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GAS SENSOR

BACKGROUND OF THE INVENTION

Field of the Invention:

[1] The present invention relates to a gas sensor for detecting the concentration of
a gas component such as nitrogen oxide (NOx).

Description of the Related Art:

[2] Environmental control, process control, health care, etc., require measurement
of the concentration of NOx contained in a gas under measurement. In particular, diagnosis
of asthma requires measurement of NOx contained in exhaled air at a very low concentration
(several ppb to several hundreds ppb).

[3] In view of these requirements, a technique of disposing a plurality of mixed-
potential-type sensors on one side of a plate-shaped base substrate has been proposed,
connecting them in series so as to increase detection sensitivity, and providing, on the
opposite side of the base substrate, a heater (heat generation resistor) for heating the sensors
to their operation temperature (see US Patent Application Publication No. 2015/0250408,
incorporated herein by reference in its entirety, including but not limited to, FIGS. 4, 5A, 5B).
[4] However, in the case where three or more mixed-potential-type sensors are
disposed on the base substrate and are heated by the heater, the temperatures of the mixed-
potential-type sensors near the center of the base substrate tend to become higher than a
target temperature due to overheating. Also, the temperatures of the mixed-potential-type
sensors on the outer circumferential side of the base substrate tend to become lower than the
target temperature due to heat radiation.

[5] When a mixed-potential-type sensor is overheated to a temperature higher than
the target temperature, its durability deteriorates. When the temperature of the mixed-

potential-type sensor becomes lower than the target temperature, the impedance of the sensor
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increases, and the gas detection sensitivity may deteriorate. Also, when the sensor
temperature deviates from the target temperature, irrespective of whether the temperature
deviates to a higher temperature or a lower temperature, the sensor is subject to the influence
of a disruptive gas, and the accuracy in detecting a particular gas component may be lowered.
SUMMARY OF THE INVENTION

[6] In view of the above-described problems, an object of the present invention is
to provide a gas sensor which includes three or more mixed-potential-type sensors provided
on a base substrate and which decreases the temperature differences among the mixed-
potential-type sensors, to thereby suppress deterioration of durability, gas detection
sensitivity and detection accuracy.

[7] The above object of the invention has been achieved by providing (1) a gas
sensor which comprises a plate-shaped base substrate; three or more mixed-potential-type
sensor elements which are disposed at predetermined intervals on a main face of the base
substrate and each of which includes a solid electrolyte layer and a pair of electrodes
provided on the solid electrolyte layer, the mixed-potential-type sensor elements being
electrically connected in series; and a single heat generation resistor for heating the mixed-
potential-type sensor elements and a temperature sensor for measuring a temperature of the
base substrate, the heat generation resistor and the temperature sensor being embedded in the
base substrate or being disposed on a face of the base substrate opposite the main face. The
heat generation resistor has a pattern which overlaps the mixed-potential-type sensor
elements when the base substrate is projected in a thickness direction thereof, and which is
arranged such that the maximum value of temperature differences among the mixed-
potential-type sensor elements, the temperature differences being produced as a result of

energization and control of the mixed-potential-type sensor elements to a target temperature
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using the temperature sensor, fall within a range corresponding to 5% of the target
temperature.

[8] According to gas sensor (1), the temperature differences among the mixed-
potential-type sensor elements decrease, the maximum value of the temperature differences
falls within a range corresponding to 5% of the target temperature, and the temperatures of
the mixed-potential-type sensor elements approach the target temperature. As a result,
deterioration of the durability, gas sensitivity and detection accuracy of the mixed-potential-
type sensor elements can be suppressed.

[9] Also, the above-described configuration realizes uniform distribution of heat
throughout the base substrate on which the heat generation resistor is disposed. Since
consideration of the temperature distribution of the base substrate is not required when the
temperature sensor necessary for controlling the energization of the heat generation resistor is
disposed on the base substrate, the degree of freedom of determining the position of the
temperature sensor (pattern formation) increases.

[10] In a preferred embodiment (2) of the gas sensor (1) above, the heat generation
resistor has a pattern such that the heat generation resistor extends along the base substrate
and meanders by making a plurality of U-turns, and at least a portion of the heat generation
resistor located on an outer circumferential side of the base substrate has a cross-sectional
area smaller than that of another portion of the heat generation resistor located on an inner
side of the base substrate with respect to the portion on the outer circumferential side.

