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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a apparatus for detecting a flow rate, and more particularly to, for example, a
flow sensor for use in an internal combustion engine or a flow sensor for use in a fuel battery system. A thermal type
flow measuring apparatus as described in the preamble portion of patent claim 1 has been known from DE 100 35 665 A1.

2. Description of the Related Art

[0002] Hitherto, as air flow sensors disposed in intake air passages of internal combustion engines of automobiles,
etc. for measuring the amounts of intake air, thermal ones have been primarily employed because of a capability of
directly detecting air mass flow rates. Recently, air flow sensors manufactured by semiconductor micromachining tech-
niques, in particular, have received attention because they have a high-speed response and are able to detect a back
flow by utilizing the high-speed response.
[0003] One example of the conventional technique regarding such a thermal type air flow sensor using a semiconductor
substrate is disclosed in, e.g., JP 6-63801 A. In the related art, an electric current is supplied to a heater resistance
arranged between an upstream-side temperature sensor and a downstream-side temperature sensor for generating
heat, and a flow rate signal is obtained depending on a difference in output signal between the upstream-side temperature
sensor and the downstream-side temperature sensor.

SUMMARY OF THE INVENTION

[0004] The related art, however, has a problem that the resistance value of a heat generating resistor itself is changed
with heating of the heat generating resistor, which is formed in a thin wall portion.
[0005] In view of the above problem, it is proposed to provide a compensating means in a control circuit so that flow
rate characteristics will not change even with changes of the resistance value, as described in the above-cited JP 6-63801
A.
[0006] However, such a proposal raises problems that the circuit structure is complicated and the sensor structure is
also complicated. Further, no considerations are paid to time-dependent changes of parts mounted on a circuit board.
[0007] Moreover, for control of the temperature of the heat generating resistance, a resistance constituting one side
of a fixed temperature difference bridge must be adjusted on the circuit board. This necessity has been one of factors
pushing up the production cost.
[0008] Furthermore, a fixed resistance used in the fixed temperature difference bridge, which is formed on the circuit
board, in fact has a slight resistance temperature coefficient, and the heating temperature of the heat generating resistor
varies when the ambient temperature is changed with a variation in the resistance temperature coefficient, thus resulting
in a variation in temperature characteristics.
[0009] Also, the fixed resistance is itself changed over time, which causes characteristic changes.
[0010] In addition, recently, a demand for protection against electromagnetic interference has enlarged and the ne-
cessity of improving durability against electromagnetic interference has increased.
[0011] The DE 100 35 665 A1 relates to a heating element type mass flow sensor having a composition in which a
heating resistor is located substantially in a straight line in the direction perpendicular to the air flow direction and at
least a pair of resistance temperature-sensing elements are separately arranged upstream and downstream of the
heating resistor, respectively. The heating resistors and the resistance temperature-sensing elements are symmetrically
arranged with respect to the air flow direction and the direction perpendicular to the air flow.
[0012] This document discloses a thermal type flow measuring apparatus comprising: a fixed temperature difference
bridge circuit for controlling current flowing through a heat generating resistor, wherein a flow rate of a fluid is detected
by using an upstream-side temperature sensor and a downstream-side temperature sensor which are arranged on the
upstream and downstream side of the heat generating resistor.
[0013] In the view of the above-mentioned problems in the related art, it is an object of the present invention to provide
a thermal type flow measuring device, which is inexpensive and has high reliability.
[0014] The above object is achieved with the features of the present invention set forth in Claims.
[0015] More specifically, by forming resistors, which constitute a fixed temperature difference control circuit, as tem-
perature sensitive resistors, the resistors can be caused to change their resistances at the same tendency if the resistance
changes should occur over time.
[0016] When resistance values of the resistors for the fixed temperature difference control change over time at the
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same rate, a resulting output error is very small and therefore reliability can be improved. As the fixed temperature
difference control circuit, a bridge circuit is preferably employed because it is of a relatively simple structure and has
superior advantages.
[0017] Also, with the fixed temperature difference control circuit formed using identical temperature sensitive resistors,
these components can be formed at a time in the same manufacturing process and the above structure is more cost
effective. In particular, a variation in resistance temperature coefficients of the temperature sensitive resistors can be
reduced and therefore a variation in temperature characteristics can be reduced correspondingly.
[0018] Since the heat generating resistor is also formed in the fixed temperature difference control circuit, the circuit
configuration is simplified, which is advantageous in reducing the apparatus size.
[0019] Since resistances for the fixed temperature difference control, including those ones which have been mounted
on a separate circuit board in the past, are all formed on one substrate, lengths of wiring for connection between the
resistances can be minimized. Hence, a wiring section is less likely to serve as an antenna and is very endurable against
electromagnetic interference.
[0020] When the thermal type flow measuring apparatus is applied to an automobile, it is mounted in an engine room.
In such a case, a region near a sensor section, which is less subjected to heat radiation from an engine and is exposed
to intake air, is more advantageous from the viewpoint of temperature environmental conditions. By forming the resist-
ances for the fixed temperature difference control on one substrate together with the heat generating resistor and
arranging the substrate to be exposed to a fluid, the present invention is advantageously implemented for the purpose
of compensation of resistance changes over time.
[0021] Further, by forming the resistances for the fixed temperature difference control in the same manufacturing
process, the resistance ratio can be always controlled constant in spite of absolute values of the resistances having a
large variation. With the resistance ratio held constant, the fixed temperature difference control circuit can be manufac-
tured without adjustments to be substantially free from a variation in the heating temperature of the heat generating
resistor.
[0022] As a result, operations, such as laser trimming, for adjusting the heating temperature of the heat generating
resistor, which have been required in the past, are no longer required, and manufacturing steps can be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a wiring pattern diagram of a thermal type flow sensor according to one embodiment of the present invention;
Fig. 2 is a circuit diagram including the thermal type flow sensor shown in Fig. 1;
Fig. 3 is a sectional view showing a thermal type flow measuring apparatus including the thermal type flow sensor
shown in Fig. 1;
Fig. 4 is a graph for explaining a variation in temperature characteristics of the thermal type flow measuring apparatus
according to the present invention;
Fig. 5 is a graph for explaining one example of resistance changes of a heat generating resistor over time;
Fig. 6 is a wiring pattern diagram of an example of a thermal type flow sensor not being part of the present invention;
Fig. 7 is a circuit diagram including the thermal type flow sensor shown in Fig. 6;
Fig. 8 is a wiring pattern diagram of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
Fig. 9 is a circuit diagram including the thermal type flow sensor shown in Fig. 8;
Fig. 10 is a wiring pattern diagram of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
Fig. 11 is a wiring pattern diagram of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
Fig. 12 is a circuit diagram including the thermal type flow sensor shown in Fig. 11;
Fig. 13 is a sectional view showing a thermal type flow measuring apparatus having the thermal type flow sensor
shown according to the present invention;
Fig. 14 is a partial enlarged view of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
Fig. 15 is a graph of a temperature distribution of a heat generating resistor for explaining an advantage of the
thermal type flow sensor according to the present invention shown in Fig. 14;
Fig. 16 is a graph of a temperature distribution of a heat generating resistor for explaining an advantage of the
thermal type flow sensor according to the present invention shown in Fig. 14;
Fig. 17 is a wiring pattern diagram of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
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Fig. 18 is a circuit diagram including the thermal type flow sensor shown in Fig. 17;
Fig. 19 is a wiring pattern diagram of the fixed temperature difference bridge circuit of a thermal type flow sensor
according to still another embodiment of the present invention;
Fig. 20 is a circuit diagram including the thermal type flow sensor;
Fig. 21 is a system diagram of an internal combustion engine to which the present invention is applied;
Fig. 22 is a circuit diagram including a thermal type flow sensor of the prior art;
Fig. 23 is a table for explaining an advantage of the thermal type flow measuring apparatus according to the present
invention; and
Fig. 24 is a table for explaining an advantage of the thermal type flow measuring apparatus according to the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Preferred embodiments of the present invention will be described below with reference to the drawings.
[0025] Fig. 1 is a diagram showing a structure and a wiring pattern of a thermal type flow sensor 26 used in a thermal
type flow measuring apparatus 1 according to one embodiment of the present invention. Fig. 2 is a circuit diagram
including the thermal type flow sensor 26 shown in Fig. 1. Fig. 3 is a sectional view showing a state in which the thermal
type flow measuring apparatus 1 is actually mounted in an intake pipe of an internal combustion engine. A description
