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(57) ABSTRACT 

There is provided an ultrasonic motor Whose vibration loss 
is suppressed, Whose structure is miniaturized, Whose pro 
duction process is simpli?ed and Which is capable of uti 
lizing electrical energy very ef?ciently. The inventive ultra 
sonic motor comprises a ?rst piezoelectric body having a 
?rst polarized portion excited When voltage is applied and a 
second piezoelectric body that is laminated With the ?rst 
piezoelectric body in a body in the longitudinal direction 
parallel to the polarizing direction and having a ?rst polar 
ized portion at position separated from the ?rst polarized 
portion of the ?rst piezoelectric body in the transverse 
direction vertical to the polarizing direction and moves a 
moving body by vibration obtained by combining stretching 
vibration and bending vibration caused by distortion in the 
polarizing direction of the ?rst polarized portion of the ?rst 
piezoelectric body and the ?rst polarized portion of the 
second piezoelectric body. 
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ULTRASONIC MOTOR AND ELECTRONIC 
APPARATUS EQUIPPED WITH ULTRASONIC 

MOTOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an ultrasonic motor 
in Which piezoelectric vibrators are laminated in a body in 
the longitudinal direction in parallel to its polarizing direc 
tion and more particularly to an improvement of an ultra 
sonic motor utilizing longitudinal vibration of the piezoelec 
tric vibrators and an electronic apparatus equipped With the 
ultrasonic motor. 

[0002] An ultrasonic motor utilizing vibration of piezo 
electric vibrators is draWing attention lately in the ?eld of 
micromotors. 

[0003] An ultrasonic motor utilizing stretching vibration 
and bending vibration of rectangular piezoelectric vibrators 
(dual-mode vibrator) in particular is used in various uses 
because it is capable of moving an object linearly or rotably 
by combined vibration of those tWo vibrations. An ultrasonic 
motor of a type in Which piezoelectric bodies are layered is 
also used for the use requiring a high output (see Japanese 
Patent Laid-Open No. Hei. 7-184382). 

[0004] FIG. 16 shoWs an ultrasonic motor of a type in 
Which rectangular plate-like piezoelectric bodies are lay 
ered. A basic vibrator of the ultrasonic motor comprises 
piezoelectric bodies 61, 62, 63, 64, 65 and 66 Which are 
polarized in a predetermined manner so as to vibrate in the 
dual mode and are layered in the polarizing direction, output 
fetching members 71, 72, 73, 74, 75 and 76 provided on 
edge portions 61a, 62a, 63a, 64a, 65a and 66a provided in 
the direction vertical to the polarizing direction of the 
piezoelectric bodies 61 through 66 and electrodes (not 
shoWn) provided on the both sides of the piezoelectric 
bodies 61 through 66. The six piezoelectric vibrators, i.e., 
the piezoelectric bodies of tWo roWs arrayed in the horizon 
tal direction and stacked in three layers in the vertical 
direction, are held by coupling means 67, 68 and 69. 

[0005] When voltage is applied from the electrodes, the 
respective piezoelectric bodies 61 through 66 vibrate in the 
dual modes and the combined vibration thereof is transmit 
ted to the respective output fetching members 71 through 76 
to move an object abutting With the output fetching members 
71 through 76. 

[0006] It is designed to obtain a high output by taking out 
the output from the plurality of piezoelectric bodies 61 
through 66. 

[0007] HoWever, because the respective piezoelectric bod 
ies 61 through 66 are ?xed merely by part thereof by the 
coupling means 67 through 69, the vibrating direction may 
vary among the respective piezoelectric bodies 61 through 
66 in the ultrasonic motor described above. It also has had 
a technological problem that because the vibration of the 
?xed parts of the piezoelectric bodies 61 through 66 is 
suppressed, it causes vibration loss and the output cannot be 
taken out effectively. 

[0008] Still more, it is not preferable to use the above 
mentioned coupling means 67 through 69 as the separate 
members for ?xing the respective piezoelectric bodies 61 
through 66 because it enlarges and complicates the Whole 
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structure of the motor and because the production process 
thereof is complicated by adding the step for mounting the 
coupling means 67 through 69. 

