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,IﬁM.JET ‘RECORDI NG HEAD_1 The invention relates to an yﬂk ] et recordlng hJDQ

haV|ng a plurality off“hozzle openi ngs di sposed in a sfee

’dlrectlon with each nozzle opening jetting an ink+ dropletﬂﬂﬂéHEBTpﬂésmﬂﬁé

provi ded by a pressure produci ng chanber. Mre particul grly,

Is directed to a nozzle opening arrangenment on the ink jet

Ink jet recording heads are wi dely used throughout the printing |ndustry
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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 Jjet 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
providea;hiﬂawheataigip-effact 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 emittead.

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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capabl e of printing dOLé of various sizes, and-are relstively quiet during

“oper ati on.
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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

is increased.
If the distance between the nozzle opening arrays
is increased, error between dots printed on a

recording sheet in the auxiliary scanning direction
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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 jat .recozding head designed to eliminate
this problem 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 phyesically arranged sequence

thereof. This arrangement, which reduces the distance
in the auxiliary scanning direction between the
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- This Sheet Has Been Replaced

- of ke A8z TkCpeéniegWeen the



smal |t
conpl i cated
‘smal | . ,
recordi ng heads enploys a | am nated structure, such as desdci bed®

However, the pr.gcess for assenbling such a re di ng head is

because :i’each piezoelectric vibration el @ men— yt--efret A p—.
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Japanese Unexam ned Patent Publication No. 4-366643. That is, a common ink

supply section, and ressuLgaPr \/ are
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Accordigl ¥ inbBeaRaspikkl PLAE8SEuéSto displacement in the

angle § betwean the nozzle opening array and the sheet
forwarding direction.

However, this advantage is realized only when the
number of nozzle opening 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 d plurality-of thin plate members having a
plurality of Ank flow paths partially formed therein.

E -

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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To achieve the above aspects , the invention

provides an ink jet recording head having a plurality
of nozzle openings arrays, arranged in an auxiliary

scanning 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

. 20

25

30

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

—5-

-
eet Has Been Replaced

T



plezoélectrlc V|brat|,Ql pl ate. used as t he plgzpelectrlc vi bration
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‘recordi ng head. Hence, the distance between the nozzle opgni Nng REMALED S
i ncreased. If the distance between the nozzl e opening arrays—s—ncreasea,
error between didwimys ntefl wivdeht ecordi ng sheet in the auxiliary scanning

direction 3 Fig. 1 1illustrates an embodiment of the nozzle
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
1s 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

20 - 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

2s recording 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; '

30 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 -

35 the present invention;
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tends to increase if three or nore nozzle opening arrays are formed in an
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sinferr] 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.

5

Fig. 1 shows an exemplary embodiment of a nozzle
10 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
15 nozzle plate 130. Nozzle openings 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
20 first array A and the second array B.

Nozzle openings 4, 10, 16, 22 and 28 of the
fourth arxay D are positioned on a side of the first
nozzle opening array A opposite to the side at which
the third array is positioned. The nezzle cpenings 5,

2s 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

30 positioned 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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group 2303. 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 cyclae 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 arzangad at a pltch of one dot apart, and are
positioned" 1 "the Vertical 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'pairs of dots.

Fig. 2 is an exploded perspective view showing
the assembly of an embodiment of the ink jet recording
head of the presgﬁt invention, as shown in Fig. 1.
Figs..3A and’ 3B are sectional views, each showing a
structure in the vicinity of a pressure producing

-8—
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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-holﬁq 109 and 111
are formed. in board .208. Introducing holes 109 have
a larger ‘diafieter than 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

-g-.
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regulating'holas 113, which are positioned batwaen 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 fixing 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
15 ‘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.

20 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

10

chamber 103.
The common 1nk.ohamher forming plate 118 includes
2s windows 120 -and introducing 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

30 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

35 openings 131.
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the nozzle apenings 131 ccmmunicate 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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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. 5A is an exemplary diagram illustrating the
correspondence batween 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 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
10 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
1s | supplemented 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
20 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
25 openings “that print vertically adjacent lines is equal
to half or-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
30 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

3s arrays 202 and 203 is G, ana that the angle of
\
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‘To achi eve the above aspects , the'i nvention provi des-an ink jet_recording
head having a plurality-of nozzle openings arrays, ar rahged i SIS AHEEIT | H(SYBEEN

‘scanni ng directi on whi ch i's subst ant ially Perpendicyl ar_t BERIyYeED

mai n scanni ng, di n zzl arrays_are d,i.nto
groups, pref é"’é‘bi 8!"'03%? O’éﬁﬁﬁ ggc np?’é gfeﬁm’g iﬁqﬁt éﬂ’val s in
the main scar‘ubgtaht:bsllpnhalvreduch ink jet recording head, nozzle

105 e ol A nLEMEL P! S bl o0 GHRSegH 0a L1
openi ngs of tdxranged so that the uppermost line in a print ine 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
10 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
1s 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

L]

20 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

25 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

30 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
3s : 1 and 30, when the direction of the nozzle opening

- 14 -
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m ddl e array. Furtherppre, a nozzle opening of the gr eup arranged in the
mddle is positioned Uiper nost or | ower nbst on the facé of |t WRISSSHERT MERYEEN

*so that lines printed by the nozzl e openings of the groups far r an@EELACEDOt h
m_adl e

sides interpaose the I nes_ printed he_nozzl e openi pgs

group. As a PERI¥E ¥ mRATALTShe ‘Bet%ﬁ n gﬁﬁig BBEHFﬁéé'nﬂrl nting
adj acent i neﬁnecﬂimna'anlargmlen;ah mtll oocccay batomar arpsdhét antially
equal to half b n p a ys at
bot h si des (;Ti r| n %é&&'&% g&-ﬁ% ﬂ}?e gi&*\lﬁﬁg g’# nal” error is
r educed. sheet 8 rorwarded.

Fig. 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
10 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 second group 205 has two nozzle opening
arrays B and C, each having nozzle openings spaced at
1s 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
20 204 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 130. - irhat is, in this embodiment lines printed
25 by the -nozzle openlngs l, 5, 9, 13, 17, 21 and 25 of
the first group 204 and 1lines 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

30 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.

-5

35 In additilon, since a nozzle opening of one of the
- 15 -
-
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These and other objectg, and advantages of the inventigR w I
.appar ent and nore readity appreciated fromthe fol | owiTg det
‘description or the presently preferred exenpl ary enbodi nent,

Rlcded “Ndlokrbne BPSRTR" REne, B SR04 or an

|nvent|on taken in_c

whi ch: - 19X PYRE

of

IIU

HEET HAS BEEN
aﬂqléfls ﬁgPLAC ED

ink jet recorﬁmmn heaposi tiiloned - to prlnt the uppermost line of a

10

1s

29

25

30

385

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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priesent

I nvention; Fig,~2 i s an expl oded perspective vysmlshomnnq t he

det ai |l ed assenbly of th "ink jet recording head of Figi¥7; FiHis SAEEE HAS BEEN

‘secti onal
secti onal

V|eM/shomnng the ink jet recording head of Fig. 1] Fi g.REBAlCsDa

4 e&/ﬁgggygggﬁ%ge;% PP’ igszgﬂés OLX%Q?_ 5 E“If]ées%gc\fwI %ﬁ ‘ghow

position of a
embodi nents oAlshe pi@tmduthngntllt@he%el@n t¥et p0 %23 0n Ravowl I

openi ng w th &&aReATchLibRCLELWERRPERE! PReBEAS @ b2oducing chambers

10

s

20

25

30

3s

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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prodUCl ng chanber is sp-l\fted by adjusting both the posj+ion dFFR&EFE & srEN
,opening and the p03|t|ém% of introducing hol es connect¥itg the N0ZZREpr ACED

‘opening to the pressure producing chanber in the enbodi nent of—the—+nk—et
recordi ng head shown in Fig. 1; Fi 5A illustrates a pattern printed by a
recordi ng heMiWﬁthPﬂnoéén %-aﬁ:aﬁ’%c%ﬂil%g"?ﬁnﬂ-ﬁﬁ ArEXNt

invention; Fig.or dd;L uﬁu asaﬂﬁ b BNieHed RowH B Pou aw di pgalkead

t; Fig.
havi ng nozzl e operil rra accordl n toa% %OnY:ﬁgt b%ﬁ 1::Laornr angggent g

6 illustratest®ndt
' nogzle ape_ning 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
15 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 opening array
20 A short one nozzle opening compared with group 266 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
2s 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
30 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

as nozzle plate.

