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INK JET RECORDING EHEAD

The invention relates to an ink Jjet recording
head having a plurality of -nozzle openings disposed in
a sheet forwarding direction, with each nozzla opening
jetting an ink droplet due to pressure provided by
a pressure producing chamber. More particularly, the
invention is directed to a nozzle opening arrangement
‘on tha ink jet recording head.

_ Ink Jet recording heads are widely used
throughout the printing industry. Such ink dJet
recording heads exhibit high recording density, are
capable of printing dots of variocus sizes, and are
relatively quiet during operation.

Two basic types of ink jet recording heads exist.
A bubble jet type recording head uses thermal energy
provided ,iz;;r-_:aw-heatafﬁziip -effect printing. On the other
hand; - in a- plezoelactric wvibration element driven
recording head, the displacement of piezoelactric
vibration elements causes ink to be emitted to effact
printing.

Two general types of piezoelectric vibration
element driven recording heads exist. In the first
type, vertical «vibration of <the piezoelectric
vibration elements causes ink to be emitted. In the
second typa, flexural vibBration of the pilezoelectric
vibration elements causes ink to be emitteqd. .

In the first type of piezoelectric wvibration
element driven recording heads, the area in which a
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piezoalectric vibration element abuts against the
vibration plate can be raduced. Hence, the interval
between the nozzle opening arrays can easily be made
small. However, the process for assembling such a -
recording head is complicated becausa each
piezoalectric vibration element is extremely small.

The second type of piezoelectric vibration

. @lement driven recording heads employs a laminated
structure, such as described in Japanese Unexamined
Patent Publication No. 4-366643. That is, a common
ink supply section, and pressure producing chambers or
ink flow paths, are firzt formed in each of a
plurality of thin plate members. These thin plate
members are then sequentially laminated on the back of
a nozzle plate. Accordingly, the assembly procese is
simple. _ -

However, in this arrangement, each flow path
extending from the pressure producing chamber to the
nozzle openings is formed by making c'omunicating
holes in sach thin plate member, and arranging these
communicating holes proximate to one another. Hence,
it is difficult to discharge the tiny air bubbles in
the ink from the corners of the flow paths formed in
each thin plate menmber .

"In add:.tion, in this arrangement, the size of the
piezoelectric vibration plate mounted on the pressure
producing chamber is larger than that of the.
plezoelectxric ' vibration plate used as the
plezoelectric vibration element in the first type of
plezoalectric vibration element driven recording head.
Hence, the distance between the nozzle opening arrays
ie increased.

If the distance between the nozzle opening arrays

- 18 increased, error between dots printed on a
recording sheet in the auxiliary scanning direction
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tends to increase if three or more nozzle opening
arrays are formed in an attempt to improve printing
quality. In this case, howaver, printing quality is
actually reduced. _

That is, a recording head having a plurality of
nozzle opening arrays is designed so that each nozzle
cpening array enables a dot to be printed at a
predetermined position’ in the auxiliary scanning
direction. As a result, this type of recording head
has the uppermost nozzle opening and the lowermost
nozzle opening arranged at opposite ends in the main
scanning direction. This causes an error of G x sinéd
between 1lines in the auxiliary scanning direction
before and after sheet forwarding, assuming that the
distance between the nogzle opening array at one end
and the nozzle opéning array at the other end in the
main scanning direction is G, and the angle of
inclination between the direction in which the nozzle
opening arrays of the recording head extend and the
sheat forwarding direction is §. This error, G x
sinf, ocauses white lines and black lines to be
intermingled during printing, thereby impairing
painting quality. '

An -ink Jgt .recezding head designed to eliminate
this pfbﬁiem..is described in Eurcpean Laid-Open Patent
Publication No. 554907 herewith incorporated by reference. In this ink jet
recording head, four nozzle cpening arrays, each having a
plurality of nozzle openings linearly pitched in the
sheet forwarding direction at an interval
.corresponding to the number of: nozzle opening arrays,
have their positions in the main scanning direction
staggered by a predetermined interval so as +to be

- different from the physically arranged sequence
thereof. This arrangement, which reduces the distance
in the auxiliary scanning direction between the
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uppermost nozzle opening and the lowermost nozzle
opening of the recording head, can prevent printing of
white lines and black lines due to displacement in the
angle § betwean the nozzle opening array and the sheet
forwarding direction.

