
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

88
2 

91
1

B
1

TEPZZ_88 9__B_T
(11) EP 1 882 911 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
31.10.2018 Bulletin 2018/44

(21) Application number: 07014405.0

(22) Date of filing: 23.07.2007

(51) Int Cl.:
G01F 1/684 (2006.01)

(54) Thermal type flow sensor

Thermischer Durchflussmesser

Capteur de flux de type thermique

(84) Designated Contracting States: 
DE

(30) Priority: 21.07.2006 JP 2006199591

(43) Date of publication of application: 
30.01.2008 Bulletin 2008/05

(73) Proprietor: Hitachi, Ltd.
Chiyoda-ku
Tokyo 100-8280 (JP)

(72) Inventors:  
• Nakano, Hiroshi

6-1, Marunouchi 1-chome
Chiyoda-ku
Tokyo 100-8220 (JP)

• Yamada, Masamichi
6-1, Marunouchi 1-chome
Chiyoda-ku
Tokyo 100-8220 (JP)

• Matsumoto, Masahiro
6-1, Marunouchi 1-chome
Chiyoda-ku
Tokyo 100-8220 (JP)

• Watanabe, Izumi
Hitachinaka-shi
Ibaraki 312-0062 (JP)

(74) Representative: MERH-IP Matias Erny Reichl 
Hoffmann 
Patentanwälte PartG mbB
Paul-Heyse-Strasse 29
80336 München (DE)

(56) References cited:  
JP-A- 2000 310 552 JP-A- 2001 004 420
JP-A- 2002 236 044 JP-A- 2003 090 750



EP 1 882 911 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a thermal type
flow sensor equipped with a sensor element having an
exothermic resistor formed on a substrate as a detecting
member for detecting the flow rate of a fluid such as air
passing through an air intake passage of vehicle-mount-
ing internal combustion engine. In particular, the present
invention relates to a thermal type flow sensor which is
designed to exhibit improved accuracy in the measure-
ment of flow rate.
[0002] As for the flow sensor for detecting the intake
air flow of an internal combustion engine to be mounted
on a vehicle, a thermal type air flow sensor which is ca-
pable of directly measuring the mass flow rate is mainly
employed.
[0003] In recent years, there has been proposed an
idea to manufacture the sensor element of thermal type
flow sensor on a semiconductor substrate such as a sil-
icon substrate by making use of micromachine tech-
niques. In the thermal type flow sensor of this semicon-
ductor type, an exothermic resistor and a temperature-
sensing resistor are formed on a thin film portion having
a thickness of several microns formed on a semiconduc-
tor substrate. Since this sensor is formed of a thin film,
the heat capacity thereof is small, thereby making it pos-
sible to realize high-speed response and low power driv-
ing. Further, it is possible, through fine working, to easily
fabricate a structure which is capable of detecting a dif-
ference in temperature between the upstream side and
the down stream side of the exothermic resistor to there-
by determine if the flow is forward flow or backward flow.
[0004] Since the thermal type flow sensor of semicon-
ductor type is formed of a plate-like sensor element, the
accuracy of measurement will be greatly affected when
any disturbance is caused to generate in the flow of fluid
around the sensor element. Therefore, the problem is
how to create the structure that cannot be badly affected
by the disturbance in flow of fluid as described above.
[0005] As for the prior art which aims at overcoming
the aforementioned problem, there is known a thermal
type flow sensor which is described in JP Patent Appli-
cation H10-300546 (1998) . The thermal type flow sensor
shown in this publication is designed so as to minimize
the error of measurement that may be caused to occur
due to the disturbance of flow at the edge portion of the
base portion for mounting the sensor element or at the
edge portion of the substrate of sensor itself.
[0006] In most of the thermal type flow sensor of sem-
iconductor type, the sensor element is mounted on the
inner wall of passage for measurement or measuring
passage (base portion) where a fluid is enabled to flow
through or on the inner wall of sub-passage (the inner
wall of measuring passage) which is provided in a main
passage. As for the specific state in the mounting of the
sensor element, a rectangular recessed portion is formed

