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The present invention relates TOThe constructlon of an

BACKGROUND OF THE INVENTION

Field of the invention

acceleration sensor mainly employed in an air bag system for
an automobile.
Description of the Prior Art

One example of a coﬁvéntional acceleration sensor is
illustrated in Fig. 1. A conventional acceleration sensor
50 comprises an acceléfation detecting element 51, a circuit
board 52, a plurality of connecting terminals 53, a metal
base plate 54, a metal cap 55, and insulating projections
56. The acceleration detecting elehent 51 is an element for
detecting acceleration, converting the acceleration into an
electrig'signal and outputting the electric signal and is
barried on the circuit board 52. A signal processing
circuit for processing an acceleration signal detected by
the acceleration detecting element 51 is carried on the
circuit board 52. An output of the signal processing
circuit carried on the cifduit boafd 52 is outpﬁtted outward
from the acceleration sensor 50 throughlthe plﬁrality of
connectlng terminals 53. The circuit board 52 is bonded and
fixed to the surface of the metal base plate 54. Each of

the plurality of connectlng terminals 5; has 1ts end flxedr
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an autonobile. Description of the Prior Art One exanple of a
conventional acceleration sensor is illustrated in:Fig. 1. A conventional
- accel eration sensor 50 conprises an accel eration detecting elenent 51, a
circuit board 52, a plurality of connecting termnals 53, a netal base
plate 54, a netal cap 55, and insulating projections 56. The acceleration
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Stonal ang verse. susface of the metal bate piate 54°Bftel ponetrating
through the metal base plate 54. The metal cap 55 is fixed
to a peripheral edge of the_metal base plate 54 to cover the
entire acceleration sensor 50. The connecting terminal 53
is insulated from the metal base plate 54 and is fixed to
the metal base plate 54 in a portion, through which the
connecting terminal 53 penetrafes, of the metal base plate
54.

The acceleration sensor 50 is mounted on the surface of
a mounting substrate 60 by inserting the plur;lity of
connecting términals 53 through mounting holes (not shown)
of the mounting substrate 60 and connecting and fixing the
connecting'terminals 53 and a-wifing pattern of the mounting
substrate 60 té each other by soldering.

The conventional acceleration sensor 50 is used for
detecting the change in acceleration in the travel direction
of an automobile when it is used in an air bag system for an
automobile, for example. However, vibration from a road
surface and various types of vibration from the engine and
the like are transmitted to the acceleration sensor 50
carried on the body of the automobile. Such vibration may,
in some cases, causes harmful vibration in the mounting
substrate 60 in the acceleration sensor 50. For example, if

vibration in a bending mode is produced in the mounting
- . ) '
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circuit for processing an acceleration signal detected by the acceleration
detecting elenent 51 is carried on the <circuit board 52. An output of the
signal processing circuit carried on the circuit board 52 is outputted
outward fromthe accel eration sensor 50 through the plurality of
connecting termnals 53. The circuit board 52 is bonded and fixed to the

S ace O A s Iy s extbrnal Edtce ! "he mbdhtiNg LubPRSEL' N
60 is mechanically strained. If the mounting substrate 60
is strained, the effect of the strain is transmitted to the
metal base plate 54 through the connecting terminals 53,
whereby the metal base plate 54 is deformed. The
deformation of the metal base plate 54 is further
transmitted to the acceleration detecting element 51 through
the circuit board 52 bounded to the surface of the metal
base plate 54, to'affect the acceleration detecting element
51. As a result, a malfunction occurs in the acceleration
detecting element 51,.whe;eby output sensitivity in a
direction other than the directiop in which acceleration is
to be detected, for example, sensitivity in the other axial
direction is produced, causing a malfunction in the air bag
system.

Thus, a malfunction may occur due to the harmful
vibration of the mounting substrate 60 in.the conventional
acceleration sensor 50 shown in Fig. 1.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
acceleration sensor capable of restraining a malfunction due
to the effect of harmful vibration from a substrate in a
mounted state;

In accordance with a wide aspect of the present

invention, an acceleration sensor comprises an acceleration
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-2- to the circuit board 52 and the other end projected fromthe reverse
surface of the netal base plate 54 after penetrating through the netal
base plate 54. The netal cap 55 is fixed to a peripheral edge of the netal
base plate 54 to cover the entire acceleration sensor 50. The connecting
termnal 53 is insulated fromthe netal base plate 54 and is fixed to the

metal base plate 54 in a portion, through which the
detecting element, a circuit board on which the acceleration

detecting element is carried, a base plate arranged opposed
to the circuit board while being separated by a space, and a
connecting terminal extending from the circuit board,
projected outward after penetrating through the base plate,
and insulated from and fixéd to the base plate.

In the acceleration sensor, the base plate and the
circuit board are arrénged opposed to each other while being
separated by the space. If Vibration in a bending mode, for
example, is produced in a substrate on which the
acceleration sensor is carried, therefore, deformation due
to the warping of the substrate is transmitted to the base
plate, the connecting terminal, and the circuit board in
this order. A portion of the connecting terminal between
the base plate and the circuit board is deformed, whereby
the influence of warping and deformation from the substrate
is hardly transmitted to the circuit board. Consequently, -
it is possible to prevent situations where a malfunction
occurs in the acceleration detecting element carried on the
circuit board due to the influence of unnecessary vibration
produced in the substrate.

In an acceleration sensor according to a restricted
aspect of the present invention, the acceleration detecting
element is carried in the center position of a major surface

of the circuit board. Even when acceleration in the plane

-
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connecting term nal 53 penetrates, of the netal base plate 54.- The
accel eration sensor 50 is nounted on the surface of a nounting substrate
60 by inserting the plurality of connecting termnals 53 through nounting
hol es (not shown) of the nounting substrate 60 and connecting and fi xing
the connecting termnals 53 and a wiring pattern of the nDunting

Zgg Zf re?:[a? idgr%%‘gﬁfg‘%f h% tifr}.gr Lfé%’ﬁg"?}og% I n’[g%ch? n"éh? h%c%%g%né%QT%H a%%'é?%?af'l on in
the travel direction . )
applied, therefore, no turning moment to rotate the circuit
board is generated. Consequently, it is possible to prevent
the production of unnecessary sensitivity due to the
rotational vibration of the circuit board to heighten the
acceleration detecting accuracy.

In an acceleration sensor according to another aspect
of the present invention, a substrate supporting member is
arranged between the circuit board and the base plate. The
substrate supporting member is arranged on the base plate
for fixing and supporting the bottom surface of the circuit
board. Therefore, a circuit board supporting structure
becomes firmer, as compared with a structure in which a
portion between a circuit board and a base plate is
supported by only connecting terminals. Consequently; it is
possiblé to prevent the circuit board from resonating under
external vibration and prevent the acceleration detecting
accuracy from being decreased by addition of noises due to
the resonance to an acceleration detecting signal of the
acceleration.detecting element.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.
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of an autonobile when it is used in an air bag systemfor an autonobile,
for exanple. However, vibration froma road surface and various types of
vibration fromthe engine and the like are transmitted to the accel eration
sensor 50 carried on the body of the autonobile. Such vibration may, in
sone cases, causes harnful vibration in the nounting substrate 60 in the

accelereuiéghé?nﬁﬁgﬁéngfgﬁ 8§a¥§£eDRA%IN¥§bration in a bending node is
nthe |

produced i ng

Fig. 1 is a cross sectional view showing the
construction of a convenfional acceleration sensor;

Fig. 2 is a cross sectional view showing the
construction of an acceleration sensor according to a first
embodiment of the present invention;

Fig. 3 is a perspective view showing the construction
of the acceleration sensor shown in Fig. 2;

Fig. 4 is a front sectional view showing the
constru&tion of the accelefation sensor shown in.Fig. 23

Fig. 5 is a plan view showing the construction of the
acceleration sensor shown in Fig. 2;

Fig. 6 is a diagram éhowing the construction of an
acceleration detecting element in the aéceleration sensor
shown in Fig. 2;

Fig. 7 is a perspective view showing one step out of
steps of fabricating the accelerafion detecting element
shown in Fig. 6;

Fig. 8 is a perspective view showing another step out
of the steps of fabricating the acceleration detecting
element shown in Fig. 6; |

Fig. 9 is a perspective view showing still another'step
out of the steps of fabricating the accelgration detecting
element éhown in Fig. 6:

Fig. 10 is a perspective view showing a further step
- -
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-3- substrate 60 by sone external force, the nmounting substrate 60 is
mechanically strained. If the nounting substrate 60 is strained, the
effect of the strainis transmtted to the netal base plate 54 through the
connecting termnals 53, whereby the netal base plate 54 is deformed. The
deformati on of the netal base plate 54 is further transmtted to the

accel eration detectln el ement 51 t hrough
out of the steps of fabricating the acceleration detecting

element shown in Fig. 6;

Fig. 11 is a diagram showing the construction of
another example of the acceleration detecting element;

Fig. 12 is a cross sectional view showing the
construction of an acceleration sensor in a modified example
of the first embodiment;

Fig. 13 is a plan view showing the construction of an
acceleration sensor according to a second embodiment of the
present invention;

Fig. 14 (a) is a plan view showing the construction of
an acceleration sensor according to a third embodiment of
the present invention, and Fig. 14 (b) is a sectional side
elevation thereof;

Fig. 15 (a) is a plan view showing the construction of
an acceleration sensor according to a fourth embodiment of
the present invention, and Fig. 15 (b) is a sectional side
elevation'taken along a line Z - 2 in Fig. 15 (a);

Fig. 16 is a cross sectional view showing the
construction of an acceleration sensor according to a fifth
embodiment of ‘the present invention:;

Fig. 17 is a cross sectional view showing the
construction of an acceleration sensor according to a sixth
embodiment of the present invention; and

Fig. 18 is a cross sectional view showing the

- -
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the circuit board 52 bounded to the surface of the netal base plate 54, to
affect the acceleration detecting elenment 51.° As a result, a malfunction
occurs in the acceleration detecting elenent 51, whereby out put
sensitivity in a direction other than the direction in-which accel eration
Is to be detected, for exanple, sensitivity in the other axial direction
s produced, o cayst ng, a,FeLEUDEE 9B bl bie Bt o RYRLRM ¢ Thus, a
mal f uncti on nay occur Qe ratiron o e nDuntlng

substr i vent i | erati,on r hown in Fi 1.
strate gggnt tembgggmgn% OE theag%gsgn%tlgve% nso 50 sho | 'g

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will be
described in detail with reference to the drawings.

First Embodiment

As shown in Figs. 2 to 5, an.acceleration sensor 1
according to a first embodiment comprises an acceleration
detebting element 2, a circuit board 3 oﬁ which a signal
processing circuit for processing an acceleration signal
detected by the acceleration detecting element 2 is carried,
a plurality of connecting terminals 4 each having its end
connected to the signal processing circuit on the circuit
board 3 and the other end projected toward the reverse
surface of the cifcuit board 3, a metal base plate 5, a
metal cap 7 connected to the metal base plate 5 for covering
the entire acceleration sensor 1, énd insulating projections
6 formed on the reverse surface of the metal base plate 5.

The acceleration detecting element 2 is carried on the
surface of the circuit board 3 incorporating the signai
processing circuit (not showg), and comprises a pair of
piezoelectric elements 20 arranged adjacent to each other
and a weight 23 mounted on the pair of piezoelectric
elements 20, as shown in Fig. 6. The pair of piezoelectric

elements 20 is fabricated using piezoelectric ceramics. The

\ -~
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SUMVARY OF THE | NVENTI ON An object of the present inventionis to
provide an accel eration sensor capable of restraining a mal function due

to the effect of harnful vibration froma substrate in a nounted state.

In accordance with a wi de aspect of the present invention, an acceleration
sensor conprises an accel eration

piezoelectric elements 20 are integrated by joining their
side surfaces to each other with adhesives. Further, each
of the piezoelectric elements 20 is subjected to
polarization processing in the direction in which
‘acceleration is exerted, and the direction of polarization A
‘in the piezoelectric element 20 is set in a direction
parallel to a major surface of the circuit board 3 and
coincides with the main axial direction of sensitivity in
which detection sensitivity to acceleration is the highest.
The weight 23 is fabricated using piezoelectric ceramics
which is not subjected to polarization processing. A common
electrode 22b is formed on the upper surfaces of the
integrated piezoelectric elements 20. The common electrode
22b and the weight 23 are joined to each other through
adhesives. On the other hand, element electrodes 22a are
raspectively formed on the lower surfaces of the
piezoelectric elements 20. The element electrodes 22a are
respectively connected to electrode lands 24 formed on the
surface of the circuit board 3 through adhesives.

The acceleration detecting elemenf 2 utilizes as the
principle of detection such a piezoelectric ceiamics
shearing effect that the weight 23 of large mass produces an
inertia force by application of acceleration and shear
stresses are respectively applied to the piezoelectric

elements 20 by the weight 23 and consequently, a charge and

-

This Sheet Has Been Repl

T 9




-4- detecting element, a circuit board on which the accel eration
detecting elenent is carried, a base plate arranged opposed to the circuit
board whil e being separated by a space,. and a connecting term nal
extending fromthe circuit board, projected outward after penetrating

t hrough the base pl ate, and insulated fromand fixed to the base plate.

In the acgelgy: gc%ig%no e OtJh Q?cfetrgéeaé&ﬁ@ré{foncéf&%{-o@@ééé are

arranged oppos I ng
Since the weight 23 is composed of piezoelectric ceramics

which is not subjected to polarization processing, the
weight 23 functions only as an object of large mass which
produces an inertial force based on écceleration and applies
shear stresses to the piezoelécfric elements 20. The weight
23 is not limited to one composed of piezoelectric ceramics.
The weight 23 may be one fabricated using a material having
approximately the same coefficient of thermal expansion as
that of the piezoelectric elements 20. This is for the
following reason. Specifically, in the step of mounting the
acceleration detecting element 2, a method of overlapping
the circuit board 3 composed of alumina and the
piezoelectric elements 20 composed of piezoelectric ceramics
and overlapping the piezoélectric elements 20 and the weight
23 with thermosetting adhesives respectivély interposed
therebetween and then, simultaneously bonding them to each
other by one heating processing may, in some cases, be used.
This method will be described in detail later. In this
case, if the weight 23 is compbsed of a material such as
iron and the piezoelectric elements 20 are compbsed of
piezoelectric ceramics as in the conventional example, an
internal stress is produced in a portion where they are
bonded after heating due_to-the difference in the coeffi-

cient of thermal expansion therebetween. In the present

-
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by the space. If vibration in a bending node, for exanple,
n a substrate on which the acceleration sensor is carried,
deformati on due to the warping of the substrate is transmt

to the base plate, the connecting termnal, and the circuit board in
order. A portion of the connecting term nal between the base plate and the

circuit board is deformed ereb the_i o] L.ng-,an
defornBIicﬁpq?éﬁW%%%’éﬁﬁi ?%@Eé’igh%aﬁﬁ?ﬁgéééﬁgﬁiftéé&@%BF%ezgi%ggifhgbard.
Consequently, it _is possible to prevent situations where a nalfynction

occurs in TRk AR | HIPHEERERY nYSENENBRECTAP! PPy nnghgPProximate-

ly the same coefficient of thermal expansion. This ;e-
strains the variation in detection characteristics due to
the internal stress based on the difference in the coeffi-
cient of thermal expansion.

The acceleration detecting element 2 is fabricated by
the following method.

As shown in Fig. 7, a pair of block members 31 composed
of piezoelectric ceramics which is previously subjected to
polarization processing is first prepared, and the bloqk
members 31 are integrated by joining their respective one
surfaces to each other with adhesives. A block joint member
32 obtained by the integration is subjected to cutting
processing along imaginary lines B as shown, to cut a
ceramic joint plate 33 having a predetermined thickness.

The ceramic joint plate 33 corresponds to the pair of piezo-
electric elements 20, 20 shown in Fig. 6.

As shown in Fig. 8, both major surfaces of the ceramic
joint plate 33 are subjected to electrode formation
précessing such as deposition or sputtering, to form
electrode layers 22 having a predetermined thickness on the
entire surfaces of the ceramic joint plate 33.

An electrode region 25 extending along a joint surface

26 of the ceramic joint plate 33 with a predetermined width

. T
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circuit board due to the influence of unnecessary vibration produced in
the substrate. In an accel eration sensor according to a restricted
aspect of the present invention, the acceleration detecting elenent is

carried in the center position of a major surface of the circuit board.
Even when acceleration in the plane

in the electrode layer 22 formed on one major surface of the
ceramic joint plate 33 is cut and removed using a groove
processing tool which is referred to as a dicing machine. A
pair of element electrodes 22a separated from each other is
formed, as shown in Fig. 9, by the removal processing. In
performing the removal processing of the electrode region 25
having a predetermined with using the dicing machine, a
cutting region is positioned on the basis of the joint
surface 26 of the ceramic joint plate 33, thereby to make it
possible to perform cutting processing in an accurate width.
Therefore, the element electrodes 22a éeparated from each
other by the cutting and removai processing can be formed in
syﬁmetrical positions spaced apart from the joint surface 26
by an equal distance. This removal processing is not limit-
ed to the cutting processing using the dicing machine; The
removal proceséing may be performed using a method such as
etching,-provided thatlthe dimensional precision of the
electrode region 25 having a predetermined width can be
maintained.