10
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nozzl € opening arrays gk an ink jet recording head of the predefiiis SHEET HAS BEEN
I nvention; Fig. 7 illu§kFates a further embodi nent of Efe nozil e OPQBPIXTED

‘farrays or an ink jet recordi ng head of the present invention;, ¥g—38

illustrates a further enbodi nme f the nozzleoem arrays of an ink jet
recordi ng head of -TH® PP&& ﬁ‘t fgﬁsbPéfle§:£?‘bxerrpl ary
arrangenment ofhe 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.idas 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
10 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

15 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

20 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
2s 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 nozzile -opening
3o 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,

3s in wh:.ch the distance between nozzle opening arrays

- 19 -
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‘i ntroduci ng holes for Lapl ement i ng the pitch at which the nozz

L o—ononinac
are positioned as showd’ln the enbodi ment of Fig. 8; ani Fig.| TS SHEET HAS BEEN

“il1lustrates a further enbodi ment of the nozzle opening arrayd aof aBREIHEEPet

recordi ng head of the present, invention, _Fig. 1 shows an exenplary
enbodi ment ofc&D R %p'%ﬂ?‘?\ﬁi‘é?iﬁnﬁﬁﬁ%ﬁt of an ink jet recording head of
the present inventwiille théziavphtionlhas ddrtgranticalanyy ehowwzl e

PProt"array And aqhsaiieds ultE SEEE PSRTEs Wrelerieg dnpdfsdiine® o 1N
. . thereof, it will be understood by those ekilled in the
5 art that various changes in form and details may be
made therein without departing from the spirit and
scope of the invention.

- 20 -
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nozzle plate 130. hbzz openings 2, 8, 14, 20 and 26 e the second array B

Y WaVat

are QJone | ateral end of the nozzle ¥at
'exa i ‘!j ﬂ! and the nozzle openings 3, 9, 15, l ﬁlsaﬁgaﬁﬁ‘%ﬁ BEEN
the posi tioned between the first array A PLACEhd

array B hbzzle openings 4, 10, 16, 22 and 28 of the fourth array D are
posi tioned on a side of the first nozzle opening array A opposite to the
side at which the third array is positioned. The nozzle openings 5, 11, 17,

23 and ZQQQEI%EQ fifth array E are positioned closest to the lateral end
opposite to the lateral end _
1. An ink jet recording head comprising a plurality of thin

plate members (108,112,118) each having a plurality of

S 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

. 10 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
15 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
20 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
25 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
30 members (.108,112,118) are 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).

This Sheet 1.
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af which the

second ,ayray B is positioned, for exanple, the right

z#f#® openings 6, 12, 18, 24 and 3¢ of {PEn§ISHERT MASAYEEN

end. .Ei I
*E %mﬂgmmut‘ﬁ@j@@sest to the fifth nozzle openi ng array f. Theggpinezzl e
op n =divided into three grpups. The first nozzte opermrmyg

array A and

10

15

20

25

30

35

4.

8 the fourth nozzle opening array D constitute a first

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

An ink jet recording head as claimed in one of the
preceding claims, wherein said ink flow paths, nozzle
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.

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)
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
(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
a nozzle opening (131) of the middle groups
(201,205,211,214) is positioned uppermost and/ox
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nd third nozzl e opening arrays B and C constitute a

gtnup;zgi—~lhefseeﬁﬁ
efrfth and sixth nozzle opening agfag s PEEN
.cocrﬁm“ﬁ mm‘ﬁm‘ HIEroup 203. The nozzl e openi ngs of the reSpEEIFIE\H@D

groups 0%, 202%anti 203 comuni cate with,the ink jet recontdrg—Heat—tnit;
as shown in Figs. 2, 3A and 3B, so that %he nozzl e openings are supplied
with ink to be Jetted The nozzle openings 1, 4, 7, 10, 13, 16, 19, 22, 25
and 28 of the first group 201 are arranged at. a pltch of three dots apart

in an auxilianpweemaitngisi e | aixilhakyl Sscainihe \Edaslon) r et i GHags
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 group (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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viewed in Fig. 1. The pairs of nozzle openings 2 and 3;=8 and 9, 14 and 15,
20 and 21, and 26 and ‘27 of the second group 202 are dkFanged at a pitch of

‘one dot apart, and are positioned in the vertical directiorn DEsWeERTHAS BEEN
substantially between nozzle openings 1 and 4, 7 and 10, 13 and #gpLAt®pand

22, and 25 and 28, respectively. This pitch is repeated, for exanpie,—at =
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 arranged
at a pitch of one dot apart, and ar eaggrRA¢mned in the vertical direction
bet ween or
An ink jet recording head that is formed by laminating a
‘ plurality of thin plate members (108,112,118), each having a
5 plurality of holes (109,114,121). The holes (109,114,121) of
the adjacently stacked thin plate members (108,112,118)
cooperate to form ink flow paths each continuously extending
to communicate a nozzle opening (131) with a respective
pressure producing chamber (103), which is connected to an
10 ink supply section (110). In such ink jet recording head, the
holes (109,114,121) can be aligned or shifted with respect to
each other, and allow ink to flow smoothly, thus preventing
stagnation of air bubbles contained in the ink within the
print head. Further, the nozzle openings (131) are arranged
15 in arrays (A,B,C,D,E,F) in an auxiliary scanning direction.
The nozzle opening arrays (A,B,C,D,E,F) are divided into
three groups (20,202,203) spaced apart from each other at a
predetermined interval in a main scanning direction. Nozzle
. openings (131) belonging to groups (202,203) arranged on both
20 sides of the middle group (201) are positioned vertically
between adjacent nozzle openings of the middle group. A
nozzle opeh-iﬁ'(j"-"gf~ the -middle group (201) is positioned
uppermost or lowermost in the auxiliary scanning direction,
so that lines printed by the nozzle opehings belonging to the
25 groups (202,203) arranged at both sides intérpose a line
printed by the nozzle openings of the middle group (201) to
reducing inter-line error due. to misalignment of the
recording head with respect to a printing sheet.

S~
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‘-sutbsft’amelitaﬂpﬂycatiel! ween nozzle openings 4 and 7, 10 and 43, 16 and 19, ﬁ M
aPRIKBSONAPRIOCRATION he ver;td cal direction bel ow or substarntially bel ow nozzle
- ofrerfiileg S8502-EP r espect.i vel y. This pitch is repeated, for exanple, at a

cycle of five pairs of dots. Fig. 2 is an expl oded perspect Y N |
the assenbly or an enbodi ment of the I%‘kfaﬁé racordi ng head} of 't hgppsegsnt
i nvention, as shown in Fig. 1. Figs. A » 3B are section ' : ‘

showi ng a structure in the vicinity of a pressure producing
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' : licati . . o
9;%5%533%"@: _cao:,?ns connggted to a single Conmon ink chaper. As show n@' yn44

Foug £i1¢, sesfdepl Nk j et regording head conprises piezoel egFric vibratio

el enent drive sections 100, which are forned by rnounting

pi ezoel ectric vibration plates 1p4] @Gde2f PZT or the like, onto a surface
of a vibration plate 102 nade of a zirconia (Zr[err]) thin phatesHBAORAS QEEN
the Ii ke whose thickness is about 10 [err]m The pipzoel eghrhcen

vibrations plates 104 are nounted so as to oppose
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bel ow. ;5/44

:i:pipgﬁ%g"t ggaﬁﬁﬁaum ng chanber's 103, which wll bedyscribed

our>f S K50 whi ch is fAdde of a ceramic thi.n plate menber, such as a 150

. [errImthick zirconia thln pl ate nmenber or the like, has th n"f hol-es—106
therein.  These through hol es 106 constitute the pressure EjEM§$ “HAS BEEN
chanbers 103, which are thus forned at a predetern1ned pi t ch_ TIREPEAGHS of

each through hole 106 coincides with thﬁi {} essure prod
e dce

103. A board 108 is disposed adjacent t
correspondi ng ends of the pressure

uci ng chamber

5 to close the
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- #ew ¥ Patent Application

pPESKPLFESON GOREMRATAMEr s 103, | nt r oduci ng hol es 109 and 111 ahe formed in boéﬂ44
198 filen85@chici ng hol es?;109 have a |arger dianmeter thamsfhat of nozzle

‘openi ngs 131, which are formed in nozzle plate 130, and enabl e_the nozzle
openings 131 to communicate with corresponding pressure produc] THICSEEICESs pEEN
103. Introducing holes 111, on the other hand, enable their clorrespapdideh

pressure producing chambers 103 to communi cate with common i nk Tthamer—tio:
These three nenbers 100, 105, 108 ar?~ ilnggraed into a single structure,
etl

and are nounted on a unit fixing pla b$ &dhesive or the like. The
unit (119
' 108