at the base portion and the sensor element is fitted inside
the recessed portion and adhered thereto by making use
of an adhesive and the like.
[0007] On the occasion of mounting the sensor ele-
ment inside the recessed portion, the surface (detecting
portion) of sensor element should preferably be made
flash with the surface of the inner wall of measuring pas-
sage. Depending on the manufacturing conditions how-
ever, the surface of sensor element may be protruded or
depressed from the surface of the inner wall of measuring
passage (forming a step portion), thus creating non-uni-
form surface.
[0008] For example, when the sensor element is pro-
truded from the surface of inner wall of measuring pas-
sage, the disturbance of flow (peeling) is caused to gen-
erate at the edge portion of sensor element. As a result,
true fluid flow may be caused to differ from the fluid flow
around the sensor element, thus generating an error of
measurement. In order to minimize this measurement
error, the thermal type flow sensor described in the afore-
mentioned patent publication is constructed such that the
exothermic resistor of the sensor element is disposed
away from the edge portion of sensor element where the
peeling thereof may be generated. However, in order to
secure a sufficient isolation distance from the edge por-
tion of sensor element, the surface area of sensor ele-
ment is required to be increased, inevitably leading to an
increase in manufacturing cost.
[0009] Furthermore, when the sensor element is pro-
truded from or made flash with the surface of inner wall
of measuring passage, dusts that have been intermingled
with the fluid may impinge against the thin film portion of
sensor element, thus raising a problem that the sensor
element is caused to fracture.
[0010] Further, when the sensor element is depressed
from the surface of inner wall of measuring passage, the
disturbance of flow (peeling) may be caused to occur due
to the step portion between the surface of inner wall of
measuring passage and the surface of sensor element.
[0011] Whereas, in the case of the thermal type flow
sensor described in the aforementioned JP patent pub-
lication, the aforementioned problem of non-uniformity
on the occasion of mounting the sensor element is not
taken into account. Even if a step portion is caused to
generate due to the protrusion or depression of the sur-
face of sensor element from the surface of inner wall of
measuring passage, the problem to be raised by the step
portion may be overcome by securing a sufficient dis-
tance between a peeling portion at the step portion and
the exothermic resistor. However, this countermeasure
would lead to substantial increase in area of the sensor
element as described above, resulting in increase of
manufacturing cost.
[0012] Document JP 2001 004420 A discloses a ther-
mal type flow sensor comprising a sensor element pro-
vided within a recessed portion formed in the base portion
of a measurement passage through which fluid flows.
[0013] In JP 2003 090750 A a flow rate flow velocity
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measuring apparatus has a detection element that is ar-
ranged on a channel wall on the outer periphery side of
a channel that is curved in a U-shape while a flat flow
passes, recesses that are formed on a channel wall at
the upstream and downstream sides of the detection el-
ement adjacently to the detection element, a curved sec-
tion that is formed on the channel wall at the upstream
side of the recess and a curved section that is formed on
a channel wall at the downstream side of the recess. It
is thereby an object to provide a flow rate/flow velocity
measuring apparatus that has a simple structure for fa-
cilitating the manufacturing.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention has been accomplished
with a view to overcome the aforementioned problems
of the prior art and therefore, an object of the present
invention is to provide a thermal type flow sensor which
is capable of reducing the measurement error that may
be caused due to the disturbance in flow of fluid and also
of reducing the fracture of the sensor element that may
be caused due to the impingement of dusts to the sensor
element while making it possible to minimize the size of
sensor element and without inviting any substantial in-
crease of manufacturing cost.
[0015] With a view to achieve the aforementioned ob-
ject, a thermal type flow sensor according to claim 1 is
provided. Further preferable embodiments are defined
in claims 2 to 9.
[0016] Generally, the semiconductor type sensor ele-
ment is constructed such that a thin film portion is formed
on the surface of silicon substrate, and that an exothermic
resistor is formed on this thin film portion. As for the ma-
terials for the exothermic resistor, it is possible to employ
not only impurity-doped monocrystalline silicon and im-
purity-doped polysilicon but also metals such as plati-
num. It is also possible to fabricate the exothermic resis-
tor by making use of a substrate formed from ceramics
or metals. The base portion is formed of a plate-like body
made of resins, ceramics or metals and provided with a
rectangular recessed portion. The base portion should
preferably be of a planar configuration. Alternatively, the
inner wall of main passage through which the fluid to be
measured is permitted to pass may be utilized as a base
portion and the recessed portion may be formed in this
inner wall, thus enabling the sensor element to be in-
stalled therein. In this case, the region surrounding this
recessed portion should preferably be planar in configu-
ration.
[0017] The surface of the detecting portion of sensor
element installed in the recessed portion of base portion
should be lower than the level of the surface of the region
surrounding this recessed portion (upper peripheral
edge), thereby creating a step portion between the sur-
face of the detecting portion of sensor element and the
peripheral surface surrounding this recessed portion. On
the occasion of fitting the sensor element in the recessed

portion, an adhesive is coated on the underside surface
of sensor element and then the sensor element is ad-
hered to the recessed portion. In this case, the depth of
the sensor element thus installed may scatter or vary by
a magnitude of about 620mm. Therefore, the sensor el-
ement should preferably be installed in the recessed por-
tion in such a manner that the surface of the sensor el-
ement is positioned at a level which is at least 20mm
lower than the surface of base portion. However, if it is
possible to improve the adhesion accuracy, the afore-
mentioned adjustment of depth may not be taken into
account on the occasion of adhering the sensor element
to the recessed portion.
[0018] The passage in which the sensor element is in-
stalled is constructed such that a constriction of passage
is provided at a wall portion thereof which faces the sen-
sor element. This constriction of passage is created near
to the recessed portion of base portion so as to obtain
the effect of compressing an air flow passing over this
recessed portion. More specifically, this constriction of
passage is configured such that the cross-sectional area
of passage is made gradually smaller starting from the
step portion formed on the upstream side of the recessed
portion.
[0019] More specifically, the exothermic resistor (the
center thereof) mounted on the sensor element should
preferably be spaced away by a distance of at least 1.
5mm from the upper edge of the recessed portion of base
portion. In the case of this embodiment, since a step is
formed between the upstream side upper edge of the
recessed portion of base portion and the surface of sen-
sor element as well as between the downstream side
upper edge of the recessed portion of base portion and
the surface of sensor element, the exothermic resistor
on the sensor element is positioned so as to keep it away
from the step portion of the upstream side upper edge of
the recessed portion by a distance of 1.5mm or more.
The exothermic resistor of the semiconductor type sen-
sor element is employed for the purpose of detecting the
heat release from the exothermic resistor due to the air
flow or changes in temperature around the exothermic
resistor due to the air flow, thereby making it possible to
measure the flow rate of the air flow.
[0020] On the occasion of measuring the intake air flow
of vehicle-mounting internal combustion engine, back-
ward flow of fluid (air) may be occasionally caused to
occur in the air inlet passage (main passage) . In order
to minimize any measurement error due to the distur-
bance of air flow even in the case of backward flow, the
following countermeasures can be taken. Namely, even
though the exothermic resistor is kept away from the step
portion of the upstream side upper edge of the recessed
portion by a distance of 1.5mm or more in the aforemen-
tioned construction, it is further required that the exother-
mic resistor is kept away from the step portion of the
downstream side upper edge of the recessed portion by
a distance of 1. 5mm or more. In other words, the width
(the length in the direction of flow) of the recessed portion
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of base portion is set to 3mm or more and the exothermic
resistor is arranged at the center of sensor element and,
at the same time, the sensor element is positioned at the
center of the recessed portion. By doing so, it is possible
to cope with even on the occasion of backward flow.
[0021] In the case of the thermal type flow sensor
where the measurement of backward flow is not required
to be considered, the aforementioned countermeasure
to secure a sufficient distance from the downstream side
upper edge of the recessed portion may not be required
to be undertaken. Therefore, the exothermic resistor may
be disposed on the downstream side of sensor element
in such a way that the position of exothermic resistor is
off-set from the center of sensor element toward the
downstream side, thereby making it possible to reduce
the area of the sensor element.
[0022] The relationship between the exothermic resis-
tor formed on the sensor element and the constriction
formed at a wall portion of measuring passage which is
located to face the sensor element should preferably be
set as follows. Namely, the constricted portion to be
formed on the wall portion that faces the sensor element
should be configured in such a way that the cross-sec-
tional area of the passage is gradually reduced from the
upstream side upper edge of the recessed portion formed
in the base portion to the downstream side thereof and
that the exothermic resistor of sensor element is mounted
on the downstream side of the narrowest portion in the
constricted passage rather than the upstream side there-
of.
[0023] Further, when the depth of the step portion
formed between the surface surrounding the recessed
portion and the surface of the sensor element is repre-
sented by "D", when the distance between the step por-
tion (upstream side upper edge of the recessed portion)
and the exothermic resistor formed on the sensor ele-
ment is represented by "L", and when an average gradi-
ent of the constricted portion formed on a wall portion
facing the sensor element is represented by "α" (i.e. α =
Y/X, wherein Y is the height of slanted portion; and X is
the length of slanted portion as measured along the di-
rection of flow), they should be regulated so as to satisfy
an expression of: L>D·α. By doing so, the disturbance
(peeling) in flow of fluid that has been caused to occur
due to the depth of step portion "D" can be suppressed
and stabilized by the constricted portion. As a result, the
measurement of flow rate by means of the exothermic
resistor can be performed without being affected by the
disturbance (peeling) in flow of fluid that may be caused
to occur due to the depth of step portion "D".
[0024] When it is desired to measure very small flow
rate by means of the thermal type flow sensor, the sen-
sitivity of the sensor element would become insufficient,
thus deteriorating the measurement accuracy. There-
fore, it is preferable to additionally provide the flow sensor
with a structure for accelerating the flow velocity in the
sub-passage. More specifically, at least one constricted
portion is provided between the inlet port (upstream end)

