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PIEZOELECTRIC VIBRATOR UNIT, METHOD 
FOR MANUFACTURING THE SAME, AND INK 
JET RECORDING HEAD COMPRISING THE 

SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a piezoelectric 
vibrator unit Where internal electrodes are laminated in 
parallel to a deforming axis of the vibrator, and in particular 
to the structure of the internal electrode, and also related to 
an ink jet recording head comprising the pieZoelectric vibra 
tor. 

[0002] As is disclosed in Japanese Patent Publication No. 
4-1052A, for an ink jet recording head employing a pieZo 
electric vibrator in a vertical vibration mode, an elastic plate 
is located With a narroW gap from the rear face of a noZZle 
plate in Which a plurality of noZZles are formed, and 
pieZoelectric vibrators having a pieZoelectric constant d31 
are brought into contact With the rear face of the elastic plate, 
so that the vibrators correspond to pressure generating 
chambers that are formed in a channel forming substrate. 

[0003] With this arrangement, a drive signal is transmitted 
to the pieZoelectric vibrators, and ink is led from a reservoir 
via an ink supply port to the pressure generating chambers. 
Then, transmission of a drive signal is halted, and the 
pieZoelectric vibrators are expanded to exert pressure to the 
ink. As a result, ink droplets can be ejected from the noZZle 
of?ces. 

[0004] For such a recording head, multiple pieZoelectric 
vibrators must be arranged at the pitches at Which the noZZle 
ori?ces are arranged. Therefore, as in, for example, Japanese 
Patent Publication No. 7-195688A, one end of a single 
pieZoelectric vibrator plate is ?xed to a base, and slits are 
formed into strips from the free end to the area that is ?xed 
to the base, so that the recording head is provided as a unit 
Where multiple pieZoelectric vibrators are ?xed to the same 
base. 

[0005] In each of the pieZoelectric vibrators having a 
pieZoelectric constant d31, a discrete internal electrode is 
exposed at the tip of only the free end, and a common 
internal electrode is exposed only at the rear end of the ?xed 
area. Aplurality of these electrodes are layered With pieZo 
electric material in betWeen. The discrete internal electrodes 
are connected to a segment electrode for transmitting a 
signal for driving the pieZoelectric vibrators, While the 
common internal electrodes are connected in common by a 
connection part that is formed in the ?xed area, and are 
connected to common electrodes. The pieZoelectric vibra 
tors are connected via the segment electrodes and the 
common electrodes to an external driver. 

[0006] HoWever, to reduce manufacturing costs, the Width 
of the ?xed area must be so narroW that the pieZoelectric 
vibrators can be mechanically secured. Thus, the connection 
area for the common internal electrode that connects the 
individual pieZoelectric vibrators in common is short, and 
the resistance in the common connection area is increased. 
In addition, there is another problem that heat is generated 
due to Joule heat. To resolve these shortcomings, the Width 
of the ?xed area can be increased. HoWever, a neW problem 
Will occur, such as Warping during annealing, or increase in 
the material cost. 
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[0007] Further, the discrete internal electrodes of the drive 
pieZoelectric vibrators are connected to the segment elec 
trodes that are so formed as to be extended from the distal 
end to the ?xed area of the pieZoelectric vibrators, and the 
common internal electrodes are connected via a ?exible 
cable to the common electrodes that are so formed as to be 

extended from the rear end to the ?xed area of the dummy 
pieZoelectric vibrators. With this arrangement, a drive signal 
is transmitted from an external drive circuit. 

[0008] Therefore, this pieZoelectric vibrators, or so-called 
dummy pieZoelectric vibrators that are formed at least on the 
side end faces of the pieZoelectric vibrators and that do not 
relate to ejection of ink droplets, are to be formed by cutting 
the end of a single pieZoelectric vibrator plate, a ?rst 
conductive layer, Which is extended from the distal end to 
the obverse face and Which serves as a segment electrode, 
and a second conductive layer, Which is extended from the 
rear end to the obverse face and that serves as a common 

electrodes separate from the ?rst conductive layer, must be 
formed in advance, and the process for forming these ?rst 
and second conductive layers requires laboring costs. 

SUMMARY OF THE INVENTION 

[0009] It is therefore, a ?rst object of the present invention 
to provide a pieZoelectric vibrator unit that can reduce the 
resistance of a common internal electrode and reduce the 
siZe of a ?xed area as small as possible, and that can improve 
the manufacturing yield and reduce the material cost. 

[0010] It is a second object of the present invention to 
provide a pieZoelectric vibrator unit in Which segment 
electrodes and common electrodes can be constituted by 
forming a common conductive layer only on the distal end 
and the obverse face of the pieZoelectric vibrator. 

