- 1 LIQU D EJECTI ON HEAD AND LI QUI D EJECTI ON DEVI CE
BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a thermal system
liquid ejection head used in an inkjet printer and the
like and to a liquid ejection device such as an
inkjet printer and the like including the liquid

ej ection head, and relates to a technol ogy for
realizing a flow path structure wi thout uneven
ejection by mnimzing a tlpw path failure caused by
intrusion of dusts and the |ike and occurrence of

bubbl es. 2. Description of the Related Art
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printer, there is known a thermal system maki ng use of
expansi on and contraction of generated bubbles and a
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and- the like including the liquid ejection head, and relates
to a technology for realizing a flow path structure without
uneven ejection by minimizing a flow path failure caused by
intrusion of dusts and the like and occurrence of bubbles.
2. Description of the Related Art

Heretofore, in a liquid ejection head used in a liquid
ejection device represented by, for example, an inkjet
printer, there is known a thermal system making use of
-expansion and contraction of generated bubbles and a piezo
system making use of fluctuation of the shape and the vdlume
of a liquid chamber.

In the thermal system, heating elements are disposed on
a semiconductor substrate, bubbles are generated to a liguid
in a liguid chamber, the liguid is ejected f;om nozzles
disbosed on the heating elements as liquid droplets, and the
liquid droplets are landed on a recording medium and the
like. |

Fig. 25 is an outsidewbérépective view of this type of



a conventional liquid ejection head 1 (hereinafter,
sinply referred to a head 1) In Fig. 25, a nozzle
sheet 17 is bonded on a barrier layer 3, and Fig. 25
shows the nozzle sheet 17 by disassenbling it. Fig.
26 is a sectional view showng a flow path structure-
of the head 1 shown in Fig. 25. Note that this type
of the flow path structure of the liquid ejection
device is disclosed in, for exanple, Japanese

Unexam ned Patent Applicatipon Publication No.
2003-136737. In Figs. 25 and 26, a plurality of
heating el enents 12 are di sposed on a seni conduct or
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and the nozzles 18. As shown in t he
Palanti Bppl Ayetidn i Budlirded dnnN&.32003-136737.

In Figs. 25 and 26, a plurality of heating elements 12
are disposed on a semiconductor substrate 11. Further, the
barrier layer 3 and the nozzle sheet 17 are segquentially
laminated on the‘semiconductor substrate 11. A member, in
which the heating eleménts 12 as well as the barrier layer 3
are formed on the semiconductor substrate 11, is called a
head chip la. & member, in which the nozzle sheet 17 is
bonded on the head chip la, is called the head 1.

‘The nozzle sheet 17 has nozzles 18 (holes for ejecting
liquid droplets) which are disposed to position on the
heating elements 12. Further, the barrier layer 3 is
disposed on the. semiconductor substrate 11 so as to be
interposed between the heating elements 12 and the nozzles
18 so that liquid chambers 3a are formed between the heating

: élements 12 and the nozzles 18.

As shown in Fig. 25, the barrier layer 3 1s formed in a -



conb shape when viewed in a plan view so that three
sides of the heating elenents 12 are surrounded
thereby. Wth this arrangenent, |iquid chanbers 3a
are formed with only one sides thereof opened.
I ndi vidual flow paths 3d are forned to the open
portions and conmunicate with a common flow path 23.
The heating elenents 12 are disposed in the vicinity
of a side of the sem conductor substrate 11. In Fig.
26, a dummy chip Dis dispgsed on the |eft side of
the sem conductor substrate 11 (head chip | a),
thereby the conmon flow path 23 is forned by a side
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the ink supply port 22a to the supply flow path 24
dummg thiép-P4is disposed on the left side of the
semiconductor substrate 11 (head chip 1a),'thereby the
common flow path 23 is formed by a side surface of the
semiconductor substrate 11 (head chip la) and a side surface
of therdummy chip D. Note that any member may be used in
place of the dummy chip D as long as it can form the common
flow path 23. |

As shown in Fig. 26, a flow'path sheet 22 is disposed
on the surface of the semiconductor substrate 11 opposite to
that on which the heating elements 12 are disposed. As
shown in Fig. 26, an ink supply port 22a and a supply flow
path 24 are formed to the flow path sheet 22. The supply
flow path 24 has an approximately concave sectlonal shape so
as to commuhicate with the ink supply port 22a. The supply
flow path 24 communicates with the common flow path 23.

With the above arrangement, ink is supplied from the

ink supply port 22a'to the supply flow path 24 and the



conmmon flow path 23 as well as enters the liquid
chanbers 3a through the individual flow path 3d. Wen
the heating elenments 12 are heated, bubbles are
generated on the heating elenents 12 in the liquid
chanbers 3a, thereby a part of the liquid in the
liquid chanbers 3a is ejected fromthe nozzles 18 by
trajectory force when the bubbles are generated. Note
that, in Figs. 25 and 26, the shapes of the
respective conponents are-exaggeratedly shown ignoring
the actual shapes thereof for the sake of easy
under st andi ng. For exanple, the thickness of the
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the thickness of the barrier layer 3 is about 10-20
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18 having a diianeter of. several mcrons. To cope with
aqthe lalsbeeepr bivk et afoprideemakepalt saay ennderstdngding -a
For Ixempies the thickneas E e Semioondnoret substrate 11
is about 600-650 pm, and the thickness of the barrier layer
3 is about 10-20 um.

In the head 1 of the conventional technology described
above, a problem arises in that, first, the liquid fails to
be ejected from the nozzles 18 and is supplied to the flow
paths in an insufficient amount because dusts and the like
come into the flow paths énd the nozzles 18.

Dust and the like float and move freely in an ordinary
space. Accordingly, they drop in the ligulid and exist
therein as dusts and the like. 1In liquid ejection devices
such as inkjet printers and the like, however, the nozzles
18 may be clogged with dusts and the like because the
structure thereof is such that a liquid is ejected from

nozzles 18 having a diameter of several microns.

To cope with the above problem, at present, parts are



of dusts and the like in a working atnosphere, for
exanple, in aclean room and the like in a
manuf acturing process. Further, in design, filters
nmust be di sposed in the flow paths of the liquid
ej ection device at several positions to elimnate
dusts and the like. In particular, since an increase
in the nunber of nozzles as in a line head increases
the probability of failed injection of a liquid from
t he nozzles 18, dusts and- the |ike nust be nore
strictly managed, fromwhich a problem of an increase
in cost arises. Further, bubbles nay be generated in
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tenperature of 'the head 1, from which a problem
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i nsufficient anount due to the bubbles. Although the
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failed injection of a liguid from the nozzles 18, dusts and

the like must be more strictly managed, from which a problem

of an increase in cost arises.

Further, bubbles may be generated in the liquid as a
result of an increase in the temperature c¢f the head 1, from
which a problem arises in that the liquid is ejected in an
insufficieﬁt amount due to the bubbles.

Although the common flow path 23 and the individual
flow paths 3d are exemplified as the positions where bubbles
are generated, the liquid is ejected unevenly even if they
are generated in any of the ﬁositions.

Fig. 27 is a photograph showing the state of bubbles
remaining in a common flow path 23.

In Fig. 27, the nozzle sheet 17 is formed of a
transparent member so that the state of the bubbles in the

nozzle sheet 17 can be observed.

In Fig. 27, a filter is disposed in the common flow



dusts and the like in the individual flow paths 3d,
and conposed of col um-shaped pillars disposed al ong
the conmon flow path 23. As shown in Fig. 27, the
~amount of the liquid supplied to the individual flow
path 3d is reduced in the region (the region
surrounded by a dotted line) in which bubbles remain
in the common flow path 23. Accordingly, the anmount of
ejection of the liquid is reduced, thereby an unevenly
ejected liquid having a redgced density appears in a
wide region. Note that, as a reason why the ejected
state of the Iliquid is affected by bubbles it i's

n t ed.that t.he .e'ectio of the itsel
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exi stence of the bubbles. Further, bubbles may cone

flem- pethh23vicinities of the inlets of the individual
flow paths 3d and into the individual flow paths 3d.
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ejection of the ligquid is reduced, thereby an unevenly
éjected liquid having a reduced density appears in a wide
region.

Note that, as a reason why the ejected state of the
liquid is affected by bubbles, it is contemplated that the
ejection of the liquid itself is affected by pressure
generated in the ejection and a reaction which corresponds
to the pressure and is determined.by the liquid in the
vicinity of the liquid chamber 3a, the barrier layer 3, and
the existence of the bubbles.

Further, bubbles may come into the vicinities of the
inlets ofrthe individual flow paths 3d and into the
individual flow paths 3d. Fig. 28 is a photograph showing
the state of bubbles remaining in the inlet of the
individual flow path 3d. In Fig. 28, the nozzle sheet 17 is
formed of a_tiansparent member likewise in Fig. 27.

In this case, even if bubbles are small in size, they



space. That is, the anount of ejection of the liquid
is nore reduced than the state shown in Fig. 27.
Further, only the anount of ejection of the liquid
fromthe nozzle 18 corresponding to the individua
flow path 3d into which bubbles cone is reduced, the
i quid becomes conspicuous as a stripe. Wen the
bubbl es descri bed above are generated once, they are
adhered to the comon flow path 23 and the i ndividua
flow paths 3d or reciprocathkngly nove between the
comon flow path 23 and the individual flow paths 3d
and do not sinply disappear even if the liquidis
repeatedl ected.. Further, since, the uidis
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resul t problemarises int bubbl e is
theypPapgdeddhered to the common flow path 23 and the

individual flow paths 3d or reciprocatingly move between the
common flow path 23 and the individual flow paths 3d and do
not simply disappear even if the liguid is repeatedly
ejected. Further, since the liquid is supplied into the
liguid chambers 3a passing among the bubbles, insufficient
ejection characteristics are often maintained fixedly.

