
US 20010017503A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2001/0017503 A1 

: Aug.30, 2001 Kitahara (43) Pub. Date 

5 2 5 0 3 0 
a w. m w. W“ P 

m m n w n m m .m $ 
t n a 

.m a M. n M m 
n H m .018 0 w 

m u 
0 P 

F m 
2 8, b. e 

) F 
0 6 

F mo 
D D mowm LHAQ sT sI HEHL NMNF UGUO RNRD mmmm M3“ mmmM VFVG CUCN INII mmmm m ,ma LADHLAADM EEEFE OHOUH Z ZN mmmmm PJP J 

A40 6 

(76) Inventor; Tsuyoshi Kitahara, Nagano (JP) (51) Int. Cl.7 H02N 2/00; H01L 41/04 
(52) US. Cl. 310/328; 310/365 

Correspondence Address: 
ABSTRACT (57) SUGHRUE, MION, ZINN, MACPEAK & 

SEAS, PLLC 
In a piezoelectric vibrator unit (4) provided With a plurality 
of piezoelectric vibrators each having internal electrodes 32, 
33 and piezoelectric material layers 31 larninated alternately, 
a free end part of an outermost layer of a piezoelectric 
vibrator is trimmed to form a partial recess, thereby adjust 
ing a natural vibration period of the piezoelectric vibrator. 
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PIEZOELECTRIC VIBRATOR UNIT, LIQUID JET 
HEAD, MANUFACTURING METHOD OF 
PIEZOELECTRIC VIBRATOR UNIT, AND 

MANUFACTURING METHOD OF LIQUID JET 
HEAD 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a liquid jet unit used in an 
industrial machine, such as a manufacturing machine, a 
stamping or marking apparatus and a microdispenser, and in 
an image recording apparatus such as a plotter and a printer. 
In more detail, this invention relates to a liquid jet device 
provided With a liquid jet head that can eject a liquid droplet 
from a noZZle opening, and a pieZoelectric vibrator unit used 
in the liquid jet unit, and in particular, to the liquid jet device 
and the pieZoelectric vibrator unit that are designed to make 
natural vibration periods of the pieZoelectric vibrators uni 
form. 

[0002] Industrial machines and image recording appara 
tuses are available, Which employ a liquid jet head for 
ejecting liquid in the form of liquid droplets. For example, 
an industrial machine for manufacturing an optical ?lter is 
designed to eject color material in the form of liquid droplets 
onto a ?lter substrate using an ejection head (a kind of liquid 
jet head) . A stamping or marking apparatus for ejecting 
color material in the form of liquid droplets from an ejection 
head onto a ?ber product such as a fabric to print ?gures and 
patterns on the product, and a microdispenser for ejecting an 
extremely small amount of liquid from an ejection head to 
supply the liquid to a predetermined location are also knoWn 
as the industrial machines. Aprinter and a plotter are knoWn 
as the image recording apparatuses, Which are designed to 
eject ink droplets from a recording head (a kind of liquid jet 
head) onto a printing or recording medium such as paper. 

[0003] These industrial machines and image recorders 
require high accuracy for the amount and speed of the 
ejected liquid droplets. For example, the optical ?lter manu 
facturing machine must eject a proper amount (i.e. a proper 
ejection amount) of an color material droplet onto a proper 
position With high accuracy since the optical ?lter manu 
factured With the industrial machine is used With a liquid 
crystal display, etc. The image recording apparatus requires 
high accuracy as to a position onto Which an ink droplet is 
ejected, and an amount of the ejected ink, in order to 
improve image quality and speed up the recording. 

[0004] The liquid head used in these industrial machines 
and image recording apparatuses are designed, for example, 
such that by applying an electric ?eld to a pieZoelectric 
vibrator provided in the pieZoelectric vibrator unit, the 
pieZoelectric vibrator is displaced (expanded and con 
tracted) using its vibration characteristic (natural vibration 
period) to cause pressure ?uctuation in a pressure chamber 
communicating With a noZZle opening, thereby ejecting a 
liquid droplet from the noZZle opening. 

[0005] The pieZoelectric vibrator unit is manufactured, for 
example, according to the folloWing procedure: First, com 
mon internal electrodes and segment internal electrodes are 
laminated alternately With a pieZoelectric material inter 
posed betWeen adjacent internal electrodes to manufacture a 
plate-like laminated substrate, and a common external elec 
trode electrically conducted to the common internal elec 
trodes and a segment external electrodes electrically con 
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ducted to the segment internal electrodes are formed on the 
surface of the laminated substrate to obtain a laminated 
member. After the base end side portion of the laminated 
member is ?xed to a ?xing plate, the leading end side portion 
of the laminated member is cut into a plurality of segments 
(piezoelectric vibrators) each having an extremely narroW 
Width of about 50 pm to 100 pm using a Wire saW, a dicing 
saW, etc. 

[0006] Since each of pieZoelectric vibrators provided in 
the pieZoelectric vibrator unit are obtained by the mechani 
cal cutting to have an extremely narroW Width as described 
above, slight variations may occur in the Widths of the 
pieZoelectric vibrators. The lengths of the free end parts of 
the pieZoelectric vibrators (free lengths) may vary depend 
ing on the accuracy in joining the laminated member to the 
?xing plate. If the natural vibration periods of the pieZo 
electric vibrators are non-uniform due to these variations, a 
manufactured liquid jet head suffers from a problem in that 
the amount of the ejected droplet and the position Where the 
droplet is ejected vary from one noZZle opening to another 
depending on the variations in the natural vibration periods 
of the pieZoelectric vibrators. 

[0007] HoWever, hitherto, a method effective for adjusting 
the natural vibration periods of the pieZoelectric vibrators 
after the laminated member is joined to the ?xing plate and 
divided into the pieZoelectric vibrators has been unavailable. 
Thus, to manufacture a liquid jet head that can eject uniform 
amounts of droplets from noZZle openings, a pieZoelectric 
vibrator unit having pieZoelectric vibrators Whose natural 
vibration periods are uniform needs to be selected among a 
large number of manufactured pieZoelectric vibrator units. 
This results in the loWering of the manufacturing yield. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the invention to provide 
a pieZoelectric vibrator unit, a liquid jet head, a manufac 
turing method of the pieZoelectric vibrator unit, and a 
manufacturing method of the liquid jet head, Which can 
make uniform the natural vibration periods of pieZoelectric 
vibrators With high accuracy. 

[0009] To achieve the object, the present invention pro 
vides, as the ?rst aspect thereof, a pieZoelectric vibrator unit 
comprising a plurality of pieZoelectric vibrators, each hav 
ing at least in part, a laminate structure including ?rst and 
second internal electrodes laminated alternately With a layer 
of pieZoelectric material interposed betWeen adjacent pairs 
of the ?rst and second internal electrodes to de?ne an active 
region in a free end part, a ?rst external electrode electrically 
conducted to the ?rst internal electrodes and a second 
external electrode electrically conducted to the second inter 
nal electrodes, Wherein a potential difference is given to the 
pieZoelectric material in the active region through the ?rst 
and second external electrodes to activate the pieZoelectric 
material, thereby displacing the free end part, Wherein: 

[0010] a partial mass adjusting portion including a 
partial recess and/or a partial projection is provided 
to an outer surface of the pieZoelectric vibrator in the 
free end part to adjust a natural vibration period of 
the pieZoelectric vibrator. 

[0011] The present invention provide, as a second aspect 
thereof, a pieZoelectric vibrator unit, Wherein the outer 
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surface of the piezoelectric vibrator in the free end part is 
used as a trimming portion Where the partial recess is formed 
by trimming. The second aspect can be effectively used in 
combination With the ?rst aspect. 

[0012] The present invention provides, as a third aspect, a 
piezoelectric vibrator unit, Wherein an outermost layer of the 
piezoelectric material is thicker than another layer of the 
piezoelectric material. The third aspect can be effectively 
used in combination With the ?rst or second aspect. 

[0013] The present invention provide, as a fourth aspect, a 
piezoelectric vibrator unit, Wherein a mass addition portion, 
formed of material higher in density than the piezoelectric 
material, is joined to a surface of an outermost layer of the 
piezoelectric material, and the mass addition portion is used 
as a trimming portion. The fourth aspect can be effectively 
used in combination With any one of the ?rst to third aspects. 

[0014] The present invention provides, as a ?fth aspect, a 
piezoelectric vibrator unit, Wherein another mass addition 
portion is joined to a surface of the piezoelectric vibrator 
opposite from the outer surface of the piezoelectric material. 
The ?fth aspect can be effectively used in combination With 
the fourth aspect. 

[0015] The present invention provides, as a siXth aspect, a 
piezoelectric vibrator unit, Wherein the outer surface of the 
piezoelectric vibrator, other than surfaces of ?rst and second 
external electrodes, is used as a trimming portion. The siXth 
aspect can be effectively used in combination With any one 
of ?rst to ?fth aspects. 

