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INK JET TYPE RECORDING HEAD

TECHNICAL FIELD

The present invention relates to an ink jet type
recording head of an on-demand type for jetting ink droplets
in response to a printing signal to form an ink image on a
recording medium such as recording paper. More specifically,
the present invention concerns an array of nozzles and a shape

of an ink chamber for jetting a droplet of ink.

TECHNICAL BACKGROUND

Recently, there has been needs for ink jet type recording
apparatuses capable of outputting an image recorded in high
density. JP-A-60-147348 discloses such an ink jet type
recording head capable of realizing higher recording density
than the linear array density of the nozzles. In the ink jet
type recording head described in this publication, the
recording head having the linearly arranged nozzles along a
single straight line is obliquely disposed with respect to the
main scanning direction to increase the recording density.
However, the structure of this recording head owns such
problems that pitch fluctuation occurs in recording pixels,

which is caused by dimensional errors or the like such as
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The present invention rgkates to an ink jet type ,,_ recordi ng head of

an on-denmand type for Jettlng I nk droplets i n“ffesponse to a
printing S|gnal to forman ink image on a recordi ng medi um such as
recordin er. e s eC|f|caII resent_inyention concerns
an array 4#ﬁﬁﬂ4g£ rréd when ?h%i ?é?éiﬁﬁm% ad o} s BPYRKYd g
dropl et of ink. TECHNICAL BACKGROUND

on the carriage. Accordingly, printing qualities are greatly
influenced.

To the contrary, in accordance with the ink jet type
recording head described in JP-A-4-312895, as shown in Fig.
12, the nozzles are arranged on a plurality of slanted
straight lines in a zigzag form, and therefore, the printing
quality could be improved irrelevant to accuracy in the
mounting dimension.

To realize high density recording bx the ink jet type
recording head described in JP-A-4-312859, the pitches between
the respective nozzles must be narrowed, namely the angle ¢
should be made small. However, this angle setting is
essentially restricted in order to prevent an occurrence of
crosstalk or the like, which is caused by interference among
the ink chambers at the bending portions of the slanted
straight lines. Also, since this recording head is so
constructed as to have a plurality of bending portions,
permeance depths in ink are different from each other between
the recorded image at the bending portion and the recorded
image at the peripheral portion. Then, as illustrated in Fig.
13, a plurality of fluctuation will be produced in the entire
recorded image.

As a consequence, it is an object of the present
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Recently, there has beem needs for ink jet type recording
appar at uses capabl e of‘“6utputting an i nmage recorded in-Hhigh

density. JP-A-60-147348 discloses such an ink jet type recordi ng
head capabl e of realizin gher , cqrdln densi t t han .t he Ilnear
array deﬂr§vﬁ§‘t61°“t e R&? |15§ aF‘n’-f1 e JPhKk tyRe recordmgt 5ad éiatﬂ"ﬂ?]r?g
described in this publication, the recordi ng head havi ng the

| i near | yrealasdog hdghl cecalrdiggadensity andi hjigb pristime Iguad ity,
obliquely disposed with respect to the
which is made highly integrated.

DISCLOSURE OF INVENTION

An ink jet type recording head according to the present
invention is characterized in that'nozzles for jetting ink
droplets are arrénged substantially along a V-shaped line
which is opened toward the main scanning direction of the
recording head.

Also, the ink jet type recording head according to the
present invention is characterized in that the nozzles are
arranged substantially along combination lines of inclined
line segments which are opened toward the main scanning
direction, and such nozzles arranged along at least one
inclined line segment among the nozzles located along the
inclined line segments which are mutually adjacent to each
other, are shifted along the main scanning direction.

Further, the ink jet type recording head according to the
present invention is characterized in that the nozzles are
arranged substantially along combination lines of inclined
line segments which are opened toward the main scanning
direction, and a part of the nqzzles arranged along the

inclined line segments are shifted along the main scanning
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mai n scanni ng directionfgo I ncrease the recording densjty.

However, the structure "6f this recordi ng head owns suchi* pr obl ens

t hat pltch fluctuation occurs in recording pixels, whi ch is caused
by dlnensaongcterrors or the like such as

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an explanatory diagram with respect to a nozzle
arrangement and an ink chamber arrangement of an ink jet type
recording head according to the present invention.

Fig. 2 schematically shows a printing condition of a
first embodiment of the present invention.

Fig. 3 is an enlarged diagram for representing a portion
of nozzles according to the first embodiment of the present
invention.

Fig. 4 is a graph showing positional shifts in pixels
according to the first embodiment of the present invention.

Fig. 5 is a perspective view for explaining a mounting
condition of the ink jet type recording head according to the
present invention.

Fig. 6 is a perspective view showing a transporting
mechanism of the ink jet type recording head according to the
present invention.

Fig. 7 schematically shows a printing pattern of the
first embodiment of the present invention.

Fig. 8 schematically shows an ink jet type recording head
according to another embodimen; of the present invention.

Fig. 9 schematically represents an ink jet type recording
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di mensional errors oceUkred when the recording head is‘nDunted on the
carriage. Accordingly,” "printing qualities are greatly *influenced. To
the contrary, in accordance with the ink jet type recordi ng head descri bed

ol ur ol | (§o84 ercording i FY, pfioEhihcembralasplogh FienpPeREharerore. the
printing quality could be inproved irrelevant to accuracy in the
invention.

Fig. 10 schematically shows an ink jet type recording
head according to a further embodiment of the present
invention.

Fig. 11 is an explanatory diagram of tﬁe ink jet type
recording head according to the present invention.

Fig. 12 is an explanatory diagram for explaiﬁing the
conventional nozzle arrangement and the conventional ink
chamber arrangement.

Fig. 13 is an explanatory diagram for indicating the

conventional printing condition.

BEST MODE TO CARRY OUT INVENTION

The preseht invention will now ce described more in
detail with reference to the accompanying drawings.

Fig. 1 is an explanatory diagram of a nozzle arrangement
and an ink chamber arrangement of an ink jet type recording
head according to an embodiment of the present invention. In
Fig. 1, the recording head according to this embodiment is
provided with nozzles 180 to 197 for jetting a droplet of ink,
and ink chambers 170 to 177 communicated with these nozzles.
Although partially omitted from this figure, the recording

head is equipped with each ink chamber communicated with 32

"l
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rounti ng di nensi on. .+ To realize high density recofding by the ink jet
type recording head déscribed in JP-A-4-312859, the piftches between the
respective nozzl es nmust be narrowed, nanmely the angle [err] should be nade

orevent SHEbeen, AloRg O STl ARe G, IR f SRS S plee 1

I nterference anon the ink chanbers at the bending portjions of the slanted
figure, the nozzles are arranged at a constant interval in

such a manner that these nozzles are positioned along line
segments L1 and L2 corresponding to such straight lines
inclined to opposite directions with respect to the X
direction, namely the main scanning direction (moving
direction of the recording head mounted on a carriage). This
line segment is inclined at an angle of ¢ in such a manner
that the pitch Pl of each nozzle along the sub-scanning
direction becomes ;/360 inches, and the line segment L1 and
the line segment L2 constitute a substantially V shape.

The ink chambers are arranged outside the V-shaped area
formed by the line segments L1 and L2. A width "d4" of the
respective ink chambers is made so wide as to be able to
obtain a sufficient ink jetting amount, i.e., 450 micrometers,
and a depth thereof is made so deep as to be able to secure @gﬁChu;;:ﬁ_
ink flowability, i.e., 150 micrometers.