Note that it is confirmed that bubbles disappear when
an ejecting operation is stopped and the temperature of the
liquid is lowered by being left for a long period of time,
‘from which it can be found that the bubbles in this case are
generated by the evaporation of the liquid.

In contrast, since a portion surrounded by a bubble is
composed of a gas, it has & bad coefficient of thermal
conductivity, thereby the heat of a heating portion is
liable to be accumulated in the portion because it is not

cooled by the liquid. As a result, a problem arises in that



Since there is a tendency that bubbles are

particularly liable to be generated when the center

of the heating elenent 12 is displaced fromthat of

the nozzle 18, it is also contenplated that the

bubbl es generated on the heating elenent 12 remain

W t hout being effectively used for ejection. Further,

bubbl es may cone into the liquid chanbers 3a and the

nozzles 18. Fig. 29 is a photograph showing the state

in which a gas conmes into_tge_liquid chanbers 3a from

nozzles 18. In Fig. 29, although a filter

(triangular-prismshaped pillars are di sposed

diff nt.fromth ol um-shaped pillars in Fig. 27)
thﬁsgagég%s%% ?ﬁpﬁqﬁaﬁbnnnn flow path 23, since the
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checked by the bubbles, the balance of the neniscuses
alsp chrtempiated thats theabubblies gengrafeah.on fhehibsating

state,_ jinpact, waves from adj acent nozzles trigger a
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t Ny IRANERLAN ABRLICUSES 1 SeDMLiollE bhditbOrs 3a

nmoves backward - 9 t0 the common flow path 23 side
ananﬂh@amwiﬁldkfBﬂ.eCEﬁ@u 29 is a photograph showing the

state in which a gas comes into the liquid chambers 3a from
nozzles 18.
| In Fig. 29, although a filter (triangulaxr-prism-shaped
pillars are disposed different from the column-shaped
pillars in Fig. 27} is disposed in the common flow path 23,
since the spaces between the pillars of the filter are
qlogged with bubbles which are combined with each other and
gfown, the liquid cannct move to the ligquid chambers 3a side.
When the movement of the liquid from the common flow |
path 23 to the liquid chambers 3a is checked by the bubbles,
'the balance of the meniscuses of the nozzles 18 is liable to
be broken. In this state, impact waves from adjacent
nozzles trigger a gas to come into the liquid chamber 3a of
fhe nozzle 18. That is, since the pressure of the liquid in
the head 1 is set lower than atmospheric pressure, when the

balance of meniscuses is broken, the liquid moves -backward



Further, there is also a problemin that the liquid is
ej ected unevenly by the inpact waves in ejection
coupled particularly with the existence of bubbles.
Note that, in the thermal system the pressure in
ejection is nore significantly changed as conpared
Wth the piezo system The follow ng two problens are
exenplified as problens caused by inpacts in
ej ection. First, inpact waves trigger to cause bubbles
to be drawn from adjacent ki quid chanbers 3a. It is
contenplated to increase the intervals between the
pillars of the filter to avoid this problem In the
case, _howeve since t size of. dusts, and the |jke
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fl ow paths 3d. Second, since the iInpact waves are
ejldcarsiMihbednl p b RMIRC SfpdtAZ 2:08s18n EHecEdh SEGaSOf
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paxtggudaelgcvion. therxidhgnglee o fabebhtaer at¥ot®rthat, in
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.uneven liguid ejection is liable . to be caused. ,
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recovere y making 1t - 10 - inconspicuous by the
overi appedingddtd RGvebn te@ftjeaste ¢duse bubbles to be
drawn from adjacent liguid chambers 3a.

It is contemplated to increase the intervals between
the pillars of the filter to avoid this problem. In the
case, however, since the size of dusts and the like passing
through the filter is increased, large dusts and the like
are liable to come into the individual flow paths 3d.

Second, since the impact waves are transmitted to
adjacent nozzles 18, the meniscuses of the nozzles 18 are
vibrated to thereby cause uneven liquid ejection. When
.bubbles are generated or remain, they are encountered with
the impact waves, thereby the bubbles are liable to be drawn
and the uneven liquid ejection is liable to be caused.

Incidentally, in a serial system in which an image can
be formed by overlapping dots {(overlapped writing), even if

there are one or two nozzles which eject the liquid unevenly,

the uneven liquid ejection can be recovered by making it



line system in which imge formation is conpl eted by

ej ecting droplets once and the overl apped witing

cannot be executed in principle, the uneven liquid

ej ection cannot be recovered different fromthe

serial system SUMMARY OF THE I NVENTION I n the present

i nvention, the above problens are solved by the

foll owi ng solving nmeans. The present invention is a

liquid ejection unit which includes a heating el ement

di sposed on a sem conduct-erig substrate, a nozzle |ayer

t hrough which a nozzle | ocated on the heating el enent

is formed, a barrier layer interposed between the
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Wi th tge liguid chanmber. In the_ liquid ejection head,
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| east one of the.pair of individual flow paths, and

the di stance U between the pair of walls in the liquid

sueRARRehrange t he ddompat h wi dth Wof the individua
flow paths are set ‘to satisfy the relation U> W -

11 thnthdembeve iiRveRtion, the dvdsid ¢rejpaehisonrBeadived
is provided with two individual flow paths connecting
byt ghehécllowing solving means.

The present invention is a liquid ejection unit which
includes a heating element disposed on a semiconductor
sﬁbstrate, a nozzle layer through which & nozzle located on
the heating element is formed, a barrier layer interposed
between the semiconductor substrate and the nozzle layer, a
liguid chamber formed by a part of the barrier layer as well
as formed by a pair of walls confronting each other so as to
hold the heating element, and a pair of individual flow
paths formed by extending the pair of walls of the liquid
chamber and disposed on both the sides of the liquid chamber
50 as to communicate with the liquid chamber. In the liquid
ejecticon head, é liquid is supplied to the liquid chamber
from at least one of the pair of individual flow paths, and
the distance U between the pair of walls in the liquid

chamber and the flow path width W of the individual flow

paths are set to satisfy the relation U > W.



l'iquid chanmber. Further, the wdth of the liquid
.chanmber is forned |arger than the flow path w dth of
the individual flow paths. Accordingly, even if

bubbl es are generated in one of the individual flow
paths and a liquid cannot be supplied to the liquid
chanber therefrom the liquid can be supplied thereto
fromthe other individual flow path. Further, even if
the two individual flow paths are provided, pressure
necessary to eject the ligujd.can be maintained by
maki ng the flow path width of the individual flow
paths narrower than the width of the |iquid chanber.
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head chip train; Fig. 3 is a plan view show ng the
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enbadi ment; Fig is a plan view show ng the relation
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Further, even if the two individual flow paths are provided,
pressure necessary to eject the liquid can be maintained by
making the flow path width of the individual flow paths
narrower than the width of the liquid chamber.

Note that although the nozzle layer and the barrier
layer are arranged as separate members (barrier layer 13 and

nozzle sheet 17) in the following embodiments, they may be

formed integrally with each other.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an outside'perspective view showing a line
head of an embodiment; |
Figs. 2A and 2B are plan views showing one head chip
train;
| Fig. 3 is a plan view showing the shape of a barrier
layer of a head chip of the eﬁbodiment;

Fig. 4 is a plan view showing the relation between the



first individual flow paths and the flow path width W
of the second individual flow paths; Fig. 6 is a plan
vi ew showi ng the relation between the flow path

| ength of the second individual. flow paths and the

di sposing pitch P of the liquid chanbers; Fig. 7 is a
pl an view showing the state in which a filter is

di sposed in a conmon flow path; Fig. 8 is a plan view
showi ng that heating elenents in Fig. 7 are disposed
zigzag; Fig. 9 is a plan vigw.show ng anot her

enbodi nent of the filter; Fig. 10 is a view

expl aining the relation anong the opening region of a

B A e e A T i SR

IVI sectional region of

fjlr%tteraﬁal sQ@BH@eDn&ﬂ?lcﬁiall aewobathg; filter; Fig. 11 is
a plan view showi ng anot her enbodi ment of the shape

of ¥hg.secosnds ipiinvivdead shbetwnpathe FbDhatiledA drorgy phan

vi ew expl ai ni ng how i npact waves are. transmtted in
witdtd @nbddithent 1qiveh ehdrigpyi d ths éfevt pafh Frgdtii2B ief &he

plan view expl ai ni ng how i npact waves are transntted

f%rﬁtaﬁné‘éﬁ%ﬁﬂ ofBP¥ Rather ¢ Fhenfdori patly width ¢ of
th;ér ecet ed, gv ?1] Ainefslﬁ pl an vi ew showi ng how bubbl es
& §8ngé’t1% TH3 % Réti°é of the enmbodi ment: Fig.
13Bpi§. 3Pl M, I aW SHAW BH.NPM5 PURD! 51 A%n between the
flow path léngth of the second individual flow paths and the
disposing pitch P of the liquid chambers;

