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(54) PHYSICAL QUANTITY DETECTION DEVICE

(57) The purpose of the present invention is to en-
hance the measurement stability of a flow rate detection
unit in a physical quantity detection device by branching
an auxiliary passage in which the flow rate detection unit
is disposed into first to third passages and providing the
third flow passage at an upstream part of the second flow
passage, which has the flow rate detection unit disposed
therein. A physical quantity detection device 300 accord-
ing to the present invention has a circuit board 400 pro-
vided with at least one detection unit 602 for detecting
the physical quantity of a gas under measurement 30
flowing through a main passage 124 and a circuit unit for
computational processing of the physical quantity detect-
ed by the detection unit 602, a housing 302 for accom-
modating the circuit board 400, a cover 304 fixed to the
housing, and an auxiliary passage 305 formed by both
the housing and cover and is characterized in that the
auxiliary passage 305 in which the detection unit 602 is
disposed is configured so as to have branch passages
from a first passage 701 to a third passage 703.
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Description

Technical Field

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

Background Art

[0002] PTL 1 discusses a structure of a device for
measuring a flow rate of the air taken into an internal
combustion engine. An air flow rate measurement device
has a bypass passage for bypassing a flow of the main
passage and a guide surface for changing a direction of
the air flow to an inlet portion of the bypass passage.

Citation List

Patent Literature

[0003] PTL 1: JP 5167343 B2

Summary of Invention

Technical Problem

[0004] When measurement is performed by bypassing
the air of the main passage such as an air flow rate sensor
device and disposing a flow rate sensor element inside
the bypass passage, it is necessary to perform design
considering influence of a water droplet or a foreign object
contained in the air flowing through the main passage.
When a water droplet is attached to a surface of the flow
rate sensor element, an instant output fluctuation is gen-
erated, and this generates a measurement error. In PTL
1, an air guide surface is provided in an inlet of the bypass
passage in order to prevent a water droplet or a foreign
object from intruding to a measurement passage bifur-
cated to the flow rate sensor element. However, if a flow
of the main passage has a low flow rate or a middle flow
rate, the inertia of the air is weak. Therefore, the water
droplet or the like is attached to a wall surface, flows
through a bifurcation area of the measurement passage,
and arrives at the flow rate sensor element. In particular,
in the technique of PTL 1, the water droplet attached to
an inner or outer peripheral surface of the measurement
passage may form a liquid film and arrive at the flow rate
sensor element as the flow rate changes.
[0005] In view of the aforementioned problems, the
present invention provides a sensor device for physical
quantities having a flow rate sensor element in a bypass
passage having a curvature, capable of discharging a
water droplet moving along an inner or outer circumfer-
ential surface of the bypass passage to the main passage
and reducing a output fluctuation of the flow rate sensor
element caused when the water droplet is attached.

Solution to Problem

[0006] In order to address the aforementioned prob-
lems, the sensor device for physical quantities according
to the invention is a physical quantity measurement de-
vice including an element for detecting a flow rate of the
measured gas passing through a main passage, a hous-
ing where the element is mounted and a bypass passage
groove for allowing the measured gas to bypass the main
passage, and a cover. The groove of the housing and
the cover cooperate with each other to form the bypass
passage, and the bypass passage has a first passage
extending straightly from the inlet, a second passage bi-
furcated from the first passage, and a third passage bi-
furcated from the second passage.

Advantageous Effects of Invention

[0007] According to the invention, a water droplet en-
tering the bypass passage is guided to the third passage
via the bifurcation area between the first and second pas-
sages, and is discharged to the main passage from the
third passage. Therefore, it is possible to suppress a wa-
ter droplet from arriving at the flow rate sensor element
and improve a measurement error in the flow rate detec-
tion. Note that other problems, configurations, and effects
than those described above will become apparent by
reading the following embodiments.

Brief Description of Drawings

[0008]

[FIG. 1] FIG. 1 is a system diagram illustrating an
embodiment in which a sensor device for physical
quantities according to the present invention is ap-
plied to an internal combustion engine control sys-
tem.
[FIG. 2-1] FIG. 2-1 is a front view illustrating a sensor
device for physical quantities.
[FIG. 2-2] FIG. 2-2 is a rear view illustrating the sen-
sor device for physical quantities.
[FIG. 2-3] FIG. 2-3 is a left side view illustrating the
sensor device for physical quantities.
[FIG. 2-4] FIG. 2-4 is a right side view illustrating the
sensor device for physical quantities.
[FIG. 2-5] FIG. 2-5 is a top plan view illustrating the
sensor device for physical quantities.
[FIG. 2-6] FIG. 2-6 is a bottom view illustrating the
sensor device for physical quantities.
[FIG. 3-1] FIG. 3-1 is a front view illustrating a state
in which a front side cover is removed from the sen-
sor device for physical quantities.
[FIG. 3-2] FIG. 3-2 is a rear view illustrating a state
in which a back side cover is removed from the sen-
sor device for physical quantities.
[FIG. 3-3] FIG. 3-3 is a left side view illustrating a
state in which the exterior and back side covers are
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removed from the sensor device for physical quan-
tities.
[FIG. 3-4] FIG. 3-4 is a right side view illustrating a
state in which the exterior and back side covers are
removed from the sensor device for physical quan-
tities.
[FIG. 3-5] FIG. 3-5 is a cross-sectional view taken
along a line A-A of FIG. 3-1.
[FIG. 4-1] FIG. 4-1 is a rear view for describing an-
other embodiment of the housing.
[FIG. 4-2] FIG. 4-2 is a right side view illustrating the
housing of FIG. 4-1.
[FIG. 5] FIG. 5 is a diagram illustrating a configuration
of a front side cover.
[FIG. 6] FIG. 6 is a diagram illustrating a configuration
of a back side cover.
[FIG. 7-1] FIG. 7-1 is a front view illustrating a printed
circuit board (PWB).
[FIG. 7-2] FIG. 7-2 is a right side view illustrating the
printed circuit board.
[FIG. 7-3] FIG. 7-3 is a rear view illustrating the print-
ed circuit board.
[FIG. 7-4] FIG. 7-4 is a left side view illustrating the
printed circuit board.
[FIG. 7-5] FIG. 7-5 is a cross-sectional view taken
along a line B-B of FIG. 7-1.
[FIG. 7-6] FIG. 7-6 is a diagram illustrating another
embodiment of the cross section taken along the line
B-B of FIG. 7-1.
[FIG. 7-7] FIG. 7-7 is a cross-sectional view taken
along a line C-C of FIG. 7-1.
[FIG. 8-1] FIG. 8-1 is a diagram illustrating a structure
of a sensor room, in which FIG. 8-1(a) is an enlarged
view of the sensor room, and FIG. 8-1(b) is a cross-
sectional view taken along a line E1-E1 of FIG.
8-1(a).
[FIG. 8-2] FIG. 8-2 is a diagram illustrating a structure
of another embodiment of the sensor room, in which
FIG. 8-2(a) is an enlarged view of the sensor room,
and FIG. 8-2(b) is a cross-sectional view taken along
a line E2-E2 of FIG. 8-2(a).
[FIG. 8-3] FIG. 8-3 is a diagram illustrating a structure
of further another embodiment of the sensor room,
in which FIG. 8-3(a) is an enlarged view of the sensor
room, and FIG. 8-3(b) is a cross-sectional view taken
along a line E3-E3 of FIG. 8-3(a).
[FIG. 9-1] FIG. 9-1 is a diagram illustrating a structure
of a terminal connection portion.
[FIG. 9-2] FIG. 9-2 is a diagram illustrating a structure
of the terminal connection portion.
[FIG. 9-3] FIG. 9-3 is a cross-sectional view taken
along a line F-F of FIG. 9-1.
[FIG. 9-4] FIG. 9-4 is a cross-sectional view taken
along a 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 the sensor device
for physical quantities.
[FIG. 10-2] FIG. 10-2 is a diagram illustrating another

embodiment of the circuit configuration of the sensor
device for physical quantities.
[FIG. 11-1] FIG. 11-1 is a rear view illustrating an-
other embodiment of the state in which the back side
cover is removed from the physical quantity meas-
urement device.
[FIG. 11-2] FIG. 11-2(a) is a rear view illustrating the
physical quantity measurement device of FIG. 11-1,
and FIG. 11-2(b) is a cross-sectional view taken
along a line J-J of FIG. 11-2(a).
[FIG. 11-3] FIG. 11-3(a) is an enlarged view of a dot-
ted line portion AA of FIG. 11-1, and FIG. 11-3(b)
illustrates an embodiment of a flow analysis illustrat-
ing a flow velocity profile inside the bypass passage
indicated in FIG. 11-3(a).
[FIG. 11-4] FIG. 11-4(a) is a diagram illustrating a
flow analysis example illustrating a flow velocity pro-
file on a cross section of the air flow direction in a
physical quantity measurement device, and FIG.
11-4(b) is a diagram illustrating a relationship be-
tween a flow velocity of the main passage and a flow
rate flowing from the drainage hole.
[FIG. 11-5] FIG. 11-5 is a diagram illustrating another
embodiment of the physical measurement device of
FIG. 11-1.
[FIG. 11-6] FIG. 11-6(a) is a rear view illustrating the
physical measurement device of FIG. 11-5, and FIG.
11-6(b) is a cross-sectional view taken along a line
K-K of FIG. 11-6(a).
[FIG. 11-7] FIG. 11-7 illustrates a flow analysis ex-
ample for the flow velocity profile illustrated in the
cross-sectional view of FIG. 11-6(b).
[FIG. 11-8] FIG. 11-8 is a diagram illustrating another
embodiment of the physical quantity measurement
device of FIG. 11-1.

