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(54) PHYSICAL QUANTITY DETECTION DEVICE

(57) The present invention reduces, by optimizing
disposition of components on an electronic circuit board,
heat transfer from other components mounted on the
same board, and improves measurement accuracy of an
intake air temperature detection element. A physical
quantity detection device 300 of the present invention
has an electronic circuit board 400, which is provided
with one or more intake air temperature detection ele-
ments 422, 453 (elements having intake air temperature
detection function), and which processes electric signals.
Furthermore, the physical quantity detection device has
a configuration wherein the intake air temperature detec-
tion elements 422, 453, and a power supply regulator 41
having the maximum heat generation quantity are mount-
ed on the same electronic circuit board 400. The physical
quantity detection device is characterized in that the in-
take air temperature detection elements 422, 453 are
disposed on the air flow upstream side of the power sup-
ply regulator 41.
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Description

Technical Field

[0001] The present invention relates to a physical
quantity detection device of intake air of an internal com-
bustion engine.

Background Art

[0002] PTL 1 shows a structure in which a temperature
measuring element is mounted on a sub air passage con-
stituted by a part of a housing member, and a resin mem-
ber constituting the sub-passage is formed with vent
holes larger than the temperature measuring element on
both side walls, and the temperature measuring element
is disposed between the vent holes . In PTL 1, the tem-
perature measuring element is installed at a position
away from an electronic circuit board which drives the
temperature measuring element.

Citation List

Patent Literature

[0003] PTL 1: JP 2006-234766 A

Summary of Invention

Technical Problem

[0004] As shown in PTL 1, when the temperature
measuring element and the driving circuit are not directly
connected, the temperature measuring element and the
driving circuit must be connected via a lead terminal or
the like, which increases the number of assembling steps
and the number of parts, leading to expansion of the mod-
ule outer shape. On the other hand, in electronic circuit
boards, the increase in the heat generation density is
remarkable due to the high density mounting of many
electronic components, and the circuit self heating caus-
es a problem. Therefore, in a configuration in which a
physical quantity detection element, a control IC, a power
supply component, and the like are collectively mounted
on the same circuit board, the influence of heat genera-
tion of other components is transmitted via the circuit
board, so that the measurement accuracy of the physical
quantity detection element is greatly affected. Therefore,
it is necessary to reduce the circuit self-heating effect on
the detection element.
[0005] The present invention has been made in view
of the above issues, and it is an object of the present
invention to provide a physical quantity detection device
in which the heat transfer from other parts mounted on
the same substrate is reduced by optimizing the arrange-
ment of parts on the electronic circuit board, and in which
the measurement accuracy of the intake temperature de-
tection element is improved.

Solution to Problem

[0006] To solve the problem described above, a phys-
ical quantity detection device of the present invention in-
cludes one or more intake temperature detection ele-
ments and an electronic circuit board processing an elec-
tric signal, wherein the one or more intake temperature
amount detection elements and a component having a
maximum heat generation amount are configured to be
mounted on the same electronic circuit board, and the
one or more intake temperature detection elements are
arranged at an air flow upstream portion with respect to
the component having the maximum heat generation
amount.

Advantageous Effects of Invention

[0007] According to the present invention, the heat
transfer from other components mounted on the same
substrate can be reduced by optimizing the arrangement
of components on the electronic circuit board, and the
measurement accuracy of the intake temperature detec-
tion element can be improved. The problems, configura-
tions, and effects other than those described above will
be clarified from the description of the following embod-
iments.

Brief Description of Drawings

[0008]

[FIG. 1] FIG. 1 is a system diagram showing an em-
bodiment using a physical quantity detection device
according to the present invention in an internal com-
bustion engine control system.
[FIG. 2-1] FIG. 2-1 is a front view of the physical
quantity detection device.
[FIG. 2-2] FIG. 2-2 is a rear view of the physical quan-
tity detection device.
[FIG. 2-3] FIG. 2-3 is a left side view of the physical
quantity detection device.
[FIG. 2-4] FIG. 2-4 is a right side view of the physical
quantity detection device.
[FIG. 2-5] FIG. 2-5 is a plan view of the physical quan-
tity detection device.
[FIG. 2-6] FIG. 2-6 is a bottom view of the physical
quantity detection device.
[FIG. 3-1] FIG. 3-1 is a front view showing a state in
which the front cover is removed from the physical
quantity detection device.
[FIG. 3-2] FIG. 3-2 is a rear view showing a state in
which the back cover is removed from the physical
quantity detection device.
[FIG. 3-3] FIG. 3-3 is a left side view showing a state
in which the front cover and the back cover are re-
moved from the physical quantity detection device.
[FIG. 3-4] FIG. 3-4 is a right side view showing a
state in which the front cover and the back cover are
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removed from the physical quantity detection device.
[FIG. 3-5] FIG. 3-5 is a cross-sectional view taken
along line A-A of FIG. 3-1.
[FIG. 4-1] FIG. 4-1 is a rear view illustrating another
embodiment of the housing.
[FIG. 4-2] FIG. 4-2 is a right side view of the housing
shown in FIG. 4-1.
[FIG. 5] FIG. 5 is a view for explaining the structure
of the front cover.
[FIG. 6] FIG. 6 is a view for explaining the configu-
ration of the rear cover.
[FIG. 7-1] FIG. 7-1 is a front view of the circuit board.
[FIG. 7-2] FIG. 7-2 is a right side view of the circuit
board.
[FIG. 7-3] FIG. 7-3 is a rear view of the circuit board.
[FIG. 7-4] FIG. 7-4 is a left side view of the circuit
board.
[FIG. 7-5] FIG. 7-5 is a cross-sectional view taken
along line B-B of FIG. 7-1.
[FIG. 7-6] FIG. 7-6 is a view showing another em-
bodiment corresponding to a cross section taken
along line B-B of FIG. 7-1.
[FIG. 7-7] FIG. 7-7 is a cross-sectional view taken
along line C-C of FIG. 7-1.
[FIG. 8-1] FIG. 8-1 is a front view showing another
embodiment of a circuit board.
[FIG. 8-2] FIG. 8-2 is a front view showing another
embodiment of a circuit board.
[FIG. 8-3] FIG. 8-3 is a front view showing another
embodiment of a circuit board.
[FIG. 8-4] FIG. 8-4 is a front view showing another
embodiment of a circuit board.
[FIG. 8-5] FIG. 8-5 is a front view showing another
embodiment of a circuit board.
[FIG. 8-6] FIG. 8-6 is a front view showing another
embodiment of a circuit board.
[FIG. 8-7] FIG. 8-7 is a front view showing another
embodiment of a circuit board.
[FIG. 8-8] FIG. 8-8 is a front view showing another
embodiment of a circuit board.
[FIG. 9-1] FIG. 9-1 is a view for explaining the struc-
ture of the terminal connecting unit.
[FIG. 9-2] FIG. 9-2 is a view for explaining the struc-
ture of the terminal connecting unit.
[FIG. 9-3] FIG. 9-3 is a cross-sectional view taken
along line F-F of FIG. 9-1.
[FIG. 9-4] FIG. 9-4 is a cross-sectional view taken
along line G-G of FIG. 9-2.
[FIG. 10-1] FIG. 10-1 is a diagram illustrating an ex-
ample of a circuit configuration of a physical quantity
detection device.
[FIG. 10-2] FIG. 10-2 is a diagram for explaining an-
other embodiment of a circuit configuration of a phys-
ical quantity detection device.
[FIG. 11] FIG. 11 is a view for explaining a component
arrangement of the circuit board of the physical
quantity detection device.

Description of Embodiments

[0009] A mode for carrying out the invention (herein-
after referred to as an embodiment) described below
solves various problems which are demanded as actual
products, and solves various problems desirable for use
as a detection device for detecting a physical quantity of
intake air, in particular, of a vehicle, and achieve various
effects. One of various problems solved by the following
embodiment is the contents described in the Technical
Problem described above, and one of the various effects
exhibited by the following embodiments is the effect de-
scribed in Advantageous Effects of Invention. Various
problems solved by the following embodiments and var-
ious effects which are exerted by the following examples
will be described in the description of the following em-
bodiments. Accordingly, the problems and effects solved
by the embodiments described in the following embodi-
ments are also described with regard to the contents oth-
er than the contents of the Technical Problem and the
Advantageous Effects of Invention.
[0010] In the following embodiments, the same refer-
ence numerals indicate the same elements and achieve
the same operational effect even if they are in different
drawings. For the elements already described, only the
reference symbols are given in the drawings, and the
explanation thereabout may be omitted in some cases.

