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FABRY-PEROT FILTER, 
WAVELENGTH-SELECTIVE INFRARED 

DETECTOR AND INFRARED GAS ANALYZER 
USING THE FILTER AND DETECTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] This invention relates to a Fabry-Perot ?lter device 
used as a Wavelength selective ?lter for transmitting rays of 
light, such as infrared radiation, in a Wavelength selective 
manner; a Wavelength selective infrared detector comprising 
the Fabry-Perot ?lter device and an infrared detector; and a 
non-dispersive infrared gas analyZer for measuring concen 
tration of a gas or gases by detecting infrared radiation 
transmitted through the Fabry-Perot ?lter device. 

[0003] 2. Description of the Prior Art 

[0004] A non-dispersive infrared gas analyzer, hereinafter 
called “NDIR gas analyzer”, is used to analyZe a gas, 
Wherein the analyZer detects the amount of infrared absorp 
tion to measure the concentration of the gas, utiliZing the 
principle that the Wavelength bands of infrared radiation to 
be absorbed depends on the type of gas. 

[0005] FIGS. 1 to 5 shoW examples of prior art NDIR gas 
analyZers. In the folloWing, the gas being measured is 
assumed to be carbon dioxide Whose peak Wavelength of 
infrared radiation absorption is approximately 4.25 pm 

[0006] FIG. 1 shoWs a single ray, one Wavelength NDIR 
gas analyZer comprising a sample cell 110, Whereinto a gas 
is supplied; a light source 111; a ?lter 112; and an infrared 
detector 113. In this example, ?lter 112 is tuned to the 
absorption bands of carbon dioxide shoWn in FIG. 6 to 
select and pass a band of infrared radiation having Wave 
lengths in the vicinity of 4.25 pm. Infrared detector 113 
determines the concentration of the gas being measured by 
detecting infrared radiation transmitted through ?lter 112. 

[0007] FIG. 2 shoWs a single ray tWo Wavelength com 
parative NDIR gas analyZer, Wherein the analyZer selects 
tWo Wavelength bands using ?lter 112, tuned to the absorp 
tion band of carbon dioxide, and a ?lter 114 for transmitting 
an infrared radiation band of Wavelengths in the vicinity of 
approximately 3.9 pm, as a reference light. The The bands 
of infrared radiation thus selected are detected respectively 
With infrared detectors 113 and 115. In this example, it is 
possible to correct a change in the output signal With time 
due to, for example, deterioration in light source 111 or 
contamination in sample cell 110 by comparing the carbon 
dioxide absorption band With the measured absorption band 
of the reference light. 

[0008] FIG. 3 shoWs another single ray tWo Wavelength 
comparative NDIR gas analyZer, Wherein the analyZer 
selects tWo Wavelength bands using ?lter 112 formed on a 
disc 116 and tuned to the absorption band of carbon dioxide 
and the ?lter 114 for reference light. The bands of infrared 
radiation selected by the ?lters as disc 116 is rotated are then 
detected With infrared detector 113. In this example, it is also 
possible to correct a change in the output signal With time 
due to, for example, deterioration in light source 111 or 
contamination in sample cell 110, by comparing the carbon 
dioxide absorption band With the measured absorption band 
of the reference light. 
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[0009] FIG. 4 shoWs a single ray tWo Wavelength Fabry 
Perot NDIR gas analyZer, Wherein a gap betWeen tWo 
parallel mirrors, comprisng a Fabry-Perot ?lter 117, is made 
variable so that tWo bands are selected, one being a band 
tuned to the absorption band of the gas being measured and 
the other being a band of reference light. The bands of 
infrared radiation thus selected are respectively detected 
With infrared detector 113. In this example, it is also possible 
to correct a change in the output signal With time due to, for 
example, deterioration in light source 111 or contamination 
in sample cell 110, by comparing the carbon dioxide absorp 
tion band With the measured absorption band of the refer 
ence light. 

[0010] A shoWn in FIG. 8, the Fabry-Perot ?lter is an 
optical ?lter using a device (e. g. Fabry-Perot plates) Wherein 
a pair of high re?ectance mirrors 120 and 121 are placed in 
parallel and opposite to each other With a gap formed 
therebetWeen. Assuming that the Width (i.e. distance 
betWeen) of the gap in the Fabry-Perot ?lter is “d” and the 
refractive index Within the gap is “n”, then the rays, among 
the rays of incident light, that satisfy the phase relationship 
represented by beloW equation (1) Will enhance each other 
by interference, thus becoming transmitted light. In equation 
(1), 6 is the phase reference, 4) is the angle of light incident 
on the device, and )L is the Wavelength of the light. FIG. 9 
shoWs hoW the rays are transmitted. 

o=4nnd cos (1)/7» (1) 

