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AN ACCELERATION SENSOR, AN ACCELERATION DETECTION 

~PPARAT_US, ANQ A POSITIONING DEYICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present· invention relates to detecting angular acceleration 

(rotational acceleration) and translational acceleration resulting from shock to 

an electronic device. 

2. . Description of Related Art 

1 O Miniaturization of electronic components has helped drive the 

15 

rapid adoption and distribution of notebook computers and other types of 

portable electronics. This has also increased de_ma~d for small, surface­

mountable, high performance acceler~tion (shock) detectors in order to assure 

and improve the reliability of these electronic devices. This is because physical 

shocks to a high density magnetic storage device while writing to the storage 

medium can, for example, cause the position of the write head to shift. This can 

result in data write errors and corruption or even damage to the head. It is 

therefore necessary and desirable to detect shock to. the magnetic storage 

device and either interrupt the write operation ·or move the h_ead to a safe 

20 position. 

As the recording density of magnetic storage devices has 

increased, the track width on the disk surface has also gotten narrower~ This 

makes it even easier for the position of the head to shift (for. the track to shift) at 

the slightest vibration. Another problem is that, in addition to impact and 

25 vibration from external sources acting on the magnetic storage device, small 
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vibrations from the· spinning of motors inside the magnetic storage device can 

aiso·~use the magnetic he~d to_ skip tracks. 

· · Vibrations acting . on the ··magnetic -storage device ·include both 

translational vibration and rotational vibration. For control purposes, it is 

5 therefore necessary to distinguish translational acceleration . from angular 

acceleration {referred to below as rotational acceleration), and a sensor capable 

of detecting .translational acceleration and rotational acceleration is needed. 

Translational acceleration can be detected using a single prior art acceleration 

sensor. Rotational acceleration ca_n be detected with the greatest sensitivity 

10 using two or more acceleration sensors placed as far from each other and from 

the axis of rotation as possible. If two acceleration sensors are -placed 

equidistantly . from ·and on opposite sides of the rotational axis, the output· 

signals from the acceleration sensors will be opposite sign but the same 

magnitude when rotational acceleration occurs. This will; however, only be true 

15 when the center of rotation is centered between the two acceleration sensors. 

Furthermore, when _two acceleration sensors having the same practical 

characteristics are located on the same side of relative to. the axis of rotation, 

translational acceleration will be the same at each acceleration sensor and the 

output signals from the acceleration sensors in. response to translational . 

20 acceleration will have the same magnitude. On the other hand, when rotational 

acceleration occurs, the output signals from the two acceleration sensors will 

differ in magnitude because the distance from the axis of rotation to e~ch 

acceleration sensor differs. Rotational acceleration can therefore be detected 

by obtaining the difference between the two output signals. 

25 A piezoelectric element, which produces a voltage as a result of 
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deformation of a piezoelectric body in response to strain, can also be used as 

an acceleration sensor as described in Japanese Patent Laid-open Publication . . .· . . . 

· (kokai) No.10-967 42. One piezoelectric element used for an acceleration 

sensor ·is flat with a· flat· cantilevered portion. Strain deformation from 

5 acceleration is picked up as vibration of the cantilever portion of the 

piezoelectric body, thus producing a charge that can be detected to detect 

acceleration. 

The problem is that when the acceleration sensor consists of 

plural piezoelectric elements, differences occur in the characteristics of the 

10 individual piezoelectric elements. 

Furthermore, when the acceleration sensor has two piezoelectric 
. . 

elements disposed at separate· positions, the sensitivity of the piezoelectric 

elements may be affected by where the elements are positioned. For example, 

temperature differences resulting from the position of the elements can offset 

15 the sensitivity· of each piezoelectric element. In this case differences in the 

output signals from each piezoelectric element can cause rotational 

acceleration to be mistakenly detected when translational acceleration occurred, 

and rotational acceleration cannot be accurately recognized. . 

Yet further, reducing the dis~ance between piezoelectric elements 

20 by housing two piezoelectric elements in the confined space inside a single 

package also reduces the detection signal difference: . As a result, rotational 

acceleration cannot be detected with high sensitivity. 

SUMMARY OF THE INVENTION 

With consideration for the problems described above, it is 

25 therefore an object of the present invention to provide an acceleration sensor 
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that can be disp·osed inside a· limited space and can detect rotational 

acceleration ~ith high sensitivity. 

·.To achieve this ·object, ·an acceleration sensor accordin·g to1the 

present invention has first piezoelectric element having electrodes for outputting 

5 a charge produced by strain deformation and second piezoelectric element 

having .electrodes for outputting a charge produced by strain deformation. The 

first piezoelectric element has at· least one piezoelectric body and a support 

block supporting the piezoelectric body. The second piezoelectric element has 

at least one piezoelectric body and a support block supporting the piezoelectric 

10 body. The electrodes are provided on opposite surfaces of the piezoelectric 

element, and one surface of the first piezoelectric element and one surface of 

the .second piezoelecltic element are effectively parallel to each other. · 

One surface of the first piezoelectric element and one surface of 

the second piezoelectric element are substantially parallel to each other so that 

15 . the vibrating surfaces of the piezoelectric elements are parallel and each 

piezoelectric element . will thus vibrate in the same direction in response to 

acceleration in a single direction. Yet further preferably, one surface of the first 

piezoelectric element and one surface of the second piezoelectric element are 

in the ·same plane. The piezoelectric elements normally vibrate perpendicular to 

20 the cantilever surface, and the surfaces of the cantilever portions of the 

piezoelectric elements are therefore preferably parallel to each other. 

Yet further preferably, the cantilever portion and support block 

portion of the piezoelectric body in each piezoelectric element are a continuous 

monolithic portion, but the support block portion can be separate from the 

25 · cantilever portion. 
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This configuration makes it possible to dispose first and second 

piezoelectric elements for detecting ·acceleration in the same direction in a 
. . . . . . . . 

. :~onfin~d space, ~nd dete~ rotational acceleration with high sensitivity. due to 
the distance between the support blocks supporting the piezoelectric body of 

5 the piezoelectric. e.lements. Rotational acceleration can also be detected 

without being affected by environmental ·factors due to .the installation. 

Further preferably, the first and second piezoelectric elements are 

cantilevered, having a cantilever portion including a main piezoelectric body 

surface and a support block portion for supporting the piezoelectric body. The 

1 O first and second piezoelectric elements are aligned with the longitudinal axes of 

the cantilever portion with the . support block portions disposed to the outside 
. . 

mutu~lly distant iri opposite directions along the longitudinal axis, a free end 

portion of the cantilever.of the first piezoelectric element and a free end portion 

of the cantilever Of the second piezoelectric element are pointing to each other. 

15 Each free end portion of cantilever is located in mutual proximity to the inside, 

and the ends of the cantilever portions are substantially mutually parallel. 

Yet further preferably, the first piezoelectric element includes one 

piezoelectric body and the second piezoelectric element includes one 

. piezoelectric body. Th~ direction of polarization of the piezoelectric body of the 

20 first piezoelectric element and the direction of polarization of the piezoelectric 

body of the first piezoelectric element are opposite. It is noted that the direction 

of polarization may be called as the polarized direction .. 

Alternatively, the first piezoelectric element includes one 

piezoelectric body and the second piezoelectric element includes one 

25 piezoelectric body. The direction of p.olarization (polarized direction) of the 
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piezoelectric body of the first piezoelectric element and the direction of 

polarization of the piezoelectric body of the second piezoelectric element are 

.the same. 

Alternatively, the first piezoelectric element includes a plurality of 

5 layers of bonded piezoelectric bodies and the second piezoelectric element 

includes a plurality of layers of bonded piezoelectric. bodies. Thus bonding 

plural piezoelectric bodies to form the piezoelectric elements produces a 

stronger output. signal. 

Yet further preferably, the direction of polarization of all 

1 O piezoelectric bodies forming the piezoelectric elements is the same in each of 

the first and second piezoelectric elements. 

Alternatively, ··th·e ~irections of polarization of the piezoelectric 

bodies constituting the first piezoelectric element and the directions of 

polarization of the piezoelectric bodies constituting the second piezoelectric 

15 el.ement are mutually opposite. 

20 

Yet further preferably, the direction of polarization· of the 

piezoelectric bodies constituting the first piezoelectric element and the direction 

of polarization of the piezoelectric bodies constituting the second piezoelectric 

element are the same. 

Yet further preferably, the first piezoelectric element includes at 

least two piezoelectric bodies and the second pjezoelectric element includes at 

least two piezoelectric bodies. The piezoelectric bodies of each piezoelectric 

element are bonded with surfaces of the same polarity of polarization. 

Therefore, the direction of one piezoelectric body and the direction of another 

25 piezoelectric body are opposite. 
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Yet further preferably, the directions of polarization of the 

corresponding piezoelectric bodies are mutually opposite in the first and seconq 
. . . . .· . . . . 

piezoelectric elements: 

Alternatively, the directions of polarization of the corresponding 

5 piezoelectric bodies are the same in the first and second piezoelectric elements. 

Yet further preferably, in one piezoelectric element ·the . 

·. piezoelectric bodies of the piezoelectric element are bonded with an intervening 

shim therebetween. 

Substantially any material that can bond with ~he piezoelectric· 

1 O body can be used for the shim. Preferably, however, the shim will pass 

vibration due to acceleration to the piezoelectric body. Yet further preferably 

the shim is a silicon substrate. 

15 

Yet further preferably, the piezoelectric element is formed by 

bonding the plural piezoelectric bodies by direct bonding. 

An adhesive layer is thus not formed at the interface between th~ 

piezoelectric bodies. Vibration due to acceleration is thus not absorbed by an 

adhesive layer, and acceleration can be detected with high sensitivity due to 

device stability. 

Yet_ further preferably, the piezoelectric element is formed by 

20 . bonding a plurality of piezoelectric bodies by direct bonding ·by way of at least 

one of oxygen atoms and hydroxyl groups. 

The piezoelectric bodies can thus be strongly bonded to each 

other as a result of the oxygen atoms or hydroxyl groups. 

Yet further preferably, the acceleration sensor has an output 

25 terminal for each electrode of the first and second piezoelectric elements. 
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Yet further preferably, the acceleration sensor also has for each of 

the first and second. piezoelectric elements· at least. one .output terminal 

interconnecting electrodes of ·mutually different generated Charge polarity 

between different piezoelectric elements. 

By· connecting. an electrode of one charge polarity in. the first 

piezoelectric element to an electrode of the opposite charge polarity in the 

·.second piezoelectric element, and connecting the node therebetween as the 

output terminal, the charges from the two piezoelectric e!ements are mutually 

cancelling, anc:i the excess charge is obtained as the difference between the 

1 O piezoelectric element outputs. When rotational acceleration occurs the charges 

generated by . the piezoelectric elements differ according to the distance from 

the center of. rotation.. On the other hand, the charges generated by the 

piezoelectric elements due to translational acceleration are the same. It is 

therefore possible to detect rotational acceleration based on the difference 

15 between the outputs. In other words, interconnecting the piezoelectric elements 

as described above obtains the difference of the outputs. It is therefore not 

necessary to provide an external differential circuit. 

Yet further preferably, electrode~ ·of the same generated charge 

polarity in different piezoelectric e.lements ~re connected; and th~ first and 

20 second piezoelectric elements each comprise an output terminal· from an 

electrode other than said connected electrodes. 

In this case electrodes of the same generated charge polarity are 

connected in series between the first and second piezoelectric elements, 

charges of the same polarity are mutually cancelling, and the difference 

25 between the charges generated by the piezoelectric elements is output. Any 
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excess· charge can thus be obtained as the difference in piezoelectric element 

.outp~t, a~d rotational acceleration can· be detected from this difference. In . 

other words, interconnecting . the · piezoel·ectric ·elements as d~scribed above 

obtains the difference of the outputs. It is -therefore not necessary to provide an 

5 -external differential circuit. 

Yet.further preferably, the acceleration sensor also has at least 

. one output terminal set for outputting a charge generated at each electrode of 

the first and second piezoelectric elements. 

Yet. further preferably, the first piezoelectric element is ~ffectively 

10 adjusted to the same sensitivity as the second piezoelectric element. 

· The first and second piezoelectric elements of "this acceleration 

sensor normally have substantially the same sensitivity by manufacturing both 

piezoelectric elements to the same dimensions. However, to further improve 

acceleration detection sensitivity, the sensitivity ofon·e piezoelectric element is 

15 preferably adjusted to effectively the same sensitivity as the other piezoelectric 

element. Adjusting piezoelectric element sensitivi_ty can be accomplished by, 

for example, removing portion of the cantilever portion or adding a sensitivity 

adjusting mass to the cantilever portion. 

Ther~fore, a portion of the cantilever portion of the first 

20 piezoelectric element is preferably removed in another acceleration sensor of 

this invention. 

25 

Alternatively, a sensitivity adjusting mass is affixed the cantilever 

portion of the first piezoelectric element in another acceleration sensor of this 

inv~mtion. 

Yet further preferably, the first piezoelectric element is fixed by the 
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support block portion inside a package and second piezoelectric element is 

fixed by the support block portion inside a package so that the _cantilever portion 

can vibrate.freely. 

By thus housing the first and second piezoelectric elements in a 

5 package, output can be easily obtained from the electrodes of the piezoelectric 

elements; 

10 

15 

Yet further preferably, the first and second piezoelectric elements 

are mounted inside the package with the cantilever portion inclined to the 

surface of the package. 

. By thus mounting the piezoelectric elements with the cantilever 

inclined· to the surface of the package, the cantilever will also vibrate at an 

· incline to the surface. It is therefore possible to detect acceleration parallel to 
. . . 

the package surface as well as acceleration perpendicular to the package 

surface. 

Yet further preferably, the first and second piezoelectric elements 

are mounted to the package so that the angle· of inclination between the 

cantilever portions thereof and the package surface is mutually different 

Yet further preferably, two sets of piezoelectric elements are 
. . 

mounted in the package, the first and second piezoelectric _elements of the first 

20 set mounted with the cantilever portion thereof perpendicular to the package 

surface, and the first and second piezoelectric elements of the second set 

mounted with the cantilever portion parallel to the package surface. 

By thus providing two sets of piezoelectric elements mounted with 

the cantilever portions thereof respectively parallel and perpendicular to the 

25 package surface, acceleration components parallel and perpendicular to the 
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package surface can be separately detected. It will also be obvious that a third 

-set of piezoelectric el~ments could be added to d~tect acceleration components 

-in a third axial direction .. 

This invention also provides an acceleration detection apparatus 

5 having an acceleration ·s'ensor according to the present invention and a sign'al 

processing circuit for processing output signals from the piezoelectric elements. 

It is thus possible to contain both the acceleration sensor- and a 

semiconductor element integrating the signal processing circuit in a single 

package, thereby shortening the wiring, making the -acceleration detection 

1 O apparatus -more resistant to noise, and able to detect acceleration with high 

sensitivity. 

Yet further preferably, the first and second piezoelectric elements -

are connected to output to the signal processing circuit same-polarity output 

signals for acceleration in the same direction; and the signal processing circuit 

15 determines the difference between the output signals. 

20 

Alternatively, the first and second piezoelectric elements are 

connected to output to the signal processing circuit opposite-polarity output 

signals for acceleration in the same direction; and the signal processing circuit 

determines the sum of the output ~ignals. 

Yet further preferably, the signal processing circuit comprises a 

circuit for detecting angular acceleration from the difference of the outputs from 

the first and second piezoelectric elements. 

Rotational acceleration acting on first and second piezoelectric 

elements at different distances from the center of rotation will be different. 

25 Translational acceleration, however, will be the same. Therefore, by detecting 
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the difference of the output from the two piezoelectric elements,- output signal 

components relating to translational acce~eration will cancel, and the output 

· ~ignal due to rotational acceleration· can be deteCted. 

