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(57) ABSTRACT 

A piezoelectric micro-blower capable of e?iciently convey 
ing compressive ?uid Without use of a check valve and ensur 
ing a su?icient ?oW rate. The micro-blower has a bloWerbody 
With a ?rst Wall and a second Wall. Openings are formed in the 
respective Walls and face a center of a diaphragm. An in?oW 
path allowing the openings to communicate With the outside 
is formed between the Walls. By applying a voltage to a 
piezoelectric element to cause the diaphragm to vibrate, a part 
of the ?rst Wall close to the ?rst opening vibrates. Thus, gas 
can be draWn from the in?oW path and discharged from the 
opening in the second Wall. 
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PIEZOELECTRIC MICRO-BLOWER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of Interna 
tional Application No. PCT/JP2007/07357l, ?led Dec. 6, 
2007, Which claims priority to Japanese Patent Application 
No. JP2006-332693, ?led Dec. 9, 2006, and Japanese Patent 
Application No. JP2007-268503, ?led Oct. 16, 2007, the 
entire contents of each of these applications being incorpo 
rated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a pieZoelectric 
micro-bloWer suitable for conveying compressive ?uid, such 
as air. 

BACKGROUND OF THE INVENTION 

[0003] A pieZoelectric micropump is used as a cooing 
Water conveying pump for compact electronic devices, such 
as notebook computers, and also as a fuel conveying pump for 
fuel cells. On the other hand, a pieZoelectric micro-bloWer is 
used as an air bloWer serving as an alternative to a cooling fan 
for a CPU etc., and is also used as an air bloWer for supplying 
oxygen necessary for generating electricity in fuel cells. Both 
the pieZoelectric micropump and the pieZoelectric micro 
bloWer include a diaphragm that bends When a voltage is 
applied to a pieZoelectric element, and have advantages of 
simple structure, thin pro?le, and loW poWer consumption. 
[0004] Typically, for conveying non-compressive ?uid 
such as liquid, check valves made of soft material such as 
rubber or resin are provided at both an inlet and an outlet, and 
a pieZoelectric element is driven at a loW frequency of several 
tens of HZ. HoWever, When a micropump With such check 
valves is used for conveying compressive ?uid, such as air, the 
amount of displacement of the pieZoelectric element is very 
small and ?uid can be hardly discharged. Although the maxi 
mum displacement can be obtained When the pieZoelectric 
element is driven at a frequency near a resonance frequency 
(?rst-order resonance frequency or third-order resonance fre 
quency) of the diaphragm, since the resonance frequency is a 
high frequency of the order of kHZ, the check valves cannot 
folloW the displacement of the pieZoelectric element. There 
fore, for conveying compressive ?uid, it is desirable to use a 
pieZoelectric micro-bloWer having no check valve. 
[0005] Patent Document 1 discloses a cooling device in 
Which a pump chamber is formed betWeen a pump body and 
a pieZoelectric element, an in?oW port is provided in a side 
surface of the pump chamber, and a discharge port is provided 
in a surface of the pump chamber, the surface facing the 
pieZoelectric element. The in?oW port is gradually tapered 
inWard toWard the pump chamber, While the discharge port is 
gradually tapered outWard from the pump chamber. Since the 
in?oW port and the discharge port are tapered as described 
above, the resistance of ?uid passing through the in?oW port 
is different from that of ?uid passing through the discharge 
port. Thus, When the pieZoelectric element is displaced in a 
direction that increases the volume of the pump chamber, 
?uid (e.g., air) is ?oWn into the pump chamber through the 
in?oW port; While When the pieZoelectric element is displaced 
in a direction that reduces the volume of the pump chamber, 
?uid is discharged from the pump chamber through the out 
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?oW port. Therefore, it is possible to omit check valves for 
both the in?oW port and the discharge port. 
[0006] HoWever, even if the in?oW port and the discharge 
port are tapered as described above, When the pieZoelectric 
element is displaced in the direction that increases the volume 
of the pump chamber, ?uid is ?oWn into the pump chamber 
not only through the in?oW port, but also through the out?oW 
port. Conversely, When the pieZoelectric element is displaced 
in the direction that reduces the volume of the pump chamber, 
?uid is discharged not only through the out?oW port, but also 
through the in?oW port. Therefore, the total ?oW rate of 
discharge from the pump through the out?oW port is smaller 
than the amount of change in volume of the pump chamber 
caused by the displacement of the pieZoelectric element. 
Since the amount of change in volume of the pump chamber 
caused by the displacement of the pieZoelectric element is 
very small, the ?oW rate is accordingly very loW. Therefore, it 
is dif?cult for the cooling device to achieve a su?icient cool 
ing effect. 
[0007] Patent Document 2 discloses a gas ?oW generator 
that includes an ultrasonic driver having a pieZoelectric disk 
mounted on a stainless steel disk, a ?rst stainless steel mem 
brane on Which the ultrasonic driver is mounted, and a second 
stainless steel membrane mounted substantially parallel With 
the ultrasonic driver and spaced a predetermined distance 
therefrom. By applying a voltage to the pieZoelectric disk, the 
ultrasonic driver is bent, so that air is discharged through 
perforations formed at the center of the second stainless steel 
membrane. Since the gas ?oW generator also has no check 
valve, the ultrasonic driver can be driven at high frequencies. 
[0008] When the ultrasonic driver is driven at a high fre 
quency, the gas ?oW generator can discharge air in a direction 
perpendicular to the perforations formed at the center of the 
second stainless steel membrane While draWing or pulling in 
air around the perforations, and thus can generate an inertia 
jet. HoWever, the ?oW rate varies considerably depending on 
the conditions around the center perforations of the second 
stainless steel membrane. For example, if there is an obstacle 
near the center perforations, the discharge ?oW rate is con 
siderably reduced. Also, if this gas ?oW generator is used as a 
cooling fan for cooling a heat source, such as a CPU, hot air 
around the heat source is simply bloWn to the heat source. 
This merely alloWs stirring of surrounding air, and thus the 
heat conversion e?iciency is loW. 