[11] According to the gas sensor (2), the electric resistance of the portion of the
heat generation resistor located on the outer circumferential side of the base substrate
becomes greater than the electric resistance of the portion of the heat generation resistor
located on the inner side of the base substrate. Therefore, as a result of heating by the heat

generation resistor, the temperature of the base substrate approaches the target temperature
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over the entire region. Accordingly, the temperature differences among the mixed-potential-
type sensor elements decrease, and the temperatures of the mixed-potential-type sensor
elements approach the target temperature.
[12] In another preferred embodiment (3) of the gas sensor (1) above, the heat
generation resistor may have a pattern such that the heat generation resistor extends along the
base substrate and meanders by making a plurality of U-turns and has a plurality of straight
portions extending parallel to one another, and spaces between the straight portions are
adjusted such that an amount of heat generated on an outer circumferential side of the base
substrate becomes greater than an amount of heat generated on an inner side of the base
substrate.
[13] According to the gas sensor (3), by adjusting the spaces between the straight
portions of the heat generation resistor, the amount of heat generated on the outer
circumferential side of the base substrate becomes greater than the amount of heat generated
on the inner side of the base substrate. Therefore, as a result of heating by the heat generation
resistor, the temperature of the base substrate approaches the target temperature over the
entire region. Accordingly, the temperature differences among the mixed-potential-type
sensor elements decrease, and the temperatures of the mixed-potential-type sensor elements
approach the target temperature.
[14] The present invention provides a gas sensor which includes three or more
mixed-potential-type sensors disposed on a base substrate and which decreases the
temperature differences among the mixed-potential-type sensors to thereby suppress
deterioration of durability, gas detection sensitivity and detection accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS
[15] FIG. 1 is an exploded perspective view of a gas sensor including mixed-

potential-type sensor elements according to an embodiment of the present invention;
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[16] FIG. 2 is a bottom view of a sensor unit in which a plurality of mixed-
potential-type sensor elements according to the embodiment of the present invention are
connected in series;

[17] FIG. 3 is a view showing the overlap between a heat generation resistor and
the mixed-potential-type sensor elements when the sensor unit is projected in the thickness
direction thereof;

[18] FIG. 4 is a top view of the sensor unit showing the pattern of the heat

generation resistor;

[19] FIG. 5 is a top view showing a modification of the heat generation resistor;
[20] FIG. 6 is a top view of a heat generation resistor of a comparative example;
[21] FIG. 7 is a pair of images showing the temperature distribution of the mixed-

potential-type sensor elements of a gas sensor of an example; and
[22] FIG. 8 is a pair of images showing the temperature distribution of the mixed-
potential-type sensor elements of a gas sensor of a comparative example.

DESCRIPTION OF THE PREFERRED EMBODIMENT
[23] The present invention will now be described in detail with reference to the
drawings. However, the present invention should be construed as being limited thereto.
[24] FIG. 1 is an exploded perspective view of a gas sensor (NOx sensor) 100
which includes mixed-potential-type sensor elements 70 according to an embodiment of the
present invention. FIG. 2 is a bottom view of a sensor unit 200 in which the plurality of
mixed-potential-type sensor elements 70 are connected in series. FIG. 3 is a view showing
the overlap between a heat generation resistor 220 and the mixed-potential-type sensor
elements 70 when the sensor unit 200 is projected in the thickness direction thereof. FIG. 4 is

a top view of the sensor unit 200 showing the pattern of the heat generation resistor 220.
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Notably, the upper side of FIG. 1 will be referred to as "upper side" and the lower side of FIG.
1 will be referred to as "lower side."

[25] As shown in FIG. 1, the gas sensor 100 includes the sensor unit 200, a ceramic
wiring board 30 fixedly suspending the sensor unit 200, a rectangular-frame-shaped first
spacer 20 disposed on the upper side of the ceramic wiring board 30, a cover 10 disposed on
the upper side of the spacer 20, a rectangular-frame-shaped second spacer 40 disposed on the
lower side of the ceramic wiring board 30, and a base 50 disposed on the lower side of the
second spacer 40.