Yet further preferably, the signal processing circuit adjusts output 

5 so that the sensitivity of the first and second piezoelectric elements is effectively 

equal. 

Yet further preferably, the signal processing circuit comprises .one 

impedance converting circuit for converting output signal impedance from the 

piezoelectric elements, and an amplifier circuit for amplifying the converted 

10 output signals. 

15 

Yet further preferably, the signal processing circuit comprises two 

impedance converting circuits for converting output signal impedance. from the 

piezoelectric elements, arid an· adding circuit for adding the converted output 

signals. 

Yet further preferably, the si"gnal processing circuit comprises two 

impedance converting circuits for converting output signal impedance from the 

piezoelectric elements, and a differential amplifier circuit for detecting and 

amplifying the converted output signal difference. 

Yet further preferably, the acceleration detection apparatus has a. 

20 plurality of output terminals for simultaneously externally outputting the 

amplified output of. the converted output after impedance conversion, and the 

impedance-converted output signal of at least one piezoelectric element. 

Yet further preferably, the first and ·second piezoelectric elements 

are fixed at the support block portion in the package so that the cantilever 

25- portions can vibrate freely, and the signal processing circuit is also housed 
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inside the package. 

A positioning apparatus according to the present invention -has an 
. . . . 

acceleration .detection apparatus according to the ·present· invenfion for 

detecting acceleration, a moving means for moving an object, and a control 

5 means for controlling the moving means: The control means controls the 

moving means to move and position the object based on an output signal from 

the acceleration detection apparatus corresponding to detected acceleration. 

10 

The object can therefore be accurately positioned even if external 

interference applies acceleration to the positioning apparatus. 

Yet further preferably, the cantilever portions of the first and 

second piezoelectric elements of. the acceleration detection apparatus are 

disposed effectively parallel to a means for supporting the object. 

A disk recording and reading apparatus according to the present 

invention has an acceleration detection apparatus for detecting acceleration 

15 according to the present invention, a head moving means for moving a head for 
·,. 

recording. to and reading from the disk, and a control means for controlling the 

head moving means. The control means calculates movement of the head 

based on an output signal from the acceleration detection apparatus 

corresponding to detected acceleration, and moves and positions the h~ad by 

20 means of the head moving means. 

25 

The head can therefore be accurately positioned even if external 

interference applies acceleration to the disk drive. As a result, the durability of 

the disk recording/reading mechanism can be improved, and a high density 

recording/reading apparatus can be achieved. 

Yet further preferably, the cantilever portion of the first and second 
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piezoelectric elements of· the acceleration detection apparatus are disposed · 

. effectively parallel to an arm supporting the head. 
. . 

Other ·objects and attainments together with a fuller understanding 

of. the invention will become apparent and appreciated by referring to the 

5 following description and claims taken in conjunction with . the accompanying 

drawings .. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is an oblique view of an acceleration sensor according to a 

first embodiment of the invention; 

Fig. 1 B is a plan view of the same; 

Fig. ·2A is a section view showing the hydrophilically processed 

surfaces placed in proximity for ·bonding by direct bonding in . the first 

embodiment of the invention; 

Fig. 28 is a section view showing bonding at the interface as a 

15 result of direct bonding by hydrogen bonds; 

20 

Fig. 2C is a section view showing bonding by direct bonding at the 

interface by way of oxygen atoms; 

Fig. 3 describes the principle of rotational acceleration detection 

using the -acceleration sensor of the first embodiment; 

Fig. 4 is an oblique view of an acceleration sensor according to a 

second embodiment of the invention; 

Fig. 5 is a block diagram of acceleration detection using an 

acceleration sensor according to a second embodiment of the invention; 

Fig. 6 is a circuit diagram of ·acceleration detection using · an 

25 acceleration sensor according to a second embodiment of the invention; 
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Fig. 7 is an alternative block diagram of acceleration detection 

using an acceleration sensor according to a second embodiment of the 

invention;. 

Fig. 8 is a circuit diagram of acceleration detection equivalent to 

5 the block diagra~ in Fig. 7; 

Fig. 9 is an oblique view of an acceleration sensor according to a 

third embodiment of the invention; 

Fig. 10 is a block diagram of an acceleration detection apparatus 

according to a fourth embodiment of the invention; 

10 Fig. 11 is a circuit diagram of an acceleration detection apparatus 

according to a fourth embodiment of the invention; 

. Fig. 12A is a plan view of other arrangement of ail acceleration 

sensor showing the cantilevers pointing in the same direction according to the 

present invention; 

15 Fig. 128 is a plan view of other arrangement of an acceleration 

sensor showing the support block in the middle of the piezoelectric elements; 

Fig. 12C is a plan view of other arrangement of an acceleration 

sensor showing a support block at both ends of the deflection member of the 

piezoelectric elements; 

20 Fig. 13A is an oblique view of an acceleration sensor according to 

25 

a fifth embodiment of the invention; 

Fig. 138 is a plan· view of the same; 

Fig. 14 is an oblique view of an acceleration sensor according to a 

sixth embodiment of the invention; 

Fig. 15 is a block diagram of acceleration detection using an 
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acceleration sensor according to a sixth embodiment of the invention; 

· Fig. 16 is a circuit diagram of an acceleration qetection apparat~s 

according. to ·a sixth·embodim.ent of the in~ention; 

Fig.. 17 is a block diagram of acceleration deteCtion using an 

5 acceleration sensor according to a seventh embodiment of the invention; 

10 

Fig. 18 is a circuit diagram of an acceleration detection apparatus 

according to a seventh embodiment of the invention; 

Fig. 19 is a circuit diagram of an acceleration detection apparatus 

according to a s·eventh embodiment of the invention; 

Fig. 20 is a block diagram of another acceleration detection 

method using an acceleration sensor according to a seventh embodiment of the 

invention; 

Fig. 21 is ·a circuit diagram of another acceleration detection 

method using an acceleration sensor according to a seventh embodiment of the 

15 invention; 

20 

Fig. 22 is an oblique view of an acceleration detection apparatus 

according to an .eighth embodiment of the invention; 

Fig. 23 is a circuit diagram of an a~eleration detection apparatus 

· according to a ninth embodiment of the inver:ition; 

Fig. 24 is a block· diagram of an acceleration detection apparatus 

according to a tenth embodiment of the invention; 

Fig. 25 is a circuit diagram of an acceleration detection apparatus 

according to a tenth embodiment of the invention; 

Fig. 26A is a plan view of other arrangement of an acceleration 

25 sensor showing the cantilevers pointing in the same direction according to the 



17 

present invention; 

Fig. 268 i_s a plan view ~f other arrangement of an accelerati?n 
. . 

sensor showing the support block in the middle of the·piezoelectric elements; 

Fig. 26C is a plan view of other arrangement of an acceleration 

5 sensor showing a .support block· at both ends of the deflection member of the 

piezoelectric elements; 

Fig. 27 is a plan view of an acceleration sensor according to an 

11th embodiment of the invention; 

Fig. 28 is a block diagram ·of acceleration detection using an 

. 1 O acceleration sensor according to an 11th embodiment of the invention; 

15 

·Fig. 29 is a plan view of an aceeleration sensor according to a 

12th embodiment of the invention; . 

Fig. 30 i_s a plan vie~ of an acceleration sensor· according to a 

13th embodiment of the invention; 

Fig. 31 is a block diagram of acceleration detection using an 

acceleration sensor according to a 13th embodiment of the invention; 

Fig. 32 is a plan view of an acceleration sensor according to a 

14th embodiment of the invention; 

Fig. 33 is a plan view of an acceleration sensor a~cording to a 

20 15th embodiment of the .invention; 

.25 

Fig. 34 is a block diagram of acceleration detection using an 

acceleration sensor according to a 15th embodiment of the invention; 

Fig. 35 is a plan view of· an acceleration sensor according to a 

16th embodiment of the invention; 

Fig. 36 is a plan view of an acceleration sensor according to a 
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17th embodiment of the invention; 

Fig. 37 is a block diagram of acce.leration detection using an . . ~ . . : 

acceleration sensor according to a ·17th embodiment of the invention; · · 

Fig. 38 is a plan view of an acceleration sensor according to a 

5 · 18th embodiment of the invention; 

10 

15 

Fig. 39 is an exploded oblique view of an acceleration sensor 

according to a 19th embodiment of the invention; . 

Fig. 40A is an oblique view of an acceleration sensor according to 

a 20th embodiment of the invention; 

Fig .. 408 is a side view of the same; 

Fig. 41 A shows side views of other arrangements of the 

acceleration sensor showing the directions. of polarization the same with· the 

incline of the cantilevers symmetrical to the vertical plane according to the 20th 

embodiment of the invention; 

Fig. 41 B shows side views of other arrangements of the 

acceleration sensor showing opposite directions of polarization with the 

cantilevers inclined in the same direction; 

Fig. 41 C shows side views of other arrangements of the 

acceleration sensor showing opposite directions of polarization with the incline 

20 of the cantnevers symmetrical to the vertical plane; 

Fig. 42A shows methods for adjusting the sensitivity of the 

p·iezoelectric elements of the acceleration sensor in a 2·1 st embodiment of the 

invention; 

Fig. 428 shows other methods for adjusting the sensitivity of the 

25 piezoelectric elements of the acceleration sensor in a 21st embodiment of the 
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invention; and 

Fig. 43A s~ows the configuration of a disk record_ing a_n_d reading 

apparatus according to a 22nd embodiment of the invention; and 

Fig. 43B shows a control block diagram for the same. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention are described 

below with reference to the accompanying figures. 

Embodiment 1 

Fig. 1 A is an oblique view of an acceleration sensor according to 

1 O this first embodiment of the invention, and Fig; 1 B is a plan view of the same. 

As shown in Fig. 1, an acceleration sensor according to this ·embodiment 

comprises two piezoelectric elements 1 and 2. Each piezoelectric element has 

a cantilevered structure in which one end of a bimorph cantilever is supported 

by · a support block 3. Each bimorph_ cantilever comprises two bonded 

15 piezoelectric bodies having opposite directions of polarization. An electrode 

11 a, 11 b, 21a, 21 b is formed on the two opposite sides of the cantilever of each 

piezoelectric element 1 and 2. Because of the step between the cantileve.r ~nd 

support block 3, the electrodes 11 b and 21 b on the same side as the support 

block 3 are formed continuously_ to the step face so that ·there is electrical 

20 conductivity between the cantilever and support block 3. The electrodes 11 a 

and 21a on the side opposite the support block 3 are formed over the entire 

surface. 

As a result of the bimorph. cantilever structure bonding two 

piezoelectric bodies 4 as described above, the piezoelectric bodies 4 of these 

25· piezoelectric elements 1 and 2 produce a potential difference as a result of the 
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flexible ·vibration of the cantilever portion induced by acceleration transmitted to 

the cantilever from the suppc:>rt block· 3. . This pote_ntial difference c~n then be 

eXtraCted from the electrodes ·11 a, 11b,·21 a, 21 b on the opposing sides of the· 

cantilever. A construction having one or a plurality of bonded piezoelectric body 

5 layers with an electrode disposed to each side as described above js referred to 

below as a "piezoelectric element." 

The piezoelectric elements 1 and 2 of the ~cceleration sensor 10 

shown in Fig. 1 are disposed so that they have one mutually parallel side, and 

more specifically so that one side of each cantilever is on the same plane. The 

1 O piezoelectric elements 1 and 2 are further aligned in . line on the same 

longitudinal axis with the .free ends of the cantilevers in proximity at the inside 

. arid the support block 3 ends of "the cantilevers disposed to the outside in 

mutually opposite directions as shown in·Fig. 1. · 

Piezoelectric element 1 · and piezoelectric element 2 of this 

15 acceleration sensor 10 each comprise·two piezoelectric bodies 4 with mutually 

opposite direCtions of polarization and the same-polarity sides of the two 

piezoelectric bodies 4 bonded together. · In addition, the polarization direction of 

corresponding piezoelectric bodies are mutually opposite in piezoelectric 

element .1 and piezoelectric element 2. In other words, the polarity of the 

20 bonding surfaces in piezoelectric element 1 is opposite the polarity of the 

bonding surfaces in piezoelectric element 2. The polarization directions of the 

piezoelectric bodies are shown in Fig. 1 B where ·the arrows point from ttie 

positive polarity side to the negative polarity side. The arrows thus start from 

the positive polarity side and point to the negative polarity side. The two 

25 piezoelectric bodies in piezoelectric element 1 are thus bonded together with 
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the negative_ polarity sides thereof facing each other, and the two piezoelectric 

bodies in piezoelectric element 2 ~re bonded together with the positive polarity 
. . .. 

sides thereof facing each other. · 

The. resonance ·frequency of a piezoelectric element is generally 

5 determined by the length and thickness of the piezoelectric element. The 

sensitivity of a piezoelectric element increases as the frequency of . the 

· acceleration approaches the resonance frequency,· and the shape of the 

piezoelectric element can therefore be determined so that the resonance 

frequency is higher than the measured frequency range. In this first 

10 embodiment of the invention the piezoelectric element. is 100. µm thick and 2 

mm long with. a resonance frequency of 20 kHz. The .piezoelectric element is 

made by bonding two 50 µm thick piezoelectric . bodies· together. The 

piezoelectric bodies · in this embodiment are lithium niobate (LiNb03), a 

piezoelectric single crystal. 

15 A method of manufacturing the piezoelectric elements used in this 

acceleration sensor is described next. 

First, two lithium niobate piezoelectric bodies each 400 µm thick 

are bonded by direct bonding. The bonding surfaces are polished to a uniform 

. mirror surface during this direct bonding ·process, and the· surfaces are. then 
. . 

20 washed to remove any foreign matter and contaminants. The two piezoelectric 

bodies are then hydrophilically processed and surface activated, dried, and then 

placed together. 

The principle whereby base layer and piezoelectric layer are . 

bonded by direct bonding is described next with reference to Fig. 2. Fig. 2 

25 shows the interfacial states of the piezoelectric layers at each step of the direct 
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bonding. operation in the method for manufacturing piezoelectric elements used 

in an acceleration ~ensor according to this first embodi.menf of the invention. L 1, 

L2, ·and· L3 in Fig. 2 indicate the distance between the piezoelectric layers. . As · · 

noted above, both sides of the lithium niobate (LiNb03)- substrates 1-a and 1 b, 

5 the piezoelectric layers, are first mirror polished. The lithium niobate substrates 

. 1 a and 1 b. are then hydrophilically processed by washing with a. solution of 

am:monia, hydrogen peroxide, and water in a 1: 1 :6 volunie ratio. As shown ·in 

Fig. 2A, the surfaces of the piezoelectric layers 1 a and 1 b washed with this 

sc:>lution are terminated by a hydroxyl group (-OH), and are thus made 

1 O hydrophilic. This is the state before bonding. 

Then, as sho~n in Fig. 28, the two hydrophilically processed · 
. . . 

piezoelectric layers (LiNb03) 1 a and 1 b · are placed together so that·· the 

polarization axes are oriented in opposite directions, and bonded (L 1 > L2). 

This causes dehydration, and results in piezoelectric layer (LiNb03) 1 a and 

15 piezoelectric layer (LiNb03) 1 b being pulled together by the attraction of 

hydroxyl group polymerization and hydrogen coupling. Bonding as a . result of 

thus surface process.ing the mirror polished surfaces, then. placing these 

surfaces. in contact, and thereby bonding· the mated surfaces without using a 

. layer of adhesive, for· example~ at the bonding interface is called bonding by 

20 "direct bonding." 