’ / 121
(. (Lo

7
103}

FIG. 4B

103
FIG. 4C
) 109 :
Q \ 114
7/ ' @121
. (=131
103} . |
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EacdaidviersO TR wﬁmﬁ0|ncudqs with the common ink chanber A&O and each /L7U
i ntawo e sgpelewl e 117 enabl es the nozzl e opening 131 toti¢ommunicate with th
‘pressure produci ng chanber 103. The common ink chanmber form ng plate 118

i ncl udes wi ndows 120 and i ntroduci ng holes 121. The ink chanber_form ng
'  &iH1P SAEET HARREEN

plate 118 is, for exanple, a 150 [err]m thick stai-nless st§
or the Iike, which is corrosion resistant gﬁ &1\’03 t hi ckne$s | s gEteadEDe
d is substamtTarTy

to formthe common ink chanbers 110. Each
V-shaped and thus corresponds to the shape of the conmon ink chanber 110.
Each introducing
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%&% Eﬂg:f' ﬁ%ﬁé;??;‘%?l ameter |arger than that of the nozzfe openings 131, 2672
. u{

ﬂ? }eelpr correspo!ndl ng pressure producing chanbé¥'s 103 to communi
he nozzl e openings 131. 11 As descri bed above, the nozzl e openings
131 are fornmed in the nozzle plate 130. The nozzle pl ate +30-is fixed to
t he common ink chanber forming plate 118 by a thernal SHIS SHEHT hAs &8&N
or the like, so that REPLACED
FIG. 7
A C D 130
: id
3

fon
-y

+ e e e o e o)

P

[+
-3

BB~

—
[y

-8B

BB @

"0 "0

=
o

13

LS

\@_
B—9—6 0

=
[<2]

oy

-

L 7

e

20
>—®

19
21 BPA

L

5 iz (R

' H 23

s’ | EY s
® %, |
| _&8[ !,izT !
1 i } } i
[ ¢ ( z

' / / B

204 205 206

This Sheet Has Been Replaced

(IR




/—W .
- "WHEV%ES‘Zi‘PPé“ﬁ;g‘é‘ni ngs 131 communicate with their respeghive pressurg :
i b R N ber s 133 through introducing hol es 1093114, 117 an 24/] and
O FHELPR“RGl € 134 forféd in the thermal deposition film 133. The di anet er_ of
" these introducing holes 109, 114 and 121 is determ ned SOREN Mg
at l.east on the side of the nozzle opening 131 is smal |{. TH§ iB(; o, th
| am nated structure allows the centers op tlhﬁ— i nigr oduciln ; B
117, and 121 to be aligned, to allow the hoZzl'e opening 131 to comunicate
with the pressure produci ng chanber 103 as shown in Fig. 3A. Hence, even if
the nozzl e opening
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Wﬁcordlnw air bubbles contained in tHe&ink can be

. dlscharged'swnftly from the nozzke opening. That is, if the nozzle openings
131 are shifted in a direction toward one and of the pressun f guc:n" :
chamber 103 as shown in Fig. 4A, the nozzle opening 131 caa B ﬁi&ﬂﬁ@@@ﬁ”
the end of the pressure produci ng chanber 103. If the re
i ntroduci ng holes 109, 114, 121, for exanple, are sequentially shlfted in
any direction wth respect to the.pressure produci ng chanber 103, as shown
I n Figs.

. Erspaoﬁﬁfﬂﬁﬁi%y a distance AL, as shown in Fig. 3B, ##he ink |s /ml y

FIG. S
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1os'~/€

-
ot Has Been Replaced

Ny



New EP Patent Application

4’E§ssn<bcépsmhmnonmu pi tch Qetween the adjacent nozzle opepings 131 can bg
;adputstire saobirt rari |l y. Ziﬁernatlvely as shown in Fig. 4B, the pressM4M7

“produci ng chanbers 103 may be arranged to communi cate with nozzle openi ngs
131 which are positioned asymetrically on the nozzle plate 130. In the

enbodi nent of the recording head of the 12 present inveption, when a
drive signal is applied to ) THIS SHEET HAS BEEN
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the plezoelectrlc vi bration plates 103, the%%éﬁ& bb pate 102 is flexed,

thereby causing the pressure produci ng chanbers 103 to cont [aet—r-As—8:
result, the ink within the pressure produci ng chambers 103 |REPEACENE%HTSHEET

nozzl e openings 131 via the introducing holes 109, 114, 117 12T and 1S
jetted therefromin the formof an ink droplet. Wen the drlve ?gpatT1§96
renoved after the ink droplets have_gggn_jetted, t he pi ezoelledt

vibration plate 104 returns to its original position, therelly lcausi-rg—the
pressure produci ng chanber 103 to expand. to its original sijze. As a

result, an amount of ink 1Nk JET RECORDING HEAD

fhe invention relates to an ink Jjet recording
head having a plurality of nozzle openings disposed in
a sheet forwarding direction, with each nozzla cpening
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 the ink jet recording head.

_ Ink .jet recording heads are widely wused
throughout the printing industry. Such ink dJet
recording heads exhibit high recording density, are
" capable of printing dots of various sizes, and are
ralatively quiet during operation. '
Two basic types of ink jet recording heads exist.
A bubble jet type recording head uses thermal energy
provided by & heater to effect printing. oOn the other
hand, in a piezoelactric wvibration element driven
recording head, the displacement of piezoelecttic
vibration elements causes ink to be emitted to effect

printing.

Two general types of piezoelectric wvibration
element driven recording heads exist. In the first
type, vertical vibration of the piezoelectric
vibration elements causes ink to bé emitted. In the
second type, flexural vibration of the piezoelectr%c
vibration elements causes ink to be emitted.

In the first type of piezoelectric vibration
element driven recoxrding heads, the area in which a



Eorresponding to the anount of ink jetted out of the nozzle‘RERhﬁﬂﬁﬁﬂﬂfEﬁﬁﬁﬂEr

flows into the pressure produci ng chanber 103 fromthe compn{ink chanber

110 via the flow path regulating holes 113 and the introducing h?b?ﬁfﬂ%@6
This cycle is repeated until the anount of ink droplets necgsgary for
printing have been jetted. Operation of ghis enbodi nent of {hé—+ecordrny
head havi ng the nozzl e openi ng arrangenent of the enbodi nent shown in Fig.
1 will now be described with reference to Fig. 5A. Fig. 5A i'5 an exenplary

di agram i | | usg{@zbalehe ieor neinrwtitone steweat t AOWHE| @IALBAL |
printed 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  because each
pieszoelectric vibration element is extremely small.
The second type of plezoelectric wvibration
element driven recording heads employs a laminated
structure, such as described in Japanese Unaxamined
Patent Publication No. 4-366643. That is, a common
ink supply section, and pressure producing chambers or
ink flow paths, are first formed in each of a
plurality of thin plate members. = These thin plate
members are thén sequentially laminated on the back of
a nozzle plate. Accordingly, the assembly process is

simple. .
However, in this arrangement, each flow path

extending from the pressure producing chamber to the
nozzle openings is formed by making communicating
holes in sach thin plate nmember, 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
sach thin plate member. ‘

In addition, in this arrangement, the size of the
plezoelectric vibration plate mounted on the pressure
producing chamber is larger than that of the
plezoalectric vibration plate used as the
plezoelectric vibration element in the first type of
plezoaelectric vibration element driven recording head.
Hence, the distance betwsen the nozzle opening arrays
ie increased. '

If the distance between the nozzle opening arrays
1s 1increased, erxor between dots printed on a
recording sheet in the auxiliary scanning direction




I n a.print line (e g, a single character line) in the horizorR@PLACEgﬁgﬂp@HEET

and the nozzl e openings that print such lines of the print |ijn s
figure also illustrates the position of sonme of the nozzle ogedi ng??éhat
print the uppernost lines in an adjacent print line. The nurfbdr Gtn996
circle corresponds to the nunber assignegl to a nozzle opening itn ELg
Lines in aprint line are printed at_an. interval of three doffs by t he
nozzl e openings 1, 4, 7, 10, 13, 16, 19, 22, 25 and 2B of thémozzte

openi ng artaysds\ to increase if three or more nozzle opening
arrays are formed in an attempt to improve printing
quality. In this case, howesver, printing guality is

actually reduced.
That is, a recording head having a plurality of

nozzle opening arrays is designed so that sach nozzle
opening 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 siné
between lines in the auxiliary scanning direction
before and after sheet forwarding, assuming that the
distance batween the nogzle opening array at one and
and the nozzle opéning array at the other end in the
main scanning direction is' G, and the angle of
inclination betwesen the direction in which the nozzle
opening arrays of the recording head axtend and the
sheet forwarding direction is 4. This error, G X
sinf, causes white lines and black 1lines to be
intermingled during printing, thsreby impairing
painting quality.