Description of Embodiments

[0009] The following embodiments for embodying the
invention (hereinafter, referred to as "embodiments") ad-
dress various problems desired as an actual product. In
particular, when they are employed in a sensor device
for detecting a physical quantity of a vehicle intake air,
various problems are preferably addressed, and various
effects are achieved. One of the various problems ad-
dressed by the embodiments as described below is de-
scribed in "Technical Problem." In addition, one of the
following various effects of the embodiments is described
in "Advantageous Effects of Invention." Various prob-
lems addressed by the following embodiments and var-
ious effects accomplished by the following embodiments
will be more specifically described below in "Description
of Embodiments." Therefore, the problems addressed by
the embodiments or effects of the invention described in
the following embodiments are also described in other
parts than "Technical Problem" or "Advantageous Effects
of Invention."
[0010] In the following embodiment, like reference nu-
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merals denote like elements throughout the drawings,
and they accomplish the same functional effects. Some
parts that have been described may not be described
just by giving reference numerals in the drawings.

1. Embodiment in which a sensor device for physical 
quantities according to the invention is employed in an 
internal combustion engine control system

[0011] FIG. 1 is a system diagram illustrating an em-
bodiment in which a sensor device for physical quantities
according to the invention is employed in an electronic
fuel injection type internal combustion engine control sys-
tem. An intake air as a measured gas 30 is drawn from
an air cleaner 122 on the basis of an operation of an
internal combustion engine 110 provided with an engine
cylinder 112 and an engine piston 114, and is guided to
a combustion chamber of the engine cylinder 112 via a
main passage 124 including, for example, an intake body,
a throttle body 126, and an intake manifold 128. A phys-
ical quantity of the measured gas 30 which is the intake
air guided to the combustion chamber is detected by a
sensor device for physical quantities 300 according to
the invention. Fuel is supplied from a fuel injection valve
152 on the basis of the detected physical quantity, and
is guided to the combustion chamber in a gas mixture
state along with the intake air 20. Note that, according to
this embodiment, the fuel injection valve 152 is provided
in an intake port of the internal combustion engine, and
the fuel injected to the intake port forms a gas mixture
along with the measured gas 30 which is the intake air.
The gas mixture is guided to the combustion chamber
via the intake valve 116 and is combusted to generate
mechanical energy.
[0012] The fuel and the air guided to the combustion
chamber have a fuel/air mixture state and are explosively
combusted by flame ignition of an ignition plug 154 to
generate mechanical energy. The combusted gas is
guided from the exhaust valve 118 to the exhaust pipe
and is discharged to the outside from an exhaust pipe as
an exhaust gas 24. A flow rate of the measured gas 30
which is the intake air guided to the combustion chamber
is controlled by a throttle valve 132 having an opening
level that changes depending on a manipulation of an
acceleration pedal. The fuel supply amount is controlled
on the basis of the flow rate of the intake air guided to
the combustion chamber. A driver controls the flow rate
of the intake air guided to the combustion chamber by
controlling the opening level of the throttle valve 132. As
a result, it is possible to control mechanical energy gen-
erated by the internal combustion engine.

1.1 Overview of control of internal combustion engine 
control system

[0013] Physical quantities such as a flow rate, temper-
ature, humidity, and pressure of the measured gas 30
which is the intake air drawn from the air cleaner 122 to

flow through the main passage 124 are detected by the
sensor device for physical quantities 300, and an electric
signal representing the physical quantities of the intake
air is input to the control device 200 from the sensor de-
vice for physical quantities 300. In addition, an output of
a throttle angle sensor 144 that measures an opening
level of the throttle valve 132 is input to the control device
200, and an output of the rotation angle sensor 146 is
input to a control device 200 in order to measure a posi-
tion or state of the engine piston 114, the intake valve
116, or the exhaust valve 118 of the internal combustion
engine and a rotation speed of the internal combustion
engine. In order to measure a state of mixture ratio of
amount of fuel and air from the exhaust gas 24, an output
of the oxygen sensor 148 is input to the control device
200.
[0014] The control device 200 computes a fuel injection
amount or an ignition timing on the basis of physical quan-
tities of the intake air as an output of the sensor device
for physical quantities 300 and a rotation speed of the
internal combustion engine measured on the basis of an
output of the rotation angle sensor 146. A fuel amount
supplied from the fuel injection valve 152 or an ignition
timing of the ignition plug 154 is controlled on the basis
of the computation result. In practice, the fuel supply
amount or the ignition timing is accurately controlled on
the basis of a temperature detected by the sensor device
for physical quantities 300, a throttle angle change state,
an engine rotational speed change state, and an air-fuel
ratio state measured by the oxygen sensor 148. The con-
trol device 200 controls the amount of air bypassing the
throttle valve 132 in an idle driving state of the internal
combustion engine using an idle air control valve 156 to
control a rotation speed of the internal combustion engine
in the idle driving state.

1.2 Importance of improvement of detection accuracy of 
sensor device for physical quantities and installation en-
vironment of sensor device for physical quantities

[0015] The fuel supply amount or the ignition timing as
a main control quantity of the internal combustion engine
is computed by setting the output of the sensor device
for physical quantities 300 as a main parameter. There-
fore, it is important to improve detection accuracy of the
sensor device for physical quantities 300, suppress ag-
ing, and improve reliability in order to improve vehicle
control accuracy and secure reliability.
[0016] In particular, in recent years, vehicle fuel effi-
ciency is highly demanded, and purification of the ex-
haust gas is also highly demanded. In order to satisfy
such demands, it is significantly important to improve de-
tection accuracy of the physical quantities of the intake
air 20 detected by the sensor device for physical quan-
tities 300. In addition, it is also important that the sensor
device for physical quantities 300 maintains high relia-
bility.
[0017] A vehicle mounted with the sensor device for
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physical quantities 300 is operated under an environment
in which a change of temperature or humidity is signifi-
cant. The sensor device for physical quantities 300 is
desirably designed to be resistant to a change of tem-
perature or humidity under its use environment or a con-
taminant such as dust.
[0018] The sensor device for physical quantities 300
is mounted to the intake pipe which is influenced by the
heat from the internal combustion engine. For this rea-
son, the heat from the internal combustion engine is
transmitted to the sensor device for physical quantities
300 through the intake pipe which is the main passage
124. The sensor device for physical quantities 300 trans-
fers heat with the measured gas to detect a flow rate of
the measured gas. Therefore, it is important to suppress
influence of the heat from the outside as much as possi-
ble.
[0019] The sensor device for physical quantities 300
mounted on a vehicle addresses the problems described
in "Technical Problem" and accomplishes the effect de-
scribed in "Advantageous Effects of Invention" as de-
scribed below. Furthermore, the sensor device for phys-
ical quantities 300 addresses various problems required
as a product and accomplishes various effects by suffi-
ciently considering the aforementioned various problems
as described below. Specific problems to be addressed
and specific effects accomplished by the sensor device
for physical quantities 300 will be described in the follow-
ing embodiment.

2. Configuration of sensor device for physical quantities 
300

2.1 Exterior structure of sensor device for physical quan-
tities 300

[0020] FIGS. 2-1 to 2-6 are diagrams illustrating an ex-
terior of the sensor device for physical quantities 300.
FIG. 2-1 is a front view illustrating the sensor device for
physical quantities 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 top plan view, and FIG. 2-6 is a bottom view.
[0021] The sensor device for physical quantities 300
has a housing 302, a front side cover 303, and a back
side cover 304. The housing 302 is formed by molding
with a synthetic resin material. The housing 302 has a
flange 311 for fixing the sensor device for physical quan-
tities 300 to the intake body which is the main passage
124, a connection to external system 321 provided with
a connector protruding from the flange 311 for electric
connection to an external device, and a measurement
portion 331 extending to protrude toward a center of the
main passage 124 from the flange 311.
[0022] A printed circuit board (PWB) 400 is integrated
to the measurement portion 331 through insert molding
when the housing 302 is molded (refer to FIGS. 3-1 and
3-2). The printed circuit board (PWB) 400 is provided with
at least one detection portion for detecting physical quan-

tities of the measured gas 30 flowing through the main
passage 124 and a circuit portion for processing the sig-
nal detected by the detection portion. The detection por-
tion is arranged in a position exposed to the measured
gas 30, and the circuit portion is arranged in a circuit
room sealed by the front side cover 303.
[0023] A bypass passage groove is provided in the
front and back sides of the measurement portion 331, so
that a first bypass passage 305 is formed in cooperation
with the front side cover 303 and the back side cover
304. In a tip of the measurement portion 331, an inlet of
first bypass passage 305a is provided to draw a part of
the measured gas 30 such as the intake air to the first
bypass passage 305 and an outlet of first bypass pas-
sage 305b for returning the measured gas 30 to the main
passage 124 from the first bypass passage 305 are pro-
vided. In the middle of the first bypass passage 305, a
part of the printed circuit board (PWB) 400 is exposed.
In this exposed portion, a detection area of air flow 602
(refer to FIG. 3-1) as a detection portion is arranged to
detect a flow rate of the measured gas 30.
[0024] A second bypass passage 306 for drawing a
part of the measured gas 30 such as the intake air to a
sensor room Rs is provided in the middle of the meas-
urement portion 331 in the vicinity of the flange 311 rather
than the first bypass passage 305. The second bypass
passage 306 is formed in cooperation with the measure-
ment portion 331 and the back side cover 304. The sec-
ond bypass passage 306 has an inlet of second bypass
passage 306a opened to an outer wall at upstream 336
in order to receive the measured gas 30 and an outlet of
second bypass passage 306b opened to an outer wall
at downstream 338 to return the measured gas 30 to the
main passage 124 from the second bypass passage 306.
The second bypass passage 306 communicates with the
sensor room Rs formed in the back side of the measure-
ment portion 331. In the sensor room Rs, a pressure sen-
sor and a humidity sensor are disposed as a detection
portion provided in the back side of the printed circuit
board (PWB) 400.

