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individual drive regions or the state of driving the individual
piezoelectric elements are influenced by the state of driving
the other plurality of drive regions or the state of driving the
individual piezoelectric elements that surround the former.

HHttGdadttittlstttvtthsttlssss sttt
\/ v'
NE

OOOGTOOOCEIX XX
y [~
%
N
/ \k NN\ ad

VIAAN

{ N

/\\\«»

> 1

N AN 1d,
TN T TS A r////7/

6 = T 3



Patent Application Publication Nov. 25,2004 Sheet 1 of 4 US 2004/0233257 Al

FIG. 1




Patent Application Publication Nov. 25,2004 Sheet 2 of 4 US 2004/0233257 Al

FIG. 2

2 777777 7 2o 2
5/ \ /&\\?\w%c: ~ 1
/ \\\\ \ 1d
74 7227777 A 77 il
6 :~<— m 3
FIG. 3
/2 4
. ) < C —f
)

10



Patent Application Publication Nov. 25,2004 Sheet 3 of 4 US 2004/0233257 Al

FIG. 4
BAAN BAAN BAAN
9 5 100 ip 10f 2 10f |10
\J /i 0/ L
SRR A SSS SN INSSSSNAN b 2
HRITTA // 7z
7 | \ >\ \ \ ! @_{
g ghe -
NN \\ 1b
N\\R\\ i\ e
\ m
Yv/A 1d
to 1ol I 1ol [
1 W2 W2 W2
FIG. 5

7“ L\\ A\\ L\\_'_'I

N E

154
s fw! !1e| !1e| i

1 W2 W2 W2




Patent Application Publication Nov. 25,2004 Sheet 4 of 4

US 2004/0233257 Al
FIG. 6
10 > 10 > 10 > 10
N AN AANAIID FLEETET NN IO 9
n e o ,/y e e e AT AN ~8
T N \ \ N7
h — e b I 1e —R

N -
SO

1

LTEEVETANI SRR

XX




US 2004/0233257 Al

PIEZOELECTRIC INK JET HEAD

[0001] This application is based on application No. 2003-
146834 filed with the Japanese Patent Office, the content of
which is incorporated hereinto by reference.

TECHNICAL FIELD

[0002] The present invention relates to a piezoelectric ink
jet head and, more particularly, to a piezoelectric ink jet head
that can be preferably used in printer, copier, facsimile, and
a composite machine which combines some of the former.

BACKGROUND OF THE INVENTION

[0003] For a piezoclectric ink jet head that uses the
electrostrictive effect of a piezoelectric element as the drive
power source and is employed in an on-demand type ink jet
printer, one having such a constitution is widely employed
that comprises a plurality of pressure chambers to be filled
with an ink disposed on one side of a plate-shaped substrate
along the surface, with a nozzle for discharging the ink
provided to communicate with each of the pressure cham-
bers and a drive section including the piezoelectric element
provided for each of the pressure chambers, as described in
Japanese Unexamined Patent Publication JP-H-05-318731-
A2 (1993).

[0004] In the piezoelectric ink jet head described above, a
drive voltage is individually applied to one or more of the
piezoelectric elements each corresponding to each of the
pressure chambers so as to deform, thereby decreasing the
volume of the pressure chamber that corresponds to the
piezoelectric element, so that the ink contained in the
pressure chamber is discharged from the nozzle that com-
municates therewith in the form of ink droplet and a dot is
formed on a sheet of paper.

[0005] More specifically, a drive section comprising the
piezoelectric element and an oscillator plate that supports
the piezoelectric element transmits a force generated by the
piezoelectric element as a pressure to the ink contained in
the pressure chamber, thereby to function as a drive power
source that discharges ink droplets through the nozzles that
communicate with the pressure chambers. That is, the drive
section causes the piezoelectric element to deform due to the
drive voltage applied thereto, so that the oscillator plate is
caused to deflect and protrude toward the pressure chamber,
thereby decreasing the volume of the pressure chamber and
pressurizing the ink in the pressure chamber, so that an ink
droplet is discharged from the tip of the nozzle.

[0006] At the same time, since the oscillator plate is
caused by the pressure of the ink contained in the pressure
chamber to deflect in a direction opposite to that described
above, the drive section also acts as an elastic body with
respect to the vibration of the ink in the head.