. An ink jet .recoxding head designed to eliminate
this problem is described in European.Laid—Open Patent
Publication No. 554907 herewith incorporated by reference. In this ink jet
recording head, four nozzle opening arrays, each having a
plurality of nozzle openings linearly pitched in the
sheet  forwarding direction at an interval
corresponding to the number of nozzle opaning arrays,
have their positions in the main scanning direction
staggered by a predetermined interval so as to be
different .from the physically arranged saquence
thereof. This arrangement, which resduces the distance
in the auxiliary scanning direction between the



13 and D of the first group 201. Two lines are printed by th RBB&ACENHTHTSHEET,

openings 2, 3, 8, 9, 14, 15, 20, 21, 26 and 27 of the nozzle @p¢

B and C of the second group 202, so as to supplenent |ines befwe

odd- nunber ed nozzl e openi ngs and the even-nunbered nozzl e ope

nrng arrays

o2 8T 1996

first group 201, i.e., between nozzle ope@nings 1 and 4, 7 and{l

}n—éawandu____

16, 19 and 22, and 25 and 28. Two lines are sim_larly prlnted y the nozzle

“openi ngs 5uppermest 2 nopzle sopeding, and fhe 3doyermost noz

opening of tha recording head, can prevent printing of
white lines and black lines due to displacement in the
angle § between the nozzle opening array and the sheet

forwarding direction.
However, this advantage is realized only when the

number of nozzle opening arrays is four. Hence, such
a design is applicable to a 1limited number of

racording heads.
In view 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 dependeht
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

jat recording head which minimizes stagnation of air

" bubbles in its ink flow paths.

To achisve this aspect ., the present invention
provides an ink jet recording head that is formed by
laminating & plurality-of thin plate members having a
plurality of ink flow paths partially formed therain.
Pach ink flow path extends continucusly so as to reach
2 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 rasult of this construction,
the ink fram the pressure -producing chamber can flow
without stagnating in the communicating holes in the
thin plats members, so that the air bubbles in the ink
can be discharged from - the nozzle openings
affectively.

A second aspect of the invention is to provide an
ink jct recording head which can ‘be employed in a



the nozzl e opening arrays E and F of the third group 203, s TR QTR
suppl enment the |ines between the oven- nunbered nozzl e openi r@&%ﬂ%&ﬁiﬁu
odd- nunbered nozzl e openings of the first group 201, which '[are not

suppl enented by the second group 202, i.e., between nozzle q‘p ni A5 CHTR6
7, 10 and 13, 16 and 19, 22 and 25, and v&rtically below 28.f Wth the
nozzl e openi ngs of the secand and third groups 202 and 203, Ir espectively,
bei ng arranged on both sides of the nozzle plate 130 to pri mti-Res—whi-ch

i nt er pose traeotdIR hidsd Ha0tnd)a tplunariky ofemowslefopérihgr argysup 201,

arranged in the . . . .
9 _ pre.?erably three or more, and which can minimize inter-line distance

error to ensure high-quality printing.

To (achi_eve the above aspects , the invention
provides an ink jet recording head having a plurality
of nozzle openings arrays, arranged in an auxiliary
scanning 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 grbups arranged 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 cpening 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 raesult,
the maximum distance between nozzle openings printing
adjacent lines in the main scanning direction can be

~ equal or - suhstantially egual te half the mnaximunm
distance between the nozzle opening arrays at both
sides of the print head. Therefore, inter-line

positional error is reduced.

These and other objects ‘and advantages of the
invention will becone more apparent and more readily
appreciated from the following detailed description of
the presently prefagrred axemplary embodiments of the
invention taken iz_x 'conjtinction with the accompanying




m ddl e of the nozzle plate, the maximumdistance in the ma
~direction between any two nozzle openings that print vertic
I'ines is equal to half or substantially half the distance bgt
202 and 203 arranged on_both sides of the nozzle plate 130.
reason, an errox that occurs when the vegtical direction o
openings in the recording head is not_parall el
direction, but is slightly at an angle with respect to the

substantially suning t hat the distance
scanni ng dlréd?longgéfmgg% Yﬁ% 6zzl e openi ng

with the sheét

IR ERL ACEME R SHEET

t f\eéen groups
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nozz

farriage, is

in the naln

Fig. 1 illustrates an embodiment of the nozgle
opaning arrays of an ink jet raecording 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;

' recording head of Fig. 1;

FPig. 3A is a sectional view showing the ink jet

Fig. 3B 4is a sectional view showing another
embodiment of the invention with the position of a

nozzle opening shifteqd;

Figs. 4A to 4D respactively show embodiments of
the presant invention whaerein the position of a nozzle
ocpening 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. 5A illustrates a pattern printed by a
recording head having nozzle opening arrays according

to the present invention;

Fig.- 5B illustrates a pattern printed by -a
recording head having nozzle opening arrays according

to a conventional arrangement;

Fig. 6 illustrates another 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 present invention;

Fig. .8 illustrates a further embodiment of the
nozzlse opening arrays of an ink jet recording head of

the present invention;



arrays 202 and 203 is G and that the angle of 14 incl i nafg; e ~
head is [err], an error Gx sin[err] is substantially hal ved Jﬂgﬂ@&'ﬁcﬁﬂzﬁT
t lineina

since the nozzle openings are arranged so that the upper
print line is printed by a nozzle opening of the first group 20129 Q&T 1994
nozzl e opening 1 in this enbodinent, and the |owernost line fing a print line

Is printed by a nozzle - -

203

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 1llustrates a further embodiment of the
nozzle cpening arrays of an ink jet recording hsad of

+he prasent invention.

Fig. 1 shows an exenmplary embodiment of a nozzle
opening arrangement of an ink Jet recording head of
the present invention. Nozzle plate 130 includes six
arrays of nozzle openings A, B, C, D, E, F. The
nozzle cpenings 1, 7, 13, 19 and 25 of the first array
A are positioned closest tc the center line of the
nozzle plate 130. Nozzle cpanings 2, 8, 14, 20 and 26
of the second array B are positioned close to ons
lateral end of the nozzle plate 130, £of example, &t
the left end, and the nozzle openings 3, o, 15, 21 and
27 of the third array C are positionad betwesn the
first array A and the second array B.

Nozzle openings 4, 10, 16, 22 and 28 of the
fourth array D are positioned on a side of the first
nozzle opening axray A opposite to the side at which
the third array is positioned. The nozzle cpenings 5,
11, 17, 23 and 29 of the f£ifth array E are positioned
closest to the lateral end opposite to the lataral 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 ara
positiéned closest to the fifth nozzles opening array
E,

Thesa nozzle opening arrays are divided into
three groups. The first nozzle opening array A and




opening of either group 202 or 203 (i.e., nozzle opening 30

equal

occur between the print

t.hi.s
enbodi nent), the distance in the main scanning direction bet WP tATE N | |gInnT
openings that prints the lowernost line of the print line (i. dg;ééggiﬂ?gg Lﬁ’
and the upper nost line of the next print Iine (i.e., nozzle 1)1 is also
to hal f or substantially half the dgstance between groups:2é59£hﬂ'ﬁ95

203. This, in turn, halves or substantially halves the error hangaMm i

lines that are printed before and aftfer sheet '

gm"..b.ej..._n.g. R |

forwardi ng, and thus prevents a white line or a black line fr

produced, as +8fd efourth HirzXéS6pehingt@xieay i Dngonstitute a first

Tha second and third nozzle opening arrays

group 201.
The fifth and

B and C constitute a sescond group 202.
sixth nozzle opening_ﬁrrays E and F constitute a third
group 203. The nozzle openings of the 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 cpenings are supplied with 1ink to
be jetted.

