
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

71
1 

68
8

A
1

TEPZZ 7__688A_T
(11) EP 2 711 688 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
26.03.2014 Bulletin 2014/13

(21) Application number: 12789485.5

(22) Date of filing: 17.05.2012

(51) Int Cl.:
G01N 21/61 (2006.01)

(86) International application number: 
PCT/JP2012/062595

(87) International publication number: 
WO 2012/161067 (29.11.2012 Gazette 2012/48)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 20.05.2011 JP 2011113789

(71) Applicant: HORIBA, Ltd.
Minami-ku
Kyoto-shi
Kyoto 601-8510 (JP)

(72) Inventors:  
• UKON, Juichiro

Kyoto-shi, Kyoto 601-8510 (JP)

• IDO, Takuya
Kyoto-shi, Kyoto 601-8510 (JP)

• OHNISHI, Toshikazu
Kyoto-shi, Kyoto 601-8510 (JP)

• TSUJIMOTO, Toshiyuki
Kyoto-shi, Kyoto 601-8510 (JP)

(74) Representative: Müller - Hoffmann & Partner
Patentanwälte 
St.-Martin-Strasse 58
81541 München (DE)

(54) MEASURING UNIT AND GAS ANALYZER

(57) A measurement unit (1) used in an analyzing
apparatus for measuring concentrations of component
gases in a sample gas comprises an light emitting unit
(21) configured to emit a measurement light to the sample
gas, a light receiving unit (24) configured to receive the
measurement light on a light receiving plane, a purge air
introducing unit (14) configured to introduce a purge air
into a vicinity of at least one of the light emitting unit (21)

and/or the light receiving unit (24), and a condensing lens
(23) arranged in an optical path of the measurement light
from the light emitting unit (21) to the light receiving unit
(24), the condensing lens (23) being configured to con-
dense the measurement light within the light receiving
plane of the light receiving unit (24), a propagation path
of the measurement light being varied by a thermal lens
effect caused by a temperature difference between the
sample gas and the purge air.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a gas analyzing
apparatus and a measurement unit. More specifically,
the present invention relates to a gas analyzing appara-
tus that analyzes a concentration of a predetermined
component in a sample gas using a light absorption tech-
nique, and a measurement unit used in the gas analyzing
apparatus.

BACKGROUND ART

[0002] A combustion exhaust gas, which is expelled
from a boiler that combusts coal or heavy oil, includes
gases such as NOx, SOx, CO2, CO, etc. Gas analyzing
apparatuses for analyzing contents of these components
in the gas have previously been developed. Various
types of apparatuses have been developed, such as an
open-path type apparatus and a probe-type apparatus.
[0003] One example of a cylindrical measurement unit
used in the above-described probe-type gas analyzing
apparatus is disclosed in Patent Citation 1. The meas-
urement unit disclosed in Patent Citation 1 emits a meas-
urement light from a light source that is arranged at one
end side of a cylindrical casing so as to pass the meas-
urement light through a sample gas that is introduced
into the inner space of the casing. The measurement light
is reflected by a reflecting mirror that is arranged at an-
other end side of the casing and the reflected measure-
ment light is received by a light receiving sensor. An
amount of the measurement light absorbed by the sam-
ple gas is derived by subtracting one information of the
measurement light from another. One information is the
information that can be derived from the light receiving
sensor. Another is the information of the measurement
light at the time when the measurement light is emitted
from the light source. Then, the concentration of the pre-
determined component in the sample gas can be derived
based on the amount of the measurement light absorbed
by the sample gas.
[0004] Due to such a measurement principle, in order
to perform accurate analyses in the gas analyzing appa-
ratus using the above-described measurement light, it is
important to receive the measurement light within the
light receiving plane of the light receiving sensor. From
such a point of view, it is considered that the positioning
of the optical components, such as the light source, the
reflecting mirror, the light receiving, etc., can be per-
formed in the probe-type gas analyzing apparatuses eas-
ier than the open-path type gas analyzing apparatus. This
is because the optical components of the probe-type gas
analyzing apparatus are fixed in a single casing as de-
scribed above. On the other hand, these optical compo-
nents of the open-path type gas analyzing apparatus are
arranged separately. In other words, it is considered to
be easier to set the irradiation point of the measurement

light within the light receiving plane of the light receiving
sensor in the probe-type gas analyzing apparatus.
[0005] Patent Citation 1: US Patent No. 6809825

