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(57) ABSTRACT 

A diaphragm pump is provided. The diaphragm pump com 
prises a housing that comprises a concave portion, a suction 
port and a discharge port; a diaphragm; a ?rst and second 
pump chamber; and a suction-side check valve and a dis 
charge-side check valve. The suction-side and discharge 
side check valves are more distant from the diaphragm in the 
inner end side of the suction and discharge ports and are 
closer to the diaphragm in the outer end side of the suction 
and discharge ports. 
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FIG. 3 
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FIG. 11A 
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DIAPHRAGM PUMP 

[0001] This application claims the bene?t of Japanese 
Patent Application No. 2005-258898 ?led Sep. 7, 2005, 
Which is hereby incorporated by reference. 

BACKGROUND 

[0002] 
[0003] A diaphragm pump With a slim variable volume 
chamber is provided. 

[0004] 2. RelatedArt 

[0005] A diaphragm pump, for example, as disclosed in 
Japanese Unexamined Patent Application Publication No. 
2001-193656, is constructed With pump chambers (variable 
volume chambers). The pump chambers are de?ned by a 
diaphragm and a pair of check valves having different ?oW 
directions that are provided in a pair of channels connected 
to the pump chamber (a suction-side check valve that alloWs 
a How toWard the pump chamber and a discharge-side check 
valve that alloWs a How from the pump chamber are pro 
vided in the tWo channels). The suction-side check valve 
opens at a stroke for increasing the volume of the pump 
chamber by oscillating the diaphragm and the discharge-side 
check valve opens at a stroke for decreasing the volume of 
the pump chamber to operate the pump. The diaphragm is 
made of an elastic (oscillatable) material, for example, a 
rubber, or a pieZoelectric oscillator. 

1. Field 

[0006] The diaphragm pump enables a variable volume 
chamber to be slimmer and includes a diaphragm. The 
diaphragm pump is used as a slim pump, for example, a 
cooling Water circulation pump of a Water-cooled notebook 
computer. 

[0007] There is a need, hoWever, for a diaphragm pump 
that is slimmer. 

SUMMARY 

[0008] A diaphragm pump is provided that comprises 
pump chambers that are partitioned by a concave portion 
formed in a housing and an oscillating diaphragm that 
obturates the concave portion. A suction port and a discharge 
port are formed in the housing in a direction along With a 
plain of the diaphragm and of Which inner ends communi 
cate With the pump chamber. A suction-side check valve is 
provided betWeen the inner end of the suction port and the 
pump chamber. A discharge-side check valve is provided 
betWeen the inner end of the discharge port and the pump 
chamber. With respect to a plane, Which is perpendicular to 
the diaphragm and contains an axis line of the suction port 
and a plane that is perpendicular to the diaphragm and 
contains an axis line of the discharge port, the suction-side 
and discharge-side check valves are slanted so that they are 
more distant from the diaphragm in the inner end side of the 
suction and discharge ports and are closer to the diaphragm 
in the outer end side of the suction and discharge ports. 

[0009] The axis lines of the suction and discharge ports 
can be formed in parallel With an extending plane of the 
diaphragm. It is preferable that the axis lines of the suction 
and discharge ports are not in parallel With the extending 
plane of the diaphragm and is slanted With respect to the 
extending plane of the diaphragm so that an angle betWeen 
the extending plane of the diaphragm and a plane Where the 
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suction-side and discharge-side check valves provided is 
less that an angle betWeen the axis lines of the suction and 
discharge ports and the extending plane of the diaphragm. 

[0010] It is desirable that the suction-side check valve and 
the discharge-side check valve are formed as suction-side 
and discharge side check valve units that are separate from 
the housing. The suction-side and discharge-side check 
valve units are attached to pump chamber side opening ends 
of the suction and discharge ports. It is also possible that the 
suction-side and discharge-side check valve units are pro 
vided on the same substrate. 

[0011] It is desirable that the check valve has an umbrella 
shape. In addition, it is practical that the diaphragm is 
constructed With a pieZoelectric oscillator or an electrostric 
tion oscillator. Speci?cally, it is desirable that the diaphragm 
is a bimorph type pieZoelectric oscillator. 

[0012] In the preferred embodiments, the diaphragm pump 
can be slimed doWn by improving location relation betWeen 
the suction and discharge ports and the suction-side and 
discharge-side check valves that are formed in the pump 
chamber-side inner ends of the suction and discharge ports 
that are gateWays. 