2.2 Effects based on exterior structure of sensor device 
for physical quantities 300

[0025] The sensor device for physical quantities 300
is provided with an inlet of second bypass passage 306a
in the middle of the measurement portion 331 extending
to the center of the main passage 124 from the flange
311, and an inlet of first bypass passage 305a is provided
in a tip of the measurement portion 331. Therefore, the
gas in a portion close to the center far from the inner wall
surface instead of the vicinity of the inner wall surface of
the main passage 124 can be drawn to the first bypass
passage 305 and the second bypass passage 306.
Therefore, the sensor device for physical quantities 300
can measure the physical quantities of the gas in a part
distant from the inner wall surface of the main passage
124. Therefore, it is possible to reduce a measurement
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error in the physical quantities relating to heat or reduc-
tion of the flow velocity in the vicinity of the inner wall
surface.
[0026] The measurement portion 331 is shaped to ex-
tend along an axis directed from the outer wall of the
main passage 124 to the center. However, its thickness
width is narrow as illustrated in FIGS. 2-3 and 2-4. That
is, the measurement portion 331 of the sensor device for
physical quantities 300 has a thin width in a side view
and a substantially rectangular shape in a front view. As
a result, the sensor device for physical quantities 300
can be provided with the first bypass passage 305 having
a sufficient length and can suppress a flow resistance of
the measured gas 30 to a small value. For this reason,
the sensor device for physical quantities 300 can sup-
press the flow resistance to a small value and measure
the flow rate of the measured gas 30 with high accuracy.

2.3 Structure and effect of flange 311

[0027] The flange 311 is provided with a plurality of
dents 313 on the opposed bottom surface 312 to the main
passage 124 in order to reduce a surface for heat transfer
with the main passage 124 and make the sensor device
for physical quantities 300 less influenced by the heat.
The measurement portion 331 of the sensor device for
physical quantities 300 is inserted into the inside from an
installation hole provided in the main passage 124 so
that the bottom surface 312 of the flange 311 faces the
main passage 124. The main passage 124 is, for exam-
ple, an intake body, and the main passage 124 is main-
tained in a high temperature in many cases. Reversely,
at the time of start in a cold district, it is conceived that
the main passage 124 has a significantly low tempera-
ture. If such a high or low temperature state of the main
passage 124 influences on the measurement of various
physical quantities, the measurement accuracy is de-
graded. The flange 311 has dents 313 on its bottom sur-
face 312, and a space is formed between the bottom
surface 312 facing 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 sensor device
for physical quantities 300 and prevent degradation of
measurement accuracy caused by heat.
[0028] A screw hole 314 of the flange 311 is to fix the
sensor device for physical quantities 300 to the main pas-
sage 124. As a surface around the screw hole 314 facing
the main passage 124 is distant from the main passage
124, a space is formed between the surface around each
screw hole 314 facing the main passage 124 and the
main passage 124. As a result, it is possible to reduce
heat transfer from the main passage 124 to the sensor
device for physical quantities 300 and prevent degrada-
tion of the measurement accuracy caused by heat.

2.4 Structure of connection to external system 321

[0029] The connection to external system 321 is pro-

vided on the upper surface of the flange 311 and has a
connector 322 protruding from the flange 311 to a down-
stream side of the flow direction of the measured gas 30.
The connector 322 has a receptacle hole 322a for insert-
ing a communication cable connected to the control de-
vice 200. Four external terminals 323 are provided inside
the receptacle hole 322a as illustrated in FIGS. 2-4. The
external terminal 323 serves as a terminal for outputting
information on physical quantities as a measurement re-
sult of the sensor device for physical quantities 300 and
a power terminal for supplying DC power for operating
the sensor device for physical quantities 300.
[0030] The connector 322 is shaped to protrude to the
downstream side in the flow direction of the measured
gas 30 from the flange 311 and is inserted into the up-
stream side from the downstream side of the flow direc-
tion. However, the connector 322 is not limited to such a
shape. For example, the connector 322 may protrude
vertically from the top surface of the flange 311 and may
be inserted along the extension direction of the meas-
urement portion 331. Other various changes may also
be possible.

3. Whole structure and effect of housing 302

3.1 Whole structure of housing 302

[0031] Next, a whole structure of the housing 302 will
be described with reference to FIGS. 3-1 to 3-5. FIGS.
3-1 to 3-5 are diagrams illustrating a state of the housing
302 when the front side cover 303 and the back side
cover 304 are removed from the sensor device for phys-
ical quantities 300. FIG. 3-1 is a front view of the housing
302, FIG. 3-2 is a rear view illustrating the housing 302,
FIG. 3-3 is a right side view illustrating the housing 302,
FIG. 3-4 is a left side view illustrating the housing 302,
and FIG. 3-5 is a cross-sectional view taken along the
line A-A of FIG. 3-1.
[0032] The housing 302 is structured such that the
measurement portion 331 extends from the flange 311
to the center of the main passage 124. A printed circuit
board (PWB) 400 is insert-molded in a base end side of
the measurement portion 331. The printed circuit board
(PWB) 400 is placed in parallel along the surface of the
measurement portion 331 in a middle position between
the front and back sides of the measurement portion 331
and is integrally molded to the housing 302, so that the
base end side of the measurement portion 331 is parti-
tioned into one and the other sides in the thickness di-
rection.
[0033] On the front side of the measurement portion
331, a circuit room Rc for housing the circuit portion of
the printed circuit board (PWB) 400 is formed. On the
back side, a sensor room Rs for housing the pressure
sensor 421 and the humidity sensor 422 is formed. As
the front side cover 303 is installed in the housing 302,
the circuit room Rc is sealed and perfectly separated from
the outside. Meanwhile, by installing the back side cover
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304 in the housing 302, a second bypass passage 306
and a sensor room Rs which is an interior space com-
municating with the outside of the measurement portion
331 via the second bypass passage 306 are formed. A
part of the printed circuit board (PWB) 400 protrudes to
the first bypass passage 305 from the partitioning wall
335 between the circuit room Rc of the measurement
portion 331 and the first bypass passage 305. In addition,
a detection area of air flow 602 is provided in the front
surface of main air flow 430 of the protruding portion.

3.2 Structure of bypass passage groove

[0034] A bypass passage groove for forming the first
bypass passage 305 is provided in a tip side of the lon-
gitudinal direction of the measurement portion 331. The
bypass passage groove for forming the first bypass pas-
sage 305 has a groove of bypass passage at front side
332 of FIG. 3-1 and a groove of bypass passage at back
side 334 of FIG. 3-2. The groove of bypass passage at
front side 332 is curved to the flange 311 side which is a
base end side of the measurement portion 331 as it ex-
tends from the outlet of first bypass passage 305b
opened to the outer wall at downstream 338 of the meas-
urement portion 331 to the outer wall at upstream 336
and communicates with an aperture 333 that penetrates
the measurement portion 331 in the thickness direction
in the vicinity of the outer wall at upstream 336 as illus-
trated in FIG. 3-1. The aperture 333 is formed along the
flow direction of the measured gas 30 of the main pas-
sage 124 such that it stretches between the outer wall at
upstream 336 and the outer wall at downstream 338.
[0035] The groove of bypass passage at back side 334
extends from the outer wall at upstream 336 to the outer
wall at downstream 338 and is bisected in the middle
position between the outer wall at upstream 336 and the
outer wall at downstream 338 as illustrated in FIG. 3-2.
One of the branches extends straightly as a discharge
passage and is opened to the discharge port 305c of the
outer wall at downstream 338. The other branch is curved
to the flange 311 side which is a base end side of the
measurement portion 331 as it extends to the outer wall
at downstream 338, and communicates with the aperture
333 in the vicinity of the outer wall at downstream 338.
[0036] The groove of bypass passage at back side 334
forms an inlet groove for receiving the measured gas 30
from the main passage 124. The groove of bypass pas-
sage at front side 332 forms an outlet groove for returning
the measured gas 30 received from the groove of bypass
passage at back side 334 to the main passage 124. Since
the groove of bypass passage at front side 332 and the
groove of bypass passage at back side 334 are provided
in the tip of the housing 302, it can receive the gas in a
part distant from the inner wall surface of the main pas-
sage 124, that is, the gas flowing in a part close to the
center of the main passage 124 as the measured gas
30. The gas flowing through the vicinity of the inner wall
surface of the main passage 124 is influenced by the wall

surface temperature of the main passage 124 and has a
temperature different from an average temperature of
the gas flowing through the main passage 124 such as
the intake air 20 in many cases. In addition, the gas flow-
ing through the vicinity of the inner wall surface of the
main passage 124 has a flow velocity slower than an
average flow velocity of the gas flowing through the main
passage 124 in many cases. The sensor device for phys-
ical quantities 300 according to the embodiment is not
easily influenced as described above. Therefore, it is pos-
sible to suppress degradation of the measurement accu-
racy.
[0037] As illustrated in FIG. 3-2, a part of the measured
gas 30 flowing through the main passage 124 is directed
from the inlet of first bypass passage 305a to the groove
of bypass passage at back side 334 and flows through
the groove of bypass passage at back side 334. In addi-
tion, a foreign object having a large mass contained in
the measured gas 30 directly flows to a discharge pas-
sage extending straightly from the bifurcation along with
a part of the measured gas and is discharged to the main
passage 124 from the discharge port 305c of the outer
wall at downstream 338.
[0038] The groove of bypass passage at back side 334
is deepened as it extends, so that the measured gas 30
slowly moves to the front side of the measurement portion
331 as it flows along the groove of bypass passage at
back side 334. In particular, the groove of bypass pas-
sage at back side 334 has a rapid slope portion 334a
having a slope which becomes abruptly steep in the vi-
cinity of the aperture 333. Therefore, a part of the air
having a small mass moves along the rapid slope portion
334a and flows along the front surface of main air flow
430 of the printed circuit board (PWB) 400 inside the
aperture 333. Meanwhile, since it is difficult to abruptly
change a route of a foreign object having a large mass,
the foreign object flows along the back surface of main
air flow 431.
[0039] As illustrated in FIG. 3-1, the measured gas 30
moving to the front side in the aperture 333 flows along
the front surface of main air flow 430 of the printed circuit
board and transfers heat with the detection area of air
flow 602 provided in the front surface of main air flow
430, so that the flow rate is measured. All of the air flowing
from the aperture 333 to the groove of bypass passage
at front side 332 flows along the groove of bypass pas-
sage at front side 332 and is discharged to the main pas-
sage 124 from the first bypass passage outlet 305b
opened to the outer wall at downstream 338.
[0040] A heavy substance such as garbage mixed in
the measured gas 30 has a strong inertial force. There-
fore, it is difficult to abruptly change the route into a deep
groove side along a surface of the rapid slope portion
334a where the depth of the groove is abruptly large. For
this reason, a heavy foreign object moves to the back
surface of main air flow 431. Therefore, it is possible to
prevent the foreign object from flowing in the vicinity of
the detection area of air flow 602. In this embodiment,
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most of the heavy foreign objects other than the gas pass
through the back surface of main air flow 431 which is a
rear surface of the front surface of main air flow 430.
Therefore, it is possible to reduce influence of dirt caused
by a foreign object such as an oil content, carbon, or
garbage and suppress degradation of measurement ac-
curacy. That is, since the route of the measured gas 30
is abruptly changed along the axis crossing the flow axis
of the main passage 124, it is possible to reduce influence
of a foreign object mixed to the measured gas 30.