The nozzle openings i, 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 is, in the wvertical direction as
viewed in Fig. 1. The pairs of nozzle openings 2 and
3, 8 and 5, 14 and 15, 20 and 21, and 26 and 27 of the
sacond group 202 are arranged at a pitch of one dot
apart, and are positioned in the vertical direction
betwaen or substantially between nozzle openings 1 and
4, 7 and 10, 13 and 16, 1S and 22, and 25 and 28,
respectively. This pitch is repeated, for exanmple, at
& 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 arxanged at a pitch of one dot apart, and are
positioned in the wvertical direction between or
substantially between nozzle openings 4 and 7, 10 and
13, 16 and 19, and 22 and 25, and in the vertical
Qirection below or substantially below nozzle opening
28, respectively. This pitch is repeated, for
example, at a cycle of five pailrs of dots. _

Fig. 2 is an exploded perspective view showing
the assembly orf an embodiment of the ink det recording
head of the present invention, as shown in Fig. 1.
Figs. .32 and 3B are sectiocnal views, each showing a
structure in the vicinity of a pressure produciﬁg



printers. That is, in a conventional print head having a nozﬁﬁglémg?agg% SETR

arrangenent as shown in Fig. 5B, adjacent lines printed by

openi ngs arranged on opposite sides of the print head (e.g.}. he nozzl e
openings 6 and 7 of the nozzle opening arrays Alerr] and F[ ¢r

a large print error when the direction ob the nozzle openin

1)2 9831 19940

rrays Alerr]

through F[err] is not parallel to the_sheet forwardi ng direg¢tiom TS
error occurs because the di stance between these nozzl e openilngs in the nain

Scanning direction is equal to the distance between the nozzl'e opening

arrays Alerr] gg%mbe:' that is connected tc a single common ipk

chamber.
As showing in Fig. 2, the ink jet recording.head
vibration element drive

conprisas plazocelactric
formad by mounting

sections 100, which are
piezoelectric 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 URm.
vibrations ;':la.tas' 104 are mounted so as to oppose
ressure producing chambers 103, which will bYe
described below. :

A spacer 105, which i made of a caramic thin
plate member, such as-a 150 gm-thick zirconia thin
plate member or the 1likae, has through holes 106
therein. These through holes 106 constitute the
| pressura producing chambers 103, which are thus formed
at a predetermined pitch. The shape of each through
hole 106 coincides with that of the pregsure producing
chamnber 103. |

A board 108 is disposed adjacent the spacer 105
to closs the corresponding ends of the pressura
producing chambers 103. Introducing holes 108 and 111
are formed in board 108, Introducing holes 108 have
a larger dianeter thin 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
lil, on the other .hand, enable their corresponding
pressure producing chambers 103 to communicate with

common ink chambexr 110. .

These three membaers 100, 105, 108 are integrated
into a single structure, and are mounted on a unit
‘£ixing plate 112 by adhesive or the like. The unit
fixing plate 112 also acts as a flow path regulating

Tha piazoeléctric



F[err] In addition, because this large distance in the mai n_scanning _
direction exists between nozzle openings 1 and 30, when th BEEL-':f?[ﬁE K

the nozzl e opening 15 arrays is not parallel to the she
direction, a large error will occur between a print line apd|a subseﬁ e%
print line printed after the sheet is fongarded. 29 0CT 199

-— — e ——

plate in this embodiment.
The unit fixing plate 112 includes flow path

regulating holes 113, which aras positiocned betwsen the
introducing holes 111 and the common ink chamber 110
when the unit fixing plate 112 is mounted betwaen the
poard 108 and the thermal deposition £ilm 115,
described below, as shown in Fig.'SB. Also, the unit
fixing plate 112 includes introducing holes 114 which
are positioned to oppose the through holes 109 when
the unit fixing plate 112 is mounted to the board 108.
Each flow path Tregulating hole 113 has a flow
resistancas substantially equal to that of the nozzle
opening 131, and each introducing hole 114 enables the
nozzle cpenipg 131 to communicate with the pressurs
producing chamber 103.

The thermal deposition £ilm 115 bonds a common
ink chanber forming plate 118, described below, to the
unit fixing plate 112. The thermal deposition £ilm
115 includes windows 116 and introducing holes 117.
Each window 116 coincides with the common ink chamber
110, z2nd each introducing hole 117 enables the nozzla
opening 131 to communicate with the pressure producing
chambex 103.

'~ The common ink chamber forming plate 118 includes
windows 120 .and introducing holes 121. The ink
chamber forming plate 118 is, for example, a 150 um-
thick stainless steel plate member or the like, which
is corfcsion resistant and whose thickness is adequats
to form the common ink chambers 110. Each 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 thelr corresponding pressure
producing chambers 103 to Tommunicate with the nozzle
openings 131.



Fig. 6 shows another enbodi nent of the nozzle opening arran
according to the present invention. In a manner simlar
eémhodi ment shown in Fig. 1, nozzle opening array groups 204,

are formed in a nozzle plate 130. The nozzl e openings 1, 5,

and 25 of the single array A of the firsgigroup 204 are arrg
of four dots apart in the sheet forwarding direction. The s
has two nozzl e opening arrays B and C, each having nozzle o

05 and 206
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at a pitch of two d%% \éﬂﬁg}ggga e, ThRat mdziz;ggoupeﬁdﬁ'xgtaslalsme

nozzl e opening array
formed in the nozzls pl

erein the ate 130. The nczzlg plate 130

is fixed to the common ink chamber forming plate 118
by a thermal deposition £ilm 133 or the like, so that

the nozzle openings

131 communicate with their

respectlive pressure producing chambers 103 through
introducing holes 109, 114, 117 and 121, and through
hole 134 formed in the thermal deposition £ilm 133.
The diameter of these introducing holes 108, 114 and
121 is determined so that the opening at least on the

gide of the nozzle opening 131 is small.

Accordingly, the laminated structure allows the
centers of the intfoducing holes 109, 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 sL, 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 rend of the pressure
" producing chamber 103 as shown in Fig. 4A, the nozzle
opening 131 can be aligned near the end of the
pressure producing cChamber 103. If the respactive
introducing holes 108, 114, 121, for example, are
saquehtially shifted in any direction with respect to
the pressure producing chamber 103, as shown in Figs.
4B, 4C, then the pitch betwean the adjacent nozzle

openings 131 can be adjusted arbitrarily.

Alternatively, as shown in Fig. 4D, the pressura
producing chambers 103 may be arranged to communicate

with nozzle openings 131 which are
asymmetrically on the no2Zle plate 130.

positioned

In the embodiment of the recording head of the



nozzl e openings are spaced at a pitch of four dots from each
nazzl e openings of the first and third groups 204 and 206 ar REPLAGEHﬂmﬁhSHEET

opposite sides of the nozzle plate 130, and are positioned s 5 TO

alternately supplenent the nozzle openings of the second groyp d
in the mddle of the nozzle plate 130. -Tha is, inthis enb d|n92§ﬁ6¢fﬁg§

printed by the-nozzle openings.1, 5,.9..13, 17, 21 and 25 of }t
group 204 and lines printed by the nozzle openings 3, 7, 11,115, 19, 23 and

27 of the third geow® A00aRLECR Uich °8 824\ 'SYghR0°8S T PEATER
the piezoelectric wvibration plates 103, the vibration
plate 102 is flexed, thereby causing the pressure
producing chambers 103 to contract. As a result, the
ink within the praessure producing chambers 103 is
jetted to the nozazle openings 131 via the introducing
holes 108, 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 siza. 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 regulating holes 113 and the introducing
holes 111. This cycle is repeatad until the amount of
ink droplets naecessary for printing have been jetted.

Operation of this enbodiment of the recording
head having the nozzle opsning arrangement of the
embodiment shown in Fig. 1 will now be described with
reference to Fig. SA.

Fig. SA is an exemplary diagram illustrating the
correspondence between the position of lines printed
in 2 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 figqure 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 corresponds to
the number assigned to a nozzle opening in Fig. 1.

Lines in a print line are printed at an interval
of three dots by the nozzle openings 1, 4, 7, 10, 13,
16, 19, 22, 25 and 2B of the nozzle opening arrays A

firect




by the nozzle openings 2, 4 . 26, 28 of the second group aﬁ&@‘?@ﬂ@ﬁﬂ

t he maxi num di stance between any two nozzl e openings that pr
adj acent lines is equal to or substantially equal to half the distance
bet ween the nozzl e opening arrays A and D. In addition, since b 2803 1995
openi ng of one of the 16 groups 204 ang 206 (i.e., nozzle ening 1 of
group - N ' '

and D of the first group 201. Two lines are primted
' 26

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

Two 1lines are similarly printed by the nozzle
openings 5, 6, 11, 12, 17, 18, 23, 24, 28 and 30 of
the nozzle opening arrays E and F of the third group
203, so as to supplement the linas between the even-
numbered nozzle openings and the oddfnumbered neozzle
openings of the £first group 201, ‘which- are not
supplemented by the second group 202, i.e., between
nozzle openings 4 and 7, 10 and 13, 16 and 13, 22 and
25, and vertically below 28.