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0006] However, even with the above-described
probe-type gas analyzing apparatus, situations arise in
which the irradiation point of the measurement light can-
not be set within the light receiving plane of the light re-
ceiving sensor.
[0007] In measurement units, in which the optical com-
ponents such as the above-described sensor, the reflect-
ing mirror, etc. are used, there is the case in which a
cleaning air (so-called purge air) is introduced around
the optical components in the casing. The cleaning air is
introduced with a predetermined pressure in order to
avoid the contamination of the optical components due
to dust contained in the sample gas, etc.
[0008] While the temperature of the sample gas ex-
pelled from the above-described boiler is very high, the
temperature of the purge air is typically the same as the
ambient temperature. When there is a temperature dif-
ference between the purge air and the sample gas, spa-
tial distribution of temperature occurs inside the casing
of the measurement unit, such as on the path of the meas-
urement light. When such a spatial distribution of tem-
perature occurs, the spatial refractive index is changed
proportionally to the spatial distribution of temperature.
Then, the measurement light propagating in the space
might be refracted since the change of the refractive in-
dex causes the effect equivalent to transitional optical
lenses (so-called thermal lens effect).
[0009] As shown in Fig. 9, the measurement light Lb2
should propagate on a straight path R1. However, Lb2
might propagate on a refracted path, like the path R3,
due to the temperature difference between the sample
gas Sg and the purge air Pa.
[0010] Fig. 9 is an image view showing that the meas-
urement light is improperly received in the conventional
measurement unit. If the measurement light Lb2 is re-
fracted in such a manner, the measurement light Lb2
cannot be received within the light receiving plane of the
light receiving sensor. Therefore, it is sometimes difficult
to perform an accurate analysis.
[0011] In addition, the state of the refraction of the
measurement light Lb2 changes with time. This is due to
the thermal lens effect changing because of changes in
the flows of the sample gas Sg and the purge air Pa. As
a result, even if the measurement light Lb2 is emitted
onto the light receiving plane of the light receiving sensor
54, the irradiation point Lbp2 of the measurement light
Lb2 on the light receiving plane may fluctuate, as shown
in Fig. 10.
[0012] Fig. 10 is a view showing that the irradiation
point Lbp2 fluctuates on the light receiving plane in the
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conventional measurement unit. In Fig. 10, a locus line
Tr2 is a movement locus of the irradiation point Lbp2. In
Fig. 10, since the locus line Tr2 snakes, it is shown that
the irradiation point Lbp2 fluctuates as described above.
When the position of the irradiation point Lbp2 moves in
the light receiving sensor, stable signals might not be
derived from the light receiving sensor, even if the inten-
sity of the measurement light Lb2 is constant, because
the light receiving sensitivity of the light receiving sensor
may be dependent on the positions of the light receiving
plane.
[0013] The measurement light might also be refracted,
due to the thermal lens effect, in the open-path gas an-
alyzing apparatus when using the purge gas in the same
manner as the probe-type gas analyzing apparatus. In
such a configuration, the irradiation point of the meas-
urement light sometimes cannot be set properly within
the light receiving plane of the light receiving sensor.
[0014] The present invention was conceived in light of
the above-described problems and the object of the
present invention is to provide the measurement unit and
the gas analyzing apparatus that can analyze the sample
gas more accurately than the conventional techniques.

TECHNICAL SOLUTION

[0015] A measurement unit, according to one aspect
of the present invention, is the measurement unit that is
used in an analyzing apparatus for measuring concen-
trations of component gases in a sample gas. The meas-
urement unit comprises a light emitting unit, a light re-
ceiving unit, a purge air introducing unit, and a condens-
ing lens. The light emitting unit is configured to emit a
measurement light to the sample gas. The light receiving
unit is configured to receive the measurement light on a
light receiving plane. The purge air introducing unit is
configured to introduce a purge air into a vicinity of at
least one of the light emitting unit and the light receiving
unit. The condensing lens is arranged in an optical path
of the measurement light. The optical path of the meas-
urement light extends from the light emitting unit to the
light receiving unit. The condensing lens is configured to
condense, within the light receiving plane of the light re-
ceiving unit, the measurement light. In this case, the prop-
agation path of the measurement light is variable due to
a thermal lens effect caused by a temperature difference
between the sample gas and the purge air.
[0016] The measurement light can be properly re-
ceived within the light receiving plane of the light receiving
unit, even if the path of the measurement light is refracted
due to the thermal lens effect. In addition, the measure-
ment light can be stably emitted to the predetermined
position of the light receiving plane. Therefore, the infor-
mation of the measurement light can be accurately de-
rived with the light receiving unit, and accurate analysis
of the predetermined component gas, in the sample gas,
can be performed based on such information.
[0017] The condensing lens may be arranged imme-