[0011] The Fabry-Perot ?lter is designed so that the Wave 
length bands of the transmitted light passing through the 
device can be varied by making the gap Width “d” variable. 
An example of a variable Wavelength, Fabry-Perot ?lter 
comprises a ?xed mirror, and a movable mirror arranged 
opposite to the ?xed mirror With a gap formed therebetWeen, 
With a ?xed electrode on the ?xed mirror and a movable 

electrode on the movable mirror, and means are provided for 
applying a voltage to the electrodes so that the movable 
mirror is moved accordingly and the gap is thereby adjusted 
in Width. For example, such a Fabry-Perot ?lter can be used 
as a Wavelength selective ?lter for a non-dispersive infrared 
carbon dioxide sensor and selectively pass the Wavelength 
band of carbon dioxide absorption, of approximately 4.25 
pm, and the Wavelength band of reference light, of approxi 
mately 3.9 pm. 

[0012] FIG. 5 shoWs a double ray, one Wavelength NDIR 
gas analyZer, Wherein tWo light sources 111 and 118 are 
arranged so that the optical paths thereof differ from each 
other Within sample cell 110. In this example, a change in the 
output signal With time due to, for example, contamination 
of sample cell 110 is corrected according to the ratio 
betWeen tWo output signals of infrared detector 113 provided 
by a band of infrared radiation that is transmitted through 
?lter 112 tuned to the absorption band of the gas being 
measured. The concentration of the gas being measured is 
then determined. 

[0013] In the foregoing type of NDIR gas analyZer, hoW 
ever, the number of ?lters must be increased to be able to 
measure concentrations of a plurality of gases or a plurality 
of constituents of a gas. Hence, the prior art gas analyZers all 
have such problems as high cost and large siZes. 
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SUMMARY OF THE INVENTION 

[0014] Accordingly, an object of the invention is to over 
come the aforementioned and other problems, de?ciencies 
and disadvantages of the prior art. 

[0015] Another object is to provide an infrared gas ana 
lyZer capable of simultaneously determining concentrations 
of at least tWo constituents of a gas being measured by using 
a Fabry-Perot ?lter device for selectively transmitting at 
least three Wavelength bands of infrared radiation Which 
includes a reference light. 

[0016] The foregoing and other objects are attained in the 
invention Which encompasses a Fabry-Perot ?lter device for 
passing infrared radiation from a light source in a Wave 
length selective manner, and comprising a ?Xed mirror 
formed on a substrate; a movable mirror arranged opposite 
to the ?Xed mirror With a gap formed therebetWeen so that 
the movable mirror is displaced With respect to the ?Xed 
mirror by applying an eXternal force; a ?Xed electrode 
formed on the ?Xed mirror; and a movable electrode formed 
on the movable mirror and arranged opposite to the ?Xed 
electrode; Wherein the movable mirror is displaced by 
applying a potential difference across the ?Xed and movable 
electrodes so that the Width of the gap is varied in at least 
three steps, Whereby at least three Wavelength bands of the 
infrared radiation are selectively transmitted through the 
?lter device. 

[0017] A feature of the invention is the ?Xed mirror and 
the movable mirror both comprising silicon. 

[0018] Another feature is the ?Xed electrode and the 
movable electrode both comprise silicon With a high impu 
rity concentration. 

[0019] Another aspect of the invention is an infrared gas 
analyZer for determining concentration of a gas being mea 
sured according to output of an infrared detector, and 
comprising a light source for emitting infrared radiation to 
the gas being measure; a Wavelength selective ?lter for 
passing the infrared radiation from the light source in a 
Wavelength selective manner; and an infrared detector for 
detecting infrared radiation passing through the Wavelength 
selective ?lter, Wherein the Wave selective ?lter comprises 
the above referred to Fabry-Perot ?lter device. 

[0020] Another feature of the invention is that the Wave 
length selective ?lter is disposed before the infrared detector 
in an optical path and comprises a Wide bandpass ?lter for 
passing only a speci?c band of Wavelengths. 

[0021] A further aspect of the invention is a Wavelength 
selective infrared detector comprising a substrate; a Wave 
length selective ?lter formed on the substrate for passing 
infrared radiation from a light source in a Wavelength 
selective manner; and an infrared detector formed on the 
substrate for detecting infrared radiation passing through the 
Wavelength selective ?lter. 

[0022] A feature of the invention is that the infrared 
detector comprises elements located in a sealed cavity 
formed in the substrate, and Wherein the Wavelength selec 
tive ?lter is formed on the sealed cavity so that the sealed 
cavity is sealed With an inert gas therein. 

[0023] A yet further-aspect of the invention is a Wave 
length selective infrared detector comprising a Wavelength 
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selective ?lter formed on a ?rst substrate to pass infrared 
radiation from a light source in a Wavelength selective 
manner; and an infrared detector formed on a second sub 
strate and comprising detector elements for detecting infra 
red radiation passing through the Wavelength selective ?lter, 
Wherein the ?rst and second substrates are joined together. 