. with the nozzle openings of the second and third
groups 202 and 203, respectively, baeing arranged on
both sides of the nozzle plate 130 to print lines
which 4interpose the lines priﬁted by the nozzle
openings of +the first group 201, arranged in ths
middle of the nozzle plate, the .maximum distance in
the main scanning direction between any two nozzle
openings that print vertically adjacent lines is equal
to half or 'substantially half the distance betweean

- 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 slightly at an
angle with respect to the carriage, is substantially
halved. That 1s, assuming that the distance in the
main scann.ing direction between the noczzle opan_{ng
arrayg 202 and 203 is G, and that the angle of
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and 206. As in the enbodinent of Fig. 1, this redutes_err
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In addition, since the nozzle openings are

arranged so that the uppernbst line in a print line ie
printad by a nozzle opaning of the first group 201,
that is, nozzle opening 1 in this embodiment, and the
lowermost line in a print 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 1line
(i.e., nozzle 30), and the uppar 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

nt

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 hrranged
on opposite -8ides of the print head (e.g., the nozzle
ocpenings 6 and 7 of the nozzle opening arrays A' and
F') result in a large print error when the direction
of the nozzle opening arrays A' through F! 1s not
parallel to the sheet 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
F'.

In addition, because this large distance in tﬁe
main scanning direction exists between nozzle openings
1 and 30, when the direction of the nozzle opening



It is apparent that sim/lar advantageous effects can be obt
reversing the arrangenent of the two nozzl e opening arrays
second group 205, as shown in Fig. 7. As shown in Fig. 8, a:
having the nozzle openings 2, 4, 6 [err] 24, 26, 28 arranggd| at29 Q0T t4950f
two dots apart from each other may be ini®rposed between grpups 210 and
212, which alternately supplenent this. group 211 during prihtitig. G oup
210 consists of a nozzle opening array A having the nozzle bpenings. 1, 5
[err]21, 25, arranged at a pitch of four dots fromeach other. Goup 212,

on the otherarrayse 4is not parallel to the sheet <forwarding
direction, a large error will occur between 2 print
line and a subsequent print line printed arfter the
sheet 1s forwarded.

FPig. 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 second 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 sBpaced at & pitch of four dots

from each other.
The nozzle openings of the first and third groups

204 and 206 are arranged on opposite sides of the
nozzle plate 130, and are positioned so as to
alternately supplement the nozzle openingas of the
second group 205 arranged in the mid@le of the nozzle
plate 130. That is, in this embodiment, lines printéd
by'the-nozilé openings-1, 5, 8, 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 sc as to interpose lines printed
b} 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 egual to half the
distance between the nozzle opening arrays A and D.
In addition, since a nozzle opening of one of the




hand, consists of a nozzle opening array C having the nozzl e_openings 3, 7
23, 27, arranged at a pitch of four dots fromeach other. v% J

openings are linearly arranged at an extremely high density gggéﬁggggéﬁggﬁﬁﬁT
opening array B of the group 211, two arrays of pressure pré¢dlici ng chanbers
103 and 103[err] are used, as shown in Fg. 9. These chanbefs| 1BIDCT 1995
103[err] are arranged so that their_adjacent ends are as cl psg as possible
to the positions at which their respective nozzle opening ik '

groups 204 and 206 (i.e., nozzle opening 1 of group
204) is pésitioned. to print the uppermest line of a
print line, and the nozzle opening 28 of group 205 is
positioned to prini the lowermost line in the print
line, the distance betwaen tha nozzle openings that
print vertically adjacent print lines before and after
sheet forwarding is equal or substantially equal to
half the maximum distance between mnozzle 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 cbtained 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
opénings 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 opening array A having the nozzle
openings 1, 5 - -+ .21, 25, arranged at a pitch of
four dets'from each other. Group 212, on the other
hand, consists of a nozzle opening array C having the
nozzle openings 3, 7 *+- -+ 23, 27, arranged at a pitch

of four dots from each other.

When the nozzle opanings are linearly arranged at
an extremely high density as in nozzle opening array
B of the group 211, two arrays ol pressure producing
chambers 103 and 103' are used, as shown in Fig. 9.
These chambers 103 and 163‘ are arranged so that their
adjacent ends are as close as possible to the
positions at which their respective nozzle opening is




di sposed (i.e., as close as possible to line-L) Al so, introdu@E@@Aﬁ@@§§¢;§§ggr
109, 114, 121, providing conmuni cation between the pressure pr qotetmgr—— ey
chambers 103 and the nozzl e openings 131, and introducing holle§ 1Q9[err]

114[err], 121[err] providi ng communication between pressure jprioddd HgT 1996
chanbers 103[err] and nozzle openings 131jerr], are shifted tjoward the. line

SO,
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L-L. Also in this enbodinment, as in the aforenmentioned enbodifment, the
lines printed QYoo gyyg?,oayﬂeyss& s dﬁyﬁﬂ132¢piﬂﬁné&%ﬁL4pc
nozzl e opemg¥£g?r61ntrgagcgkéfrggfg gfgg'enfga?d R¥1ﬁhepydvfhfﬁ§”ted by
communication between the pressure producing chambers
103 and the nozzle openings 131, and introducing holes

1097, 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 nozzle openings
2, 4, 6 ++ -+ 24, 26, 28 of the nozzle opening axrray
B are alternately supplemented by the lines printed by
the nozzle openings 1, 5, 9 +* <+ 21, 25 of the nozzle
opening array A and by the nozzlse openings 3, 7, 11 -
.+ 23, 27 of the nozzle opening array C, arranged at
opposite sides of the nozzle plate 130. Furthermors,
t+he nozzle opening 1 of group 210 is positioned
uppermost, and nozzle opening 28 of group 212 is
positioned lowermest, theréby 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'los, 114,
121 and the introducing holes 109!, 114', 121! that
are formed in the respsctive thin plate members, so as
to be tapered toward the nozzle opening. Therefore,
the ink is not 1likely 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 opening 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 similar
effects can be provided by alternately positioning a
nozzle opening of groups 205 and 211 at the uppermost
end of the recording head. For example, in the



the nozzle openings 1, 5, 9 [err] 21, 25 of the nozzle openr!@PﬁA(@*ﬂﬂ$ﬁ§@EET

by the nozzl e openings 3, 7, 11 [err] 23, 27 of the nozzle

arranged at opposite sides of the nozzle pl ate 130. Further Répg QQ@ége
opening 1 of group 210 is positioned uppernost, and nozzle g 6

group 212 is positioned |l owernost, therepy reducing errors t cap. accur .
between print lines as discussed in_the previous enbodi nents} Furthernore,

each ink flow path is fornmed so as to snoothly connect the iW®oduetrig

hol es 109, 1l4enBddimast Ehouh r QAUFLRD h®) ethd0Nozzle dpéndmng  adPaferr]

that A of group 204 can be shifted down by four dots. That
is, nozzle opaning 1 can be set to the position of the
nozzle opening 5, ‘and printing can be performed done
in the order of the currently assigned nozzle opening
numbers, i.e., 2, 3, 4, 5, +* ++ 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
ocpening array B by either omitting the uppermocst
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 cpening 1.

If the number of nozzle openings in the nozzle
opening array other than that of the group in the
middle is decreased as described above, then the
number of nozzle openings of the nozzle ocpening array
A of group 204 in Fig. 7, or of group 210 in Fig. 8,
is decreased to 6, thus leaving nozzle opening 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 20% or 210 in the middle
of the nozzle plate to be positioned uppermost and
lowermost. As 2a result, the nozzle opening that
prints the last 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 shows 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 with a particularly great number of nozzle
openings, e.g., 64 nozzle openings, formed on a single
nozzle plate.



are formed in the respective thin plate nmembers, so as to be
the nozzl e opening, Therefore, the ink is not likely to sta

air bubbles contained in the ink is effectively discharged.
enbodi nents shown in Figs. 6, 7, and 8, a nozzle opening of
openi ng arrays of groups 205 and 211, pogptioned in the m dg
nozzle plate 130, is positioned at the. | owernost end of therl
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it is apparent that simlar effects can be grovjded by aIte-naLeL¥?z_ ]
posi tioning a nozzl eThgemiarglé grendagEPanENs] Faroxdingp aatbs(TRRE of
the recording Ragd. uppELhoP2 7214 'bpding 1 to the lowarmost nozzle

cpening 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 6f this arrangement, one of
the groups at the sidas 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 middls and the
uppermost line of a next row is printed by the nozzle
opening 1 .0of group. 214 also in the middle. Therefore,
not only can inter-lins erroxr, as described above, be
minimized, but alssc high quality printing can be
implemented in a solid image, such as a graphic image,
when printing is done by using a paft-of the upper
side of the recording head when, for example, the last
line of such solid image is to be printed, because the
nozzle opening 64 that prints the lowermocst line of
the penultimate row and the nozzle opening 1 that
pr;nts the uppermost line of the last row beleong to
group 214 in the middle of the nogzle plata.