Furthermoré, as shown in Fig. 10, a weight block member
23a composed of piezoelectric ceramics which is not
subjected to polarization processing is joined with
adhesives to a major surface, on which the common electrode
22b is formed, of the ceramic joint plate 33. Thereafter,

the ceramic joint member 33 and the weight block member 23a
- -
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-5- direction of the circuit board in the acceleration sensor is applied,
therefore, no turning nonent to rotate the circuit board is generated.
Consequently, it is possible to prevent the production of unnecessary
sensitivity due to the rotational vibration of the circuit board to

hei ght en the accel eration detecting accuracy. In an accel eration
sensor acgcp to.a other of, t.he regent vent ate
support i n@] hbgfe dn flgtr §ad et%er‘?qlﬁgrp i © é(;aéra&ﬂ ‘%‘?ﬁe E éé
plate. The

widths along imaginary lines C as shown. Further, both ends
of each of chips of the ceramic joint plate 33 and the
weight 23 obtained by the cutting are cut off along
imaginary lines D as shown, to adjust the dimensions of the
chip. The cutting of both the ends of the chig along the
imaginary lines D is performed on the basis of not the joint
surface 26 of the pair of piezoelectric elements 20 but an
innerlend surface of the element electrode 22a obtained by
the cutting using the dicing machine. Specifically, the
internal end surface of the element electrode 22a is formed
in a linear shape by the cutting processing. Consequently,
the internal end surfaée is suitable for use as a reference
position in cutting off both the ends of the chip. If both
the.ends of the chip are cut off on the basis of the inter-
nal end surface, the widths of the element electrodes 22a
obtained as a result of the cutting become egual to each
other. As a result, it is possible to make the areas of the
element electrodes 22a in the completed acceleration detect-
ing element 2 equal to each othér.

The acceleration detécting element 2 is completed by
the foregoing steps. The acceleration detecting element 2
thus fabricated is mounted on a substrate by being joined to
the electrode lands 24 formed on the surface of the circuit

board 3 through adhesives.
-—_
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substrate supporting nenber is arranged on the base plate for fixing and
supporting the bottomsurface of the circuit board. Therefore, a circuit
board supporting structure becones firmer, as conpared with a structure in
which a portion between a circuit board and a base plate i's supported by
only connecting termnals. Consequently, it is possible to prevent the

ccel erat | on dePRRUTRISRRCRATaRY FPBrPRLFrGLcRYPARELACH] (RABLERERIE! 2001 ses

due to the resonance to an accel eration detecting signal ,of the _

accel er at i¥h the R¢caterabhentdetecting element 2 may be individually
fabricated without using the above described fabricating
method. Specifically, the weight 23 and the integrated
piezoelectric elements 20 having the common electrode 22b
and the element electrodes 22a formed thereon which
constitute the acceleration detecting element 2 may be
individually fabricated by cutting the ceramic joint plate
33 fabricated in the step shown in Fig. 9 to prédetermined
widths along the imaginary lines D shown in Fig. 10, while
cutting the weight block member 23a composed of .
piezoelectric ceramics to the same widths. .It is preferable
in terms of fabrication efficiency that such a method is
employed. In this case, the connection of the electrode
lands 24 on the circuit board 3 and the pair of element
elecfrodes 22a and the connection of the common electrode
22b and the weight 23 can be made by performing heating
processing once using thermosetting adhesives, for example,
in the step of mounting the acceleration detecting element 2
on the circuit board 3.

Furthermore, an acceleration detecting element 2 in
another example.which is applied to the present invention is
shown in Fig. 11. The acceleratién detecting element 2 does
not comprise a weight 23, as compared with the acceleration

detecting element 2 shown in Fig. 6. The acceleration
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The foregoing and ot her objects, features, aspects and advantages of the

present invention will beconme nore apparent fromthe follow ng detail ed
description of the present invention when taken in conjunction with the
acconpanyi ng draw ngs. . -6-

detecting element 2 is so constructed that a pair of
piezoelectric elements 20a also ser&es as the weight 23.
Therefore, the pair of piezoelectriq elements 20a is
increased in height and mass. In the acceleration detecting
element 2 thus constructed, each of the piezoelectric
elements 20a produces an inertia force by its own weight if
acceleration is exerted thereon and a shear stress is
applied to the piezoelectric element 20a and consequently, a
charge and a Qoltage proportional to the acceleration are
produced, thereby to detect the acceleration.

In the acceleration detecting element 2, a ceramic
joint plate 33 having a sufficient thickness may be cut from
a block joint member 32 in the above described fabricating
step shown in Fig. 7. In the subsequent steps, a common
electrode 22b and element electrodes 22a may be formed using
the saﬁe method as the above described method shown in Figs.
8 to 10.

Description is now made qf Figs. 1 and 5 again.
Particularly referring to Fig. 5, the acceleration detecting
element 2 is arranged in the center of the circuit board 3.
This is caused by the fact that the acceleration detecting
element 2 has a higher weight than that of the other element
arranged on the circuit board 3. If the acceleration
detecting element 2 which is a heavy component is arranged

in the center position O of the circuit board 3, it is
Ll ﬁ—x
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a cross sectional view
showi ng the <construction of a conventional acceleration sensor; Fig.
2 is a cross sectional view showing the construction of an accel eration
sensor according to a first enbodinent of the present invention;

Fig. 3 is a perspective vieM/shomAng the construction of the acceleration

sensor

showmn in Fig. 2

4 is a front sectional view show ng the

construct|Rﬁﬁ%ﬁb¥%ét%0@%¢%¥ﬁiﬁeng§@n§ﬁﬁt§ﬁoﬂﬁ grapigy J; of the entire

circuit board 3 in the vicinity of the centef position. If
the acceleration detecting element 2 is thus arranged, it is
possible to prevent a turning moment from being generated in
the circuit board 3 if acceleration is applied to the
acceleration sensor 1. For example, if the acceleration
detecting element 2 which is a heavy component is arranged
iﬁ the peripheral position of the circuit board 3, there
occurs such a phenomenon that the center of gravity J of the
circuit board 3 is offset from the center position O,
whereby a turning moment is generated in the circuit board 3
so that the connecting terminals 4 are distorted, causing
the rotational vibration of the circuit board 3. The
rbtational vibration degrades the detecting accuracy of the
acceleration sensor 1 because it prevents acceleration from
being accurately transmitted to the acceleration detecting
element 2. As in the present embodiment, thereforé, the
acceleration detecting element 2 is arranged in the center
position of the circuit board 3, thereby to make it possible
to prevent the detecting adcuracy of the acceleration sensor
1 from being decreased due to the rotational vibration. The
acceleration detecting element 2 is so arranged that the
direction in which acceleration is to be detected G is.
parallel to the plane direction of the circuit board 3 and

is parallel to a direction orthogonal to the direction in
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Fig. 5is a plan view showi ng the construction of the acceleration sensor
shown in Fig. 2; Fig. 6 is a diagram show ng the construction of an
accel eration detecting-elenment in the accel eration sensor shown in Fig. 2;
Fig. 7 is a perspective view show ng one step out of steps of fabricating
the accel eration detecting elenment shown in Fig. 6; Fig. 8is a

e A e dEPRA TRy, ol HE:BhER" 0" LR 1820 kA the
direction in which the connecting terminals 4 are opposed to
each other X.

A.blurality of (for example, five) connecting terminals
4 are arranged in parallel along each of both side surfaces
of the circuit board 3. One end of the connecting terminal
4 is connected to one terminal of the signal processing
circuit formed on the circuit board 3. The other end of the
connecting terminal 4 is projected toward the reverse
surface of the metal base plate 5 after-penetrating through
the metal base plate 5.

The metal base plate 5 is arranged opposed to the
circuit board 3 while being separated by a space S. The
insulating projections 6 are provided on the reverse surface
of the metal base plate 5. A portion, through which the
connecting terminal 4 penetrates, of the metal base plate 5
is subjected to insulationlprocessing. In addition, the
metal cap 7 is attached to the metal base plate 5. As a
result, the entire acceleration sensor 1 is covered with the
metal cap 7.

The acceleration sensor 1 ié mounted on a mounting
substrate 10. Ends of the connecting terminals 4 are
respectively inserted through mounting holes (not shown) of
the mounting substrate 10 until the insulating projections 6

in the acceleration sensor 1 abut against the surface of the

- -
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Fig. 9 is a perspective view showing still another step out of the steps
of fabricating the acceleration detecting elenent shown in Fig. 6;

Fig. 10 is a perspective view showing a further step

-7- out of the steps of fabricating the accel eration detecting

mounting substrate 10. In this state, the connecting
terminals 4 afe soldefed to a wiring pattern (not shown) of
the mounting-substrate 10, whereby the acceleration sensor 1
is connected and fixed to the mounting substrate 10.

In the acceleration sensor 1 constructed as described
above; the circuit board 3 is arranged spaced apart from the
metal base plate 5 by a 6onstant distance. Therefore, the
following effect is prodﬁced.

Specifically, if uhnecessary vibration (particularly,
bending) is caused by some factor in the mounting substrate
10 to which the acceleration sensor 1 is fixed to warp the
mounting substrate 10, the mechanical strain of the mounting
substréte 10 is transmitted to the metal base plate 5, to
warp the metal base plate 5. Since the space S is formed
between the metal base plate 5 and the circuit board 3,

- however, mechanical strain due to the warping of the metal
base plate 5 is transmitted to the circuit board 3 not
direcfly but through the connécting terminals 4. However,
the connecting terminals 4 are elastically deformed and
curved, thereby to absorb the mechanical strain. Therefore,
the mechanical strain is hardly transmitted to the circuit

"board 3. The influence of the warpiné of the mounting sub
strate 10 is not transmitted to the circuit board 3 by such
a function, whereby no unnecessary output (fot examplé,

sensitivity in the other axial direction) is produced from
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el ement shown in Fig. 6; Fig. 11 is a diagram show ng the
construction of another exanple of the accel eration detecting el enent;
Fig. 12 is a cross sectional view showing the construction of an

accel eration sensor in a nodified exanple of the first enbodi nent;

Fig. 13 is.a plan view showi ng the construction of an acceleration sensor
according to a sec

OOl S Se PR RIRhTERL S0l Meppgasst | ovention: o, 14

' As shown in Fig. 2, for example, in the acceleration
sensor 1, the pair of connecfing terminals 4 is arranged in
parallel along a pair of end surfaces of the ciréuit board
3. Although the pair of connecting terminals 4 is
relatively easily curved in the direction in which the
connecting terminals 4 are opposed to each other X,
therefore, the plurality of connecting terminals 4 are not
easily curved in the direction in which the connecting
terminals 4 are aligned Y. If the.metal base plate 5 warps
in the direction Y, the connecting terminals 4 can be hardly
curved. Consequently; it is considered that the mechanical
strain of the metal base plate 5 is transmitted to the
circuit board 3, to warp the circuit board 3.

In order to prevent such a problem from occurring, in
the acceleration sensor 1,'the acceleration detecting
element 2 is arranged on the circuit board 3 so that the
direction in which acceleration is to be detected G is
parallel to the direction in which the connecting terminals
4 are opposed to each other X, as described above. Even if
the circuit board 3 warps by the warping of the metal base
plate 5 in the direcfibn in which the connecting terminals
are aligned Y, therefore, strain due to the warping is
hardly picked up by the acceleration detecting element 2

because the direction in which the strain is induced becomes

-
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an accel eration sensor according to a third enbodi nent of the present

I nvention, and Fig. 14 (b) is a sectional side elevation thereof;

Fig. 15 (a) is a plan view showi ng the construction of an acceleration
sensor according to a fourth enbodi ment of the present invention, and Fig.
15 (b) is a sectional side elevation taken along aline Z - Zin Fig. 15

i accel ePad e SEERARE To B FHTRORIBR IRt EGR The present
i nvention; Fig. 17 is a cross sectional view show ng the
accgleration is to be detected G in the acceleration
detecting element 2. Therefore, unnecessary output (for
example,. sensitivity in the other axial direction) is hardly
produced from the acceleration sensor 1.

As another effect produced by providing the space S, an
element containing space can be formed on the reverse
surface of the circuit board 3. Therefore, circuit elements
E constituting the signal processing circuit are arranged in
the element containiﬁg space, whereby elements can be
arranged on the surface and the reverse surface of the
circuit board 3, thereby to make it possible to reduce the
area of the circuit board 3.

If the reverse surface of the circuit board 3 is not
utilized as an element containing space, the space may be
filled with elastic resin or'the like; As the elastic
resin, elastic resin having such a degree of suitable
elasticity that the déformation of the metal base piate 5 is
not directly transmitted to the circuit board 3 is
preferred.

Description is now ﬁade of an effect produced by
arranging the acceleration detecting element 2 which is a
heavy component in the center position of the cifquit board
3. The position where the accéleration detecti#g element 2

is arrangéd becomes a position which is approximately

-
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construction of an accel eration sensor according to a sixth enbodi nent of
the present invention; and Fig. 18 is a cross sectional view show ng
t he -8- construction of an

accel eration sensor according to a seventh enbodi ment of the present
I nventi on.

symmetrical with respect to the plurality of connecting
terminals 4, as described above. Even if acceleration is
applied to the acceleration sensor 1, therefore, no turning
moment is generated in the circuit board 3. Consequently,
such a phenomehon that the connecting terminals 4 are
distorted by the turning moment to cause the rotational
vibration.of the circuit board 3 does not occur. Therefore,
it is possible to prevent the detecting accuracy of the
acceleration sensor 1 from being decreased by transmission
of the rotational vibration of the circuit boérd 3 to the
acceleration detecting element 2.

Even if the circuit board 3 warps by some factor, the
direction of the tangent in the center position of the
.circuit board 3 is maintained in an approximately horizontal
state. On the contrary, if the accéleration detecting
element 2 is arranged in the pe:ipheral pbrtion.of the
circuit board 3 as in the conventional example, the
acceleration detecting element 2 is inclined by the warping
of the circuit board 3. If the acceleration detecting
element 2 is inclined, the direction in which the
acceleration detecting element 2 detects acceleration is
displaced from the direction in which acceleration is to be
detected G initially set to detect acceleration in a
direction other than the direction to be inherently

detected, thereby producing unnecessary sensitivity. On the
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred enbodi nents of the
present invention will be described in detail with reference to the

dr awi ngs. Fi rst Enbodi nment As shown in Figs. 2 to 5, an

accel eration sensor 1 according to a first enbodi nent conprises an
acceleration detecting elenent 2, a circuit board 3 on which a signal

ation detectin _ ui t board 3 on i nal
Beoetor o PAREoRend na L e e S EETF RGP ) Tadpitauiy €5 Bl Y, "

termnals 4 each having its end , . ,
present embodiment, the acceleration detecting element 2 is

arranged in the center position of the circuit board 3.
Even if the circuit boérd 3 warps, therefore, the direction
in which the acceleration detecting element 2 is mounted is
not inclined, and the direc;ion in which acceleration is to
‘be detected G is also maintained in a state parallel to the
‘circuit board 3. Therefore, unnecessary vibration due to
bending is not detected as an acceleration component in the
direction in which acceleration is to be detected G in the
acceleration detecting element 2. Consequently, unnecessary
sensitivity is not produced'in the acceleration detecting
element 2.

Such bending of the circuit board 3 is also produced
when unnecessary vibration such as bending produced in the
mounting substrate 10 is transmitted to the circuit board 3.
Even in any case, however, the direction in which
acceleration is to be detected G in the acqeleration
detgcting element 2 is maintained in a state parallel to the
circuit board 3. Consequently, unnecessary vibration due to
the bending produced in the circuit board 3 is not detected
as . an acceleration component in the direction in which .
acceleration is to be detected G in the acceleration detecf—
ing element 2. Such unnecessary sensitivity due to the

warping of the circuit board 3 is produced irrespective of
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connected to the signal processing circuit on the circuit board 3 and the
other end projected toward the reverse surface of the circuit board 3, a
netal base plate 5, a nmetal cap 7 connected to the nmetal base plate 5 for
covering the entire acceleration sensor 1, and insulating projections 6
formed on the reverse surface of the netal'base pl ate 5. The

accel eratign detecpﬁﬂg?e]enen 2 is carried on,the gurface of the .circuit

board 3 i ¥ HE SYREGR agreleterhghcirchiPt: PEnORTERERA) C ARy .

conprises a pair of piezoelectric elenents 20 arranged adjacent to each
ot her andthe ireemterastiondeteehingeepamentt 2pi ekfefhet gigection in

which acceleration is to be detected G in the acceleration
detecting element 2 is paralle; to the circuit board 3 as in
the acceleration sensor 1 according to the present embodi-
ment, the unnecessary sensitivity is significantly produced.
Therefore, the present embodiment in which the position
where the acceleration detecting element 2 is arranged is
improved is high in effectivity.