diately in front of the light receiving unit. The measure-
ment unit may further include an optical window arranged
immediately in front of the condensing lens. The optical
window is configured to protect at least the condensing
lens. The purge air introducing unit may introduce the
purge air immediately in front of the optical window.
[0018] Optical components can be properly protected
by introducing the purge air in the appropriate position.
Even if the thermal lens effect occurs when the purge air
is introduced, the measurement light can properly be re-
ceived by the light receiving plane of the light receiving
unit by utilizing the condensing lens.
[0019] The measurement unit may further comprise a
cylindrical probe tube having openings to introduce the
sample gas into the probe tube. The purge air introducing
unit may introduce the purge air inside the probe tube.
The light emitting unit may emit the measurement light
to the sample gas introduced inside the probe tube.
[0020] By utilizing the condensing lens, the measure-
ment light can properly be received within the light re-
ceiving plane of the light receiving unit. This is especially
true for a probe-type measurement unit, in which bending
of the measurement light due to the thermal lens effect
easily occurs.
[0021] The measurement unit may further comprise a
reflection mirror arranged at one end portion of the probe
tube. The light emitting unit may be arranged at another
end portion of the probe tube. The light emitting unit is
configured to emit the measurement light toward the re-
flection mirror. The light receiving unit may be arranged
at the another end portion of the probe tube. The light
receiving unit is configured to receive the measurement
light reflected by the reflection mirror.
[0022] The numerical aperture of the condensing lens
may be greater than or equal to 0.08.
[0023] With this configuration, when the light receiving
plane of the light receiving unit is formed with a multi-
layered semiconductor, the interference of the measure-
ment light can be inhibited. The interference is caused
by the multiple reflections of the measurement light that
occur in the semiconductor layers. The intensity of the
measurement light can be detected accurately with the
light receiving unit.
[0024] The light receiving unit may be tilted with re-
spect to the condensing lens so that an angle between
the light receiving plane and an image formation plane
of the condensing lens is 10 degrees or more.
[0025] With this configuration, when the light receiving
plane of the light receiving unit is formed with a multi-
layered semiconductor, the interference of the measure-
ment light can be inhibited. The interference is caused
by the multiple reflections of the measurement light that
occur in the semiconductor layers. The intensity of the
measurement light can be detected accurately with the
light receiving unit.
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BRIEF DESCRIPTION OF DRAWINGS

[0026]

Fig. 1 is an external view of the measurement unit 1
according to the first embodiment.
Fig. 2 is a cross-sectional view showing the inner
structure of the measurement unit 1 according to the
first embodiment.
Fig. 3 is an image view showing that the measure-
ment light Lb1 refracted in the measurement unit 1
is guided within the light receiving plane of the light
receiving unit 24 by the condensing lens 23.
Fig. 4 is a view showing that the movement of the
irradiation point Lbp 1 on the light receiving plane is
inhibited in the measurement unit 1.
Fig. 5 is a cross-sectional view showing the detailed
structure of the light receiving unit 24.
Fig. 6 is a graph showing the stabilities of the elec-
trical signals of the light receiving unit 24 derived at
each of settings of the condensing lens 23 and the
light receiving unit 24 in the measurement unit 1 ac-
cording to the first embodiment.
Fig. 7 is an enlarged view of a part of Fig. 6.
Fig. 8 is a cross-sectional view showing the inner
structure of the measurement unit 2 according to the
second embodiment.
Fig. 9 is an image view showing that the measure-
ment light Lb2 is not received properly in the con-
ventional measurement unit.
Fig. 10 is a view showing that the irradiation point
Lbp2 fluctuates on the light receiving plane in the
conventional measurement unit.

EMBODIMENT

(First Embodiment)

[0027] A measurement unit 1 and a gas analyzing ap-
paratus 100 using the measurement unit 1 will be ex-
plained below. The gas analyzing apparatus 100 is a so-
called probe-type gas analyzing system and the meas-
urement unit 1 is a so-called probe unit. First, the struc-
ture of the measurement unit 1 will be explained, referring
to Fig. 1 and Fig. 2. Fig. 1 is an external view of the
measurement unit 1 according to the first embodiment.
Fig. 2 is a cross-sectional view showing the inner struc-
ture of the measurement unit 1 according to the first em-
bodiment. Fig. 2 is a view that includes the A-A cross
section of the measurement unit 1 shown in Fig. 1. As
shown in Fig. 1, the measurement unit 1 includes a probe
tube 11, an optical unit 12, and a flange 13.
[0028] The probe tube 11 is a cylindrical member in
which introducing openings 111 are formed. The intro-
ducing openings 111 introduce a sample gas Sg inside
the probe tube 11 by diffusion of the sample gas Sg. The
probe tube 11 may be made of any metallic material ap-
propriate for the environment where the measurement

