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(57) ABSTRACT 
An electrode layer is formed on the upper surface of a first 
Substrate, and a processing for partially removing the Sub 
strate is carried out in order to allow the substrate to have 
flexibility. To the lower surface of the first substrate, a 
second Substrate is connected. Then, by cutting the second 
Substrate, a working body and a pedestal are formed. On the 
other hand, a groove is formed on a third Substrate. An 
electrode layer is formed on the bottom surface of the 
groove. The third substrate is connected to the first substrate 
so that both the electrodes face to each other with a prede 
termined spacing therebetween. Finally, the first, second and 
third substrates are cut off every respective unit regions to 
form independent sensors, respectively. When an accelera 
tion is exerted on the working body, the first substrate bends. 
As a result, the distance between both the electrodes 
changes. Thus, an acceleration exerted is detected by 
changes in an electrostatic capacitance between both the 
electrodes. 
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FORCE DETECTOR AND ACCELERATION 
DETECTOR AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001. This invention relates to a force detector and an 
acceleration detector to which the force detector is applied, 
and more particularly to a detector suitable for detection of 
multidimensional force or acceleration components. Further, 
this invention provides a method suitable for mass produc 
ing Such detectors. 
0002. In the automobile industry or the machinery indus 

try, there has been increased demand for detectors capable of 
precisely detecting a physical quantity Such as force, accel 
eration or magnetism. Particularly, it is required to realize 
Small detectors capable of detecting physical quantities 
every respective two-dimensional or three-dimensional 
components. 

0003) To meet such a demand, there has been proposed a 
force detector in which gauge resistors are formed on a 
semiconductor Substrate such as silicon, etc. to transform a 
mechanical distortion produced in the Substrate on the basis 
of a force applied from the external to an electric signal by 
making use of the piezo resistive effect. When a weightbody 
is attached to the detecting unit of the force detector, an 
acceleration detector for detecting, as a force, an accelera 
tion applied to the weight body can be realized. Further, 
when a magnetic body is attached to the detecting unit of the 
force detector, a magnetic detector for detecting, as a force, 
a magnetism exerted on the magnetic body can be realized. 

0004 For example, in U.S. Pat. No. 4,905,523, U.S. Pat. 
No. 4,967,605, U.S. Pat. No. 4.969,366, U.S. patent appli 
cation Ser. No. 07/362,399, No. 07/470,102, and No. 
07/559,381, force detectors using gauge resistor, accelera 
tion detectors, and magnetic detectors are disclosed. Further, 
in U.S. patent application Ser. No. 07/526,837, a manufac 
turing method suitable for these detectors is disclosed. 
0005 Since there generally exists temperature depen 
dency in the gauge resistance or the piezo resistive coeffi 
cient, in the case of the above described detectors, if there 
occurs any change in the temperature of the environment 
where those detectors are used, a detected value would 
include an error. Accordingly, it is required for carrying out 
a precise measurement to conduct temperature compensa 
tion. Particularly, in the case where such detectors are used 
in the field of automotive vehicle, etc., temperature com 
pensation is required over the considerably broad operating 
temperature range of -40 to +12°C. 

0006. In addition, in order to manufacture the above 
described detectors, a high level process for processing the 
semiconductor Substrate is required, and a high cost appa 
ratus such as an ion implanter is also required. For this 
reason, there is the problem that the manufacturing cost 
becomes high. 

SUMMARY OF THE INVENTION 

0007 A first object of this invention is to provide a novel 
detector which can detect a physical quantity Such as force, 
acceleration or magnetism, etc. without carrying out tem 
perature compensation, and can be supplied at a low cost. 
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0008. A second object of this invention is to provide a 
manufacturing method suitable for mass production of Such 
a novel detector. 

1. Feature Relating to the Detector 

0009. To attain the above described first object, the 
detector according to this invention is featured as follows: 

0010 (1) The first feature resides in a force detector 
comprising: 

0011 a flexible substrate including a fixed portion fixed 
to a detector casing, a working portion to which a force from 
the external is transmitted, and a flexible portion having 
flexibility formed between the fixed portion and the working 
portion, 

0012 a fixed substrate fixed on the detector casing so as 
to face the flexible substrate, 

0013 a working body adapted to receive a force from the 
external to transmit this force to the working portion of the 
flexible substrate, 

0014 a displacement electrode formed on the surface 
facing to the fixed substrate of the flexible substrate, and 

00.15 a fixed electrode formed on the surface facing to 
the flexible substrate of the fixed substrate, 

0016 wherein any one of the displacemen electrode and 
the fixed electrode, or both the electrodes are constituted by 
a plurality of electrically independent localized electrodes to 
form a plurality of capacitance elements by electrodes 
opposite to each other to detect a force exerted on the 
working body every multidimensional respective compo 
nents on the basis of changes in the electrostatic capacitance 
values of the respective capacitance elements. 

0017. In the force detector having the above mentioned 
first feature, when a force from the external is applied to the 
working body, the flexible substrate bends, so a distance 
between the displacement electrode and the fixed electrode 
varies. Accordingly, an electrostatic capacitance between 
both electrodes varies. Because the change of the electro 
static capacitance is dependent upon a force applied from the 
external, detection of force can be made by detecting the 
change of the electrostatic capacitance. In addition, at least 
one of the displacement electrode and the fixed electrode is 
constituted by a plurality of localized electrodes. A change 
of an electrostatic capacitance of a capacitance element 
formed by a localized electrode is dependent upon a direc 
tion of a force exerted and a position of the local electrode. 
Accordingly, changes in electrostatic capacitance values of 
a plurality of capacitance elements formed by a plurality of 
localized electrodes include information relating to a direc 
tion of the force exerted. Thus, the force exerted can be 
detected every multidimensional respective components. 

0018 (2) In the force detector having the above described 
first feature, the second feature resides in a force detector, 

0019 wherein any one of the displacement electrode and 
the fixed electrode, or both the electrodes are constituted by 
four groups of localized electrodes arranged in positive and 
negative directions of a first axis and a second axis perpen 
dicular to each other on the surface where the localized 
electrodes are formed (hereinafter referred to as the elec 
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trode formation Surface), thus to form four groups of capaci 
tance elements by using the four groups of localized elec 
trodes, respectively, 
0020 a force component in the first axis direction being 
detected by a difference between electrostatic capacitance 
values of capacitance elements belonging to the two groups 
of capacitance elements on the first axis of the four groups 
of capacitance elements, 
0021 a force component in the second axis direction 
being detected by a difference between electrostatic capaci 
tance values of capacitance elements belonging to the two 
groups of capacitance elements on the second axis of the 
four groups of capacitance elements. 
0022. In the force detector having the above described 
second feature, four groups of localized electrodes are 
formed. When the electrode formation surface is defined as 
an XY plane, respective groups are formed on the both 
positive and negative sides of the X-axis and on the positive 
and negative sides of the Y-axis, respectively. When a force 
in the X-axis direction is exerted on the working body, since 
the electrostatic capacitance values with respect to the both 
groups positioned on the positive and negative sides of the 
X-axis complementarily changes, it is possible to detect a 
force in the X-axis direction by the difference between 
electrostatic capacitance values with respect to the both 
groups. Similarly, by the difference between electrostatic 
capacitance values with respect to the both groups posi 
tioned on the positive and negative sides of the Y-axis, it is 
possible to detect a force in the Y-axis direction. 
0023 (3) In the force detector having the above described 

first feature, the third feature resides in a force detector, 
0024 wherein anyone of the displacement electrode and 
the fixed electrode or both the electrodes are constituted by 
four groups of localized electrodes arranged in positive and 
negative directions with respect to a first axis and a second 
axis perpendicular to each other on the electrode formation 
Surface to form four groups of capacitance elements by 
using four groups of localized electrodes, respectively, 
0.025 a force component in the first axis direction being 
detected by a difference between electrostatic capacitance 
values of capacitance elements belonging to two groups of 
capacitance elements on the first axis of the four groups of 
capacitance elements, 
0026 a force component in the second axis direction 
being detected by a difference between electrostatic capaci 
tance values of capacitance elements belonging to two 
groups of capacitance elements on the second axis of the 
four groups of capacitance elements, 
0027 a force component in the third axis direction per 
pendicular to the first axis and the second axis being detected 
by a sum of electrostatic cspacitance values of capacitance 
elements belonging to four groups of capacitance elements. 

0028. In the force detector having the third feature, four 
groups of localized electrodes are formed. When the elec 
trode formation surface is defined as an XY-plane, respective 
groups are formed on both the positive and negative sides of 
the X-axis and on both the positive and negative sides of the 
Y-axis. When a force in the X-axis direction is exerted on the 
working body, since the electrostatic capacitance values 
with respect to both the groups positioned on the positive 
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and negative sides of the X-axis complementarily vary, it is 
possible to detect a force in the X-axis direction by the 
differences between electrostatic capacitance values with 
respect to the both groups. Similarly, it is possible to detect 
a force in the Y-axis direction by the differences between 
electrostatic capacitance values with respect to both the 
groups positioned on the positive and negative sides of the 
Y-axis. In addition, when a force in the Z-axis direction is 
exerted on the working body, since the electrostatic capaci 
tance values with respect to the four groups vary in the same 
direction, it is possible to detect a force in the Z-axis 
direction by the sum thereof. 
0029 (4) In the force detector having the above described 

first feature, the fourth feature resides in a force detector, 

0030 wherein any one of the displacement electrode and 
the fixed electrode, or both the electrodes are constituted by 
four groups of localized electrodes respectively arranged in 
positive and negative directions with respect to a first axis 
and a second axis perpendicular to each other on the 
electrode formation Surface, and a fifth group of localized 
electrodes arranged at the intersecting point of the first axis 
and the second axis to form five groups of capacitance 
elements by using five groups of localized electrodes, 
respectively, 

0031 a force component in the first axis direction being 
detected by a difference between electrostatic capacitance 
values of capacitance elements belonging to two groups of 
capacitance elements on the first axis of the five groups of 
capacitance elements, 

0032 a force component in the second axis direction 
being detected by a difference between electrostatic capaci 
tance values of capacitance elements belonging to two 
groups of capacitance elements on the second axis of the five 
groups of capacitance elements, 

0033 a force component in a third axis perpendicular to 
the first axis and the second axis being detected by electro 
static capacitance values of capacitance elements using the 
fifth group of localized electrodes of the five groups of 
capacitance elements. 

0034. In the force detector having the fourth feature, 
since an exclusive capacitance element for detecting a force 
component in the third axis direction is formed, more 
accurate detected values can be provided. 

0035 (5) In the force detector having the above described 
first feature, the fifth feature resides in that the displacement 
electrode is formed at the working portion. 

0036). In the force detector having the fifth feature, since 
the displacement electrode is efficiently subjected to dis 
placement, the sensitivity can be improved. 

0037 (6) In the force detector having the above described 
first feature, the sixth feature resides in a force detector, 

0038 wherein there is further provided an auxiliary sub 
strate so that the fixed substrate, the flexible substrate and 
the auxiliary Substrate are oppositely arranged in order 
recited, respectively, 

0039 wherein a first auxiliary electrode is formed on the 
surface facing to the auxiliary substrate of the flexible 
Substrate, 
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0040 wherein a second auxiliary electrode is formed on 
the surface facing to the flexible substrate of the auxiliary 
Substrate, and 
0041 wherein a predetermined voltage is applied across 
the first auxiliary electrode and the second auxiliary elec 
trode, or across the displacement electrode and the fixed 
electrode to allow the flexible substrate to produce displace 
ment by a coulomb force exerted therebetween, thus per 
mitting the force detector to be placed in the state equivalent 
to the state where a force is exerted thereon from the 
external. 

0042. In the force detector having the sixth feature, when 
a predetermined Voltage is applied across respective elec 
trodes, the flexible substrate is permitted to produce dis 
placement by coulomb force exerted therebetween. Namely, 
the force detector can be place in the state equivalent to the 
state where a force is exerted thereon from the external. If 
Such a state can be created, it becomes easy to test as to 
whether or not the detector normarily operates. 
0.043 (7) In the force detector having the above described 
sixth feature, the seventh feature resides in a force detector, 

0044 wherein the flexible substrate is constituted with a 
conductive material, and the first auxiliary electrode and the 
displacement electrode are formed by a portion of the 
conductive flexible substrate. 