Fig. 7 is a plan view showing the state in which a
filter is disposed in a common flow path;

Fig. 8 is a plan view showing that heating elements in
Fig. 7 are disposed zigzag:;

Fig. 9 is a plan view showing another embodiment of the
filter;

Fig. 10 is a view explaining the relation among the
opening region of a nozzle, the flow path surface region of
the first individual flow path, and the sectional region of
the interval between the pillars of the filter;

Fig. 11 is a plan view showing another embodiment of
the shapé of the second individual flow path;

Fig. 12A is a plan view explaining how impact waves are
transmitted in the embodiment when a liquid is ejected;

Fig. 12B is a plan view explaining how impact waves are

transmitted in an conventional structure when a liquid is




generated in a conventional structure. Fig. 14Ais a
vi ew showi ng that a reduction in inpact waves is
confirmed (as a result of photographing) in the
structure of the enbodinment; Fig. 14B is a view
showi ng that a reduction in inpact waves is confirnmed
(as a result of photographing) in the conventiona
structure; Fig. 15 is a plan view showing a specific
structure of a head used in an exanple 2; Fig. 16
shows phot ographs taken sequentially to illustrate
how bubbl es are di scharged using a head having the
structure shown in Fig. 15; Figs. 17A and 17B are
Views showing a part of a mask view of a prototype
®IRE€46YFig. 18 is a plan view showing the shape of a

g?rgkgr 13RYE! gfpl%nh%a@wcgbpagﬁighlsg 0 fibodirent

pr esent I"nvent i on; an vi ew

getBowkBa thersbaper @ LY el hB¥QEmOhta head chip
as a third enbodi nent of the present invention; Fig.

20 F$ga pimniviewlshowieg thewshapeowfibwodiady isafe - 14
| ayer of a head chip as a fourth enbodi ment of the
gepegstat ipngepenntikingl Ztriustarplan vi ew showi ng an

exanpl e of a head chip;

Flg. 14A is a view showing that a reduction in impact
waves is confirmed (as a result of photographing) in the
structure of the embodiment;

Fig. 14B is a view showing that a reduction in impact
waves 1s confirmed {(as a result of photographing) in the
conventiconal structure;

Fig. 15 is a plan view showing a specific structure of
a head used in an example 2;

Fig. 16 shows photographs teken sequentially to
illustrate how bubbles are discharged using a head having
. the structure shown in Fig. 15;

Figs. 17A and 17B are views showing a part of a mask
view of a prototype head;

Fig. 18 is a plan view showing the shape of a barrier
layer of a head chip as a second embodiment of the present
invention;

Fig.‘19 is a plan view showing the shape of a barrier
layer of a head chip as a third embodiment of the present
invention; |

"Fig. 20 is a plan view showing the shape of a barrier



Fig. 22 is a plan view showi ng anot her exanple of the
head chip; Fig. 23 is a plan view show ng stil

anot her exanple of the head chip; Fig. 24 is a plan
vi ew showi ng a mask view of a head chip manufactured
actually; Fig. 25 is an outside perspective view
showi ng a conventional liquid ejection head; Fig. 26
is a sectional view showing a flow path structure of
the head shown in Fig. 25. Fig. 27 is a photograph
showi ng the state of bubbless ¥emaining in a conmon
flow path. Fig. 28 is a photograph showing the state
of bubbles renmaining in the inlet of an individua

fJ.ow_pat h; d i ' - S i
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infieaminazzl es. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
The inventors of this application have proposed a
t ecHngl 09y fora rEduciviigwt Beoiwhhhuencexafplidapatta hawes
of the problens of uneven liquid ejection in Japanese
c fent - 15 Application No. 2003-348709 which is a
prior. application that is _not published and have

pr opb8ed4a ALY ieEr SPRFATHI 3PP heRemls of the

occutrr.ence of bubbles in Japanese Patent Application
heﬁ@.°§684-014183 which is a prior application that is

nOtFP¥p|i§hﬁg'a plan view showing still another example of

the head chip;

Fig. 24 is a plan view showing a mask view of a head
chip manufactured actually;

Fig. 25 is an outside perspective view showing a
conﬁentional liguid ejection head;

Fig. 26 is a sectional view showing a flow path
structure of the head shown in Fig. 25.

Fig. 27 is a photograph showing the state of bubbles
remaining in a common flow path.

Fig. 28 is a photograph showing the state of bubbles
remaining in the inlet of an individual flow path; and

Fig. 29 is.a photograph showing the state in which a

gas comes into the liquid chambers from nozzles.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The inventors of this application have proposed a
technology for reducing the influence of impact waves of the

problems of uneven liquid ejection in Japanese Patent



An obj ect of the present invention is to provide a
flow path structure having al nbst no uneven |iquid
ejection by meking a failure of flow paths due to
dusts and the like to wunlikely occur as well as
m nim zing the influence of bubbles by further
i nproving the conventional technol ogies described
above on the basis of the technologies. A first
enbodi nent of the present invention will be explained
below with reference to theislrawi ngs and the like. A
liquid ejection device of the present invention is an
inkjet printer (which is a color printer enploying a
IRl o SHst e ' ter :Si . Lef
Aﬁﬂ%ﬁﬁt"?r M)él gb@fmﬁ%@n@ogﬁﬁe@t ,léa%bglf)?qﬁéﬁ ejgetgtﬁn
tthead si o bupeibred i Havd heopobedi Fepéchid gyl oy
an outside perspective view showing the line head 10
migfimtireé ngnbbedi nrehic dheoddunmeremead oIObiibbae s angethpsieck
that head chip 19 trains, each of which is conposed of
PHead érrpicivian Yong M 1HE MSdvhich an apPBide print
sheet .and_arrapged in line, e di sposed in four
aﬁ%%lﬁﬁﬁéanﬁgﬁt +%w?%ﬁ Rqﬁ§ﬁﬁ§§ai0hrps 19 acts as a

four-color _h fy || C.
(orBarshftel oo le brelibl Menll GIRAENShrdeige 2 fhow
pdth RrIBELSHCRaT I ARl dd Wheobnt Dequhead iR, 19

are disposed in parallel with each othér zigzag and
makiegl ewekipordi ©nst dw tdrheadechbpaudOs add thendaget @o

a single nozzle sheet 17 (nozzle layer). The
urndd&pgaéot preunozg | esl U &S arimédiganghshaozzf bushmetofl?
bu%%%es by further improving the conventional technologies
described above on the basis of the technologies.

A first embodiment of the present invention will be
explainedlbelow with reference to the drawings and the like.

A liquid ejection device of the present invention is an
inkjet printer {which is a color printer employing a thermal
system and hereinafter simply referred to as "printer") in
the embodiment, and a liquid ejection head is a line head 10
in the embodiment.

Fig. 1 is an outside perspective view showing the line
head 10 of the embodiment. The line head 10 is arranged
such that head chip 19 trains, each of which is composed of
head chips 19 as long as the width of an A4 size print sheet
and arranged in line, are disposed in four columns. Each

row of the head chips 19 acts as a four-color head of Y

(yvellow), M (magenta), C {greenish-blue), and K (black).



di sposed at the positions corresponding to the heating

el ements 12 (to be described later) of all the head

chips 19 (specifically, so that the center axia
~lines of the heating elenments 12 are in coincidence

with the center axial lines of the nozzles 18). Note
that each of the heating elenents 12 is conposed of a
single heating elenment in the enbodinent, it is

needl ess to say that the present invention is not
limted thereto. That is,-egch heating el enent 12 may
be divided into a plurality of portions such as two
portions. A head frane 16 is a support nenber for

' h I h 17 f [ '
cor a8 pbha s Tthe 53Fe el o ek diadd oy fforne
neh 485306 IR b SRAGES pak31 BROFLL S ZEoH Srner

determined in coincidence with the lateral wd
zilgReUtndltE8) 16fe A SitzadnsEach tat hbgdfomips ovs Hf t he
head chip 19 trains is disposed in each of the
baadedmrodat s bng pacesz kSahekett A8 inadz1l4 rbamed)6. Aflmel nk
tank, in which different color ink is accommodat ed,
respegitideheazebetath Ifrmese oacébamddatidnsheades arga
of the head frane, 16 on the back surfaces of the head
dicReF8918t FRerRYY: FChSATRG SHPRRErNntC cotoieatdng 17

elt%ﬁ%?ﬁt:s;?zt g’gé {Eﬁe rESREGH Ve 1%%%%2“% f‘%iggttfé’%%%% ]c?ﬁé’é 19

e respectiveée hea rains.

(S%QCQQQCgﬁl%Ies@'@ﬁbﬁ”ﬂﬂgsc%ﬁ%@&nQXQQf ek ¥ Rk neating
rain. In Figs. 2A and 2B, the head chips 19 are shown
elkyenhei Dg averiappechdinicne RQZE| €8e ldenter axial lines
of the nozzles 18). Note that each of the heating elements
12 is composed of a single heating element in the embodiment,
it is needless to say that the present invention is not
limited thereto. That is, each heating élement 12 may be
divided into a plurality bf portions such as two portions.

A head frame 16 is a support member for supporting the
nozzle sheet 17 and formed in a size corresponding to the
nozzle sheet 17. The head frame 16 has accommodation spaces
l6a whose size is determined in coincidence with the lateral
width (about 21 cm) of A4 size.