Patent Document 1: Japanese Unexamined Patent Applica 
tion Publication No. 2004-146547 
Patent Document 2: Japanese Unexamined Patent Applica 
tion Publication (Translation of PCT Application) No. 2006 
522896 
SUMMARY OF THE INVENTION 

[0009] An object of preferred embodiments of the present 
invention is to provide a pieZoelectric micro-bloWer capable 
of e?iciently conveying compressive ?uid Without use of a 
check valve and ensuring a suf?cient ?oW rate. 
[0010] To achieve the object described above, the present 
invention provides a pieZoelectric micro-bloWer including a 
bloWer body, a diaphragm secured to the bloWer body at a 
perimeter thereof and having a pieZoelectric element, and a 
bloWer chamber formed betWeen the bloWer body and the 
diaphragm. The pieZoelectric micro-bloWer conveys com 
pressive ?uid by applying a voltage to the pieZoelectric ele 
ment to cause the diaphragm to bend. The pieZoelectric 
micro-bloWer includes a ?rst Wall on the bloWerbody, the ?rst 
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wall forming the blower chamber between the diaphragm the 
?rst wall; a ?rst opening formed in a part of the ?rst wall and 
facing a center of the diaphragm, the ?rst opening allowing 
the inside and outside of the blower chamber to communicate 
with each other; a second wall spaced from the ?rst wall and 
disposed opposite the blower chamber with the ?rst wall 
interposed between the second wall and the blower chamber; 
a second opening formed in a part of the second wall and 
facing the ?rst opening; and an in?ow path formed between 
the ?rst wall and the second wall, having outer ends commu 
nicating with the outside, and having inner ends connected to 
the ?rst opening and the second opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGS. 1(a) to 1(e) illustrate an operating principle of 
a pieZoelectric micro-blower according to an embodiment of 
the present invention. 
[0012] FIG. 2 is an overall perspective view illustrating the 
pieZoelectric micro -blower according to the ?rst embodiment 
of the present invention. 
[0013] FIG. 3 is an exploded perspective view of the pieZo 
electric micro-blower illustrated in FIG. 2. 
[0014] FIG. 4 is a cross-sectional view taken along line 
IV-IV of FIG. 2. 
[0015] FIG. 5 is a cross-sectional view taken along line V-V 
of FIG. 4. 
[0016] FIG. 6 is a cross-sectional view ofa modi?cation of 
the pieZoelectric micro-blower illustrated in FIG. 4. 
[0017] FIGS. 7(a) to 7(e) schematically illustrate an opera 
tion of the pieZoelectric micro-blower of FIG. 2. 
[0018] FIGS. 8(a) and 8(b) illustrate, for samples having 
respective separators of different materials and thicknesses, 
?ow rate characteristics versus applied voltage, and ?ow rate 
characteristics versus power consumption. 
[0019] FIG. 9 is a cross-sectional view illustrating the 
pieZoelectric micro-blower according to the second embodi 
ment of the present invention. 
[0020] FIGS. 10(a) and 10(b) compare displacement of a 
diaphragm including a disk-shaped pieZoelectric element and 
that of a diaphragm including an annular pieZoelectric ele 
ment. 

[0021] FIG. 11 is a perspective view illustrating the pieZo 
electric micro-blower according to the third embodiment of 
the present invention. 
[0022] FIG. 12 is a cross-sectional view taken along line 
XII-XII of FIG. 11. 
[0023] FIG. 13 is an exploded perspective view of the 
pieZoelectric micro-blower illustrated in FIG. 11. 

REFERENCE NUMERALS 

[0024] A-D: pieZoelectric micro-blower 
[0025] 1: blower body 
[0026] 2: diaphragm 
[0027] 3: pieZoelectric element 
[0028] 4: blower chamber 
[0029] 8: inlet 
[0030] 10: top plate (second wall) 
[0031] 11: outlet (second opening) 
[0032] 20: ?ow path plate 
[0033] 21: center space 
[0034] 22: in?ow path 
[0035] 30: separator (?rst wall) 
[0036] 31: through hole (?rst opening) 
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[0037] 40: blower frame 
[0038] 50, 50a, 50b: diaphragm 
[0039] 51: vibrating plate 
[0040] 52, 52a: pieZoelectric element 
[0041] 60: bottom plate 

