THIS SHEET HAS BEEN

REPLACEMENT SHEET DESCRI PT| OREPLACED
Passive and Active Infrared Analysis Gas Sensors W ' e
Mul ti channel Detector Assenblies Background of the L‘P &g 3\\%@“
This application is a continuation-in-part of co- pendt "I cation
Serial No. O¥PAUEED7, filed April 13, 1995. Applicati oR :
08/ 422,507 is incorpo- 5 rated by reference as if fully set forth herein.
Field of the Invention The present invention generally relates to
the field of gas sensing devices. Mr& particularly, the present

I nvention relates to gas detectors capable of neasuring 10 the
concentrations of one or nore gasesD ?.a EMar ac- teristic infrared
absorption band of the gas to be det ect ed. Description of the Prior

Art Many gases hgyg,Ghar %trglib {hfia BRSY Rl ea pds 15 falling
within the |nfrared SPECTT I d. (ND R

t echni que has been2REdaPR B == e . 488 for the
detection of these gases.

Background of the Invention

1;0 D

This application is a continuation-in-part of co-
pending application Serial No. 08/422,507, filed April
- 13, 1995. Application Serial No. 08/422,507 is incorpo-
5 rated by reference as if fully set forth herein.

Field of the Invention
The present invention generally relates to the field
of gas sensing devices. More particularly, the present
invention relates to gas detectors capable of measuring
10 the concentrations of one or more gases using a charac-
teristic infrared absorption band of the gas to be
detected.

Description of the Prior Art
Many gases have characteristic absorption bands

15 falling within the infrared spectrum. The nondispersive
infrared (NDIR} technique has been widely used in the
gas analyzer industry for the detection of these gases.
Such gas analyzers utilize the principle that various
gases exhibit substantial absorption at characteristic

20 wavelengths in the infrared radiation spectrum. Typi-
cally, a narrow-band optical or infrared transmission
filter is used to isoclate the wavelength band of inter-
est in NDIR gas analyzers. On the other hand, a prism
or diffraction grating is used in gas analyzers relying

25 on dispersive techniques.

The NDIR technique, which is generally classified as
a non-interactive gas analysis technique, offers a num-
ber of advantages over previous interactive types of gas
measurement methods including electrochemical fuel cell,

30 sintered semiconductor (tin dioxide), catalytic (plati-
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Such gas anal yzers utilize the principle that various ~ gases exhibit
substantial absorption at characteristic 20 wavel engths in the infrared
radi ati on spectrum Typi - cally, a narrow band optical or infrared
transm ssi on filter is used to isolate the wavel ength band of inter-
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nonspeci fic couldepiuse hhﬁaﬁemtada&wa& used to determine the 1ﬁ
concentration of IHE%rQ‘EEi dgggssélf%xrse%%te %meltagrﬁfy nonspe%a%es that are

resent. Thi nat ur res
P S%ecause the reagent being used to determine the

10 concentration of the desired gas may react with other
gases that are present. This will naturally result in
false readings. Further, if the equilibrium of the
reaction between the nonspecific gas and the reagent is
such that the gas and reagent remain reacted even after

15 the partial pressure of the gas drops in the environment
being monitored, the sensor will no longer function
properly and is poisoned.

The response time for NDIR gas sensors is typically
shoxrter than that for interactive gas sensors because

20 the kinetics of the reaction between the sample gas and
reagent controls how quickly the reactive type sensor
can detect a change in the concentration of the gas in
the environment being monitored.

Despite the fact that interactive gas sensors are

25 wunreliable and that the NDIR gas measurement technique
is one of the best, NDIR gas analyzers have not enjoyed
wide spread .application because of their complexity and
high cost of implementation.

Over the years, a large number of measurement

30 techniques based upon the NDIR principle for the
detection of gases have been proposed and successfully
demonstrated. In the past, NDIR gas analyzers typically
included an infrared source, a motor-driven mechanical
chopper to modulate the source, a pump to push or pull

35 gas through a sample chamber, a narrow bandpass
interference filter, a sensitive infrared detector plus



fal se readi ngs. Further, if the equilibriumof the reaction between the

nonspeci fic gas and the reagent is such that the gas and reagent renmain
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10 overall size, complexity, and cost have precluded their
use in a number of applications.

The need for better and lower cost gas analyzers has
led to newer inventions. For example, U.S. Patent No.
4,500,207 to Maiden and U.S. Patent Nos. 4,694,173 and

15 5,026,992 to Wong have proposed NDIR techniques for gas
detection that do not use any moving parts such as
mechanical choppers. The goal of these patents has been
to produce NDIR gas sensors that are more rugged and
compact, thus opening up a host of new applications.

20 In an attempt to further reduce the cost and
simplify the implementation of the NDIR technique, a
low-cost NDIR gas sensor technique was developed. The
low-cost NDIR technique employs a diffusion-type gas
sample chamber of the type disclosed in U.S. Patent No.

25 5,163,332, issued in November 17, 1992, to the present
applicant, and hereby incorporated by reference. This
diffusion-type gas sample chamber eliminates the need
for: expensive optics, mechanical choppers, and a pump
for pushing or pulling the gas into the sample chamber.

30 As a result, a number of applications for the NDIR
technique, which were previously considered impractical
because of cost and complexity, have been opened.

A similar guiding principle led to the development
of the improved NDIR gas sensor disclosed by Wong in

35 U.S8. Patent 5,444,249, issued August 22, 1995. This
patent describes a simple, low-cost diffusion-type NDIR
gas sensor which can be micromachined out of a



3 " expensive infrared optics and wi ndows to focus the I nfrared
energy fromthe source onto the detector. The nost notabl e of these
types of analyzers are shown and described in U S. Patent No. 3,793,525
to 5 Burch, et al., US. Patent No. 3,811,776 to Blau, Jr., and

4,578,762 wpvsés These NDI R gas anal yzers perform vst/odoeaebé onal |y
and have contributed greatly to the overal |l technical advancenent in
the field of gas anal ysis during the past two decades. However, their
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15 the techniqgue could be battery operated over an extended
period of time, the applications in which gas sensors

are used and the frequency of their use would increase
dramatically. Therefore, while a long felt need exists
for a simple, compact, inexpensive gas sensor that has

20 low power requirements, this need has gone unfilled.
Accordingly, a goal of the present invention is to
further advance the technique of infrared gas analysis
by providing a compact, reliable, low cost, and low
power infrared gas sensor using infrared absorption.

25 Another goal of the present invention is to provide
infrared detector assemblies which can be used in the
infrared gas sensors according to the present invention.

Summary of the Invention
The present invention is directed toward an infrared
30 gas sensor for detecting the concentration of one or
more predetermined gases using a novel infrared gas
analysis technique referred to as passive infrared
analysis (PIA). The PIA technique of the present inven-
tion is simpler than the NDIR gas analysis techniques
35 known to date in that it does not require an "active*
infrared source, nor does it require a structurally



‘pat erit describes a sinple, |owcost diffusion-type NDIR gas sensor which
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t echni que of U S. Patent No. 5,163,332 and the inproved NDIR gas 5
sensor of U. S. Patent 5,444,249 have opened a w de variety of new
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Accordingly, argR¥tich tHRed'£FCdttddt/ ¥ iBAsi 8at® by using ordinary
objects, such as walls, ceilings, floors, etc, as a
10 “passive" source of infrared radiation. These "passive"
. infrared radiation sources can be effectively used in
some cases to replace the "active' infrared radiation
sources that have been used almost exclusively hitherto
in all NDIR gas analyzers.

15 The "active" infrared source used in conventional
NDIR gas sensors is typically a heated and very hot
object (500-1000°C) such as nichrome wire imbedded in
alumina ceramic {Nerst glower) or a resistive tungsten
wire of a small incandescent light bulb. These sources

20 are characterized as “active® sources because they are
powered by the gas sensor. On the other hand, a
“passive® source, as used herein, is any object that is
above 0 kelvin, but which is not powered by the gas
detector power supply. Typical passive infrared sources

25 that will be used by the infrared gas sensor of the
present invention include walls, carpets, tile floors,
ceilings, and furnace walls to name just a few.

Clearly, however, as those skilled in the art will
recognize from the teachings of the present disclosure,

30 the passive infrared sources which can be used by the
gas sensor of the present invention are virtually
unlimited. However, the temperature of the passgive
infrared source should be greater than the temperature
of the gas to be measured. That is to say that the law

35 of detailed balance must be observed.

Although the temperature of active infrared sources
is very high, the source area is typically gquite small.



further advance the technique of infrared gas analysis by providing a
conpact, reliable, |ow cost, and | ow power infrared gas sensor using

i nfrared absorption. 25 Another goal of the present invention is to provide
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The present invention is directed toward an infrared 30 gas sensor for
detecting the concentration of one or nore predeterm ned gases using a
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then using Planck’s equation it can be shown that the

spectral radiant emittance for the passive infrared
source is comparable to that of conventional active
sources in the spectral region from 3 to 20 microns.

10 The passive infrared source area required for proper gas
detection will depend on the temperature range expected
from the passive infrared source.

In the PIA technique employed in the present inven-
tion, the passive infrared source must be characterized.

15 To characterize the passive infrared source, a detector
assembly is provided that is capable of measuring the
spectral emittance from the selected passive infrared
source at two different spectral bands. The spectral
bands used for characterizing the source are preferably

20 T"neutral" spectral bands. Neutral spectral bands are
spectral bands which are chosen so that they are not
absorbed, or only moderately absorbed, by any of the
gases that are typically found in the environment to be
monitored.

25 Based on Planck’s Law, the ratio of outputs measured
at the two neutral spectral bands can be used to unique-
ly determine the temperature of the passive infrared
source assuming the two neutral spectral bands are close
enough so that the variation of the emissivity function

30 for the source is insignificant.

To determine the concentration of the gas to be
detected, the detector assembly also measures the amount
of incident radiation at a "non-neutral' spectral band
that coincides with an absorption band of the gas to be

35 measured. This output, therefore, is indicative of the
concentration of the gas within the angle subtended by
the detector assembly to the passive infrared source.



‘greater than O kelvin enit radiation. The present I nvention takes
advantage of this fact by using ordinary obj ects, such as walls,
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The "active" infrared source used in conventional NDI R gas sensors is
typically a heated and very hot obj ed@t (500-1000[err]C) such as
nichrome wire inbedded in alum na ceramc (Nerst glower) or a resistive
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Clearly, howeVer ) %aes eﬁ‘ggg'grslﬁl [led in the art will recogni ze fromthe
t eachi ngs of the pwesxding el orerembabimems pfisthe cpregentr doivepar ces which

can be used bytidif a pa@83veeBS@FcofidfrRurRaegaBt aétw@dd Yhidhe ukst ual Iy
unlimted. However ﬁ e ar ed source

shoul d be grea‘-?%ra“F’r?‘Efﬁl%t &gg'gg%%%‘?{éeugem}cg' g‘?aﬁlﬁ’\éejg%st?%?%é M&&sured. That
is to say ihatthan theyspzsroundingidas) Badatbe Apace eetieady Fa¢.
Al though the tdsgftdxlagsehbagtine inyd 'sHiRdeSAE! €8S samplieS chambeli gh, the
source area |§i§ fé%?déﬁ.quﬁﬁg Ségﬂéétector comprises an infrared
detector assembly for producing a first ocutput, a second
output, and a third output, the first output being indi-
15 cative of the radiation received by the detector assem-
bly at a first non-neutral spectral band which is ab-
sorbable by a preselected gas to be detected, the second
output being indicative of the radiation received by the
detector assembly at a first neutral spectral band from
20 the passive infrared source, and the third output being
indicative of the radiation received by the detector
assembly at a second neutral spectral band from the
passive infrared source. Signal processing means are
included for manipulating the three outputs to determine
25 the concentration of the gas being monitored. By adding
additional detectors to the detector assembly that can
detect radiation at spectral bands characteristic of
additional gases, the infrared gas detector can be used
to monitor the concentration of a plurality of gases.
30 According to another embodiment of the present
invention, a passive source infrared gas detector is

provided which comprises:

a. an infrared detector assembly comprising
i. a port for receiving radiation
35 therethrough from the passive infrared

source,
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6 A source area on the order of a fewmijerr] is not uncommon. On

t he ot her hand, although the tenperature of typical i ndoor passive
infrared source is only about 300 K or -25[err]C, if the utilized source
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I nfrared sources, then using Planck's equation it can be shown that the
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region from3 to 20 mcrons. 10 The passive infrared source area required
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) . . t
the variation of the em ssi w% function
radiation incident on the first bandpass

filter at a first non-neutral spectral
band which is absorbable by a preselected
is gas to be detected,

iv. a second narrow bandpass filter interposed
between the port and the second sensor,
the second narrow bandpass filter
producing an output therefrom indicative

20 of the radiation incident on the second
bandpass filter at a first neutral
spectral band, and

V. a third narrow bandpass filter interposed
between the port and the third sensor, the

25 third narrow bandpass filter producing an
output therefrom indicative of the
radiation incident on the third bandpass
filter at a second neutral spectral band,

b. temperature measuring means for producing an

30 output corresponding to the ambient temperature of the

first, second, and third sensors;

c. signal processing means adapted to receive the
outputs from the first sensor, second sensor, third
sensor, and temperature measuring means and for sampling

35 and at least temporarily storing the outputs of the

first sensor, second sensor, third sensor, and



30 for the source is insignificant. To determ ne the concentration
of the gas to be detected, the detector assenbly al so neasures the
anount of incident radiation at a "non-neutral" spectral band t hat
coincides with an absorption band of the gas to be 35 measured. This

out put, ther®@d7es613s jndicative of the concentration SFTUSSYHE i ¢ hin

t he angl e subt ended by the detector assenbly to the passive infrared
sour ce. WD 97/ 25613
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by the detector assenblyy tochPReftSd hd %ftb%éadoﬁ@yﬁ@é? of tHRAEikar
det er m ned. Accordln

on di nen sent_ inyen-
tion, a passive source infr&FB ﬁoﬁass%‘éch%gtsgflsﬁﬁr cﬂné %éi)rde SeRFOXnfPent
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chanber I's provided. Tthgas det ect or g§r|§ I nfrared

detector assenbly for produ §°5'f¥?§HEQiHﬂ8 Fampling: nut . and a
third output, the first outparibdéjng indi- 15 catlve of the radiation

received by the detectqn asggitulating the temperature of the passive
10 infrared source for the sampling period

based on the ratio of the corrected values
of the outputs from the second and third

sensors,
iii. calculating a predicted ocutput for at
15 least one of the second or third sensors

based on the calculated temperature of the
passive infrared source for the sampling
peried,

iv. calculating an attenuation factor by

20 comparing the predicted output of at least
one of the second or third sensors with
the corrected output from the
corresponding sensoxr for the sampling
period,

25 V. correcting the stored output of the first
sensor by the attenuation factor,

vi. determining the concentration of the gas
for the sampling period from the corrected
output from the first sensor, and

30 vii. monitoring the concentration of gas based
on a predetermined function and providing
an output signal based on the monitoring.

Thus, the infrared gas sensor according to the
present invention - 'uses a passive infrared source in a

35 novel PIA technique which effectively eliminates the

need for a hot "active" infrared source that is used in
conventional NDIR gas measurement devices. Furthermore,



'bly a a first non-neutral spectral band which is ab- sorbable by a
presel ected gas to be detected, the second out put being indicative of
the radi ation received by the detector assenbly at a first neutral
spectral band from 20 the passive infrared source, and the third out put

bei ng iwolgpstizve of the radiation received by the detpctmsssrorssassenbly
at a second neutral spectral band fromthe passi ve infrared source.

Si gnal processing neans are i ncluded for manipulating the three outputs
to determ ne 25 the concentration of th® gas being nonitored. By adding
additional detectors to the detector assenbly that can detect radiation
at spectral BantbechBEA ateaniiguec epployedaili the nialfngreds gasheensdr ar ed gas

detector cangetHsegresent GriRHLi®h, ! BRe COPLEN Bthicth hedpRboiabity of
gases. 30 ._According to aggther enbodi nent, of the presegt i nvention, |
a passi ve sodPEERFRT: ?C%Fega FeLERTBLE; & et RFEIRhPER2conpri ses:

a. an i nfraadd, dandcthe Qetsartivry asoppblyibecomes the sample. a port for

recei vi ng of adhahb@P. 351n other words, &Q%ﬁé&w%\k&ﬁ%}ghﬁo@%ﬁiye
i nfrared . source, . WO 97/ 2561
PCT/ US96/ 2078§aiminates the "active" infrared sourcey but it also ii. a
first sensor gldaminanes sengmed ot &he sample chamber useldi dd sensor
di sposed 10 LepGkHLisR4] WX gas analyzers.
Due to the fact that an "active" infrared source is
10 not required for the implementation of the present
invention, the power consumption of a infrared gas
sensor according to the present invention can be
significantly reduced, thus making the simple passive
infrared gas sensor of the present invention battery
15 operable for an extended period of time. Moreover, the
size of the sensor can be reduced because a structurally
defined gas chamber is no longer necessary.

Accordingly, it is an object of this invention to
provide an apparatus and method for measuring the

20 concentration of one or more gases using a novel
infrared analysis technique referred to as passive
infrared analysis (PIA). It is also an object of the
present invention to provide an improved infrared
detector assembly which can be used in the gas sensor

25 according to the present invention.

Further objects and advantages of the invention will
be better understood from the following description
considered in connection with accompanying drawings in
which the preferred embodiments of the invention are

30 illustrated by way of example. It is to be expressly
understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention.

Brief Degcription of the Drawings
35 Fig. 1 shows a preferred embodiment of the present

invention depicting the detector assembly, the passive



t hrough the port for producing a first out put, a second

output, and a third 5 out put indicative of the radiation
incident on the first sensor, second sensor, and third
sensor, respectively, iii. a first narrow bandpass filter

i nt er posed WO 9725613 between the port and the firsPCTUSYERA0TI6 he 10
first narrow band bass filter producing an out put

t herefromindicative of the radi ati on incident on the
first bandpass filter 1dt a first non-neutral spectral

band which is absorbable by a presel ected 15 ) g%s to be

det ect ed, infrared spyrce MaldddaRg £8% MRREHEREINT (SReCe REEFBBRed

bet ween t he pahe padsiite sefodrkdasace and the detector asdseebdgcond narrow
bandpass filt . . ' an out put therefromindicative
20 gonStéFuFﬁg?r%%?a%?n@nﬁlr%g# e%tgbn the second

bandpass filter afig-f2ris fcIX3R showing the spectralygadipgt pand, and

Vh -a thi rsg re?]xﬁmﬁpbgndﬂas%ﬁdn Podynaer pempératures 100 - 1,000°tqgt vvgen
the port and the third,sepnsor e s t i rd _nar andpass
filter producing ?ﬁg' 378858 taﬁ¥k dgalgﬁ%ﬁﬂtt¥%é$%a?%né#‘ﬁngg?%gélof t he
radi ati on i ncicfettheospegbrehirafinptdgmistances for 0.1 micropj|ter at a

second neutr alspeReshlabah@sthaving center waltr€l@eythsilcE RAPUGNKAY Neans for

produci ng an 30 ,Qutput_carres | o_th | ent_tenperature of the
first, second,a“]'gg‘d'T'E‘F‘flrf’éss%gr}séc;(r)f:rshﬁrlcri&q‘ﬁ'1 of g?gn?%'ﬁﬁ%%ﬁt“%o nglgﬁg means
adapt ed t 01@ edwiagsived infraxedpourceom The enissividisomluescénd sensor,
third senyth apdcteaPepaidd arEaseiuned P8 Yl daafe .sanpling 35 and

at | east tenporar g .Shoééna?nté}&l%%e%%ie%’rfo%hae detedtdr®bs3BABYY, Second
sensor, third sensdF, an
according to an embodiment of the present invention.
FPig. 5 is an oblique view showing a partial cutaway
15 of the detector assembly illustrated in Fig. 4.

Fig. 6 shows an alternate preferred embodiment for

the current invention depicting the actual use of a
portion of a wall as the "passive" infrared source and
the use of a convex spherical reflector to increase the
20 original field of view (FOV) of the detector assembly.
Fig. 7 shows a schematic drawing for the signal
processing circuits for a preferred embodiment of the
present invention.
Fig. 8 shows the circuit schematic for the signal
25 processor according to another embodiment of the present
invention.
Fig. 9 is a transverse cross sectional view taken
along line 9--9 of Fig. 10 of another embodiment of a
detector assembly according to the present invention.
30 Fig. 10 is a longitudinal cross sectiomnal view of a
detector assembly according to the embodiment in Fig. 9
taken along line 10--10.
Fig. 11 is an oblique view of the substrate and
interference bandpass filters depicted in Figs. 9 and
35 10.
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9 tenperature neasuring neans at preset intervals, the si gna
processi ng neans i ncludi ng neans for i correcting the
stored outputs of the first sensor, second sensor, and

t hi rd senseo mzsel3 conpensate for the anbi sgwussenpes at ure of
the first sensor, second sensor, and third sensor,
respectively, for the sanpling peri od, .
calculating the tenperature of the pasgipve 10 i nfrared
source for the sanpling period based on the ratio of the

corrected val uesFig. 12 is a top vieef ofheheusybttsrateomsetdeiseciwad and third
sensors. derector abddmbiifleniofliindle i PIGS Rhith AW Bibsl 05 2k 15

| east one of tﬁe secondéor t'hird sensors on the .
cal cul at ed téﬁperature of the passive infrared source for
t he sanpling FPig. 13 is an erlarged, bottom view of ithe sabstuhedi ng an
attenuatign {,3chOin"Wné aetector assenbly QR Ng186e8heLgcuput put of
at | east i one o e s cond or third sensors wth

t he correct e§iggt pitasd ol tghowing thexrmopiles mamyfaciyssddrhgredhsor for

t he sanpling Fig. 14 is an illeistedtidh of a preferted coasteadt ng the
FLoro OUPUki8h bECud Eibersorence, banipase £ERIROTEAY yheug) L enuat On
detector assemblies according to the present invention.
10 Fig. 15 is an illustration of a filter mounting
fixture for use in detector assemblies according to the
present invention.
Fig. 16 is a partial cross sectional view through
the substrate illustrated in Figs. 9-11 showing the
15 filter mounting fixture of Fig. 15 in actual use.
Fig. 17 is an exploded view of a detector assembly
according to another embodiment of the present
invention.
Fig. 18 is an oblique view showing a partial cutaway
20 of the detector assembly illustrated in Fig. 17.
Fig. 19 is a passive infrared analysis gas sensor
according to another embodiment of the present
invention.
Fig. 20 illustrates the detector assembly shown in
25 PFigs. 17 and 18 in use in an NDIR gas sensor according
to the present invention.

Detailed Description of the Invention’
A preferred embodiment of a PIA gas sensor according
to the present invention is now described with reference
30 to Figure 1. Fig. 1 depicts a detector assembly 3
comprising one signal detector 4 equipped with a narrow
bandpass interference filter F, (not shown) whose center
wavelength (CWL) L, coincides with the absorption band of
the gas to be measured. In addition, detector assembly
35 3 includes two gource characterizing detectors 5 and 6
equipped respectively with narrow bandpass filters F, and



for the sanpling period fromthe corrected out put from

the first sensor, and 30 vii. nonitoring the concentration of gas
based on a predeterm ned function and providing

an out put signal based on the nonitoring. Thus, the infrared gas
sensor accor WOey/25613t he present invention uses a passi vePGTHERYE6 sour ce
in a 35 novel PIA technique which effectively elimnates the need for a
hot "active" infrared source that is used in conventional NDI R gas
measur enent devi ces. Furthernore, 13 WD 97/ 25613

PCT/ US96/ 20796 10 in the PIA

t echni que enpl Byethath shown) nwhgpe CFa'ss dendBd Ls, A8f BPRcCHERIIAR | nventi on,
the space bet wagbht &gy Psciny gases off vapetls seshinmlyf douadainl €h@ certain

port] on of a oo ptgkhey and fiNe.deloehahaassehlyenzeaRES L N Rl e 5

chanber. 1In o presSent Tnlention no elPhinates the
"active" infratbarecshewld he no aheesption bpandsfoxsathdeased for the

sanpl e chaLﬂser eus?dméf_ny ‘fea_llc](came%l)t ifaﬂaboﬂilbﬁ}g%caﬂ@ltkéteﬁsgas?s othue to
| ol enentat§ on CBPoPRGt e HenaBHealbE G tndsblilly L PRUL ShE T o0 ot
infrared gas neusealovavplenainggcps Phefprrd it 3.MleHd oh- B&nsbe
significantly efdugedo gmus making the sinple passive

If carbon monoxide (CO) is the desired gas to be

10 detected, then the CWL and the full width at half
maximum (FWHM) values for the interference filter
associated with detector 4 are chosen to be 4.67 pm and
0.1 pm, respectively. On the other hand, if CO, is the
desired gas tc be detected, the CWL and FWHM for the

15 interference bandpass filter associated with detector 4
are set at 4.26 and 0.1 um, respectively. As one
skilled in the art would recognize, this technique has
application tc many other gases that have an absorption
band in the infrared, including H,0 and Total Volatile

20 Organic Chemicals (TVOC’s).

Typically, the CHL I, of the interference filter F,
associated with detector 4 will be selected so that it
falls as close as possible to the middle of the
absorption band being used for the gas of interest.