[0007] When a drive voltage is applied to the piezoelectric
element so as to generate a force, the ink contained in the
head undergoes vibration under the pressure transmitted via
the oscillator plate from the drive section. This vibration is
generated as the drive section and the pressure chamber act
as the elasticity against the inertia of a feeder port that feeds
the ink to the pressure chamber, a nozzle passage that
communicates with the pressure chamber and the nozzle,
and the nozzle. Natural period of vibration of volumetric
velocity of the ink contained in the head during this vibration
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is determined by the dimensions of the components
described above, physical properties of the ink and dimen-
sions and physical properties of the drive section.

[0008] In the piezoelectric ink jet head, an ink droplet is
discharged by utilizing the vibration of ink meniscus in the
nozzle due to the vibration of the ink described above,
thereby forming a dot on the paper surface.

[0009] In order to achieve a higher resolution of the
piezoelectric ink jet head while decreasing the size of the
piezoelectric ink jet head, pitch of arranging the nozzles
must be made as small as possible. When resolution of the
piezoelectric ink jet head becomes higher and the number of
nozzles increases, however, it becomes difficult to dispose
the independent piezoelectric elements individually in cor-
respondence to the pressure chambers. For this reason, it has
recently become a prevailing practice to employ a piezo-
electric ink jet head having a piezoelectric element made in
a thin plate of transverse vibration mode that is formed
integrally with an electrode (common electrode), lower
(oscillator plate side) one of a pair of electrodes that are
disposed to sandwich the piezoelectric element for applying
the drive voltage to the piezoelectric element, and the
oscillator plate, in such a size that covers the plurality of
pressure chambers (hereinafter referred to as a “common
element type”). Of the pair of electrodes, the electrode that
is disposed over the piezoelectric element (individual elec-
trode) is separately formed in a predetermined shape that
corresponds to each pressure chamber for applying drive
voltage individually to each piezoelectric element.

[0010] In the piezoelectric ink jet head of common ele-
ment type, when an electric field is generated by applying
the drive voltage from the individual electrode to the region
sandwiched by the individual electrode and the common
electrode in the plane of the piezoelectric element (hereafter
referred to as a “drive region”), the drive region can be
driven like an independent piezoelectric element thereby
pressurizing the ink in the corresponding pressure chamber.

[0011] In case adjacent pressure chambers are disposed
too close to each other, however, there arises such a problem
that, when the piezoelectric element (drive region in the case
of common element type) that corresponds to a particular
one of the pressure chambers is driven, the piezoelectric
element (or the drive region) corresponding to the adjacent
pressure chambers that surround the particular pressure
chamber are subject to the influence of driving of the
piezoelectric element. This problem is conspicuous particu-
larly in the piezoelectric ink jet head of common element

type.

[0012] Specifically, in the piezoelectric ink jet head of
common element type, the piezoelectric element 9 made in
a thin plate of transverse vibration mode is fixed at the upper
end face of a partition wall le of the substrate 1, that
separates the adjacent pressure chambers 2, via the common
electrode 8 and the oscillator plate 7, whereby the piezo-
electric element 9 has such a structure as the non-driving
region fixed on the upper end face of the partition wall le
constrains the periphery of the drive region that is defined by
the planar configuration of the individual electrodes 10, as
shown in FIG. 6.

[0013] When the drive voltage is applied to the individual
electrode 10 located at the second position from the far left
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in the figure so as to drive the drive region of the piezo-
electric element 9 that corresponds to the above-mentioned
individual electrode 10 thereby causing the drive region, the
common electrode 8 that is disposed right under thereof and
the oscillator plate 7 to deform in the direction indicated by
the hollow arrow (hereafter referred to as a “positive direc-
tion”) in FIG. 7 so that volume of the pressure chamber 2
decreases and the ink is discharged, then the drive regions of
the oscillator plate 7, the common electrode 8 and the
piezoelectric element 9 located above the pressure chambers
2 located on both sides of the above-mentioned pressure
chamber 2 deform in the direction of increasing the volume
of the pressure chamber 2 (hereafter referred to as a “nega-
tive direction”) as indicated by black arrow, although the
figure shows only one side.