[0024] A further feature is that in the just mentioned 
Wavelength selective infrared detector, the infrared detector 
elements are located Within a grooved shaped part formed in 
the second substrate so as to form a sealed cavity and the 
Wavelength selective ?lter is positioned on the groove 
shaped part to form the sealed cavity, so that the sealed 
cavity has inert gas therein. 

[0025] Another feature is that in the just mentioned Wave 
length selective infrared detector, the Wavelength selective 
?lter is a Fabry-Perot ?lter device comprising a ?Xed mirror 
located on a substrate and a movable mirror arranged 
opposite to the ?Xed mirror so that a gap is formed ther 
ebetWeen and the movable mirror is displaced With respect 
to the ?Xed mirror by applying an external force. 

[0026] A further feature is that a ?Xed electrode is formed 
on the ?Xed mirror and a movable electrode is formed on the 
movable mirror and electric poWer is applied to the elec 
trodes to cause the movable mirror to be displaced and the 
Width of the gap to be varied. 

[0027] Another feature is that the gap is varied by apply 
ing a plurality of voltages across the ?Xed electrode and 
movable electrodes so that a plurality of bands of Wave 
lengths are passed by the ?lter device. 

[0028] A yet further feature is that the infrared detector of 
the invention may comprise a bolometer. 

[0029] A still further feature is a plurality of the Wave 
length selective ?lters and a plurality of infrared detectors 
arranged horiZontally in arrays. 

[0030] A further aspect of the invention is an infrared gas 
analyZer for determining concentration of a gas being mea 
sured according to output of an infrared detector, comprisng 
a light source for emitting infrared radiaton to the gas being 
measured; a Wavelength selective ?lter for passing infrared 
radiation from the light source in a Wavelength selective 
manner; and an infrared detector for detecting infrared 
radiation passing through the Wavelength selective ?lter; 
Wherein the Wavelength selective ?lter is formed on a 
substrate, and the infrared detector is formed on the same 
substrate or the infrared detector is formed on a second 
substrate With the second substrate being joined to the ?rst 
substrate. 

[0031] A feature of the invention is a Wide bandpass ?lter 
being disposed betWeen the Wavelength selective infrared 
detector and the light source so as to pass only a speci?c 
band of Wavelength. 

[0032] Another feature of the invention is that the gas 
being measured contains one component of carbon dioXide, 
and another component being Water, or carbon monoXide, or 
nitrogen oXide, or sulfur oXide, and Wherein concentrations 
thereof are measured. 

[0033] A further feature is that the gas being measured is 
nitrogen oXide and sulfur oxide. 
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[0034] A further aspect of the invention comprises a 
Fabry-Perot ?lter device comprising a ?xed mirror and a 
movable mirror With a gap formed therebetWeen, and 
Wherein the movable mirror is formed of a multilayer optical 
thin ?lm comprising at least one layer presenting tensile 
stress; or at least one layer presenting compressive stress, or 
at least tWo layers presenting differeent levels of tensile 
stress, or at least three layers comprising a high refractive 
index layer, a loW refractive index layer, and another high 
refractive index layer, of different tensile and compressive 
stress. 

[0035] A feature of the invention is that the thin ?lm has 
a thickness of M4 wherein X is the Wavelength. 

[0036] Another feature is that an isolation layer is pro 
vided betWeen a ?xed electrode Which is formed on the ?xed 
mirror and a movable electrode Which is formed on the 
movable mirror. 

[0037] Another feature is that the isolation layer is formed 
on the ?xed electrode and is made of silicon nitride or silicon 
oxide. 

[0038] A further feature is that the ?xed mirror is formed 
on a substrate, and the gap is formed by depositing a 
sacri?cial layer of predetermined shape and siZe betWeen the 
?xed mirror and the movable mirror and then removing the 
sacri?cial layer completely or partially, such as by means of 
etching. 

[0039] A yet further feature is that the arti?cial layer has 
a trapeZoid shaped cross section and electrode pads are 
formed outside of said sacri?cial layer. 

[0040] Another feature is that an anti-refection layer is 
formed on a backside of a substrate, and a metal aperture is 
formed on the anti-re?ection layer through a protection layer 
and having an optical area in part, Wherein the sacri?cial 
layer is ?rst removed by etching and then a portion of the 
protection layer present in the optical area is removed. 

[0041] A further feature is that etching holes are provided 
at a center and along a periphery of the movable mirror in 
order to etch the sacri?cial layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a schematic vieW depicting a prior art 
NDIR gas analyZer. 

[0043] FIG. 2 is a schematic vieW depicting another prior 
art NDIR gas analyZer. 

[0044] FIG. 3 is a schematic vieW depicting yet another 
prior art NDIR gas analyZer. 

[0045] FIG. 4 is a schematic vieW depicting still another 
prior art NDIR gas analyZer. 

[0046] FIG. 5 is a schematic vieW depicting a further prior 
art NDIR gas analyZer. 