1. One embodiment using physical quantity detec-
tion device according to the present invention in in-
ternal combustion engine control system

[0011] FIG. 1 is a system diagram showing an embod-
iment using the physical quantity detection device ac-
cording to the present invention in an internal combustion
engine control system of an electronic fuel injection meth-
od. Based on the operation of an internal combustion
engine 110 having an engine cylinder 112 and an engine
piston 114, the intake air is sucked from the air cleaner
122 as the measurement target gas 30, and is taken
through the main passage 124, for example, an intake
body, a throttle body 126, and an intake manifold 128
and is guided to a combustion chamber of the engine
cylinder 112. The physical quantity of the measurement
target gas 30 which is the intake air led to the combustion
chamber is detected by a physical quantity detection de-
vice 300 according to the present invention. The fuel is
supplied from the fuel injection valve 152 based on the
detected physical quantity, and is led to the combustion
chamber in an air-fuel mixture state with the intake air
20. In the present embodiment, the fuel injection valve
152 is provided in the intake port of the internal combus-
tion engine, and the fuel injected into the intake port forms
an air-fuel mixture with the measurement target gas 30
which is the intake air, and it is led to the combustion
chamber via the intake valve 116 to be combusted to
generate mechanical energy.
[0012] The fuel and the air led to the combustion cham-
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ber form a mixed state of fuel and air, and explosively
burn due to spark ignition of a spark plug 154 to generate
mechanical energy. The gas generated by the combus-
tion is guided from an exhaust valve 118 to the exhaust
pipe and discharged as exhaust gas 24 from the exhaust
pipe to the outside of the vehicle. The flow rate of the
measurement target gas 30, which is intake air led to the
combustion chamber, is controlled by a throttle valve 132
of which opening degree varies on the basis of operation
of an accelerator pedal. The fuel supply amount is con-
trolled based on the flow rate of the intake air led to the
combustion chamber. The driver can control the mechan-
ical energy generated by the internal combustion engine
by controlling the opening degree of the throttle valve
132 and controlling the flow rate of the intake air guided
to the combustion chamber.

1.1 Overview of control of internal combustion en-
gine control system

[0013] The physical quantity such as the flow rate, tem-
perature, humidity, pressure, and the like of the meas-
urement target gas 30 which is taken in from the air clean-
er 122 and flows through the main passage 124 is de-
tected by the physical quantity detection device 300, and
an electric signal representing the physical quantity of
the intake air is input into the control device 200 from the
physical quantity detection device 300. The output of the
throttle angle sensor 144 for measuring the opening de-
gree of the throttle valve 132 is input to the control device
200. Further, the position and the state of the engine
piston 114 of the internal combustion engine, the intake
valve 116, and the exhaust valve 118 are input to the
control device 200, and further, in order to measure the
rotation speed of the internal combustion engine, the out-
put of the rotation angle sensor 146 is input to the control
device 200. The output of the oxygen sensor 148 is input
to the control device 200 in order to measure the state
of the mixture ratio of the fuel quantity and the air quantity
from the state of the exhaust gas 24.
[0014] Based on the physical quantity of the intake air
which is the output of the physical quantity detection de-
vice 300 and the rotation speed of the internal combustion
engine measured based on the output of the rotation an-
gle sensor 146, the control device 200 calculates the fuel
injection amount and the ignition timing. Based on these
calculation results, the amount of fuel supplied from the
fuel injection valve 152 and the ignition timing ignited by
the spark plug 154 are controlled. The fuel supply amount
and the ignition timing are actually controlled in details
based on the temperature detected by the physical quan-
tity detection device 300, the change state of the throttle
angle, the change state of the engine rotation speed, and
the state of the air fuel ratio measured by the oxygen
sensor 148. The control device 200 further controls the
amount of air bypassing the throttle valve 132 by an idle
air control valve 156 in the idle operation state of the
internal combustion engine, and controls the rotation

speed of the internal combustion engine in the idle op-
eration state.

1.2 Importance of improving the detection accuracy 
of physical quantity detection device and mounting 
environment of physical quantity detection device

[0015] Both the fuel supply amount and the ignition tim-
ing which are the main control amount of the internal
combustion engine are calculated using the output of the
physical quantity detection device 300 as the main pa-
rameter. Therefore, improvement of the detection preci-
sion of the physical quantity detection device 300, sup-
pression of change over time, and improvement of reli-
ability are important for improving the control precision
of the vehicle and ensuring reliability.
[0016] Particularly in recent years, the demand for fuel
saving of vehicles has been very high, and the demand
for purification of exhaust gas is very high. In order to
satisfy these demands, it is extremely important to im-
prove the detection accuracy of the physical quantity of
the intake air 20 detected by the physical quantity detec-
tion device 300. It is also important that the physical quan-
tity detection device 300 maintains high reliability.
[0017] Vehicles equipped with the physical quantity
detection device 300 are used in environments where
the temperature and the humidity greatly change. It is
desirable that the physical quantity detection device 300
is also designed to cope with changes in the temperature
and the humidity in its use environment, and to deal with
dust and contaminants.
[0018] The physical quantity detection device 300 is
attached to an intake pipe which is affected by the heat
generated from the internal combustion engine. There-
fore, the heat generation of the internal combustion en-
gine is transmitted to the physical quantity detection de-
vice 300 via the intake pipe which is the main passage
124. Since the physical quantity detection device 300
detects the flow rate of the measurement target gas by
performing heat transfer with the measurement target
gas, it is important to suppress the influence of heat from
the outside as much as possible.
[0019] As described below, the physical quantity de-
tection device 300 installed in the car not only solves the
problem described in the Technical Problem and exhibits
the effects described in Advantageous Effects of Inven-
tion but also, as explained below, takes various problems
mentioned above into consideration, solves various
problems required as products, and achieves various ef-
fects. Specific problems to be solved by the physical
quantity detection device 300 and concrete effects
achieved thereby will be described in the description of
the following embodiments.
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2. Configuration of physical quantity detection de-
vice 300

2.1 External structure of physical quantity detection 
device 300

[0020] FIG. 2-1 to FIG. 2-6 are views showing the ap-
pearance of the physical quantity detection device 300.
FIG. 2-1 is a front view of the physical quantity detection
device 300. FIG. 2-2 is a rear view. FIG. 2-3 is a left side
view. FIG. 2-4 is a right side view. FIG. 2-5 is a plan view.
FIG. 2-6 is a bottom view.
[0021] The physical quantity detection device 300 in-
cludes a housing 302, a front cover 303, and a back cover
304. The housing 302 is formed by molding a synthetic
resin material, and includes a flange 311 for fixing the
physical quantity detection device 300 to the intake body
which is the main passage 124, an external connection
unit 321 projecting from the flange 311 and having a con-
nector for electrical connection with external devices, and
a measurement unit 331 extending from the flange 311
so as to protrude toward the center of the main passage
124.
[0022] In the measurement unit 331, a circuit board
400 is integrally provided by insert molding when the
housing 302 is molded (see FIG. 3-1, FIG. 3-2). The cir-
cuit board 400 is provided with at least one detection unit
for detecting the physical quantity of the measurement
target gas 30 flowing through the main passage 124 and
a circuit unit for processing the signal detected by the
detection unit. The detection unit is placed at a position
exposed to the measurement target gas 30 and the circuit
unit is placed in the circuit chamber sealed by the front
cover 303.
[0023] A sub-passage groove is provided on the front
and back surfaces of the measurement unit 331, and a
first sub-passage 305 is formed in cooperation with the
front cover 303 and the back cover 304. A first sub-pas-
sage entrance 305a for taking a part of measurement
target gas 30 such as intake air into first sub-passage
305 and a first sub-passage exit 305b for returning the
measurement target gas 30 from the first sub-passage
305 to the main passage 124 are formed at the distal end
portion of the measurement unit 331. A part of the circuit
board 400 protrudes in the middle of passage of the first
sub-passage 305. A flow rate detection unit 602 (see
FIG. 3-1) which is a detection unit is arranged in the pro-
truding portion, and the flow rate of the measurement
target gas 30 is detected by the flow rate detection unit
602.
[0024] A second sub-passage 306 for introducing a
part of the measurement target gas 30 such as intake air
into a sensor chamber Rs is provided in the middle part
of the measurement unit 331 closer to the flange 311
than the first sub-passage 305. The second sub-passage
306 is formed by cooperation of the measurement unit
331 and the back cover 304. The second sub-passage
306 includes a second sub-passage entrance 306a

formed through the upstream side external wall 336 to
capture the measurement target gas 30 and a second
sub-passage exit 306b formed through the downstream
side external wall 338 to return the measurement target
gas 30 from the second sub-passage 306 to the main
passage 124. The second sub-passage 306 is in com-
munication with the sensor chamber Rs formed in the
back side of the measurement unit 331. In the sensor
chamber Rs, a pressure sensor and a temperature and
humidity sensor which are detection units provided on
the back side of the circuit board 400 are arranged.

2.2 Effects based on external appearance structure 
of physical quantity detection device 300

[0025] In the physical quantity detection device 300,
the second sub-passage entrance 306a is provided in
the middle part of the measurement unit 331 extending
from the flange 311 toward the center direction of the
main passage 124, and the first sub-passage entrance
305a is provided at the distal end portion of the meas-
urement unit 331. Therefore, instead of from the vicinity
of the inner wall surface of the main passage 124, the
gas from the vicinity of the center part away from the
inner wall surface can be captured into in the first sub-
passage 305 and the second sub-passage 306. There-
fore, the physical quantity detection device 300 can
measure the physical quantity of the gas at a portion dis-
tant from the inner wall surface of the main passage 124,
and can reduce the measurement error of the physical
quantity related to the heat and the flow velocity decrease
near the inner wall surface.
[0026] The measurement unit 331 has a shape elon-
gated along the axis extending from the external wall of
the main passage 124 toward the center, but the thick-
ness width is in a narrow shape as shown in FIGS. 2-3
and FIG. 2-4. More specifically, the measurement unit
331 of the physical quantity detection device 300 has a
shape in which the side face is thin and the front face is
substantially rectangular. Accordingly, the physical
quantity detection device 300 can have the first sub-pas-
sage 305 of which length is sufficient, and the fluid re-
sistance for the measurement target gas 30 can be sup-
pressed to a small value. Therefore, the physical quantity
detection device 300 can suppress the fluid resistance
to a small value and measure the flow rate of the meas-
urement target gas 30 with high accuracy.