0045. In the force detector having the seventh feature, the 
first auxiliary electrode and the displacement electrode are 
formed by a portion of the flexible substrate. Accordingly, 
the process step for newly forming the electrode is not 
particularly required. Thus, the structure becomes simple 
and the manufacturing cost can be reduced. 
0046 (8) The eighth feature resides in a force detector 
comprising: 

0047 a flexible substrate including a fixed portion fixed 
to a detector casing, a working portion to which a force is 
transmitted from the external, and a flexible portion having 
flexibility formed between the fixed portion and the working 
portion, 

0.048 a fixed substrate fixed on the detector casing so as 
to face the flexible substrate, 
0049 a working body adapted to receive a force from the 
external to transmit this force to the working portion of the 
flexible substrate, 

0050 a displacement electrode formed on the surface 
facing to the fixed substrate of the flexible substrate, 
0051 a fixed electrode formed on the surface facing to 
the flexible substrate of the fixed substrate, and 

0.052 a piezoelectric element formed in a manner that it 
is put between the displacement electrode and the fixed 
electrode to transform an applied pressure to an electric 
signal by both the electrodes to output it to both the 
electrodes, 

0053 to detect a force exerted on the working body by an 
electric signal outputted from the pizeo electric element. 
0054. In the force detector having the eighth feature, 
when a force from the external is applied to the working 
body, the flexible substrate is bent. Thus, a pressure is 
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applied to the piezo electric element put between the dis 
placement electrode and the fixed electrode. Since this 
pressure is outputted as an electric signal, an external force 
can be detected as an electric signal as it is. 

0.055 (9) In the force detector having the above described 
eighth feature, the ninth feature resides in a force detector 
wherein a plurality of displacement electrodes are formed on 
one surface of the piezoelectric element and a plurality of 
fixed electrodes are formed on the other surface, thus to 
detect a force exerted on the working body every plural 
directional components by electric signals obtained from the 
plurality of electrodes. 

0056. In the force detector having the ninth feature, it is 
possible to detect force components in plural directions by 
using a single piezo electric element. 

0057 (10) In the detectors having the above described 
first to ninth features, the tenth feature resides in a detector 
wherein the working body is constituted with a magnetic 
material to detect a force produced on the basis of a 
magnetic force exerted on the working body, thereby making 
it possible to carry out detection of magnetism. 

2. Feature Relating to the Manufacturing Method 

0058 To attain the above-described second object, the 
manufacturing method according to this invention has the 
following features. 

0059 (1) In a method of manufacturing a physical quan 
tity detector utilizing changes in an electrostatic capacitance, 
the first feature resides in a method comprising the steps of 
0060 defining a working region, a flexible region adja 
cent to the working region, and a fixed region adjacent to the 
flexible region at a first substrate, 

0061 forming a first electrode layer on a first surface of 
the first substrate, 

0062 carrying out a processing for partially removing the 
first substrate in order to allow the flexible region to have 
flexibility, 

0063 connecting a first surface of a second substrate to a 
second surface of the first substrate, 

0064 cutting the second substrate to thereby form a 
working body connected to the working region of the first 
Substrate and comprised of a portion of the second Substrate, 
and a pedestal connected to the fixed region of the first 
Substrate and comprised of a portion of the second Substrate, 
and 

0065 forming a groove on a first surface of a third 
substrate to form a second electrode layer on the bottom 
surface of the groove to connect the third substrate to the 
first substrate so that the second electrode layer faces to the 
first electrode layer with a predetermined spacing therebe 
tWeen. 

0066. In accordance with the manufacturing method hav 
ing the first feature, a weightbody or a magnetic body (these 
members are generically called a working body in this 
application) are formed by a portion of the second Substrate, 
and a pedestal for Supporting the first Substrate is formed by 
another portion thereof. Namely, by cutting the second 
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substrate, both the working body and the pedestal can be 
formed, so the physical quantity detector can be efficiently 
manufactured. 

0067 (2) In a method of manufacturing a physical quan 
tity detector utilizing changes in an electrostatic capacitance, 
the second feature resides in a method comprising the steps 
of: 

0068 defining a working region, a flexible region adja 
cent to the working region, and a fixed region adjacent to the 
flexible region at a first substrate, 
0069 forming a first electrode layer on a first surface of 
the first substrate, 
0070 carrying out a processing for partially removing the 

first substrate in order to allow the flexible region to have 
flexibility, 

0071 connecting a first surface of a second substrate to a 
second surface of the first substrate, 

0072 cutting the second substrate to thereby form a 
working body connected to the working region of the first 
Substrate and comprised of a portion of the second Substrate, 
and a pedestal connected to the fixed region of the first 
Substrate and comprised of a portion of the second Substrate, 
0.073 forming, on a first surface of a third substrate, a 
groove Such that the working body can move with a prede 
termined degree of freedom, thereafter to connect the first 
surface of the third substrate to a second surface of the 
second Substrate, and 
0074 forming a groove on a first surface of a fourth 
substrate to form a second electrode layer on the bottom 
surface of the groove to connect the fourth substrate to the 
first substrate so that the second electrode layer faces to the 
first electrode layer with a predetermined spacing therebe 
tWeen. 

0075. In accordance with the manufacturing method hav 
ing the second feature, a control member for limiting move 
ment in a lower direction of the working body can be formed 
by a different substrates 
0.076 (3) In a method of manufacturing a physical quan 

tity detector utilizing changes in an electrostatic capacitance, 
the third feature resides in a method comprising the steps of 
0.077 defining a working region, a flexible region adja 
cent to the working region, and a fixed region adjacent to the 
flexible region at a first substrate, 
0078 forming a first electrode layer on a first surface of 
the first substrate, 
0079 carrying out a processing for partially removing the 

first substrate in order to allow the flexible region to have 
flexibility, 

0080 forming, on a first surface of a second substrate, a 
groove Such that the working region can move with a 
predetermined degree of freedom, thereafter to connect the 
first surface of the second substrate to a second surface of the 
first substrate, 

0081 forming a groove on a first surface of a third 
substrate to form a second electrode layer on the bottom 
surface of the groove to connect the third substrate to the 
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first substrate so that the second electrode layer faces to the 
first electrode layer with a predetermined spacing therebe 
tWeen. 

0082. As compared to the manufacturing method having 
the previously described second feature, the manufacturing 
method having the third feature becomes more simple. 
0083 (4) In the manufacturing methods having the above 
described first to third features, the fourth feature resides in 
a method in which a plurality of unit regions are defined on 
respective Substrates to form single independent detectors 
every unit regions to finally separate them every respective 
unit regions. 

0084. In accordance with the manufacturing method hav 
ing the fourth feature, it is possible to mass produce respec 
tive detectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0085 FIG. 1 is a side cross sectional view showing the 
structure of an acceleration detector according to a basic 
embodiment of this invention. 

0.086 FIG. 2 is a bottom view of the fixed substrate in the 
detector shown in FIG. 1. 

0087 FIG. 3 is a top view of the flexible substrate in the 
detector shown in FIG. 1. 

0088 FIG. 4 is a side cross sectional view showing the 
state where a force FX in an X-axis direction is exerted on 
the detector shown in FIG. 1. 

0089 FIG. 5 is a side cross sectional view showing the 
state where a force FZ in a Z-axis direction is exerted on the 
detector shown in FIG. 1. 

0090 FIG. 6 is a Table showing the principle of the force 
detection in the detector shown in FIG. 1. 

0091 FIG. 7 is a circuit diagram showing a detection 
circuit to be applied to the detector shown in FIG. 1. 
0092 FIG. 8 is a cross sectional view showing the 
embodiment where respective substrates in the detector 
shown in FIG. 1 are constituted with metal material. 

0093 FIG. 9 is a cross sectional view showing the 
embodiment where respective substrates in the detector 
shown in FIG. 1 are constituted with insulating material. 
0094 FIG. 10 is a cross sectional view showing the 
embodiment where respective substrates in the detector 
shown in FIG. 1 are constituted with semiconductor mate 
rial. 

0.095 FIG. 11 is a top view of the flexible substrate of an 
acceleration detector according to another embodiment of 
this invention. 

0096 FIG. 12 is a circuit diagram showing a detection 
circuit to be applied to the detector shown in FIG. 11. 

0097 FIG. 13 is a side cross sectional view showing the 
structure of an acceleration detector according to a further 
embodiment of this invention. 

0.098 FIG. 14 is a top view showing the flexible substrate 
in the detector shown in FIG. 13. 
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0099 FIG. 15 is a side, cross sectional view showing the 
state where a force FX in an X-axis direrction is exerted on 
the detector shown in FIG. 13. 

0100 FIG. 16 is a side cross sectional view showing the 
state where a force FZ in an Z-axis direction is exerted on the 
detector shown in FIG. 13. 

0101 FIG. 17 is a circuit diagram showing a detection 
circuit to be applied to the detector shown in FIG. 13. 

0102 FIG. 18 is a plan view of the flexible substrate of 
the embodiment where only two dimensional detection is 
carried out. 

0103 FIG. 19 is a side cross sectional view showing the 
structure of an acceleration detector according to the 
embodiment having a test function. 

0104 FIG. 20 is a bottom view of the fixed substrate in 
the detector shown in FIG. 19. 

0105 FIG. 21 is a top view of the auxiliary substrate in 
the detector shown in FIG. 19. 

0106 FIG. 22 is a side cross sectional view showing the 
state where the acceleration detector of the structure shown 
in FIG. 19 is accommodated into an actual detector casing 
40. 

0107 FIGS. 23a and 23b are side cross sectional views 
showing the structure of the embodiment using piezo elec 
tric element. 

0108 FIG. 24 is a side cross sectional view of a force 
detector having Substantially the same structure as that of the 
acceleration detector shown in FIG. 22. 

0109 FIG. 25 is a view showing the state where unit 
regions are defined at the Substrate by the manufacturing 
method according to this invention. 

0110 FIG. 26 is a view showing the state where more 
simple regions are defined for brevity of explanation. 

0111 FIGS. 27a to 27d are process diagrams showing the 
prestate of the method of manufacturing an acceleration 
sensor center portion according to an embodiment of this 
invention. 

0112 FIGS. 28a and 28b are a side cross sectional view 
and a bottom view of the main substrate 100 shown in FIG. 
27a. 

0113 FIGS. 29a and 29b are a side cross sectional view 
and a top view of the auxiliary substrate 200 shown in FIG. 
27 b. 

0114 FIGS. 30a and 30b are a side cross sectional view 
and a top view of the control substrate 300 shown in FIG. 
27d. 

0115 FIGS. 31a and 31b are a side cross sectional view 
and a bottom view of the supplementary substrate 400 
shown in FIG. 32a. 

0116 FIGS. 32a to 32c are process diagrams showing the 
poststage of a method of manufacturing an acceleration 
sensor center portion 500 according to an embodiment of 
this invention. 
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0.117 FIG. 33 is a perspective view showing an accel 
eration sensor center portion manufactured by the method 
shown in FIGS. 32a to 32c. 

0118 FIG. 34 is a side cross sectional view showing the 
state where the acceleration sensor center portion shown in 
FIG. 33 is accommodated into the package. 
0119 FIG. 35 is a perspective view showing an accel 
eration sensor center portion manufactured by the method 
according to another embodiment of this invention. 
0120 FIGS. 36a and 36b are a side cross sectional view 
and a top view of the control substrate 300' used in a method 
according to the last mentioned embodiment of this inven 
tion. 

0121 FIGS. 37a and 37b are a side cross sectional view 
and a bottom view of the supplementary substrate 400' used 
in the method according to the last mentioned embodiment 
of this invention. 

0.122 FIG. 38 is a side cross sectional view of an accel 
eration detector according to a still further embodiment of 
this invention. 

0123 FIG. 39 is a side cross sectional view of the 
embodiment where the working portion 811 of the flexible 
substrate 810 is used as the weight body. 
0.124 FIG. 40 is a side cross sectional view of the 
embodiment where the displacement electrode is formed on 
the working portion 911. 