As a pressure applying means for applying pressure to the
ink chambers constructed in the above-described manner, such a
pressure applying means may be employed in which a
piezoelectric element is laminated to a vibrating plate that
constitutes the wall of the ink chamber, or a piezoelectric
element is printed on a vibrat;ng plate and the resultant

object is sintered.
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straight lines. Also, stince this recording head is so;7gonstructed as to
have a plurality of behding portions, pernmeance depths in ink are
different fromeach other between the recorded_ i nage at the bendlng

portion and thBer ddBeaédonsnafcthe PHETRALi pRERAR BéPPF‘GﬁngTﬁé’n

illustrated in Fig. 13, a plurality of fluctuation wll be produced in the
entire esbodimdntnugee w=d1x24513.656mmeqandch=pilk4lis3ad2amj.ect of the
present

In accordance with the recording head of the present
invention, since the arrangement of the nozzles is formed in a
V shape, the following problems of the conventional recording
head as described in JP-A-4-312859 could be solved. That is,
in the prior art recording head, dark/light ink fluctuation
occurs in plural places. To the contrary, in accordance with
the recording head of the present invention, as shown in Fig,
2, such a placgiwhere printing density becomes high is
suppressed only to the area near the nozzle 192 at the central
portion, and printing density around the edge nozzle 180 can
be made uniform, so that the printing density fluctuation
could be suppressed to the minimum place, i.e., one place over
the entire printing width "b". Accordingly, even when a bit
image such as a graphic is recorded by using the recording
head of this embodiment, it is possible to print out a high
quality image without deteriorating texture.

In this embodiment, it was 80 arranged as shown in Fig. 1
that among the nozzles along the mutually adjacent inclined
line segments L1 and L2, the nozzles along the inclined line
segment L2 (namely, nozzles 191, 195, 196, 197 in this

drawing) were positionally shifted with respect to the

position of the nozzle 192 along the main scanning direction

— _7_
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3 invention to provide an ink jet type recordi ng head-capabl e of
real i zing high recordifg density and high printing quatfity, which is made
highly inte@éAhed x direction as shown in this drawing) by a shift
amount of d2=d1x2.5=pl1x20, and furthermore, a distance "P2"
between the nozzle 192 and the nozzle 191 along the sub-
scanﬁing direction, located at the edge portions of the line
segment L; and the line segment L2, was made equal to Pi,
i.e., the same pitch. Another pitch between the nozzle 194
and the nozzle 181 was selected to be P1x3. In Fig. 3, there
is shown a partial enlarged diagram of such a bending portion
that these nozzles were positionally shifted. As illustrated
in the drawing, in accordance with this embodiment, the nozzle
array along the line segment L2 is positionally shifted from
the nozzle array along the line segment L1 by an amount of 2.5
times as large as one nozzle pitch along the "-X" direction.
Further, the nozzle 181 along the line segment L2 is arranged
at a position of dl1/2 between the nozzle 1893 and the nozzle
194 along the line segment Ll. Since, as described above,
these nozzles are positionally shifted by the shift amount of
d2=d1x2.5=P1x20, the minimum distance between the nozzles 191
and 194 which are mutually positioned at the nearest place
from each other can be made long, while maintaining
sufficiently high printing density. Also, a sufficient
rigidness of the wall between the ink chamber 171 and the ink
chamber 174 can be achieved. As a consequence, it is possible
to eliminated adverse influencé given to ink jetting such as
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DI SCLOSURE OF | NVENTI G, An ink jet type recording head according to
the present invention=i"s characterized in that nozzl es for jetting ink
droplets are arranged substantially along a V-shaped line which is opened
toward the main_scanning direction of the recording head. Al so, the
ink jet ?§B§SF§&§rding head according to the present invention is
characterized in that the nozzles are

Since the shift amount "d2" is set to be an integer times

as large as the printing pitch P1 such as d2=d1x2.5=P1x20, the
printing timing of the nozzles (namely, nozzles 191, 195, 1986,
197 shown in drawing) shifted along the main scanning
direction can be correctly obtained by counting the reference
timing (interval of reference timing corresponds to pitch pl
in this embodiment) along the main scanning direction by an
integer (for instance, nozzle 191 is shifted from nozzle 192
by 20 reference timings). The reference timing along the main
scanning direction may be directly obtained from.either
outputs of linear encoders arranged along the same direction,
or pulse numbers of a stepping motor for driving the recording
head. In accordance with this embodiment, with such a
construction, the pixels could be formed accurately also from
the nozzle groups which were shifted along the main scanning
direction without additionally employing a specific timing
generating mechanism, whereby higher printing qualities could
be achieved.

Moreover, in accordance with this embodiment, the shape
of the ink chamber positioned near the nozzle is made not by a
curved surface with a simple R, but by a curved surface having
a smaller R at the portion nearer to the nozzle, so that the

distance between the nozzles located adjacent to each other

-g-
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arranged substantiallyjélong conbi nation |ines of inckﬁ@ed i ne segnments
whi ch are opened toward the nmain scanning direction, ‘and such nozzl es
g_the nozzles

ocat od BREnRS: RLdeRRRr | nBRue, nEPeRBnaRes SN KXl LRAT My A et o
each other, are shifted along the main scanning direction. Furt her,
the ink jBterf{peengeoptrRgaBef8os8talli AgNt et RETepfdTady aveddeidon angd
characterized in that the nozzles are

the better bubble exhausting characteristic can be achieved

since R éf the curved surface near the nozzle is stepwise made

small.

In this embodiment, the minimum distance (d5=352.8
micrometers) is longer than a total value (d6=ri+r2=200
micrometers) of a distance (r1=100 micrometers) between the
center of the nozzle 191 and an outer periphery of the ink
chamber 171, and also a distance (r1=100 micrometers) between
the center of the nozzle 184 and an outer periphery of the ink
chamber 174, and then r3 can be made wide, i.e., longer than
100‘micrometers, and so rigidness of the wall betwéen the ink
chambers can be maintained very high.

In accordance with the recording head of the present
invention, there is substantially no risk that printing
gualities are deteriorated which are caused by the mounting
errors and the like. This reason will now be described in
detail.

Since the printing pitch P1 is selected to be 1/360
inches {=70.8 micrometers) in this embodiment, the diameter of
a single pixel on the recording medium 1 is preferably on the
order of 100 to 120 micrometers, taking account of such a fact
that the recording medium can Be completely covered. As to

-10-
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atranged substantially @ ong conbination Iines of inclimed I|ine segnents
whi ch are opened toward:fhe nain scanning direction, &hd a part of the
nozzl es arranged along the inclined Iine segnents are shifted al ong the

mai n Sca@uéﬁJa pixel dimension, the positional shifés of 20 to 30
micrometers in the pixels could be visually recognized,
resulting in deterioration of printing qualities. 1In
accordance witﬁ this embodiment, the positional shift of the
nozzle 195 by the angle 8 is expressed as Ax=hxxx8/180 along
the X direction and Ay=d3xxxp/180 (h=P1x47=3.32mm,
d3=d1x2.5=1.41mm). The actual positional shift with respect
to tﬁe angle p is represented in Fig. 4. Generally speaking,
the angle § is on the order of 0.1 degree involving play of
various components and part precision or the like, and the
positional shifts are small such as Ax=6 micrometers and
Ay=2.5 micrometers. Thus, it is possible to apply this angle
while maintaining sufficient printing qualities.

The recording head of the present invention can be
readily mounted on such an ink jet type recording apparatus
capable of easily replacing the recording head by the user
without paying any care to mounting accuracy to the carriage,
because of the above-described reasons.