BRIEF DESCRIPTION OF THE DRAWING 

[0013] FIG. 1 is an exploded perspective vieW of an 
exemplary diaphragm pump according to a preferred 
embodiment. 

[0014] FIG. 2 is an exploded cross sectional vieW of the 
exemplary diaphragm pump shoWn FIG. 1. 

[0015] FIG. 3 is a top plan vieW of an exemplary loWer 
housing. 

[0016] FIG. 4 is a cross sectional vieW taken along the line 
IV-IV of FIG. 3. 

[0017] FIG. 5 is a cross sectional vieW taken along the line 
V-V of FIG. 3. 

[0018] FIG. 6 is a top plan vieW of an exemplary pump 
chamber plate side of an upper housing. 

[0019] FIG. 7 is a top plan vieW of an exemplary pump 
chamber that comprises a concave portion of a pump cham 
ber plate. 

[0020] FIG. 8 is an exploded perspective vieW of an 
exemplary bimorph type pieZoelectric oscillator. 

[0021] FIG. 9 is a perspective vieW that illustrates a 
relation betWeen the exemplary bimorph type pieZoelectric 
oscillator and a deformed D shape seal ring. 

[0022] FIG. 10 is a top plan vieW of the same substantial 
part of FIG. 9. 

[0023] FIG. 11 is a conceptual vieW of a four-valve 
diaphragm pump according to a preferred embodiment. 

[0024] FIG. 12 is a cross sectional vieW that illustrates 
another preferred embodiment, in correspondence With FIG. 
4. 

[0025] FIG. 13 is a cross sectional vieW, in correspon 
dence With FIG. 5. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0026] An operating mechanism of a four-valve dia 
phragm pump Will be described With reference to FIG. 11. 
The diaphragm pump includes an upper housing 10, a loWer 
housing 20, a piezoelectric oscillator (diaphragm) 30, and 
four umbrellas (check valves) 11, 12, 21, and 22. A pump 
chamber (variable volume chamber) 13 is located betWeen 
the upper housing 10 and the piezoelectric oscillator 30. A 
pump chamber (variable volume chamber) 23 is located 
betWeen the loW housing 20 and the piezoelectric oscillator 
30. A single port 31 communicates With the suction-side 
channels 14H and 24H. The suction-side channel 14H 
communicates With the pump chamber 13 through the 
suction-side umbrella 11. The suction-side channel 24H is 
connected to the pump chamber 23 through the suction-side 
umbrella 22. A single discharge port 32 is connected to 
discharge-side channels 15D and 25D. The discharge-side 
channel 15D is connected to the pump chamber 13 through 
a discharge-side umbrella 12. The discharge-side channel 
25D is connected to the pump chamber 23 through a 
discharge-side umbrella 22. 

[0027] In the four-valve diaphragm pump, When the piezo 
electric oscillator 30 is elastically deformed (oscillates) in 
forward and backWard directions, a volume of one pump 
chamber 13 or 23 increases and a volume of the other pump 
chamber 23 or 13 decreases. A stroke for increasing the 
volume of the pump chamber 13 is a stroke for decreasing 
the volume of the pump chamber 23. Since the volume of the 
pump chamber 13 increases, the suction-side umbrella (suc 
tion-side check valve) 11 opens to introduce a ?uid into the 
pump chamber 13 from the pump port 31, and since the 
volume of the pump chamber 23 decreases, a ?uid in the 
pump chamber 23 opens the discharge-side umbrella (dis 
charge-side check valve) 22 to discharge the ?uid to the 
discharge port 32. 

[0028] A stroke for decreasing the volume of the pump 
chamber 13 is a stroke for increasing the volume of the 
pump chamber 23. Since the volume of the pump chamber 
23 increases, the suction-side umbrella (suction-side check 
valve) 21 opens to introduce a ?uid into the pump chamber 
23 from the suction port 31, and since the volume of the 
pump chamber 13 decreases, a ?uid in the pump chamber 13 
opens the discharge-side umbrella (discharge-side check 
valve) 12 to discharge the ?uid to the discharge port 32 The 
pulsation period at the discharge port 32 can be shortened 
(the pulsation period is a half of the period in the case Where 
the pump chamber is formed on only one side Which is an 
upper or loWer side of the piezoelectric oscillator 30). 