0.125 FIG. 41 is a top view of the flexible substrate 910 
in the detector 900 shown in FIG. 40. 

0.126 FIG. 42 is a side cross sectional view showing a 
different cross Section of the detector 900 shown in FIG. 40. 

0127 FIG. 43 is a bottom view of the fixed substrate 930 
in the detector 900 shown in FIG. 40. 

0.128 FIG. 44 is a side cross sectional view of the 
embodiment where the weight body 941 and the pedestal 
942 are added to the detector 900 shown in FIG. 40. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

S1 Basic Embodiment 

0.129 FIG. 1 is a side cross sectional view showing the 
structure of an acceleration detector according to a basic 
embodiment of this invention. This detector comprises, as 
the major component, a fixed substrate 10, a flexible sub 
strate 20, a working body 30, and a detector casing 40. The 
bottom view of the fixed substrate 10 is shown in FIG. 2. The 
cross section cut along the X-axis of the fixed substrate 10 
in FIG. 2 is shown in FIG. 1. The fixed Substrate 10 is 
formed as a disk shaped substrate as shown, and is fixed at 
the peripheral portion thereof to the detector casing 40. On 
the lower surface thereof, a disk shaped fixed electrode 11 is 
similarly formed. On the other hand, the top view of the 
flexible substrate 20 is shown in FIG. 3. The cross section 
cut along the X-axis of the flexible substrate in FIG. 3 is 
shown in FIG.1. The flexible substrate 20 is also formed as 
a disk shaped substrate as shown, and is fixed at the 
peripheral portion thereof to the detector casing 40. On the 
upper Surface thereof, quadrunt disk shaped displacement 
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electrodes 21 to 24 are formed. The working body 30 is 
columnar as the upper surface thereof is indicated by broken 
lines in FIG. 3, and is coaxially connected to the lower 
surface of the flexible substrate 20. The detector casing 40 
is cylindrical, and fixes and Supports the peripheral portions 
of the fixed substrate 10 and the flexible substrate 20. 

0130. The fixed substrate 10 and the flexible substrate 20 
are arranged with a predetermined spacing therebetween at 
positions in parallel to each other. While both substrates are 
a disk shaped substrate, the fixed substrate 10 is a substrate 
having high rigidity Such that bending is difficult to occur, 
whereas the flexible substrate 20 is a substrate having 
flexibility Such that when a force is applied, bending occurs. 
It is now assumed that the working point P is defined at the 
center of gravity of the working body 30 as shown in FIG. 
1, and that the XYZ three-dimensional coordinate system 
having the working point Pas the origin is defined as shown. 
Namely, the X-axis is defined in a right direction of FIG. 1, 
the Z-axis is defined in an upper direction thereof, and the 
Y-axis is defined in a direction perpendicular to the plane 
Surface of paper and extending toward the back side of the 
plane Surface of paper. 
0131 Assuming now that the entirety of this detector is 
mounted, e.g., in an automotive vehicle, an acceleration will 
be applied to the working body 30 on the basis of running 
of the automotive vehicle. By this acceleration, an external 
force is exerted on the working point P. In the state where no 
force is exerted on the working point P. as shown in FIG. 1, 
the fixed electrode 11 and the displacement electrodes 21 to 
24 are maintained in a parallel state with a predetermined 
spacing therebetween. However, if a force FX in the X-axis 
direction is exerted on the working point P, this force FX 
allows the flexible substrate 20 to produce a moment force. 
As a result, as shown in FIG. 4, bending will be produced in 
the flexible substrate 20. By this bending, the spacing 
between the displacement electrode 21 and the fixed elec 
trode 11 is increased, but the spacing between the displace 
ment electrode 23 and the fixed electrode 11 is decreased. 
When a force exerted on the working poisnt P is assumed to 
be -FX in an opposite direction, bending having the rela 
tionship opposite to the above will be produced. On the other 
hand, in the case where a force Fy or -Fy in the Y-axis 
direction is exerted, changes similar to the above are pro 
duced in connection with the spacing between the displace 
ment electrode 22 and the fixed electrode 11 and the spacing 
between the displacement electrode 24 and the fixed elec 
trode 11. Further, in the case where a force FZ in the Z-axis 
direction is exerted, as shown in FIG. 5, all the displacement 
electrodes 21 to 24 become close to the fixed electrode 11. 
In contrast, in the case where a force -FZ in an opposite 
direction is exerted, all the displacement electrodes 21 to 24 
are remote from the fixed electrode 11. 

0132 Here let consider the capacitance elements consti 
tuted with respective electrodes. The lower surface of the 
fixed substrate 10 shown in FIG. 2 and the upper surface of 
the flexible substrate 20 shown in FIG.3 are opposite to each 
other. Accordingly, the opposite relationship between elec 
trodes is such that the displacement electrodes 21 to 24 face 
the opposite portions of the fixed electrode 11, respectively. 
In other words, the fixed electrode 11 serves as a single 
common electrode, whereas the dispalcement electrodes 21 
to 24 serve as localized electrodes localized in the quadrant 
regions, respectively. Although the common electrode is 
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provided as the single common electrode, since four local 
ized electrodes are respectively independent from an elec 
trical point of view, four groups of capacitance electrodes 
can be formed with respect to the electric characteristic. The 
capacitance elements belonging to the first group are com 
bination of the displacement electrode 21 arranged in a 
negative direction of the X-axis and the fixed electrode 11. 
The capacitance elements belonging to the second group are 
combination of the displacement electrode 22 arranged in a 
positive direction of the Y-axis and the fixed electrode 11. 
The capacitance elements belonging to the third group are 
combination of the displacement electrode 23 arranged in a 
positive direction of the X-axis and the fixed electrode 11. In 
addition, the capacitance elements belonging to the forth 
group are combination of the displacement electrode 24 
arranged in a negative direction of the Y-axis and the fixed 
electrode 11. It is now assusmed that the electrostatic 
capacitance values of the respective capacitance elements 
are represented by C1, C2, C3 and C4. In the state where no 
force is exerted on the working point Pas shown in FIG. 1, 
the electrode intervals of respective capacitance elements 
are all kept at the same value, so the electrostatic capacitance 
values all take a standard value C0. Namely, the relationship 
expressed as C1=C2=C3=C4 holds. However, when a force 
is exerted on the working point P, as shown in FIG. 4 or 5. 
so bending is produced in the flexible substrate 20, the 
electrode intervals of the respective capacitance elements 
vary. As a result, their electrostatic capacitance values 
become values different from the standard value C0. When 
it is assumed that an area of an electrode, an electrode 
interval and a dielectric constant are represented by S., d and 
e, respectively, an electrostatic capacitance C of a capaci 
tance element is generally determined by the following 
equation: 

Accordingly, when the electrode interval becomes short, the 
electrostatic capacitance C becomes long, while when it 
becomes large, the electrostatic capacitance C becomes 
Small. 

0.133 For example, when a force FX in the X-axis direc 
tion is exerted on the working point P as shown in FIG. 41 
since the interval between the displacement electrode 21 and 
the fixed electrode 11 becomes long, the relationship 
expressed as C1-C0 holds. On the contrary, since the 
interval between the displacement electrode 23 and he fixed 
electrode 11 becomes short, the relationship expressed as 
C3>C0 holds. At this time, since the intervals between 
displacement electrodes 22 and 24 and the fixed electrode 11 
are such that they partially become short, and partially 
become long, the both portions are canceled. Thus, the 
relationship expressed as C2=C4=CO holds, resulting in no 
change in the electrostatic capacitance. On the other hand, 
when a force FZ in the Z-axis direction is exerted on the 
working point P as shown in FIG. 5, the intervals between 
displacement electrodes 21 to 24 and the fixed electrode 11 
all become short. As a result, the relationship expressed as 
(C1 to C4)>C0 holds. As stated above, the pattern showing 
how electrostatic capacitance values of the four groups of 
capacitance elements vary in dependency upon the direction 
of a force exerted. 

0.134 FIG. 6 is a Table showing the pattern of how 
electrostatic capacitance values of the four groups of capaci 
tance elements vary. In this Table, “O'” indicates that there is 
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no change in the electrostatic capacitance (i.e., takes the 
standard value C0 as it is), it "+" indicates that the electro 
static capacitance is increased, and '-' indicates that the 
electrostatic capacitance is decreased. For example, the 
column of FX of FIG. 6 indicates, as shown in FIG. 4, 
changes in respective electrostatic capacitance values C1 to 
C4 when a force FX in the X-axis direction is exerted on the 
working point P. In this case, as previously described, C1 
becomes small, C3 becomes large, and C2 and C4 indicate 
no change. As stated above, on the basis of the pattern 
showing how respective electrostatic capacitance values 
vary, the direction of a force exerted can be recognized. 
Further, by detecting the degree of the change (i.e., to Such 
an extent that the electrostatic capacitance increases, or 
decreases), the magnitude of a force exterted can be recog 
nized. 

0135 The basic circuit for detecting force components 
exerted every respective axial directions is shown in FIG. 7. 
Converters 51 to 54 are constituted with circuits for con 
verting electrostatic capacitance values C1 to C4 of the 
capacitance elements to Voltage values V1 to V4, respec 
tively. For example, there may be employed a circuit con 
figuration to convert an electrostatic capacitance value C to 
a frequency value f by using a CR oscillator, etc. thereafter 
to further convert the frequency value f to a voltage value V 
by using a frequency/voltage converter. As a matter of 
course, means for directly converting an electrostatic capaci 
tance value to a Voltage value may be employed. The 
differential amplifier 55 serves to take a difference between 
voltage values V1 and V3 to output it as a component thx 
in the X-axis direction of a force to be detected. As seen with 
reference to the columns of FX and -FX of FIG. 6, the 
component +Ex in the X-axis direction is determined by 
taking a difference between C1 and C3. Further, the differ 
ential amplifier 56 serves to take a difference between 
voltage values V2 and V4 to output it as a component thy 
in the Y-axis direction of a force to be detected. As seen with 
reference to the columns of Fy and -Fy, the component thy 
in the Y-axis direction is determined by taking a difference 
between C2 and C4. As stated above, when an approach is 
employed to determine the components in the X-axis and 
Y-axis directions on the basis of difference, influences due to 
temperature, etc. can be canceled. As a result, good precision 
detected values can be provided. Further, the linearity of the 
detected values is improved. In addition, the adder 57 serves 
to take sum of voltage values V1 to V4 to output it as a 
component +EZ in the Z-axis direction of a force to be 
detected. As seen with reference to the columns of Fz and 
-FZ of FIG. 6, the component +EZ in the Z-axis direction is 
determined by taking sum of C1 to C4. 
0136. On the basis of the principle as mentioned above, 
predetermined wirings are implemented to respective elec 
trodes shown in FIGS. 2 and 3 to constitute a detection 
circuit as shown in FIG. 7. Thus, a force exerted on the 
working point P can be detected as electric signals every 
respective components in the three-dimensional axial direc 
tions. Namely, an acceleration exerted on the working body 
30 can be detected as electric signals every respective 
components in the three-dimensional axial directions. Since 
detections of respective components in the axial directions 
are exactly independently carried out, interference with 
other axes does not take place, so precise detection can be 
made. Further, the temperature dependency of the detected 
value is to a negligible degree, resulting in no necessity of 
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processing for temperature compensation. In addition, since 
the detector can be realized with a simple structure in which 
electrodes are only formed on the structure, the manufac 
turing cost is also low. 
0.137 It is to be noted that the detection circuit of FIG. 7 
is illustrated as an example, and therefore other circuits may 
be of course employed. For example, a CR oscillating circuit 
may be used to convert an electrostatic capacitance value to 
a frequency value to input it to a microprocessor to deter 
mine three-dimensional acceleration components by digital 
computation. 

S2 Embodiment Showing Materials or Respective 
Parts 

0.138. Subsequently, materials of respective parts consti 
tuting the above described force detector will be described. 
To carry out detection based on the above described prin 
ciple, it is sufficient that the following conditions are satis 
fied with respect to the materials. 
0.139 (1) Respective electrodes are comprised of conduc 
tive material. 

0140 (2) Respective localized electrodes are electrically 
insulated from each other. 

0.141 (3) The flexible substrate is comprised of material 
having flexibility. 

0142. As long as such conditions are satisfied, any mate 
rial may be used. Here, preferred embodiments using prac 
tical material will now be described. 