25 This will ensure that the maximum amount of radiation at
the spectral band being monitored is absorbed by the
gas, thus increasing the sensitivity and accuracy of the
detector. However, in the case of gases which are very
strong absorbers like CO,, it may be necessary to shift

30 the CWL L, of the interference filter F, for detector 4
to one side of the absorption band so that not as much
light is absorbed at the spectral band being monitored.
Such a shift should be considered when very long path-
lengths are being used or when the concentration of the

35 gas is very high. This technique can be used to prevent
the detector from becoming starved for light within the
range of gas concentrations to be monitored.



infrared gas sensor of the present invention battery 15 operable for an

ext ended period of tinme. Moreover, the size of the sensor can be
reduced because a structurally defined gas chanber is no | onger
necessary. Accordingly, it is an object of this invention to
provi de an wepanssiys and net hod for neasuring the 20 conceaidpniobSgredf one
or nore gases using a novel I nfrared anal ysis technique referred to as
passi ve infrared analysis (PIA). It is also an object of the

present invention to provide an inprovegginfrared detect or assenbly

whi ch can be used in the gas sensor 25 according to the present invention.
Furt her objects dre MMQénteffefmdeﬂetnMéésoczaﬂé@. Rether

under st ood frgdpddig,f Q llg%%\,ﬁféﬁﬂ{pgé%t ed soOPfLde @d:.é rhkgzq_ﬁ:nect ion with

acconpanyi ng dr aw ngs 11 erred e .
i nvention ar €®3b A7 |87 (Hhate fhEyAGESCAT é&@'@mﬁ gighy dPSr?% % spestess|y
under st ood, hidesiteyr., tAmathble kil ed)sirprthef ertt Well redwdmioss of

illustrati m%‘;{ﬁ_scr 0 I ia,gq ntended as a definition
of the Ii mgt S |d|%&/]lre5% Baﬂ& w %‘a‘i’% sg%«relclr:) 8 on o T FPawi ngs 35
Fig. 1 shows Ehepreikdihy of &hﬁoabmtmn thaandy ofsshe 9'33 bedngit i on depi cting
t he detector masitdded andethasdéyfee of specifi¥rP74€56dedl for the

PCT/ US96/ 2079%t ector.
The CWL’s L, and L; of the neutral spectral bands
10 chosen for interference filters F, and F, should be
selected as close in spectral position as possible to I,.
Although it is not necessary, it is also desirable for I,
to fall between L, and L,. For example, if CO or CO, are
to be detected, L, and L, can be chosen to be 3.91 um and
15 5.00 um, respectively. Alternatively, L, and L, can be
chosen to be 3.91 pym and 9.00 um. In the present embo-
diment, the FWHM of F, and F, is preferably set at about
0.1 um. The width of the spectral band passed by F, and
F, should be narrow enough that it does not overlap with
20 an absorption line of a gas that would be found in the
atmosphere. By setting the CWL’s of L, and L, equal to
3.91 and 5.00, respectively, and the FWHM of these
detectors at 0.1 um, no significant overlap should
occur. Consequently, the outputs for detectors 5 and 6
25 are not affected by the concentration of the gas to-be-
measured or any other commonly encountered gases or
vapors in the atmosphere.
Detectors 4, 5, and 6 are all preferably thermopile
detectors. However, as those skilled in the art would
30 recognize, other infrared detectors may be used in the
present invention, including Platinum Silicide Schottky
rhotodiodes.
The field of view (FOV) of the detector assembly 3
is determined by the aperture collar 7 attached to the
35 detector assembly as shown in Fig. 1. The detector
assembly 3 subtends an area 8 (corresponding to area A)
of the wall 9 which is used as the passive infrared



11 Infrared source (wall) and the intervening space between t he
passive infrared source and the detector assenbly constituting the
sanpl e chanber. Fig. 2 is a graph showi ng the spectral radiant 5
emttance of a black body at tenperatures 100 - 1,000[err] K Fi g.
is a tabl e dWOGI9R$MY t he val ue of the ratio of the spedCTHSHINant
emttances for 0.1 mcron spectral bands having center wavel engt hs of
5.00 and 3.91 mcrons as a function of the tenperature of the 10
"passive" infrared source. The em ssivity values for bot h spectral
bands are assuned to be the sane. , Fig. 4is ﬁ%cexpl oded \ii ew of a
det ect or assen¥ff¥Fce £ox:EHRIPRESERF APVERd@Prenthore e S8 fvent i on.
Fig. 5 is an ghtihUuengthwssbbvilng prgsdrit dnfearadayad Ssendor hiss det ect or
assenbly il | ustta | Lg. 14 1.0 S t e preferred
enbodi nment for&éﬁt&%gﬁcE?rge‘ri\%s?an?/%%tl?e&r?’é ggpltgﬁ ﬁgg\%%tggkég%luag{gétgeogf a
portion of a vete detedter paserhly 3 fndhitde ¥BdLce- and the use of a
convex sphesical rmid eellacibn betwens cldharad@ AoLEothalpdasivie of view (FOV)

of the detecto ALSG I [ 7 ctaagg@;' rawi.ng for the
si gnal projc::nesm nrg)cslx’}lgﬁfet%' f%l%&:atqberg élrl?\é\%ngrlw%o | m&*n‘%‘f“zcgj‘gi atq:hé‘rg

present inventbprkhe detector; assgmblindy (e OMi r upigueln dafiines ghet he
signal 25 prosagse patkoléhgeht® fowitiRr peebedtIpndisflddws present

i nventi on. . 1. i r ansy. ey cross sectional view taken
along line 9--’9“fo a%dg.‘-”a Osg?g%%\o e’é'rloelelﬁ?g'gdi ment of a det ect or assenbly

according ¥® the present ifsEpleofatlzdength Sig 1B/9M1*%; | ongit udi nal cross
sectional vievsiticedthe ségiachnglasomM iy u Faaetiondof cchdieroanbodi nent in

Fig. 9 takgﬂ Wt} LN 032 [ .0,y 12y lei vi ew of
the substrate and | 1N e??ér%%%% %rmfﬁass?g'bijfl teré*‘%éﬁa?%e |% lgs. 9 and
35 10. be adjusted at will by design, the sample path length S

for the present invention is, therefore, an extremely

15 useful variable. In other words, the low concentration

3

detection of a gas with an extremely weak absorption
band can be accommodated by making the path length S
very long (several meters) in order to attain adeguate
modulation for such a detection. Indeed, as one skilled

20 in the art will reccgnize, the path length S should be
set depending on the amount of modulation desired. For
example, when a very strong absorber such as CO, is being
monitored, shorter path lengths should be considered.
However, if the desired application calls for detection

25 of gas concentrations in the ppb range, then longer path
lengths may be called for. ’

Although virtually any path length can be selected,
path lengths between 5 inches and 10 feet will typically
be adequate, with most path lengths being between about

30 S inches and 6 feet.

The output V, of the signal detector 4 is used to
determine the concentration of the gas to be measured.
The output V, of detector 4 depends upon a number of
factors. First and foremost, it is a function of the

35 temperature T and the emissivity ¢ of the passive
infrared source 8 as governed by the spectral radiant
emittance formula depicted in Equation [1] below.
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12 Fig. 12 is a top view of the substrate used in the det ector
assenbly enbodinment illustrated in Figs. 9 and 10. Fig. 13 is an
enl arged bottom view of the substrate 5 used in the detector assenbly
enbodi mnent wolsagsaated in Figs. 9 and 10 show ng t her ragnydse§20796
manuf act ured t hereon. Fig. 14 is an illustration of a preferred
construc- tion of an interference bandpass filter for use in _
detector assenblies according to the present invention. 10 Fig. 15 is
an illustration of a filter nounting fixture for use in detector

assenbl i es actiitdieFgors ¢ Me also gepends ppoRM@Ysfiem optical Fig. 16 is a

partial crosxmnetighpial, viredttoneaion, expressHQShE aGe(ddd Ategd in Figs.

9-11 showi n I nt i fixture o I n actual  use.

Fi g. i? i's gmE Dx;ﬂjé_igy& %Iﬁgw{}g% éoxg:,gﬁrg:&afg 0358&15*‘8 togb%\d‘lﬁﬁsdﬁrﬁ g to anot her
enbodi ment of9ashdomnds bgtween the adrtiestor assembly¥| 3). arkB tile an obl i que view
showing a pagdsiliveuiaeeyrdd sbuide glot aneoboAssRERlYsdd |dio il gds! N Fi 0.

17. ve Jnfra ed a aIyS|s as sensor accordlng

to anot her &ﬁg&whgﬁFSBFegﬁée% Bfit Phnthe modulation

factor M as shown in Equation {1] below.
Detectors 5 and 6, which are equipped with neutral
filters F, and F,, are used to dynamically characterize
10 the passive infrared source 8 and the environment in
real time for the signal channel monitored by detector
4. The ratio Z of the outputs of detectors 5 and &
uniquely determines the temperature of source 8.
Furthermore, once the temperature T of the source 8 is
15 determined, the instantaneous values for the source
emissivity ¢, system optical throughput (or attenuation)
G can also be quickly determined using Equation [1]
below and comparing the actual outputs with stored
values of the respective outputs at the temperature T,
20 and emissivity ¢, of a reference black body source
measured while the system was initialized. The values
for T, ¢ and G are continually updated in real time for
the output of signal detector 4, enabling the latter to
establish the concentration of the gas to be measured.
25 The presently disclosed simple infrared gas sensor
is alsc capable of rejecting the influence of stray
radiation by virtue of the fact that the passive
infrared source 8 is generally never a good reflector.
Hence the amount of stray radiation that can find its
30 way into the POV of the optical system is winimal.
Furthermore, unless the stray radiation happens to be in
the spectral band defined by the filters of the detector
assembly, namely L, and I,, they will be rejected. Even
if they have energy within the spectral pass band of the
35 sensor optical system, the emissivity is likely to be
rather smooth and constant. In such a case, the neutral
detectors will simply treat such stray radiation as an



Fig. 20 illustrates the detector assenbly shown in 25 Figs. 17 and 18 in
use in an NDI R gas sensor according to the present invention.

Det ai | ed Description of the Invention A preferred enbodi ment of a
Pl A gas sensor according to the present invention is now described wth
reference 30wWo¥/Bbigure 1. Fig. 1 depicts a detector assenRGEUSIE20796
conprising one signal detector 4 equipped with a narrow bandpass
interference filter F[err] (not shown) whose center wavel engt h ( CAL)
L[err] coincides with the absorption band7of the gas to be neasured. In
addi tion, detector assenbly 35 3 includes twp source characterizing
detectors 5 andngrease cinithe PasgiyeciniEasedy T FEMPBERERER B filters F2
and MEOR 7L R56ddkrect information related to the signal

PCT/ US96/ 20796 ; 13 Fl[err] (not shown)
whose CW.'s L[ng c%%ﬁ {Rﬁﬂqﬁipﬁéb?ﬁgfeggfﬁﬁide MW th ang known gases or
vapors comonly fo TanRere in whichpkhecfenegntration ®6r BEe A8 \&Rrel engt hs

Llerr] and k[ ebe}measutddris slevertihednprohstigicurpuants, (\g; ahdlwast 5
CHL e VS R iale e AT Ko ATEC BB CROST T oy ABREEAT
3.91 [err]m 5iBocpenegtion withngigsoo2[and|dn | f carbon nonoxi de
(CO is the desiregigase D difows the spectral radiant emittance of a

black body source at temperatures ranging from 100 X to

10 1,000 K. Several characteristics of the radiation from
a black body source can be derived from these curves.
First, the total radiant emittance which is proportional
to the area under the curves, increases rapidly with
temperature. The area under the curves being defined by

15 the Stefan-Boltzmann equation and is thus proportional
to the Stefan-Boltzmann constant times the absolute
temperature to the fourth power. Second, the wavelength
of maximum spectral radiant emittance shifts towards
shorter wavelength as the temperature increases. This

20 is referred to as Wien’s displacement law, which is
discussed more fully below. Third, the individual black
body curves never cross one another; hence the higher
the temperature, the higher the spectral radiant
emittance at all wavelengths.

25 In conventional NDIR measurement systems using a
black body, the infrared source is normally maintained
at a constant and relatively high temperature (750 -
1,600 K), and thus its spectral radiant emittance is
typically represented by one of the curves above 700 K

30 in Fig. 2 dependent upon its absclute temperature. In
contrast, the present invention relies on infrared
radiation from passive infrared sources. As a result,
the black body curves around 300 K will typically
reflect the radiant emittance of the typical sources

35 used with the present invention. Such is the case with
the wall 9 in Fig. 1.



10 detected, then the CW and the full width at half maxi num ( FWHV)
values for the interference filter associated wth detector 4 are
chosen to be 4.67 [err] mand 0.1 [err]m respectively. On the other
hand, if CJerr] is the desired gas to be detected, the CAL and FWHM
for the 15 wuwmbsasence bandpass filter associ ated w th depegtdErdros are
set at 4.26 and 0.1 [err]m respectively. As one skilled in the art
woul d recogni ze, this technique has application to many ot her gases

t hat have an absorption band in theignfrared, including Herr]O and
Total Volatile 20 O ganic Chemicals (TVCC s). Typically, the QAL
L[err] of the intErd dmenoerkowt specfxak |bands dsandi at dlllustiatet dot or 4

will be sel ecg l4s I SgPP5SLA! h ddleof
t he absor ﬁgljo?lp%s]@tceg?:ﬁgeﬁség ﬁ 9@3’"& ae’If?l{seé%f 5| gg }f@s%ﬁ%“r%sm

ensure that t pref ?%%ﬁ'aal?]i%ﬁ”aé‘ielengt’c’hﬁa%%cﬁqial band be| ng
noni tored i s Résrdiederectoers 5 andsé wiwrs momiteasnggcoher semsitivity and

t S ch are ver
accuracy of tfé&cause 13lLPhBls t@i\ﬁyﬂa .'Ltrh%‘l?a g 9 rgﬁ?n% The OW. y

stron absorb s i err neces
L[err]g of the ent’éerq‘té’ta\gqe LF‘PL ‘F‘E‘%? rﬁej'lfqﬂedd"éf’e&?ﬁ? fiilterg Fopmdsi de of

t he absFr Et i ghbbahdyswou]'.dtpn('juﬁemmanhve a F?Mt%ﬁ sol abgav.bed at thg "
spectral ban ei égégll t e ere en
very |ong path- A Tf%é a?’égbel ng use ( Z 8?h€elh%or1%ec %P4tion of the
35 gas is ver5RHiaF eﬂ% aPﬁEﬁn?ﬁu"eh%%?l o m&lﬁagbheb@m uniguee det ect or
f rom becoht nglytdeteathines thghblack oy emperatange Ofhdasnigoncentrati ons

to be monitorglhymption made in this assertion is that the emissivity
of the "passive" infrared source is approximately the
same within the spectral band bounded by 3.91 gm and
5.00 pm. Por almost all indoor walls which are either

15 painted, wall-papered or wood-paneled, this is a good
assumption.

Before determining the concentration of the gas
being monitored, the passive source 8 must be charac-
terized. The wmanner whereby the detectors 5 and 6

20 dynamically characterize the temperature and the emissi-
vity of the passive infrared source 8 for the signal
channel 4 is described as follows. For purposes of this
discussion, detectors 4, 5, and 6 will be referenced as
detectors D,, D,, and D;.

25 Assuming that all three detector outputs V,, V, and
V; are initially referenced {(i.e., initialized) to have
values V,,, V,, and V,,, respectively, at a known *"passive"
infrared source having temperature T,, ¢, and area A, =
OM x 8%, where OM is the solid angle corresponding to the

30 FOV of the detector assembly 3 subtended by the passive
gource at the detector assembly, and S8 is the defined
sample path length, one can write:

Vio = RA{T,, €,, LiAMNr{a,/(27S%) )aM
VOlES. . vevrnaervasns Bquation [1]
35 where
i=1, 2 or 3;
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14 - The FWHM of interference filter F[err] associated with
detector 4 is preferably selected so that it is about 0.1 [err]mso
that the detector has a high degree of speci- ficity. As those skilled
in the art wwWo9n28688gni ze, 5 however, other band w dt hs neRCHSISAN8Et ed
dependi ng on the wdth of the absorption band of the gas being
nonitored and the degree of specificity desired for the detector.

The CW's L[err] and L[err] of the neutrap spectral bands 10 chosen for
interference filters Flerr] and F[err] should be =~ selected as close in
spectral positR6Frasopdadi Bl TheoSpee¥dl Radiant: Eeigrange iaf ide necessary,
it sI al sof dgsoi)éé?@ixfé fiaf dah@d bourcet gw:inc’:jtl IcubEt;Aévae,n vir{i@]tnr ]isaﬂﬁfiixedr] : Fgr
exanpl e, i or errl. are, e det rl..an rrl can be
chosen to be 3?315"[qg)rf"r‘hl5ﬁﬁfi%d @;8:6&[ (?ng%%;?eg%%){tﬁtv(ﬁm;}.t%aﬂlege?]ﬁat i vely,
L[err] and L[earblaci bady as definadtby Rlanakl s &aW]) afand 9.00 [err]m In
t he present senbo- di ment{2xhben-FVHf (chl/epxt) ang Flerr] is preferably
set at about 0.1 [err]m, The vmégt hfofal tst}'e,v,esp%gtratle bgnd <Pa.ssed by F2
and Flerr] should be naifow Ié‘ﬁoug‘ﬂ tHRS 5T 4668 ? OvVEr ea'p with 20 an
absorption line of a gas th# wwo&WHMpef fRwand in the at nosphere. By

setting the CW.'s of L[err] z?nd kespohs PEMUA} dFOdetecBoPlpand 5. 00,
of these detectors at 0.1Terr]m no

respectively, t he FV\HM
significant ovzvggps@??otlﬁ)d occur. Consequently, the outputs for
detectors 30and 6 25 are net af Arveaedf HevdasozoRcentrati on of the gas

t o- be- measured or any gt ber gggpT@NbatIENeRRher ed gases or vapors
in the atnosphere. H?ateec oré 4, 5‘__,51 %gd are, al | g{ﬁer_ably
t her nopi | e det ect ors. SvePYShEM MRS TPFRHIPRUT hEP 49Y Swoul d 30
recogni ze, ot herityXsr &mell detectors nmay be used in the pr esent
i nvention, including Platinwm=Smbagl&eide i ithe gas 86BSdhaiffred.

15 When the detector assembly 3 faces a real time

passive infrared source 8 of the area A (A is the same
as the reference condition A, because OM and S are fixed
by design in the embodiment illustrated in Fig. 1},
temperature T and emissivity €, the outputs of D, are
20 given by Equation [1] above as follows:
Vi = RI{T, €, L;)AW;r la;/{27S?))GM volts
where i=1,
For the neutral chamnels D, (i = 2) and Dy (i = 3}.
If we assume that W, = W,;; r; = r, (similar detectors); a,
25 = a, (same detector areas); G, = G; (both detectors share
the common optical system) and M = 1.0 {neutral spectral
bands for both D, and D,;}, then the cutputs of the
detectors D, and D;, namely V, and V,, are the functions
only of their respective spectral position L, and L,, the
30 temperature T and the emissivity ¢ of the passive
infrared source 8. If we further assume that the
emissivity € of the passive infrared source 8 is the
same for the narrow spectral region bounded by L, and L,
{about one micron), then the ratio of the outputs 2 =
35 V,/V, is only a function of temperature T of the passive
infrared source 8, and the spectral positions L, and L,.



The field of view (FOV) of the detector assenbly 3 I's determ ned by the
aperture collar 7 attached to the 35 detector assenbl'y as shown in Fig. 1.

The det ector assenbly 3 subtends an area 8 (corresponding to area A)

of the wall 9 which is used as the passive infrared WO 97/ 25613
PCT/ US96/ 20W067/25613 15 Pawsuses/foass t he
present invention. The effective sanple path length S of the present

i nfrared gas sensor is defined by the distance between the detector

pl ane 10 of t he detector assenbly 3@nd the wall 9. 5 The relation
between the area A of the passive infrared source 8, and the solid

angl e subt ended &s it mattepyof hEactnt ddieoPlavskhdh yoBacloba@yt uni quel y

defines the radis@iBhepRgbics erstidtnerd Withhener fsentd YadipiGleamedt
i nfrared gas ,sens

. I .10 . S I t.h | th S =
[ANOV[err] 13%§ ﬁg@ieﬁg gg"t‘m?a“é%gﬁaé‘lavf’?stﬁefﬁ%‘?"r C gadigatro,
subt ended by emti¢tencest ot twsosprotral pheitabhs amdhemmppropriasdlyst ed at
will by dosiGpacelc SATELEIPAULd:AGidl She tehBlrdiicPiggnt |nvention is,

t herefore, an extreqge 15 usef&:ll( vari able. | er words, the | ow

|y !
concent r at i oParticylazchiank Jpody frRurge AnafeEkatn RaxEswedk thBsor pt i on
band can be ®lamekdeat bilably bedy rdpridism.patrhel prgédéntS inventdion | ong (several

Teters) | N OdRlog! RavhhRhde SRR ract HRHULBLOGH IO HHEN A URbeCt i on
| ndeed, as O@%é%EELHeregions between 3 - 15 microns and black body
10 temperatures between 250 - 350 K, such a ratio can
indeed uniquely determine the temperature of the black
body. PFurthermore, once the temperature T from the
reference temperature T, is determined, the present value
V., ox V, of the respective neutral detector outputs can
15 be used to deduce by calculations the changes (if any)
for the other parameters, grouped together as a product,
in Eguation [1] above, namely the change in emissivity ¢
of the passive infrared source 8 from e¢,, the change in
the system optical throughput G and the change in the
20 detectoxr responsivity due to aging of the detector
itself.

Thus by adding two detectors with neutral spectral
bands to the detector assembly of the present invention,
the ratio of the outputs 2 of these two detectoxrs can be

25 used to characterize in real time the temperature of the
passive infrared source 8. It is important to point out
that since the changes in the other parameters in Equa-
tion [1] above, namely ¢, G and r are substantially the
same for the two neutral detector channels, the value of

30 the ratio Z, which is the only parameter needed to
determine uniquely the temperature of passive infrared
source B8, can always be obtained firathand. After this
vital information is attained, the individual preset
values of the signal and neutral detector outputs (V,,,

35 V,, Vi, Ty, and ¢,) can be used to further assess, via
calculations, any changes in the other parameters in
Bquation [1]. Since the parameters needed to determine



ﬁo.ia the art will recognize, the path length S should be set dependi ng

on the anount of nodul ati on desired. For exanpl e, when a very strong
absorber such as CJerr] is being nonitored, shorter path | engths
shoul d be consi der ed. However, if the desired application calls for
det ecti on 25wo0f979563 concentrations in the ppb range, then PERESP6/20Z86h

| engths may be called for. Al t hough virtually any path I ength can
be sel ected, path | engt hs between 5 inches and 10 feet will typically

be adequate, with nost path | engths bei &l bet ween about 30 5 inches and 6

feet. The out put VLerr] of the signal detector_4 is used to
det er ni ne t he td¥hcoRceRtrBRioR ohdhmgas taebapaawpd fromrkley i put

V[err] of det esiignals ctiapaelisdepestar mutpat Oh Equatipmt dfid. aker 3, apd
forenost, it i functd O f t agur ﬁﬂﬂ LSsivity e of
t he passive g, %n .'rﬁgr Ié"d gggr%ieg%'}gw g\gg(rg%e%&% ér%e s&tgrc%?r %?-Er adi ant

eni ttance for rAmandsgldyvegharackpiizash by1Fheet ¥y neutral detecpprog7/ 25613

\P/CT / US96{ 209 g&:hannels for the signal deltector ﬁhamiﬁ, the paekkatnore,
L] o PR B T FB i, e BESYRIP it HEL T,
t 0- be- measur edcapablga off agauratelic Measwringt bhe crongentimation afidgede 5
passi ve i nfrargtiRit ¢teSneddefEONGE HctaveOIndtatdte Mifrce and the
accompanying gas sample chamber. The only proviso to
10 this statement being that the passive infrared source
needs to be at a temperature greater than the gas being
monitored. When the passive infrared source and gas
being monitored are in eguilibrium, no absorption will
be observed because the law of detailed balance requires
15 the gas to emit the same amount of photons as it
absorbs.
Fig. 3 illustrates how the ratio of the spectral
radiant emittances at 3.91 um and 5.00 um varies as a
function of the passive infrared source temperature from
20 5°C (278 K} to 45°C {318 K). For purposes of Pig. 3, the
emissivity € is assumed to be 1 at both 3.91 um and 5.00
pm. In the vicinity of the 300 K black bedy curves, the
curves themselves are smooth and there is a very
respectable difference in the value of the ratio as a
25 function of the black body temperatures.

Example 1
An example of how the concentration of the gas to-
be-measured would be calculated from the outputs of V,,
V,, and V, from detectors 4, 5, and 6 under a given set
30 of circumstances using Equation [1]1 is now provided.
With reference to Equation 1, the reference conditions
for this example are defined as follows:
T, = 298°K or 25°C
€y, = 1.000
35 A, = constant throughout example calculation



{ 0-.be~ neasured deternines the value of the modul ation factor M as shown
I n Equation [1] bel ow. Detectors 5 and 6, which are equipped with
neut r al filters F[err] and F[err], are used to dynanmically characterize
10 the passive infrared source 8 and the environnment in real tinme for

the signal owngdianonitored by detector 4. The rati o perisokBPoedut put s
of detectors 5 and 6 uni quely determ nes the tenperature of source 8.

Furthernore, once the tenperature T of the source 8 is 15 determ ned, the
I nst ant aneous val ues for the source gm ssivity [err], systemoptical
t hroughput (or attenuation) G can ano be qui ckly determ ned using

Equation [1] bel oward campdcreg EBE Act ual (SIYNAYYS Wi (Rest £

val ues of the respective o S enperature T[err] 20 an
em ssivity [err] of a ref e%g%grg éﬁ%‘c’&pg%)ély source measured while the

system was initialized Thieppogeivity ¢frDatedtary P, arwhiClurie ¢bet i nual |y
updated in real tine for ganeh€opuipdtypfz dinal detector 4, enabling the

|atter to establish the_concentration t he,gas, to be neasured. 25
The presently discl ose%[L Si %ﬁe% Pﬁf bgﬁsﬁtﬁﬁg%eﬂgbeg is Ghe game £9¥apl e of
rejecting the influence of istr 3y 2 andadliand orenainei constamt t he fact that

the passive ' nfr ared $ULCofslntd BhoRbhYLECUELs piiflel of | ector
Hence t he armun% stray radiation that can find its 30 "way into the FOV

of the opticaf® ?/‘gaetfﬁcf% ni ni mal . Furthernmore, unless the stray
radi ati on happens to B& =nSystemHEhroughpusl dbaidgdibditied izattibe &ilters of
the detechor 1.0 assenbly, nanely L[err] and L[err] they will be rejected.