unit 1 is used. As shown in Fig. 1, the introducing open-
ings 111 are formed as intermittent slits on the side plane
of the probe tube 11. As shown in Fig. 2, a reflection
mirror 22 is arranged at one inner end side portion of the
probe tube 11. On the other hand, the other end side
portion of the probe tube 11 is connected to the optical
unit 12.
[0029] As shown in Fig. 2, the optical unit 12 is the
optical apparatus that includes a light emitting unit 21, a
condensing lens 23, a light receiving unit 24, and an op-
tical window 25. The light emitting unit 21 is the light
source apparatus that emits a measurement light Lb1 to
the inside of the probe tube 11. The light emitting unit 21
is typically a light source apparatus that emits the light
with a predetermined wavelength band, such as an in-
frared laser oscillating apparatus, an LED (Light Emitting
Diode), or a deuterium lamp that emits an ultraviolet light.
The light receiving unit 24 is the light receiving apparatus
that receives the measurement light Lb1 on the light re-
ceiving plane. The light receiving unit 24 is typically a
photoelectric converting apparatus, such as a photodi-
ode. The condensing lens 23 is the lens member that
condenses the measurement light Lb 1 within the light
receiving plane of the light receiving unit 24. The con-
densing lens 23 is arranged immediately in front of the
light receiving unit 24. The light receiving unit 24 is elec-
trically connected to a processing apparatus 15 and
sends information (for example, an intensity) of the meas-
urement light Lb1 to the processing apparatus 30 as an
electric signal. The optical window 25 is the planar mem-
ber that is made of the material that transmits the meas-
urement light Lb1. As shown in Fig. 2, the optical window
25 may be arranged at the point where the casing of the
optical unit 12 and the probe tube 11 are connected. In
other words, the optical window 25 may be disposed im-
mediately in front of the light emitting unit 21 and the
condensing lens 23. The optical window 25 protects the
light emitting unit 21, and the condensing lens 23. It
should be noted that the above-described reflection mir-
ror 22 is arranged inside the probe tube 11 in advance,
so as to reflect the measurement light Lb1. Measurement
light Lb1 is emitted from the light emitting unit 21, toward
the light receiving unit 24.
[0030] The processing apparatus 30 controls the op-
erations of the light emitting unit 21 and the light receiving
unit 24 and calculates the concentration of the predeter-
mined component in the probe tube 11 based on the sig-
nal received from the light receiving unit 24. The process-
ing apparatus 30 typically includes an information
processing apparatus, such as a CPU (Central Process-
ing Unit), etc., a storing apparatus, such as a memory,
etc., an interface apparatus that receives the operations
from a user, a displaying apparatus that displays results
of the analysis, etc. The processing apparatus 30 per-
forms the arithmetic processes based on the operations
by the user and the program stored in the storing appa-
ratus.
[0031] As shown in Fig. 2, in the above-described
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probe tube 11, a purge air introducing port 14 is arranged
inside the probe tube 11, the purge air introducing port
14 introduces a purge air Pa. The purge air introducing
port 14 is arranged in the vicinity of the connection part
at which the probe tube 11 and the optical unit 12 are
connected, as shown in Fig. 1 and Fig. 2. Arranged in
such a manner, introducing the purge air Pa with the pre-
determined pressure from the purge air introducing port
14 prevents the sample gas Sg and dust inside the probe
tube 11 from touching the optical window 25 of the optical
unit 12. Therefore, the contamination and corrosion of
the optical window 25 can be inhibited. The flow paths
of the purge air Pa are shown in thick black arrows in Fig.
2. In addition, the flow paths of the sample gas Sg is
shown in white arrows in Fig. 2. It is preferable that the
above-described purge air introducing port 14 is ar-
ranged so as to introduce the purge air immediately in
front of the optical window 25. The optical components
such as the condensing lens 23, etc. can be properly
protected by introducing the purge air Pa at such an ap-
propriate position.
[0032] The probe tube 11 further includes a purge air
introducing pipe 16 that introduces the purge air Pa in
front of the reflection mirror 22 to protect the reflection
mirror 22. Such a structure avoids causing the sample
gas Sg, and dust in the probe tube 11, from coming into
contact with the reflection mirror 22. Therefore, the con-
tamination and corrosion of the reflection mirror 22 can
be inhibited.
[0033] In addition, as shown in Fig. 2, holes 67 and 68
are formed at the both ends of the introducing openings
111, and at the opposite side of the introducing openings
111 (at the side of the upper stream of the sample gas
Sg) of the probe tube 11. Flowing the sample gas Sg
from these holes 67 and 68 can prevent the purge air Pa
from flowing into the middle part of the probe tube 11.
The purge air Pa is expelled from the introducing open-
ings 111 (SgPa) while mixing with the sample gas Sg.
The introducing openings 111 are also used as an outlet
for exhausting the purge air Pa.
[0034] The flange 13 is the member that fixes the
measurement unit 1 to a funnel 500 that expels the sam-
ple gas Sg or to a container that encapsulates the sample
gas Sg (See Fig. 2). The flange 13 is, for example, a disk-
like member and arranged so as to be passed through
by the probe tube 11 at the one end side (the side con-
nected to the optical unit) of the probe tube 11. The flange
13 is fixed to the funnel 500 with bolts, for example.
[0035] Next, the optical path of the measurement light
Lb1 emitted from the light emitting unit 21 will be ex-
plained. The propagation path of the measurement light
Lb1 is shown in a chain line in Fig. 2. As shown in Fig.
2, the measurement light Lb1 emitted from the light emit-
ting unit 21 passes through the space inside the probe
tube 11 and is reflected by the reflection mirror 22. The
probe tube 11 is filled with the sample gas Sg. The meas-
urement light reflected by the reflection mirror 22 passes
through the space inside the probe tube 11 and propa-

