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(54) Actuator unit

(57) The invention relates to an actuator unit, espe-
cially for use in an ink jet type recording head. The actu-
ator unit comprises a plurality of pressure generating
means and a plurality of pressure generating chambers
(2, 3) for pressurizing ink through actuation of said pres-
sure generating means. The pressure generating cham-
bers (2, 3) are arranged in line along an arrangement
direction (A-A, B-B) and are inclined at an angle θ with
respect to the arrangement direction (A-A, B-B) with the
angle θ having a value other than 90°. Further, the actu-
ator unit advantageously comprises a spacer (1), a dia-
phragm, a cover sheet and an ink feed passage
composing sheet. Outer walls (1a, 1b) of a spacer 1 of
the actuator unit are also preferably inclined at an angle
θ with respect to the arrangement lines A-A, B-B of
pressure generating chambers (2, 3).
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Description

[0001] The present invention relates to an actuator
unit, especially for use in an ink jet type recording head.
In such an ink jet type recording head a piezoelectric
vibrator or other pressure generating means is provided
in a region of a pressure generating chamber communi-
cating with a nozzle opening. Ink drops are generated
when the pressure generating chamber is compressed
by the deflection vibration of the piezoelectric vibrator or
other pressure generating means.
[0002] In order to conduct printing at high speed and
high density, it would be desirable to increase the
number of nozzle openings per recording head. In an
ink jet type recording head, since liquid such as ink is
treated in the nozzle openings, the pressure generating
chamber, etc., it is necessary to manufacture the nozzle
openings and ink passages of the recording head with
high accuracy and with great uniformly. In an ink jet type
recording, a liquid ink drop is projected toward and
deposited on a recording medium. The amount of dis-
persion of the ink droplet is easily influenced by varia-
tions in the accuracy of the pressure generating
chamber. Furthermore, a curvature in the trajectory of
the ink droplet may result from inaccuracies in the noz-
zle openings.
[0003] When even one of the nozzle openings or pas-
sages is out of alignment, the printing quality of the
recording head markedly deteriorates, and the record-
ing head becomes useless. Therefore, the manufactur-
ing yield for ink jet type recording heads is much lower
than the yield for wire-impact type recording heads or
thermal transfer type recording heads.
[0004] In order to solve the above problems, it is pos-
sible to construct a recording head as follows. The
recording head itself is made in such a manner that the
number of nozzle openings is relatively small. The thus
formed recording head is then used as a unit together
with additional units, and the plurality of units are
formed into one body and fixed onto a base board piece,
to produce one recording head. However, the following
problems may be encountered in the above recording
head. The width of the side walls of adjacent units is
larger than the pitch of the arrangement of nozzle open-
ings. Accordingly, it is necessary to arrange the units in
a zigzag pattern by shifting every other unit laterally by
a distance corresponding to the width of one unit. As a
result, the width of the recording head becomes, at a
minimum, twice as great as that of an individual unit.
[0005] The present invention has been accomplished
in view of the above problems. It is, therefore, an object
of the present invention to provide an actuator unit,
especially for use in an ink jet recording head. The ink
jet recording head is composed of a plurality of individ-
ual units in which the number of nozzles per recording
head can be increased without significantly increasing
the width of the recording head overall.
[0006] This object is solved by an actuator unit

according to independent claim 1 . Further advanta-
geous features, aspects and details of the invention are
evident from the dependent claims, the description and
the drawings. The claims are intended to be understood
as a first non-limiting approach of defining the invention
in general terms. The invention provides an actuator
unit, especially for use in an ink jet type recording head
having head units with angled walls and angled pres-
sure generating chambers.