Each of the four rows of the head chip 18 trains is
~disposed in each of the accommodation spaces 16a of the head
frame 16. An ink tank, in which different color ink is
accommodated, is attached to each of the accommodation

spaces 1l6a of the head frame 16 on the back surfaces of the

head chips 19, thereby ink having different colors is



The respective head chips 19 are di sposed zigzag, that
is, they are disposed such that the directions of

adj acent head chips 19 are inverted 180 each other.
As shown in Figs. 2A and 2B, a common flow path 23 is
formed between "N- 1"th and "N+l "th head chips 19 and
"N'th and "N+2"th head chips 19 so that the ink is
supplied to all the head chips 19. Further, as shown
in Figs. 2A and 2B, the respective nozzles 18 are

di sposed at the sane interval 4 ncluding the portions
t hereof adjacent with each other zigzag. The |ine head
10 arranged as described above is fixed in a printer

IR H00Y. R0 2l S0l 00 TRALUIL S ued e relat kb,
U L 3p o5

respec Ti'e

cp&%@ekgéﬂbagﬂvérﬁ@&ﬁ&huﬁﬁh@£%&a§n§Ufface (|nk Iandlng
surface) of the recording medium and the ink ejection

sur Fage. ofa thed [imedeead ahOv( sws f siterig tdie meaal ehip 19
sheet 17). Characters, inmages, and the |like are
trgrdinnt edni Figsl oA nd diBpddienheddt shops t e g hdivngby
medi um by ejecting ink from the respective nozzles 18
bQﬁngtﬁgeﬁégap%ﬁ|@% 4y fpazdGst A€ rel ati ve anenent

bet en the recor di nd the |line -
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However,
Flgs. 2A and 2B, a common flow path 23 is formed between "N-
1"th and "N+1"th head chips 19 and "N"th and "N+2"th head
chips 1% so that the ink is supplied to all the head chips
19.

Further, as shown in Figs. 2A and 2B, the respective
nozzles 18 are disposed at the same interval including the
portions thereof adjacent with each other zigzag.

The line head 10 arranged as described above is fixed
_in a printer main bedy, and a recording medium is moved
ielatively with respect to the line head 10 while keeping a
predetermined interval between a surface (ink landing
rsurface) of the recording medium and the ink ejection
surface of the iine head 10 (surface of the nozzle sheet 17).
Characters, images, and the like are printed in color by
' disposing dots on the recording medium by ejecting ink from

the respective nozzles 18 of the head chips 19 during the

relative movement between the recording medium and the line



the shape of a barrier layer 13 di sposed on the
sem conductor substrate 11 is different fromthat of
the conventional head chip la. A reason why the shape
of the barrier layer 13 is different resides in that
l'iquid chanbers 13a and first and second indivi dua
flow paths 13d and 13e are fornmed in a different
shape. Fig. 3 is a plan view showi ng the shape of the
barrier |ayer 13 of the head chip 19 of the
enbodi ment. The heating el egents 12 are di sposed on
the sem conductor substrate |ikewi se those in the
conventional technology. A pair walls 13b are
hedhsnged on both the sides of each heating el enent 12
BY a portion of the barrier layer 13. That is, pairs
of lls hSROsed, en t i.d f.Lhe
hea%?ﬁ%’e ené%%g'%%ipni?hgng$§6$?%%ﬁfﬁ%ﬁh§§%9 ? ey
exﬁnsigéapgﬁ%rélc@@iql. dirhechk8a ERigi B i3 treNdahBeas
eating elenents 12 are di sposed between the pairs of
theabbsvedBhomesl ieddd ahiphdal iqguitdathanddrentlida, elheents
first individual flow path 13d, and the second
12 pgpvildepesed v patsemiZendustof opwpettate He -pafpyever,
wal | s 13b. In the enbodi nent, each |iquid_chanber 13a
theoRhaPRsCt e Ramg e dgivsh of EhePREed ity ®%enent 12
sef2dohas a0, oshagonal. Al Lar,;teglon. having g bott om.
conpose% of an oéiagonal region orne&mby Charfering
cohlent PUha CHNE 1l 3N eChangukal i FAHRN Hab@NbEY the
(one size) larger than the region of" the heating
bagkesENladd: 13 i gigedhess tessaysthattHdie 1iquid

chambers 13a and first and second individual flow paths 13d
and 13e are formed in a different shape.

Fig. 3 is a plan view showing the shape of the barrier
layer 13 of the head chip 19 of the embodiment.

The heating elements 12 are disposed on the
semiconductor substrate likewise those in the conventional
technelogy. A pailr walls 13b are disposed on both the sides
of each heating element 12 by a portion of the barrier layer
13. That is, pairs of walls 13b are disposed on both the
sides of the heating elements 12 in the direction in which
they are disposed {lateral direction in Fig. 3}, and the
heating elements 12 are disposed between the pairs of walls
13b as well as the liquid chambers 13a, the first individual
flow path 13d, and the second individual flow path 13e are
. formed by the pairs of walls 13b. |

In the embodiment, each liquid chamber 13a contains the



octagonal pillar region of the Iiquid chanber 13a is

not limted to that described above. Further, the
i ndi vidual flow paths conmunicating with the liquid
chanbers 13a are forned by the pairs of walls 13b. In

t he enbodi nent,  the individual flow paths extend in a
direction perpendicular to the direction in which the
heati ng el enents 12 are di sposed (up/down direction in
the figure). Note that the term"vertical" neans
substantially vertical andjgncludes non-perfectly
vertical near to vertical (approxinmately vertical),
in addition to physically perfectly vertical (which

r i Sioqp%gg %gathgpf%%voéi ngnl’]_.g 12d%‘§’1%r hgtsl grq (lacitzﬁagg\’%r?ae_l_)sipillar
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ow ‘pathsS 13e which extend in a direciion opposite
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chanbers 13a. The individual flow paths 13d
regororespéntslyo (ohe $iwmkvildualer fthew phe hse@tbrs himthien

t he conventional technology (Fig. 25). Wth the above
hegbigpggerenental - t het |iyuiseddisatbéPsSaBathal eche

connect ed, the fjrst individual flow paths 13d and
ooy i L Satones 1 T XA it 1AW pREHEES oL 3 ot Rt

al.l,. the fj L odi M fJ.ow path 13d are connected
l€¥§tfﬁe%8ohﬁgk ?%%%%f%éﬁﬁ??fge'Furthernorez all the
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other. Fig. 4 is a plan view showing the relation
tHeetiile@nidt BRambers 13a are formed by the pairs of walls 13b.
In the embodiment, the individual flow paths extend in a
direction perpendicular to the direction in which the
heating elements 12 are disposed (up/down direction in the
figure). Note that the term "vertical”™ means substantially
vertical and includes non-perfectly vertical near to
vertical (approximately vertical), in addition to physically
perfectly vertical (which is applied to the following
description likewise}.

The individual flow paths are composed of the first
individual flow paths 13d, and the second individual flow
paths 13e which extend in a direction opposite to the
individual flow paths 13d across the liqﬁid chambers 13a.

- The individual flow paths 13d corresponds to the individual
flow paths 3d shown in the conventional technelogy (Fig. 25}).

With the above arrangement, all the liguid chambers 13a

are connected to the first individual flow paths 13d and the



width Uof the Iiquid chanber 13a and the flow path
width W of the first and second individual flow paths
13d and 13e. As shown in Fig. 4, the distance between
the pair of walls 13b disposed on both the sides of
the liquid chanber 13a is defined as the width U of
the liquid chanber 13a, and the flow path wi dth of
first and second individual flow paths 13d and 13e is
defined as W Note that the wwdth of the liquid
chanber 13a is Uin the region which includes
approximately the entire region of the liquid chanber
13a and is |l ocated on at | east the heating el ement 12

segoiy Shayuiiedl Wt ind 1Gker "ERERSHE HAT e 'lREe
:Lnfd:J_Qr\ﬁ’dHQ!lhf%xg apbatg'{ 1R add L3hnahdegecondd N uah o

ow pat hs 13 nd 13e are set to Win approxinately

pathe 28Nt i FerfRgie t haneehe hAdtbigusRSELOW B 13e are
enmbodi nent, the width U of the |l|iquid chanber 13a and

cctupd cfll entpatdcivwi dttesW of the first and second
i ndi vidual flow paths 13d and 13e are fornmed to
sat F&#y 4 hies foolHlew WaeHebPheW bRy @@ nwlEtdyprapetieehethe
as descrlbed above because of the - 21 follown
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| ayer 13 does not exist in at
walls 13b disposed on both the sides of the liguid chamber
13a is defined as the width U of the liquid chamber 13a, and
the flow path width of first and second individual flow
paths 13d and 13e is defined as W. HNote that the width of
the 1liguid chamber 13a is U in the region which includes
approximately the entire region of the liguid chamber 13a
and is located on at least the heating element 12. However,
as shown in Fig. 4, the width of the liquid chamber 13a is
partly narrower than U, Further, the flow path width of the
first and second individual flow paths 13d and 13e are set
to W in approximately the entire regions thereof.