Because adhesive is not used in bonding by direct bonding, there 

is no adhesive layer at the bonding interface. An adhesive layer is known to 

absorb vibrations and thus lower sensitivity, cause variations, and degrade 

temperature characteristics. Bonding by direct bonding, however, has no 

25 . vibration absorption at the bonding interface, and can thus provide a bond free 
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of such variations and degraded temperature characteristics. Heat treatment 

will also generally change an intermolecular force bond to a strong bond such . . . . . . . . : . 

as a .covalent bond, ion bond, or other atomic .level bond. 

The piezoelectric layers (LiNb03) ·1 a and 1 b bonded by direct 

5 bonding as.described above can therefore be heated.at 450 degrees centigrade · 

as desired. As shown in Fig. 2C, this produces a covalent bond .between the 

constituent atoms of piezoelectric layer (liNb03) ta and the constituent atoms 

of piezoelectric layer (LiNb03) 1 b by way of the oxygen atoms (L2 > L3), and 

the piezoelectric layers 1 a and 1 b are thus bonded even more strongly by direct 

10 bonding at the atomic level. That is, a bond that does not _have ~ layer of 

adhesive at the bonding interface can be achieved. It· should be noted that a 

covalent bond between the constituent atoms of piezoelectric layer (LiNb03) 1 a 

and the constituent atoms of piezoelectric layer (LiNb03) 1 b by way of hydroxyl 

. groups can also be achieved, again resulting in the piezoelectric layers 1 a and 

15 1 b bonding strongly by direct bonding at the atomic level. 

It should . be noted that if the piezoelectric layers are not 

particularly resistant to heat, heat treatment can be omitted. 

It is also important to note that when heat treatment is used, the 

temperature should not exceed the Curie point, that .is, the temperature at which 

20 the piezoelectric body loses polarization. The Curie point of lithium niobate 

(LiNb03) is 1210 degrees centigrade. Because the characteristics of lithium 

niobate degrade when the temperature hysteresis.approaches this temperature, 

heat treatment is preferably limited to a temperature range below the curie point 

so as to assure bonding by strong direct bonding. 

25 · The entire surface of one of the two bonded lithium niobate ·layers 
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is.then polished by surface grinding to a thickness of 50 µm. The other layer is 

also ground to a 50 -µm thickness_ exc;:ept in the part where the support block is 
. . . . . . 

formed. The thickness of the cantiiever portion of the ~)iezoelectric element thus 

becomes 100 µm and the thickness of the support block portion becomes 450 

5 µm. A 50 nm thick layer of chrome and then a 200 nm thick layer of gold is then 

deposited to both ground surfaces to form the electrodes. A flat electrode is 

thus formed on one side because the surface is flat, but the presence of the 

support block on the other side produces a step between the cantilever surface 

and the support block. The electrode films are deposited using a metal mask 

10 on the step face between the support block and the cantilever to assure 

electrical conductivity between the electrodes on the cantilever surface and the 

support block. A dicing saw is then used to cut 0.5 mm wide strips parallel to 

the longitudinal axis of the cantilever portion. 

The principle whereby rotational acceleration is detected using an 

15 acceleration sensor comprising two piezoelectric elements according to this 

preferred embodiment is described next with reference to Fig. 3. 

Referring to Fig. 3, piezoelectric elements 1 and 2 are located 

distanee r from center of rotation 0. The piezoelectric elements 1 and 2 are 

disposed with the support blocks 3 that sense aceeleration separated distance 

20 5 r. When rotational acceleration of d2 B /dt2 occurs, acceleration a1 B and a2 

B is applied in the direction tangential to the rotation. When the center of 

rotation does not vary, a1 B is proportional to rd2 B /dt2, and a2 B is proportional 

to (r+ 5-r)d2 B /dt2• Because each piezoelectric element outputs a potential 

difference proportional to the amount of acceleration, output voltage difference 

25 V2-V1 of the two piezoelectric elements 1 and 2 having the same proportional 
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coefficient will be proportional.to fJ r(d2 fJ /dt2}1 and an output signal proportional 

to the rotational acceleration (angular acceleration) d2 fJ /dt2 can be obtained. 
. . . .· . 

when translational acceleration occurs I the . translational . 

acceleration acting on piezoelectric elements 1 and 2 has the same magnitude1 

5 the signals output as a result of this translational acceleration are substantially 

the same in magnitude1 and the practical difference therebetween is nearly zero. 

However1 when rotational acceleration. occurs,· there is an output ·signal 

difference proportional to the product of rotational acceleration d2 B /dt2 and 

distance fJ r between the two piezoelectric elements 1 and 2. _It is therefore 

1 O possible to detect rotational acceleration by obtaining the difference between 

the output signals of the. two piezoelectric elements 1 and 2. To improve the 

accuracy of the detected ro.tational acceleration, the distance between the two 

piezoelectric elements should be as great as possible to increase the output 

signal difference. Because acceleration is transmitted from the support block 3 

15 to the cantilever with the cantilevered piezoelectric elements shown in Fig. 11 

the distance between the point of contact between the cantilever and support 

block 3 in each piezoelectric element can be treated as the djstance between 

the two piezoelectric elements. As a result1 the arrangement shown in Fig. 1 
. . 

yields the highest possible sensitivity to angular velocity within a confined space. . . 

20 When the output signal~ of the two piezoelectric . elements are at least a 

particular level but the difference. between trye signals is substantially zero1 

rotational acceleration is effectively zero and can be ignored. In this easel 

translational acceleration can be detected from the output of either piezoelectric 

element. 

25 Embodiment 2 
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Fig. 4 is an oblique view of an acceleration sensor 10 according to 

· a second embodiment of the invention. This embodiment differs from the first 
. . . . 

embodiment in that it houses. an ·acceleration sensor of the first embodiment fn 

a package Sa, and makes it easier to extract the output of the piezoelectric 

5 element electrodes from external electrodes on the sides of the package. .The 

polarization directions of the piezoelectric bodies 4 of the piezoelectric elements 

1 and 2 in this acceleration sensor 10 are the same as in the acceleration 

sensor of the first embodiment. The piezoelectric elements 1 and 2 of the 

acceleration sensor 10 are fixed to the package Sa at the respective support 

1 O blocks 3. A recess 7 is formed in the package Sa so that the cantilevers of the 

piezoelectric elements do not contact the package 6a, and the package Sa thus 

does not interfere with flexure caused by the transmission ·of acceleration. · 

An external· electrode Sa, Sb forms an output terminal at each end 

of the package Sa. Electrode 11 a of piezoelectric element 1 and electrode 21 a . 

15 of piezoelectric element 2 are connected to external electrode Sa by an 

intervening conductive layer on the package Sa. Electrode 11 b of piezoelectric 

element. 1 and electrode 21 b of piezoelectric element 2. are connected to 

external electrode Sb by an intervening conductive layer on the package Sa. 

The conductive· layer and electrodes are electrically connected by a conductiv~ 
. . 

20 paste 9. The package Sa is then covered by package Sb, forming acceleration 

sensor 100 (Fig. 5). 

By establishing conductivity between the conductive layer of the 

package and the surface of support blocks 3 of piezoelectric elements 1 and 2 

in Fig. 4 using a conductive paste 9, it is not necessary to establish conductivity 

25 at the cantilever of the vibrating portion of the piezoelectric element, and the 
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amount of conquctive paste applied to the· cantilever thus has no effect on the 

resonance frequency of the .canti.lever. More specifically,· variation in .the 
. . . 

resonance frequency, ~ensitivity, and other piezoelectric.element characteristics 

can be reduced by connecting from the support block 3 to the external electrode 

5 using a conductive paste at the one flat surface 11 a and 21 a. 

In other words, if the external connection is made.to the cantilever 

of the piezoelectric element using a conductive paste, variations in the amount 

of conductive paste applied and differences in the overspread of conductive 

paste onto the cantilever will affect and cause variations in the characteristics of 

1 O · . the piezoelectric element. On the other hand, if connection is made to the 

- support block 3, there is no direct effect on cantilever vibration, piezoelectric 

element characteristics are determined only by the shape of the piezoelectric 

element with no relationship to the amount of conductive paste, and 

performance variations can be reduced. The step between the support block -

15 and cantilever at the other side 11 b and 21 b means that the electrode portion is 

divided into two parts, but these two parts are still electrically conductive. The 

small area of the cantilever on this side limits the amount of conductive paste 

that can be applied, and it is therefore desirable to connect to the electrode 

portion on the supp<;>rt block 3. Performanc~ characteristics will also be affected 

20 on this side by variations in the amount of paste used and overspread of the 

paste onto the cantilever if connection is made from the cantilever using 

conductive paste. It is therefore also desirable to connect to the external 

electrode from the electrode portion on the support block 3 on this side of the 

cantilever. 

25 If solder, for example, is used to make an electrically conductive 
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connection directly to the cantilever, the heat conducted to the piezoelectric 

body of th~ pi!9zoelectric element can raise the piezoelectric body to a high 

. temperature, causing such problems as degraded performance and reduced 

sensitivity. These problems can be avoided, however, by soldering to the 

5 support block 3 because heat transfer to the cantilever is more difficult. 

A method for detecting acceleration using this acceleration sensor 

is described next with ·reference to the· acceleration c;letection block :diagram 

shown in Fig. 5. Electrodes 11 a and 21 a of piezoelectric elements 1 and 2 are 

connected to a common node connected to one terminal of a signal detector 12. 

10 The other electrodes 11 b and · 21 b are likewise connected to a common node 

connected to another terminal of the. signal detector 12. A reference potential 

generator 22 is also provided for· applying a reference potential. 

The .polarization directions of piezoelectric elements 1 and 2 are 

described ·next. These piezoelectric elements are formed by bonding two 

15 piezoelectric bodies having mutually opposite directions of polarization with the 

same-polarity sides together. In addition, the ·polarization . direction of 

corresponding piezoelectric bodies are mutually opposite in piezoelectric 

element 1 and piezoelectric element 2. In other words, the polarity of. the 

bonding surfaces in piezoelectric element 1 is. opposite the polarity of the. 

20 bonding surfaces in piezoelectric element -2. The polarization directions of the 

piezoelectric bodies are shown in Fig. 5 with the arrows pointing from the 

positive polarity side to the negative polarity side. The arrows thus start from 

the positive polarity side and point to the negative polarity side. It should be 

noted that the polarity is determined by the polarization, and does not 

25 necessarily match· the polarity. of the charge generated when stress is applied. 
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The output obtained from the two piezoelectric elements 1 . and 2 . 

when rotational acceleration acts on this acceleration sensor is described next 

with referenee to Fig .. 5. When the. center ~i rotation is at .some. point offset ·. 

· along an extension of the longitudinal axis of the cantilevers of piezoelectric 

5 elements 1 and 2, acceleration a1 B applied to piezoelectric· element 1 at a 

point farther from the center of rotation will be greater than acceleration a2 B 

applied to piezoelectric element 2 as indicated by "the size of the arrows· in Fig. 5. 

When the respective acceleration is applied in the. directions indicated by the 

arrows ·in Fig. 5, cantilever displacement will be greater at piezoelectric element 

10 1 than in piezoelectric element 2 as indicated by the dotted lines. 

·. · · Of the two piezoelectric bodies of piezoelectric element 1, the 

piezoelectric. body on the side of electrode 11 b will be extended and · the 

piezoelectric body on the side of electrode 11 a will compress as shown in Fig. 5. 

The piezoelectric body that cbmpresses produces a charge of the same polarity 

15 as the polarity of polarization, but the charge produced by the piezoelectric body 

that stretches is the inverse· of polarity of polarization, and a potential occurs 

between the opposing surfaces. · This means that electrode 11 a on the 

compressed piezoelectric body is positively charged matching the polarity of 

polarization, arid electrode 11 b on the exten~ed piezoelectric body is negatively 

20 charged, which is the inverse of the polarity of polarization. 

As noted above, the polarization directions of· the piezoelectric 

bodies of piezoelectric element 2 are opposite. those in piezoelectric elem~nt 1. 

As a result, the electrode 21 a on the compressed piezoelectric body is 

negatively charged, and the electrode 21 b on the stretched piezoelectric body is 

25 positively charged. 
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Electrodes 11a and 21a, and electrodes 11b and 21b are 

~espectively connectecj and output through common nodes. The charges 

gene~ated at· each electrode rriove, a·nd ·the difference of the overall charge 

produced by piezoelectric element 1 and piezoelectric element 2 can be 

5 detected. The charge generated by the piezoelectric element 1 farther from the 

center of rotation is greater than the charge gen~rated by the other piezoelectric 

element 2. The charge from piezoelectric element 2 is thus decimated by the 

charge from piezoelectric element 11 and the difference between the charges is 

passed to the node. This charge is then detected by the signal detector 12, and 

1 O the rotational acceleration can be derived from the resulting output signal. By 

thus wiring the electrodes of different polarity · charges generated by the 

respective piezoelectric elemen~s. the generated charges· cancel each other and 

the difference of the respective outputs can be obtained. It is therefore possible 

to detect the difference of the outputs without providing a separate difference 

15 circuit, and thereby determine the rotational acceleration. It should be noted 

that the charge generated due to translational acceleration is effectively the 

same at each piezoelectric element, and is therefore cancelled by the wiring. 

Furthermore, this embodiment has been described with the center of rotation at 

a point on a line extended alorig the cantilevers .of piezoelectric elements 1 and . 

20 2 as also shown in Fig. 51 but it is also possible to detect rotational acceleration 

in the same way for any center of rotation because the magnitude of rotational 

acceleration is proportional to the difference in the distance from the center of 

rotation to piezoelectric element 1 and piezoelectric element 2. 

It should be noted that rotational acceleration is thought to be 

25 -instantly applied. Movement-of the piezoelectric body produces a reciprocating 
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vibration from the maximum displacement that results when the rotational 

accelerati<?n is applied, but the rotational acceleration can be detected by 

detecting the output at the point of greatest" displacement. 

Fig. 6 shows a circuit diagram for a signal detection means that 

5 · detects acceleration using an acceleration sensor according .to this second 

embodiment. This signal detection means has a field effect transistc;>r (FET) 14 

and resistance as a ·source follower, and an operating amplifier 15. Output from 

electrodes 11 b, 21 b of piezoelectric elements 1 and 2 is input to the gate of FET 

14. Electrodes 11 a and. 21 a are grounded by an external electrode of the 

1 O package. A resistance is connected between the ground and the gate of FET 

14, converting output from·the piezoelectric element to a voltage. A resistance 

is also connected to the source of FET .14, forming· a source following circuit. 
. . 

This source follower constitutes an impedance conversion circuit. 

Output from the FET 14 is input through the resistance to 

15 operating amplifier 15 and amplified. Operating amplifier 15 is an amplifier 

circuit. The reference potential is· obtained by resistance voltage dividing the 

source voltage. It will thus be apparent that the difference of the acceleration 

applied to two piezoelectric bodies can be detected using. only a simple 

· amplifier circuit, and it is not necessary to use a differential amplifi~r or other 

20 such circuit. 

Another method of detecting acceleration using this acceleration 

sensor is described next below. Fig. 7 is a block diagram of this acceleration 

detection method using the acceleration sensor of the second embodiment of 

the invention. Electrodes 11 b and 21 a of the piezoelectric elements 1 and 2 are 

25 connected together, and electrodes 11 a and 21 b are connected to an input 
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terminal of the signal detector 12. . The two piezoelectric elements are, as a 

res~lt, connected in series. A ref~rence potentia\ generator 22 is also provided 

for applying a reference potential.· 

The output obtained from the two piezoelectric elements 1 and 2 

5 when rotational acceleration acts on this acceleration sensor is described next 

with reference to Fig. 7. When the center of rotation is at some point offset. 

along ari .extension of the longitudinal axis of the cantilevers of piezoelectric 

elements 1 and 2, acceleration- a1 B applied to piezoelectric element 1 at a 

point farther from the center of rotation will be greater than acceleration a2 B 

10 applied to piezoelectric element 2 as indicated by the size of the arrows in Fig. 7. 