[0007] In order to solve the above problems, the
present invention according to a preferred aspect pro-
vides an ink jet type recording head comprising a plural-
ity of head units, each head unit including a plurality of
pressure generating chambers for pressurizing ink by a
pressure generating means, wherein the pressure gen-
erating chambers are arranged in line in an arrange-
ment direction, and each chamber is inclined at an
angle θ with respect to the arrangement direction. Outer
edges of the head units in the arrangement direction are
preferably also inclined by an angle θ with respect to the
arrangement direction of the pressure generating cham-
bers. The head units are advantageously arranged in a
pattern such that each unit is shifted along the inclina-
tion of an adjacent unit away from a midline position of
the adjacent unit. The arrangement of units according to
a further preferred aspect is then fixed onto a base
board so that the pitch between the pressure generating
chambers opposing the outer edges in the arrangement
direction of the pressure chambers is the same as that
between the pressure generating chambers on the indi-
vidual head units themselves.
[0008] In the above arrangement, it can be advisable
that opposing outer walls of adjacent head units are
also inclined with respect to a straight line perpendicular
to the arrangement direction of the pressure generating
chambers. Accordingly, when the head units are shifted
along the incline of the outer walls, a distance between
adjacent head units in the arrangement direction of the
pressure generating chambers is changed. Accordingly,
an interval between the pressure generating chambers
of respective adjacent units can be changed in the
arrangement direction of the pressure generating cham-
bers in accordance with the amount of shift between the
adjacent units. Due to the foregoing, the head units
need not be staggered in a full zigzag pattern, and the
width of the recording head can be reduced. Therefore,
the increase in the width of the recording head is mini-
mal in light of the large number of head units arranged
on the recording head.

Fig. 1 is a cross-sectional view of a first embodi-
ment of an ink jet type recording head according to
the present invention, wherein the view shows a
portion close to a pressure generating chamber.

Fig. 2 is a perspective view showing an assembly
process for the head unit shown in Fig. 1.
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Fig. 3 is a front view of an example of a spacer used
in the head unit.

Fig. 4 is an enlarged front view of an end portion of
the spacer.

Fig. 5 is a front view of an example of a nozzle plate
used as a base board, on which the head units are
mounted.

Fig. 6 is a front view showing a positional relation
between two head units which have been arranged
adjacent each other so as to provide a recording
head.

Fig. 7 is a perspective view showing an ink jet type
recording head according to the present invention.

Fig. 8(a) is a view showing another example of the
head unit arrangement according to the present
invention, and Fig. 8(b) is a view showing another
example of the nozzle opening arrangement
according to the present invention.

Fig. 9 is a cross-sectional view of another embodi-
ment of the recording head according to the inven-
tion, wherein the view shows a portion close to the
pressure generating chamber.

Fig. 10 is a perspective view showing an assembly
process for an actuator according to the present
invention, suitable for the recording head of Fig. 9.

Fig. 11 is an exploded perspective view showing an
example of a flow passage unit suitable for con-
structing a recording head having an actuator unit
of the type shown in Fig. 10.

Fig. 12 shows another embodiment of a pressure
generating means applicable to the present inven-
tion.

Fig. 13 is a view showing a further embodiment of
the pressure generating means applicable to the
present invention.

Fig. 14 shows yet another embodiment of the pres-
sure generating means applicable to the present
invention.

Fig. 15 is a view showing another embodiment of
the pressure generating means applicable to the
present invention.

[0009] Referring to various embodiments illustrated in
the accompanying drawings, the present invention will
now be explained in detail.
[0010] Fig. 1 illustrates a first embodiment of a record-

ing head according to the present invention. Fig. 2 is a
view showing an example of one head unit provided in
the recording head. In the drawing, reference numeral 1
designates a spacer, The spacer is preferably com-
posed of a base board made of ceramics such as zirco-
nia (ZrO2) . The thickness of the spacer 1 should be
appropriate for forming pressure generating chambers
2, 3, the depth of which is preferably approximately 150
µm. As shown in Figs. 3 and 4, the pressure generating
chambers 2, 3 provided in the base board 1 are
arranged in such a manner that a longitudinal axial line
of each pressure generating chamber forms an acute
angle θ with respect to the arrangement direction of the
nozzle openings 4, 5. The acute angle θ is preferably
set to be greater than 45 degrees and less than 90
degrees (i.e. 45° < θ < 90°). An illustrative longitudinal
axial line is shown in Fig. 3 at D - D, while the arrange-
ment direction is illustrated by arrangement lines A - A
and B - B.

