raﬁcsrlﬁﬁtf@lfha(':‘ “mi ni mum
For an NDI Bhgragessewnsoodificglioesimthecaoiual ko deptddeduribe®Bbarmimeam ozolilpgg, t he
construct It i . inel. udi it | £ r.+3Qurce nodul e
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i n ordép t defirzant byothe doibwimgelaimse its signal output drifts on a short or

| ong-term basis over tinme. For the sensor inplenented with the Saturation
Filtering methodol ogy, such tenperature regulation for the sensor is no

| onger necessary as long as the Signal and the Reference detectors with the
i dentical built-in narrow bandpass spectral filter share a common t her nal
platformso that their tenperatures track one another at all tinmes. The
reason is that for the entire sensor we now



essentially have only one beam Both the Signal and Reference beans have
the sane filters that are spectrally identical. They also have simlar

det ect or swohato/@o1manuf actured in very nmuch the sanme wagT/uSeeialoBop4l t hey
share the sane infrared source. Thus, if there are any changes at all,
processing the ratio of the Signal channel over the Reference channel as
the sensor output for the Saturation Filtering nethodology can virtually
elimnate all the drifts over tinej1either shorttermor |ong-term that

ot herwi se woul d be there for the Doubl e Beam neasurenent technique. Wile
the inventi S .described herein with reference to certain exanples,
t hose exanp%gp%é:bagrﬁggésn presented for illustration and expl anati on only,
and not to limt the scope of the invention. Additional nodifications and
exanpl es thereof . will| he ohvious tq thos Ki.l l ed in the, ar ving. the
benefit of this Q8.8 Ngksc I%afagng} u%?%&hn%dp?? & t'm?r[n%SttaL@Z'Qas%

possi bl e i nhél-tispediveVsfraedh eehdtethe appafatustcotgpairig: ng from the inventive
concept. _Accordi n%I é it will be .aﬁ?g]rgen} to those skilled in the art that
still futther crhfiged CHABNGIIENA Y814 GRS the actual concepts descri bed
herei n can readid fefegervedenamridnowith depafetdritg Heeaior hendspi rsaturativh sebpe of

t he disclosed ,inventions as, defined by the follow ng clains.Wat is clained
is O aim 1(677@NNghe ﬁﬁi)aﬁéﬁeﬁ%s"f%?d detecting a gas of interest utilizing a
non- di spersi ve iakihgleethrinsand-phe spgupal dkersusednipr bsinn@essigriagbandhannel
with a signal detector, a ref e[.ence channel with a reference detector and a
saturation B8 NERIFFPAPHEAWNE gas of interest, and a single narrow

band- pass spect naterkinl bath this egnbipdetaoioh ahbiahs irgfeaince pteutdr aedmbineted
reference channel, wherei r?%t?oth the signal detector and the reference

detect or ar 8" Ao NeHRAP'RYUG e t hermal pl atform

Claim 2 (original): The apparatus of claim 1 wherein a reference channel
signal remains substantially unchanged irrespective of the absence or presence of

15 the gas to be detected in any concentration level in the sample chamber.

Claim 3 (original): The apparatus of claim 1 wherein the saturation cell

has a length L' and contains a concentration ¢’ of the gas of interest such that a
resulting saturation cell concentration of the gas of interest of (L') x (¢’) is at least

20 an order of magnitude greater than a sample cell concentration of the gas of
interest of (L) x (c) where L is a length of a sample cell of the signal channel and ¢

is a maximum concentration of the gas of interest in the sample cell.

Claim 4 (original): The apparatus of claim 1 wherein the reference
25 detector and the signal detector are mounted in a single structure of a heat

transmitting material.

Claim 5 (original):  The apparatus of claim 4 wherein the heat transmitting
material is comprised of aluminum.
30



Claim2 (original) The apparatus of claim1l wherein a reference channe
signal remains substantially unchanged irrespective of the absence or
presence WO 20tve120823 t o be detected in any concentrati onPCe&wskotioo3ahe sanpl e
chanber Caim3 (original) The apparatus of claim1l wherein the saturation
cell has a length L' and contains a concentration c' of the gas of interest
such that a resulting saturation cell concentration of the gas of interest
of (L') x (c') is at least an ordet2 of magnitude greater than a sanple cel
concentration of the gas of interest of (L) x (c) where L is a length of a

sanpl e cell of the si | .cha ! - ' &%h% cation of the
gas of interest Cﬁ%urrf%g&@éna | er}!gg(%)rf algﬂ%é%h\%’ejnf?aorrgﬁ)é{eﬁ%q?; e%zrllF bar at us of

cl ai m 1 wher ei n & semplettbamberthdrigbstroch agds phieteségjilavsdet ect or are nount ed
in a single struct.U{e 8f a heat transmtting material Claim5 (original)
The apparatus ofCl'aFm £°Wf&r ei n the heat transnitting material is
conprised of al unspeetrél fdfem 6 (original) A non-dispersive infrared sensor,

conprising a sanple cha r thro vhi ch as pof interest flows, an

i nfrar edg]sour cefg)rf?%rﬁ%%e[ngé?c@f {0{ ég{écgﬁq %feef?'@%% Cﬁ%?réeéf'gpa or detecting a
ref erence channed sstu@tiah cela saturation cell, a signal detector for
detecting a signal. channel signal .. and.electronics for processing a ratio
of the signal ck?aﬂﬂ%zln d%?eé:ﬁodﬁor?%eﬁ?ﬂ@graeﬁl%qazﬁhgﬂ%ﬁ#gﬁﬁgfagggna| , wherein the
spectral filter di@sroniosafaropvosgssirig al ratms of b tsigral nehatealt signah ta tbéosen
absorption bqnd of the ?as q_f interest, wherein the infrared source, the
spectral fi [$EFNey ﬁréargwg UP% on cell, the sanpl e chanber and the reference
det ect on0 f or m a wiedreinehe @pedteaifiitér, has a narrow spectral pass-band coincident with

a chosen absorption band of the gas of interest;
wherein the infrared source, the spectral filter, the saturation cell, the
sample chamber and the reference detector form a reference channel;
wherein the infrared source, the spectral filter, the sample chamber and the
15  signal detector form a signal channel; and
wherein the reference detector and the signal detector are mounted on a

single thermal platform so that their temperatures track one another.