In this casé, in the embodiment, the width U of the
liquid chamber 13a and the flow path width W of the first
and second individual flow ﬁaths 13d and 13e are formed to
satisfy the following relation.

ug>w

They are formed as described above because of the



| east the region on the heating elenent 12). Further,
the walls 13b are necessary to direct the pressure
generated when the liquid on the heating elenents 12
is filmboiled in the direction of the nozzles 18. At
the time, since the first and second individual flow
paths 13d and 13e are forned in the two directions in
the structure of the enbodi nent, the pressure is

di spersed in these directions.. Accordingly, it is
‘contenpl ated to reduce the jadth U of the liquid
chanbers 13a and the flow path wwdth Wto increase
the pressure. Although the width U of the liquid

r.s annot be reduced |l ess than the region of
f%ﬁy?wgﬁgaf%%goérenent 12, the flow path width Wcan be

redgegde Mhd NidyAd aROeneNn¥AL Shy NO1 L anback ;QCeULSgion
Therefore, in he enbodi nent, t%e rel ati on between

i h@iwhdeh1Ugeidthe hddupd dnohasheed]l3ahanchiihe I @F the
path wwdth Wis set to U> W Fig. 5is a plan view

bagtrawirndavhe ielmtsorbanmuprecheotwidt hntkoferchaviltingdihe
chanber 13a, the flow path width WL of the fjrst
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of the second individuyal flow path 13e, - 22 |n the
LegRhmpie SRON™ T Y T2 Giffdn ShETenbpl2) v peher, the
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the relation o ;- I's al so atcepta . Inthis
whe@Sehet NeqM gt Ul HNR il A dmehasbes 433 iim boiled in
the direction of the nozzles 18.

At the time, since the first and second individual flow
paths 13d and 13e aré formed in the two directions in the
structure of the embodiment, the pressure is dispersed in
-these directions;

Bccordingly, it is contemplated to reduce the width U
of the liquid chambers 13a and the flow path width W to
increase the pressure; Although the width U of the liquid
chambers 13a cannot be reduced less than the region of the
heating element 12, the flow path width W can be reduced
within a range in which no drawbkack occurs. Therefore, in
the embodiment, the relation between the width U of the
liguid chamber 13a and the flow path width W is set to U > W.

Fig. 5_is a pian view showing the relation among the
width U of the liquid chamber 13a, the flow path width W1 of

the first individual flow path 13d, and the flow path width

W2 of the second individual flow path 13e.



the flow path wwdth WL of the first individual flow
path 13d, and the flow path width W2 of the

i ndividual flow path 13e preferably satisfies the
following relation. U> W ~~ W Fig. 6 is a plan view
showi ng the relation between the flow path I ength of
the individual flow paths 13e and the disposing pitch
P of the liquid chanbers 13a (this is the same in the
heati ng el enents 12 or the nozzles 18). In Fig. 6, the
di stance between the line, wich connects the centers
of the liquid chanbers 13a in the direction of the

di sposing pitch P, and the line of the portion, which

comgunj cates the second,i ndividyal flow paths 13e

ot RbehEacFSEILe 1G0T 1EnSiBer 11345 H Sady 5t Her the
rANdwihs LA15PNLACE, W qwal | (barrier layer 13)
cfloc:z:ftleg Eartﬂest ?%ogrr%ki]lg%lh}ggui d chanbers 13a, is
shown by L. At the tine, ghe fiquid chanbers 13a are
formed to satisfy the following relation. L :19 2 x P

Thegnatentoased ta dedetibadoabwVer hEcauselalo theeptable.
foll owing reason. -- 2 3 Wen stress (shear stress)

is &pprhee tasehéheomidsh Shetthy 1iouik cliambeti 68ain
whi ch the nozzles 18 are_ arranged due to thernal
they Fdgu RRER Wi TEAEY dturd RAFBaseadividite Tiomappttheddd,
orf5 981 23 ORI 2N B, DR DA P e
preferably satisfies the following relation.
U>wW2 2wl

Fig. 6 is & plan view showing the relation between the
flow path length of the individual flow paths 13e and the
disposing pitch P of the liquid chambers 13a (this is the
same in the heating elements 12 or the nozzles 18).

In Fig. 6, the distance between the line, which
connects the centers of the liquid chambers 13a in the
direction of the disposing pitch P, and the line of the
portion, which communicates the second individual flow paths
13e between adjacent liquid chamber 13a with each other and
is in contact with the wall (barrier layer 13) located
farthest from the liquid chambers 13a, is shown by L.

At the time, the liguid chambers 13a are formed to
satisfy the following relation.

LS2xP
Théy are formed as described above because of the

following reason.



layer 13 in a large area, the barrier layer 13 is not
al nrost defornmed. Wien the slender individual flow
paths (first and second individual flow paths 13d and
13e) are provided as in the enbodinent, the walls 13b
are |liable to be defornmed in the barrier |ayer 13
(this is because the entire length of the individua
flow paths is about twice that of the conventional

i ndi vidual flow path 3d). That is, although the walls
13b are resistive against. ghear stress in the
direction along the flow path direction of the

i ndi vi dual f|OMIpathS (direction perpendicular to the

di rect t he | d.chanb 13
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above arrangenent, the nozzles 18 of the nozzl e sheet
fortearie bpabliedt o bée fedratihecbprdiepl agedr f3omirhehis
heating elenents 12. In this case, the length L in
casieg. whepuShebroseie vildwth 17a idebnfed tanges tprrier
m nim ze the_above deformati on. Thus, the deformation
181Y§r i ﬁPzédlw%élﬁéhg e PABGHETr LRYEET O3 -1 A0t almost
hat, case
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['iqui d chanber 13a are not dispose Iinaline (.on a
thet eabghtimbhbe) tiehdiding aomnt ars 0f 3B0: 8€€Me deformed in
the barrier layer 13 (this is because the entire length of

the individual flow paths is about twice that of the
conventional individual flow path 34d).

That is, although the walls 13b are resistive against
 shear stress in the direction along the flow path direction
of the individual flow paths (direction perpendicular to the
direction in which the liquid chambers 13a are arranged), it
is less resistive against shear stress in the direction
perpendicular to the flow path direction of the individual
flow paths (direction in which the liquid chamber 13a are
disposed). With the above arrangement, the nozzles 18 of
the nozzle sheet 17 are liable to be relatively displaced
from the heating elements 12.

. In this case, the length L in Fig. 6 must be set within

a definite range to minimize the above deformation. Thus,

the deformation is minimized by setting the above relation



l'i quid chanber 13a (and al so adj acent heating el enents
12 or adjacent nozzles 18) are displaced at a
predetermined interval X (X is a real nunber |arger
than 0) in a direction perpendicular to the disposing
pitch P. This technol ogy has been proposed by the
appl i cant (Japanese Patent Application No.
2003-383232). Wth the above arrangenent, since the
di stance between the centers of adjacent nozzles 18
is set to a value larger _than the disposing pitch P
of the liquid chanbers 13a, the anmount of deformation
of the nozzles 18 and the peripheral regions thereof
due to_the pressure fluctuation resulting from
DEYEEDT 6n2Bf Frquid droplets is reduced, thereby the

ano €] i e _ej.ectin L ecti f.hiquid. .
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of the liquid chanbers 13a di sposed on a side far

difspemihbept 06R0R, filosw Jiadui 2 EhHambkhelphuisd itot afisposed
liquid chanbers 13a (that is, the center line

irc@endéoei hgnt aestreigler sligfe lewady tbeheentexpiaf cigmvens
13a), and the_line of the portion, which communicates

liyd ds gbghber ndi?®i tRRd Fiwadizsenpahaatime Panfads 12 or

dj acent |iquid chamber 13a with each oth djs i
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e liquid chanbers 13a are for to satisfy the
pedRRvaiclihat tONthd Fspdbsind) pitch P. This technology has
been proposed by the applicant (Japanese Patent Application
No. 2003-3B3232).

With the above arrangement, since the distance between
the centers of adjacent nozzles 18 ‘is set to a value larger
than the disposing pitch P of the liquid chambers 13a, the
amount of deformétion of the nczzles 18 and the peripheral
regions thereof due teo the pressure fluctuation resulting
from ejection of liquid droplets is reduced, thereby the
amount ejection and the ejecting direction of liguid
droplets can be stabilized.

In this case, when the distance between the line, which
connects the centers of the liguid chambers 13a disposed on
a side far from the common flow path 23 in the plurality of
liquid chambers 13a (that is, the center line connecting the

centers of every other liquid chambers 13a), and the line of

the portion, which communicates the second individual flow



Next, the structure on the common flow path 23 side

W ll be explained. Fig. 3 and the |ike show nothing in
the conmon flow path 23. However, as shown in Fig. 7
and the like, it is preferable to dispose a filter 24
and the like in the common flow path 23. Note that the
filter 24 is formed by the barrier layer 13 (this is
also simlar ina filter 25 described later). Fig. 7
is a plan view showing the state in which the filter
24 is disposed in the comnogs flow path 23. The filter
24 is conposed of pillars 24a disposed in the
direction in which the |liquid chanbers 13a are

sposed, . FEach of_.the pillars 24a is formed of an
o3 R e s Sl Argul ar- Lo anbBr) i G, o

otRATRILE $BOWR LonFi&: fith W Bghy i(Balhee £xANRl.e 16f)
Fig. 7, the lateral width (length in a |engthw se

1ddteet irapkhebtt heoRi tharLi2dd d shbApBed 19a, is shown by L,
approximately the sanme |l ength. as the | ength between
thehd iquitiscempats B3a faaceSaomed pai sabisfinl tise Eipve
(flow path .width W+ thickness of walls 13b x 2).
rqlgdiigent(&l Fy2 WHen- the heating el ements 12 are
di sposed - 26 zigzag as shown in Fi

. 8, the ,
f ol NERFngERs rRiC e 62 L85t SPFEER Wth RARE ReariAg
i he%%ngﬁg}%i %g_disposed zigzag as shown in Fig. 8,
t e

ere ar ating elements 12 near to the filter 24
andphgat  ng, &1 NtiSel 2nbar nbBRLSE r oM crlh @ don £1ow
path 23. Hdwever, as shown in Fig. 7 and the like, it is
preferable to dispose a filter 24 and the like iIn the common
flow path 23. HNote that the filter 24 is formed by the
barrier layer 13 (this is also similar in a filter 25
described later).