gates toward the light receiving unit 24. Thus, the meas-
urement light Lb1 reciprocates through the space inside
the probe tube and is received by the light receiving unit
24.
[0036] Here, the measurement light Lb1 reflected by
the reflection mirror 22 might be refracted due to so-called
thermal lens effect, and may propagate in a path different
than straight from the reflection mirror 22 to the light re-
ceiving unit 24 in the probe tube 11. In more detail, the
sample gas Sg and the purge air Pa flow into the probe
tube 11. The spatial temperature gradient might be gen-
erated when the temperature difference between the
sample gas Sg and the purge gas Pa exists. Thus, the
change of the spatial refractive index might be generated
in accordance with the spatial temperature gradient and
therefore the measurement light Lb1 might be refracted.
[0037] Taking this point into consideration, the meas-
urement unit 1 includes the condensing lens 23. With the
measurement unit 1 including the condensing lens 23,
the measurement light Lb1 can be guided within the light
receiving plane of the light receiving unit 24 by changing
the propagation direction of the refracted measurement
light Lb1, as shown in Fig. 3. Fig. 3 is an image view
showing that the measurement light Lb1 refracted in the
measurement unit 1 is guided to the light receiving plane
of the light receiving unit 24 by the condensing lens 23.
Specifically, as shown in Fig. 3, the measurement light
Lb1, which is refracted due to the thermal lens effect,
enters the condensing lens 23 and propagates on a path
R2. Then, the measurement light Lb1 finally reaches
within the light receiving plane of the light receiving unit
24. Without the condensing lens 23, the measurement
light Lb1, which is refracted due to the thermal lens effect,
propagates on a path R3.
[0038] In addition, with the measurement unit 1, the
measurement light Lb1 entering the condensing lens 23
is condensed to the predetermined condensing point, in
accordance with the property of the condensing lens 23.
Therefore, unnecessary movement of the irradiation
point Lbpl can be inhibited. The irradiation point Lbp1 is
a point where the measurement light Lb1 intersects the
light receiving plane of the light receiving unit 24, as
shown in Fig. 4. Fig. 4 is a view showing that the move-
ment of the irradiation point Lbp1 on the light receiving
plane is inhibited in the measurement unit 1. In Fig.4, the
locus line Tr1 shows the movement locus of the irradia-
tion point Lbp1. Since the locus line Tr1 does not snake
in Fig. 4, it is shown that the movement of the irradiation
point Lbp1 is inhibited as described above. Thus, with
the measurement unit 1 according to the present embod-
iment, the measurement light Lb1 can be received within
the predetermined area of the light receiving plane of the
light receiving unit 24. Therefore, a stable light receiving
signal can be derived even with the light receiving unit
24 that has a positional dependence of the detection sen-
sitivity.
[0039] As described above, with the measurement unit
1, the measurement light Lb1 that has reciprocated inside
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the probe tube 11 can be properly received within the
light receiving plane of the light receiving unit 24. By re-
ceiving the measurement light Lb1 within the light receiv-
ing plane of the light receiving unit 24, an electrical signal
that corresponds to the intensity of the measurement light
Lb1 can be derived. Therefore, the gas analyzing appa-
ratus 100 comprising the measurement unit 1 can ana-
lyze the sample gas Sg accurately based on the electric
signal that corresponds to the intensity of the measure-
ment light Lb1.
[0040] In probe-type gas analyzing apparatuses, the
proportion of the purge air relative to the sample gas is
greater than that in the open-path type apparatus. This
is because the sample gas and the purge air are intro-
duced into a limited space inside the probe tube. In other
words, the refraction of the measurement light due to the
thermal lens effect is greater in a probe-type gas analyz-
ing apparatus than in an open-path type gas analyzing
apparatus. Therefore, it is effective to apply the present
embodiment to the above-described probe-type meas-
urement unit 1 and the gas analyzing apparatus 100 us-
ing the probe-type measurement unit 1.
[0041] It is preferable that the numerical aperture NA
(Numerical Aperture) of the lens used as the condensing
lens 23 is 0.08 or more. It is preferable that the light re-
ceiving unit 24 is arranged such that the light receiving
plane of the light receiving unit 24 is substantially per-
pendicular to the optical axis of the condensing lens 23.
The numerical aperture NA is the value expressed by the
equation (1), where φ is the maximum angle of the light
beam, which the condensing lens 23 condenses, relative
to the optical axis of the condensing lens 23, n is the
refractive index of the medium between the condensing
lens 23 and the light receiving unit 24. 