[0011] Outer walls 1a, 1b, forming an outer periphery
of the spacer 1 near the pressure generating chambers
2a, 2b, 3a, 3b, located adjoining to these walls are
approximately parallel to the axial lines of the pressure
generating chambers 2, 3. Also, the remaining outer
walls 1c, 1d , which are located on the right and left in
Fig. 3, are approximately parallel to the arrangement
lines A - A and B - B of the nozzle openings. The outer
walls 1a, 1b are constructed so that the end widths W1,
W2 are reduced as much as possible.
[0012] When the pressure generating chambers 2, 3
are arranged to be inclined so that the axial direction of
the pressure generating chambers 2, 3 forms an acute
angle θ with respect to the nozzle opening arrangement
lines A - A and B - B, the lengths of the pressure gener-
ating chambers 2, 3 can be increased so that they are
longer than comparable, conventional pressure gener-
ating chambers that are arranged perpendicularly to the
nozzle opening arrangement lines A - A and B - B. Due
to the foregoing, even when the width of the recording
head must be reduced, e.g., to increase recording head
density, it is nonetheless possible to ensure that each
pressure generating chamber has a sufficiently large ink
capacity.
[0013] Referring again to Figs. 1 and 2, reference
numeral 6 designates a diaphragm, which preferably is
composed of a sheet of zirconia and has a thickness of,
e.g., 10 µm. Therefore, when the diaphragm 6 is baked
integrally with the spacer 1, a sufficiently high joining
force can be achieved. If the diaphragm is composed of
a sheet of zirconia, just like the spacer 1 is, it can be
elastically deformed when piezoelectric vibrators 7, 8
are actuated.
[0014] Reference numerals 7, 8, designate the piezo-
electric vibrators mentioned above. The piezoelectric
vibrators 7, 8 are preferably made by sintering a green
sheet of piezoelectric material onto a surface of drive
electrodes 9, 10 formed on a surface of the diaphragm
6.
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[0015] In Figs. 1-2, a cover sheet, indicated at 12, is
integrally adhered onto the other surface of the spacer
1. In this example, the cover sheet 12 is preferably
made of a sheet of zirconia, the thickness of which is,
e.g., 150 µm. On the cover sheet 12, through-holes 13,
14 connect the nozzle openings 4, 5 of the nozzle plate
28 with the pressure generating chambers 2, 3. In addi-
tion, through-holes 17, 18 connect reservoirs 15, 16
with the pressure generating chambers 2, 3.

[0016] Reference numeral 19 indicates an ink feed
passage composing sheet, which is preferably made of
a sheet member, such as a stainless steel sheet having
the anticorrosion property, and which has a thickness of
e.g. 150 µm or so. On the ink feed passage composing
sheet 19, there are formed both through-holes which
function as reservoirs 15, 16, and through-holes 20, 21
to connect the pressure generating chambers 2, 3 with
the nozzle openings 4, 5.
[0017] The reservoirs 15, 16 are respectively con-
nected with ink feed ports 22, 23 formed on the cover
sheet 12. Therefore, the reservoirs 15, 16 receive ink
from an ink tank arranged outside the recording head
and feed it to the pressure generating chambers 2, 3 via
the through-holes 17, 18.
[0018] As described above, the recording head
includes members 1, 6, 12 and 19. Of these members,
the members 1, 6 and 12 are preferably made of ceram-
ics such that they can be integrated into one body by
means of baking. The member 19 is advantageously
made of metal and is joined to the ceramic elements by
an appropriate conventional method. In this way, these
members are incorporated into a head unit 27.
[0019] As illustrated, e.g., in Figs. 3-5, holes 30, 31,
used for positioning, are provided substantially on a
center line between the pressure generating chambers
2, 3. Due to the presence of the positioning holes 30,
31, even if the entire head unit contracts in the process
of baking, the head unit can be correctly positioned at a
reference position.
[0020] Figs. 1, 5 and 7 show a nozzle plate at refer-
ence numeral 28. In the present embodiment, the noz-
zle plate 28 also functions as a fixing base board of the
head unit. On the nozzle plate 28, two sets of nozzle
openings 4, 5 and 4', 5' are provided. An interval
between the nozzle openings 4 and 5 is set to a con-
stant value L; likewise, an interval between the nozzle
openings 4' and 5' is set to a constant value L. Finally,
the nozzle openings 4' are shifted over from the nozzle
openings 4 by a distance ∆L in the scanning direction,
and the nozzle openings 5' are shifted from the nozzle
openings 5 by the same distance ∆L in the scanning
direction.
[0021] In this case, the shift distance ∆L is determined
so that the head units 40, 41 do not overlap each other
when they are fixed as shown in Fig. 5. Also, the shift
distance ∆L is set so that the pitch of the nozzle open-
ings in the paper feed direction is a constant value P0
even in a region where the units 40 and 41 oppose each