0143) The embodiment shown in FIG. 8 is directed to the 
example where metal is used in all of the fixed substrate 10a, 
the flexible substrate 20a, the working body 30a. The 
flexible substrate 20a and the working body 30a are inte 
grally formed. Of couse, an approach may be employed to 
individually prepare these members thereafter to connect 
them to each other. The detector casing 40 is formed, e.g., by 
metal or plastic, etc., and fixes and Supports respective 
substrates by fitting the peripheral portions of respective 
Substrates into the Supporting grooves 41 formed on the 
inner surfaces thereof. Since the fixed substrate 10a itself 
functions as the fixed electrode 11 as it is, there is no need 
of separately forming the fixed electrode 11. Since the 
flexible substrate 20a is comprised of metal, it is impossible 
to directly form thereon displacement electrodes 21a to 24a. 
In view of this, displacement electrodes 21a to 24a are 
formed on the flexible substrate 20a through an insulating 
layer 25a of material Such as glass or ceramic. In this case, 
in order to allow the flexible substrate 20a to have flexibility, 
it is sufficient that the flexible substrate 20a is caused to be 
easily deformed by allowing the flexible substrate to have 
Small thickness, or allowing it to be wave shaped. 

0144. The embodiment shown in FIG. 9 is directed to the 
example where an insulating body such as glass or ceramic, 
etc. is used in all of the fixed substrate 10b, the flexible 
substrate 20b and the working body 30b. The flexible 
substrate 20b and the working body 30b are integrally 
formed. The detector casing 40 is formed by metal or plastic, 
and fixes and Supports respective Substrates by fitting the 
peripheral portions of respective Substrates into Suppsorting 
grooves 41 formed on the inner surfaces thereof. On the 
lower surface of the fixed substrate 10b, a fixed electrode 
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11b comprised of metal is formed. Further, on the upper 
surface of the flexible substrate 20b, displacement electrodes 
21b to 24b comprised of metal are formed. In order to allow 
the flexible substrate 20b to have flexibility, the thickness 
thereof may be caused to be small, or synthetic resin having 
flexibility may be used in place of glass or ceramic. Alter 
natively, through holes may be partially provided in the 
flexible substrate 20b to allow it to be easily deformed. 
0145 The embodiment shown in FIG. 10 is directed to 
the example where semiconductor Such as silicon is used in 
all of the fixed substrate 10c, the flexible substrate 20c and 
the working body 30c. The flexible substrate 20c and the 
working body 30c are integrally formed. The detector casing 
40 is formed by metal or plastic, and fixes and Supports 
respective substrates by fitting the peripheral portions of 
respective Substrates into Supporting grooves 41 formed on 
the inner surface thereof. The fixed electrode 11c positioned 
internally on the lower surface of the fixed substrate 10c and 
the displacement electrodes 21c to 24c positioned internally 
on the upper surface of the flexible substrate 20c are formed 
by diffusing impurity at a high concentration. In order to 
allow the flexible substrate 20c to have flexibility, the 
thickness thereof may be caused to be small, or through 
holes may be partially provided. 

0146 In addition, various embodiments are conceivable. 
If a silicon substrate is used, the detector may be of more 
simple structure by making use of the etching processing. 
For example, when an approach is employed to form 
grooves by etching at the lower surface of the fixed substrate 
10c to form electrodes on the bottom surfaces of these 
grooves, there may be provided a structure in which the 
fixed substrate 10c and the flexible substrate 20c are directly 
connected to each other. 

0147 While explanation has been given in connection 
with the example where metal, insulating body and semi 
conductor body are used as the material of respective 
components, combination of Such materials may be used as 
the respective components. 

S3 Embodiment for Detecting Components in 
Three Axial Directions by Independent Electrodes 

0148. In the previously described basic embodiment, the 
detection circuit as shown in FIG. 7 was illustrated. In this 
detection circuit, the same capacitance elements are used as 
the capacitance element for detecting tx or thy and the 
capacitance element for detecting thz. In other words, by 
using a single localized electrode for two kinds of capaci 
tance elements, components in two axial directions were 
detected. In the embodiment which will be described below, 
components in three axial directions are detected by exactly 
independent exclusive electrodes. The top view of a flexible 
substrate 20a used in the embodiment is shown in FIG. 11. 
As compared to the flexible substrate 20 in the basic 
embodiment shown in FIG. 3, the formation pattern of 
localized electrodes are somewhat complicated. Eight local 
ized electrodes in total are formed. The eight localized 
electrodes are classified into four groups. The localized 
electrodes belonging to the first group are electrodes 21d and 
21e arranged in a negative direction of the X-axis. The 
localized electrodes belonging to the second group are 
electrodes 22d and 22e arranged in a positive direction of the 
Y-axis. The localized electrodes belonging to the third group 
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are electrodes 23d and 23e arranged in a positive direction 
of the X-axis. The localized electrodes belonging to the 
fourth group are electrodes 24d and 24e arranged in a 
negative direction of the y-axis. 

0149. It is now assumed that the electrostatic capacitance 
values of four capacitance elements comprised of combina 
tions of respective four electrodes 21d to 24d to which 
hatching by dots is implemented in FIG. 11 and the fixed 
electrode 11 opposite thereto are respectively represented by 
C1 to C4, and that the electrostatic capacitance values of 
four capacitance elements comprised of combinations of 
respective four electrodes 21e to 24e to which hatching by 
slanting lines is implemented and the fixed electrode 11 
opposite thereto are respectively represented by C1' to C4'. 
With respect to eight capacitance elements, a detection 
circuit as shown in FIG. 12 is constituted. Here, converters 
51 to 54 are circuits for converting electrostatic capacitance 
values C1 to C4 to voltages V1 to V4, and differential 
amplifiers 55 and 56 are circuits for amplifying and output 
ting a difference between inputted two voltage values. In the 
same manner as in the previously described basic embodi 
ment, the differential amplifiers 55 and 56 output detected 
values of thx and thy, respectively. The feature of this 
embodiment resides in that four electrostatic capacitors C1 
to C4' are connected in parallel to generate a voltage V5 
corresponding to Sum of these capacitance values by the 
converter 58 to output it as a detected value of FZ. When 
consideration of the principle of detection is made in con 
nection with the localized electrode shown in FIG. 11, tx 
is detected by the electrodes 21d and 23d, thy is detected by 
the electrodes 22d and 24d. and tha is detected by the 
electrodes 21e, 22e, 23e and 24e. In this way, components in 
three axial directions can be detected by individual and 
independent electrodes. 

0150. While there has been illustrated the example where 
the electrodes 21d to 24e are respectively constituted with 
independent electrodes for convenience of explanation, as 
apparent from the circuit diagram of FIG. 12, in practice, 
capacitance elements constituted with electrodes 21e to 24e 
are connected in parallel. Accordingly, these four electrodes 
may be integrally formed on the flexible substrate 20d. 
Further, in the circuit diagram of FIG. 12, similar detection 
can be made by the circuit in which C1, C2, C3 and C4 are 
replaced by C1', C2, C3' and C4', respectively. 

0151. This embodiment is convenient in the case of 
adjusting the detection sensitivities every respective com 
ponents in the axial directions. For example, in FIG. 11, if 
the areas of the electrodes 21e, 22e, 23e and 24e to which 
hatching by slating lines is implemented of the figure are 
caused to be broad, the detection sensitivity in the Z-axis 
direction can be increased. Generally in the detector capable 
of detecting components in three axial directions, it is 
preferable to make a design so that respective detection 
sensitivities of three axes are substantially equal to each 
other. In this embodiment, by adjusting the area ratio 
between the region where hatching by slanting lines is 
implemented and the region where hatching by dot is 
implemented of FIG. 11, respective detection sensitivities of 
three axes can be substantially equal to each other. 

0152 The cross sectional view of another embodiment of 
a detector capable of detecting components in three axial 
directions by independent electrodes is shown in FIG. 13. As 
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seen when compared to the basic embodiment shown in FIG. 
1, the feature of the embodiment resides in that the flexible 
electrode is constituted by five electrodes. Namely, as seen 
from the top view shown in FIG. 14, on the upper surface of 
the flexible substrate 20f sector shaped displacement elec 
trodes 21f to 24f and a disk shaped displacement electrode 
25fare formed. 

0153. The detecting operation by this detector is as 
follows. Initially, when a force FX in the X-axis direction is 
exerted on the working point P, this force FX allow the 
flexible substrate 20fto produce a moment force, so bending 
will be produced in the flexible substrate 20f as shown in 
FIG. 15. By this bending, the interval between the displace 
ment electrode 21f and the fixed electrode 11 is increased, 
whereas the interval between the displacement electrode 23f 
and the fixed electrode 11 is decreased. When it is assumed 
that a force exerted on the working point P is -FX in an 
opposite direction, a bending having the relationship oppo 
site to the above will be produced. As stated above, when the 
force Fx or -Fx is exerted, there occurs changes in the 
electrostatic capacitance with respect to the displacement 
electrodes 21f and 23f. By detecting such changes, the force 
Fx or -FX can be detected. At this time, the intervals 
between respective displacement electrodes 22f 24f and 25f 
and the fixed electrode 11 are partially increased or 
decreased. However, it can be considered that such intervals 
do not change as a whole. On the other hand, in the case 
where a force Fy or -Fy in the Y-axis direction is exerted, 
similar changes are produced only in connection with the 
interval between the displacement electrode 22f and the 
fixed electrode 11 and the interval between the displacement 
electrode 24f and the fixed electrode 11. Further, in the case 
where a force FZ in the Z-axis direction is exerted, as shown 
in FIG. 16, the interval between the displacement electrode 
25f and the fixed electrode 11 is decreased. In the case where 
a force -FZ in the opposite direction is exerted, the interval 
therebetween is increased. At this time, the intervals 
between displacement electrodes 21f to 24f and the fixed 
electrode 11 is decreased or increased wherein the change 
relating to the displacement electrode 25fis most conspicu 
ous. Thus, by detecting changes in the electrostatic capaci 
tance relating to the displacement electrode 25f it is possible 
to detect the force FZ or -FZ. In addition, since detections in 
the X-axis and Y-axis directions are carried out on the asis 
of the difference, there is no possibility that such detections 
undergo influence with other components in the axial direc 
tions. 

0154 Actually, acceleration components in respective 
axial directions are detected by a detection circuit as shown 
in FIG. 17. Namely, the electrostatic capacitance values of 
capacitance elements C1 to C5 respectively comprised of the 
displacement electrodes 21f to 25f and the fixed electrode 11 
are converted to voltage values V1 to V5 by CV conversion 
circuits 51 to 55, respectively. An acceleration in the X-axis 
direction is provided on the terminal Tx as a difference 
voltage obtained by performing calculation of (V1-V3) by a 
subtracter 55. An acceleration in the Y-axis direction is 
provided on the terminal Ty as a difference voltage obtained 
by performing calculation of (V2-V4) by a subtracter 56. In 
addition, an acceleration in the Z-axis direction is provided 
on the terminal TZ as a voltage V5 as it is. 
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S4 Embodiment in which the Electrode Formation 
Pattern is Changed 

0.155. In the basic embodiment described in the S1, as 
shown in FIG. 2, the fixed electrode 11 formed on the fixed 
Substrate 10 is constructed as a single common electrode, 
and the displacement electrodes formed on the flexible 
substrate 20 are constructed as four localized electrodes 21 
to 24. However, this invention is not limited to such a 
configuration, but a configuration exactly opposite to the 
above may be employed. Namely, the fixed electrode 11 
formed on the fixed substrate 10 is constructed as four 
localized electrodes, and the displacement electrodes formed 
on the flexible substrate 20 are constructed as a single 
common electrode. Alternatively, four localized electrodes 
may be formed on the both substrates, respectively. Also in 
the embodiment using five localized electrodes shown in 
FIG. 13, similar configuration may be employed. Further, 
the number of localized electrodes formed on a single 
substrate is not necessarily required to be four or five. For 
example, eight or sixteen localized electrodes may be 
formed. Furthermore, as in the flexible substrate 20g shown 
in FIG. 18, only two localized electrodes 21g and 23g may 
be formed. In this case, detection of the component in the 
Y-axis direction cannot be carried out, but detections relat 
ing to two dimensions of the component in the X-axis 
direction and the component in the Z-axis direction can be 
made. In addition, in the case where only a detection relating 
to one dimension is carried out, it is sufficient that single 
electrodes are formed on the both substrates, respectively. 
Further, it is not limited that the electrode is formed circular 
or sector shaped, but the electrode may take any form. In 
addition, respective Substrates are not necessarily required to 
be disk shaped. 