[0047] FIG. 6 is a graph depicting infrared transmission 
and absorption bands of a ?lter. 

[0048] FIG. 7 is a graph depicting infrared transmission 
and absorption bands of another ?lter. 

[0049] 
plates. 

FIG. 8 is a schmatic vieW explaining Fabry-Perot 
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[0050] FIG. 9 is a graph depicting the Way light is 
transmitted through a Fabry-Perot ?lter. 

[0051] FIG. 10 is a cross-sectional vieW depicting a ?rst 
illustrative embodiment of a Fabry-Perot ?lter device of the 
invention. 

[0052] FIG. 11 is a graph depicting an infrared absorption 
band of carbon dioxide. 

[0053] FIG. 12 is a graph depicting absorption band of 
Water vapor. 

[0054] FIGS. 13A-13C are schematic vieWs explaining 
behavior of the ?rst illustrative embodiment of the Fabry 
Perot ?lter device of the invention. 

[0055] FIG. 14 is a graph depicting the transmission and 
gas absorption bands of the Fabry-Perot ?lter device. 

[0056] FIG. 15 is a schematic vieW depicting an infrared 
gas analyZer using the the Fabry-Perot ?lter device shoWn in 
FIGS. 13A-13C. 

[0057] FIG. 16 is a cross-sectional vieW depicting a ?rst 
illustrative embodiment of a Wavelength selective infrared 
detector of the invention. 

[0058] FIGS. 17A and 17B are cross-sectional vieWs 
depicting a second illustrative embodiment of a Wavelength 
selective infrared detector of the invention. 

[0059] FIG. 18 is a cross-sectional vieW depicting a third 
illustrative embodiment of a Wavelength selective infrared 
detector of the invention. 

[0060] FIG. 19 is a schematic vieW depicting an infrared 
gas analyZer using the second and third illustrative embodi 
ments of the Wavelength selective infrared detector of the 
invention. 

[0061] FIG. 20 is a schematic vieW depictinig a Fabry 
Perot ?lter. 

[0062] FIG. 21 is a cross-sectional vieW depicting forma 
tion of a gap in the Fabry-Perot ?lter. 

[0063] FIG. 22 is a cross-sectional vieW depicting a 
Fabry-Perot ?lter device of the invention. 

[0064] FIG. 23 is a graph depicting transmission charac 
teristics of Fabry-perot ?lters, one of Which uses a single 
layer and the other of Which uses three layers for the 
movable mirror. 

[0065] FIG. 24 is a schematic vieW explaining an example 
of a Fabry-Perot ?lter using a three layer movable mirror. 

[0066] FIG. 25 is a schematic vieW explaing an example 
of a Fabry-Perot ?lter using a single layer movable mirror. 

[0067] FIG. 26 is a schematic vieW depicting an example 
of a multilayer movable mirror. 

[0068] FIGS. 27A and 27B are cross-sectional vieWs 
depicting a second illustrative embodiment of a Fabry-Perot 
?lter device of the invention. 

[0069] FIG. 28 is a cross-sectional vieW depicting a third 
illustrative embodiment of a Fabry-Perot ?lter device of the 
invention. 
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[0070] FIG. 29 is a cross-sectional vieW depicting a fourth 
illustrative embodiment of a Fabry-Perot ?lter device of the 
invention. 

[0071] FIG. 30 is a cross-sectional vieW depicting a ?fth 
illustrative embodiment of a Fabry-Perot ?lter device of the 
invention. 

[0072] FIG. 31 is a cross-sectional vieW depicting a sixth 
illustrative embodiment of a Fabry-Perot ?lter device of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0073] First Illustrative Embodiment of a Fabry-Perot 
Filter Device 

[0074] Hereinafter, it is assumed that the gas being mea 
sured is a gas containing tWo components, one of Which is 
carbon dioxide Whose peak Wavelength of infrared absorp 
tion is approximately 4.25 pm, as shoWn in FIG. 11, and the 
other is Water vapor Whose peak Wavelength of infrared 
absorption is approximately 2.7 pm, as shoWn in FIG. 12. Of 
course, any other gas or gases can be measured With the 
invention. The Fabry-Perot ?lters are normally designed in 
such a manner that the central Wavelength ranges from 2700 
nm (L1) to 4250 nm (X2) and and the free spectral range 
(FSR) is greater than 4250-2700 nm (k2—)»1)=1550 nm. The 
Fabry-Perot ?lter, as shoWn in FIG. 10, is designed so that 
the free spectral range FSR=2000 nm, half Width HBW=140 
nm, maximum transmittance Tmax=80%, and Finesse=14. 