However, this advantage is realized only when the
number of nozzla cpening arrays is four. Hence, such
a design is applicable to a 1limited number of

racording heads.
In wview of the above problems associated with

conventional .ink jet recording heads, an improved ink jet
recording head according to the independent claims 1, 3 and 6
is provided. Further advantageous features, details and
aspects of the invention are evident £from thé dependei'lt
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. An aspect of the
present invention is to provide a laminated type ink

jet recording head which minimizes stagnation of air
bubbles in its ink flow paths.

To achieve this aspect ., the presant invention
provides an ink jet recording head that is formed by
laminating: & plurality-of thin plate members having a
plurality of Ank flow paths partially formed therein.
Bach ink flow path extends cont:l.m_.xaualy so as to reach
a nozzle opening from an ink supply section via a
pressure producing chamber. In such ink jet recording
head, communicating holes" formed in the respective
thin plate members to enable the pressure producing
chamber to communicate with the nozzle opening are
linearly arranged. As a result of this construction,
the ink fram the pressure -producing chamber can flow
without stagnating in the communicating holes in the
thin plate members, so that the air bubbles in the ink
can be discharged from the nozzle openings
affectively. | ‘ :

A sacond aspect of the invention is to provide an
ink jet recording head which can -be employed in a
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recording head having a plurality of nozzle opening arrays,’
preferably three or more, and which can minimize inter-line distance

error to ensure high-quality printing.

To achieve the above aspects , the invention
provides an ink jet recording head having a plurality
of nozzle openings arrays, arranged in an auxiliary
gcanning direction, which is substantially.
perpendicular to the main scanning direction. The
nozzle opening arrays are divided into groups, preferably .three groups,
and spaced at predetermined intervals in the main
scanning direction. '

In such ink jet recording head, nozzle openings
of the groups arrangaed on both sides of a group
arranged in the middle of the recording head
supplement spaces between these nozzle openings of the

middle array. Furthermore, a nozzle opening of the
group arranged in the middle is positioned uppermost
or lowermost on the face of the print head, so that
lines printed by the nozzle openings of the groups
arranged on both sides interpose the lines printed by
the nozzle openings of the middle group. As a result,
the maximum distance between nozzle openings printing
adjacent lines' in the main scanning direction can be
equal or suhstantially equal to half the maximunm
distance hetween the nozzle opening arrays at both
gides of the print head. Therefore, inter-line
positional error is reduced.

These and other objects -and advantages of the
invention will become more apparent and more readily
appreciated from the following detailed description of
the presently preferred exemplary embodiments of the
invention taken in .conj\inction with the accompanying
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drawings, of which:
Fig. 1 1illustrates an embodiment of the nozzlae

opaning arrays of an ink jet recording head of the
present invention;

Fig. 2 is an exploded perspective view showing
the detailed assembly of the ink jet recording head of

Fig. 1;
Pig. 3A is a sectional view showing the ink jet

recording head of Fig. 1;

Fig. 3B is a sectional view showing another
- ambodiment of the invention with the position of a
nozzle opening shifted;

Figs. 4A to 4D respectively show embodiments of
the present invention wherein the position of a nozzle
opening with respect to the corresponding pressure
producing chamber is shifted by adjusting both the
position of the nozzle opening and the positions of
introducing holes connecting the nozzle opening to the
pressure producing chamber in the embodiment of the
ink jet recording head shown in Fig. 1;

Fig. S5A illustrates a pattern printed by a
recording head having nozzle opening arrays according
to the present invention;

Fig.i 5B  illustrates a pattern printed by a
recordzng head having nozzle opening arrays according
to a conventicnal arrangement;

Fig. 6 1llustrates anocther embodiment of the
nozzle opening arrays of an ink jet recording head of
the present invention;

Fig. 7 illustrates a further embodiment of the
nozzle opening arrays of an ink jet recording head of
the praesent invention; -

Fig. .8 illustrates a further embodiment of the
nozzle opening arrays of an ink jet recording head of -
the present invention;
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Fig. 9 illustrates an exemplary arrangement of
introducing holes for implementing the pitch at which
the nozzle openings are positioned as shown in the
embodiment of Fig. 8; and

Fig. 10 illustrates a further embodiment of the
nozzle opening arrays of an ink jet recording head of
the present invention.