The recording head may be easily mounted even if such a
recording apparatus is a recording apparatus arranged by such
a simple supporting mechanism with an arm 360 and a pin 361 as
shown in Fig. §. 1In this recording apparatus, the recording
head 9 is relatively transporped along the main scanning

direction (x-direction in this figure) relative to the

~11-
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di'rection. BRI EF DESCRI PTI ON OF DRAW NGS Fig. .f.is an explanatory
diagramwith respect to-a nozzle arrangenent and an i nk’chanber
arrangenment of an ink jet type recording head according to the present

i nvent i on.recordirdg gnediwg henille citdpl SEOVSE ai.0k | 50 | e CPEELEA OPr&h Bhe
nozzle 180 and so on, thereby forming pixels on the recording
medium 1. After the above-described pixel formation along the
main scanning direction has been accomplishea, the recording
medium 1 is transported along the sub-scanning direction (y-
direction in this figure) perpendicular to the main scanning
direction. Subsequently, the recording operation is continued
by performing such a process that pixels are formed on an
empty portion of the recording medium 1 along the main
scanning direction (x-direction in this figure). This
transportation of the recording head is performed by driving a
belt 6 via a pulley 5 by a stepping motor 10, as illustrated
in Fig. 6. Even when errors are produced in a feeding amount
along the main scanning direction due to eccentricity of the
pulley 5, or vibrations or expansion and contraction of the
belt B8 caused by external environments, smoothing and
continuous patterns are printed out as shown in Fig. 7 by
employing the recording head of this embodiment. Therefore,
the printing using the recording head of this embodiment is
advantageous in that there is substantially no wvisual
observation of disturbance in the vertical lines or the like,
thereby providing high quality printing.

Fig. 8 shows another embodiment of the present invention.
This embodiment is characteri%ed in that a part of the nozzles

"l
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first enmbodi ment of theTpresent invention. Fig.ZSjis an enl ar ged
diagram for representing a portion of nozzles according to the first

enmbodi ”Em(aofonQer'igﬁeﬁhl th%e@&ggae) PositEioﬁedA'ail%n% PR e

positional shifts in pixels according to the tirst enbodi nent of the
vi ew.for expl.ai ning a

mount i ng TBRALET B8 BPSEEEORARIYERESEEY BIGRE Hn Al mECHIAS 0 t he
direction (x-direction in this figure). In this manner, the
nozzle 192 is greatly shifted by an amount (d7=d1x3), as
compared with the nozzle 191 which will subsequently jet ink.
Thus, a droplet of ink is jetted from the nozzle 182 at the
earlier stage onto the recording medium and then is dried,
thereby forming pixels at the earlier stage. Accordingly,
even wﬁen the ink droplets jetted from the next nozzle 191 are
overlapped on the image formed by the ink droplets jetted from
the nozzle 192, since the image formed by the nozzle 192 has
been dried, it could be prevented that the ink droplets are
partially collected, whereby fluctuation of ink density at the

| central printed portion could be furthermore suppressed.

While only the nozzle 192 is positionally shifted in this
embodiment, the effect as to the ink density fluctuation may
be further improved when a plurality of nozzles are
positionally shifted.

Fig. 9 shows a further embodiment of the present
invention. In this embodiment, the nozzles are so arranged
that they are positioned along a plurality of line segments
L1, L2, L3 and L4. As an example, different colors are
allocated to the respective line segments in such a manner

that a black color is allocated to the line segment L1, a cyan

. R —13-
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present invention. = Fig. 6 is a perspective view ghow ng a
transporting nechanlsn1of the ink jet type recording Head according to the
present invention. Fig. 7 schematically shows a printing pattern of

tsplgwsf Ia:ls;[ ncqu}ggl ype react;e‘g ‘qugetﬁ'geac} Irge\clg%%ﬁo‘%bt tif 'arﬁ)tq’%ge’éﬁgggﬁ%ltlcg:‘ '
the presegilggg?gd(gg the line segment L3, and a yellow color is
allocated to the line segment L4. The line segments L1 and L4
are separated from the line segments L2 and L3 along the main
scanning direction (x-direction), respectively, so that a
distance between the nozzles 190 and 191 is made large, and
another distance between the nozzles 192 and 193 is made
large. Accordingly, it is prevented that other different
colors would flow into the nozzles 180, 191, 192, 193 to
produce color mixture and muddy colors.

Fig. 10 shows a further embodiment of the present
invention. This recording head is formed in a lozenge shape
by combining two sets of V-shaped nozzle arrangements. In
accordance with this nozzle arrangement, after the thinning
printing operation has been carried out by one set of the V-

. shaped nozzle arrangement along the main scanning direction
during the recording operation, the printing operation by the
other set of the V-shaped nozzle arrangement is carried out in
order to fill the pixel between the printed pixels by the
thinning manner. As a consequence, it is possible to solve
problems such as ink blurring.

As a structure of an ink jet type recording head in order
to realize the above-explaineq ink jet type recording head

according to the present invention, as shown in Fig. 11, a

_14-
5 Sheet Has Been R laced

I



Fig. 9 schematically represents an ink jet type recording
5 head according to amot her embodi ment of the present?*invention.

stacked type ink jet type recording head is preferably
utilized. In accordance with this recording head, stacked
flow path ports ih a flow path from an ink chamber 17 to a
nozzle 2 may be gradually shifted with ease. As a résult,
since the position of the nozzle 2 may be shifted outside the
ink chamber rather than the edge portion of the ink chamber
17, the location of the ink chamber can be lowered as compared
with that of the nozzle. When such a structure is employed in
the nozzle arrangement having such a bending portion as
explained in the embodiment of the present invention, the
distances between the adjacent ink chambers can be made
sufficiently long. Thus, crosstalk can be sufficiently
prevented, and also the distances between the nozzles can be
shortened. It is therefore possible to arrange the nozzles at
high density. In Fig. 11, it is so constructed that the ink
is supplied from a common ink chamber 11 to the ink chamber
17, and then is jetted from the nozzle 2 via the flow path by
pressuring vibrating plates 19 stacked on the ink ghamber 17
by way of a piezoelectric elemenp 20.

As described above, in accordance with the present
invention, it is possible to provide a highly integrated ink
jet type recording head capable of printing out an image at
high recording density, and of suppressing printing

fluctuation, while printing qualities are not adversely

-15~-
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Fig. 10 schematically shiows an ink jet type recording --head according to a
further enbodi nent of t‘he present invention. Fig: 11 is an
expl anatory diagramof the ink jet type recording head according to the

pr esent EQ&%@BB%%d by mountdnelerrdrdn explanatory di agram for explaining
the conventional no2zle arra genent and the conventional ink chanber

arrangenent.

UTILIZATION IN INDUSTRY

As described above, the ink jet type recording head of
the present invention is suitable to be utilized in such
recording apparatuses as a printer, a facsimile, and a copying

machine.

This Sheet Has Been R

LR

-16-



Firg. 13 i-s an explanatory diagramfor indicating the convent i onal printing

condi ti on. BEST MODE<TO CARRY OUT | NVENTI ON TH&is Sheethias BednReglatied 0N
w Il now be described nore in detail with reference to f ng
dr awi ngs. Fig. 1 is an explanatory diagramof a n nt

and an i fkL&HPber arrangenment of an ink jet type recording

1. An ink jet type recording head having a plurality of
nozzles for jetting ink droplets, wherein

said plurality of nozzles are arranged in such a manner
that the nozzles are positioned on straight lines at an
interval, which are inclined mutually to opposite directions
with respect to a main scanning direction corresponding to a
transport direction of the recording head, and nozzle arrays

are formed in a substantially V-shape.

2. An ink jet type recording head as claimed in claim 1
wherein at least one nozzle array positioned on the inclined
straight line is positionally shifted along the main scanning

direction with respect to the other nozzle array.

3. An ink jet type recording head as claimed in claim 2
wherein a shift amount along the main scanning direction is
set in such a manner that each of the nozzles of said the
other nozzle array is arranged between the nozzles of said one

nozzle array.