Namely, the numerical aperture NA is the value propor-
tional to the condensing angle of the condensing lens 23.
[0042] In addition, the light receiving unit 24 is arranged
while being tilted relative to the condensing lens so that
a tilting angle ω is greater than or equal to 10 degrees,
where the tilting angle ω is the angle of the light receiving
plane of the light receiving unit 24 relative to the image
forming plane of the condensing lens 23. Thus, since the
next multiple reflections can be inhibited without increas-
ing the numerical aperture NA to an extremely large val-
ue, the space for setting the distance between the con-
densing lens 23 and the light receiving unit 24 can be
increased. Moreover, it can prevent the incident light from
reflecting, returning, and then becoming a noise in the
signal.
[0043] The reasons why it is preferable that the numer-
ical aperture of the condensing lens 23 is greater than or
equal to 0.08, and the tilting angle ω is greater than or
equal to 10 degrees, will explained below.

[0044] The light receiving plane of the above-de-
scribed light receiving unit 24 has multiple layers of sem-
iconductors as shown in Fig. 5. Fig. 5 is a cross-sectional
view showing the detailed structure of the light receiving
unit 24. Specifically, the light receiving unit 24 includes
a package substrate 244, an InP wafer layer 243 ar-
ranged on the principal surface of the package substrate
244, an InGaAs absorbing layer 242 formed in the InP
wafer layer 243, and an AR (Anti Reflection) coating layer
241 formed on the surface of the InP wafer layer 243.
Gold plating is formed on the surface of the package sub-
strate 244. The plane where the AR coating layer 241 is
formed is the light receiving plane of the light receiving
unit 24. The measurement light Lb1 entering the light
receiving surface of the light receiving unit 24 is absorbed
by the InGaAs absorbing layer 242. Then, the light re-
ceiving unit 24 generates an electric signal in accordance
with the intensity of the light absorbed by the InGaAs
absorbing layer 242, and outputs this signal to the
processing apparatus 30. Several well-known tech-
niques can be used as the technique with which the light
receiving unit 24 performs the photoelectric conversion
of the measurement light Lb1.
[0045] In the conventional techniques, there has been
the case in which an electric signal that corresponds to
the intensity of the measurement light Lb1 cannot be de-
rived accurately. This is because the multiple reflection
of the measurement light Lb1 in the semiconductor layers
shown in Fig. 5 causes the interference of the measure-
ment light Lb1 (so-called etalon effect) when the meas-
urement light Lb1 is received by the light receiving unit
24. In more detail, the measurement light Lb1 entering
the light receiving unit 24 propagates into the InP wafer
layer 243, while a part of the measurement light Lb1 is
reflected by the AR coating layer 241. After a part of the
measurement light Lb1 is absorbed by the InGaAs ab-
sorbing layer 242 in the InP wafer layer 243, the meas-
urement light Lb1 transmits through these layers and is
reflected at the surface of the package substrate 244.
The measurement light Lb1 reflected at the surface of
the package substrate 244 transmits again through the
InP wafer layer 243 and the InGaAs absorbing layer 242
and is then reflected again at the interface between the
AR coating layer 241 and the InP wafer layer 243. Thus,
there has been the case in which, when the measurement
light Lb1 enters the light receiving plane of the light re-
ceiving unit 24 at the predetermined angle of incidence,
the measurement light Lb1 is repeatedly reflected in the
semiconductor layers that form the light receiving unit
24. Then the reflected measurement light and the inci-