When the respective acceleration is applied in the directions indicated by the 

·arrows in Fig. 7, cantilever displacement will be greater at piezoelectric element 

1 than in piezoelectric element 2 as indicated by the dotted lines. 

Of the two piezoelectric bodies of piezoelectric element 1, the 

15 piezoelectric body on the side of electrode 11 b Will be extended and the 

piezoelectric body· on the side of electrode 11 a will compress as shown in Fig. 7. 
. . 

The piezoelectric body that compresses produces a charge of the same polarity 

as the polarity of polarization, but the charge produced by the piezoelectric body 

that stretches is the inverse of polarity of polarization, and a potential occurs 
. . 

20 between. the opposing surfaces. This means that electrode 11 a on the 

compressed piezoelectric body is positively charged matching the polarity of 

polarization, and electrode 11 b on the extended piezoelectric body is negatively 

charged, which is the inverse of the polarity of polarization; 

As noted above, the polarization directions of the piezoeiectric 

25 bodies of piezoelectric element 2 are opposite those in piezoelectric element 1. 
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As a result, the electrode 21 a on the compressed piezoelectric body is 

. negatively charged, and the e.lectrode_ 21 b on the stretched piezoelectric ·body is 

positively charged. 

Because electrodes 11 b and 21 a are connected, the respective 

5 charges . travel and the difference between the same-polarity charges . to 

electrode 11 a of piezoelectric element 1 and electrode 21 b of piezoelectric 

element 2 can be detected. Rotational acceleration acting on this acceleration 

sensor produces a higher charge in the piezoelectric element farther from the 

center of rotation, which cancels the charge generated by the other 

1 O piezoelectric element and results in the difference between the charges being 

input to the signal detector 12. This charge is then detected by .the signal 

detector 12, and the rotational aeceleration can .be .derived from the resulting 

output signal: Because the two piezoelectric elements are serially connected, 

the static capacitance of the acceleration sensor viewed from the input terminal· 

15 of the signal detector 12 is lower, and the voltage output at the same charge is 

higher compared with the configuration shown in Fig. 5. The configuration 

shown in Fig. 7 thus provides higher sensitivity. 

Fig. 8 shows a circuit diagram of the signal detection means for 

this other acceleration detection method using an acceleration sensor according . 

20 to this- second embodiment of the invention. The circuit elements are the same 

as shown in Fig. 6, and further description thereof is thus omitted. 

It should be noted that the configuration of this acceleration 

sensor shall not be limited to the configuration of the present embodiment. It is 

also possible, for example, to arrange the two piezoelectric elements with the 

25 cantilevers pointing in the same direction as shown in Fig. 12A; to dispose the 
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support block in the middle of the piezoelectric elements as shown in Fig. 128; 

or to dispo~e support blocks at bo~h ends of the deflection member of the 

piezoelectric elements·as shown in Fig.12C. 

It will al.so be noted that while the above embodiments are 

5 described with the support block disposed to only. one side of the cantilever 

deflection member of the . piezoelectric element, the support block could be 

provided on both sides. 

Furthermore, while lithium niobate is used for the piezoelectric 

bodies in the above embodiments; the invention shall not be so limited. Lithium 

10 tantalate, quartz, and other piezoelectric single crystals could alternatively· be 

used. · Piezoelectric elements using a piezoelectric ceramic or piezoelectric 

ceramic laminate could further alternatively be used. 
. . 

Furthermore, the piezoelectric bodies are preferably bonded using 

direct bonding as described above, but the invention shall not be so limited and 

15 an adhesive could be used. 

Yet further, the signal processing circuits of the above 

embodiments use field-effect transistors and operating amplifiers, but it is also 

possible to directly input piezoelectric element output to the operating amplifier. 
. . 

Further, a reference voltage circuit or filter circuit could be provided, or an 

20 analog/digital converter could be incorporated. 

Conductive paste is used for connecting the electrodes of the 

piezoelectric elements 1 arid 2 to the conductive layer on the package 6a, but 

the invention shall not be so limited. Solder or lead-free solder could 

alternatively be used. Reliability under high temperature, high humidity 

25 operating conditions can be improved by using solder, for example. 
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Embodiment 3 

Fig. 9 is an oblique view of an .a~celeration sensor 100 according . . . . . . . . 

to a third embodiment of the invention." This embodiment differs from the first 

and second embodiments in that it houses an acceleration sensor 1 O of the first 

5 embodiment in a package 6a, 6b with connections to external electrodes Ba, Bb, 

Bc, Bd, and further incorporates a semiconductor element · 16 for processing 

piezoelectric element output inside the same package. This acceleration 

sensor 100 thus consists of piezoelectric elements 1 and 2, semiconductor 

element 16, package 6a, 6b, and external electrodes Ba, Bb, Bc, Bd. 

1 O Piezoelectric elements 1 and ·2 are identical to the piezoelectric elements of the 

acceleration sensor -according to the first embodiment. -- The semiconductor 

el·ement 16 is used as a bare chip, thus helping to make the overall acceleration 

sensor small. 

Electrodes on the top of the semiconductor element 16 are 

15 connected to the conductive layer on package 6a by wire bonding, while 

electrodes on the bottom are die bonded. The piezoelectric element electrodes 

and conductive layer are connected with conductive paste. The external 

electrodes Ba, Bb, Bc, Bd are· used as a power supply terminal, ground terminal, 

and output terminals. 

20 The semiconductor element 16 integrates the circuit showri in the 

block diagram in Fig. 5 according to the acceleration sensor of the second 

embodiment. More specifically, the signal processing cjrcuit integrated in this 

semiconductor element comprises a field-effect transistor and resistance as a 

source following circuit, and an operating amplifier. The source following circuit 

25 is an impedance conversion circuit. FET output passes the resistance and is 
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input to the operating amplifier 15 .for amplification. The operating amplifier thus 

constitutes an amplifier circuit. The signal processing cir~uit th~s consist~ of 

one impedance circuit. and an amplifier circuit. Cireuit operation is as described 

in the second embodiment. The circuit design of the semiconductor element 16 

5 using a FET is as shown in Fig. 6, the operation of the semiconductor element 

16 is as described in the second embodiment, and further description is 

therefore omitted. 

An equivalent detection circuit can also be built by disposing the 

elements on a printed circuit board, but the longer wiring lengths increase the 

10 effects of noise and lower the SIN ~atio. . On the other hand, noise can be 

reduced and a high S!N ratio achieved by housing the semiconductor element 

and resistance in proximity to the piezoelectric elements inside the same 

package: Sensor detection· resolution is determined by the S/N ratio, and high 

resolution can be achieved by housing the semiconductor element and other 

15 components in the same package. This is particularly important with 

piezoelectric elements made of lithium niobate or piezoelectric single crystal 

because the static capacitance is low, impedance is high, and the piezoelectric 

elements are thus susceptible to noise. In addition, the resistance of the 

current.:.voltage converting resistor must be increased when the cut-off 

20 frequency on the low frequency side is lowered, and susceptibility to noise is 

thus increased. The construction of the present embodiment is a particularly 

effective means of avoiding these problems. 

Furthermore, differences in the amplification rate due to 

differences in temperature or other environmental factors can also be 

25 substantially ignored as a result of housing the piezoelectric element and 
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semiconductor element in the · same package. Rotational acceleration cari 

therefore be detected with excellent accuracy. . . . . 

It will . ·.be further ·noted that the circuit configuration of the 

semiconductor element shall not ·be limited to that described above. For 

5 example, piezoelectric element output could be input directly. to an amplifier 

10 

circuit without using a buffer amplifier or impedance. conversion circuit, or an 

amplifier circuit for additional gain could be provided downstream. An amplifier 

circuit for obtaining even greater gain, . or an analog/digital conversion circuit 

could also be provided downstream of the adder. 

It is yet further possible to house only some of the circuit elements 

. inside the same package 6a, 6b and place the remaining circuit elements on a 

printed circuit board instead of housing all circuit elements in the package 6a,. 

6b. 

It will also be obvious that the construction of the acceleration 

15 sensor shall not be limited to that of the firstembodiment. It is also possible, for 

example, to arrange the two piezoelectric elements with the cantilevers pointing 

in the same direction as shown in Fig .. 12A; to dispose tne support block in the 

middle of the piezoelectric elements as shown in Fig. 128; or to dispose support 

·blocks at both ends of the deflection member of the piezoelectric elements as . . 

20 shown in Fig. 12C. 

25 

An acceleration sensor according to this embodiment of the· 

invention is thus compact, can detect rotational acceleration with good 

sensitivity using only one sensor, and features a high S/N ratio and resolution. 

Embodiment 4 

An acceleration detection apparatus according to a fourth 
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· embodiment of the invention is the same as the acceleration detection 

apparatus of the third embodiment in appearance as shown h1 _Fig. 9, but differs 

therefrom in the circu1t configuration of-the.-semiconductor elemen.t 16 ho~sed 

inside package 6a, Sb. Fig. 10 is a block diagram of an acceleration ·detection 

5 apparatus 100 according. to the present embodiment. The acceleration sensor 

1 O of this acceleration detection apparatus is the same· as the acceleration . 

sensor of the first embodiment. The piezoelectric elements 1 and 2 are 

connected to a respective signal detector 12 arid reference potential generator 

22. The· electrodes on the same right and left sides of the piezoelectric . 

10 elements 1 and 2 are connected to the same-function terminals of the si_gnal 

detectors 12. Output signals from the piezoelectric elements are input to· an 

adder 23. Because the polarity at the. bonding interface of the tWo piezoelectric 

bodies forming piezoelectric element 1 is the inverse of the same polarity iri 

piezoelectric element 2, the signal detectors 12 will output inverse polarity 

15 signals in response to acceleration in the same direction. When these output 

signals are then in put to adder 23, the adder 23 outputs a signal proportional to 

the difference in acceleration acting on the two piezoelectric elements, and 

rotational acceleration can be detected. 

Fig. 11 shows the equivalent _circuit diagram for an acceleration 

20 detection apparatus according to this fourth embodiment of the invention. The 

signal detectors 12 ·comprise a buffer amplifier 24a, 24b and resistance; adder 

23 comprises a downstream differential circuit 26 and resistance, and outputs a 

rotational acceleration signal. The reference potential generator 22 is a 

resistance voltage divider. The buffer amplifiers and differential circuit are 

25 operating amplifiers. Operating. amplifiers can therefore be used for the 
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semiconductor elements, which can thus be simplified. The signal processing 

circuit in this <?Onfiguration consists of two signal detectors 12 each having a 

buffer amplifier and resistance, 'and a adder 23 having a differential circuit and 

resistance. More specifically, the signal processing circuit consists of two 

5 impedance conversion circuits and an adqer. With this configuration the adder 

outputs a signal proportional to the rotational acceleration. It should be noted 

that some wiring, including the power source and ground, are not shown in Fig. 

11. 

When the output si.gnals from the two piezoelectric elements are 

1 O added, rotational acceleration can be ignored in practice if the differenc£:l is zero 

because the output signal are practically the same in magnitude but inverse 

poiarity. In this case, however, the output signal from one of the signal 

detection means can be used as indicative of translational acceleration. This 

translational acceleration can be detected by, for example, connecting the 

15 output of buffer amplifier 24a in Fig. 9 to an exte·rnal electrode. It is therefore 

possible using this one acceleration detection apparatus to detect both 

rotational acceleration and detect translational acceleration when rotational 

acceleration is effectively zero and thereis only translational acceleration. 

This acceleration detection apparatus 100 can house the 

20 ·acceleration sensor 1 O and semiconductor element 16 in the same package in 

the same way as the acceleration detection apparatus of the third embodiment 

shown in Fig. 7. It is therefore simple to connect electrodes on the same sides 

of the piezoelectric elements to terminals of the same function in the 

semiconductor element, and wiring is thus simplifiect Furthermore, an adder 

25 can be used because the outputs of the piezoelectric elements 1 and 2 are 
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inverse polarity, it is not necessary to use an operating amplifier with a high 

cor_nmon-mode rejection ratio when using a differential circuit,- and the 

configuration of the semiconductor element cari be simplified. 

An equivalent detection circuit can also be built by disposing the 

5 elements on a printed circuit board, but the longer wiring lengths increase the 

effects of noise and lower the S/N ratio. On the other handj .noise can be 

reduced and a high SIN ratio achieved by housing the semiconductor element 

and resistance in proximity to the piezoelectric elements ins·ide the same 

package. Sensor deteciion resolution is determined by the SIN ratio, and high 

1 O resolution can be achieved by housing the semiconductor element and other. 

components in the same package. This is particularly important with 

piezoelectric· elements made of lithium niobate or piezoelectric. single crystal 
. .. . 

because the static capacitance is low, impedance is high, and the piezoelectric 

elements are thus susceptible to noise. In addition, the resistance of the 

15 current-voltage converting resistor must be increased when the cut-off 

frequency on the low frequency side is lowered, and susceptibility to noise is 

thus increased. The construction of the present embodiment is a particularly 

effective means.:of-avoiding these problems. 

. . Furthermore, differences · in the amplification · rate due to 

20 differences in temperature or other environmental factors can also be 

substantially ignored as a result of housing the piezoelectric element and 

semiconductor element in the same package. Rotational acceleration can 

therefore be detected with excellent accuracy. 

It will be further noted that the circuit configuration of the 

25 semiconductor element shall not be limited to that described above. For 
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example, piezoelectric element output could be input directly to an amplifier 

circuit without using _a buffer amplifier or imp~dance conversion circuit; _or an 

amplifier circuit for additional gain oould be provided downstream. An amplifier 

circuit for obtaining even greater gain, or an analog/digital conversion circuit 

5 could also be provided downstream of the adder. 

It is yet further possible to house only some of the ·circuit elements 

inside the same package.and place the remaining circuit elements on.a printed 

circuit board instead of housing all circuit elements in the package. 

It· will also be obvious that the construction. of the acceleration 

10 sensor shall not be limited to that of the first embodiment. It is also possible, for 

example, to arrange the two piezoelectric elements with the cantilevers pointing 

in the same direction as shown in Fig. 12A; to dispose the support block in the 

middle of the piezoelectric elements as shown in Fig. 128; or to dispose support 

blocks at both ends of the deflection member of the piezoelectric ~laments as 

15 shown in Fig. 12C. 

20 

An acceleration sensor according to this embodiment of the 

invention is thus compact, can detect rotational a~celeration with good 

sensitivity using only one sensor, and features a high SIN ratio arid resolution. 

Embodiment 5 

Fig. 13A is an oblique view of an acceleration sensor according to 

a fifth embodiment of the invention, and Fig. 138 is a plan . view of the same. 

This acceleration sensor 1 O is the same as the acceleration sensor of the first 

embodiment in that two piezoelectric bodies with opposite polarization 

directions are bonded with the same polarity sides thereof together in one of the 

25 piezoelectric elements. This acceleration sensor 1 O differs in that the 
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polarization directions of the piezoelectric bodies are the same in piezoelectric 

element 1 and piezoelectri~ element 2. More specifically, the piezoelectric 

bodies are bonded with the· same polarity sides together ~o that the polarity of 

polarization of the bonded surfaces is the same in ·piezoelectric elements 1 and 

5 2. In other words, the polarization directions of the two piezoelectric bodies 

forming one piezoelectric element are symmetrically oriented in opposite 

directions, and the polarization directions of the piezoelectric bodies on the ·, 

same sides of the piezoelectric elements 1 and 2 are oriented in the same 

direction. 