other. In other words, the shift distance ∆L is determined
so that the pitch of nozzle openings 4-1, 5-1 in particu-
lar, relative to the nozzle openings 4'-1, 5'-1, is the same
as the pitch of the nozzle openings in other regions.
More specifically, the shift amount ∆L is preferably no
more than 80% of the distance from the outer wall 1c to
the outer wall 1d.

[0022] In the head unit constructed as described
above, as shown in Figs. 6 and 7, the first head unit 40
and the second head unit 41 are shifted relative to each
other by a lateral distance ∆L so that an interval P1
between the lowermost nozzle opening of the first head
unit 40 and the uppermost nozzle opening of the sec-
ond head unit 41 is the same as the pitch P0 for the sets
of nozzle openings 4, 5 and 4', 5'. When necessary, a
gap ∆G can be provided in the boundary; to produce the
desired identity in pitch P1 and P0. The first and the
second head unit are then fixed onto the nozzle plate
28.
[0023] In this case, the lower outer wall 1b of the first
head unit 40 and the upper outer wall 1a of the second
head unit 41 are respectively inclined by an angle θ with
respect to the arrangement lines A-A and B-B. Also, the
first and the second head unit are disposed slightly off-
set but still adjacent to each other in the upward and
downward direction. Accordingly, it is possible to make
the pitch P1 in the boundary coincide with the pitch P0
in the scanning direction by a shift distance ∆L which is
shorter than the width of an entire unit (40, 41).
[0024] Reference numerals 42 to 45 in Fig. 7 desig-
nate ink feed pipes to feed ink from the ink tank to the
reservoirs 15, 16. When printing signals are sent to the
first head unit 40 and the second head unit 41, they are
sent in timed relation so that the signal for the latter unit
is shifted by a period of time corresponding to the
number of dots which corresponds to the interval ∆L.
When this is done, the recording head constructed as
described above can conduct printing in the same man-
ner as can a recording head in which nozzle openings
are formed along the same straight line.
[0025] In the above example, the recording head is
composed of two head units. However, three or more
head units 50, 50, constructed as those described
above, may be arranged in a column, as shown in Fig.
8. Alternatively, a plurality of columns may be arranged.
[0026] As shown in Fig. 8, when a large number of
head units are arranged, in one column of width ∆L',
e.g., when 30 head units are arranged with a shift ∆L (as
shown in Fig. 5) formed between the head units forming
the respective columns, a shift ∆L' results between an
upper end and a lower end of the column of head units.
Due to the foregoing, a triangular dead space is formed.
[0027] In this example, on both sides of the center line
C with respect to the upward and downward direction,
the head units 54, 55 are arranged in the same manner
as described above. That is, one head unit extends
downward with respect to the center line C, and the
other head unit extends upward with respect to the
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center line C. The nozzle openings 51, 52 are located
on a line of the nozzle openings 53 formed by the head
unit 50 in the moving direction of the recording head.