Fig. 1 shows an exemplary embodiment of a nozzle
opening arrangement of an ink jet raecording head of
the present invention. Nozzle plate 130 includes six
arrays of nozzle openings A, B, ¢, D, B, F. The
nozzle ocpenings 1, 7, 13, 19 and 25 of the first array
A are positioned closest to the center line of the
nozzle plate 130. Nozzle cpenings 2, 8, 14, 20 and 26
of the second array B are positioned oclose to one
lateral end of the nozzle plate 130, for example, At
the left end, and the nozzle openings 3, 9, 15, 21 and
27 of the third array C are positioned between the
first array A and the second array B.

Nozzle openings 4, 10, 16, 22 and 28 of the
fourth array D are positicned on a side of the first
nozzie opening array A opposite to the side at which
the third array is positioned. The nezzle cpenings 5,
11, 17, 23 and 29 of the fifth array E are positioned
closest to the lateral end opposite to the lateral end
at which the second array B is positioned, for

. example, the right end. Finally, the nozzle openings
6, 12, 18, 24 and 30 of the sixth array E are
positicned closest to the fifth nozzle opening array
E. . | -

These nozzle opening arraye are divided into
three groups. The first nozzle opening array A and

—7...
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the fourth nozzle opening array D constitute a first
group 201. The second and third nozzle opening arrays
B and C constitute a second group 202. The fifth and
sixth nozzle opening arrays E and F constitute a third
group 203. The nozzle openings of tha respective
groups 201, 202 and 203 communicate with the ink jet
recording head unit, as shown in Figs. 2, 3A and 3B,
so that the nozzle openings are supplied with ink to
be Jjetted. .

The nozzle openings 1, 4, 7, 10, 13, 16, 19, 22,
25 and 28 of the first group 201 are arranged at a
pitch of three dots apart in an auxiliary scanning
direction, that i3, in the wvertical direction as
viewed in Fig. 1. The pairs of nozzle cpenings 2 and
3, 8 and 9, 14 and 15, 20 and 21, and 26 and 27 of the
second group 202 are arranged at a pitch of one dot
apart, and are positioned in the vertical direction
betwaeen or substantially between nozzle openings 1 and
4, 7 and 10, 13 and 16, 19 and 22, and 25 and 28,
respectively. This pitch is repeated, for example, at
a cycle of five pairs of dots.

The pairs of nozzle openings 5 and 6, 11 and 12,
17 and 18, 23 and 24, and 39 and 30 of the third group
203 are arz:angad at a pltch of one dot apart, and are
positioned" 1 "the Vert:l.cal direction between or
substantially between nozzle openings 4 and 7, 10 and
13, 16 and 19, and 22 and 25, and in the vertical
direction below or substantially below nozzle opening
28, respectively. This pitch is repeated, for
example, at a cycle of five palrs of dots.

Fig. 2 is an exploded perspective view showing
the assembly of an embodiment of the ink jet recording
head of the pres_an"t invention, as shown in Fig. 1.
Figs..3A and’ 3B are sectional views, each showing a
structure in the vicinity of a pressure producing
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chamber that is connected to a single common ink
chamber.

As showing in Fig. 2, the ink jet recording head
comprises piezoelectric vibration element drive
gections 100, which are formed by mounting
plezoelectric vibration plates 104, made of PZT or the
like, onto a surface of a vibration plate 102 made of
a zirconia (2r0,) thin plate member or the like whose
thickness is about 10 un. The plezoslectric
vibrations plates 104 are mounted so as to oppose
pressure producing chambers 103, which will be
described below.

A spacer 105, which is made of a ceramic thin
plate member, such as-a 150 pm-thick zirconia thin
plate member or the 1l1like, haz through holes 106
therein. These through holes 106 constitute the
pressure producing chambers 103, which are thus formed
at a predetermined pitch. The shape of each through
hole 106 coincides with that of the pressure producing
chambex 103.

A board 108 is disposed adjacent the gpacer 105
to close the corresponding ends of the pressure
producing chambers 103. Introducing-hol-es_ 109 and 111
are formed. in board .208. Introducing holes 109 have
a larger ‘aiatieter tha.n that of nozzle openings 131,
which are formed in nozzle plate 130, and enable the
nozzle openings 131 to communicate with corresponding
pressure producing chambers 103. Introducing holes
111, on the other .hand, . enable their corresponding
pressure producing chambers 103 to communicate with
common ink chamber 110.