10. An acceleration sensor according to this embodiment comprises 

two piezoelectric elements 1 and 2. Each piezoelectric element has · a 

cantilevered structure in which one end of a bimorph cantilever-is supported by 

a support block 3; each bimorph cantilever comprises two bonded piezoelectric 

bodies with the direction of polarization oriented in opposite directions. An 

15 electrode 11 a, 11 b, 21 a, 21 b is formed on the two opposite sides of the 

cantilever of each piezoelectric element 1 and 2. Because of the step between 

the cantilever and support block 3, the electrodes 11 b and 21 b on the same 

side as the support block 3 are formed continuously to the step face so that 

there is electrical conductivity between.the·cantilever and support block 3. The 

20 electrodes 11a and 21a on the side opposite the support block 3 are formed 

. over the entire surface. 

Because their bimorph structure bonding two piezoelectric bodies, 

the cantilevers convert vibration induced by acceleration to an electrical signal, 

which can be extracted from the electrodes. The surfaces of the cantilever 

25 portions of the piezoelectric elements 1 and 2 are aligned effectively on the 
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same plane in order to detect acceleration in the sarrie direction using two 

piezoelectric elements. In order _to improve the precision wit~ whi~ rotati_onal 
. . . 

acceleration is detected in a limited space, it is preferable to place .the ·tWo 

piezoelectric elements so that the support blocks 3 to which acceleration is 

5 conveyed are separated as much as possible and the free ends of the 

. cantilever portions are in mutual proximity. More specifically. the piezoelectric 

· elements 1 and 2 are aligned in line on the same longitudinal axis with the free 

ends of the cantilevers in proximity and the support block ends of the 

cantilevers disposed to the outside in mutually opposite directions as shown in 

10 Fig. 13. 

The piezoelectric elements 1 and 2 of this acceleration sensor 1 O 

· are manufactured by direct bonding of two piezoelectric bodies in· the same was 

as the piezoelectric elements of the acceleration sensor according to the first 

embodiment. 

15 Embodiment 6 

Fig. 14 is an oblique view of an acceleration sensor 10 according 

to a sixth embodiment of the invention. This embodiment differs from the fifth 

embodiment in that it houses an acceleration sensor of the fifth embodiment in 
. . 

a package 6a, 6b and makes it easier to. extract the output of the piezoelectric . 

20 element electrodes from external electrodes on the sides of the package. The 

piezoelectric elements 1 and 2 of the acceleration sen$or 1 O are fixed to the 

package 6a at the respective support blocks 3. A recess 7 is formed in the 

package 6a so that the cantilevers of the piezoelectric elements do not contact 

the package 6a, and the package·sa thus does not interfere with flexure caused 

25 by the transmission of acceleration. 
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External electrodes Sa, Sb, and Sc form an output terminal at each 

end and at the middle of the package 6a Electrodes 11 a and 11 b of 

piezoelectric element 1 ·are connected to external electrodes Sc and Sb by way 

of the conductive layer on package 6a. Electrodes 21 a and 21 b of piezoelectric 

5 element 2 are connected to external electrodes Sc and Sa by way of the 

conductive layer on package 6a. The conductive layer. and electrodes are 

electrically connected by a conductive paste 9. The package 6a is then covered 

by package 6b, forming acceleration sensor 10. 

With this configuration ·of an acceleration sensor 10, · conductivity 

10 between the surface of support block 3 and the conductive layer on the package . 

is achieved with the conductive paste, and the amount of conductive paste 

applied thus ·has no effect on the resonance freque~cy of .the· cantilever, for 

example. More specifically, by connecting the support block 3 to the electrodes 

using a conductive paste, variation in such characteristics as the resonance 

15 frequency and sensitivity of the piezoelectric elements 1 and 2 can be reduced. 

If output is obtained from the cantilevers of the pi_ezoelectric elements by 

applying· the conductive paste thereto, differences in the amount of paste 

applied and overspread to the cantilever will cause piezoelectric element 

. characteristics to vary. However, by obtained piezoelectric element output from 

20 · the support block portion, performance is determined substantially only by the 

shape of the piezoelectric element regardless of the amount of conductive· paste 

applied, and variation in piezoelectric e·lement characteristics can be reduced. 

The smaller area of the connection on the surface where the electrode is 

divided into two parts limits the amount of condµctive paste that can be applied, 

25 and it is therefore preferable to connect to the support block electrode. 
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If solder,· for example, is used to make an electrically conductive 

connection directly to the cantilever, the heat conducted to the piezoelectric 
. : . . . . . . 

. body of the piezoelectric element can raise the piezoelectric body to a . high 

temperature, causing. such problems as degraded performance and reduced 

5 sensitivity. . These problems can be avoided, however, by soldering to the 

support block 3 because heat transfer to the cantilever is more difficult. . 

A method for detecting acceleration using this acceleration sensor 

is described next. Fig. 15 is a block diagram of acceleration detection using the 

acceleration sensor according to this embodiment of the invention. Output from 

1 O piezoelectric elements 1 and 2 of acceleration sensor 10 is connected to the 

respective signal detector 12, and the output of signal detector 12 -is connected . 

to differential am~lifier 13. · A reference potential generator 22 is also· proyided 

for applying a reference potential. The same-side electrodes (that is, 11 a and 

21 a, and 11 b and 21 b) of the cantilever portion of piezoelectric elements 1 and 

15 2 are respectively connected ·to the same-function terminals of the signal 

detectors 12. This assures that a positive signal is output from signal detectors 

12 when acceleration is applied as indicated by the arrow in the figure. 

Fig. 16 is a circuit diagram of the signal detection means of this 

embodiment. Output from .electrodes 11 b, -21 b of piezoelectric elements 1 and 

20 2 is input to the gate of FET 14a and 14b, respectively. Electrodes 11a and 21a 

are grounded by an external electrode of the package. A resistance is 

connected parallel to piezoelectric elements 1 and 2, converting piezoelectric 

element output to a voltage. A resistance is also connected to the source of 

FET 14a and 14b, forming a source following circuit. This source follower 

25 constitutes an impedance conversion circuit. The reference potential is the 
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ground potentiaL 

When acceleratic:>n occurs as indicated by the arrow in Fig·. ,16, 
. . . 

both piezoelectric elements output a positive signal. Output from FETs 14a and. 

14b is input through the resistance to operating amplifier 15 and amplified. The 

5 operating ~mplifier 15 is a differential amplifier that outputs the difference 

between the output signals from FETs 14a and 14b. The difference between 

the output- signals from the two piezoelectric elements 1 and 2 is thus ·detected. 

It is thus possible to detect the difference between the acceleration applied to 

the two piezoelectric elements. 

10 As described above, rotational acceleration can be detected from 

the differential ·output. As described above with reference to Fig. 3, rotational 

acceleration detection sensitivity is proportional to the interval 5 r be~een t_he 

support blocks 3 of the two piezoelectric elements 1 and 2. It is therefore 

necessary to increase distance 5 r as much a~ possible in order to increase 

15 rotat_ional acceleration detection sensitivity. A cantilever type acceleration 

sensor operates in a fixed-end drive mode in which acceleration is transferred 

from the support block. It is the_refore preferable to increase the distance 

between the _support blocks 3 of the two piezoelectric elements as much as 

possible. In this embodiment the support blocks 3 ·are positioned at opposite 

20 ends inside the package 6a, 6b, thereby maximizing the distance therebetween. 

It should be noted that the signal processing circuits 12 use field­

effect transistors and operating amplifiers, but it is also possible to directly input 

piezoelectric element output to the operating amplifier without using FETs. 

Further, a reference voltage circuit or filter circuit could be provided, or an 

25 analog/digital converter could be incorporated. 
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Embodiment 7 

· An acceleration sensor according to this seventh embodiment is . . . : . . 

the same as th"e acceleration sensor of the sixth embodiment in that it houses 

an acceleration sensor· according to the fifth embodiment in a package 6a, 6b, 

5 but differs from the sixth embodiment in the external electrodes provided as 

output terminals. More specifically, this acceleration sensor has a .set of 

· · external electrodes conn~cting electrodes of the same charge polarity between 

the piezoelectric elements. More specifically, electrode 11 a of piezoelectric 

element 1 and electrode 21 b of piezoelectric element 2 are connected to a 

10 common node connected to one external electrode, electrode 11 b . of 

piezoelectric eleme.nt 1 and electrode 21 a of . piezoelectric· element 2 are 

connected to another common node connected to another external electrode, 

and these external electrodes form a pair of output terminals. 

· An acceleration detection method using this acceleration sensor 

15 10 is described next with reference to Fig. 17. As shown in Fig. 17, electrodes 

of different charge polariUes generated by the piezoelectric elements are 

connected to the same outputs, and these outputs from the piezoelectric 

elements.1 and 2 of acceleration sensor 10 are.connected to signal detector 12. 
. . 

More specifically, electrodes (11 a· and 21 b, and 11 b and 21 a) on different sides 

20 of the ·cantilevers of piezoelectric elements 1 and 2 are connected to common 

· nodes, which are then connected to a respective terminal of signal detector 12. 

As a result, when acceleration is applied as indicated by the arrows in the figure, 

rotational acceleration can be detected from the output signal of the signal 

detector 12, which corresponds to the difference between the charges 

25 generated by the piezoelectric elements 1 and 2. 
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Fig. 18 ·shows an equivalent circuit diagram for the block diagram 

shown in Fig. 17. This signal detection means has a field effect transistor (FET) 
. . . . . . . . 

14 and resistance ·as a source .follower, and an operating amplifier 15. Output 

from electrodes ·11 b, 21 a of piezoelectric elements 1 and 2 is input to the gate 

5 . of FET 14. Electrodes 11 a and 21 b are grounded by an external electrode of 

the package. A resistance is connected between the ground and the gate of 

. FET 14, converting output from the piezoelectric element to a voltage. · . A 

resistance is also connected to the source. of FET 14, forming a source 

foUowing circuit. This source follower constitutes an impedance conversion 

10 ·circuit. 

Output from the FET 14 is -input through the resistance to 

operating amplifier 15 and amplified. · Operating· amplifier 15 is an amplifier 

circuit. The reference ·potential is obtained by resistance voltage dividing the 

source voltage. It will thus be apparent that the difference of the acceleration 

15 applied to two piezoelectric bodies can be detected using only a simple 

amplifier circuit, and it is not necessary to use a differential amplifier o_r other 

such circuit. 

Fig. 19 shows another equivalent circuit diagram for the block 

diagram shown in Fig. 17. With the signal detection means shown in Fig. 19 

20 piezoelectric element output is input directly to the operating amplifier without 

using a FET 14, and comprises two operating amplifiers and a resistance. 

Output from .electrodes 11 b and 21a of piezoelectric elements 1 and 2 is input 

to the operating amplifier 15a. Electrodes 11 a and 21 b are grounded from an 

external electrode of the package. Output from operating amplifier 15a is input 

25 through a resistance to operating amplifier 15 and amplified. Operating 
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amplifier 15. is thus an amplifier circuit. The reference potential is obtained by 

resistance voltage dividing_ the_ sour~e voltage. It will thus be _apparent that the 

· difference of the acceleration applied to two piezoelectric bodies can be 

detected using a simple amplifier circuit consisting of an operating amplifier. 

A further method for detecting acceleration using the acceleration 

sensor 1 O of. this embodiment is .described below with reference· to the block 

diagram in Fig. 20: In this case output electrodes of the same charge polarities 

generated by the piezoelectric elements are connected, and. the other output 

electrodes of the piezoelectric elements 1 and 2 ·of acceleration sensor 1 O are 

1 O connected to signal detector 12. More specifically, electrodes 11 a and 21 a on 

the same sides of the cantilever portions of the piezoelectric elements 1 ·and 2. 

are interconnected, and the electrodes 11 b and 21 b on the other sides of the 

cantilevers are connected to· the terminals of the signal detector 12. The two 

piezoelectric elements are thus · connected in series. Therefore, when 

15 acceleration is applied as indicated by the arrows in the figure, the signal 

detector 12 outputs a signal corresponding to the difference in the charges 

generated by the two piezoelectric elements 1. and 2, and rotational acceleration 

can be detected from this signal detector output signal. Because the two 

piezoelectric elements a~e seria_lly connected, the static capacitance of the 

20 acceleration sensor viewed from the input terminal of the signal detector 12 is 

lower, and sensitivity is thus increased. 

A circuit diagram equivalent to the block diagram shown in Fig. 20 

is shown in Fig. 21. The el~ments of this circuit are the same as shown in Fig. 

18, and further description is omitted. It will also be noted that the circuit shown 

25 in Fig. 19 may also be used. 



50 

Embodiment 8 · 

Fig. 22 is an oblique view of an acceleration sensor 100 acco~ding . . . . . . 

. to an eighth embodiment. of the invention. · This embodiment differs ·from the · 

acceleration sensor of the sixth embodiment in that it houses a semiconductor 

5 element 16 for processing piezoelectric element output inside the package 6a, 

6b .. This .acceleration sensor 100 consists of piezoelectric elements 1 and 2, 

semiconductor .element 16, package 6a, 6b, and external electrodes 8a, 8b, 8c, 

8d. Piezoelectric elements 1 and 2 are identical to the piezoelectric elements of 

the acceleration sensor according to the fifth embodiment. The semiconductor 

1 O element 16 is used as a bare chip, thus helping to make the overall ~cceleration 

sensor small. 

The semiconductor element · 15 integrates ·the signal processing 

circuit, and comprises two impedance conversion circuits and a differential 

amplifier. Electrodes on the top of the semiconductor element 16 are 

15 connected to the conductive layer on package 6a by wire bonding, while 

electrodes on the bottom are die bonded. The piezoelectric element electrodes 

and conductive layer are connected with conductive paste. The external · 

electrodes 8a, 8b, 8c, 8d are used as a power supply terminal, ground terminal, 

and output terminals. . 

20 The semiconductor element 16 integrates the circuit shown in the 

block diagram in Fig. 15, and operates as described in the fifth embodiment. A 

semiconductor element 16 using FETs can be achieved as shown in Fig. 16. 

The ·operation is again as described in the fifth embodiment, and further 

description is therefore omitted. 

25 Embodiment 9 
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An acceleration detection . apparatus according to a ninth 

embodiment of the invention is the same as the acceleration det~ction 

apparatu·s ·of the eighth· embodiment in appearance as ·shown in Fig; 22,. but 

differs therefrom in the circuit configuration of the semiconductor element 16 

5 housed inside package 6a, 6b. Fig. 23 is a block diagram of an acceleration. 

detection apparatus according to the present embodiment. This is one 

configuration that differs from the circuit diagram shown in Fig. 16 for .the block 

diagram shown in Fig. 15. In this case the signal detector 12 is a pair of buffer 

amplifiers 24a, 24b with a differential amplifier 25 disposed downstream, and 

1 O the differential amplifier 25 outputting a rotational acceleration signal. · The 

reference potential generator 22 is a resistance voltage divider. Because 

operating amplifiers can be used for • the buffer amplifiers and differential 

amplifier, simple operating amplifiers can be used for . the semiconductor· 

elements. It should be noted that power supply, grounding, and other wiring is 

15 not shown in the figure. 

Embodiment 1 O 

An acceleration detection apparatus according to a tenth 

embodiment of the invention is the same as the acceleration detection 

apparatus ~f the eighth embodiment in appearance as shown in Fig. 22, but 

20 differs therefrom in the circuit configuration of the semiconductor element 16 

housed inside package 6a, 6b. A circuit diagram of this acceleration detection 

apparatus 100 is shown in Fig. 24. Unlike the configuration shown in the block 

diagram in Fig. 15, electrodes on the same sides of the cantilevers of 

piezoelectric elements 1 and 2 (that is, 11 a. and 21 a, and 11 b and 21 b), and the 

25 signal detector 12 and reference potential generator 22 are connected. That is, 
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electrode 11 a and electrode 21 b are connected to reference potential g_enerator 

22, and electrode 11P and electrode 21a are connected directly to signal 

detector 1.2. As a result"; when acceleration is ·applied in the direction indicat~d. 

by the arrows in the figure, the signals output from piezoelectric elements 1 and 

5 2 via signal detector 12 are opposite polarity. These output signals are then 

input to adder 23. Because the outputs from piezoelectric elements 1 and 2 are 

opposite polarity, .a signal proportional to the difference in acceleration applied 

to the two piezoelectric elements is output from adder 23, and rotational 

acceleration can be detected. 