[0009] MeanWhile, although the above-mentioned prob 
lem may be solved by laminating the piezoelectric bodies in 
a body in the polarizing direction and by taking out the 
output only by the piezoelectric transverse effect, there is a 
technological problem that a high output cannot be obtained 
because the electric-mechanic coupling coef?cient of the 
piezoelectric transverse effect is small. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, it is an object of the present invention 
to solve the above-mentioned technological problems by 
providing an ultrasonic motor Whose vibration loss is sup 
pressed, Whose structure is miniaturized, Whose production 
process is simpli?ed and Which is capable of utilizing 
electrical energy ef?ciently. 

[0011] It is another object of the present invention to 
provide an electronic apparatus equipped With an ultrasonic 
motor. 

[0012] In order to achieve the above-mentioned objec 
tives, an inventive ultrasonic motor comprises, as described 
in claim 1, a ?rst piezoelectric body having a ?rst polarized 
portion excited When voltage is applied and a second piezo 
electric body that is laminated With the ?rst piezoelectric 
body in the longitudinal direction parallel to the polarizing 
direction and having a ?rst polarized portion at position 
separated from the ?rst polarized portion of the ?rst piezo 
electric body in the transverse direction vertical to the 
polarizing direction and moves a moving body by vibration 
into Which stretching vibration and bending vibration caused 
by vibrations of the ?rst polarized portion of the ?rst 
piezoelectric body and the ?rst polarized portion of the 
second piezoelectric body in the longitudinal direction. 

[0013] Thereby, the polarized portion of the ?rst piezo 
electric body and the polarized portion of the second piezo 
electric body excite in the vertical and horizontal directions, 
respectively. Then, the stretching vibration is produced 
When the respective vibrations in the longitudinal direction 
overlap and the bending vibration is produced from the 
implication betWeen the transverse vibrations and the 
stretching vibration therearound. The moving body is then 
moved by elliptic vibration obtained by combining the 
stretching vibration and the bending vibration. 

[0014] Further, the piezoelectric vibrators are laminated in 
a body Without using ?xing means, so that the vibration is 
not suppressed and the vibrating direction is ?xed. 

[0015] Accordingly, the invention alloWs electrical energy 
to be utilized very efficiently by utilizing the longitudinal 
vibration caused by the piezoelectric longitudinal effect 
Whose electrical-mechanical coupling coef?cient is large, 
vibration loss to be suppressed, the vibrating direction to be 
prevented from varying, the structure of the device to be 
miniaturized and the production process to be simpli?ed. 

[0016] The invention described in claim 2 is characterized 
in that the ?rst and second piezoelectric bodies have second 
polarized portions further at positions corresponding to the 
?rst polarized portions of oWn in the invention described in 
claim 1. 
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[0017] Thereby, elliptic vibration for rotating in the 
reverse direction may be taken out by exciting only the 
second polarized portions of the respective piezoelectric 
bodies to produce bending vibration having a different phase 
for example. Or, the bending vibration may be ampli?ed by 
exciting the second polarized portion With a different phase 
from the ?rst polarized portion in the same time. Accord 
ingly, driving force in the both normal and reverse directions 
may be obtained and the output may be controlled by 
displacing the bending vibration or by changing the phase. 

[0018] The invention described in claim 3 is characterized 
in that a third piezoelectric body Which vibrates in the same 
phase With the stretching vibration is laminated in a body in 
the ultrasonic motor-described in claim 1. 

[0019] Thereby, the third piezoelectric body vibrates in the 
longitudinal direction in the same phase With the stretching 
vibration and ampli?es the stretching vibration. Accord 
ingly, the high-output ultrasonic motor may be realized. 

[0020] The invention described in claim 4 is characterized 
in that a third polarized portion that vibrates in the same 
phase With the stretching vibration is provided betWeen the 
?rst polarized portion of the ?rst piezoelectric body and the 
?rst polarized portion of the second piezoelectric body at 
least in either one of the ?rst piezoelectric body and the 
second piezoelectric body. Thereby, the third polarized por 
tion vibrates in the longitudinal direction in the same phase 
With the stretching vibration and ampli?es the stretching 
vibration. Accordingly, the high-output ultrasonic motor 
may be realized. 