is made of one embodiment of the present invention with reference to Figs. 1, 2 and 3.
[0026] As shown in Fig. 1, the thermal type flow sensor 26 is of a structure that a thin wall portion 7 is formed in a
substrate 2 of a semiconductor, etc., and a heat generating resistor 10, an upstream-side temperature sensor 30 and
a downstream-side temperature sensor 31 are arranged in the thin wall portion 7 to be thermally insulated from the
substrate 2. Then, temperature sensitive resistors 11, 12 and 13 are formed of the same material as that of the heat
generating resistor 10. Each of these resistors 10 to 13 has an electrode 51 made of, e.g., aluminum for electrical
connection to the outside. The substrate 2 of a semiconductor, etc. is formed of, e.g., silicon. The thin wall portion 7 is
obtained by forming a cavity in the substrate 2 from its rear side with anisotropic etching using an etchant such as
potassium hydroxide. In the thermal type flow sensor 26 thus constructed, the substrate 2 has dimensions of about 2.5
mm 3 6 mm 3 0.3 mm, and the thin wall portion 7 has dimensions of about 0.5 mm 3 1 mm and a thickness of about
0.0015 mm. The temperature sensitive resistors are each generally made of a resistor formed by doping impurities in
poly- or single-crystalline silicon, or made of platinum, gold, copper, aluminum, chromium, nickel, tungsten, Permalloy
(FeNi), titanium, etc.
[0027] As shown in Fig. 2, the heat generating resistor 10 constitutes a bridge circuit in cooperation with the temperature
sensitive resistors 11, 12 and 13. The heating temperature of the heat generating resistor 10 is decided based on
resistance values of the temperature sensitive resistors 11, 12 and 13. The heating of the heat generating resistor 10
is controlled so as to hold it substantially at a fixed temperature difference ΔT relative to the ambient temperature under
feedback control using a differential amplifier 41, a transistor 45, etc., and if the ambient temperature is the same, the
heating control is performed so as to hold the heat generating resistor 10 substantially at a fixed temperature regardless
of a flow rate. More specifically, in the case of the heat generating resistor 10 which is controlled to be held at ΔT of
150°C, for example, the heating temperature is about 170°C when the ambient temperature is 20°C, and it is about
250°C when the ambient temperature is 100°C.
[0028] The heating temperature of the heat generating resistor 10 is controlled to be held substantially the same in
spite of changes of the flow rate. Hereinafter, that type of control method is referred to simply as a fixed temperature
difference control method, and a circuit for realizing such a control method is referred to as a fixed temperature difference
bridge or a fixed temperature difference control circuit in this specification.
[0029] An output 44 of the thermal type flow measuring apparatus 1 can be obtained by a temperature sensor bridge
made up of temperature sensors 30, 31, which are formed respectively upstream and downstream of the heat generating
resistor 10, and fixed resistances 61, 62. Stated otherwise, in a state of no air flow, because the upstream-side temperature
sensor 30 and the downstream-side temperature sensor 31 are subjected to the same temperature, the output 44 is
zero when the resistance values of the upstream-side and downstream-side temperature sensors 30, 31 are equal to
each other and the resistance values of the fixed resistances 61, 62 are equal to each other.
[0030] When there occurs a flow and a fluid flow 6 is caused in a direction from the upstream to downstream side, for
example, as shown in Fig. 1, the upstream-side temperature sensor 30 is cooled while the temperature of the downstream-
side temperature sensor 31 conversely rises upon receiving heat generated by the heat generating resistor 10. This
causes a difference between the resistance values of the upstream-side and downstream-side temperature sensors 30,
31, whereby the output 44 indicative of the flow rate is produced. Likewise, when there occurs a fluid flow from the
downstream to upstream side, the output 44 is changed in a direction reversal to that in the above case. It is hence
possible to detect the flow rate of a fluid including a back flow.
[0031] The thermal type flow measuring apparatus 1 of the present invention is used, for example, to detect the flow
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rate of intake air in an internal combustion engine and to supply fuel in match with the detected air flow rate. To that
end, the thermal type flow measuring apparatus 1 is disposed between an air cleaner 102 and a throttle body 109 (see
Fig. 21) in an engine room, and includes a circuit board 4, a housing 3, etc. as shown in Fig. 3. A sub-passage 52 is
formed in a main passage 5, and the thermal type flow sensor 26 is disposed in the sub-passage 52.
[0032] At the startup of engine operation, the temperature is equal to that of open air and the temperature of intake
air is in the range of -30°C to 40°C. After the start of warming-up, however, the temperature at the surface of the main
passage 5 rises to about 125°C at maximum and the temperature of intake air rises to about 100°C at maximum because
of an effect of heat generated from the engine. For that reason, the thermal type flow measuring apparatus 1 is required
to cause no output errors over a wide temperature range of -30°C to 100°C or 125°C. In a conventional thermal type
flow measuring apparatus(corresponding to 1), a part of resistances of a fixed temperature difference bridge for controlling
a heat generating resistor (corresponding to 10) to be kept at a fixed temperature difference is formed as a fixed resistance
on a circuit board (corresponding to 4). In spite of being the fixed resistance, however, its resistance temperature
coefficient is not perfectly zero, and even the fixed resistance generally has a resistance temperature coefficient of about
0 6 50 ppm. Such a variation in the resistance temperature coefficient makes the bridge out of balance upon a change
of the ambient temperature and is one of factors causing a variation in temperature characteristics.
[0033] Also, it is assumed in cold districts that an engine is warmed up in a garage and an automobile starts traveling
after the warming-up. In this case, immediately after the start of traveling, there occurs a condition that the surface of
the main passage 5 is heated with heat generated by the engine, while intake air remains cooled. In such a transient
condition, the thermal type flow sensor 26 exposed to the intake air is at a cold temperature, while the circuit board 4 is
at an increased temperature. In the conventional case, there occurs no problem if the resistance temperature coefficients
of the fixed resistances of the fixed temperature difference bridge mounted on the circuit board (corresponding to 4) are
perfectly zero. However, if the resistance temperature coefficient has a variation of about 0 6 50 ppm as mentioned
above, the bridge balance is lost and the sensor output (corresponding to 44) is varied.
[0034] Further, because the resistance values of the heat generating resistor 10 and the resistances of the fixed
temperature difference bridge inevitably have manufacturing variations, the heating temperature of the heat generating
resistor 10 undergoes a very large variation if no adjustment is performed. In the conventional thermal type flow measuring
apparatus(corresponding to 1), therefore, the resistances of the fixed temperature difference bridge must be individually
adjusted on the circuit board (corresponding to 4) by trimming using a laser, for example, and this necessity is another
factor pushing up the cost.
[0035] Moreover, because the heating temperature of the heat generating resistor 10 is set to a level, e.g., about
100°C to 200°C higher than the ambient temperature, the actual temperature of the heat generating resistor 10 is about
200°C to 300°C at maximum when the temperature of intake air is 100°C.
[0036] During use for a long period of time, therefore, the heat generating resistor 10 gradually deteriorates and its
resistance value changes correspondingly. Also, the temperature of the circuit board 4 is raised to about 125°C sub-
stantially equal to the surface temperature of the main passage 5 because the circuit board 4 is subjected to not only a
thermal effect similarly caused by the heating temperature of the heat generating resistor 10 mentioned above, but also
a thermal effect caused by heat generating parts, such as a transistor, mounted on the surface of the circuit board 4.
When the fixed resistances of the fixed temperature difference bridge are formed by printing, for example, as in the
related art, the fixed resistances also gradually deteriorate and their resistance values change correspondingly. This
leads to a problem that flow rate characteristics are changed with resistance changes.
[0037] In addition, although metallic materials, such as aluminum, were used as the main passage 5 in the past, resin
materials have been recently used in many cases for weight reduction. On the other hand, there is a tendency toward
a sharper demand for protection against electromagnetic interference, and an improvement in durability against elec-
tromagnetic interference is required.
[0038] A description is now made of superior points resulting from forming the resistances of the fixed temperature
difference bridge as the temperature sensitive resistors on the same substrate as in the present invention.
[0039] First, the fact that the thermal type flow measuring apparatus according to the present invention, in which the
fixed temperature difference bridge is entirely made up of the temperature sensitive resistors, properly operates is
described below in comparison with the conventional one.
[0040] In the circuit diagram of Fig. 2, the fixed temperature difference bridge is constituted as a section made up of
the heat generating resistor 10 and the temperature sensitive resistors 11, 12 and 13. Though not shown, a modification,
in which the temperature sensitive resistors 12, 13 of the fixed temperature difference bridge are formed as fixed resistors,
corresponds to the conventional fixed temperature difference bridge.
[0041] Assuming that, in the fixed temperature difference bridge shown in Fig. 2, the resistance value of the heat
generating resistor 10 at 0°C is Rh0, the resistance value of the temperature sensitive resistor 11 at 0°C is Ra0, the
resistance value of the temperature sensitive resistor 12 at 0°C is Rb0, the resistance value of the temperature sensitive
resistor 13 at 0°C is Rc0, and all the resistance temperature coefficients (°C-1) of these resistors have the same value
α, respective resistance values of these resistors at an arbitrary temperature T°C can be expressed by the following
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formulae (1), (2), (3) and (4); 