[0075] In FIG. 10, a ?xed mirror 3 is formed on a silicon 
substrate 1 via an oxide layer 2, and a movable mirror 4 is 
formed on an oxide layer 5 deposited on ?xed mirror 3 and 
arranged opposite to ?xed mirror 3. A gap “h”, equivalent to 
the thickness of oxide layer 5, is formed betWeen ?xed 
mirror 3 and movable mirror 4, by etching oxide layer 5, 
through etching holes 6 formed on movable mirror 4. 
Movable mirror 4 can be displaced toWard ?xed mirror 3 by 
applying an external force. Fixed mirror 3 and movable 
mirror 4 are made of, for example, poly-silicon. A ?xed 
electrode 7 is formed on ?xed mirror 3 by doping the surface 
thereof With a high concentration impurity or impurities. 
Similarly, a movable electrode 8 is formed on movable 
mirror 4 by doping the surface thereof With a high concen 
tration impurity or impurities. An electrode pad 9 is formed 
on ?xed electrode 7 in contact thereWith to enable the 
electrode to be supplied With external poWer. Similarly, an 
electrode pad 10 is formed on movable electrode 8 in contact 
thereWith to enable electrode 8 to be supplied With external 
poWer. 

[0076] The central wavelength A of the Fabry-Perot ?lter 
device is equivalent to the Width or thickness of the gap “h”, 
ie the thickness of oxide layer 5, and is 3100 nm, for 
example. Since ?xed mirror 3 serves as the loWer mirror of 
the Fabry-Perot ?lter, the optical ?lm thickness of the mirror 
equals M4. In the embodiment, oxide layer 5 is 592 nm thick 
and has a refractive index of 1.309, and the layers of the 
?xed mirror 3 and movable mirror 4 are 248 nm thick and 
have a refractive index of 3.125. 

[0077] The operation of the Fabry-Perot ?lter device is 
described With reference to FIGS. 13A-13C. Once a poten 
tial difference is applied across ?xed electrode 7 and mov 
able electrode 8 through pads 9 and 10, an electrostatic 
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attraction force is produced betWeen the ?xed and movable 
electrodes. Thus, movable mirror 4 is displaced With respect 
to ?xed mirror 3, thereby changing the Width of gap “h”. By 
varying the voltage, it is possible to determine the Width of 
gap “h” at Which infrared radiation With Wavelength bands 
corresponding to the absorption bands of the gas being 
measured are transmitted through the Fabry-Perot ?lter 
device of the invention. 

[0078] For example, assume that in FIG. 13A, the Width 
of gap “h” (i.e. the thickness of an isolation layer of about 
3100 nm) in the non-electri?ed, initial state of the Fabry 
Perot ?lter is When a reference light is measured. Then, it is 
possible to use a change in the amount of transmitted light 
as data for correcting a change in the light source due to 
aging or contamination in the optical system. 

[0079] The object to be measured can be sWitched to Water 
vapor by adjusting the potential difference, so that the gap 
“h” is approximately 2590 nm, as shoWn in FIG. 13B. 
Similarly, the object can be further sWitched to carbon 
dioxide by adjusting the potential difference so that the gap 
“h” is approximately 2270 nm, as shoWn in FIG. 13C. As 
described above, the gap “h” is made variable in three steps. 
Hence, it is possible to realiZe a Fabry-Perot ?lter device 
Which selectively transmits at least three Wavelength bands 
of infrared radiation, including a Wavelength band of refer 
ence light. 

[0080] Assuming that the Fabry-Perot ?lter device of the 
invention is used With an infrared gas analyZer comprising 
a light source for emitting infrared radiation to the gas being 
measured, a Wavelength selective ?lter for transmitting the 
infrared radiation from the light source in a Wavelength 
selective manner; and an infrered detector for detecting 
infrared radiation Which is transmitted through the Wave 
length selective ?lter, in order to determine the concentra 
tion of the gas being measured according to the output of the 
infrared detector. Then, it is possible to simultaneously 
measure the concentrations of the tWo constituents of the gas 
or gases being measured, Without having to increase the 
number of Wavelength selective ?lters. Thus, it is possible to 
advantageously reduce the siZe and cost of an infrared gas 
analyZer. 

[0081] Moreover, even With one type of gas, the Fabry 
Perot ?lter device of the invention provides a plurality of 
transmission peaks in a plurality of Wavelength bands, as 
shoWn in FIG. 14. For example, if the object being mea 
sured is carbon dioxide for Which the gap “h” is set to be 
2270 nm, transmission peaks occur in the vicinity of 2400 
nm and 4250 nm. If the object is Water vapor, for Which the 
gap is set at 2590 nm, transmission peaks occur in the 
vicinity of 2700 nm and 4700 nm. If the object is reference 
light for Which the gap “h” is set at 3100 nm, transmission 
peaks occur in the vicinity of 2200 nm and 3100 nm. 