[0021] Here, the third polarized portion may be provided 
only in the ?rst piezoelectric body, only in the second 
piezoelectric body or in the ?rst and second piezoelectric 
bodies. 

[0022] The invention described in claim 5 is characterized 
in that the moving body is abutted to the laminated piezo 
electric vibrator in the horizontal direction in the ultrasonic 
motor described in claim 1. 

[0023] Thereby, the laminated piezoelectric vibrator 
moves the moving body by the vibration combined in the 
horizontal direction. 

[0024] The invention described in claim 6 is characterized 
in that the laminated piezoelectric vibrator is abutted at least 
one point of a spherical moving body in the ultrasonic motor 
described in any one of claims 1 through 4. 

[0025] Thereby, the spherical moving body may be moved 
about an arbitrary axis by applying driving force to one point 
of the spherical moving body by the laminated piezoelectric 
vibrator or may be moved arbitrary by applying driving 
force to a plurality of points. 

[0026] The invention described in claim 7 is characterized 
in that an electronic apparatus equipped With the ultrasonic 
motor comprises the ultrasonic motor described in any one 
of claims 1 through 6. Thereby, the electronic apparatus 
equipped With the ultrasonic motor having the ultrasonic 
motor as a driving source may be realized. 

[0027] The speci?c nature of the invention, as Well as 
other objects, uses and advantages thereof, Will clearly 
appear from the folloWing description and from the accom 
panying draWings in Which like numerals refer to like parts. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIGS. 1a and 1b are explanatory draWings shoW 
ing a ?rst embodiment in Which the present invention is 
applied to an ultrasonic motor, Wherein 

[0029] FIG. 1a shoWs a sectional structure thereof and 

[0030] FIG. 1b shoWs a planar structure thereof; 

[0031] FIGS. 2a through 2d are explanatory diagrams, 
Wherein 

[0032] FIGS. 2a and 2c shoW the planar structure of the 
piezoelectric vibrator shoWn in FIG. 1 and 

[0033] FIGS. 2b and 2d shoW the structure of the piezo 
electric body; 

[0034] FIGS. 3a and 3b are explanatory diagrams, 
Wherein 

[0035] FIG. 3a shoWs a structure of one side electrode 
shoWn in FIG. 1 and 

[0036] FIG. 3b shoWs a structure of another side electrode 
shoWn in FIG. 1; 

[0037] FIG. 4 is an explanatory diagram shoWing a vibrat 
ing state of the vibrator shoWn in FIG. 1; 

[0038] FIGS. 5a through 5f shoW a second embodiment in 
Which the present invention is applied to an ultrasonic motor, 
Wherein 

[0039] FIGS. 5a, 5c and 5e shoW a planar structure of the 
piezoelectric vibrator and 

[0040] FIGS. 5b, 5a' and 5f shoW a planar structure of the 
piezoelectric body; 

[0041] 
Wherein 

FIGS. 6a and 6b are explanatory diagrams, 

[0042] FIG. 6a shoWs disposition of one side electrode 
shoWn in FIG. 5 and 

[0043] 
trode; 

[0044] FIGS. 7a through 7d are explanatory draWings 
shoWing a third embodiment in Which the present invention 
is applied to an ultrasonic motor, Wherein 

[0045] FIGS. 7a and 7c shoWs a planar structure of the 
piezoelectric vibrator and 

[0046] FIGS. 7b and 7d shoW a planar structure of the 
piezoelectric body; 

[0047] FIGS. 8a and 8b are explanatory diagrams, 
Wherein 

[0048] FIG. 8a shoWs disposition of one side electrode 
shoWn in FIG. 7 and 

FIG. 6b shoWs disposition of another side elec 

[0049] FIG. 8b shoWs disposition of another side elec 
trode; 

[0050] FIGS. 9a through 9d are explanatory draWings 
shoWing a fourth embodiment in Which the present invention 
is applied to an ultrasonic motor, Wherein 

[0051] FIGS. 9a and 9c shoWs a planar structure of the 
piezoelectric vibrator and 
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[0052] FIGS. 9b and 9d show a planar structure of the 
piezoelectric body; 