[26] The sensor unit 200 includes a base substrate 202 and has a generally
rectangular plate-like shape. As shown in FIG. 4, a heat regeneration resistor 220 and a
temperature sensor 221 are disposed on the upper surface of the base substrate 202.
Meanwhile, the plurality of mixed-potential-type sensor elements 70 shown in FIG. 2 are
disposed on the lower surface of the base substrate 202 and are connected in series. The
sensor unit 200 measures the concentration of NOx contained in a gas under measurement
(e.g., exhaled air).

[27] As shown in FIG. 4, the heat regeneration resistor 220 disposed on the upper
surface of the base substrate 202 has a meandering pattern; i.e., extending while making U-
turns at the upper side and lower side of the base substrate 202. Conducting pads 220a and
220b which form opposite ends of the heat regeneration resistor 220 are formed on the upper
surface of the sensor unit 200 (the base substrate 202) to be located near opposite ends of the
upper side of the sensor unit 200. The temperature sensor 221 extends while meandering
along the heat regeneration resistor 220 on the upper surface of the sensor unit 200.
Conducting pads 221a and 221b which form opposite ends of the temperature sensor 221 are
formed on the upper surface of the sensor unit 200 (the base substrate 202) to be located near

opposite ends of the lower side of the sensor unit 200.
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[28] The lower surface of the base substrate 202 corresponds to a "main face" of
the invention, and the upper surface thereof corresponds to a "face opposite the main face" of
the invention.

[29] The ceramic wiring board 30 has an oblong shape and has a rectangular
opening 30h on one end side in the longitudinal direction thereof. Six lead traces 30L are
formed on the front surface of the ceramic wiring board 30, and two lead traces (not shown)
are formed on the back surface of the ceramic wiring board 30. The lead traces 30L are
connected to conducting pads 30p on the side opposite the opening 30h.

[30] The sensor unit 200 is accommodated in the opening 30h. Four conducting
members 30w extend across the left-hand and right-hand sides of the sensor unit 200, and are
joined to the conducting pads 220a, 220b, 221a, and 221b on the upper surface side of the
sensor unit 200 (on the side where the heat regeneration resistor 220 and the temperature
sensor 221 are provided) and to four front-surface-side element peripheral pads 30s formed
on the front surface of the ceramic wiring board 30. As a result, the sensor unit 200 is fixedly
suspended within the opening 30h of the ceramic wiring board 30.

[31] Meanwhile, as shown in FIG. 2, on the lower surface side of the sensor unit
200 (the side where the mixed-potential-type sensor elements 70 are provided), end portions
206a and 212a of lead traces 206 and 212 constitute a pair of input/output terminals
(electrode pads). Although not illustrated, two back-surface-side element peripheral pads
surrounding the opening 30h and the end portions 206a and 212a are joined by conducting
members.

[32] Notably, as shown in FIG. 1, on the upper surface side of the sensor unit 200,
of the inner ends of the six lead traces 30L, the inner ends of the leftmost lead trace and the
fourth lead trace as counted from the left-hand side are not connected to the front-surface-side

element peripheral pads 30s. Rather, these two inner pads are connected to two through hole
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conductors at a location near the center of the ceramic wiring board 30. The two lead traces
30L connected to the through hole conductors are electrically connected, via the through hole
conductors, to two lead traces (not shown) formed on the back surface of the ceramic wiring
board 30 and connected, at their inner ends, to the back-surface-side element peripheral pads.
Electrical signals output from the mixed-potential-type sensor elements 70 are output from
the gas sensor through the back-surface-side element peripheral pads, the through hole
conductors, and the conducting pads 30p.

[33] In this manner, the electrical signals output from the mixed-potential-type
sensor elements 70 and the temperature sensor 221 are output from the gas sensor through the
conducting pads 30p, and the heat regeneration resistor 220 is energized for heat generation
by electric power externally supplied through the conducting pads 30p.

[34] The first spacer 20 has a square shape and has a rectangular opening 20h
which overlaps the opening 30h and is larger than the opening 30h.