[0082] Accordingly, as shoWn in FIG. 15, a Wide band 
pass ?lter 12, Which passes, for example, only the Wave 
length band of 2600 nm to 4500 nm and rejects from passage 
all other bands, can be located before an infrered detector 14 
in the optical path, so that only one peak is selected for each 
Width of the gap “h”. That is, as shoWn in FIG. 14, only a 
band of Wavelengths in the vicinity of 4250 nm is selected 
for carbon dioxide for Which the gap “h” is set to 2270 nm. 
Also, similarly, only a band of Wavelengths in the vicinity of 
2700 nm is selected for Water vapor for Which the gap “h” 
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is set to 2590 nm. Moreover, similarly, only a band of 
Wavelengths in the vicinity of 3100 nm is selected for the 
reference light for Which the gap “h” is set to 3100 nm. 
Hence, the Fabry-Perot ?lter device of the invention can be 
used to measure a plurality of gases utiliZing the amount of 
absorption. 

[0083] In the example of FIG. 15, the Wide bandpass ?lter 
12 is located betWeen a light source 11 and a Fabry-Perot 
?lter 13 in the optical path. Alternatively, Wide bandpass 
?lter 12 may be located betWeen the Fabry-Perot ?lter 13 
and infrared detector 14 in the optical path. 

[0084] In the foregoing embodiment, only carbon dioxide 
and Water vapor are discussed. HoWever, other gas or gases 
can be measured With the invention. The design require 
ments for the Fabry-Perot ?lter are that the central Wave 
length occur Within the range of from L1 to 22 and the free 
spectral range be greater than K2 —)\.1, assuming that the 
peak Wavelengths of the infrared absorption of the tWo 
constituents are k1 (e.g. shorter Wavelength) and k2 (e.e. 
longer Wavelength). Accordingly, concentration measure 
ment is also feasible for other constituent pairs, such as 
carbon dioxide and carbon monoxide, or nitrogen oxide and 
sulfur oxide, as examples. 

[0085] Generally, the optical axes of the Fabry-Perot ?lter 
13 and infrared detector 14 are positioned so as to be aligned 
With each other. In the case of the NDIR gas analyZers of the 
invention, the Fabry-Perot ?lter 13 and infrared detector 14 
are tWo separate elements and may be difficult to align 
precisely. In such a case, instrument to instrument measure 
ment error may occur depending on the alignment accuracy, 
and measures can be instituted to minimiZe error. 

[0086] In order to increase the sensitivity of infrared 
detector 14 and to prevent the characteristics thereof from 
changing With time, infrared detector 14 can be encapsulated 
in a package and the package can be vacuum sealed or sealed 
With an inert gas therein. 

[0087] In order to solve the foregoing problems, the 
Fabry-Perot ?lter of the invention is integrated With the 
infrared detector to form a Wavelength selective infrared 
detector. A number of illustrative embodiments of the Wave 
length selective infrared detector are hereinafter discussed. 

[0088] First Illustrative Embodiment of a Wavelength 
Selective Infrared Detector 

[0089] FIG. 16 shoWs a Wavelength selective infrared 
detector of the invention, Wherein components identical to 
those in FIG. 10 have the same reference symbols and may 
be excluded from discussion hereat for sake of clarity. In 
FIG. 16, an infrared detector 21 is integrated With a Wave 
length selective ?lter 22 to form a Wavelength selective 
infrared detector. The Wavelength selective ?lter 22 may be 
a Fabry-Perot ?lter. Formed on a silicon substrate 26 are 
infrared detector 21, Which is, for example, a bolometer 
Wherein a sealed cavity 23, infrared detector elements 24 
formed therein, and electrodes 25a and 25a Wherein infrared 
detector 24 is supplied With poWer through the electrodes 
25a,25b. 

[0090] The infrared detector elements 24 are formed by 
spirally etching conductive infrared detector layer 29 formed 
betWeen isolation layer 27 and 28 comprising silicon oxide 
layers that are deposited on substrate 26. Infrared detector 
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layer 29 comprises, for example, silicon With a high impu 
rity concentration. A spacer layer 30 of silicon is formed on 
isolation layer 28. Then, etching holes 31 are formed 
betWeen the spacer layer 30 and isolation layer 28. Then, 
sealed cavity 23 is formed by applying concentration dif 
ference etching through etching holes 31 to a portion of 
substrate 26 underlying the infrared detector elements 24, so 
that the elements are disposed Within sealed cavity 23. 

[0091] A sealing layer 32, of silicon, is formed on spacer 
layer 30 by means of epitaxial groWth, for example, thereby 
closing the etching holes 31. In this process, sealed cavity 23 
is ?lled With hydrogen that serves as a carrier gas during 
epitaxial groWth. Sealed cavity 23 is then heat treated to 
drive the hydrogen gas out of the cavity so that a vacuum is 
formed therein. Hence, infrared detector elements 24 are 
vacuum sealed inside sealed cavity 23. 

[0092] The Wavelength selective ?lter 22 is a Fabry-Perot 
?lter, Which is similar to that shoWn in FIG. 10 With regard 
to the primary componets thereof, and comprises; a ?xed 
mirror 3, a ?xed electrode 7 formed on ?xed mirror 3, and 
a movable electrode 8 formed on movable mirror 4. A gap 
33 is formed betWeen ?xed mirror 3 and movable mirror 4 
With the gap being varied by movement of the movable 
mirror 4 With respect to the ?xed mirror 3. 