3.3 Structure and effect of second bypass passage and 
sensor room

[0041] The second bypass passage 306 is formed
straightly between the inlet of second bypass passage
306a and the outlet of second bypass passage 306b in
parallel with the flange 311 along the flow direction of the
measured gas 30. The inlet of second bypass passage
306a is formed by notching a part of the outer wall at
upstream 336, and the outlet of second bypass passage
306b is formed by notching a part of the outer wall at
downstream 338. Specifically, as illustrated in FIG. 3-3,
they are formed by notching a part of the outer wall at
upstream 336 and a part of the outer wall at downstream
338 from the back side of the measurement portion 331
in a position continuously following the top surface of the
partitioning wall 335. The inlet of second bypass passage
306a and the outlet of second bypass passage 306b are
notched to a depth position coplanar with the back side
of the printed circuit board (PWB) 400. In the second
bypass passage 306, the measured gas 30 passes along
the back side of the board body 401 of the printed circuit
board (PWB) 400. Therefore, the second bypass pas-
sage 306 serves as a cooling channel for cooling the
board body 401. The printed circuit board (PWB) 400 has
a lot of components susceptible to heat such as a large
scale integrated (LSI) chip or a microprocessor. There-
fore, such heat can be transmitted to the back side of the
board body 401 and is radiated using the measured gas
30 passing through the second bypass passage 306.
[0042] The sensor room Rs is provided in the base end
side of the measurement portion 331 rather than the sec-
ond bypass passage 306. A part of the measured gas 30
flowing from the inlet of second bypass passage 306a to
the second bypass passage 306 flows to the sensor room
Rs, so that a pressure and a relative humidity are detect-
ed using a pressure sensor 421 and a humidity sensor
422 of the sensor room Rs. The sensor room Rs is dis-
posed in the base end side of the measurement portion
331 rather than the second bypass passage 306. There-
fore, it is possible to reduce influence of a dynamic pres-
sure of the measured gas 30 passing through the second
bypass passage 306. Therefore, it is possible to improve
detection accuracy of the pressure sensor 421 of the sen-
sor room Rs.
[0043] Since the sensor room Rs is disposed in the
base end side of the measurement portion 331 rather

than the second bypass passage 306, for example, if the
sensor room Rs is installed in the intake passage while
a tip side of the measurement portion 331 is directed
downward, it is possible to prevent a contaminant or a
water droplet flowing to the second bypass passage 306
along with the measured gas 30 from being attached to
the pressure sensor 421 or the humidity sensor 422 dis-
posed downstream of the pressure sensor 421.
[0044] In particular, according to this embodiment, the
pressure sensor 421 having a relatively large size is dis-
posed in the upstream side inside the sensor room Rs,
and the humidity sensor 422 having a relatively small
size is disposed in the downstream side of the pressure
sensor 421. Therefore, a contaminant or water droplet
flowing along with the measured gas 30 is attached to
the pressure sensor 421 and is suppressed from being
attached to the humidity sensor 422. Therefore, it is pos-
sible to protect the humidity sensor 422 less resistant to
a contaminant or a water droplet.
[0045] Since the pressure sensor 421 and the humidity
sensor 422 are not easily influenced by the flow of the
measured gas 30 relative to the detection area of air flow
602. In particular, the humidity sensor 422 can be pro-
vided in the sensor room Rs neighboring to the second
bypass passage 306 which is straight because it is al-
lowable as long as only a moisture dispersion level of the
measured gas 30 can be obtained. In comparison, the
detection area of air flow 602 necessitates a flow velocity
equal to or higher than a certain level. In addition, it is
necessary to avoid dust or contaminants and consider
influence on pulsation. Therefore, the detection area of
air flow 602 is provided in the first bypass passage 305
having a loop-like shape.
[0046] FIGS. 4-1 and 4-2 are diagrams illustrating an-
other embodiment of the second bypass passage.
[0047] In this embodiment, instead of the notching in
the outer wall at upstream 336 and the outer wall at down-
stream 338, a through-hole 337 is provided in the outer
wall at upstream 336 and the outer wall at downstream
338 to form the inlet of second bypass passage 306a and
the outlet of second bypass passage 306b. If the inlet of
second bypass passage 306a and the outlet of second
bypass passage 306b are formed by notching the outer
wall at upstream 336 and the outer wall at downstream
338, respectively, as in the second bypass passage of
FIGS. 3-2 to 3-5 described above, the width of the outer
wall at upstream 336 and the width of the outer wall at
downstream 338 are locally narrowed in this position.
Therefore, the measurement portion 331 may be dog-
legged at the notch portion due to thermal shrinkage dur-
ing the molding. According to this embodiment, the
through-hole is provided instead of the notch. Therefore,
it is possible to prevent a doglegged shape of the meas-
urement portion 331. Accordingly, it is possible to prevent
influence on detection accuracy caused when a position
or direction of the detection portion with respect to the
measured gas 30 is changed due to a distortion of the
housing 302. Therefore, it is possible to obtain constant
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detection accuracy without an individual difference at all
times.
[0048] FIGS. 8-1, 8-2, and 8-3 are diagrams illustrating
another embodiment of the second bypass passage.
[0049] A compartment wall for dividing the second by-
pass passage 306 and the sensor room Rs may be pro-
vided in the back side cover 304. In this configuration, it
is possible to allow the measured gas 30 to indirectly flow
from the second bypass passage 306 to the sensor room
Rs. Therefore, it is possible to reduce influence of a dy-
namic pressure on the pressure sensor and suppress a
contaminant or a water droplet from being attached to
humidity sensor.
[0050] In the example of FIG. 8-1, two pressure sen-
sors 421A and 421B are arranged side by side along the
second bypass passage 306 in the sensor room Rs, and
a single humidity sensor 422 is provided downstream of
the pressure sensors 421A and 421B. The compartment
walls 352A and 352B are provided in the back side cover
304 and are arranged to extend between the second by-
pass passage 306 and the sensor room Rs by installing
the back side cover 304 in the housing 302. Specifically,
the compartment wall 352A is arranged between the
pressure sensor of the upstream side and the upstream
wall of the sensor room Rs, and the compartment wall
352B is arranged along the humidity sensor between the
downstream side pressure sensor and the downstream
wall of the sensor room Rs.
[0051] In the example of FIG. 8-2, only the pressure
sensor 421B of the downstream side is provided, and the
pressure sensor 421A of the upstream side is omitted.
Accordingly, the length of the compartment wall 352C
increases. The compartment wall 352D of the down-
stream side is arranged along the humidity sensor be-
tween the pressure sensor of the downstream side and
the downstream wall of the sensor room Rs, similarly to
the compartment wall 352B of FIG. 8-1. Therefore, the
compartment walls 352A and 352C can prevent the
measured gas 30 from directly colliding with the pressure
sensor. Therefore, it is possible to reduce influence of a
dynamic pressure. In addition, the compartment walls
352B and 352D can suppress a contaminant or a water
droplet from being attached to the humidity sensor.
[0052] In the example of FIG. 8-3, both the two pres-
sure sensors 421A and 421B are omitted, and only a
single humidity sensor 422 is provided in the sensor room
Rs. The compartment wall 352E of the upstream side
extends from the upstream wall of the sensor room Rs
to the upstream position of the humidity sensor between
the second bypass passage 306 and the sensor room
Rs and is bent to the downstream end, so that it has a
substantially L-shape facing the upstream side of the hu-
midity sensor. The compartment wall 352F is arranged
along the humidity sensor between the pressure sensor
of the downstream side and the downstream wall of the
sensor room Rs, similarly to the compartment walls 352B
and 352D. Therefore, the compartment wall 352E can
prevent a contaminant or a water droplet contained in

the measured gas 30 passing through the second bypass
passage 306 from moving toward the humidity sensor.
Therefore, it is possible to protect the humidity sensor
from such a contaminant or the like.

3.4 Shapes and effects of front side cover 303 and back 
side cover 304

[0053] FIG. 5 is a diagram illustrating appearance of
the front side cover 303, and FIG. 5(a) is a front view,
and FIG. 5(b) is a cross-sectional view taken along a line
B-B of FIG. 5(a) . FIG. 6 is a diagram illustrating appear-
ance of the back side cover 304. FIG. 6(a) is a front view,
and FIG. 6(b) is a cross-sectional view taken along a line
B-B of FIG. 6(a).
[0054] In FIGS. 5 and 6, the front side cover 303 or the
back side cover 304 forms the first bypass passage 305
by blocking the back side bypass passage 334 using the
groove of bypass passage at front side 332 of the housing
302. In addition, the front side cover 303 forms a hermet-
ically sealed circuit room Rc, and the back side cover
304 forms the second bypass passage 306 and the sen-
sor room Rs communicating with the second bypass pas-
sage 306 by blocking a recess of the back side of the
measurement portion 331.
[0055] The front side cover 303 has a protrusion 356
in a position facing the detection area of air flow 602 and
is used to form an orifice along with the front surface of
main air flow 430. For this reason, it is desirable that the
molding accuracy is high. The front side cover 303 or the
back side cover 304 is formed through a resin mold proc-
ess by injecting thermoplastic resin in a die. Therefore,
it is possible to manufacture the front side cover or the
back side cover with high molding accuracy.
[0056] The front side cover 303 and the back side cover
304 are provided with a plurality of fixing holes 351 into
which a plurality of fixing pins 350 protruding from the
measurement portion 331 are respectively inserted. The
front side cover 303 and the back side cover 304 are
installed in the front and back sides, respectively, of the
measurement portion 331. In this case, the fixing pins
350 are inserted into the fixing holes 351 so that the front
side cover 303 and the back side cover 304 are posi-
tioned. In addition, bonding is performed through laser
welding or the like along the edges of the groove of by-
pass passage at front side 332 and the groove of bypass
passage at back side 334. Similarly, bonding is per-
formed through laser welding or the like along the edges
of the circuit room Rc and the sensor room Rs.