of the sub-passage and the upstream end of the recessed
portion, thus creating a sub-passage having a constricted
passage which is located close to the upstream end of
the recessed portion and more reduced in cross-section-
al area as compared with the cross-sectional area of the
inlet port of the sub-passage.
[0025] Although it is possible to accelerate the air flow
by making use of the constricted portion provided on a
wall portion facing the sensor element, if the gradient of
this constricted portion is increased so as to sufficiently
accelerate the flow velocity, peeling may be caused to
generate in the flow due to this constricted portion, thus
generating disturbance in the flow over the sensor ele-
ment (the exothermic resistor) . Therefore, it is preferable
that the sub-passage is provided therein with a first con-
stricted portion for accelerating the flow in the sub-pas-
sage and with a second constricted portion for suppress-
ing the peeling due to the aforementioned step portion.
In this case, there is not any particular limitation with re-
spect to the configuration of the first constricted portion
as long as the first constricted portion is located upstream
of the sensor element and is capable of accelerating the
flow velocity in the sub-passage. Further, it is preferable
to provide the sub-passage with a section for stabilizing
the disturbed flow that may be caused to occur due to
the provision of the first constricted portion, this section
being interposed between the first constricted portion and
the second constricted portion. More specifically, an in-
termediate passage having a constant cross-sectional
passage area is interposed between the first constricted
portion and the second constricted portion.
[0026] According to the present invention, due to the
provision of the constricted portion at a wall of measuring
passage which is located to face the sensor element, it
is now possible to suppress the disturbance (peeling) of
fluid flow that may be caused to occur due to the step
portion formed between the upper edge of the recessed
portion and the surface of detecting portion of sensor
element. As a result, it is possible to suppress the distur-
bance of fluid flow and turn it into a stabilized fluid flow
at a region of passage over the exothermic resistor where
measurement (detection) of flow rate is conducted. Be-
cause of this, it is now possible to execute the measure-
ment of flow rate by means of the exothermic resistor
without being affected by the disturbance (peeling) of flu-
id flow that may be caused to occur due to the step por-
tion, thus making it possible to enhance the accuracy of
flow rate measurement. In this case, due to the provision
of the constricted portion, it is no longer required to in-
crease the size of the sensor element. As a result, it is
possible, without substantially inviting the increase of
manufacturing cost, to minimize the measurement error
that may be caused to occur due to the disturbance of
fluid flow. Furthermore, due to the provision of the step
portion, it is possible to minimize the damage to the sen-
sor element that may be caused to occur due to the im-
pingement or adhesion of dusts, etc.
[0027] The above-mentioned features may be com-
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bined in any way, partly or as a whole.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING

[0028]

FIG. 1 is a cross-sectional view illustrating a state
wherein the thermal type flow sensor is installed in
a main passage according to a first embodiment;

FIG. 2 is an enlarged cross-sectional view taken
along the
line A-A of FIG. 1;

FIG. 3 is an enlarged view of the region "B" of FIG. 2;
FIG. 4 is a graph illustrating the relationship between
the flow rate in the main passage and the output of
the sensor element;
FIG. 5 is a graph illustrating the relationship between
the output of the sensor element and the position of
the exothermic resistor;
FIG. 6 is a cross-sectional view illustrating a main
portion of the thermal type flow sensor according to
a second embodiment;
FIG. 7 is a cross-sectional view illustrating a main
portion of the thermal type flow sensor according to
a third embodiment; and
FIG. 8 is a cross-sectional view illustrating a main
portion of the thermal type flow sensor according to
the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Next, specific embodiments of the thermal type
flow sensor will be explained with reference to drawings.