A modified example shown in Fig. 12 is applicable to
the'above desdfibed acceleratiqn sensor 1 according to the
first embodiment. In an acceleration sensor 1 according to
the modified example, an acceleration detecting element 2 is
arranged on the reverse surface of a circuit board 3. The
acceleration detecting element 2 is fixed on the reverse
surface of the circuit board 3 so that piezoelectric
elements 20 are conneéted to a wiring pattern formed on the
reverse surface of the circuit board 3. This arrangement
produces the effect of preventing the acceleration detecting
elemént 2 from being stripped from the circuit board 3
because if the acceleration sensor 1 drops with the upper
side of a metal cab 7 down, for example, a weight 23 in the

- acceleration detecting element 2 applies a loéd in the
direction in which the pieéoelectric elements 20 are pressed

against the circuit board 3 by the impact of the drop. If
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el ements 20, as shown in Fig. 6. The pair of piezoelectric elenents 20 is
fabricated using piezoelectric ceramcs. The :

-9- piezoelectric elenments 20 are integrated by joining their side
surfaces to each other with adhesives. Further, each of the piezoelectric
el ements 20 is subjected to

the acceleration sensor 1 drops with the side of the
connecting terminals 4 down, the impact of the drop is
alleviated by the connecting terminals 4. Therefore, the
stripping of the acceleration detecting element 2 is not a
problem.

A structure in which the acceleration detecting element
2 is arranged on the lower surface of the circuit board 3 is
also applicable to embodiments subsequéntly described.

Second Embodiment

Fig. 13 illustrates the horizontal sectional
éonstruction of an acceleration sensor 100 according.to a
second embodiment of the present invention. In the
acceleration sensor 100 according to the present embodiment,
a circuit board 130, a metal base plate 150 and a metal cap
170 are respectively constructed in circular shapes. An
acceleration detecting element 120 is arranged in the center
position O of the circuit board 130 in a circular shape. In
this case, the acceleration détecting element 120 is
arranged in the center position of the circuit board 130,
similarly to the acceleration sensor 1 according to the
first embodiment, thereby-to make it possible to restrain
the generation of a turning moment due to.acceleration
applied to the acceleration sensor 100. Further, it is
possible to prevent the direction in which acceleration is

to be detected G from being inclined due to the warping of
_— )
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pol ari zation processing in the direction in which acceleration is exerted,
and the direction of polarization A in the piezoelectric elenent 20 is set
ina direction parallel to a major surface of the circuit board 3 and
coincides with the main axial direction of sensitivity in which detection
sensitivity to acceleration is the highest. The weight 23 is fabricated
usi ng plezoelectrlc ceran1cs @hich IS not subjected to polarization
processi ngEhe ebrmbht RPREd 438-22b is formed on the upper surfaces of the-

i ntegrated piezoelectric elenents 20. The conmon el ectrode
Third Embodiment

A third embodiment and the subsequent embodiments are
characterized in that a resonance‘preventing structure of a
circuit board is further added to the first embodiment.

As shown in Fig. 14, an acceleration sensor 300
according to the third embodiment comprises an acceleration
detecting element 320, a circuit board 330 in a rectangular
shape on which a signal processing circuit (not shown) for
processing an acceleration signal detected by the
acceleration detecting element 320 is carried, three
connecting terminals 340 arranged in parallel along each of
a pair of short sides of the circuit board 330, a metal'base
plate 350 arranged on the side of the reverse surface of the
circuit board 330, and a case 370 fixed to the metal base
plate 350. The metal base plate 350 has a rectangular shape
slightly larger than that of the circuit boaré 330, and a
pair of substrate supporting portions 360 is integrally
formed on a major surface, which is opposed to tﬁe circuit
board 330, of the metal base plate 350. A space S is formed
between the éircuit board 330 and the metal base plate 350
by the_substrate supporting portions 360. Parts of circuit
components éonstituting the signal processing circuit can be
carried on the reverse surface of the circuit board 330 by

providing the space S, thereby to make it possible to reduce
——REE -
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22b and the weight 23 are joined to each other through adhesives. On the
ot her hand, elenent electrodes 22a are respectively forned on the | ower
surfaces of the piezoelectric elenents 20. The el enent el ectrodes 22a are
respectively connected to el ectrode | ands 24 fornmed on the surface of the
circuit board 3 through adhesives. The accel eration detecting el ement
2 utilizes as the B%inciple of .de eCtiO%&§UCh a piezoelectric ceramcs

shearing eFP8cBTeRaPEt KBeWERGRILZ300RTA,PF0 - nass produces an inertia force

by application of acceleration and shear stresses are respectively applied
to the piezoel eBaghcof the connecting terminals 340 is projected

toward the reverse surface of the metal base plate 350 after
penetrating through the metal base plate 350, and a portion
between the connecting terminal 340 and the metal base plate
350 is subjected to insulation processing.

In the acceleration sensor 300, both ends of the
circuit board 330 are suppofted by the pair of substrate
supporting portions 360 in the metal base plate 350. Even
when external vibration is transmitted through the
connecting terminals 340, therefore, the rolling of the
circuit board 330 is festrained by a supporting structure
using the substrate supporting portions 360. As a result,
rolling resonance is prevented from being produced in the
circuit board 330.

Specifically, if rolling resonance is produced in the
circuit board 330, extra signals (noiseé) due to fhe
resonance are included on the side of high frequencies of a
measured regioﬁ of the acceleration detecting element 320,
thereby to degrade the acceleration measuring acéuracy.
Therefore, the prevention of the rolling resonance of the
circuit board 330 to reduce fhe noises due to the resonance
is effective in improving the measuring accuracy of the |
acceleiation sensor 300.

Fourth Embodiment

R i
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el ements 20 by the weight 23 and consequently, a charge and

- 10 - a voltage proportional to the acceleration are produced. Since the
wei ght 23 is conposed of piezoelectric ceramics which is not subjected to
pol ari zati on processing, the weight 23 functions only as an object of

| ar ge mass whi ch

In an acceleration sensor 400 shown in Fig. 15; a
plurality of (four in an example as shown) connecting
terminals 440 are arranged along only one of short sides of
a circuit board 430 in a rectangular shape. Each of the
connecting terminals 440 is projected toward the reverse
surface of the circuit board 430 after penetrating through a
metal base plate 450.

The metal base plate 450 has flange portions 450a for
mounting the acceleration sensor 400 on a substrate or the
like. Mounting holes 460 are respectively formed in the
flange portions 450a. The acceleration sensor 400 is fixed
to a substrate or tﬁe like through the mounting holes 460.
In addition, a substrate supporting portion 450b for
supporting a peripheral édge of the circuit board 430 is
integrally formed in the metal base plate 450. In Fig. 15
(a), the substrate supporting portion 450b is formed in a U
shape along three sides of the circuit board 430 excluding
one side along which the connecting terminals 440 are
formed. The substrate supporting portion 450b supborts the
circuit board 430, to prevent rolling resonance from being
produced in the circuit board 430 to prevent the inclusion
of noises due to the fesonance of the circuit board 430, as

- in the third embodiment.

Fifth Embodiment

As shown in Fig. 16, in an acceleration sensor 500
- . _

This Sheet Has Been R

G :




produces an inertial force based on accel eration and applies shear
stresses to the piezoelectric elenments 20. The weight 23 is not linmted to
one conposed of piezoelectric ceramcs. The weight 23 may be one
fabricated using a material having approximately the same coefficient of

t hermal expansion as that of the piezoelectric elenments 20. This is for

the follow ng r.easqn. ecifically, .in.the step of mount,|

accel er at 26T S:r?g t‘jf)ee RHRSSIT SRKIETY o%e‘ﬂ%%‘fﬁgngbgﬁ%h%?(? ik
board 3 conmposed of alumi na and the piezoelectric el ements 20 conposed of
piezoelec?rﬂ?tﬂ%%ﬂﬁﬁ%;Plate 550 respectively have circular shapes. A

substrate supporting portion 550a is formed in the center of
the metal base plate 550. The substrate supporting portion

550a supports the bottom surface of the circuit board 530 in
én assembled state.

In the acceleration sensor 500, the center of the
circuit board 530 is supported by the éubstrate supporting
portion 550a, whereby rolling resonance is not produced in
the circuit board 530. Further, a space S is formed around
the substrate supporting portion 550a, thereby to make it
possible to contain circuit components constituting a signal
processing circuit in the reverselsurface of the circuit
board 530 utilizing the space S. As a result, it is
possible to reduce the area of the circuit board 550a.

Sixth Embodiment

As shown in Fig. 17, in an acceleration sensor 600
according to the present embodiment, substrate supporting
bases 680 are pfovided between a circuit board.630 and a
metal base plate 650. The substrate supporting bases 680
are constructed separately from the metal base plate 650.
Connecting terminals 640 are respectively inserted through
the substrate supporting bases 680. The substrate
supporting bases 680 form a space S between the circuit

board 630 . and the metal base plate 650 and support the
- T T ~
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and overl appi ng the piezoelectric elenents 20 and the weight 23 with

t hernosetti ng adhesi ves respectively interposed therebetween and then,

si mul t aneously bonding themto each other by one heating processing nay,
in sone cases, be used. This nethod will be described in detail later. In
this case, if the weight 23 is conposed of a naterial such as iron and

t he piezoelectrjc ele e conposgd o geleciric,ceramics as in
t he converfti q? éf%. f%?e?ﬂ% esp iR er g 88§§é§ Pnt] 58FFVbn
where they are bonded after heatin dye to the difference in the coeffi-

ci ent. of tHHGHIT SGRRPRAIMTS HePrpEiabing| A FhgrplepEAEessing circuit

on the reverse surface of the circuit board 630 and
consequenfly, maﬁes it possible to miniaturize the circuit
board 630. The substrate supporting bases 680 support and
fix the circuit board 630 to prevent the rolling vibration
of the circuit board 630. The substrate supporting base 680
is composed of ferrite. Therefore, an acceleration signal
detected by an acceleration detecting element 620 is
outputted outward after a noise component of the
acceleration signél is reduced by passing through the
connecting terminals 640 respectively penetrating through
the subsfrate supporting bases 680 made of ferrite.

As a material of the substrate supporting base 680, a
material having a noise reducing éffect, for example, a
ferrite material is preferred. However, the material may be
another material which doeé not have such a function,
provided that it can supﬁort and fix the circuit board 630.

Seventh Embodiment

As shown in Fig. 18, an acceleration sensor according
to the present embodiment is characterized by the shape of a
metal base plate 750. Specifically, in the metal base plate
750, projected portions 750a projected toward a circuit
board 730 are formed. The projected portions 750a are

respectively provided so as to correspond to a plurality of
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- 11 -

wei ght 23 are fabricated using materials having approxi nat e-

enbodi ment, therefore, the piezoelectric elements 20 and the

coefficient of thermal expansion. This re- strains the variation in
detection characteristics due to the internal stress based on the
difference in the coeffi-

connecting terminals 640. Each of the connecting terminals
740 is projected toward the reverse surface of the metal
base plate 750 after penetrating through the corresponding
projected portion 750a. A portion between the cohnecting
terminal 740 and the projected portion 750a in the metal
base plate 750 is subjected to insulation processing. In
additioh, the connecting terminal 740 is fixed and supported
on the metal base plate 750 by a portion, through which the
connecting terminal 740 penetrates, of the metal base plate
750. The height of the projected portion 750a is made
smaller than the distance between the circuit board 730 and
the upper surface of the metal base plate 750. .Therefore,
the connecting terminal 740 extending toward the reverse
surface of the metal base plate 750 from the circuit board
730 has an exposed portion between the reverse surface of
the circuit board 730 and an upper end surface of the
projected portion 750af

A space S is formed between the circuit bard 736 and
the metal base plate 750 which are supported by such a
structure. It is possible to carry circuit components (not
shown) on the reverse surface of the circuit board 730 by

forming the space S. As a result, it is possible to reduce

the area of the circuit board 730.

Furthermore, the circuit board 730 is supported by the

exposed portion of the connecting terminal 740 between the
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cient of thermal expansion. The accel eration detecting element 2 is
fabricated by the follow ng nethod. As shown in Fig. 7, a pair of

bl ock nmenbers 31 conposed of piezoelectric ceramcs which is previously
subjected to polarization processing is first prepared, and the bl ock
menbers 31 are integrated by joining their respective one surfaces to each

other wt Sl V. ' ck kO 2 ' ) kAt ti
s Sub) ot QEE idard PAOTnd AL BROYEELadTpBRELACAS0K LACchl BOT AL O

cut a metal base plate 750. The length of the exposed portion is

made sufficiently smaller than the height of the space S. A
portion of the connecting terminal 740 is thus covered with
the projected portion 750a, thereby to make it possible to
decrease the length of the exposed portion to prevent the
rolling vibration of the circuit board 730. This is based
on the following principle.

‘Specifically, rolling resonance may be produced in the
circuit board 730 if the circuit board 730 is supported by
the connecting terminals 740. However, it is known that the
resonance frequency in the circuit board 730 is inversely
proportional to one—helf the cube of the length of the
exposed portion of the connecting terminal 740 which swings
between the circuit board 730 and the metal base plate 750.
If the length of the exposed portion is decreased,
therefore, the resonance frequency in the circuit board 730
can be set in the range of not less than 10 kHz which does
not affect a measured region (0 to 1 kHz) of an acceleration
detecting element 720. From this point of view, the
decrease in the length of the exposed portion of the
connecting terminal 740 is effective. If the length of the
exposed portion is decreased, however, the space S between
the circuit board 730 and'the metal base plate 750 is

narrowed, thereby to make it impossible to carry circuit
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ceramic joint plate 33 having a predeterm ned thickness. The ceramc joint
pl ate 33 corresponds to the pair of piezo- electric elenents 20, 20 shown
in Fig. 6. As shown in Fig. 8, both major surfaces of the ceramc
joint plate 33 are subjected to el ectrode formati on processing such as
deposition or sputtering, to form electrode |ayers 22 having a

d i ned t hick h ' ] .G _J+Ol I
o BT O i SECERD R RHCR! Sk ey rAroLh T Phiz Za0, 0 [1.C

ceramic joint plate 33 with a predeterm ned w.dth
J Theré%ore, the projeg%e porglons ygga-are provided on the

surface of the metal base plate 750 so that the height of
the space S is set to not less than a prescribed value.

The projected portions 750a may be not only formed
integrally with the metal base plate 750 but also formed
separately from the metal base plate 750 and then, fixed
thereto. Alternatively, the projected portion 750a may
completely cover a portion of the connecting terminal 740
which is positioned between the circuit board 730 and the
metal base plate 750. In this case, it is possible to
directly support the circuit board 730 by the projected
portions 750a. Therefore, it is possible to further prevent
the rolling resonance of the circuit board 730 more
effectively.

Although in the above described third to seventh
embodiments, the acceleration sensors also have the function
of the acceleration sensors in the first and second
embodiments, which is not particularly described.
Specifically, the circuit boafd and the metal base plate are
arranged while being sepafated by the space S, thereby to
make it possible to prevent the circuit board from warping
due to the warping of the mounting substrate. Further,
components constituting the signal processing circuit can be

also arranged on the reverse surface of the circuit board
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-12 - in the electrode |layer 22 fornmed on one major surface of the

ceramc joint plate 33 is cut and renoved using a groove processing tool
which is referred to as a dicing nachine. A pair of elenent electrodes 22a
separated from each other is fornmed, as shown in Fig. 9, by the renova
processing. In

utilizing the space S, thereby to make it possible to
miniaturize the circuit board.

lIn Figs. 14 to 18, reference numerals 320, 420, 520,
620 and 720 denote acceleration detecting_elements, and 370,
470, 570, 670 and 770 denotes cases.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

appended claims.
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per f ] | processing of the electrode region 25 having a
predg“m“ﬂlmmlummﬂnl ng the dicing machine, a cutting region is

posi ti*onéd bn the basis of the joint surface 26 of the ceramc j.oint plate
33, thereby to make it possible to performcutting processing in an

accurate wdth. Therefore, the elenent el ectrodes 22a separated from each

ot her by wtti renpval processing can be fornmed in symmetrical
positions%ggggéﬁgé%%%ﬁﬂ%%dﬁ$$he joint surface 26 by an equal distance.

Thi s renoval procesiggg:is not |]imt- ed to the cutting processing using

|
the dicing macHine?® Ce SRR EHOm  BRRERF nGORRY L B5L™ér f or ned usi ng a net hod

such as i

an acceleration detecting element;

a circuit board on which said acceleration detecting
element is carried:

a base plate arranged opposed to said circuit board
while being separated by a spéce; and

a connecting terminal extending from said circuit
board, projected outward affer penetrating through said base
plate, and insulated from and fixed to said base plate.