DETAILED DESCRIPTION OF THE INVENTION 

[0042] FIG. 1(a) illustrates an example of a basic structure 
of a pieZoelectric micro-blower according to the present 
invention. The pieZoelectric micro-blower includes a blower 
body 1 and a diaphragm 2 having a perimeter secured to the 
blower body 1. A pieZoelectric element 3 is attached to the 
center of the backside of the diaphragm 2. A blower chamber 
4 is formed between a ?rst wall 111 of the blower body 1 and 
the diaphragm 2. A ?rst opening 511 is provided in a part of the 
?rst wall 111 facing the center of the diaphragm 2. Application 
of a voltage to the pieZoelectric element 3 causes the dia 
phragm 2 to bend and causes the distance between the ?rst 
opening 511 and the diaphragm 2 to vary. The blower body 1 
has a second wall 1b spaced from the ?rst wall 111 and dis 
posed opposite the blower chamber 4, with the ?rst wall 111 
interposed therebetween. A second opening 5b is provided at 
part of the second wall 1b facing the ?rst opening 5a. The ?rst 
wall 111 and the second wall 1b de?ne an in?ow path 7 having 
outer ends communicating with the outside of the blower 
body 1 and inner ends connected to the ?rst opening 511 and 
the second opening 5b. 
[0043] FIGS. 1(a) to (e) illustrate a blower operation in 
which the diaphragm 2 is displaced in a ?rst-order resonance 
mode. FIG. 1(a) illustrates an initial state (no voltage applied 
state) where the diaphragm 2 is ?at. FIG. 1(b) illustrates the 
?rst quarter cycle of a voltage applied to the pieZoelectric 
element 3. Since the diaphragm 2 is bent downward, the 
distance between the ?rst opening 511 and the diaphragm 2 
increases, and ?uid is drawn through the ?rst opening 511 into 
the blower chamber 4. Arrows in the drawing indicate the 
?ows of ?uid. At this point, ?uid in the in?ow path 7 is 
partially drawn into the blower chamber 4. In the next quarter 
cycle, the diaphragm 2 returns to the ?at state as illustrated in 
FIG. 1(c). Thus, the distance between the ?rst opening 511 and 
the diaphragm 2 decreases, and the ?uid is forced out and 
?ows upward through the openings 5a and 5b. Since the ?uid 
?ows upward while pulling in the ?uid in the in?ow path 7, a 
high ?ow rate can be obtained at the outlet of the second 
opening 5b. In the next quarter cycle, since the diaphragm 2 is 
bent upward as illustrated in FIG. 1(d), the distance between 
the ?rst opening 511 and the diaphragm 2 decreases, and the 
?uid in the blower chamber 4 is forced out at high speed and 
?ows upward through the openings 5a and 5b. Since this 
high-speed ?ow ?ows upward while pulling in the ?uid in the 
in?ow path 7, a high ?ow rate can be obtained at the outlet of 
the second opening 5b. In the next quarter cycle, as illustrated 
in FIG. 1(e), the diaphragm 2 returns to the ?at state. Thus, the 
distance between the ?rst opening 511 and the diaphragm 2 
increases, and the ?uid passes through the ?rst opening 511 
and is drawn into the blower chamber 4 to some extent. 
However, inertia causes the ?uid in the in?ow path 7 to keep 
?owing toward the center of the blower body 1 and in the 
direction along which the ?uid is forced out of the blower 
chamber. Then, the operation of the diaphragm 2 returns to 
FIG. 1(b) and the operations in FIGS. 1 (b) to (e) are repeated 
cyclically. By causing the diaphragm 2 to bend and vibrate at 
a high frequency, the next ?ow can be generated at the open 
ings 5a and 5b before the inertia of the ?uid ?owing through 
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the in?ow path 7 ends. Thus, a ?ow of ?uid toward the center 
of the blower body 1 can be constantly generated in the in?ow 
path 7. This can be done by the following. That is, when the 
diaphragm 2 is displaced in the direction along which the 
distance between the ?rst opening 511 and the diaphragm 2 
increases, the ?uid in the in?ow path 7 is drawn through the 
?rst opening 511 into the blower chamber 4; and when the 
diaphragm 2 is displaced in the direction along which the 
distance between the ?rst opening 511 and the diaphragm 2 
decreases, the ?uid in the in?ow path 7 outside the blower 
chamber 4 is drawn into a high-speed ?ow forced out of the 
blower chamber 4 through the second opening 5b, and is 
forced out together with the high-speed ?ow. 

[0044] In the present embodiment, in response to the dis 
placement of the diaphragm 2, the ?uid in the in?ow path 7 
can be drawn into the openings 5a and 5b by the ?uid ?owing 
through the openings 5a and 5b at high speed. That is, when 
the diaphragm 2 is displaced not only in the downward direc 
tion but also in the upward direction, the ?uid can be drawn 
from the in?ow path 7 into the openings 5a and 5b. Since the 
?uid drawn from the in?ow path 7 and the ?uid forced out of 
the blower chamber 4 are joined together and discharged from 
the second opening 5b, the amount of discharge ?ow can be 
greater than or equal to the volume of the pump chamber 
changed by displacement of the diaphragm 2. Since the 
in?ow path 7 is connected to the space between the openings 
5a and 5b and is not directly connected to the blower chamber 
4, the in?ow path 7 is unaffected by changes in pressure in the 
blower chamber 4. Therefore, even if no check valve is pro 
vided, a high-speed ?ow ?owing through the openings 5a and 
5b can be prevented from ?owing backward into the in?ow 
path 7, and thus the ?ow rate can be effectively increased. 

[0045] In the present pieZoelectric micro-blower, the sec 
ond opening 5b serving as an outlet for ?uid can be disposed 
away from the outer ends of the in?ow path 7, the outer ends 
serving as inlets for ?uid. Therefore, for example, when the 
present pieZoelectric micro-blower is used as a cooling fan for 
cooling a heat source, such as a CPU, if the second opening 5b 
is directed toward the heat source and the outer ends of the 
in?ow path 7 are connected to a cool air space, cool air taken 
from the cool air space can be blown to the heat source. 

[0046] It is preferable that a center space having an opening 
area greater than those of the ?rst and second openings be 
formed at the inner ends of the in?ow path connected to the 
?rst and second openings. In this case, ?uid having passed 
through the in?ow path is temporarily collected in the center 
space, and discharged from the second opening by and 
together with the ?ow of ?uid blown out of the ?rst opening. 
If the in?ow path includes a plurality of paths radially extend 
ing from the center space, and the outer end of each path is 
provided with an inlet, a greater path area of the in?ow path 
can be ensured. This makes it possible to reduce ?ow path 
resistance and to further increase the ?ow rate. 

[0047] As described above, when the center space having 
an opening area greater than those of the ?rst and second 
openings is formed at the inner ends of the in?ow path, the 
opening area of the center space is preferably set such that a 
part of the ?rst wall, the part facing the center space, resonates 
in response to the displacement of the diaphragm. That is, if 
the natural frequency of this part of the ?rst wall is set at a 
value close to the vibration frequency of the diaphragm, this 
part of the ?rst wall can resonate following the displacement 
of the diaphragm. In this case, the ?ow rate of ?uid generated 
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by the diaphragm can be increased by the displacement of the 
?rst wall. Thus, a further increase in ?ow rate canbe achieved. 

[0048] The diaphragm of the present invention may be any 
of the following types: a unimorph diaphragm formed by 
attaching a pieZoelectric element to one surface of a resin 
plate or a metal plate, the pieZoelectric element expanding 
and contracting in a planer direction; a bimorph diaphragm 
formed by attaching pieZoelectric elements to both surfaces 
of a resin plate or a metal plate, the pieZoelectric elements 
each expanding and contracting in a direction opposite that of 
the other pieZoelectric element; a bimorph diaphragm formed 
by attaching a multilayer pieZoelectric element to one surface 
of a resin plate or a metal plate, the multilayer pieZoelectric 
element being capable of bending itself; and a diaphragm 
entirely composed of a multilayer pieZoelectric element. In 
other words, the diaphragm of the present invention may be of 
any type, as long as it can bend and vibrate in the through 
thickness direction by applying an alternate voltage (a sinu 
soidal voltage or a rectangular wave voltage) to the pieZoelec 
tric element. 