[35] The cover 10 has a square shape and has the same dimensions as the first
spacer 20. A gas discharge hole 10h is formed in a portion of the cover 10 which faces the
opening 20h.

[36] The second spacer 40 has an oblong shape and has the same dimensions as the
ceramic wiring board 30. The second spacer 40 has a rectangular opening 40h on the same
side as the opening 30h with respect to the longitudinal direction of the ceramic wiring board
30. The opening 40h overlaps the opening 30h and is larger than the opening 30h.

[37] The base 50 has an oblong shape and has the same dimensions as the ceramic
wiring board 30. A gas introduction hole 50h is formed in a portion of the base 50 which
faces the opening 40h.

[38] The ceramic wiring board 30, the first spacer 20, the cover 10, the second

spacer 40 and the base 50 may be formed of a ceramic material such as alumina or mullite.
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[39] Square seals 64 and 62 are disposed between the ceramic wiring board 30 and
the first spacer 20 and between the first spacer 20 and the cover 10, respectively, to surround
the opening 20h. Similarly, oblong seals 66 and 68 are disposed between the ceramic wiring
board 30 and the second spacer 40 and between the second spacer 40 and the base 50,
respectively, to surround the opening 40h.

[40] Notably, the seals 66 and 68 extend toward the conducting pads 30p in the
longitudinal direction of the ceramic wiring board 30 over a distance greater than that of the
seals 64 and 62. The seals 62 to 68 are formed of glass or inorganic adhesive.

[41] In the present embodiment, the cover 10, the first spacer 20, the ceramic
wiring board 30, the second spacer 40, and the base 50 are gastightly bonded and stacked
together via the seals 62 to 68.

[42] The ceramic wiring board 30 has positioning holes 30a provided at opposite
ends of an end portion thereof located on the opening 30h side with respect to the
longitudinal direction. Similarly, the ceramic wiring board 30 has positioning holes 30b
provided at opposite ends of an end portion thereof located on the side of the conducting pads
30p.

[43] The first spacer 20 and the cover 10 have positioning holes 20a and 10a,
respectively, which are provided at the same positions as the positioning holes 30a.

[44] Similarly, the second spacer 40 has positioning holes 40a and 40b provided at
the same positions as the positioning holes 30a and 30b, respectively, and the base 50 has
positioning holes 50a and 50b provided at the same positions as the positioning holes 30a and
30b, respectively.

[45] The cover 10, the first spacer 20, the ceramic wiring board 30, the second
spacer 40, and the base 50 (these members are also referred to herein as "the respective

members") are stacked in this order, jigs (guide pins) are passed through the positioning holes
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10a to 50a, 40b and 50b to thereby position the respective members, and the respective
members are bonded together through use of the seals 62 to 68, whereby the gas sensor 100 is
formed.

[46] The gas under measurement introduced through the gas introduction hole 50h
flows through an internal space formed by the opening 40h, comes into contact with the
mixed-potential-type sensor elements 70 of the sensor unit 200, by which the NOx
concentration is measured, flows through an internal space formed by the opening 20h, and is
discharged to the outside through the gas discharge hole 10h.

[47] Next, the structures of the sensor unit 200 and the mixed-potential-type sensor
elements 70 will be described with reference to FIG. 2.

[48] As shown in FIG. 2, the sensor unit 200 includes a generally rectangular plate-
shaped base substrate 202. The plurality (9 in FIG. 2) of mixed-potential-type sensor
elements 70 each including a solid electrolyte layer 74 and a pair of electrodes 76 and 78
provided thereon are arrayed at predetermined intervals on the lower surface of the base
substrate 202. Notably, the mixed-potential-type sensor elements 70 are disposed on the
lower surface of the base substrate 202 to form a 3 x 3 matrix; i.e., such that each row
extending in the left-right direction of FIG. 2 includes three mixed-potential-type sensor
elements 70 and each column extending in the vertical direction includes three mixed-
potential-type sensor elements 70.

[49] The electrode 78 serves as a reference electrode which has a catalytic activity
for converting NO, to NO. The electrode 76 does not have such a catalytic activity for
converting NO, to NO and functions as a detection electrode.