[0028] Due to the foregoing construction, it is possible
to conduct color printing in a wide region as follows even
when the carriage conducts only one scanning opera-
tion. Inks of different colors, such as cyan, magenta and
yellow inks, are respectively jetted out from two lines of
nozzles which are continuously formed substantially lin-
early. Also, black ink is jetted out from two lines of noz-
zle openings which are divided to the right and left.
[0029] Due to the foregoing construction, as shown in
Fig. 8(b), it is possible to arrange a large number of
head units in line without changing the number of lines
of nozzle openings. Also, the dead space is effectively
utilized and the width of the recording head is not
increased. In this connection, even in the recording
head in which one line of nozzle openings is divided into
two in the width direction, when the printing time is
adjusted, it is possible to form dots in accordance with
the printing position of the continuously formed nozzle
opening line.
[0030] In the above example, the recording head is
constructed as follows. One surface of the actuator unit
1, that is, a surface opposite to the surface onto which
the diaphragm 6 is fixed, is open, and this surface is
sealed by a flow passage forming plate 12. When the
actuator unit 1 and the flow passage unit 12 are joined
into one body in this way and arranged on the nozzle
forming base board 28 in a predetermined manner, the
recording head is completed.
[0031] However, it is also possible to construct a
recording head as follows. As shown in Figs. 9 and 10,
one surface of the spacer 1 is sealed with the dia-
phragm 6 having piezoelectric vibrators 7, 8. The other
surface of the spacer 1 is sealed with the cover member
60 having ink feed ports 61, 62 and nozzle communicat-
ing holes 63, 64, to thereby construct the actuator unit
65. This actuator unit 65 is fixed in the common flow
passage unit 85, which also functions as a fixing base
board. According to the above construction, it is possi-
ble to provide the same effect and benefits achieved by
the previous embodiment.
[0032] As shown in Fig. 11, a plurality of stages of
nozzle opening lines, in this example, two stages of noz-
zle opening lines, are provided. Each stage of nozzle
opening lines is composed of two lines of nozzle open-
ings 70, 71, 70', 71' communicating with the actuator
units 65, 65'. A plurality of sets of nozzle opening lines
70, 71, 70', 71', in this example, 3 sets of nozzle opening
lines 70, 71, 70', 71', are provided in the paper width
direction. As explained before with reference to Fig. 5, a
relation between the nozzle opening lines 70, 71 and
the nozzle opening lines 70', 71', arranged in the paper
feed direction, is determined as follows. In the boundary
region where the upper and the lower nozzle opening
line oppose each other, one head unit and the other
head unit are shifted relative to each other so that an

interval between the lowermost nozzle opening of the
nozzle opening lines 70, 71 and the uppermost nozzle
opening of the nozzle opening lines 70', 71' is the same
as the pitch for each set of nozzle openings. The nozzle
plate 72 results.