10 An equivalent circuit diagram for the block diagram shown in Fig. 

24 is shown in Fig. 25. .Similarly to the configuration shown in Fig. 23, this 

acceleration detection .apparatus 100 can be achieved using operating 

amplifiers. The buffer amplifiers. 24a and 24b output opposite polarity signals 

because the placement of the electrodes for connecting to the non-inverting 

15 input terminal of the buffer amplifiers 24 and· the reference potential generator 

22 is different in piezoelectric elements 1 and 2. The adder 26 is also an 

operating amplifier. A signal ·proportional to rotational acceleration is output 

from the output terminal· of the adder with this circuit design. It should be noted 

that some wiring, including the power source ~nd ground, are not shown in the 

20 figure~ 

An equivalent detection circuit can also be built by disposing the 

elements separated from the piezoelectric elements on a printed circuit. board, 

but the longer wiring lengths increase the effects of noise and lower the SIN 

ratio. On the other hand, noise can be reduced and a high S/N ratio achieved 

25 by housing the semiconductor eiement and resistance in proximity to the 
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piezoelectric elements inside the same package. Acceleration sensor detection 

resolution is determined by the S/N ratio, and high resolution can be achieved 
. . . .· . . . 

by housing the semiconductor" element and other components in the same. 

package. This is particularly important with piezoelectric elements made of · 

· 5 lithium niobate or piezoelectric single crystal because the static capacitance is 

low, impedance is high, and· the piezoelectric elements .are ·thus susceptible to 

noise. In adcfition, the resistance of the current-voltage converting resistor must 

be increased when the cut-off frequency on the low frequency side is low~red, 

and susceptibility to noise is thus increased. · The construction of the present 

1 O embodiment is a particularly effective means of avoiding these problems. 

Furthermore, differences in the amplification rate, ·for example, 

due ·to differences in temperature or other environmental factors can also:be 

substantially ignored as a result of housing_ not only the piezoelectric elements 

but also two semiconductor elements in the same package. Rotational 

15 acceleration can therefore be detected with excellent accuracy. 

It will be further noted that the circuit configuration of the 

semiconductor element shall not be limited to that described above. For 

example, piezoelectric element output could be input directly to an amplifier 

Circuit witho.ut using a buffer ampl_ifier or impe~ance conversion circuit, ~r an 

20 amplifier circuit for additional gain could be provided downstream. An amplifier 

circuit for obtaining even gain, or an analog/digital conversion circuit, could also 

be provided downstream of the adder or differential circuit. 

It is yet further possible to house only some of the circuit elements 

inside the same package and place the remaining circuit elements on a printed 

25 circuit board. 
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It will also be obvious that the construction of the acceleration 

sensor shall not be limited to that of the present embodiment. It is also possible1 

- -

_for example;- -to arrange -the two piezoelectric -elements with. the cantilevers 

pointing in the same dfrection as shown in Fig. 26A; to dispose the support 

.5 block- in the middle of the piezoelectric elements as shown in Fig. 268; or to 

dispose support blocks at both ends_ of the deflection member of the 

piezoelectric elements as shown in Fig. 26C. 

An acceleration sensor aceording to_ this embodiment of the 

invention is thus_ compact, can detect rotational acceleration with good 

1 O sensitivity using only one sensor, and features a high S/N ratio and resolution. 

Embodiment 11 

Fig. 27 is a plan. view of an acceleration -sensor according to an 

eleventh embodiment of the invention. Unlike -the acceleration sensor of the 

first embodiment, this accelerati-on sensor 1 O is a unimorph type in which each 

15 piezoelectric element has only one piezoelectric body bonded to a silicon 

substrate support block. This acceleration sensor 1 O has two piezoelectric 

elements 1 and 2, each piezoelectric element 1, 2 having a unimorph cantilever 

comprising one piezoelectric body bonded to silicon substrate 30 with the 

cantilever supported -on one end by a support block -3. In addition, the 

20 . polarization directions of the piezoe·lectric body are opposite in piezoelectric 

element 1 and piezoelectric element 2. Electrodes 11 a1 11 b1 21 a, and 21 b are 

formed on opposing surfaces of the cantilevers of piezoelectric elements 1 and 

2. Output from electrodes 11 b and 21 b on the surfaces bonded to silicon 

substrate 30 is extracted from the end. Electrodes 11a and 21a formed-on the 

25 side opposite the support block 3 are formed over the entire surface. 



5 

55 

The cantilever structure of these piezoelectric elements 1 and 2 

enables a potential difference produced in the piezoelectric bodies 4 by flexible 
. .. . . .· 

. . . . . 

vibration of the cantilever as· a result of ·acceleration. transmitted from the 

support block 3 to be detected from the electrodes 11 a, 11 b, 21 a, and 21 b. 

The piezoelectric elements 1 . and 2 of this acceleration sensor 1 O 

are disposed parallel to each other so that one side of each is on the same 

plane. The piezoelectric elements are further aligned in line on the same 

longitudinal axis with the free ends of the cantilevers in proximity at the inside 

and the support block 3 ends of the cal'.ltilevers disposed to the outside in 

10 mutually opposite directions as shown in Fig. 27. 

It should be noted that the piezoelectric bodies 4 and the siUcon 

substrate forming the support block. can be bonded with an adhesive or by 

direct bonding. Bonding by direct bonding is preferable. 

The piezoelectric elements 1 and 2 of this acceleration sensor 1 O 

15 are arranged so that the polarization directions of the piezoelectric bodies 4-are 

different. The arrows in Fig. 27 indicate the direction of polarization of the 

piezoelectric bodies with the. arrows starting from the positive side and pointing 

to the negative side. Electrode 11 a of piezoelectric element 1 is therefore on 

the positive side, and e_Iectrode 11 b is on the negative side .. Electrode 21 a .of 

20 piezoelectric element 2 is thus on the negative side, and electrode 21 b is on the 

positive side. 

A method of detecting acceleration using this acceleration sensor 

is described next with reference to the block diagram in Fig. 28. Electrodes 11 a 

and 21 a of piezoelectric elements 1 and 2 are interconnected and connected to 

25 signal detector 12. Electrodes 11 b and 21 b of pi~zoelectric elements 1 and 2 
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are also interconnected and connected to another terminal of signal detector 12. 

A referenc~ potential generator 22 is also provi~ed for applying a reference 

potential. 

When acceleration is applied as indicated by the arrow in Fig. 28, 

5 piezoelectric element 1 generates a positive charge at electrode 11 a and a 

negative charge at electrode 11 b. Because the polarization directions of the 

constituent piezoelectric bodies of the two piezoelectric elements are opposite, 

piezoelectric el~ment 2 generates a negative charge in electrode 21 a and a 

positive charge in electrode 21 b. Furthermore, because electrodes 11 a and 

1 O 21 a, and electrodes 11 b and 21 b are connected to each other, .th~ charges 

move, and the charges produced by piezoelectric elements 1 and 2, are 

balanced. However, ·when ·rotational acceleration is applied, . the charge 

produced by the piezoelectric element farther from the center of rotation will be 

greater. The charge produced by the other piezoelectric element will thus be 

15 decimated by the stronger charge, and the difference between the charges will 

be passed to the node. These charges are applied as signals to the signal 

detector 12, which then outputs a rotational acceleration signal. 

Embodiment 12 

Fig. 29 is a plan view of an acceleration sensor according to. a 

20 twelfth embodiment of the invention. This acceleration sensor differs from the 

acceleration sensor of the eleventh embodiment in that· the polarization 

directions of the piezoelectric bodies are the same. The acceleration sensor 1 O 

comprises two piezoelectric elements 1 and 2. Each piezoelectric elements 1 

and 2 has a uni morph cantilever. comprising one piezoelectric body bonded to 

25 silicon.substrate 30 with the cantilever supported on·one end by a support block 
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3. In addition, the direction of polarization of the piezoelectric body is the same 

in piezoelectric element 1 and piezoelectric element 2. 
' . . . . 

Embodiment 13 · 

Fig. 30 is a plan view of an acceleration sensor according to a 

5 thirteenth embodiment of the invention. This acceleration sensor 1 O differs from 

the. acceleration sensor of the first embodiment in that the piezoelectric 

elements are made by bonding two piezoelectric bodies. having ·the same 

direction of polarization. In other words, the direction of polarization of each 

piezoelectric body constituting one piezoelectric element is the· same. 

10 Furthermore, because the surfaces of the piezoelectric bodies at the bonding 

interface, that is, the surfaces that are bonded together, have different polarities, 

the ~ potential occurring · at the · bonding interfa·~ must be used as the 

piezoelectric element output. This acceleration sensor 1 O therefore further 

differs from the acceleration sensor of the first embodiment in that an electrode 

15 is provided at the bonded surfaces. 

This acceleration sensor 10 thus·has two piezoelectric elements 1 

and 2, each piezoelectric element comprising· two bonded piezoelectric bodies 

an.d each_ of the piezoelectric bodies having the same direction of polarization. 

In · addition, the direction of. · polarization ·of the piezoelectric bodies in 

20 piezoelectric element 1 is opposite the direction of polarization of the 

piezoelectric bodies in piezoelectric element 2. 

Each piezoelectric efement has a cantilevered structure in which 

one end of a bimorph cantilever formed by bonding two piezoelectric bodies is 

supported by a support block 3. Electrodes 11 a, 11 b, 21 a, 21 b are formed on 

25 the two opposite sides of the cantilevers of each piezoelectric element 1 and 2. 
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An electrode 11 c and 21 c is also disposed to the bonding surface between each 

of the tw~ piezoelectric ~odies. 

Because of the step between the cantilever and s.upp.ort block 3, 

the electrodes 11 b and 21 b on the same side as the support block 3 are 

5 electrically connected to the support block. The electrodes 11 a and 21 a on the 

. side opposite the support block 3 are formed over the .entire surface. The 

electrodes 11 c, 21 c at the bonding interface are preferably disposed thereto 

before· bonding. 

As a result of the bimorph cantilever structure bonding two 

10 piezoelectric bodies as described above, the piezoelectric bodies 4 of th~se 

piezoelectric.elements 1 and 2 produce a potential difference as a result of.the 

flexible vibration of the cantilever pottion iriduced by .acceleration transmitted to · 

the cantilever from the support block 3. This potential difference can then be 

extracted from the electrodes 11 a, 11 b, 21 a, 21 b on the opposing sides of the 

15 cantilever, and the electrodes 11c, 21c at the bonding surface. 

The piezoelectric elements 1 and 2 of this acceleration sensor 1 O 

are disposed so that they have one mutually parallel side, and more specifically 

so that one sjde of each cantilever is on the same plane. The· piezoelectric 

elements 1 and 2 are further aligned in line on the same longitudinal axis with 

20 the free ends of the cantilevers in proximity at the inside and the support block 3 

ends of the cantilevers disposed to the outside in mutually opposite directions 

as shown in Fig. 30. 

This acceleration sensor 1 O comprises piezoelectric element· 1 

and piezoelectric element 2. Each of the piezoelectric elements is made by 

25 bonding two piezoelectric bodies 4 having the same direction of polarization. 
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The piezoelectric bodies 4 are disposed so that the direction of polarization of 

the_ piezoelectric bodies 4 in piezoelectric element 1. is opposite the direction of 

polarization of the piezoelectric bodies · 4 in piezoelectric element 2. The 

direction of polarization of the piezoelectric bodies in this acceleration sensor 1 O 

5 is indicated by the arrows in Fig. 30. The arrows start at the positive side and 

. point to the negative side. It will thus be known that electrode 11 a of 

· piezoelectric element 1 is the positive side and electrode 11 b is the negative 

side, and electrode 11 c is at the interface between positive arid negative 

surfaces. Likewise, electrode 21 a of piezoelectric element 2 is the negative 

10 side and electrode 21b is the positive side, and electrode 21c is ·at the interface 

between positive and negative surfaces. 

A method for detecting acceleration using this acceleration sensor 

is described next with reference. to the· acceleration d_etection block diagram 

shown in Fig. 31. Electrodes 11 a and 21 a of piezoelectric elements 1 and 2 are 

· · 15 connected to a common node connected to one terminal of a signal detector 12. 

The other electrodes 11 b and 21 b are likewise connected to a common node 

connected to another terminal of the signal detector 12. A reference potential 

generator 22 is also provided for applying a reference potential. 

When acceleration is applied as .indicated by the arrow i~ Fig. 31, 

20 piezoelectric element 1 generates a positive charge at electrode 11 a, a positive 

charge at electrode 11 b, and a negative charge at electrode 11 c. Because the 

direction of polarization is opposite in piezoelectric elements 1 and 2, 

piezo·e1ectric element. 2 generates a negative charge at electrode 21a, a 

negative charge at electrode 21 b, and a positive charge at electrode 21 c. 

25 Electrodes 11 a, 11 b, 21 a, and 21 b are interconnected, and electrodes 11 c and 
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21"c are interconnected. The respective charges therefore move and the 

charges produced by piezoel_e~tric elements 1 and 2 are balanced. However, if 

rotational ·acceleration is applied,. the charge generated by· the piezoelectric 

element farther from the center of rotation will be greater. The charge produced 

5 by the other piezoelectric element will thus be decimated by the stronger charge, 

and the difference between the charges will be passed to the node. These 

charges are applied as signals to the signal detector 12; which then outputs a 

rotational acceleration signal. 

10 

Embodiment 14 

. Fig. 32 is a plan view of an acceleration sensor according to a 

fourteenth embodiment of the invention. This acceleration sensor differs. from 

the acceleration sensor of the thirteenth embodiment in that the direction of 

polarization of the piezoelectric bodies is ·the same in each of the piezoelectric 

elements 1 and 2. This acceleration sensor 1 O comprises two piezoelectric 

15 elements 1- and 2. Each of the piezoelectric elements 1 and 2 has a bimorph 

cantilever comprising two piezoelectric bodies bonded so that the direction of 

polarization is the same in each piezoelectric element 1 and 2. Each cantilever 

is supported on one end by a support block 3. 

20 

Embodiment 15 

Fig. 33 is a plan view of an acceleration sensor according to a 

fifteenth embodiment of the invention. This· acceleration sensor 10 differs from 

the acceleration sensor of the first embodiment in that the piezoelectric 

elements are made by bonding two piezoelectric bodies with an intervening 

shim therebetween ·rather than bonding the piezoelectric bodies directly to each 

25 other. More specifically, the aceeleration sensor 1 O comprises two piezoelectric 
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elements · 1 and 2. Each of :.the piezoelectric elements 1 and 2 comprises two 

piezoelectric bodies .with different directions of polarization. The .Piezoelec~ric 

. bodies are bonded with an intervening· shim between the piezoelectric bodies. 

The piezoelectric bodies are further arranged · so that the· directions of 

5 polarization of the piezoelectric bodies are mutually opposite in piezoelectric 

elements 1 and 2. In other words, the directions of polarization of the 

piezoelectric bodies in the proximally positioned piezoelectric elements ·are 

oriented in opposite directions so that the polarity of polarization at the bonding 

interface between the piezoelectric body and shim is different in each 

10 piezoelectric element. 

Each piezoelectric element has a cantilevered structure ·in which 

one end of a bimorph cantilever is supported by ·a ·support block· 3. Each · 

bimorph cantilever · is formed by bonding two pi·ezoelectric bodies with an 

intervening shim therebetween. An electrode 11 a, 11 b, 21 a, 21 b is formed on 

15 the two opposite sides of the cantilever of each piezoelectric element 1 and 2. 