[0014] As a result, under the condition shown in FIG. 7,
when the drive voltage is further applied to the individual
electrodes 10 located above the adjacent pressure chambers
2 that have deformed in the negative direction so as to drive
the drive region of the piezoelectric element 9 corresponding
to the individual electrode 10, the amount of deformation in
the positive direction becomes the amount of deformation in
the positive direction, achieved by independently driving the
drive region in question without driving the drive regions on
both sides thereof, minus the amount of deformation in the
negative direction described above. In consequence, pres-
sure applied via the oscillator plate 7 to the ink in the
pressure chamber 2 right below thereof for discharging the
ink decreases accordingly, resulting in a smaller ink droplet
discharged from the nozzle and/or a lower discharging speed
that causes smaller dot size and/or deformed dot shape.

[0015] This phenomenon occurs simultaneously in a plu-
rality of drive regions that are disposed in the planar
direction of the piezoelectric element 9 of thin-plate con-
struction.

[0016] In case the drive regions on both sides of one drive
region of the piezoelectric element 9 are driven and, under
this condition, the drive region interposed therebetween is
driven, the amount of deformation of the drive region in the
positive direction becomes even smaller than that of the case
described above.

[0017] State of driving a particular drive region is also
under influence of the state of driving the drive regions
located beyond the adjacent drive regions, or the state of
driving other neighboring drive regions, for example,
although the magnitude of the influence is far smaller than
that of the adjacent drive regions.

[0018] Thus when attention is focused on a particular
drive region, the amount of deformation of the drive region
in the positive direction varies depending on the state of
driving the plurality of surrounding drive regions, namely
the dot pattern of the picture to be formed, resulting in
variability in dot size and/or dot shape.

[0019] The phenomenon described above occurs similarly
also in the conventional type (hereafter referred to as a
“separated element type”) where separate piezoelectric ele-
ments are provided for the individual pressure chambers. In
this case, deformations of the oscillator plate and of the
common electrode disposed thereon influence the piezoelec-
tric element disposed on the adjacent pressure chambers.
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SUMMARY OF THE INVENTION

[0020] An object of the present invention is to provide a
piezoelectric ink jet head that does not allow the dot size
and/or dot shape to change regardless of the dot pattern of
the picture to be formed, since the state of driving the
individual drive region or the individual piezoelectric ele-
ments is not affected by the state of driving the plurality of
other drive regions or the piezoelectric elements.

[0021] In order to achieve the object described above, the
present inventors reviewed the structure of the piezoelectric
ink jet head.

[0022] Through the reviewing investigation, the present
inventors have found that the phenomenon described above
occurs in the conventional piezoelectric ink jet head because
the pressure chambers are disposed too closely to each other
and therefore height of the partition wall, that separates the
adjacent pressure chambers, in the direction of substrate
thickness is larger than the width thereof in the planar
direction.

[0023] A piezoelectric ink jet head of common element
type will be taken as an example in the following more
detailed description. The partition wall 1e has height h in the
direction of substrate thickness that is larger than width w in
the planar direction as shown in FIG. 6. As a result, when
a particular drive region is driven as shown in FIG. 7, the
drive region contracts in the planar direction so that the
upper end of the partition wall le that constitutes the
non-driven region surrounding the drive region is pulled
toward the pressure chamber 2. The partition wall 1e that is
caused by the pulling force to tilt toward the pressure
chamber 2 affects the adjacent drive regions.

[0024] Based on this finding, the present inventors inves-
tigated the possibility of preventing the tilting deformation
of the partition wall by forming the partition wall to have
such a cross sectional shape as the width W, in the planar
direction at the upper end on the side of the substrate where
the drive section is formed and height H in the direction of
substrate thickness satisfy the expression (1):

W, =H 1)

[0025] while the width W, and the width W, of the lower
end at the bottom of the recess of the substrate in the planar
direction satisfy the expression (2):

W,SW, @).

[0026] 1t was found that the state of driving the individual
drive region can be prevented from being affected by the
state of driving the surrounding drive regions. It was also
found that the same can be said of the piezoelectric ink jet
head of separated element type.