[0016] The present invention provides, as a seventh 
aspect, a piezoelectric vibrator unit, Wherein the outer sur 
face of the piezoelectric vibrator in the free end part is used 
as a mass point addition portion Where the partial projection 
is formed by adding a mass point. The seventh aspect can be 
effectively used in combination With the ?rst aspect. 

[0017] The present invention provides, as an eighth aspect, 
a piezoelectric vibrator unit, Wherein the mass point is 
formed by applying and solidifying ?uidic mass point mate 
rial including an adhesive, a Wax and a solder. The eighth 
aspect can be effectively used in combination With the 
seventh aspect. 

[0018] The present invention provides, as a ninth aspect, a 
piezoelectric vibrator unit, Wherein the piezoelectric vibra 
tors are manufactured by 

[0019] laminating piezoelectric material layers and 
internal electrode layers alternately to provide a 
laminate substrate; and 

[0020] at least partially cutting the laminate substrate 
to provide the piezoelectric vibrators in the form of 
teeth of comb. 

[0021] The ninth aspect can be effectively used in com 
bination With any one of the ?rst to eight aspects. 

[0022] The present invention provides, as a tenth aspect, a 
piezoelectric vibrator unit, Wherein each of the piezoelectric 
vibrator is of a piezoelectric vibrator of such a longitudinal 
vibration lateral effect that the free end part is displaceable 
in a direction perpendicular to a lamination direction. The 
tenth aspect can be effectively used in combination With any 
one of the ?rst to ninth aspect. 
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[0023] The present invention provides, as an eleventh 
aspect, a piezoelectric vibrator, Wherein each of the piezo 
electric vibrator is of a piezoelectric vibrator of such a 
longitudinal vibration longitudinal effect that the free end 
part is displaceable in a lamination direction. The eleventh 
aspect can be effectively used in combination With any one 
of the ?rst to ninth aspects. 

[0024] The present invention provides, as a tWelfth aspect, 
a piezoelectric vibrator, Wherein each of the piezoelectric 
vibrators includes an inactive part Which is not displaced 
even When the piezoelectric material in the active region is 
activated, and the inactive part is joined to a ?Xing plate. The 
tWelfth aspect can be effectively used in combination With 
any one of the ?rst to eleventh aspects. 

[0025] The present invention provides, as a thirteenth 
aspect, a liquid jet head comprising: 

[0026] 
[0027] a How passage unit having an elastic plate 

forming a part of a sealing member for pressure 
chambers communicated With nozzle openings, 
Wherein: 

[0028] the piezoelectric vibrator unit is attached to 
the How passage unit so that leading end surface 
parts of the piezoelectric vibrators are joined to the 
elastic plate. 

a piezoelectric vibrator unit; and 

[0029] As the piezoelectric vibrator unit in the thirteenth 
aspect, the piezoelectric vibrator of any one of ?rst to tWelfth 
aspects can be effectively used. 

[0030] The present invention provides, as a fourteenth 
aspect, a liquid jet head, further comprising: 

0031 a case de?nin a stora e s ace in Which the g g P 
piezoelectric vibrator unit can be stored; 

[0032] an adjustment opening formed through the 
case for communication betWeen an outside of the 
case and the storage space to enable access to the 
piezoelectric vibrators stored in the storage space, 
Wherein 

[0033] the partial mass adjusting portion can be pro 
vided to each of the piezoelectric vibrators from the 
outside of the case through the adjustment opening. 
The fourteenth aspect can be effectively used in 
combination With the thirteenth aspect. 

[0034] The present invention provides, as a ?fteenth 
aspect, a manufacturing method of manufacturing a piezo 
electric vibrator unit comprising: 

[0035] a laminate member manufacturing step of 
laminating electrode layers forming common inter 
nal electrodes and segment internal electrodes alter 
nately With piezoelectric material interposed 
betWeen adjacent electrode layers to provide a lami 
nate substrate de?ning an active region in a free end 
part, and subsequently forming a common eXternal 
electrode and a segment external electrode on the 
laminate substrate to be electrically connected to the 
common internal electrodes and the segment internal 
electrodes, respectively, thereby providing a plate 
like laminate member; 
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[0036] a unit manufacturing step of joining a ?xing 
end portion of the laminate member to a ?xing plate; 

[0037] a vibrator manufacturing step of at least par 
tially cutting the laminate member ?xed to the ?xing 
plate to provide comb-like pieZoelectric vibrators; 
and 

[0038] an adjusting step of adjusting natural vibration 
periods of the pieZoelectric vibrators to be uniform 
by trimming at least one of free end parts of outer 
most pieZoelectric material layers, each forming an 
outermost layer of a corresponding pieZoelectric 
vibrator in a lamination direction. 

[0039] The present invention provides, as a sixteenth 
aspect, a method, Wherein, in the adjusting step, the free end 
parts of the outermost pieZoelectric material layers are 
trimmed by at least one of a laser beam processing, a 
mechanical processing, and an electric discharge processing. 
The sixteenth aspect can be effectively used in combination 
With the ?fteenth aspect. 

[0040] The present invention provides, as a seventeenth 
aspect, a manufacturing method of manufacturing a pieZo 
electric vibrator unit comprising: 

[0041] a laminate member manufacturing step of 
laminating electrode layers forming common inter 
nal electrodes and segment internal electrodes alter 
nately With pieZoelectric material interposed 
betWeen adjacent electrode layers to provide a lami 
nate substrate de?ning an active region in a free end 
part, and subsequently forming a common external 
electrode and a segment external electrode on the 
laminate substrate to be electrically connected to the 
common internal electrodes and the segment internal 
electrodes, respectively, thereby providing a plate 
like laminate member; 

[0042] a unit manufacturing step of joining a ?xing 
end portion of the laminate member to a ?xing plate; 

[0043] a vibrator manufacturing step of at least par 
tially cutting the laminate member ?xed to the ?xing 
plate to provide comb-like pieZoelectric vibrators; 
and 

[0044] an adjusting step of adjusting natural vibration 
periods of the pieZoelectric vibrators to be uniform 
by adding a mass point onto at least one of free end 
part surfaces of the pieZoelectric vibrators thus pro 
vided. 

[0045] The present invention provides, as an eighteenth 
aspect, a method, Wherein, in the adjusting step, mass point 
material made of an adhesive, a Wax or a solder is ejected 
onto the free end surface using an ejection device provided 
With a hot melt ink jet head, and the mass point material 
ejected onto the free end surface is solidi?ed to provide the 
mass point. The eighteenth aspect can be effectively used in 
combination With the seventeenth aspect. 

[0046] The present invention provides, as a nineteenth 
aspect, a method of manufacturing a liquid jet head com 
prising: 

[0047] a pieZoelectric vibrator unit including a plu 
rality of pieZoelectric vibrators, each having at least 
in part, a laminate structure including ?rst and sec 
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ond internal electrodes laminated alternately With a 
layer of pieZoelectric material interposed betWeen 
adjacent pairs of the ?rst and second internal elec 
trodes to de?ne an active region in a free end part, a 
?rst external electrode electrically conducted to the 
?rst internal electrodes and a second external elec 
trode electrically conducted to the second internal 
electrodes, Wherein a potential difference is given to 
the pieZoelectric material in the active region 
through the ?rst and second external electrodes to 
activate the pieZoelectric material, thereby displac 
ing the free end part, 

[0048] a How passage unit having an elastic plate 
forming a part of a sealing member for pressure 
chambers communicated With noZZle openings; 

[0049] a case de?ning a storage space in Which the 
pieZoelectric vibrator unit can be stored, and an 
adjustment opening formed through the case for 
communication betWeen an outside of the case and 
the storage space to enable access to the pieZoelectric 
vibrators stored in the storage space, 

[0050] Wherein leading end surface parts of the 
pieZoelectric vibrators are joined to the elastic plate, 
and the liquid jet head is adapted so that deformation 
of a pieZoelectric vibrator causes deformation of a 
pressure chamber and varies pressure of liquid in the 
pressure chamber to thereby eject liquid from an 
associated noZZle opening, 

[0051] 
[0052] a natural vibration period measuring step of 

measuring natural vibration periods of the pieZoelec 
tric vibrators one by one by applying adjusting drive 
signals to the pieZoelectric vibrators in a state in 
Which the leading end surface parts are joined to the 
elastic plate; and 

[0053] a vibration period adjusting step of setting a 
processing condition for each of the pieZoelectric 
vibrators based on result of measurement by natural 
vibration period measuring step, and providing, 
based on the processing condition, a partial mass 
adjusting portion including a partial recess and/or a 
partial projection to an outer surface of a pieZoelec 
tric vibrator in the free end part using the adjustment 
opening to thereby adjust a natural vibration period 
of the pieZoelectric vibrator. 

said method comprising: 