[50] The mixed-potential-type sensor elements 70 are connected in series by lead

traces 206, 208, 210 and 212. Of these traces, the lead traces 206 and 212 have end portions
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206a and 212a which serve as a pair of input/output terminals (electrode pads) which are the
start and end points of the current path of the series circuit.

[51] The heat regeneration resistor 220 (see FIG. 4) provided on the upper surface
of the base substrate 202 heats the mixed-potential-type sensor elements 70 to their operation
temperature.

[52] The base substrate 202 may be formed of a ceramic material such as alumina
or mullite. The heat regeneration resistor 220 and the temperature sensor 221 may be formed
of a metal such as platinum.

[53] As shown in FIG. 3, when the heat generation resistor 220 of the sensor unit
200 is projected in the thickness direction of the base substrate 202, the pattern of the heat
generation resistor 220 at least partially overlaps each of the mixed-potential-type sensor
elements 70.

[54] As a result, each of the mixed-potential-type sensor elements 70 is heated by
the heat generation resistor 220.

[55] Next, the structures of the heat generation resistor 220 and the temperature
sensor 221 will be described with reference to FIG. 4.

[56] As shown in FIG. 4, the heat generation resistor 220 has a pattern such that
left-hand and right-hand halves of the heat generation resistor 220 extend toward the lower
side of FIG. 4, respectively, from the conducting pads 220a and 220b disposed near the
opposite ends of the upper side 202¢ of the base substrate 202, make U-turns toward the inner
side of the base substrate 202 in the vicinity of the lower side 202d of the base substrate 202,
extend upward, curve inward in the vicinity of the upper side 202c, and join together.
Namely, the heat generation resistor 220 has three U-turn portions.

[57] Left-hand and right-hand halves of the temperature sensor 221 extend toward

the upper side of FIG. 4 from the conducting pads 221a and 221b disposed near the opposite
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ends of the lower side 202d of the base substrate 202, make U-turns toward the inner side of
the base substrate 202 in the vicinity of the upper side 202¢, extend downward along the
outer side of the heat generation resistor 220, make U-turns toward the inner side in the
vicinity of the lower side 202d, extend upward along the inner side of the heat generation
resistor 220, curve inward in the vicinity of the upper side 202¢, and join together.

[58] The cross-sectional area of the temperature sensor 221 is smaller than that of
the heat generation resistor 220. The temperature sensor 221 measures the temperature of the
base substrate 202 and outputs an output signal to an external circuit. The heat generation
resistor 220 is energized and controlled by the unillustrated external circuit based on the
output of the temperature sensor 221.

[59] The heat generation resistor 220 has a pattern determined such that the
maximum value of temperature differences among the mixed-potential-type sensor elements
70, which differences are produced as a result of energization and control of the heat
generation resistor 220 based on the temperature detected by the temperature sensor 221, falls
within a range corresponding to 5% of a target temperature of the heat generation resistor 220.
[60] Specifically, as to portions of the heat generation resistor 220 which extend
along the two sides 202a and 202b of the base substrate 202 located on the left and right sides
in FIG. 4, the cross-sectional area S1 of a first portion located on the outer circumferential
side of the base substrate 202 is smaller than the cross-sectional area S2 of a second portion
located on the inner side of the base substrate 202 with respect to the first portion.

[61] Similarly, a third portion of the heat generation resistor 220, which portion is
located on the outer circumferential side of the base substrate 202 as viewed in a direction
orthogonal to the two sides 202¢ and 202d of the base substrate 202 located on the upper and

lower sides in FIG. 4, has a cross-sectional area S3 which is smaller than the cross-sectional
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area S2 of the second portion of the heat generation resistor 220 located on the inner side of
the base substrate 202 with respect to the third portion.

[62] In the present embodiment, the thickness of the heat generation resistor 220 is
fixed (maintained constant), and the width (line width) of the heat generation resistor 220
changes along the longitudinal direction thereof whereby the cross-sectional area S1 is made
smaller than the cross-sectional area S2 and the cross-sectional area S3 is made smaller than
the cross-sectional area S2. The heat generation resistor 220 may also be formed such that
the cross-sectional areas S1 to S3 satisfy the above-descried relations by changing the
thickness along the longitudinal direction of the heat generation resistor 220 while
maintaining the line width of the heat generation resistor 220 constant.