[0027] Thus the invention described in claim 1 is a piezo-
electric ink jet head comprising a plate-shaped substrate
with a plurality of recesses that form pressure chambers to
be filled with ink and are separated by partition walls, which
are part of the substrate, being formed in the direction of
substrate surface on one side of the substrate, while nozzles
for discharging the ink contained in the pressure chambers
in the form of droplets are disposed so as to communicate
with the respective recesses via nozzle passages, and a
common feed path is disposed to communicate via a feed
port with the recesses for supplying the ink to the pressure
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chambers, the substrate being provided, on the surface
therecof where the recesses are formed, with a drive section
comprising:
[0028] a piezoelectric element made in a thin plate of
transverse vibration mode;

[0029] an oscillator plate that closes the recesses so
as to form the pressure chambers and oscillates as the
piezoelectric element deforms thereby to decrease
the volume of some of the pressure chambers and
discharge the ink from the pressure chamber through
the nozzle in the form of droplet; and

[0030] upper and lower electrodes that sandwich the
piezoelectric element on the upper and lower sides,
wherein the partition wall that separates adjacent
recesses has such a cross sectional shape as the width
W, in the planar direction at the upper end on the
side of the substrate where the drive section is
formed and height H in the direction of substrate
thickness satisfy the expression (1):

W, ZH )
[0031] while the width W, and the width W, of the lower
end at the bottom of the recess of the substrate in the planar
direction satisfy the expression (2):

W, EW, 2.
[0032] In the piezoelectric ink jet head of the present
invention, cross section of the partition wall preferably has
trapezoidal shape with the width W, at the top smaller than
the width W, at the bottom, in order to prevent the partition
wall from deforming to tilt more reliably.

[0033] Thus the invention according to claim 2 is the
piezoelectric ink jet head of claim 1 where widths W, and
width W, satisfy the expression (2-1):

W1§W2 (2_1)
[0034] The partition wall in the present invention refers to
any walls that separate one pressure chamber from a plu-
rality of surrounding pressure chambers. The problem of
tilting partition wall can be eliminated by forming all of the
partition walls that surround one pressure chamber with a
cross section of such a shape that satisfies the relationships
(1) and (2) described above.

[0035] However, there may be such a case as a small part
of the partition wall has such a small thickness that does not
satisfy the relationships (1) and (2) due, for example, to
protrusion of the pressure chamber or tubing to the pressure
chamber. The present invention includes such a case, too, if
most of the partition walls continuing to the thin portion
satisfy the relationships (1) and (2) and the partition walls as
a whole do not experience tilting.

[0036] Although there is no limitation to the cross sec-
tional shape of the partition walls that separate the pressure
chambers which are provided along the periphery of the
substrate from the outside, it is preferable that the partition
walls formed on the periphery also satisfy the relationships
(1) and (2), in order to prevent tilting and match the
deforming characteristic of the driving region to that of the
driving regions located over the pressure chambers formed
in the inner portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a plane view showing an example of
piezoelectric ink jet head of the present invention, in a state
before a drive section comprising a piezoelectric element
and an oscillator plate is installed.
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[0038] FIG. 2 is an enlarged sectional view of a dot
forming section taken along lines A-A of FIG. 3 in the
piezoelectric ink jet head of the example shown in FIG. 1
with the drive section installed thereon.

[0039] FIG. 3 is a perspective view showing the relation-
ship between components constituting one of the dot form-
ing sections.

[0040] FIG. 4 is an enlarged sectional view taken along
lines III-III of FIG. 2 showing a plurality of pressure
chambers of the example of the piezoelectric ink jet head
arranged in the direction perpendicular to the direction of
FIG. 2.

[0041] FIG. 5 is an enlarged sectional view taken along
lines III-III of FIG. 2 showing a plurality of pressure
chambers of a variation of the piezoelectric ink jet head
arranged in the direction perpendicular to the direction of
FIG. 2.

[0042] FIG. 6 is an enlarged sectional view showing a
plurality of pressure chambers arranged close to each other
via thin partition walls in an example of piezoelectric ink jet
head of the prior art.

[0043] FIG. 7 is a sectional view explanatory of, in case
a driving region located over one pressure chamber of the
piezoelectric ink jet head described above is driven, the
influence of the driving on the drive regions located over the
surrounding pressure chambers and the partition walls.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] FIG. 1 is a plane view showing an example of the
piezoelectric ink jet head of the present invention, in a state
before the drive section comprising the piezoelectric ele-
ment and the oscillator plate is installed.