3.5 Structure for fixing printed circuit board (PWB) 400 
to housing 302 and effects

[0057] Next, fixation of the printed circuit board (PWB)
400 to the housing 302 through a resin mold process will
be described. The printed circuit board (PWB) 400 is
molded integrally with the housing 302 such that the de-
tection area of air flow 602 of the printed circuit board
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(PWB) 400 is disposed in a predetermined place of the
bypass passage groove that forms the bypass passage,
for example, in this embodiment, an aperture 333 which
is a jointing portion between the groove of bypass pas-
sage at front side 332 and the groove of bypass passage
at back side 334.
[0058] The measurement portion 331 of the housing
302 is provided with fixing portions 372 and 373 as a
portion for burying and fixing an outer edge portion of the
base portion 402 of the printed circuit board (PWB) 400
in the housing 302 through resin molding. The fixing por-
tions 372 and 373 fix the outer edge portion of the base
portion 402 of the printed circuit board (PWB) 400 by
nipping it between the front and back sides.
[0059] The housing 302 is manufactured through a res-
in mold process. Through this resin mold process, the
printed circuit board (PWB) 400 is embedded in the resin
of the housing 302 and is fixed inside the housing 302
using a resin mold. As a result, the detection area of air
flow 602 transfers heat with the measured gas 30, so that
it is possible to maintain a shape relationship, a position
relationship, or a direction relationship of the bypass pas-
sage for measuring the flow rate, for example, the groove
of bypass passage at front side 332 or the groove of
bypass passage at back side 334 with remarkably high
accuracy. Therefore, it is possible to suppress an error
or deviation generated in the printed circuit board (PWB)
400 to a very small value. Resultantly, it is possible to
remarkably improve measurement accuracy of the print-
ed circuit board (PWB) 400. In comparison with the fixing
method using an adhesive of the related art, it is possible
to dramatically improve measurement accuracy.
[0060] The sensor device for physical quantities 300
is produced through mass production in many cases. In
the method of using an adhesive with strict measurement
in this case, improvement of the measurement accuracy
has a limitation. However, according to this embodiment,
the bypass passage is formed in the resin mold process
in which the bypass passage for flowing the measured
gas 30 is molded, and the printed circuit board (PWB)
400 is fixed. Therefore, it is possible to remarkably reduce
a deviation of the measurement accuracy and remarka-
bly improve measurement accuracy of each sensor de-
vice for physical quantities 300.
[0061] For example, in the case of the embodiment
illustrated in FIGS. 3-1 to 3-5, it is possible to fix the print-
ed circuit board (PWB) 400 to the housing 302 with high
accuracy such that a relationship between the groove of
bypass passage at front side 332, the groove of bypass
passage at back side 334, and the detection area of air
flow 602 becomes a prescribed relationship. In the sen-
sor device for physical quantities 300 produced in this
way, it is possible to normally obtain a position relation
or a relationship such as a shape between the detection
area of air flow 602 and the first bypass passage 305 of
each printed circuit board (PWB) 400 with remarkably
high accuracy.
[0062] In the first bypass passage 305 in which the

detection area of air flow 602 of the printed circuit board
(PWB) 400 is fixedly arranged, for example, the groove
of bypass passage at front side 332 and the groove of
bypass passage at back side 334 can be formed with
remarkably high accuracy. Therefore, a work of forming
the first bypass passage 305 from the bypass passage
grooves 332 and 334 is a work of covering both surfaces
of the housing 302 using the front side cover 303 or the
back side cover 304. This work is very simple and is a
work process having a little factor of degrading measure-
ment accuracy. In addition, the front side cover 303 or
the back side cover 304 is produced through a resin mold
process having high molding accuracy. Therefore, it is
possible to obtain the bypass passage provided in a pre-
scribed relationship with the detection area of air flow
602 of the printed circuit board (PWB) 400 with high ac-
curacy. Using this method, it is possible to obtain high
productivity in addition to improvement of measurement
accuracy.
[0063] In comparison, in the related art, a thermal type
flowmeter has been produced by manufacturing the by-
pass passage and then bonding the measurement por-
tion to the bypass passage using an adhesive. In the
method of using the adhesive in this manner, the thick-
ness of the adhesive is irregular, and a bonding position
or angle is different depending on products. For this rea-
son, there is a limitation in improvement of measurement
accuracy. Furthermore, if this work is performed in a
mass production process, improvement of the measure-
ment accuracy is very difficult.
[0064] According to the embodiment of the invention,
the printed circuit board (PWB) 400 is fixed using a resin
mold, and the bypass passage groove for forming the
first bypass passage 305 is molded using a resin mold.
As a result, it is possible to shape the bypass passage
groove and fix the detection area of air flow 602 to the
bypass passage groove with remarkably high accuracy.
[0065] A portion relating to the measurement of the
flow rate, for example, the detection area of air flow 602
or the front surface of main air flow 430 in which the de-
tection area of air flow 602 is installed are provided on
the surface of the printed circuit board (PWB) 400. The
detection area of air flow 602 and the front surface of
main air flow 430 are exposed from the resin used to
mold the housing 302. That is, the detection area of air
flow 602 and the front surface of main air flow 430 are
not covered by the resin used to mold the housing 302.
The detection area of air flow 602 or the front surface of
main air flow 430 of the printed circuit board (PWB) 400
is directly used after the resin molding of the housing
302, and is used in flow rate measurement of the sensor
device for physical quantities 300. As a result, measure-
ment accuracy is improved.
[0066] According to the embodiment of the invention,
the printed circuit board (PWB) 400 is fixed to the housing
302 having the first bypass passage 305 by forming the
printed circuit board (PWB) 400 integrally with the hous-
ing 302. Therefore, it is possible to securely fix the printed
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circuit board (PWB) 400 to the housing 302. In particular,
since the exposed portion of PWB 403 of the printed cir-
cuit board (PWB) 400 penetrates through the partitioning
wall 335 and protrudes to the first bypass passage 305,
a sealing property between the first bypass passage 305
and the circuit room Rc is high. Therefore, it is possible
to prevent the measured gas 30 from leaking and intrud-
ing from the first bypass passage 305 to the circuit room
Rc and prevent circuit components or wires of the printed
circuit board (PWB) 400 from being corroded by making
contact with the measured gas 30.

3.6 Structure and effect of terminal connection portion 
320

[0067] Next, a structure of the terminal connection por-
tion will be described with reference to FIGS. 9-1 to 9-4.
FIG. 9-1 is a diagram illustrating a structure of the terminal
connection portion, and FIG. 9-2 is a diagram illustrating
a structure of the terminal connection portion. FIG. 9-3
is a cross-sectional view taken along a line F-F of FIG.
9-1, and FIG. 9-4 is a cross-sectional view taken along
a line G-G of FIG. 9-2.
[0068] The terminal connection portion 320 has a con-
figuration in which the inner end portion 361 of the exter-
nal terminal 323 and the connection terminal 412 of the
printed circuit board (PWB) 400 are connected to each
other with a gold wire 413. As illustrated in FIG. 9-1, the
inner end portions 361 of each external terminal 323 pro-
trude to the inside of the circuit room Rc from the flange
311 side and are arranged side by side with a predeter-
mined interval to match positions of the connection ter-
minals 412 of the printed circuit board (PWB) 400.
[0069] The inner end portion 361 is disposed in a po-
sition substantially coplanar with a front side of the printed
circuit board (PWB) 400 as illustrated in FIG. 9-3. In ad-
dition, its tip is bent substantially in an L-shape from the
front side to the back side of the measurement portion
331 and protrudes to the back side of the measurement
portion 331. Each inner end portion 361 has a tip con-
nected to each tie portion 365 as illustrated in FIG. 9-4(a),
and the tie portion 365 is removed and separated after
the molding as illustrated in FIG. 9-4(b).
[0070] In the molding process, each inner end portion
361 is fixed to the housing 302 through resin molding
such that the inner end portion 361 and the printed circuit
board (PWB) 400 are arranged on the same plane. Each
inner end portion 361 is fixed to the housing 302 through
a resin mold process while they are connected to each
other with the tie portion 365 in an integral state, in order
to prevent a deformation or a deviation of the arrange-
ment. In addition, after fixing to the housing 302, the tie
portion 365 is removed.
[0071] The inner end portion 361 is resin-molded while
it is nipped between the front and back sides of the meas-
urement portion 331. In this case, a die abuts on the
entire surface of the front side of the inner end portion
361, and a fixing pin abuts on the back side of the inner

end portion 361. Therefore, the front side of the inner end
portion 361 where a gold wire is welded can be perfectly
exposed without being covered by the resin mold due to
leakage of resin. Therefore, it is possible to easily perform
welding of the gold wire. Note that a pin hole 340 having
a trace formed by pressing the inner end portion 361 with
the fixing pin is formed in the measurement portion 331.
[0072] The tip of the inner end portion 361 protrudes
to the recess 341 formed in the back side of the meas-
urement portion 331. The recess 341 is covered by the
back side cover 304, and the periphery of the recess 341
is bonded to the back side cover 304 in a continuous
manner through laser welding and the like to form a her-
metically sealed internal space. Therefore, it is possible
to prevent the inner end portion 361 from being corroded
by making contact with the measured gas 30.