These three members 100, 105, 108 are integrated
into a single structure, and are mounted on a unit
fixing plate 112 by adhesive or the like. The unit
fixing plate 112 alsoc acts as a flow path regulating
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plate in this embodiment.

The unit fixing plate 112 includes flow path
regulating holes 113, which are positioned between the
introducing holes 111 and the common ink chamber 110
when the unit fixing plate 112 is mounted between the
board 108 and the thermal deposition £ilm 115,
described below, as shown in Fig. 3B. Also, the unit
fixing plate 112 includes introducing holes 114 which
are positioned to oppose the through holes 109 when
the unit £ixing plate 112 is mounted to the board 108.
Each flow path regulating hole 113 has a flow
resistance substantially equal to that of the nozzle
opening 131, and each introducing hole 114 enables the
nozzle opening 131 to communicate with the pressure
'producing chamber 103.

The thermal deposition film 115 bonds a common
ink chamber forming plate 118, described below, to the
unit fixing plate 112. The thermal deposition f£ilm
115 includes windows 116 and introducing holes 117.
Each window 116 coincides with the common ink chamber
110, and each introducing hole 117 enables the nozzle
opening 131 to communicate with the pressure producing
chamber 103. | -

The common ink chamber forming plate 118 includes
windows 120 -and iﬁtroducing holes 2121. The ink
chamber forming plate 118 is, for example, a 150 Jm-
thick stainless steel plate member or the like, which
is corrosion resistant and whose thickness is adequate
to form the common ink chambers 110. EFach window 120
is substantially V—shaped.and thus corresponds to the
shape of the commeon ink chamber 110. Each introducing
hole 121 has a diameter larger than that of the nozzle
openings 131, and enables their corresponding pressura
producing chambers 103 to Tommunicate with the nozzle
openings 131.

- 1l0 -
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As described above, the nozzle openings 131 ars
formed in the nozzle plate 130. The nozzle plate 130
is fixed to tha common ink chamber forming plate 2118
by a thermal deposition £ilm 133 or the like, so that
the nozzle openings 131 communicate with their
respective pressure producing chambers 103 through
introducing holes 109, 114, 117 and 121, and through
hole 134 formed in the thermal deposition f£ilm 133.
The diameter of these introducing holes 108, 114 and
121 is determined so that the opening at least on the
side of the nozzle opening 131 is small.

Accordingly, the laminated structure allows the
centaras of the introducing holes 203, 114, 117 and 121
to be aligned, to allow the nozzle opening 131 to
communicate with the pressure producing chamber 103 as
shown in Fig. 3A. Hence, even if the nozzle opening
131 is shifted by a distance AL, as shown in Fig. 3B,
the ink is not likely to stagnate. Accordingly, air
bubbles contained in the ink can be discharged swiftly
from the nozzle opening.

That is, if the nozzle openings 131 are shifted
in a direction toward one -end of the pressure
producing chamber 103 as shown in Fig. 4A, the nozzle
opening 131 can be alligned near the 'end of the
pressuréibraducing'éﬁgmhar_los. If the respective
introducing “holes 108, 114, 121, for example, are
sequentially shifted in any direction with respect to
the . pressure praduoing chamber 103, as shown in Figs.
4B, 4C, then the pitch between the adjacent nozzle
openings 131 can be adjusted arbitrarily.

Alternatively, as shown in Fig. 4D, the pressure
producing chambers 103 may be arranged to communicate
with nozzle openings 131 which are positionad
asymnetrically on the noz2le plate 130,

In the embodiment of the recording head of the

j-ll-
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present invention, when a drive signal is applied to
the piezoelectric vibration plates 103, the vibration
plate 102 is rlexéd, theraby causing the pressure
producing chambers 103 to contract. As a result, the
ink within the prassure producing chambers 103 is.
jetted to the nozzle openings 131 via the introducing
holes 109, 114, 117 and 121, and 1s jetted therefrom
in the form of an ink droplet.

When the drive signal is removed after the ink
droplets have been jetted, the piezoelectric vibration
plate 104 returns to its original position, thereby
causing the pressure producing chamber 103 to expand
to its original size. As a result, an amount of ink
corresponding to the amount of ink jetted out of the
nozzle openings 131 flows into the pressure producing
chamber 103 from the common ink chamber 110 wvia the
flow path requlating holes 113 and the introducing
holes 112. This cycle is repeated until the amount of
ink droplets necessary for printing have been jetted.