[0011] It is a third object of the present invention to 
provide a method for manufacturing the above pieZoelectric 
vibrator unit. 

[0012] It is a fourth object of the present invention to 
provide an ink jet recording head comprising the above 
pieZoelectric vibrator unit. 

[0013] According to a pieZoelectric vibrator unit of the 
present invention, a pieZoelectric vibrator plate is formed by 
laminating common internal electrodes and discrete internal 
electrodes With a pieZoelectric material in betWeen, While 
exposing the common internal electrodes at the rear end face 
of a ?xed end and exposing the discrete internal electrodes 
at the distal end face of a free end. A region of the 
pieZoelectric vibrator plate Where is to be a non-vibration 
part of the pieZoelectric vibrator is ?xed to a ?xation base. 
On the pieZoelectric vibrator plate, a conductive layer is 
formed so as to extend from the distal end face to the obverse 
face of a ?xed region in an area Where drive pieZoelectric 
vibrators are to be formed, and as to extend from the distal 
end face to the rear end face in an area in Which dummy 
pieZoelectric vibrators are to be formed. The pieZoelectric 
vibrator plate is cut into strips by slits such that the con 
ductive layer in the region Where the drive pieZoelectric 
vibrators are to be formed are separated from each other 
While the rear end of the vibrator plate is continuous. 
According to the con?guration, the common electrodes that 
are connected to the common internal electrodes can be 
connected in parallel also to the electrodes for external 
connection. Therefore, the resistance of the common internal 
electrode can be reduced. 
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[0014] Furthermore, according to a piezoelectric vibrator 
unit of the present invention, provided is, a piezoelectric 
vibrator plate is formed by laminating common internal 
electrodes and discrete internal electrodes With a pieZoelec 
tric material in betWeen, While exposing the common inter 
nal electrodes at the rear end face of a ?xed end and 
exposing the discrete internal electrodes at the distal end 
face of a free end. Aregion of the pieZoelectric vibrator plate 
Where is to be a non-vibration part of the pieZoelectric 
vibrator is ?xed to a ?xation base. On the pieZoelectric 
vibrator plate, a conductive layer is formed so as to extend 
from the distal end face to the obverse face of a ?xed region 
in an area Where drive pieZoelectric vibrators are to be 
formed, and as to extend from the distal end face to the rear 
end face in an area in Which dummy pieZoelectric vibrators 
are to be formed. In order to form the dummy pieZoelectric 
vibrators, the drive pieZoelectric vibrators, the common 
electrodes and the segment electrodes, the pieZoelectric 
vibrator plate is cut into strips by slits such that the con 
ductive layer in the region Where the drive pieZoelectric 
vibrators are to be formed are separated from each other 
While the rear end of the vibrator plate is continuous. 
According to the con?guration, the common electrodes 
connecting to the common internal electrodes and the seg 
ment electrodes connecting to the discrete internal elec 
trodes can be formed by dividing the conductive layer 
extending from the distal end face to the non-vibrating area 
With slits. Therefore, the conductive layer that is extended 
from the rear face to the obverse face need not be formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 
[0016] FIG. 1 is a cross-sectional vieW of the area of drive 
pieZoelectric vibrators for an ink jet recording head accord 
ing to a ?rst embodiment of the present invention; 

In the accompanying draWings: 

[0017] FIG. 2 is a diagram shoWing example dummy 
pieZoelectric vibrators for the recording head; 

[0018] FIG. 3 is a diagram shoWing an example pieZo 
electric unit for the recording head; 

[0019] FIG. 4 is a diagram shoWing an example pieZo 
electric vibrator plate that is ?xed to a ?xation base before 
being cut; 

[0020] FIG. 5 is a diagram shoWing an example ?exible 
cable used for the recording head; 

[0021] FIGS. 6 and 7 are diagrams shoWing other 
examples for the pieZoelectric vibrator unit of the present 
invention; 
[0022] FIGS. 8A and 8B are diagrams shoWing another 
example pieZoelectric unit for the recording head and the 
state Where one of dummy pieZoelectric vibrators are 
removed; 
[0023] FIG.9 is a cross-sectional vieW of the area of 
dummy pieZoelectric vibrators for an ink jet recording head 
according to a second embodiment of the present invention; 

[0024] FIGS. 10A to 10C are diagrams shoWing the 
?rst-half processing for a method for manufacturing the 
above pieZoelectric vibrator; 

[0025] FIGS. 11A to 11C are diagrams shoWing the sec 
ond-half processing for the method for manufacturing the 
above pieZoelectric vibrator; 
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[0026] FIGS. 12 to 14 are diagrams shoWing other 
examples for the pieZoelectric vibrator unit according to the 
present invention; and 