[0029] A preferred embodiment Will be described in ref 
erence to FIGS. 1 to 7. The diaphragm pump includes the 
upper housing 10, the loWer housing 20, the piezoelectric 
oscillator (diaphragm) 30, and a pump chamber plate 40 and 
has a ?attened rectangular shape. The upper housing 10, the 
loWer housing 20, and the pump chamber plate 40 include 
moldings of resin materials. 

[0030] The loWer housing 20 is the largest molding of the 
aforementioned moldings. The loWer housing 20 is a com 
plex ?attened rectangular shape. In the loWer housing 20, an 
opened pump chamber forming concave portion 20a is 
formed in the opposing plane of the piezoelectric oscillator 
30. The suction port 31 and the discharge port 32 protrude 
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in parallel With each other and are integrated With one of the 
four side faces of the loWer housing 20 (refer to FIGS. 1 to 

5). 

[0031] In the loWer housing 20, the suction-side channel 
24H is in communication With the suction port 31 and the 
discharge-side channel 25D that communicates With the 
discharge port 32 are formed. Channel expanding portions 
24Ha and 25Da connected to the pump chamber forming 
concave portion 20a are formed at the inner ends of the 
suction-side channel 24H and the discharge-side channel 
25D. Valve retainer concave portions 24Hb and 25Db are 
formed at ends of the channel expanding portions 24Ha and 
25Da close to the pump chamber forming concave portion 
20a. 

[0032] A suction-side umbrella unit (suction-side check 
valve unit) 21U and a discharge-side umbrella unit (dis 
charge-side check valve unit) 22U are adhered and ?xed to 
the valve retainer concave portions 24Hb and 25Db. The 
suction-side umbrella unit 21U and the discharge-side 
umbrella unit 22U are the same in the structure, except the 
attachment direction. An umbrella attaching hole 210 
(umbrella attaching hole 220) is formed on the center portion 
of the unit plate 21a (unit plate 22a) of Which circumference 
is used as an adhesion portion 21b (adhesion portion 22b) 
With the valve retainer concave portion 24Hb (valve retainer 
concave portion 25Db). A plurality of channel holes 21d 
(channel holes 22d) are formed on the circumference of the 
umbrella attaching hole 210 (umbrella attaching hole 220) 
An umbrella portion 21g (umbrella portion 22g) of an 
umbrella 21f (umbrella 22]) in Which a central axis 21e 
(central axis 22e) is inserted into the umbrella attaching hole 
210 (umbrella attaching hole 220) covers the channel holes 
21d (channel holes 22d) during normal conditions. When 
pressure greater than a predetermined value is applied to the 
umbrella portion 21 g (umbrella portion 22g) from the chan 
nel hole 21d (channel hole 22d), the umbrella portion 21g 
(umbrella portion 22g) is elastically deformed to open the 
channel holes 21d (channel holes 22d). The adhesion portion 
21b of the suction-side umbrella unit 21U is adhered to the 
valve retainer concave portion 24Hb. Conversely, the adhe 
sion portion 22b of the discharge-side umbrella unit 22U is 
adhered to the valve retainer concave portion 25Db. The 
suction-side umbrella unit 21U alloWs a ?oW from the 
suction port 31 toWard the pump chamber forming concave 
channel portion 2011 (pump chamber 23) and does not alloW 
a reverse ?oW. The discharge-side umbrella unit 22U alloWs 
a ?oW from the pump chamber forming concave portion 2011 
(pump chamber 23) toWard the discharge port 32 and does 
not alloW a reverse ?oW. The unit plates 21a and 22a of the 
umbrella units 21U and 22U of the suction side and the 
discharge side may be formed of one substrate. 

[0033] An additional cover is not needed for the afore 
mentioned loWer housing 20. In the loWer housing 20, the 
closed suction-side channel 24H is formed betWeen the 
suction port 31 and the pump chamber forming concave 
portion 20a, and the closed discharge-side channel 25D is 
formed betWeen the discharge port 32 and the pump cham 
ber forming concave portion 20a. In the loWer housing 20, 
a seal ring groove 20b is also formed at the circumference 
of the pump chamber forming concave portion 20a. The seal 
ring groove 20b has a deformed D shape that includes a large 
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circular portion 20191 that exceeds a semicircle and a linear 
portion 20192 that connects the both ends of the large circular 
portion 20191. 