Even i f they have n_er%é W';t Fi.n tPe S _e(lé%*ral pass band 921{ t he 35
sensor optical system™ the "ORHLEFIPRLAGEYT A1, to PRESeNnce (of 1838 sipot h and
constant. In such a case, thebremeasiired = detodcifors deteéttorand,yahdeat such
stray radiation as an D,
If a constant C is defined as C = a,/(27S%), the
15 constant is the same for each detector channel and
remains unchanged throughout the calculation in the
present example, because a; is the same for each detector
and the sample path length is set by design. At the
above reference conditions, and assuming that the signal
20 detector D, has a CWL of 4.67 um corresponding to the
absorption band of carbon monoxide, the neutral detector
D, has a CWL of 3.91 um and the neutral detector D, has a
CWL of 5.00 um, the measured voltage outputs from Detec-
tors D;, D, and D, at initialization are as follows using
25 Equation [1] and the table given in Figure 3:
Output of detector D, (Signal at 4.67 um}
Vie = 5.4507 x 10® A,r,CGM volts
= 5.4507 x 10° YM (where Y = A,x,C)
Output of detector D, (Reference at
30 3.91 pm)
Vi = 1.7758 x 10°% YGM volts
= 1.7758 x 10"* Y volts
Ooutput of detector D, (Reference at 5.00 um})
Vyo = 7.6655 x 10°° YGM volts
35 = 7.6655 x 10°® Y volts
The gas sensor is initialized by measuring the
voltage outputs of each detector when no carbon monoxide
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17 I ncrease in the passive infrared source tenperature 8 with the
correct information related to the signal detector for proper

processi ng. The manner in which the concentration of the gas to- 5
be- measur ed iwodwesstari ned fromthe outputs Vierr], V[err], aotus$eords

of detectors 4, 5, and 6, respectively, is now described I n connection
with Figs. 2 and 3. Figure 2 shows the spectral radiant emttance
of a bl ack body source at tenperaturesg ranging from 100 K to 10 1,000
K. Several characteristics of the radiation from a bl ack body source
can be deri ved ifsr preskptecandr iz when B kpbynt bencentatatriash auft camrbbhance

which i's propoiddndRille gas! s {MSesta witfiSh LHE ENES Iﬁ%&ﬁ%geehéap' di'y
W th t enper at ure. e area under the curves bein efined by 15 the

St ef an- Bol t zmaFFEEGHSE BRSEHRAY s (IushiBopaRREEnA calibratign curve
St ef an- Bol t zmarfiorc thet gas semmsr tdad desebuhtned as esmersXililedt @nt BBef ourth

pover. Secong, arxjﬁewﬂﬁ!rﬁl g?gé e, O%oﬁ&éh?ﬂg] “n;;té A% ord, aghant gaittance

shifts towards ve th as Ur'e Thcreasas. This 20
is referred to‘ésrﬁf‘éﬂ Eofraks mﬁmlnﬁameamrememss Foxi $hgssed nore
fully bel ow. Tlprledgnthexampﬂeu cissuniel ahlk follbwilyg @itRTiIBEVEE Cr 0SS one

anot her': hence ipuibghgs. | md NEERIRELALUE: cADGIUANY shie.sagcl o

radi ant em ttance_ at convention NDI R
measur enent symeugﬁﬂglﬁcreaﬁlﬁdaw BOEYK eRe3FMF randedheoemiesivityrmal |y

mai nt ai ned 10 at of chaspaséivedirfalazedysbirbe 0 iem@.at ohe 6pEQcal 1, 000
K). and thus iGg.3R66EEEL FAHA s 8 LEA"6Ss! Sin other words there is
now a 10% attenuation of the signal from the passive
infrared source 8. Also assume that the concentration
of the carbon monoxide gas present within the field of
15 view of the gas sensor causes a 2% modulation in the
signal detected by the signal detector D,. As a result,
the modulation factor M decreases from 1.00 to 0.98 for
the signal detector. There should be no modulation of
the signal to the neutral channel detectors D,, D, due to
20 the carbon monoxide gas because the interference filters
for the neutral channel detectors have been appropriate-
ly selected to avoid the absorption bands of carbon
monoxide and other gases which may be found in the
environment being monitored.
25 Under the conditions outlined above, the output
voltages for the three detectors would be:

Output of detector D, (Signal at 4,67 microns)
V, = 7.6250 x 10°3(0.8) ¥YGM
= 6.1000 x 10° Y (0.9) (0.98) volts
30 = 5,3802 x 10°° Y volts.
Output of detector D, {Reference at 3.91 microns)
V, = 2.6517 x 10°°(0.8) YGM
= 2.1214 x 105 Y {(0.9) (1.0} volts
= 1.90922 x 107 Y volts.
35 Output of detector D, (Reference at 5.00 microns)
V, = 10.488 x 10°3(0.8) YGM



typically represented by one of the curves above 700 K 30 in Fig. 2

dependent upon its absolute tenperature. In contrast, the present

i nvention rel
a result,

t he radi antmmmgce of the typical sources 35 used wth%mgpt

ies on infrared radi ati on from passive i nfrared sources. As
t he bl ack body curves around 300 Kwill typically refl ect

I nvention. Such is the case with the wall 9 in Fig.

97/ 25613

PCT/ USO6/ 26796

18 The two narrow spectral bandg 1 and 2 illustrated in
at 3.91 [err]mand at 5.00 [err]m which, as di scussed
above, are desirable wavelergtohagdsoffor (o.sneutgjakodegectors 5 and 6
ng COor COerr g 1§ Bgc seYt &%)ands illustrated in Fig. 2

are centered

when nonitori

correspond to t he, neutr al ect ra bands

Fowed to pass filters

and Flerr], t%;}’%}hltd‘epﬂé‘fi tabtyakign volbage entputs| cthé m
seen from Fi gtal’ile tire Fizgj. G Wwés GbedNto Glsdimdlche spéggi.gp

trfig%{ﬁances at
@*fﬁm'“‘ré@ i BeH B, ohe e Sl Batad ruenfonstnae 1t he

t hese two
t enperature.
em ssivity

fTItEh Inets step” mnﬂewamrsmg ¢hei sonpenbmatddelof t he

WO

Fig. 2

Flerr]
As

same wWithin tfige Sﬁh&&idrﬂmdh%&ddﬁogﬂgﬁdo:p%ﬁ!&l%%r tbba0teasu % ogJerrjm

For al npost al
wood- panel ed,

10 .

i5

20

25

30

35

ll? L{%O%Ia\@ It: e ra aie te It;[tpeeroutput :Ifgctm the two
reference detectors
Z = Voltage (5.00)/Voltage (3.91)

7.55136/1.90922
3.9552
Using the table in Figure 3, the temperature of the
passive infrared source 8 is determined to be 35°C. As
stated above, it has been assumed that the area of the
passive infrared source 8 and the optical arrangement
remain unchanged during the example.

If only the temperature needs correction, then the
new voltage output for the neutral channel detector D,
should be the initiation value of 1.7758 x 10% Y volts

multiplied by the ratio (2.6517/1.7758), which equals

2.6517 x 10"® Y volts. Since the two voltages are not
the same, it is known that the emissivity € or
attenuation G or both are different than the
initialization conditions. From the measured output of

detector D, (3.91 microns) and what the initiation value

for this neutral channel should be at 35°C, the product
€G can be calculated as follows:
€6 = (1.90922 x 10™® Y volts)/{2.6517 x 105 Y volts)
= 0.72
It should be noted that if the product of the emissivity
€, and attenuation G, during initialization is less than
1.0, then the initialization value would need to be

normalized to what it would be for an emissivity ¢, of

1.0 and an attenuation G, of 1.0. 1In this way, the ratio
of the two voltage outputs will result in the product of
the instantaneous value of the ¢G factor.

‘papered or



assunpti on. Bef ore determ ning the concentration of the gas

bei ng nonitored, the passive source 8 nust be charac- terized. The
manner whereby the detectors 5 and 6 20 dynamically characterize the
tenperature and the em ssi- vity of the passive infrared source 8 for
the signal woeimssnel 4 is described as foll ows. For purpoBEwUSH620196 S

di scussion, detectors 4, 5 and 6 will be referenced as detectors
Derr], Derr], and Derr]. 25 Assum ng that all three detector
outputs V[err], V[err] and Vlerr] aresnitially referenced (i.e.
initialized) to have values V[err], V[err] and V[err], respectively, at
a known "passive" The safe ainfbmwmirion kani aljstchpatatuced Fremr hisihgrr] and

area Aerr] = the GUsul f6tlagdiicth Sl Bchb 3oldshRakectr esponding to

the 30 FOV of the defector assenb n{ ende e passive source
at the detect oM°BERRERG tAGP 99 & ﬁ@aHBF ned sanpl e path length, one
can wite: V[ eOnte=it Rid[lexovin thetr the tempetdtanib ofhehe passive WO

97/ 25613 inf 4 3500 29796

19 R(T[err% ra€$r sour%ﬁri; S'Thgng g%?r%f°$gﬁgant%gl gtén%%’o? t he
passi ve i nfrar EBFEBEFE i&eep PErFPe e s Fepigral: as [err])
mul tiplied by bhenspkccanjbeznhhnﬁlaeﬁdtEaamethé measured output of

detector D, as follows:

5.3802 x 10°® Y volts {5.4507/7.6250) x (1/0.72)
10 = 5.3417 X 10" Y volts
As can be observed from the calculation, the output
voltage is corrected for the ¢G factor and for
temperature. As a result, the ratio of this corrected
voltage output and the initiation voltage output gives

15 the modulation factor M as follows:

5.3417 x 10°® ¥/5.4507 x 10°% Y = 0.98.
Thus the above methodology correctly predicts the
modulation factor for the signal detector D,, which is
monitoring the 4.67 micron channel.

20 To recap, the first step of the procedure is to
obtain the temperature of the new passive infrared
source 8 by calculating the ratio of the two refexence
detectors. The second step is to compare the measured
value for either of the two neutral channels with its

25 initiation wvalue and deduce the "eG" factor. Both of
these pieces of information are then used to correct for
the measured output from the signal detector D, at 4.67
microns. The ratio of this corrected value and stored
initiation wvalue for the signal detector D, will then

30 yield the modulation factor. The modulation factor is
used to give the concentrations of the gas present by
using a calibration curve, which can be stored in the
signal processing circuitry as is known in the art.

It is important to point out that although the FWHM

35 (i.e. W,) of the neutral detectors were described above
in connection with Figs. 1-3 as being the same, it is



‘a bl ack body as defined by Planck's Law as 5 [err]

Alerr] = Area of passive infrared source; Werr] = FWHM
of F[err]; rlerr] = Responsivity of detector Derr]
(Volts/Watt); 10 alerr] = Area of detector Dierr];

S = Sanpl e wgbindsfnot h; G = System Qppisakoshiidguahput
(100% unity); and M = Modul ation by the gas to be
measured. 15 When the detector assenbly 3 faces a real tine

passive infrared source 8 of the area AdA is the same as the reference
condition Alerr] because OMand S are fixed by design in the enbodi nent

i [lustrated iihnkelc@ssary that lEHPERA WeeeIEtaﬂdosnméip&ése&, the outputs of

2 | |
oner e 1 25° 2AobekcREELLER Ho 00K e8] DRV baga gkl ),
3). | f w&higsdAeberausey@r fpr-eqpbrpgutrgledetestorelas velkhiaar
detectors); afhereligdll deféftsd) (ware ad%?ﬁtﬁé ﬁrl&iiﬁ»)n pdx@kdeker d err]

Spoctral © . S ApErag PR R CAARRPE, P DA ﬁ%@m%%psﬁﬁg of the

det ect ors D &or]. aRdrphers|regandlessy/2fanbe\VBWEMealvee dfueachons only
of their respegt h\éﬁt&ﬁ@caé@écmtlm lrheia]zaaﬂ é&[aerfalaztalaﬁ 30 tenperature

T and the em ssi i ve frar SO I f we
further assurﬁ?‘lf'% ?hge&"t%‘?‘n%g t&e[ “’f’ef‘ﬂ‘tﬁ? %ﬁ@‘g’egﬁﬁ%m ed source
8 is the widde stddlt taiguelpWeficne: the tegpamlbmmdvefdthys L[err] and

\L/[ err] e ( &v@ninﬁff@d‘%soﬂft@" 8% heTh%'t Qs%eééweﬂta@tﬂms— 35
Ler )M R BB ) Blows PR LS. el o2 B e
passzve infrared source is a function of the area under
the black body curves defined by Planck’s Law multiplied
by the emissivity € of the source, which will typically
15 be the same for each of the neutral channels.
The PIA gas sensor described in comnection with
Figs. 1-3, therefore, can alternatively be designed so
that the FWHM of W, and W, of F, and F;, (i.e., the neutral
channels) are set so that their corresponding detectors
20 measure the spectral radiant emittance from the passive
infrared source 8 over a several micron band rather than
the 0.1 um band suggested above. The spectral bands
passed by each of the neutral interference filters can
also overlap one another in such a system. The only
25 1limitatione on such a configuration is that the two
neutral detectors cannot measure the spectral radiant
emittance for identical spectral bands and the emissi-
vity € of the passive infrared source should be rela-
tively constant over each of the spectral bands. The
30 two neutral detectors cannot measure the spectral
radiant emittance for identical spectral bands because
the ratio Z would always be one in such situations. The
emissivity € of the passive infrared source should be
relatively constant to ensure that this factor cancels
35 out when calculating the ratio Z, thus enabling the
temperature T of the passive infrared source to be
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20 As a matter of fact, the Pl anckian bl ack body radi ati on
physi cs together with the Wen's di spl acenent | aw stipul ate that the
ratio of the spectral radi ant emttances at two spectral positions,
when approprwaisehy135 spaced, uniquely determ nes the tenp@CTRISSE200%6 a
particul ar black body source in certain parts of the Pl ancki an bl ack
body donmin. The present invention t akes advantage of this fact and
recogni zes that in the spectral regions between 3 - 15 mcrons and

bl ack body 10 tenperatures between 250 - 350 K, such a ratio can
i ndeed uni quel Jetetmined eliiectignfront the witichefbthekoutputm dirom

Fur t her nore, £ s ﬁ&m@agﬂgﬁnglgr omthe reference tenperature
Tlerr] is det er m ned %er gsent of the
t

respective neutral rblé"tlbec ﬁf‘ﬁﬁf‘srﬂ‘%?\e °f %&‘mﬁgd? ‘Jﬂe FhyS
cal cul ations tveryhergds @bsoxpyion by fwatexhandt BOs. pdv=amet emmp@eouped

toget her asga a&&ééﬁre, thé PyRRUR] I3 .Metereégaﬁee NeRlet Wecshiagge in
em ssivity [err ared source 8 err], the

% E Ve | n ) %r om.
change in B & ﬁae?ﬁ %ﬁ?}?a MR iigos palﬁ ¢4 Hl ERet in the 20
det ect or respodslcwttqzr duevifld agaaygrefthécatatleamount of i emetdy Thus

by adding two gdel@ddy ‘Q!Hehgﬁﬁﬂi{ré” sSRRG IdVer thibaBSctal ! ect Of

assenbly of the present” inve tio 0 e out puts of these

two detectors thrFiR spectyadqbapd CH%?%%‘?G}W Zaterfergnce; belhek BedBer at ure
of the 1passameower rtdrasd thatr passed by IBy theEortletratdopeifntheut t hat

since the changgSudt) df ¥y’ aBREEFES &y ddteetb@a 5 and 6 can still
be used to uniquely determine the temperature of the
passive infrared source 8 in real time as described
above., Bandpass filter F, preferably passes a spectral

15 band of light that is approximately half the width that
bandpass filter F, passes; thus, F, could be designed to
pass the spectral radiant emittance from the passive
infrared source falling within the range of 9.5 gm and
12.5 pm. By eetting the FWHM W, of interference filter

20 F, at about one half the width of W, of interference
filter F,, good variability in the ratio Z as a function
of the temperature of the passive infrared source 8 is
ensured.

The advantage of designing the neutral channels in

25 this manner is that significantly more energy will be
detected by detectors 5 and 6, respectively. This
improves the signal to noise ratio for the detector,
thereby permitting a more accurate characterization of
the passive infrared source.

30 As would be readily apparent to those skilled in the
art from the foregoing, the infrared gas detector
according to Fig. 1 can be used to monitor the
concentration of a plurality of gases simply by adding
additional detectors D; to the detector assembly 3 and

35 appropriately selecting the CWL of interference filter F,
to correspond to the characteristic absorption band of
the gas desired to be monitored.



‘tion'[l] above, nanely [err], Gand r are substantially the sanme for
the two neutral detector channels, the value of 30 the ratio Z, which is

the only paraneter needed to determ ne uni quely the tenperature of
passive infrared source 8, can always be obtained firsthand. After this
vital inforgwplohesgs s attai ned, the individual preset \PRITHRS6sbhost Ne
signal and neutral detector outputs (V[err], 35 Verr], V[err], T[err],
and [err]) can be used to further assess, via cal cul ati ons, any changes
in the other parameters in Equationyg 1] . Since the paraneters needed to
det erm ne WO 97/ 25613
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paranmeters artrated dpnBABUERS 4 ARA ot erﬁszéd-lb‘?tf:ﬁﬁe@mot%@ﬂé“&é’t ector 5
channel s for ddwerblgndls ﬁebaﬁbed S ) R tedtida: abﬁﬁﬁ‘ié 31 sudV ey Iaon as

illustrate |,i:btg1e apres on 1[1(;?99 g@n&ete %tqﬁ'gut tgabﬁg f accnlgﬁr}le}%e

nmeasuring tThe conce
infrared sour@® aari'@‘lsliég basac%%rﬁ)%rﬁhﬁﬁés caanple cmed The onI y

proviso 1o 10iéHckorsauyMBnindes nerd N dlspeppsokimitpivarese source
needs to e at erer e e n.t he a ITDnltore en
BB el LSl a 'JPBLRE o852a08 Sdkecro

t he passive i T e{’fed sour n equi librium
no absorpt|omNHnHaPS substantlally w1th one another.

10 While a variety of infrared detectors can be used in
the present invention, detectors 4, 5 and 6 are prefer-
ably thermopiles due to the fact that thermopiles do not
require any power, have a linear output, and have a very
good signal to noise ratio. Although not required, it

15 is also preferable to tie the reference junctions of
each of the three detectors to the same thermal heat
sink.

Filter mount 32 is disposed on top of housing base
30 so that the only radiation which can enter the space

20 between the filter mount 32 and housing base 30 is the
radiation that enters through the three apertures 34
located in filter mount 32. Apertures 34 are located in
filter mount 32 so that each aperture is in axial align-
ment with one of the detectors.

25 Interference bandpass filters F,, F, and F, cover
apertures 34 so that they are interposed between the
respective detector and the passive infrared light
source. Furthermore, by covering the three apertures 34
located in filter mount 32 with interference filters F,,

30 F, and F,, it is ensured that the only radiation that can
enter the space between the filter mount 32 and the
housing base 30 is that of the desired spectral bands.
Divider 40 is used to prevent light of one spectral band
from coming in contact with an infrared detector

35 intended to measure light from a different spectral
band.



be observed because the | aw of detailed bal ance requires 15 the gas to enit

t he same anount of photons as it absor bs. Fig. 3 illustrates
how the ratio of the spectral radiant emttances at 3.91 [err]m and
5.00 [err]mvaries as a function of the passive infrared source
tenperature Wwapemw28@3 S[err]C (278 K) to 45[err]C (318 K). wwosssepeses of
Fig. 3, the em ssivity [err] is assuned to be 1 at both 3.91 [err]m and
5.00 [err]m In the vicinity of the 300 K bl ack body curves, the

curves thensel ves are snooth and there i2%a very respectabl e difference
in the value of the ratio as a 25 function of the black body tenperatures.
Exanmpl e 1 Toe SmAnd SWENoRLt Randpars filderenFof Hhangdak:s t o-

be- rreas]yr ed \é\oukd Her cad (‘dSHﬁxﬁgefir of) E6Bnect JBH Svi(t?l h‘%gﬁfflss_ 1-3. V{ err], and
V[err] from detect n nder ven _se of cirgeunmst.ances

u[si ng] Equation [1] ﬁﬁ% :gllioc\ifv%r %\?l &"ga.g dsh %%Ct‘resefagr gﬁggtPBeEﬁ?lﬁl?%n 1, the
reference condpBfiotRus defigies fhe EQUnEPE thee desleckod assewblyvd:

Tlerr] = 298] erhékedp 2H[1EId 42 comprises a 1ight' krankmP08iPe window
Alert] 5 Sonstan’ L NNt g AR GabBLEM ¥diOindoy, aa, 3¢ VB3 07725613
preferable to select a material that is as transmissive
as possible to the spectral bands being monitored by the
detector assembly 3. Preferably, window 44 is equally

10 transmissive for each of the spectral bands being woni-
tored. Window materials which have relatively uniform
transmission qualities over the range of 1um to 10um
include silicon, CaF,, and BaF,. CaF, and BaF, are
particularly preferred materials because of their high

15 transmissivity in this range.

To save costs, window 44 may be eliminated altoge-
ther. However, by including window 44, the detector
assembly 3 illustrated in Figures 4 and 5 can be herme-
tically sealed and thus increase the life expectancy for

20 the detector agsembly. Further, as dust and grease
build up on the detector assembly 3, the output signal
corresponding to the spectral bands will begin to drop.
If the attenuation of the signal becomes too large, the
infrared gas detector will not function properly.

25 However, by including window 44 in detector asasembly 3,
the original signal strength can be easily restored by
cleaning window 44. This is not possible if window 44
is omitted.

If a larger platform is desired so that additional

30 detectors and bandpass filters can be added to enhance
the capabilities of the infrared gas detector of the
present embodiment, a TO-8 or larger package can be
selected. For instance, such a platform might be used
if the ability to monitor a plurality of gases is

35 desired.

A particularly preferred detector assembly 3 is now
described in connection with Figs. 9-16. As illustrated



‘Werr] = 0.1 mcron for i =1 (Signal), 2 (neutral) and

3 (neutral) r[err] = Responsivity of Detector Dlerr], which
is the same for i =1, 2 and 3 5 alerr] =
Area of Detector Derr], which is the sane for =1, 2
and 3 and rwesbassisonst ant S = Serr] = congandsdomeoughout
this exanpl e cal cul ation Jerr] = System Throughput
during initialization 10 1.0 M = nodul ation factor due to
presence of gas to g nmeasured = 1.00 for detectors D2
and Dlerr] If a constant Cis defined as C =

aferr]/(2[errib[Rigd.) 2,t 1@ ahdchBstdetecton sseabiyf Briwvebidetet ect or
e AN o[ardE TR 0300 LD U0 Ynd e chaL AR | kkd 1 (1

present exanple, because alerr r, each detector and the
sanpl e pat h | £ofged iop swbsgyagespgnmopptedwithingggiectey husaxonditi ons,
and assum ng 3bhat Ddtecticgnhbusdiindestci®rptdfariablipaa poBNcai, 4. 67 [err]lm

correspondin f Xi e neutr al
ot ect o5 "hgdbatlfeg, of LIPLBIWAEN S LB BOVHOIET U 0 00 e
has a cwirgl %%PPF#FUFﬁeC%h%%r'éd'hﬂaht Sg&ipas putroNt diaret ec-

tors Derr], ﬂﬁﬂi@&aﬁ[x@tﬁbnainwltmaldek&rdtw a§§eﬁ51§0| I'mw F¢Ri Ng 25

datector D ersh i St %‘g*‘éggrﬂ? [3528.° cheretore, Lipiteq W B¥e T |
10[ err] Al er r3pgeygecqaddapniyol 2 also PIEferablyJ@ 2 10[err] YM

(where Y oAl BigHt [@fddasmissive window 44 4iHidh Fhirdeheehn & ddvlereRef erence

at 30 the Pl c{e%%leg)by the gperhure Jf@?g% I1 775 x 10[err]

YdJerr]Mvolts
Qut put  of det’é’@‘tﬁm&?l(vﬁef"éﬂéﬁb’e‘l&tls opdest tonfhe 1id 42 80 thay30 7. 6655

X 10[err] YJwhdnd M4z 1%5attached to base 30,7 i8828r&a lddwedtors Vol ts
The gas senso& 'é 'Jﬁ&'da ge?%egfggiiﬁrgéalé% within detector
15 assembly 3.

Infrared detectors 4, 5, and 6 are supported on a
substrate 50 which, in the present embodiment, is made
out of a semiconductor material such as Si, Ge, GaAs or
the like. Because of their close proximity, the field

20 of view of detectors 4, 5, and 6 overlap substantially.

In the present embodiment, infrared detectors 4, 5,
and 6 are preferably thin film or silicon micromachined
thermopiles. Thermopiles 4, 5, and 6 each span an aper-
ture 52 formed in the substrate 50. Apertures 52 func-

25 tion as windows through which the radiation that is
passed by bandpass filters F,, F,, and F, is detected.
As is well known in the art, thin film or micromachined
thermopile detectors 4, 5, and 6 are manufactured on the
bottom side of substrate 50 and may employ any of a

30 number of suitable patterns. Fig. 13 is an enlarged
view of the bottom side of substrate 50 and illustrates
one suitable pattern that could be employed for thin
film or micromachined thermopile detectors 4, 5, and 6.
A top view of substrate S0 is provided in Fig. 12.

35 As is typical in the art, the hot junctions 60 of
each of the thermopile detectors 4, 5, and 6 aré
preferably supported on a thin electrically insulating



vol t age out puts of each detector when no carbon nonoxide WO
S96/ 20796
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23 is present and then when a krTg' S%%Eﬂkg@g%é on of carbon

nonoxi de gas is present within the field of view of the det ect or
assenbly. | rWO¥wRs6kanner, a cali bratl}@m burvﬁgﬁjm or the ®ET/USLIROTE can be

obtai ned as one skilled in the 5 artiablkail ze. Foll ow ng
initiation, the sensor is ready to make real tine neasurenents. For the
present exanple, assume the follow ng siZation is encountered. The
tenperature of_ the passive infrared source has increased to 308[err]K

or 35[err]C afdaphEagn 84; thay WA @3choPLL hle prRaT T esh5Rafeamedurce 8 is
0.8. The opti dal substzhtensatamd mtqmdeljuﬁcawnﬂ.@z drie @o@&tib@ﬁf&fa'ﬁ ggre
[ now a 9 npgt LN Sizgna e sive |

!szurce 8. A scj?gaég?&jr% Fﬁ%{:}gtﬁgsc%%%gntsr%ét [ ‘6’#?@ Hgﬁ ‘ﬁ%}ecgpﬁgﬁuﬁﬁﬁoxi de gas
present withi P2 B&ef pEpferably spanpesk byha ghin seleehricaldys inst%

nmodul ati on 5 nlaténg diapBfedm 094 cadiRd therhbpibé Mt estfhaciah Bissr]- As a

result, t | at.i or Mdecreases from1.00 to 0.98 for t he
si gnal detect g’% %ggrg&éﬁgﬁt%%'e no nodul ati on of the signal to the

neutral channel d&BeePeFatipry rinfijamed) radbatiorExdm ther pessavaoxi de gas
because the i in€rheeanseuttd t@iters thkOBetborHL UM ingaANehrdgLRCt OrS have

been appropri 3hiGaoy 44 FEL SHADAY WL DS ADSOTRY QR Pgnds of carbon
10 ference bandpass filters F,, F,, and F,, each of which
passes radiation within a predefined spectral band. The
radiation passing the interference filters F,, F,, and
F,, then strikes the diaphragm 54, or hot junctions 60 if
the thermopiles are self-supporting, where it is detec-
15 ted by infrared thermopile detectors 4, 5, and 6,
respectively.