<First Embodiment>

[0030] FIG. 1 is a cross-sectional view illustrating a
state wherein the thermal type flow sensor 1A according
to a first embodiment is installed in a main passage 10
(the air intake passage of vehicle-mounting internal com-
bustion engine) ; FIG. 2 is an enlarged cross-sectional
view taken along the line A-A of FIG. 1; and FIG. 3 is an
enlarged view of the region "B" of FIG. 2.
[0031] The thermal type flow sensor 1A shown herein
is provided therein with a sensor element 2 equipped with
an exothermic resistor 3 which is formed on a substrate
for detecting the flow rate of the fluid passing through a
main passage 10, and also provided therein with a circuit
board 15 on which electronic circuit components for de-
tecting flow rate and a wiring pattern are formed. Further,
the thermal type flow sensor 1A is further provided with
a sensor housing 14 in which a sub-passage 7 having a
rectangular cross-section is formed. This sensor housing
14 is mounted inside the main passage 10. By the way,
the sensor element 2 is electrically connected, through

wire bonding, with the circuit board 15.
[0032] The sub-passage 7 is provided to extend along
the flow direction P of a fluid passing through the main
passage 10 such that a portion of the fluid passing
through the main passage 10 is enabled to enter into and
pass through the sub-passage 7. This sub-passage 7 is
constituted, mentioning in the order from the upstream
side, by a fore-opening 12, a fore-passage 12A, a fore-
constricted portion 13, a measuring passage 8, a rear-
constricted portion 13’, a rear passage 13A and a rear
opening 12’.
[0033] The sensor element 2 is installed in the meas-
uring passage 8.
[0034] Namely, a central lower portion of the measur-
ing passage 8 in the sub-passage 7 is utilized as a base
portion 4 for mounting the sensor element 2. A rectan-
gular recessed portion 5 is formed in this base portion 4
and the sensor element 2 is fixedly fitted, by means of
an adhesive 6, in the recessed portion 5 in such a manner
that the surface of detecting portion of the sensor element
2 is positioned lower than an upper edge (upstream side
edge 5a and downstream side edge 5b) of the recessed
portion 5.
[0035] Further, a constricted portion 9 is provided at a
wall portion of measuring passage which is located to
face the sensor element 2 (a wall portion of measuring
passage 8 immediately over the sensor element 2). The
exothermic resistor 3 is disposed along a passage of the
direction P of fluid flow and is spaced away from the up-
stream side upper edge 5a of the recessed portion 5 so
that the exothermic resistor 3 cannot be substantially af-
fected by a disturbance of flow of the fluid that may be
caused to generate due to a step portion D formed be-
tween the upper edge 5a of the recessed portion 5 and
the surface (upper surface) of detecting portion of the
sensor element 2.
[0036] More specifically, the constricted portion 9 is
shaped to have a reversed trapezoidal (isosceles trape-
zoidal) cross-section. Namely, the constricted portion 9
is constituted by a slanted portion 9a where the cross-
sectional passage area is gradually reduced in the direc-
tion starting from the upstream side upper edge 5a of the
recessed portion 5 to the downstream side, by a planar
portion 9c which is parallel with the fluid flowing direction
P, and by a slanted portion 9b where the cross-sectional
passage area is gradually increased in the direction up
to the downstream side upper edge 5b of the recessed
portion 5. The exothermic resistor 3 is mounted on the
downstream side of the narrowest portion (the planar por-
tion 9c) in the constricted passage (the slanted portion
9a, the planar portion 9c and the slanted portion 9b) and
away from the upstream side thereof.
[0037] In this embodiment, as shown in FIG. 3, the
depth D of step portion is set to 20mm or more, the height
K of the measuring passage 8 which is located upstream
of the constricted portion 9 is set to about 3mm, and the
height J of the narrowest portion (the planar portion 9c)
is set to about 1.7mm.
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In this embodiment, the exothermic resistor 3 is spaced
away, along the flowing direction P, from the upstream
side upper edge 5a of the recessed portion 5 to such an
extent that the exothermic resistor 3 cannot be substan-
tially affected by a disturbance of flow of the fluid that
may be caused to generate due to a step portion D (as
described hereinafter, the distance L between the up-
stream side upper edge 5a of the recessed portion 5 and
the center of the exothermic resistor 3 is set to 1.5mm or
more).
[0038] Followings are supplementary explanation
about the construction described above and the expla-
nation about the effects of the structure.
[0039] When a fluid is permitted to flow through the
main passage 10, part of the fluid is permitted to enter
into the sub-passage 7. The fluid that has been intro-
duced into the sub-passage 7 is accelerated by the fore-
constricted portion 13. Since the flow velocity in the
measuring passage 8 can be accelerated especially at
the time of low flow rate due to the provision of the fore-
constricted portion 13, it is possible to enhance the sen-
sitivity of the sensor element. The fluid that has been
accelerated by the fore-constricted portion 13 is permit-
ted to flow into the measuring passage 8. In this meas-
uring passage 8, the disturbance (peeling) in flow of fluid
is caused to generate due to the existence of the step
portion D. However, due to the effects of the constricted
portion 9 formed on a wall portion of passageway facing
the recessed portion 5, the flow thus peeled can be sup-
pressed.
[0040] Next, the advantages that can be derived from
the step portion D will be explained. The fluid flowing
through the main passage 10 is air in the case of the
internal combustion engine to be mounted on a vehicle.
However, the intake air flow passing through the main
passage (air intake passage) 10 contains dusts, water,
oil, etc. Since the sensor element 2 is provided with a
thin film portion, this thin film portion may be fractured
due to the impingement thereto of dusts included in the
air. Further, the sensor element 2 may be contaminated
due to the adhesion thereto of water or oil. In order to
cope with these problems, the mounting position of the
sensor element 2 is made lower than the wall surface of
measuring passage, thus creating the step portion D.
Due to the provision of this step portion D, the impinge-
ment or adhesion of dusts, etc. can be minimized.
[0041] However, due to the provision of the step portion
D, there will be raised a problem that peeling is caused
to generate in the flow of fluid. Although the peeling thus
generated may be spontaneously vanished gradually as
it moves toward the downstream side, if the exothermic
resistor 3 is positioned at a location where the peeling
has been already vanished, the sensor element 2 would
become larger in chip size. Therefore, with a view to forc-
edly vanishing this peeling, the constricted portion 9 is
provided at a wall portion of measuring passage which
faces the sensor element 2. Due to the provision of this
constricted portion 9, the peeled flow can be shrunk and