[0034] The suction-side umbrella unit 21U and the dis 
charge-side umbrella unit 22U, Which is, for example, the 
valve retainer concave portions 24Hb and 25Db (umbrella 
portions 21g and 22g) are slanted With respect to the plane 
of the piezoelectric oscillator 30 (non-parallel). Considering 
a plane that is perpendicular to the piezoelectric oscillator 30 
and contains an axis line of the suction port 31 (discharge 
port 32), in the plane, the aforementioned slant direction is 
a direction in Which the valve retainer concave portions 
24Hb and 25Db and the piezoelectric oscillator 30 become 
more distant in the rear direction of the suction port 31 
(discharge port 32) and become closer in the front direction 
of the suction port 31 (discharge port 32) to each other. As 
described above, When the suction-side umbrella unit 21U 
and the discharge-side umbrella unit 22U are slanted With 
respect to the piezoelectric oscillator 30, the slim loWer 
housing 20 can be achieved Without reducing the cross 
sections of the channels of the suction port 31 and the 
discharge port 32. 

[0035] As shoWn in FIG. 4, the surface (unit plate 21a of 
the suction-side umbrella unit 21U (umbrella portion 21g)) 
of the valve retainer concave portion 24Hb is not in parallel 
With the plane of the piezoelectric oscillator 30 and is slanted 
by an angle of 0t With respect to the plane of the piezoelectric 
oscillator 30 in a free state. For example, the channel at the 
suction-side check valve 21 is not perpendicular to the 
piezoelectric oscillator 30. On The axis line of the suction 
port 31 (suction-side channel 24H) is in parallel With the 
plane of the piezoelectric oscillator 30. The direction of the 
angle of 0t is a direction in Which the unit plate 21a 
(umbrella portion 21 g) of the suction-side umbrella unit 21U 
becomes spaced apart from the piezoelectric oscillator 30 in 
the rear direction of the suction port 31 (suction-side channel 
24H) and becomes closer to the piezoelectric oscillator 30 in 
the front direction of the suction port 31 (suction-side 
channel 24H). 

[0036] As shoWn in FIG. 5, the surface (unit plate 22a of 
the discharge-side umbrella unit 22U (umbrella portion 
22g)) of the valve retainer concave portion 25Db is not in 
parallel With the plane of the piezoelectric oscillator 30 and 
is slanted by an angle of 0t With respect to the plane of the 
piezoelectric oscillator 30 in a free state. For example, the 
channel at the discharge-side check valve 22 is not perpen 
dicular to the piezoelectric oscillator 30. The axis line of the 
discharge port 32 (discharge-side channel 25D) is parallel 
With the plane of the piezoelectric oscillator 30. The direc 
tion of the angle of 0t is a direction in Which the unit plate 
22a (umbrella portion 22g) of the discharge-side umbrella 
unit 22U becomes apart from the piezoelectric oscillator 30 
in the rear direction of the discharge port 32 and becomes 
closer to the piezoelectric oscillator 30 in the front direction 
of the discharge port 32 (discharge-side channel 25D). 

[0037] FIGS. 12 and 13 illustrate different preferred 
embodiments. According to the embodiments illustrated in 
FIGS. 4 and 5, the axis lines of the suction port 31 (suction 
side channel 24H) and the discharge port 32 (discharge-side 
channel 25D) are parallel With the plane of the piezoelectric 
oscillator 30, hoWever, according to the preferred embodi 
ment shoWn in FIGS. 12 and 13, the axis lines of the suction 
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port 31 (suction-side channel 24H) and the discharge port 32 
(discharge-side channel 25D) are not in parallel With the 
plane of the piezoelectric oscillator 30. For example, in a 
plane that is perpendicular to the diaphragm 30 and contains 
the axis line of the suction port 31 (suction-side channel 
24H), the axis line of the suction port 31 is slanted by an 
angle of [3 With respect to the surface of the diaphragm 30. 
The angle of [3 is smaller than the angle of 0t. In a plane that 
is perpendicular the diaphragm 30 and contains the axis line 
of the discharge port 32 (discharge-side channel 25D), the 
axis line of the discharge port 32 is slanted by an angle of 
[3 With respect to the surface of the diaphragm 30. The angle 
of [3 is smaller than the angle of 0t. 

[0038] According to the embodiments illustrated in FIGS. 
4, 5, 12, and 13, the loWer housing 20 can be achieved 
Without reducing the cross sections of the channels of the 
suction and discharge ports 31 and 32. 