S5 Embodiment Having Test Function 
0156 Generally, in the case of mass producing any 
detectors to deliver them to the market, the test process is 
conducted prior to shipping. That is, the work for confirming 
whether or not the detector normarily carries out the detect 
ing operation is conducted. Also in the previously described 
acceleration detector, it is preferable to carry out a test prior 
to shipping. In order to test the acceleration detector, an 
approach is generally employed to actually apply an accel 
eration thereto and confirm an electric signal outputted at 
this time. However, an equipment for producing an accel 
eration is required for Such a test. As a result, the test system 
becomes large. 
0157. In the embodiment described below, test prior to 
shipping can be carried out without using Such a large test 
system. FIG. 19 is a side cross sectional view showing the 
structure of an acceleration detector according to the 
embodiment having such a test function. This detector 
comprises, as a main component, a fixed substrate 60, a 
flexible substrate 70, a working body 75, an auxiliary 
substrate 80, and a detector casing 40. The bottom view of 
the fixed substrate 60 is shown in FIG. 20. The cross section 
cut along the X-axis of the fixed substrate 60 of FIG. 20 is 
shown in FIG. 19. The fixed substrate 60 is a disk shaped 
metal substrate, and the periphery thereof is fixed to the 
detector casing 40. On the lower surface thereof, four 
quadrant disk shaped fixed electrodes 61 to 64 are formed 
through an insulating layer 65 Such as glass, etc. The flexible 
substrate 70 is a metal disk having flexibility and its periph 
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ery is also fixed onto the detector casing 40. On the lower 
surface of the flexible substrate 70, a columnar working 
body 75 is coaxially connected. The upper surface of the 
flexible substrate 70 constitutes a single displacement elec 
trode opposite to the fixed electrodes 61 to 64. The feature 
of this emboidment resides in that an auxiliary substrate 80 
is further provided. The top view of the auxiliary substrate 
80 is shown in FIG. 21. The cross section cut along the 
X-axis of the auxiliary substrate 80 of FIG. 21 is shown in 
FIG. 19. The auxiliary substrate 80 is, as shown, a disk 
shaped metal Substrate having a circular through hole 
formed at the central portion thereof, and its periphery is 
fixed onto the detector casing 40. AS indicated by single 
dotted lines in FIG. 21, the working body 75 is inserted 
through the through hole at the central portion thereof. On 
the upper surface of the auxiliary substrate 80, four auxiliary 
electrodes 81 to 84 are formed through an insulating layer 85 
Such as glass. In this example, the lower Surface of the 
flexible substrate 70 constitutes a single auxiliary electrode 
opposite to the auxiliary electrodes 81 to 84. As stated 
above, the flexible substrate 70 is a metal mass integrally 
formed with the working body 75. The upper surface thereof 
serves as a single displacement electrode opposite to the 
fixed electrodes 61 to 64, and the lower surface thereof 
serves as a single auxiliary electrode opposite to the auxil 
iary electrodes 81 to 84. 

0158. In accordance with such a configuration, as previ 
ously described, by the fixed electrodes 61 to 64 and the 
displacement electrode opposite thereto (the upper Surface 
of the flexible substrate 70), four sets of capacitance ele 
ments can be formed. Thus, an acceleration applied to the 
working body 75 can be detected on the basis of changes in 
these electrostatic capacitance values. Further, by the aux 
iliary electrodes 81 to 84 and the displacement electrode (the 
lower surface of the flexible substrate 70), four sets of 
capacitance elements are formed, thus making it possible to 
detect an acceleration. The feature of this detector resides in 
that the state equivalent to the state where an acceleration is 
exerted can be created without actually exerting an accel 
eration. Namely, when a predetermined voltage is applied 
across respective electrodes, a coulomb force is exerted 
therebetween, so the flexible substrate 70 will bend in a 
predetermined direction. For example, in FIG. 19, when 
voltages having different polarities are applied to the flexible 
substrate 70 and the electrode 63, an attractive force based 
on the coulomb force is exerted therebetween. Further, when 
voltages having different polarities are applied to the flexible 
substrate 70 and the electrode 81, an attractive force based 
on the coulomb force is also exerted therebetween. When 
Such an attractive force is exerted, even if any force is not 
actually exerted on the working body 75, the flexible sub 
strate 70 will be bent in the same manner as in the case 
where a force FX in the X-axis direction as shown in FIG. 4 
is exerted. Further, when Voltages having the same polarity 
are applied to the flexible substrate 70 and the electrodes 81 
to 84, a repulsive force based on the coulomb force is 
exerted therebetween. As a result, even if any force is not 
actually exerted on the working body 75, the flexible sub 
strate 70 will bend in the same manner as in the case where 
a force FZ in the Z-axis direction as shown in FIG. 5 is 
exerted. Thus, by applying Voltages having predetermined 
polarities to respective electrodes, the state equivalent to the 
state where forces in various directions are exerted can be 
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created. Accordingly, it is possible to test the detector 
without actually applying an acceleration thereto. 
0159 Further, the structure in which the auxiliary sub 
strate 80 shown in FIG. 19 is added also provides the 
secondary effect that when an excessive acceleration is 
applied, the flexible substrate 70 can be prevented from 
being damaged. While the flexible substrate 70 has flexibil 
ity, it may be damaged when an excessive force is applied 
thereto. However, in accordance with the structure shown in 
FIG. 19, even in the case where an excessive force is 
applied, since the displacement of the flexible substrate 70 
limitatively fall within a predetermined range, an excessive 
displacement which might be damaged is not produced. 
Namely, in the case where an excessive acceleration is 
applied in a lateral direction (in the X-axis or Y-axis direc 
tion) in FIG. 19, the side surface of the working body 75 
comes into contact with the inner surface of the through hole 
of the auxiliary substrate 80. As a result, any more displace 
ment is not produced. Further, in the case where an excessive 
acceleration is applied in upper and lower directions (in the 
Z-axis direction) in FIG. 19, the upper surface or the lower 
surface of the bent flexible substrate 70 comes into contact 
with the fixed electrodes 61 to 64 or the auxiliary electrodes 
81 to 84. As a result, any more displacement is not produced. 
0.160 FIG. 22 is a side cross sectional view showing the 
state where the acceleration detector of the structure shown 
in FIG. 19 is accommodated into an actual detector casing 
40. Respective electrodes and external terminals 91 to 93 are 
connected by way of bonding wires 94 to 96 (Actually, 
electrically independent electrodes are respectively con 
nected to exclusive external terminals by way of bonding 
wires, but only main wirings are indicated in the figure). The 
upper surface of the fixed substrate 60 is connected to the 
internal upper Surface of the detector casing 40, and is firmly 
held so that the fixed substrate 60 does not bend. 

S6 Embodiment Utilizing the Piezo Electric 
Element 

0.161 In the previously described various embodiments, 
since an external force can be detected as changes in 
electrostatic capacitance values, a processing circuit for 
converting the electrostatic capacitance value to a Voltage 
value, etc. is required from a practical point of view. In the 
embodiment shown in FIG. 23a. Such a processing circuit 
becomes unnecessary by making use of the piezo electric 
element. The basic configuration of the detector of this 
embodiment is common to those of the previously described 
various embodiments. Namely, fixed substrate 10h and 
flexible substrate 20h are affixed within the detector casing 
40 so that they are opposite to each other. In this embodi 
ment, the both Substrates are comprised of an insulating 
body, but may be comprised of metal or semiconductor. 
When an external force is exerted on the working body 30h, 
the flexible substrate 20h will bend. As a result, the distances 
between the fixed electrodes 11h and 12h and the displace 
ment electrodes 21h and 22h opposite thereto vary. In the 
previously described embodiment, a change of the distance 
between both the electrodes is detected as a change of the 
electrostatic capacitance. In contrast, in this embodiment, 
Such a change can be detected as a voltage value. To realize 
this, piezo electric elements 45 and 46 are formed so that 
they are put between the fixed electrodes 11h and 12h and 
the displacement electrodes 21h and 22h. Of course, an 
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approach may be employed to form respective electrodes on 
both the upper and lower surfaces of the piezo electric 
elements 45 and 46 thereafter to allow them to be put 
between the fixed substrate 10h and the flexible substrate 
20h. If the distance between both the electrodes is con 
tracted, a compresive force is exerted on the piezo electric 
elements 45 and 46. In contrast, if that distance is expanded, 
a tensile force is exerted on the piezo electric elements 45 
and 46. As a result, a Voltage corresponding to each force is 
produced by the piezoelectric effect. Since such a voltage 
can be taken out from both the electrodes as it is, an external 
force exerted can be eventually outputted directly as a 
Voltage value. 

0162. As the piezo electric elements 45 and 46, for 
example, PZT ceramics (solid solution of lead titanate and 
lead Zirconate) may be used. In use, it is sufficient to 
mechanically connect this between both the electrodes. 
Although only the side cross sectional view is shown in FIG. 
23a, it is enough for detecting a three dimensional accel 
eration to arrange four sets of piezoelectric elements in the 
same manner as in the electrode arrangement shown in FIG. 
3. Alternatively, in the same manner as in the electrode 
arrangement shown in FIG. 11, eight sets of piezo electric 
elements (four sets of piezo electric elements for detecting 
a force in the Z-axis direction of the eight sets thereof can 
be substantially combined into one set) may be arranged. 
Further, in order to detect a two dimensional acceleration, 
two sets of piezo electric elements may be arranged in the 
same manner as in the electrode arrangement shown in FIG. 
18. Also in the case where the detector is accommodated into 
the actual detector casing 40, configuration Substantially 
similar to that of the embodiment shown in FIG. 22 is 
provided. In this case, Voltage values are directly outputted 
from external terminals 91 to 93. 

0163 The secondary effect of this embodiment shown in 
FIG. 23a is that the piezoelectric elements 45 and 46 have 
a protective function against the flexible substrate 20h. 
Namely, even in the case where an excessive force is 
applied, since the flexible substrate 20h only bends by the 
existence of the piezo electric elememts 45 and 46 so that 
bending does not exceed a predetermined limit, there is no 
possibility that the flexible substrate 20h may be damaged. 
In addition, in the same manner as in the embodiment having 
the previously described test function, pseudo test in which 
a coulomb force is exerted between both the electrodes can 
be conducted. 

0164. The embodiment shown in FIG. 23b is directed to 
the example where a single common piezoelectric element 
47 is put between the fixed substrate 10i and the flexible 
Substrate 20i. Five fixed electrodes 11 i to 15i and five 
displacement electrodes 21i to 25i are formed on the upper 
surface and the lower surface of the common piezoelectric 
element 47 in the same arrangement as in FIG. 14, respec 
tively. In a manner stated above, only a single common piezo 
electric element may be used. 

S7 Other Embodiments Relating to the Detector 

0165 While the detector according to this invention has 
been described in connection with several embodiments, it 
should be noted that this invention is not limited only to 
these embodiments, but may be further carried out in various 
forms. Particularly, in the above described embodiments, 
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there has been shown the example where this invention is 
applied to an acceleration detector for detecting an accel 
eration applied to the working body. However, the basic 
concept of this invention resides in the mechanism for 
detecting a force exerted on the basis of any physical 
phenomenon on the working body. Accordingly, it is a 
matter of course that this invention can be applied to a 
detector for directly detecting a force in place of the accel 
eration. FIG. 24 is a side cross sectional view of a force 
detector having Substantially the same structure as that of the 
acceleration detector shown in FIG. 22. At the lower surface 
of the detector casing 40, a through hole 42 is formed. A 
contact 76 extending from a working body 75 is inserted 
through the through hole 42. Thus, it is possible to directly 
detect a force exerted on the front end portion of the contact 
76. Further, in the acceleration detector shown in FIG. 22, if 
the working body 75 is formed by magnetic material such as 
iron, cobalt or nickel, etc., since a force based on magnetism 
is exerted on the working body 75 when placed in a 
magnetic field, it is possible to detect magnetism. Thus, this 
invention can be applied also to the magnetic detector. 