[0045] The piczoelectric ink jet head of the example
shown in FIG. 1 has a plurality of dot forming sections, each
comprising a pressure chamber 2 and a nozzle 3 communi-
cating thereto, disposed on a substrate 1.

[0046] FIG. 2 is an enlarged sectional view of a dot
forming section in the piezoelectric ink jet head of the
example described above with the drive section installed
thereon. FIG. 3 is a perspective view showing the relation-
ship between the components that constitute the dot forming
section being stacked one on another.

[0047] FIG. 4 is an enlarged sectional view showing the
plurality of pressure chambers of the above example of the
piezoelectric ink jet head arranged in the direction perpen-
dicular to the direction of FIG. 2.

[0048] The pressure chambers 2 and the nozzles 3 of each
dot forming section are disposed in plurality along the
principal scan direction indicated by the white arrow in FIG.
1. The dot forming sections are disposed in four rows, in the
example shown in the figure, while the dot forming sections
are arranged at a pitch of 90 dpi in the same row, thus
achieving a resolution of 360 dpi in the piezoelectric ink jet
head as a whole.
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[0049] Each of the dot forming sections comprises the
pressure chamber 2 that is a recess formed on the upper
surface of the substrate 1 as shown in FIG. 2 and has a plan
configuration of a rectangular mid portion interposed by
semicircular portions connected to both ends thereof (refer
to FIG. 3) and a nozzle 3 formed at a position that corre-
sponds to the center of the semicircle at one end of the
pressure chamber 2 on the lower surface of the substrate 1,
the pressure chamber 2 and the nozzle 3 being connected
with a nozzle passage 4 that has circular cross section of the
same diameter as that of the semicircle located at the end,
while the pressure chamber 2 is connected to a common feed
path 6 (indicated with dashed line in FIG. 1) that is formed
so as to connect the dot forming sections in the substrate 1,
via a feed port 5 formed at a position that corresponds to the
center of the semicircle at the other end of the pressure
chamber 2.

[0050] The pressure chambers 2 are disposed at even
intervals while being separated by partition walls le in a
same row in a direction perpendicular to that of FIG. 2, as
shown in FIG. 4.

[0051] In the example shown, the components described
above have such a constitution as a first substrate la
whereon the pressure chambers 2 are formed, a second
substrate 1o whereon an upper portion 4a of the nozzle
passage 4 and the feed port 5 are formed, a third substrate
1c¢ having a lower portion 4b of the nozzle passage 4 and the
common feed path 6 are formed, and a fourth substrate 1d
whereon the nozzles 3 are formed, are stacked in this order
so as to form an integral structure.

[0052] The first substrate 1a and the second substrate 1b
have through holes 11a formed therein so as to constitute a
joint for connecting the common feed path 6 formed on the
third substrate 1c and the tubing that runs from an ink
cartridge which is not shown in the drawing, on the upper
surface of the substrate 1, as shown in FIG. 1.

[0053] The substrates 1a through 1d are made of a resin or
a metal in the form of plate of predetermined thickness
having the through holes formed therein by etching using
photolithography process or the like. The partition walls 1e
occupy the rest of the first substrate 1a left after forming the
through holes that constitute the pressure chambers 2.

[0054] The partition walls 1e are formed to have such a
cross sectional shape as the width W in the planar direction
at the upper end on the side where the drive section is formed
and height H in the direction of substrate thickness satisfy
the expression (1):

W,=H 1)

[0055] while the width W, and the width W, of the lower
end at the bottom of the recess of the substrate in the planar
direction satisfy the equation (2-2):

W,=W, (2-2).

[0056] Widths W, and W, of the partition walls le are
determined by the interval of forming the through holes in
the first substrate 1a to make the pressure chambers 2, and
height H is determined by the thickness of the first substrate
1a. Therefore, the thickness of the first substrate 1a and the
interval of forming the through holes that make the pressure
chambers 2 may be determined so that widths W,, W, and
height H of the partition walls 1e satisfy the relations (1) and
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(2-2) while meeting the requirements of the piezoelectric ink
jet head such as the pitch of dots to be formed and volume
of the pressure chamber 2.