[0033] On a reservoir-forming base board 73, cooper-
ating with the nozzle plate 72, there are provided reser-
voirs 74, 74' and nozzle communicating holes 75, 76,
75', 76' for feeding ink in accordance with the actuator
units 65, 65'. A cover member 77 seals the other sur-
face of the reservoir forming base board 73, and is pro-
vided with nozzle communicating holes 78, 79, 78', 79'
and ink feed ports 80, 81, 80', 81' in the same manner.
When they are laminated, the flow passage unit 85 is
constructed.
[0034] The actuator units 65, 65' are positioned in
accordance with the nozzle communicating holes 75,
76, 75', 76' and the ink feed ports 80, 81, 80', 81' of the
flow passage unit 85, and the ink feed ports 86, 86'
communicating with the reservoirs 74, 74'. When the
flow passage unit 85 and units 65, 65' are integrally
fixed into the holder 88 by means of windows 87, the
recording head is constructed. In this connection, refer-
ence numerals 89, 90, 89', 90' are recess portions
formed at positions opposed to the reservoirs 74, 74',
for the purpose of forming thin portions so that a compli-
ance can be given to the reservoirs 74, 74'.
[0035] In the above example, two lines of nozzle open-
ings are provided in the head unit. However, the present
invention can be applied to a head unit in which only a
single line or three or more lines of nozzle openings are
provided.
[0036] In the above example, the pressure generating
means includes a piezoelectric vibrator which performs
deflection vibrations. However, it should be noted that
the present invention is not limited to the above pres-
sure generating means, and various other types of pres-
sure generating means may be adopted.
[0037] In the variant shown in Fig. 12, the diaphragm
6 for sealing the pressure generating chamber 2 is com-
posed of a piezoelectric vibrating layer 101 formed as
one piece, and the common electrode 100 is formed on
the lower surface of the piezoelectric vibrating layer 101
over the entire region, or at least in regions opposing
the pressure generating chamber 2. The individual elec-
trodes 102 are respectively formed in regions opposing
each pressure chamber 2 on the upper surface of the
layer 101. Then, drive signals are selectively imparted
to the common electrode 100 and the individual elec-
trodes 102 on the piezoelectric layer 101 facing the var-
ious pressure generating chambers 2, to jet out ink
drops by means of the resulting deflection displace-
ment.
[0038] The above piezoelectric vibrating layer 101 can
be easily made by a method appropriate for forming pie-
zoelectric material into a sheet of film. Examples of usa-
ble methods are described below. For instance,
piezoelectric material is baked to product a sheet. Alter-
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natively piezoelectric material may be spattered onto a
surface of conductive material, such as a metal sheet,
to be used as a common electrode 100. According to
yet another alternative, piezoelectric material may be
placed onto a surface of conductive material by a hydro-
thermal method.

[0039] Also, it is possible to adopt the following con-
struction. As shown in Fig. 13, the diaphragm 6 is
formed as a common electrode 103 made of a metal
sheet having both conductivity and elasticity. On the
pressure generating chamber side 2 of this common
electrode 103, a piezoelectric vibrator 104 and an indi-
vidual electrode 105 corresponding to each pressure
generating chamber 2 are mounted. If necessary, a
sheet of material capable of being elastically deformed,
for example, a sheet of zirconia may be laminated onto
a surface of the common electrode 103.
[0040] Yet another possible construction is illustrated
in Fig. 14. As shown there, a Joule heat generating ele-
ment 107 is provided on a surface of the diaphragm 6 to
seal the spacer 1 on the pressure generating chamber
2 side. Alternatively, the element 107 may be provided
on a surface of another member to define the pressure
generating chamber 2 on the pressure generating
chamber side. When necessary, an ink protective layer
108 can be formed on the Joule heat generating ele-
ment 107. When the Joule heat generating element 107
is heated by application of a drive signal, the ink accom-
modated in the pressure generating chamber is vapor-
ized so as to generate pressure.
[0041] Also, it is possible to adopt the following con-
struction. As shown in Fig. 15, piezoelectric vibrators
110, 110 having a longitudinal vibration mode are fixed
to the base board 111 so that front ends of piezoelectric
vibrators contact the diaphragm 6. Due to the above
construction, when the piezoelectric vibrators 110, 110
are linearly displaced, the pressure generating cham-
bers 2, 3 expand and contract accordingly.
[0042] As explained above, according to a preferred
aspect of the present invention, a plurality of pressure
generating chambers in which ink is pressurized by
pressure generating means are arranged in a column.
The individual pressure generating chambers are
inclined at an angle θ with respect to the arrangement
direction of the pressure chambers. Furthermore, an
end surface of the head unit in the arrangement direc-
tion of the pressure chambers is inclined by the same
angle θ with respect to the arrangement direction of the
pressure chambers. To provide a recording head, a plu-
rality of head units are fixed onto a base board in such a
manner that they are shifted along the inclination. As a
result, the pitch between the last pressure generating
chamber on one unit and the first pressure generating
chamber on the adjacent unit in the arrangement direc-
tion can be made to equal the pitch between the pres-
sure generating chambers on the individual units.
Accordingly, by moving the head unit laterally along the
outer wall of the adjacent head unit, a pitch distance in

the arrangement direction of the pressure generating
charter can be adjusted to achieve this equality. As a
result, it is possible to arrange a plurality of head units
without unduly increasing the width of the recording
head.