0166 As stated above, in accordance with the physical 
quantity detector according to this invention, since an 
approach is employed to detect a force, on the basis of 
changes in electrostatic capacitance values of capacitance 
elements formed by the displacement electrodes adapted so 
that they undergo displacement by force/acceleration/mag 
netism subject to detection and the fixed electrodes fixed in 
a manner opposite thereto, or on the basis of changes in 
output from piezo electric elements put between both the 
electrodes, it is possible to realize, at a low cost, a detector 
capable of detecting a physical quantity Such as force, 
acceleration, or magnetism, etc. without carrying out tem 
perature compensation. 

0.167 Futher, the physical quantity detector according to 
this invention can be applied also to a detector using servo 
system in which feedback control is carried out by applying 
an voltage between electrodes to control a distance therebe 
tween with coulomb force so that a capacitance of a capaci 
tance element or an output Voltage of a piezo electric 
element becomes constant. 

S8 Manufacturing Process I According to this 
Invention 

0.168. The configurations of the detector according to this 
invention have been described in connection with various 
embodiments. Subsequently, a method suitable for manu 
facturing these detectors will be described. Here, explana 
tion will be given by taking an example of a method of 
manufacturing a detector in which the displacement elec 
trode is comprised five localized electrodes. The feature of 
the manufacturing method described here resides in that a 
plurality of sensor units are formed on a single Substrate 
thereafter to carry out cutting every respective units (dicing 
or etching: the example for dicing respective units will be 
described below). As the manufacturing process I, the pro 
cess up to dicing every respective units will be first 
described. 

0169. Initially, a plurality of unit regions are defined. A 
main Substrate is separately cut off every unit regions at the 
Subsequent dicing process. Thus, respective unit regions 
independently function as displacement substrates. FIG. 25 
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shows a plurality of unit regions formed on the main 
substrate 100. The portion to which hatching is implemented 
represents one unit region. Each unit region is square. In the 
case where wafer Such as semiconductor is used as the main 
Substrate 100, a large number of unit regions are generally 
formed on a disk shaped Substrate in a manner stated above. 
However, for convenience of explanation, the following 
description will proceed by taking the example where four 
unit regions (the portion to which hatching is implemented 
is one unit region) are formed on a square main Substrate 100 
as shown in FIG. 26. 

0170 FIGS. 27a to 27d are cross sectional views show 
ing respective process steps of this manufacuring method. 
These process steps will now be described in detail. Initially, 
the main substrate 100 is processed as shown in FIG. 28. A 
single crystal silicon Substrate is used as the main Substrate 
100 in this embodiment, but a substrate of other material 
Such as a glass Substrate, etc. may be used. As previously 
described, the main substrate 100 is square for convenience 
of explanation, and is divided into four unit regions. Accord 
ingly, exactly the same processing is implemented to respec 
tive four unit regions. FIG. 28b is a bottom view of the 
processed main substrate 100, and FIG. 28a is a side cross 
sectional view showing the state cut along the cutting line 
a-a of the main substrate 100. On the upper surface of the 
main substrate 100, first electrode layers E1 are formed at 
predetermined positions. These first electrode layers E1 
correspond to five displacement electrodes 21 to 25 shown 
in FIG. 14 (In FIG. 28a, two units of the cross sections of 
three displacement electrodes thereof are separately shown), 
and are formed at positions as shown in FIG. 14. In this 
embodiment, by diffusing impurities into the Surface portion 
of the main substrate 100 comprised of a single crystal 
silicon substrate, the above mentioned first electrode layers 
E1 are formed. In addition, the first electrode layers E1 may 
be formed by using a method of attaching an aluminum layer 
onto the main Substrate 100 through an insulating layer. In 
short, the first electrode layers E1 may be formed by any 
method capable of forming a conductive layer. The method 
based on formation of an impurity diffused layer or forma 
tion of an aluminum layer is preferable in that the conven 
tional semiconductor planar process can be utilized as it is. 
On the other hand, grooves 101 are formed at the lower 
surface of the main substrate 100 by the method such as 
etching, etc. to cause the thickness of that portion to be thin, 
thus allowing the main substrate 100 to have flexibility. In 
this embodiment, each groove 101 is circular as shown in 
FIG. 28b. The inside portion of the groove 101 serves as a 
working portion 110, the outside portion thereof serves as a 
fixed portion 130, and the groove portion serves as a flexible 
portion 120. Electrode layers corresponding to displacement 
electrodes 21f to 24f shown in FIG. 14 of the first electrode 
layers E1 are just formed on the flexible portion 120 above 
the grooves, and an electrode layer corresponding to the 
displacement electrode 25fis formed on the working portion 
110 surrounded by each groove. FIG. 27a shows the state 
where processing of the main substrate 100 is completed. 
0171 Subsequently, an auxiliary substrate 200 as shown 
in FIGS. 29a and 29b is prepared. Since a portion of the 
auxiliary substrate 200 and the remaining portion thereof 
constitute a weight body and a pedestal, respectively, mate 
rial suitable for the weight body and the pedestal should be 
used. Further, since the auxiliary substrate 200 is connected 
or bonded to the main substrate 100, it is preferable to use 
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a material having Substantially the same coefficient of ther 
mal expansion as that of the main substrate 100. For 
example, it is preferable to use silicon substrate which is the 
same as the main substrate 100, or glass substrate. FIG. 29b 
is a top view of the processed auxiliary substrate 200 and 
FIG. 29a is a side cross sectional view showing the state 
where the auxiliary substrate 200 is cut along the cutting line 
a-a. In this way, grooves 201 and 202 are longitudinally and 
breadthly formed on the upper surface of the auxiliary 
substrate 200. The groove 201 is a deep groove having a 
width L1. and the groove 202 is a shallow groove having a 
width L2. The groove 201 serves to allow the substrate to be 
easily Subjected to dicing at the Subsequent process step. In 
short, the groove 201 is only required to be formed at a 
position such that portions 210 (four portions in the figure) 
corresponding to the working portion 110 of the main 
substrate 100 and portions 220 (other portions) correspond 
ing to the fixed portion 130 can be separated. In other words, 
the auxiliary substrate 200 is caused to overlap with the main 
substrate 100, and is connected or bonded thereon. In this 
case, it is only required that when solely the auxiliary 
substrate 200 is cut along the groove 201, the auxiliary 
substrate 200 can be separated into the weight body (por 
tions 210) and the pedestal (portions 220). Further, the 
groove 202 serves to provide degree of freedom relating to 
displacement in an upper direction of the weight body which 
has been cut. After such an auxiliary substrate 200 is 
prepared, this auxiliary Substrate is connected or bonded to 
the main substrate 100 as shown in FIG. 27b. This bonding 
may be carried out by adhesive agent. However, in order to 
carry out secure bonding, it is preferable to use the anodic 
bonding or the direct bonding capable of directly bonding 
materials each other. Namely, in case of the anodic bonding, 
a voltage is applied across the both members to elevate the 
temperature of both the members to bond them while 
applying a pressure. In case of the direct bonding, it is not 
needed to apply a Voltage. 

0172 Subsequently, as shown in FIG. 27c, the auxiliary 
substrate 200 is cut along the groove 201 by means of a 
dicing blade. Each cutting path 203 is formed on the 
opposite side (lower part in the figure) to the groove 201. 
Thus, the portions 210 (serving as the weight body) and the 
portions 220 (serving as the pedestal) will be completely cut 
off. As shown in FIG. 29b, the portions 210 (weight body) 
are positioned at four places. Thus, there results the state 
where Such portions are bonded only to the working portion 
110 shown in FIG.28b. Further, there results the state where 
the remaining portions 220 (pedestal) are bonded only to the 
fixed portion 130 shown in FIG. 28b. It is to be noted that 
since the flexible portion 120 is in the state floating from the 
auxiliary substrate 200, it is not bonded to any portion. As 
stated above, by dicing the auxiliary substrate 200, the 
weight body 210 and the pedestal 220 can be formed at the 
same time. Here, the pedestal 220 not only performs the 
function as the pedestal supporting the fixed portion 130, but 
also performs the control member for conducting a control 
so that the displacement in a lateral direction of the weight 
body 210 does not exceed an allowable range. This allow 
able range will be determined by the width of the cutting 
path 203 (In the case where the width of the groove 201 is 
smaller than the width of the cutting path 203, the allowable 
range is determined by the width of the groove 201). It is to 
be noted that the dicing process carried out here is the dicing 



US 2007/0012 109 A1 

process for only the auxiliary substrate 200. Accordingly, the 
main substrate 100 is still in the state of a single substrate. 
0173 Subsequently, a control substrate 300 as shown in 
FIGS. 30a and 30b is prepared. This control substrate 300 
serves to control the weight body 210 so that displacement 
in a lower direction thereof falls within an allowable range. 
As the material of the control substrate 300, silicon substrate 
or glass Substrate may be used in the same manner as in the 
auxiliary substrate 200. Exactly the same processing is 
implemented to the upper surface of the control substrate 
300 in connection with respective four units. FIG. 30b is a 
top view of the processed control substrate 300, and FIG. 
30a is a side cross sectional view showing the state where 
the control substrate 300 is cut along the cutting line a-a. On 
the side of the upper surface thereof, square grooves 301 are 
formed at four portions. These grooves 301 serve to control 
the degree of freedom in a lower direction of displacement 
of the weight body 210 wherein the degree of freedom is 
determined by the depth of the groove 301. This control 
substrate 300 is connected or bonded to the auxiliary sub 
strate 200 as shown in FIG. 27d. Also in this bonding, it is 
preferable to use the anodic bonding or the direct bonding. 
0174 Subsequently, a supplementary substrate 400 as 
shown in FIGS. 31a and 31b is prepared. This supplemen 
tary substrate 400 serves to support the second electrode 
layers E2. As the material of the supplementary substrate, 
silicon Substrate or glass Substrate may be used in the same 
manner as in the main substrate 100. Exactly the same 
processing is implemented to the lower surface of the 
supplementary substrate 400 in connection with respective 
four unit regtions. FIG. 31b is a bottom view of the pro 
cessed supplementary substrate 400, and FIG. 31a is a side 
cross sectional view showing the state where the processed 
Supplementary Substrate 400 is cut along the cutting line a-a. 
On the lower surface thereof, square grooves 401 are formed 
at four portions, and second electrode layers E2 are formed 
on the bottom surfaces of the grooves 401, respectively. 
These second electrode layers E2 correspond to the fixed 
electrodes 11 shown in FIG. 13, and are formed at positions 
as shown in FIG. 13, i.e., at positions opposite to the 
displacement electrodes 21 to 25. In this embodiment, 
grooves 401 are formed by the process such as etching, etc. 
on the surface of the supplementary substrate 400 comprised 
of a single silicon substrate thereafter to form second 
electrode layers E2 by the process for attaching an alumi 
num layer on the bottom surfaces of these grooves 401 
through insulating layers. As a matter of course, second 
electrode layers E2 may be formed by the impurity diffusion 
process in the same manner as in the first electrode layer E1. 
In short, second electrode layers E2 may be formed by any 
process capable of forming a layer having conductive prop 
erty. The process based on formation of the impurity diffused 
layer or formation of the aluminum layer is preferable in that 
the technology of the conventional semiconductor planar 
process can be utilized as it is. The formation of the grooves 
401 and/or the formation of the second electrode layers E2 
can be carried out with an extremely high accuracy by 
making use of the micro machining technology used in the 
semiconductor process. Another feature of the Supplemen 
tary substrate 400 resides in that the width in a lateral 
direction is slightly smaller than those of other substrates, 
and that a longitudinally elongated groove 402 is formed at 
the center of the supplementary substrate 400. This is the 
device for facilitating the wire bonding to be carried out as 
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described later. This supplementary substrate 400 is con 
nected or bonded to the main substrate 100 as shown in FIG. 
32a. Also in this bonding, it is preferable to use the Anodic 
bonding or the Direct bonding. Thus, the first and second 
electrode layers E1 and E2 are opposite to each other in 
upper and lower directions of the figure. It is preferable that 
the distance between both electrodes is as narrow as possible 
from viewpoints of increasing the electrostatic capacitance 
and carrying out high sensitivity measurement. By making 
use of the previously described micro machining technol 
ogy, the distance between both the electrodes can be held 
down to about several um. 
0.175. Thereafter, as shown in FIG.32b, the upper parts of 
the groove 402 is cut off by cutting paths 403. Further, when 
respective unit regions are cut along a cutting path 510 as 
shown in FIG. 32c, four unit regions shown in FIG. 26 are 
separated, respectively. Thus, each sensor center portion 500 
is completed. The perspective of the sensor center portion 
500 thus completed is shown in FIG.33. The reason why the 
width in a lateral direction of the supplementary substrate 
400 is formed short and the longitudinally elongated groove 
402 is formed is to allow bonding pads 501 to be exposed as 
shown in FIG. 33. 