4, An ink jet type recording head as claimed in claim 2 or 3
wherein said shift amount along the main scanning direction is

2.5 times as large as or equal to an interval between the

-17-~
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head according to an enbodi ment of the present invention. In Fig. 1, the
recordi ng head accordirfg-to this enbodinent is prOﬁ&Hﬁqﬁ th nozzles 190

to 197 for jetting a droplet of ink, and ink chanbe kw“{
comuni cated with these nozzles. Although partially hi s
figure, tPRZ¥F8®rding head is equi pped with each in ni cat ed
with 32

5. An ink jet type recording head as claimed in claims 1 to

4 wherein the nozzle is provided at a position separéted by a
space from an edge portion of said nozzle array on the

inclined straight line on a bending portion side thereof.

6. An ink jet type recording head as claimed in claims 1 to
5 wherein an ink chamber communicated with said nozzle is
fabricated by such a multistepped curved surface near said
nozzle that a diameter of the curved surface is made smaller

near said nozzle.

7. An ink jet type recording head as claimed in claims 1 to

8 wherein said nozzle arrays are arranged in a lozenge shape.

8. An ink jet type recording head as claimed in claims 1 to
7 wherein said ink jet type recording head is of a stacked
type that the positions between the ink chambers and the

nozzles are variable.
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6 nozzles al ong one ILng, i.e., 64 nozzles in total. I'n this figure, the
nozzl es are arranged at’a constant interval in such a mhanner that these

nozzl es are positioned along |line SE%??Q%@ L1 and L2 corresponding to such
straight lines inclined to opposite fons with respect to the X
direction, nanely the main scanning direction (noving

In an ink jet type recordihg head, nozzles 190 to 187 for
jetting droplets of ink are arranged in such a manner that
these nozzles are located along two line segments L1 and L2
which are inclined mutually in opposite directions with
respect to a main scanning direction, and the two line
segments constitute a substantially V-shape, so that problems
such as a printing quality deterioration phenomenon and ink
chamber interference can be solved, and higher printing

qualities can be realized at high printing density.
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ditection of the recording head mounted on a carriage), :This [|ine segnent
is inclined at an angl €~of [err] in such a manner t hat' *t he pitch Pl of
each nozzl e al ong the sub-scanning direction beconmes 1/360 inches, and the
line segnment L1 and the line segnent L2 constitute a substantially Vv
shape. The ink chanbers are arranged outside the V-shaped area

formed by the line segnents L1 and L2. A wdth "d4" of the respective ink
chanmbers is nade so wide as to be able to
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obtain a sufficient ink jetting amunt, i.e.

t her eof
flowability, i.e.
appl ying pressure to the

, , 450'nicrqﬁeters,
Is made so deep &s to be able to secure
, 150 mcroneters.

suf fi ¢irent

and a depth
I nk

As a pressure applying nmeans for

i nk chanbers constructed in the above-descri bed

manner ,
pi ezoel ectric el enent
t he wal |

of the i nk chanber,

is lamnated to a vibrating plate that

or a piezoelectric

such a pressure applying neans may be enployed in which a

constitutes
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elenment is printed on a~\u bratlng pl ate and the resultant object is
si nt er ed. 7 *The di mensi ons of

the overall nozzle accordl ng to this enbodi nent were vv—d1x24 13.55mm and
h=p1x47=3. 32nm
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I n accordance with the Iecording head of the present imnyention, since the
arrangenent of the nozzlies is formed in a V shape, t hé- TO||OMAng pr obl ens
of the conventional recording head as described in JP - 4- 312859 could be
solved. That is, in the prior art recordi ng head, dar n Repl
fluctuation occurs in plural places. To the contrary, | th
the recording head of the present invention, as shown |

pl ace where printing density beconmes high is
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suppressed only to the sarea near the nozzle 192 at the.central portion,

and printing density aréund t he edge nozzle 190 can bé nmade uniform so
that the printing density fluctuation could be suppressed to the m ni num
pl ace, i.e., one place over the entire printing width "b". Accaordingly,
even when a bit 1image such as a graphic is recorded by using the recording
head of this enbodinent, it is possible to print out a high quality imge
wi t hout deteriorating texture.
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In thi's embodi ment, it 2\as
nozzl es al ong the nutua]ly
nozzl es al ong the inclined
197 in this drawi ng) were
position of the nozzle 192

so arranged as shown in Fig...1 that anong the
adj acent inclined I|ine segrents L1 and L2, the
line segnent L2 (nanely, nozzles 191, 195, 196,
positionally shifted with respect to the

al ong the main scanning direction
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8 (namely, X directig@m.,as shown in this drawi ng) by a:shift amunt of
d2=d1x2. 5=p1x20, and furthernore, a distance "P2"' bet#een the nozzle 192
and the nozzle 191 along the sub- scanning direction, |ocated at the edge

portions of the line segnent L1 and the |line segnent L2, was nade equal to
P1,

up-R T



i .e., the same pitch. Another pitch between the nozzle. 194 and the nozzle
191 was selected to be ¥ix3. In Fig. 3, there is showtr~a partial enlarged
di agram of such a bending portion that these nozzles were positionally
shifted. As illustrated in the drawing, in accordance with this

enbodi nent, the nozzle array along the line segnent L2 is positionally
shifted from the nozzle array along the line segnent L1 by an anmount of
2.5 tines as large as one nozzle pitch along the "-X" direction.
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Further, the nozzle 191 gtong the line segment L2 is arranged at a
p05|t|on of d1/2 between the nozzle 193 and the nozzle 3194 along the line
segnent L1. Si nce, as described above, these nozzles are positionally
shifted by the shift ampunt of d2=dl x2.5=Pl x20, the m ni num di st ance

bet ween the nozzles 191 and 194 which are nutually positioned at the
nearest place fromeach other can be nmade |long, while maintaining
sufficiently high printing density. Also, a sufficient

9,/ 13
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rigidness of the wall between the ink chamber 171 and the ink chanber 174
can be achieved. As a cansequence, it is possible to elfm nated adverse
i nfluence given to ink jetting such as 9

1013
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X
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cr osst'al k. Since thhe shift amount "d2" is set to e an integer tines
as large as the printing“pitch P1 such as d2=d1x2.5= P1x70, the printing
timng of the nozzles (nanmely, nozzles 191, 195, 196, 197 shown in

drawi ng) shifted along the main scanning direction can be correctly
obt ai ned by counting the reference timng (interval of reference timng
corresponds to pitch pl in this enbodi nent) along the main scanning
direction by an
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i nteger (for |nstance,*npzzle 191 is shifted fromnozzl:e 192 by 20
reference timngs). Th&¥reference timng along the mai n* scanning direction
may be directly obtained fromeither outputs of |inear encoders arranged
al ong the sanme direction, or pulse nunbers of a stepping notor for driving
the recording head. In accordance with this enbodinment, with such a
construction, the pixels could be formed accurately also from the nozzle

groups which were shifted along the nain scanning
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direction without addi tiopally enploying a specific timong generating
mechani sm wher eby higher” printing qualities could be chieved.

Mor eover, in accordance with this enbodi nent, the shape of the ink chanber
positioned near the nozzle is made not by a curved surface with a sinple
R, but by a curved surface having a smaller R at the portion nearer to the

nozzle, so that the distance between the nozzles | ocated adjacent to each
ot her

13./13
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may be wi dened. Thus, there are such excellent nerits that

i nterference such as crosstal k can be nore firmy avoided, and the better
bubbl e exhausting characteristic can be achi eved

1
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TECHNICAL FIELD

The present invention relates to an ink jet type
recording head of an on-demand type for Jjetting ink droplets
in response to a printing signal to form an ink image on a
recording medium such as recording paper. More specifically,
the present invention concerns an array of nozzles and a shape

of an ink chamber for jetting a droplet of ink.