[0057] 1t goes without saying that the partition walls
running in other directions surrounding the pressure cham-
bers 2 are also formed in such a cross sectional shape that
satisfies the relations (1) and (2-2), although not shown in
the figure.

[0058] Forming the partition walls le in such a cross
sectional shape as described above makes it possible to
prevent the partition walls 1e that surround a particular drive
region from deforming to tilt when the drive region is driven
to cause the drive region to contract in the planar direction.
As a result, pictures of good quality can be formed by
preventing the size and shape of dots from changing with the
dot pattern of the picture to be formed.

[0059] The substrate 1 has, on the upper surface thereof, a
drive section constituted from an oscillator plate 7 having
the such an area that covers at least the dot forming sections,
a thin film of common electrode 8 having substantially the
same size as the oscillator plate 7, a thin plate of piezoelec-
tric element 9 of transverse vibration mode having substan-
tially the same size as the oscillator plate 7 and the common
electrode 8 being stacked in this order, while the plurality of
individual electrodes 10 are separately formed on the piezo-
electric element 9 at positions that correspond to the centers
of the pressure chambers 2 of the dot forming sections as
indicated by dot and dash line in FIG. 1.

[0060] The drive section constituted from the components
described above can be fabricated by using a green sheet of
piezoelectric material that would make a thin plate of
piezoelectric material when fired.

[0061] For example, a green sheet of piezoelectric mate-
rial is printed or coated on one side thereof with an electri-
cally conductive paste that would become the common
electrode when fired and, with another green sheet of
piezoelectric material being stacked thereon, the stack is
fired to form a laminate of such a constitution as the
common electrode 8 is sandwiched by two thin piezoelectric
layers. Then a plurality of individual electrodes 10 are
formed on the surface of one piezoelectric layer of this
laminate, and the drive section having such a constitution is
obtained as the piezoelectric layer sandwiched by the com-
mon electrode 8 and the individual electrode 10 serves as the
piezoelectric element 9 and the other piezoelectric layer
serves as the oscillator plate 7.

[0062] A piezoelectric material used in forming the oscil-
lator plate 7 and the piezoelectric element 9 of the drive
section described above may be lead zirconate titanate
(PZT), or PZT-based piezoelectric material made by adding
one or more oxide of a metal such as lanthanum, barium,
niobium, zinc, nickel or manganese to PZT, such as PLZT,
for example, may be used. Lead magnesium niobate (PMN),
lead nickel niobate (PNN), lead zinc niobate, lead manga-
nese niobate, lead antimony stannate, lead titanate or barium
titanate may be contained as a major component. The green
sheet of the piezoelectric material contains a compound that
would make some of the piezoelectric material described
above when fired.

[0063] The electrically conductive paste used in forming
the common electrode 8 contains powder of a metal having
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high electrical conductivity such as gold, silver, platinum,
copper or aluminum. The common electrode 8 is formed by
firing a layer of such an electrically conductive paste
together with the green sheet of piezoelectric material so that
the metal powder contained in the paste is sintered or melted
and is integrated with the entire material.

[0064] The individual electrodes 10 may also be formed
by printing an electrically conductive paste similar to that
described above on the surface of one of the piezoelectric
layer that would make the piezoelectric element 9, or by
using a foil, plating film, vacuum vapor deposition film or
the like of the metal that has high electrical conductivity
such as those described above.

[0065] The oscillator plate 7 may also be formed from a
metal.

[0066] For example, the oscillator plate 7 of plate shape
having a predetermined thickness is formed from a single-
element metal such as molybdenum, tungsten, tantalum,
titanium, platinum, iron or nickel, an alloy of such metals or
other metals such as stainless steel.

[0067] A green sheet of piezoelectric material similar to
that described above is printed or coated on one side thereof
with an electrically conductive paste that would become the
common electrode when fired and is fired to form a laminate
of the common electrode 8 and the thin plate of piezoelectric
material. Then the oscillator plate 7 is bonded onto the
surface of the laminate on the side of the common electrode
8, and a plurality of individual electrodes 10 are formed on
the surface of the piezoelectric layer on the opposite side of
this laminate, and the drive section having such a constitu-
tion is obtained as the piezoelectric layer serves as the
piezoelectric element 9.