[63] As a result, on the base substrate 202, the electric resistances (heat generation
amounts) of the portions of the heat generation resistor 220 located on the outer
circumferential side of the base substrate 202 are greater than the electric resistances (heat
generation amounts) of the portions of the heat generation resistor 220 located on the inner
side of the base substrate 202.

[64] Therefore, the heated temperatures of the mixed-potential-type sensor
elements 70 which are located on the outer circumferential side of the base substrate 202 and
which are likely to cool to lower temperatures due to heat radiation approach the target
temperatures. Also, the heated temperatures of the mixed-potential-type sensor elements 70
which are located closer to the center of the base substrate 202, from which heat escapes less,
and which are likely to be overheated, approach the target temperatures. As a result, the
temperature differences among the mixed-potential-type sensor elements 70 decease. In the
gas sensor 100 of the present embodiment, since the maximum value of temperature
differences among the mixed-potential-type sensor elements 70 falls within a range

corresponding to 5% of the target temperature to which the heat generation resistor 220 is
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controlled through use of the temperature sensor 221, deterioration of the durability, gas
sensitivity, and detection accuracy of the mixed-potential-type sensor elements 70 is
suppressed.

[65] FIG. 5 shows a modification of the heat generation resistor which is denoted
by reference numeral 225.

[66] As shown in FIG. 5, the heat generation resistor 225 has a pattern such that
left-hand and right-hand halves of the heat generation resistor 225 extend toward the lower
side of FIG. 5, respectively, from conducting pads 225a and 225b disposed near opposite
ends of the upper side 202¢ of the base substrate 202, make U-turns toward the inner side of
the base substrate 202 in the vicinity of the lower side 202d of the base substrate 202, and
extend upward. Further, the left-hand and right-hand halves of the heat generation resistor
225 make U-turns toward the inner side in the vicinity of the upper side 202¢, extend
downward, curve inward in the vicinity of the lower side 202d, and join together. Namely,
the heat generation resistor 225 has five U-turn portions.

[67] Left-hand and right-hand halves of a temperature sensor 227 extend toward
the upper side of FIG. 5 from conducting pads 227a and 227b disposed near the opposite ends
of the lower side 202d of the base substrate 202, make U-turns toward the inner side of the
base substrate 202 in the vicinity of the upper side 202c, extend downward along the outer
side of the heat generation resistor 225, make U-turns toward the inner side in the vicinity of
the lower side 202d, extend upward along the inner side of the heat generation resistor 225,
make U-turns toward the inner side in the vicinity of the upper side 202¢, extend downward
along the outer side of the heat generation resistor 225, curve inward in the vicinity of the
lower side 202d, and join together.

[68] Line spaces L1, L2, and L3 between straight portions of the heat generation

resistor 225 located adjacent to one another, which line spaces are located in this order from
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the outer circumferential side toward the inner side of the base substrate 202 as viewed in a
direction orthogonal to the two sides 202a and 202b of the base substrate 202 located on the
left and right sides in FIG. 5, satisfy a relation of L1 < L2 < L3. Namely, the line space
between the straight portions of the heat generation resistor 225 on the outer circumferential
side of the base substrate 202 is smaller than the line space between the straight portions
located on the inner side of the base substrate 202.

[69] In this case as well, on the base substrate 202, the respective heat generation
amounts of the portions of the heat generation resistor 225 located on the outer
circumferential side of the base substrate 202 become greater than the respective heat
generation amounts of the portions of the heat generation resistor 225 located on the inner
side of the base substrate 202. Accordingly, by adjusting the line spaces L1, L2 and L3, the
heat generation amounts of the respective portions of the heat generation resistor 225 can be
adjusted such that the maximum value of temperature difference among the mixed-potential-
type sensor elements 70 falls within a range corresponding to 5% of the target temperature to
which the heat generation resistor 225 is controlled through use of the temperature sensor.
[70] Notably, in the example of FIG. 5, the cross-sectional area (width) of the heat
generation resistor 225 is constant over the entire length thereof Also, the pattern of the
temperature sensor 227 changes shape so as to extend along the heat generation resistor 225.
[71] The present invention is not limited to the above-described embodiment and
encompasses various modifications and equivalents falling within the spirit and scope of the
invention.