2. The acceleration sensor according to claim 1,
whereip

said acceleration detecting element is arranged on
either one of a pair of major surfaces of said circuit
board.

3. .The acceleration éensor according to claim 1,
wherein

said connecting terminal comprises a plurality of
connecting terminals arranged along each of alpair of
opposite sides of said circuit board in a rectangular shape,
and |

said acceleration detecting element is carried on said
circuit board so that the direction in which acceleration is
to be detected is a direction orthogonal to the direction in

which said connecting terminals are aligned along the one
_— T T
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et chi ng, | that the dinensional precision of the electrode region
25 havi nwm&% ’H wi dt h can be nmintai ned. Furthernore, as
shown in ¥l N t bl ock nenber = 23a conposed of piezoelectric
ceram cs which is not subjected to polarization processing is joined with
adhesives to a major surface, on which the common electrode 22b is forned,
of the ceramic joint plate 33. Thereafter, the ceramc joint nenber 33 and
t he wei ghtSisleQ& rcimguit board.

4. The acceleration sensor according to claim 1,
wherein

said acceleration detecting element comprises

a piezoelectric element subjected to polarization
processing, and

a weight fastened on said piezoélectric element and
composed of a material having a coefficient of thermal
expansion equal to that of said piezoelectric element.

5. The acceleration sensor according to claim 4,
wherein

said piezoelectric element and said weight are composed
of piezoelectric ceramics. |

6. The acceleration sensor according to claim 1,
wherein

said acceleration detecting element is'carried on the
center position of the.major surface of said circuit board.

7. The acceleration sensor according to claim 6,
wherein

said acceleration detecting element is carried on said
circﬁit board so that the direction in which acceleration is
to be detected is parallel to the major surface of said
circuit board.

8. The acceleration sensor according to claim 1,
further comprising
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- 13 - Mﬁghareintegrateby the joining are cut to predeterm ned

wi dt hs al’ I Hmr"m s C as shown. Further, both ends of each of
chips of t m i”r‘mpl ate 33 and the weight 23 obtained by the

cutting are cut 5ff"al bngr imaginary lines D as shown, to adjust the
di mensions of the chip. The cutting of both the ends of the chip along the

a substrate supporting member arranged between said
circuit board and said base plate.

9. The acceleration sensor according to claim 8,_
wherein

said substrate supporting member is formed integrally
with said base plate.

10. The acceleration sensor according to claims 8 and
9, wherein

said substrate supporting member is formed along at
least one side of said circuit board in a rectangular shape.

1l. The acceleration sensor aécording to either one of
claims 8 and;9, wherein

said connecting terminal is projected outward after
penetrating through said substrate supporting member and
said base plate. |

12. The acceleration sensor according to claim 11;
wherein

the height of said substrate supporting member is made
smaller than the distance between said circuit board and
said base plate.

13. The acceleratioh sensor according to claim 11,
wherein

said substrate supporting member is composed of a
ferrite material.

14. The acceleration sensor according to claim 8,
‘R— . -
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|nag|na D I S perforned on the basis of not the joint surface 26 of
t he pal ei@ﬂa MHmC el ements 20 but an inner end surface of the
el enent tained by the cutting using the dicing machine.
SpeC|f|caIIy, the ‘nttrnal end surface of the el enent electrode 22a is

formed in a linear shape by the cutting processing. Consequently, the

I nt ernal éﬁrface Is suitable for use as a reference position in
cutting 3? Both the ends of the chip. If both the ends of the chip are
cut off on the basis of_the |nter- end_surf t he

, th i dt h
el ement el ect r¥Rfed 3scel %Eﬁﬁ}ﬂ%ddﬁgeﬁthguF}eﬂﬁnghéscﬁ?%?%é Q%b Squal to

each
center position of the major surface of said circuit board.

15. The acceleration'sensﬁr according to claim 14,
wherein

said acceleration detecting element is carried on said
circuit board so that the direction in which acceleration is
to be detected is parallel to the major surface of said
circuit board.

16. The acceleration sensor according to claim 14,
wherein

said connecting terminal. comprises a plurality of
connecting terminals arranged along each of a pair of
opposite sides of said circuit board in a rectangular shape,
and

said acceleration detecting element is carried on said
circuit board so thaf Fhe direction in which acceleration is
to be detected is a direction orthogonal to the direction in
which said connecting terminals are aligned along the one
side of said circuit board.

17. The acceleration sensor according to claim 16,
wherein |

a circuit element is arranged on the major surface,
which is opposed to said base plate, of said circuit board.

18. The acceleration sensor according to claim 8,
____________________—_ | )
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other. As a result, it is possible to nake the areas of the el enent

el ectrodes 22anlmmnﬂ Lﬂﬂ accel eration detect- i ng el enent 2 equal
to each ot her ration detecting elenent 2 is conpleted by
the foregoing sfeps. The acceleration detecting elenent 2 thus fabricated

I's mounted on a substrate by being joined to the electrode |ands 24 fornmed
on the syrface; of the circuit board 3 through adhesives.

said acceleration detecting element is arranged on
either one of a pair of major surfaces of said circuit

board.

- |
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-14- The wei ght 23 and the pair of piezoelectric elements 20 in the
accel eration detecting elenent 2 may be individually fabricated w thout
usi ng the above described fabricating nethod. Specifically, the weight 23
and the integrated piezoelectric elenments 20 having the common el ectrode
22b and the elenent el ectrodes 22a forned thereon which constitute the

accel eration detecting el engdradRYOPOTHE DISCLOSURE

An acceleration sensor 1 comprises a circuit board 3 on
which an acceleration detecting element 2 is carried. A
plurality of connecting terminals 4 arranged along the
periphery of the circuit board 3 are projected outward after
penetrating through a metal base plate 5. The metal base
plate 5 is fixed té the connecting terminals 4 spaced apart
from the circuit board 3 by a predetermined distance in a
state being insulated from the connecting terminals 4. Tﬁe
peripheral edge of the metal base plate 5 is connectgd to a
case 7 covering the entire acceleration sensor 1. Circuit
elements constituting a signal processing circuit for proc-
essing a detection signal of the acceleration detecting
element 2 are arranged-on the upper surface and the lower

surface of the circuit board 3.

REPLACED

i




individually fabricated by cutting the ceramic joint plate 33 fabricated
in the step showmn in Fig. 9 to predeterm ned w dths along the inaginary
lines D shown in Fig. 10, while <cutting the weight block nmenber 23a
conposed of piezoelectric ceramcs to the sane widths. It is preferable

in terns of fabrication efficiency that such a nethod is enployed. In this
case, the connection of the electrode |ands 24 on the circuit board 3 and
the pair of elenent electrodes 22a and the connection of the commn

el ectrode 22b and the weight 23 can be nmade by perform ng heating

FIG.1 PRIOR ART
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processi ng once using thernosetting adhesives, for exanple, in the step of
nmounting the acceleration detecting elenent 2 on the circuit board 3.
Furthernore, an accel eration detecting elenent 2 in another exanple which
is applied to the present invention is shown in Fig. 11. The accel eration
detecting el enment 2 does not conprise a weight 23, as conpared with the
acceleration detecting elenent 2 shown in Fig. 6. The accel eration

FIG.2 ]
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- 15 - detecting elenent 2 is so constructed that a pair of
pi ezoel ectric elenents 20a al so serves as the weight 23. Therefore, the
pair of piezoelectric elenments 20a is ‘increased in height and mass. In
the acceleration detecting elenent 2 thus constructed, each of the

© piezoel ectric el ements 20a produces an inertia force by its own wei ght
acceleration is exerted thereon and a shear stress is applied to the

- pi ezoel ectric el enent 20a and consequently, a

| f
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charge and a voltage proportional to the acceleration are pr oduced,
thereby to detect the accel eration. In the accel eration detecting
elenent 2, a ceramic joint plate 33 having a sufficient thickness nay be
cut from a block joint nmenber 32 in the above described fabricating step
~shown in Fig. 7. In the subsequent steps, a conmon el ectrode 22b and
~elenment el éctrodes 22a may be fornmed using the sanme nethod as the above

- descri bed nmethod shown in Figs. 8 to 10. Description is now made of
- Figs. 1 and 5 again.
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Particularly referring to Fig. 5, the acceleration detecting elenment 2 is
arranged in the center of the circuit board 3. This is caused by the fact
that the acceleration detecting elenment 2 has a higher weight than that of
the other elenment arranged on the circuit board 3. If the accel eration
detecting elenent 2 which is a heavy conponent is arranged in the center
position O of the circuit board 3, it is

FIG. 7
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- 16 - possible to determ ne the center of gravity J of the entire
circuit board 3 in the vicinity of the center position. If the
acceleration detecting element 2 is thus arranged, it is possible to
prevent a turning nmonent from being generated in the circuit board 3 if
acceleration is applied to the acceleration sensor 1. For exanple, if the
acceleration detecting elenent 2 which is a heavy conponent is arranged
in the peripheral position of the circuit board 3, there occurs such a
phenonenon that the center of gravity J of the

FIG. 10
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circuit board 3 is offset fromthe center position 0, whereby a turning
nmonment is generated in the circuit board 3 so that the connecting
termnals 4 are distorted, causing the rotational vibration of the circuit
board 3. The rotational vibration degrades the detecting accuracy of the
accel eration sensor 1 because it prevents acceleration from being
accurately transmtted to the acceleration detecting elenment 2. As in the
present enbodi nent, therefore, the acceleration detecting elenent 2 is.
arranged in the center position of the circuit board 3, thereby to nmake it
possi bl é

FIG.11
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to prevent the detecting accuracy of the acceleration sensor 1 from being
decreased due to the rotational vibration. The acceleration detecting
elenent 2 is so arranged that the direction in which acceleration is to be
detected Gis parallel to the plane direction of the circuit board 3 and
Is parallel to a direction orthogonal to the direction in
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-17- which the connecting termnals 4 are aligned Y, that is, the
direction in which the connecting termnals 4 are opposed to each other X
A plurality of (for exanple, five) connecting termnals 4 are arranged in
paral |l el along each of both side surfaces of the circuit board 3. One end
of the connecting termnal 4 is connected to one term nal of the signal
processing circuit formed on the circuit board 3. The other end of the
connecting termnal 4 is projected toward the reverse surface of the netal
base plate 5 after penetrating through

FIG. 13
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the netal base plate 5. The netal base plate 5 is arranged opposed to
the <circuit board 3 while being separated by a space S. The insulating
projections 6 are provided on the reverse surface of the netal base plate
5. A portion, through which the connecting term nal 4 penetrates, of the
netal base plate 5 is subjected to insulation processing. In addition, the
nmetal cap 7 is attached to the netal base plate 5. As a result, the entire
acceleration sensor 1 is covered with the netal cap 7.
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The accel eration sensor 1 is nounted on a nmounting substrate 10. Ends of
the connecting termnals 4 are respectively inserted through nounting

hol es (not shown) of the nounting substrate 10 until the insul ating
projections 6 in the acceleration sensor 1 abut against the surface of the
- 18 -
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nounting substratfe 10. In this state, the connecting termnals 4 are
soldered to,a wiring pattern (not shown) of the nmounting substrate 10,
wher eby the accel eration sensor 1 is connected and fixed to the nounting
substrate 10. In the accel eration sensor 1 constructed as descri bed
above, the circuit board 3 is arranged spaced apart fromthe nmet al base
plate 5 by a constant distance. Therefore, the followng effect is

pr oduced. Specifically, if unnecessary vibration (particularly,

bendi ng) is caused by sonme factor in the nounting substrate 10 to which

t he acceleration sensor 1 is fixed to warp the

FIG. 18
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nounting substrate 10, the mechanical strain of the mounting substrate 10
is transmtted to the netal base plate 5, to warp the netal base plate 5.
Si nce thexspace Sis formed between the netal base plate 5 and the circuit
board 3, however, mechani cal strain due to the warping of the netal base
pl at e 5_|s,transn1tted to the circuit board 3 not directly but through the
connecting termnals 4. However, the connecting termnals 4 are

el astically defornmed and curved, thered¥ to absorb the nechanical strain.
Therefore, the mechanical strain is hardly transmtted to the circuit

ACCELERATION SENSOR

ABSTRACT OF THE DISCLOSURE

An acceleration sensor 1 comprises a circuit board 3 on
which an acceleration detecting element 2 is carried. A
plurality of connecting terminals 4 arranged along the periphery
of the circuit board 3 are projected outward after penetrating
through a metal base plate 5. The metal base plate 5 is fixed
to the connecting terminals 4 spaced apart from the circuit board
3 by a prede;ermined distance in a state being insulated from the
connecting terminals 4. The peripheral edge of the metal base
plate 5 is connected to a case 7 covering the entire acceleration
gsensor 1. Circuit elements constituting a signél processing
circuit for processing a detection signal of the acceleration
detecting element 2 are arranged on the uppef surface and‘the

lower surface of the circuit board 3.

FIGURE 2. | , e
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board e of the warping of the nounting sub strate 10 is not
‘tra il im rcuit board 3 by such a function, whereby no
unn or exanple, sensitivity in the other axial direction)

IS produced from _ - 19 - the
accel eration det ecgd | ement 2.
Cldns -3 -

1. An acceleration sensor comprising:

an acceleration detecting element;

a circuit board on which said acceleration de-

tecting element is carried;

a base plate arranged opposed to said circuit
. board while being separated by a space; and

a connecting terminal extending from said cir-

cuit board, projected outward after penetrating -

through said base plate, and insulated from and

fixed to said base plate.

2. The acceleration sensor according to claim 1,
wherein _
said acceleration detecting element is ar-
ranged on either one of a pair of major surfaces of
said circuit board.

3. _The acceleration sensor according to claim 1,
wherein

said connecting terminal comprises a plurality
of connecting terminals arranged along each of
a pair of opposite sides of said circuit board in
a rectangular shape, and

said acceleration detecting element is carried
on said circuit board so that the direction in
which acceleration is to be detected is a direc-
tion orthogonal to the direction in which said
connecting terminals are aligned along the one
side of said circuit board. -

4. The acceleration sensor according to claim 1,
wherein

said acceleration detecting element comprises
a piezoslectric element subjected to polariza-
. . tion processing, and
far —— aweight fastened on said piezoelectric element
| REPLACEMENT SHEET| and c%mposed of amaterigl havinga coefficient -
0+ Ny ey | |- O thermal expansion equal to that of said pie- ——————
7 NOV 19'_37 Zoelectric element. This Sheet Has Been'
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As shown in Fig. 2, for exanple, in the acceleration sensor 1, the pair of

éonnect s arranged in parallel along a pair of end
surfaceummmllglllﬂlm.m“'board 3. Although the pair of connecting
terminalg 4°ist rMel&tively easily curved in the direction in which the
connecting termnals 4 are opposed to eacigsother X, therefore, the _
plurality of connecting termnals 4 are not easily curved in the direction
in which the connectifg Ther ecoelesatorar sersdarg@edondingf i falainet4l base pl ate
5 warps in the directioynhéreinhe connecting termnals 4 can be hardly

said piezoelectric element and said weight
are composed of piezoelectric ceramics.

6. The acceleration sensor according to claim 1,

wherein
said acceleration detecting element is carried
on the center position of the major surface of said

circuit board.

The acceleration sensor according to claim 6,
wherein

said acceleration detecting element is carried
on .said circuit board so that the direction in which
acceleration is to be detected is paralle! to the major
surface of said circuit board.

.\.]’

8. The acceleration sensor according to claim 1, fur-
ther comprising
a substrate supporting member arranged be-
tween'said circuit board and said base plate.

8. The acceleration sensor according to clalm 8,
wherein
said substrate supporting member is formed
integrally with said base plate.

10. The acceleration sensor according to claims 8 and
9, wherein .
said substrate supporting member is formed
along at least one side of said circuit board in a rec-
~ tangular shape.

11. The acceleration sensor according to either one of
claims 8 and 9, wherein
.said connecting terminal is projected outward
after penetrating through said substrate supporting
member and said base plate.

' f i 12 The acceleration 'sensor accofding to claim 11;

g
‘

? (7 N0y m wherein
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cd’rve\gL_Cszngirt~ I's considered that the nechanical strain of the
-~metal base plate 5 1s Transmtted to the <circuit board 3, to warp the

Ci rcu:”"ﬂm In order to prevent such a problemfrom occurring,
in 'm Im lansor 1, the acceleration detecting elenment 2 is
arranged 6n the*ciscwt board 3 so that the direction in which

acceleration is to be detected Gis paralfial to the direction in which the
connecting termnals 4 are opposed to each other X, as described above.

Even if the circuit board n tal base plate
5in the direction in whi CHP‘F% Waﬁ'ﬁg {f%?&gkﬁ ﬁgﬁéom}\ %S"?

ber is made smaller than the distance between said

circuit board and said base plate.

13. The acceleration sensor according to claim 11,
wherein
said substrate supporting member is com-
posed of a ferrite material.