To improve the sensitivity of detectors 4, 5, and 6
to incident radiation, the top side of the electrically
insulating diaphragm 54 can be coated with a thin film

20 of bismuth oxide or carbon black during packaging so
that the aperture areas absorb incident radiation more
efficiently. If the thermopile detectors 4, 5, and 6
are self-supporting, then the side of hot junctions 60
upon which radiation is incident can be coated with

25 bismuth oxide or carbon black directly.

By positioning the cold, or reference, junctions 62
over the thick substrate 50, the reference junctions of
each of the detectors are inherently tied to the same
thermal mass. Substrate 50, therefore, acts as a heat

30 simk to sustain the temperature of the cold junctions 62
of each of the detectors at a common temperature. In
addition, substrate 50 provides mechanical support to
the device.

Although the present embodiment has been described

35 as a single substrate 50 with three infraxed thermopile
detectors 4, 5 and 6 formed thereon. As one skilled in
the art would recognize, three separate substrates each

This Sheet Has Been Reﬂlac
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honoxi de and ot her gases which nmay be found in the enV|r

nonitored. 25 Under the conditions outlined above

vol tages for the three detectors woul d be: @ gii%gi@
Derr] (Signal at 4.67 mcrons) Vlerr] = 7 0 8)
GV wWO09725613 = 6.1000 x 10[err] Y (0.9) (O. 98) VOl #crrié96,20796

5.3802 x 10[err] Y volts. Qut put of detector D2 (Reference at

91 m crons) V2 = 2.6517 x 10[err](0.8) YGM

2.1214 x 10[err] Y (0.9) (1.0) volts 32 = 1.90922 x 10[err]

Y volts. 35 Qut put of detector Dierr] (Reference at 5.00 m crons)
V[err] = 10. 48®ingl Oner ipfoaged ihgrmopile detewfofd 7hamefi-tured

chg8396/iggﬁﬁhereon could be used in place of the sgﬂstrate 50 a6 & 10[e;r]
8 4 X eyr
Y vol ts. dé;c%&§%% fﬁ %ﬁs %Fﬁ??&ﬁl%ﬂﬂﬂqﬂweﬁﬁrtage outputs t he tabl e

in Fig. 3 was us&lecsribaily ihsulsssicty aliaphdiagnt 545m£yrihetatmw for each of
the wavel angigyorbel RnBRR! b8 Sitable mateH1S1G! {i8i1 Skl NofIFhal M ni N0 he

concentration of e carbon, no OXI le or othe e- neasur ed,
i s to cal ’af"é’cll ipg; pothin P %ﬂﬁ?‘ssW’énﬁH@%ﬁW or an

inorganic dielectric layer such as silicon oxide, sili-
con nitride, or a multilayer structure comprised of
both. Preferably the electrically insulating diaphragm
10 54 is a thin inorganic dielectric layer because such
layers can be easily fabricated using well known semi-
conductor manufacturing processes, and, as a result,
more sensitive thermopile detectors can be fabricated on
substrate 50. Moreover, the manufacturability of the
15 entire device is improved significantly. Also, by
employing only semiconductor processes to manufacture
detectors 4, 5, and 6, substrate 50 will have on-chip
circuit capabilities characteristic of devices based on
the full range of silicon integrated circuit technology;
20 thus, the signal processing electronics for detectors 4,
5, and 6 can, if desired, be included on substrate 50.
A number of techniques for manufacturing thermopile
detectors 4, 5, and € on the bottom side of substrate 50
are well known in the thermopile and infrared detector
25 arts. One method suitable for producing thermopile
detectors 4, 5, and 6 using semiconductor processing
techniques is dieclosed in U.S. Patent No. 5,100,479,
issued March 31, 1992, hereby incorporated by reference.
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tef erence detectors: 10 Z = Vol tage (5.00)/Voltage (3.91)

= 7.55136/ 1. 90922 = 3.9552 Using the table in Figure 3,
the tenperature of the passive infrared source 8 is determ ned to be
35[err]C. As 15 stated above, it has been assuned that the area of the
passi ve infr¥@8%26l¥ ce 8 and the optical arrangenent r BERURYAMEanged
during the exanple. If only the tenperature needs correction, then
t he new vol tage output for the neutral channel detector D2 20 shoul d be
the initiation value of 1.7758 X 10[err]3$ volts nultiplied by the

ual s x 10[err] Y vaolts. Since the

t 2.6517/1.7758 h
t\?\lloI \C/)ol(tages are nBF}Eer%‘!L‘%et%} 8. 10 §nﬂn6§m PPRIY H@aélﬁl S8i Fey [err] or

attenuation G @pnbecheérEochﬁé(nuﬂnuttbadsthe @b eauH icfl ithat thermondi ti ons.

From t he neasu%gqeogggg&tgés 4' 5dergl=.ﬁat gr ap[ﬁigﬁ&ﬂ(% %1%1%@ g§5f'err what the

initiation val Ue hi s neut channe t he
product ﬁPFéPEaﬂrb%tQ%Hdﬁﬂét§H°%§ matesiRls. BecauspothppG = (1 90922
X 10Ferr] Ya/olrbf)atéﬁcSSjﬂnatﬁﬁ{seruf] d¥teotosy 80 5, and 6 ar@. ¥Her- It

shoul d be not eﬂ.ah;i?tshﬂné&?t% ClanBbnbhe £ 82lnddainie f%er%?a”d

attenuation derr[ durrng initialization Is hen t he
i n|t|al|zatloangFﬁénﬁBulﬁP?EﬁﬁP%<§°Eéea° ﬂ%r?hﬁ|§R§?QE@rﬁh&t Bt apdl d be

for an enissiviét yof shateod dmmbr) cneguanpadt ewtd %sﬁl@r rbn2f folr I N thi fS
way, the ratlo uef 1&9 tvﬁﬁjl\%ﬂbtea gqﬁ g&tijatml th%%us:Lxl Qot ngp‘&_oduct 0
t he |nstantaneous value o e
10 nicate the output of the detectors. The output leads 56

typically connect the detectors 4, 5, and 6 toc signal

processing electronics. As mentioned above, however,

the signal processing electronics can be included

directly on substrate 50 in which case output leads 56

15 would be connected to the input and output pads of the

signal processing electronics, rather than the output
pads from the infrared thermopile detectors 4, 5, and 6.
As illustrated in Fig. 10, a temperature sensing

element is preferably constructed on substrate 50 near

20 cold junctions 62 of one of the thermopile detectors.
The temperature sensing element monitors the temperature
of substrate 50 in the area of the cold junctions and
thus the temperature it measures is representative of
the temperature of the cold junctioms 62. The output

25 from the temperature sensing element 53 is communicated
to the signal processing electronics so that the signal
processing electronics can compensate for the influence
of the ambient temperature of the cold junctions of the
thermopile detectors. Temperature sensing element 53 is

30 preferably a thermistor, but other temperature sensing
elements can also be used such as diodes, transistors,
and the like.

Referring now to Figs. 9-11, interference bandpass

filters F,, F,, and F, are mounted on the top of sub-

35 strate 50 so that they each cover one of the apertures
52 in substrate 50. The CWL and FWHM of bandpass fil-
ters F,, F,, and F, are set as described in connection
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25 The sanme information can al so be deduced from using t he
out put voltage fromthe other neutral detector nonitoring the 5.00
[ err] m channel . Once it is known that the tenperature of the

passive 5 wonbssissd source is 35[err]C and the product ofpcrgissdderdss 0. 72,
a corrected output voltage at the 4.67 [err]m or signal, channel

can be cal cul ated fromthe neasured out put of detector D err] as

fol | ows; 5.3802 x 10[err] Y vg4ts (5.4507/7.6250) x (1/0.72) 10
= 5.3417 x 10[err] Y volts As can be observed fromthe cal cul ati on,
t he out put wzth)lnw i1s3caboeet ecbéﬁuatehehe&ﬁaei-ﬁeramé fRinters

t enper at ur e. hg,r 0 e out put
and the |n|t|at|on ?%'ijthreg ﬁ‘t?pﬁ%i%? &é%'?n% El&@&%@?rt?%snéﬁﬁi éﬁ% M as

fol | ows: through Wmé 9144 'Ru%[%!r’-?ﬁt vrs s Ehyoush of Bkter .z B, 08.

Thus t he abower rmt heﬂotegyeanltﬂrrg:uhsfraredldé&dedtﬁ: 4, sm)duhrl at,l on factor for

t he S|gnal d ], | g cron

channel . q%%lgeegg e fl te"aloai& Pﬂ%é;%‘g%ru obt ai n
t he terrperat reres %§W§§§s$‘be }ightapagsing ¢ @@rlg/ QfaltMI ating the
ratio of the gimrevf G.rseﬂﬁﬁlateddﬂ&ﬁtiﬂfes 1lighe PRESMEY Kifnigh loheCONpare the

neasur ed fal%% 1(‘?%% %{chfgﬁ%" s I‘j]SV\% %‘{:gl cxc,(ggnq:el th its 25

initiation val'ue an teﬁélse pi eces
of informati cwpeh ©f ke debacter cehanmalst.or Therefﬂéenmrlé@mut put from

the signaio dejiat Gfealdhelr inftaded detectibrer @)ss, T&@dratﬁﬁ,;@ft}{ehl s corrected
;’ﬁ'e‘r‘]e and st Qfotlsve ihnErhial Q0uydl 4 Jsorthkh?llahgnﬂlﬂ%ge YrsPerr] wil
the spectral band intended to be measured by the
particular detector.
Preferably the filters F,, F,, and F; are secured to

15 substrate 50 using a thermally conductive material, such
as thermally conductive epoxy. An advantage of securing
the filters to substrate 50 with a thermally conductive
material is that it improves the thermal shunting
between the filters and the substrate, which is at the

20 same temperature as the reference, or cold, junctions 62
of the thermopile detectors 4, 5, and 6. As a result,
the background noise from the interference filters is
minimized.

As interference bandpass filters F,, F,, and F, are

25 each above 0 K they give off a certain amount of
infrared radiation. The total radiant flux incident at
a detector due to its filter, which normally has a
temperature close to that of ambient, is a function of
how well the filter is thermally shunted to the refer-

30 ence or cold junctions 62 of the detector. This takes
into consideration how a thermopile works. Namely, the
output voltage generated by a thermopile iz a direct
measure of the difference in temperature between the
signal (hot) junctions and the reference ({(cold) junc-

35 tions of the thermocouples which make up the thermopile.
A thermopile is nothing more than a large number of
thermocouples wired in series to increase the output



30 yield the nodulation factor. The nodul ation factor is used to give

the concentrations of the gas present by using a calibration curve,
whi ch can be stored in the signal processing circuitry as is known in
the art. It is inportant to point out that although the FWHAM 35
(i.e. Werr] WP 258 neutral detectors were described abovePCT/US$6/20796
connection with Figs. 1-3 as being the sane, it is WO 97/ 25613
PCTUS96/ 20796 26 unnecessary that
the PI A detector of the present i nver®S on be designed to have equal
neutral band w dths, This_ is because Werr] for each neutral detector

h : 3 :
(as well as  VoUkrE98 ghathreicletics ) Whue. ahounyeebk & Hidsmx paraneter 5
fixed during tithefrmbligashoncead to et refibgentd Ajdinitions of iek. Further,

regardl ess of tthgé.ggyﬁgaaél@eﬁme%%% %fgfsgfe%'b%t é{ttalvoq.% §{Ca£ §?s%%2|eengt h

ratio Z of the radi anht emttance WO ne _
bands wi | | 98EPFECEini quel y define the tenperature of the 10 passive

infrared sowce 8. Ii[hj;ﬁeitﬁoﬁﬂﬁ?ﬁ%, ahehl tldé_-filt;enﬁf :15% gﬁtisgﬁrgﬂigé.’ilisfg 1
? B(rjl\c/te i otnhgf r ? ﬂ'gﬁg%%g@u%%gt?}?ee Pe%%%%ﬁfaéﬁggg%lﬁ/%ﬁ%easl degf‘ﬁeﬁagﬂﬁﬁ‘ anck's
Law mul ti pl i edflux gpcidentfisdihg thepmppilefdetretsauriasludhscanwi | |
typically 15 bentibeisabte fiofaseFrorothehei Dot rlatC ARGl Shes the The PIA
gas sensor desﬁﬁhgfgtignqég"gﬁgid@QiWEahsignal from the passive
10 infrared source 8 that passes through the filter from
the outside to the hot junctions of the thermopile. The
ratio of the useable to the non-useable signal at the
hot junctions is given by the ratio of the spectral
radiant emittance of the passive infrared source 8 at
15 the spectral band passed by the interference filter to
the spectral radiant emittances given off by the filter
at all wavelengths. At 295 K, this could be as small as
2.3 x 10 for an interference filter having a CWL of
4.67 pm and a FWHM of 0.2 um. However, in actual situa-
20 tions, the filter is always somewhat shunted to the
reference electrode of the thermopile detector and the
ratio of useable signal to the non-useable signal is
around 0.1 to 0.2.
The present detector assembly embodiment specifical-
25 1ly eliminates, as much as possible, the unwanted radiant
flux coming at the thermopile detector from the filter.
This is done by providing a very efficient thermal shunt
between the reference (cold) junctions 62 of the ther-
mopile detectors 4, 5, and 6 and their corresponding
30 interference filters F,, F,, and F,. This in effect
nulls out the influence of the filter to the signal
{hot) junctions 60 of the detector, thus rendering the
radiation passed by the filters from the passive
infrared source 8 the only source of the radiation that
35 is measured by the thermopile detectors. Needless to
say, this is the only radiation that is important, and



‘Figs: 1-3, therefore, can alternatively be designed so that the FWHM of
Werr] and Werr] of F[err] and F[err] (i.e., the neutral channel s) are
set so that their correspondi ng detectors 20 neasure the spectral radiant
emttance fromthe passive i nfrared source 8 over a several mcron band
rat her thamwo9msstdse 0.1 [err] m band suggested above. The BEBUS6A679%0ands
passed by each of the neutral interference filters can al so overlap one
anot her in such a system The only 25 limtations on such a configuration
is that the two neutral detectors a@&nnot neasure the spectral radi ant
emttance for identical spectral bands and the em ssi- vity [err] of

t he passive HRf i@raewseselid lahdgiodabedr Epn-procesgsing pycbhst ant over each
of the spect eabrigpiife ddtoctdA.Wo neutral detectors cannot neasure the
spectr al radj,an ]

ratio Z woul d al yéu%%ﬁ%%%ﬁ&?c%%%ﬁhdfgééﬁﬁgh§ﬁ?Ct;%et%%gﬁfggggffie[err]tg?
t he passive Ealrersedandthe sytRaliratee50, addigionadl heasnsiakt meanensure
that thissfaghfir pEapsEvEaetd. Otthusherogabram@ie NG ! dlinRidg t hus enabling
the LeMPELRLIT £ Tgfla 'l dARS Be” BepBLiALE o Yhe Rt BoPB sides
97/ 25613 S P e BSHBF 30748
27 det epfii hbe imtexfenerfaepfilberea¥F| @soishows dotPigs ¥4.omThe the two
neutral changgkgi used for the B2i¥R¥BLANE! Hav@Whith 8nkemhl MbdR- 14 [err]m
there is ductivity. Gold ie particularly well suited for this
10 purpose. Alternatively, as shown in Figs. 15 and 16, a
heat sinking metallic grid 68 can be incorporated into a
mounting fixture 70. The thermal conductivity of
metallic grid 68 can be improved by coating the grid
with gold. Mounting fixture 70 comprises a grid portion
13 68 and a raised lip portion 72. Interference filter F;
(corresponding to filters F,, F,, or F,) sits in the
recess formed by the raised lip 72. To improve the heat
transfer between the mounting fixture 70 and filter F,,
filter F; is preferably bonded to mounting fixture 70
20 using a thermally conductive material, such as thermally
conductive epoxy. The mounting fixture is then bonded,
using a thermally conductive material, to the top of
substrate 50 to cover aperture 52. This is illustrated
in Fig. 16 which is a partial cross sectional view
25 through substrate 50 at one of the thermopile detectors
D; corresponding to detectors 4, 5, or 6.
Another particularly preferred detector assembly 79
is now described in connection with Figs. 17 and 18.
Detector assembly 79 includes three infrared detectors
30 4, 5, and 6 (not shown) formed on semiconductor sub-
strate 80 mounted within detector housing 31. Infrared
detectors 4, 5, and 6 are thin f£ilm or micromachined
infrared thermopile detectors formed on the bottom side
of substrate BO as described in connection with the
35 detector assembly embodiment illustrated in Figs. 9-13.
The primary difference between substrate 80 of the
present embodiment and substrate 50 of the embodiment



very 'little absorption by water and CJ err]. As an exanple, 5 therefore,
the FWHM Werr] of interference filter F[err] can be set to pass |light
between 8 and 14 [err]mso that the detector 5 will neasure the total
anount of energy emtted by the passive source over this spectral band.
I f the spect VPR3 passed by interference filter F[err] iBClOssszomoVer
than that passed by F[err] then the ratio of the anount of energy
detected by detectors 5 and 6 can still be used to uniquely determ ne
the tenperature of the passive infrarsed source 8 in real tine as

descri bed above. Bandpass filter F[err] preferably passes a spectral 15
band of |ight tR3dvstrabedrbxifigsl P13 fist hbati sklystitette 80 ibabugdess filter
Flerr] passes; af Rd$sel| £it] 82 lt-Pmadeg aled &P the vIASe bLBE-BRESLT Al

radi ant emttar&se from,t he a?s& atred.source falling wthin the

e I nf
range of 9.5 [&FrInrand +» RS sbskrate. B@aéﬁ??iﬁ’d“s’t ¢ BRAVAESEerr] of
i nterference fiaddériopal Fphermalymagsote nadtnbail the bhengerachirdfefr] of

interferencg thef kbkefefiber (doldjOGdn¥RibARI &f tihd 1t dikg £ 33, 2
functi on of tdh ten&grature of "t he ﬁasswe infrare ource 815%
ensur ed. andrReah (VAN IR SETREIRGHFRg t TR RidfectheRmAharass n 25 this

manner is that isi gasirakbe |in ridre presegy embbdivent, béeneaseethdy detectors
5.2nd 6 respegbbuetyr dbbsnbly FITRCRYEAIHGLS! GAorBenl Shbalhdad O e

det ect or, _ tEerebX e mttln%a nor,e_accurat e characterizaiion
the passive i nfr&Pel Egﬁ‘ﬁ%%_a%(? tive AEERBE?‘EI%Q@%WVeaBﬁa?WaTO t hose
skilled inithetivelwrmofinted twidhiior ¢hei degtettmr imfusdmgd3gas det ect or
according to Fio. s oRtio o SLcRRAL! O1iiEraea JANS9R0! %100 of 2
plurality of gases sinmply by addin addit1onal detecfors efr] to the
det ect or asseﬁ?@%rﬁﬂ’gr%Ss%}f&“@pﬁa&F‘ﬁP? 32 L‘?Hq FHoMRe  EPLPERLeFARYY er ence
filter F[err] constyucted egpaubstratikesthaeactthd 2iold ghaotpbno®roband of
the gas desiregnbOofet RONHIRAbile detectors in order to monitor the
15 temperature of the cold junctions and provide that
information to the signal processing electronics.
Infrared light source 84, provides added flexibility
to detector assembly 79. Namely, it permits the three
channel detector assembly 79 to be used in a traditional
20 NDIR gas sensor having an active infrared light source,
or, alternatively, if infrared light source 84 is disa-
bled, detector assembly 79 can be used in a passive
infrared gas sensor according to the present invention.
When detector assembly 79 is used in an NDIR gas sensor
25 the added thermal mass provided by the raised rims 82
helps maintain the temperature of the reference junc-
tions at as uniform of temperature as possible when the
active infrared light source 84 is cycling on and off.
This is helpful in maintaining the sensitivity of the
30 detectors to the modulation in their signal due to the
presence of a gas, or gases, being monitored in the
sample path of the detectors.
Detector housing 31 in the present embodiment is a
TO-5 can, comprised of a housing base 30, and a 1id 42.
35 Lid 42 includes an aperture collar 7 which defines a
port for receiving radiation into the detector assembly.
The FOV of the detector assembly 79 is limited by the



WO 97/ 25613 PCT/ US96/ 20796

28 The construction of a detector assenbly 3 according to one
enbodi ment of the present invention is illus- trated in Figures 4 and
S. As illustrated, the detector assenbly is produced on a detector

housi ng 31 a 5 TO5 can. The infrared detectors are
NeInses rmg,gag}g,,%e

nount ed on a housing base 30 of the TO-5 can 31. Infra tectors
4, 5 and 6 are in close proximty to one anot her so that the field of

vi ew of each detector overl aps subsggntially with one another. 10

While a variety of infrared detectors can be used in t he present

}nvent ihon ﬂeap@fmﬁ: 4011a3N¢.6 BeCaws&cH their @Qbﬁetﬁﬁéﬁﬂ@iﬂ S duettotthe
act that the t equire any po ar outpu
and have a vetE’ljireol%d"e 00 §§g ReF S % q%‘l sag‘dra;ét |°§e%h8§5ﬂt%‘il nj(ééin red, it
15 is al so pr%#@%%ﬁﬂéi erpbly eireludas jauddghbntrafsmissizech of t he
three detect offnddw t4ae whdeh Eheénmtlhﬁator cov%hrakthe port dé:ﬂd{e% mount 32

di In o,that e ation which
con entor Thedt Rk UpsBYSCOERTRE 7, | ainio riraRant afive Hiidiy e 20 | <
t he r adi at$ drendest b@ntbﬁsl@ﬁrbmgmptﬁhau:Mhea apdr42ris @kached ocated in
filter rount é’t?ba‘ﬁ@@d”@.%f%éré&edé%&% i) a;xfil%eélﬁ%?’z SO that

each aperture_js .i.n axi al i, th one_ o etectors.

Interference bt Iefle?'éggf%r‘??teqffé:r }\%uéﬁﬁgF?%r r] cover apert ures
34 so that they &he materpedcuséedtfimewindow 44 should be selected

10 as described in connection with the detector assembly

embodiments illustrated in Figs. 4 and 5 and 95-16.
Interference bandpass filters F,, F,, and F, are

mounted on the top of raised rims 82 so that they each
cover one of the apertures 52 in substrate 80. The CWL

15 and FWHM of bandpass filters F,, F,, and F, are set as
described in connection with Figs. 1-3 above. Because
the interference filters cover apertures 52, light
entering detector housing 31 through window 44 must
first pass through filter F,; F,, or F, before reaching

20 infrared detector 4, 5, or 6, respectively. Thus, by
employing three separate apertures in substrate 80,
light passing through one of the filters is isolated
from the light passing through one of the other filters.
This prevents cross talk between each of the detector

25 channels. Therefore, the light that reaches infrared
detectors 4, 5, and 6 from the passive infrared source
8--or from the active infrared source 84 if the detector
assembly is being used in a conventional NDIR gas
sensor--is the light falling within the spectral band

30 intended to be measured by the particular detector.

Interference bandpass filters F,, F,, and F, are

bonded to the top of raised rims 82 surrounding
apertures 52 using a thermally conductive material, such
as thermally conductive epoxy. An advantage of securing

35 the filters to the raised rims 82 with a thermally con-
ductive material is that it improves the thermal shun-
ting between the filters and the substrate 80, which is



‘respective detector and the passive infrared |ight source. Furthernore,

by covering the three apertures 34 | ocated in filter nount 32 with
interference filters Flerr], 30 Flerr] and F[err], it is ensured that the
only radi ation that can enter the space between the filter nmount 32 and
t he houswop7hsas 30 is that of the desired spectral barrts/usssrzo?d vi der
40 is used to prevent light of one spectral band fromcomng in contact
with an infrared detector 35 intended to neasure light froma different
spectr al band. WO 97/ 256139

PCT/ US96/ 20796 29 The CAL and

FWHM of bandpast f#h¢ tsame fempefatiferas thel ngferepce, ogreckd: Bofescri bed
in connection v.\&éxkb Féﬂltrr%s tlre%moplle detddtord 4,43,tandE S o 31 acts as

S The top of L FRRWYE c T §<ggg§¥='aﬂﬁg%$£§f§%ngsﬁvr pPRaERrenes ), T Y
sel ecting the fatesyalid ovindimided-44, it is preferable to select a
gat erial t[lgt i s aisﬁ]fmxgaknﬁ?ve tRE RS %gha];thems@@&tm% bazgs
cqually 10 tr ahLHYERe And i soReEref S ho & AL BIARLIBARRAT .
tored. W ndow gaiérﬂalcsamﬁhecldebaseteélmlm prubotbr sides ¢f darwni ssi on
qualities over ﬁt‘f@rfé’z‘&?cé)ffihﬁ:‘é&-&]ﬂté% BBbRRT 1M Fig. i€ UdReSbtaln, CaF2,
and BaF2. Canugég ggr the grld should have a high thermal conducti-
10 vity. Gold is particularly well suited for this
purpose. Alternatively, as shown in Fig. 15, a heat
sinking metallic grid 68 can be incorporated into a
filter mounting fixture 70. Mounting fixture 70 com-
prises a grid portion 68 and a raised lip portion 72.
15 As illustrated in Fig. 16, an interference filter F,
(corresponding to filters F,, F,, and F,) sits in the
recess formed by the raised lip 72. To improve the heat
transfer between the mounting fixture 70 and filter F,,
filter F; is preferably bonded to mounting fixture 70
20 using a thermally conductive material, such as thermally
conductive epoxy. The mounting fixture is then bonded,
using a thermally conductive material, to the top of one
of the raised rims 72 to cover aperture 52.
Substrate mounting fixtures 86 are connected to the
25 output pads (not shown) of each of the thermopile detec-
tors 4, 5, and 6 at bonding regions 88 using solder or
other well known materials. As the reference junctions
of the detectors 4, 5, and 6 share a common output pad
in the present embodiment, only four substrate mounting
30 fixtures 86 are required to communicate the outputs of
the detectors. Substrate mounting fixtures 86 are
insulated from the base 30 of detector housing 31
because they are mounted on an electrically insulative
substrate 90, which is preferably made out of a material
35 pelected from the group consisting of aluminum oxide and
beryllium oxide. The output signal from detectors 4, 5,
and 6 is communicated through substrate mounting fix-



parti‘cularly preferred materials because of their high 15 transm ssivity in

this range. To save costs, w ndow 44 may be elim nated altoge-

t her. However, by including wi ndow 44, the detector assenbly 3
illustrated in Figures 4 and 5 can be herne- tically sealed and thus

I ncrease t hgobypsgaexpectancy for 20 the detector assenblypclshdiareg as dust
and grease build up on the detector assenbly 3, the output signal
corresponding to the spectral bands will begin to drop. If the
attenuation of the signal becones too |lggge, the i nfrared gas detector

wi Il not function properly. 25 However, by including wndow 44 in detector

assenbly 3, turdsh@6Qrivjanalirei bomads ssvr,emg:t Itheaaignabqsi-éqessastg)red by

cl eaning win SghS N 4 W d5 QY tted
d%l‘@c‘%‘i‘oﬁ@s 23 g%gso t at a c ygﬁg tgén%icest ect ors and

If a larger tformis eS|re i gnal
bandpass fi | t‘?é?“?ré-éﬁ BePAYTRHLEY hHBiR%Ochips; ddepapded | $2 eWRat he
infrared gas tisteccubistorhteh80 or prehwyle mﬂm-dctr&pt diebdddll wo | ar ger
package c e st S r . ght Jbe used
backage cag b.&stulati"?)e ghsgtrg 40" ggsggglda BE AL Bl lese Use

particularly fp? dihey ri@@uﬁet%ét eﬂtﬂé%e?ﬁ)lt}"% signad,procegring ied&as-i n
connecti on wgdorhic@s 929via. wisei bondd reg .ed WO 97/ 25613

PCT/ US96/ 20796 Signal processing electronics 92 §9cludes a source
driver 98 for driving active infrared source 84 at a
10 known frequency. Source driver 98 drives active

infrared source 84 through wire bonds 97. The manner in

which active infrared source 84 should be driven by

source driver 98 for conventional NDIR applications is

well known in the art and need not be explained further
15 herein.