Operation of this embodiment of the recording

head having the nozzle opening arrangement of the

embodiment shown in Fig. 1 will now be described with
reference to Flg. 5A.

Fig. SA is an exemplary diagram illustrating the
co’rresp&iéefxé:é‘ Batw'e;e;x the position of lines printed
in a print 1ine (e.g, a single character line) in the
horizontal direction and the nozzle openings that
print such lines of the print line. This figure also
illustrates the position of some of the nozzle
openings that print the uppermost lines in an adjacent
print line. The number in each circle corxresponds to
the number assigned to a nozzle opening in Fig. 1.

Lines in a print line are printed at an interval
of three ddts by the nozzle openings 1, 4, 7, 10, 13,
16, 15, 22, 25 and 28 of the nozzle opening arrays A

- 12 -
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and D of the first group 201. Two lines ar ACED

by the nozzle openings 2, 3, 8, 9, 14, 15, 20, 21, 26
and 27 of the nozzle opening arrays B and C of the
second group 202, so as to supplement lines between
the ecdd-mumbered nozzle openings and the even-numbared
nozzle openings of the fixrast group 201, i.e., between
nozzle openings 1 and 4, 7 and 10, 13 and 16, 19 and
22, and 25 and 28.

Two lines are similarly printed by the nozzle
openings 5, 6, 11, 12, 17, 18, 23, 24, 29 and 30 of
the nozzle opening arrays E and F of the third group
203, so as to supplement the lines between the oven-
nunbered nozzle openings and the odd-numbered nozzle
openings of the first group 201, ‘which: are not
supplémented by the second group 202, i.e., between
nozzle openings 4 and 7, 10 and 13, 16 and 19 22 and
25, and vertically below 28.

 With the nozzle openings of the second and third
groups 202 and 203, respectively, being arranged on
both sides of the nozzle plate 130 to print lines
which interpose the lines prihtad by the nozzle
openings of the first group 201, arranged in the
middle of the nozzle plate, the -maximum distarce in
the main scanning direction between any two nozzle
openings that print VGrtically adjacent lines is equal
to half orxr- ‘substantially half the distance between
groups 202 and 203 arranged on both sides of the
nozzle plate 130. For this reason, an error that
occurs when the vertical direction of the nozzle
openings in the recording head is not parallel with
the sheet forward direction, but is glightly at an
angle with respect to the carriage, is substantially
halved. fThat is, assuming that the distance in the
main scanning direction Between the nozzle opening
arrays 202 and 203 i1s G, and that the angle of

\
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inclination of the head is 8, an error G x saind is
substantially halved.

In addition, since the nozzle openings are
arranged so that the uppermost line in a print line is
printed by a nozzle opening of the first group 201,
that is, nozzle opening 1 in this embodiment, and the
lowermost line in a pi:int line is printed by a nozzle
opening of either group 202 or 203 (i.e., nozzle
opening 30 in this embodiment), the distance in the
main scanning direction between the nozzle openings
that prints the lowermost line of the print line
(i.e., nozzle 30), and the upper most line of the next
print line (i.e., nozzle 1), is also equal to half or
substantially half the distance between groups 202 and
203. This, in turn, halves or substantially halves
the error that may occur between the print lines that
are printed before and after sheet forwarding, and
thus prevents a white line or a black line from being
produced, as often is the case in conventional
printers.

That is, in a conventional print head having a
nozzle opening arrangement as shown in Fig. 5B,
adjacent lines printed by the nozzle openings arranged
on opposite- sides of the print head (e.g., the nozzle
openings ‘6 “and 7 of the nozzle opening arraye A' and
F') result in a large print error when the direction
of the nozzle opening axrays A' through F' is not
parallel to the shaet forwarding direction. This
error occurs because the distance between these nozzle
openings in the main gcanning direction is equal to
the distance between the nozzle opening arrays A' and
Fl

In addit:.on, because this large distance in the
main scanning direction exists between nozzle openings
1 and 30, when the direction of the nozzle opening

- 14 -
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arrays is not parallel to the sheet forwarding
direction, a large error will occur between a print
line and a subsequent print line printed after the
sheet is forwarded.

Flg. 6 shows another embodiment of the nozzle
opening arrangement according to the present
invention. In a manner similar to the embodiment
shown in Fig. 1, nozzle opening array groups 204, 205
and 206 are formed in a nozzle plate 130. The nozzle
openings 1, 5, 9, 13, 17, 21 and 25 of the single
array A of the first group 204 are arranged at a pitch
of four dots apart in the sheet forwarding direction.