2.3 Structure and effect of flange 311

[0027] In the flange 311, multiple dents 313 are pro-
vided on the lower surface 312 opposed to the main pas-
sage 124 to reduce the heat transfer surface with the
main passage 124, so that the physical quantity detection
device 300 is less affected by heat. In the physical quan-
tity detection device 300, the measurement unit 331 is
inserted into the mounting hole provided in the main pas-
sage 124, and the lower surface 312 of the flange 311 is
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opposed to the main passage 124. The main passage
124 is, for example, an intake body, and the main pas-
sage 124 is often maintained at a high temperature. Con-
versely, when starting up in cold climate, it is conceivable
that the main passage 124 is at an extremely low tem-
perature. If such a high temperature or low temperature
state of the main passage 124 affects the measurements
of various physical quantities, the measurement preci-
sion will be lowered. The flange 311 has the dents 313
in the lower surface 312, and a space is formed between
the lower surface 312 opposed to the main passage 124
and the main passage 124. Therefore, it is possible to
reduce the heat transfer from the main passage 124 to
the physical quantity detection device 300, and to prevent
deterioration of measurement accuracy due to the heat.
[0028] A screw hole 314 of the flange 311 is for fixing
the physical quantity detection device 300 to the main
passage 124, and a space is formed between the main
passage 124 and the surface opposite the main passage
124 around each screw hole 314, so that the surface
opposing the main passage 124 around the screw hole
314 is away from the main passage 124. In this config-
uration, the heat transfer from the main passage 124 to
the physical quantity detection device 300 is reduced,
and the structure is such that it is possible to prevent the
deterioration of measurement accuracy due to heat.

2.4 Structure of external connection unit 321

[0029] The external connection unit 321 has a connec-
tor 322 provided on the upper surface of the flange 311
and protruding from the flange 311 toward the flow-di-
rection downstream side of the measurement target gas
30. The connector 322 is provided with an insertion hole
322a for inserting communication cables for connecting
with the control device 200. As shown in FIG. 2-4, inside
the insertion hole 322a, four external terminals 323 are
provided. The external terminal 323 is a terminal for out-
putting physical quantity information which is the meas-
urement result of the physical quantity detection device
300 and power supply terminals for supplying DC power
for the operation of the physical quantity detection device
300.
[0030] The connector 322 protrudes from the flange
311 toward the flow-direction downstream side of the
measurement target gas 30 and has a shape to be in-
serted from the flow-direction downstream side toward
the upstream side. However, the connector 322 is limited
to this shape. For example, the connector 322 may have
a shape protruding perpendicularly from the upper sur-
face of the flange 311 to be inserted along the extension
direction of the measurement unit 331, and various mod-
ifications are possible.

3. Entire structure of housing 302 and effects thereof

3.1 Structure of housing

[0031] Subsequently, the entire structure of the hous-
ing 302 will be described with reference to FIGS. 3-1 to
3-5. FIGS. 3-1 to 3-5 are diagrams showing the state of
the housing 302 in which the front cover 303 and the back
cover 304 are removed from the physical quantity detec-
tion device 300. FIG. 3-1 is a front view of the housing
302. FIG. 3-2 is a rear view of the housing 302. FIG. 3-3
is a right side view of the housing 302. FIG. 3-4 is a left
side view of the housing 302. FIG. 3-5 is a sectional view
taken along line A-A of FIG. 3-1.
[0032] The housing 302 has a structure in which the
measurement unit 331 extends from the flange 311 to-
ward the center of the main passage 124. A circuit board
400 is insert molded at the proximal end side of the meas-
urement unit 331. The circuit board 400 is disposed par-
allel to the surface of the measurement unit 331 at an
intermediate position between the front surface and the
back surface of the measurement unit 331 and molded
integrally with the housing 302, and the base end side of
the measurement unit 331 is divided into thickness-di-
rection one side and the other side.
[0033] On the front surface side of the measurement
unit 331, a circuit chamber Rc for accommodating the
circuit unit of the circuit board 400 is formed. On the back
surface side of the measurement unit 331, a sensor
chamber Rs for accommodating a pressure sensor 421
and a temperature and humidity sensor 422 are formed.
The circuit chamber Rc is hermetically sealed by attach-
ing the front cover 303 to the housing 302 and is com-
pletely isolated from the outside. On the other hand, by
attaching the back cover 304 to the housing 302, the
second sub-passage 306 and the sensor chamber Rs
which is a space inside the chamber in communication
with the external of the measurement unit 331 via the
second sub-passage 306 are formed. A part of the circuit
board 400 protrudes from a partition wall 335 partitioning
the circuit chamber Rc of the measurement unit 331 and
the first sub-passage 305 toward the first sub-passage
305, and a flow rate detection unit 602 is provided in the
measurement flow path surface 430 of the protruded por-
tion.

3.2 Structure of sub-passage groove

[0034] At the length-direction distal end side of the
measurement unit 331, a sub-passage groove for form-
ing the first sub-passage 305 is provided. The sub-pas-
sage groove for forming the first sub-passage 305 has a
front side sub-passage groove 332 shown in FIG. 3-1
and a back side sub-passage groove 334 shown in FIG.
3-2. As shown in FIG. 3-1, the front side sub-passage
groove 332 gradually bends to the flange 311 which is
the proximal end side of the measurement unit 331 as
the front side sub-passage groove 332 extends from the
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first sub-passage exit 305b, which is open through the
downstream side external wall 338 of the measurement
unit 331, to the upstream side external wall 336. The front
side sub-passage groove 332 communicates with an
opening unit 333 penetrating the measurement unit 331
in the thickness direction at a position near the upstream
side external wall 336. The opening unit 333 is formed
along the flow-direction of the measurement target gas
30 of the main passage 124 so as to extend between the
upstream side external wall 336 and the downstream side
external wall 338.
[0035] As shown in FIG. 3-2, the back side sub-pas-
sage groove 334 moves from the upstream side external
wall 336 to the downstream side external wall 338, and
is divided into two at the intermediate position between
the upstream side external wall 336 and the downstream
side external wall 338, and one of them extends in straight
line as a discharge passage and opens to an exhaust
exit 305c of the downstream side external wall 338, and
the other of them gradually bends to the flange 311 which
is the proximal end side of the measurement unit 331 as
it extends to the downstream side external wall 338, and
is in communication with the opening unit 333 in the vi-
cinity of the downstream side external wall 338.
[0036] The back side sub-passage groove 334 forms
an entrance groove into which the measurement target
gas 30 flows from the main passage 124. The front side
sub-passage groove 332 forms an exit groove for return-
ing the measurement target gas 30 taken from the back
side sub-passage groove 334 to the main passage 124.
Since the front side sub-passage groove 332 and the
back side sub-passage groove 334 are provided in the
distal end portion of the housing 302, a gas in a portion
away from the inner wall surface of the main passage
124, i.e., a gas flowing in a portion close to the central
portion of the main passage 124, can be captured as the
measurement target gas 30. The gas flowing in the vi-
cinity of the inner wall surface of the main passage 124
is affected by the wall surface temperature of the main
passage 124 and often has a temperature different from
the average temperature of the gas flowing through the
main passage 124 such as intake air 20. The gas flowing
in the vicinity of the inner wall surface of the main passage
124 often shows a flow velocity lower than the average
flow velocity of the gas flowing through the main passage
124. Since the physical quantity detection device 300
according to the embodiment is hardly affected by such
an influence, it is possible to suppress a decrease in the
measurement accuracy.
[0037] As shown in FIG. 3-2, a part of the measurement
target gas 30 flowing through the main passage 124 is
taken into the back side sub-passage groove 334 from
the first sub-passage entrance 305a and flows in the back
side sub-passage groove 334. A foreign substance hav-
ing a large mass contained in the measurement target
gas 30 flows into the discharge passage extending
straight from the branch together with a part of the meas-
urement target gas to be discharged from the exhaust

exit 305c of the downstream side external wall 338 to the
main passage 124.
[0038] The back side sub-passage groove 334 has a
shape which becomes deeper as it advances and the
measurement target gas 30 gradually moves to the front
side of the measurement unit 331 as it flows along the
back side sub-passage groove 334. Particularly, the back
side sub-passage groove 334 is provided with a sharply
inclined portion 334a which is rapidly deepened before
the opening unit 333, and a part of the air having a small
mass moves along the sharply inclined portion 334a and,
in the opening unit 333, the part of the air having a small
mass flows at the side of measurement flow path surface
430 of the circuit board 400. On the other hand, a foreign
substance having a large mass flows at the side of the
measurement flow path surface back surface 431 be-
cause it is difficult to change the course suddenly.
[0039] As shown in FIG. 3-1, the measurement target
gas 30 moved to the front side in the opening unit 333
flows along the measurement flow path surface 430 of
the circuit board, and heat transfer is performed with the
flow rate detection unit 602 provided in the measurement
flow path surface 430 so that the flow rate is measured.
The air flowing from the opening unit 333 to the front side
sub-passage groove 332 flows along the front side sub-
passage groove 332 and is discharged to the main pas-
sage 124 from the first sub-passage exit 305b that is
open to the downstream side external wall 338.
[0040] A substance having a large mass such as dust
mixed in the measurement target gas 30 has a large in-
ertial force and therefore it is difficult for such a substance
having a large mass such as dust mixed in the measure-
ment target gas 30 to suddenly change the course in a
deep direction of the groove along the front surface of a
portion of the sharply inclined portion 334a where the
depth of the groove rapidly increases. For this reason, a
foreign substance having a large mass moves toward
the measurement flow path surface back surface 431,
and it is possible to suppress a foreign substance from
passing near the flow rate detection unit 602. In this em-
bodiment, many foreign substances having large masses
other than the gas pass through the measurement flow
path surface back surface 431 which is the back surface
of the measurement flow path surface 430, and therefore,
it is possible to reduce the influence of contamination by
foreign substances such as oil, carbon, and dust, and to
suppress deterioration of measurement accuracy. More
specifically, because of a shape that rapidly changes the
course of the measurement target gas 30 along an axis
transverse to the axis of the flow of the main passage
124, the influence of foreign substances entering the
measurement target gas 30 can be reduced.