[72] For example, the shape of the pattern of the heat generation resistor is not
limited to that employed in the above-described embodiment.

[73] The shapes of the solid electrolyte layer and the porous electrodes, the shape

and number of the mixed-potential-type sensor elements, etc., are not limited to those of the
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above-described embodiment. The position of the heat generation resistor is not limited to
the back surface of the base substrate and may be embedded in the base substrate. Further,
the gas sensor of the present invention is not limited to an NOx sensor, and the present
invention can be applied to other types of sensors, such as an ammonia sensor, so long as
they have mixed-potential-type sensor elements.

[Example 1]

[74] A sensor unit 200 including a heat generation resistor 220 having the pattern
shown in FIG. 4 was manufactured as an example, and assembled within the gas sensor 100
of FIG. 1. The heat generation resistor 220 was formed by printing a Pt paste on a green base
substrate 202 of alumina followed by firing, and satisfied the above-described relations of the
cross-sectional areas S1 to S3.

[75] In this gas sensor 100, the heat generation resistor 220 was energized and
controlled using the temperature sensor 221, with the target temperature set to 400°C, and the
temperature of the mixed-potential-type sensor element 70 located at the center of the base
substrate 202 and the temperature of the mixed-potential-type sensor element 70 located at
the lower right corner of the base substrate 202 in FIG. 2 were measured.

[76] A sensor unit 200 including a heat generation resistor 2200 having the pattern
shown in FIG. 6 was manufactured as a comparative example, and assembled within the gas
sensor 100 of FIG. 1. The heat generation resistor 2200 was energized and controlled in a
similar manner, with the target temperature set to 400°C, and the temperatures of the mixed-
potential-type sensor elements 70 were measured.

[77] Notably, the heat generation resistor 2200 of FIG. 6 differs from the heat
generation resistor 220 of FIG. 4 in that the heat generation resistor 2200 of FIG. 6 has a
constant cross-sectional area (is formed into a pattern having a cross-sectional area equal to

the cross-sectional area S1 of the example over the entire length thereof), and the straight
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portions of the heat generation resistor 2200 located at the center of the base substrate 202
extend upward over a shorter length.

[78] FIGS. 7 and 8 show the results that were obtained.

[79] As shown in FIG. 7, in the case of the example, the temperature of the mixed-
potential-type sensor element 70 located at the center and having the highest temperature was
405.4°C, and the temperature of the mixed-potential-type sensor element 70 located at the
lower right corner and having the lowest temperature was 400.2°C. Therefore, in the case of
the example, the maximum value of temperature differences among the mixed-potential-type
sensor elements 70 fell within the range corresponding to 5% of the target temperature
(400°C) to which the heat generation resistor 220 is controlled using the temperature sensor
221 (the temperatures of the mixed-potential-type sensor elements 70 fell within the range of
380 to 420°C).

[80] On the other hand, as shown in FIG. 8, in the case of the comparative example,
the temperature of the mixed-potential-type sensor element 70 located at the center and
having the highest temperature was 427.1°C, and the temperature of the mixed-potential-type
sensor element 70 located at the lower right corner and having the lowest temperature was
405.4°C. Therefore, in the case of the comparative example, the maximum value of
temperature differences among the mixed-potential-type sensor elements 70 exceeded 5% of
the target temperature (400°C) (the temperature of the mixed-potential-type sensor element
70 at the center exceeded 420°C).