The sacond group 205 has two nozzle opening
arrays B and C, each having nozzle openings spaced at
a pitch of two dots from each other. The third group
206 has a single nozzle opening array D, wherein the
nozzle openings are spaced at a pitch of four dots
from each other.

The nozzle openings of the first and third groups
204 and 206 are arrangaed on opposite sides of the
nozzle plate 130, and are positioned so0 aszs to
alternately supplement the nozzle openings of the
sacond group 205 arranged in the middle of the nozzle
plate 13q,;-mhat_is;_%a this embodimeﬁt, lines printed
by.the'hd!ilépzpenings-l, 5, 9, 13, 17, 21 and 25 of

‘the first group 204 and lines printed by the nozzle

openings 3, 7, 11, 15, 19, 23 and 27 of the third
group 206 are printed so as to interpose lines printed
by the nozzle openings-2, 4 -« -+« 26, 28 of the second
group 205. :
Therefore, the maximum distance between any two
nozzle openings that print vertically adjacent lines

" is equal to or substantially equal to half the

distance between the nozzle opening arrays A and D.

In additilon, since a nozzle opening of one of the

- 15 -
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groups 204 and 206 (i.e., nozzle opening 1 of group
204) is positioned- to print the uppermost line of a
print line, and the nozzle opening 28 of group 205 is
positioned to pzinf the lowermost line in the print
line, the digtance betwean the nozzle openings that
print vertically adjacent print lines before and after
sheat forwarding is equal or substantially equal to
half the maximum distance between nozzle opening
arrays 204 and 206. As in the embodiment of Fig. 1,
this reduces errors that may occur (e.g., white line
or black line) between adjacent print lines when the
direction of the nozzle opening arrays is not parallel
to the sheet feed direction.

It is apparent that similar advantageous effects
can be obtained by reversing the arrangement of the
two nozzle opening arrays B and C of the second group
205, as shown in Fig. 7.

As shown in Fig. 8, a group 211 having the nozzle
openings 2, 4, 6 ++ ++ 24, 26, 28 arranged at a pitch
of two dots apart from each other may be interposed
between groups 210 and 212, which alternately
supplement this group 211 during printing. Group 210
consists of a nozzle cpening array A having the nozzle
openings 1,-5 .o -21, 2%, arranged at a pitch of
four dets from aach other. Group 212, on the other
hand, consists of a nozzle opening array C having the
nozzle openings 3, 7 «- -« 23, 27, arrangeqd at a pitch
of four dots from each other.

When the nozzle openinge are linearly arranged at
an extremely high density as in nozzle opening array

. B of the group 211, two arrays of pressure producing

chambers 103 and 103° are used, as shown in Fig. 8.
These chambers 103 and 103' are arranged so that their
adjacent ends are as close as possible to the
positions at which their respective nozzle opening is

- 16 =
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disposed (i.e., as close as possible to line L-L).
Also, introducing holes 109, 114, 121, providing
communication between the pressure producing chambers
103 and the nozzle openings 131, and introducing holes
109!, 114', 121', providing communication between
pressure producing chambers 103' and nozzle openings
131', are shifted toward the line L-L.

Also in this embodiment, as in the aforementioned
embodiment, the lines printed by the nozgzle cpenings
2, 4, 6 s+ ++ 24, 26, 28 of the nozzle opening array
B are alternately supplemanted by the lines printed by
the nozzle openings 1, 5, 9 «+ <+ 21, 25 of the nozzle
opening array A and by the nozzle openings 3, 7, 11 ..
+» 23, 27 of the nozzle opening array C, arranged at
opposite sides of the nozzle plate 130. Furthermore,
the nozzle opening 1 of group 210 4is positioned
uppermost, and nozzle opening 28 of group 212 ia
positioned lowermost, thersby reducing errors that can
occur between print lines as discussed in the previocus
embodiments.

_ Furthermore, each ink flow path is formed so as
to smoothly connect the introducing holes 109, 114,
121 and the introducing holes 109', 114', 121' that
are formed in the.respectzve thin plate members, so as
to be- tapered “toward the nozzle opening. Thexefore,
the ink is not likely to stagnate, and air bubbles
contained in the ink is effectively discharged.