3.3 Structure and effects of second sub-passage and 
sensor chamber

[0041] The second sub-passage 306 is formed in a
straight line extending between the second sub-passage
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entrance 306a and the second sub-passage exit 306b in
parallel with the flange 311 along the flow-direction of the
measurement target gas 30. The second sub-passage
entrance 306a is formed by cutting out a part of the up-
stream side external wall 336. The second sub-passage
exit 306b is formed by cutting out a part of the down-
stream side external wall 338. More specifically, as
shown in FIG. 3-3, at a position continuously along the
upper surface of partition wall 335, the second sub-pas-
sage entrance 306a and the second sub-passage exit
306b are formed by cutting out a portion of the upstream
side external wall 336 and a portion of the downstream
side external wall 338 from the back surface side of meas-
urement unit 331. The second sub-passage entrance
306a and the second sub-passage exit 306b are cut out
to a depth position which is the same as the back surface
and surface of the circuit board 400. The second sub-
passage 306 functions as a cooling channel for cooling
a board main body 401 as the measurement target gas
30 passes along the back surface of the board main body
401 of the circuit board 400. The circuit board 400 tends
to have heat of an LSI and a microcomputer. The heat
can be transferred to the back surface of the board main
body 401 and dissipated by the measurement target gas
30 passing through the second sub-passage 306.
[0042] The sensor chamber Rs is provided at the prox-
imal end side of the measurement unit 331 with respect
to the second sub-passage 306. A part of the measure-
ment target gas 30 flowing from the second sub-passage
entrance 306a into the second sub-passage 306 flows
into the sensor chamber Rs, and the temperature and
humidity sensor 422 and the pressure sensor 421 in the
sensor chamber Rs detect the relative humidity and the
pressure, respectively. Since the sensor chamber Rs is
located at the proximal end side of the measurement unit
331 with respect to the second sub-passage 306, the
influence of the dynamic pressure of the measurement
target gas 30 passing through the second sub-passage
306 can be reduced. Therefore, the detection accuracy
of the pressure sensor 421 in the sensor chamber Rs
can be improved.
[0043] The sensor chamber Rs is located at the prox-
imal end side of the measurement unit 331 with respect
to the second sub-passage 306, and therefore, when the
measurement unit 331 is attached to the intake passage
with the distal end side facing downward, for example,
contaminants and water droplets flowing together with
the measurement target gas 30 in the second sub-pas-
sage 306 can be prevented from adhering to the pressure
sensor 421 and the temperature and humidity sensor 422
disposed upstream thereof.
[0044] The pressure sensor 421 and the temperature
and humidity sensor 422 are less susceptible to the flow
of the measurement target gas 30 compared to the flow
rate detection unit 602, and can be provided in the sensor
chamber Rs adjacent to the second sub-passage 306 in
a straight line. On the other hand, the flow rate detection
unit 602 requires a certain flow rate or more, it is neces-

sary to keep dust and contaminants away, and the influ-
ence on pulsation also needs to be considered. There-
fore, the flow rate detection unit 602 is provided in the
first sub-passage 305 having a loop shape.
[0045] FIG. 4-1 and FIG. 4-2 are diagrams showing
another mode of second sub-passage.
[0046] In this mode, instead of cutting out the upstream
side external wall 336 and the downstream side external
wall 338, a through hole 337 is provided in the upstream
side external wall 336 and the downstream side external
wall 338 to form the second sub-passage entrance 306a
and the second sub-passage exit 306b. Like the second
sub-passage shown in FIG. 3-2 to FIG. 3-5, when the
upstream side external wall 336 and the downstream side
external wall 338 are respectively cut out to form the sec-
ond sub-passage entrance 306a and the second sub-
passage exit 306b, the width of the upstream side exter-
nal wall 336 and the width of the downstream side exter-
nal wall 338 are locally narrowed at such a position, so
that the measurement unit 331 may be deformed in an
almost angle shape from the notch being a starting point
due to heat shrinkage or the like during molding. Accord-
ing to this mode, since the through hole is provided in-
stead of the notch, it is possible to prevent the measure-
ment unit 331 from being bent in a substantially square
shape. Therefore, it is possible to prevent the position
and direction of the detection unit with respect to the
measurement target gas 30 from changing due to distor-
tion in the housing 302, thereby preventing the detection
accuracy from being affected, and constant detection ac-
curacy can always be secured without individual differ-
ences.
[0047] In the back cover 304, a partition wall partition-
ing between the second sub-passage 306 and the sensor
chamber Rs may be provided. According to such a con-
figuration, it is possible to indirectly cause the measure-
ment target gas 30 to flow from the second sub-passage
306 to the sensor chamber Rs, to reduce the influence
of the dynamic pressure on the pressure sensor, and to
suppress contaminants and water droplets adhered to
the temperature and humidity sensor

3.4 Shape and effect of front cover 303 and back cov-
er 304

[0048] FIG. 5 is a figure showing an appearance of the
front cover 303. FIG. 5(a) is a front view. FIG. 5(b) is a
B-B line sectional view of FIG. 5(a). FIG. 6 shows the
appearance of the back cover 304. FIG. 6(a) is a front
view, and FIG. 6(b) is a B-B cross sectional view of FIG.
6(a).
[0049] In FIG. 5 and FIG. 6, the front cover 303 and
the back cover 304 close the front side sub-passage
groove 332 and the back side sub-passage 334 of the
housing 302, thereby forming a first sub-passage 305.
In addition, the front cover 303 makes the hermetically
sealed circuit chamber Rc, and the back cover 304 closes
the recess of the back surface side of the measurement
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unit 331 to make the second sub-passage 306 and the
sensor chamber Rs communicating with the second sub-
passage 306.
[0050] The front cover 303 has a protrusion unit 356
at a position facing the flow rate detection unit 602 and
is used to form a stop between the flow rate detection
unit 602 and the measurement flow path surface 430.
Therefore, it is desirable that molding accuracy is high.
Since the front cover 303 and the back cover 304 are
made by a resin molding process for injecting a thermo-
plastic resin into a mold, the front cover 303 and the back
cover 304 can be made with high molding precision.
[0051] The front cover 303 and the back cover 304 are
provided with multiple fixing holes 351 into which multiple
fixation pins 350 protruding from the measurement unit
331 are inserted. The front cover 303 and the back cover
304 are respectively attached to the front surface and
the back surface of the measurement unit 331, and at
this time, the fixing pin 350 is inserted into the fixing hole
351 and positioned. Then, bonding is performed by laser
welding or the like along the edges of the front side sub-
passage groove 332 and the back side sub-passage
groove 334, and likewise bonding is performed by laser
welding or the like along edges of the circuit chamber Rc
and the sensor chamber Rs.

3.5 Fixing structure and effects of circuit board 400 
by housing 302

[0052] Next, fixing of the circuit board 400 to the hous-
ing 302 by the resin molding process will be described.
The circuit board 400 is molded integrally with the hous-
ing 302 so that the flow rate detection unit 602 of the
circuit board 400 is arranged in the predetermined place
of the sub-passage groove forming the sub-passage, for
example, in the present embodiment, the opening unit
333 which is the connection part between the front side
sub-passage groove 332 and the back side sub-passage
groove 334.
[0053] In the measurement unit 331 of the housing 302,
parts for fixing the outer peripheral edge portion of the
base unit 402 of the circuit board 400 by resin molding
on the housing 302 are provided as fixing units 372 and
373. The fixing units 372 and 373 fix the outer peripheral
edge portions of the base unit 402 of the circuit board
400 by sandwiching them from the front side and the back
side.
[0054] The housing 302 is manufactured by a resin
molding process . In this resin molding process, the cir-
cuit board 400 is built in the resin of the housing 302 and
fixed in the housing 302 by resin molding. Accordingly,
the shape of the circuit board 400 of the sub flow passage
for flow rate detection unit 602 to measure the flow rate
by performing heat transfer with measurement target gas
30, such as front side sub-passage groove 332 and back
side sub-passage groove 334, can be maintained with
extremely high accuracy, and it is possible to suppress
errors and variations occurring in each circuit board 400