[0049] It is preferable to drive the diaphragm including the 
pieZoelectric element in the ?rst-order resonance mode (at the 
?rst-order resonance frequency), since a maximum amount of 
displacement can be obtained. However, since the ?rst-order 
resonance frequency is in the audio range, the level of noise 
may be increased. On the other hand, if the third-order reso 
nance mode (third-order resonance frequency) is used, the 
amount of displacement of the diaphragm is smaller than that 
in the ?rst-order resonance mode, but is greater than that in 
the case where no resonance mode is used. Moreover, since 
the diaphragm can be driven at a frequency outside the audio 
range, the occurrence of noise can be prevented. The ?rst 
order resonance mode refers to a mode in which the center 
and perimeter of the diaphragm are displaced in the same 
direction, while the third-order resonance mode refers to a 
mode in which the center and perimeter of the diaphragm are 
displaced in opposite directions. 
[0050] When the third-order resonance mode is used, if the 
center of the diaphragm is displaced upward, the perimeter of 
the diaphragm is displaced downward. If the pieZoelectric 
element is disk-shaped, since a node of displacement is 
present between the center and perimeter of the diaphragm, 
wiring is generally made in a part of the pieZoelectric ele 
ment, the part corresponding to the node. However, the node 
is present in a very limited area in the middle of the pieZo 
electric element. Therefore, it is di?icult to carry out the 
wiring operation, such as soldering, and reliability may be 
degraded. On the other hand, if the pieZoelectric element has 
an annular shape, the perimeter of the pieZoelectric element 
can be disposed closer to the blower body that holds the 
perimeter of the diaphragm. Therefore, the wiring can be 
made by simply connecting lead wires to the perimeter of the 
pieZoelectric element. Thus, the wiring operation can be sim 
pli?ed and reliability can be improved. 
[0051] As described above, in the pieZoelectric micro 
blower of the present invention, by causing the diaphragm to 
bend and vibrate, ?uid in the in?ow path can be drawn 
through the ?rst opening into the blower chamber, and the 
?uid in the in?ow path outside the blower chamber can be 
drawn into a high-speed ?ow forced out of the blower cham 
ber through the second opening and can be forced out together 
with the high-speed ?ow. Therefore, the amount of discharge 
?ow can be greater than or equal to the volume of the pump 
chamber changed by displacement of the diaphragm, and a 
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blower having a high ?ow rate can be realized. At the same 
time, since a high-speed ?ow ?owing through the two open 
ings can be prevented from ?owing backward into the in?ow 
path without use of a check valve, the ?ow rate can be 
increased effectively. 
[0052] Hereinafter, preferred modes for carrying out the 
present invention will be described in accordance with 
embodiments. 

First Embodiment 

[0053] FIG. 2 to FIG. 5 illustrate a pieZoelectric micro 
blower according to a ?rst embodiment of the present inven 
tion. A pieZoelectric micro-blower A of the present embodi 
ment is used as an air cooling blower for an electronic device. 
The pieZoelectric micro-blowerA includes, in order from the 
top, a top plate (second wall) 10, a ?ow path plate 20, a 
separator (?rst wall) 30, a blower frame 40, a diaphragm 50, 
and a bottom plate 60 that are stacked and secured together. 
The perimeter of the diaphragm 50 is bonded and secured 
between the blower frame 40 and the bottom plate 60. The 
above-described components except the diaphragm 50, that 
is, the components 10, 20, 30, 40, and 60 constitute the blower 
body 1 and are metal or hard resin plates formed of ?at sheet 
materials having high stiffness. 
[0054] The top plate 10 is a rectangular ?at plate having an 
outlet (second opening) 11 at the center thereof. The outlet 11 
penetrates the top plate 10 from the front surface to the back 
surface. 
[0055] The ?ow path plate 20 is a ?at plate having the same 
outer shape as that of the top plate 10. As illustrated in FIG. 5, 
a center hole (center space) 21 having a diameter greater than 
that of the outlet 11 is formed at the center of the ?ow path 
plate 20. The ?ow path plate 20 has a plurality of in?ow paths 
22 (four in the present embodiment) extending radially from 
the center hole 21 to respective four corners. In the pieZoelec 
tric micro-blower A of the present embodiment, since the 
in?ow paths 22 communicate with the center hole 21 from 
four directions, ?uid is drawn into the center hole 21, without 
resistance, by pumping operation of the diaphragm 50. Thus, 
a further increase in ?ow rate can be achieved. 

[0056] The separator 30 is also a ?at plate having the same 
outer shape as that of the top plate 10. A through hole (?rst 
opening) 31 having a diameter substantially the same as that 
of the outlet 11 is formed at the center of the separator 30 and 
at a position facing the outlet 11. The diameters of the outlet 
11 and through hole 31 may either be the same or different, 
but are at least smaller than the diameter of the center hole 21. 
In?ow holes 32 are formed near respective four corners of the 
separator 30 and at positions corresponding to respective 
outer ends of the in?ow paths 22. By bonding the top plate 10, 
the ?ow path plate 20, and the separator 30 together, the outlet 
11, the center hole 21, and the through hole 31 are aligned on 
the same axis and face the center of the diaphragm 50 
described below. As will be described, to cause a part corre 
sponding to the center hole 21 of the separator 30 to resonate, 
it is desirable that the separator 30 be a thin metal plate. 
[0057] The blower frame 40 is also a ?at plate having the 
same outer shape as that of the top plate 10. A hollow 41 
having a large diameter is formed at the center of the blower 
frame 40. In?ow holes 42 are formed near respective four 
corners of the blower frame 40 and at positions corresponding 
to the respective in?ow holes 32. By bonding the separator 30 
and the diaphragm 50 to each other with the blower frame 40 
interposed therebetween, the hollow 41 of the blower frame 
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40 can serve as the blower chamber 4. The blower chamber 4 
does not have to be a closed space, but may be partially 
opened. For example, the hollow 41 formed at the center of 
the blower frame 40 may be provided with a slit communi 
cating with the outside of the blower frame 40. Alternatively, 
for example, a block-like blower frame may be formed only 
around each of the in?ow holes 42. In other words, the blower 
chamber 4 of the present invention may be any space inter 
posed between and de?ned by the separator 30 and the dia 
phragm 50. 
[0058] The bottom plate 60 is also a ?at plate having the 
same outer shape as that of the top plate 10. A hollow 61 
having substantially the same shape as that of the blower 
chamber 3 is formed at the center of the bottom plate 60. The 
bottom plate 60 has a thickness greater than the sum of the 
thickness of a pieZoelectric element 52 and the amount of 
displacement of a vibrating plate 51. Therefore, even when 
the micro-blowerA is mounted on a substrate, the pieZoelec 
tric element 52 can be prevented from being in contact with 
the substrate. The hollow 61 is a portion surrounding the 
pieZoelectric element 52 of the diaphragm 50 described 
below. In?ow holes 62 are formed near respective four cor 
ners of the bottom plate 60 and at positions corresponding to 
the in?ow holes 32 and 42. 