14. The acceleration sensor according to claim 8,
wherein
said acceleration detecting element is carried
on the center position of the major surface of said
circuit board.

15. The acceleration sensor according to claim 14,
wherein
said acceleration detecting element is carried
on said circuit board so that the direction in which
acceleration is to be detected is parallel to the major
surface of said circuit board.

16. The acceleration sensor according to claim 14,
wherein

said connecting terminal comprises a plurality
of connecting terminals arranged along each of
a pair of opposite sides of said circuit board in

-a rectangular shape, and |
said acceleration detecting element is carried

on said circuit board so that the direction in
which acceleration is to be detected is a direc-
tion orthogonal to the direction in which said
connecting terminals are aligned along the one
side of said circuit board.

17. The acceleration sensor according to claim 16,
wherein
a circuit element is arranged on the major sur-

REPLAGEMENT SHEET face, which is opposed to said base plate, of said

- circuit board.
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are allgned Y therefore;—st+ain due to the warping is* hardly picked up by
the accel erati ecti n eI enent 2 because the direction in which the
strain is ind mﬂijw Jlll - 20 - a
di rection ort ection in which acceleration is to be
detected Gin the accel eratlon

- 37 -

18. The acceleration sensor according to claim 8,
wherein
‘said acceleration detecting element is ar-
ranged on either one of a pair of major surfaces of
said circuit board.

REPLACEMENT SHEET
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det ecti n:

~elenment 2. Therefore, unnecessary output (for exanple,

sensitivity in the other axial direction) is hardly produced fromthe
accel eration sensor 1. As anot her effect produced by providing the
space S, an elenent containing space can be fornmed on the reverse surface
of the circuit board 3. Therefore, circuit elements E constituting the
signal processing circuit are arranged in the elenent containing space,
Whereby el enents can be arranged on theggsurface and the reverse surface of
the circuit board 3, thereby to make it possible to reduce the

ACCELERATION SENSOR
ABSTRACT OF THE DISCIOSURE

An acceleration sensor 1 comprises a circuit board 3 on
which an acceleratioh detedting element 2 is carried. A
plurality of connecting terminals 4 arranged along the periphery
of the circuit board 3 are projected outward after penetrating
through a metal base plate 5. The metal base plate 5 is fixed
to the connecting terminals 4 spaced apart from the circuit board
3 by a predetermined distance in a state being insulated from the
connecting terminals 4. The peripheral edge of the metal base
plate 5 is connected to a case 7 covering the entire acceleration
sensor 1. Circuit elements constituting a sié‘nal processing
c1rcu1t for processing a detectlon signal of the acceleratlon
detecting element 2 are arranged on the upper surface and the

lower surface of the circuit board 3. . ' .

FIGURE 2.
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area of the circuit board 3. | f the reverse surface of the :
Foard 3 is not wutilized as an el ement contai ni ng space, the spaéﬁyﬂgytggNTSHEE
filled with elastic resin or the like. As the elastic resit. eIasQLg1QE5|n
having such a degree of suitable elasticity that the def or mati on of 't he

metal base plate 5 is not directly transmtted to the circuit board 3 is

preferred. - Description is now nade pf an effect produced by
arrangi ng the accel eration detectlng el enent "2 which is a heavy _caonponent.
in the cent@TLEOOFt MHE CNVENTION cuit . board ! 'REPLACEMENT SHEETS 3G 13
' - ﬂ’Descnptm paged .\.. to paged =:: J
Acceleration Sensor : @ Claim(s) : paged }ifto paged. ‘;3'1'_
[F Drawing(s) : paged .. o to paged M
BACKGROUND OF THE INVENTION 1 B Abstract  : paged 25to paged i |
Field of the invention _ ! SW,‘L{_‘“‘G‘

The present invention_felates fo the construction of an
acceleration sensor mainly employed in an air bag system for
an automobile. | |
Description éf the-Prior Art

One example of a conventional-écceleration sensor is
illustrated in Fig. 1. A conventional accéleration sensor
50 comprises an acéeleration detecting element 51, a circuit
board 52, a plurality of connecting terminals Sé, a metal
base plate 54, a metal cap 55, and insulating projections

_56. The acceleration detécting element 51 is an element for
detecting acceleration, converting the acceleration into an
electric signal and 6utputting the electric signal and is
carried on the circuit board 52. A signal processing
circuif for processing an acceleration signal detected by
the accelerétidn detecting element 51 is carried on the
circuit board S2. An output of the signal processing
circuit carfied on the ci;cuit board 52 is outpuﬁted outward
from the acceleration sensor 50 through the plurality of
connecting terminals S3. The circuit board 52 is bonded and
fixed to the surface of the metal base.plate S4. Each of

the plurality of connecting terminals 53 has its end fixéd
This is the replacement sheet
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3."“The position where the acceleration detecting elenment 2 is a ed:
becones a position which is approxinmately %E&ER@Q&ENTSHEET
-21- symmetrical with respect to the plurality of connectlng ‘termnals 4,

as descri bed above.  Even if acceleration is '

-2 -
to the circuit board 52 and the other end projected from the
reverse éurface'of'the metal base plate 54 after penetrating
through the meta} base plate 54. The metai cap 55 is fixed |
té a peripherai edgé of the metal base plate 54 to cover the
entire acceleration sensor 50._ The connecting terminal 53.
is insulated frdm the metal base plate 54 and is fixed to
the metal base plate.54 in a portion, through which the
connecting terminal 53 penetrates, of the metal base plate
54.

Thé acceleration sensor 50 is mounted.on the surface of
a mounting substrate 60 by inserting the plurality of
connecting terminals 53 througﬁ mounting holes (not shown)
of the mounting éubstrate 60 and connecting and fixing the
'donnecting terminals 53 and a.wiring pattern of the mounting
substrate 60 to each other by'soldering.

The conventional acceleration sensor 50 is used for
detecting the change in acceleration in the travel direction
of an automobile when it is used in an air bag system for an
automobile, for example. However, vibration from a road
surface and wvarious types of vibration from the engine and
the like are transmitted to the acceleration sensor 50
carried on the body of the automobile. Such vibration may,
in some cases, causes harmful vibration in the mounting
substrate 60 in the acceleration sensor 50. For example, if

vibration in a bending mode is produced in the mounting

This is the replacement sheet
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applied to the accel eration sensor 1, therefore, no turning nogegt,d
;gggerated in the circuit board 3. Consequently, such a phgnoneﬁEﬁLﬁ¢éMENﬁéﬁEET
connecting termnals 4 are distorted by the turning noment to cause the
rotational vibration of the circuit board 3 does not occur. Therefore, it
I's possible to prevent the detecting accuracy of the acceleration sensor 1
from bei ng decreased by transm ssion of the rotational vibration of the
circuit board 3 to the acceleration defé%fing'elenent 2. Even if the

ggafgitpgggﬁggﬁrg Efﬁgbxysgg%éf%Q%gfggf“%oégéfﬁ¥ﬂé”héﬂné{ﬁbtéﬁﬁ@%@aég the.
60 is mechanically strained. If the mounting substrate 60
is strained, the effgct of fhé strain is transmitted to the_
metal base plate 54 through the connecting terminals 53,
whereby the metal base platé 54.is deformed. The
deformation of the metal base plate'54 is further
transmitted to the acceleration detecting elementl51 through
the circuit board 52 bounded to the surface of the metal
base plate 54, to affect the acceleration'detecting element
51. As a result, a malfunction occurs in the acceleration
detecting element 51, whereby output sensitivitf in a
direction other than the direction in whiéh acceleratioh is
to be detected, for example, sensitivity in the other axial
direction is producedf céusing a malfunction in the air bag
system.

Thus, a malfunction may occur due to the harmful
vibration of the mounting sﬁbstrate 60 in the conventional
acceleration sensor 50 shown in Fig. 1.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
acceleration sensor capable of restraining a malfunction due
to the effect of harmful vibration from a substrate in a
mcupted state.

In accordance with a wide aspect of the present

invention, an acceleration sensor comprises an acceleration
This is the replacement sheet
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circuit board 3 is maintained in an approxi mately horizontal SREPEﬁCHﬂENﬁEHEET
contrary, if the acceleration detecting elenent 2 is arranged in the

peri pheral portion of the circuit board 3 as in the conventional exanple,

the acceleration detecting elenent 2 is inclined by the warping of the
circuit board 3. If the acceleration detecting elenment 2 is inclined, the
direction in which the acceleration detegting element 2 detects

accel eration is displaced fromthe direction in which acceleration is to

be deteCtﬁgtchth'@&e%eﬁ%t EPCQEE%&% %%%%h? %FWWldﬂqﬂie acceleration

detecting element is car?ied,.a base plate arranged opposed
to the circu;t board while.being separated_by'a_space, and a
connecfing terminal.extending from the circuit board,
projécted outward after pehetrating througﬁ the base plate,
and insuiated from and fixed.to the base plate.’

In the acceleration sensor, the base plate and the
circuit board are arrénged opposeq to each other while being
separated by the space. If vibration in a bending mode, for
example; is produced in a substrate on which the
acceleration sensor is carfied, therefore, deformation due
to the warping of the substrate is transmitted to the base
plate, the connecting terminal, and the circuit board in
this order. A portion of the connecting terminal between
the base plate and the circuit board is deformed, whereby
the influence of warping and deformation from the substrate
is hardly transmitted to the circuit board. Consequently,
it is possible to prevent situations where a malfunctioh
occurs in the acceleration detecting element carried on the
circuit board due to the influence of unnecessary vibration
produced in the substrate. |

In an acceleration sensor according to a restricted
aspect of the present invention, the acceleration detecting
element is carried in,the center position of a major surface

of the circuit board. Even when acceleration in the plane
| This is the replacement sheet
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diréction other than the direction to be inherently detected, therebg
produci ng unnecessary sensitivity. On the ' REPLACEMENT SHEET
- 22 - ot her hand, in the acceleration sensor 1 according to the

present enbodi nent, the acceleration detecting elenent 2 is arranged in
the center position of the circuit board 3. '
_ -5 -
difection éf the circuit boérdlin the acceleration sensor is
applied, therefore,:no turning moment to rotaﬁe‘the.circuit
boa#d is geﬁerated. Conéeqﬁently, it is possible to prevent
the production of uﬁnecessary sensitivity dué ﬁg the
rotatiohal vibration bf the circuit board to heighten the
acceleration detecting accuracy.

:In an acceleration sensor according to another aspect
of the present invention, a substrate supporting membér is
arranged between the circuit board and the base plate. The
substrate supporting member is arranged on the base plafe
for fixing and supporting the bottom surface of the circuit
board. Therefore, a circuit board supporting structure
becomes firmer, as compared with a structure in which a
portion between a circuit board and a base plate is
supported by only connecting terminals. Consequently; it is
possible fb prevent the circuit board from resonating under
external vibration and prevent the acceleration detecting
accuracy from being decreased by addition of noises due to
the resonance to an acceleration detecting signal of the
acceleration detecting element.

The foregoing and other objects, features, aspects and
advantagés of the present invention will become more
apparent from the following detailed description of_the'
present invention when taken in conjunction with the

accompanying drawings.
This is the replacement sheet
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Even if the circuit board 3 warps, therefore, the direction in which the
accel eration detecting elenent 2 is nounted is not inclined,  aREPLAY

direction in which acceleration is to . be detected Gis also nainté?%%ﬂEmBSHEE7
a state parallel to the  circuit board 3. Therefore, unnecessary vibration

due to bendi ng is not detected as an accel eration conponent in the

direction in which acceleration is to hegdetected Gin the - acceleration
detecting el enment 2. Consequently, unnecessary sensitivity is not

produced i BriRe deseReperDNNOFETAE! DRAWINGISENENt 2. Such bending of

the circuit board 3 is al so produced

Fig. 1 is a cross sectional view showing the
construction of a conventional acceierétion'sensor:

Fig. 2 is a cross sectidnal'view showing the
construction of an acceleration sénsor according to a first
embodiment of the present invention;

Fig. 3 is a perspective view showing the cqnstruction
of the acceleration sensor shown in Fig. 2;

Fig. 4 is a front sectional view show;ng the
construction of the acceleration sensor.shown in Fig; 2:

Fig. 5 is a plan view showing the construction of the
acceleration sensor shown in Fig. 2;

Fig. 6 is a diagram showing the construction of an
acceleration detecting_eiement in the acceleration sensor
sﬁown in Fig. 2;

Fig. 7 is a perspective view showing one step out of.
steps of fabricating the acceleratidn detecting element
shown in Fig. 6;

Fig. 8 is a perspective view showing another step ocut
of the steps of fabricating the acceleration detecting
element shown in Fig. 6;

Fig. 9 is a perspective view showing still another step
out of the steps of fabricating the accelération detecting
element shown in Fig. 6:;

Fig. 10 is a perspective view showing a further steﬁ

This is the replacement sheet
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when unnecessary vi bration such as bending produced in the noRBRIAGEMENT SHEET
substrate 10 is transnitted to the circuit board 3. Even in any case,
however, the direction in which accelerationis to be detected Gin the
acceleration detecting element 2 is nmaintained in a state parallel to the
circuit board 3. Consequently, unnecessary vibration due to the bending
produced in the circuit board 3 is not Qefgcted as an -accel eration

conponent in the direction in which acceleration is to be detected Gin

' - ing . - itivjty due
t get ﬁgcel ero%ttI Tk q:?{[eecsttep '_ rc':ﬁf ega%nz%@at%ngs%%g uancnceecleeszggé _or? € éstéct n&l

element shown in Fig. 6;

Fig. il is a d;agram_showing the construction of
another example of fhe acceieration detecting element;

Fig. 12 is a cross sectional view showing the
construction of an accéleration sensor in a modified example
of the first embodimeht:

Fig. 13 is a plan view showing the construction of an
acceleration sensor according to a second embodiment of the
present invention; |

Fig. 14 (a) is a plan view showing the construction of
an acceleration sensor according to a third embodiment of
the present invention, and Fig. 14 (b) is a sectional side
elevation thereof;

Fig. 15 (a) is a plan view showing the construction of
an acceleration sensor according to a fourth embodiment of
the preseﬁt invention, and Fig. 15 (b) is % sectional side
elevation'taken along a line Z - Z in Fig. 15 (a):

Fig. 16 is a cross sectional view showing the
construction of an acceleration sensor according to a fifth
embodiment of the present invention;

Fig. 17 is a cross sectional view showing the
construction of an acceleration sensor according to a sixth

:embddiment of the present invention; and
Fig. 18 is a cross sectional view showing the
ThmisthereMacementéheet
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marplng of the circuit board 3 is produced irrespective of | HEET
+ 23 - the direction in which acceleration is to be detected CREHLACEN@NTS :
accel eration detecting element 2. If the direction in which acceleration
is to be detected Gin the acceleratlon_ detecting element 2 is parallel to
the circuit board 3 as in
. '—8..

construction of an acceleration sensor according to a
seventh embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be

described in detail with reference to the drawings.

First Embodiment

-As shown in Figs. 2 to 5; an acceleration sensor 1
according to a first embodiment comprises an acceleration
detecting element 2, a ciréuit board 3 on which a signal
processing circuit for processing an acceleration signal
detected by the acceleration détecting element 2 is carried,
a plurality of connecting terminals 4 each having its end
connected to the signal processing circuit on the circuit
board 3 and the other end prdjected.toward the reverse
;urface of the circuit board 3, a metal base plate 5, a
metal cap 7 connected to the metal base plate 5 for covering
the entire acceleration sensor 1, and insnlating projections
6 formed on the reverse surface of the metal base plate 5.

The acceleration detecting element 2 is carried on the
surface of the circuit board 3 incorporating the signal
processing circuit (not shown), and comprises a pair of
piezoelectric elementé 20 arranged adjacent to each other.
and a weight 23 mounted on the pair of piezoelectric
elements 20, as shown in Fig. 6. The pair of piezoelectric
elements 20 is fabricated using piezoelectric ceramics.- The
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thefacceleration sensor 1 according to the present embodi - nentBEPHﬁCHWENTSHEE1
unnecessary sensitivity is significantly produced. Therefore, the present
enbodi nent in which the position where the acceleration detecting el enent
2 is arranged is inproved is high in.effectivity. A nodi fied exanple
shown in Fig. 12 is applicable to  the above described accel erati on sensor
1 according to the first enbodinent. |n @n acceleration sensor 1 according
to the nodified exanple, an acceleration detecting elenent 2 is - arranged
on the revegsg,suibeeriof efemibhtli boba2bdidtedb@ted by joining their

side surfaces to each oﬁhér-with adhesives;l Further, each

of the éiezoelectri;'eleﬁeﬁts'zo'is'subjected to

polarization_procéssing-in the direction in which

acceleration is exerted( and the direction of'polarization A

in the piezoelectric element 20 is set in a direction

parallel to a major surface of the circuit board 3 and

coincides with the main axial direction of sensitivity in

which detection'sensitivity to acceleration is the highest.