wherein Rh, Ra, Rb and Rc are respective resistance values of the resistors at an arbitrary temperature T°C.
[0042] Also, since Rh (i.e., the heat generating resistor 10) is controlled to be held at a level fixed temperature ΔT°C
higher than that of Ra, Rb and Rc (i.e., the temperature sensitive resistors 11, 12 and 13), the formula (1) can be rewritten
to the following formula (5); 

wherein Rht is a resistance value of the heat generating resistor 10 resulting when the fixed temperature difference
bridge is actually operated.
[0043] On the other hand, the equilibrium condition of the fixed temperature difference bridge can be expressed by
the following formula (6): 

[0044] By putting the formulae (2), (3), (4) and (5) in the formula (6), the following formula (7) is obtained; 

[0045] Assuming here the condition that Rb and Rc are at the same temperature, the formula (7) can be rewritten to
the following formula (8): 

[0046] This formula (8) is exactly the same as the equilibrium condition in the case in which Rb and Rc are given by
the fixed resistances, and implies that the fixed temperature difference control can be performed.
[0047] In other words, the inventors have paid attention to the fact that, by forming the fixed temperature difference
bridge so as to provide Rb and Rc to be held at the same temperature, all the resistances of the fixed temperature
difference bridge can be formed as the temperature sensitive resistors.
[0048] According to the present invention, therefore, the fixed temperature difference bridge is of a structure in which
the substrate 2 is made of, e.g., silicon having good thermal conductivity and the temperature sensitive resistors 12, 13
(Rb, Rc) are formed on such a substrate, or in which the temperature sensitive resistors 12, 13 (Rb, Rc) are arranged
close to each other as shown in Fig. 1, in order that the temperature sensitive resistors 12, 13 (Rb, Rc) are held at the
same temperature.
[0049] Alternatively, as seen from the formula (6), the above discussion is also likewise established when the ambient
temperature is detected using Rb instead of Ra and the temperature sensitive resistors 11, 13 (Ra, Rc) are held at the
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same temperature.
[0050] By forming the fixed temperature difference bridge of the same material in the same manufacturing process,
the following advantages are obtained.
[0051] A variation in absolute ones of the resistance values is, though depending on process conditions, about 6 30%.
However, when the resistors are formed by patterning in the same manufacturing process, there occurs no appreciable
variation in a resistance ratio Rh/Rb of Rh to Rb and a resistance ratio Ra/Rc of Ra to Rc. Further, because all the
resistances are formed on the same substrate, there also occurs no appreciable variation in their resistance temperature
coefficients.
[0052] When the resistors are actually formed by patterning with the semiconductor process and the resistance ratio
of the resistors is actually measured, the values of Rh/Rb and Ra/Rc are each not larger than 6 0.07%. Also, it has
been confirmed that a variation in absolute values of the resistance temperature coefficients is about 6 1% among lots,
whereas the variation can be made substantially zero for the same substrate 2 within the same lot.
[0053] Consequently, as shown in Table 1 (Fig. 23), the application of the present invention ensures that a variation
in the heating temperature of the heat generating resistor 10 can be held at about 6 1°C without adjustments. This
variation implies a great improvement as compared with the prior art in which a variation in the heating temperature is
6 14°C, and represents a level that can be satisfactorily employed without adjustments.
[0054] With the application of the present invention, therefore, it is possible to omit a step of adjusting the heating
temperature of the heat generating resistor 10, and hence to cut down the production cost. Further, since the fixed
resistances of the fixed temperature difference bridge are not formed on the circuit board 4, the size of the circuit board
4 can be reduced.
[0055] Moreover, the structure resulting from the application of the present invention, in which all the temperature
sensitive resistors are formed on the substrate 2 and are exposed to intake air, is advantageous from the thermal point
of view because, as described above, the temperature of the surface of the main passage 5 and the circuit board 4 rises
to about 125°C at maximum, the temperature of intake air rises to a level as high as about 100°C. As a result, changes
of Rb and Rc over time can be reduced.
[0056] In addition, even when Rb and Rc are changed over time, Rb and Rc exhibit similar changes because they
undergo heat history under the same environmental conditions. Thus, the balance of the fixed temperature difference
bridge is not changed, whereby the heating temperature difference ΔT of the heat generating resistor 10 can be prevented
from changing. As a result, it is possible to prevent changes in the output 44 and to improve reliability.
[0057] Furthermore, with the application of the present invention, a variation in temperature characteristics is also
reduced as seen from Table 1 (Fig. 23) and Table 2 (Fig. 24). As shown in Fig. 24, a variation in the resistance temperature
coefficients of the temperature sensitive resistors is, e.g., 2000 6 20 ppm/°C. Also, a variation in the resistance temper-
ature coefficients within the same substrate 2 is substantially zero, i.e., about 6 2 ppm/°C. With the application of the
present invention, the heating temperature of the heat generating resistor 10 is about 170°C 6 2°C when the ambient
temperature is 20°C, and it is about 247°C 6 2°C when the ambient temperature is changed to 80°C. It is thus confirmed
that a variation in the heating temperature of the heat generating resistor 10 is very small even with changes of the
ambient temperature.
[0058] On the other hand, in the case of the prior art, the resistance temperature coefficients of the fixed resistances
(corresponding to Rb and Rc) formed on the circuit board (corresponding to 4) by, e.g., printing are each basically 0
ppm/°C, but have a large variation of about 6 50 ppm/°C. More specifically, in the case of the prior art, when the ambient
temperature is 20°C, the heating temperature of the heat generating resistor 10 is about 170°C 6 3°C and a variation
in the heating temperature can be held relatively small. However, when the ambient temperature is changed to 80°C,
the heating temperature of the heat generating resistor 10 is about 247°C 6 8°C and a variation in the heating temperature
is increased. This increased variation increases a variation in temperature characteristics.
[0059] Fig. 4 shows a comparison of a variation in temperature characteristics between the present invention and the
prior art resulting when the ambient temperature is changed from 20°C to 80°C. A region denoted by (a) in Fig. 4
represents a variation in temperature characteristics in the present invention, and a region denoted by (b) represents a
variation in temperature characteristics in the prior art. As seen from Fig. 4, with the application of the present invention,
a variation in temperature characteristics can be greatly reduced.
[0060] Further, with the structure of the present invention in which the fixed temperature difference bridge is entirely
formed on the same substrate 2, a variation in the resistance temperature coefficients of Rb, Rc can be made very small
and a temperature difference can be made less likely to occur between Rb and Rc (temperature sensitive resistors 11
and 12) by, for example, arranging them close to each other. Accordingly, a fluctuation of the output 44 can be prevented
even in environmental conditions in which there occurs a temperature difference between the intake air and the substrate.
[0061] Moreover, since the fixed temperature difference bridge is entirely formed on the same substrate 2, lead lines
for connection between the temperature sensitive resistors can be made very short, which is advantageous for protection
against electromagnetic interference. This is because, in the prior-art structure in which the resistances of the fixed
temperature difference bridge are formed on both the substrate (corresponding to 2) and the circuit board (corresponding
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to 4), long lead lines are required and serve as antennas receiving radio waves, whereas such a drawback is eliminated
in the present invention.
[0062] As alternative means for obtaining similar advantages to those described above, it is conceivable, for example,
to form Rh, Ra (i.e., the heat generating resistor 10 and the temperature sensitive resistor 11) on one substrate 2, to
form Rb, Rc (i.e., the temperature sensitive resistors 12, 13) on another substrate 2, and to combine the two substrates
with each other. This modification increases the number of steps required, but can provide substantially the same
advantages as those described above, i.e., an omission of the step of adjusting the heating temperature and a smaller
variation in temperature characteristics. Another advantage is from the thermal point of view in that Rb, Rc (i.e., the
temperature sensitive resistors 12, 13) can be positioned away from heat generating resistor 10.
[0063] When aiming at an improvement of reliability as a main object, a satisfactory effect can be obtained just by