[0054] The present disclosure relates to the subject matter 
contained in Japanese patent application No. 2000-30525 
(?led on Feb. 8, 2000), Which is expressly incorporated 
herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 
[0056] FIG. 1 is a sectional vieW to shoW the main part of 
a pieZoelectric vibrator unit and an ink jet record head 
according to a ?rst embodiment of the invention on an 
enlarged scale; 

In the accompanying draWings: 

[0057] FIG. 2 is a perspective vieW of the appearance of 
the pieZoelectric vibrator unit according to the ?rst embodi 
ment of the invention; 
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[0058] 
2; 

[0059] FIG. 4 is a drawing to show the relationship 
between the trimming positions and the natural vibration 
periods in the piezoelectric vibrator unit according to the 
?rst embodiment of the invention;; 

[0060] FIG. 5 is a sectional vieW of a ?rst modi?ed 
embodiment of the pieZoelectric vibrator unit according to 
the ?rst embodiment of the invention; 

[0061] FIG. 6 is a sectional vieW of a second modi?ed 
embodiment of the pieZoelectric vibrator unit according to 
the ?rst embodiment of the invention; 

[0062] FIG. 7 is a sectional vieW of a third modi?ed 
embodiment of the pieZoelectric vibrator unit according to 
the ?rst embodiment of the invention; 

[0063] FIG. 8 is a sectional vieW of a fourth modi?ed 
embodiment of the pieZoelectric vibrator unit according to 
the ?rst embodiment of the invention; 

[0064] FIG. 9 is a ?oWchart to shoW an example of an 
adjustment step in a manufacturing method of the invention; 

FIG. 3 is a sectional vieW take on line A-A in FIG. 

[0065] FIG. 10 is a sectional vieW of a pieZoelectric 
vibrator unit according to a second embodiment of the 
invention; 

[0066] FIG. 11 is a sectional vieW of a pieZoelectric 
vibrator unit according to a third embodiment of the inven 
tion; and 

[0067] FIG. 12 is a sectional vieW of the main part of a 
record according to a fourth embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0068] Referring noW to the accompanying draWings, pre 
ferred embodiments of the invention Will be described. In 
the folloWing description, an ink jet recording head mounted 
to an ink jet printer is discussed as an example of a liquid jet 
head. The present invention is applicable not only to a 
recording head of an image recording apparatus such as a 
plotter and a facsimile machine, but also to a liquid jet head 
of an industrial machine such as a manufacturing machine, 
a stamping or marking apparatus and a microdispenser. 

[0069] Referring to FIG. 1, an entire construction of a 
recording head 1 Will be described. The recording head 1 
includes a case 2, a How passage unit 3, a pieZoelectric 
vibrator unit 4, etc. For convenience in describing the 
recording head 1, the top of FIG. 1 is referred to as a leading 
end side (a front side) and the bottom of FIG. 1 is referred 
to as a base end side (a rear side). 

[0070] The case 2 is a block-shaped member made of a 
synthetic resin, having a storage space 5, the leading end and 
the rear end of Which are both open. The How passage unit 
3 is joined to the leading end surface of the case 2, and the 
pieZoelectric vibrator unit 4 is ?xedly housed in the storage 
space 5 in a state in Which the leading ends of comb-shaped 
teeth of a vibrator group 21 is confronted With the leading 
end side opening of the storage space 5. An ink supply tube 
6, Which communicates With an ink cartridge on the base end 
side, is provided to a lateral side of the storage space 5. 
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[0071] The How passage unit 3 is mainly made up of a 
How passage formation plate 7, a noZZle plate 8, and an 
elastic plate (pressure plate) 9. 

[0072] The noZZle plate 8 is a thin plate-like member 
provided With a large number of (for example, 96) noZZle 
openings 10... arrayed in a roW or roWs at pitches corre 
sponding to dot formation density. The noZZle plate 8 is 
formed, for example, by a stainless plate. 

[0073] The How passage formation plate 7 stacked or 
laminated on the noZZle plate 8 is formed With a reservoir 11 
into Which ink supplied through the ink supply tube 6 ?oWs, 
pressure chambers 12 each for generating ink pressure 
required for ejecting ink from a corresponding one of the 
noZZle openings 10, and ink supply ports 12, 13 for com 
munication of the reservoir 11 With the pressure chambers 
12. In the embodiment, a silicon Wafer is subjected to 
etching treatment to obtain the How passage formation plate 
7 having these components. 

[0074] In the embodiment, the elastic plate 9 has such a 
double structure that a polymer ?lm, such as PPS (polyphe 
nylene sul?de), is laminated as an elastic ?lm 14 on a 
support plate 15, such as a stainless plate. The support plate 
15 are partially perforated by etching treatment so that a 
compliance part corresponding to the reservoir 11 and 
diaphragm parts 17 corresponding to the respective pressure 
chambers 12 are formed only by the elastic ?lm 14. Each 
diaphragm part 17 is formed With an island part 16 by 
removing the support plate 15 annularly so as to leave the 
center portion. The island part 16 has a rear side to Which the 
leading end surface part of a respective drive vibrator 29 
described later is joined. Aplurality of the island parts 16 are 
provided at pitches corresponding to the dot formation 
density similarly to the noZZle openings 10, and each of the 
island parts 16 is formed as a block having a narroW Width 
corresponding to the noZZle array direction and a longer 
length corresponding to the laminated direction (described 
later) in the drive vibrator 29. 

[0075] The How passage unit 3 is manufactured by placing 
the noZZle plate 8 and elastic plate 9 on the front side and the 
rear side of the How passage formation plate 7, respectively 
to interpose the How passage formation plate 7 betWeen the 
noZZle plate 8 and the elastic plate 9, and integrating them 
together by bonding, etc. The elastic plate 9 of the How 
passage unit 3 forms a part of a seal member for sealing the 
ceiling surfaces of the pressure chambers 12 and the reser 
voir 11. Therefore, a set of ink ?oW passages (i.e. a set of 
liquid ?oW passages in a liquid ejection head) are de?ned 
Within the How passage unit 3, Which correspond in number 
to the noZZle openings 10 and Which respectively extend 
from the reservoir 11 through the pressure chambers 12 to 
the noZZle openings 10. 

[0076] As shoWn in FIG. 2, the pieZoelectric vibrator unit 
4 is mainly made up of the vibrator group 21 and a ?xing 
plate 22. The vibrator group 21 includes pieZoelectric vibra 
tors 28, 29 that are arrayed as a roW like teeth of the comb 
shape. That is, the vibrator group 21 has a pair of dummy 
vibrators 28 and 28 located at both outermost ends in the roW 
(in the array direction), and a plurality of drive vibrators 29 
. . . disposed betWeen the dummy vibrators 28 and 28. The 

drive vibrators 29 are pieZoelectric vibrators associated With 
ink droplet ejection, and formed separately one from another 
into needles each having an extremely narroW Width of 
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about 50 pm to 100 pm, for example. The drive vibrators 
29 . . . are provided to correspond in number to the pressure 

chambers 10 . . . The dummy vibrators 28 are piezoelectric 

vibrator not associated With the ink droplet ejection, each 
having a suf?ciently Wider Width than the drive vibrator 29 
so as to provide necessary rigidity. Each of the pieZoelectric 
vibrators 28, 29 in the embodiment is a pieZoelectric vibrator 
of so-called vertical vibration mode, and expanded and 
contracted in a direction orthogonal to the laminating direc 
tion of the pieZoelectric members 31 and the internal elec 
trodes 32, 33 as shoWn in FIG. 3. 

[0077] Next, the drive vibrator 29 Will be discussed With 
reference to FIG. 3. 

[0078] The drive vibrator 29 is designed such that com 
mon internal electrodes 32 (corresponding to ?rst internal 
electrodes of the invention) and segment internal electrodes 
33 (corresponding to second internal electrodes of the inven 
tion) are laminated alternately With pieZoelectric member of 
material (a layer of pieZoelectric material) 31 interposed 
betWeen the adjacent internal electrodes. The common inter 
nal electrodes 32 are electrodes for setting the same potential 
level for all drive vibrators 29. The segment internal elec 
trodes 33 are electrodes, each for setting a potential level for 
a respective drive vibrator 29. 

[0079] The portion of the drive vibrator 29 from the 
leading end thereof to about a half or tWo thirds in the 
vibrator length direction (direction orthogonal to the lami 
nation direction) is a free end part 23a. The remaining 
portion of the drive vibrator 29, namely, the portion from the 
end of the free end part 23a to the vibrator base end is a base 
end part 23b. 

[0080] The free end part 23a is formed With an active 
region Where the common internal electrodes 32 and the 
segment internal electrodes 33 overlap each other (overlap 
portion) . When a potential difference is given to the internal 
electrodes 32, 33, the pieZoelectric material 31 in the active 
region is activated and deformed so that the free end part 23a 
is displaced (expanded or contracted) in the vibrator length 
direction. 