to very small values. As a result, the measurement ac-
curacy of the circuit board 400 can be greatly improved.
For example, the measurement accuracy can be dramat-
ically improved as compared with a method of fixing using
a conventional adhesive.
[0055] The physical quantity detection device 300 is
produced by mass production in many cases, and there
is a limitation on the improvement of measurement ac-
curacy in the method of adhesion with an adhesive while
strictly performing measuring here. However, as in the
present embodiment, the circuit board 400 is fixed at the
same time as forming the sub-passage in the resin mold-
ing step for molding the sub-passage through which the
measurement target gas 30 flows, so that the variation
in the measurement accuracy can be greatly reduced,
and it is possible to greatly improve the measurement
accuracy of the physical quantity detection device 300.
[0056] For example, this will be further explained with
the embodiment shown in FIG. 3-1 to FIG. 3-5. The circuit
board 400 can be fixed to the housing 302 with high ac-
curacy so that the relationship between the front side
sub-passage groove 332, the back side sub-passage
groove 334, and the flow rate detection unit 602 has a
prescribed relationship. In this way, in the mass-pro-
duced physical quantity detection device 300, the posi-
tional relationships between the flow rate detection unit
602 of each circuit board 400 and the first sub-passage
305 and the shapes thereof and the like can be obtained
regularly and constantly with an extremely high accuracy.
[0057] With the first sub-passage 305 in which the flow
rate detection unit 602 of the circuit board 400 is fixedly
arranged, for example, the front side sub-passage
groove 332 and the back side sub-passage groove 334
can be molded with extremely high precision, so that the
operation of forming the first sub-passage 305 from these
sub-passage grooves 332 and 334 is a work of covering
both surfaces of the housing 302 with the front cover 303
and the back cover 304. This work is very simple, and it
is a work process involving few factors to lower the meas-
urement accuracy. In addition, the front cover 303 and
the back cover 304 are produced by process with resin
molding with a high forming accuracy. Accordingly, it is
possible to complete the sub-passage provided in a pre-
scribed relationship with the flow rate detection unit 602
of the circuit board 400 with high accuracy. According to
such a method, in addition to the improvement of the
measurement accuracy, high productivity can be ob-
tained.
[0058] In contrast to this, a thermal flow rate meter was
manufactured by manufacturing a sub-passage and then
attaching a measurement unit to the sub-passage with
an adhesive. In the method of using the adhesive as de-
scribed above, the thickness variation of the adhesive is
large, and the bonding position and the bonding angle
vary from product to product. Therefore, there was a lim-
itation on the increase of the measurement accuracy.
Furthermore, when these tasks are performed in a mass
production process, it is extremely difficult to improve the
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measurement accuracy.
[0059] In the embodiment according to the present in-
vention, the sub-passage groove for molding the first sub-
passage 305 with a resin mold is formed at the same
time as fixing the circuit board 400 by resin molding.
Therefore, the flow rate detection unit 602 can be fixed
to the shape of the sub-passage groove and the sub-
passage groove with an extremely high accuracy.
[0060] The parts related to the flow rate measurement,
for example, the flow rate detection unit 602 and the
measurement flow path surface 430 to which the flow
rate detection unit 602 is attached, are provided on the
front surface of the circuit board 400. The flow rate de-
tection unit 602 and the measurement flow path surface
430 are exposed from the resin molding the housing 302.
More specifically, the flow rate detection unit 602 and the
measurement flow path surface 430 are not covered with
the resin molding the housing 302. The flow rate detection
unit 602 of the circuit board 400 and the measurement
flow path surface 430 are used as they are even after
resin molding of the housing 302 and used for the flow
rate measurement of the physical quantity detection de-
vice 300. As a result, the measurement accuracy im-
proves.
[0061] In the embodiment according to the present in-
vention, the circuit board 400 is fixed to the housing 302
having the first sub-passage 305 by integrally molding
the circuit board 400 with the housing 302, the circuit
board 400 can be reliably fixed to the housing 302. In
particular, since the protrusion unit 403 of the circuit
board 400 protrudes into the first sub-passage 305
through the partition wall 335, the sealing property be-
tween the first sub-passage 305 and the circuit chamber
Rc is high, and it is possible to prevent the measurement
target gas 30 from leaking from the first sub-passage 305
to the circuit chamber Rc and to prevent the circuit com-
ponent, the wiring, and the like of the circuit board 400
from coming into contact with the measurement target
gas 30 and corroding.

3. 6 Structure and effects of terminal connection unit 
320

[0062] Next, the structure of the terminal connection
unit will be described below with reference to FIG. 9-1 to
FIG. 9-4. FIG. 9-1 is a diagram for explaining the structure
of the terminal connection unit. FIG. 9-2 is a diagram for
explaining the structure of the terminal connection unit.
FIG. 9-3 is a line F-F sectional view of FIG. 9-1. FIG. 9-4
is a line G-G sectional view of FIG. 9-2.
[0063] In the terminal connection unit 320, the inner
end unit 361 of the external terminal 323 and the con-
nection terminal 412 of the circuit board 400 are connect-
ed by an aluminum wire or a gold wire 413. As shown in
FIG. 9-1, the inner end unit 361 of each external terminal
323 protrudes from the side of the flange 311 into the
circuit chamber Rc and arranged side by side with a pre-
determined distance from each other according to the

position of the connection terminal 412 of the circuit board
400.
[0064] As shown in FIG. 9-3, the inner end unit 361 is
disposed at a position approximately on the surface of
the front surface of the circuit board 400. The distal end
thereof is bent in a substantially L shape from the front
surface to the back surface side of the measurement unit
331 and protrudes to the back surface of the measure-
ment unit 331. As shown in FIG. 9-4(a), a distal end of
each inner end unit 361 is connected by a connecting
portion 365, and as shown in FIG. 9-4 (b), after the mold-
ing, the connecting portions 365 are separated and di-
vided individually.
[0065] Each inner end unit 361 is fixed to the housing
302 by a resin mold in a molding process so that the inner
end unit 361 and the circuit board 400 are arranged on
the same plane. Each inner end unit 361 is fixed to the
housing 302 by a resin molding process in a state in which
they are joined together by the connecting portion 365
so as to prevent deformation and dislocation. After being
fixed to the housing 302, the connecting portion 365 is
disconnected.
[0066] The inner end unit 361 is molded in a state sand-
wiched between the front surface side and the back sur-
face side of the measurement unit 331. At that time, the
front surface of the inner end unit 361 is brought into
contact with the mold over the entire surface and the
fixing pin is brought into contact with the back surface of
the inner end unit 361. Accordingly, the front surface of
the inner end unit 361 to which the aluminum wire or the
gold wire is welded can be completely exposed without
being covered with the mold resin due to resin leakage,
and it is easy to weld the gold wire. A pin hole 340 formed
by holding the inner end unit 361 with the fixing pin is
formed in the measurement unit 331.
[0067] The distal end of the inner end unit 361 pro-
trudes into the recessed unit 341 formed in the back sur-
face of the measurement unit 331. The recessed unit 341
is covered with the back cover 304, and the periphery of
the recessed unit 341 is joined to the back cover 304
continuously by laser welding or the like to form a her-
metically sealed chamber inner space. Therefore, it is
possible to prevent the inner end unit 361 from coming
into contact with the measurement target gas 30 and cor-
roding.

4. External appearance of circuit board 400

4.1 Formation of measurement flow path surface 430 
having flow rate detection unit 602

[0068] The appearance of the circuit board 400 is
shown in FIG. 7-1 to FIG. 7-6. The hatched portion on
the external appearance of the circuit board 400 indicates
the fixing surface 432 and the fixing surface 434 which
cover and fix the circuit board 400 by the resin when the
housing 302 is molded in the resin molding process.
[0069] FIG. 7-1 is a front view of the circuit board. FIG.
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7-2 is a right side surface diagram of the circuit board.
FIG. 7-3 is a back surface diagram of the circuit board.
FIG. 7-4 is a left side surface diagram of the circuit board.
FIG. 7-5 and FIG. 7-6 are B-B line sectional views show-
ing the cross-section of the LSI portion of FIG. 7-1. FIG.
7-7 is a line C-C sectional view of the detection unit of
FIG. 7-1.
[0070] The circuit board 400 has a board main body
401. The circuit unit and the flow rate detection unit 602
which is a sensing element are provided on the front sur-
face of the board main body 401. The pressure sensor
421 and the temperature and humidity sensor 422 which
are sensing elements are provided on the back surface
of the board main body 401. The board main body 401
is made of a material made of glass epoxy resin. As com-
pared with the ceramic material board, the board main
body 401 has a value close to the thermal expansion
coefficient of the thermoplastic resin molding the housing
302. Therefore, stress caused by a difference in thermal
expansion coefficient can be reduced when insert mold-
ing is performed on the housing 302, and distortion of
the circuit board 400 can be reduced.
[0071] The circuit unit is configured by mounting elec-
tronic components such as an LSI 414, a microcomputer
415, a power supply regulator 416, and a chip component
417 such as a resistance and a capacitor on a circuit
wiring, not shown.
[0072] As shown in Fig. 7-5, a recessed unit 402a into
which the LSI 414 is fitted is formed in a recessed manner
on the front surface of the board main body 401. The
recessed unit 402a can be formed by subjecting the
board main body 401 to laser processing. The board main
body 401 made of the glass epoxy resin is easier to proc-
ess than the main body made of ceramic and the re-
cessed unit 402 can be easily provided. The recessed
unit 402 has a depth such that the front surface of the
LSI 414 is flush with the front surface of the board main
body 401. By making the front surface of the LSI 414 and
the front surface of the board main body 401 to be the
same as each other in this manner, wire bonding for con-
necting the LSI 414 and the board main body 401 with
the gold wire 411 becomes easy, and the circuit board
400 can be easily manufactured. The LSI 414 can be
provided directly on the front surface of the board main
body 401 as shown in FIG. 7-6, for example. With such
a structure, the synthetic resin material 419 covering the
LSI 414 protrudes more greatly, but the processing for
forming the recessed unit 402 in the board main body
401 becomes unnecessary and manufacturing can be
simplified.
[0073] The protrusion unit 403 is disposed in the first
sub-passage 305 when the circuit board 400 is insert
molded in the housing 302, and the measurement flow
path surface 430 which is the front surface of the protru-
sion unit 403 is placed in the flow direction of the meas-
urement target gas 30. In the measurement flow path
surface 430 of the protrusion unit 403, the flow rate de-
tection unit 602 is provided. The flow rate detection unit