forming all the resistances of the fixed temperature difference bridge as the temperature sensitive resistors of the same
material. The reason resides in that, by using the same material, the temperature sensitive resistors change over time
at a relatively matched tendency, and therefore the balance of the fixed temperature difference bridge is not changed.
[0064] The upstream-side temperature sensor 30 and the downstream-side temperature sensor 31 can be formed of
any suitable one of various materials. As one example, those sensors may be formed of the same materials as that of
the heat generating resistor 10 and the temperature sensitive resistors 11, 12 and 13. Using the same material is
advantageous in simplifying the manufacturing process because all the resistors can be formed with only one sequence
of resistance forming processes.
[0065] Another example not being part of the present invention will be described below with reference to Figs. 6 and 7.
[0066] Fig. 6 is a diagram showing a structure and a wiring pattern of an example of a thermal type flow sensor 26
not being part of the present invention, and Fig. 7 is a circuit diagram including the thermal type flow sensor 26 shown
in Fig. 6. A method of manufacturing the thermal type flow sensor 26 is similar to that described above with reference
to Fig. 1, and a description thereof is omitted here.
[0067] As shown in Fig. 6, a thin wall portion 7 is formed nearly in a central area of a substrate 2, and a temperature
sensitive resistor 24 and a heat generating resistor 10 are arranged in the thin wall portion 7 close to each other.
Upstream-side temperature sensors 30, 33 and downstream-side temperature sensors 31, 32 are formed respectively
upstream and downstream of the heat generating resistor 10. The heat generating resistor 10 and four temperature
sensitive resistors 22, 23, 24 and 25 are formed in the same manufacturing process using the same material. As a matter
of course, it is more preferable for simplification of the manufacturing process that the upstream-side and downstream-
side temperature sensors 30, 33, 31 and 32 be also formed in the same manufacturing process.
[0068] As shown in Fig. 7, the temperature sensitive resistor 24 is connected to the other temperature sensitive resistors
22, 23 and 25, all of which are formed on the same substrate 2, thereby forming a bridge. When the heat generating
resistor 10 is cooled by a fluid flow, the temperature sensitive resistor 24 arranged close to the heat generating resistor
10 is also cooled, whereupon the bridge balance is changed. The heat generating resistor 10 is controlled to be sub-
stantially at a fixed temperature difference by controlling the change of the bridge balance in a feedback manner using
a differential amplifier 41, a transistor 45, etc.
[0069] The present invention can also be applied to a fixed temperature difference control scheme employing the heat
generating resistor 10 and the four temperature sensitive resistors 22, 23, 24 and 25, which are arranged as described
above, and that type of the fixed temperature difference control scheme is also involved within the concept of the fixed
temperature difference control circuit according to the present invention. Though not explained in detail, the concept of
the present invention is further applicable to conventionally known other types of fixed temperature difference control
circuits. In any case, at least four or more temperature sensitive resistors are required for the fixed temperature difference
control.
[0070] Note that the advantages of this embodiment are the same as those described above, and hence a description
thereof is omitted here.
[0071] Still another embodiment of the present invention will be described below with reference to Figs. 8 and 9.
[0072] Fig. 8 is a diagram showing a structure and a wiring pattern of a thermal type flow sensor 26 according to this
embodiment, and Fig. 9 is a circuit diagram including the thermal type flow sensor 26 shown in Fig. 8. A method of
manufacturing the thermal type flow sensor 26 is similar to that described above with reference to Fig. 1, and a description
thereof is omitted here.
[0073] As shown in Fig. 8, a thin wall portion 7 is formed in a substrate 2, and two heat generating resistors 14, 18
are arranged in the thin wall portion 7 close to each other respectively on the upstream and downstream sides with
respect to a fluid flow. Then, three temperature sensitive resistors 15, 16 and 17 are connected to the upstream-side
heat generating resistor 14, and three temperature sensitive resistors 19, 20 and 21 are connected to the downstream-
side heat generating resistor 18. These resistors are all formed as temperature sensitive resistors in the same manu-
facturing process using the same material. The heat generating resistors 14, 18 are operated while constituting respective
fixed temperature difference bridges independent from each other as shown in Fig. 9. When there occurs a fluid flow 6,
heat generated by the upstream-side heat generating resistor 14 is received by the downstream-side heat generating
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resistor 18 and therefore the amount of heat radiated from the downstream-side heat generating resistor 18 is reduced.
When there occurs a fluid flow in a reversed direction, the amount of heat radiated from the upstream-side heat generating
resistor 14 is reduced. By utilizing such a phenomenon, an output 47 representing the direction of the fluid flow and an
output 44 representing the flow rate can be obtained.
[0074] The present invention is particularly effective when applied to a thermal type flow measuring apparatus 1 having
the above-described structure.
[0075] More specifically, an error occurs unless a heating temperature difference ΔT between the two heat generating
resistors 14 and 18 behaves essentially in the same way when the ambient temperature is changed or when the flow
rate is changed. By forming all the resistances of the two fixed temperature difference bridges as the temperature
sensitive resistors identical to each other as in the present invention, the heating temperature difference ΔT can be
caused to always behave essentially in the same way because the resistance ratios and the resistance temperature
coefficients of the two fixed temperature difference bridges are held substantially equal to each other. Also, by, as shown
in Fig. 8, arranging the temperature sensitive resistors 15, 19 of the two fixed temperature difference bridges close to
each other to have the same temperature as far as possible and likewise arranging the temperature sensitive resistors
16, 17, 20 and 21 close to each other to have the same temperature as far as possible, the heating temperature difference
ΔT between the two temperature sensitive resistors 14 and 18 is caused to behave more exactly in the same manner.
Consequently, the measurement can be performed with higher accuracy. Other advantages of this embodiment are the
same as those described above, and hence a description thereof is omitted here.
[0076] Still another embodiment of the present invention will be described below with reference to Fig. 10.
[0077] Fig. 10 is a diagram showing a structure and a wiring pattern of a thermal type flow sensor 26 according to this
embodiment. A ceramic substrate made of alumina and having a thickness of about 0.1 mm is used as a substrate 2.
On one surface of the substrate 2, after forming a thin film of platinum, for example, by sputtering, a heat generating
resistor 10 and temperature sensitive resistors 11, 12 and 13 are formed on the thin film by patterning.
[0078] The heat generating resistor 10 and the temperature sensitive resistors 11, 12 and 13 are connected so as to
form a fixed temperature difference bridge. Then, as shown in Fig. 10, a slit 54 is formed between the heat generating
resistor 10 and the temperature sensitive resistors 11, 12 and 13 to prevent thermal conduction from the heat generating
resistor 10 to the temperature sensitive resistors 11, 12 and 13. The present invention can also be applied to the thermal
type flow sensor 26 thus constructed. Note that advantages of this embodiment are the same as those described above,
and hence a description thereof is omitted here.
[0079] Still another embodiment of the present invention will be described below with reference to Fig. 11.
[0080] As shown in Fig. 11, a thin wall portion 7 is formed in a substrate 2, and the thin wall portion 7 is thermally
insulated from the substrate 2. A heat generating resistor 10 is formed in the thin wall portion 7, and temperature sensitive
resistors 11, 12, 13, 13a and 13b are formed and electrically connected to the heat generating resistor 10. Resistance
values of the temperature sensitive resistors 13a, 13b are each set not more than 10% of that of the temperature sensitive
resistor 13. On an assumption that the resistance value of the heat generating resistor 10 under operation is Rht, the
resistance value of the temperature sensitive resistor 11 under operation is Ra, the resistance value of the temperature
sensitive resistor 12 under operation is Rb, the resistance value of the temperature sensitive resistor 13 under operation
is Rc, the resistance value of the temperature sensitive resistor 13a under operation is Rca, the resistance value of the
temperature sensitive resistor 13b under operation is Rcb, and all the resistance temperature coefficients of these
resistors have the same value α, formation of a bridge expressed by the following formula (9), for example, can be
assumed: 