[0059] The diaphragm 50 has a structure in which the 
pieZoelectric element 52 of circular shape is attached to the 
center of the lower surface of the vibrating plate 51. The 
vibrating plate 51 may be formed of a metal material, such as 
stainless steel or brass, or may be a resin plate formed of a 
resin material, such as glass epoxy resin. The pieZoelectric 
element 52 is a circular plate having a diameter smaller than 
that of the hollow 41 of the blower frame 40. In the present 
embodiment, a single pieZoelectric ceramic plate having elec 
trodes on both the front and back surfaces thereof is used as 
the pieZoelectric element 52. The pieZoelectric element 52 is 
attached to the back surface of the vibrating plate 51 (i.e., the 
surface distant from the blower chamber 3) to form a uni 
morph diaphragm. The application of an alternate voltage (a 
sinusoidal wave or a rectangular wave) to the pieZoelectric 
element 52 causes the pieZoelectric element 52 to expand and 
contract in a planer direction. This causes the entire dia 
phragm 50 to bend in the through-thickness direction. By 
applying to the pieZoelectric element 52 an alternate voltage 
that causes the diaphragm 50 to be bent in the ?rst-order 
resonance mode or third-order resonance mode, the volume 
of the pump chamber changed by displacement of the dia 
phragm 50 can be made much greater than that in the case 
where a voltage of any other frequency is applied to the 
pieZoelectric element 52. Thus, a signi?cant increase in ?ow 
rate can be achieved. 

[0060] In?ow holes 5111 are formed near respective four 
corners of the vibrating plate 51 and at positions correspond 
ing to the in?ow holes 32, 42, and 62. The in?ow holes 32,42, 
62, and 51a de?ne inlets 8, each opening downward at one 
end and communicating with the in?ow path 22 at the other 
end. 

[0061] As illustrated in FIG. 4, the inlets 8 of the pieZoelec 
tric micro-blowerA open toward the lower side of the blower 
body 1, while the outlet 11 opens toward the upper side of the 
blower body 1. Compressive ?uid can be taken from the inlets 
8 on the backside of the pieZoelectric micro-blower A and 
discharged from the outlet 11 on the front side of the pieZo 
electric micro-blower A. Thus, there can be provided a struc 
ture that is suitable for use as an air supply blower for fuel 
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cells, or as an air cooling blower for a CPU. The inlets 8 do not 
have to open downward, and may open at the periphery of the 
blower body 1. 
[0062] The diaphragm 50 illustrated in FIG. 4 includes the 
vibrating plate 51 and the pieZoelectric element 52. Alterna 
tively, as illustrated in FIG. 6, an intermediate plate 53 may be 
interposed between the vibrating plate 51 and the pieZoelec 
tric element 52 to form a diaphragm 50a. The intermediate 
plate 53 may be a metal plate, such as a SUS plate. By 
providing the intermediate plate 53 between the vibrating 
plate 51 and the pieZoelectric element 52, a neutral plane for 
bending of the diaphragm 5011 can be located in the interme 
diate plate 53, and factors interfering with the displacement 
can be eliminated. As a result, a further improvement in 
displacement ef?ciency can be achieved, and a low-voltage 
high-?ow-rate pieZoelectric micro-blower B can be obtained. 
[0063] The operation of the pieZoelectric micro-blower A 
of the present embodiment is substantially the same as that 
illustrated in FIG. 1. However, in the present embodiment, the 
center space 21 having an opening area greater than those of 
the ?rst opening 31 and second opening 11 is formed at the 
inner ends of the in?ow paths 22, and a thin metal plate is 
provided as the separator 30. This allows the operation shown 
in FIGS. 7(a) to 7(e) and a further increase in ?ow rate. 
[0064] FIGS. 7(a) to 7(e) are schematic views describing an 
operation of the pieZoelectric micro-blower A. Displace 
ments are enlarged in these ?gures for clarity. FIG. 7(a) 
illustrates an initial state (no voltage applied state). FIGS. 
7(b) to (e) illustrate the displacement of the diaphragm 50 and 
separator 30 in each quarter cycle of a voltage (e.g., a sine 
wave) applied to the pieZoelectric element 52. By applying an 
alternate voltage to the pieZoelectric element 52, the opera 
tions in FIGS. 7 (b) to (e) are repeated cyclically. As illus 
trated, the separator 30 resonates in response to the vibration 
of the diaphragm 50. The separator 30 vibrates with a phase 
delay of about 90° relative to the vibration of the diaphragm 
50. When the separator 30 resonates, a large pressure wave is 
generated upward through the ?rst opening 31, and causes air 
in the center space 21 to be discharged outward through the 
second opening 11. Therefore, the ?ow rate can be higher than 
that in the case where the separator 30 does not resonate. 
When air in the center space 21 is discharged outward, air in 
the in?ow paths 22 is drawn toward the center space 21. Thus, 
air?ow can be continuously generated through the second 
opening 11. 
[0065] Although FIGS. 7(a) to 7(e) illustrate an example 
where the diaphragm 50 is displaced in the ?rst-order reso 
nance mode, the same operation applies to the case where the 
diaphragm 50 is displaced in the third-order resonance mode. 
Moreover, although FIGS. 7(a) to 7(e) illustrate an example 
where the displacement of the separator 3 0 is greater than that 
of the diaphragm 50, the displacement of the separator 30 
may be smaller than that of the diaphragm 50, depending on 
the siZe of the center space 21, the Young’s modulus and 
thickness of the separator 30, etc. Additionally, the phase 
delay of the separator 30 relative to the diaphragm 50 is not 
limited to 90°. That is, it is only necessary that the separator 
30 vibrate in response to the vibration of the diaphragm 50 
with some phase delay, and thus the distance between the 
diaphragm 50 and the separator 3 0 is varied more greatly than 
in the case where the separator 30 does not vibrate. 