4. Appearance of printed circuit board (PWB) 400

4.1 Formation of front surface of main air flow 430 pro-
vided with detection area of air flow 602

[0073] FIGS. 7-1 to 7-6 illustrate appearance of the
printed circuit board (PWB) 400. Note that the hatched
portion inserted into appearance of the printed circuit
board (PWB) 400 indicates the fixing surfaces 432 and
434 where the printed circuit board (PWB) 400 is covered
and fixed by resin when the housing 302 is molded
through a resin mold process.
[0074] FIG. 7-1 is a front view illustrating the printed
circuit board, and FIG. 7-2 is a right side view illustrating
the printed circuit board. FIG. 7-3 is a rear view illustrating
the printed circuit board, and FIG. 7-4 is a left side view
illustrating the printed circuit board. FIG. 7-5 is a cross-
sectional view taken along a line B-B of FIG. 7-1 to show
a cross section of the LSI portion, and FIG. 7-6 is a cross-
sectional view taken along a line C-C of the detection
portion of FIG. 7-1.
[0075] The printed circuit board (PWB) 400 has a board
body 401. A circuit portion and a detection area of air
flow 602 as a sensing element are provided on a front
side of the board body 401, and a pressure sensor 421
and a humidity sensor 422 as a sensing element are pro-
vided on the back side of the board body 401. The board
body 401 is formed of a glass epoxy resin material and
has a thermal expansion coefficient equal to or close to
that of thermoplastic resin used to mold the housing 302.
Therefore, it is possible to reduce a stress caused by a
difference of the thermal expansion coefficient when the
board body is insert-molded to the housing 302 and re-
duce a distortion of the printed circuit board (PWB) 400.
[0076] The board body 401 has a substantially T-shape
as seen in a plan view, including a substantially quadri-
lateral base portion 402 having a flat shape having a con-
stant thickness and a substantially quadrilateral exposed
portion of PWB 403 protruding from one side of the base
portion 402 and smaller than the base portion 402. The
circuit portion is provided in the front side of the base
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portion 402. The circuit portion is formed by mounting
electronic components such as an LSI 414, a microproc-
essor 415, a power regulator 416, a chip part 417 such
as a resistor and a capacitor, and the like after circuit
wiring (not shown) . The power regulator 416 generates
a larger amount of heat, compared to other electronic
components such as the microprocessor 415 or the LSI
414 and is thus arranged in a relatively upstream side in
the circuit room Rc. The LSI 414 is entirely encapsulated
with a synthetic resin material 419 to cover the gold wire
411. Therefore, handleability of the printed circuit board
(PWB) 400 at the time of insert molding is improved.
[0077] As illustrated in FIG. 7-5, a recess 402a where
the LSI 414 is fitted is recessed on the front side of the
board body 401. This recess 402a may be formed by
applying laser machining to the board body 401. The
board body 401 formed of a glass epoxy resin material
can be easily fabricated compared to the board body
formed of a ceramic material. Therefore, it is possible to
easily provide the recess 402. The recess 402 has a
depth set such that the front side of the LSI 414 becomes
coplanar with the front side of the board body 401. In this
manner, by matching the height of the front side between
the LSI 414 and the board body 401, wire bonding for
linking the LSI 414 and the board body 401 with the gold
wire 411 becomes easy. Therefore, it is possible to facil-
itate manufacturing of the printed circuit board (PWB)
400. For example, the LSI 414 may be directly provided
on the front side of the board body 401 as illustrated in
FIG. 7-6. In the case of such a structure, the synthetic
resin material 419 with which the LSI 414 is coated pro-
trudes higher. However, fabrication for forming the re-
cess 402 in the board body 401 becomes unnecessary.
Therefore, it is possible to simplify manufacturing.
[0078] The exposed portion of PWB 403 is arranged
in the first bypass passage 305 when the printed circuit
board (PWB) 400 is insert-molded to the housing 302.
Therefore, the front surface of main air flow 430 as a front
side of the exposed portion of PWB 403 extends along
the flow direction of the measured gas 30. The detection
area of air flow 602 is provided in the front surface of
main air flow 430 of the exposed portion of PWB 403.
The detection area of air flow 602 performs heat transfer
with the measured gas 30 and outputs a state of the
measured gas 30 such as an electrical signal obtained
by measuring a flow velocity of the measured gas 30 to
represent a flow rate of the main passage 124. In order
to measure the state of the measured gas 30 with high
accuracy using the detection area of air flow 602, it is
desirable that a gas flowing in the vicinity of the front
surface of main air flow 430 is a laminar flow and less
disturbed. For this reason, it is desirable that the front
side of the detection area of air flow 602 and the front
surface of main air flow 430 are coplanar, a height differ-
ence is equal to or smaller than a predetermined value.
[0079] A recess 403a is recessed on the front surface
of main air flow 430, and the detection area of air flow
602 is fitted to the recess 403a. This recess 403a may

be also formed through laser machining. The recess
403a has a depth set such that the front side of the de-
tection area of air flow 602 and the front surface of main
air flow 430 are coplanar with each other. The detection
area of air flow 602 and its wiring portion are coated with
a synthetic resin material 418. Therefore, it is possible
to prevent electrolytic corrosion caused by adhesion of
salt water.
[0080] Two pressure sensors 421A and 421B and one
humidity sensor 422 are provided on the back side of the
board body 401. The two pressure sensors 421A and
421B are arranged in a line while being separated into
the upstream and downstream sides. In addition, the hu-
midity sensor 422 is arranged in the downstream side of
the pressure sensor 421B. The two pressure sensors
421A and 421B and one humidity sensor 422 are ar-
ranged inside the sensor room Rs. In the example of FIG.
7-3, a case where two pressure sensors 421A and 421B
and one humidity sensor 422 are provided has been de-
scribed. However, as illustrated in FIG. 8-2(a), only the
pressure sensor 421B and the humidity sensor 422 may
also be provided. Alternatively, as illustrated in FIG.
8-3(a), only the humidity sensor 422 may also be provid-
ed.
[0081] In the printed circuit board (PWB) 400, the sec-
ond bypass passage 306 is provided in the back side of
the board body 401. Therefore, the board body 401 can
be entirely cooled using the measured gas 30 passing
through the second bypass passage 306.

4.2 Structure of detection area of temperature 451

[0082] A detection area of temperature 451 is provided
at an edge of the upstream side of the base portion 402
and in a corner portion of the exposed portion of PWB
403 side. The detection area of temperature 451 forms
one of detection portions for detecting a physical quantity
of the measured gas 30 flowing through the main pas-
sage 124 and is provided in the printed circuit board
(PWB) 400. The printed circuit board (PWB) 400 has an
exposed portion of PWB 450 protruding upstream of the
measured gas 30 from the inlet of second bypass pas-
sage 306a of the second bypass passage 306. The de-
tection area of temperature 451 has a chip type temper-
ature sensor 453 provided on the back side of the printed
circuit board (PWB) 400 in the exposed portion of PWB
450. The temperature sensor 453 and its wiring portion
are coated with a synthetic resin material, so that it is
possible to prevent electrolytic corrosion caused by ad-
hesion of salt water.
[0083] For example, as illustrated in FIG. 3-2, in the
center of the measurement portion 331 where the inlet
of second bypass passage 306a is provided, the outer
wall at upstream 336 of the measurement portion 331
included in the housing 302 is recessed toward the down-
stream side, and the exposed portion of PWB 450 of the
printed circuit board (PWB) 400 protrudes from the outer
wall at upstream 336 having a dent shape to the upstream
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side. A tip of the exposed portion of PWB 450 is disposed
in a position more recessed than the most upstream side
surface of the outer wall at upstream 336. The detection
area of temperature 451 is provided in the exposed por-
tion of PWB 450 to face the back side of the printed circuit
board (PWB) 400, that is, the second bypass passage
306 side.
[0084] Since the inlet of second bypass passage 306a
is provided in the downstream side of the detection area
of temperature 451, the measured gas 30 flowing from
the inlet of second bypass passage 306a to the second
bypass passage 306 makes contact with the detection
area of temperature 451 and then flows to the inlet of
second bypass passage 30 6a. The temperature is de-
tected when the measured gas 30 makes contact with
the detection area of temperature 451. The measured
gas 30 making contact with the detection area of tem-
perature 451 directly flows from the inlet of second by-
pass passage 306a to the second bypass passage 306,
passes through the second bypass passage 306, and is
then discharged from the outlet of second bypass pas-
sage 306b to the main passage 123.

4.3 Configuration of third passage

[0085] FIGS. 11-1, 11-2, and 11-3 illustrate a configu-
ration example of the physical quantity measurement de-
vice having a drainage hole 720. The groove of bypass
passage at back side 334 of FIG. 11-1 includes a first
passage 701 straightly extending from the inlet groove
to which the measured gas 30 flows from the main pas-
sage 124 to the discharge port 305c of the outer wall at
downstream 338, a second passage 702 extending from
the first bifurcation area 801 to the detection area of air
flow 602, and a third passage 703 that passes via the
second bifurcation area 802 in the upstream side of the
second passage 702. In addition, the groove of bypass
passage at back side 334 forms the bypass passage 305
in cooperation with the cover 304. The hollow portion
includes a total of four surfaces of a wall surface of cover
713, a side-wall surface 712 of the groove of bypass pas-
sage at back side 334 facing the wall surface of cover
713, an inner circumferential wall 710 consisting of only
the groove of bypass passage at back side 334, and an
outer circumferential wall 711. The inner circumferential
wall 710 extends from the first passage 701 to the second
passage 702 via the third passage 703. Meanwhile, the
outer circumferential wall 711 straightly extends to the
discharge port 305c.
[0086] Referring to the enlarged view illustrating the
first bifurcation area 801 and the second bifurcation area
802 and the flow velocity profile of FIG. 11-3, the flow
velocity decreases in the vicinity of the inner circumfer-
ential wall 710 of the second passage 702. In the first
bifurcation area 801 having a uniform angle from the first
passage, a separated flow is generated, and an end por-
tion of the inner circumferential wall 710 extending from
the first passage 701 to the third passage 703 serves as