[0039] In the loWer housing 20, bifurcated channels 24Hd 
and 25Dd that are bifurcated from the suction-side channel 
24H and the discharge-side channel 25D, respectively, are 
formed to be opened to the pump chamber plate 40 side. In 
the pump chamber plate 40, communication holes 41 and 42 
communicate With the bifurcated channels 24Hd and 25Dd. 
An interplate suction-side channel 14H that communicates 
With the communication hole 41 and an interplate discharge 
side channel 15D connected to the communication hole 42 
are disposed betWeen the upper housing 10 and the pump 
chamber plate 40. For example, in the pump chamber plate 
40, convex portions 41a and 42a that are ?t into the 
bifurcated channels 24Hd and 25Dd are formed. The com 
munication holes 41 and 42 are disposed at the center of the 
convex portions 41a and 42a. The reference numerals 41b 
and 42b indicate o-rings for sealing the bifurcated channels 
24Hd and 25Dd With the convex portions 41a and 42a 
(communication holes 41 and 42). 

[0040] In the pump chamber plate 40, the pump chamber 
comprises a concave portion 40a (FIGS. 2, 4, and 5) faces 
the piezoelectric oscillator 30. The suction-side umbrella 11 
corresponds to the suction-side umbrella unit 21U and the 
discharge-side umbrella 12 that corresponds to the dis 
charge-side umbrella unit 22U are attached to the approxi 
mate center of the pump chamber forming concave portion 
40a. The suction-side umbrella 11 and the discharge-side 
umbrella 12 are not shoWn in FIG. 2. For example, on the 
pump chamber plate 40, umbrella attaching holes 11a and 
1211 are disposed under the suction-side umbrella unit 21U 
and the discharge-side umbrella unit 22U. A plurality of 
channel holes 11b and 12b are formed on the circumferences 
of the umbrella attaching holes 11a and 12a. The suction 
side and discharge-side umbrellas 11 and 12 include a 
central axis 110 (central axis 120) inserted into the umbrella 
attaching hole 11a (umbrella attaching hole 12a) and an 
umbrella portion 11d (umbrella portion 12d) covers the 
channel holes 11b (channel holes 12b) during normal opera 
tion. When pressure greater than a predetermined value is 
applied to the umbrella portion 11d (umbrella portion 12d) 
from the channel hole 11b (channel hole 12b) side, the 
umbrella portion 11d (umbrella portion 12d) is elastically 
deformed to open the channel holes 11b (channel holes 12b). 
The suction-side umbrella 11 alloWs a How from the upper 
housing 10 side toWard the pump chamber forming concave 
portion 4011 (pump chamber 13) and does not alloW a reverse 
How. The discharge-side umbrella 12 alloWs a How from the 
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pump chamber forming concave portion 4011 (pump cham 
ber 13) toward the upper housing 10 side and does not alloW 
a reverse How. 

[0041] The upper housing 10 has the same shape as the 
loWer housing 20 so that the upper housing 10 overlaps the 
loWer housing 20. In the upper housing 10, a concave 
portion 14Ha for forms the interplate suction-side channel 
14H that communicates With the communication hole 41 
With the suction-side umbrella 11 and a concave portion 
15Da for forming the interplate discharge-side channel 15D 
that communicates With the communication hole 42 With the 
discharge-side umbrella 12 are formed betWeen the upper 
housing 10 and the pump chamber plate 40 (refer to FIGS. 
2 and 4 to 6). The seal ring grooves 14Hc and 15Dc for 
inserting oval o-rings (seal rings) 14Hb and 15Db are 
formed at the circumference of the concave portions 14Ha 
and 15Da. Aconcave portion 10a (FIGS. 2 and 6) that inserts 
the pump chamber plate 40 into the upper housing 10 are 
formed in the upper housing 10. 

[0042] A ?tting hole 100 and a positioning protrusion 400 
(FIG. 1) that ?ts into the ?tting hole 100 While the oval 
o-rings 14Hb and 15Db are inserted into the concave por 
tions 14Ha and 15Da are formed in the pump chamber plate 
40 and the upper housing 10. The positioning protrusion 400 
is ?tted into the ?tting hole 100 and adhered to the ?tting 
hole 100 to form the sealed interplate suction-side channel 
14H from the communication hole 41 toWard the suction 
side umbrella 11 and the sealed interplate discharge-side 
channel 15D from the communication hole 42 toWard the 
discharge-side umbrella 12. For example, the upper housing 
10 and the pump chamber plate 40 are previously integrated 
With each other by inserting the pump chamber plate 40 into 
the concave portion 10a to form the interplate suction-side 
channel 14H and the interplate discharge-side channel 15D 
Which are closed therebetWeen. An additional cover for the 
upper housing 10 and the pump chamber plate 40 is not 
needed for forming the interplate suction-side channel 14H 
and the interplate discharge-side channel 15D. 