dent measurement light interfere with each other. There
has also been the case in which, when such interference
occurs, even if the intensity of the measurement light Lb1
is constant at the time when the measurement light Lb1
enters the light receiving unit 24, the magnitude of the
electric signal derived from the light receiving unit 24 be-
comes unstable because the amount of the measure-
ment light Lb 1 absorbed in the InGaAs absorbing layer
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242 is unstable.
[0046] Considering the above, it is preferable that the
etalon effect is inhibited in the measurement unit 1. In
order to achieve this, it is preferable that the multiple re-
flections are inhibited by increasing the angle of inci-
dence θ of the measurement light Lb1 when the meas-
urement light Lb1 enters the light receiving plane of the
light receiving unit 24. Here, the angle of incidence θ can
be large as the numerical aperture NA becomes large.
In addition, the angle of incidence θ can also be adjusted
by tilting the light receiving plane of the light receiving
unit 24 with respect to the optical axis of the condensing
lens 23. The inventor considering this point has conclud-
ed, by performing the experiments that will be described
later, that the numerical aperture NA of the condensing
lens 23 is preferably greater than or equal to 0.08 and
further the angle of incidence θ is preferably greater than
or equal to 10 degrees.
[0047] The results of the experiments derived by
choosing various values of the numerical apertures NA
of the condensing lens and the tilting angles ω in the
measuring unit 1 will be presented below. Fig. 6 is a graph
showing the stabilities of the electrical signals of the light
receiving unit 24, derived at each of settings of the con-
densing lens 23 and the light receiving unit 24 in the
measurement unit 1, according to the first embodiment.
The vertical axis of Fig. 6 shows the difference value ΔE
(a.u.) between the peak value and the bottom value of
the electrical signals of the light receiving unit 24 meas-
ured at the corresponding numerical aperture NA and
the corresponding angle of incidence θ (°). The horizontal
axis of Fig. 6 shows the angle of incidence θ (°). In Fig.
6, the chain line shows the difference value ΔE when the
lens with NA value of 0.02 is used as the condensing
lens 23 and the solid line shows the difference value ΔE
when the lens with NA value of 0.08 is used as the con-
densing lens 23.
[0048] In addition, as shown in Fig. 6 and Fig. 7, it has
been found that the difference value ΔE can be con-
verged to the value extremely close to 0 when the angle
of incidence is greater than or equal to 10 degrees when
the value of the numerical aperture is greater than or
equal to 0.08. Fig. 7 is an enlarged view of a part of Fig.
6. The vertical axis and the horizontal axis of Fig. 7 show
the same parameters as those in Fig. 6. In Fig. 7, the
solid line shows the difference value ΔE when the lens
with NA value of 0.08 is used as the condensing lens 23
and the chain double-dashed line shows the difference
value ΔE when the lens with NA value of 0.14 is used as
the condensing lens 23.
[0049] As shown in Fig. 6 and Fig. 7, by setting the
numerical aperture NA of the condensing lens 23 to be
greater than or equal to 0.08, a more accurate electrical
signal can be derived from the light receiving unit 24.
Additionally, by setting the angle of incidence θ to be
greater than or equal to 10 degrees, a more accurate
electrical signal can be derived. Therefore, in the gas
analyzing apparatus 100 comprising the measurement

unit 1 in which the condensing lens 23 and the light re-
ceiving unit 24 are set in such a manner, the analysis of
the sample gas Sg can be performed more accurately
based on the more accurate electrical signal.

(Second Embodiment)