The weight 23 is fabricated using pigzoelectric ceramics

which is not subjected to polarization processing. A common

electrode 22b is fofmed on the upper surfaces of the

integrated.piezoelectric elements 20. The common electrode

22b and the weight 23 are joined to each other through .

adhesives; On the other hand, element electrodes 22a are

respectively formed on the lower surfaces of the

piezoelectric elements 20._.The element electrodes 22a are

respectiVely connected to electrode lands 24 formed on the

surface of the circuit board 3 through adhesives.

The acceleration detecting element 2 utiiizes as the

principle of detection such a piezoelectric ceramics

shearing effect that the weight 23 of large mass p;oduces an .

inertia force by application of acceleration and shear

stresses are respectively applied to the piezoelectric

elements Zd by the weight 23 and consequently,.a charge énd
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accel erati on detecting elenment 2 is fixed on the reverse surface of the
circuit board 3 so that piezoelectric elenents 20 are connecte@BHMWENENTSHEET
wiring pattern formed on the reverse surface of the circuit board 3. This
arrangenent produces the effect of preventing the acceleration detecting
element 2 frombeing stripped fromthe circuit board 3 because if the
accel eration sensor 1 drops with the upbé@ “side of a metal cap 7 down, for
exanple, a weight 23 in the acceleration detecting element 2 applies a
| oad in the whltage @rdpemiwiak ko gihe catesleratidrmre sPpPRwEed pr essed
against the circuit board 3 by the inpact of the drop. |If-

Since the weight 23 is composed of piezoelectric ceramics

which is not subjected te'polarization prcceseing,_the 
weight 23 functione'dnly as an ebjeqt of large mass which
_produces an inertial force based on aceeleration and applies
shear stresses to the piezoelectric elements 20. The weight
23 is not limited to one composed of piezoelectric ceramics.
The weight 23 may be one fabricated ﬁsing a maferial having
approximately the same coefficient of thermal expansiop as
that of the piezoelectric elements 20. This is for the'
following reason. .Specifically, in the step of mounting the
acceleration detecting element 2, a method of overlapping
the circuit board 3 composed of alumina and the
piezoelectric elements 20 composed of piezoelectric ceramics
and overlapping the piezoelectric elements 20 and the weight
23 with thermosetting adhesives respectively interposed
therebetween and fhen, simultaneously bonding theﬁ to each
other by one heating processing may, in some casee, be used.
This method will be described in detail later. In this
case, if the weight 23 is composed of a material such as
iron and the piezoelectric elements 20 are compbsed of
piezoelectric ceramics as in the conventional example, an
internal stress is produced in.a portion Qhere they are
bonded after heating due to the difference in the coeffi-

cient of thermal expansion therebetween. In the present.
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- 24 - the acceleration sensor 1 drops with the side of the connecting
termnals 4 down, the inpact of the drop is alleviated by the cRpPEASEMENT SHEET
termnals 4. Therefore, the stripping of the acceleration detecting '
element 2 is not a problem '

- 11 -
embodiment, therefore, the_piézoelectric elements ZOIand the
waight Zﬁ'are fabricated Qsing materials having approx;mate-
ly the same ﬁoefficient of the;ma; expansion. This re-
strains.the variation in detection characteristics due to
the internal stress based on the difference in the éoeffi--
cient of thermal expansion.'

The acceleratién detecting element 2 is fabricated by
the following method. -

As shown in Fig. 7, a pair of block members 31 composed
of éiezoelectric ceramics which is previously subjected to
polarization processing is first prepared, and the block
members 31 are integrated by joiniﬁg their respective one
surfacés to each other with adhesives. A block joint member
32 obtained by the integration is subjected to cutting
processing along imaginary lines B as shown, to cut a
ceramic joint plate 33 having a predetermined thickness.

The ceramic joint plate 33 corresponds to the pair of piezo-
electric elements 20, 20 shown in Fig. 6.

As shown in Fig. 8, both major surfaces of the ceramic
joint plate 33 are subjected to electrode formation
processing such as deposition or sputtering, to form
electrode layers 22 having a.predetermined thickness on the
entire surfaces of the ceramic joint plate 33.

An electrode region 25 extending along a joint surface

26 of the ceramic joint plate 33 with a predetermined wiath
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REPLACEMENTSHEET
A structure i n which the accel eration detecting element 2 is arranged on
the | ower surface of the circuit board 3 is also applicable to enmbodi ments
subsequent |y described. Second Enmbodi nent Fig. 13 illustrates the
hori zontal sectional construction of an acceleration sensor 100 according
to a second enbodi nent of the present invention. In the acceleration
sensor 100 according to the present enbeditZrent, a circuit board 130, a
netal base plate 150 and a netal cap 170 are respectlvely constructed in

~circular shgpegne ABlectrode layer 22 formed on one major surface of the
.ceramic joint plate 33 is cﬁt and removed using a’groovef
processing tool which is referred to as é dicing machine. A
pair of element electrodes 22a SQparated froﬁ each other is

- formed, as shown in Fig; 9, by the removal processing. In
performing the removal processing of the electréde region 25
having a predetermined with using the dicing machine, a
cutting region is positioned on the basis of the joint
surface 26 of the ceramic joint plate 33, thereby to make it
possible to performldutting processing in an accurate width.
Thérefore, the element eiectrodes 22a separated from each
other by the cutting and removal processing can be formed in
symmetrical positions spaced apart from the joint surface 26
by an equal distance. This removal processing is not limit-
ed to the cutting processing using the dicing machine. The
removal processihg may be performed using a method such as
etching, provided that the dimensional precision of the
electrode region 25 having a predetermined width can be
maintained.

Furthermoré, as shown in Fig. 10, a weight block membe;
23a composed of piezoelectric ceramics which is not
subjected to‘polarization processing is joined with
adhesives to a major surface, on which thé common electrode
22b is formed, of the ceramic joint plate 33. Thereafter,

the ceramic joint member 33 and the weight block membef 23a
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accel eration detecting elenment 120 is arranged in the center position 0 of

ithe circuit board 130 in a circular shape. In this case, the accel eration ,
detecting el ement 120 is arranged in the center position of theREPLAGEMENT SHEE
board 130, simlarly to the acceleration sensor 1 according to the first
~enbodi nent, thereby to make it possible to restrain the generation of a
turning nonent due to acceleration appligd _to the acceleration sensor 100.
Further, it is possible to prevent the direction in which acceleration is

to be from ing inclin h rpin f
detec&ﬁgcgaarg iggeggateg_byeghguﬁoggihgeagg gutgt% predetermined

widths along imaginafy lines C as shown.- Further,lboth ends
. of each of chips of the ceramic joint plate 33 and the
weight 23 obtainea by_the cutting are cuf off along
imaginary lines D as shown, to adjust the dimensions of the
éhip. The cutting of both the ends of the chip along the
imaginary lines D is performed on the basis of not the joint
‘surface 26 of the pair of piezoelectric elements 20 but an
inner end surface of the element electrode 22a obtained by
the cutting using the dicing machine. Specificélly, the
internal end surface of the element eléctrode 22a is formed
. in a linear shape by the cutting processing. Consequently,
the internal end surface is suitable for use as a reference
position in cutting off both the ends of the chip. If both
the ends of the chip are cut off on the basis of the inter-

nal end surface, the widths of the element electrodes 22a
obtained as a result of the cutting become equal to each
other. As a result, it is possihle to make the areas of the
element electrodes 22a in the completed acceleration detect-
ing element 2 equal to each other.

The acceleration detecting element 2 is completed by
the foregoing steps. The §cceleration detecting element 2
thus fabricated is mounted on a substrate by being joined to
the electrode lands 24 formed on the surface of the circuit

board 3 through adhesives. |
This is the replacement sheet
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- 25 - the circuit board 130. . Third Enbodi nent Athird

. enbodi ment and t he subsequent enbodi ments are characterized'EPWWMNENTSHEET
resonance preventing structure of a <circuit board is further added to the
first enbodi ment. As shown in Fig. 14, an acceleration sensor 300

 - 14 - |

.fhe we}ght 23 and the pair of piezoelgctric elemepts 20
in the acceleration détecfing element 2 may be:individuélly
fabricated without using the.ébove described fabricating |
method. .Specificaily, the'weight 23 and the integrated
piezoelectric-elements.zo haviné.the common electrode 22b
and the element electrodes 22a formed thereon which
constitute the acceleration detecting eiemen; 2 may be -
individually fabricated by cutting the ceramic joint plate
33 fabricated in the step shown in Fig. 9 to predetermined
widths along the imaginary lines D shown in Fig. 10, while
cutting the weight block member 23a composed of
piezoelectric ceramics to the same widths. If is preferable
in terms of fabrication efficiency that such a method is
employed. In this cése, the connection of the electrode
lands 24 on the circuit board 3 and the pair of element
.electrodes 22a and the connection of the common electrode .
22b and the weight 23 can be made bf.performing heating
processing once using thermosetting adhesives, for example,
in the step of mounting the acceleration detecting element 2
on the circuit boérd 3.

Furthermore, an acceleration detecting element 2 in
another example.which is applied to the present invention is
shown in Fig. 11. The acceleration detecting element 2 does
not comprise a weight 23, as compared with the acceleration
detecting element 2 shown in Fig; 6. The acceleration
eut shiefii

ThmisthereMacem

12 0L 1999

Date:



accordlng to the third enbodi nent conprlses an accel eration detectln
el ement 320, a circuit board 330 in a rectangul ar shape on whﬁ@ﬁLéCBaEMESHEET

processing circuit (not shown) for processing an acceleration signal
detected by the acceleration detecting elenent 320 is carried, three
connecting termnals 340 arranged in parallel along each of a pair of
short sides of the circuit board 330, a _netal base plate 350 arranged on
the side of- the reverse surface of the cirtcuit board 330, and a case 370

fixed to tagtgﬁttﬁhgbéigmeﬁltatze 135Q, Thasteh it & %a%é‘o dis a

rectangul ar s
' plezoelectrlc elements 20a also serves as the welght 23.

Therefore, the palr_of plezoelectric elements 20a is
increased in heighf and ma#s. In the acceleration detecting
element 2 thus constructed, each of the piezoelectric
elements ZOaIproduces an inertia force by its-OWn weight if
acceleration is exerted thereon and a shear stress is
applied to the piezoelectric element ZQa and consequently, a
charge and a voltage proportional to the acceleration are
produced, thereby to detect the acceleration.

In thé acceleration detecting element 2, a ceramic
joint plate 33 having a sufflclent thickness may be cut from
a block Joint member 32 in the above described fabrzcating
step shown in Fig. 7. In the subsequent steps, a common
electrode 22b and element electrodes 22a may be formed using
the same method as the abové described method shown in Figs.
8 to 10.

Description is now made of Figs. 1 and 5 again.
Particularly referring to Fig. 5, the acceleratidn detecting
element 2 is arranged in the center of the circuit board 3.
This is caused by_the fact that the acceleration detecting
element 2 has a higher weight than that of the other elgment
arrénged on the circuit board 3. If the acceleration

-detectiﬁg element 2 which is a heavy component is arranged

in the center position 0 of the circuit board 3, it is
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slfghtly | arger than that of the circuiit board 330, and a pairg
ssubstrate supporting portions 360 is integrally fornmed on a naﬁgﬁLﬁﬁﬁwgﬂﬁﬁHEET

which is opposed to the circuit board 330, of the netal base plate 350. A
space Sis fornmed between the circuit. board 330 and the netal base plate
350. by the substrate supporting . portions 360. Parts of circuit conponents
constituting the signal processing circuifs can be carried on the reverse
surface of the circuit board 330 by providing the space S, thereby to nake
it possibl gddsiIMIGR determine the center of gravity J of the entire
circuit board 3 in the viéigiﬁy of the center positiqn. If
the acceleration dépecting element 2 is thus arranged, it is
poséible to prevenf a t#rning moment f£rom being generatea in
the ;ifcuit boérd 3 if acceleration.is applied to#the |
acceleration sensor 1. For ekample, if the acceleration
detecting elemené 2 which is a heavy cémponent is arranged
in the peripheral position of the circuit boaﬁd 3, there
‘occurs such a phenomenon thaf the center of gravity J of the
circuit board 3 is offset from the cente: position O,
whereby a turning moment is generated in the circuit board 3
so that the connecting terminals 4 aré disforted, éausiﬁg
the rotational vibration of the circuit board 3. The
rotational vibration degrades tﬁe detectiqg accuracy of the
 acceleration sensor 1 because it‘prevents acceleration from
being accurately transmitted to the acceleration detecting
element 2. As in the present embodiment, therefore, the
acceleration detecting element 2 is arranged in the center
position of the circuit board 3, thereby to make it possible
to prevent tbe detecting accuracy of the acceleration sensor
1 from being decreased due to the rotational vibrat;on. The
acceleration detecting element 2 is so arranged that the
direction in which acceleration is td be detected G is
- parallel to the plane direction of the circuit board 3 and -
is parallel to a'direction orthogonal to the direction iﬁ
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- 26 - the area of the circuit boafd 330. - Each of the.conﬁ£ELAG§WENTSHEE1
sdtermnals 340 is projected toward the reverse surface of the netal base
pl ate 350 after penetrating through the netal base plate 350, and a _
portion between the connecting term nal 340 and the netal base plate 350
I's subjected to insulation processing. ' In the accel eration sensor
300, both-ends of the : | =17 - .
whiéh the connecting terminals 4 aré aligned Y, that is, the
airection in_which the conneéfing terminaLs 4 are opposed to
each other X.

A plurality.of (for example, five) connecting terminals
4 are arranged in parallel along each of.both side surfaces
of the circuit board 3. One end of the connecting terminal
4 is connected to one terminal of the signal processing
circuit formed on fhe circuit board 3. The other end of the
connecting terminal 4 is projected toward the reverse
surface of the metal base plate 5 after penetrating through
the metal base plate 5.

The metal base plate 5 is arranged opposed to the
circuit board 3 while being separated by a space S. The
insulating projections 6 are'provided on the reverse surface
of the metal base plate 5. A portion, through which the
connecting terminal 4 penetrates, of the metal base plate 5
is subjected to insulation processing. In addition, the
metal cap 7 is attached to the metal base plate 5. As a
result, the entire acceleratioh sensor 1l is coveréd with the
metal cap 7.

The acceleration sensor 1 is mounted on a mounting
substrate 10. Ends of the connectiné termindls 4 are
respectively inserted through.mcunting holes (not shown) of

the mounting substrate 10 until the insulating projections 6

in the acceleration sensor 1 abut against the surface of the
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circuit board 330 are supported by the pair of substrate supporting _
portions 360 in the netal base plate 350. Even when external vi bRERUABEMENT SHEE
transmtted through the connecting termnals 340, .therefore, the rolling .
of the circuit board 330 is restrained by a supporting structure using
the substrate supporting portions 360. As a result, rolling resonance is

prevented from bei ng produced in the -chﬁth board 330. . :
Specifically, if rolling resonance is produced in the circuit board 330,

extra si gnap§uhPPhgeshndteak8 188 1n this state, the connecting
terminals 4 are soldered to a wiring pattern (not shown) of.
the mo&nting subsfrate.lo,”whéfeby the acceleration sensor 1
is connected and fi#ed to the.ﬁounting sﬁbstraté iO.

In the acceleration sensof 1 constructed as described
above, the circuit board 3 is arranged spaced aparf from the
metal base plate 5 by a constant distance. Therefore, the
following effect is produced.

Specifically, if unnecessary vibration (particularly,
bending) is caused”by some factor in the mounting substrate
10 to which the acceleration sensor 1 is fixed to warp the
mounting substrate 10, the mechanical strain of the mounting
substrate 10 is transmitted to the metal base pléte 5, to
warp the metal base plate 5. Since the space S is formgd
between the metal base plate 5 and the circuit board 3,
however, mechanical strain due to the warping of the metal
base plate 5 is transmitted to the circuit board 3 not
directly but through the cohnecting terminals 4. However,
the connecting terminals 4 are elaétically deformed and
curved, thereby to absorb the mechanical strain. .Therefore,
the mechanical strain is hardly transmifted to the circuit

"board 3. The influence of the warping 6f the mounting sub
strate 10 is not transmitted to the circuit board 3 by such
a function, whereby no unnecessary output (for example,

sensitivity in the other axial direction) is produced frcm
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resonance are included on the side of high frequencies of a ne&EBLQQEMENTSHEET
region of the accel eration detecting elenent 320, thereby to degrade the

accel eration neasuring accuracy. Therefore, the prevention of the rolling
resonance of the <circuit board 330 to reduce the noises due to the

resonance 1is effective in inproving the nmeasuring accuracy of the

accel eration sensor 300. Fourt h Embodi grent

the acceleration detectiﬁg element 2.