[0027] FIG. 15 is a cross-sectional vieW of the vicinity of 
the dummy pieZoelectric vibrators for another ink jet record 
ing head that is appropriate for the above pieZoelectric 
vibrator unit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] FIG. 1 is a diagram illustrating an ink jet recording 
head according to a ?rst embodiment of the present inven 
tion. A channel unit 1 is constituted by integrally laminating 
a noZZle plate 3, in Which noZZle ori?ces 2 are formed at a 
constant pitch, pressure generating chambers 4, Which com 
municate With the noZZle ori?ces 2, a channel forming 
substrate 7, Which includes a reservoir for supplying ink via 
an ink supply port 5 to the pressure generating chambers 4, 
and an elastic plate 10, Which contacts the distal ends of 
pieZoelectric vibrators 9 of the vertical vibration mode 
provided in a pieZoelectric vibrator unit 8 in order to 
increase or reduce the volumes of the pressure generating 
chambers 4. 

[0029] The pieZoelectric vibrator unit 8 is stored and ?xed 
to a retainer 13 of a head holder 12, While it is connected to 
a ?exible cable 11 for transmitting an external drive signal, 
and the channel unit 1 is ?xed to an opening face 14 of the 
holder 12, thereby constituting the recording head. 

[0030] As is shoWn in FIG. 3, the pieZoelectric vibrator 
unit 8 is designed that the drive pieZoelectric vibrators 9, 
Which are formed in a ?rst area of the vibrator plate and are 
driven by external driving signal, for ejecting ink droplets 
are ?xed to a ?xation base 15 in accordance With the pitches 
at Which the pressure generating chambers 4 are arranged, 
and that slightly Wider dummy pieZoelectric vibrators 16, 
Which are formed in a second area of the vibrator plate and 
are not driven by external driving signal, are located at both 
ends in the direction in Which the pieZoelectric vibrators 9 
are arranged and are also ?xed to the ?xation base 15. 

[0031] The pieZoelectric vibrators 9 and 16 are constituted 
by laminating, like sandWiches, common internal electrodes 
17 of the drive pieZoelectric vibrators 9 and discrete internal 
electrodes 18 With a pieZoelectric material in betWeen, and 
by exposing the common internal electrodes 17 at the rear 
end face (?rst face) of the ?xed end and exposing the 
discrete internal electrodes 18 at the distal end face (second 
face) of the free end. 

[0032] Connection electrodes 20, Which are independent 
of the common internal electrodes 17 and the discrete 
internal electrodes 18, are uniformly and continuously 
formed With a layer 19a made of the pieZoelectric material 
19 in the direction in Which the pieZoelectric vibrators 9 and 
16 are arranged, so that the electrodes 20 are on the same 
plane as the discrete internal electrodes 18. 

[0033] In the pieZoelectric vibrator 9, a segment electrode 
21 is formed extending toWard the top face, so that a gap is 
de?ned betWeen the distal face and a rear end face that is 
extended from the distal end to the ?xed area. The discrete 
internal electrodes 18 are electrically led via the segment 
electrodes 21 to the ?xed area. 
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[0034] Whereas, as is shown in FIG. 2, the dummy 
piezoelectric vibrator 16 is connected to a common electrode 
22 that is extended at least from the rear face to the ?xed 
area, and is electrically led to the ?xed area. 

[0035] To obtain the thus structured piezoelectric vibrator 
unit 8, as is shoWn in FIG. 4, a piezoelectric vibrator plate 
24 is employed Where a conductive layer 23 is not formed 
on the rear end faces in an area Where the piezoelectric 
vibrators 9 are to be formed and in one part of an area 
extending from the rear end face to the partially obverse 
face. The piezoelectric vibrator plate 24 is cut into strips by 
forming slits 25 (see FIG. 2) having a slant bottom 25a 
using a Wire saW, so that the conductive layer 23 in the area 
Where the piezoelectric vibrators 9 are to be formed can be 
divided on the obverse face of the vibrator plate 24, and the 
area Where the common internal electrodes 17 and the 
connection electrode 20 are ?xed to the ?xation base 15 is 
not cut on the reverse face of the vibrator plate 24. Thus, a 
continuous portion is provided for an area opposite the 
?xation base 15. 

[0036] FIG. 5 is a diagram shoWing an example ?exible 
cable 11. Conductive patterns 26 connected to the common 
electrodes 22 are aligned on both sides of a base material, 
and conductive patterns 27 connected to the segment elec 
trodes 21 are aligned in the central area, so that they are 
arranged at the pitches at Which the drive piezoelectric 
vibrators 9 are arranged. Reference numeral 28 denotes a 
drive semiconductor integrated circuit. 