602 performs heat transfer with the measurement target
gas 30, measures the state of the measurement target
gas 30, for example, the flow rate of measurement target
gas 30, and outputs an electric signal representing the
flow rate flowing through the main passage 124. In order
for the flow rate detection unit 602 to measure the state
of the measurement target gas 30 with high accuracy, it
is desirable that the gas flowing in the vicinity of the meas-
urement flow path surface 430 is a laminar flow and less
disordered. Therefore, it is desirable that the front surface
of the flow rate detection unit 602 and the surface of the
measurement flow path surface 430 are flush with each
other or the difference is equal to or smaller than a pre-
determined value.
[0074] As shown in Fig. 7-7, a recessed unit 403a is
formed in a recessed manner on the front surface of the
measurement flow path surface 430, and the flow rate
detection unit 602 is fitted therein. The recessed unit 403a
can also be formed by laser processing. The recessed
unit 403a has a depth such that the front surface of the
flow rate detection unit 602 is flush with the front surface
of the measurement flow path surface 430. The flow rate
detection unit 602 and its wiring portion are covered with
a synthetic resin material 418 to prevent electrolytic cor-
rosion due to adhesion of salt water.
[0075] On the back surface of the board main body
401, two pressure sensors 421A and 421B and one tem-
perature and humidity sensor 422 are provided. The two
pressure sensors 421A and 421B are arranged in a row
separated into an upstream side and a downstream side.
The temperature and humidity sensor 422 is arranged
on the upstream side of the pressure sensor 421B. These
two pressure sensors 421A and 421B and one temper-
ature and humidity sensor 422 are arranged in the sensor
chamber Rs. In the example shown in FIG. 7-3, the case
of having two pressure sensors 421A and 421B and one
temperature and humidity sensor 422 has been de-
scribed, but only the pressure sensor 421B and the tem-
perature and humidity sensor 422 may be provided, or
only the temperature and humidity sensor 422 may be
provided.
[0076] In the circuit board 400, the second sub-pas-
sage 306 is arranged on the back surface side of the
board main body 401. Therefore, the measurement tar-
get gas 30 passing through the second sub-passage 306
can cool the entire board main body 401.

4.2 Structure of temperature detection unit 451

[0077] The temperature detection unit 451 is provided
at the edge of the upstream side of the base unit 402 and
at the corner of the protrusion unit 403. The temperature
detection unit 451 constitutes one of detection units for
detecting the physical quantity of the measurement target
gas 30 flowing through the main passage 124, and is
provided in the circuit board 400. The circuit board 400
has a protrusion unit 450 protruding from the second sub-
passage entrance 306a of the second sub-passage 306
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toward upstream of the measurement target gas 30. The
temperature detection unit 451 has a chip type temper-
ature sensor 453 provided on the back surface of the
circuit board 400 as a protrusion unit 450. The tempera-
ture sensor 453 and its wiring portion are covered with a
synthetic resin material and prevent electrolytic corrosion
due to adhesion of salt water.
[0078] For example, as shown in Fig. 3-2, in the central
part of the measurement unit 331 provided with the sec-
ond sub-passage entrance 306a, the upstream side ex-
ternal wall 336 in the measurement unit 331 constituting
the housing 302 is recessed toward the downstream side.
From the dent-shaped upstream side external wall 336,
the protrusion unit 450 of the circuit board 400 protrudes
toward the upstream side. The distal end of the protrusion
unit 450 is arranged at a position more recessed than
the surface of the most upstream side of the upstream
side external wall 336. The temperature detection unit
451 is provided in the protrusion unit 450 on the back
surface of the circuit board 400, and more specifically,
provided in the protrusion unit 450 so as to face the sec-
ond sub-passage 306.
[0079] Since the second sub-passage entrance 306a
is formed on the downstream side of the temperature
detection unit 451, the measurement target gas 30 flow-
ing from the second sub-passage entrance 306a to the
second sub-passage 306 comes into contact with the
temperature detection unit 451, and then flows to the
second sub-passage entrance 306a, and when the
measurement target gas 30 comes into contact with the
temperature detection unit 451, the temperature is de-
tected. The measurement target gas 30 in contact with
the temperature detection unit 451 directly flows from the
second sub-passage entrance 306a to the second sub-
passage 306, and passes through the second sub-pas-
sage 306, and then the measurement target gas 30 is
discharged from the second sub-passage exit 306b to
the main passage 123.

4.4 Fixing of circuit board 400 by resin molding proc-
ess and effects thereof

[0080] The hatched portion in FIG. 8-1 indicates the
fixing surface 432 and the fixing surface 434 for covering
the circuit board 400 with the thermoplastic resin used in
the resin molding process in order to fix the circuit board
400 to the housing 302 in the resin molding process. It
is important that the relationship with the shape of the
sub-passage and the flow rate detection unit 602 provid-
ed on the measurement flow path surface 430 and the
measurement flow path surface 430 is maintained with
high accuracy so as to be a predetermined relationship.
[0081] In the resin molding process, simultaneously
with molding the sub-passage, the circuit board 400 is
fixed to the housing 302 which molds the sub-passage.
Therefore, the relationship between the sub-passage,
the measurement flow path surface 430, and the flow
rate detection unit 602 can be maintained with extremely

high accuracy. More specifically, since the circuit board
400 is fixed to the housing 302 in the resin molding proc-
ess, it is possible to position and fix the circuit board 400
with high precision in a mold for molding the housing 302
having the sub-passage. By injecting high temperature
thermoplastic resin into this mold, the sub-passage is
molded with high precision and the circuit board 400 is
fixed with high accuracy. Therefore, errors and variations
occurring in each circuit board 400 can be suppressed
to very small values. As a result, measurement accuracy
of the circuit board 400 can be greatly improved.
[0082] In this embodiment, the outer circumference of
the base unit 402 of the board main body 401 is covered
with the fixing units 372 and 373 of the mold resin molding
the housing 302 to make the fixing surfaces 432 and 434.
In the embodiment shown in FIG. 8-1, the through hole
404 is provided in the board main body 401 of the circuit
board 400 as a fixing means for further strengthening
fixing, and by filling the through hole 404 with the mold
resin, the fixing force of the board main body 401 is in-
creased. The through hole 404 is provided at a location
fixed by the partition wall 335, and the partition wall 335
is connected to the front side and the back side via the
through hole 404.
[0083] The through hole 404 is preferably provided at
a position corresponding to the partition wall 335. Since
the mold resin is a thermoplastic resin and the board
main body 401 is made of glass epoxy, the chemical
bonding action is low, and it is difficult to make adhesion
tightly. The partition wall 335 has a long length with re-
spect to the width, and has a structure that is easily
spread in a direction away from the board main body 401.
Therefore, by providing the through hole 404 at a position
corresponding to the partition wall 335, the partition walls
335 sandwiching the board main body 401 can be phys-
ically coupled to each other via the through hole 404.
Therefore, the circuit board 400 can be more firmly fixed
to the housing 302, and a gap can be prevented from
being formed between the circuit board 400 and the pro-
trusion unit 403. Therefore, the measurement target gas
30 can be prevented from entering the circuit chamber
Rc through the gap between the partition wall 335 and
the protrusion unit 403, and the inside of the circuit cham-
ber Rc can be completely sealed.
[0084] In the embodiment shown in FIG. 8-2, in addi-
tion to the through hole 404, round hole shaped through
holes 405 are provided on each of the edge side of the
upstream side and the edge side of the downstream side
of the base unit 402, and the through hole 405 is filled
with a mold resin to further increase the fixing force of
the board main body 401. The edge side of the upstream
side and the edge side of the downstream side of the
base unit 402 are sandwiched from both sides in the thick-
ness direction by the fixing units 372 and 373, and the
front side and the back side are further connected via the
through hole 405. Therefore, the circuit board 400 can
be more firmly fixed to the housing 302.
[0085] It is preferable to provide the through hole 404
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in the partition wall 335, but when the partition wall 335
is fixed to the board main body 401 with a predetermined
fixing force, the through hole 404 can be omitted. In the
embodiment shown in FIG. 8-3, the through hole 404 is
omitted, and the through holes 405 are provided on the
edge side of the upstream side and the edge side of the
downstream side of the base unit 402. With such a con-
figuration, the board main body 401 of the circuit board
400 can be firmly fixed to the housing 302.
[0086] The through hole is not limited to the round hole
shape, but it may be an elongated through hole 406 as
shown in FIG. 8-4, for example. In the present embodi-
ment, the long hole shaped through hole 406 is provided
so as to extend along the edge side of the upstream side
and the edge side of the downstream side of the base
unit 402. The through hole 406 has a larger amount of
resin connecting the front side and the back side of the
measurement unit 331 as compared with the through
hole 406, so that a higher fixing force can be obtained.
[0087] In each of the above-mentioned embodiments,
the case of the through holes 404, 405, and 406 has been
described as an example of the fixing means, but the
fixing means is not limited to the through hole. For ex-
ample, in the embodiment shown in FIG. 8-5, a large
notch portion 407 extending over its length-direction is
provided in the edge side of the upstream side and the
edge side of the downstream side of the base unit 402.
In the embodiment shown in FIG. 8-6, a notch portion
408 is provided between the base unit 402 and the pro-
trusion unit 403. In the embodiment shown in FIG. 8-7,
multiple notch portions 409 are provided so as to be
aligned at a predetermined interval in the edge side of
the upstream side and the edge side of the downstream
side of the base unit 402. In the embodiment shown in
FIG. 8-8, a pair of notch portions 410 cut out from both
sides of the protrusion unit 403 toward the base unit 402
is provided. With these configurations, the board main
body 401 of the circuit board 400 can also be firmly fixed
to the housing 302.