Although detector assembly 79 has been illustrated
as including signal processing electronics 92 diebonded
on insulative substrate 90, signal processing electro-
nics 92 could be incorporated directly on semiconductor

20 substrate 80. Alternatively, to simplify detector
assembly 79, output leads 56 could be connected directly
to the outputs of detectors 4, 5, and 6 using solder or
other well known materials. The output leads 56 would,
in this situation, connect the outputs of infrared

25 thermopile detectors 4, 5, and 6 to signal processing
circuitry on the exterior to the detector assembly 79.

If detector assembly 79 is used in a passive
infrared gas sensor according to the present invention,
infrared radiation from the passive infrared source 8

30 enters the detector housing 31 through window 44. The
infrared radiation then strikes interference bandpass
filters F,, F,, and F,, each of which passes radiation
within a predefined spectral band. The radiation
passing the interference filters F,, F,, and F,, then

35 strikes the inorganic dielectric membrane (not shown)
spanning each of the apertures, or hot junctions if the
thermopiles are self-supporting, where it is detected by



In Fi‘'gs. 9, 10 and 13, detector assenbly 3 includes three infrared
detectors 4, 5, and 6 that have been formed on substrate 50 nounted

wi t hin detector housing 31. Detector housing 31 is preferably a TO5
can, 5 conprised of a housing base 30, and a |id 42. Lid 42 i ncl udes
an aperture oo émsé1d3 Whi ch defines a port for recei vi ngea1agkiosto7es i nt o
the detector assenbly. The FOV of the detector assenbly 3 is,

therefore, limted by the aperture collar 7. Lid 42 also preferably
includes a 10 |ight transm ssive wi ndow 44 which fits within or covers

the port defined by the aperture collar 7. Light transm ssive w ndow 44
i s bonded to thsfraded2thermdpifle detehbnrsi4, 42 iaqda, arkedecbiveke. 30,

i nfrared detectfeScurputis Sromddch BECchErdBiddbly 15°8hed Mbiihn det ect or
15 assenbly 3 tectors ar ewﬁﬁg orte:lgs on a

ar ed
Soborrate b0 uRAEREeS £ N geR] Brpeernig S1branids
seni conduct or meesaédSHCW@ISBPC&WlﬁhA@i&)rdescrlpheohl & tBecause of

their cl osegpr 2 [ if r éE%F
overl ap subs?t a%é?gi %;;ﬁf;ﬁé&bqg tQ ﬁgggye%‘?deﬁtggﬁn‘gn? n co‘?rr‘a P

detectors 4, 5%t ate preferably thin filmor silicon m cromachi ned
t hernopi | es. Ther nBgpi with 4heb datadtGreasd;emm@n Bardeap:elibed inteoné- f or ned

in the subst ra%ﬁoﬁovuépeﬁ%g gg g sgxﬁsfﬂ%t?z EEQ%T’J)P%O‘PQ Whl ch

the radiation andpa [€err and
Flerr] is dete@pgdé to Hi@éeélw ﬁhm ¢ thee wovg Byt ¢eas ing
m cronmachi n@d the tdprsids lof dhkcdielsctrid, m@ﬂii‘a@ear{ﬁoﬁaﬁw‘:mt Wiggh on the

bottom side Of aSUReh 81 fin Uk MImllEK SXPALYor BarBon?nE0cR f suitable
patterns. Fig. 13 is,an en tgﬁg[egbﬁ VI ew 0 ottom si substrate

50 and il | ustrBREEIING R e2PeT s, aneas abgryp bbn%’btyed for thin
filmor m cronmuséiaeion hemreififécdenelyor SIfl tife thetmbpile détéayprs ew of

substrate 50 i3 PsOVAAEk |ite g tldupiieting ALHch, LHO Glkel B i ar (e
hot junctiogns 6 F errm etectors d 6 are
15 hot Junctzons upon which radlatlon is 1nc1dent can be

coated with bismuth oxide or carbon black directly.

As indicated above, because detector assembly 79
also includes an active passive infrared source, it can
be utilized in an NDIR gas sensor. The use of detector

20 assembly 79 in an NDIR gas sensor according to the
present invention is described in detail below.

Figure 6 shows the actual implementation of a pre-
ferred embodiment of a PIA gas sensor 33 according to
the present invention. The detector assembly 3 is

25 mounted directly on the printed circuit board (PCB) 11
which also is a mount for the signal processing elec-
tronics 12, siren 13 for sounding an alarm and a battery
power source 14. Battery power source 14 is preferably
a lithium battery, which should provide sufficient power

30 to operate the system from 1 to 2 years. Although the
present PIA gas sensor is illustrated as employing
detector assembly 3, detector assembly 79 described in
connection with Figs. 17 and 18 can also be employed in
the present embodiment.

35 Spherical reflector 15, which is affixed rigidly to
the detector assembly 3, is used to increase the FOV of
the detector assembly 3. The sample path length for the



preferably supported on a thin electrically insulating 31

di aphragm 54 that spans each of the apertures 52 forned I n substrate 50
and the cold junctions 62 are positioned over the thick substrate 50.
While the three apertures 52 are preferably spanned by a thin

el ectrical | Yyd #45i85135 | ati ng di aphragm 54, the thernopile dﬂ"?‘ﬁ%%@ﬁéan al so

be sel f-supporting. In operation, infrared radiation .
passi ve i nfrared source enters the detector housing 31 through Wi ndow
44. The infrared radiation then strikes,inter- 10 ference bandpass filters
Flerr], Flerr], and F[err], each of whicC passes radiation within a

Plerr] Flerrpos Scostihn tils cab80i8 sPisnied by tALoalsta Tl ters
err], Flerr], an rr en strjkes the 4,
junctions 60 PFEYeSR b t%rﬁ#ﬁﬁe?sﬁ?@bt%l% ?t?pﬁgﬁet E’ﬁ@?lmé%“-ﬁm% det ec-
15 ted by infeares & herhigh lis deféuedrss 4 rnrtdod 6f therwapecdively.
To inprove th eres t11vi i t : | :

o inp thé 1V idakr9indChet! Ohe componehd @efcrlﬁéh ﬁ%$ﬁ§§én154 can

be.coat ed & t he EHFE i} A2 GOGLOBREM T 155 REQSESEAPBOSFER dhatdrur I ng
packagi ng so lingtdamd extermadr eovirammeerstsbem bedagdesédresi ati on nore
efficiently. iﬁpié}ﬁeﬂ@QEH@@Ihetgﬁﬁﬁfé@é ot the é:@%geﬁt inv&ifion.
sel f-supporti ng, ﬁé“ﬂhé'ﬁifih%% gL tge ééﬂ“ﬁd&?& recognize, the FOV
of detector assembly 3 can similarly be enhanced by
10 using a refractive optics system instead of reflective
optics system. Reflective optics are preferred,
however, because of their cost.
Figure 7 shows the schematic drawing for the signal
processing circuits according to a preferred embodiment
15 for the present invention. The signal processing cir-
cuits illustrated in Fig. 7 can be used in conjunction
with any of the detector assembly embodiments described
above,
According to the present embodiment, infrared radia-
20 tion emanating from the passive source {(not shown) is
collected within the FOV of the detector assembly 3 onto
detectors 17, 18 and 19 representing respectively the
signal detector D,, and the neutral detectors D, and D,.
The detectors 17, 18 and 19 are thermopile detectors and
25 their reference junctions are tied thermally to the same
heat sink 20. One of the major advantages of the ther-
mopile detectors is their linear output (scalable
linearly with temperature from 0° to 70°C). Thus, the
outputs of the detectors 17, 18 and 19 can be corrected
30 for environmental temperature changes by sensing the
same at the common reference junction heat sink 20 using
microprocessor 21.
Although the present embodiment is illustrated as
employing detector assembly 3, detector assembly 79
35 described in connection with Figs. 17 and 18 can also be
employed in the present embodiment.



upon ‘whi ch radiation is incident can be coated with 25 bisnmuth oxi de or
carbon bl ack directly. By positioning the cold, or reference,
junctions 62 over the thick substrate 50, the reference junctions of
each of the detectors are inherently tied to the sane t her mal nass.
Substrate 50wadmseBore, acts as a heat 30 sink to sustain pdwusdsgapeE at ure
of the cold junctions 62 of each of the detectors at a common
tenperature. In addi tion, substrate 50 provides nmechanical support to
t he devi ce. Al t hough the present ggnbodi nent has been descri bed 35
as a single substrate 50 with three infrared thernopile detectors 4, 5
and 6 forned ther ebn,oxdente siinimdde| PC drifitey machwodl the etlicps ze, three

separat e substfaé€st&®? butputs are subsequently switched wﬁth the 32
havi ng one infrare et ect or impnuf actured t hereon coul d be

d, t.her ile.d |
used in place B*™% tf?e“rs)ﬁbg eP¥pa loWeRelse Mpltipigxey, 22 cfPNenbodi ment .
El ectrical ly ibsolled ry ditepmiasgopbdcengobheImae the Hidferemtudier of

[ ' ' : ILAGlyding.a thl tic film
S "aa ey LA 8 e S oottt . fla
i norgani ¢ di el Bt¥F %9 aIGcfhgR convarted By % AD SPRYRBREMIA4 i de, or a
mul til ayer strhbefore Homy ifeddioto théotivrdpreicesablry2i hfor! €njrdical |y
insulating di aphséEdBing. After the gas to be measured is detected,
the concentration of the gas can be monitored based on a
10 predetermined function programmed into microprocessor
21. The concentration can be outputted or displayed
using cable 25 or in some cases an alarm signal can also
be generated by the microprocessor 21 using cable 26.
Microprocessor 21 is of the low power type and
15 contains enocugh RAM, ROM and EEprom for appropriately
processing the signals originated by the detector
assembly 3.
The versatility of the passive infrared gas detec-
tors of the present invention could be further enhanced
20 by adding a distance measuring device to the gas detec-
tor. This would permit the user to quickly and easily
modify the sample length S depending on the application.
The distance measuring device could be of the contact or
non-contact type. For example, it could comprise a
25 laser diode with a sensor as is well known in the art.
The output of the distance measuring device would be
communicated to the signal processor so that the appro-
priate sample path length S can be inserted into Equa-
tion [1] when calculating the concentration of the gas.
30 As discussed above, the change in the path length is not
required for calculating the ratio of the outputs from
the two neutral channels, because this factor would
cancel out since it would be the same for both detec-
tors.
35 Alternatively, the gas detector can include a switch
so that the user can enter preset pathlengths. For
example, the switch might include path length settings



10 54 is a thin inorganic dielectric |ayer because such | ayers can be

easily fabricated using well known sem - conduct or manufacturi ng
processes, and, as a result, nore sensitive thernopile detectors can be
fabricated on substrate 50. Moreover, the manufacturability of the 15
entire deviweooaségsproved significantly. Al so, by em'WW

sem conduct or processes to manufacture detectors 4, 5, an , Substrate
50 will have on-chip circuit capabilities characteristic of devices
based on the full range of silicon jntegrated circuit technol ogy; 20
thus, the signal processing electronics for detectors 4, 5, and 6 can,

i f desired, bmdreasifgdbgnonebséstitiidd@ments so tHatWHELsh taghni ques for

manuf acturin I.]se e I . n on . the bottom side of

substrate SO%JEQ%%F%%I e %E\j\dﬁ;? (r;a&%]r%p?ﬁg?ﬁo ?‘%éqa?fl?qtkh%p r% ®det ect or 25
arts. One netdfdUBuiiawhéchothe gaf detgetnsr abpthe presetdt dowens 4, 5, and
6 usi ng seni edotldsObephgCcesed Ng The sedebBiaHest i & phalRaad PRtk S. Patent

No. 5, 100,47 LSS 31,1992, hereby incorpagrated ref er ence.
VO 97/ 256 fg' %:%ength ig 389«:1&@{8&?& to %%e microp: °‘R?ﬁ%gg’é‘/ mgggt
33 R&f kppwrgthe #Ppropziatendatd lengplite amis imb caleula- connect ed

to the outputtipadshéicehcereration F thergls in tﬂgléﬁgﬁféegkﬂﬁﬁeé’ 5, and 6
no

R I e e N e
be used so that the user can enter any desired path
10 length and the microprocessor 21 will compensate
accordingly during its calculations.

Fig. 8 is a circuit schematic for a signal processor
according to another embodiment of the present inven-
tion. The structure of the circuit is determined by the

15 1low level of the expected signals, in the order of 5 to
85 uVolt. There are three identical preamplifier cir-
cuits which differ only in the value of a gain setting
resister, R4. The amplifiers are constructed in the
form of instrumentation, amplifiers which have a very

20 high common mode signal rejection, because for operation
in the home near 60 Hz power wiring large signals may be
induced magnetically. Magnetic shielding of the detec-
tors and circuits should reduce this. The detectors and
circuit components should also be protected from rapid

25 temperature changes which can produce thermocouple
signals in the components. The thermal and mechanical
design are very important to allow the full capabilities
of the electronic circuit.

Ul forms the input part of the instrumentation

30 amplifier. It was selected for its wvery low input
offset voltage, about 0.5pV, and very low change of that
voltage with temperature. For high common mode rejec-
tion the two feedback resistors R2 and R3 should be
matched to better than 0.1%, and should have temperature

35 coefficients of 10 ppm/deg C or better. The gain of
this circuit is determined by the ratio of R2 and R3 to
R1l, about 500. The noise level for dec to 10 Hz ig about



‘mal |y shunted to one another, it is possible for the reference
junctions for each of the detectors 4, 5, and 6 to share a common

out put pad. As a result, only four out put | eads woul d be required
rather than six to commu- 10 nicate the output of the detectors. The
out put | eadswb®7/25613 t ypi cal |y connect the detectors 4, 5, RGWUSI¥297%i gnal
processing el ectronics. As nentioned above, however, t he signal
processi ng el ectronics can be included directly on substrate 50 in
whi ch case output |eads 56 15 would be ¢onnected to the input and out put
pads of the signal processing electronics, rather than the out put
pads fromthe 2 w @ped Théenbpihighkn dhagr ds4desgirghie.cbut it canpg

i[lustrated i mbeFiFgg1cd@edqalhesper afnl acveinpll offsét einiariFtpwgtarably
constructed on substrate 50 near 20 ¢ Idtjgnct%gns 62 of one of the

t her nopi | e det"SEPSFELUTe aXR MORG FIN s&RsPRE T e bR °C6rs t he

tenperature singf ofubber aewpbed iontipwesarea of the cold junctions and
thus the teperat ghe &hgﬁ@aﬁé}{@é 1svdieresant ahi¥er Qart oft R@et enperature

of the cold junctiqgns,62. The, output 25 fr the te ratyre sensing

el ement 53 is c&tfﬁ\‘r‘gﬁi &5t Bye l°‘ﬁ?'p't r?é"’éﬁtgRaﬁg]p*‘gtegléﬁn%g‘eepg&sén?ﬁs so t hat

the signal  myshobdgbemg abeet rithiwh ead wihbeashixgdntenperanbiraence
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etectors. Tenperatyre sensing el epen I, ref era a,.therm stor,
but ot her teng@Fﬁﬁﬁﬁgréengﬁnbg use Iﬂﬂnﬂﬂﬁgléﬁnaa?gﬂgg%1H§®%9?&Bh°§s di odes,

transi stors) aboutnd0Phe Etkiés used becaRekeliti hg bewe texpengivedthan

interference hapARRAsS amplikibt dka Y lacchk8tl] gafil bddidhy] rakgsoounted on
the top of sub- 35 shrate 50 sp that tq%yﬁeach cover one oé t he apertures
a

52 in substrat®%0. THE EBWPSGHER FNHAT GFBs8ne| f2 tWo VOIS BFerr],
Flerr], and Frexe], depesdingsomdder iingaiti maddaneen iton the detector.

The gains of the preamps for the other two detectors are
15 lower since more radiation is expected at the longer
wavelengths of those detectors.

The rest of the signal processing could be handled
in many different ways, one implementation is shown as
an example. The three signal channels and one tempera-

20 ture sensor near the detectors are selected by a multi-
plexer, and their value converted to a frequency by a
voltage. to frequency converter. The fregquency output
can be processed easily by a microprocessor {aP), to
determine the temperature of the scene viewed, the

25 temperature of the detectors, and then the absorption
due to CO gas, or other gas to be measured, from the
expected signals at those temperatures.

Another embodiment of a PIA gas sensor according to
the present invention is described in connection with

30 Pig. 19. Prassive infrared gas sensor 110 illustrated in
Fig. 19 comprises a passive infrared source 112, a
three channel infrared detector assembly 3 centered in
the middle of passive infrared source 112 and having a
port 118 for receiving infrared radiation therethrough,

35 and a concave mirror 120 spaced apart from and facing
the port 118 of the detector assembly 3 and the passive
infrared source 112.
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34 ° with Figs. 1-3 above. Because the interference filterREPLACERy er
apertures 52, light entering detector assenbly 3 thro h‘ aﬁgﬂust
first pass through filter F[err], Flerr], or Fl[err] b a“ ﬁi ﬁ“
infrared de{Rfdpked. S5 or 6, 5 respectlvely Thus, by e

separ at e aper - tures in substrate 50, |ight passing throu of the
filters is isolated fromthe |ight passing through one of the other
filters. This prevents cross tal k betwe each of the detector

channel s. Therefore, the light 10 that reaches infrared detectors 4, 5,
and 6 fromthe Pasih?isv% \ifi‘xflrﬁfréar seuf&lrffsz 8d %M@:hb%%&@é&@ Qv thin

th ectral band int be neasur tector
Prot o abl y {HEGHIH EH8 BPvFoch BFeq O hba bepra, Boures culthins
substrate 50 t@#rﬁpeidIﬂﬁ’Nubeoﬁohhqc¢¢naavuamammak 120cfacingashé hernal | y
conductive e 31¢¥1fﬁ?f%&bﬁggoﬁ£céeCLﬁﬁrﬂhe pre%QﬁtféhﬁgéfméﬂESUbStrate 50

with a the condu at 1t roves fthe thernal
Shunt g5 AR irared: sputan L4 camiyiaen B MAFERTRE BAAGR. 20
sane tenperatsmxfanetﬂﬁﬁ thitr bascbeen applied wacthensubPace obfa t he

thernopi | e deb&SedsH d%lv%vmﬂﬂgeﬁ 10§, a.féf§g£€? blackhgupgéggn d noi se

fromthe |nterference filters m nim rference
bandpass filtE#% oTRTise By B F‘#e matsrials, e ingludipg %%% 0 K they
give off a cechzdime aider bﬁ,smuthlm:tdaes echd adirbbnobladke total radiant fl ux

incident 8§ NondbiiRIRGLY m% ngolﬂ Si 4 'Aéuﬁffrls% 8{lt”§£ nglgg]ym!%afit%/

e cl to that o | ent
tenper at ur of plastic panels “dte Co 'the light weight and ease of

manufacture associated with plastic. As would be

obvious to those skilled in the art, member 114 could

also be made out of a unitary piece of plastic or other
15 electrically insulative material.

Mirror 120 can be any concave reflective surface so
as to increase the field of view of the detector assem-
bly. Preferably, concave mirror 120 has as low of an
emissivity as possible, so that all of the infrared

20 radiation being received through port 118 in detector
assembly 3 is produced by the passive infrared source
112. The concave mirror 120 should be large enough to
encompass the entire field of view of the detector at
the distance it is spaced apart from the detector. This

25 can be calculated by using the egquation d={OMxS)/27%,
where 4 is the diameter of the concave mirror, OM is the
solid angle subtended by the detector assembly at con-
cave mirror 120, and S is the distance between the
detector assembly and the detector assembly. Similarly,

30 the passive infrared source 112 should be large enough
to f£ill the field of view of the concave mirror.

The gpace between the passive infrared source and
detector on one hand and the concave mirror on the other
hand defines the sample chamber of the passive infrared

35 gas sensor 110 according to the present invention.
Infrared radiation emitted by the passive infrared
source 112 is refle?t_ed off concave m;.rror 120 into

T “‘ml




how wel | the filter is thermally shunted to the refer- 30THEBHEETHASHEEN

junctions 62 of the detector. This takes I nt 0 consi der at REPLAGED a

t hernopi |l e works. Nanely, the out put vol tage generat ed.-b, , 2
is a direct nmeasure of the difference in terrperatureelg}t"-

signal (hot) womaksens and the reference (cold) junc- POITRISDG/ 2009

t her nocoupl es whi ch nake up the thernopile. A thernDplle S nothlng
nore than a | arge nunber of t hernocouples wired in series to increase
t he out put WO 97/ 25613 47

PCT/ US96/ 20796 35 vol tage of the

devi ce. Thus, héRtertidr assembdy 130 throuygh memtyldfunt® a e tref erence

junctions of itgpe sar:t;ll%r @mhl @eﬂgéncfsprtrfearpa%ts&%t ihPearad Ys vol t age of
t he det ector. s: iswors the filter } not
e

Lhermal 1y C SRR 10 dfokorerenoueh Hheh ATasthte betyten THE
flux incident adeteptarh@ssepbly 3canrdttite iaepicayesminror 12hdesthisbl e bi as

fromthe filgerpdhmtcdivHeigakesehior J10 Y adel eRiot the slasdiadithonal
fromthe passive, 10 infrared_source thatégassegétﬂ&gh;he filter from

the outside to ThEMH Y F8ﬁ§d0$a7 HE 98 Pas§iys o of the
useable to the mrcrﬁseeﬁoloevpgsgngl the d&teector assembbyt i Adtermnagi ven by the

ratio of the speridn) , gas rsaeusaﬁt1@@&4@%@&&@&@8&&&&@ gy ed source

8 at 15 the spectyal assed by the interference filter to t he
spectral radiant® ’é?ﬂtliaj#cé €gPPBACoff by the filter
10 As explained above, detector assembly 79 described

in comnection with Figs. 17 and 18 also includes an
active infrared source; thus, detector assembly 79 can
be directly employed in an NDIR gas sensor. One poten-
tial NDIR gas sensor arrangement according to the
15 present invention is illustrated in Fig. 20. The NDIR
gas sensor of Fig. 20 comprises an elongated hollow tube
100 having a closed end 102 and an open end 104. In the
preferred embodiment, the tube 100 is composed of a
metal and has a circular cross section. In other embo-
20 diments, the cross section is square.
Inner surfaces of tube 100, including the immer
surface of closed end 102, are specularly reflective.
In accordance with the present invention, the metal
tube 100 is gastight and therefore filtering apertures,
25 of which the filtering aperture 106 is typical, are
provided at spaced locations along the tube 100 to
permit the gas being monitored to enter and to leave the
space within the tube, Each of the filtering apertures
106 is covered by a semipermeable membrane 108. The
30 exact number, location, and disposition of the filtering
apertures is not crucial, although some arrangements may
be more optimal than others.
Three channel detector assembly 3 is mounted in the
open end of hollow tube 100 in such a manner as to close
35 off the open end and prevent gas from entexring or exi-
ting through the open end of tube 100. Because the
active infrared source 84 is utilized in the present
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at all. wavel engths. At 295 K, this could be as small as 2.3 x 10[err]
for an interference filter having a CAL of 4.67 [err]mand a FWHM of
0.2 [err]m However, in actual situa- 20 tions, the filter is always
sonmewhat shunted to the reference el ectrode of the thernopile detector

and the wodise8f useabl e signal to the non-useable si g&fall ' around
0.1 to 0.2. The present detector assenbly enbodi nen ’g%§@W?fcal- 25

ly elimnates, as nuch as possible, the unwanted radi ant flux com ng at
the thernopile detector fromthe filter, This is done by providing a
very efficient thermal shunt bet ween the reference (cold) junctions 62

of the ther- invem®idde JiicRtoRES5%an8. 6 ANchngdd hgkl 88" a&sPRNdi ng 30

interference fij err Flerr a Flerr]. . This_in effect, nul | s
Ioﬂt e[ he infl uéén%%g%?r{#eo fc}hlatrg% ng?ﬁegg? g'%ﬁﬁ'pérat“(ﬁo?f FRRRPRHYSB0 of the
det ect or, t husn¥EaERG | IQpncee 8 whenathet defreqass edseybie79iis eused rom the -
passi ve | D r @b Sie GarSairB8 §AL Y& adordiag’ 8di @hdon that 35 s

' is is the
e o0 0¥, B NG TRL R e N (Rg mosenite |
PCT/ US96/ 207%@etector assembly 79 can be used to mBfiitor thé d¢ondww useful |y
I sol ated for pELCRSSIGH Yy tohehree SYEFERINY @aleh®GhOthe present 10 fuUrther
| mprove the téﬁﬁéﬁﬁméﬁﬁ“ﬂy %?%gﬁ;nséfgcting bandpass filters F,, F,,
' and F; that pass spectral bands at three different wave-
10 lengths at which three different gases to be detected
strongly absorb radiation and at which other gases that
might be present do not absorb. If fewer than three
gases need be detected, the unneeded detector channels
can be disabled. This adds a great deal of flexibility
15 to the NDIR gas sensor according to the present inven-
tion.