vanished.
[0042] FIG. 4 shows the relationship between the flow
rate in the main passage 10 and the output sensitivity of
the sensor element 2 as the position of the exothermic
resistor 3 is varied. Further, FIG. 5 shows the relationship
between the sensitivity of sensor element at the high flow
rate shown in FIG. 4 and the distance L from the upstream
side upper edge 5a of the recessed portion 5 to the ex-
othermic resistor 3 (center thereof) (see also FIG. 3) .
The peeling to be generated due to the step portion D
would become a main cause for the deterioration of out-
put sensitivity of sensor element especially at the region
of high flow rate. In this case, when the L is set to 1mm
or less, the output sensitivity of sensor element at a high
flow rate would be prominently deteriorated. Whereas,
when the L is increased to 1.2mm or 1.5mm, the deteri-
oration of sensitivity can be suppressed. When the L is
increased to exceed 1.5mm, the output sensitivity can
be made approximately constant. Therefore, when the L
is set to not less than 1.5mm in the aforementioned struc-
ture, it is possible to prevent the output sensitivity of sen-
sor element from being affected by the peeling in flow of
fluid due to the provision of the step portion D.
[0043] In the case of the intake air employed in the
engine for vehicle, since the pulsation is caused to occur
prominently due to the changes in engine speed, back-
ward flow may be caused to generate in the intake air.
Therefore, it is required to minimize the influence of the
disturbance (peeling) of fluid flow, even if the backward
flow is caused to generate. In this case, it is preferable
to keep the exothermic resistor 3 (the center thereof)
away from the step portion located on the downstream
side of the sensor element 2 by a distance of 1.5mm or
more. In other words, the size (in the direction of air flow)
of the sensor element 2 should preferably be set to 3mm
or more and the exothermic resistor 3 is arranged at the
center of sensor element. Further, it is also preferable to
additionally provide another constricted portion (slanted
portion 9b) on the downstream side of the sensor element
2, thereby obtaining a structure where the configuration
on the upstream side of the sensor element 2 is symmet-
rical with the configuration on the downstream side there-
of. In the case where the measurement of backward flow
is not required to be considered, it is only required to
consider the forward direction, so that the exothermic
resistor is simply required to be disposed in such a way
that the position of exothermic resistor is off-set from the
center of sensor element 2 toward the downstream side,
thereby making it possible to reduce the size of the sensor
element.
[0044] Further, in order to suppress the peeling that
has been generated at the step portion D by making use
of the constricted portion 9, a constricted portion which
at least corresponds to the step portion D is required to
be formed. Namely, when an average gradient of the
constricted portion 9 (the slanted portion 9a thereof)
formed on a wall portion facing the sensor element 2 is
represented by "α" (i.e. α = Y/X, wherein Y is the height
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of slanted portion; and X is the length of slanted portion
as measured along the direction of flow), the distance
"L" between the step portion D (upstream side upper
edge 5a of the recessed portion 5) and the exothermic
resistor 3 (the center thereof) formed on the sensor ele-
ment 2 should be regulated so as to satisfy an expression
of: L>D·α. By doing so, the disturbance (peeling) in flow
of fluid that has been caused to occur due to the depth
of step portion "D" can be suppressed and stabilized by
the constricted portion 9. As a result, the measurement
of flow rate by means of the exothermic resistor 3 can be
performed without being affected by the disturbance
(peeling) in flow of fluid that may be caused to occur due
to the depth of step portion "D".

<Second Embodiment>

[0045] FIG. 6 shows a main portion of the thermal type
flow sensor 1B according to a second embodiment. In
the thermal type flow sensor 1B of this embodiment, the
components which correspond to those of the thermal
type flow sensor 1A according to the first embodiment
will be identified by the common symbols and differences
in structure between these embodiments will be mainly
explained in the following description. In this embodi-
ment, the upper corner portion 5d on the upstream side
of the recessed portion 5 formed in the base portion 4 as
well as the upper corner portion 5e on the downstream
side thereof is formed into a slanted surface (chamfered).
Namely, the peeling to be generated due to the provision
of the step portion would become larger as the configu-
ration of passage is sharply changed. Therefore, the cor-
ner portions 5d and 5e of upper edges of the upstream
and downstream sides of the recessed portion 5 are
formed into a slanted surface, respectively, thereby en-
abling the configuration of passage to change gradually
and hence making it possible to minimize the aforemen-
tioned peeling. By the way, these corner portions may
be rounded off (having R).