[0037] The distal ends of the conductive patterns 26 and 
27 are soldered in the area Where the ?xation base 15 for the 
dummy piezoelectric vibrators 16 and the piezoelectric 
vibrators 9 of the piezoelectric vibrator unit 8 are ?xed, and 
at the position closer to the distal end than to the slits 25. The 
?exible cable 11 is thus ?xed by conductive ?xing means, 
such as a conductive adhesive or an anisotropic conductive 
bonding ?lm, While a conductive relationship is established. 

[0038] In this embodiment, When a drive signal is trans 
mitted from an external drive circuit via the ?exible cable 
11, it is received by the internal common electrodes 17 via 
the common electrode 22 and by the discrete internal 
electrodes 18 via the segment electrode 21, and the piezo 
electric vibrator 9 is extended or contracted in the axial 
direction. Thus, a speci?c pressure generating chamber 4 in 
the channel unit 1 is shrunk or expanded, and ink droplets 
are ejected from the nozzle ori?ces 2. 

[0039] In this embodiment, since the common electrodes 
22 connected to the common internal electrodes 17 are 
connected in parallel also by the connection electrodes 20 
that are extended in the Width direction of the piezoelectric 
vibrator unit 8, the resistance of the internal common 
electrode 17 for Which the continuous area is reduced by 
formation of the slits 25 is reduced, and loWering of the level 
of the drive signal is prevented. As a result, Width W of the 
?xed area for the common internal electrodes 17 can be 
accordingly reduced, so that the material cost can be reduced 
and the manufacturing yield can be improved. 

[0040] In the above embodiment, since the rear end face of 
the drive piezoelectric vibrator 9 is sued as an area in Which 
the common electrode 22 is not to be formed. HoWever, as 
is shoWn in FIG. 6, a common electrode 22b may be so 
formed as to be connected to common electrodes 20a 
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formed on the rear end face of the dummy piezoelectric 
vibrators 16 and to be separated from segment electrodes 21 
of the piezoelectric vibrators 9 at a predetermined gap 29. 

[0041] In this example, since the internal electrodes are 
connected in parallel not only by the connection electrode 20 
but also by the common electrode 22b, the resistance can be 
reduced more. Further, since the rear edges of the internal 
common electrodes are covered With the electrode 22b, the 
piezoelectric vibrators 9 can be protected from humidity, and 
chipping of the edges in the job for connecting the ?exible 
cable can be prevented. 

[0042] The same effect can be obtained When an area 22c 
extending to the reverse face as shoWn in the dummy 
piezoelectric vibrators 16 in FIG. 6 may be formed for the 
segment electrodes 21 and the common electrodes 22 at the 
distal ends of the piezoelectric vibrators 9 and the dummy 
piezoelectric vibrators 16. Furthermore, When the common 
electrode 22 is so formed as to extend from the rear end of 
the piezoelectric vibrator 9 or 16 to the reverse face, i.e., to 
the ?xation base, it is electrically connected to the conduc 
tive ?xation base 15, so that the resistance can be reduced 
more. In addition, When the segment electrode 21 is formed 
extending from the distal end of the piezoelectric vibrator 9 
to the reverse face, the impact applied during the assembly 
can be accepted also by the segment electrode 21 on the 
reverse face, and Withstandability against the impact can be 
improved. 

[0043] In the above embodiment, the electrode 22 is 
formed so that it continuous from the distal end face to the 
rear end face for the dummy piezoelectric vibrator 16. The 
same effect can be obtained by, as is shoWn in FIG. 7, 
forming an electrode 22‘ on the surface of the dummy 
piezoelectric vibrator 16 so that a constant gap from the rear 
end is de?ned as an piezoelectric material exposing portion 
30, as in the segment electrode 21, and by forming elec 
trodes 31 and 32 on the side face and the rear end face. 

[0044] FIGS. 8A and 8B are diagrams shoWing a second 
embodiment of the present invention. Apiezoelectric vibra 
tor unit 40 is so designed that drive piezoelectric vibrators 41 
for ejecting ink droplets are ?xed to a ?xation base 15 at the 
pitches at Which pressure generating chambers 41 are 
arranged and that slightly Wider dummy piezoelectric vibra 
tors 42 are located at both ends in the direction in Which the 
piezoelectric vibrators 41 are arranged and are ?xed to the 
?xation base 15. 

[0045] The drive piezoelectric vibrators 41 are so consti 
tuted that common internal electrodes 43 and discrete inter 
nal electrodes 44 are laminated like sandWiches With piezo 
electric material layers 19 in betWeen, and that the common 
internal electrodes 43 are exposed at the rear face of the 
?xed end, and the discrete internal electrodes 44 are exposed 
at the distal end face of the free end. 