TECHNICAL BACKGROUND

Recently, there has been needs for ink jet type recording
apparatuses capable of outputting an image recorded in high
density. JP-A-60-147348 discloses such an ink jet type
reéording head capable of realizing higher recording density
than the linear array density of the nozzles. In the ink jet
type recording head described in this publication, the
recording head having the linearly arranged nozzles along a
single straight line is obliquely disposed with respect to the
main scanning direction to increase the recording density.
However, the structure of this recording head owns such
problems that pitch fluctuation occurs in recording pixels,

which is caused py,gimensional errors or the like such as

E | BRI ‘g « .. This 18 he fep‘a{;ement smt
T oY r ~¥._.'..- N

Date'



since R of the curved surface near the nozzle is stepwi se made snall.
In:this enbodi ment, the m ninum di stance (d5=352.8 mcroneters) is |onger
than a total value (d6=r1+r2=200 mcroneters) of a distance (r1=100

m croneters) between the center of the2nozzle 191 and an outer periphery
of the ink chanber 171, and also a distance (rl =100 m croneters) between

the centep;RbnkBEnE972r80184 080U r3RaOWNEh REEd Hdordiingd Hedd'Kis mounted

on the carriage. Accordingly, printing qualities are greatly
influenced.

To the contrary, in accordance with the ink jet type
recording head described in JP-A-4-312885, as shown in Fig.
12, the nozzles are arranged on a plurality of slanted
straight lines in a zigzag form, and therefore, the printing
quality could be improved irrelevant to accuracy in the
mounting dimension.

To realize high density recording by the ink jet type
recording head described in JP-A-4-312859, the pitches between
the respective nozzles must be narrowed, namely the angle «
should be made small. However, this angle setting is
essentially restricted in order to prevent an occurrence of
crosstalk or the like, which is caused by interference among
the ink chambers at the bending portions of the slanted
straight lines. Also, since this recording head is so
constructed as to have a plurality of bending portions,
permeance depths in ink are different from each other between
the recorded image at the bending portion and the recorded
image at the peripheral portion. Then, as illuétrated in Fig.
13, a plurality of fluctuation will be produced in the entire
recorded image.

As a consequence, it is an object of the present

This is the replacement sheet

pate: 18 SEP 1996



chanmber. 174, and then r3 can be nade wde, i.e., longer than 100

m groneters, and so rigidness of the wall between the ink chanbers can be
mai nt ai ned very hi gh. In accordance with the recording head of the
present invention, there is substantiall3y no risk that printing qualities
are deteriorated which are caused by the nounting errors and the |ike.
This reason will now be described in detail

invention to provide an ink jet type recording head capable of
realizing high recording density and high printing quality,

which is made highly integrated.

DISCLOSURE OF INVENTION

An ink jet type recording head according to the present
invention is characterized in that nozzles for jetting ink
droplets are arranged substantially along a V-shaped line
which is opened toward the main scanning direction of the
recording head.

Also, the ink jet type recording head according to the
present invention is characterized in that the nozzles are
arranged substantially along combination lines of inclined
line segments which are opened toward the main scanning
direction, and such nozzles arranggd along at least one
inclined line segment among the nozzles located along the
inclined line segments which are mutually adjacent to each
other, are shifted along the main scanning direction.

Further, the ink jet type recording head according to the
present invention is characterized in that the nozzles are
arranged substantially along combination lines of inclined
line segments which are opened toward the main scanning
direction, and a part of the nozzles arranged along the
inclined line segments are shifted along the main scanning
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Since the printing pitch P1 is selected to be 1/360 inches (=70.6
m-cronmeters) in this enbodinent, the dianmeter of a single pixel on the
recording medium 11l is preferably on the order of 100 to 120 m croneters,
taki ng account of such a fact that the recordi ng nedium can be conpletely
covered. As to

direction.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an explanatory diagram with respect to a nozzle
arrangement and an ink chamber arrangement of an ink jet type
recording head according to the present invention.

Fig. 2 schematically shows a printing condition of a
first embodiment of the present invention.

Fig. 3 is an enlarged diagram for representing a portion
of nozzles according to the first embodiment of the present
invention.

Fig. 4 is a graph showing positional shifts in pixels
according to the first embodiment of the present invention.

Fig. & is a perspective view for explaining a mounting
condition of the ink jet type recording head according to the
present invention.

Fig. B is a perspective view showing a transporting
mechanism of the ink jet type recording head according to the
present invention.

Fig. 7 schematically shows a printing pattern of the
first embodiment of the present invention.

Fig. 8 schematically shows an ink jet type recording head
according to another embodiment of the present invention.

Fig. 9 schematically represents an ink jet type recording
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such a-pi xel dinension, the positional shifts of 20 to 30 mcroneters in

the pixels could be visually recognized, resulting in deterioration of

printing qualities. In accordance with this enbodi nent, the positional

shift of the nozzle 195 by the angle [erT] is expressed as

Ax=hx[err]x[err]/180 along the X direction and [err]y=d3x[err]x[err]/180

(h=P1x47=3n3ddMaccording to another embodiment of the present
invention.

Fig. 10 schematically shows an ink jet type recording
head according to a further embodiment of the present
invention.

Fig. 11 is an explanatory diagram of the ink jet type
recording head according to the present invention.

Fig. 12 is an explanatory diagram for explaining the
conventional nozzle arrangement and the conventional ink
chamber arrangement.

Fig. 13 is an explanatory diagram for indicating the

conventional printing condition.

BEST MODE TO CARRY OUT INVENTION

The present invention will now be described more in
detail with reference to the accompanying drawings.

Fig. 1 is an explanatory diagram of a nozzle arrangement
and an ink chamber arrangement of an ink jet type recording
head according to an embodiment of the present invention. In
Fig. 1, the recording head according to this embodiment is
provided with nozzles 190 to 197 for jetting a droplet of ink,
and ink chambers 170 to 177 communicated with these nozzles.
Although partially omitted from this figure, the recording

head is equipped with each ink chamber communicated with 32
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d3=d1x2.5=1.41mm). The actual positional shift wth respect to the angle
[err] is represented in Fig. 4. Cenerally speaking, the angle [err] is on
the order of 0.1 degree involving play of6 vari ous conponents and part
precision or the like, and the positional® shifts are small such as
[err]x=6 mcrometers and [err]y=2.5 mcronmeters. Thus, it is possible to
apply this megtbes whlorg nenet binengisef{i cdenbzplest ing tewalli.ti g this
The recording head of the present invention can be
figure, the nozzles are arranged at a constant interval in
such a manner that these nozzles are positioned along line
segments L1 and L2 corresponding to such straight lines
inclined to opposite directions with respect to the X
direction, namely the main scanning direction (moving
direction of the recording head mounted on a carriage). This
line segment is inclined at an angle of ¢ in such a manner
that the pitch Pl of each nozzle along the sub-scanning
direction becomes 1/360 inches, and the line segment L1 and
the line segment L2 constitute a substantially V shape.

The ink chambers are arranged outside the V-shaped area
formed by the line segments L1 and L2. A width "d4" of the
respective ink chambers is made so wide as to be able to
obtain a sufficient ink jetting amount, i.e., 450 micrometers,
and a depth thereof is made so deep as to be able to secure
sufficient ink flowability, i.e., 150 micrometers.

As a pressure applying means for applying pressure to the
ink chambers constructed in the above-described manner, such a
pressure applying means may be employed in which a
piezoelectric element is laminated to a vibrating plate that
constitutes the wall of the ink chamber, or a piezoelectric

element is printed on a vibrating plate and the resultant

object is sintered.
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readily mounted on such an ink jet type recordi ng apparatus capabl e of
easily replacing the recording head by the user wthout paying any care to
nounting accuracy to the carriage, because of the above-described reasons.
The recording head nay be easily nmounted &ven if such a recording
apparatus is a recordi ng apparatus arranged by such a sinple supporting

rochani smwith i, 2143300 A0 B! hI%@%a1 28010 Elordink"cb"hRis

embodiment were w=d1x24=13.55mm, and h=pl1x47=3.32mm.