While in the embodiments shown in Figs. 6, 7, and
8, a nozzle cpening of the nozzle opening arrays of
groups 205 and 211, positioned in the middle of the
nozzle plate 130, is positioned at the lowermost end
of the recording head, it is apparent that similaxr

' effects can be provided by alternately positioning a

nozzle opening of groups 205 and 211 at the uppermost
end of the recording head. For exanmple, in the

- 17 -
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enbodiment shown in Fig. 6, the nozzle opening array
A of group 204 can be shifted down by four dots. That
is, nozzle opening-1 can be set to the position of the
nogzle opening 5, ‘and printing can be performed done
in the order of the currently assigned nozzle opening
nunberg, i.e., 2, 3, 4, 5, ¢+ e+« 27, 28.

Further, with respect to the embodiments shown in
Figs. 7 and 8, it is apparent that printing can be
done starting with the nozzle opening 2 of the nozzle
opening axrray B by either omitting the uppermost
nozzle opening 1 of the nozzle opening array A of the
group 204 or 210 shown in Fig. 7 and 8, respectively,
or by not using nozzle opening 1.

If the number of nozzle openings in the nogzle
opening array other than that of the group in the
middle is decreased as described above, then the
nunber of nozzle openings of the nozzle opening array
A of group 204 in Fig. 7, or of group 210 in Fig. 8,
is decreased to 6, thus leaving nozzle cpening array
A short one nozzle opening compared with group 206 in
Fig. 7 or group 212 in Fig. 8. This, in turn, allows
the nozzle openings of group 208 or 210 in the middle
of the nozzle plate to be positicned uppermost and
lowermost. - As a result, the nozzle opening that
prints the"~ 1ast ‘line of a print line and the nozzle
opening that prints the first line of a next print
line belong to the same group, which in turn allows
printing quality to be improved. Fig. 10 showa an
embodiment of an ink jet recording head according to
the present invention having this type of nozzle
opening arrangement. This embodiment is suitable for
a recording head capable of extremely high-density
printing w:}th a particularly great number of nozzle
openings, e.g., 64 nozzle openings, formed on a 's'ingle
nozzle plate.
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.The nozzle openings of the recording head (from
the uppermost nozzle opening 1 to the lowermost nozzle
opening 64) are arranged at the same pitch as those in
the embodiment of Fig. 1 in nozzle opening arrays A
and D of group 214 arranged in the middle of the
nozzle plate. As a result of this arrangement, one of
the groups at the s}das of the nozzle plate has two
less nozzle openings. For example, nozzle openings 65
and 66 in group 215 arranged on the right side, as
shown in Fig. 10, are removed. '

According to this embodiment, the lowermost line
of a print line (e.g., a single row of characters) is
printed by nozzle opening 64 in the middle and the
uppermost line of a next row is printed by the nozzle
opening 1 of group. 214 also in the middle. Therefore,
not only can inter-line error, as described above, be
minimized, but also high gquality printing can be
implemented in a solid image, such as a graphic image,
when printing is done by using a part of the upper
side of the recording head when, for example, the last
line of such solid image is to be printéd, because the
nozzle opening 64 that prints the lowermost line of

~ the penultimate row and the nozzla opening 1 that

prints the uppermost 1ine of the last row belong to
group 214’ in the middla of the nozzle plata.

While a single group consists of one or twe
nozzle opening arrays in the aforementioned
embodiments, it is apparent that similar effects can
be obtained by putting three or more nozzle opening
arrays in a single group. Further, while a recording
head utilizging flexural vibration is described in the
above embodiments, it is apparent that similar effects
and advahta.ges can be _obtained by employing a

'piezoelectric vibration element of the vertical mode,

in which the distance between nozzle opening arrays

- 19 -

This Sheet Has Been Replac

TR




5 I THIS SHEET HAS BEEN
- - REPLACED

can be made relatively small.