The concentration of the gases to be detected within
the sample chamber is determined by the extent to which
they absorb radiation emitted from the active infrared

20 source 84. By inserting detector assembly 79 into the
open end of tube 100 window first as illustrated in Fig.
19, detectors 4, 5, and 6, interference bandpass filters
F,, F,, and F,, and active infrared source 84 located
within detector assembly 79 are arranged so that they

25 are all facing the inner surface of closed end 102. As
a result, some of the radiation emitted by active
infrared source 84 is reflected, either directly or
indirectly, from the inmer surface of the closed end 102
back to the detectors 4, 5, and 6 where it is detected.

30 The amount of radiation detected at the spectral bands
monitored by detectors 4, 5, and 6 can then be used to
determine the concentration of the gases being monitored
within the sample chamber defined by the space wiéhin
tube 100 using techniques well known in the art.

35 The purpose of the semipermeable membrane 108 is to
prevent airborne particles larger than a predetermined
size from entering the space within the tube 100, while



fsslters and the substrate 50, additional heat sink nmeans 5 can be provided.

Thus, for exanple, a heat sinking netallic grid 68 can be deposited on
one or both sides of the interference filters F[err] as shown in Fig.
14. The nmetal used for the grid should have a high thermal con-
ductivity. Colobrmmseiparticularly well suited for this 10 purdeaasse620796
Alternatively, as shown in Figs. 15 and 16, a heat sinking netallic grid
68 can be incorporated into a nmounting fixture 70. The thernal
conductivity of metallic grid 68 can 42 inproved by coating the grid

with gold. Mounting fixture 70 conprises a grid portion 15 68 and a raised
lip portion 72t |biteersagectimef not einti%{xeﬁazjing apprecialshomditig the filters

Flerr], F[err]ﬁr«%r {Jf%hvshbn%fstmg to bel ﬁ.&‘aﬁ%éo;ga%@aﬂdﬂ%uﬁ;a' sed lip

72. To irrproveé e nmounting fixture 70 and
filter Flerr] ©F 0% SPREFP I'—’E‘EP’r‘]‘ ‘Flée pr rIQBI y DBRdRWARFSBALLEG fi xture
70 20 using a ¢Xes nmidlypdeondoote viropitedrs alf, molistuns é¢hesiinldnd also

conductive £poieruli® FIRNbaRE: biided %a&e&hsacﬁogg%mclééési a

thermal |y con%ieﬁftlve rratgrla trate 50 to cover
aperture 52 &k jor /e §tra¥§o‘: dse |“H‘"‘E1“§ d1 BiTPPERe iRAEFISHES al cross
sectional vi ewede ttu englerstbstspdce 5 titinoskeofubdel ¢the rohe Imeuddt ectors
o eh oo e R SRBLEGHE G che Soeltarty ret AR R

preferred detector asse 1S no n_connectron with
Figs. 17 and ifpces hI%FB‘Kt seducinghifme refilRekivity tandastmoxiag det ect or s
30 4, 5, Bnd :ﬁ:s( mpiecalavnhatareed The sewaneedupapticlds wouldshilabe 80

mount ed wi t hi ydRi ARGt %tBOEﬁénﬂ;, w |4Qf %r agtect?f]ed%sféé%lzr 49 2eqfild 6 are

thin filmor m cromachi ned rared thernopi formed on the
bottom side Sing %%P&?@lﬁ)‘% ‘tfe§'@ﬁ BE&orn AdhhRE itdiesfith the 35
det ect or assergroblensodreral iminatsdd aadugh thegsus®d-d3.the The prinmary

di ff erence bet%&?\ﬁ@:emébiétﬁemrﬂ{e Wien, if'EREDrEFRUIRRboANd Substrate
50 of the errbo
diment prevents airborne particles larger than 0.3

microns from entering the space within tube 100.

While the present inventions have been made clear in
the illustrative embodiments, it will be immediately
obvious to those skilled in the art that many modifica-

20 tions of structure, arrangement, proportions, elements,
materials, and components used in the practice of the
disclosed inventions, and otherwise, which are particu-
larly adapted to specific environments and operative
requirements, can be made without departing from the

25 principles disclosed. For example, the detector assem-
blies described in connection with Figs. 9-18 were
described as being three channel detectors because they
are being employed in the PIA sensor according to the
present invention. However, as one skilled in the art

30 would recognize, the detector assemblies of the present
invention could be readily modified to have any number
of desired channels, including one, depending on the
specific application Thus, it is to be clearly under-
stood that this description is made only by way of

35 example and not as a limitation to the scope of the
disclosed inventions as claimed below.



\?f\? o7 2;5I6I135t rated in Figs. 9-13 is that substrat gcgi)ulsgg{ 333“'" mlu“lﬂllmlul"l

rim82 surrounding each of the three apertures 52 forned i‘h tthe * % *
substrate. Raised rins 82 provide additional thermal mass to nmaintain
the tenper awg 8613 S the reference (cold) junctions of thg-gthi@shpms! es 4.

5, and 6 at the sane tenperature. The added thermal nass I'S
desirable in the present enbodi ment, because the detector assenbly 79
according to the present enbodi nent g SO includes an active infrared

i ght source 84 opera- 10 tively nounted within the detector housing 31.

As with the eledmgent illustrated in Figs. 9-13, a t enper at ure sensing

el enent 53 (not sQomm)Ahsigfggf§5ﬂ4$£e tcrcggg%&g%%e fg{g trate 50 near
the cold junctions of one of t e.fhernnpl e detectors in order to
noni tor the 15 t 8nper &t GfEeehOX houding handngonspertd farovegeiving

i nformati on t drfkaredgpadist hee IHaretdlrotyheni cs. Infrared |ight
source 84, Jprovidgs adge [0l | ] tect oy ,assenbly 79. Nanely,
it permts the t hrSée Q Q%%é%éﬁé d*eci%cttegr wggggﬁb%e 'fiftte(?

i anne ) & used in a
tradi tional 28°NBiRIgathecPlrtratia favincathree apgrtunes tthekreisour ce,

or, alternativelyeg.if anfigéted d igtoni0dhacadéhisd HdmopilePhgflecdet ector

assenbly 79 ¢ b | i ye inf.rar as _sensor according to
the present i ?i"\%'n?, ﬁgﬁieaﬁgd%rgﬁﬁfﬁelﬁg&tgp 5’3"?&%& Sﬂ% ﬁ“i’sﬁé‘%er nt8% NDI R gas
sensor 25 t hehatddunchiona ofrerrlh thernonibe detectoseesitionéd  hel ps
mai ntain tive weRebabULE Bhe tdertRirdietAnetheNSubstratid @S adt £8S uni f orm of

e At 2% ve LEatle o Wranamittel Enk LA it 'apdttu2R) §5a%1 10
the cold junctions of each thermopile detector
positioned over the substrate;

d. a first interference bandpass filter mounted on

15 the top side of the substrate so that the first filter
covers the aperture above the first detector and the
first filter is interposed between the port and the
first detector, the first interference bandpass filter
designed to pass incident radiation at a first spectral

20 band;

e. a second interference bandpass filter mounted
on the top side of the substrate so that the second
filter covers the aperture above the second detector and
the second filter is interposed between the port and the

25 second detector, the second interference bandpases filter
designed to pass radiation at a second spectral band;
and

f. a third intexrference bandpass filter mounted on
the top side of the substrate so that the third filter

30 covers the aperture above the third detector and the
third filter is interposed between the port and the
third detector, the third interference bandpass filter
designed to pass radiation at a third spectral band.

2. An infrared detector agsembly according to
35 claim 1, further comprising output leads extending



This is helpful in naintaining the sensitivity of the 30 de
nodul ation in their signal due to the presence of a gasmﬂ"mm I ”“l

bei ng nonitored in the sanpl e path of the detectors.

housing 31 in the present enbodinent is a TO 5 can, conpri sed of a
housi ng basewghrnséld a |id 42. 35 Lid 42 includes an aper taghrusogrdioy 7

whi ch defines a port for receiving radiation into the detector

assenbl y. The FOV of the detector assenbly 79 is |limted by the
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38 aperture collar 7. Because of their close proximty, t he FOV of

detectors 4, S5thandgh therdeectorshensiagl yud eledtimica2lyl sonpeeted abl y
ncludes a |08k LhENEMESS! \econd WhBdRY:£4 E’lﬁéﬁ&rﬁa'ltesd%éﬂtargr covers the

port defined 5 by the aperture co nsm ssive W ndow 44
i s bonded to the | 7Pd 42”8 olriftFé‘Fe\ﬁnéﬁtFFH°Eza$%e"§I]tYa€i?€8r ingi BOpase 30,
infrared det ectdnim4?, Swhearuli thee shbsheate is tdangirdiwedeakEed séhmbi n

detector NOus Bandhetor materil® 2Rl Ehbakised doond BAW:AS, ghoul d be

selected 10 as, descri In connection wt tector assenbly
embodi nent s |IFBEFW%?%&P|4Fq§ﬁﬁ9rs4a£ﬁd551%ﬁﬁF4)?H?m the groupne@Rference
bandpass filtesisEingréf tHier flilmasHebhopile aletectorgvuntienliorot he top of

raised rins 82$E§h%§€é Eﬁg¥h6§TiQ deteSPYEL  One of the apertures 52 in

substrate 80.

4. An infrared detector assembly according to
10 claim 1, wherein the substrate is comprised of a semi-
conductor material and the first, second, and third
thermopile detectors are micromachined thermopile
detectors.

5. An infrared detector assembly according to
15 claim 4, further comprising:

a. a signal processor fabricated on the substrate,
the signal processor electrically connected to the
first, second, and third thermopile detectors; and

b. leads extending through the detector housing

20 and electrically connected to the signal processor.

6. An infrared detector assembly according to
claim 1, wherein each of the first, second, and third
infrared thermopile detectors is formed on an elec-
trically insulating diaphragm that spans the aperture

25 the detector is positioned over.

7. An infrared detector assembly according to
claim 6, wherein the electrically insulating diaphragm
is comprised of a thin plastic film.

8. An infrared detector assembly according to
30 claim 7, wherein the plastic film is MYLAR®,



described i n connectton with Figs 1.8 above Because - tniIN B ERHLARL I

filters cover apertures 52, |ight entering detector housing 81 't hrough *
wi ndow 44 mnust first pass through filter F[err], Flerr], or Flerr]
before reaoghbefséis infrared detector 4, 5, or 6, respectphXoenolddUs: bY
enpl oyi ng three separate apertures in substrate 80, | I ght "passi ng

t hrough one of the filters is isolated fromthe |ight passing through
one of the other filters. This prevents cross tal k between each of the

detector 25 channels. Therefore, the Tight that reaches infrared
detectors 4, 5, and 6ah GREFELe@ Gt &I BEdeRB1 $O8EESrding & OF fromthe

active infrar SOYrc 4 |, e t ect,or ,ass ly i ,%)ln used in a

conventional | %’ éis‘%h%re%%né%?-gfes&ﬁf‘@allﬂé'hfnf‘éfgﬁégvﬁ?ﬁﬁ%%% spect r al
band 30 i nt eRiaPMprigednpfisancinenganic diellecbric wetlcarne .selec-

I nterference dandiaws thel é@éﬁpFé&EéjlstiE{gebﬁf] siﬂ@ox'f[&icle,firseilic bonded to

the top of_raised yins 82 surroundin apertures, 52 using a fﬁ%rnally
conduct i ve® mﬁ%ﬁl ©: 8Ene mui’égf"llff'e‘gr‘?é:lrl t@ﬁﬁdﬂ t PR ]9, agdy ant age
of securing 3Bliden hiktrdde.to the raised rins 82 with a thermally con-
ductive material is that it inproves the thermal shun- ting between the

filt dth bst g at 0 ich is WO 97/ 25613
PET/E%SG?SO?QGG 192° hd gngrérggléétector assembly jaccording to
claim 1, wherein the first, second, and third inter-

ference bandpass filters are bonded to the substrate
10 using a thermally conductive material.

11. An infrared detector assembly according to
claim 10, further comprising heat sink means to improve
the thermal shunt between the substrate and the first,
second, and third interference bandpass filters.

15 12. An infrared detector assembly according to
claim 1, further comprising a light transmissive window
mounted within the port.

13. An infrared detector assembly according to
claim 12, wherein the substrate, filters, and detectors

20 are hermetically sealed within the detector housing.

14. An infrared detector assembly comprising:

a. a detector housing having a port for receiving
infrared radiation therethrough;

b. a semiconductor substrate mounted within the

25 detector housing, the substrate having three apertures
therein;

c. a dielectric wembrane spanning each of the
three apertures and formed on the bottom of the
substrate;

30 4. a first, a second and a third thermopile detec-

tor, the hot junctions of each thermopile detector being
formed over one of the apertures on the dielectric mem-
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at the same tenperature as the reg j unc- t C&D t he
thernopil e detectors 4, 5, and 6. ﬂmumlm "Iﬂ:l““l t he ba 'gr;
fromthe interference filters ts % tinf'zedl. *5 Eﬁgm@%ﬁve
the thermal shunt between the filters and the substrate 8
si nki ng net alwegm2ss13 grid 68 can be deposited on one or botPcEUSISR0796 t he
interference filters Fl[err] as shown in Fig. 14. The netal used for the
grid should have a high thermal conducti- 10 vity. Gold is particularly
well suited for this pur pose. Alternatively, as shown in Fig. 15, a
heat sinking netallic grid 68 can be incorporated into a filter
nmounti ng fi xt urkrte speoninggthe @pertwe.comd the geldchmetdang @8rtion 68
and a raised |ighd¥itiHeRhopdle laetctdt lﬁixﬁn%ﬁed»véﬂ EhQ sﬂ&tﬁtd nterference

filter Flerr] orres ond ilters,.F rr Elerr])
sits in the g?etss 1ao ng"'f?ﬁgq"ﬁrécgdlﬁakg ﬁ % % e“Reat
transfer bet vveenhe{ Heopeidei af thetsukstagten@of Fhabrtll? eﬁJrI]St flltfelrl ter

Flerr] is prefeiihlss Q@t&daéeteufptﬁsém tHeX g4kt 7Qe €8cttSt Nthe thiaer mal |y

conductive mategjal, er mal | onductive epox he nmounti ng
fixture is the éﬂ%er lﬁs?’ﬂﬁe’ép?%eec} r?eﬂtl"')?egoﬁ%ﬁc?? r%q «5}5 to the
top of one firgthalataicson, rthe Fixrat m’emfeatpaﬁeub@n@ss leter
Substrate ”Duntdé& Hed $otPadl MéidaelBAtlient B 25 D Wpakadal( not

shown) of each of .f'he thernopile detec- tors 4, 5, and 6 at bondi ng
regi ons 88 usi bl der or ot her well known materl als. As the reference
junctions 10 of tHhe detleeseoosd4interfambrges bandpass ofiddrex wiopumtegad in

the present eﬂb&ailérré“topoat&efertﬁywﬁﬁﬁt@o%t tﬁgt%éle@d&fas 86 are
required to co nlcatetheot put s ct

or u
mounti ng fi xtures % oyers ﬁsﬂ?%f't'téﬁ:? ﬁh‘ﬁvfahggﬁag%c%‘af?oqe% %‘é’ft 8Pdh0u5| ng
31 because the\sexroadnfiited s inteimssted batweennthe mante and thebstrate

90, which is pr@é@é@'&t@wsxouaefsécm q&itat:fa‘éeﬁsé ezssxﬁﬁpafgsorfltmargr oup
consi sting um oxi _si gnal

from det ectg éiesn%q‘ue ¥, e Rﬁs% ?%dl:%%ﬂfh aé‘ataeﬁ FRP %eé‘iﬁ?gt 8 mount i ng

flx- . a third interference bandpass filter mounted on
the top gide of the substrate so that the third filter
covers the aperture above the third detector and the
third filter is interposed between the port and the
20 third detector, the third interference bandpass filter
designed to pass radiation at a third spectral band; and
h. leads extending through the detector housing
and electrically connected to the first, second, and
third thermopile detectors.

25 15. An infrared detector assembly according to
claim 14, wherein the inorganic dielectric membrane is
selected from the group consisting of silicon oxide,
silicon nitride, and a multilayer structure of silicon
oxide and silicon nitride.

30 16. An infrared detector assembly according to
claim 14, further comprising a signal processor fabri-
cated on the substrate, and wherein the first, second
and third thermopile detectors are electrically connec-
ted to the signal processor and the leads are electri-

35 cally connected to the signal processor.
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X\bo o7 ZSEﬁ?es 86, via wire bonds 94, to the si gnarc-pl)-/r ggggls?ﬂmm”"l""I""Il””"l
el ectronics 92. Signal processing electronics 92 can conpti ¢

plurality of mcrochips diebonded to insula- tive substrate 90 or a

si ngl e m crwolwasgis ebonded to 5 insul ative substrate 90. qﬁﬁﬂﬂbﬁhﬁﬁps 56

are connect ed to the input and output of the signal processing el ec-

tronics 92 via wire bonds 96. Si gnal processing el ectronics 92

i ncl udes a source driver 98 for drivigpg active infrared source 84 at a

10 known frequency. Source driver 98 drives active infrared source 84

through wire bonds797}uﬂhafmanadrdécectorwdﬁsémbaqthueofﬂiﬁgfﬁ& source 84

shoul d be driyglidWng, wh%%’iﬁet Li ff{, Jeg:r ﬁﬂt Eggg N%é? applications
e

S wel | kpown in _the art nee alne 15 herein.
Al t hough det eE?’Eﬁn%%ms?gfh&EeE%eﬁF’q Il?qa‘@ﬁdatédthe sukstratedi ng si gnal
processing elesingni thedthallebosfdtctive ofatigrgahat i ve substrate 90, signal
processi ng el ectro- nics 92 could be incorporated directly on

sem conductor 20 substrate 80. Alternatively, to sinplify detector

assenbly 79, out ptft- | éRddnfrared| detretn meceallyi cooprising: to the outputs
of detectors 4, @. ana aeuecaersnb:ﬁlﬁngarhavmgOtahﬁbrwet&rkf@dmm{ger' al's.

The out put le?ﬁ?%é%%d”?& Qatlon therethrough;
b. a semiconductor substrate mounted within the
detector housing, the substrate having three apertures
10 therein and a raised rim on the top of the substrate
surrounding each of the apertures;

c. a dielectric membrane spanning each of the
three apertures and formed on the bottom of the
substrate;

15 d. a first, a second and a third thin film thermo-

pile detector, the hot junctions of each thermopile

detector being formed over one of the apertures on the

dielectric membrane spanning the aperture, and the cold

junctions of each thermopile detector being formed over
20 the substrate;

e. a first interference bandpass filter mounted on
top of the raised rim surrounding the aperture the first
detector is formed over so that the first filter is
interposed between the port and the first detector, the

25 first interference bandpass filter designed to pass
incident radiation at a first spectral band;

£. a second interference bandpass filter mounted
on top of the raised rim surrounding the aperture the
second detector is formed over so that the second filter

30 is interposed between the port and the second detector,
the second interference bandpass filter designed to pass
radiation at a second spectral band; and

g. a third interference bandpass filter mounted on
top of the raised rim surrounding the aperture the third

35 detector is formed over so that the third filter is
interposed between the port and the third detector, the



hn this situation, connect the ﬂ l ed 25 thefﬁﬁ%ﬁﬂ?ﬁﬁ@%ﬁ&ﬁéhs
4, 5, and 6 to signal processi Hl nﬂl I uﬂr um%n the exterio
detect or assenbly : * dét ekt ot asse

79 ly 79 is ";? 1HETR jve
i nfrared gas sensor according to the present invention, ”EE! !H E@m&dmgg’
radi ati on fr owevimsesassi ve infrared source 8 30 enters the pet/esdseprobousi ng

31 through wi ndow 44. The infrared radiation then strikes interference
bandpass filters F[err], F[err], and Flerr], each of which passes
radi ati on within a predefined spectradsband. The radiation passi ng

the interference filters Flerr], Flerr], and F3, then 35 strikes the
i norgani ¢ di el ddtimid imgerfanencacvandrass filtegpdesiomedduh pefsst he

apertures, or hefdia#ieh @BSal £niAE spectir®@l HABLLes are sel f-supporting,
where it is detected by &b 97/ 25613

PCT/ US96/ 20796 41 infrared thernopile
detectors 4, 5, and%, Aespetraved detectcrheseenbly sademmligmeitoof the

detectors is thamigoRay- furthé'i" CEbRH{.id 8 LBBFe PLAEESNIAS 101 T O 5

wh t rocessed in ce. W.t descri ption of the
pagglevia i In;‘s rAr e?ﬂp“d'"g'? §8ﬁ§8F115'F |'ﬁ‘é‘H‘taﬁ530\7’ét|’“ﬁncBhﬂe@?fr%ﬁF°r asgefrhly; gs.

1-3. As with the detector assenbly 3 described in connec- tion
with Figs. 9-16, thg segsi ihrféye&fdéi@&@r%asémb?y accordfihgP £h0 1 nci dent
radiation can bﬁ.lqplgve he%e aiheganorganlc dielectric membrane is
selected from the group consisting of silicon oxide,
silicon nitride, and a multilayer structure of silicon
10 oxide and silicon nitride.

21. An infrared detector assembly according to
claim 19, further comprising output leads extending
through the detector housing and electrically connected
to the first, second and third thermopile detectors.

15 22. An infrared detector assembly according to
claim 19, further comprising:

a. a signal processor fabricated on the substrate,
the signal processor being electrically connected to the
thermopile detectors; and

20 b. leads extending through the detector housing
and electrically comnected to the signal processor.

23. An infrared detector assembly according to
c¢laim 19, wherein the first, second, and third inter-
ference bandpass filters are bonded to the substrate

25 using a thermally conductive material.

24. An infrared detector assembly according to
claim 19, wherein the active infrared light source
comprises a tungsten filament.

25. A passive source infrared gas sensor,
30 comprising:
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10 the top side of the dielectric nenbrane (not shown) wth
of bisnmuth oxide or carbon black during packagi ng so th uu& !g Iim

areas absorb incident radi ation nore efficiently. If th

detectors 4, 5, and 6 are self-supporting, then the side of the 15 hot
junctions ich radiation is incident can be coapggB I smut h
oxi de or cgagon bllack directly. As indicated above, g%%ﬁgg
detector assenbly 79. al so includes an active passive infrared source,

it can be utilized in an NDI R gas sor. The use of detector 20
assenbly 79 in an NDI R gas sensor according to the present invention is
described in detai,l bgl Q@tector houdil hgv§n§h@v§oﬁ$q&ctﬁé@lewgg§enent ation
of a pre- E@rre nent of as sensor 33 according to t he
present i nved®@EEAre hﬁa %ﬁ?ﬂ Qﬁﬁgghﬁ° ‘is 25 mounted directly on the

printed circuit boearda(Pdsjtuate mounrmdhwatbanltsha defigntoror t he si gnal
processi ng elRfsing, Eh@né%stlr?ateg'Ha%’lné?’tfx?éeséblé‘ﬂid&sa&l@ré&m and a

battery power, sourc 14. Battery .power ur I s _pref

D 1 o A Bt o Aohel B poBBEES o} 6 SERREY o (1
syst em from Toxo fabyéaated /on Hthelbatitom 81§eegémh@lsuhya@atemsohe| S

i1 lustrated gtequhe¥idfs of c@é&?@k:ﬂé@@ﬂ@%&’u% deit 13neqDl Y 79

described in connection with g égican | so be _enployed in
the present ESSIPRENPT &&e aper tBaFhe PYRAGTALE B0 @8 ER i s affi xed
rigidly to recelivedeadiabionsdumnsmitledi thogegh ttthe rapezaszre, han&8OV of
the deteqr t3sedhlYjinctd{bhs ¥Rl pltherfBfife (M ddtoor

positioned over the substrate;

d. a first interference bandpass filter mounted on
the top side of the substrate so that the first filter
covers the aperture above the first detector and the

15 first filter is interposed between the port and the
first detector, the first interference bandpass filter
designed to pass incident radiation at a first non-
neutral spectral band which is absorbable by a
preselected gas to be monitored;

20 e. a second interference bandpass filter mounted
on the top side of the substrate so that the second
filter covers the aperture above the second detector and
the second filter is interposed between the port and the
second detector, the second interference bandpass filter

25 designed to pass radiation at a first neutral spectral
band; .

£. a third interference bandpass filter mounted on
the top side of the substrate so that the third filter
covers the aperture above the third detector and the

30 third filtexr is interposed between the port and the
third detector, the third interference bandpass filter
designed to pass radiation at a second neutral spectral
band; and

g. signal processing circuitry connected to the

35 electrical outputs produced by the first, second, and
third detectors for producing a signal in response



X\g o 25822 sensor in this case is again defined E?T{ ﬁggg{ iﬂ*nmmluu!!ullls”“!ll

bet ween the detector assenbly 3 and the passive infrared source 8,
which is defined as a portion of the wall 9. The PCB 11 carrying al

t he conponerwesd@ssss i bed earlier 5 is housed in an encl os®PCEFUSS/ITE
protection from hand- | ing and external environnments when being used to
i npl ement the PI A technique of the present invention. As one
skilled in the art would recogni ze, the FPV of detector assenbly 3 can
simlarly be enhanced by 10 using a refractive optics systeminstead of
reflective thgtetss repgessntRetve cof ihesoncentirat ppefef ree gas  however,
because of thebdikPHeasured. Figure 7 shows the schematic drawing for the
si gnal processing circuits according to a preferred enbodi nent 15 for
the present invention. The signal processing cir- cuits illustrated in
Fig. 7 can be use®é.n @omassdveoaource yinfirayed ghst fenser caceardingenbl y

embodi ments deggriNgh 25, WBY¥Bin the gas MeANgdmBHiterédeiPrAsatast

enbodi ment, _infraredq radia- 20 %hon enanatlng fnonltge‘ga53|ve source (not
shown) is 5 ORFIFASFSN £APR RS FERIRCHPIBEEPEcPEr CRs el 2% ont o
detectors 17, &3 ¥MDCLO representing respectively the signal detector

Derr], and the neutral detectors Dierr] and Derr]. The detectors 17,

18 and 19 are thernopile detectors and 25 their reference junctjons are
tied thermally to 4%e §hPESSlveh§8?r§?rﬁP@ﬁ?reéngaﬁf8?%%9?mé?ﬁ°§ﬁiﬂ§htages of
t he ther- vopdlain@Secwbeseis thei fidstmeaecontpuand stiad mblband-

linearly with Lemperalug ég%rgrhg{.,gér&_i Qunf Wi bE) Faaus, the out puts

of the detectors 17, 18 an can be corrected 30 for environnental
t enper ature changes by sensing the sane at the conmon reference
junction heaat sink&0 #sipagsive svuropriodiowmserd @ds sensor according

to claim 27, wherein the second and third bandpass fil-
ters have a center wavelength selected from the group
consisting of 3.91 um, 5.00 pgm, and 9.00 um.