[0050] In the above-described first embodiment, the
example in which the present invention is applied to the
probe-type measurement unit has been shown. Howev-
er, the present invention may be applied to an open-path
measurement unit. The measurement unit 2 according
to the second embodiment and the gas analyzing appa-
ratus 200 using the measurement unit 2 will be explained
below. The elements that are the same as those in the
above-described first embodiment are assigned to the
same numerals as those in the first embodiment, and the
detailed explanations are omitted.
[0051] Fig. 8 is a cross-sectional view showing the in-
ner structure of the measurement unit 2 according to the
second embodiment. As shown in Fig. 8, the measure-
ment unit 2 includes an oscillator unit 32 and a detector
unit 33 that are formed separately. The oscillator unit 32
is attached at one side plane of a funnel 500. The sample
gas Sg flows in the funnel 500. The detector unit 33 is
attached to a different side plane of the funnel 500, so
that the oscillator unit 32 and the detector unit 33 face
each other.
[0052] The oscillator unit 32 includes a light emitting
unit 21, an optical window 25A, a purge air introducing
port 14A, and a flange 13A. The optical window 25A is
arranged immediately in front of the light emitting unit 21
and the purge air introducing port 14A introduces the
purge air Pa into the space that is connected to the funnel
500 immediately in front of the optical window 25A. The
detector unit 33 includes a condensing lens 23, a light
receiving unit 24, an optical window 25B, a purge air in-
troducing port 14B, and a flange 13B. The condensing
lens 23 is arranged immediately in front of the light re-
ceiving unit 24. The optical window 25B is arranged im-
mediately in front of the condensing lens 23. The purge
air introducing port 14B introduces the purge air Pa into
the space that is connected to the funnel 500 immediately
in front of the optical window 25B.
[0053] The oscillator unit 32 and the detector unit 33
are attached to the funnel 500 via the flanges 13A and
13B, respectively, while their positions are adjusted in
advance, so that the measurement light Lb1 emitted by
the light emitting unit 21 is emitted toward the light re-
ceiving unit 24.
[0054] With the above-described measurement unit 2,
like the first embodiment, the measurement light Lb1 can
be condensed properly within the light receiving plane of
the light receiving unit 24 even if the measurement light
Lb1 is bent due to the thermal lens effect caused by the
purge air Pa and the sample gas Sg. It is also preferable
in the second embodiment that the numerical aperture
NA is set to be greater than or equal to 0.08 and further
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the angle of incidence θ is set to be greater than or equal
to 10 degrees.

INDUSTRIAL APPLICABILITY

[0055] The measurement unit and the gas analyzing
apparatus according to the present invention are useful
for the measurement unit, the gas analyzing apparatus,
etc. that can analyze the sample gas more accurately
than the conventional ones.

EXPLANATION OF REFERENCE NUMERALS

[0056]

100, 200 gas analyzing apparatus
1, 2 measurement unit
11 probe tube
12 optical unit
13 flange
14 purge air introducing port
16 purge air introducing pipe
21 light emitting unit
22 reflection mirror
23 condensing lens
24 receiving unit
30 processing apparatus
241 AR coating layer
242 InGaAs absorbing layer
243 InP wafer layer
244 package substrate
32 oscillator unit
33 detector unit
54 light receiving sensor

Claims

1. A measurement unit used in an analyzing apparatus
for measuring concentrations of component gases
in a sample gas, the measurement unit comprising:

a light emitting unit configured to emit a meas-
urement light to the sample gas;
a light receiving unit configured to receive the
measurement light on a light receiving plane;
a purge air introducing unit configured to intro-
duce a purge air into a vicinity of at least one of
the light emitting unit and the light receiving unit;
and
a condensing lens arranged in an optical path
and configured to condense the measurement
light within the light receiving plane of the light
receiving unit,
the optical path being a path of the measurement
light extending from the light emitting unit to the
light receiving unit,
a propagation path of the measurement light be-

ing varied due to a thermal lens effect,
the thermal lens effect being caused by a tem-
perature difference between the sample gas and
the purge air.

2. The measurement unit according to claim 1, wherein
the condensing lens is arranged immediately in front
of the light receiving unit,
the measurement unit further includes an optical win-
dow arranged immediately in front of the condensing
lens, and configured to protect at least the condens-
ing lens, and
the purge air introducing unit introduces the purge
air immediately in front of the optical window.

3. The measurement unit according to claim 1 or 2,
further comprising a cylindrical probe tube having
openings to introduce the sample gas into the probe
tube, wherein
the purge air introducing unit introduces the purge
air inside the probe tube, and
the light emitting unit is configured to emit the meas-
urement light to the sample gas introduced inside
the probe tube.

4. The measurement unit according to claim 3, further
comprising a reflection mirror arranged at one end
portion of the probe tube, wherein
the light emitting unit is arranged at another end por-
tion of the probe tube, the light emitting unit being
configured to emit the measurement light toward the
reflection mirror, and
the light receiving unit is arranged at the another end
portion of the probe tube, the light receiving unit be-
ing configured to receive the measurement light re-
flected by the reflection mirror.

5. The measurement unit according to any of claims 1
to 4, wherein numerical aperture of the condensing
lens is greater than or equal to 0.08.

6. The measurement unit according to any of claims 1
to 5, wherein the light receiving unit is tilted with re-
spect to the condensing lens such that an angle be-
tween the light receiving plane and an image forma-
tion plane of the condensing lens is greater than or
equal to 10 degrees.

7. A gas analyzing apparatus comprising:

a measurement unit according to any one of
claims 1 to 6; and
a processing apparatus configured to calculate
concentrations of component gases in a sample
gas based on a signal received from the light
receiving unit.
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