7. Circuit configuration of physical quantity detec-
tion device 300

7.1 Entire circuit configuration of physical quantity 
detection device 300

[0088] FIG. 10-1 is a circuit diagram of the physical
quantity detection device 300. The physical quantity de-
tection device 300 has a flow rate detection circuit 601
and a temperature and humidity detection circuit 701.
[0089] The flow rate detection circuit 601 includes a
flow rate detection unit 602 having a heating element 608
and a processing unit 604. The processing unit 604 con-
trols the amount of heat generated by the heating element
608 of the flow rate detection unit 602 and outputs a signal
indicating the flow rate to the microcomputer 415 via the
terminal 662 based on the output of the flow rate detection
unit 602. In order to perform the processing, the process-

ing unit 604 includes a Central Processing Unit (herein-
after referred to as CPU) 612, an input circuit 614, an
output circuit 616, a memory 618 for holding data repre-
senting the relationship between the correction value and
measured value and flow rate, and a power supply circuit
622 for supplying a constant voltage to each required
circuit. A DC power is supplied to the power supply circuit
622 from an external power supply such as a vehicle
battery via a terminal 664 and a ground terminal (not
shown).
[0090] The flow rate detection unit 602 is provided with
a heating element 608 for heating the measurement tar-
get gas 30. From the power supply circuit 622, a voltage
V1 is supplied to the collector of a transistor 606 consti-
tuting the electric current supply circuit of the heating
element 608, and a control signal is applied from the CPU
612 via the output circuit 616 to the base of the transistor
606, and an electric current is supplied to the heating
element 608 from the transistor 606 via the terminal 624
based on the control signal. The electric current amount
supplied to the heating element 608 is controlled by the
control signal applied to the transistor 606 which consti-
tutes the electric current supply circuit of the heating el-
ement 608 from the CPU 612 via the output circuit 616.
The processing unit 604 controls the heat generation
amount of the heating element 608 so that the tempera-
ture of the measurement target gas 30 is increased by a
predetermined temperature, for example, 100 degrees
Celsius, from the initial temperature by being heated by
the heating element 608.
[0091] The flow rate detection unit 602 has a heat gen-
eration control bridge 640 for controlling the heat gener-
ation amount of the heating element 608 and a flow rate
detection bridge 650 for measuring the flow rate. A con-
stant voltage V3 is supplied from the power supply circuit
622 to one end of the heat generation control bridge 640
via the terminal 626. The other end of the heat generation
control bridge 640 is connected to the ground terminal
630. A constant voltage V2 is supplied from the power
supply circuit 622 to one end of the flow rate detection
bridge 650 via the terminal 625. The other end of the flow
rate detection bridge 650 is connected to the ground ter-
minal 630.
[0092] The heat generation control bridge 640 has a
resistance 642 which is a temperature measuring resist-
ance member whose resistance value varies based on
the temperature of the heated measurement target gas
30. The resistance 642, the resistance 644, the resist-
ance 646, and the resistance 648 constitute the bridge
circuit. The potential difference between the intersection
A of the resistance 642 and the resistance 646 and the
intersection B of the resistance 644 and the resistance
648 is input to the input circuit 614 through the terminal
627 and the terminal 628. The CPU 612 controls the elec-
tric current supplied from the transistor 606 so that the
potential difference between the intersection A and the
intersection B becomes a predetermined value (i.e., zero
volts in this embodiment), thereby setting the heat gen-
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eration amount of the heating element 608. The flow rate
detection circuit 601 described in FIG. 10-1 heats the
measurement target gas 30 with the heating element 608
so that the temperature of the measurement target gas
30 is higher by a certain temperature (for example, al-
ways 100 degrees Celsius) with respect to the original
temperature of the measurement target gas 30. In order
to perform this heating control with high accuracy, the
resistance value of each resistance constituting the heat
generation control bridge 640 is set so that the potential
difference between the intersection A and the intersec-
tion B becomes zero volts when the temperature of the
measurement target gas 30 heated by the heating ele-
ment 608 rises by a certain temperature (for example,
always 100 degrees Celsius) with respect to the initial
temperature. Therefore, in the flow rate detection circuit
601, the CPU 612 controls the supply electric current to
the heating element 608 so that the potential difference
between the intersection A and the intersection B be-
comes zero volts.
[0093] The flow rate detection bridge 650 is constituted
by four resistance temperature detectors, i.e., a resist-
ance 652, a resistance 654, a resistance 656, and a re-
sistance 658. These four resistance temperature detec-
tors are arranged along the flow of measurement target
gas 30. The resistance 652 and the resistance 654 are
arranged on the upstream side in the flow path of the
measurement target gas 30 with respect to the heating
element 608. The resistance 656 and the resistance 658
are arranged on the downstream side in the flow path of
the measurement target gas 30 with respect to the heat-
ing element 608. In order to improve the measurement
accuracy, the resistance 652 and the resistance 654 are
arranged so that the distances to the heating element
608 are substantially equal to each other. The resistance
656 and the resistance 658 are arranged such that dis-
tances to the heating element 608 are substantially equal
to each other.
[0094] The potential difference between the intersec-
tion C of the resistance 652 and the resistance 656 and
the intersection D of the resistance 654 and the resist-
ance 658 is input to the input circuit 614 via the terminal
631 and the terminal 632. In order to increase the meas-
urement accuracy, each resistance of the flow rate de-
tection bridge 650 is set so that the potential difference
between the intersection C and the intersection D be-
comes zero when, for example, the flow of the measure-
ment target gas 30 is zero. Therefore, in the state where
the potential difference between the intersection C and
the intersection D is, for example, zero volts, the CPU
612 outputs an electric signal, indicating that the flow rate
of the main passage 124 is zero, from the terminal 662
based on the measurement result that the flow rate of
the measurement target gas 30 is zero.
[0095] When the measurement target gas 30 flows in
the direction of the arrow in FIG. 10-1, the resistance 652
and the resistance 654 disposed on the upstream side
are cooled by the measurement target gas 30, and the

resistance 656 and the resistance 658 located on the
downstream side of the measurement target gas 30 are
warmed by the measurement target gas 30 warmed by
the heating element 608, and the temperature of these
resistance 656 and resistance 658 rises. Therefore, a
potential difference occurs between the intersection C
and the intersection D of the flow rate detection bridge
650, and the potential difference is input to the input cir-
cuit 614 via the terminal 631 and the terminal 632. Based
on the potential difference between the intersection C
and the intersection D of the flow rate detection bridge
650, the CPU 612 searches for data representing the
relationship between the potential difference stored in
the memory 618 and the flow rate of the main passage
124, and derives the flow rate of main passage 124. An
electric signal representing the flow rate of the main pas-
sage 124 obtained in this manner is output via the termi-
nal 662. Note that the terminal 664 and the terminal 662
shown in FIG. 10-1 have new reference numbers. How-
ever, the terminal 664 and the terminal 662 are included
in the connection terminal 412 shown in FIG. 8-1 de-
scribed above.
[0096] The memory 618 stores data indicating the re-
lationship between the potential difference between the
intersection C and the intersection D and the flow rate of
the main passage 124, and stores correction data for
reducing the measurement error such as variation, which
is obtained based on the measured value of gas after
production of the circuit board 400.
[0097] The temperature and humidity detection circuit
701 includes an input circuit such as an amplifier and A/D
which input a detection signal from the temperature sen-
sor 453 and the temperature and humidity sensor 422,
an output circuit, a memory that holds data representing
the relationship between the absolute humidity and the
temperature and the correction values, and a power sup-
ply circuit 622 supplying a constant voltage to each re-
quired circuit. The signal output from the flow rate detec-
tion circuit 601 and the temperature and humidity detec-
tion circuit 701 is input to the microcomputer 415. The
microcomputer 415 has a flow rate calculation unit, a
temperature calculation unit, and an absolute humidity
calculation unit. The microcomputer 415 calculates the
flow rate, temperature, absolute humidity which are the
physical quantities of the measurement target gas 30
based on the signal, and outputs them to the ECU 200.
[0098] The physical quantity detection device 300 and
the ECU 200 are connected via a communication cable,
and communication using a digital signal is performed
according to a communication standard such as SENT,
LIN, or CAN. In the present embodiment, a signal is input
from the microcomputer 415 to the LIN driver 420, and
LIN communication is performed from the LIN driver 420.
Information output from the LIN driver of the physical
quantity detection device 300 to the ECU 200 is super-
imposed and output by digital communication using a
single or two-wire communication cable.
[0099] The absolute humidity calculation unit of the mi-
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crocomputer 415 calculates the absolute humidity based
on the information of the relative humidity output from
the temperature and humidity sensor 422 and the tem-
perature information and corrects the absolute humidity
based on the error. The corrected absolute humidity cal-
culated by the absolute humidity calculation unit is used
for various engine operation control in the control unit 62
of the ECU 18. Further, the ECU 18 can directly use in-
formation about total error for various engine operation
controls.
[0100] In the above-described embodiment shown in
FIG. 10, the physical quantity detection device 300 has
the LIN driver 420 and the LIN communication is per-
formed, but the present invention is not limited thereto.
Alternatively, as shown in FIG. 10-2, direct communica-
tion with microcomputer 415 may be performed without
using LIN communication.