[0081] The base ends of the common internal electrodes 
32 are electrically conducted to a common external electrode 
37 (corresponding to a ?rst external electrode in the inven 
tion) at the base end surface part of the drive vibrator 29. On 
the other hand, the leading ends of the segment internal 
electrodes 33 are electrically conducted to a segment exter 
nal electrode 36 (corresponding to a second external elec 
trode in the invention) at the leading end surface part of the 
drive vibrator 29. The leading ends of the common internal 
electrodes 32 are positioned slightly behind the leading end 
surface part of the drive vibrator 29 so as not to be exposed 
from the leading end surface part of the drive vibrator 29. 
The base ends of the segment internal electrodes 33 are 
positioned at the boundary betWeen the free end part 23a and 
the base end part 23b. 

[0082] The segment external electrode 36 is an electrode 
formed on the leading end surface part of the drive vibrator 
29 and a Wiring connection surface (upper surface in FIG. 
3) of the drive vibrator 29, i.e. one side surface in the 
lamination direction in the drive vibrator 29, for electrical 
connection of the segment internal electrodes 33 to a Wiring 
pattern of a ?exible cable 24 (corresponding to a Wiring 
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member in the invention). The portion of the segment 
external electrode 36 on the Wiring connection surface side 
is formed continuously from the leading end surface part to 
reach a position of the base end part 23b of the vibrator. 

[0083] The common external electrode 37 is an electrode 
formed on the base end surface part of the drive vibrator 29, 
and the Wiring connection surface thereof for electrical 
connection of the common internal electrodes 32 to the 
Wiring pattern of the ?exible cable 32. The portion of the 
common external electrode 37 on the Wiring connection 
surface is formed continuously from a position slightly 
behind the ?xing plate (22) side end part of the segment 
external electrode 36 toWard the base end surface part. 

[0084] In the embodiment, pieZoelectric material 31a, i.e. 
the outermost pieZoelectric material layer in the invention 
(hereinafter referred to as the outermost pieZoelectric mate 
rial layer 31a), is used as a trimming portion. That is, a 
portion of the outermost pieZoelectric material layer 31a, 
Which is located at the free end part 23a and Which is not 
formed With the external electrodes 36 and 37, is used as the 
trimming portion the material of Which is to be partially 
removed as a consequence of forming a partial recess (a 
hole, a notch, a cutout or the like). Therefore, in the present 
invention, the trimming portion is a portion Where a partial 
mass increase/decrease portion (a partial mass adjusting 
portion) including a partial recess and/or a partial projection 
is to be formed. 

[0085] If the trimming portion is subjected to trimming 
such that a partial recess is formed on the leading end side 
of the free end part 23a of the outermost pieZoelectric 
material layer 31a, for example, at the position distanced X1 
from the leading end of the free end part 23a as shoWn in 
FIG. 3, the portion Where displacement of the drive vibrator 
29 is large becomes light in Weight, and thus the natural 
vibration period becomes short. On the other hand, if the 
trimming portion is subjected to trimming such that a partial 
recess is formed on the base end side of the free end part 23a 
of the outermost pieZoelectric material layer 31a, for 
example, at the position distanced X2 from the leading end 
of the free end part 23a (at the position ahead of the base end 
of the free end part 23a) as illustrated in FIG. 3, the rigidity 
of the drive vibrator 29 is reduced, and thus the natural 
vibration period becomes long. 

[0086] The natural vibration period of the drive vibrator 
29 becomes shorter almost linearly as the trimming position 
on the outermost pieZoelectric material layer 31a is changed 
from the base end side of the free end part 23a toWard the 
leading end side thereof, as indicated by line D in FIG. 4. 
This means that the natural vibration period of the drive 
vibrator 29 can be adjusted depending on the trimming 
position of the outermost pieZoelectric material layer 31a. 
The drive vibration period can also be ?nely adjusted by 
adjusting the depth and range of trimming. By trimming the 
trimming portion, variations in the natural vibration periods 
of the drive vibrators 29 can be adjusted to fall Within a 
tolerable range, and the natural vibration periods can be 
made uniform. 

[0087] Further, in the embodiment, the external electrodes 
36 and 37 are not used as the trimming portion, and the 
outermost pieZoelectric material layer 31a of the free end 
part 23a out of the external electrodes 36 and 37 is used as 
the trimming portion. Accordingly, the embodiment is free 
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from a risk that the external electrode 36, 37 is inadvertently 
separated by the trimming to lose the activity of the pieZo 
electric material 31 facing the external electrode 36, 37. 

[0088] The limit of removal by trimming in the depth 
direction (lamination direction) is set to be equal to the 
thickness of the outermost piezoelectric material layer 31a at 
most, namely, up to the range in Which the segment internal 
electrode 33 disposed on the rear of the outermost pieZo 
electric material layer 31a is not damaged. This makes it 
impossible to impair the activity of the pieZoelectric material 
layer 31 disposed in the rear side of the outermost pieZo 
electric material layer 31a. 

[0089] In the present embodiment, the outermost pieZo 
electric material layer 31a has the same thickness as any 
other pieZoelectric material layer 31, but the thickness of the 
outermost pieZoelectric material layer 31a can be set as 
desired. Thus, the outermost pieZoelectric material layer 31a 
may be set to be thicker than any other pieZoelectric material 
layer 31. 

[0090] If the outermost pieZoelectric material layer 31a, 
namely, the trimming portion is thick, the trimming-possible 
amount is increased. Thus, the adjustment range of the 
natural vibration period is Widened, and damage to the 
segment internal electrode 33 on the rear of the outermost 
pieZoelectric material layer 31a can be suppressed. Conse 
quently, even if the trimming portion is too much cut due to 
carelessness, the sufficiently thick trimming portion can 
protect the segment internal electrode 33 from being dam 
age, and the manufacturing yield can be enhanced. 

[0091] The invention is not limited to use of the outermost 
pieZoelectric material layer 31a as the trimming portion. A 
separate member serving as a trimming portion may be 
provided to the outermost pieZoelectric material layer 31a. 

[0092] For example, in a ?rst modi?ed embodiment of 
pieZoelectric vibrator unit 4a illustrated in FIG. 5, a mass 
addition member 40 formed of a material higher in density 
than the pieZoelectric material 31 is joined to the surface of 
each outermost pieZoelectric material layer 31a to form a 
trimming portion. That is, the mass addition members 40 are 
respectively provided onto the surfaces of the outermost 
pieZoelectric material layers 31a of the drive vibrators 29. 
The mass addition member 40 is made of a metal material, 
such as stainless steel or tungsten. 

[0093] In the modi?ed embodiment, the mass addition 
member 40 joined to the outermost pieZoelectric material 
layer 31a is used as the trimming portion, so that the 
trimming portion can be trimmed for adjusting and making 
uniform the natural vibration periods of the drive vibrators 
29 . . . In this case, the outermost pieZoelectric material layer 

31a to Which the mass addition member 40 is joined 
functions as an electrode damage prevention material for 
suppressing damage to the segment internal electrode 33 
disposed on the rear of the outermost pieZoelectric material 
layer 31a. 

[0094] The tWo layers, i.e. the layer of the mass addition 
member 40 and the outermost pieZoelectric material layer 
31a laminated together may be used to function as the 
trimming portion. In this case, since the tWo layers, i.e. the 
layer of the mass addition member 40 and the outermost 
pieZoelectric material layer 31a secure the thickness from 
the segment internal electrode 33 disposed on the rear of the 
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outermost pieZoelectric material layer 31a, the adjustment 
range can be enlarged and damage to the segment internal 
electrode 33 can also be suppressed. 

[0095] The mass addition member 40 is not limited to that 
in the ?rst modi?ed embodiment. For example, as shoWn in 
FIGS. 6 and 7, the mass addition member 40 shorter in the 
vibrator length direction than that in the ?rst modi?ed 
embodiment may be provided. 

[0096] ApieZoelectric vibrator unit 4b of a second modi 
?ed embodiment illustrated in FIG. 6 includes the drive 
vibrators 29 each having the mass addition member 40 that 
is joined to the surface of outermost pieZoelectric material 
layer 31a to be slightly spaced from the ?xing plate 22 and 
to extend to the leading end of free end part 23a. 

[0097] ApieZoelectric vibrator unit 4c of a third modi?ed 
embodiment illustrated in FIG. 7 includes the drive vibra 
tors 29 each having the mass addition member 40 that is 
joined to the surface of outermost pieZoelectric material 
layer 31a to extend from a position spaced at a predeter 
mined distance from the leading end of free end part 23a to 
the base end of the drive vibrator 29. 

[0098] The second and third modi?ed embodiments dif 
fers from the ?rst modi?ed embodiment in illustrated in 
FIG. 5 only With respect to the location of the mass addition 
member 40, and can provide the advantages similar to those 
of the ?rst modi?ed embodiment. 