[0046] The piezoelectric material layers 19 are provided to 
form the same plane as the discrete internal electrodes 44, so 
that dummy electrodes 45, Which are independent of the 
internal electrodes 43 and 44 With a separation part 29 
betWeen them, are continuously located in the arrangement 
direction of the piezoelectric vibrators 41. The dummy 
electrodes 45 are formed in order to maintain the constant 
annealing condition for forming a piezoelectric vibrator 
plate and to prevent the occurrence of Warping. 
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[0047] As is shown in FIG. 9, for the dummy piezoelectric 
vibrator 42, electrodes 46 are formed on the same surface as 
the drive piezoelectric vibrators 41, being extended from the 
distal end to the rear end With the piezoelectric material 19 
in betWeen and exposed at both ends. 

[0048] The distal end faces of the discrete internal elec 
trodes 44 of the drive piezoelectric vibrator 41 are connected 
to a segment electrode 47 that is extended to the ?xed area, 
i.e., a non-vibration area, and is led to the ?xed area. The 
electrodes 46 of the dummy piezoelectric vibrator 42, as 
Well as the piezoelectric vibrator 41, are led out to the ?xed 
area by connecting to a common electrode 48 extending to 
the ?xed area. 

[0049] Such a piezoelectric vibrator unit is formed by 
depositing, on the surface of a table, a green piezoelectric 
sheet 50 that matches in size the piezoelectric vibrator plate 
(FIG. 10A), and by coating an area other than an area 51 that 
serves as the separation part 29 With a conductive material 
layer 52 containing silver palladium as a primary element 
(FIG. 10B). 
[0050] The green sheet 50 is deposited on the surface of 
the conductive layer 52 (FIG. 10C), and a conductive layer 
54 is applied thereon, so that the distal end side for the 
piezoelectric vibrators in an area Where the drive piezoelec 
tric vibrators are to be formed serves as a conductive layer 

non-forming area 53 (FIG. 11A). Boundaries 54a and 54b 
inside the distal end of the conductive layer 54 correspond 
to boundaries 51a and 51b inside the area 51 that serves as 
the separation part 29. 

[0051] A predetermined number of the conductive layers 
52 and the conductive layers 54 are alternately laminated 
With the green piezoelectric sheets 50 in betWeen, and the 
resultant structure is dried and annealed to form a single 
piezoelectric vibrator plate. A conductive layer 55 that 
serves as an external, electrode is formed on the surface 
Where the piezoelectric vibrator plate is exposed and the 
distal end face by ?lm deposition method, such as sputter 
ing, and the non-vibration portion is ?xed to the ?xation 
base 15. 

[0052] In this condition, the dummy vibrator 42 is cut, 
While a location corresponding to the end 51a of the area 51 
that serves as the separation part is regarded as a strip cutting 
line. Then, in consonance With the Width of the drive 
piezoelectric vibrators, slits 57 are formed by a cutting tool 
56, such as a Wire saW or a dicing saW, from the distal end 
to an area Where the conductive layer 55 can be separated. 
Bottom faces 57a of the slits 57 are inclined so that, as is 
shoWn in FIG. 8B, the obverse side is positioned at the rear 
end and the reverse side is positioned at the distal end. 

[0053] In this embodiment, When a drive signal is trans 
mitted from an external drive circuit via the ?exible cable 
11, it is received by the common internal electrodes 43 via 
the common electrode 48 and the electrodes 46 of the 
dummy piezoelectric vibrator 42, and by the discrete inter 
nal electrodes 44 via the segment electrode 47. Then, the 
piezoelectric vibrator 47 is expanded or contracted in the 
axial direction thereof, and a speci?c pressure generating 
chamber 4 of the channel unit 1 is thus contracted or 
expanded, and ink droplets are ejected from the nozzle 
ori?ces 2. 

[0054] Since the ?exible cable 11 is bonded in the same 
band for the piezoelectric vibrators 41 and 42, the Width W 
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of the ?xed area can be reduced, the material cost can be 
loWered and the manufacturing yield can be improved, 
compared With a case Where the bonding area is shifted in 
the axial direction such as bonding at the distal end for the 
conventional piezoelectric vibrator and bonding at the rear 
end for the dummy piezoelectric vibrator 42. 

[0055] In the above embodiments, the conductive layer is 
formed only the distal end face and the obverse face to 
provide the segment electrode 47 and the common electrode 
48. HoWever, When a conductive layer 60 is formed on the 
entire rear end face as is shoWn in FIG. 12, internal 
electrodes 43 and 45 are electrically connected to the 
common electrode 48 also via the conductive layer 60 and 
the electrode 46, so that the resistance can be reduced. 