[81] The invention has been described in detail with reference to the above
embodiments. However, the invention should not be construed as being limited thereto. It
should further be apparent to those skilled in the art that various changes in form and detail of
the invention as shown and described above may be made. It is intended that such changes

be included within the spirit and scope of the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A gas sensor comprising:

a plate-shaped base substrate;

three or more mixed-potential-type sensor elements which are disposed at
predetermined intervals on a main face of the base substrate and each of which includes a
solid electrolyte layer and a pair of electrodes provided on the solid electrolyte layer, the
mixed-potential-type sensor elements being electrically connected in series; and

a single heat generation resistor for heating the mixed-potential-type sensor elements
and a temperature sensor for measuring a temperature of the base substrate, the heat
generation resistor and the temperature sensor being embedded in the base substrate or being
disposed on a face of the base substrate opposite the main face, wherein

the heat generation resistor has a pattern which overlaps the mixed-potential-type
sensor elements when the base substrate is projected in a thickness direction thereof, and
which is arranged such that the maximum value of temperature differences among the mixed-
potential-type sensor elements, the temperature differences being produced as a result of
energization and control of the mixed-potential-type sensor elements to a target temperature
using the temperature sensor, fall within a range corresponding to 5% of the target

temperature.

2. The gas sensor as claimed in claim 1, wherein the heat generation resistor has
a pattern such that the heat generation resistor extends along the base substrate and meanders
by making a plurality of U-turns, and at least a portion of the heat generation resistor located
on an outer circumferential side of the base substrate has a cross-sectional area smaller than
that of another portion of the heat generation resistor located on an inner side of the base

substrate with respect to the portion on the outer circumferential side.



WO 2018/160627 PCT/US2018/020112
19

3. The gas sensor as claimed in claim 1, wherein the heat generation resistor has
a pattern such that the heat generation resistor extends along the base substrate and meanders
by making a plurality of U-turns, and has a plurality of straight portions extending parallel to
one another, and spaces between the straight portions are adjusted such that an amount of
heat generated on an outer circumferential side of the base substrate is greater than an amount

of heat generated on an inner side of the base substrate.

4. The gas sensor as claimed in claim 1, wherein the target temperature is in

degrees Celsius.

5. The gas sensor as claimed in claim 1, wherein the target temperature is in the

vicinity of the operating temperature of the gas sensor.



WO 2018/160627 PCT/US2018/020112
1/8

100




WO 2018/160627 PCT/US2018/020112
2/8

200

202

210

212




PCT/US2018/020112

WO 2018/160627

- 200

220

i a s ale

N e L

QPP NPROEX PN K

R

JO -4

3

G.

l

F



WO 2018/160627

2028 v

PCT/US2018/020112
4/8
200
, 202¢ 202
2%03 220 { Z%Ob
T
7 / \\ 72\
f?‘\w\\ \
St S2
e 2020




WO 2018/160627 PCT/US2018/020112
5/8

2008
2006 202
225a 295 2 sy
3 —
— =N 2N =
L1 L2
2028 o : 1%
- ) T TR 4 - Lg ] - 202b

Mo *\*\wj/ ‘,/{.z \ U
&/V \ \:d%/ \\\\::ié/ )
H :{;"} M'%W
‘ ‘: 7 i



WO 2018/160627 PCT/US2018/020112
6/8

2200

|
T

P

™
{ f"/",-’;/"'"“\\\\ A

W\ N S | \ S )
] —

F1G. 6






427 .1°C

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2018/020112

A. CLASSIFICATION OF SUBJECT MATTER

CPC -
5/087 (2018.02)

IPC(8) - GOTN 27/407; AG1B 5/087; GOTN 33/497 (2018.01)
GO1N 27/4067; GO1N 27/417; GO1N 27/419; GO1N 27/27; GO1N 27/4045; GO1N 33/0031; A61B

According to Intemnational Patent Classification (IPC) or to both national classification and [PC

B.  FIELDS SEARCHED

See Search History aocumant

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consnlted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2015/0250408 A1 (SPIROMETRIX INC) 10 September 2015 (10.09.2015) entire document {1, 4,5
Y US 9,027,387 B2 (BLACKBURN et al) 12 May 2015 (12.05.2015) entire document 1.4,5
A US 2004/0026268 A1 (MAKI et al) 12 February 2004 (12.02.2004) entire document 1-5
A US 2010/0096264 A1 (NAIR et al) 22 April 2010 (22.04.2010) entire document 1-5
P, A US 2017/0065208 A1 (SPIROMETRIX INC et al) 09 March 2017 (09.03.2017) entire document 1-5

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priorily claim(s) or which is
cited 10 establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Yy” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

03 Aprit 2018

Date of mailing of the international search report

2 5APR 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report