[0099] In each of the modi?ed embodiments described 
above, the mass addition member 40 is joined to one side of 
the drive vibrator 29 and thus a bending mode (de?ection 
mode) may be excited due to the rigidity of the mass 
addition member during the expansion and contraction of 
the drive vibrator 29. HoWever, since the leading end of the 
drive vibrator 29 is joined to the island part 16, the vibration 
mode for expanding and contracting in the vibrator length 
direction is hard to be affected. 

[0100] HoWever, if the excitation of the bending mode is 
suppressed, variations in the ink amount and speed of 
ejected ink droplets can be further suppressed. Therefore, 
the mass addition members 40 may be respectively joined to 
the opposed surfaces of the drive vibrator 29 in the lami 
nation direction for balancing the rigidity of the drive 
vibrator 29. 

[0101] For example, as illustrated in FIG. 8, a pieZoelec 
tric vibrator unit 4d of a fourth modi?ed embodiment 
includes the drive vibrators 29, each having the mass addi 
tion members 40 that are respectively joined to the surface 
of outermost pieZoelectric material layer 31a and the surface 
of the segment external electrode 36 to correspond in 
location to each other and extend from a position slightly 
spaced at a predetermined distance from the base end of free 
end part 23a of drive vibrator 29 to the leading end of the 
free end part 23a. In other Words, to correspond in location 
to the mass addition member 40 in the second embodiment 
illustrated in FIG. 6, an additional mass addition member 40 
the same as the mass addition member 40 in the second 
modi?ed embodiment is joined to the surface of the segment 
external electrode 36. 

[0102] By joining the mass addition members 40 to the 
opposite surfaces of the drive vibrator 29 in the lamination 
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direction correspondingly, the rigidity of the drive vibrator 
29 can be balanced and excitation of the bending mode can 
be suppressed. 

[0103] In each of the modi?ed embodiments described 
above, the thickness of the mass addition member 40 can be 
changed as desired, and may be set to match the adjustment 
range to be prepared for the piezoelectric vibrator unit 4. 

[0104] In the drive vibrator 29 thus constructed, the base 
end part 23b functions as an inactive part not expanded or 
contracted even When the piezoelectric material 31 in the 
active region is activated. In each of the embodiments, this 
inactive part is utiliZed as a Wiring connection part and a 
?xing plate joint part. 

[0105] That is, the ?exible cable 24 is disposed on the 
Wiring connection surface side of the base end part 23b, and 
the segment external electrode 36 and the common external 
electrode 37 are electrically connected to the ?exible cable 
24 on the base end part 23b. More speci?cally, connection 
end parts of the ?exible cable 32 are placed on and con 
nected to common electrode Wiring parts 30 and segment 
electrode Wiring parts 38 shoWn in FIG. 2. The ?exible 
cable 24 is installed in place by soldering, etc. Adrive signal 
is supplied through the ?exible cable 24 to each electrode 
32, 33, 36, 37. The ?xing plate attachment surface of the 
base end part 23b functions as the ?xing plate joint part onto 
Which the ?xing plate 22 is joined. In short, the drive 
vibrators 29 . . . are joined onto the ?xing plate 22 in a 

so-called cantilever state. 

[0106] The pieZoelectric vibrator unit 4 as constructed 
above is mounted so that the leading end sides of the 
pieZoelectric vibrators 28, 29 are directed toWard the ?oW 
passage unit 3, and the leading end surface parts of the free 
end portions 23a of the drive vibrators 29 are contacted With 
and joined to the rear sides of the island parts 16 of the 
elastic plate 9, respectively, as shoWn in FIG. 1. 

[0107] Therefore, When a drive pulse is supplied to the 
drive vibrator 29 to expand or contact the drive vibrator 29 
in the vibrator length direction, the elastic membrane 14 
forming the diaphragm part 17 becomes deformed in the 
back and forth direction. In association With the back and 
forth motion of the diaphragm part 17, the pressure chamber 
12 is expanded or contracted to change the volume of the 
pressure chamber 12. 

[0108] To eject an ink droplet from the noZZle opening 10, 
a drive signal is supplied selectively to the drive vibrator 29 
associated With the ink droplet ejection so that, for example, 
the pressure chamber 12 is once expanded, then contracted. 
In doing so, as the pressure chamber 12 is expanded, ink in 
the reservoir 14 ?oWs into the pressure chamber 12, and as 
the pressure chamber 12 is contracted, the ink pressure in the 
pressure chamber 12 is raised. Ink pushed out from the 
noZZle opening 10 is ejected as an ink droplet. 

[0109] Next, a manufacturing method of the pieZoelectric 
vibrator unit 4 Will be discussed. 

[0110] In this manufacturing method, ?rst a plate-like 
laminate member is manufactured (laminate member manu 
facturing step). In this step, in the beginning, a plate-like 
laminate substrate is manufactured by laminating the com 
mon internal electrodes 32 and the segment internal elec 
trodes 33 alternately With the pieZoelectric material 31 
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interposed therebetWeen so that the common internal elec 
trodes 32 and the segment internal electrodes 33 overlap in 
the leading end side portion forming the free end part 23a 
and that a non-overlapping region Where only the common 
internal electrodes 32 exist is formed in the base end side 
portion forming the base end part 23b. 

[0111] If the laminate substrate is manufactured, a seg 
ment external electrode 31 is formed continuously on the 
leading end surface part of the laminate substrate and the 
range of the Wiring connection surface from the leading end 
thereof to the top of the base end part 23b, and a common 
external electrode 37 is formed continuously on the base end 
surface part of the laminate substrate, and the range of the 
Wiring connection surface from the base end thereof to the 
top of the base end part 23b, thereby manufacturing a 
laminate member With the external electrodes. 

[0112] In the case Where the pieZoelectric vibrator unit 4 
of each modi?ed embodiment is to be manufactured, the 
laminate member manufacturing step further includes a 
mass addition member (40) joining step. That is, after the 
laminate member With the external electrodes is manufac 
tured, the mass addition member 40 is additionally joined to 
a surface of each outermost pieZoelectric material layer 31a 
Where the external electrodes 36 and 37 are not formed, to 
thereby complete the manufacture of the laminate member. 
In addition, although the mass addition member (40) joining 
step in this example is executed after the laminate member 
With the external electrode is manufactured, the mass addi 
tion member (40) joining step may be executed after the 
laminate substrate is manufactured by laminating the inter 
nal electrodes 32 and 33 alternately With the pieZoelectric 
material 31 interposed therebetWeen. Further, although the 
separate mass addition members (40) maybe joined to the 
surface of the laminate substrate or the laminate member to 
correspond in location to the respective drive vibrators 29, 
it is preferable to join a plate or sheet forming the mass 
addition members 40 to the surface of the laminate substrate 
or the laminate member because the plate or sheet can also 
be divided into the mass addition members 40 by the 
vibrator manufacturing step described later. 

[0113] After the laminate member With the external elec 
trodes is manufactured, the laminate member is cut to 
provide a vibrator group 21 having a plurality of pieZoelec 
tric vibrators 28 and 29 arrayed in a roW. First, a ?xing plate 
22 is joined to the ?xing plate attachment surface of the base 
end part 23b of the laminate member by bonding or the like 
(a unit manufacturing step). After the ?xing plate 22 is 
joined, a Wire saW, a dicing saW, etc., is used to cut and 
divide the laminate member into teeth of the comb, i.e. into 
individual pieZoelectric vibrators 28 and 29 in the form of 
elongated needles, as shoWn in FIG. 2 (a vibrator manufac 
turing step). 

[0114] At this time, as shoWn in FIGS. 1 and 2, a slant 
groove 39 is formed so that cutting lines for the laminate 
member on the ?xing plate 22 side extends doWn to the 
leading end position of the ?xing plate 22 and the cutting 
lines on the Wiring connection surface side extends doWn to 
the base end surface part. 

[0115] The reason Why the plate-like laminate member is 
joined to the ?xing plate 22 before it is divided into teeth of 
comb is to stably divide the laminate member and facilitate 
handling during subsequent processing. Therefore, if the 
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laminate member can be stably divided into teeth of comb, 
the laminate member may be joined to the ?xing plate 22 
after it is divided into teeth of comb. 

[0116] In the piezoelectric vibrator unit 4 thus manufac 
tured, since each drive vibrator 29 has an extremely narroW 
Width of about 50 pm to 100 pm, and the mechanical 
processing method is adopted, the Widths of the drive 
vibrators 29 may be varied. Further, the lengths of the free 
end portions 23a of the pieZoelectric vibrators may be varied 
depending on the accuracy With Which the pieZoelectric 
vibrators are joined to the ?xing plate 22. For these reasons, 
there is a possibility that the natural vibration periods of the 
drive vibrators 24 formed like comb teeth may be non 
uniform from one drive vibrator 29 to another. 