[0093] As a ?rst step in the process of fabricating Wave 
length selective ?lter 22, an isolation layer 34, made of 
silicon oxide, is formed on sealing layer 32, Which serves as 
a substrate. Fixed mirror 3, Which made of, for example, 
polysilicon, is then formed on isolation layer 34. In the next 
step, a high concentration of impurity is doped onto the 
surface of ?xed mirror 3, to form ?xed electrode 7. Another 
isolation layer 35 is formed on the ?xed mirror 3, and the 
movable mirror 4, Which comprises, for example, polysili 
con, is formed on isolation layer 35 so as to be opposite the 
?xed mirror 3. On the surface of movable mirror 4, movable 
electrode 8, doped With a high concentration of impurity, is 
formed so as to be opposite ?xed electrode 7. 

[0094] After forming etching holes 6 in movable mirror 4, 
isolation layer 3 is etched through etching holes 6 so that a 
gap 33, Whose Width is equivalent to the thickness of the 
isolation layer 35, is formed betWeen ?xed mirror 3 and 
movable mirror 4. In this process, movable mirror 4 is 
connected through isolation layer 35 to ?xed mirror 3, taking 
the form of a cantilever. Alternatively, a plurality of etching 
holes 6 may be formed in a circular array in movable mirror 
4 to etch isolation layer 35, so that movable mirror 4 takes 
the form of a diaphragm. Electrode pad 9 is formed on ?xed 
electrode 7 in contact thereWith to enable electrode 7 to be 
electrically poWered. Similarly, electrode pad 10 is formed 
on movable electrode 8 in contact thereWith to enable 
electrode 8 to be supplied With poWer. 

[0095] The operation of the Wavelength selective infrared 
detector of FIG. 16 is as folloWs. When a potential differ 
ence is applied across ?xed electrode 7 and movable elec 
trode 8 through electrode pads 9 and 10, an electrostatic 
attractive force is produced therebetWeen. Thus, movable 
mirror 4 is displaced or moved toWard ?xed mirror 3, 
thereby to change the distance of gap 33. By varying the 
voltage thus supplied, it is possible to determine the Width 
of gap 33 Where infrared radiation With Wavelength bands 
corresponding to the absorption bands of the gas being 
measured are caused to be transmitted through the Wave 
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length selective ?lter. For example, assume that the Width of 
gap 33 (Which is the thickness of isolation layer 35 in a 
non-used state) in the non-poWered state of the Wavelength 
selective ?lter is 3.1 pm and that this initial state is the mode 
for measuring reference light. Then, the object to be mea 
sured can be sWitched to carbon dioxide by setting gap 33 to 
be approximately 2.27 pm. Similarly, the object can be 
sWitched to Water vapor by setting the gap 33 to be approxi 
mately 2.59 pm. 

[0096] Infrared radiation emitted from a light source, not 
shoWn, enters a sample cell, not shoWn, Whereat gas being 
measured is supplied. The sample cell absorbs a speci?c 
band of Wavelengths Which is projected onto the movable 
mirror 4. Only the Wavelength component corresponding to 
the Width of gap 33 is caused to pass through ?xed mirror 3 
and enters infrared detector elements 24 Within cavity 23 of 
the infrared detector 21. By detecting the amount of 
absorbed infrared radiation, the infrared detector elements 
23 of the invention determine the concentration of the gas 
being measured. 

[0097] Second Illustrative Embodiment of Wavelength 
Selective Infrared Detector 

[0098] FIGS. 17A and 17B are cross-sectional vieWs 
depicting a Wavelength selective infrared detector of the 
invention, Wherein components identical to those of FIG. 16 
have similar reference symbols and are not discussed hereat 
for sake of clarity. In FIG. 17A, an infrared detector 21, 
formed on a silicon substrate 26 Which serves as a ?rst 

substrate, and a Waveform selective ?lter 22 formed on a 
silicon substrate 1, Which serves as a second substrate, are 
joined together to form a Waveform selective infrared detec 
tor. Infrared detector 21 comprises, for example, a bolom 
eter, Wherein a cavity 36, serving as a sealed cavity, infrared 
detector elements 24 arranged in cavity 36, and electrodes 
25a and 25b for poWering the infrared detector elements. 
Infrared detector elements 24 are formed by spirally etching 
an infrared detector layer 29 formed betWeen isolation layers 
27 and 28 that are deposited on substrate 26. Then, cavity 36 
is formed by etching a portion of substrate 26 underlying 
infrared detector elements 24 into the shape of a groove 
using a concentration difference method. 