As shown in Fig. 2,'f6r examﬁle, in the acceleration
sensor 1, the pair of cénnecting'te:minals 4.is arranged in
parallel along a pair of end surfaces of the diréﬁit bdérd
3. Although the pair of gbnhecting terminals 4 is
relatively easily curved ih the direction in which the
connécting tetminals 4 are opposed to each other X,
therefore, the plurality of connecting terminals 4 are not
easily curved in the direction in which the conneéting
terminals 4 are aligned Y.. If the metal base plate 5.warps
in the direction Y, the connecting terminals 4 cén be hardly
curvéd. Consequently, it is considered that the mechanical
strain of the metal base plate 5 is transmitted to the
circuit board 3, to warp the circuit board 3.

In order to prevent.such a problem from occurring, in
the acceleration sensor 1, the acceleration déteCting

~ element 2 is arranged on the circuit board 3 so that the
direction in which acceleration is to be detected G is
parallel to the direction in whiéh the connecting terminals
4 are opposed to each other X, as described above. Even if
the circuit board 3 warps by the Qarping of the metal base
plate 5 in the direction in which the connecting terminals
are aligned Y, therefore, strain due to the warping is
hardly picked up by the acceleration detecting element 2

because the direction in which the strain is induced'beéomes
' This is the replacement sheet
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- 27 - In an accel eration sensor 400 shown in Fig. 15, a ﬁﬁP&AQEMEUTSHEET
of (four in an exanple as shown) connecting ternminals 440 are arranged

al ong only one of short sides of a circuit board 430 in a rectangul ar

shape. Each of the. connecting termnals 440 is projected toward the

reverse surface of the circuit board 430 after penetrating through a

net al base plate 450. The netal base plate 450 has flange portions

450a for - 20 -

a direction orthogonal to tﬁe direction in thch
acceleration is to be detected G in the acceleration
detecting element 2. Théreforé,_unnecessary cutput (for
example, sensitivity in the other axial direction) is hardly
pfoduced from the acceleratioﬁ senspr'l.

As another effect produced by éroviding the space S, an
element containing space can be formed on the reverse
surface of the circuit board 3.- Therefore, circuit elements
E constituting the signal processing circuit are_arrapgéd in
the element containing space, whereby elements can be
arranged oﬁ the surface and the reverse surface of the
circuit board 3, thereby to make it possible to reduce the
area of the cifcuit board- 3.

If the reverse surface of the circuit board 3 is not
utilized.as an element containing space, the space may be
filled with elastic resin or-the like. . As the elastic
resin, elastic resin having such a degree of suitable
elasticity that the deformation of the metal base plate 5 is
not directly transmitted to the circuit board 3 is
preferred.

Description is now made of an effect produced by
arranging the acceleration detecting element 2 which is a
‘heavy component in the center position of the circuit board
3. The position where the acceleration detecting element 2

-1is arranged becomes a position which is approximately
' This is the replacement sheet:
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mounting the accel erati on sensor 400 on a substrate or. the- |I|ﬁ%PLNDBMENm§HEET
hol es 460 are respectlvely formed in the flange portions 450a. The

accel eration sensor 400 is fixed to a substrate or the like through the
mounting holes 460. In addition, a substrate supporting portion 450b for
supporting a peripheral edge of the circuit board 430 is |ntegrally for med

in the metal base plate 450. In Fig. 15_ fa), the substrate supporting

portion 450b is formed in a U shape along three sides of the circuit board

430 excluding, o 0PE-$1 41 Bh OPgsPhLeN e NEnEOBRGEEN 1%yt 8RRk 44R 2

terminals 4, as describeq-above.. Even if accelefation is
applied to the acceleration sensor 1, therefore, no turning
moment is generated-in_thé circuit board 3. Consequently,
such é phenoménon that the connecting terminals 4 are
distorted by the turning moment to cause the rotational
vibration of the circuit board 3 does not occur. Therefore,
it is possible to prevent the detecting accuracy of the
acceleration sensor 1 from being.decreased by transmission
of the rotational vibration of the circuit board 3 to.the
acceleration detecting element 2.

Even if_the circuit board 3 warps by some factor, the
direction of the tangent in the center position of the
.circuit board 3 is maintained in an approximately horizontal
state. On the contrary, if the acceleration detecting
‘element 2 is arranged in the peripheral portion of the
circuit board 3 as in the conventional examplé, the
acceleration detecting element 2 is inclined by the warping
of the circuit board 3. ;f the acceleration detecting
element 2 is inclined, the direction in which the
acceleration detecting element 2 detects accéleratiod is.
displaced from the direcfion in which acceleration is to be
detected G initially set fo detect acceleration in a
'direétion other than the directidn to be inherently

detected, thereby producing unnecessary sensitivity. On the
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forﬁéd. The substrate éupporting portion 450b supports the circudy .
430, to prevent rolling resonance from being produced in the C|3¥%“BBEMENESHEE

430 to prevent the inclusion of noises due to the resonance of the circuit
board 430, as in the third enbodinent. Fi fth Enbodi nment As- shown
in Fig. 16, in an acceleration sensor 500 , -
. _ : ...22-

other hand, in thelaccelerafion sensor 1 according to thé

preéent embodiment, the acceleration detecting element 2 is
-arranged in the center position of the circuit.board 3.

Even if the circuit.board 3 warps, thefefofe, the direction
" in which the écceleration detecting element 2 is mounted is

not inclined, and the direcfion in which accéleration is to

be detected G is alsoc maintained in a state parallel to the
circuit board 3. Therefore, unnecessary vibration due to

bending is not detected as an acceleration ¢omponent in the
ldirection in which acceleration is to be detected G in the
acceleration detecting element 2. Conséquently, unnecessary
sensitivity is not produced in the acceleration detecting

element 2.. -

Such bending of the circuit board 3 is.also produced

when unnecessary vibration such as bending produced in the
mounting substrate 10 is transmitted to the circuit board 3.

Even in any case, however, the direction-in which '
acceleration is to be detected G in the accgleration

detecting element 2 is maintained in a state parallel to the
circuit board 3., Consequently, unnecessary vibration due to

the bending produced in.the circuit board 3 is not detected

as an acceleratién component in the direction in which
acceleration is to be detected G in the acceleration detect-

ing element 2. Such unnecessary sensitivity due to the

warping of the circuit board 3 is produced irrespective bf
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- 28 - according to the present enbodinment, a circuit board 53Q a
nmet al base plate gSO respectively have circul ar shapes. A subsﬁﬁgggCEMENTSHEE
supporting portion 550a is fornmed in the center of the netal base plate

550.. The substrate supporting portion 550a supports the bottom surface of

the circuit board 530 in an assenbl ed state. In the accel eration
sensor 500, the center of the circuit board 530 is supported by the

substrate supporting portion 550a, whetéBy rolling resonance i s not

produced in _
the direction in which acceleration is to be detected G in

the acceleration detecting'elément 2. If the direction in
which_acceleratioq is to be detecﬁed G inlthe acceleration
detecting element 2 is.parallel to the circuit board 3 as in
the acce;eration sensor 1 according to the present embodi-
ment, the unnecessary sensitivity is significantly produced.
Therefore, the present embodiment in which the position
where_the acceleration detecting element 2 is arrénged is
improvéd is high in effectivity.

A modified example shown in Fig. 12 is applicable to
the above deséﬁibed acceleration sensor 1 according to the
first embodiment. In an acceleration sensor 1 according to
the modified example, an acceleration detecting.element 2 is
arranged on the reverse_surface of a circuit board 3. The
acceleration detecting element 2 is fixed on the reverée

surface of the circuit board 3 so that piezoelectric

elements 20 are connected to a wiring pattern formed_on the
reverse surface of the circuit board 3. This arrangement
produces the effect of preventing the acceleration detecting
element 2 from Being stripped from the circuit boafd 3
because if the acceleration sensof 1 drops with the upper
side of a metal cap 7 down, for example, a weight 23 in the
accelerat;on detecting element 2 applies a load in the
direction in which thé pPiezoelectric elements 20 are pressed

against the circuit board 3 by the impact of the drop. 1If
' _This is the replacement sheet

Date: ‘ 2 JuL 1@9



the circuit board 530. Further, a space Sis fornmed around .the B&BEACEMENT SHEET
supporting portion 550a, thereby to nmake it possible to contain circuit
conponents constituting a signal processing circuit in the reverse surface

of the circuit board 530 utilizing the space S. As a result, it is

possi ble to reduce the area of the circuit board 550a. - Sixth

Enbodi nent As shown in Fig. 17, in-apqacceleration sensor 600

according to the present enbodi ment, substrate supporting bases 680 are

provi ded betyged Rebratibn’¥nd34 %@%5% with the side of the

connecting terminals 4 down, the impact of the drop is
alleviated by the connecting terminals 4. Therefore, the
stripping of the aéceleration detecting element 2 is not a
problem..

A structure in which the acceleration detecting element
2 is arranged on the lower surface of the cifcuit board 3 is
also applicable to embodiments subéequently described.

Second Embodiment

Fig. 13 illustrates the horizontal sectional
construction of an acceleration sensor 100 according to a
second embodiment of the present-invention.. In the
acceleration sensor 100 according to the present embodiment,
a circuit board 130, a metal base plate 150 and a metal cap
170 are respectively constructed in circulér shapes; An
acceleration detecting element 120 is arranged in the center
position O of_the circuit boa:d 130 in a circular shape. In
this case, the acceleration détecting element iZO is
arranged in the center position of the circuit board 130,
similarly to the acceleration sensor 1 according to the
first embodiment, thereby to.make it possible to restrain
the generation of a turning moment due to acceleration
applied to the acceleration seﬁsor 100. Further, it is
possibie to prevent the direction in which acceleration is

to be detected G from being inclined due to the warping of
This is the replacement sheet
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netél base plate 650. The substrate supporting bases 680 are constr . :
separately fromthe netal base plate 650. Connecting term nals Rﬁﬂ;AﬁE@%ﬂTSHEET

respectively inserted through the substrate supporting bases 680. The
substrate supporting bases 680 forma space S between the circuit board
630 and the netal base plate 650 and support the

- 25 -

the circuit board 130.

Third Embodiment

A third embodiment and thé subsequent embodiments are
characterized in that a resonancelpreventing structure of a
circuit board is further added.to the first embodiment.

As shown in Fig. 14, an acceleration sensor 300
acéording to the third embodiment comprises an acceleration
detecting element 320, a cirduit board 330 in a rectangﬁlar
shape on which a signal processing circuit (not shown) for
processing an acceleration signal detected by the
acceleration detecting elemeént 320 is carried, three
‘connecting terminals 340 arranged in parallel along each of
a pair of short sides of the circuit board 330, a metal base
plate 350 érranged on the side of the reverse surface of the
circuit board 330, and a case 370 fixed to the metal base
plate 350. The metal base plate 350 has a rectangular shape
slightly larger than that of the circuit bdard 330, and a |
pair of substrate supporting portions 360 is integrally
formed on a major surface, which is opposed to the circuit
board 330, of the metal base plate 350. A space S is formed
between the circuit board 330 and the metal base plate 350
by the substrate supporting portions 360. Parts of circuit
components constituting the signal processing circuit can be
carried on the reverse surface of the circuit boafd 330 by

providing the space S, thereby to make it possible to re&uce
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- 29 - circuit board 630. The space S makes it possible to car BEPLACEMBNT SHEET
.conponents constituting a signal processing circuit on the reverse surface

of the circuit board 630 and consequently, makes it possible to

mniaturize the circuit board 630. The substrate supporting bases 680

support and fix the circuit board 630 to prevent the rolling vibration of

the circuit board 630. The substrate supeﬁrging base 680 is conposed of
ferrite. Therefore, an acceleration signal detected by an accel eration

det ecti ng Eélh%rr%r}teaG%(% it%e %Litﬂ%g}itte%o%tétdma_{%_after a noi se conponent of the

Each of the ccnnectiné terminals 340 is projected
toward the reverse_;urfaée of the metal base plate 350 after
penetrating through the metal base plate 350, and a portion
between the connecting te#minal 340 and the metal base plate
350 is subjected to insulation processing.

In the acceleration sensor 300, both ends of the
circuit board 330 are suppérted by the pair of substrate
supporting portions 360 in the metal base plate 350. Even
when external wvibration is transmitted through the
connecting terminals 340, therefore, the rolling of the
circuit board 330 is restrained by a supporting stfucture
using the substrate supporting portions 360. As a result,
rolling resonance is prevented from being produced in the
circuit board 330.

Specifically, if_rolling resonance is produced in the
circuit board 330, extra signals (noises) due to the
resonance are included on the side of high frequencies of a
measured region of the acceleration detecting element 320,
thereby to degrade the acceleration measuring accuracy.
Therefore, the prevention of the roiling resonance of the
circuit board 330 to reduce the noises due to the resonance
is effective in improving the measuring accuracy of the |
acceleration sensor 3Q0. |

Fourth Embodiment
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accél eration signal is reduced by passing through the connecti nBEPE%GEMﬂ\‘TSSHEET
640 respectively penetrating through the substrate supporting bases 680
made of ferrite. As a material of the substrate supporting base 680,
a material having a noise reducing effect, for exanple, a ferrite '
material is preferred. However, the material may be another material which
does not have such a function, provided 2hat it can support and fix the
circuit board 630. Sevent h Enbodi nment As 'shown in Fig. 18, an
accel erati on seirs@n apeekiration sensor 400 shown in Fig. 15, a .
plgrality of (four in an example as shown) connecting
terminals 440 are arranged along only one of short sides of
a circuit board 430 in a rectangular shape. Each of the
connecting terminals 440 is projected toward the reverse
surface of the circuit board 430 after penetrating through a
metal base plate 450.
The metal base plate 450 has flange portions 450a for
mounting the acceleration sensor 400 on a substrate or the
like. Mounting holes 460 are respectively formed in the .
flange portions 450a. The acceleration sensor 400 is fixed
to a substrate or the like through the mounting holes 460.
In addition, a substrate supporting poftion 450b for
supporting a peripheral edge of the circuit board 430 is
integrally formed in the metal base plate 450. In Fig. 15
(a), the substrate supporting portion 450b is formed in a U
shape along three sides of the circuit board 430 excluding
| one side along which the connecting terminals 440 are
formed. The substrate suppofting portion 450b supports the
“circuit board 430, to prevent rolling resonance from being
produced in the circuit board 430 to prevent the inclusion
of noises due to the resonance of the circuit board 430, as

in the third embodiment.

Fifth Embodiment

As shown in Fig. 16, in an acceleration sensor 500
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to the present enbodiment is characterized by the shape of a - nmet 8EPLASEMENT SHE
plate 750. Specifically, in the metal base plate 750, projected portions
750a projected toward a circuit board 730 are formed. The projected _
portions 750a are respectively provided so as to correspond to a plurality
of ' - 30- _ ' '
' - 28 -
according to the present embodiment, a circuit board 530 and
a metal base plate 550 respectively have ciréular shapes. A
- substrate supporting portion 550a is formed in the center of

the metal base plate 550. The substrate supporting portion

550a supports the bottom surface of the circuit board 530 in

an assembled state.

In the acceleration sensor 500, the center of the

circuit board 530 is supported by the substrate supporting

portion 550a, whereby rolling resonance is not produced in

the circuit board 530. Further, a space S is formed around

the substrafe supporting portion 550a, thereby to make it

possible to contain circuit components constituting a signal

processing circuit in the reverse surface of the circuit

board 530 utilizing the space S. As a result, it is

possible to reduce the area of the circuit board 550a.

Sixth Embodiment

As shown in Fig. 17, in an acceleration'sensor 600
according to the present embodiment, substrate supporting
bases 680 are provided between a circuit board 630 and a
metal basé plate 650. The substrate supporting bases 680
are constructed separately from the metal base plate 650.
Connecting terminals 640 are respectively inserted through
the substrate supporting béses 680. The substrate
supporting bases 680 form a space S between the circuit

board 630 and the metal base plate 650 and support the
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. o . ‘BEPLACEMENT SHEE!
connecting term nals 640. Each of the connecting termnals 740 1's
projected toward the reverse surface of the netal - base plate 750 after
penetrating through the correspondi ng projected portion 750a. A portion
bet ween the connecting termnal 740 and the projected portion 750a in the
met al base plate 750 is subjected to insulation processing. In
addition, the connecting termnal 740 is $4 xed and supported on the netal
base plate 750 by a portion, through which the connecting term nal 740

penetratessigguggeggggalGgase Rh t% aﬁé5§ ﬁgm%shq69?o§glétgaﬂy

portion 750a Is made smal 'er | stance ween the circui board

730 and -y cuit components constituting a signal processing circuit

on the reverse surface of the circuit board 630 and
consequently, makes it possible to miniaturize the circuit
board 630. The substrate supporting bases 680 support and
fix the circuit board 630 to prevent the rolling vibration
of the circuit board 630. The substrate supporting base 680
is composed of ferrite. Therefore, an acceleration signal
detected by an acceleration detecting element 620 is
outputted outward after a noise component of the
acceleration signal is reduced by passing through the
connecting ferminals 640 respectively penétrating through
the substrate supporting bases 680 made of ferrite.