[0117] Then, in the embodiment, after the plate-like lami 
nate member is separated to manufacture the pieZoelectric 
vibrator 28, 29, the natural vibration periods of the drive 
vibrators 29 are made uniform according to the above 
described technique (adjustment step) . In the adjustment 
step, a laser beam is applied to the trimming portion of the 
drive vibrator 29 requiring adjustment to partially remove 
the trimming portion for making uniform the natural vibra 
tion periods of the drive vibrators 29. Thus, the natural 
vibration periods of the vibrators can be made the same, as 
a Whole. 

[0118] The adjustment step Will be discussed With refer 
ence to a ?oWchart of FIG. 9. 

[0119] In the adjustment step, ?rst the natural vibration 
period of each drive vibrator 29 is measured (S1). For 
example, the natural vibration period of the drive vibrator 29 
is measured using a laser Doppler vibration meter and an 
oscilloscope. The difference betWeen the measured natural 
vibration period of the drive vibrator 29 and a target value 
is calculated (S2), and the trimming position and depth of 
the trimming portion are calculated based on the difference 
(S3) . To execute this calculation, for example, a data table 
indicating the relationship betWeen the trimming positions 
and the natural vibration periods as shoWn in the graph of 
FIG. 4 can be provided in memory of a microcomputer 
forming a controller and can be used. 

[0120] If the trimming position and depth are calculated, 
a laser beam is used to trim, namely, remove a part of the 
trimming portion (S4), and upon completion of the adjust 
ment for the drive vibrator 29, another drive vibrator 29 is 
adjusted. A check process of measuring the natural vibration 
period of the trimmed drive vibrator 29 after a part of the 
trimming portion is trimmed and determining Whether or not 
the natural vibration period after the adjustment falls Within 
the alloWable range of the target value may be provided. If 
it is determined in the check process that the natural vibra 
tion period is not Within the alloWable range, again the 
above-described steps (S1 to S4) can be repeated for enhanc 
ing the adjustment accuracy. 

[0121] Laser beam processing capable of easily executing 
trimming With high accuracy is used as the trimming 
method, but the invention is not limited to it, and any other 
knoWn mechanical processing method or electric discharge 
processing method can also be used. Particularly, since the 
mass addition member 40 is trimmed in the modi?ed 
embodiments described above, plasma processing less accu 
rate than the laser beam processing can be used as the 
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trimming method to adjust the natural vibration period 
Without damaging the segment internal electrode 33. That is, 
the selection range of the trimming devices can be Widened. 

[0122] The above-described manufacturing method has 
the advantage that each trimming portion is adjusted at the 
?nal stage of the manufacturing process of the pieZoelectric 
vibrator unit 4, Whereby the natural vibration periods of the 
drive vibrators 29 can be made uniform. Thus, even the 
pieZoelectric vibrator unit 4 Which had to be handled as a 
defective formerly can be mounted on a product by adjust 
ment, and the manufacturing yield can also be raised. 

[0123] Since variations in the natural vibration periods of 
the drive vibrators can be suppressed, the ink droplet ejec 
tion characteristics of the noZZle openings 10, such as the ink 
droplet amount and speed, can be made uniform With good 
accuracy, so that the image quality can be enhanced. 

[0124] Further, since the drive vibration periods are 
adjusted at the ?nal stage of the manufacturing process, the 
possibility that the drive vibration period of each drive 
vibrator 29 Will change after the adjustment is loW. There 
fore, needless steps of re-adjustment, etc., may be skipped 
and manufacturing can be made efficient. 

[0125] In the ?rst embodiment, the trimming portion of 
the drive vibrator 29 is trimmed, namely, a partial recess is 
formed to decrease the mass and the trimming position is 
adjusted, thereby adjusting the natural vibration period. 
HoWever, the adjustment of the natural vibration period may 
be realiZed by adding a mass point 41 as a partial projection 
to the drive vibrator 29 to increase the mass and adjusting 
the location of the partial projection. 

[0126] For example, in a pieZoelectric vibrator unit 46 of 
a second embodiment illustrated in FIG. 10, the surface of 
a free end part 23a of a drive vibrator 29 in a lamination 
direction is used as a mass point addition portion to Which 
a mass point 41 is added. Speci?cally, the mass point 
addition portion ranges from the leading end of the free end 
part 23a to the base end thereof, and is formed on the surface 
of an outermost pieZoelectric material layer 31a and the 
surface of a segment external electrode 36. The mass point 
addition portion may be formed on only one of the surfaces 
of the outermost pieZoelectric material layer 31a and the 
segment external electrode 36. 

[0127] The mass point 41 is added to the mass point 
addition portion for adjusting the natural vibration period of 
the corresponding drive vibrator 29. The mass point 41 is 
provided by hardening a reasonably massive liquid material 
such as an adhesive or Wax With Which metal particles are 
mixed, or a solder, Which Will be hereinafter referred to as 
mass point material, on the surface of the free end part 23a. 
The mass point 41 has adhesion for preventing the mass 
point from being detached after being added. 

[0128] The pieZoelectric vibrator unit 46 is manufactured 
as folloWs: First, the common internal electrodes 32 and the 
segment internal electrodes 33 are laminated alternately With 
the pieZoelectric material 31 interposed therebetWeen so as 
to leave non-overlap region of only the common internal 
electrodes 32, thereby manufacturing a laminate substrate. 
Next, a segment external electrode 36 is formed continu 
ously in the leading end surface portion of the laminate 
substrate and in the range of the Wiring connection surface 
from the leading end in the Wiring to a position above the 
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base end part 23b, and a common external electrode 37 is 
formed continuously in the base end surface part of the 
laminate substrate and in the range of the Wiring connection 
surface from the base end to a position above the base end 
part 23b. 

[0129] If the external electrodes 36 and 37 are formed, a 
?xing plate 22 is joined to the ?x plate attachment surface 
of the base end part 23b in the laminate substrate, the 
laminate substrate is divided to have a comb shape having 
teeth, then an adjustment step is executed to make uniform 
the natural vibration periods of drive vibrators 29 in the form 
of teeth of comb is executed. 

[0130] In the adjustment step, for example, using an 
ejection device having a hot melt ink jet head (simply, 
referred to as an ejection device), amass point material is 
ejected to a mass point addition portion, and the mass point 
material ejected on the mass point addition portion is 
hardened to add a mass point 41, Whereby the natural 
vibration periods of the drive vibrators 29 are made uniform. 
Thus, the natural vibration periods of the drive vibrators 29 
can be made the same, as a Whole. 

[0131] The speci?c procedure of adjusting the natural 
vibration period is similar to that for trimming illustrated in 
FIG. 9 except that the mass point addition position of each 
mass point addition portion and the addition amount are 
calculated, based on a data table indicating the relationship 
betWeen the mass point addition positions and the natural 
vibration periods, from the difference betWeen the measured 
natural vibration period of the drive vibrator 29 and a target 
value, and the mass point is added by the ejection device 
based on the calculation values for adjusting the natural 
vibration period. 

[0132] In the second embodiment, the mass point 41 is 
added, namely, a mass is added partially to the free end part 
23a, so that the natural vibration period can be adjusted so 
that it is prolonged. Therefore, to adjust the natural vibration 
period, the longest natural vibration period of the drive 
vibrators 29 is used as the target value to make uniform the 
natural vibration periods of all the drive vibrators 29. 

[0133] In the ?rst and second embodiments, the pieZoelec 
tric vibrator units 4 of vertical vibration lateral effect, in 
Which each pieZoelectric vibrator is expanded and con 
tracted in the direction orthogonal to the lamination direc 
tion of the pieZoelectric material 31, have been described. 
HoWever, as illustrated in FIG. 11, the invention can also be 
applied to a pieZoelectric vibrator unit 4f of vertical vibra 
tion vertical effect, in Which each pieZoelectric vibrator is 
deformed in the direction along the lamination direction of 
pieZoelectric material 31. 

[0134] To form the pieZoelectric vibrator unit 4f of a third 
embodiment illustrated in FIG. 11, common internal elec 
trodes 32 and segment internal electrodes 33 are laminated 
alternately With pieZoelectric material 31 interposed 
betWeen adjacent internal electrodes so that an active region 
is formed in each drive vibrator 29, and a common external 
electrode 37 electrically conducted to the common internal 
electrodes 32 is formed on one side of the laminate substrate, 
and a segment external electrode 36 electrically conducted 
to the segment internal electrodes 33 is formed on an 
opposite side of the laminate substrate. Each of the drive 
vibrators 29 has an outmost pieZoelectric material layer 31a 
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(the outermost layer of the pieZoelectric material 31), the 
leading end of Which is joined to the elastic plate 9 forming 
a part of the associated pressure generation chamber 12. A 
potential difference is given to the internal electrodes 32 and 
33 of the drive vibrator 29 so that the drive vibrator 29 is 
displaced in the lamination direction (up and doWn direction 
in FIG. 11) to operate the elastic plate 9, to thereby operate 
the associated pressure chamber 12 for ejecting an ink 
droplet. 