In accordance with the recording head of the present
invention, since the arrangement of the nozzles is formed in a
V shape, the following problems of the conventional recording
head as described in JP-A-4-312858 could be solved. That is,
in the prior art recording head, dark/light ink fluctuation
occurs in plural places. To the contrary, in accordance with
the recording head of the present invention, as shown in Fig.
2, such a place where printing density becomes high is
suppressed only to the area near the nozzle 192 at the central
portion, and printing density around the edge nozzle 190 can
be made uniform, so that the printing density fluctuation
could be suppressed to the minimum place, i.e., one place over
the entire printing width "b". Accordingly, even when a bit
image such as a graphic is recorded by using the recording
head of this embodiment, it is possible to print out a high
quality image without deteriorating texture.

In this embodiment, it was so arranged as shown in Fig. 1
that among the nozzles along the mutually adjacent inclined
line segments L1 and L2, the nozzles along the inclined line
segment L2 (namely, nozzles 191, 195, 196, 187 in this
drawing) were positionally shifted with respect to the

position of the nozzle 182 along the main scanning direction

This is the replacement shoet
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head 9 is relatively transported along the main scanning direction

(x-direction in this figure) relative to the

12 recordi ng medi um while droplets of ink 50 are jetted fromthe
8

(namely, X direction as shown in this drawing) by a shift
amount of d2=di1x2.5=pl1x20, and furthermore, a distance "P2"
between the nozzle 182 and the nozzle 181 along the sub-
scanning direction, located at the edge portions of the line
segment L1 and the line segment L2, was made equal to P1,
i.e., the same pitch. Another pitch between the nozzle 184
and the nozzle 191 was selected to be Pix3. 1In Fig. 3, there
is shown a partial enlarged diagram of such a bending portion
that these nozzles were positionally shifted. As illustrated
in the drawing, in accordance with this embodiment, the nozzle
array along the line segment L2 is positionally shifted from
the nozzle array along the line segment L1 by an amount of 2.5
times as large as one nozzle pitch along the "-X* direction.
Further, the nozzle 181 along the line segment L2 is arranged
at a position of di/2 between the nozzle 193 and the nozzle
194 along the line segment L1. Since, as described above,
these nozzles are positionally shifted by the shift amount of
d2=d1x2.5=P1x20, the minimum distance between the nozzles 191
and 194 which are mutually positioned at the nearest place
from each other can be made long, while maintaining
sufficiently high printing density. Also, a sufficient
rigidness of the wall between the ink chamber 171 and the ink
chamber 174 can be achieved. As a consequence, it is possible

to eliminated adverse influence given to ink jetting such as
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nozzl e-190 and so on, thereby form ng pixels on the recording medium 1.

After the above-described pixel formation along the nmain scanning

di rection has been acconplished, the recording nmedium1 is transported

al ong the sub-scanning direction (y- d?rection in this figure)

perpendi cular to the main scanning direction. Subsequently, the recording

operation is continued by perform ng such a process that pixels are forned

on an enpty portion of the recording nedium1l along the main
crosstalk.

Since the shift amount "d2" is set to be an integer times
as large as the printing pitch Pl such as d2=d1x2.5=P1x20, the
printing timing of the nozzles (namely, nozzles 191, 195, 198,
197 shown in drawing) shifted along the main scanning
direction can be correctly obtained by counting the reference
timing (interval of reference timing corresponds to pitch pl
in this embodiment) along the main scanning direction by an
integer (for instance, nozzle 191 is shifted from nozzle 192
by 20 reference timings). The reference timing along the main
scanning direction may be directly obtained from either
outputs of linear encoders arranged along the same direction,
or pulse numbers of a stepping motor for driving the recording
head. 1In accordance with this embodiment, with such a
construction, the pixels could be formed accurately also from
the nozzle groups which were shifted along the main scanning
direction without additionally employing a specific timing
generating mechanism, whereby higher printing qualities could
be achieved.
Moreover, in accordance with this embodiment, the shape

of the ink chamber positioned near the nozzle is made not by a
curved surface with a simple R, but by a curved surface having

a smaller R at the portion nearer to the nozzle, so that the

distance between the nozzles located adjacent to each other
Thus is ins replacement shoet
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scanning direction (x-direction in this figure). This transportation of
the recording head is perfornmed by driving a belt 6 via a pulley 5 by a
stepping notor 10, as illustrated in Fig. 6. Even when errors are produced
in a feeding amount along the main scanmiong direction due to eccentricity
of the pulley 5, or vibrations or expansion and contraction of the belt 6
caused by external environnents, snoothing and continuous patterns are
printed out as shown in Fig. 7 by '
may be widened. Thus, there are such excellent merits that
interference such as crosstalk can be more firmly avoided, and
the better bubble exhausting characteristic can be achieved
since R of the curved surface near the nozzle is stepwise made
small.

In this embodiment, the minimum distance (d5=352.8
micrometers) is longer than.a total wvalue (d6=rl+r2=200
micrometers) of a distance (rl1=100 micrometers) between the
center of the nozzle 191 and an outer periphery of the ink
chamber 171, and also a distance (rl1=100 micrometers) between
the center of the nozzle 194 and an outer periphery of the ink
chamber 174, and then r3 can be made wide. i.e., longer than
100 micrometers, and so rigidness of the wall between the ink
chambers can be maintained very high.

In accordance with the recording head of the present
invention, there is substantially no risk that printing
gualities are deteriorated which are caused by the mounting
errors and the like. This reason will now be described in
detail.

Since the printing pitch Pl is selected to be 1/380
inches (=70.6 micrometers) in this embodiment, the diameter of
a single pixel on the recording medium 1 is preferably on the

order of 100 to 120 micrometers, taking account of such a fact

that the recording medium can be completely covered. As to
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enpl oyi ng the recordi ng head of this enbodi nent. Therefore, the printing
using the recording head of this enbodinent is advantageous in that there
is substantially no visual observation of disturbance in the vertical
lines or the like, thereby providing highiquality printing. Fig. 8
shows anot her enbodi ment of the present invention. This enbodinent is
characterized in that a part of the nozzles

such a pixel dimension, the positional shifts of 20 to 30
micrometers in the pixels could be visually recognized,
resulting in deterioration of printing qualities. In
accordance with this embodiment, the positional shift of the
nozzle 195 by the angle 8 is expressed as Ax=hxxx8/180 along
the X direction and Ay=d3xxx8/180 (h=P1x47=3.32mm,
d3=d1x2.5=1.41mm). The actual positional shift with respect
to the angle g is represented in Fig. 4. Generally speaking,
the angle ® is on the order of 0.1 degree involving play of
various components and part precision or the like, and the
positional shifts are small such as Ax=6 micrometers and
Ay=2.5 micrometers. Thus, it is possible to apply this angle
while maintaining sufficient printing qualities.

The recording head of the present invention can be
readily mounted on such an ink jet type recording apparatus
capable of easily replacing the recording head by the user
without paying any care to mounting accuracy to the carriage,
because of the above-described reasons.

The recording head may be easily mounted even if such a
recording apparatus is a reéording apparatus arranged by such
a simple supporting mechanism with an arm 360 and a pin 361 as
shown in Fig. 5. In this recording apparatus, the recording
head 9 is relatively transported along the main scanning

direction (x-direction in this figure) relative to the
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13 (a nozzle 192 in this figure) positioned along the inclined Iine L1
I s-positionally shifted along the main scanning direction (x-direction in
this figure). In this manner, the nozzle 192 is greatly shifted by an
amount (d7=d1x3), as conpared with the n@&zle 191 which will subsequently

j et ink.

recording medium while droplets of ink 50 are jetted from the
nozzle 190 and so on, thereby forming pixels on the recording
medium 1. After the above-described pixel formation along the
main scanning direction has been accomplished, the recording
medium 1 is transported along the sub-scanning direction (y-
direction in this figure) perpendicular to the main scanning
direction. Subsequently, the recording operation is continued
by performing such a process that pixels are formed on an
empty portion of the recording medium 1 along the main
scanning direction (x-direction in this figure). This
transportation of the recording head is performed by driving a
belt 8 via a pulle& 5 by a stepping moter 10, as illustrated
in Fig. 6. Even when errors are produced in a feeding amount
along the main scanning direction due to eccentricity of the
pulley 5, or vibrations or expansion and contraction of the
belt 6 caused bylexternal environments, smoothing and
continuous patterns are printed out as shown in Fig. 7 by
employing the recording head of this embodiment. Therefore,
the printing using the recording head of this embodiment is
advantageous in that there is substantially no visual
observation of disturbance in the vertical lines or the like,
thereby providing high quality printing.