29. A passive source infrared gas sensor according
15 to claim 28, wherein the first bandpass filter has a
center wavelength selected from the group consisting of
about 4.26 um and about 4.67 um.

30. 2An infrared gas sensor, comprising:
a. a detector housing having a port for receiving
20 infrared radiation therethrough;
b. a substrate mounted within the detector
housing, the substrate having three apertures therein;
c. a first, a second and a third thermopile detec-
tor fabricated on the bottom side of the substrate, the
25 hot junctions of each thermopile detector positioned
over one of the apertures in the substrate so as to
receive radiation transmitted through the aperture, and
the cold junctions of each thermopile detector
positioned over the substrate;
30 d. a first interference bandpass filter mounted on
the top side of the substrate so that the first filter
covers the aperture above the first detector and the
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atrougn e present et vent s URURIRIE, o7 O

and 18 can al so be enpl oyed in*tht predenf efbodi ment j%@iﬁmﬁﬁatﬁhgﬁlﬁ7

97/ 25613 PCT/ US96/ 20

43 wbdrdsgfr to mnimze DC drifts, each of the thgRisoszorsbet ectors
out puts are subsequently switched with the sane duty factor by a | ow
noi se mul ti pl exer 22 con- trolled by the m croprocessor 21 to the
differential 5 input of the sanme |ow ngise preanplifier 23. The anpli -
fied signals are then converted by an D converter 24 before being fed

into the m croFACEII@erlisl OhtSighedd betweeRCEREi pOrt Ariidretehe gas to be

nmeasured is ected, t he, copcentr.ation of the C nitored
based on a 1g%éﬁéd§&%FﬁFﬁ§d Eﬁﬁc +f#¥;ﬁ9ﬁ542$§§8EFnP%gi?%ﬁ%ﬂgggb sor 21
The concent r Alesignesh tipe pegepincidenyy nidigtipadat a firshy snastaals or in

sone cases aqxﬁk%rnlsignal can al so be generated by the m croprocessor
21 using cabl e 26. M,croprocessor 21 i.s_of | ow power, type and
15 contai & enou§tt RAR SRERPINY BB G TIS 568?823i%$§?§; mgﬁﬁﬁsghessing t he
si gnal s ori giomttde Ipppt Bdddeofctibe substyatenigoytBat the secdrite versatility

of the passivg vy JRGrIaehdehBérture dbdve the! BEBcHh@® Bt edtdeeahiion coul d
be further enhanced . .,
the second filter is interposed between the port and the

second detector, the second interference bandpass filter
10 designed to pass radiation at a second spectrél band;
£. a third interference bandpass filter mounted on
the top side of the substrate so that the third filtexr
covers the aperture above the third detector and the
third filter is interposed between the port and the
15 third detector, the third interference bandpass filter
designed to pass radiation at a third spectral band;
g. an active infrared light source operatively
mounted within the detector assembly;
h. a source driver electrically connected to the
20 active infrared source for driving the active infrared
light source at a predetermined freguency; and
i. signal processing circuitry connected to the
electrical outputs produced by the first, second, and
third detectors for producing a signal in response
25 thereto representative of the concentration of at least
one gas being monitored.

31. A passive source infrared gas sensor according
to claim 30, wherein the gas being monitored is at least
one selected from the group consisting of CO, CO,, H,0,
30 and TVOC.

32. A passive source infrared gas sensor according
to claim 30, wherein the first, second, and third band-
pass filters are about 0.1 um wide at FWHM.
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. . . SSH
oy 3 o seeree e M 5, REBEREY
dependi ng on the application. The ®di §t ahice® measuri ng %@t@ gﬂjﬁlg“@ of

t he contact or non-contact type. For exanple, it coul

| aser di ode widdresstsensor as is well known in the art. POTROSOGRQI9E  Of

t he di stance neasuring device woul d be comuni cated to the signal
processor so that the appro- priate sanple path length S can be

i nserted into Equa- tion [1] when cakgul ating the concentration of the

gas. 30 As discussed above, the change in the path length is not
requi red for cal cudati iy gassivet sountet Infrangsuigasf sensor ac¢rrdimyg neut r al

channel s, becapsesidym iﬁ%%ﬂé@ﬁ' ghe semeén@%ﬁanssnaﬁawul d be the

same for both ec- det ect or can
include a swit ﬁiters S‘E?"f%e?t CFHEeEsg?"% \iﬁr%&gt ?ﬁa‘?rﬁ hA TP For
exanpl e, the subhsistimghtofi 3cleadgmpa’ hot gyt argket9t.00ggm. WO

97/ 25613 PCT/ US96/ 20796

44 i ncreasi ng_by one foaqt |ncrerrengs SO that t he user can measur e

and enter tRe appr¥bri & PAREEN ERYTRerpLRaRed gas;gengor; ACGAFS he gas
detector of theopersimt3i nwherein theofirst eindpassedilibe Bad exti on of a

particular patBenPei QMR drgyt HOBBYBLES Cfledi? L gPoGEOBLALESERg e SO that

about 4.26 um and about 4.67 um.

35. A passive source infrared gas sensor,
10 comprising:

a. a passive infrared source comprising an
infrared black surface;
b. a three channel infrared detector assembly

centered in the passive infrared source, the detector
15 assembly having a port for receiving infrared radiation
therethrough; and
c. a concave mirror facing the port of the
detector assembly and the infrared black surface, the
concave mirror being positioned such that radiation
20 emitted from the passive infrared source is reflected
from the mirror into the port.

36. A passive source infrared gas detector accord-
ing to claim 35, wherein the infrared black surface
comprises a material selected from the group consisting

25 of black chrome oxide, bismuth oxide and carbon black.

37. A passive source infrared gas detector
according to claim 35, wherein the passive infrared
source comprises a concave infrared black surface.

38. A passive source infrared gas detector
30 according to claim 35, wherein the three channel
detector assembly comprises three infrared thermopile
detectors and three interference bandpass filters, each
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Goncentration of the gas |n the sample volume, o For Lllllﬂﬂ |||[]1IlLIIILI 1l
flexibility, a data entry pad-can be used so that the usér tart erft

any desired path 10 I ength and the m croprocessor 21 will conpensate

accor di ngl yw@urhegai ts cal cul ati ons. Fig. 8is a Qkhﬁﬁ?ﬁz ggenatic
ep

for a signal processor accordi ng to anot her enbodi nent © esent

i nven- tion. The structure of the circuit is determned by the 15 | ow

| evel of the expected signals, in the ogger of 5 to 85 [err]Volt. There
are three identical preanplifier cir- cuits which differ only in the

val ue of a gafﬂlsﬁ‘tbéﬂhg d:.sp‘b%bat eh, thé. oﬂtt&aamgidtfﬂ Beewatf cp@structed in

th f 20 hi gh
corGrm)n rmgremsgé?l% F e d %6’3 ﬁs@n’%l&?S)p%g]a{:ﬁ?eoﬁ%e%mgpréﬁe horrls near 60

Hz power wiri gt¢%ﬁQESe|gnals may be i nduced magnetically. Magnetic
shi el ding of the detec- tors and circuits should reduce this. The

detectors and i rquit._canponents sho so b rotected fromrapid 25
t enper at ur e changég HP A “p PEHDEE %?ﬁ%?ﬁ§§> %e%eCEPﬁnals in the
conponent s? TERMPHEING: and nmechani cal de5|gn are very | nportant to

al |l ow the full capabi ldd g raredOfiet ber st Addding Coipiis UL forms
the input part of the jnstru %elected for its

mentati on 30 anp
very | ow i nput of et 5bPP§5 E°§bﬁﬁﬁe¥Y¥ﬂgﬂqﬂd&atéﬂﬂ 9E$§eTom1change of
t hat vol t age with t enpéhabugh. £Fom ltheglpacsniwenmﬁdaréej @surce, tion the

two feedback resistorsiR? angiR3tShenbér P& secd?ﬁ[ ggﬁ taer than 0.1%
and shoulgohave tenperaturg 35 ,coeffici better. The

nts p
gai n of this circuit i S 3EBPRPARE {%Pﬁqﬂ?qwﬁ? geSF1¥& %ﬁﬁF#E}QQ) R1,
about 500. The noise | evel thaoudb tbe ot fior phroducing a first

output, a second output, and a third out-
put indicative of the radiation incident
on the first sensor, second sensor, and

15 third sensor, respectively,

iii. a first narrow band pass filter interposed
between the port and the first sensor, the
first narrow band bass filter producing an
output therefrom indicative of the radia-

20 tion incident on the first band pass fil-
ter at a first non-neutral spectral band
which is absorbable by a preselected gas
to be detected,

iv. a second narrow band pass filter inter-

25 posed between the port and the second
sensor, the second narrow band pass filter
producing an output therefrom indicative
of the radiation incident on the second
band pass filter at a first neutral spec-

30 tral band, and

v. a third narrow band pass filter interposed
between the port and the third sensor, the
third narrow band pass filter producing an
output therefrom indicative of the radia-

35 tion incident on the third band pass £il-
ter at a second neutral spectral band,




215) o7 2521?9”1 V pp. This is higher than is desi rzbcl-r{a,usgﬁ{ mﬁﬁﬂﬂulnﬁjlﬂ}" l“l

filtered later. The low input offset and drift with te

nore inmportant to obtain proper proces- sing of the sanpled outputs. 5
The i nput noiw@eis¥nl of the output part of the Ci r cui t paUsIdatyss oner ,
about 0.28 [err]V, but the offset is much hi gher, about 50 uV, and with
a larger tenperature coefficient. U2 is actually another

i nstrument ati on anplifier. It is usegjo provide a stable high gain of
10 about 400. It is used because it is | ess expensive than anot her

anplifier and four baccutenper@iure aidasmringsmeans for groduftiegerpect ed
output is fromgpp uftocw@egﬁéﬂéiTrE_:fe to _th@&@b%ﬁﬁ@%ﬁ&%zfé‘%f' pRE!

radiation to the detector. gains o e preanps for the other two
detectors are F3085wePeSPRte M SHiFS SENEARTPE expected at the | onger

wavel engt hs of thoge debgghal processing EhansesaapﬁedfﬁbEﬁaa&abepthéeﬁSing
coul d be handl [ i £f.ere S, | tatl i s shown as
an exanpl e. hgﬁttﬁ?gg grgﬁg?/h%h%irfﬁge sgeggg¥bngg{;§%%g$%- 58 ?’E’rj‘g‘asepsor near
the detectors &eReeF| candtePErahiing measuring @eang mnd forr spapléng
]tc:onverted t o adndequelessbyrémporanidyt ageringf EREUSIEPULROBECERS! . J;The 1P
requency out pu, e Qe Si ) GI ORLQC r err]P
to determ ;lftelrt tes g?rf)gf aﬁjre o%%t sg éc{éir%j.e‘p%‘/i%ev\%gao%r't %@%Sgﬁgﬁﬁér ature of
t he detectors, t¥¢ MREAUTHRI RN Ftopresetdintervalm gdhe gigpahker gas to
be nmeasuredio f pABckBBing mexme i wWiggaheans £6psSe tenperatures.

Anot her - embodi ment of a; Pl A G35 aRASY cRECBEALS dftputs of the first

sensor, second senscr, and third sensor to

compensate for the ambient temperature of
the first sensor, second sensor, and third

15 sensor, respectively, at the time of
sampling,

ii. calculating the temperature of the passive
infrared source at the time of sampling
based on the ratio of the corrected values

20 of the outputs from the second and third
sensors,

iii. calculating a predicted output for at
least one of the second or third sensors
based on the calculated temperature of the

25 passive infrared source for the sampling
-period, '

iv. calculating an attenuation factor by
comparing the predicted output of at least
one of the second or third sensors with

30 the corrected output from the corres-
ponding sensor for the sampling period,

v. correcting the stored output of the first
sensor by the attenuation factor,

vi. determining the concentration of the gas

35 for the sampling period from the corrected
output from the first sensor, and



t.he present invention is described in connection wth 30 ﬁ?ﬁf?ggFT BEGN

I nfrared gas sensor 110 illustrated in Fig. 19 conprises a p&@ e

infrared source 112, a t hree channel infrared detecto{%ﬁ%ﬁfwuw a o

centered in t-he middl e of passive infrared source 112}l iﬁ»i@&:@ﬁ
ort 118 f 4yi Ng infrared radi ati on therethrough, 3 cave

Ir[1)1'rror 1200‘;’&9242?%%” fromand facing the port 118 ?W&gfﬂgctor

assenbly 3 and the passive infrared source 112.

46 Passive infrared source 112653 preferably concave to

I ncrease the surface area of the infraréed source within the field of

view of the concave Mviior mbaQtbachOthdioncenP@asivg biT g5 ashsedr ce. | n

the present enbodinent, 5 passive.infrare ource 112 conprises an
infrared bl ack surfaceo%lg Pﬁ%?eﬂﬁgnﬁﬁgh 835&?88 ??ﬁtﬁgbﬁﬁf¥§be of a

nonconducti ve nenber 114. lanf pakpdt béignals pasedeohlBhe momitrowionpri se a
nunber of materials, including black chronme oxide, bisnuth oxide and

carbon bl ack. 10 ncqQnducti.ve nepber 114 is conprised out of a plurality
of plastic panel £%ueft SIBFIVE bﬁg}‘?@\’é‘? tﬁasar‘?&téggero?cwnﬁ’eﬁﬂjft&ture

associ at edswi¢kaim dst iwherddnwobedfbest semisorousetontihesesaki ldredl in t he
art, menber lddi P Wehgor @bt BEmPRIiSe WtcHrmBpilht dbvepisee of plastic or
other 15 electrically insulative material.
41. A passive infrared gas detector acecording to
claim 1, wherein the first sensor, second sensor, and
third sensor each comprise a thermopile and each share a
10 common reference junction.

42. A passive infrared gas detector according to
claim 1, wherein the field of view for the first,
second, and third sensors is substantially the same.

43. A passive infrared gas detector according to
15 claim 1, wherein the gas being monitored is at least one
selected from the group consisting of CO, CO,, H,0, and
TVOC.

44. A passive infrared gas detector according to
claim 1, wherein the first, second, and third narrow
20 band pass filters are about 0.1 um wide at FWHM.

45. A passive infrared gas detector according to
claim 6, wherein the second and third narrow band pass
filters have a center wavelength selected from the group
consisting of about 3.91 um, about 5.0 um, and about 9.0

25 um.

46. A passive infrared gas detector according to
claim 7, wherein the first narrow band pass filter has a
center wavelength of about 4.67 um.
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Field of view of the defector ;§2|JHTIII I BN < <o yasi*ﬁﬁcg%?\ B e
120 has as low of an em ssivity & posdibfe, *so that 3 @ \E&‘
infrared 20 radiation being received through port 118 i nj mg %Egm

assenbly 3 i sypywtkéxd by the passive infrared source 1peTruSsEeom®encave
mrror 120 should be | arge enough to enconpass the entire field of view
of the detector at the distance it is spaced apart fromthe detector.
This 25 can be calculated by using the eggiati on d=(OWKS)/2[err], wher e
dis the dianeter of the concave mrror, OMis the solid angle

subt ended by the detZlect & passiwdl inttawshgas decevtoni aceyrdid® tend S i s

the distance beiwmgep 4, h%urtheﬁe&&g_msﬁfg%ear@axtaw b&Fer e

Simlarly, 30 the paSS| ve infrar source 112 should be | arge enough to
fill the field of view of the concave mrror. The space between the
passi ve infrared sacheaapdssivedEmfxaer<gasodetbandraambdﬂdangomoave mrror
on the ot her §~d%5 gg§ t PRe et 9f wihfowassia’&o-gf rared 35
gas sensor 110 accor ng to t e pre ent I nventi on. nfrare radi ati on
emtted by the ¥¥sive infrared source 112 is reflected off concave
mrror 120 into 47 det ect or

asserbl y. 120, thr ouglh POR plifsvéSiRriEN lgan aetBEcSARRALY kENOth of

t he passive infrar
claim 4 further comprising an optical system which

expands the field of view of the detector assembly.

50. A passive infrared gas detector according to
10 claim 1, wherein the output of the signal processing
means is communicated to an alarm.

51. A passive source infrared gas detector,
comprising: |
a. an infrared detector assembly for producing a

15 first output, a second output, and a third output, the
first output being indicative of the radiation received
by the detector assembly at a first non-neutral spectral
band which is absorbable by a preseleéted gas to be
detected, the second output being indicative of the

20 radiation received by the detector assembly at a first
neutral spectral band from the passive infrared source,
and the third output being indicative of the radiation
received by the detector assembly at a second neutral
spectral band from the passive infrared source;

25 b. temperature measuring means for producing an
output indicative of the ambient temperature of the
detector assembly;

c. signal processing means adapted to receive the
first, second, and third outputs and the output from the

30 temperature measuring means and for sampling and
storing, at least temporarily, the first, second, and
third outputs and the output from the temperature
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3 and the concave mrror 120. This 5 permts the gas sen lmmmm
twice the sensitivity of passive infrared gas sensor in *whi‘chtthte $ *
passi ve source i s opposing the detector assenbly. Alterna- tively,
gas sensor wd@ssqgis have the sane sensitivity usi ng hal fpctrme. 10
As expl ai ned above, detector assenbly 79 descri bed I n connection with
Figs. 17 and 18 al so includes an active infrared source; thus, detector
assenbly 79 can be directly enpl oye% in an NDIR gas sensor. One poten-
tial ND R gas sensor arrangenent according to the 15 present invention is

ilTustrated imdabu@ingOmedi® MlgResetd2nteePs0s, Hhdidigndd coOnprises an
el ongat ed hol | ow t ube 100ni?1ac\ﬁ{uﬁg. a closed_end 102 and an open end 104.

In the pr EFEFPREBRLTR R g, B83RB0EPE conposed of a netal and
has a circul ar cross $ectierrrdatioghshecabore@firstentsecande andss secti on
i's square. I nner  suifaf @hephicbubs é@@eﬁ&fdéqﬁidwth e inner

surface of_ closed end 102, are cul arlg reflective, I n accordance
with the present inventiof™RifALteppera u’t’%b%?ltél? idetestPrght and
therefore filtering apert uassssmiidy,of which the filtering aperture 106 is
typical, are provi ded I ty QR% b o]
permt the gas being !rLrghi t%érlci%%o%qgﬁt giraéa%%né%?% eave t g.g §aéggge Wi t hin
the tube. Each of the fil tEH¥FedEPusresbased o the rakdpegipyhe

sem per meabl e menbr ane 10&oritectdd snivesnofibehe dtomsd eecoatddaddspositi on
of the fijlgtering aper L4689 lcutp@tsGruci al, al though sonme arrangenents
may be nore optinmal,than others. . Three channel detector
assenmbly 79 is nount etin FHEUIatiggen BREILFLSR FEANURE EBBTHN such a
manner as to close 35 of f dutpuipdore bteanampl Hue Hergasl bagedesheri ng or

sensor 110 is at |least twice the di stance between the gmmﬂw

exi - ting through the aReR018t el Denddla et V5 tnkNBassivall ! Ve
infrared source 84 is util]) zfe | % t he present
infrared source,
15 iv. calculating an attenuation factor for the

sampling period by comparing the predicted
second or third output with the actual
stored second or third output, respec-
tively, _

20 v. correcting the stored first output by the
attenuation factor calculated for the
sampling period,

vi. determining the concentration of the gas
for the sampling period using the correc-

25 ted first output, and

vii. monitoring the concentration of gas based
on a predetermined function and providing
an output signal based on the monitoring.

52. A passive infrared gas detector according to
30 claim 51, wherein the gas to be detected is at least one
gelected from the group comnsisting of CO, CO,, H,0, and
TVOC,

53. A passive infrared gas detector according to
claim 51, wherein the first non-neutral spectral band,



3\18) o Z?g\%gnti on, detectors 5 and 6, which are usggggsggttzﬂmm”"mm""'m”m
detectors to characterize the tenperature of the passive i nfrated® s *

source 8 when the detector assenbly 79 is used in a passive infrared

gas sensor agypdrgigid to the 5 present invention, are not Reyiss@shree s a
result, detector assenbly 79 can be used to nonitor the concen-

tration of up to three different gases in the present enbodi ment by

sinmply selecting bandpass filters F[err]gsF[err], and F[err] that pass
spectral bands at three different wave- 10 | engths at which three different
gases to be detkstfidcst nestrahgbpeatsal barelji andonhanseadndimelt reither gases

t hat m ght HOTECS a99,80L 13RS 08 by é{"g Wiwer .t E‘@Hmt hr ee gases need

be detected, tHe unneeded detector chann can be di sabled. This adds
a great deal of flexibility 15 to the ND R gas sensor according to the
present inven- 54. OA passive irdfwrarehea Kateobopfadderdiasezd 0 be

detected wi t hi . e . ' ' t t to which
t hey absorb r a%hlaaltr? ognjh'en"%il t% ?%%iﬁf ?ggnr?%seaéieﬁ%gpmspggtégg]zOtt%gﬁ?%l?m. By

i nserting det ceRREeERh BRIty APRCtFRl bandopaneeAdCeRrteTMAVEO0 Wi ndow
first as ill uslemitit delelcited fromlthe dftyl @ohsdstdngadfl dbouthtxrrsher ence

bandpass filte [grr],..F[ ] err], and active infrared source
84 | ocated ’Erg\ﬁ tafﬁor‘lﬁdg‘t'gc o gééea Yy '/J;[oa Fe“]'arranged so that they 25 are

all facing the inner surface of closed end 102. As a result, some of
the radiation em tgsd By paebivé infrared gas detector according to

claim 54, wherein the first non-neutral spectral band
10 has a center wavelength of about 4.67 um.

56. A passive infrared gas detector according to
claim 54, wherein the first non-neutral spectral band
has a center wavelength of about 4.26 um.

57. A passive infrared gas detector according to
15 claim 51, further comprising a battery power socurce.

58. A passive infrared gas detector according to
claim 39, wherein the infrared detector assembly is
housed in a TO-5 can.



vinfrared source 84 is reflected, either directly or indirectly, from

the inner surface of the closed end 102 back to the detectors 4, 5, and
6 where it is detected. 30 The anmpbunt of. radiation detected at the spectral
bands nonitored by detectors 4, 5, and 6 can then be used to

determ ne theysomegntrati on of the gases being nonitored  powiddsorobe
sanpl e chanber defined by the space within t ube 100 usi ng techni ques

wel |l known in the art. 35 The purpose of the seni perneabl e nmenbrane
108 is to prevent airborne particles |ggger than a predeterm ned
size fromentering the space within the tube 100, while WO
97/ 25613 PCT/ US96/ 20796 —

49 at the sanme tine not interfering appreciably with the 9—rge
di ffusion of the gas to be nonitored into and out of the spacelw
the tube 100. The unwanted parti - cles include mnuts opT et s | of
moi sture or oil andf also Sjncl ude fine partis $
particl es of _q- s ——s ] e unwanted airborne particl¢s

were to enter theq
t hensel ves ont o=+H4
the reflectivity-g ,
particles woul ¢ al so | N5 deposit onto the—w
r edu- cing the trnsmi ssion of radiation.

he tube 1081Y tbey woul d
. : educi g

bl y| 79
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* problens are elimnated through the use of the sem per nmeabl e nenbr ane
which, in the preferred enbo- 15 dinent prevents airborne particles |arger
than 0.3 m crons fromentering the space within tube 100. Wi | e
the present inventions have been made clear in the illustrative
enbodi ment s, wdoMiskds be i nmedi ately obvi ous to those skpdiesdehorot he art
that many nodifica- 20 tions of structure, arrangenent, proportions,
el enent s, mat eri als, and conponents used in the practice of the
di scl osed inventions, and otherw se, whi ck/Hre particu- | arly adapted
to specific environnents and operative requi renents, can be nade
w t hout departing fromthe 25 principles disclosed. For exanple, the
detect or assem blies described in connection with Figs. 9-18 were
descri bed as being three channel detectors because they are being
enpl oyed in the Pl A sensor according to the present invention. However,
as one skilled in the art 30 would recognize, the detector assenblies of
t he present i nvention could be readily nodified to have any nunber
of desired channels, including one, depending on the specific
application Thus, it is to be clearly under- stood that this
description is made only by way of 35 exanple and not as alimtation to
t he scope of the di scl osed inventions as cl ai med bel ow. WO
97/ 25613 ST o RSODPCT/ Uq%ﬁﬁn%

50 PASSIE LI Hlu ! i
B K (00 % (i ot i | B0 %ﬁ

S_~7s| 0.7304 | 2.5007 | 3.8267 | 0.1909 | 5.2392
1053 0.9220 { 3.1511 | 4.5046 | 0.2009 | 4.9784
15 55| 1.1566 | 3.8067 | 5.4818 | 0.2110 | 4.73%6
20 o3| 1.4384 | 4.5691 | 6.5009 | 0.2213 | 4.5195
22 ~zo5| 1.5663 | 4.9067 | 6.9485 | 0.2254 | 4.4365
25 05| 1.7758 | 5.4507 | 7.6655 | 0.2317 | 4.3166
0 203| 2.1772 | 6.4647 | 8.9898 | 0.2422 | 4.1291
3 s | 2.6517 | 7.6250 | 10.488 | 0.2528 | 3.955
0_~13| 3.2092 | 8.9462 | 12.177 | 0.2636 | 3.7944
4 _~1a| 3.6608 | 10.444 | 14.071 | 0.2744 | 3.6446
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+ d ai ns: 1. An infrared detector assenbly conprising: a.
a detector housing having a port for receiving infrared radiation

t heret hrough; 5 b.

a substrate nmounted within the detector

housi ng, the substrate having three apertures therein; C. a
first, a secqrsorpgéiza third thernopile detec- t or f abriw@tnesheoorsé he

bottom si de of the substrate,

t he hot junctions of each thernopile

detector positioned 10 over one of the afétures in the substrate so as to

receive radiation transmtted through the aperture¢4aqﬂ the cold

junctions of each thernopile detector gggh.i;!‘d gver the substrate;
d. a first interference bandpas & NDUNTB¥aQM<15 the top side of
the substrate so that the first covers tM dperture above the

first detector and the

substrate so that the second
second detector and t he sg
and the 25 second detector,
designed to pass radiation at
athird interference bandpass\
substrate so that the third f
detector and the third fil
third detector, the third interf
radiation at a third spectral

assenbly according to \\\

firs
t he first detector, the fir
to pass incident radiation at

ilterg desi gned
e. a

op side of the

re above the

above the third
RS he port and the

q Er designed to pass
band. : #?ﬁ i nfrared detector

e
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=35 claim1, further conprising output |eads extending WO 97/ 25613
PCT/ US96/ 20796 51 t hrough the
detector housing and electrically connected to the first, second and
third thernopile detectors. 3. An infrared detector assenbly
accordi ng towoernshai m 2, wherein the substrate is conpri s®@CTaIS6209%1I - 5
conductor material and the first, second and third thernopi |l e detectors
are selected fromthe group con- sistiﬂg4of thin filmthernopile
detectors and mcro- machi ned t hernopil'e detectors. 4. An
infrared detector assenbly according to 10 claim1, wherein the substrate
is conprised of a sem - conductor material and the first, second, and
third t hernopi |l e detectors are m cronachi ned thernopile det ectors.
5. An infrared detector assenbly according to 15 claim4, further

conpri si ng: a. a signal processor fabricated on the substrate,
the signal processor electrically connected to the first, second, and
third thernopile detectors; and b. | eads extendi ng through the
detector housing 20 and electrically connected to the signal processor.