[0099] Wavelength selective ?lter 22 is a Fabry-Perot ?lter 
device comprising ?xed mirror, movable mirror 4, ?xed 
electrode 7 disposed on ?xed mirror 3, and movable elec 
trode 8 disposed on movable mirror 4. Another cavity 37 is 
formed on the backside of substrate 1. A sealed cavity 23 is 
formed by directly joining together substrate 26, Whereon 
infrared detector 21 is formed, and substrate 1, Whereon 
Wavelength selective ?lter 22 is formed, in a vacuum or inert 
gas atmosphere, With cavities 36 and 37 being opposed to 
each other. Infrared detector elements 24 are disposed Within 
sealed cavity 23. In this process, sealed cavity 23 is vacuum 
sealed or sealed With an inert gas therein. 

[0100] In FIG. 17B, the Wavelength selective infrared 
detector comprises Wavelength selective ?lter 22, such as 
that shoWn in FIG. 17A, positioned upside doWn. Infrared 
detector 21 and Wavelength selective ?lter 22 are joined 
together through a spacer layer 38 Whereon cavity 37 is 
formed and cavity 23 is vacuum sealed or sealed With an 
inert gas therein. 

[0101] Electrode pad 9 is formed to contact ?xed electrode 
7 so that poWer can be supplied to the ?xed electrode 7 
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through an antire?ection layer 39, deposited on substrate 1, 
through substrate 1 and through isolation layer 2. Similarly, 
electrode pad 10 is formed to contact movable electrode 8 so 
that poWer can be supplied thereto through antire?ection 
layer 39, through substrate 1, through isolation layer 2, 
through ?xed mirror 3, and through isolation layer 35. 

[0102] Advantageously, the Wavelength selective infrared 
detectors shoWn in FIGS. 16, 17A and 17B are fabricated 
using a semiconductor manufacturing process that alloWs for 
precision alignment. Accordingly, it is possible to align the 
infrared detector 21 and Wavelength selective ?lter 22 With 
high precision, thereby reducing instrument to instrument 
error. Furthermore, advantageously, the Wavelength selec 
tive infrared detectors are designed so that gap 33 can be 
varied by changing the voltage applied across the ?xed and 
movable electrodes 7,8. Hence, there is no need to increase 
the number of ?lters even When a plurality of constituents in 
the gas being measured are included in the concentration 
measurement. Accordingly, With the invention, it is possible 
to reduce the siZe and cost of the infrared gas analyZers. 
Moreover, advantageously, in the process of manufacturing 
the infrared detector elements 24, sealed cavity 23 is either 
vacuum sealed or sealed With an inert gas therein. Hence, 
there is no need to use a separate sealing process, Which 
enables further cost reduction. 

[0103] Third Illustrative Embodiment of Wavelength 
Selective Infrared Detector 

[0104] FIG. 18 shoWs another Wavelength selective infra 
red detector of the invention, Wherein the Wavelength selec 
tive infrared detector comprises infrared detectors 21a,21b, 
and 21c and Wavelength selective ?lters 22a, 22b and 22c 
formed in a plurality of arrays. Infrared detectors 21a,21b, 
and 21c are formed in parallel on substrate 26 similar to 
infrared detector 21 shoWn in FIGS. 17A,17B. Similarly, 
Wavelength selective ?lters 22a,22b and 22c are formed in 
parallel on substrate 1 similar to Wavelength selective ?lter 
22 shoWn in FIGS. 17A,17B. Also, similar to infrared 
detector shoWn in FIGS. 17A,17B, infrared detector ele 
ments 24a,24b and 24c are formed in infrared detectors 
21a,21b and 21c. Fixed mirror 3, located underneath Wave 
length selective ?lters 22a, 22b, and 22c, is formed so as to 
be common to the ?lters. Movable mirrors 4a,4b, 4c are 
formed opposite ?xed mirror 3. 

[0105] In FIG. 18, assume that gaps 33a,33b and 33c are 
formed betWeen ?xed mirror 3 and movable mirrors 4a,4b, 
4c so that the Widths of the gaps differ from each other. Then, 
it is possible to fabricate Wavelength selective ?lters 22a, 
22b and 22c so that the respective ?lters Will transmit only 
those bands of infrared radiation having the Wavelengths k1, 
k2, )»3 corresponding to the Widths of the respective gaps. 

[0106] Similar to the Fabry-Perot ?lter shoWn in FIGS. 
17A, 17B, an array of Wavelength selective infrared detec 
tors can be formed by directly joining the substrates 1 and 
26 together in a vacuum or inert gas atmosphere. Alterna 
tively, similar to the Wavelength selective infrared detector 
shoWn in FIG. 16, a plurality of infrared detectors and a 
plurality of Wavelength selective ?lters may be formed on 
the same substrate. A plurality of Wavelength selective 
infrared detectors may be arranged in an array on a hori 
Zontal plane, and the gaps of a plurality of Wavelength 
selective ?lters may be formed so that the initial Widths 
thereof differ from each other. Alternatively, the Widths of a 
