[0068] The piezoelectric ink jet head is obtained by secur-
ing the drive section, which has been integrally formed as
described above, onto the substrate 1 by means of an
adhesive or the like.

[0069] In order to operate the piezoelectric element 9 in
transverse vibration mode, the piezoelectric material is con-
trolled to polarize in the direction of thickness of the
piezoelectric element 9, specifically in the direction from the
individual electrode 10 toward the common electrode 8. For
this purpose, known polarizing method may be employed
such as high-temperature polarization, normal temperature
polarization, alternate electric field superimposing or elec-
tric field cooling process. The piezoelectric element 9 may
be subjected to aging treatment after polarization.

[0070] In the piezoelectric element 9 made of the piezo-
electric material with the direction of polarization controlled
as described above, the drive region sandwiched by the
individual electrodes 10 and the common electrode 8 con-
tracts within the plane perpendicular to the direction of
polarization when a positive drive voltage is applied thereto
from the individual electrode 10 with the common electrode
8 being grounded. Since the piezoelectric element 9 is fixed
onto the oscillator plate 7 via the common electrode 8,
however, the drive region that has contracted deflects toward
the pressure chamber 2.

[0071] The deflection causes a change in pressure of the
ink contained in the pressure chamber 2, and the change in
pressure causes the ink to vibrate in the feed port 5, the
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pressure chamber 2, the nozzle passage 4 and the nozzle 3.
As the velocity of vibration is directed toward the outside of
the nozzle 3, ink meniscus in the nozzle 3 is pushed from the
tip to the outside, thus forming the so-called column of ink.

[0072] While the column of ink is absorbed into the ink
meniscus in the nozzle 3 as the velocity of vibration is
directed toward the inside of the nozzle 3, the column of ink
separates so as to form an ink droplet which flies toward the
paper and forms a dot on the paper.

[0073] The body of ink of which volume has decreased by
the volume of the droplet that has separated therefrom is
retracted by the surface tension of the ink meniscus in the
nozzle 3 so as to fill the nozzle 3 again from the ink cartridge
through the tubing of the ink cartridge, the joint 11a, the
common feed path 6, the feed port 5, the pressure chamber
2 and the nozzle passage 4.

[0074] The piezoelectric element 9 may also be formed
separately for each of the pressure chamber 2, similarly to
the individual electrodes 10.

[0075] FIG. 5 is an enlarged sectional view showing a
plurality of pressure chambers of another example of the
piezoelectric ink jet head of the present invention arranged
in the direction perpendicular to the direction of FIG. 2.

[0076] In the example shown in the figure, the partition
wall 1e are formed to have such a trapezoidal section as the
width W, and height H satisfy the expression (1):

W,zH o)
[0077] while the widths W, 4 w» satisfy the expression
2-1):

W,<W, @-1).

[0078] This constitution makes it possible to form pictures
of even higher quality, since the partition walls 1le that
surround the particular drive region can be prevented more
reliably from deforming so as to tilt due to the contraction
of the drive region in the planar direction when the drive
region is driven.

[0079] There is no limitation to what extent the width W,
is increased over the width W,, namely the upper limit of
width W,. However, since the larger the width W, is, the
smaller the volume of the pressure chamber 2 becomes, it is
preferable to control the width W, to satisfy the expression
(2-3):

W, SW,+2H (2-3)
[0080] In order to form the partition walls le with the
cross sectional shape described above, through holes that
make the pressure chambers 2 may be formed by anisotropic
etching in the first substrate 1a.

[0081] The first substrate 1la may also be formed from a
number of thin sheets of which thickness is a fraction of the
thickness of the first substrate 1a. In this case, the partition
wall 1e having a trapezoidal section can be formed by
stacking the sheets that have through holes of planar shape
which is the section of the through holes that would make
the pressure chambers 2 and the partition walls divided in
the direction of thickness.

[0082] Other components are similar to those of the
example shown in FIG. 2, and will therefore be identified
with the same reference numbers and description thereof
will be omitted.
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[0083] In this example, too, the piezoelectric element 9
can be separately formed for each of the pressure chambers
2, similarly to the individual electrodes 10.