[0081] The heating temperature of the heat generating resistor 10 inevitably has a variation of about 6 1°C to 6 2°C
as shown in Figs. 23 and 24, and such a variation cannot be perfectly eliminated. In order to perform the flow measurement
with higher accuracy, it is therefore more preferable to change the bridge balance, as represented in the following
formulae (10), (11) and (12), using Rca and Rcb (temperature sensitive resistors 13a and 13b) both connected to Rc
(temperature sensitive resistor 13);
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[0082] Combinations of the resistances represented by the formulae (9), (10), (11) and (12) can be realized by modifying
connections between electrodes 51, and these modifications can be inexpensively achieved because of no need of
adjustment, such as trimming, using a laser, for example, from the viewpoint of manufacturing process. Such a change
of the bridge balance is effective particularly in absorbing a variation in the heating temperature caused by a variation
in the resistance temperature coefficients.
[0083] Since the resistance temperature coefficients do not undergo a large variation within the same lot, it is just
required to modify connections between the electrodes 51. Thus, this embodiment basically requires no adjustment.
The temperature sensitive resistors, such as represented by Rca and Rcb shown in Fig. 11, for finely adjusting the
heating temperature may be formed as serial resistances or parallel resistances. When there is a space left on the
substrate 2, higher accuracy can be achieved by increasing the number of the temperature sensitive resistors formed
on the substrate.
[0084] Additionally, as understood from the formula (9), fine adjustment of the heating temperature can be realized
regardless of the temperature sensitive resistors for fine adjustment, described above, being combined with which one
of the bridge resistances constituting the fixed temperature difference bridge.
[0085] Other embodiments of the present invention will be described below.
[0086] The temperature characteristics shown in Fig. 4 have such flow rate dependency that there occurs a minus
error at a low flow rate and a plus error at a high flow rate. When the fixed temperature difference bridge is entirely made
up of the temperature sensitive resistors, a variation in temperature characteristics can be reduced, but it is difficult to
eliminate such flow rate dependency.
[0087] To reduce the error caused by the flow rate dependency, as shown in Fig. 11, a temperature sensor 8 is formed
on the substrate 2 so that an output representing the temperature detected by the temperature sensor 8 is obtained in
addition to a flow rate output from a thermal type flow sensor 26. Then, as shown in Fig. 12, the flow rate output from
the thermal type flow sensor 26 and the temperature sensor output are inputted to a compensation circuit 46. Errors of
the temperature characteristics can be further reduced by delivering the flow rate output after compensating for the flow
rate dependency in the compensation circuit 46.
[0088] The temperature sensor 8 is particularly preferably formed of the same material as that used for the fixed
temperature difference bridge. By forming the temperature sensor 8 in the same manufacturing process using the same
material, the temperature sensor 8 is able to have the same resistance temperature coefficient as that of each component
of the fixed temperature difference bridge and the flow rate dependency can be relatively easily compensated.
[0089] Although the heat generating resistor 10 is formed in the thin wall portion 7 and is thermally insulated from the
substrate 2, a slight amount of heat is conducted to the substrate 2, and the temperature sensitive resistors, including
11, 12 and 13, also generates a slight amount of heat. Accordingly, the temperature of the substrate 2 rises if the substrate
2 has a relatively small area or has poor heat radiation. In that case, the temperature of the temperature sensor 8 also
rises, thus resulting in a possibility that there occurs an error in compensation of the flow rate dependency. Taking into
account such an error, more effective compensation can be achieved by arranging the temperature sensor 8 in a second
thin wall portion 7a to be thermally insulated from the substrate 2 as shown in Fig. 11.
[0090] As an alternative, the temperature sensor 8 may be incorporated in the compensation circuit 46 although the
error is slightly increased. In this case, the necessity of wiring for connection between the temperature sensor 8 and the
compensation circuit 46 is eliminated.
[0091] The temperature sensor 8 can also be used, as it is, to detect the temperature of intake air, which is used for
engine control. In particular, the structure wherein the temperature sensor 8 is arranged in the second thin wall portion
7a is more preferable because that structure provides a faster response.
[0092] One application example of the present invention will be described below with reference to Fig. 13.
[0093] By forming all the resistances of the fixed temperature difference bridge as the temperature sensitive resistors,
as shown in Fig. 13, not only the thermal type flow sensor 26, but also the differential amplifier 41, the transistor 45, the
compensation circuit 46, etc. can be all formed on one substrate 2 made of the same semiconductor.
[0094] Even in attempting to realize an integral structure in the prior art, another circuit board (corresponding to 4)
separate from the substrate is essential because of the presence of the fixed resistances for the fixed temperature
difference bridge and the necessity of adjustment of the heating temperature. By employing the structure of the present
invention in which all the resistances of the fixed temperature difference bridge are formed as the identical temperature
sensitive resistors, the circuit board 4 is not necessarily required in the present invention. As a result, the size and the
production cost of a flow measuring apparatus can be further cut down.
[0095] A maximum advantageous obtained with the integration of the thermal type flow sensor 26 and the circuit board
4 resides in that, when a section of the thermal type flow sensor 26 is cooled by intake air, the differential amplifier 41,
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the transistor 45, the compensation circuit 46, etc., which are formed on the same substrate 2, are also simultaneously
cooled, whereby the latter components always have the temperature as that of the thermal type flow sensor 26.
[0096] In the prior art, when a temperature difference occurs between the temperature of intake air and the circuit
board (corresponding to 4) and the temperature of the circuit board is not uniform, temperature characteristics of electronic
parts mounted on the circuit board fluctuate in a complicated way, thus resulting in an error of the sensor output (corre-
sponding to 44). Such an error can be greatly reduced with the application of the present invention. The sub-passage
52 may have a bent portion. The use of a bent-shaped sub-passage is effective in protecting the thermal type flow sensor
26, including many resistances and circuits formed therein, against dust, liquid droplets and backfire which are contained
in the fluid flow.
[0097] Still another embodiment of the present invention will be described below with reference to Figs. 14, 15, 16 and 5.
[0098] Fig. 14 is a partial enlarged view of a thermal type flow sensor 26 according to this embodiment, and Figs. 15
and 16 are each a graph showing an example of a temperature distribution measured along a section A-A in Fig. 14.
Fig. 5 is a graph showing one example of resistance changes of a heat generating resistor 10 when it is energized and
heated to about 250°C.
[0099] As shown in Fig. 14, the thermal type flow sensor 26 comprises a heat generating resistor 10 and the temperature
sensitive resistors 11, 12 and 13. Assuming here that the resistance value of the heat generating resistor 10 under
operation is Rht, the resistance value of the temperature sensitive resistor 11 under operation is Ra, the resistance value
of the temperature sensitive resistor 12 under operation is Rb, the resistance value of the temperature sensitive resistor
13 under operation is Rc, and all the resistance temperature coefficients of these resistors have the same value α, a
fixed temperature difference bridge expressed by the following formula (13), for example, can be formed: 