<Third Embodiment>

[0046] FIG. 7 shows a main portion of the thermal type
flow sensor 1C according to a third embodiment. In the
thermal type flow sensor 1C of this embodiment, the com-
ponents which correspond to those of the thermal type
flow sensor 1A according to the first embodiment will be
identified by the common symbols and differences in
structure between these embodiments will be mainly ex-
plained in the following description. In this embodiment,
the exothermic resistor 3 is positioned so as to off-set it
from the center of the sensor element 2 toward the down-
stream side. Namely, when the distance between the up-
stream side upper edge 5a of the recessed portion 5 and
the exothermic resistor 3 (the center thereof) is repre-
sented by "L1", and when the distance between the ex-
othermic resistor 3 and the downstream side upper edge
5b of the recessed portion 5 is represented by "L2", they

should be regulated to satisfy the expression of: L1>L2.
In this constricted portion 9’ which is formed on a wall
portion of passage facing the sensor element 2, "Y" rep-
resents the height of gradient, "X1" represents the dis-
tance between the upstream side upper edge 5a and the
upstream side edge of the narrowest portion, and "X2"
represents the distance between the downstream side
edge of the narrowest portion and the downstream side
upper edge 5b. In this case, these distances should be
regulated to satisfy the expression of: X1>X2.
[0047] By constructing the thermal type flow sensor 1C
in this manner, it is possible to obtain the following ad-
vantages. Namely, the intake air flow in the internal com-
bustion engine such as an automobile engine is accom-
panied with a forward flow flowing toward the cylinder
and a backward flow flowing in the opposite direction.
However, most of the intake air flow is consisted of a
forward flow. In this case, it is no longer required to pro-
vide the same measurement range in the opposite direc-
tions. Namely, with respect to the forward flow, it should
be constructed such that the exothermic resistor 3 can
be prevented from being affected by the peeling of flow
even if the air flow is of high flow rates. With respect to
the backward flow, it should be constructed such that the
exothermic resistor 3 can be prevented from being af-
fected by the peeling of flow only on the occasion where
the air flow is of low flow rates. The peeling in fluid flow
due to the step portion or the constricted portion would
become more prominent as the magnitude of step portion
becomes larger. Further, as the magnitude of constriction
increases, the peeling would be caused to initiate even
at lower flow rates. Therefore, since the constriction in
the direction of backward flow can be made larger in gra-
dient than that of the constriction in the direction of for-
ward flow, thus satisfying the relationship of: X1>X2.
Therefore, it is possible to miniaturize the sensor element
2, the measuring passageway, etc.

<Embodiment according to the present invention>

[0048] FIG. 8 shows a main portion of the thermal type
flow sensor 1D according to the embodiment of the
present invention. In the thermal type flow sensor 1D of
this embodiment, the components which correspond to
those of the thermal type flow sensor 1A according to the
first embodiment will be identified by the common sym-
bols and differences in structure between these embod-
iments will be mainly explained in the following descrip-
tion. In this embodiment, eaves 25 are formed on the
upstream side upper edge and the downstream side up-
per edge of the recessed portion 5 formed in the base
portion 4, thereby reducing the opening area of the re-
cessed portion 5. These eaves 25 are formed so as to
extend over the sensor element 2. In this embodiment,
a plate-like member having a through-hole is superim-
posed on the surface of the base portion 4 having the
recessed portion 5, thereby creating these eaves 25.
These eaves 25 are configured such that they become
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thinner from the proximal ends thereof to the distal ends
thereof.
[0049] By constructing the thermal type flow sensor 1D
in this manner, it is possible to obtain the following ad-
vantages. Namely, in this embodiment, it is possible to
minimize the peeling of fluid flow due to the provision of
the step portion as in the case of the second embodiment
and, at the same time, it is possible to reduce the intrusion
of fluid down to the underside of the sensor element 2.
These eaves 25 are respectively configured such that
the distal end thereof is made thinner to form a triangular
cross-section and that the magnitude of the step portion
formed between the surface of base portion 4 and the
surface of sensor element 2 would become smaller.
Therefore, since the measuring passage 8 is configured
such that it changes gradually in configuration, the peel-
ing in fluid flow would not be easily generated. Further,
since these eaves are provided, the possibility of the fluid
to enter into an interface between the base portion 4 and
the sensor element 2 can be minimized.
[0050] Although the eaves 25 is formed on the up-
stream side as well as on the downstream side of the
sensor 2 in this embodiment, the eaves 25 may be formed
only on the upstream side. Further, although a plate-like
member having a through-hole is superimposed on the
surface of the base portion 4 in order to create these
eaves 25 in this embodiment, these eaves 25 may be
formed integral with the base portion 4.
[0051] The above-mentioned features and embodi-
ments can be combined in any way, partly or as a whole.

Claims

1. A thermal type flow sensor comprising: a base por-
tion (4) constituting a lower part of a measuring pas-
sage and being provided along the flowing direction
of a fluid passing through a main passage (10); and
a thermal type sensor element (2) mounted on the
base portion (4) and equipped with an exothermic
resistor (3) formed on a substrate for detecting the
flow rate of the fluid passing through the main pas-
sage (10) ;

the thermal type flow sensor (1A) being featured
in that a rectangular recessed portion (5) is
formed in the base portion (4), that the sensor
element (2) is fixedly fitted in the recessed por-
tion (5) in a manner that the surface of detecting
portion of the sensor element (2) is positioned
lower than an upper edge of the recessed por-
tion (5), that a wall portion (9) of the measuring
passage which is located to face the top surface
of the sensor element (2) is constricted such that
the cross-sectional area of the measuring pas-
sage is gradually reduced from an upstream side
upper edge of the recessed portion to a down-
stream side thereof and the exothermic resistor

of the sensor element is mounted on a down-
stream side of the narrowest portion in the con-
stricted measuring passage and away from an
upstream side thereof and disposed along a
passage of the fluid,
characterized in that eaves projecting over the
top surface of the sensor element (2) and ex-
tending along the flowing direction of the fluid
are formed on the upstream side upper edge
and/or the downstream side upper edge of the
recessed portion (5), and

wherein the eaves are formed to have a tapered sur-
face which decreases in height towards the exother-
mic resistor from the proximal end thereof.