S9 Manufacturing Process II According to this 
Invention 

0176) Subsequently, the process steps after respective 
substrates have been subjected to dicing will be described. 
If the sensor center portion 500 as shown in FIG. 33 is 
provided, this sensor center portion is accommodated into a 
package 600 as shown in the side cross sectional view of 
FIG. 34. Namely, this is accomplished by allowing the 
bottom portion of the sensor center portion 500 to adhere on 
the internal portion of the package 600. Mounting leads 610 
are attached to the package 600, and bonding pads 501 and 
the inside ends of the leads 610 are subjected to bonding by 
bonding wires 620. Thereafter, when a cover 630 is fitted 
over the package 600 and is sealed, an acceleration sensor is 
completed. 
0.177 As stated above, as compared to the manufacturing 
process every Substrate (the previously described manufac 
turing process I), the manufacturing process every respec 
tive units after dicing (the above described manufacturing 
process II) is very simple. Namely, in accordance with this 
invention, most of manufacturing process steps can be 
carried out every Substrate. Thus, an efficient manufacturing 
Suitable for mass production can be conducted. 

S10 Other Embodiments Relating to the 
Manufacturing Method 

0.178 While the manufacturing method according to this 
invention has been described in connection with the embodi 
ment shown, this invention is not limited to this embodi 
ment, but may be carried out in various forms. An embodi 
ment in another form will now be illustrated. 

0179 (1) While the control substrate 300 is connected or 
bonded in the above described embodiment, the fundamen 
tal idea of this invention resides in that the weight body and 
the pedestal are formed by the auxiliary substrate 200. 
Accordingly, the process for bonding the control Substrate 
300 is not necessarily required. For example, if the bottom 
surface of the weight body 210 is subjected to shaving or 
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similar processing so that the thickness of the weight body 
210 is slightly smaller than the thickness of the pedestal 220, 
the bottom surface of the pedestal 220 may be directly 
connected or bonded to the bottom surface of the internal 
portion of the package 600. Since the thickness of the weight 
body 210 is slightly smaller than the thickness of the 
pedestal 220, under the state where no acceleration is 
exerted, the weight body 210 can be maintained in the state 
floating from the bottom surface of the internal portion of the 
package 600. 
0180 (2) While the method of manufacturing an accel 
eration sensor has been described in the above described 
embodiment, exactly the same process can be carried out 
also in the case of manufacturing a magnetic sensor. It is to 
be noted that while the working body exerting a force on the 
working portion was the weight body 210 in the case of the 
acceleration sensor, the working body must be a magnetic 
body in the case of the magnetic sensor. Accordingly, 
magnetic material is required to be used as the material of 
the auxiliary substrate 200. 
0181 (3) In the auxiliary substrate 200 shown in FIG. 29, 
grooves 201 are formed in advance. These grooves serve to 
facilitate the work for cutting the auxiliary substrate 200 at 
the Subsequent process, and therefore are not necessarily 
required. Namely, if the auxiliary substrate 200 can be 
properly cut at the Subsequent process, the grooves 201 are 
not required. 
0182 (4) In the case of cutting the auxiliary substrate 200 

to form a weight body 210 and a pedestal 220, the auxiliary 
substrate 200 is cut by dicing in the above described 
embodiment. In addition, the auxiliary substrate 200 may be 
separated by chemical etching. The term cutting in this 
specification includes separation by etching as well. 

0183 (5) In the control substrate 300 shown in FIG. 30, 
square grooves 301 are formed every respective unit regions. 
In place of this, there may be used a control substrate 300' 
having longitudinally elongated grooves 302 formed strid 
ing over unit regions as shown in FIGS. 36a and 36b. 
0184 (6) In the above described embodiment, as shown 
in FIG. 33, the electrical connection between the bonding 
pads 501 and respective electrode layers (not shown in FIG. 
33) is carried out by the diffused layers inside the main 
substrate. However, in the type in which wiring layers 502 
Such as aluminum, etc. are formed on the Substrate to make 
an electrical connection therebetween, as in the sensor center 
portion 500' shown in FIG.35, it is necessary to ensure gaps 
503 for the wiring layers 502. In this case, in place of the 
supplementary substrate 400 shown in FIG. 31, a supple 
mentary substrate 400' having grooves 404 as shown in 
FIGS. 37a and 37b may be used. 
0185 (7) While explanation has been give in the above 
described embodiment in connection with the example 
where the square substrate shown in FIG. 26 is used to 
manufacture four sets of sensor center portions for conve 
nience of explanation, larger number of sensor center por 
tions can be manufactured by using the disk shaped wafer as 
shown in FIG. 25 from a practical point of view. As a matter 
of courses only a set of sensor center portions may be 
manufactured by a single Substrate (wafer). 
0186 (8) While the space around the weight body 210 is 

filled with air in the above-described embodiment, if silicon 
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oil, etc. is sealed into this space, impact or vibration absorb 
ing effect is provided, resulting in improved impact proof 
and vibration proof. 
0187 (9) In order to take out, as a signal, changes in an 
electrostatic capacitance, it is generally required to provide 
an oscillation circuit connected to capacitance elements, an 
amplifier circuit for amplifying an output from the oscilla 
tion circuit, and a counter circuit for counting a frequency of 
an amplified signal, and the like. If the main substrate 100 
is constituted with a semiconductor substrate, the above 
mentioned circuits can be formed on the main substrate 100. 

0188 (10) As shown in FIG. 13, in the embodiment 
which has been described here, single fixed electrode 11 is 
formed on the fixed substrate 10 side and five displacement 
electrodes 21 to 25 are formed on the displacement substrate 
20 side. Conversely, there may be employed an arrangement 
such that five fixed electrodes are formed on the fixed 
Substrate 10 side and a single displacement electrode is 
formed on the displacement substrate 20 side. 
0189 (11) Further, in the above described embodiment, 
one of opposite electrode layer is formed with a single 
electrode layer and the other electrode is formed with five 
electrode layers. In this case, the single electrode layer is 
used as the common electrode from a viewpoint of the 
configuration of the detection circuit. On the contrary, both 
the electrodes may be formed with five electrode layers, 
respectively. In this case, five sets of completely indepen 
dent capacitance elements are constituted. Thus, detection 
processing having higher degree of freedom can be carried 
Out. 

0.190 (12) While, in the above described embodiment, 
five displacement electrodes 21f to 25f are arranged in a 
form as shown in FIG. 14 to detect acceleration components 
in three-dimensional directions, an acceleration component 
in the Z-axis direction can be conducted without using the 
displacement electrode 25f. Namely, as shown in FIG. 3, 
only four displacement electrodes 21 to 24 can be used, thus 
making it possible to detect acceleration components in 
three-dimensional directions. However, in the case of car 
rying out good precision measurement in which interference 
with other axis components is Suppressed, five electrode 
arrangement as shown in FIG. 13 is ideal. In other words, it 
is preferable that detection of the component in the Z-axis 
direction is carried out by the electrode 25f arranged at the 
center thereof and detection of the component in the X-axis 
or Y-axis direction is carried out by the electrode 21f to 24f 
arranged around the electrode 25f. It can be understood from 
FIG. 15 that when a force component in the X-axis or Y-axis 
direction is exerted, displacement of the electrodes 21f to 24f 
is more conspicuous than displacement of the electrode 25f 
(since the electrode 25f is arranged at the central portion, it 
can be considered that it undergoes no displacement when 
viewed as a whole). Accordingly, it is suitable for detection 
of the component in the X-axis or Y-axis direction to use 
electrodes 21f to 24f. Further, it can be understood from FIG. 
16 that when a force component in the Z-axis direction is 
exerted, displacement of the electrode 25f is more conspicu 
ous than displacement of the electrodes 21f to 24f. Accord 
ingly, it is Suitable for detection of the component in the 
Z-axis direction to use the electrode 25f. 
0191). As stated above, in accordance with the manufac 
turing method according to this invention, since an approach 
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is employed to form every substrate the working body 
(weight body or magnetic body) and the pedestal, and to 
carry out every Substrate formation of necessary electrode 
layers, sensors utilizing changes in an electrostatic capaci 
tance can be efficiently mass produced. 

S11 Still Further Several Embodiments 

0.192 Finally, still further several embodiments will be 
disclosed. FIG. 38 is a side cross sectional view of an 
acceleration detector 700 according to a still further embodi 
ment. This acceleration detector has the relationship 
between the weight body and the pedestal which is opposite 
to that in the case of the previously described detectors. 
Namely, the peripheral portion around the flexible substrate 
710 serves as a working portion 711, the central portion 
thereof serves as a fixed portion 713, and the portion 
therebetween serves as a flexible portion 712. The weight 
body 721 is in the form of doughnut, and is connected or 
bonded to the lower surface of the working portion 711. The 
fixed portion 713 is supported by a pedestal 722, and the 
pedestal 722 is fixed on a base substrate 730. On the upper 
surface of the flexible substrate 710, a fixed substrate 740 is 
connected or bonded. Since the fixed substrate is connected 
or bonded only at the central portion of the lower surface 
thereof to the flexible substrate 710 and grooves are formed 
at the peripheral portion thereof, the flexible substrate 710 
and the fixed substrate 740 are maintained with a gap 
between the upper surface of the flexible substrate 710 and 
the lower surface of the fixed substrate 740. On the upper 
surface of the flexible substrate 710, five electrodes 751 to 
755 (only three electrodes are illustrated in the figure) are 
formed through an insulating film. By these five electrodes 
751 to 755 and the fixed substrate 740, five sets of capaci 
tance elements are formed. Thus, an acceleration exerted on 
the weight body 721 can be detected. 
0193 In the detectors which have been described, there is 
employed the structure that the central portion of the flexible 
Substrate serves as the working portion, the peripheral 
portion serves as the fixed portion, and the pedestal con 
nected or bonded to the fixed portion surrounds the weight 
body connected or bonded to the working portion. On the 
contrary, in the detector 700 shown in FIG. 38, there is 
employed the structure that the peripheral portion of the 
flexible substrate serves as the working portion, the central 
portion thereof serves as the fixed portion, and the weight 
body connected or bonded to the working portion Surrounds 
the pedestal connected or bonded to the fixed portion. The 
manufacturing methods shown in S8 and S9 can be applied 
also to the acceleration detector of Such a structure. 