Fig. 7 is a plan view showing the state in which the
filter 24 is disposed in the commén flow path 23. The
filter 24 is composed of piliars 24a disposed in the
direction in which the liquid chambers 13a are disposed.
Each of the pillars 24a is formed of an approximately
rectangular support pillar in an example shown in Fig. 7.
Further, in the example of Fig. 7, the lateral width (length
in a lengthwise direction) of the pillar 24a is formed to
ap?roxiﬁately the same length. as the length between the
outside wall surfaces of é pair of walls 13b ({(flow path
- width W + thickness of walls 13b X 2).

Incidentally, when the heating elements 12 are disposed



heati ng el enents 12 can increase pressure in ejection
because they are near to the wall, whereas they take a
long time to finish a refill operation because a
supply distance is increased in the refill operation.
In contrast, although the heating elenments 12 near to
the filter 24 have a high refill speed, it cannot

i ncrease ejection pressure. To cope wth the above
problem when the filter 24 as shown in Fig. 8 is

di sposed, the ejection pressgire i s increased because
the pillars 24a of the filter 24 have the sane effect
as the wall. Further since the pillars 24a of the

L.ter 24 act the refill.operation, the
“iqParEntaoe B Gt ng” e SOLORE SR Bt Fidt e be
otkeliwean the heating elenments 12 near to the filter 24

and the heating elenments 12 far from the filter 24.

| ncident ahd Yhedthitid RueRaks W 2 betaeengde Pizl geag 2da
and the flow path width Wof the first individual flow

shpanhinlBilgar @, fihrared dre sabitshy thenéwtd oMl ngar to the
relation. W? W Further, the height of the interval
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is increased in the refill operation. 1In contrast, although

the heating elements 12 near to the filter 24 have a high
refill speed, it cannot increase ejection pressure. To cope
with the above problem, when the filter 24 as shown in Fig.
8 is disposed, the ejection pressure is increased because
the pillars 24a of the filter 24 have the same effect as the
wall. Further, since the pillars 24a of the filter 24 act
to delay the refill operation, the difference of ejecting
operations can be reduced between the heating elements 12
near to the filter 24 and the heating elements 12 far frgm
the filter 24.

Incidentally, the interval Wf between the pillars 24a
- and the flow path width W of the first individual flow path
13d are formed to satisfy the following relation.

W =z Wt
Further, the height of the interval Wf between the

pillars 24a is set such that it does not exceed the height



first individual flow paths 13d are not clogged wth
‘the dusts and the |ike having passed through the
filter 24. Note that since the liquid is supplied in
the sequence fromthe common flow path 23 to the
l'iquid chanbers 13a through the filter 24, the second
i ndi vidual flow paths 13e are filled with the liquid
havi ng passed through at least the filter 24.
Accordingly, when the flow path width (and the

hei ght) -of the second indivj-gual flow paths 13e are

| arger than the flow path width W(and the hei ght) of
the first individual fl ow paths 13d, the second

i vidual S 13e ar cl ogged with dusts
of q%‘ trﬁérﬁtkén thets: P o Eg A width (and the

he'@ﬂé)h&igﬁ@@u?%&&ﬂ%s B%@b¥h98§'a$$§QV§B“éH%t1%%s§59and
not the same as the flow path width (and the height)

t1ef tike hest whieh vixliadi fdtownpakisual3diolrightd 1Sd@may
pl an vi ew show ng anot her enbodi nent (filter 25) of

bet [vd cgbedechn| berrerdred il ¢the25idhewn2 4 nlégayed Forward
arranged such that approximately square pillars 25a

ofgt@e dizpbséadhyotiget Helati pedhi dadi nthdk chs t IRe |1GhGdH ghe
.chanmhers  13a_are disposed. Further, the dlsposmgche
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sane I'n heat’i enents nozzl és
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| ocated on the center lines (flow path center |ines)
frofn the tomsbni Arhwighial 3 ew pacthsidsddd dNpdmdddatiskhe
t;;ozzi the filter 24, the second individual flow paths 13e
are filled with the liquid having passed through at least
the filter 24. Accordingly, when the flow path width (and
thg height) of the second individual flow paths 13e are
larger than the flow path width W {and the height)} of the
first individual flow paths 13d, the second individual flow
paths 13e are not clogged with dusts and the like even if
the flow path width (and the height) of the second
indiviaual flow paths 13e are not the same as the flow path
width (and the height).of the first individual flow paths
13d.

Fig. 9 is a plan view showing another embodiment

{filter 25) of the above filter. The filter 25 shown in Fig,.
9 is arranged such that approximately square pillars 25a are

disposed along the direction in which the liquid chambers

13a are disposed. Further, the disposing pitch of the



are also the center lines of the second individua
flow paths 13e. Further, as shown in Fig. 9, when the
di stance between the end of the first individual flow
path 13d on the columm 25a side and the end of the
colum 25a on the first individual flow path 13d side
is shown by Wy, the distance W and the flow path
width Wof the first individual flow path 13d are
fornmed to satisfy the followng relation. W ? WIt is
confirmed by experinent thaiginterference of-the
i npact waves is eased when the liquid is ejected by
formed the distance W and the flow path width Was
scr d above. _Note th t.he shape of th
g arssgﬁotlfl%??e%ﬁﬁ aSﬁFB%Sﬁ%? e uarglgﬁgpe
11 Qd”@ﬁaﬁ@e?nYBéhﬂﬁﬁj§%%ht%% @amée§ﬁaﬂgyhﬁkf%m%p%léﬁents
own in 7, a triangular shape, a polygonal
12SEﬁﬂeth§Ch@QtI§biﬁ8ﬂ casturdanpent agenaénSdaPer dhe pillars
circular shape, an elliptic shape, a
25kakeral byatad eprlethe eldntett dishapéflamndbdtiie denker lines)
Further, even if the heating elenments 12 are di sposed
szrcg,@aélagtsh@%kuaﬂi ¢log reRBsdlider it dihadj &bei Agnes
- oper ati ons betmeen the heating el ements _12
arﬁeﬁ}SPot]P%ecerb"r?lf ardess 9 oot ARCHRGL HIY S Mend oF2
paEﬂ therefromcan be reduced |ikew se the arrangement
own In Fig. 8 by disposing the pillars 25a as shown
L ggf%%t%% = %ésbss@lq)u;%n&hymgheg rehidd GheAMRYahBE BPEReen
the end of the first individual flow path 13d on the column

25a side and the end of the column 25a on the first
individual flow path 13d side is shown by Wb, the distance
Wb and the flow path width W of the first individual flow
path 13d are formed to satisfy the following relation.
Wb 2 W

It is confirmed by experiment that interference of- the
impact waves is eased when the liquid is ejected by formed
the distance Wb and the flow path width W‘as'described above.
Note that the shape of the pillars 25a is not limited to the
approximately square shape, and may be any shape such as a
rectangular shape as shown in Fig. 7, a triangular shape, a
polygonal shape including at least a pentagonal shape, a
circular shape, an elliptic shape, a laterally-extended
elliptic shape, and the like.

Further, even if the heating elements 12 are disposed

zigzag as shown in Fig. 8, the difference of ejecting



nozzle 18, the flow path surface region of the first
i ndi vidual flow path 13d, and the cross sectiona
region of the interval between the pillars 24a of the
filter 24 will be explained. Note that the cross
sectional region of the interval between the pillars
24a is applicable not only to the filter 24 but also
to all the filters such as the filter 25 and the
like. First, when the cross sectional region of the
interval between the pillajs 24a is conpared with the
flow path surface region of the first individual flow
path 13d, the cross sectional region of the interval
ween the pillars 24 rmed, in si ze contai ned
RSN BeFRaTh Bt e e g i 1 feqecte bt
[ I o) h
oIl 943 shhOMPHLucy JURRAEC, 1900y, Ll L Rane

rdduceaMRaked: ¥& t fhd Ner QReIMG I e8bAA 9£ the. nozzle 18,
the flow path surface region of the first individua

difdpowipgt hha3dilkafordfed dan shesmzéncBhyai ed in the
opening region of the nozzle 18. Fig. 10 is a view
expFabaeaeen hey alidee redntépn. anore thatorely @ggdpnwhy the
the nozzle 18, the first individual flow- 3 0 - path

nopgde ifid Fhe [HYerRAlh Fniess rReipn Pgr%h%falrasfte

ed by.the r resides in that there .a
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_ bro en |lineinFg 1 atera? y-exte

betlekipPbific@NapPote that the cross sectional region of the
interval between the pillars 24a is applicable not only to
the filter 24 but also to all the filters such as the filter
25 and the like.