4.5 Component arrangement on circuit board 400

[0101] FIG. 11 shows a mode showing the present in-
vention. FIG. 11(a) is a front view of the circuit board.
FIG. 11(b) is a back surface diagram of the circuit board.
[0102] On the back surface of the circuit board 400, a
second sub-passage 306 is formed to extend between
the second sub-passage entrance 306a and the second
sub-passage exit 306b to take in the measurement target
gas 30 flowing through the main passage 124. A temper-
ature sensor 453 is provided in the protrusion unit 450.
The temperature sensor 453 directly comes into contact
with the measurement target gas 30 and detects the in-
take temperature. The temperature and humidity sensor
422 is mounted on the back surface of the circuit board
400 to directly come into contact with the measurement
target gas 30 flowing in from the second sub-passage
306 and detects the intake temperature.
[0103] In the present embodiment, since the signal
transmission from the physical quantity detection device
300 to the ECU is performed in LIN communication, the
battery voltage is supplied to the physical quantity detec-
tion element 300. The power supply regulator 416 steps
down the battery voltage from 12 V to 5 V used for normal
sensor drive. Therefore, the heat generation by the power
supply regulator 416 becomes large, and the power sup-
ply regulator 416 has the maximum heat generation
amount on the circuit board 400. The heat is transferred
along the air flow, and therefore, the power supply reg-
ulator 416 is arranged in the air flow downstream portion
from the temperature and humidity sensor 422 and the
temperature sensor 453, so that the heat generated in
the power supply regulator 416 is suppressed from being
transmitted to the temperature and humidity sensor 422
and the temperature sensor 453 arranged in the air flow
upstream portion. In order to further reduce the influence
of the heat generated by the power supply regulator 416
on the temperature and humidity sensor 422 and the tem-
perature sensor 453, it is preferable that the distance
from the power supply regulator is long. By placing the

power supply regulator 416 in the air flow downstream
portion, it is possible to increase the distance between
the temperature sensor 453 arranged near the second
sub-passage entrance 306a and also to suppress the
heat conduction.
[0104] In the embodiment of FIG. 11, the heat gener-
ation amount increases in the following order: the power
supply regulator 416, the LSI 414, and the microcomputer
415, and the power supply regulator 416, the LSI 414,
and the microcomputer 415 are arranged in this order
from the air flow downstream portion. Components gen-
erating large amount of heat are configured to be ar-
ranged farther from the temperature and humidity sensor
422 and the temperature sensor 453, thereby reducing
heat conduction. In addition, by placing another electron-
ic component between the temperature and humidity
sensor 422 or the temperature sensor 453 and the power
supply regulator 416 which is the component having the
maximum heat generation amount, the effect of sup-
pressing the heat conduction to the temperature and hu-
midity sensor 422 and the temperature sensor 453 is also
obtained.
[0105] Further, the power supply regulator 416 is dis-
posed on the side opposite to the second sub-passage
306 with the circuit board 400 interposed therebetween.
More specifically, the second sub-passage 306 is formed
on the back surface which is a surface of one side where
the temperature and humidity sensor 422 of the circuit
board 400 and the temperature sensor 453 (an element
having the intake temperature detection function) are
mounted. The entire or a part of the power supply regu-
lator 41 which is the component having the maximum
heat generation amount is arranged on the front surface
which is a surface of the other side of the circuit board
400 and is at the position on the opposite side of the
second sub-passage 306 with the circuit board 400 in-
terposed therebetween. For this reason, the flow velocity
is high within the hermetically sealed circuit chamber Rc,
the heat generated by the power supply regulator 416 is
transmitted to the back surface of the board main body
401, and the effect of dissipating the heat with the meas-
urement target gas 30 passing through the second sub-
passage 306 is improved.
[0106] In the present embodiment, the circuit board
400 is molded integrally with the housing 302. On the
other hand, conventionally, the circuit board was fixed
on the metal base with an adhesive. Therefore, the metal
base functioned as a heat sink, enhancing the effect of
dissipating the heat generated in the circuit board to the
surroundings. In the present embodiment, the heat af-
fecting the temperature and humidity sensor 422 and the
temperature sensor 453 due to the heat generation of
the power supply regulator 416 can be reduced by the
above configuration. For this reason, the metal base can
be eliminated, and both-surface-mounting of the circuit
board and the integrally-molded configuration with the
housing can be realized.
[0107] When installed in the intake system of the inter-
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nal combustion engine, the inside of the intake pipe is
heated to a high temperature by being subjected to the
thermal influence emitted by the internal combustion en-
gine. For this reason, in the state where a temperature
difference is present between the temperature of the
measurement target gas 30 and the temperature in the
intake pipe, a heat distribution is generated inside the
module, which tends to cause a deterioration in meas-
urement accuracy. Particularly, when the temperature
and humidity sensor 422 is heated to a high temperature,
both the relative humidity output and the temperature out-
put are likely to shift to a condition with low measurement
accuracy, and it is desirable to arrange the temperature
and humidity sensor 422 at a position where the thermal
influence of the internal combustion engine can be min-
imized. In the sensor chamber Rs, the flow velocity is
stronger at a position closer to the second sub-passage
entrance 306a, and therefore, the arrangement of the
temperature sensor 453 according to the present em-
bodiment also has the effect of suppressing the heat in-
fluence from the internal combustion engine.
[0108] Although the embodiments of the present in-
vention have been described in details above, the
present invention is not limited to the above-described
embodiments, but various changes and modifications
may be made without departing from the spirit of the
present invention as set forth in the claims . For example,
the mode of operation described above has been de-
scribed in details in order to explain the present invention
in an easy-to-understand manner and is not necessarily
limited to having all the configurations described. It is
possible to replace some of the configurations of one
embodiment with the configurations of another embodi-
ment, and it is also possible to add a configuration of an
embodiment to a configuration of another embodiment.
Further, it is possible to add, delete, or replace some of
the configurations of each embodiment with other con-
figurations.

Reference Signs List

[0109]

30 measurement target gas
124 main passage
300 physical quantity detection device
302 housing
306 second sub-passage
400 circuit board
404, 405, 406 through hole
407, 408 notch portion
414 LSI
415 microcomputer
416 regulator
421A, 421B pressure sensor (third detection unit)
422 temperature and humidity sensor (second de-
tection unit)
453 temperature sensor

602 flow rate detection unit (first detection unit)

Claims

1. A physical quantity detection device comprising one
or more intake temperature detection elements and
an electronic circuit board processing an electric sig-
nal,
wherein the one or more intake temperature amount
detection elements and a component having a max-
imum heat generation amount are configured to be
mounted on the same electronic circuit board, and
the one or more intake temperature detection ele-
ments are arranged at an air flow upstream portion
with respect to the component having the maximum
heat generation amount.

2. The physical quantity detection device according to
claim 1, wherein, of the components mounted on the
electronic circuit board, three components having
the first to third highest heat generation amounts are
arranged, from air flow downstream, in a descending
order of the heat generation amount.

3. The physical quantity detection device according to
claim 2, wherein the three components having the
first to third highest heat generation amounts are a
power supply regulator, an LSI, and a microcomput-
er, in the descending order of the heat generation
amount.

4. The physical quantity detection device according to
claim 1, wherein at least one of the one or more intake
temperature detection elements has a humidity de-
tection function.

5. The physical quantity detection device according to
claim 1, wherein a board main body of the electronic
circuit board is made of a material made of glass
epoxy resin.

6. The physical quantity detection device according to
claim 1, wherein an independent sub-passage for
taking in a measurement target gas passing through
a main passage is formed on a surface at one side
where the intake temperature detection element of
the electronic circuit board is mounted, and
an entire or a part of the component having the max-
imum heat generation amount is arranged on a sur-
face of the other side of the electronic circuit board
and is at a position on an opposite side of the sub-
passage with the electronic circuit board interposed
therebetween.
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