[0053] FIGS. 10a and 10b are explanatory diagrams, 
Wherein 

[0054] FIG. 10a shoWs disposition of one side electrode 
shoWn in FIG. 9 and 

[0055] FIG. 10b shoWs disposition of another side elec 
trode; 

[0056] FIGS. 11a through 11d are explanatory draWings 
shoWing a ?fth embodiment in Which the present invention 
is applied to an ultrasonic motor, Wherein FIGS. 1a and 1c 
shoWs a planar structure of the pieZoelectric vibrator and 
FIGS. 11b and 11d shoW a planar structure of the pieZo 
electric body; 

[0057] FIGS. 12a and 12b are explanatory diagrams, 
Wherein 

[0058] FIG. 12a shoWs disposition of one side electrode 
shoWn in FIG. 11 and 

[0059] FIG. 12b shoWs disposition of another side elec 
trode; 

[0060] FIG. 13 is an explanatory diagram shoWing a side 
structure of a sixth embodiment in Which the present inven 
tion is applied to an ultrasonic motor; 

[0061] FIG. 14 is an explanatory diagram shoWing a 
structure of a seventh embodiment in Which the present 
invention is applied to an ultrasonic motor; 

[0062] FIG. 15 is an explanatory diagram shoWing a block 
of an eighth embodiment in Which the present invention is 
applied to an ultrasonic motor; and 

[0063] FIG. 16 is a perspective vieW shoWing a structure 
of a prior art ultrasonic motor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0064] Preferred embodiments to Which the present inven 
tion has been applied Will be explained beloW in detail With 
reference to FIGS. 1 through 15. 

[0065] [First Embodiment] 
[0066] FIGS. 1a and 1b are explanatory draWings shoW 
ing a ?rst embodiment in Which the present invention is 
applied to an ultrasonic motor, Wherein FIG. 1a shoWs a 
sectional structure thereof and FIG. 1b shoWs a planar 
structure thereof. 

[0067] As shoWn in FIGS. 1a and 1b, according to the 
present embodiment, the ultrasonic motor comprises a 
vibrating body 10, an output fetching member 31 provided 
on an end of the vibrating body 10 in the laminating 
direction, a moving body 50 abutting With the output fetch 
ing member 31 and pressuriZing mechanisms 41 and 42 for 
supporting the vibrating body 10 and pressuriZing the mov 
ing body 50 and the output fetching member 31. 

[0068] The moving body 50 comprises a rotor 51 having 
a rotary bearing, a rotary shaft 52 penetrating through the 
rotor 51 and a ?xing member 53 for ?xing the basal end of 
the rotary shaft 52. 
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[0069] The output fetching member 31 is a rectangular 
parallelepiped member having a rigidity. It is provided to 
transmit vibration of the vibrating body 10 to the rotor 51 
and to amplify displacement of the vibration. 

[0070] The pressuriZing mechanisms 41 and 42 comprise 
a ?xing member 42 provided so as to face to the vibrating 
body 10 and a pressuriZing member 41 for pressuriZing the 
vibrating body 10 toWard the moving body 50. 

[0071] The vibrating body 10 is constructed by alternately 
laminating pieZoelectric bodies 11A, 11B, 11C, 11D and 11E 
and pieZoelectric bodies 12A, 12B, 12C, 12D and 12E in a 
body such that the pieZoelectric body 11A and pieZoelectric 
body 12A are paired and the pieZoelectric body 11B and 12B 
are paired for example. 

[0072] Planar electrodes 21 are ?xed on one end face of 
the respective pieZoelectric bodies 11A through 11E at 
region corresponding to polariZation and reference elec 
trodes 22 are ?xed on the face of the respective pieZoelectric 
bodies 12A through 12E facing to the planar electrodes 21 
of the pieZoelectric bodies 11A through 11E as counter 
electrodes. 

[0073] FIGS. 2a through 2d shoW the planar structure of 
the pieZoelectric bodies 11A through 11E and the pieZoelec 
tric bodies 12A through 12E and patterns of the electrodes 
21 and 22. 