20 

Because of the step between the cantilever and support block 3, the electrodes 

11 b and 21 b on the same side as the support block 3 are electrically connected 

to the support block. The electrodes 11a and 21a on the side opposite the 

support block 3 are formed over the entire surface. 

As a result of the cantilever structure described above, the 

piezoelectric bodies 4 of these piezoelectric elements 1 .and 2 produce a 

potential difference as a result of the flexible vibration of the cantilever portion 

induced by acceleration transmitted to the cantilever from the support block 3. 

This potential difference can then be extracted from the electrodes 11 a, 11 b, 

25 21 a, 21 b on the opposing sides of the cantilever. 
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The piezoelectric elements· 1 and 2 of this acceleration sensor 1 O 

are disposed so that they have one mutually para11el side, and i:nore specifically . . . . . . 

so that -one side of each. cantilever is on· the same plane. The piezoelectric 

elements 1 and 2 are further aligned in line on ·the same longitudinal axis with 

5 the free ends of the cantilevers in proximity at the inside and the support block 3 

.ends of the cantilevers disposed to the outside in mutually opposite directions 

· as shown in Fig. 33. 

The direction of polarization of the piezoelectric bodies in this 

acceleration sensor 1 O is indicated by the arrows in Fig. 33. The arrows start at 

1 O the positive side and point to the negative side. It will thus be known. that 

electrode 11 a of piezoelectric element 1 . is on a positive side and electrode 11 b 

· is. on a positive side.- Likewise, electrode ?1 a of piezoelectric element 2 is on a 

negative side and electrode 21 b is on a negative side. 

A method for detecting acceleration using this acceleration sensor 

15 is described next with reference to the acceleration detection block diagram 

shown in Fig. 34. Electrodes 11 a and 21 a of piezoelectric elements 1 and 2 are 

connected to a common node connected to one terminal of a signal detector 12. 

The other electrodes 11 b and 21 b are likewise connected to a common node 

connected to another terminal of the signal detector 12. A reference potential 

20 generator 22 is also provided for applying a reference potential. 

When acceleration is applied as indicated by the arrow in Fig. 34, 

piezoelectric element 1 generates a positive charge at electrode 11 a and a 

negative· charge at electrode 11 b. Because the direction of polarization is 

opposite in piezoelectric elements 1 and 2, piezoelectric element 2 generates a 

25 negative charge at electrode 21a and a positive charge at electrode 21b. 
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Because- electrodes 11 a and 21 a1 and 11 b and 21 b are interconnected1 the 

respective c~arges move and the charges produced by piezoelectric elemen~s 1 
. . . 

and 2 ·are balanced. However, if rotational acceleration . is applied, the. charge 

generated by the piezoelectric element farther from the center of rotation will be 

5 greater. The charge produced by the other piezoelectric element will thus be 

decimated by the stronger charge1 and the difference between the charges will 

be passed to the node. These charges are applied . as ·signals to the signal 

detector 12, which then outputs a rotational acceleration signal. 

10 

Embodiment 16 

Fig. 35 is a plan view of an acceleration sensor according to a 

sixteenth embodiment of the invention.. This acceleration sensor differs from 

the acceleration sensor · of the fifteenth embodiment in that the direction of 

polarization of corresponding piezoelectric bodies is the same in each of the 

piezoelectric elements 1 and 2. In other words, the polarity of polarization at the 

15 bonding interface between the shim and each piezoelectric body of the 

piezoelectric element is the same in piezoelectric element 1 and piezoelectric 

element2. 

This acceleration sensor 10 thus comprises two piezoelectric 

elements 1 and 2. ~ach piezoelectric· element has a cantilevered structure in 

20 which one end of a bimorph cantilever is supported by a support block 3. Each 

bimorph cantilever is formed by bonding two piezoelectric bodies having 

mutually opposite directions of polarization with · an intervening shim 

therebetween. 

Embodiment 17 

25 Fig. 36 is a plan view of an acceleration sensor according to a 
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seventeenth embodiment of the invention. This acceleration sensor 10 differs 

from the acceleration sensor of the· first ~mbodiment in that each pi~zoelectric 
. . 

element is made by bonding four piezoelectric bodies. This acceleration sensor 

1 O has two piezoelectric elements 1 and 2. Each piezoelectric element 1 and 2 

5. is a laminate of two laminates each formed by bonding two piezoelectric bodies 

with different directions of polarization. In addition, the directions of polarization 

of the corresponding piezoelectric bodies are mutually opposite in piezoelectric 

elements 1 and 2. In· other words, the polarity at the bonded surfaces of the 

piezoelectric bodies in piezoelectric element 1 is opposite that in piezoelectric 

10 element-2. 

Each piezoelectric element has a cantilevered structure in which 

one end of the cantilever is supported by a support block 3. The cantilever is 

formed by combining two laminates of two bonded piezoelectric bodies. 

Electrod~s 11 a, 11 b, 21 a, 21 b are formed on the two opposite sides of the 

15 cantilevers of each piezoelectric element 1 and 2. 

As shown in Fig. 36, electrode 11 a electrically connects surfaces 

producing a charge of the same polarity when acceleration is applied, and 

electrode 11 b also electrically connects surfaces producing a charge of the 

same polarity when acceleration is applied. · Electrodes 21 a and 21 b do the 

20 same. 

As a result of the cantilever structure described above, the 

piezoelectric bodies 4. of these piezoelectric elements 1 and. 2 produce a 

potential difference as a result of the flexible vibration of the cantilever portion 

induced by acceleration transmitted to the cantilever from the support block 3. 

25 This potential difference can then be extracted from the electrodes 11 a, 11 b, 
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21 a, 21 b of the piezoelectric elements 1 and 2. 

The piezoelec~ric elements 1 ~and 2 of this accelerati?n s_~nsor 10 

. are disposed so that they have one m"utually parallel ~ide, and more specifically 

so that one side of each cantilever is on the same plane. The piezoelectric 

5 . erements 1 and 2 are further aligned in line on the same longitudinal axis with 

the free ends of the cantilevers in proxi~ity at the inside and the support block ~ 

·ends of the cantilevers disposed to the outside in· mutually opposite· directions 

as shown in the figure. 

The direction of polarization of the piezoelectric bodies in this 

1 O acceleration sensor 1 O is indicated by the arrows in Fig. 36. The arrows start at 

the positive side and point to the negative side. It will thus be· known that the 

negative sides of the piezoelectric bodies 4 are· bonded together in piezoelectric 

element 1, and the positive sides of the piezoelectric bodies 4 are bonded 

together in piezoelectric element 2. 

15 A method for detecting acceleration using this acceleration sensor 

is described next with reference to the acceleration detection block diagram 

shown in Fig. 37. Electrodes 11 a and 21 a of piezoelectric elements 1 and 2 are 

connected to a common node connected to one terminal of a signal detector 12. 

The other electrodes 11 b and 21 b are likewise connected to a common node 

20 connected to another t~rminal of the signal detector 12. A reference potential 

generator 22 is also provided for applying a reference potential. 

When acceleration is applied as indicated by the arrow in Fig. 37, 

piezoelectric element 1 generates a positive charge at electrode 11 a and a 

negative charge at electrode 11 b. Because the direction of polarization is 

25 opposite in piezoelectric elements 1 and 2, piezoelectric element 2 generates a 
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negative charge at electrode 21 a and a positive charge at electrode 21 b. 

Electrodes 11a and 21a, and 11b and 21b are interconnected. The respective 
. . .· . 

. charges therefore move and the charges produced by piezoelectric elements· 1 .. 

and 2 are balanced. However, if rotational acceleration is applied, the charge 

5 generated by the piezoelectri.c element farther from the center of rotation wi11 be 

. greater. The charge produced· by the other piezoelectric element will thus be 

decimated by the stronger charge, and the difference· between the charges will 

be passed to the node. These charges are applied as signals to the signal 

detector 12, which then outputs a rotational acceleration signal. 

1 O Embodiment 18 

Fig. 38 is a plan view of an acceleration sensor according to an 

. eighteenth embodiment of the invention. · This acceleration sensor 10 differs 

from the acceleration· sensor of the seventeenth embodiment in that 

corresponding piezoelectric bodies have the same direction of polarization in 

15 piezoelectric element 1 and piezoelectric element 2. In other words, the polarity 

at the bonded surfaces of the piezoelectric bodies is t,he same in piezoelectric 

element 1 and piezoelectric element 2~ This acceleration sensor 1 O has two . 
piezoelectric elements 1 and 2. Each piezoelectric element 1 and· 2 has a 

cantileve~ed structure, the cantilever being a laminate of two laminates each· 
. . 

20 formed by bonding two piezoelectric bodies with different directions of 

polarization, and one end of each cantilever supported by a supp_ort block 3. 

Embodiment 19 

Fig. 39 is an oblique view of an acceleration sensor according to a 

nineteenth embodiment of the invention. The acceleration sensor of this 

25 embodiment can detect rotational ·acceleration on two different axial directions. 
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More specifically, this accel_eration sensor can detect a rotational acceleration 

comp~nent i.n the direction parallel to the mounting_ surface of package Sa, and 

can also detect a . rotational acceleration component in the direction 

perpendicular to the mounting surface. The rotational acceleration i:omponent 

5 paraUel to the mounting surface is detected by piezoelectric elements 1 a and 2a. 

This corresponds to acceleration detection as shown in Fig. 4. The rotational 

acceleration component perpendicular to the mounting surface is detected by 

piezoelectric elements 1 b and 2b. 

These two piezoelectric elements 1.b and 2b are disposed so that 

1 O the surface of the cantilever is parallel to the mounting surface of the package 

(also referred to as "horizontal" below), the free ends of the cantilevers are in 
. . 

mutual proximity, and the cantilevers are fixed . to support blocks ·disposed 

substantially in line. The cantilevers of these piezoelectric elements 1 b and 2b 

are above the surface of the package and cari vibrate freely, and it is therefore 

15 not necessary to provide a recess in the surface of the package Sa so that the 

cantilevers can vibrate. The bottom of the support blocks is fixed with a 

conductive paste, and an electrode conductive _to the support block portion is 

electrically connected to an external electrode 8d on the package Sa. The 

electrodes on the top of the cantilevers are also electricaUy. connected to the 

· 20 external electrode 8d of package 6a by wire bonding. This configuration 

enables rotational acceleration components on two axes to be separately 

detected using a single package. 

It will be obvious that piezoelectric elements as described in any 

of the preceding embodiments 1 through 18 can be used in this embodiment. In 

25 addition, any of the described circuit designs and electrode connections 
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between the piezoelectric elements. Furthermore, semiconductor circuits as 

shown in Fig. 9 ·can be incorporated for the two axes. It will E!llso be readily 

a·pparent that a third set of piezoelectric elements can be additionally provided 

for separately detecting a rotational acceleration component on a third axis. 

5 · Embodiment 20 

In an acceleration sensor according to a twentieth embodiment of 

the invention the surface of the cantilever of the piezoelectric element is inclined 

to the mounting surface. Fig. 40A is an oblique view of the piezoelectric 

elements of an acceleration sensor according to this embodiment. Fig. 408 is 

10 an end view of the acceleration sensor as seen from the. arrow in Fig. 40A. 

. Note that Fig. 408 shows side by side end views of piezoelectric elements 1 
' . 

and 2. The portions of these piezoelectric elements 1 and 2 are ·the same·as in 

the acceleration sensor of the fifth embodiment, and the directions of 

polarization of the piezoelectric bodies in one piezoelectric element are m·utually 

15 opposite. This acceleration sensor differs with that of the fifth embodiment, 

however, in that the primary surface of the cantilever is inclined 25 degrees to a 

line perpendicular to the mounting surface. 

These piezoelectric elements 1 and 2 can sense acceleration both 

parallel to (horizontal). and perpendicular to (vertical) the mounting surface as a 

20 result of the cantilevers and vibration direction of the cantilevers being inclined 

to the mounting surface. 

Using this acceleration sensor and the signal. processing method 

of the piezoelectric elements of the fifth embodiment enables· a single device 

package to measure rotational acceleration including rotational acceleration 

25 components in. two directions, although the horizontal and vertical rotational 
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acceleration components cannot be separated. 

Fi9. 41A to Fig. 41C are end views of other combinations ·of 
. . . 

piezoeleCtric elements having· the cantilever inclined ·to the package surface. 

Note that these figures show the end views of piezoelectric elements 1 and 2 

5 side by side. The direcUons of polarization shown in Fig. 41A are the same as 

shown in Fig. 408, but the inclines of the cantilevers face in opposite directions. 

When the piezoelectric elements 1 and 2 shown in Fig. 41 A are connected as 

shown in Fig. 15, Fig. 17, or Fig. 20, rotational acceleration is detected as a 

horizontal component and translational acceleration is detected as a vertical 

10 component. When connected as shown in Fig. 5, Fig. 7, ot Fig. 10, the 

. horizontal component is detected as translational acceleration and the vertical 

component is detected as rotational acceleration. 

The directions of polarization of the piezoelectric bodies of the 

piezoelectric elements 1 and 2 shown in Fig. 41 B are opposite, but the 

15 cantilevers are inclined in the same direction. When these piezoelectric 

elements are connected as shown in Fig. 5 or Fig. 7, rotational acceleration can 

be detected in both horizontal and vertical directions. When the angle of 

inclinations differ as shown in Fig. 41 C and the piezoelectric elements 1 and 2 . 

are connected as shown in Fig. 15, Fig. 17, or Fig. 20, the horizontal component 

20 is detected as translational acceleration and the vertical component is detected 

as rotational acceleration; when connected as shown in Fig. 5, Fig. 7, or Fig. 10, 

the horizontal component is detected as rotational acceleration and the vertical 

component is detected as translational acceleration. 

It will thus be known that rotational acceleration in both horizontal 

25 and vertical directions can be detected by inclining the primary sensing axis. In 



70 

addition, translational acceleration can be detected by changing the orientation . 

of the inclined surfaces. 

Embodiment 21 

Fig. 42A and Fig. 428 illustrate a method for adjusting the 

5 sensitivity of a piezoelectric element in the acceleration sensor according to. a 

twenty-first embodiment of the invention. 

When rotational acceleration is detected using two ·piezoelectric 

elements and there is a difference iri the sensitivity of the two piezoelectric 

elements, the translational acceleration component cannot be sufficient 

10 removed from the output of the two piezoelectric . elements and detection 

sensitivity drops. It is therefore desirable to minimize the sensitivity difference. 

between the two piezoelectric elements. When two acceleration sensors are 

separately installed for detecting angular acceleration, the user must adjust the 

sensitivity after the sensors are installed. However, because the acceleration 

15 sensors are typically housed in a package, there is no way to adjust the 

piezoelectric elements. Using the method of the present embodiment, however, 

it is possible for the manufacturer to adjust piezoelectric element sensitivity Of 

an acceleration sensor supplied housed· inside a single package before factory 

shipping.· 

20 A method for adjusting the sensitivity of one piezoelectric element 

to practically match the sensitivity of the other piezoelectric element in this 

acceleration sensor is described next. 

As shown in Fig. 42A, one method for adjusting piezoelectric 

element sensitivity is to remove a portion of the cantilever. By removing a 

25 portion (notch 25)·of the cantilever of piezoelectric e.lement 1, the sensitivity of 
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piezoelectric element 1 can be changed to substantially equal the sensitivity of 

piezoelectric element 2. Part of the cantilever can be removed by. processing 
. .· . . . 

. . . 

· with a grinding wheel, by laser, or other technique. 

Another method for adjusting piezoelectric element sensitivity is to 
.... 