[0135] To adjust the natural vibration period of the drive 
vibrator 29, the outmost pieZoelectric material layer 31a, ie 
the outermost layer in the lamination direction, is used as a 
trimming portion, and the trimming portion is trimmed. The 
surfaces of the segment external electrode 36 and the 
common external electrode 37, ie the surfaces of the free 
end part 23a, may be used as mass point addition portions 
to adjust the natural vibration period by adding at least one 
mass point 41 to one or both of the mass point addition 
portions. A mass addition material 40 may be joined to the 
surface of the outmost pieZoelectric material layer 31a for 
use as a trimming portion. 

[0136] In the embodiments described above, to adjust the 
natural vibration period of the drive vibrator 29, trimming of 
the trimming portion and addition of the mass point 41 to the 
mass point addition portion are executed separately. HoW 
ever, the adjustment method of the invention should not be 
restricted thereto or therby. For example, the drive vibrator 
29 may be formed With a trimming portion and a mass point 
addition portion so as to be capable of being subjected to 
both trimming of the trimming portion and addition of the 
mass point 41 to the mass point addition portion to adjust the 
natural vibration period of the drive vibrator 29. 

[0137] A mass point 41 may be added to the trimming 
portion or the trimming of the trimming portion and the 
addition of a mass point 41 to the trimming portion may be 
executed in combination, thereby adjusting the natural 
vibration period of the drive vibrator 29. In short, the natural 
vibration period of the drive vibrator can be adjusted by 
forming a partial mass increase/decrease portion made of a 
partial recess or projection. 

[0138] The combination of the trimming and the addition 
of the mass point 41 as described above can Widen the 
adjustment range of the drive vibrator 29. 

[0139] In the embodiments described above, the adjust 
ment for the natural vibration periods of the drive vibrators 
29 . . . are applied to the pieZoelectric vibrator unit 4 per se, 

but the adjustment for the natural vibration periods of the 
drive vibrators 29 . . . can be applied to the pieZoelectric 

vibrator unit 4 assembled in a record head 1. A fourth 
embodiment adopting this method Will be discussed. 

[0140] In the fourth embodiment, an adjustment opening 
42 for communicating the outside of a case 2 With a storage 
space 5 is formed in the case 2, as indicated by the 
one-dotted chain line in FIG. 12. This adjustment opening 
42 is provided for access to the drive vibrators 29 . . . during 

the adjustment of the natural vibration periods of drive 
vibrators 29 . . . , and enables the formation of the partial 

mass increase/decrease portions from the outside of the case 
2. The adjustment opening 42 is confronted With the free end 
part of each of the drive vibrators 29 . . . attached to the 

inside of the case 2. 
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[0141] Therefore, each trimming portion can be trimmed 
or a mass point 41 can be added to each mass point addition 
portion through the adjustment opening 42 to thereby form 
the partial mass increase/decrease portions and adjust the 
natural vibration periods of the drive vibrators 29 . . . of the 

piezoelectric vibrator unit 4 built in the record head 1. 

[0142] In the fourth embodiment, the record head 1 is 
manufactured according to the folloWing procedure: First, a 
pieZoelectric vibrator unit 4 is manufactured. Brie?y, com 
mon internal electrodes 32 and segment internal electrodes 
33 are laminated alternately With pieZoelectric material 31 
interposed betWeen adjacent internal electrodes so as to form 
an active region in a free end part 23a, thereby manufac 
turing a plate-like laminate substrate. A segment external 
electrode 36 and a common external electrode 37 are formed 
on the surface of the laminate substrate for manufacturing a 
laminate member With the external electrodes. If the lami 
nate member is manufactured, a ?xing plate 22 is joined to 
the ?xing plate attachment surface of the laminate member, 
and the laminate member is divided into teeth of comb, ie 
a plurality of pieZoelectric vibrators 28 and 29. 

[0143] If the pieZoelectric vibrator unit 4 is manufactured, 
a How passage unit 3 and a case 2 separately manufactured 
are joined to each other, and the pieZoelectric vibrator unit 
4 is housed in the interior of the joint body, namely, in a 
storage space 5. If the pieZoelectric vibrator unit 4 is housed 
in the storage space 5, the natural vibration periods of the 
drive vibrators 29 . . . are adjusted. This adjustment includes 

a natural vibration period measuring step and a vibration 
period adjustment step. 
[0144] The natural vibration period measuring step is a 
step of measuring the natural vibration period of each drive 
vibrator 29 joined to an island part 16 by applying an 
adjustment drive signal to each drive vibrators 29 . . . To 

measure the natural vibration periods, for example, a laser 
Doppler vibration meter and an oscilloscope are used as in 
the above-described embodiments. 

[0145] The vibration period adjustment step is a step of 
making uniform the natural vibration periods of the drive 
vibrators 29 . . . That is, the treatment condition for each 

drive vibrator 29 is set based on the measurement result at 
the natural vibration period measuring step, and a partial 
mass increase/decrease portion is formed on the surface of 
the free end part of the corresponding drive vibrator 29 
based on the setup treatment condition. That is, a partial 
recess is formed by trimming and/or a partial projection is 
formed by adding a mass point 41 appropriately from the 
outside of the case 2 through the adjustment opening 42. 

[0146] In the adjustment method, the natural vibration 
periods of the drive vibrators 29 are adjusted in a state in 
Which the pieZoelectric vibrator unit 4 is built in the record 
head 1. Accordingly, it is also possible to simultaneously 
adjust the variations caused by factors other than the drive 
vibrators 29. For example, variations caused due to the 
factors including the joint state of each drive vibrator 29 and 
the island part 16 can be adjusted simultaneously. Since the 
natural vibration periods are adjusted at the ?nal stage of the 
manufacturing process of the record head 1, there is no need 
to execute re-adjustment, etc., and manufacturing can be 
made ef?cient. 

[0147] In the above-described embodiments, the ink jet 
record head 1 used in an image recorder has been taken as 
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an example of a liquid jet head, but the scope of the 
invention is not limited to the record head 1. For example, 
the invention can also be applied to jet heads for industrial 
machines such as an optical ?lter manufacturing apparatus, 
a stamping or marking apparatus, and a microdispenser. The 
liquid jet heads, each of Which uses high-durability pieZo 
electric vibrators, can be used stably over a long term. 

[0148] To make uniform the drive vibrators of the pieZo 
electric vibrator unit, the present invention can be put into 
practice not only in the manners described above but also in 
any other manners including the folloWing examples. 

[0149] a) A partial recess and a partial projection may 
be both formed on one drive vibrator. 

[0150] b) A plurality of partial recesses and a plurality 
of partial projections may be formed on one drive 
vibrator. 

[0151] c) A partial recess may be formed on one drive 
vibrator, and a partial projection may be formed on 
another drive vibrator. 

[0152] d) All of the drive vibrators may be formed With 
respective partial recesses and/or partial protrusions, 
but this is not essential. That is, it is suf?cient that drive 
vibrators, the natural vibration periods of Which are 
required to be adjusted, are formed respectively With 
the partial recesses and/or partial projections. 

[0153] As described above, according to the invention, the 
folloWing advantages are provided: 

[0154] A partial mass increase/decrease portion including 
a partial recess and/or projection is formed on the surface of 
the free end part on the outermost layer of a pieZoelectric 
vibrator so as to adjust the natural vibration period of said 
pieZoelectric vibrator. Accordingly, the natural vibration 
period of said pieZoelectric vibrator can be made identical to 
that of any other pieZoelectric vibrator. Therefore, the ejec 
tion characteristics of droplets ejected through the noZZle 
openings can be made uniform. 

[0155] Since the natural vibration periods can be adjusted, 
even the pieZoelectric vibrator unit Which had to be handled 
as a defective formerly can be mounted to a product by 
adjustment, and the manufacturing yield can also be raised. 

[0156] Since the natural vibration periods are adjusted 
after the laminate member is divided into the vibrators, the 
possibility that the natural vibration period of each pieZo 
electric vibrator Will change after the adjustment is loW. 
Thus, there is no need to execute re-adjustment, etc., and 
manufacturing can be made ef?cient. 

What is claimed is: 
1. A pieZoelectric vibrator unit comprising a plurality of 

pieZoelectric vibrators, each having at least in part, a lami 
nate structure including ?rst and second internal electrodes 
laminated alternately With a layer of pieZoelectric material 
interposed betWeen adjacent pairs of the ?rst and second 
internal electrodes to de?ne an active region in a free end 
part, a ?rst external electrode electrically conducted to the 
?rst internal electrodes and a second external electrode 
electrically conducted to the second internal electrodes, 
Wherein a potential difference is given to the pieZoelectric 
material in the active region through the ?rst and second 



US 2001/0017503 A1 

external electrodes to activate the piezoelectric material, 
thereby displacing the free end part, Wherein: 

a partial mass adjusting portion including a partial recess 
and/or a partial projection is provided to an outer 
surface of the pieZoelectric vibrator in the free end part. 