[0074] It is noted that the pieZoelectric body 11A as a ?rst 
pieZoelectric body of the invention is identical With the 
pieZoelectric bodies 11B and 11C and the pieZoelectric body 
11D as a second pieZoelectric body of the invention is 
identical With the pieZoelectric body 11E and the pieZoelec 
tric body 12A is also identical With the pieZoelectric bodies 
12B through 12E, so that only the pieZoelectric bodies 11A 
and 11D and the pieZoelectric bodies 12A and 12D Which are 
paired With them Will be explained beloW as the represen 
tative pieZoelectric bodies. 

[0075] As shoWn in FIGS. 2a through 2d, the pieZoelec 
tric bodies 11A and 11D and the pieZoelectric bodies 12A 
and 12D are rectangular plate-like members for Which a 
ferroelectric material such as barium titanate and lead Zir 
conate titanate is used. The aspect ratio of the vibrating body 
10 is set so as to cause a predetermined resonance frequency. 

[0076] As shoWn in FIGS. 2a and 2c, long sides of the 
rectangular plane of the pieZoelectric bodies 11A and 11D 
are bisected so as to divide the plane into tWo parts 11a and 
11b and 11c and 11d and planar electrodes 21a and 21b and 
21c and 21d are ?xed in correspondence to the respective 
polariZed portions 11a through 11d. 

[0077] Part of the one planar electrode 21a ?xed to the 
pieZoelectric body 11A is connected With a side electrode 
described later at one long edge of the rectangular plane of 
the pieZoelectric body 11A and part of the other planar 
electrode 21b is connected With the side electrode at the 
other long edge of the rectangular plane. Further, part of the 
planar electrode 21d ?xed to the pieZoelectric body 11D is 
connected With the side electrode at one long edge of the 
rectangular plane and part of the planar electrode 21c is 
connected thereto at the other long edge of the rectangular 
plane. 
[0078] Reference electrodes 22a and 22b are ?xed almost 
on the Whole surface of the rectangular plane of the pieZo 
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electric bodies 12A and 12D as the reference for the planar 
electrodes 21a and 21b and 21c and 21d as shown in FIG. 
2b. Part of the reference electrodes 22a and 22b is connected 
With the side electrode at the other long edge of the rectan 
gular plane. 

[0079] A polarization process is implemented on the 
vibrating body 10 laminated in a body by applying a voltage 
exceeding a resistive electric ?eld based on the electrodes 22 
and by setting the electrodes 21 as plus as shoWn in the 
?gures. 

[0080] FIGS. 3a and 3b shoW patterns of the side elec 
trodes 32, 33, 34, 35 and 36 provided along the plane of 
lamination of the vibrating body 10. 

[0081] The side electrodes 32 through 34 are provided on 
one side face corresponding to the long edge of the vibrating 
body 10 as shoWn in FIG. 3a and the side electrodes 35 and 
36 are provided on the other side face as shoWn in FIG. 3b. 

[0082] Here, the side electrode 32 is connected to the 
planar electrodes 21b of the pieZoelectric bodies 11A 
through 11C, the side electrode 33 is connected to the 
reference electrodes 22a and 22b of the pieZoelectric bodies 
12A through 12E and the side electrode 34 is connected to 
the planar electrodes 21c of the pieZoelectric bodies 11D and 
11E. MeanWhle, the side electrode 35 is connected to the 
planar electrodes 21a of the pieZoelectric bodies 11A 
through 11C and the side electrode 36 is connected to the 
planar electrodes 21d of the pieZoelectric bodies 11D and 
11E. 

[0083] Next, a ?rst use of the ultrasonic motor Will be 
explained based on FIGS. 2 through 4. 

[0084] When voltage is applied to the respective side 
electrodes 32, 33 and 34 shoWn in FIG. 3a to normally 
rotate the rotor 51 at ?rst, voltage having the same phase is 
applied to the planar electrodes 21b of the pieZoelectric 
bodies 11A through 11C, the reference electrodes 22a and 
22b of the pieZoelectric bodies 12A through 12E and the 
planar electrodes 21c of the pieZoelectric bodies 11D and 
11E as shoWn in FIG. 2. 