[0056] Further, When as is shoWn in FIG. 13 a conductive 
layer 61 is formed not only on the rear end face but also on 
the side faces of the dummy piezoelectric vibrators 42, or 
When as is shoWn in FIG. 14 a conductive layer 60 and a 

conductive layer 61 are continuously formed respectively on 
the entire rear face and on the side faces of the dummy 
piezoelectric vibrator 42, the connection resistance of the 
common electrode and the common internal electrode 44 

can be reduced, and the conductive pattern 26 along the side 
of the ?exible cable 11 (see FIG. 5) can be connected also 
to the side faces of the dummy piezoelectric vibrators 42 via 
the conductive layer 61, so that the degree of freedom for 
bonding the ?exible cable and the piezoelectric vibrator unit 
can be increased. Furthermore, When the conductive layer 61 
is formed extending to the reverse face of the piezoelectric 
vibrators 41 and 42, i.e., to the ?xation base side, and is ?xed 
to the ?xation base that has at least the conductive obverse 
face, While the conductive relationship is established, the 
resistance can be reduced more. 

[0057] Further, as is shoWn in FIG. 12, an area 48a is 
formed for the segment electrode 47 and the common 
electrode 48, extending from the distal end to the reverse 
faces of the piezoelectric vibrators 41 and the dummy 
piezoelectric vibrators 42. Then, chipping of the distal end 
of the piezoelectric vibrator 41 or 42 during the assembly of 
the piezoelectric unit and the channel unit 1 can be pre 
vented. 

[0058] FIG. 15 is a diagram shoWing an ink jet recording 
head that is appropriate for the above described piezoelectric 
vibrator unit. If an elastic plate 10 is formed of a conductive 
material, e.g., stainless steel, and only an island portion 10‘ 
that contacts the distal end of the dummy piezoelectric 
vibrator 42 is formed of conductive layer, e.g., stainless 
steel, the common electrode 48 has a conductive relationship 
With the island portion 10‘ and the elastic plate 10. Thus, 
When the elastic plate 10 is connected to an external drive 
circuit, a drive signal can be transmitted via the segment 
electrode 47 and the ?exible cable 11 to the discrete internal 
electrodes 44 of the drive piezoelectric vibrator 41, and via 
the elastic plate 10 and the island portion 10‘ to the common 
internal electrodes 43. In this case, as previously mentioned, 
When a drive signal is received by connecting the common 
electrode 48 to the ?exible cable 11, the resistance across the 
transmission path can be reduced. 
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What is claimed is: 
1. A piezoelectric vibrator unit comprising: 

drive piezoelectric vibrators composed of common inter 
nal electrodes and discrete internal electrodes lami 
nated With a pieZoelectric material in betWeen; 

dummy pieZoelectric vibrators including at least the com 
mon internal electrodes and the pieZoelectric material; 

a ?xation base on Which one end portions of the drive 
pieZoelectric vibrators and the dummy pieZoelectric 
vibrators are ?xed such that the other end portions 
thereof are to be free ends; and 

a conductive layer electrically connected to all the internal 
electrodes provided in the dummy pieZoelectric vibra 
tors. 

2. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein the drive pieZoelectric vibrators and the dummy 
pieZoelectric vibrators are separated from each other by slits 
each having a slope-like bottom face Which constitutes a part 
of the continuous region. 

3. The pieZoelectric vibrator unit as set forth in claim 2, 
Wherein the slope-like bottom face extends from faces of the 
respective vibrators Which are ?xed on the ?xation base to 
the other faces thereof Which are opposed to the ?xed faces. 

4. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein the conductive layer is formed on the dummy 
pieZoelectric vibrators and the ?xed end faces of the respec 
tive vibrators. 

5. The pieZoelectric vibrator unit as set forth in claim 4, 
Wherein the conductive layer formed on the dummy pieZo 
electric vibrators are separated from the conductive layer 
formed on the drive pieZoelectric vibrators. 

6. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein the conductive layer is formed on the free end faces 
the respective vibrators so as to extend to a part of the 
respective back faces thereof. 

7. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein a conductive layer is formed on the obverse faces, 
the free end faces and the side faces of the dummy pieZo 
electric vibrators, and the ?xed end faces of the dummy 
pieZoelectric vibrators and the drive pieZoelectric vibrators. 

8. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein connection electrodes are provided on the same 
plane as the discrete internal electrodes While exposing at 
the ?rst end face and being insulating from the respective 
internal electrodes. 

9. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein the dummy pieZoelectric vibrators are located on 
both sides in the direction of Which the drive pieZoelectric 
vibrators are arranged. 

10. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein all the common internal electrodes are connected 
Without being separated by the slits. 

11. The pieZoelectric vibrator unit as set forth in claim 1, 
Wherein the conductive layer formed on the dummy pieZo 
electric vibrators is extended from the ?xed end faces to 
back faces thereof. 

12. A pieZoelectric vibrator unit as set forth in claim 11, 
Wherein the conductive layer is electrically connected to the 
?xation base having conductivity. 