[0066] The following data shows results of an experiment 
for evaluating the micro-blower A having the above-de 
scribed structure. First, there was prepared a diaphragm 
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formed by attaching a pieZoelectric element to a SUS plate 
0.1 mm in thickness, the pieZoelectric element being com 
posed of a single PZT plate 0.15 mm in thickness and 12.7 
mm in diameter. Next, there were prepared a separator com 
posed of a brass plate; and a top plate, a ?ow path plate, a 
blower frame, and a bottom plate composed of SUS plates. A 
second opening 0.8 mm in diameter was provided at the 
center of the top plate. A ?rst opening 0.6 mm in diameter was 
provided at the center of the separator. A center space 6 mm in 
diameter and 0.4 mm in height was provided at the center of 
the ?ow path plate. Next, the above-described components 
were stacked in the following order: the bottom plate, dia 
phragm, blower frame, separator, ?ow path plate, and top 
plate. They were bonded together to form a blower body 
measuring 20 mm long by 20 mm wide by 2.4 mm high. The 
blower chamber of the blower body was designed to be 0.15 
mm in height and 18 mm in diameter. 

[0067] When a sine wave voltage of 17-kHZ frequency and 
60 Vp-p was applied to drive the micro-blower A having the 
above-described structure, a ?ow rate of 800 ml/min was 
achieved at 100 Pa. Although this is an example where the 
micro-blower A was driven in the third-order mode, it is also 
possible to drive the micro-blowerA in the ?rst-order mode. 
Thus, a micro-blower with a high ?ow rate was obtained. 

[0068] Table 1 shows ?ow rates corresponding to different 
drive frequencies for the diaphragm 50 and different diam 
eters of the center space 21. The ?ow rates are expressed in 
L/min. 

TABLE 1 

Diameter of Center Space 

¢5 mm (p6 mm 

Frequency 24.4 kHz 0.7 0.8 
25.5 kHz 0.78 0.71 

The thickness of a 42Ni plate used at a drive frequency of 24.4 
kHZ was 0.08 mm, while the thickness of a 42Ni plate used at 
a drive frequency of 25.5 kHZ was 0.1 mm. 

[0069] As is apparent from Table 1, when the center space 
21 was 5 mm in diameter, a higher ?ow rate was achieved at 
a higher frequency. On the other hand, when the center space 
21 was 6 mm in diameter, a higher ?ow rate was achieved at 
a lower frequency. This shows that the ?ow rate was affected 
by vibrations of the separator 30 corresponding to the center 
space 21. This was probably because, although the natural 
frequency of the diaphragm varies depending on the material 
and thickness of the vibrating plate 51, the separator 30 cor 
responding to the center space 21 was able to resonate at a 
natural frequency close to that of the diaphragm by adjusting 
the diameter of the center space 21 and thus, the ?ow rate was 
increased. 

[0070] FIGS. 8(a) and 8(b) show results of an experiment 
for evaluating the pieZoelectric micro-blower B, in which the 
diaphragm 50 includes the vibrating plate 51, the pieZoelec 
tric element 52, and the intermediate plate 53 interposed 
therebetween. This experiment compared ?ow rates of 
samples having respective separators 30 with different mate 
rials and thicknesses as shown in Table 2. Sample 1 included 
a phosphor bronZe separator 0.05 mm in thickness, while 
Sample 2 included a SUS304 separator 0.1 mm in thickness. 
The other components were the same as those of the micro 
blowerA. The components, except the separators, were com 
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mon to Sample 1 and Sample 2. The drive frequency was 24.4 
kHz for both Sample 1 and Sample 2. 

TABLE 2 

Sample 1 Sample 2 

Material of Separator phosphor bronze SUS304 
Thickness of Separator (mm) 0.05 0.1 
Diameter of First Opening 0.6 0.6 

(mm) 
Material of Top Plate nickel silver nickel silver 
Diameter of Second Opening 0.8 0.8 

(mm) 
Material of Blower Chamber nickel silver nickel silver 
Height ofBlower Chamber (mm) 0.15 0.15 
Diameter of Blower Chamber 16 16 

(mm) 
Material of Vibrating Plate 42Ni 42Ni 
Thickness ofVibrating Plate 0.08 0.08 

(mm) 
Thickness of Intermediate 0.15 0.15 
Plate (mm) 
Diameter of Intermediate 11 11 

Plate (mm) 
Thickness ofPiezoelectric 0.20 0.20 
Element (mm) 
Diameter of Piezoelectric 11 11 
Element (mm) 
Diameter of Center Space (mm) 6 6 
Height ofCenter Space (mm) 0.5 0.5 

[0071] If SUS304 and phosphor bronze separators of equal 
thickness are compared, the stiffness of the SUS304 separator 
is about 1.5 times that of the phosphor bronze separator. 
However, since the thickness of the SUS304 separator was 
twice that of the phosphor bronze separator, the stiffness of 
the separator in Sample 2 was much higher than that of the 
separator in Sample 1. In other words, although a part of the 
separator, the part facing the center space, would vibrate in 
Sample 1, such part of the separator would hardly vibrate in 
Sample 2. This experiment measured the effect of vibrations 
of a part of the separator on the ?ow rate, the part facing the 
center space. 
[0072] As shown in FIG. 8(a), for example, when Sample 1 
and Sample 2 are compared at an applied voltage of 20 Vpp, 
the ?ow rate of Sample 1 is about 0.78 L/min while that of 
Sample 2 is about 0.42 L/min. That is, the ?ow rate of Sample 
1 is about twice that of Sample 2. Thus, vibrations of the 
above-described part of the separator greatly contribute to an 
increased ?ow rate. FIG. 8(b) compares the ?ow rates of 
Sample 1 and Sample 2 on the basis of power consumption. 
Although power consumption varies with impedance, a com 
parison at the same power consumption level shows that 
Sample 1 is more advantageous. 