While a single group consists of one or twso
nozzle cpening arrays in the aforementioned
embodiments, it is apparent that similar effects can
be obtained by putting three or more nezzle opening
arrays in a single group. Further, while a recording
head utilizing flexural vibration is described in the
above embodiments, it is apparent that similar effects
and advantages can be _obtained by employing a
piezpelectric vibration element of the vertical mode,
in which the distance between nozzle opening arrays



18 enbodi nent shown in Fig. 6, the nozzle opening array A ofj oA G2 L4
be shifted down by four dots. That is, nozzle opening 1 can @g{}d‘tgﬁ{he{ﬁfﬂ
position of the nozzle opening 5, and printing can be perforTEp'aﬁﬁé”Tﬁ“thE“
order of the currently assigned nozzle opening nunbers, i.e.{,!2,,8&n~r 1%; '
[err] 27, 28. Further, with respect to tRe enbodi nents shown i}'n r%‘gélv?fﬁd
8, it is apparent that printing can_be. ' : .

T .

can be made relatively small.

While the invenf:ion has been particularly shown
and described with reference to preferred embodiments
thereof, it will be understood by those skilled in the
art that wvarious .cha.-nges in form and details may be
made therein without departing from the spirit and
scope of the invention.
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opening:array other *hdn that of the grogp in the middle isld¢cr
descri bed above, thenh the pnunber of.nazzle openings of the nfozz .
array A of group 204 in Fig. 7, or of group 210 in Fig. 8, ils decreased to
6, thus |eayi nozzl e opening array A short one nozzle ope

wi th group%ﬁr’r

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 away from the nozzle openings (131) are lérgest.

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 ink supply section (110).

'Hns Sheet Has Been Replaced |
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t he nozzl e c‘menl NRERUALEDDI i Nt th@cﬁbr«?'trmn
of a next prﬁnﬁ litne "be ong to the sane 8£§up, which Tntorh jal o 743
printing quality to be inproved. Fig._1 hows an enbodi mgnt —of—an—tfAk—j.elt
recordi ng head according to the present invention having tHis type of
nozzl e opening arrangenent. This enmbodinent is suitable for a recording:
head capabfte oRnejinkeristy mw@m,h9a 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
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)
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
openings (13]) 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.

6. An ink jet. recording head especially acéording to one of
the precedirg claims, comprising:
a board (130) having a plurality of nozzle openings (131)
therein arranged in nozzle opening arrays (A,B,C,D,E,F)
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
(202,203;204,206;210,212;-213,215) arranged at both sides
of a groﬁp (201;205;211;214) arranged in the middle in
the main scanning direction of the ink jet recording head
being positioned vexrtically between adjacent nozzle
openings (131) of the middle group (201;205;211;214); and
a nozzle opening (131) of the middle groups
(201,205,211,.214) is  positioned uppermost and/or

This Sheet Has Been Replaced

ARG




prrntrng cularly great nunber of nozzl e openings, e.g.. 64

nozzl e op .IH !ﬁiﬂhmﬂi ﬂn a single nozzle plate. 19 The nijzie m@mﬁﬁé_ﬁ,ﬁ::
of.the re m t he upper nost | RoFg t of 't owerahstt
nozzl e opening 64) are arranged at the same pi teghy aSe( ER i Hhe

enbodi mrent of Fig. 1 in nozzle opening aj;,r ays A and D -of-.gt oup =212 [oCArges

in the mddle of the - o i 1
lowermost in the auxiliary scanning 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

middle group (201;205;211;214).
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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
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
interval of gpne 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). '

8. An ink jet recording head according to claim 6, wherein
the nozzle openings (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
having its nozzle openings pitched at an interval of
four dots so as to be vertically between the nozzle
openings of the middle group (201;205;211;214).

9. -An ink jet recoxding head according to claim 8, wherein
- 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

opening array.

Tl



nozzle plate. As a result of this arrangenent, one of the gra - 3
sides of the nozzle plate has two | ess nozzle openings. For ¢R: A@ENﬁﬁ@?SHEET
openi ngs 65 and 66 in group 215 arranged:pMHIShSHEATYhAS SEBNe,| 4s [STIOWTn
Fig. 10, are renoved. According to this epbodi RERLACEIhe | ojey npst bi of a
print Iine (e.g., a single row of characpers) I's printed by 1o:zl% éﬂgﬁ'

64 in the mddle and the uppernost .I.ine of a next rowis pripted-by-the
nozzl e opening 1 of group. 214 also in the nmddle. Thereforel not only can
inter-line error, as descri bedINKOJBT RECORDINGzZHBADbut al so NI g urat-tty
printing can be

ABSTRACT

An ink jet recording head that is formed by laminating a
plurality of thin plate members (108,112,118), each having a
plurality of holes (109,114,121). The holes (109,114,121) of the
adjacently stacked thin plate members (108,112,118) cooperate to
form ink flow paths each continuously extending to communicate
a nozzle opening (131) with a respective pressure producing
chamber (103), which is connected to an ink supply section (110).
In such ink jet recording head, the holes (109,114,121) can be
aligned or shifted with respect to each other, and allow ink to
flow smoothly, thus preventing stagnation of air bubbles
contained in the ink within the print head.

Figure 2
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I npl emented in a solid inmage, such as a graphic i mage, when

printing is

done by using a part of the upper side of the recording hea
exanple, the last line of such solid inage is to be printed
nozzl e opening 64 that prints the | owernost |line of the pen
t he nozzl e opening 1 that prints the uppernost |ine of the

to group 214 in the niddl e_of the nozdle plate. Wilé a sin
consi sts of one or two nozzle openi ng arrays in t he

REPIACENRNT, SHEET
BRLACENENT

Ul 1 mate row and
apt 29W3Ie1®bg
gl B group

af orenenti oned enbodi nents, it is apparent that simlar eff

bct s _can . he

obtained by putting three or nore nozzle opening
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arrays in a single group. Further, while a recording head utilizing

flexural vibration is described in the above enbodi nents, it is apparent
that simlar effects and advantages can be obtai ned by eﬁp|ig'¥j“‘ﬁmm;“ﬁ::‘f
pi ezoel ectric vibration elenent of the vertical node, in vymﬁm‘"lh iR SHEET

di stance between nozzl e opening arrays 20 can be nmde r el “TVEFV”éﬁﬁFVT?
Wil e the invention has. been particul@ly shown t 2§?ﬁ“T1936 |
] ‘ ! W ! 7 I;
S,
| o
FIG. 2 e
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and described with reference to preferred enbodi nents there':rﬁﬁ;-t-—w—l-l-be__,‘ :
understood by those skilled in the art that various changes EA‘EEMEM SHEET '
details may be made therein without departing fromthe spir]|t[and scope-of
the invention. -21- Cdaim: 1. Anink jet recording head cbn%?ycﬂg

plurality of thin plate nmenbers (108, %12, 118) each havi ng| af pl tl?%éf
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hol es (109, 114, 121) therein, said thin plate nenbers (1
being | am nated together so that said holes (109, 114, 12
“ddj acent said thin plate nmenbers (108, 112, 118) cooper at
plurality of
nozzl e opening (131) to a respective pressure producing ¢
comuni cates with an ink supply sectidn (110), characteri
hol es (108, 112, 118) are shifted with respect to each ot
of the holes (109, 114, 121) of the thin plate nenbers
118) arranged

t

i nk flow paths each continuously extendi ng frfon

a

ed
r

i5

SHEET

o form

) aZrespgchoy e
ber (103) whig¢h

I n that Sal

and t he areas

(108,
in succession towards said nozzle openings ({(3%) becone

smal l er such that the areas of the holes (109, 114, 121) of 4@ thin
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pl ate menber (108, 112, 118) closest to the nozzle openings AP
smal |l est and the areas of the holes (109, 114, 121) of the t®E§%$W§@§i* bﬁh

rrenbers (108, 112, 118) further away fromthe nozzl e openings (131) are
largest. 2. An i nk jet recording head as claimed in claim1l,] ghadrCeETiBes
in that said holes (109, 114, 121) of said adjacent thin plgtg _nenbers
(108, 112, 118) are sequentlally shifHed.outward with respegt t 0 each otrter

in a manner towards said nozzle openings (131) such that the-hol.es .
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. 22 - (109,114,121) of said
cl osest to the nozzle opening (