EXAMPLE

Example 1

[0084] A piezoelectric ink jet head having the structure
shown in FIG. 1 through FIG. 4 was fabricated with the
pressure chamber 2 having area of 0.2 mm* and measuring
200 pm in width and 80 um in depth, the nozzle 3 measuring
25 um in diameter and 30 um in length, the nozzle passage
4 measuring 200 ym in diameter and 800 um in length, the
feed port 5 measuring 25 pum in diameter and 30 um in
length, and the partition walls 1e that separate the pressure
chambers 2 having the width W, of 82 um and the width W,
of 82 um. The height H of the partition wall 1e was 80 um,
the same as the depth of the pressure chamber 2.

Example 2

[0085] A piezoelectric ink jet head having the structure
shown FIG. 1 through FIG. 3 and FIG. 5 was fabricated
with the pressure chamber 2 having area of 0.2 mm? at the
opening of the recess and measuring 200 yum in width at the
opening of the recess and 80 um in depth, the nozzle 3
measuring 25 ym in diameter and 30 4m in length, the nozzle
passage 4 measuring 200 ym in diameter and 800 um in
length, the feed port 5 measuring 25 ym in diameter and 30
um in length, and the partition walls le that separate the
pressure chambers 2 having the width W, of 82 um and the
width W, of 98 um. The height H of the partition wall 1e was
80 um, the same as the depth of the pressure chamber 2.

COMPARATIVE EXAMPLE 1

[0086] A piezoelectric ink jet head having the structure
shown FIG. 1 through FIG. 4 was fabricated with the
pressure chamber 2 having area of 0.2 mm® and measuring
200 pm in width and 80 um in depth, the nozzle 3 measuring
25 um in diameter and 30 um in length, the nozzle passage
4 measuring 200 ym in diameter and 800 um in length, the
feed port 5 measuring 25 pum in diameter and 30 um in
length, and the partition walls 1e that separate the pressure
chambers 2 having the width W, of 50 #m and the width W,
of 50 um. The height H of the partition wall 1e was 80 um,
the same as the depth of the pressure chamber 2.

[0087] Observation of Printing Quality

[0088] The piezoelectric ink jet heads of the example and
the comparative example fabricated as described above were
mounted on ink jet printers. A plurality of lines parallel to the
principal scan direction of the head indicated by the white
arrow in FIG. 1 and a plurality of lines perpendicular to the
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principal scan direction were printed so as to form a grid of
1 cm pitch with the same width of line in both directions.

[0089] With Comparative Example 1, the lines perpen-
dicular to the principal scan direction were printed with
smaller width. With Examples 1 and 2, in contrast, such a
decrease in the line width did not occur and all lines in either
direction were printed correctly with uniform width.

1. A piezoelectric ink jet head comprising a plate-shaped
substrate with a plurality of recesses that form pressure
chambers to be filled with ink and are separated by partition
walls, which are part of the substrate, being formed in the
direction of substrate surface on one side of the substrate,
while nozzles for discharging the ink contained in the
pressure chambers in the form of droplets are disposed so as
to communicate with the respective recesses via nozzle
passages, and a common feed path is disposed to commu-
nicate via a feed port with the recesses for supplying the ink
to the pressure chambers, the substrate being provided, on
the surface therecof where the recesses are formed, with a
drive section comprising:

a piezoelectric element made in a thin plate of transverse
vibration mode;

an oscillator plate that closes the recesses so as to form the
pressure chambers and oscillates as the piezoelectric
element deforms thereby to decrease the volume of
some of the pressure chambers and discharge the ink
from the pressure chamber through the nozzle in the
form of droplet; and

upper and lower electrodes that sandwich the piezoelec-
tric element on the upper and lower sides, wherein the
partition wall that separates adjacent recesses has such
a cross sectional shape as the width W, in the planar
direction at the upper end on the side of the substrate
where the drive section is formed and height H in the
direction of the substrate thickness satisfy the expres-
sion (1):

wW,=H (€]

while the width W, and width W, of the lower end at the
bottom of the recess of the substrate in the planar
direction satisfy the expression (2):

W,SW, @).

2. The piezoelectric ink jet head according to claim 1,
wherein the partition walls are formed with such a cross
sectional shape as width W, and width W, satisfy the
expression (2-1):

W,<W,(2-1).