5 add a sensitivity adjljsting .weight 26 to the cantilever of one piezoelectric 

element as shown in Fig. 428. Sensitivity can be increased by adding a weight 

26 to the cantilever of piezoelectric element 1, thereby matching the sensitivity 

of ·piezoelectric element 1 to the sensitivity of piezoelectric element 2. Adding 

material to the cantilever increases sensitivity. Various materials can be used 

10 for the sensitivity adjusting weight 26, including resin and metal. The sensitivity 

adjusting weight26 can be fixed to the cantilever by coating, -adhesive bonding, 

inkjet deposition, vapor deposition, or other method. 

These methods can be used to directly adjust the sensitivity of the 

piezoelectric element and significantly reduce the translational acceleration 

15 component prior to shipping. 

It will also be obvious that sensitivity adjustment shall not be 

limited to adjusting the piezoelectric element, and can also be achieved· by 

adjusting the gain of the amplifiers when the output signals of the piezoelectric 

elen:ients are passed through an amplifier as shown in Fig. 10, Fig. 11, Fig. 15, 

20 Fig. 16, Fig. 23, Fig. 24, and Fig. 25. 

Embodiment 22 

A disk reading and writing apparatus (disk. drive) 200 according to 

a twenty-second embodiment of the invention is shown in Fig. 43A. This disk 

drive 200·has a disk 31 for storing data, a head 32 for reading·andwriting to the 

25 disk 31, a head carriage 40 for moving the head 32, a position detection means 
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50 for detecting the position of the head 32, a controller 60 for controlling the 

head carriage 40, and an acceleration detector 70 for detecting r~tational 
. . . . .· 

·acceleration. The head 32 is moved ·radially to th·e disk 31 by the head carriage 

40, and is thus positioned to a . specific location on the disk 31. When 

5 acceleration, a type of external interference, is applied to the disk drive 200,. the 

acceleration can cause the head 32 to shift from the specified location. 

Acceleration sensor 1 O is provided to prevent · this by detecting rotational 

acceleration or translational acceleration acting on the disk drive 200 and 

control the position of the head 32 in opposition to this interference. · 

10 The positron of the center of rotation of rotational acceleration 

acting as interference on the disk drive 200 is generally unknown and not 

always the same. · When the head is moved quickly by the head carriage ·40, 

rotational vibration often occurs in reaction to the movement. In this case the 

pivot 41 supporting the head tends to be the center of rotation. Rotational 

15 movement in the arm 42 supporting head moves radially also tends to occur. 

This means that rotational acceleration can be detected with high sensitivity if 

the acceleration sensor 1 O is installed so that the longitudinal axis of the 

cantilever portion of the piezoelectric elements is substantially parallel to the 

arm 42. · The aceeleration sensor 1 O is. therefore preferably disposed with the. 

20 longitudinal axis of the cantilever portion of the piezoelectric elements parallel to 

the arm 42. 

Fig. 438 is a control block diagram for this disk drive 200. When 

there is no external vibration, the position detection means 50 recognizes the 

location of head 32 based on address information recorded to the disk 31, the 

25 controller 60 determines· movement of the head 32, and the head carriage 40 
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moves and positions the head. When there is external vibration, the 

acceleration . detect_c:>r 70 det~rmines. the. presence and amount of rotational 

acceleration based on output from the acceleration detection apparatus 100. If 

the rotational acceleration can be effectively ignored, transJational acceleration 

5 is detected. Based on the result supplied from acceleration detector 70, 

controller 60 calculates the movement of head 32 to a particular position, and 

applies an appropriate control signal to the head carriage 40 so as to move the 

head 32. It should be noted that if the acceleration detection apparatus 100 

outputs only rotational acceleration, the acceleration detector 70 can be omitted. 

1 O Furthermore, the process for evaluating acceleration can be accomplished by 

the controller 60, in which case it is not necessary to provide a separate 

acceleration detector 70. ·Yet further, the position detection means ·so can be 

omitted if the controller 60 also has a function for detecting the location of head 

15 

20 

32. 

By thus controlling operation, the head 32 can be positioned to a 

specific location when rotational acceleration applies external vibration to the 

disk drive 200. The he.ad 32 can thus be precisely positioned, and a high 

density disk 31 can be achieved. 

Advantages of the invention 

·As will be known from the preceding description of preferred 

embodiments, an acceleration sensor according to the· present invention houses 

at le~st two piezoelectric elements in a confined space so that the distance 

between the support block portions is greatest. It is therefore possible to detect 

acceleration in the same direction, and to detect rotational acceleration from the 

25 difference in the outputs of the piezoelectric elements. It is therefore possible to 



provide an acceleration sensor that can detect rotational acceleration (angular 

acceleration) with high sensiti_vity and high resolution _using ~ single acce!eration 

sensor without being affected by temperature and other environmental factors, 

and to identifiably detect translational acceleration when the rotational · 

5 acceleration can be effectively ignored. 

This invention also provides an acceleration detection apparatus 

and an acceleration · detection method using this acceleration sensor, 'and a 

positioning apparatus using this acceleration detection apparatus. 

Although the present invention has been described in connection 

1 O with the preferred embodiments thereof with reference to the accompanying 

drawings, it is to be noted that various changes and modifications will be 

apparent to those skilled ·in the art. Such changes and modifications are .to be 

understood as included within the scope of the present invention as defined by 

~he appended claims, unless they depart therefrom. 
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What is claimed is: 

1. An acceleratio~ sensor comprising: 

first piezoelectric element . having electrodes for outputting a 

charge produced by strain deformation; and 

second piezoelectric element having electrodes for outputting a 

charge produced by strain deformation, 

said_ first piezoelectric element including at least one piezoelectric 

body and a support block supporting the. piezoelectric body, the electrodes 

being provided on opposite surfaces of the first piezoelectric element, 

said second piezoelectric element including at least one . 

piezoelectric body and a support block supporting the piezoelectric body, the 

electrodes· being provided on opposite ·surfaces of the second piezoele.ctric 

element, and 

one surface of the first piezoelectric element and one surface of 

15 the second piezoelectric element are substantially parallel to each other. 

20 

25 

2. An acceleration sensor as described in claim 1, wherein said 

support block of the first piezoelectric element is firmly held to provide a 

cantilevered piezoelectric body, and wherein said support block of the second 

piezoelectric element is firmly held to provide a cantilevered piezoelectric body, 

wherein the first and second piezoelectric elements have their 

longitudinal axes aligned, and a free· end portion of the cantilevered 

piezoelectric body of the first piezoelectric element and a free end portion of the 

cantilevered piezoelectric body of the second piezoelectric· element are pointing 

to each other. 

3. An acceleration sensor as described in claim 1, wherein the first 
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piezoelectric element includes one piezoelectric body, and second piezoelectric 

element includes one piezoelectric body, 

wherein direction of polarization of the . piezoelectric body of. the 

first piezoelectric element and direction of polarization of the piezoelectric body 
' 

5 of the second piezoelectric element are opposite. 

4. An acceleration sensor as described in claim· 1, wherein the first 

piezoelectric element includes one piezoelectric body, and second piezoelectric 

element includes one piezoelectric body, 

wherein direction of polarization of the piezoelectric body of the 

1 O . first piezoelectric element and direction of polarization of the piezoelectric body 

of the second piezoelectric element are the same. 

15 

5. An acceleration sensor as described· in claim 1, wherein the first 

piezoelectric element includes a plurality of layered piezoelectric bodies, and 

second piezoelectric element includes a plurality of layered piezoelectric bodies. 

6. An acceleration sensor as described in claim 5, wherein the 

direction of polarization of all piezoelectric bodies forming the piezoelectric 

element is the same in each of the first and second piezoelectric elements. 

7. _An acceleration sensor as described in claim 6, wherein the 

direction of polarization of the piezoelectric bodie~ constituting. the first 

20 piezoelectric element ·and the direction of polarization of the piezoelectric bodies 

constituting the second piezoelectric elements are opposite. 

8. An acceleration sensor as described in claim 6; wherein the 

direction of polarization of the piezoelectric bodies constituting the first 

piezoelectric element and the direction of polarization of the piezoelectric bodies 

25 constttt.iting the second piezoelectric element are the same. 
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9. An acceleration sensor as described in claim 5, wherein the first 

piezoelectric element includes at least two piezoelectric be>dies, and second 
. . . . . . . . . 

piezoelectric element includes at least two piezoelectric bodies, 

wherein the piezoelectric bodies of each piezoelectric element are 

5 bonded with surfaces of the same polarity of polarization, whereby the direction 

of one piezoelectric body and the direction of another piezoelectric body are 

opposite. 

10. An acceleration sensor as described in claim 91 wherein the 

direction of polarization of the piezoelectric body of the first piezoelectric 

10 . element is opposite to the direction of the corresponding piezoelectric body of 

the second piezoelectric element. 

11. An· acceleration sensor as described in claim 9,. wherein the 

direction of polarization of the piezoelectric body of the first p·iezoelectric 

element is the same as the direction of the corresponding piezoelectric body of 

15 the second piezoelectric element. 

12. An acceleration sensor as described in claim 5, wherein the 

piezoelectric bodies of the piezoelectric element are bonded with an intervening 

shim therebetween. 

13. · An acceleration sensor as described in claim 5, wherein the 

20 piezoelectric element is formed by bonding the plural piezoelectric bodies by 

direct bonding. 

25 

14. An acceleration sensor as described in claim 13, wherein the 

piezoelectric element is formed by bonding .a· plurality of piezoelectric bodies by 

direct bonding by way of at least one of oxygen atoms and hydroxyl groups. 

15. An acceleration .sensor as described in claim 1, further comprising 
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an output terminal for each electrode of the first and second piezoelectric 

elements. 

16. An acceleration sensor as described in claim 11 further 

comprising: 

at least one output terminal interconnecting between an electrode 

of the first piezoelectric element and an electrode of the second piezoelectric 

. element1 

wherein the polarity of charge generated on the electrode of the 

first piezoelectric element and the polarity of charge generated on the electrode . 

1 O of the second piezoelectric element are different. 

17. An acceleration sensor as described in claim 11 further 

compris·ing: 

first output terminal interconnecting between an electrode of the 

first .Piezoelectric element and an electrode of the second piezoelectric element; 

15 and 

second output terminal from an electrode other than said 

connected electrodes1 

wherein the polarity of charge generated on the electrode of the 

first piezoelectric element and the polarity of charge generated on the el~ctrode 

20 of the second piezoelectric element are the same. 

18. An acceleration sensor as described in claim 11 further comprising 

at least one output terminal set for outputting a · charge generated at each 

electrode of the first and second piezoelectric elements. 

19. An acceleration sensor as described in claim 11 wherein the first 

25 piezoelectric element is substantially adjusted to the same sensitivity as the 
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second piezoelectric element. 

20. An ~ccel_eration sensor as described in claim 19,- wherein a portion 

of the eantilever portion of the first piezoelectric element is removed. 

21. An acceleration sensor as described in claim 19, wherein a 

5 sensitivity adjusting mass is affixed the cantilever portion of the first 

piezoelectric element.-

22. An acceleration sensor as described in claim 1, wherein the first 

piezoelectric element is fixed by the support block portion inside a package, and 

the second piezoelectric element is fixed by the- support block portion inside a 

10 package, whereby the cantilever portion can vibrate freely. 

23. An acceleration sensor as described in claim 22, wherein the first 

piezoelectric element is mounted inside the package with the cantilever portion 

inclined to the surface of the package, and second piezoelectric element is 

mounted inside the package with the cantilever portion inclined to the surface of 

15 the package. 

20 

24. An acceleration sensor as described in claim 23, wherein the first 

piezoelectric element is mounted to the package, and second piezoelectric 

element is mounted to the package, whereby the angle of inclination between 

the cantilever porti-ons thereof ~nd the package surface is different. 

25. An acceleration sensor as described in claim 22, wherein first set 

of piezoelectric elements is mounted in the package, and second set of 

piezoelectric elements is mounted, 

wherein the first and second piezoelectric elements of the first set 

mounted with the cantilever portion thereof perpendicula·r to the package 

25 surface,· and the first and second piezoelectric elements of the second ~et 
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mounted with the cantilever portion parallel to the package surface. 

26. An ~cceleration detection apparatus comprising: 

an acceleration sensor as described in claim 1; and 

a signal processing circuit for processing output signals from the 

5 piezoelectric elements of the acceleration sensor. 

10. 

27. An acceleration detection apparatus as described in claim 26, 

·wherein the fir.st and second piezoelectric elements are connected to the signal 

processing circuit to output same-polarity output signals for acceleration in the 

same direction, and 

the signal processing circuit determines the difference between 

·the output signals. 

28. · An acceleration detection apparatus as . described in claim 26, 

wherein the first and second piezoelectric elements are connected to the signal 

processing circuit to output opposite-polarity output signals for acceleration in 

15 the same direction, and 

the signal processing circuit determines the sum of the output 

signals. 

29. An acceleration detection apparatus as described in claim 26, 

wherein the. signal processing circuit· includes a circuit for detecting angular 

20 acceleration from the difference of the outputs from the first and second 

piezoelectric elements. 

30. An acceleration detection apparatus as described in claim 26, 

wherein the signal processing circuit adjusts output so that the sensitivity of the 

first piezoelectric element and the sensitivity·· of the second piezoelectric 

25 element are substantially equal. 
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31. An acceleration detection apparatus as described in claim 26, 

wherein the signal processing circuit comprises: 

one impedance . converting . circuit for converting output signal 

impedance from the piezoelectric element; and 

an amplifier circuit for amplifying the converted output signals. 

32. An acceleration detection apparatus as described in claim 26, 

wherein the signal processing circuit comprises: 

two impedance· co·nverting circuits for converting output signal 

impedance from the piezoelectric elements; and 

an adding circuit for adding the converted output signals. 

33. An acceleration detection apparatus as described in claim 26, 

-wherein the signal processing circuit comprises: · · 

two impedance converting circuits for converting output signal 

impedance from the piezoelectric elements; and 

a differential amplifier circuit for detecting and amplifying the 

converted output signal. difference. 

34. An acceleration detectlon apparatus as· described in claim 26, 

wherein the apparatus includes a plurality of output terminals for simultaneously 

eXternally outputting the impedance-converted piez<:>electric element output 

20 signals and amplified output of the converted output after impedance 

conversion. 

35. An acceleration detection apparatus as described in claim 26, 

wherein the first piezoelectric elements is fixed at the support block portion in 

the package, and the second piezoelectric elements is fixed at the support block 

25 · portion in the package, 
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whereby the cantilever portions can. vibrate freely, and the signal 

proce~sing circuit i~ h()used inside the package. 

36. , A positioning apparatus oomprising: 

an acceleration detection apparatus as described in claim 26 for 

5 detecting acceleration; 

a moving means for moving an object; and 

a control means for controlling the moving means, 

wherein the control means controls the moving means to move 

and position the object based on an output signal from the acceleration 

1 O det~ction apparatus corresponding to detected acceleration. 

15 

20. 

25 

37. A position apparatus as described in claim 36, wherein the 

cantilever portions of the first and second piezoelectric elements of the 

acceleration detection apparatus are provided substantially parallel to a means 

for supporting the object. 

38. A disk recording and reading apparatus comprising: 

an acceleration detection apparatus as described in claim 26 for 

detecting acceleration; 

a head moving means for moving a ·head for recording to and 

reading from the disk; and 

a control means for controlling the head moving means, 

wherein the control means calculates movement of the head 

based on an output signal from the acceleration detection apparatus 

eorresponding to detected acceleration, and moves and positions the head by 

means of the head moving means. 

39. A disk recording and reading apparatus as described in claim 38, 
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wherein the cantilever portion of the first and second piezoelectric elements of 

the accel~ration detection apparatus are provided substantially parallel to an 

arm supporting the head. 