0194 FIG. 39 is a side cross sectional view of an accel 
eration detector 800 of a more simple structure. This accel 
eration detector is the same as that of the previously 
described embodiment in that the central portion of the 
flexible substrate 810 serves as a working portion 811, the 
peripheral portion thereof serves as a fixed portion 813, and 
the portion therebetween serves as a flexible portion 812. 
However, a control substrate 820 is connected or bonded to 
the lower surface of the flexible substrate 810, and the 
weight body is not provided. In the same manner as in the 
previously described embodiment, a fixed substrate 830 is 
connected or bonded on the upper surface of the flexible 
substrate 810, and five sets of capacitance elements are 
formed by five displacement electrodes 851 to 855 (only 
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three electrodes are illustrated in the figure) and a fixed 
electrode 831 to detect an acceleration exerted on the 
working portion 811. When the structure shown in FIG. 39 
is compared, e.g., to the structure of the sensor center portion 
500 shown in FIG. 32c, it can be understood that the 
structure shown in FIG. 39 is just the structure in which the 
weight body 210 and the pedestal 220 constituted by the 
auxiliary substrate 200 are omitted. Since the auxiliary 
substrate 200 is unnecessary, the structure becomes simple 
and the manufacturing process is simplified. Namely, this 
structure is accomplished by connecting or bonding the 
control substrate shown in FIG. 30a onto the lower surface 
of the main substrate 100 shown in FIG.28a, and connecting 
or bonding the supplementary substrate shown in FIG. 31a 
onto the upper surface of the main substrate 100. However, 
since the working portion 811 performs the function as the 
weight body, the sensitivity is lowered. 
0.195 While the structure shown in FIG. 39 can be 
advantageously realized by allowing three Substrates to 
overlap with each other, the sensitivity is disadvantageously 
lowered as described above. A detector having a structure 
capable of compensating this drawback is shown in FIG. 40. 
In this detector 900, the flexible substrate 910 is comprised 
of a working portion 911 at the central portion, a fixed 
portion 913 at the peripheral portion thereof, and a flexible 
portion 912 provided therebetween. The area occupation 
ratio of the working portion 911 is high. A control substrate 
920 is connected or bonded on the lower surface of the 
flexible substrate 910, and a fixed substrate 930 is connected 
or bonded on the upper surface thereof. By displacement 
electrodes 951 to 955 (only three electrodes are illustrated in 
FIG. 40) formed on the upper surface of the flexible sub 
Strate 910 and the fixed electrode 931 formed on the lower 
surface of the fixed substrate 930, five sets of capacitance 
elements are formed to detect an acceleration exerted on the 
working portion 911. The feature of this embodiment is 
clearly shown in FIG. 41. FIG. 41 is a top view of the 
flexible Substrate 910 in the detector shown in FIG. 40. The 
cross section cut along the cutting line 40-40 of the flexible 
substrate 910 is shown in FIG. 40 and the cross section cut 
along the cutting lines 42-42 is shown in FIG. 42. The 
remarkable feature of this flexible substrate 910 resides in 
that L shaped through holes 961 to 964 are formed as shown. 
By these L shaped through holes 961 to 964, the flexible 
substrate 910 is roughly divided into a peripheral frame 
shaped fixed portion 913 and an internal square working 
portion 911. The working portion 911 is in the state where 
it is connected to the fixed portion 913 through flexible 
portions 912 at four portions. Eventually, four flexible 
portions 912 in a beam form support the working portion 911 
so as to allow the working portion 911 to hang from four 
directions. Another feature resides in that displacement 
electrodes 951 to 955 are all formed on the working portion 
911. As shown in FIG. 43, a fixed electrode 931 is formed 
on the lower surface of the fixed substrate 930 so as to face 
the displacement electrodes 951 to 955. 
0196) This acceleration detector 900 has the following 
merits. First, since the working portion 911 performs the 
function as the weight body, the structure is simple. Further, 
since the working portion 911 can constitute a relatively 
large block, a sufficient mass is provided, thus making it 
possible to improve the sensitivity. Furthermore, since five 
displacement electrodes 951 to 955 are all formed on the 
upper Surface of the working portion 911, displacement can 
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be sufficiently produced by the action of an acceleration. 
Thus, sensitivity can be improved. Further, since L shaped 
through holes 961 to 964 are provided so as to support the 
working portion 911 by the flexible portion 912 in a beam 
form, the sensitivity is further improved. In addition, the 
flexible substrate 910 of such a structure can be easily 
processed by the process such as etching, etc. It is to be 
noted, in order to further improve the sensitivity, it is 
sufficient to provide a weight body 941 and a pedestal 942 
which can be constituted by cutting a single substrate 940, 
as shown in FIG. 44, between the flexible substrate 910 and 
the control Substrate 920. 

1. An acceleration detector for detecting an acceleration 
component along an X-axis in an XYZ three-dimensional 
coordinate system, said detector comprising: 

a fixed body and a displacement body, said displacement 
body being resiliently supported by said fixed body so 
that said displacement body is displaced with respect to 
said fixed body in the X-axis direction when accelera 
tion is applied, 

a first capacitance element including a first fixed electrode 
formed on said fixed body and a first displacement 
electrode formed on said displacement body, 

a second capacitance element including a second fixed 
electrode formed on said fixed body and a second 
displacement electrode formed on said displacement 
body, and 

an output unit for outputting information indicating an 
acceleration component along the X-axis, 

wherein an electrode distance of said first capacitance 
element is decreased and an electrode distance of said 
second capacitance element is increased when said 
displacement body is displaced in a positive X-axis 
direction and the electrode distance of said first capaci 
tance element is increased and the electrode distance of 
said second capacitance element is decreased when said 
displacement body is displaced in a negative X-axis 
direction, 

wherein said output unit outputs an acceleration compo 
nent along the X-axis based on a difference between a 
capacitance value of said first capacitance element and 
a capacitance value of said second capacitance element, 
and 

wherein said fixed body and said displacement body are 
made of silicon. 

2. The acceleration detector as set forth in claim 1, 
wherein the respective fixed electrodes and the respective 
displacement electrodes are made of silicon including impu 
rity. 

3. An acceleration detector for detecting an acceleration 
components along an X-axis and a Y-axis in an XYZ 
three-dimensional coordinate system, said detector compris 
1ng: 

a fixed body and a displacement body, said displacement 
body being resiliently supported by said fixed body so 
that said displacement body is displaced with respect to 
said fixed body in the X-axis direction and in the Y-axis 
direction when acceleration is applied, 
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a first capacitance element including a first fixed electrode 
formed on said fixed body and a first displacement 
electrode formed on said displacement body, 

a second capacitance element including a second fixed 
electrode formed on said fixed body and a second 
displacement electrode formed on said displacement 
body, 

a third capacitance element including a third fixed elec 
trode formed on said fixed body and a third displace 
ment electrode formed on said displacement body, 

a fourth capacitance element including a fourth fixed 
electrode formed on said fixed body and a fourth 
displacement electrode formed on said displacement 
body, and 

an output unit for outputting information indicating an 
acceleration components along the X-axis and the 
Y-axis, respectively, 

wherein an electrode distance of said first capacitance 
element is decreased and an electrode distance of said 
second capacitance element is increased when said 
displacement body is displaced in a positive X-axis 
direction and the electrode distance of said first capaci 
tance element is increased and the electrode distance of 
said second capacitance element is decreased when said 
displacement body is displaced in a negative X-axis 
direction, 

wherein an electrode distance of said third capacitance 
element is decreased and an electrode distance of said 
fourth capacitance element is increased when said 
displacement body is displaced in a positive Y-axis 
direction and the electrode distance of said third capaci 
tance element is increased and the electrode distance of 
said fourth capacitance element is decreased when said 
displacement body is displaced in a negative Y-axis 
direction, 

wherein said output unit outputs an acceleration compo 
nent along the X-axis based on a difference between a 
capacitance value of said first capacitance element and 
a capacitance value of said second capacitance element 
and outputs an acceleration component along the Y-axis 
based on a difference between a capacitance value of 
said third capacitance element and a capacitance value 
of said fourth capacitance element, and 

wherein said fixed body and said displacement body are 
made of silicon. 

4. The acceleration detector as set forth in claim 3, 
wherein the respective fixed electrodes and the respective 
displacement electrodes are made of silicon including impu 
rity. 

5. An acceleration detector for detecting an acceleration 
components along an X-axis, a Y-axis and a Z-axis in an 
XYZ three-dimensional coordinate system, said detector 
comprising: 

a fixed body and a displacement body, said displacement 
body being resiliently supported by said fixed body so 
that said displacement body is displaced with respect to 
said fixed body in the X-axis direction, in the Y-axis 
direction and in the Z-axis direction when acceleration 
is applied, 
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a first capacitance element including a first fixed electrode 
formed on said fixed body and a first displacement 
electrode formed on said displacement body, 

a second capacitance element including a second fixed 
electrode formed on said fixed body and a second 
displacement electrode formed on said displacement 
body, 

a third capacitance element including a third fixed elec 
trode formed on said fixed body and a third displace 
ment electrode formed on said displacement body, 

a fourth capacitance element including a fourth fixed 
electrode formed on said fixed body and a fourth 
displacement electrode formed on said displacement 
body, 

a fifth capacitance element including a fifth fixed elec 
trode formed on said fixed body and a fifth displace 
ment electrode formed on said displacement body, and 

an output unit for outputting information indicating an 
acceleration components along the X-axis, the Y-axis 
and the Z-axis, respectively, 

wherein an electrode distance of said first capacitance 
element is decreased and an electrode distance of said 
second capacitance element is increased when said 
displacement body is displaced in a positive X-axis 
direction and the electrode distance of said first capaci 
tance element is increased and the electrode distance of 
said second capacitance element is decreased when said 
displacement body is displaced in a negative X-axis 
direction, 

wherein an electrode distance of said third capacitance 
element is decreased and an electrode distance of said 
fourth capacitance element is increased when said 
displacement body is displaced in a positive Y-axis 
direction and the electrode distance of said third capaci 
tance element is increased and the electrode distance of 
said fourth capacitance element is decreased when said 
displacement body is displaced in a negative Y-axis 
direction, 

wherein an electrode distance of said fifth capacitance 
element is decreased when said displacement body is 
displaced in a positive Z-axis direction and the elec 
trode distance of said fifth capacitance element is 
increased when said displacement body is displaced in 
a negative Z-axis direction, and 

wherein said output unit outputs an acceleration compo 
nent along the X-axis based on a difference between a 
capacitance value of said first capacitance element and 
a capacitance value of said second capacitance element, 
outputs an acceleration component along the Y-axis 
based on a difference between a capacitance value of 
said third capacitance element and a capacitance value 
of said fourth capacitance element and outputs an 
acceleration component along the Z-axis based on a 
capacitance value of said fifth capacitance element. 

6. The acceleration detector as set forth in claim 5, 
wherein the respective fixed electrodes and the respective 
displacement electrodes are made of silicon including impu 
rity. 
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7. The acceleration detector as set forth in claim 1, the 
detector further comprising: 

an auxiliary electrode operatively on the fixed body 
opposite to one of the displacement electrodes for 
moving the displacement body by a Coulomb force 
when a Voltage is applied between said auxiliary elec 
trode and said one of the displacement electrodes. 

8. The acceleration detector as set forth in claim 1, the 
detector further comprising: 

an auxiliary electrode operatively on the displacement 
body opposite to one of the fixed electrodes for moving 
the displacement body by a Coulomb force when a 
Voltage is applied between said auxiliary electrode and 
said one of the fixed electrodes. 

9. The acceleration detector as set forth in claim 1, 

wherein either a plurality of fixed electrodes or a plurality 
of displacement electrodes are made of a physically 
single common electrode. 

10. The acceleration detector as set forth in claim 3, the 
detector further comprising: 

an auxiliary electrode operatively on the fixed body 
opposite to one of the displacement electrodes for 
moving the displacement body by a Coulomb force 
when a Voltage is applied between said auxiliary elec 
trode and said one of the displacement electrodes. 

11. The acceleration detector as set forth in claim 5, the 
detector further comprising: 

an auxiliary electrode operatively on the fixed body 
opposite to one of the displacement electrodes for 
moving the displacement body by a Coulomb force 
when a Voltage is applied between said auxiliary elec 
trode and said one of the displacement electrodes. 

12. The acceleration detector as set forth in claim 3, the 
detector further comprising: 

an auxiliary electrode operatively on the displacement 
body opposite to one of the fixed electrodes for moving 
the displacement body by a Coulomb force when a 
Voltage is applied between said auxiliary electrode and 
said one of the fixed electrodes. 

13. The acceleration detector as set forth in claim 5, the 
detector further comprising: 

an auxiliary electrode operatively on the displacement 
body opposite to one of the fixed electrodes for moving 
the displacement body by a Coulomb force when a 
Voltage is applied between said auxiliary electrode and 
said one of the fixed electrodes. 

14. The acceleration detector as set forth in claim 3, 

wherein either a plurality of fixed electrodes or a plurality 
of displacement electrodes are made of a physically 
single common electrode. 

15. The acceleration detector as set forth in claim 5, 

wherein either a plurality of fixed electrodes or a plurality 
of displacement electrodes are made of a physically 
single common electrode. 

k k k k k 