2. The thermal type flow sensor according to claim 1,
wherein the main passage (10) has therein a sub-
passage (7) formed along a flowing direction of a
fluid for enabling part of the fluid to pass there-
through; wherein the base portion (4) is provided in
the sub-passage (7) and along the flowing direction
of the fluid passing through the sub-passage (7);
wherein the wall portion of the measuring passage
is provided within the sub-passage (7).

3. The thermal type flow sensor according to at least
one of claims 1 to 2, wherein the surface of detecting
portion of the sensor element (2) is set in relation to
a distance between the upstream side upper edge
(5a) of the recessed portion (5) and a center of the
exothermic resistor (3) in such a way as to satisfy an
expression of: L>D• α, wherein L is a distance be-
tween the upstream side upper edge (5a) of the re-
cessed portion (5) and a center of the exothermic
resistor (3); D is a depth of the step portion between
the upper edge (5a) of the recessed portion (5) and
the surface of detecting portion of the sensor element
(2); and α is an average gradient of the constricted
wall portion (9).

4. The thermal type flow sensor according to at least
one of claims 1 to 3, wherein the center of the exo-
thermic resistor (3) is spaced away, along the flowing
direction of fluid, from the upstream side upper edge
(5a) of the recessed portion (5) by a distance of
1.5mm or more.

5. The thermal type flow sensor according to at least
one of claims 1 to 4, wherein the sensor element (2)
is mounted at a length of 3mm or more as measured
from the upstream side edge thereof to the down-
stream side edge thereof.

6. The thermal type flow sensor according to at least
one of claims 1 to 5, wherein the center of the exo-
thermic resistor (3) is off-set from the center of the
sensor element (2) toward the downstream side.
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7. The thermal type flow sensor according to claim 2,
wherein the constricted wall portion (9) is provided
in a midway between the upstream end of the sub-
passage (7) and the recessed portion (5).

Patentansprüche

1. Durchflusssensor des thermischen Typs, der Fol-
gendes umfasst: einen Basisabschnitt (4), der einen
unteren Teil eines Messdurchlasses bildet und längs
der Durchflussrichtung eines Fluids, das sich durch
einen Hauptdurchlass (10) bewegt, vorgesehen ist;
und ein Sensorelement (2) des thermischen Typs,
das an dem Basisabschnitt (4) montiert ist und mit
einem exothermen Widerstand (3) versehen ist, der
an einem Substrat ausgebildet ist, um die Durch-
flussmenge des Fluids, dass sich durch den Haupt-
durchlass (10) bewegt, zu detektieren;
wobei der Durchflusssensor (1A) des thermischen
Typs die Merkmale besitzt, dass in dem Basisab-
schnitt (4) ein rechtwinkliger ausgesparter Abschnitt
(5) ausgebildet ist, dass das Sensorelement (2) in
dem ausgesparten Abschnitt (5) in der Weise ange-
bracht ist, dass die Oberfläche des Detektionsab-
schnitts des Sensorelements (2) niedriger als eine
obere Kante des ausgesparten Abschnitts (5) posi-
tioniert ist, dass ein Wandabschnitt (9) des Mess-
durchlasses, der so angeordnet ist, dass er der obe-
ren Oberfläche des Sensorelements (2) zugewandt
ist, verengt ist, so dass die Querschnittsfläche des
Messdurchlasses von einer stromaufwärtigen obe-
ren Kante des ausgesparten Abschnitts zu einer
stromabwärtigen Seite hiervon allmählich abnimmt
und dass der exotherme Widerstand des Sensore-
lements auf einer stromabwärtigen Seite des engs-
ten Abschnitts in dem verengten Messdurchlass und
in einem Abstand von einer stromaufwärtigen Seite
hiervon montiert und längst eines Durchlasswegs
des Fluids angeordnet ist,
dadurch gekennzeichnet, dass Traufen, die über
die obere Oberfläche des Sensorelements (2) vor-
stehen und sich in der Durchflussrichtung des Fluids
erstrecken, an der stromaufwärtigen oberen Kante
und/oder der stromabwärtigen oberen Kante des
ausgesparten Abschnitts (5) ausgebildet sind,
wobei die Traufen so geformt sind, dass sie eine
konisch verjüngte Oberfläche besitzen, deren Höhe
ausgehend von ihrem proximalen Ende in Richtung
zu dem exothermen Widerstand abnimmt.

2. Durchflusssensor des thermischen Typs nach An-
spruch 1, wobei in dem Hauptdurchlass (10) ein Ne-
bendurchlass (7) vorhanden ist, der in einer Durch-
flussrichtung eines Fluids ausgebildet ist und einem
Teil des Fluids ermöglicht, sich durch ihn zu bewe-
gen; wobei der Basisabschnitt (4) in dem Neben-
durchlass (7) und in der Durchflussrichtung des Flu-

ids, das sich durch den Nebendurchlass (7) bewegt,
vorgesehen ist;
wobei der Wandabschnitt des Messdurchlasses in
dem Nebendurchlass (7) vorgesehen ist.

3. Durchflusssensor des thermischen Typs nach we-
nigstens einem der Ansprüche 1 bis 2, wobei die
Oberfläche des Detektionsabschnitts des Sensore-
lements (2) in Bezug auf einen Abstand zwischen
der stromaufwärtigen oberen Kante (5a) des ausge-
sparten Abschnitts (5) und einer Mitte des exother-
men Widerstands (3) so festgelegt ist, dass der fol-
gende Ausdruck erfüllt ist: L > D·α, wobei L ein Ab-
stand zwischen der stromaufwärtigen oberen Kante
(5a) des ausgesparten Abschnitts (5) und einer Mitte
des exothermen Widerstands (3) ist; D eine Tiefe
des Stufenabschnitts zwischen der oberen Kante
(5a) des ausgesparten Abschnitts (5) und der Ober-
fläche des Detektionsabschnitts des Sensorele-
ments (2) ist; und α ein durchschnittlicher Gradient
des verengten Wandabschnitts (9) ist.