a starting point of the separated flow. For this reason, a
low velocity portion 900 is formed at the inner circumfer-
ential portion of the separated flow. An inlet portion of
the third passage 703 is arranged in a low velocity portion
of the separated flow generated in the bifurcation areas
of the first passage 701 and the second passage 702.
Therefore, the air amount flowing to the third passage
703 is small, and most of the air flows to the second
bypass passage 702. As a result, it is possible to sup-
press degradation of measurement accuracy of the de-
tection area of air flow 602 caused by reduction of the
flow velocity.
[0087] The discharge port 305c extending straightly
from the inlet groove can used to discharge a water drop-
let or a foreign object contained in the measured gas
using inertia of the measured gas 30 if the flow velocity
is relatively fast. However, if the flow velocity decreases,
the inertial force becomes weak, and its effect is reduced.
In particular, a water droplet is easily attached to a wall
surface to form a liquid film due to a decrease of the flow
velocity of the bypass passage 305 or in a low velocity
portion 900 of a delaminated portion generated in the
first bifurcation area 701 of the bypass passage 305. As
the liquid film grows, the height of the liquid film increases,
so that it is transmitted to the wall surface and slowly
moves in the air flow direction. In contrast, the inner cir-
cumferential wall 710 of the first passage 701 extends to
the third passage 703. Therefore, the liquid film flows
from the first passage 701 to the third passage 703 and
is suppressed from flowing to the second passage 702.
Accordingly, it is possible to suppress a decrease of the
measurement accuracy in the detection area of air flow
602.
[0088] The drainage hole 720 of FIG. 11-2 is an aper-
ture provided in the back side cover 304 and is placed in
a terminated end portion of the third passage 703 pro-
vided in the groove of bypass passage at back side 334,
so as to allow the main passage and the bypass passage
305 to communicate with each other. The outer wall sur-
face at upstream 336b of the bypass passage 305 of FIG.
11-2(b) is perpendicular to the covers 303 and 304 so
that a separated flow is generated in the air flow of the
main passage 124 as indicated in the flow velocity profile
of FIG. 11-4(a). The flow velocity profile of the delami-
nated portion has a thickness HA gradually thickening
from the starting point of delamination along the air flow
direction. As a result, a static pressure generated in the
upstream of the side surface of the drainage hole 720 is
lowered, compared to the static pressure at the terminat-
ed end portion of the third passage 703, so as to generate
a negative pressure. Therefore, this pressure difference
may generate an air flow from the terminated end portion
of the third passage 703 via the drainage hole 720. As a
result, it is possible to discharge a water droplet (liquid
film) flowing to the third passage 702 to the main passage
which is the outside. Since the flow velocity is fastest at
the starting point of delamination, the negative pressure
effect increases as close to the drainage hole 720. For
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this reason, it is desirable that at least a distance LH from
the outer wall surface at upstream 336b of the bypass
passage 305 to the drainage hole 720 is set to be equal
to or shorter than a half of the distance LB with respect
to a center line 850 of a passage width between the outer
wall surface at upstream 336b and the outer wall surface
at downstream 338b of the bypass passage 305. Accord-
ing to this embodiment, the drainage hole is placed in a
distance LH from the outer wall surface at upstream 336b
of the housing 302 and is arranged in a position where
at least the distance LH is equal to or shorter than a half
of the distance LB with respect to the distance LB corre-
sponding to the bypass passage width from the outer
wall surface at upstream 336b of the housing 302 to the
outer wall surface at downstream 338b.
[0089] A relationship between the flow rate flowing
from the drainage hole 720 of the physical quantity meas-
urement device having the aforementioned configuration
and the flow velocity of the main passage 124 is illustrated
in FIG. 11-4(b). This shows that the gas can be effectively
discharged from the drainage hole 720 under the condi-
tion that the flow velocity of the main passage is low, and
a water droplet can easily move on the wall surface by
setting the second bifurcation area 702 in the low velocity
portion 900 of the inner periphery of delamination. In ad-
dition, in the fast flow velocity portion, the flow rate to the
third passage 703 is low. Therefore, it is possible to sup-
press degradation of measurement stability caused by
an output fluctuation or the like as the flow velocity at the
detection area of air flow 602 is reduced.
[0090] FIGS. 11-5 and 11-6 illustrate another embod-
iment obtained by improving the configuration of FIGS.
11-1 and 11-2. Like reference numerals described in con-
junction with FIG. 11-1 to 11-4 are omitted. In FIG. 11-5,
the terminated end hollow portion 704 is formed such
that it is expanded from the width of the third passage
703. The physical quantity measurement device is fixed
to the intake body which is the main passage 124 with
the flange 311. However, the installation angle is not con-
stant. Therefore, the physical quantity measurement de-
vice may be fixed while the aperture of the drainage hole
720 has a direction opposite to a gravity direction. In this
case, since a water droplet has a weight, a discharge
amount of the water droplet at the flow rate from the drain-
age hole 720 illustrated in FIG. 11-4(b) is reduced. In the
worst case, a water inflow amount intruding to the third
passage is larger than a water discharge amount from
the drainage hole 720 in some cases. In this case, the
drainage hole 720 and the third passage 703 may be
clogged, and the water droplet may flow to the second
passage 702. In this regard, since the third passage has
the terminated end hollow portion 704, it is possible to
delay time until the drainage hole 720 or the third passage
703 is clogged. Therefore, it is possible to suppress a
water droplet from intruding to the detection area of air
flow 602.
[0091] In FIG. 11-6(b), a slope portion 870 is formed
on the outer wall at upstream 336b of the bypass pas-

sage. The slope portion 870 is sloped at an angle set to
change a direction of the flow of the measured gas flowing
through the main passage 124 to be far from the back
side cover 304. The slope portion 870 has an angle set
to be close to the drainage hole 720 from the outer wall
at upstream 336b of the bypass passage, and a notch is
provided in the back side cover 304 of the slope portion
870. A flow velocity profile similar to that of FIG. 11-4(a)
is illustrated in FIG. 11-7. FIG. 11-7 illustrates a flow ve-
locity profile of the cross section K-K of FIG. 11-6(a), and
it is recognized that the thickness HB of the separated
flow becomes thicker than the thickness HA of FIG. 11-4
by adding the slope portion 870. As a result, a pressure
of the upper surface of the drainage hole 720 becomes
lower than that of the embodiment of FIG. 11-4. In addi-
tion, in the cross section K-K of FIG. 11-6(b), it is possible
to reduce the length LH from the end of the slope portion
to the drainage hole 720, which is advantageous. That
is, using this configuration, it is possible to improve the
negative pressure effect and effectively discharge the
water droplet entering the third passage 703.
[0092] FIG. 11-8 illustrates an example in which a by-
pass passage groove having a shape different from that
of FIG. 11-1 is formed. The bypass passage 305 is
formed by a bypass passage groove of the housing 302
and a cover (not shown) in cooperation. Similarly to the
configuration of FIG. 11-1, the bypass passage 305 has
a first passage 701, a second passage 702, and a third
passage 703. The first passage 701 extends from the
inlet 305a to the outlet 305b while being smoothly curved
along the flow direction of the measured gas flowing
through the main passage 124. The second passage 702
has a detour shape in which it is bifurcated in the up-
stream side of the first passage 701 and is joined in the
downstream side of the first passage 701. In addition,
the detection area of air flow 602 is provided in the middle.
The outer circumferential surface 715 of the first passage
701 extends to the second passage 702 via the third pas-
sage 703. Even in this configuration, by forming the drain-
age hole 720 in the cover side surface such that the drain-
age hole 720 is disposed in the terminated end portion
of the third passage 703, it is possible to effectively dis-
charge a water droplet entering the third passage 703.

5. Circuitry of sensor device for physical quantities 300

5.1 Entirety of circuitry of sensor device for physical quan-
tities 300

[0093] FIG. 10-1 is a circuit diagram illustrating a sen-
sor device for physical quantities 300. The sensor device
for physical quantities 300 has a flow rate detection circuit
601 and a temperature and humidity detection circuit 701.
[0094] The flow rate detection circuit 601 has a detec-
tion area of air flow 602 provided with a heating element
608 and a processing unit 604. The processing unit 604
controls a heat amount generated from the heating ele-
ment 608 of the detection area of air flow 602 and outputs
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a signal representing a flow rate based on the output of
the detection area of air flow 602 to the microprocessor
415 via the terminal 662. In order to perform the afore-
mentioned process, the processing unit 604 includes a
central processing unit (CPU) 612, an input circuit 614,
an output circuit 616, a memory 618 that stores data rep-
resenting a relationship between a correction value or
measurement value and the flow rate, and a power circuit
622 that supplies a certain voltage to each of circuits
requiring the power. The power circuit 622 is supplied
with DC power from an external power source such as a
vehicle-mounted battery via a terminal 664 and a ground
terminal (not shown).
[0095] The detection area of air flow 602 is provided
with a heating element 608 for heating the measured gas
30. As a voltage V1 is supplied from the power circuit
622 to a collector of a transistor 606 of a current supply
circuit of the heating element 608, and a control signal
is applied from the CPU 612 to a base of the transistor
606 via the output circuit 616, an electric current is sup-
plied from the transistor 606 to the heating element 608
via the terminal 624 in response to this control signal.
The current amount supplied to the heating element 608
is controlled by the control signal applied from the CPU
612 to the transistor 606 included in the current supply
circuit of the heating element 608 via the output circuit
616. The processing unit 604 controls the heat amount
generated from the heating element 608 such that the
temperature of the measured gas 30 increases by a pre-
determined temperature, for example, 100°C from its
original temperature through heating of the heating ele-
ment 608.
[0096] The detection area of air flow 602 has a heat
radiation control bridge 640 for controlling the heat
amount generated from the heating element 608 and a
flow rate detection bridge 650 for measuring a flow rate.
One end of the heat radiation control bridge 640 is sup-
plied with a certain voltage V3 from the power circuit 622
via a terminal 626, and the other end of the heat radiation
control bridge 640 is connected to the ground terminal
630. In addition, one end of the flow rate detection bridge
650 is supplied with a certain voltage V2 from the power
circuit 622 via a terminal 625, and the other end of the
flow rate detection bridge 650 is connected to the ground
terminal 630.
[0097] The heat radiation control bridge 640 has a re-
sistor 642 which is a resistance thermometer sensor hav-
ing a resistance value that changes depending on a tem-
perature of the heated measured gas 30, and the resis-
tors 642, 644, 646, and 648 constitute a bridge circuit. A
voltage difference between a node A of the resistors 642
and 646 and a node B of the resistors 644 and 648 is
input to the input circuit 614 via the terminals 627 and
628, and the CPU 612 controls the current supplied from
the transistor 606 such that the voltage difference be-
tween the nodes A and B becomes a predetermined val-
ue, for example, zero voltages in this embodiment in or-
der to control the heat amount generated from the heating