[0043] Since the pressure generating chambers are
inclined with respect to a direction perpendicular to the
arrangement line of the nozzle openings, the length of
the pressure generating chambers can be increased in
relation to comparable pressure generating chambers
that are arranged on a line perpendicular to the
arrangement line of the nozzle openings. Therefore, it is
possible to enhance the density of the pressure cham-
ber arrangement without reducing the volume of individ-
ual chambers.
[0044] In a further aspect of the invention, an ink jet
type recording head is provided which comprises a plu-
rality of head units (40,41), each said head unit compris-
ing:

a pressure generating means (7,8);

a plurality of pressure generating chambers (2,3)
for pressurizing ink through actuation of said pres-
sure generating means (7,8);

a plurality of head units (40,41) housing said pres-
sure generating chambers (2,3);

and preferably a base board (28) on which said
head units are arranged; wherein:

said pressure generating chambers (2,3) are
arranged in line along an arrangement direction (A-
A,B-B);

said pressure generating chambers are inclined at
an angle θ with respect to the arrangement direc-
tion (A-A,B-B);

outer edges (1a,1b) of said head units (40,41) in the
arrangement direction are inclined at the angle θ
with respect to the arrangement direction (A-A,B-
B), thereby providing an inclination for each said
head unit (40,41);

said head units are arranged preferably on said
base board such that each said head unit (40,41) is
shifted along the inclination of an adjacent one of
said head units (40,41) away from a position
aligned with said adjacent head unit; and

an amount of shift (∆L) between each said head
unit (40) and said adjacent head unit (41) is set
such that a pitch (P1) between first opposing ones
of said pressure generating chambers that oppose
each other across said outer edges (1a,1b) of said
head unit (40) and said adjacent head unit (41) is
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equal to a pitch (P0) between second opposing
ones of said pressure generating chambers that
oppose each other on said head unit.

[0045] In an advantageous embodiment of the inven-
tion, said pressure generating means comprises a pie-
zoelectric vibrator (7,8) capable of causing a deflection
vibration.
[0046] In a further advantageous embodiment of the
invention, said pressure generating means comprises a
piezoelectric vibrator (110) capable of causing a longitu-
dinal vibration.
[0047] In a further advantageous embodiment of the
invention said pressure generating means comprises
electric resistors (107) respectively accommodated in
said pressure generating chambers.
[0048] In a further advantageous embodiment of the
invention, nozzle openings (4,5) are formed on said
base board (28).
[0049] In a further advantageous embodiment of the
invention, a hole (30,31) used for positioning is formed
on a center line of each said head unit (40,41) located
between selected ones (2,3) of said pressure generat-
ing chambers.
[0050] In a further advantageous embodiment of the
invention, the arrangement of said head units (40,41),
preferably on said base board, includes a first column
(54) of said head units and a second column (55) of said
head units extending in parallel to said first column; and

a first (51) and a second (52) column of nozzle
openings, corresponding respectively to said first
and second columns of head units, are formed pref-
erably into said base board (28).

[0051] In a further advantageous embodiment of the
invention, the amount of shift (∆L) is less than a width of
each said head unit, the width being measured in a
direction perpendicular to the arrangement direction (A-
A,B-B).
[0052] In a further advantageous aspect of the inven-
tion, a recording head for an ink jet printer is provided,
comprising:

an ink flow passage unit for jetting ink from the
recording head; and

a plurality of actuator units for driving said ink flow
passage unit to jet ink, each of said actuator units
housing a plurality of pressure generating cham-
bers and having upper and lower outer edges and a
width, wherein:

said pressure generating chambers are arranged in
at least two columns, each column being aligned in
an arrangement direction;

said pressure generating chambers each have a

longitudinal axis that is inclined at an angle θ with
respect to the arrangement direction;

said upper and lower outer edges extend at an
incline given by the angle θ with respect to the
arrangement direction;

said actuator units are arranged on said ink flow
passage unit such that each of said actuator units is
offset along the incline from an adjacent one of said
actuator units, the offset being less than the width
of said actuator unit; and

a pitch between a first one of said pressure gener-
ating chambers located in a first of the two columns
and adjacent the lower outer edge of said actuator
unit and a second one of said pressure generating
chambers located in a second of the two columns
and adjacent the upper outer edge of said adjacent
actuator unit is substantially equal to a pitch
between a third one of said pressure generating
chambers located in the first of the two columns of
said actuator unit and a fourth one of said pressure
generating chambers located in the second of the
two columns of said actuator unit.