Fig. 8 shows another embodiment of the present invention.
This embodiment is characterized in that a part of the nozzles
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Thus, 'a droplet of ink is jetted fromthe nozzle 192 at the earlier stage
onto the recording nediumand then is dried, thereby formng pixels at the
earlier stage. Accordingly, even when the ink droplets jetted fromthe
next nozzle 191 are overlapped on the idge formed by the ink droplets
jetted from the nozzle 192, since the image fornmed by the nozzle 192 has

cor ot Lete,hbrSls TPUCHBLENER' Sty S At P e BRCHLALY
line L1 is positionally shifted along the main scanning
direction (x-direction in this figure). In this manner, the
nozzle 192 is greatly shifted by an amount (d7=d1x3), as
compared with the nozzle 191 which will subsequently jet ink.
Thus, a droplet of ink is jetted from the nozzle 132 at the
earlier stage onto the recording medium and then is dried,
thereby forming pixels at the earlier stage. Accordingly,
even when the ink droplets jetted from the next nozzle 191 are
overlapped on the image formed by the ink droplets jetted from
the nozzle 182, since the image formed by the nozzle 182 has
been dried, it could be prevented that the ink droplets are
partially collected, whereby fluctuation of ink density at the
central printed portion could be furthermore suppressed.
While only the nozzle 182 is positionally shifted in this
embodiment, the effect as to the ink density fluctuation may
be further improved when a plurality of nozzles are
positionally shifted.

Fig. 9 shows a further embodiment of the present
invention. In this embodiment, the nozzles are so arranged
that they are positioned along a plurality of line segments
L1, L2, L3 and L4. As an example, different colors are
allocated to the respective line segments in such a manner

that a black color is allocated to the line segment L1, a cyan
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central printed portion could be furthernore suppressed. Wile only the
nozzle 192 is positionally shifted in this enbodinent, the effect as to
the ink density fluctuation may be further inproved when a plurality of
nozzles are positionally shifted. ¥Fig. 9 shows a further enbodi nent
of the present invention. In this enbodi nent, the nozzles are so arranged
that they are positioned along a plurality of |Iine segnents

color is allocated to the line segment L2, a magenta color is

allocated to the line segment L3, and a yellow color is

allocated to the line segment L4. The line segments L1 and L4

are separated from the line segments L2 and L3 along the main

scanning direction (x-direction), respectively, so that a

distance between the nozzles 190 and 181 is made large, and

another distance between the nozzles 192 and 193 is made

large. Accordingly, it is prevented that other different

colors would flow into the nozzles 180, 191, 192, 193 to

produce color mixture and muddy colors.

Fig. 10 shows a further embodiment of the present
invention. This recording head is formed in a lozenge shape
by combining two sets of V-shaped nozzle arrangements. In
accordance with this nozzle arrangement, after the thinning
printing operation has been carried out by one set of the V-
shaped nozzle arrangement along the main scanning direction
during the recording operation, the printing operation by the
other set of the V-shaped nozzle arrangement is carried out in
order to fill the pixel between the printed pixels by the
thinning manner. As a consequence, it is possible to solve
problems such as ink blurring.

As a structure of an ink jet type recording head in order
to realize the above-explained ink jet type recording head

according to the present invention, as shown in Fig. 11, a
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L1, L2; L3 and L4. As an exanple, different colors are allocated to the
respective line segnents in such a manner that a black color is allocated
to the line segnent L1, a cyan 14

15
stacked type ink jet type recording head is preferably
utilized. In accordance with this recording head, stacked
flow path ports in a flow path from an ink chamber 17 to a
nozzle 2 may be gradually shifted with ease. As a résult,
since the position of the nozzle 2 may be shifted outside the
ink chamber rather than the edge portion of the ink chamber
17, the location of the ink chamber can be lowered as compared
with that of the nozzle. When such a structure is employed in
the nozzle arrangement having such a bending portion as
explained in the embodiment of the present invention, the
distances between the adjacent ink chambers can be made
sufficiently long. Thus, crosstalk can be sufficiently
prevented, and alsc the distances between the nozzles can be
shortened. It is therefore possible to arrange the nozzles at
high density. In Fig. 11, it is so constructed that the ink
is supplied from a common ink chamber 11 to the ink chamber
17, and then is jetted from the nozzle 2 via the flow path by
pressuring vibrating plates 19 stacked on the ink chamber 17
by way of a piezoelectric element 20.

As described above, in accordance with the present
invention, it is possible to provide a highly integrated ink
jet type recording head capable of printing out an image at
high recording density, and of suppressing printing
fluctuation, while printing qualities are not adversely
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color is allocated to the line segnent L2, a nagenta color is allocated to
the line segnent L3, and a yellow color is allocated to the Iine segnent
L4. The line segnents L1 and L4 are separated fromthe |line segnents L2
and L3 along the main scanning direction (x-direction), respectively, so
that a distance between the nozzles 190 and 191 is made | arge, and

anot her di stance between the nozzles 192 an® 193 i s nade | ar ge.
Accordingly, it is prevented that other different

influenced by mounting errors.

UTILIZATION IN INDUSTRY

As described above, the ink jet type recording head of
the present invention is suitable to be utilized in such

recording apparatuses as a printer, a facsimile, and a copying

machine.
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colors-would flowinto the nozzles 190, 191, 192, 193 to produce color

m xt ure and nuddy col ors. Fig. 10 shows a further enbodinent of the
present invention. This recording head is forned i n This o by
conbining two sets of V-shaped nozzle arrangenents. | i th
this nozzle arrangenent, after the thinni¥g printing been

carried out ﬁ% one set of the V- shaped nozzle arrangenent along the main
scanni ng di$e&iNn

1. An ink jet type recording head having a plurality of
nozzles for jetting ink droplets, wherein

said plurality of nozzles are arranged in such a manner
that the nozzles are positioned on straight lines at an
inferval, which are inclined mutually to opposite directions
with respect to a main scanning direction corresponding to a
transport direction of the recording head, and nozzle arrays

are formed in a substantially V-shape.

2. An ink jet type recording head as claimed in claim 1
wherein at least one nozzle array positioned on the inclined
straight line is positionally shifted along the main scanning

direction with respect to the other nozzle array.

3. An ink jet type recording head as claimed in claim 2
wherein a shift amount along the main scanning direction is
set in such a manner that each of the nozzles of said the
other nozzle array is arranged between the nozzles of said one

nozzle array.

4. An ink jet type recording head as claimed in claim 2 or 3
wherein said shift amount along the main scanning direction is

2.5 times as large as or equal to an interval between the

This is the replacement sheet
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during the recording operation, the printing operation by the other set of

t re V-shaped nozzle arrangenent is carried out in order to fill the pixel
between the printed pixels by the thinning nmanner. Agha.go equence, it is
possi ble to solve problens such as ink blurring. ehf an
ink jet type recording head in order to redfize the aﬂ i nk
jet type recording head according to the present inve I n
Fig. 11, a

nozzles.