[0100] The resistance value of the heat generating resistor 10 always used in a heated state gradually changes as
shown in Fig. 5. In Fig. 5, (X) represents resistance changes of a polysilicon thin-film resistor over time, and (Y) represents
resistance changes of a platinum thin-film resistor over time. Thus, a tendency of resistance changes over time differs
depending on materials used for the heat generating resistor 10.
[0101] A description is first made of, with reference to Fig. 15, changes of a temperature distribution when the resistance
value gradually increases like a polysilicon thin-film resistor. Because the bridge balance represented by the formula
(13) is not changed even with an increase of the resistance value of the heat generating resistor 10, i.e., Rht, which is
resulted from deterioration over time, the heating temperature of the heat generating resistor 10 lowers in an amount
corresponding to the resistance increase of Rht.
[0102] Fig. 15 shows an actually measured example of such a lowering of the heating temperature. In Fig. 15, a curve
(a) represents the temperature distribution before the resistance change, and a curve (b) represents the temperature
distribution after the resistance change. Comparing the curves (a) and (b), it is understood that the changes of the
temperature distribution are not even and the change amount is smaller in a portion at a higher temperature.
[0103] The reason resides in that the portion at a higher temperature undergoes a more significant change over time
and exhibits a larger resistance increase, while it generates Joule heat in amount increased corresponding to the re-
sistance increase as compared with the other portion.
[0104] By positively utilizing the changes of the temperature distribution, it is possible to prevent a reduction of the
heating temperature of the heat generating resistor 10 caused by resistance changes thereof over time. More specifically,
as shown in Fig. 14, Rb (temperature sensitive resistor 12) is formed in the vicinity of an area in which the temperature
of the heat generating resistor 10 has a maximally high value, and Rc (temperature sensitive resistor 13) is formed in
the vicinity of an area in which the temperature of the heat generating resistor 10 has a relatively low value.
[0105] Although the heat generating resistor 10 is formed in the thin wall portion 7 and is thermally insulated from the
substrate 2, a slight amount of heat is still conducted to the substrate 2. With the above-mentioned pattern layout,
therefore, Rb and Rc are subjected to a slight temperature difference between them.
[0106] When the temperature distribution is changed from one represented by (a) in Fig. 15 to another represented
by (b) in Fig. 15 as a result of the time-dependent change, the temperature in the Rb area is hardly changed, while the
temperature in the Rc area slightly lowers. Accordingly, the resistance value Rc of the temperature sensitive resistor 13
is reduced and the bridge balance is changed, whereby a lowering of the heating temperature can be prevented. As an
alternative, it is also possible to more positively utilize the changes of the temperature distribution by arranging parts of
the Rc and Rb patterns in the thin wall portion 7.
[0107] As a result of preventing changes of the heating temperature of the heat generating resistor 10 in such a
manner, characteristic changes of the output 44 can also be prevented.
[0108] The concept of this embodiment is of course applicable to the thermal type flow sensors, shown in Figs. 1, 6
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and 8, according to the other embodiments of the present invention, and the same advantage is obtained.
[0109] A description is now made of, with reference to Fig. 16, changes of a temperature distribution when the resistance
value gradually decreases like a platinum thin-film resistor. When the resistance value of the heat generating resistor
10 is reduced over time, the heating temperature of the heat generating resistor 10 rises contrary to the above-described
case of using a polysilicon thin-film resistor. Fig. 16 shows an actually example of such a rise of the heating temperature.
In Fig. 16, a curve (a) represents the temperature distribution before the resistance change, and a curve (c) represents
the temperature distribution after the resistance change. Comparing the curves (a) and (c), it is understood that the
changes of the temperature distribution are not even and the change amount is smaller in a portion at a higher temperature.
The reason resides in that the portion at a higher temperature undergoes a more significant change over time and
exhibits a larger resistance decrease, while it generates Joule heat reduced in amount corresponding to the resistance
decrease as compared with the other portion.
[0110] The pattern arrangement of the temperature sensitive resistors in this case is also exactly the same as that in
the above-described case. More specifically, as shown in Fig. 14, Rb (temperature sensitive resistor 12) is formed in
the vicinity of an area in which the temperature of the heat generating resistor 10 has a maximally high value, and Rc
(temperature sensitive resistor 13) is formed in the vicinity of an area in which the temperature of the heat generating
resistor 10 has a relatively low value. When the temperature distribution is changed as a result of the time-dependent
change, the temperature in the Rb area is hardly changed, while the temperature in the Rc area slightly rises. Accordingly,
the resistance value Rc of the temperature sensitive resistor 13 is increased, whereby a rise of the heating temperature
can be prevented.
[0111] Still another embodiment of the present invention will be described below with reference to Figs. 17 and 18.
[0112] Fig. 17 is a diagram showing a structure and a wiring pattern of a thermal type flow sensor 26 according to this
embodiment, and Fig. 18 is a circuit diagram including the thermal type flow sensor 26 shown in Fig. 17.
[0113] By connecting a temperature sensitive resistor 22 to an intermediate portion of a lead line extended from a
heat generating resistor 10, as shown in Fig. 17, useless resistance between the heat generating resistor 10 and its
electrode 51 can be reduced. The smaller wiring resistance, the smaller a voltage of a power supply 42 is required to
heat the heat generating resistor 10. In particular, a 12-V battery is employed in automobiles, and a voltage of the battery
is dropped to about 6 V especially upon startup of an engine. For that reason, it is preferable that the thermal type flow
measuring apparatus 1 operates at a lower driving voltage.
[0114] Stated otherwise, in the structure of this embodiment, a led-out temperature sensitive resistor 22 is formed
midway one lead line connected to one input terminal of a differential amplifier 41. When the resistance value of the led-
out temperature sensitive resistor 22 changes depending on temperatures, the input voltage of the differential amplifier
41 is changed and then appears as changes of the heating temperature of the heat generating resistor 10.
[0115] Corresponding to that structure, in the present invention, another temperature sensitive resistor 23 having a
resistance value almost equal to that of the led-out temperature sensitive resistor 22 is formed in the same manufacturing
process midway the other lead line connected to the other input terminal of the differential amplifier 41.
[0116] Fig. 18 shows a circuit diagram including the thermal type flow sensor 26 of this embodiment. In the circuit
configuration of this embodiment, the led-out temperature sensitive resistors 22, 23 are formed in the respective lead
lines connected from the fixed temperature difference bridge to the input terminals of the differential amplifier 41. By
forming the led-out temperature sensitive resistors 22, 23 to have the same resistance value and the same resistance
temperature coefficient, however, the heating temperature is not changed. Consequently, with application of the present
invention in the form of this embodiment, the power supply voltage can be reduced without causing a variation in
temperature characteristics.
[0117] A still another embodiment of the present invention will be described below.
[0118] First, a supplementary description is made of the heating temperature of the heat generating resistor 10 with
reference to Figs. 23 (Table 1) and 24 (Table 2). As shown in Table 2, the heating temperature of the heat generating
resistor 10 is 170°C when the ambient temperature is 20°C, and the temperature difference ΔT between the heating
temperature and the ambient temperature is 150°C. Likewise, when the ambient temperature is 80°C, the temperature
difference ΔT is 167°C (= 247°C - 80°C).
[0119] In other words, the fixed temperature difference bridge has a tendency that, as the ambient temperature rises,
ΔT slightly increases. When the heat generating resistor 10 takes a higher temperature at the ambient temperature
which is relatively high, this implies that the heat generating resistor 10 has a smaller allowance for changes over time.
[0120] Some of related art is designed to be able to change ΔT of the heat generating resistor 10 as desired depending
on changes of the ambient temperature. In one known example, as shown in a circuit diagram of Fig. 22, a fixed resistance
67 is connected in series to one temperature sensitive resistor (corresponding to 11) of the fixed temperature difference
bridge.
[0121] In view of the above, still another embodiment of the present invention is intended to provide means for obtaining
a similar advantage by using the temperature sensitive resistors.
[0122] Such an embodiment of the present invention will be described below with reference to Figs. 19 and 20.
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[0123] Fig. 19 shows a structure of a thermal type flow sensor 26 comprising a heat generating resistor 10 and
temperature sensitive resistors 11, 12 and 13, which are formed in the same manufacturing process using the same
material. When a polysilicon thin-film resistor is employed as the material, the resistance temperature coefficient is about
2000 ppm/°C. Then, second temperature sensitive resistors 24, 25 are formed of, e.g., a platinum thin-film resistor having
a different resistance temperature coefficient and are electrically connected to the temperature sensitive resistor 13.
The resistance temperature coefficient of the platinum thin-film resistor is about 3000 ppm/°C.
[0124] Fig. 20 is a circuit diagram including the thermal type flow sensor 26 of this embodiment. With the above-
mentioned structure shown in Fig. 20, a portion including a combination of the temperature sensitive resistor 13 and the
second temperature sensitive resistors 24, 25 exhibits larger resistance changes with respect to changes of the ambient
temperature than the other temperature sensitive resistor 12.
[0125] By properly setting the resistance values of the second temperature sensitive resistors 24, 25, therefore, ΔT
of the heat generating resistor 10 can be reduced as desired at a higher ambient temperature.
[0126] It is also possible to form electrodes 51 and the second temperature sensitive resistors 24, 25 of the same
material. In such a case, this embodiment can be implemented with no need of a new additional step of forming the
second temperature sensitive resistors 24, 25. A platinum thin film, an aluminum thin film or the like having a relatively
high resistance temperature coefficient is suitable as the material for the electrodes 51 and the second temperature
sensitive resistors 24, 25.
[0127] As an alternative case, the heat generating resistor 10 and the temperature sensitive resistors 11, 12 and 13
may have a higher resistance temperature coefficient than that of the second temperature sensitive resistors 24, 25. In
this case, a similar advantage can be obtained by combining the second temperature sensitive resistors 24, 25 with the
temperature sensitive resistor 11 or 12.
[0128] Further, as described above with reference to Fig. 5, a semiconductor material, such as a polysilicon thin film,
and a metallic material, such as a platinum thin film, show opposite tendencies in resistance change over time. With
application of the present invention in the form of this embodiment, therefore, changes of the heating temperature of the
heat generating resistor can be reduced by utilizing the fact that the resistance value of the heat generating resistor is
increased, for example, because of deterioration over time, while the resistance values of the second temperature
sensitive resistors are reduced. As a result, this embodiment provides an advantage that a thermal type flow measuring
apparatus 1 having higher reliability can be provided.
[0129] Fig. 21 shows an embodiment in which the present invention is applied to an internal combustion engine, in
particular, a gasoline engine. In this embodiment, the flow rate of intake air 101 supplied to the engine is detected by
the thermal type flow measuring apparatus 1 according to the present invention while the intake air flows through an
intake passage, which is formed in an integral structure of an air cleaner 102, a body 105, a duct 106, a throttle angle
sensor 107, an idling air control valve 108 and a throttle body 109 with an intake manifold 110, or through a bypass. The
detected signal is taken into a control unit 111 in the form of voltage, frequency, etc. and is employed for control of a
structure and subsystem of a combustion section constituted by an injector 112, a tachometer 113, an engine cylinder
114, an exhaust manifold 115, a gas 116, and an oxygen concentration meter 117.
[0130] The present invention is also applicable to a diesel engine because it has substantially the same basic structure
as that of a gasoline engine. More specifically, the thermal type flow measuring apparatus 1 of the present invention is
disposed between an air cleaner (corresponding to 102) and an intake manifold (corresponding to 115) of the diesel
engine to detect the flow rate of intake air, and the detected signal is taken into a control unit (corresponding to 111).
[0131] Recently, to be adapted for social demands such as more strict restriction of automobile exhaust gas and
protection against air pollution, studies have been intensively made on, for example, propane gas vehicles, natural gas
vehicles, or vehicles in which a fuel cell using hydrogen and oxygen, as fuel, to generate electric power and the vehicle
is moved with a motor driven by the generated electric power.
[0132] The thermal type flow measuring apparatus of the present invention can be likewise applied to a system for
detecting the flow rate of a fluid and properly controlling the amount of supplied fuel in each of those vehicles.
[0133] According to the embodiments described above, the flow rate of a fluid can be detected with high accuracy
even in a thermally severe environment such as represented by an engine room, and a thermal type flow measuring
apparatus having high reliability can be provided a relatively inexpensive cost.