W th respect to the holes (109, 114, 121)

thin
131)

pl ate nenber.

is at a

(108,

maxi num shi

of the thin platej

(106, 112, 118) furthest from the nozzle opening (131). 3.
of the preceding clai

recording head as clainmed in

charactesized in that said ink flow_p#ths,

one

nozzl e

openlnc

fKEﬂNh

";Ei‘v{é &HEET

nuer

|

* PRk E§l994

2nd

s 151

pressure produci ng chanbere (103) are grouped into ink fl

said ink flow path units being arranged so that the nozzl e openlngs of—ome

of said ink flow path unit are positioned

FIG. 6
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bet ween the nozzl e openings of another one said ink flow pajh—tits

23 - 4. Anink jet recording head conprising: a board (130) RELA((EMENT SHEET

plurality of nozzle openings (131) therein arranged in nozz eLUpcln gy

arrays (ABC, D, E F) forned in an auxiliary scanning directipnf t
openi ng arrays (A B,C, D E F) being di \';I ded into groups, prg ﬁpﬁc}z,@gg

groups (201, 202, 203, 204, 205, e

A C B - D 130
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206, 210, 211, 212, 213, 214, 215) at a predetermned interval in a-paiR.scanni.ng

IR e —

di rection, said nozzle openings (131) of groups (202,203,204H@§EijEAEEH‘SHEET
210, 212: 213, 215) arranged at both sides of a group (201, 205,i2¥%214) -
arranged in the mddle in the main scanning direction of thg ilnk jeé -
recordi ng head being positioned vertically between adj acent ndzzR€ Géﬂ?ﬂbs
(131) of the middle group (201,205,281, 214): and a nozzl e ofenhing.(131) of
the mddle groups (201;205;211;214) positioned uppernost and/or | owernost
in the auxiliary scanning direction, so that lines printed by-tfre—nozze
openi ngs (131) of the groups (202, 203; 204, 206; 210, 212; 213, 215) arranged at

FIG. 8
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‘both sides interpose lines princed by the nozzle openings of—t-he—-m-ddl &.....

group (201;205;211;214). 5. An ink jet recordi ng head accor
.characterized in that each group (201, 202, 203, 204, 205, 206;
213,214, 215) has two nozzle opening arrays (A B,C, D E F), t
openi ngs (131) of the mddle group (201, 205; 211, 214) being

QPO ACRREL &1 RARET
210 2TT, 212

e NEEET 1936

|
inter- val of three dots in the auxilifry scanning directionﬁmpaLLsnotwmwa

nozzl e openings (131) of fhe groups (202, 203; 204, 206; 210, 2

12; 213, 215)

arranged on both sides are pitched at an interval of one d
pairs are -
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-

~ 24 - arranged at an interval of five dots so as to be pos'—éénnnd
#yertically between said nozzle openings (131) of the mddle IACE !
%201, 205, 211,214). 6. An ink jet recording head according tp %. “:MENT SHEET
characterized in that the nozzle openings (131) of the m dd} e} group

(201, 205; 211; 214) are pitched at an inter- val of two dots, eacl?%iO'Ct_Th'@%
groups (202, 203. 204, 206. 210, 212; 213, ¥.5) arranged on both fildes has a
single nozzle opening array having its nozzl e openings pitched

FIG. 10
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at an interval of four dots so as to be vertically bet%lﬁ/\gem Mm@ e

openi n

according 10

214) has a single nozzle openi ng array.

dle roup (201; 205; 211; 214). 7. An ink Jet recordi ng

acterlzed in thi thenﬂpﬂﬂéﬁjgrou

AUS 59‘98
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Claims

1.

An ink jet recording head comprising a plurality of thin
plate members (108,112,118) each having a plurality of
holes (105,114,121) thezein, said thin plate members
(108,112,118) being laminated togethsr 3o that said holes
(109,124,221) formed ia adjacent said thin plate members
(108,112,118) ccoparata to foxm a plurality of ink fliow

‘patha each continucusly extanding from a respective nozzle

cpening (131) to a respective prassurs prod.ueing chambexr
(103) which communicates with an ink supply secticn {110},

cha:acte:izad in chas
said holes (108, 112, 113):‘%.:3‘ shittta with each other, and

the areas of the holes (109,114,121) of the thin ﬁla.:a'
members (108,112,118) 'a::anggd in succession towards .said’
nozzle cpenings (131) bacome smaller such that tha areas of -
the holes (109,114,121} of the thin plate nember
(108,112,118) closest to tke nozzle openings (131) are
smallest and the zreas of the holes (109,114,121) of the
thin plate members (108,112,118} fursher away from the
nozzle openinge (131) are larges:,

An  ink jat recording head as claimed in claim 3,
characterized ir that said holes (103,114,121) of said
adjacent thin plate members (102,112,118) are sequeatially

shifted outward with respect to each other in a manner
‘towards sald nozzle openings (131) such that the holes

Th1s Sheet Has Been Replaced
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(109,114,121) of. said thin plate member (10§,112,118)
closest to the nozzls cpening (131} is at & mascd mum
ahifted distance with respect to the holes (109,114,321) of
the thin plate member (108,112,118) <£urthast £Lrom the
nezzle opeaing (131). '

3, An ink jet recording head as claimed in one of the
preceding c¢laims, characterized ir that said ink Zlow
- paths, nozzle openings (131) and preggure producing
chambers (103) are grouped into ink flow path units, said
ink Zflow path units being arranged s8¢ that the nozzle
openings of one of said ink flow path units are positioned
‘batween the nozzle cpenings of another one said ink flow
path units. '
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An ink jet recording head comprising:

a board (130) having a plurality of nozzle openings
(131) therein arranged in nozzle opening arrays (A,B,C,
D,E,F) formed in an auxiliary scanning direction, the
nozzle opening arrays (A,B,C,D,E,F) being divided into
groups, preferably three groﬁps (201,202,203;204,2085,
206;210,211,212;213,214,215) at a predetermined interval
in a main scanning direction, said nozzle openings (131)
of groups (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 a nozzle opening (131) of the

" middle groups (201;205;211;214) positioned uppermost

and/or lowermost in the auxiliary scanning 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 princted by the nozzle
openings of the middle group (201;205;211;214).

An ink jet recording head according to claim 4,
charactexrized in that each gréup (201,202,203;204,205,
206;210,211,212;213,214,215) has two nozzle opening
arrays (A,B,C,D,E,F), the nozzle openings (131) of the
middle group (201;205;211;214) being pitched at an intexz-
val of three dots in the auxiliary scanning direction,.
pairs of nozzle openings (131) of the groups (202,203;
204,206;210,212;213,2;5) arranged on both sides ara
pitched at an interval of one dot, and said pairs are
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a:ranged at an interval of fiva dots so0 as to be
pos;ticned vertically between said nozzle opauings (131)
of the middle group (201;205;211;214).

6. An ink jet recording head according to claim 4,
characterized in thac the nozzle openings (131) of the
middla group (201;205;211;214) are pitched at an inter-

‘val 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 having its nozzle'openings pitched
at an interval of four dots so as ToO be vertically bat-

ween the nozzle openings of the middle group (201;205;
211;214).

7.An ink jet recording head according to claim 6,
characterized in that the middle group (201;205;211;214)
has two nozzle opening arrays.

‘8. .An ink jet reco'dxng head according to claim 6,

characterized in that the middle group (201;205;213; 1214)
'has a single nozzle opening array.
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ABSTRACT

An ink jet recording head that is formed by laminating a
plurality of thin plate members (108,112,118), each having a
plurality of holes (109,114,121). The holes (109,114,121) of the
adjacently stacked thin plate members (108,112,118) cooperate to
form ink flow paths each continuously extending to communicate
a nozzle opening (131) with a respective pressure producing
chamber (103) . which is connected to an ink supply section (110).
In such ink jet recording head, the holes (109,114,121) can be
aligned or shifted with respect to each other, and allow ink to
flow smoothly, thus preventing stagnation of air bubbles
contained in the ink within the print head.

Figure 2
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1.

An ink jet reéérding head comprising a pluralitf of thin
plate members (108, 112, 118) each hav:t_'ng a plurality of
holes (105, 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) cooperate to form plu:ality 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) , characterized

in that said holes (108} 112, 118) are shifted with respect

to eaéh other, and 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 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 away

from the nozzle openings (131) are largest.

An ink Jjet recording head as claimed in eclaim 1, .

charact:e'r.ized in that éaid holes (109, 114; 121) of said
adjacent thin plate members (108, 112, 118) are sequentially

shifted outward with respect to each other in a manner

towards said nozzle openings (131) such that the holes