4. Durchflusssensor des thermischen Typs nach we-
nigstens einem der Ansprüche 1 bis 3, wobei die
Mitte des exothermen Widerstands (3) in der Durch-
flussrichtung des Fluids von der stromaufwärtigen
oberen Kante (5a) des ausgesparten Abschnitts (5)
um eine Strecke von 1,5 mm oder mehr beabstandet
ist.

5. Durchflusssensor des thermischen Typs nach we-
nigstens einem der Ansprüche 1 bis 4, wobei das
Sensorelement (2) auf einer Länge von 3 mm oder
mehr, gemessen von der stromaufwärtigen Kante
hiervon zu der stromabwärtigen Kante hiervon, mon-
tiert ist.

6. Durchflusssensor des thermischen Typs nach we-
nigstens einem der Ansprüche 1 bis 5, wobei die
Mitte des exothermen Widerstands (3) von der Mitte
des Sensorelements (2) zu der stromabwärtigen
Seite versetzt ist.

7. Durchflusssensor des thermischen Typs nach An-
spruch 2, wobei der verengte Wandabschnitt (9) un-
gefähr in der Mitte zwischen dem stromaufwärtigen
Ende des Nebendurchlasses (7) und dem ausge-
sparten Abschnitt (5) vorgesehen ist.

Revendications

1. Détecteur d’écoulement de type thermique
comprenant : une portion de base (4) qui constitue
une partie inférieure d’un passage de mesure et qui
est prévue le long de la direction d’écoulement d’un
fluide passant à travers un passage principal (10) ;
et un élément détecteur de type thermique (2) monté
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sur la portion de base (4) est équipée d’une résis-
tance exothermique (3) formée sur un substrat pour
détecter le débit du fluide passant à travers le pas-
sage principal (10) ;
le détecteur d’écoulement de type thermique (1A)
présentant une caractéristique telle qu’une portion
évidée rectangulaire (5) est formée dans la portion
de base (4), que l’élément détecteur (2) est logé de
manière fixe dans la portion évidée (5) d’une manière
telle que la surface de la portion de détection de l’élé-
ment détecteur (2) est positionnée plus basse qu’une
bordure supérieure de la portion évidée (5), qu’une
portion de paroi (9) du passage de mesure qui est
située en face de la surface supérieure de l’élément
détecteur (2) est restreinte de telle façon que la su-
perficie de section transversale du passage de me-
sure est progressivement réduite depuis un bord su-
périeur côté amont de la portion évidée jusqu’à un
côté aval de celle-ci, et que la résistance exothermi-
que de l’élément détecteur est montée sur un côté
aval de la portion la plus étroite dans le passage de
mesure restreint et en éloignement d’un côté amont
de celui-ci et disposée le long d’un passage du fluide,
caractérisé en ce que des surplombs qui se projet-
tent au-dessus de la surface supérieure de l’élément
détecteur (2) et qui s’étendent le long de la direction
d’écoulement du fluide sont formés sur le bord su-
périeur côté amont et/ou le bord supérieur du côté
aval de la portion évidée (5), et
dans lequel les surplombs sont formés de manière
à présenter une surface effilée dont la hauteur dimi-
nue en direction de la résistance exothermique de-
puis l’extrémité proximale de celle-ci.

2. Détecteur d’écoulement de type thermique selon la
revendication 1, dans lequel le passage principal
(10) comporte à l’intérieur un sous-passage (7) for-
mé le long d’une direction d’écoulement d’un fluide
pour permettre à une partie du fluide de passer à
travers celui-ci ; dans lequel la portion de base (4)
est prévue dans le sous-passage (7) et le long de la
direction d’écoulement du fluide passant à travers le
sous-passage (7) ;
dans lequel la portion de paroi du passage de me-
sure est prévue à l’intérieur du sous-passage (7).

3. Détecteur d’écoulement de type thermique selon
l’une au moins des revendications 1 et 2, dans lequel
la surface de la portion de détection de l’élément
détecteur (2) est placée en relation à une distance
entre le bord supérieur du côté amont (5a) de la por-
tion évidée (5) et un centre de la résistance exother-
mique (3), de manière à satisfaire une expression :
L>D*α, dans laquelle L est une distance entre le bord
supérieur du côté amont (5a) de la portion évidée
(5) et un centre de la résistance exothermique (3) ;
D est une profondeur de la portion en gradins entre
le bord supérieur (5a) de la portion évidée (5) et la

surface de la portion de détection de l’élément dé-
tecteur (2) ; et α est un gradient moyen de la portion
de paroi restreinte (9).

4. Détecteur de débit de type thermique selon l’une au
moins des revendications 1 à 3, dans lequel le centre
de la résistance exothermique (3) est éloigné, le long
de la direction d’écoulement du fluide, depuis le bord
supérieur du côté amont (5a) de la portion évidée
(5) d’une distance de 1,5 mm ou plus.

5. Détecteur de débit de type thermique selon l’une au
moins des revendications 1 à 4, dans lequel l’élé-
ment détecteur (2) est monté à une longueur de 3
mm ou plus, telle que mesurée depuis le bord latéral
amont de celui-ci jusqu’au bord côté aval de celui-ci.

6. Détecteur d’écoulement de type thermique selon
l’une au moins des revendications 1 à 5, dans lequel
le centre de la résistance exothermique (3) est dé-
porté vis-à-vis du centre de l’élément détecteur (2)
vers le côté aval.

7. Détecteur d’écoulement de type thermique selon la
revendication 2, dans lequel la portion de paroi res-
treinte (9) est prévue à mi-chemin entre l’extrémité
amont du sous-passage (7) et la portion évidée (5).
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