Second Embodiment 

[0073] FIG. 9 illustrates a micro-blower according to a 
second embodiment of the present invention. In the second 
embodiment, parts identical to those of the ?rst embodiment 
are given the same symbols, and redundant description will be 
omitted. In the micro -blower B of the present embodiment, an 
annular piezoelectric element 52a having a hollow at its cen 
ter is used as a piezoelectric element. Then, the perimeter of 
the piezoelectric element 52a is disposed near the blower 
body 1 holding the perimeter of a diaphragm 50b. 
[0074] FIGS. 10(a) and 10(b) show how the diaphragm 
including the disk-shaped piezoelectric element and the dia 
phragm including the annular piezoelectric element are dis 
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placed in the third-order resonance mode. When the disk 
shaped piezoelectric element 52 is used, as illustrated in FIG. 
10(a), the piezoelectric element extends from the center posi 
tion (0 mm) to the position of 6 mm. When the annular 
piezoelectric element 52b is used, as illustrated in FIG. 10(b), 
there is a hollow extending from the centerposition (0 mm) to 
the position of 2.5 mm, and the piezoelectric element extends 
from the position of 2.5 mm to the position of 8 mm. In both 
cases, a region extending from the position of 8 mm or more 
at the perimeter of the diaphragms 50 and 50b is held by the 
blower body 1. 
[0075] As shown in FIG. 10(a), when the diaphragm 50 
having the disk-shaped piezoelectric element 52 is vibrated in 
the third-order resonance mode, a node is located in an inter 
mediate region (at the position of 4 mm) of the piezoelectric 
element 52. It is preferable that the connection of lead wires 
to the piezoelectric element 52 be made at the node. However, 
the node is a point located in the middle of the piezoelectric 
element 52. This means that to connect lead wires to the node 
in such a manner that vibrations do not cause the lead wires to 
break, it is necessary to perform high-precision positioning in 
a small area. This makes it dif?cult to carry out wiring. On the 
other hand, as illustrated in FIG. 10(b), in the case of the 
diaphragm 50b having the annular piezoelectric element 5211, 
the perimeter of the piezoelectric element 5211 can be dis 
posed near the blower body 1. Therefore, lead wires can be 
simply connected to the perimeter of the piezoelectric ele 
ment 52a, and the point of connection hardly vibrates. Thus, 
it is easy to carry out wiring and reliability is improved. 
[0076] The following data shows results of an experiment 
for evaluating a micro-blower C having a diaphragm includ 
ing an annular piezoelectric element. First, there was pre 
pared a diaphragm formed by attaching a piezoelectric ele 
ment to a brass plate 0.1 mm in thickness. The piezoelectric 
element was composed of a single annular PZT plate 0.2 mm 
in thickness, 18 mm in outside diameter, and 5 mm in inside 
diameter. Next, there were prepared a separator composed of 
a brass plate; and a top plate, a ?ow pathplate, a blower frame, 
and a bottom plate composed of SUS plates. A second open 
ing 1.0 mm in diameter was provided at the center of the top 
plate. A ?rst opening 0.8 mm in diameter was provided at the 
center of the separator. A center space 6 mm in diameter and 
0.5 mm in height was provided at the center of the ?ow path 
plate. Next, the above-described components were stacked in 
the following order: the bottom plate, diaphragm, blower 
frame, separator, ?ow path plate, and top plate. They were 
bonded together to form a blower body measuring 20 mm 
long by 20 mm wide by 4.0 mm high. The blower chamber of 
the blower body was designed to be 0.05 mm in height and 18 
mm in diameter. 

[0077] When a sine wave voltage of 25.2-kHz frequency 
and 60 Vp-p was applied to drive the micro-blower C having 
the above-described structure, a ?ow rate of 700 ml/min at 
100 Pa and a maximum developed pressure of 0.7 kPa were 
obtained. Although this is an example where the micro 
blower C was driven in the third-order mode, it is also pos 
sible to drive the micro-blower C in the ?rst-order mode. As 
illustrated in FIG. 10(b), when the annular piezoelectric ele 
ment 52a is used, the amount of displacement of the center of 
the diaphragm 50b is very large. For example, since the natu 
ral frequency of a brass plate 0.1 mm in thickness and 5 mm 
in diameter is about 25 kHz, when the micro-blower C in 
which the vibrating plate 51 is 0.1 mm in thickness and the 
annular piezoelectric element 52a is 5 mm in inside diameter 
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is driven at about 25 kHZ, bending of the annularpieZoelectric 
element 5211 causes the center of the diaphragm 50b to reso 
nate. Thus, a very large amount of displacement can be 
obtained at the center of the diaphragm 50b, and an increase 
in How rate can be achieved. Additionally, since the pieZo 
electric element is not present in the part Where the maximum 
displacement is obtained, the displacement and driving speed 
of the pieZoelectric element can be reduced, and an improve 
ment in durability can be achieved. 

Third Embodiment 

[0078] FIG. 11 to FIG. 13 illustrate a micro-bloWer accord 
ing to a third embodiment of the present invention. In the third 
embodiment, parts identical to those of the ?rst embodiment 
are given the same symbols, and redundant description Will be 
omitted. In a micro-bloWer D of the present embodiment, a 
rectangular center space 23 serving also as an in?oW path is 
formed in the center of the How path plate 20. The center 
space 23 has an opening area greater than that of the holloW 41 
of the bloWer frame 40, the holloW 41 constituting the bloWer 
chamber 4. The separator (?rst Wall) 30, the bloWer frame 40, 
the bottom plate 60, and the diaphragm 50 are provided With 
notches 33, 43, 63, and 51b, respectively, at their tWo diagonal 
corners. These notches correspond to comers of the center 
space 23 and form the inlets 8. The bottom plate 60 is pro 
vided With a slit 64. When the micro-bloWer D is mounted on 
a substrate or the like, the slit 64 serves as a vent for prevent 
ing the space under the diaphragm 50 from being enclosed. At 
the same time, the slit 64 is used for draWing out lead Wires of 
the pieZoelectric element 52. 
[0079] The folloWing data shoWs results of an experiment 
for evaluating the micro-bloWer D having the above-de 
scribed structure. First, there Was prepared a diaphragm 
formed by attaching a pieZoelectric element to a SUS plate 
0.1 mm in thickness, the pieZoelectric element being com 
posed ofa single PZT plate 0.2 mm in thickness and 12.7 mm 
in diameter. Next, there Were prepared a separator, a top plate, 
a How path plate, a bloWer frame, and a bottom plate com 
posed of SUS plates. A second opening 0.6 mm in diameter 
Was provided at the center of the top plate. A ?rst opening 2.0 
mm in diameter Was provided at the center of the separator. A 
center space measuring 20 mm long by 20 mm Wide Was 
provided in the center of the How path plate. Next, the above 
described components Were stacked in the folloWing order: 
the bottom plate, diaphragm, bloWer frame, separator, ?oW 
path plate, and top plate. They Were bonded together to form 
a bloWer body measuring 22 mm long by 22 mm Wide by 2 
mm high. The bloWer chamber of the bloWer body Was 
designed to be 0.1 in height and 18 mm in diameter. 
[0080] When a sine Wave voltage of l6-kHZ frequency and 
60 Vp-p Was applied to drive the micro-bloWer C having the 
above-described structure, a How rate of 90 ml/min Was 
achieved at 100 Pa. Although this is an example in Which the 
micro-bloWer D Was driven in the third-order resonance 
mode, it is also possible to drive the micro-bloWer D in the 
?rst-order resonance mode. 