2. The pieZoelectric vibrator unit of claim 1, Wherein the 
outer surface of the pieZoelectric vibrator in the free end part 
is used as a trimming portion Where the partial recess is 
formed by trimming. 

3. The pieZoelectric vibrator unit of claim 1, Wherein an 
outermost layer of the pieZoelectric material is thicker than 
another layer of the pieZoelectric material. 

4. The pieZoelectric vibrator unit of claim 1, Wherein a 
mass addition portion, formed of material higher in density 
than the pieZoelectric material, is joined to a surface of an 
outermost layer of the pieZoelectric material, and the mass 
addition portion is used as a trimming portion. 

5. The pieZoelectric vibrator unit of claim 4, Wherein 
another mass addition portion is joined to a surface of the 
pieZoelectric vibrator opposite from the outer surface of the 
pieZoelectric material. 

6. The pieZoelectric vibrator unit of claim 1, Wherein the 
outer surface of the pieZoelectric vibrator, other than sur 
faces of ?rst and second external electrodes, is used as a 
trimming portion. 

7. The pieZoelectric vibrator unit of claim 1, Wherein the 
outer surface of the pieZoelectric vibrator in the free end part 
is used as a mass point addition portion Where the partial 
projection is formed by adding a mass point. 

8. The pieZoelectric vibrator unit of claim 7, Wherein the 
mass point is formed by applying and solidifying ?uidic 
mass point material including an adhesive, a Wax and a 
solder. 

9. The pieZoelectric vibrator unit of claim 1, Wherein the 
pieZoelectric vibrators are manufactured by 

laminating pieZoelectric material layers and internal elec 
trode layers alternately to provide a laminate substrate; 
and 

at least partially cutting the laminate substrate to provide 
the pieZoelectric vibrators in the form of teeth of comb. 

10. The pieZoelectric vibrator unit of claim 1, Wherein 
each of the pieZoelectric vibrator is of a pieZoelectric vibra 
tor of such a longitudinal vibration lateral effect that the free 
end part is displaceable in a direction perpendicular to a 
lamination direction. 

11. The pieZoelectric vibrator of claim 1, Wherein each of 
the pieZoelectric vibrator is of a pieZoelectric vibrator of 
such a longitudinal vibration longitudinal effect that the free 
end part is displaceable in a lamination direction. 

12. The pieZoelectric vibrator of claim 1, Wherein each of 
the pieZoelectric vibrators includes an inactive part Which is 
not displaced even When the pieZoelectric material in the 
active region is activated, and the inactive part is joined to 
a ?xing plate. 

13. A liquid jet head comprising: 

the pieZoelectric vibrator unit of claim 1; and 

a How passage unit having an elastic plate forming a part 
of a sealing member for pressure chambers communi 
cated With noZZle openings, Wherein: 
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the pieZoelectric vibrator unit is attached to the How 
passage unit so that leading end surface parts of the 
pieZoelectric vibrators are joined to the elastic plate. 

14. The liquid jet head of claim 13, further comprising: 

a case de?ning a storage space in Which the pieZoelectric 
vibrator unit can be stored; 

an adjustment opening formed through the case for com 
munication betWeen an outside of the case and the 
storage space to enable access to the pieZoelectric 
vibrators stored in the storage space, Wherein 

the partial mass adjusting portion can be provided to each 
of the pieZoelectric vibrators from the outside of the 
case through the adjustment opening. 

15. A manufacturing method of manufacturing a pieZo 
electric vibrator unit comprising: 

a laminate member manufacturing step of laminating 
electrode layers forming common internal electrodes 
and segment internal electrodes alternately With pieZo 
electric material interposed betWeen adjacent electrode 
layers to provide a laminate substrate de?ning an active 
region in a free end part, and subsequently forming a 
common external electrode and a segment external 
electrode on the laminate substrate to be electrically 
connected to the common internal electrodes and the 
segment internal electrodes, respectively, thereby pro 
viding a plate-like laminate member; 

a unit manufacturing step of joining a ?xing end portion 
of the laminate member to a ?xing plate; 

a vibrator manufacturing step of at least partially cutting 
the laminate member ?xed to the ?xing plate to provide 
comb-like pieZoelectric vibrators; and 

an adjusting step of providing a partial recess and/or a 
partial projection to at least one of free end parts of 
outermost pieZoelectric material layers, each forming 
an outermost layer of a corresponding pieZoelectric 
vibrator in a lamination direction. 

16. The method of claim 15, Wherein, in the adjusting 
step, the partial recess is provided by trimming the at least 
one of the free end parts. 

17. The method of claim 16, Wherein, in the adjusting 
step, the at least one of the free end parts is trimmed by at 
least one of a laser beam processing, a mechanical process 
ing, and an electric discharge processing. 

18. The method of claim 15, Wherein, in the adjusting 
step, the partial projection is provided by adding a mass 
point onto the at least one of the free end parts. 

19. The method of claim 18, Wherein, in the adjusting 
step, mass point material made of an adhesive, a Wax or a 
solder is ejected onto the at least one of the free end parts, 
and solidi?ed to provide the mass point. 

20. A method of manufacturing a liquid jet head com 
prising: 

a pieZoelectric vibrator unit including a plurality of pieZo 
electric vibrators, each having at least in part, a lami 
nate structure including ?rst and second internal elec 
trodes laminated alternately With a layer of 
pieZoelectric material interposed betWeen adjacent 
pairs of the ?rst and second internal electrodes to de?ne 
an active region in a free end part, a ?rst external 
electrode electrically conducted to the ?rst internal 
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electrodes and a second external electrode electrically 
conducted to the second internal electrodes, Wherein a 
potential difference is given to the piezoelectric mate 
rial in the active region through the ?rst and second 
external electrodes to activate the piezoelectric mate 
rial, thereby displacing the free end part, 

a How passage unit having an elastic plate forming a part 
of a sealing member for pressure chambers communi 
cated With noZZle openings; 

a case de?ning a storage space in Which the pieZoelectric 
vibrator unit can be stored, and an adjustment opening 
formed through the case for communication betWeen an 
outside of the case and the storage space to enable 
access to the pieZoelectric vibrators stored in the stor 
age space, 

Wherein leading end surface parts of the pieZoelectric 
vibrators are joined to the elastic plate, and the liquid 
jet head is adapted so that deformation of a pieZoelec 
tric vibrator causes deformation of a pressure chamber 
and varies pressure of liquid in the pressure chamber to 
thereby eject liquid from an associated noZZle opening, 

said method comprising: 

a natural vibration period measuring step of measuring 
natural vibration periods of the pieZoelectric vibrators 
one by one by applying adjusting drive signals to the 
pieZoelectric vibrators in a state in Which the leading 
end surface parts are joined to the elastic plate; and 

a vibration period adjusting step of setting a processing 
condition for each of the pieZoelectric vibrators based 
on result of measurement by natural vibration period 
measuring step, and providing, based on the processing 
condition, a partial mass adjusting portion including a 
partial recess and/or a partial projection to an outer 
surface of a pieZoelectric vibrator in the free end part 
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using the adjustment opening to thereby adjust a natural 
vibration period of the pieZoelectric vibrator. 

21. ApieZoelectric vibrator unit comprising a plurality of 
drive vibrators, each having at least in part, a laminate 
structure including ?rst and second internal electrodes lami 
nated alternately With a layer of pieZoelectric material 
interposed betWeen adjacent pairs of the ?rst and second 
internal electrodes to form an active region, a ?rst external 
electrode electrically conducted to the ?rst internal elec 
trodes and a second external electrode electrically conducted 
to the second internal electrodes, Wherein: 

at least one of the drive vibrators has a recess and/or 
projection that is located in the active region and 
provided to an outer surface of the drive vibrator. 

22. The pieZoelectric vibrator unit of claim 21, Wherein 
the outer surface Where the recess and/or projection is 
located is de?ned by an outermost pieZoelectric material 
layer. 

23. The pieZoelectric vibrator unit of claim 21, Wherein 
the outer surface Where the recess and/or projection is 
located is de?ned by a member attached to an outermost 
pieZoelectric material layer and made of material different 
from the pieZoelectric material. 

24. The pieZoelectric vibrator unit of claim 21, Wherein 
the outer surface Where the projection is located is de?ned 
by one of ?rst and second external electrodes. 

25. The pieZoelectric vibrator unit of claim 21, Wherein 
the outer surface Where the recess and/or projection is 
located extends in a direction parallel to a direction in Which 
the ?rst and second internal electrodes are laminated. 

26. The pieZoelectric vibrator unit of claim 21, Wherein 
the outer surface Where the recess and/or projection is 
located extends in a direction perpendicular to a direction in 
Which the ?rst and second internal electrodes are laminated. 