Claim 7 (original):  The non-dispersive infrared sensor of claim 6 wherein
20 the reference channel signal remains substantially unchanged irrespective of the
absence or presence of the gas to be detected in any concentration level in the

sample chamber.

Claim 8 (original): The non-dispersive infrared sensor of claim 6 wherein
25 the saturation cell has a length L’ and contains a concentration ¢’ of the gas of
interest such that a resulting saturation cell concentration of the gas of interest of
(L) x (c)) is at least an order of magnitude greater than a sample cell
concentration of the gas of interest of (L) x (c) where L is a length of the sample
cell and c is a maximum concentration of the gas of interest in the sample cell.
30
Claim 9 (original):  The non-dispersive infrared sensor of claim 6 wherein

the chosen absorption band of the gas of interest is a strong absorption band.



wherein the infrared source, the spectral filter, the sanple chanber and
the signal detector forma signal channel, and wherein the reference

det ect or woadoteoignal detector are nounted on a singl eCrhiseomlo3Eat f or m
so that their tenperatures track one another Claim7 (original) The

non-di spersive infrared sensor of claim6 wherein the reference channel
signal remains substantially unchanged irrespective of the absence or
presence of the gas to be detectedi3n any concentration level in the sanple
chanber Caim8 (original) The non-dispersive infrared sensor of claim®6
wherein the saturation cell has a length L' and contains a concentration c'
of the gas of interest such that a resulting saturation cell concentration
of the gas of i rGlainresd (wiginal) )The fari-dispersize infeasd sensaraletaimfO whgrein ude
greater thapn a sanple cell concentration of the gas of interest of (L) x
(c) where LmF§aaOFEWﬂFW“BWa%HQaBthIe cell and ¢ is a nmaxi num concentration
of the gas of interest in the sanple cell daim9 (original) The

non-di spersive ipfra sensor.of claim®6 wherein the chosen absarption
band of "Ehe gas AT hl GETEY, S8 e SREE RN P SOt SOPEY g nal
The non- di spergais\o interesias achysatadionof claim 9 wherein the gas of interest
is water vapor Claim1ll (original) The non-dispersive infrared sensor of
claim6 wherein the gas of interest is a hydrocarbon C aim 12 (original)
The non-di sper si®igim nd (@fgachl)s eTreonoredispégivenitfravbe rsensort dfeclajmst efhereit er est

is carbon d!thi de Cltai m.13 oridgi nal ) The non-di spersive infrared sensor of
clai m 6 whel&i9RSHLGEPHP SAPON TG or and the signal detector are nounted
ina single structure of a heat transmtting material Caim 14 (original)

The non-di spersi |e_ i n]I?jr ar edls sor ofd. cl ain'GfrémgrseeinQortoec|§‘|,in” |W etrqur mal
platformis an at'aff ASRAMAc( jgenon-dispersive infrare

the reference detector and the signal detector are mounted in a single structure of

a heat transmitting material.

15 Claim 14 (original). The non-dispersive infrared sensor of claim 6 wherein

the single thermal platform is an aluminum structure.

20 Claim 15 (original): A method comprising utilizing a single narrow band-
pass spectral filter in a non-dispersive infrared sensor for both a signal channel
and a reference channel used to detect a gas of interest wherein the reference
channel also contains a saturation cell containing the gas of interest and both a
signal detector and a reference detector are mounted on a single thermal

25 platform.

Claim 16 (original): The method of claim 15 wherein a reference channel
signal remains substantially unchanged irrespective of the absence or presence of
the gas to be detected in any concentration level in a sample chamber of the non-

30 dispersive infrared sensor.



Claim15 (original) A nethod conprising utilizing a single narrow band pass
spectral filter in a non-dispersive infrared sensor for both a signal
channel aw0a1webenence channel used to detect a gas of PCHtuSe@s30hEr €i N

t he reference channel also contains a saturation cell containing the gas of
interest and both a signal detector and a reference detector are nounted on
a single thermal platform Caim16 (original) The nethod of claim15
wherein a reference channel signal14emains substantially unchanged
irrespective of the absence or presence of the gas to be detected in any

concentration | ch r e

sensorClaim 17 ( |F"inb| ﬂ&?rﬁgj heﬁﬁerpﬁig’gg&f 8'(?@}151%?%2& ?%‘Waﬁ@‘ %% ﬁ%gtl on
cell has a haegjth I''andncbrtaing & nsnaentraticre ot batheogas of ofitetdse sgals tiodt a nt er est
such that a resultipg saturatio | | ncentr on of. the gas nt er est
of (L) X (Eosyiting SaL R G oB T MR GHBIEGrR Y d ) F HEh R AR o col |
concentrati gf dbcﬂert dfemaghitle brebeiranan of sérhblexcélpq\.oﬂdéﬂfrgtldn bf tie hgearh of a
sanple cell of the si naI channel and c is maxi num concentration of the

gas of i it einterestigf (k) c%yﬁ.s{eeL {se? |length of a sample cell of the signal channel and ¢
is @ maximum concentration of the gas of interest in the sample cell.