[0081] In the present embodiment, since the center space 23 
serves as an in?oW path for alloWing air to How in all direc 
tions about the openings 11 and 31, the resistance of in?oW air 
can be reduced. Moreover, since a substantially entire region 
of the separator 30 facing the bloWer chamber is opened by 
the center space 23, a substantial part of the separator 30 can 
vibrate With the vibrations of the diaphragm 50. Therefore, 
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even When the diaphragm 50 vibrates in the ?rst-order reso 
nance mode, it is possible to cause the separator 30 to reso 
nate. 

[0082] In the embodiments described above, a part of the 
separator (?rst Wall) corresponding to the center space reso 
nates in response to the vibrations of the diaphragm. HoW 
ever, the separator does not necessarily have to resonate. An 
increase in How rate can be achieved by any structure in Which 
the separator is excited by vibrations of the diaphragm and 
vibrates With a predetermined phase delay from the vibrations 
of the diaphragm. 
[0083] In the embodiments described above, a plurality of 
plate members are stacked and bonded together to form a 
bloWer body. HoWever, the structure of the bloWer body is not 
limited to this. For example, the top plate 10 and the How path 
plate 20, the separator 30 and the bloWer frame 40, and the 
How path plate 20 and the separator 3 0 may be formed of resin 
or metal as an integral unit. 
[0084] The shape of in?oW paths is not limited to that 
extending radially and linearly as illustrated in FIG. 5, and 
any shape can be selected. At the same time, the number of 
in?oW paths is not limited to a particular number, and can be 
selected in accordance With the How rate and the level of 
norse. 

1. A pieZoelectric micro-bloWer comprising: 
a bloWer body; 
a diaphragm secured to the bloWer body at a perimeter 

thereof and having a pieZoelectric element; 
a ?rst Wall attached to the bloWerbody and positioned so as 

to de?ne a bloWer chamber betWeen the diaphragm and 
the ?rst Wall, the ?rst Wall including a ?rst opening 
facing a center of the diaphragm, the ?rst opening in 
?uid communication With the bloWer chamber; 

a second Wall spaced from the ?rst Wall and disposed 
opposite the bloWer chamber With the ?rst Wall inter 
posed betWeen the second Wall and the bloWer chamber, 
the second Wall including a second opening facing the 
?rst opening; and 

an in?oW path formed betWeen the ?rst Wall and the second 
Wall, the in?oW path having outer ends communicating 
With the outside of the pieZoelectric micro-bloWer, and 
having inner ends connected to the ?rst opening and the 
second opening. 

2. The pieZoelectric micro-bloWer according to claim 1, 
Wherein a center space having an opening area greater than 
those of the ?rst opening and the second opening is formed at 
the inner ends of the in?oW path, the inner ends being con 
nected to the ?rst opening and the second opening. 

3. The pieZoelectric micro-bloWer according to claim 2, 
Wherein the in?oW path includes a plurality of paths extend 
ing radially from the center space, each path having an outer 
end provided With an inlet. 

4. The pieZoelectric micro-bloWer according to claim 3, 
Wherein the outer end of each path opens on a different 
surface of the pieZoelectric micro-bloWer than the second 
opening. 

5. The pieZoelectric micro-bloWer according to claim 2, 
Wherein the opening area of the center space is dimensioned 
such that a part of the ?rst Wall facing the center space reso 
nates in response to displacement of the diaphragm. 

6. The pieZoelectric micro-bloWer according to claim 5, 
Wherein the part of the ?rst Wall facing the center space 
vibrates With a phase delay of about 900 relative to vibration 
of the diaphragm. 
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7. The piezoelectric micro-bloWer according to claim 1, 
Wherein the piezoelectric element is an annular piezoelectric 
element having a holloW at a center thereof. 

8. The piezoelectric micro-bloWer according to claim 1, 
Wherein the diaphragm including the piezoelectric element is 
con?gured so as to be displaced in a ?rst-order resonance 
mode or a third-order resonance mode When a Voltage is 
applied to the piezoelectric element. 

9. The piezoelectric micro-bloWer according to claim 1, 
Wherein the bloWer body includes: 

a top plate de?ning the second Wall; 
a How path plate; 
a separator de?ning the ?rst Wall; 
a bloWer frame; and 
a bottom plate. 
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10. The piezoelectric micro-bloWer according to claim 9, 
Wherein the diaphragm is secured betWeen the bloWer frame 
and the bottom plate. 

11. The piezoelectric micro-bloWer according to claim 9, 
Wherein the How path plate de?nes a center space, and the 
separator, the bloWer frame, the bottom plate and the dia 
phragm include notches at respective diagonal comers that 
form inlets to the center space. 

12. The piezoelectric micro-bloWer according to claim 11, 
Wherein the bottom plate includes a slit. 

13. The piezoelectric micro-bloWer according to claim 1, 
further comprising an intermediate plate interposed betWeen 
the diaphragm and the piezoelectric element. 

* * * * * 