Claims

1. A thermal type flow measuring apparatus comprising:

a fixed temperature difference bridge circuit for controlling current flowing through a heat generating resistor (10),
wherein a flow rate of a fluid is detected by using an upstream-side temperature sensor (30) and a downstream-
side temperature sensor (31) which are arranged on the upstream and downstream side of the heat generating
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resistor (10),
wherein the fixed temperature difference bridge circuit consists of a first serially connected circuit in which the
heat generating resistor (10) as the first temperature sensitive resistor (10) and a second temperature sensitive
resistor (12) are connected in series and a second serially connected circuit in which a third temperature sensitive
resistor (11) and a fourth temperature sensitive resistor (13) are connected in series, and the first serially
connected circuit and the second serially connected circuit are connected in parallel by connecting one end of
the first temperature sensitive resistor (10) and one end of the third temperature sensitive resistor (11), and
connecting one end of the second temperature sensitive resistor (12) and one end of the fourth temperature
sensitive resistor (13),

characterized in that

the first, second, third and fourth temperature sensitive resistors (10-13) are formed on a semiconductor base
plate, and the first temperature sensitive resistor (10) is formed on a thin wall portion (7) formed in the semi-
conductor base plate together with the flow rate measuring temperature sensors, wherein the second (12), third
(11) and fourth (13) temperature sensitive resistors are formed outside of the thin wall portion (7),
wherein the first, second, third and forth temperature sensitive resistors (10 - 13) have the same resistance-
temperature coefficient, and
wherein the second temperature sensitive resistor (12) and the fourth temperature sensitive resistor (13) are
arranged close to each other in order that the second temperature sensitive resistor (12) and the fourth tem-
perature sensitive resistor (13) are held at the same temperature, or
wherein the third temperature sensitive resistor (11) and the fourth temperature sensitive resistor (13) are
arranged close to each other in order that the third temperature sensitive resistor (11) and the fourth temperature
sensitive resistor (13) are held at the same temperature.

2. A thermal type flow measuring apparatus according to Claim 1,
wherein current value flowing through the heat generating resistor (10) is controlled so that the product of a resistance
value of said heat generating resistor (10) and a resistance value of said fourth temperature sensitive resistor (13)
is held in balance with the product of a resistance value of said third temperature sensitive resistor (11) and a
resistance value of said second temperature sensitive resistor (12).