13. A method of manufacturing a pieZoelectric vibrator 
unit comprising the steps of: 

preparing a pieZoelectric vibrator plate by laminating 
common internal electrodes and discrete internal elec 
trodes With a pieZoelectric material in betWeen While 
exposing the common internal electrodes at a ?rst end 
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face of the vibrator plate Which is to be ?xed end, and 
exposing the discrete electrodes at a second end face of 
the vibrator plate Which is to be free end; 

forming a conductive layer so as to extend from the 
second end face to an obverse face of a region Where is 
to be non-vibrating part in a ?rst area Where is to be 
drive pieZoelectric vibrators, and so as to extend from 
the second end face to the ?rst end face in a second area 
Where is to be dummy pieZoelectric vibrators; 

?xing the region Where is to be the non-vibrating part of 
the pieZoelectric vibrators onto a ?xation base; and 

cutting the vibrator plate into strips by slits such that the 
conductive layer is separated from each other in the 
?rst area While making the ?rst end face continuous in 
order to form the drive pieZoelectric vibrators and the 
dummy pieZoelectric vibrators. 

14. The manufacturing method as set forth in claim 13, 
Wherein the slits are so formed that bottom faces are slopes. 

15. An ink jet recording head comprising: 

the pieZoelectric vibrator unit as set forth in claim 1; 

a channel unit including pressure generating chambers 
communicating With a reservoir and associated noZZle 
ori?ces to be pressuriZed by the associated drive pieZo 
electric vibrators; 

a ?exible cable connected to the conductive layer formed 
on the drive pieZoelectric vibrators and the dummy 
pieZoelectric vibrators for providing drive signal 
thereto. 

16. The ink jet recording head as set forth in claim 15, 
Wherein the ?exible cable is connected to the conductive 
layer formed on the drive pieZoelectric vibrators and the 
dummy pieZoelectric vibrators. 

17. The ink jet recording head as set forth in claim 15, 
Wherein the ?exible cable is connected to the conductive 
layer closer to the free end faces than to the slits. 

18. The ink jet recording head as set forth in claim 15, 
Wherein the ?exible cable is connected to the conductive 
layer in the ?xed area. 

19. The ink jet recording head as set forth in claim 15, 
Wherein connection electrodes are provided on the same 
plane as the discrete internal electrodes While exposing to 
the ?xed end face and being insulated from the respective 
internal electrodes. 

20. The pieZoelectric vibrator unit as set forth in claim 39, 
Wherein the conductive layer is provided so as to extend 
from the respective free end faces to respective non-vinrat 
ing regions of the drive pieZoelectric vibrators and the 
dummy pieZoelectric vibrators. 

21. The pieZoelectric vibrator unit as set forth in claim 20, 
Whereinthe drive pieZoelectric vibrators and the dummy 
pieZoelectric vibrators are separated from each other by slits 
each having a slope-like bottom face Which constitutes a part 
of the continuous region. 

22. The pieZoelectric vibrator unit as set forth in claim 21, 
Whereinthe slope-like bottom face extends from faces of the 
respective vibrators Which are ?xed on the ?xation base to 
the other faces thereof Which are opposed to the ?xed faces. 

23. The pieZoelectric vibrator unit as set forth in claim 20, 
Wherein the conductive layer is formed so as to extend to 
side faces of the dummy pieZoelectric vibrators. 

24. The pieZoelectric vibrator unit as set forth in claim 20, 
Wherein a conductive layer is formed on the ?xed end faces 
of the drive pieZoelectric vibrators and the dummy pieZo 
electric vibrators. 
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25. The piezoelectric vibrator unit as set forth in claim 23, 
Wherein another conductive layer is formed on the ?xed end 
faces of the drive piezoelectric vibrators and the dummy 
piezoelectric vibrators to establish a conductive relationship 
With the conductive layer. 

26. The piezoelectric vibrator unit as set forth in claim 20, 
Wherein the conductive layer is formed so as to extend from 
the free end faces to one part of reverse faces of the 
respective vibrators. 

27. The piezoelectric vibrator unit as set forth in claim 20, 
Wherein a dummy electrode are provided on the same plane 
as the discrete internal electrodes While exposing at the ?xed 
end face and being insulating from the respective internal 
electrodes. 

28. The piezoelectric vibrator unit as set forth in claim 20, 
Wherein the discrete internal electrodes and the dummy 
electrode are electrically connected to electrodes in the 
dummy piezoelectric vibrators. 

29. The piezoelectric vibrator unit as set forth in claim 21, 
Wherein all the common internal electrodes and the dummy 
electrode are connected Without being separated by the slits. 