[0085] The polariZed portions 11b of the pieZoelectric 
bodies 11A through 11C and the polariZed portions 11c of 
the pieZoelectric bodies 11D and 11E as ?rst polariZed 
portions to Which the voltage is applied stretch respectively 
in the direction parallel to the direction in Which the voltage 
is applied (hereinafter referred to as a pieZoelectric longi 
tudinal effect). 

[0086] 
body 10. 

[0087] When the polariZed portions 11b of the pieZoelec 
tric bodies 11A through 11C and the polariZed portions 11c 
of the pieZoelectric bodies 11D and 11E stretch in the 
longitudinal direction due to the pieZoelectric longitudinal 
effect, the vibrating body 10 causes bending vibration A as 
Well as stretching vibration B as a Whole as shoWn in the 
?gure. 

FIG. 4 shoWs a vibrating state of the vibrating 

[0088] Here, an electric-mechanical coupling coef?cient 
of the pieZoelectric longitudinal effect is greater than that of 
the pieZoelectric transverse effect, an overall energy ef? 
ciency is enhanced by utiliZing the pieZoelectric longitudinal 
effect. 
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[0089] Further, the vibration of each vibrator is not sup 
pressed and the vibrating direction is also ?xed by laminat 
ing the pieZoelectric vibrators 11A through 11E in a body 
Without using any ?xing means. 

[0090] Then, the output fetching member 31 transmits and 
ampli?es elliptic vibration C obtained by combining the 
bending vibration A and the stretching vibration B. 

[0091] The rotor 51 abutting With the output fetching 
member 31 rotates in the normal direction by periodically 
receiving frictional force of the ?xed direction. 

[0092] MeanWhile, the rotor 51 may be rotated in the 
opposite direction as folloWs. When voltage is applied to the 
respective side electrodes 33, 35 and 36 shoWn in FIG. 3, 
voltage having the same phase is applied to the planar 
electrodes 21a of the pieZoelectric bodies 11A through 11A, 
the reference electrodes 22a and 22b of the pieZoelectric 
bodies 12A through 12E and the planar electrodes 21d of the 
pieZoelectric bodies 11D and 11E as shoWn in FIG. 2. 

[0093] At this time, the polariZed portions 11a and the 
polariZed portions 11d as second polariZed portions of the 
present invention are excited and the vibrating body 10 
causes the stretching vibration B and bending vibration 
Whose phase differs by 180° from the above-mentioned 
bending vibration A. 

[0094] Then, elliptic vibration in the opposite direction 
from the elliptic vibration C is produced at the edge of the 
output fetching member 31 and the rotor 51 receives fric 
tional force in the opposite direction, thus rotating in the 
opposite direction. 

[0095] A second use of the ultrasonic motor Will be 
explained further. 

[0096] That is, voltage having the same phase is applied to 
the side electrodes 32 and 34 shoWn in FIG. 3 and voltage 
having the same phase and different from that applied to the 
side electrodes 32 and 34 is applied to the side electrodes 35 
and 36. 

[0097] At this time, When the polariZed portions 21b of the 
pieZoelectric bodies 11A through 11C and the polariZed 
portions 11c of the pieZoelectric bodies 11D and 11E con 
tract in the longitudinal direction for example, it corresponds 
to that the polariZed portions 11a of the pieZoelectric bodies 
11A through 11C and the polariZed portions 11d of the 
pieZoelectric bodies 11D and 11E stretch in the longitudinal 
direction. 

[0098] Thereafter, the bending vibration and the stretching 
vibration are combined and the output fetching member 31 
causes modi?ed elliptic vibration. 

[0099] It is noted that the phase difference of the voltages 
applied to the side electrodes 32 and 34 and the side 
electrodes 35 and 36 may be appropriately changed. 

[0100] Thereby, according to the present embodiment, the 
polariZed portions 21a through 21d of the respective pieZo 
electric bodies 11A through 11E are excited respectively in 
the longitudinal direction and the stretching vibration is 
produced by overlapping the respective vibrations in the 
longitudinal direction, so that electrical energy may be 
utiliZed very ef?ciently by utiliZing the large exciting force. 