[0053] In a further advantageous embodiment of the
invention, the pitch between a first one of said pressure
generating chambers located in the first of the two col-
umns and adjacent the lower outer edge of said actua-
tor unit and the second one of said pressure generating
chambers located in the second of the two columns and
adjacent the upper outer edge of said adjacent actuator
unit is substantially equal to a pitch between a fifth one
of said pressure generating chambers located in the
first of the two columns of said adjacent actuator unit
and a sixth one of said pressure generating chambers
located in the second of the two columns of said adja-
cent actuator unit.

Claims

1. An actuator unit (27,65) comprising:

a plurality of pressure generating means (7,8),
and a plurality of pressure generating cham-
bers (2,3) for pressurizing ink through actuation
of said pressure generating means (7,8);

wherein said actuator unit (27,65) houses said
plurality of pressure generating chambers
(2,3); and

said pressure generating chambers (2,3) are
arranged in line along an arrangement direc-
tion (A-A,B-B);
characterized in that
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said pressure generating chambers (2,3) are
inclined at an angle θ with respect to the
arrangement direction (A-A,B-B) with the angle
θ having a value other than 90°.

2. An actuator unit (27,65) according to claim 1,
wherein

the outer edges (1a,1b) of said actuator unit
(27,65) in the arrangement direction are
inclined at the angle θ with respect to the
arrangement direction (A-A,B-B) thereby pro-
viding an inclination for said actuator unit
(27,65).

3. An actuator unit (27,65) according to any one of the
preceding claims, wherein

said pressure generating chambers are
arranged in at least two columns in said actua-
tor unit, each column being aligned in the
arrangement direction (A-A,B-B).

4. An actuator unit (27,65) according to any one of the
preceding claims, wherein

said actuator unit comprises a spacer (1) with
said spacer housing said plurality of pressure
generating chambers (2,3) and which is prefer-
ably made of ceramics, most preferably of zir-
conia.

5. An actuator unit (27,65) according to any of the pre-
ceding claims, wherein

said actuator unit further comprises a dia-
phragm (6), which is preferably made of ceram-
ics, most preferably of zirconia.

6. An actuator unit (27,65) according to any one of the
preceding claims, wherein

said actuator unit further comprises a cover
sheet (12), which is preferably made of ceram-
ics, most preferably of zirconia.

7. An actuator unit (27,65) according to any one of the
preceding claims, wherein

said actuator unit further comprises an ink feed
passage composing sheet (19), which is pref-
erably made of stainless steel.

8. An actuator unit (27,65) according to any one of the
preceding claims, wherein

said pressure generating means comprises a
piezoelectric vibrator (7,8) capable of causing a

deflection vibration.

9. An actuator unit (27,65) according to claim 8,
wherein

said piezoelectric vibrator (7,8) is preferably
made by sintering a green sheet of piezoelec-
tric material onto a surface of drive electrodes
(9,10) formed on a surface of the diaphragm.

10. An actuator unit (27,65) according to any one of the
claims 1 to 7, wherein

said pressure generating means comprises a
piezoelectric vibrator (110) capable of causing
a longitudinal vibration.

11. An actuator unit (27,65) according to any one of the
claims 1 to 7, wherein

said pressure generating means comprises
electric resistors (107) respectively accommo-
dated in said pressure generating chambers.

12. An actuator unit (27,65) according to any one of the
preceding claims, wherein

a hole (30,31) used for positioning is formed on
a center line of said actuator unit (27,65)
located between selected ones (2,3) of said
pressure generating chambers.
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