30. The piezoelectric vibrator unit as set forth in claim 20, 
Wherein a conductive layer is formed on the ?xed end faces 
of the drive piezoelectric vibrators and the dummy piezo 
electric vibrators While extending from the ?xed end faces to 
reverse faces of the respective vibrators. 

31. The piezoelectric vibrator unit as set forth in claim 30, 
Wherein the conductive layer is ?xed to a ?xation base 
having conductivity in at least an obverse face thereof to 
establish a conductive relationship. 

32. A method of manufacturing a piezoelectric vibrator 
unit comprising the steps of: 

preparing a piezoelectric vibrator plate by laminating ?rst 
conductive layers and second conductive layers With a 
piezoelectric material in betWeen such that the ?rst 
conductive electrodes are exposed only at a ?rst end 
face of the vibrator plate Which is to be free end in a 
?rst area Where is to be drive piezoelectric vibrators, 
and are exposed at both of the ?rst end face and a 
second end face of the vibrator plate Which is to be 
?xed end in a second area Where is to be dummy 
piezoelectric vibrators, and such that the second con 
ductive layers are exposed at only the second end face 
in the ?rst area, and are exposed at both of the ?rst and 
second end faces in the second area; 

forming a third conductive layer so as to extend from the 
?rst end face to a region Where is to be non-vibrating 
part of the piezoelectric vibrators; 

?xing the region Where is to be the non-vibrating part onto 
a ?xation base; and 

cutting the vibrator plate into strips by slits such that the 
third conductive layer is separated from each other in 
the ?rst area While making the second end face con 
tinuous in order to form the drive piezoelectric vibra 
tors and the dummy piezoelectric vibrators. 

33. The manufacturing method as set forth in claim 32, 
Wherein, at the step of forming the ?rst conductive layer, a 
fourth conductive layer provided on the same layer as the 
?rst conductive layer is formed at the same time in the ?rst 
area While being separated from the ?rst conductive layer by 
the piezoelectric material at a boundary of the vibration part 
and the non-vibration part of the drive piezoelectric vibra 
tors. 
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34. An ink jet recording head comprising: 

the piezoelectric vibrator unit as set forth in claim 20; 

a channel unit including pressure generating chambers 
communicating With a reservoir and associated nozzle 
ori?ces to be pressurized by the associated drive piezo 
electric vibrators; 

a ?exible cable connected to the conductive layer formed 
on the drive piezoelectric vibrators and the dummy 
piezoelectric vibrators for providing drive signal 
thereto. 

35. The ink jet recording head as set forth in claim 34, 
Wherein only a portion of the channel unit Where is to abut 
against the dummy piezoelectric vibrators is formed of a 
conductive material so that the dummy piezoelectric vibra 
tors are connected to external via the channel unit. 

36. The ink jet recording head as set forth in claim 34, 
Wherein the ?exible cable is connected to the conductive 
layer formed on the drive piezoelectric vibrators and the 
dummy piezoelectric vibrators. 

37. The ink jet recording head as set forth in claim 34, 
Wherein the ?exible cable is connected to the conductive 
layer closer to the second end than to the slits. 

38. The ink jet recording head as set forth in claim 34, 
Wherein the ?exible cable is connected to the conductive 
layer in the ?xed area. 

39. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein the common internal electrodes of the drive piezo 
electric vibrators and the internal electrodes of the dummy 
piezoelectric vibrators are integrated With each other at end 
faces of the ?xed end portions thereof. 

40. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein the vibrators respectively include continuous 
regions connected With each other by the common internal 
electrodes and the piezoelectric material and situated Where 
the vibrators are ?xed on the ?xation base, and 

Wherein the conductive layer is formed so as to continu 
ously extend from end faces of the free end portions of 
the dummy piezoelectric vibrators to the end faces of 
the ?xed end portions thereof for electrically connect 
ing With the internal electrodes provided therein. 

41. The piezoelectric vibrator unit as set forth in claim 20, 
Wherein the conductive layer is formed so as to reach for the 
?xed end faces of the respective vibrators. 

42. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein all the common internal electrodes provided in the 
drive piezoelectric vibrators are exposed at the ?xed end 
faces thereof, and 

Wherein all the discrete internal electrodes provided in the 
drive piezoelectric vibrators are exposed at free end 
faces thereof. 

43. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein all the internal electrodes provided in the dummy 
piezoelectric vibrators are exposed at the ?xed end faces 
thereof. 

44. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein the conductive layer is provided so as to extend 
from the respective free end faces to respective non-vibrat 
ing regions of the drive piezoelectric vibrators. 

45. The piezoelectric vibrator unit as set forth in claim 1, 
Wherein the conductive layer is provided so as to extend 
from the respective free end faces to the respective ?xed end 
faces of the dummy piezoelectric vibrators. 