[0043] As shoWn in FIG. 7, in the pump chamber plate 40, 
a seal ring groove 40b (that is the same shape as the seal ring 
groove of the loWer housing 20 on the plane) that corre 
sponds to the seal ring groove of the loWer housing 20 is 
formed at the circumference of the pump chamber forming 
concave portion 4011 that faces the pieZoelectric oscillator 
30. The seal ring groove 40b has a deformed D shape that 
includes a large circular portion 40191 that exceeds a semi 
circle and a linear portion 40192 that connects the both ends 
of the large circular portion 40191. 

[0044] The pieZoelectric oscillator 30 may be, for 
example, a unimorph or bimorph type. FIGS. 8 to 10 are 
pattern diagrams of an embodiment of the bimorph type 
pieZoelectric oscillator disclosed in Japanese Unexamined 
Patent Application Publication No. 2005-201235. According 
to a preferred embodiment, the bimorph type pieZoelectric 
oscillator includes a circular shim 111 at the center and 
pieZoelectric members 112 formed over and under the shim 
111 by deposition. The shim 111 includes a conductive metal 
sheet, for example, a stainless steel sheet having a thickness 
of about 0.2 mm. 

[0045] The pieZoelectric member 112 is made of Lead 
Zirconate Titanate (PZT, Pb(Zr, Ti) 03). The pieZoelectric 
member 112 is polariZed in the front-to-back direction of the 
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pieZoelectric members 112. The polarization directions of 
the pair of pieZoelectric members located over the front and 
back surfaces of the shim 111 are the same. As shoWn in FIG. 
8, When the polarization direction of the pair of pieZoelectric 
members 112 is represented by the arroW a or b, the 
pieZoelectric members 112 are polariZed in the same direc 
tion, Which is the thickness direction of the shim 111. For 
example, a pair of the pieZoelectric members 112 that are in 
contact With the front and back surfaces of the shim 111 are 
polariZed to have different poles from each other, at exposed 
surfaces thereof. The exposed surfaces of the pair of the 
pieZoelectric members 112 are polariZed to have different 
poles from each other. 

[0046] When the pieZoelectric members 112 are polariZed 
in the same direction, the displacement of the shim 111 can 
be increased When positive and negative voltages are alter 
nately applied betWeen the shim 111 and the surfaces of the 
pair of the pieZoelectric members 112 Which faces the shim 
111. 

[0047] The surfaces of the pair of the pieZoelectric mem 
bers 112 that face the shim 111 are attached to the shim 111 
so as to be electrically conductive to the shim 111. Film 
shaped electrodes 113 are formed on the surfaces Which do 
not face the shim 111. The ?lm shaped electrodes 113 are 
formed by printing (screen baking) a conducting paste 
(silver paste or gold paste). 

[0048] A supply terminal 180 includes a pair of contacts 
1811, a connection edge 1812 that connects the contacts 
1811 With each other, and a Wiring connection portion 1813. 
The pair of contacts 1811 and the connection edge 1812 
constitute a U-shaped cross section. The pair of contacts 
1811 have a Wider Width at the Wiring connection portion 
1813 and have a gradually narroWer Width toWard the center 
of the pieZoelectric oscillator 30 to form the same approxi 
mate triangular shapes. For example, the contact 1811 has 
the narroWest Width at the soldering portion 1131 and has a 
Wider Width toWard the outside of the pieZoelectric oscillator 
30. 

[0049] A Wiring connection protrusion 114 that is pro 
truded in the diameter direction of the shim 111 of the 
pieZoelectric oscillator 30 is extended betWeen the pair of 
contacts 1181. In the Wiring connection protrusion 114, a 
concave portion 1141 for insulation that secures a gap 
betWeen the Wiring connection protrusion 114 and the con 
nection edge that connects the pair of contacts 1181 With the 
Wiring connection protrusion 114 is formed. 