3. A thermal type flow measuring apparatus according to Claim 1,
wherein a feedback control circuit (41, 45) for controlling current flowing through the heat generating resistor (10)
by detecting a balance change of the bridge circuit is further formed on said substrate.

4. A thermal type flow measuring apparatus according to Claim 2,
wherein the first, second third and fourth temperature sensitive resistor (10 - 13) are formed of the same material
and by the same process.

Patentansprüche

1. Thermischer Durchflussmesser mit:

einer Brückenschaltung mit fester Temperaturdifferenz zum Steuern eines Stroms, der durch einen wärmeer-
zeugenden Widerstand (10) fließt,
wobei eine Durchflussrate eines Fluids erfasst wird durch die Verwendung eines stromauf gelegenen Tempe-
ratursensors (30) und eines stromab gelegenen Temperatursensors (31), die stromauf- und stromabseitig des
wärmeerzeugenden Widerstands (10) angeordnet sind,
wobei die Brückenschaltung mit fester Temperaturdifferenz aus einer ersten, in Reihe geschalteten Schaltung,
in der der wärmeerzeugende Widerstand (10) als der erste temperaturempfindliche Widerstand (10) und ein
zweiter temperaturempfindlicher Widerstand (12) in Reihe geschaltet sind, und einer zweiten Reihenschaltung,
in der ein dritter temperaturempfindlicher Widerstand (11) und ein vierter temperaturempfindlicher Widerstand
(13) in Reihe geschaltet sind, besteht, und die erste Reihenschaltung und die zweite Reihenschaltung parallel
geschaltet sind durch Verbinden eines Endes des ersten temperaturempfindlichen Widerstands (10) und eines
Endes des dritten temperaturempfindlichen Widerstands (11) und durch Verbinden eines Ende des zweiten
temperaturempfindlichen Widerstands (12) und eines Endes des vierten temperaturempfindlichen Widerstands
(13),
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dadurch gekennzeichnet, dass
der erste, zweite, dritte und vierte temperaturempfindliche Widerstand (10-13) auf einer Halbleiter-Grundplatte
geformt sind, und der erste temperaturempfindliche Widerstand (10) auf einem dünnwandigen Bereich (7)
geformt ist, der in der Halbleiter-Grundplatte zusammen mit den Durchflussratenmesstemperatursensoren aus-
gebildet ist, wobei der zweite (12), der dritte (11) und der vierte (13) temperaturempfindliche Widerstand au-
ßerhalb des dünnwandigen Bereichs (7) geformt sind,
der erste, zweite, dritte und vierte temperaturempfindliche Widerstand (10-13) den gleichen Widerstandstem-
peraturkoeffizienten aufweisen, und
der zweite temperaturempfindliche Widerstand (12) und der vierte temperaturempfindliche Widerstand (13)
nahe beieinander angeordnet sind, sodass der zweite temperaturempfindliche Widerstand (12) und der vierte
temperaturempfindliche Widerstand (13) auf der gleichen Temperatur gehalten werden, oder
der dritte temperaturempfindliche Widerstand (11) und der vierte temperaturempfindliche Widerstand (13) dicht
beieinander angeordnet sind, sodass der dritte temperaturempfindliche Widerstand (11) und der vierte tempe-
raturempfindliche Widerstand (13) auf der gleichen Temperatur gehalten werden.

2. Thermischer Durchflussmesser nach Anspruch 1,
wobei der Wert des Stroms, der durch den wärmeerzeugenden Widerstand (10) fließt, so gesteuert wird, dass das
Produkt aus einem Widerstandswert des wärmeerzeugenden Widerstands (10) und einem Widerstandswert des
vierten temperaturempfindlichen Widerstands (13) im Gleichgewicht gehalten wird mit dem Produkt aus einem
Widerstandswert des dritten temperaturempfindlichen Widerstands (11) und einem Widerstandswert des zweiten
temperaturempfindlichen Widerstands (12).

3. Thermischer Durchflussmesser nach Anspruch 1,
wobei eine Regelschaltung (41, 45) zum Regeln des Stroms, der durch den wärmeerzeugenden Widerstand (10)
fließt, durch Erfassen einer Gleichgewichtsänderung der Brückenschaltung auf dem Substrat ausgebildet ist.

4. Thermischer Durchflussmesser nach Anspruch 2,
wobei der erste, zweite, dritte und vierte temperaturempfindliche Widerstand (10-13) aus demselben Material und
durch dasselbe Verfahren hergestellt sind.

Revendications

1. Appareil de mesure d’écoulement de type thermique comprenant :

un circuit en pont à différence fixe de température pour commander un courant passant à travers une résistance
(10) générant de la chaleur,
dans lequel un débit d’un fluide est détecté en utilisant un capteur (30) de température de côté amont et un
capteur (31) de température de côté aval qui sont agencés sur les côtés amont et aval de la résistance (10)
générant de la chaleur,
dans lequel le circuit en pont à différence fixe de température consiste en un premier circuit connecté en série
dans lequel la résistance (10) générant de la chaleur comme la première résistance (10) sensible à la température
et une deuxième résistance (12) sensible à la température sont connectées en série et un deuxième circuit
connecté en série dans lequel une troisième résistance (11) sensible à la température et une quatrième résis-
tance (13) sensible à la température sont connectées en série, et le premier circuit connecté en série et le
deuxième circuit connecté en série sont connectés en parallèle en connectant une extrémité de la première
résistance (10) sensible à la température et une extrémité de la troisième résistance (11) sensible à la tempé-
rature, et en connectant une extrémité de la deuxième résistance (12) sensible à la température et une extrémité
de la quatrième résistance (13) sensible à la température,
caractérisé en ce que
les première, deuxième, troisième et quatrième résistances (10-13) sensibles à la température sont formées
sur une plaque de base à semi-conducteurs, et la première résistance (10) sensible à la température est formée
sur une partie (7) de paroi mince formée dans la plaque de base à semi-conducteurs ensemble avec les capteurs
de température de mesure de débit, dans lequel les deuxième (12), troisième (11) et quatrième (13) résistances
sensibles à la température sont formées à l’extérieur de la partie (7) de paroi mince,
dans lequel les première, deuxième, troisième et quatrième résistances (10-13) sensibles à la température ont
le même coefficient de température de résistance, et
dans lequel la deuxième résistance (12) sensible à la température et la quatrième résistance (13) sensible à
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la température sont agencées proches l’une de l’autre afin que la deuxième résistance (12) sensible à la
température et la quatrième résistance (13) sensible à la température soient maintenues à la même température,
ou
dans lequel la troisième résistance (11) sensible à la température et la quatrième résistance (13) sensible à la
température sont agencées proches l’une de l’autre afin que la troisième résistance (11) sensible à la température
et la quatrième résistance (13) sensible à la température soient maintenues à la même température.

2. Appareil de mesure d’écoulement de type thermique selon la revendication 1,
dans lequel une valeur de courant passant à travers la résistance (10) générant de la chaleur est commandée de
telle manière que le produit d’une valeur de résistance de ladite résistance (10) générant de la chaleur et d’une
valeur de résistance de ladite quatrième résistance (13) sensible à la température est maintenu en équilibre avec
le produit d’une valeur de résistance de ladite troisième résistance (11) sensible à la température chaleur et d’une
valeur de résistance de ladite deuxième résistance (12) sensible à la température.

3. Appareil de mesure d’écoulement de type thermique selon la revendication 1,
dans lequel un circuit de commande de rétroaction (41, 45) pour commander un courant passant à travers la
résistance (10) générant de la chaleur en détectant un changement d’équilibre du circuit en pont est en outre formé
sur ledit substrat.

4. Appareil de mesure d’écoulement de type thermique selon la revendication 2,
dans lequel les première, deuxième, troisième et quatrième résistances (10-13) sensibles à la température sont
formées du même matériau et par le même processus.
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