U
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6. An infrared detector assenbly according to claim1l1, wherein each of

the first, second, and third infrared thernopile detectors is forned on
an el ec- trically insulating diaphragmthat spans the aperture 25 the
detector is positioned over. 7. An infrared detector assenbly
accordi ng towo9728di®i m 6, wherein the electrically insul atipoyAussapiesagm

Is conprised of a thin plastic film 8. An infrared detector
assenbly according to 30 claim?7, wherein the plastic filmis MYLAR err].
WD 97/ 25613 PCT/ US96/ 20796

52 9. An infrared detector asseémMy according to ' claimé,
wherein the electrically insulating di aphragm I's conprised of an

i norgani c dielectric nmenbrane sehkec- tedromth ;royp consi sting of
silicon oxide, silicon 5 nitride,™agd a nul??layer sf+0cfure of silicon
oxi de and silicon nitride.

A
1
21
—X 2 23 S QUTPUT/DISPLAY
24 25
5/ ) | PROCESSOR
LOW NOISE =1 LOW NOISE WITH
"] MULTIPLEXER {-w—=] PREAVP. AD [ R
1 k L_ EFPROM —125
l ALARM

FIG. 7



©10. " An infrared detector assenbly according to claim1l1, wherein the

first, second, and third inter- ference bandpass filters are bonded to
the substrate 10 using a thermally conductive material. 11. An
infrared detector assenbly according to claim10, further conprising
heat sink newo®728618 Nprove the thermal shunt between tIreTaISSG2079 € and
the first, second, and third interference bandpass filters. 15
12. An infrared detector assenbly accoaﬂkng to claiml, furthegr
conprising a |ight transm ssive w ndow nmounted within the &K
13. An infrared detector assenbly according to claim12, erein the
substrate, filters, and detectors 20 are hernetically seal ed thin tge
det ect or housi ng. 14. An infrared detector assenfTy Compyi sing:
a. .a detector housing having a port for receiving i nfraredor pdigH on
t her et hr ough; b. a semconductor substrat SRy e 25
det ector housing, the substrate having three apertyres t her &n
C. a dielectric nmenbrane spanni ng each of the t hree 5 and
formed on the bottom of the substrate; 30 d. a first, a second
and a third thernopile detec- tor, the hot jungtions of each thernopile
det ect or bei ng formed over one of the aperguresgon ++ey dielectric nem
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'53 brane spanning the aperture, and the cold junctions of each
thernopi |l e detector forned over the substrate; e. a first

i nterference bandpass filter nounted on the top side of the substrate
so that the first filter 5 covers the aperture above the first detector
and the wbloghsdisl ter is interposed between the port angcrfigesoered i I st
detector, the first interference bandpass filter desi gned to pass
incident radiation at a first spectral 1/ band; 10 f. a second

i nterference bandpass filter nounted dﬁ the top side of the substrate
so that the second filter covers the aperture above the second detector
and the second filter is interposed between the port and the second
detector, the second interference bandpass filter 15 designed to pass

radi ati on at a second spectral band, athird interference
bandpass filter nounted on t he p side of.the bstrate so that the
third filter covers the aperylre abov third tector and the

third filter is interposed bet
third interference bandpass f/
spectral band; and e udo.4 h8 detector

housi ng and electrically cofn t i hd, and third

t her nopi | e detectors. ; AN NP2 F
¥/ AN s ’
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25 - 15. An infrared detector assenbly according to claim 14,

wherein the dielectric nenbrane is sel ected fromthe group
consi sting of silicon oxide, silicon nitride, and a nultilayer
structure of silicon oxide and silicon nitride. 30 16. An
infrared det aqghg4pgesenbly according to claim 14, furtheerrRegdehesl NI A
signal processor fabri- cated on the substrate, and wherein the first,
second and third thernopile detectorz @{e el ectrically connec- ted
to the signal processor and the | eads ar /Mectri- 35 cally connected to

t he signal processor. WO 97/ 25613

PCT/ US96/ 20796 54 17. An
infrared detector assenbly according to claim 14, wherein the first,
second, and third inter- ference bandpass filters are bonded to the
substrate using a thernu}ly cend 4 t 5 18. An
infrared detector assenbly cO si ng: a dexectbr housi ng
having a port for receiving infrared raggati on theret#iough,; b.
a sem conductor substrate nted within t

Fz"\_’

50
FIG. 11
2.
H I 54
/
54— 50

FIG. 12



* detector housing, the substrate having three apertures 10 therein and a
raised rimon the top of the substrate surroundi ng each of the
apertures; C. a dielectric nmenbrane spanni ng each of the

three apertures and fornmed on the bottom of the substrate; 15 d.
afirst, a sqgpppsged a third thin filmtherno- pi | e deicEehEre7ddIe hot
junctions of each thernopile detector being formed over one of the
apertures on the dielectric nenbrang ﬁpannlng the aperture, and the
cold junctions of each thernopile de{ector bei ng formed over 20 the
substrat e; e. a first interference bandpass filter nmounted on

top of the raised rimsurrounding the aperture the first detector is
formed over so that the first filter is i nt erposed between the port and
the first detector, the 25 first interference bandpass filter designed to
pass i ncident radiation at a first spectral band; f. a second
I nterference bandpass filter nounted on top of the raised rim
surroundi ng the aperture the second detector is formed over so that the
second filter 30 is interposed between the port and the second detector,
the second interference bandpass filter de5|gned to pass radi ation at a
second spectral band; and g. A erference bandpass filter
nount ed on top of the raised
detector is fornmed over so tha
the port and the third geteCtord

the third filter

th
%e

is Qt er posed bet ween
64

FIG. 13



*third interference bandpass filter designed to pass radi ation at a

third spectral band. 19. An infrared detector assenbly according
to claim18, further conprising an active infrared light 5 source
operatively nounted within the detector assenbly. 20. An infrared
det ect or assaﬁgk&&ﬁgcording to claim19, wherein the pernses2o796
dielectric nenprane is sel ected fromthe group consisting of silicon
oxi de, silicon nitride, and a nultilayer structure of silicon 10 oxide
and silicon nitride. 21. An i Y4 ed detector assenbly according
to claim19, further conprising output |eads extending t hrough the
detector housing and electrical ly_connected to the first, second and
third thernopil e detectors. 1p y mun| et ector assenbly
according to claim 19, furtper co1E}isi ; a signa
processor fabricated on the subgfrate e sipnal pf or being
electrically connected to the ' te—gerrerors—44nd 20 b.
| eads extendi ng through the detﬂctor hpusi n apd el e ﬁw connect ed
to the signal processor. 23]} An i pf raref det epf Or assenbly
according to claim19, wher gln—theliiLs third inter-
FIG. 14
2
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‘ference bandpass filters are bonded to the substrate 25 using a thermally

conductive material . 24. An infrared detector assenbly according
to claim19, wherein the active infrared |ight source . conprises a
tungsten fil anment. 25. A passive source infrared gas sensor, 30
conpri sing:  wooereses WO 97/ 25613 PCT/US96/20796

PCT/ US96/ 20796 56 a. a detector
housi ng having a port for receiving HQ;?ared radi ati on therethrough;

b. a substrate nounted within the detecto housi ng, the substrate
havi ng three apertures therein; 5 C. a first, a second and a third

t hernopi | e detec- tor fabricated on the bottof#i side of the substrate,

t he hot junctions of each thernopile podi ti oned over one

of the apertures in the substrate s
transmtted through the aperturegs
t hernopi | e det ect or posi ti ofleg
i nterference bandpass filter p

e radi ation
i ons of each
d. a first

|42

3

FIG. 17
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“the top side of the substrate so that the first filter covers the
aperture above the first detector and the 15 first filter is interposed
bet ween the port and the first detector, the first interference
bandpass filter designed to pass incident radiation at a first non-
neutral speciycés3g3d which is absorbable by a pr esel echEriushessiop be
noni tored; 20 e. a second interference bandpass filter nounted on
the top side of the substrate so that the second filter covers the
aperture above the second detector and AW second filter is i nt er posed
bet ween the port and the second detector, the second interference
bandpass filter 25 designed to pass radiation at a first neutral spectral
band; f. athird interference bandpass filter nounted on t he
top side of the substrate so that the third filter covers the aperture
above the third detector and the 30 third filter is interposed between the
port and the third detector, the third interference bandpass filter
designed to pass radiation at a second neutral spectral band; and

g. signal processing circuitry connected to the 35 electrical outputs
produced by the first, second, and third detectors for producing a
signal in response WO 97/ 25613

PCT/ US96/ 20796 44 57 7

| I,

LSS IS LIS IIIIS IS IS

31
—~ 80
%
2 PP 30

%

)

n ;
"‘
X ‘
:"'\‘[‘ y

FIG. 18

SUBSTITUTE SHEET (RULE 26)



‘thereto representative of the concentration of the gas bei ng neasur ed.
26. A passive source infrared gas sensor according to claim 25, wherein
the gas being nonitored is at least 5 one selected fromthe group
consisting of CO C(Jerr], H20, and TVCC. 27. A passive
sour ce i nfrang@ofgmgarsensor accordi ng to claim25, whereippriRssnbrdssSt
second, and third band- pass filters are about 0.1 [err]mw de at FWAM
10 28. A passive source infrared gg; sensor accordi ng to claim
27, wherein the second and third bandpa Mil- ters have a center
wavel ength sel ected fromthe group consisting of 3.91 [err]m 5.00
[err]m and 9.00 [err]m 29. A passive source infrared gas sensor
according 15 to claim 28, wherein the first bandpass filter has a
center wavel ength selected fromthe group consisting of about 4. 26
[err]mand about 4.67 [err]m 30. An infrared gas sensor,
conpri si ng: a. a detector housing having a port for receiving 20
infrared radi ati on therethrough; b. a substrate nounted within
t he detector housi ng, the substrate havihg three apertures therein;

C. a first, a second and a third thernopi /e detec- tor fabricated on
the bottom side of the substrate, the 25 &% unctions of each thernopile
detect or positioned over one of the gpertures in the substrate so as to

FIG. 19
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*rec€ive radiation transmitted through the aperture, and the cold
junctions of each thernopile detector positioned over the substrate; 30
d. a first interference bandpass filter nmounted on the top side of
the substrate so that the first filter covers the aperture above the
first detect gfoapdsishe , .. JAN 1999 PCTIUS96/20796
58 first filter is interposed between the port and the Irst
detector, the first interference bandpas§4ﬂﬁlter desi gned to pass
incident radiation at a first spectral , 718 a second
i nterference bandpass filter nounte i de of the substrate
so that the second filter cofers the aperture abg t he second detector
and the second filter is ipterposed between the port\and the second
detector, the second interfergnce bandpass filter 10 desilgned to pass
radi ation at a second spectralj band, f. athirdinterference
bandpass filter nounted on \Jhe top side of the substyp
third filter covers the anA\\yre above the third dg
third filter is interposed befwe 2

tor and the

hird detector, the

--\-..Port and the
third interference bandpass fi fesghet T adi ation at a
third spectral band, . source
operatively nmounted within
106—
100
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h. a source-driver electrically ConnECt6d|fghthgoiﬁEZﬁ;htﬁEbﬁéh@fgﬂhﬁﬂEa

source for driving the active infrared

frequency; and i
el ectrical
for producing a signal

concentration of at | east

i nfrared gas sensor according

nonitored is at | east

CJerr],
sensor accordi ng
pass filters are about O,
59 33. An
claim 32, wherei

[err]m and 9.00 [err]m

Herr]O 30 and TVCC.
to claim30, wherein the Ti

mw de at FWHV
Pagsive and Active Infr.

1

si gnal processing
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Backaround of the Invention

This application is a continuation-in-part of co-
pending application Serial No. 08/422,507, filed April
1995. Applicaticn Serial No. 08/422,507 is incorpo-
rated by reference as if fully set forth herein.

Field of the Invention
The present invention generally relates to the field
of gas sensing devices.

More particularly, the present
invention relates to gas detectors capable of measuring
the concentrations of one or more gases using a charac-
teristic infrared absorption band of the gas to be
detected.

Description of the Prior Art

Many gases have characteristic absorption bands
falling within the infrared spectrum. The nondispersive
infrared (NDIR) technique has been widely used in the
gas analyzer industry for the detection of these gases.
Such gas analyzers utilize the principle that various
gases exhibit substantial absorption at characteristic
wavelengths in the infrared radiation spectrum. Typi-
cally, a narrow-band optical or infrared transmission
filter is used to isolate the wavelength band of inter-
est in NDIR gas analyzers. On the other hand, a prism
or diffraction grating is used in gas analyzers relying
on dispersive techniques.

The NDIR technique, which is generally classified as
a non-interactive gas analysis technique, offers a num-
ber of advantages over previous interactive types of gas
measurement methods including electrochemical fuel cell,
sintered semiconductor {tin dioxide), catalytic (plati-
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source conprises; ﬁ%}{.‘.&v | nfirared o acks sSWfRC S vom £h % A passive
source infrared 525 e eéﬁ%# 30 accordin ltolbla?%ng, WhErein the three
channel etered _%ﬂ)|eynmrqfsee§%ﬁ%@_ 4 AREeg Che kst
detectors andiddywerd Nt epferigieandpaistion ¢fn edtlikes inter-
10 ference bandpass filters F,, F,, and F,;, each of which
passes radiation within a predefined spectral band. The
radiation passing the interference filters F,, F,, and
F;, then strikes the diaphragm 54, or hot junctions 60 if
the thermopiles are self-supporting, where it is detec-
15 ted by infrared ;hermopile detectors 4, 5, and §,
regpectively.

To improve the sensitivity of detectors 4, 5, and 6
to incident radiation, the top side of the electrically
insulating diaphragm 54 can be coated with a thin film

20 of bismuth oxide or carbon black during packaging so
that the aperture areas absorb incident radiation more
efficiently. If the thermopile detectors 4, 5, and 6
are self-supporting, then the side of hot junctions 60
upon which radiation is incident can be coated with

25 Dbismuth oxide or carbon black directly.

By positioning the cold, or reference, junctions 62
over the thick substrate 50, the reference junctions of
each of the detectors arxe inherently tied to the same
thermal mass. Substrate 50, therefore, acts as a heat

30 sink to sustain the temperature of the cold junctions 62
of each of the detectors at a common temperature. In
‘addition, substrate 50 provides mechanical support to
the device.

Although the present embodiment has been described

35 as a single substrate 50 with three infrared thermopile
detectors 4, S and 6 formed thereon, as one skilled in
the art would recognize, three separate substrates each
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which is a trademark for polyester film, or an inorganic dielectric layer such as

silicon oxide, silicon nitride, or a multilayer structure comprised of
both. Preferably the electrically insulating diaphragm

10 54 is a thin inorganic dielectric layer because such
layers can be'éasily fabricated using well known semi-
conductor manufacturing processes, and, as a result,
more sensitive thermopile detectors can be fabricated on
substrate 50. Moreover, the manufacturability of the

15 ©entire device is improved significantly. Also, by
employing only semiconductor processes to manufacture
detectors 4, 5, and 6, substrate 50 will have on-chip
circuit capabilitieé characteristic of devices based on
the full range of silicon integrated circuit technology;

2¢ thus, the signal processing electronics for detectors 4,
5, and 6 can, if desired, be included on substrate 50.

A number of techniques for manufacturing thermopile
detectors 4, 5, and 6 on the bottom side of substrate 50
are well known in the thermopile and infrared detector

25 arts. One method suitable for producing thermopile
detectors 4, 5, and 6 using semiconductor processing
techniques is disclosed in U.S. Patent No. 5,100,479,
issued March 31, 1992, hereby incorporated by reference.
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can c¢omprise a number of materials, including black
chrome oxide, bismuth oxide and carbon black.

10 Nonconductive member 114 is.comprised out of a plurality
of plastic panels due to the light weight and ease of .
manufacture associated with plastic. As would be
obvious to those skilled in the art, member 114 could
also be made out of a unitary piece of plastlc or other

15 electrically insulative material.

Mirror 120 can be any concave reflective surface so
as to increase the field of view of the detector assem-
bly. Preferably, concave mirror 120 has as low of an
emissivity as possible, so that all of the infrared

20 radiation being received through port 118 in detector’
assembly 3 is produced by the passiwve infrared source
112. The concave mirror 120 should be large enough to
encompass the entire field of view of the detector at
the distance it is spgcea apart from the detector. This

25 can be calculated by using the equation d={OMxS) /2w,
where d is the diameter of the concave mirror, OM is the
solid angle subtended by the detector assembly at con-
cave mirror 120, and S is the distance between the
detector assembly and the nﬁnorj Similarly,

30 the passive infrared source 112 should be large enough
to £ill the field of view of the concave mirror.

The space between the passive infrared source and
detector on one hand and the concave mirror on the other
hand defines the sample chamber of the passive infrared

35 gas sensor 110 according to the present invention.
Infrared radiation emitted by the passive infrared
source 112 is reflected off concave mirror 120 into
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determining { e CANGENLT LALT, 016 3w the same sensitiicyl he sampling
period fromthe corrected output fromthe first sensor,
and ‘using half the space.

10 As explained above, detector assembly 79 described
in connection with Figs. 17 and 18 also includes an
active infrared source; thus, detector assembly 79 can’
be directly employed in an NDIR gas sensor. One poten-
tial NDIR gas sensor arrangement according to the

15 present invention is illustrated in Fig. 20. The NDIR
gas sensor of Fig. 20 comprises an elongated hollow tube
100 having a closed end 102 and an open end 104. In the
preferred embodiment, the tube 100 is compdéed of a
metal and has a circular cross section. In other embo-

20 diments, the cross section is square.

Inner surfaces of tube 100, including the inner
éurface of closed end 102, are specularly reflective.
In accordance with the present invention, the metal
{ tube 100 is gastight and therefore filtering apertures,.

25 of which the filtering aperture 106 is typical, are
provided at spaced locations along the tube 100 to
permit the gas being monitored to enter and to leave the '
space within the tube. Each of the filtering apertures
106 is covered by a semipermeable membrane 108. The

30 exact number, location, and disposition of the filtering
apertures is not crucial, although some arrangements may
be more optimal than others.

Three channel detector assembly 79 is mounted in the
open end of hollow tube 100 in such a manner as to close

35 off the open end and prevent gas from entering or exi-
ting through the open end of tube 100. Because the
active infrared source 84 is utilized in the present
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first detector, the first interference bandpass filter

designed to pass incident radiation at a first spectral
band;

10 £. a second interference bandpass filter mounted ‘
on the top side of the substrate so that the second
filter covers the aperture above the second detector and
the second filter is interposed between the port and the
second detector, the second interference bandpass filter

15 designed to pass radiation at a second spectral band;

g. a third interference bandpass filter mounted on
the top side of the substrate so that the third filter
covers the aperture above the third detector and the
third filter is interposed between the port and the

20 third detector, the third interference bandpass filter
designed to pass radiation at a third spectral band; and

h. leads extending through the detector housing
and electrically connected to the first, second, and
third thermopile detectors.

25 15. An infrared detector assembly according to
claim 14, wherein the dielectric membrane is
selected from the group consisting of silicon oxide,

silicon nitride, and a multilayer structure of silicon
oxide and silicon nitride. '

30 16. An infrared detector assembly according to
claim 14, further comprising a signal processor fabri-
cated on the substrate, and wherein the first, second
and third thermopile detectors are electrically connec-
ted to the signal processor and the leads are electri-

35 cally connected to the signal processor.
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63 7 A passivejinfrared gas detector according to claim 39,
further {conprising _a.bhattery power sourgﬁ 48. A passive i nfrared
gas detector according to cl aim 39 erein the port conprises a w ndow

ina TO5 5 f ctar..according to
claim42, fur er lnterﬁeﬁer{bceanbagb | ca ésl;is%e%r %%négﬁle(éek% %S(?s the field
of view of t#adiddtient Bt @ ddritd spectral bagl. A passive infrared gas
detector according to 10 claim 39, wherein the output of the signal
processi ng . .
19. An infrared detector assembly according to
claim 18, further comprising an active infrared light

5 source operatively mounted within the detector assembly.

20. An -infrared detector assembly according to

claim 19, wherein the dielectric membrane is

selected from the group consisting of silicon oxide,

silicon nitride, and a multilayer structure of silicon
10 oxide and silicon nitride.

21. An infrared detector assembly according to
claim 19, further comprising output leads extending
through the detector housing and electrically connected
to the first, second and third thermo?ile detectors.

1s 22. An infrared detector assembly according to

claim 19, further comprising:
a. a signal processor fabricated on the substrate,

che signal processor being electrically connected to the
thermopile detectors; and

20 b. leads extending through the detector ﬁousing
and electrically connected to the signal processor.

23. An infrared detector assembly according to
claim 19, wherein the first, second, and third inter-
ference bandpass filters are bonded to the substrate

25 wusing a thermally conductive material.

24. An infrared detector assembly according to
claim 19, wherein the active infrared light source
comprises a tungsten filament.

25. A passive source infrared gas sensor,
30 comprising:

e
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filter covers the aperture above the second detector and

the second filter is interposed between the port and the

second detector, the second interference bandpass filter
10 designed to pass radiation at a second spectral band;

f. a third interference bandpass filter mounted on
the top side of the substrate so that the third filter
covers the aperture above the third detector and the
third filter is interposed between the port and the

15 third detector, the third interference bandpass filter
designed to pass radiation at a third spectral band;

g. an active infrared light source operatiwvely
mounted within the detector assembly;
h. a source driver electrically connected to the

20 active infrared source for driving the active infrared
light source at a predetermined frequency; and
B signal processing circuitry connected to the
electrical outputs produced by the first, second, and
third detectors for prodﬁcing a signal in response
25 thereto representative of the concentration of at least
one gas being monitored.

31. An infrared gas sensor according
to claim 30, wherein the gas being monitored is at least
one selected from the group consisting of CO, CO,, H,0,

30 and TVOC.

32. An infrared gas sensor according
" to claim 30, wherein the first, second, and third band-
pass filters are about 0.1 gm wide at FWHM.
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35. A passive source infrared gas sensor,
10 comprising:
a. a passive infrared source comprising an
infrared black surface;
' b. a three channel infrared detector assembly
centered in the passive infrared source, the detector
15 assembly having a port for receiving infrared radiation
therethrough; and
c. a concave mirror facing the port of the
detector assembly and the infrared black surface, the
concave mirror being positioned such that radiation
20 emitted from the passive infrared source is reflected
from the mirror into the port.

36. A passive source infrared gas detector accord-
ing to claim 35, wherein the infrared black surface
comprises a material selected from the group consisting

25 of black chrome oxide, bismuth oxide and carbon black.

37. A passive source infrared gas detector
according to claim 35, wherein the passive infrared
source comprises a concave infrared black surface.

38. A passive source infrared gas detector
30 according to claim 35, wherein the three channel
detector assembly comprises three infrared thermopile
detectors and three interference bandpass filters, each
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40. A passive infrared gas detector according to
5 claim 39, wherein the first sensor, second sensor, and
third sensor each comprise a thermopilé detector.

41. A passive infrared gas detector according to
claim _.’_5_9_,.whérein the first sensor, second sensor, and
third sensor each comprise a thermopile and each share a £

10 common reference junction.

42. A passive infrared gas detector according to
claim 39, wherein the field of view for the first,
second, and third sensors is substantially the same.

43. A passive infrared gas detector according to
15 claim 39, wherein the gas being monitored is at least one
selected from the group consisting of CO, CO,, H,0, and
TVOC.:

44. . A passive infrared gas detector according to
claim 39, wherein the first, second, and third narrow
20 band pass filters are about 0.1 um wide at FWHM.

)

45. A passive infrared gas detector according to
claim 44, wherein the second and third narrow band pass
filters have a center wavelength selected from the group

consisting of about 3.91 pum, about 5.0 gm, and about 9.0
25 um.

46. A passive infrared gas detector according to
claim 45, wherein the first narrow band pass filter has a
center wavelength of about 4.67 pum.
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47. A passive infrared gas detector according to
claim 3%, further comprising a battery power source.

48. A passive infrared gas detector according to
claim 39, wherein the port comprises a window in a TO-5
5 can.

49. A passive infrared gas detector according to
claim 42, further comprising an optical system which
expands the field of view of the detaector assembly.

50. A passive infrared gas detector accoxrding to
10 claim_ 3% wherein the output of the signal processing
means is communicated to an alarm.

51. A passive source infrared gas detector,
comprising:
a. an infraréd detector assembly for producing a

15 first output, a second output, and a third output, the
first output being indicative of the radiation received
by the detector assembly at a first non-neutral spectral
band which is absorbable by a preselected gas to be
detected, the second output being indicative of the

20 radiation received by the detector assembly at a first
neutral spectral band from the passive infrared source,
and the third output being indicative of the radiation
received by the detector assembly at a second neutral
spectral band from the passive infrared source;

25 b. temperature measuring means for producing an
output indicative of the ambient temperature of the
detector assembly:;

c. signal processing means adapted to receive the
first, second, and third outputs and the output from the

30" temperature measuring means and for sampling and
storing, at least temporarily, the first, second, and
third outputs and the output from the temperature
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(57) Abstract

A passive source infrared gas detector (42) uses an ambient temperature
source and the space between the detector assembly and the source as the sample
chamber. The gas detector (42) includes an infrared detector assembly for
producing first, second, and third outputs, the first output being indicative of the
radiation received at a first non-neutral spectral band which Is absorbable by a
preselected gas to be detected, the second output being indicative of the radiation
received at a first neutral spectral band from the passive infrared source, and the
third output being indicative of the radiation received at a second neutral spectral
band from the passive infrared source. Signal processing means maniputate
monitored.
Additional detectors can be added to the detector assembly to detect radiation at

the three outputs to determine the concentration of the gas being
spectral bands characteriatic of additions! gases.
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