[0050] Annular spacer insulation rings 115 are located 
over and under the circular shim 111. Strip insulation sheets 
1151 are extended from the pair of spacer insulation rings 
115 betWeen the pair of contacts 1181 and the Wiring 
connection protrusion 114 to prevent a short circuit betWeen 
the shim 111 and the supply terminal 180. The strip insula 
tion sheets 1151 prevent the connection edge 1812 of the 
supply terminal 180 from moving to the concave portion 
1141 of the shim 111 for insulation to secure insulation. 

[0051] A pair of lead Wire holding concave portions 1143 
and 1144 are symmetrically formed in the both sides of the 
Wiring connection protrusion 114 in the Width direction and 
are located at the outer side of the pieZoelectric oscillator 30 
as compared With the concave portion 1141 for insulation. A 
through hole 1145 for soldering is formed at the inner side 
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of the piezoelectric oscillator 30 as compared With one lead 
Wire holding concave portion 1143. 

[0052] A through hole 1814 for soldering is formed in 
correspondence With the through hole 1145 for soldering of 
the Wiring connection protrusion 114 in the Wiring connec 
tion portion 1813 of the supply terminal 180. The locations 
of the through holes 1145 and 1814 for soldering are 
different on the plane, and the lead Wires 211 and 221 are 
soldered into the through holes 1145 and 1814 for soldering. 
The through holes 1145 and 1814 for soldering are located 
at different locations on the plane to enable the slim siZed 
diaphragm pump. The lead Wires 211 and 221 are held by the 
lead Wire holding concave portions 1143 and 1144 to 
increase coming-out stopping resistances of the lead Wires 
211 and 221. 

[0053] A PPS ?lm (insulation ?lm) 241 (FIG. 8) is adhered 
to the plane of the pieZoelectric oscillator 30. The PPS ?lm 
241 includes a piece 24111 in the diameter direction that is 
extended over the supply terminal 180 to prevent separation 
betWeen the contacts 1811 and the ?lm shaped electrodes 
113 of the pieZoelectric oscillator 30. 

[0054] The shim 111 and the ?lm shaped electrode 113 can 
be securely Wired Without disturbing the movement of the 
pieZoelectric oscillator 30 by using the aforementioned 
connection protrusion 114 of the shim 111 and the Wiring 
structures around the supply terminal 180. 

[0055] The aforementioned circular piezoelectric oscilla 
tor 30 is attached betWeen the pump chamber forming 
concave portion 20a of the loWer housing 20 and the pump 
chamber forming concave portion 40a of the pump chamber 
plate 40, and the surroundings are sealed by the seal rings 16 
and 26 to form the pump chambers 13 and 23. The seal rings 
16 and 26 have the same shape as the seal ring groove 20b 
of the loWer housing 20 and the seal ring groove 40b of the 
pump chamber plate 40 and include a large circular portion 
1611 (large circular portion 26a) and a linear portion 16b 
(linear portion 26b). In addition, the supply terminal 180 of 
the pieZoelectric oscillator 30 is located outside of the seal 
rings 16 and 26, and more speci?cally, outside of the linear 
portion 16b (linear portion 26b). According to the afore 
mentioned layout, the supply terminal 180 for the pieZo 
electric members 112 of the pieZoelectric oscillator 30 need 
not to cross over the seal rings 16 and 26, and the seal rings 
16 and 26 are not deformed, Which in turn improves the 
durability of the pieZoelectric oscillator 30. 

[0056] The loWer housing 20 and the upper housing 10 
previously integrated into the pump chamber plate 40 are 
combined by a fastener (for example, bolts and nuts) to form 
one body While the pieZoelectric oscillator 30 is attached 
therebetWeen. An additional adhesive may be used. 

[0057] In the aforementioned diaphragm pump, When an 
alternating electric ?eld is applied betWeen the supply 
terminal 180 of the pieZoelectric oscillator 30 and the shim 
111 (Wiring connection protrusion 114) to elastically deform 
(oscillate) the pieZoelectric oscillator 30 in forWard and 
backward directions, a volume of one pump chamber 13 or 
23 increases and a volume of the other pump chamber 23 or 
13 decreases. In a stroke for increasing the volume of the 
pump chamber 13, since the suction-side umbrella 11 opens 
to introduce a ?uid into the pump chamber 13 from the pump 
port 31 and the volume of the pump chamber 23 simulta 
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neously decreases, a ?uid in the pump chamber 23 opens the 
discharge-side umbrella (unit) 22 to discharge the ?uid to the 
discharge port 32. 