element 608. The flow rate detection circuit 601 of FIG.
10-1 heats the measured gas 30 using the heating ele-
ment 608 such that the temperature of the measured gas
30 is higher than the original temperature of the meas-
ured gas 30 by a certain temperature, for example, 100°C
at all times. In order to perform this heating control with
high accuracy, resistance values of resistors of the heat
radiation control bridge 640 are set such that a voltage
difference between the nodes A and B becomes zero
voltages when the temperature of the measured gas 30
heated by the heating element 608 becomes higher than
the initial temperature by a certain temperature, for ex-
ample, 100°C at all times. Therefore, in the flow rate de-
tection circuit 601, the CPU 612 controls the current sup-
plied to the heating element 608 such that the voltage
difference between the nodes A and B becomes zero
voltages.
[0098] The flow rate detection bridge 650 includes four
resistance thermometer sensors, that is, resistors 652,
654, 656, and 658. The four resistance thermometer sen-
sors are arranged along the flow of the measured gas
30, and the resistors 652 and 654 are arranged in the
upstream side in the flow path of the measured gas 30
with respect to the heating element 608. In addition, the
resistors 656 and 658 are arranged in the downstream
side in the flow path of the measured gas 30 with respect
to the heating element 608. Furthermore, in order to im-
prove the measurement accuracy, the resistors 652 and
654 are arranged to have substantially the same distance
to the heating element 608, and the resistors 656 and
658 are arranged to have substantially the same distance
to the heating element 608.
[0099] A voltage difference between the node C of the
resistors 652 and 656 and the node D of the resistors
654 and 658 is input to the input circuit 614 via terminals
631 and 632. In order to improve measurement accuracy,
each resistor of the flow rate detection bridge 650 is set
such that the voltage difference between the nodes C
and D becomes zero, for example, while the flow of the
measured gas 30 has a zero state. Therefore, while the
voltage difference between the nodes C and D has, for
example, a zero voltage state, the CPU 612 outputs an
electric signal representing that the flow rate of the main
passage 124 is zero from the terminal 662 on the basis
of the measurement result representing that the flow rate
of the measured gas 30 is zero.
[0100] If the measured gas 30 flows in the arrow direc-
tion in FIG. 10-1, the resistor 652 or 654 arranged in the
upstream side is cooled by the measured gas 30, the
resistors 656 and 658 arranged in the downstream side
of the measured gas 30 are heated by the measured gas
30 heated by the heating element 608, so that tempera-
tures of the resistors 656 and 658 increase. For this rea-
son, a voltage difference is generated between the nodes
C and D of the flow rate detection bridge 650, and this
voltage difference is input to the input circuit 614 via the
terminals 631 and 632. The CPU 612 searches data rep-
resenting a relationship between the voltage difference
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and the flow rate of the main passage 124 stored in the
memory 618 on the basis of the voltage difference be-
tween the nodes C and D of the flow rate detection bridge
650 and obtains the flow rate of the main passage 124.
The electric signal representing the flow rate of the main
passage 124 obtained in this manner is output via the
terminal 662. Note that, although the terminals 664 and
662 of FIG. 10-1 are denoted by new reference numerals,
they are also included in the connection terminal 412
described above.
[0101] The memory 618 stores data representing a re-
lationship between the voltage difference between the
nodes C and D and the flow rate of the main passage
124. Furthermore, the memory 618 stores correction data
for reducing a measurement error such as a deviation
obtained on the basis of an actual measurement value
of the gas after manufacturing of the printed circuit board
(PWB) 400.
[0102] The temperature and humidity detection circuit
701 has an input circuit such as an amplifier or A/D that
receives detection signals from the temperature sensor
453 and the humidity sensor 422, an output circuit, a
memory that stores data representing a relationship be-
tween a correction value or temperature and absolute
humidity, and a power circuit 622 that supplies a constant
voltage to each circuit requiring the power. The signals
output from the flow rate detection circuit 601 and the
temperature and humidity detection circuit 701 are input
to the microprocessor 415. The microprocessor 415 has
a flow rate computation unit, a temperature computation
unit, and an absolute humidity computation unit to com-
pute physical quantities such as a flow rate, temperature,
and absolute humidity of the measured gas 30 on the
basis of the signals and output them to the ECU 200.
[0103] The sensor device for physical quantities 300
and the ECU 200 are connected to each other via a com-
munication cable, so that digital signal communication is
performed on the basis of a communication standard
such as SENT, LIN, and CAN. In this embodiment, a
signal is input to a LIN driver 420 from the microprocessor
415, and LIN communication is performed from the LIN
driver 420. Information output from the LIN driver of the
sensor device for physical quantities 300 to the ECU 200
is output in a duplicated manner using digital communi-
cation via one or two communication cables.
[0104] The absolute humidity computation unit of the
microprocessor 415 performs a process of computing
absolute humidity on the basis of the relative humidity
information output from the humidity sensor 422 and tem-
perature information and correcting the absolute humid-
ity on the basis of an error. The corrected absolute hu-
midity computed by the absolute humidity computation
unit is used in various engine driving control operations
of the control unit 62 of the ECU 18. In addition, the ECU
18 may directly use comprehensive error information in
various engine driving control operations.
[0105] Note that, although the sensor device for phys-
ical quantities 300 has the LIN driver 420 to perform LIN

communication in the aforementioned embodiments of
FIG. 11, the invention is not limited thereto. Alternatively,
the sensor device for physical quantities 300 may directly
communicate with the microprocessor 415 without using
the LIN communication as illustrated in FIG. 10-2.
[0106] While the embodiments of the present invention
have been described in details hereinbefore, the inven-
tion is not limited to such embodiments. Instead, various
design changes may be possible without departing from
the spirit and scope of the invention as appended in the
claims. For example, the aforementioned embodiments
have been described specifically in order to facilitate un-
derstanding, and they are not limited to a case where all
of the components described above are provided. A part
of the configuration of any embodiment may be substi-
tuted with a part of the other embodiment, and a part of
the configuration of the other embodiment may also be
added to a configuration of any embodiment. Further-
more, any addition, deletion, or substitution may be pos-
sible for a part of the configuration of each embodiment.

Reference Signs List

[0107]

30 measured gas
124 main passage
300 sensor device for physical quantities
302 housing
305 first bypass passage
336 outer wall at upstream
336a circuit room outer wall at upstream
336b bypass passage outer wall at upstream
338 outer wall at downstream
338a circuit room outer wall at downstream
338b bypass passage outer wall at down-

stream
400 printed circuit board (PWB)
421A, 421B pressure sensor (third detection portion)
422 humidity sensor (second detection por-

tion)
602 detection area of air flow (first detection

portion)
701 first passage
702 second passage
703 third passage
704 hollow portion at the end of a third pas-

sage
710 inner periphery of a bypass passage

groove at back side
711 outer periphery of a bypass passage

groove at back side
712 wall surface of cover
713 wall surface of a bypass passage groove

at back side
720 drainage hole
801 first bifurcation area
802 second bifurcation area
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850 center line of a bypass passage width
870 slope area of outer wall at upstream

Claims

1. A sensor device for physical quantities comprising:

at least a detection portion configured to detect
a physical quantity of a measured gas passing
through a main passage and has a detection
area of air flow;
a printed circuit board (PWB) having a circuit
portion for computing the physical quantity de-
tected by the detection portion;
a housing configured house the printed circuit
board;
a cover fixed to the housing; and
a bypass passage formed in cooperation with
the housing and the cover,
wherein the detection area of air flow is disposed
in the bypass passage,
the bypass passage has a first passage that al-
lows an inlet for receiving the measured gas and
an outlet for discharging the measured gas to
communicate with each other, a second pas-
sage bifurcated from the first passage, and a
third passage bifurcated from the second pas-
sage.

2. The sensor device for physical quantities according
to claim 1, wherein the second passage has a cur-
vature, and the detection area of air flow is disposed
in the second passage.

3.  The sensor device for physical quantities according
to claim 2, wherein the third passage is formed to
extend toward an outer wall surface at upstream of
the housing and have a terminated end portion hav-
ing a surface facing an air flow direction.

4. The sensor device for physical quantities according
to claim 3, wherein an inlet portion of the third pas-
sage is arranged upstream of the second passage
flowing to the detection area of air flow.

5. The sensor device for physical quantities according
to claim 4, wherein the cover has a drainage hole
opened to a side surface of the cover, and the drain-
age hole is provided in a position communicating with
the terminated end portion of the third passage.

6. The sensor device for physical quantities according
to claim 5, wherein the drainage hole is positioned
in a distance LH from the outer wall surface at up-
stream of the housing, the distance LH being at least
set to be equal to or smaller than a half of a distance
LB corresponding to a bypass passage width from

the outer wall surface at upstream to the outer wall
surface at downstream of the housing.

7.  The sensor device for physical quantities according
to claim 5, wherein the inlet portion of the third pas-
sage is disposed in a low velocity portion of a sepa-
rated flow generated from a bifurcation area between
the first and second passages.

8. The sensor device for physical quantities according
to claim 6 or 7, wherein a hollow portion having a
width larger than a passage width of the inlet portion
is provided between the inlet portion and the termi-
nated end portion of the third passage.

9. The sensor device for physical quantities according
to any one of claims 5 to 7, wherein the housing has
an outer wall surface in an upstream side of a main
flow of the measured gas with respect to the drainage
hole, the outer wall surface has a slope portion for
changing a direction of the flow of the measured gas,
and the slope portion is sloped at an angle set to
change a direction of the flow of the measured gas
to be apart from the side surface of the cover.
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