.As a material of the substrate supporting base 680, a
material having.a noise reducing effect, for example, a
ferrite material is preferred. However, the material may be
another material which does not have such a function,
provided that it can supéort and fix the circuit board 630.

Seventh Embodiment

As shown in Fig. 18, an acceleration sensor according
to the present embodiment is characterized by the shape of a
metal base plate 750. Specifically, in the metal base plate
750, projected portions 750a projected toward a circuit
board 730 are formed. The projected portions.750a are

respectively provided so as to correspond to a plurality’of
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the‘upper surface of the metal base plate 750. Therefore, the RERUASEMENG SHEET
term nal 740 extending toward the reverse surface of the netal base plate
750 fromthe circuit board 730 has an exposed portion between the reverse
surface of the circuit board 730 and an upper end surface of the
proj ected portion 750a. A space S is formed between the circuit bard
730 and the nmetal base plate 750 whi ch_ajge.supported by such a structure.
It is possible to carry circuit conponents (not shown) on the reverse
surface of cbhReekinyi tebR@h81£3648Y Each of the connecting terminals

740 is projected toward the reverse surface of the metal

baée plate 750 after penétrating through the corresponding

projected portion 750a. A portion between the connecting

terminal 740 and the projected portion 750a in the metal

base plate 750 is subjected to insulation processing. 1In

addition, the connecting terminal 740 is fixed and supported

on the metal base plate 750 by a portion, through which the

connecting terminél 740 penetrates, of the metal base plate’

750. The height of the projected portion 750a is made

smaller than the distance between the circuit board 730 and

the upper surface of the metal base plate 750. Therefore,

the connecting'ferminal'740 extending toward the reverse

surface of the metal base plate 750 from the circuit board

730 has an exposed portion between the reverse surface of

the circuit board 730 and an upper end surface of the

projected portion 750a.

A space S is formed between the circuit bard 730 and

the metal base plate 750 which are supported by such a

structure. It is possible to carry circuit components (not

shown) on the reverse surface of the circuit board 730 by

forming the space S. As a result, it is possible to reduce

the area of the circuit board 730.

Furthermore, the circuit board 730 is-supported by the

exposed portion of the connecting terminal 740 between-the
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. _ : {EET
formng the space S. As a result, it is possible to reduce theREEEQQQ%EWﬁ%yEE
circuit board 730. Furthernore, the circuit board 730 is supported by
the exposed portion of the connecting term nal 740 between the
- 31 - «circuit board 730 and the projected portion 750a in the

- 31 -
circuit board 730 and the projected portion 750a in the
metal bése plate 750. The length of the expdsed portiﬁn is
made sufficiently smaller than the height of the spacé S. A
portion of the connécting terminal 746 is thus covered with
the projected portion 750a, thereby to make it possible to
decrease the length of the exposed portion to prevent the
rolling vibration of the circuit boar@ 730. This is based
on the following principle.

Specifically, rolling resonance may be produced iﬁ the
circuit board 730 if the circuit board 730 is supported by
the connecting terminals 740. However, it is known that the
resonance frequency in the circuit board 730 is inversely
proportional to one-half the cube of the length of the

| exposed portion of the connecting terminal 740 which swinés
betwéen the circuit board 730 and the metal-base plate 750.
If the length of the éxposed portion is decreased,
therefore, the resonance frequency in the circuit board 730
can be set in the range of not less than 10 kHz which does
no; affect a measured region (0 to 1 kHz) of an acceleration
detecting element 720. From this point of view, the
decrease in the length of the exposed portion of the
connecting terminal 740 is effective. If the length of the
exposed portion is decreased, however, the space S between
the circuit board 730 gnd the metal base plate 750 is

narrowed, thereby to make it impossible to carry circuif
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netal base plate 750. The length of the exposed portion is madREPLACEMENT SHEET
sufficiently smaller than the height of the space S. A portion of the
connecting termnal 740 is thus covered with the projected portion 750a,
thereby to make it possible to decrease the length of the exposed portion

to prevent the rolling vibration of the circuit board 730. This is based

on the follow ng principle. Specifigally, rolling resonance may be
produced in the circuit board 730 if the circuit board 730 is supported by

t he connectddigpdrdmtNads tH. rddnE@rsutfaded dMKL (oot boLS@NPEEE
frequency in the circuit board 730 is inversely
Therefore, the projected portions 750a are provided on the
surface of the metal base plate 750 so that the height of
the space S is set fo not less than a prescribed value.

The projected'portions 750a may be not only formed
integrally with the metal base plate 750 but also formed
separately from the metal base plate 750 and then, fixed
thereto. Alternatively, the projected portion 750& may
completely cover a portion of the connecting terminai 740
which is positioned between the circuit boérd 730 and the
metal base plate 750. In this case, it is possible to
directly support the circuit board 730 by the projected
portions 750a.. Therefore, it is possible to further prevent
the rolling resonance of the circuit board 730 hore
effectively.

Although in tﬁe above described third to seventh
embodiments, the acceleration sensors also have the function
of the acceleration sensors in the first and second
embodiments, which is not particularly described.
Specifically, the circuit board and the metal base plate are
arranged while being separated by the space S, thereby to
make it possible to prevent the circuit board from warping
due to the warping of the mounting substrate. Further,
components constituting the signal processing circuit can be

also arranged on the reverse surface of the circuit board
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proportional to one-half the cube of the length of the exposed REPLAGEMENT SHEET
‘t he connecting term nal 740 which swings between the circuit board 730 and

the metal base plate 750. |If the length of the exposed portion is

decreased, therefore, the resonance frequency in the circuit board 730

can be set in the range of not |ess than 10 kHz which does not affect a
neasured region (0 to 1 kHz) of an acceleration detecting el enent 720.
Fromthis point of view, the decr ease 7 A the | engt h of the exposed portion

of the <connecting termnal 740 i effective. If the length of the
utiiizin tﬁe-space S, thereby to make it possf%{h to

miniaturize the circuit board.

In Figs. 14 Fo 18, reference numerals 320, 420, 520,
620 and 720'den6te écceleration detecting elements, and 370,
470, 570, 670 and 770 deﬂotes cases.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of iliustration and examplé only and is not
to be taken by way of limitation, the spirit and scope of

the present invention being limited only by the terms of the

appended claims.
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is decreased, however, the space S between theREPLARFMENT SHEET
.bogmﬂ #ﬂﬂlm tal base plate 750 is narrowed, thereby to make it
b - 32 -

| MPOSSie crrcurt _
conmponents on the reverse surface of the circuit board 730. Ther ef or e,
the projected portions 750a are provided38n the

Claims .

1. An accsleraticn sensar comprising:

an accelaration datacting slement;

a circuit board on which said acceleration de-

tecting element is carried;

a base plate arranged cpposed lo said circuit
. board while being separated by a space; and

a connecting teaninal extending from said cir-

cuit board, projected outward after penetrating

through said base plate, and insulated from and

fixed to said base plate.

2. The acceleration sensor according to claim 1,
wherein ,

said acceleration dstecting element is ar-

ranged on either cne of a pair of major surfaces of

said circuit board.

3. Thne acceleraticn sensor according to claim 1,
wherein

said connecting terminal comprises a plurality
of connecting terminals arranged along each of
a pair of opposite sides of said circuit board in
a rectangular shape, and
said acceleration detecting element is carried
on said circuit board so that the direction in
which acceleration is to be detected is a direc-
tion orthogonal to the direction in which said
connecting terminals are aligned along the one
. side of said circuit board. :

4. The acceleration sensor according to claim 1,
wharein

said acceleration detecting slement comprises
a piezoalectric element subjected to polariza-
tion processing, and

a weight fastened on said piezoslectric element
and composed of a material having a coefficient
of thermal expansion equal to that of said pie-
Zoelectric element.

1
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sur‘f ace of the metal

fornmed - separat"el? ftomthe netal base plate 750 and then,

base plate 750 so that the height of t he | :
set to ”ﬂﬁ‘sﬂmm prescri bed val ue. The projected pomgmgw SHEE
may be u integrally with the netal base plate 750 but al so

fixed

thereto. Alternatively, the projected portion 750a may corrpl etely cover a

port I on of the connecting term nal-
circuit board 730 and_t he

possible to dir

10.

netal] base plate 75Q. In thls case,

74035 -which is positioned between the

it is

t1 PN upgrrieralcs &eNS0f t IERRHAUNGIF KAThe pr oj ect ed

portions 750a. Therefwlnereunt I's possible to further prevent

said piezoelectric elemant and said weight
are composed of piezaelectric caramics.

The acceleranon sensor according lo claim 1,

wherein
said acceleration detecting element is carried

on the center position of the major surface of said"

circuit board.

The .acceleration sensor according to claim §,
wherein

said acceleration detecting element is carried

on .said circuit board so that the diraction in which
acceleration is to be detscted is parallei to the majcr
surface of said circuit board.

The acceleration sensor according to claim 1, fur-
ther comprising

a substrate supporting member arranged be-
tween said circuit board and said base plate.

The acceleration sensor according to claim 8,

wherein
said substrate supportmg member is formed

integrally with said base plate.

The acceleration sensor according to claims 8 and

g, wherein _
said substrate supporting member is formed
along at least one side of said circuit board in a rec-

_ tangular shape.

11.

12.

The acceleration sensor according to either ane of

claims 8 and 9..Wherein
said connecting tamminal is projected outward

after penetrating through said substrate supportmg
member and said basa plate.

The acceleration sensor according to claim 11,
wherein
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REPLACEMENT SHEET

t he 1"61—4"1—ﬁg‘—ﬁ€S'O1Ta‘n'C'E_O‘f the circuit board 730 nore effectively.

JALE hou descrl bed third to seventh enbodi nents, the

accel MIl ﬂlm Eﬁt | so have the function of the accel erat i on sensors in
the fi enbodi ments, which is not particularly described.
SpeC|f|caIIy, the ci rcwt board and the netal base plate are arranged

| whi | e bei ng separated by the space S, t_'héﬁe'by to make it possible to |
prevent the circuit board fromwarping due to the warping of the nounting

substrate. Further, the height of said substrate supporting mem-
ber is mada smaller than the distance betwaaen said
circuit board and said basa plate. :

13. The acceleration sensor according to claim 11,
wharein :
said substrate suppomng member is com-
posed of a ferrite material.

14. The accsleration sensor according to claim 8,
wherein
said acceleration dstecting element is carried
on the center position of the major surfacs of said
circuit board. -

15. The acceleration sensor according to claim 14,
wherein
said acceleration detecting element is carried
on said circuit board so that the direction in which
acceleration is to be detected is parallel to the major
surface of said circuit board.

16. The acceleration sensor acéording to claim 14,
wherein

said connecting terminal comprises a plurality
of connecting temminals arranged along each of
a pair of opposite sides of said circuit beard in

-a rectangular shape, and
said accsleration detecting element is carried

on said circuit board so that the direction in
which acceleration is to be detacted is a direc-
tion orthogonal to the direction in which said
connecting terminals are aligned along the one
side of said circuit board. '

17. The acceleration sensor according to claim 18,

whereain
a circuit slement is arranged on the major sur-

lace, which is opposed lo said base plats, of said
circuit board.
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processing circuit can be al REPAACEMENT SHEE

— .
conponents constituting the signal

on t of the circuit board

rﬁmnnfmﬂ"’ﬁg[ mrspace S, thereby to nake it possible to mniaturize
he ciYcdit thoar * In Figs. 14 to 18, reference nunerals 320, 420,
520, :

-37 -

18. The acceleratxon sensor according to clajm 8,
wharein. .

said acceleration delecting element is ar-
ranged-on either one of a pair of major surfaces of
said circuit board.
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620 and 720 denote accel eration detecti ng el ements, and 370, WLAGEM,ENEWEET

-and 770 denotes cases, Al t hough the present invention has been
described and illustrated in detail, it is clearly understood that the
sanme is by way of illustration and exanple only and is not to be taken by

way of limtation, the spirit and scope.of the present invention being
limted only by the terns of the . appended cl ai ns.
REPLACEMENT SHEET - 38 -

ACCELERATION SENSCR

ABSTRACT OF THE DISCLOSURE

An acceleration sensor 1 comprises a circuit board 3 on
which an acceleration detecting element 2 is carried. A
plurality of connecting terminals 4 arranged along the periphery
of the circuit board 3 are projected outward after penetrating
through a metal base plate 5. The métal base plate S is fixed
to the connecting terminals 4 spaced apart from the circuit board
3 by a predetermined distance in a state be_j.ng insulated from the
connecting- terminals 4. The pei‘ipheral edge of the metal base
plate 5 is connected to a case 7 covering -the entire acceleration
sensor 1. Circuit elements constituting a signal processing
circuit for processing a detection signal of the acceleration
detecting element 2 are arrané:ed on the upper surface and the

lower surface of the circuit board 3.

FIGURE 2.
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-'34 - Claims 1 An accel eration sensor conpri si ng: REPLACEMENT SHEET

. acceleration detecting el enent: “a circuit board on which said
accel eration de- tecting elenment is carried; a base plate
~arranged opposed to said circuit . board-while being separated by a
space; and . a connecting termnminal extending fromsaid cir-
cuit board, projected outward after penetrating t hrough sai d base
pl ate, and insulated from and fixed to said base plate. 2. The
accel eration sensor according to claim2, - wherein - said
accel eration detecting elenent is ar- ranged on either one of a pair

of major surfaces of
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said circuit board. 3. The accel eration sensor according to Ch%bﬂhéEMENTSHEET

«wherein sai d connecting termnal conprises a plural
of connecting term nals arranged al ong each of - a pair of opp05|te
sides of said circuit board in a rectangul ar shape, and
said acceleration detecting elenent is carried on said circuit
board so that the direction in whi ch acceleration is to be
detected is a direc- tion orthogqQnal to the direction in which
sai d connecting terninals are aligned al ong the one si de
of said circuit board. 4. The acceleration sensor according to claiml,
wher ei n sai d accel eration detecting el enent conprlses a
- pi ezoel ectric el enent subjected to pol ari za-
FIG.2
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a wei ght fastened on said piezoel ecaErH’-é\CEMENTSHEET

tion processing, and _ :
el enent and conposed of a material having a coefficient - of
t hermal expansi on equal to that of said pie- zoel ectric el enent.

- 35 - 5. The accel eration sensor according to claim 4, wherein

sai-d piezoelectric elenment and said wei ght are conposed of
pi ezoel ectric ceram cs. 6. The accel eration sensor according to claim1l

-3 -
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wherei n - sai d accel eration detecting el errént S carrﬁg}éﬁmgm SHEET

‘the center position of the major surface of said circuit

The accel eration sensor according to claim®6, wher ei n ‘said
accel eration detecting elenent is carried . on said circuit board so
that the direction in which acceleration is to be detected is parall el
to the major surface of said ci-rcuit board. 8. The acceleration
sensor according to claim1, fur- thr conpri si ng a
substrate supporting menber arranged be-" ~ tween said circuit board and
said base plate. 9. The accel eration sensor according to claim8§,

wher ei n sai d substrate supporting nmenber is formed integrally

with said base plate.

FIG.6
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10. The accel eration sensor accordi ng to clains 8 and 9, M%IPE{\REMENTSHEET

.said substrate supporting nenber is forned al ong at | east one side of
said circuit board in a rec- tangul ar shape. 11. The accel eration
sensor according to either one of ‘clains 8 and 9, wherein sai d
connecting termnal is projected outward after penetrating through said
substrate supporting menber and said base plate. 12. The acceleration
sensor according to claim 11, ~whereid _

FIG. 7
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- 36 - t he hei ght of said substrate supporting

ber is made snaller than the distance between said . ci r@@?@AW%T
sai d base pl ate. 13. The accel eration sensor according to claim 11,
wherein sai d substrate supporting nenber is com posed

of a ferrite material. 14. The accel eration sensor according to claims8,
wherein . said acceleration detecting elenment is carried on
the center position of the major surface of said circuit board.

15. The accel eration sensor according tobraimi14, - wherein

This is the replacement sheet

12 0 199

Date:



sai d accel eration detecting elenment is carried on said ci rgepitAQEMENT SHEET
*so that the direction in which acceleration is to be detected is
parallel to the major surface of said circuit board. 16. The

accel erati on sensor according to claim 14, wherein said
connecting termnal conprises a plurality - of connecting term nals
.arranged al ong each of a pair of opposite sides of said circuit
board in ~a rectangul ar shape, and sai d accel eration
detecting elenment is carried oRp said circuit board so that the
direction in : whi ch acceleration is to be detected is a direc-
tion orthogonal to the direction in which said connecti ng
termnals are aligned along the one side of said circuit board.
17. The accel eration sensor according to claim 16, wherein
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a circuit elenent is arranged on the major sur- face, which mpem@ﬂﬂ%SHEﬁ

to said base plate, of said circuit board.
- 37 - 18. The acceleration sensor according to claim8,  wherein
"said accel eration detecting elenent is ar- ranged on either.one of a
pair of major surfaces of said circuit board.
-8 -
FIG. 12
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