First, when the cross sectional region of the interval
between the pillars 24a is compared with the flow path
surface region of the first individual fiow path 13d, the
cross sectional region of the interval between the pillars
243 is formed in a size contained in the flow path surface
region of the first individual flow path 13d. Further, when
the flow path surface region of the first individual flow
path 13d is compared with the opening region of the nozzle
18, the flow path surface region of the first individual
flow path 13d is formed in a size contained in the opening
region of the nozzle 18.

Fig. 10 is a view explaining the above concept. Note

that a reason why the nozzle 18, the first individual flow



(running track shape, shown by a dot-dash-line in Fig.
10), and the like, in addition to a circul ar shape
(shown by a solid line in Fig. 10), and there are
contenpl ated various shapes in addition to a
rect angul ar shape as the shapes of the cross
sectional region of the interval between the columm
24a and the flow path surface region of the first
i ndi vidual flow path 13d. The openi ng shape of the
nozzl e 18 can be selected_-fggm a circular shape, an
elliptic shape, and a laterally- linearly- extending
el liptic shape and the cross sectional shape of the
t rvaI ween, the first .indivi uw
pdtyToHE B SPE DAt b Pty e R e Ao 4
dSTIFRe: bwgﬂetla@gp&%lfwsﬂe%ﬁ%erth E the&l gedion

surface of the nozzles 18 in the direction 1 n which
cdriteynpake=al r angetk &seshiysHRyDsrafde t hez HRENI 1Y

di aneter of the ejection surface of the nozzles 18 in
vax idiuseshiepas peupena cul arl tiptichehepeni sigowh aneteeibrbken

(direction perpendicular to the direction in which
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following relation is satisfied. Dx ;¥ I.n thls
<reg§%ngmﬁ%ﬁc h%h%ﬁ%'gﬁhqwr} e ehsTen- e o ri. 105,
h t d I
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sd18agthnef shhesqr e}?d)angiﬂoﬁrth%&%3§rée£§&ﬁ£’éhﬁaéé}? various
interval s between the colums 24 is shown by L2, fhe

shapezl @8 d8dithen fid & rectangular shape as the shapes of
the cross sectional region of the interval between the
column 24a and the flow path surface region of the first
individual flow path 13d.

The opening shape of the nozzle 18 can be selected from
a circular shape, an elliptic shape; and a laterally-
linearly- extending elliptic shape, and the cross sectional
shape of thé interval between the first individual flow path
13d and the pillar 24a can be formed in a rectangular shépe.

When the opening diameter of the ejection surface of
the nozzles 18 in the direction in which they are arranged
is shown by Dx and the opening diameter of the ejection
surface of the nozzles 18 in a direction perpendicular to
the opening diameter Dx (direction perpendicular to the
direction in which the nozzles 18 are arranged) is shown by

. Dy, the following relation is satisfied.

Dx 2 Dy



i ndi vidual flow paths 13d, and the pillars 24a are
formed to satisfy the following relation. Dx > L1 >
L2 When the first individual flow paths 13d and the
pillars 24a are formed as descri bed above, dusts and
the |ike which have passed through the intervals
between the pillars 24a of the filter 24 disposed in
the conmon flow path 23 first can inevitably pass
through the first individual flow paths 13d (wi thout
clogging the first individyal_flow path 13d).

Further, the dusts and the |ike having passed through
first i ndi vi dual f|OMIpathS 13d can reach the insides

i v Bf A T Wmadberorsh LEnd I athe
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max! mum openi ng' regi on, sts and the litke 1n the
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nozzles 18, " that 1s, the dusts and the |like can be
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when it is ejected. Fig. 11 is a plan view of a second
codiodi Aéni s apldowhdws L&rhé@haﬁézéﬁst he, sdeprfdirst
i ndi vi dual _flow path 13 The outline of the
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I.t hou lained.in detail later. As shown in
a%ﬁﬁg gﬁe £°%§ow%é)ea & qnfﬁb first enbodi nent, all the

second i ndi vi dual fIombgq;hﬁ_%3qeconnunlcate with each
other on the barrier layer 13 side thereof (on the

Si dRhahefige thierst individual flow paths 13d and the
pillars 24a are formed as described above, dusts and the
like which have passed through the intervals between the
piliars 24a of the filter 24 disposed in the common flow
path 23 first can inevitably pass through the first
individual flow paths 13d (without clogging the first
individual flow path 13d). Further, the dusts and the like
having passed through first individual flow paths 13d can
reach the insides of the liquid chambers 13a due to the
relation of the width U of the liquid‘chamber 13a > the flow
path width W. Further, since the nozzles 18 have the
maximum opening region, the dusts and the like in the liquid
chambers 13a can be caused to pass through the nozzles 18,
that is, the dusts and the like can be discharged to the
outside together with the liquid when it is ejected.

Fig. 11 is a plan view of a second embodiment and shows

the shape of the second individual flow path 13e. The



second individual flow paths 13e are |ocated farthest
from common flow path 23). In contrast, in Fig. 11,
the walls 13b are formed such that two adjacent
second i ndividual flow paths 13e conmunicate with
each other. Note that three or nore adjacent second
i ndi vidual flow paths 13e may communi cate w th each
other, in addition to the two adjacent second

i ndi vidual flow paths 13e. This is because when at

| east two second individual, f1ow paths 13e

communi cate with each other, the liquid flows from
one of themto the other. Even if the structure is
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seigedidv iiddalifihalv Paivhpatde Beéeweenmanj acentwiilguwagth other
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%UId chambers 13a, and - t he_di sposing pitch P
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?H H3e f ‘conmuni cate with each other in, for
eX&fR'@bné¥héﬂqpf%X@HBteh¥,CQH&awﬁils 13b are formed such

that two adjacent second individual flow paths 13e
communicate with each other. Note that three or more
adjacent second individual flow paths 13e may communicate
with each other, in addition to the two adjacent second
individual flow paths 13e. This is because when at least
two second individual flow paths 13e communicate with each
other, the liquid flows from one of them to the other.

" Even if the structure is arranged as shown in Fig. 11,
it is formed to satisfy the various relations described
above.

For example, the relation between the line, which
connects the centers of the liquid chambers 13a in the
direction of the disposing pitch P of the liquid chamber 13a,
the line of the portion, which communicates the second
individual flow paths 13e between adjacent liquid chamber
iBa with each other and is in contact with the wall (barrier

layer 13) located farthest from the liquid chambers 13a, and



shape and the like, in addition to the approxi mately
U-shape as shown in Fig. 11. Further, although not
shown in Fig. 11, even if the above structure is
enpl oyed, the filter is disposed in the comon flow
path 23 |ikew se the above enbodi nent. Subsequently,.
how ej ection inpact pressure is reduced in the
structure of the enbodinent will be explained. Figs.
12A and 12B are plan views explaining how i npact waves
are transmtted when the_ liquid is ejected. To nake
the difference between the conventional technol ogy
and the technology of the enbodi nent nore
under st andabl e, Fig.. 12B._ shows_ a conventjonal .
ey FEEPGF 670 LT & 12 RS ats SORoS L1 TR LA BF-"Ehe
re?!%’@‘i%”?ﬂkew?@é f‘cﬁ{%b%%u%ﬁn%ﬁi ape provided with a
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triangul ar-pri sm shapedpkl bagsp(shown by FP1 to FP5
in the figure) are disposed (the shape of the pillars
ar eThet twe mMdeohd dntiheitinkangubarppth SiiRes hage camntlun fayte
be a col ummar shape and the |ike as descri bed above).
witheeprhl atkenrindifsposedmpdeh ehatpphexigeitedns conepuef
are in coincidence wth the centers of the individua
shapgyapdt e -1k, 3@ aPdithent fpsthe mpRytide teilawlpahppe
asl%gbwﬁ feason y the colums are di sposed as
d8SCrT'bed “above Tesides in that when inpact waves of
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common flow path 23 likewise the above embodiment.

Subseguently, how ejeétion impact pressure is reduced
in the structure of the embodiment will be explained. Figs.
12A and 12B are plan views explaining how impact waves are
transmitted when the liquid is ejected. To make the
difference between the conventional technology and the
technology of the embodiment more understandable, Fig. 12B
shows a conventional structure, and Fig. 12A shows the
structure of the embodiment.

Both the structures are provided with a filter 26 in
which approximately triangular-prism-shaped pillars {(shown
by FP1 to FP5 in the figure) are disposed (the shape of the
pillars are not limited to the triangular-prism-shape and -
may be a columnar shape and the like as described above).
The pillars are disposed such that the centers thereof are

in coincidence with the centers of the individual flow paths



nozzl es 18), an overall interference can be reduced by
causing only the portions near to the liquid chanbers
3a or the liquid chanbers 13a to receive |arge
impacts in the individual flow paths 3d and the firs
i ndi vidual flow paths 13d and in the common fl ow path
23 connecting thereto and by mnimzing the inpacts
spreading to the individual flow paths 3d and the
liquid chanmbers 3a or the first individual flow paths
13d and the |iquid chanbersy l3a other than the above.
In the conventional structure, when the liquid is
ejected froma liquid chanber 3a-2, first, the liquid

i s expanded due to bubhl es generat to eject the
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resi stance, and the |li ke act on the I g
inAgo08dbNot Yow fidils IdRaet tWavesrspresividual flow paths

13d and in the common flow path 23 connecting thereto and by
minimizing the impacts spreading to the individual flow
paths 3d and the liguid chambers 3a or the first individual
flow paths 13d and the liguid chambers 13a other than the
above.