While the invention has been particularly shown
and described with reference to preferred embodiments
thereof, -it will be understood by those skilled in tha
art that various chihges in form and datails may be
made therein without departing from the spirit and
scope of the invention.
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1. An ink jet recording head comprising a plurality of thin
plate members (108,112,118) each having a plurality of
holes (109,114,121) therein, said thin plate members
(108,112,118) being laminated together so that said holes
(109,114,121) formed in adjacent said thin plate members
(108,112,118) are aligned with each other and cooperate
to form a plurality of ink flow paths each continuously
extending from a respective nozzle opening (131) to a
respective pressure producing chamber (103) which
communicates with an ink supply section (110). |

2. An ink jet recording head according to claim 1, wherein
the areas of the holes (109,114,121) of the thin plate
members (108,112,118) arranged in succession towards said
nozzle openings (131) become sequentially smaller such
that the areas of the holes (109,114,121) of the thin
plate member (108,112,118) closest to the nozzle
openings (131) are smallest - and the areas of the holes
(109,114,121) of the thin plate members (108,112,118)
further _‘aw"a'lf “from the-nozzle openings (131) are largest.

3. An ink jet recording head especially according to claim 1
or 2, comprising a plurality of thin plate members
(108,112,118), each having a plurality of  holes
(109,114,121) therein, said  thin plate members
(108,112,118) being laminated together so that said
holes (109,114,121) formed in adjacent said thin plate
members (108,112,118) axe shifted with respect to each
other and cooperate to form a plurality of ink flow paths
continuously extending from a respective nozzle opening
(131) to a respective pressure producing chamber (103)
which communicates with an J.nk supply section (110).
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4. An ink jet recording head as claimed in claim 3, wherein
said thin plate members (108,112,118) are arranged in
succession, said holes (109,114,121) of said adjacent
thin plate members (108,112,118) being sequentially

5 shifted outward with respect to each other in a manner
towards said nozzle openings (131) such that the holes
(109,114,121) of said thin plate member (108,112,118)
closest to the'.nozzle opening (131) is at a maximum
shifted distance with respect to the holes (109,114,121)

10 of the thin plate member (108,112,118) furthest from the
| nozzle opening (131).

5. An ink jet recording head as claimed in one of the
preceding claims, wherein said ink flow paths, nozzle
15 openings (131) and pressure producing chambers (103) are
grouped .into ink flow path units, said ink £flow path
units being arranged so that the nozzle openings of one
of said ink flow path units are positioned between the
nozzle openings of another one said ink flow path units.

20
6. An ink Jet.recordlng head especially accordlng to one of
the precedlng clalms, comprising:
a board (130) having a plurality of nozzle openings (131)
therein arranged in nozzle openlng arrays (A,B,C,D,E,F)
25 formed in an auxiliary scanning direction, the nozzle

opening arrays (A,B,C,D,E,F) being divided into groups,
preferably three groups (201,202,203;204,205,206;210,211,
212;213,214,215) at a predetermined interval in a main
scanning direction, said nozzle openings (131) of groups
30 ' (202,203;204,206;210,212;213,215) arranged at both sides
of a group (201;205;211;214) arranged in the middle in
the main scanning direction of the ink jet recording head
being positioned vertically between adjacent nozzle
openings (131) of the middle group (201;205;211;214); and
35 a nozzle opening (131) of the middle groups

(201,205,211,214) is positioned uppermost and/or
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lowermost in the auxiliary scénning direction, so that

lines printed by the nozzle openings (131) of the groups

(202,203;204,206;210,212;213,215) arranged at both sides"

interpose lines printed by the nozzle openings of the
5 middle group (201;205;211;214).

7. An ink jet recording head according to claim 6, wherein

each group (201,202,203;204,205,206;210,211,212;213,214,

215) has two nozzle opening arrays (A,B,C,D,E,F), the

10 nozzle openings (131) of  the middle group

(201;205;211;214) being pitched at an interval of three

dots in the auxiliary scanning direction, .pairs of nozzle

openings (131) of the groups (202,203;204,206;210,212;

213,215) arranged on both sides are pitched at an

15 interval of one dot, and said pairs are arranged at an

interval of five dots so as to be positioned vertically

between said nozzle openings (131) of the middle group
(201;205;211;214).

20 8. An ink jet recording head according to claim 6, wherein
the nozzle openlngs (131) of the middle group
(201 205 211 214) are- pitched at an interval of two dots,
each of the "groups (202,203;204,206;210,212;213,215)
arranged on both sides has a single nozzle opening array

25 having 1its nozzle openings pitched at an interval of
four dots so as to be vertically between the nozzle
openings of the middle groﬁp (201;205}211;214).

9. An ink jet recording head according to claim 8, wherein
30 the middle group (201;205;211;214) has two nozzle opening

arrays.

10. An ink jet recording head according to claim 8, wherein
the middle group (201;205;211;214) has a single nozzle
35 opening array.
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