[0058] In a stroke for decreasing the volume of the pump 
chamber 13, since the suction-side umbrella (unit) 21 opens 
to introduce a ?uid into the pump chamber 23 from the 
suction port 31 and the volume of the pump chamber 13 
decreases, a ?uid in the pump chamber 13 opens the 
discharge-side umbrella 12 to discharge the ?uid to the 
discharge port 32. Accordingly, it is possible that the pul 
sation period at the discharge port 32 is reduced to a half of 
a pulsation period of the diaphragm pump in Which the pump 
chamber is formed on only one side of the pieZoelectric 
oscillator 30. FIG. 11 is a skeletal diagram shoWing channels 
of the aforementioned four-valve diaphragm pump. 

[0059] The preferred embodiments relate to a relation 
betWeen the umbrellas 21 and 22 provided in the loWer 
housing 20 and the suction and discharge ports 31 and 32. 
The upper housing 10, the pieZoelectric oscillator 30, the 
pump chamber plate 40, the seal ring 16 or 26, or so is only 
an example. In addition, the present invention is also appli 
cable to a tWo-valve type diaphragm pump, for example, a 
diaphragm pump in Which the pump chamber is formed not 
on the pieZoelectric oscillator 30 but under the pieZoelectric 
oscillator 30 (umbrellas 11 and 12 are not formed). The 
umbrella is used as an example of the check valve, and 
alternatively, it is possible to use another check valve 
besides the umbrella. The pieZoelectric oscillator is used as 
the diaphragm in the aforementioned embodiment, and 
hoWever, it is possible to use an electrostriction oscillator 
instead of the pieZoelectric oscillator. 

What is claimed is: 
1. A diaphragm pump comprising: 

a housing that comprises a concave portion, a suction port 
and a discharge port; 

a diaphragm; 

a ?rst and second pump chamber; and 

a suction-side check valve and a discharge-side check 

valve, 
Wherein the suction-side and discharge-side check valves 

are more distant from the diaphragm in the inner end 
side of the suction and discharge ports and are closer to 
the diaphragm in the outer end side of the suction and 
discharge ports. 

2. The diaphragm pump according to claim 1, Wherein the 
axis lines of the suction and discharge ports are extended in 
parallel With an extending plane of the diaphragm. 

3. The diaphragm pump according to claim 1, Wherein the 
axis lines of the suction and discharge ports are not parallel 
With the extending plane of the diaphragm and is slanted 
With respect to the extending plane of the diaphragm so that 
an angle betWeen the axis lines of the suction and discharge 
ports and the extending plane of the diaphragm is smaller 
than an angle betWeen the extending plane of the diaphragm 
and a plane Where the suction-side and discharge-side check 
valves are provided. 

4. The diaphragm pump according to claim 1, Wherein the 
suction-side and discharge-side check valves are formed as 
suction-side and discharge-side check valve units that are 
separate from the housing, and the suction-side and dis 
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charge-side check valve units are attached to pump chamber 
side opening ends of the suction and discharge ports. 

5. The diaphragm pump according to claim 4, Wherein the 
suction-side and discharge-side check valve units are pro 
vided on the same substrate. 

6. The diaphragm pump according to claim 1, Wherein the 
check valves have an umbrella shape. 

7. The diaphragm pump according to claim 1, Wherein the 
diaphragm is a pieZoelectric oscillator. 

8. The diaphragm pump according to claim 1, Wherein the 
diaphragm obturates the concave portion. 

9. The diaphragm pump according to claim 1, the pump 
chambers are partitioned by the concave portion and an 
oscillating diaphragm. 

10. The diaphragm pump according to claim 1, Wherein 
the suction port and the discharge port are formed in a 
direction along a plane of the diaphragm and of Which inner 
ends communicate With the pump chamber. 
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11. The diaphragm pump according to claim 1, Wherein 
the suction-side check valve is provided betWeen the inner 
end of the suction port and the pump chamber, and a 
discharge-side check valve is provided betWeen the inner 
end of the discharge port and the pump chamber. 

12. The diaphragm pump according to claim 1, Wherein 
the suction-side and discharge-side check valves are slanted 
With respect to a plane Which is perpendicular to the dia 
phragm and contains an axis line of the suction port and a 
plane Which is perpendicular to the diaphragm and contains 
an axis line of the discharge port. 

13. The diaphragm pump according to claim 1, Wherein 
the diaphragm is an electrostriction oscillator. 