5. An ink jet type recording head as claimed in claims 1 to

4 wherein the nozzle is provided at a position separated by a
space from an edge portion of said nozzle array on the

inclined straight line on a bending portion side thereof.

B. An ink jet type recordihg head as claimed in claims 1 to
5 wherein an ink chamber communicated with said nozzle is
fabricated by such a multistepped curved surface near said
nozzle that a diameter of the curved surface is made smaller

near said nozzle.

7. An ink jet type recording head as claimed in claims 1 to

6 wherein said nozzle arrays are arranged in a lozenge shape.

8. An ink jet type recording head as claimed in claims 1 to
7 wherein said ink jet type recording head is of a stacked
type that the positions between the ink chambers and the

nozzles are wvariable.

AR A
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stacked type ink jet type recording head is preferably utilized. In
accordance with this recording head, stacked flow path ports in a flow
path froman i nk chanber 17 to a

19

ABSTRACT
INK JET TYPE RECORDING HEAD
In an ink jet type recordihg head, nozzles 190 to 197 for
Jjetting droplets of ink are arranged in such a manner that
these nozzles are located along two line segments L1 and L2
which are inclined mutually in opposite directions with
respect to a main scanning direction, and the two line
segments constitute a substantially V-shape, so that problems
such as a printing quality deterioration phenomenon and ink
chamber interference can be solved, and higher printing

qualities can be realized at high printing density.

FIGURE 1

mfﬂiﬁﬁﬁlﬂiﬁ i
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nozzle 2 may be gradually shifted with ease. As a result, since the
position of the nozzle 2 may be shifted outside the ink chanber rather
than the edge portion of the ink chanber 17, the location of the ink
chanber can be |lowered as conpared wth that of the nozzle. Wen such a
structure is enployed in the nozzle arrangement having such a bending
portion as explained in the embodi ment? of "t he present invention, the
di stances between the adjacent ink chanbers can be nade
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sufficiently long. Thus, crosstal k can be sufficiently prevented, and al so
t he di stances between the nozzles can be shortened. It is therefore
possible to arrange the nozzles at high density. In Fig. 11, it is so
constructed that the ink is supplied froma conmmon ink chanber 11 to the

I nk chanber 17, and then is jetted fromthe nozzle 2 via the flow path by
pressuring vibrating plates 19 stacked2n the ink chamber 17 by way of a
pi ezoel ectric el ement 20.

FIG. 2
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As descri bed above, in accordance with the present invention, it is
possible to provide a highly integrated ink jet type recordi ng head
capable of printing out an imge at high recording density, and of

suppressing printing fluctuation, while printing qualities are not
adversely 3

FIG. 3
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16 ‘influenced by nounting errors. UTI LI ZATI ON | N | NDUSTRY As
descri bed above, the ink jet type recording head of the present invention
is suitable to be utilized in such

FIG. 4
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recordi ng apparatuses as a printer, a facsimle, and a copying nachi ne.
Crains 1. An ink jet type recording head having a plurality of nozzl es
(190-197) for jetting ink droplets, wherein

This is the replacemant sheet
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said plurality of nozzles (190-197) are arranged in such
the nozzles are positioned on straight

whi ch are inclined mutual ly to opposite directions with respect to a
mai n scanning direction (x) corresponding to a transport di rection
of the recording head, and nozzle arrays are formed in a substantially
V- shape, wherein: at | east one nozfle array positioned on one of the
inclined straight lines (L2) is positionally shifted al ong
scanning direction (x) with respect to the other

a manner t hat
lines (L1, L2) at an interval,

the main
nozzl e array,
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J
|
192
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191

FIG. 7
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characterized in that a shift amount (d2) between said one nozzle

array and said other nozzle array along the main scanning direct-

ion is set to be an integer tinmes as large as the printing pitch (P1)
of each nozzl e al ong a subscanni ng direction (y) perpendicular to said
mai n scanni ng direct- lon (Xx). 2. Anink jet type recording head as
clainmed in claim1l wherein said shift anount (d2) along the main
scanni ng direction (x) is set in such a manner that each of the
nozzles (190, 192, 193, 194) of said other nozzle array is arranged
bet ween the nozzles (191, 195, 196, 197) of said one nozzle array.
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3. Anink jet type recording head as clainmed in claim1 or 2 wherein

said shift anount (d2) along the main scanning direction is 2.5 tines
as |arge as or equal to an interval (dl) between the nozzles
(190-197) in the mai n scanni ng direction.

- 18 - 8

FIG. 10
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4. An ink jet type recording head as clainmed in any one of claims 1 to
3 'wherein one of the nozzles (2) is provided at a position separated by
a space from an edge portion of an ink chanber (17) on the inclined
straight line on a bending portion side thereof. 5. An ink jet type
recording head as clainmed in any one of clainms 1 to 4 wherein ink
chanbers (170-177) communi cated w9h said nozzles (190-197) are
fabricated by such a-nultistepped curved surface near sai d nozzl es
(190-197) that a dianmeter of the curved surface is made small er near
sai d nozzles (190-197).
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nozzles (190-197) for jetting ink droplets, wherein

said plurality of nozzles (1390-197) are arranged in such
a manner that the nozzles are positioned on straight
lines (L1, L2} at an interval, which are inclined
mutually to opposite directions with respect to a main
scanning direction (x) corresponding to a trahsport
direction of the recording head, and nozzle arrays are
formed in a substantially V-shape, wherein:

at least one nozzle array positioned on one of the
(% inclined straight lines (L2) is positionally shifted along
the main scanning direction (x) with respect to the other
nozzle array,

characterized in that

a shift amount (d2) between said one nozzle array and
said other nozzle array along the main scanning direct-
ion is set to be an integer times as large as the '
printing pitch (P1) of each nozzle along a subscanning
direction (y)} perpendicular to said main scanning direct-

ion (x).

An ink jet type recording head as claimed in claim 1
wherein said shift amount (d2) along the main scanning
direction (x) is set in such a manner that each of the
nozzles (190, 192, 193, 194) of said other nozzle
array is arranged between the nozzles (191,. 195, 196,
197) of said one nozzle array.

An ink jet type recording head as claimed in claim 1
or 2 wherein said shift amount (d2) along the main
scanning direction is 2.5 times as large as or equal
to an interval (dl) between the nozzles (190-197) in

the main scanning direction.
|, ) ) MO
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4. An ink jet type recording head as c¢ldimed in any one
of claims 1 to 3 wherein one of the nozzles (2) is
provided at a position separated by a space from an
edge portion of an ink chamber (17) on the inclined
straight line on a bending portion side thereof.

5. An ink jet type recording head as claimed in any one
of claims 1 to 4 wherein ink chambers (170-177)
communicated with said nozzles . (190-197) are
fabricated by such a multistepped curved surface near
said nozzles (190-197) that a diameter of the curved
surface is made smaller near said nozzles (190-197).

6. An ink jet type recording head as claimed in any one
of claims 1 to 5 wherein said nozzle arrays are
arranged in a lozenge shape.

7. An ink jet type recording head as claimed in any one
of claims 1 to 6 wherein said ink jet type recording
head is of a stacked type that the positions between
the ink chambers (170-177) and the nozzles (190-197)
are variable.

8. An ink jet type recording head as claimed in any one
of claims 1 to 7 , wherein the ink chambers (170-177)
are disposed perpendicularly to each of the straight
lines (L1,L2).
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ABSTRACT

INK JET TYPE RECORDING HEAD

In an ink jet type recordihg head, nozzles 180 to 197 for
Jetting droplets of ink are arranged in such a manner that
these nozzles are located aloﬁg two line segments L1 and L2
which are inclined mutually in opposite directions with
respect to a main scanning direction, and the two line
segments constitute a substantially V-shape, so that problems
such as a printing quality deterioration phenomenon and ink
chamber interference can be solved, and higher priﬁting

qualities can be realized at high printing density.

FIGURE 1