In the conventional structure, when the liquid is
ejected from a liquid chamber 3a-2, first, the ;iquid is
expanded due to bubbles generated to eject the liguid and
the liquid is pushed out by a large amount of positive
pressure generated subsequently. However, negative pressure
is generated in the liquid chamber 3a-2 because the bubbles
are contracted just after the liquid is ejected, thereby
suction force (P in the figufe) acts on the ligquid existing
in the individual flow paths 3d in a direction in which the
liquid'is sucked into the liquid chamber 3a-2. 1In

particular, in the conventional structure, the liguid



Al t hough the inpact waves danp as they spread farther,
they are also transmtted to the outside of the filter
26 and to liquid chanbers 3a-1 and 3a-3 on both the
sides of the liquid chanber 3a-2 through the Iiquid.
When the inpact waves are transmtted to any liquid
chanber 3a, the neniscuses of respective nozzles 18
are fluctuated. It is contenplated that when the
liquid is ejected fromthe liquid chanmber 3a at the
tinme vibrations reaches ity{when the neniscuses are
fluctuated), interference occurs and the liquid is

ej ected unevenly. In contrast, in the enbodi nent, when
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directions. Further, 1 n the enbodi nent, since suction
thkonequi g clg@fm%]at&d-z rHeULGhHt hBeflI@hdndl vidual flow

pat hs 13d and

When the impact waves are transmitted to any liqguid
chamber 3a, the meniscuses of respective nozzles 18 are
fluctuated. It is contemplated that when the liquid is
ejected from the ligquid chambér 3a at the time wvibrations
reaches it {(when the meniscuses are fluctuated),
interference occurs énd the liquid is ejected unevenly.

~In contrast, in the embodiment, when the liquid is
ejected from, for example, a liquid chamber 13a-2, since
1mpact waves spread in both the right and left directions,
that is, spread to both the first individual flow paths 13d
and the second individual f£low paths l3e, energy is divided
to one-half and spreads in the respective directions. More
specifically, in the conventional structure, since only the
individual flow path 3d side is openéd, the energy spreading

to the side opposite to the individual_flow paths 3d is

reflected on the wall at once and combined with an energy



t he second individual flow paths 13e, the magnitude of
the suction force generated in the respective
i ndividual flow paths is reduced to P/2. Accordingly,
the influence of the inpact waves can be reduced
one-half. In the enbodinent, the filter 26 is di sposed
to the outlets of the first individual flow path 13d
(in the cormon flow path 23) as well as a wall 27 is
di sposed to the outlets of the second individual flow
paths 13e. Wth this arrangenent, the inpact waves
can be converged in a range as snall as possible.
Next, the influence of bubbles in the enbodi ment will

| ained. Figs. 13A and 13B are plan_ views show n
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In the embodiment, the filter 26 is disposed to the
outlets of the first individual flow path 13d (in the common
flow path 23) as well as a wall 27 is disposed to the
outlets of the second individual flow paths 13e. With this
arrangement, the impact waves can be converged in a range és
small as possible.

Next, the influence of bubbles in the embodiment will
be explained. Figs. 13A and 13B are plan views showing how
bubbles are generated. In the figure, Fig. 12B shows a
conventional structure, and Fig. 12A shows the structure of
the embodiment to make the difference between the
conventional technology and the technology of the embodiment
more understandable also in Figs. 13A and 13B.

When the liquid is ejected many times per unit area and

further high density images and the like are continuocusly

recorded, the head is excessively heated and bubbles are



When the grown bubbl es approach the filter 26, if the
liquidis not ejected frequently in the vicinity of
the filter 26 and the anobunt of novenent of the
liquid is such that the liquid supplied froma
portion slightly apart from the filter 26 is
sufficiently used for refilling, the bubbles are only
in contact with the vicinity of the filter 26 (the
| eft corner portions of the pillars of. the filter 26
inthe filter). However, whep the liquid is ejected
frequently and the novenent of the |iquid cannot
foll ow t he frequent ej ection, the liquid pressure
the vicinity of the filter 26 is

Lo ?ﬁ%?% 19 Lh b BoEE LaHEPeBOR LA Thevih £BE 26
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state further continues, bubblés fly from between the
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i ndi vidual flow paths 3d or the first individual flow
siglat hedl3dheved t teeraeiv sidliges 180 -t he nozzles 18 are
broken, and gases (bubbles) are sucked fromthe
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pat h surfaces (cross sectlonsg of the individual
the filter 26 is sufficiently used for refilling, the
bubbles are only in contact with the vicinity of the filter
26 {the left corner portions of the pillars of the filter 26
in the filter). However, when the liquid is ejected
frequently and the movement of the liquid cannot fellow the
frequent ejection, the liquid pressure {water pressure) in
the vicinity of the filter 26 is reduced, thereby the
bubbles adhered to the filter 26 are sucked to the vicinity
of the outlet of the filter 26 (right side in the figure}.
Figs. 13A and 13B show bubbles in the above state.

When the above state further continues, bubbles fly
from between the pillars of the filter 26 and gucked into
the individual flow paths 3d or the first individual flow
paths 13d, or the meniscuses of the nozzles 18 are broken,

and gases {(bubbles) are sucked from the nozzles 18 as shown

in Fig. 22, It has been confirmed that the impact waves



fl ow paths 3d, they are discharged to the outside from
the nozzles 18 while the liquid is ejected
repeatedly. In contrast, if the bubbles have such a
| arge size that they block the individual flow paths
3d, they separate the liquid chanbers 3a fromthe
comon flow path 23. When the bubbles exist in the
liquid chanbers 3a, the 1liquid cannot reach the
nozzles 18. This is because inside pressure is |ower
than the atnospheric pressufe. Wien energy is applied
to the heating elenents 12 ich are not covered with
the liquid, the slightly remaining liquid is
exhaust ed at once and thereafter the state in which a
dereatPRY 6%%?%@%% 4% FeXdgred %t%%ttjr“i‘equu d occurs.
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chambers 3a from the common flow path 23,

When the bubbles exist in the liquid chambers 3a, the
liguid cannct reach the nozzles 18, This is because inside
pressure is lower than the atmospheric pressure. When
energy is applied to the heating elements 12 which are not
covered with the liquid, the slightly remaining iiquid is
exhausted at once and thereafter'the state in which a
heating operation is executed without liguid occurs.
Accordingly, an ejection failure, for example, recovery is
impossible, and the like occurs unless a special cleaning
operation is executed. Further, kogation 'is accelerated.

In a head employing a serial system capable of
executing overlapped writing, it is possible to recover
images and the like printed in failure so that they are made

inconspicucus even if there exist about one or two pieces of

ejection failed nozzles 18. In contrast, in a line head



occurrence of the above problem In the conventiona
structure, as one of the counterneasures,

ci rcunstances in which bubbles are generated in the
liquid are avoided as nuch as possible by |owering
the heat rel ease value of the liquid ejection head
itself or enhancing a radiation effect. As a specific
counterneasure, an ejection cycle is suppressed to a
certain level or less. Wth this counterneasure, the
heat rel ease value can be_rggduced. Further, it is

al so possible to |lower an ejection cycle to prevent
the inside pressure fromreaching such a degree as to

bubbl t t t dual . f 1l t 3
SRRy o PUOR nEE e Sitn il gp b BbarLt | O BRI Sthe
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the state in which bubbles are sucked into the first
thendiheirdadl sy$osmpathmtedmeasurhe must uet wrakesf ticherevent
enbodi nent. Since the nozzles 18 are dom nated by the
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eC]UI Ibriumis In this state unless t I qul
much 85epb86iWTe tﬂ:ye 1%&@@1@@ teSapReaFelease value of the
liquid ejection head itself or enhancing a radiation effect.
As a specific countermeasure, an ejection cycle is
suppressed to a certain level or less. With this
countermeasure,'the heat release value can be reduced.
Further, it is alsoc possible to lower an ejectién cycle to
prevent the inside pressure from reaching such a degree as
to cause bubbles to enter the individual flow paths 3d.
However, in the conventional structure, since the ejection
cycle must be lowered as described above to solve the above
problem, the countermeasure is not suitable for a high speed
print and thus is not appropriate to the line head system
having a feature in thé high speed print.

In contrast, Fig. 13A shows the state in which bubbles

are sucked into the first individual flow paths 13d in the

structure of the embodiment. 8Since the nozzles 18 are

dominated by the liquid in both the first individual flow



When the liquid is continuously ejected in this state,

i npact waves are applied to both the first individual
flow paths 13d and the second individual flow paths
13e. However, since the first individual flow path

13d side is clogged w th the bubbles, the bubbles are
sucked and reach the liquid chanber 13a-2. Then, the
wal l's of the liquid existing among the |iquid chanber
13a-2 and the nozzles 18 are broken, thereby the

bubbl es are discharged to_t _outside. Although the
bubbl es are di scharged by the ejection executed once
or several times in this case, the |iquid chanber

13a- 2 _continuously acts as a punp _during the ,
Paéihéctlﬁa‘n?ngn*aﬁ? heEFeRflirdiy Hdé?ﬁlleﬁﬂgﬂeﬂa‘f-?%n]ﬂ%e even if
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I ndi vidual flow paths (the first individual flow path
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liquid is. continuously supplied to the liquid
diglagpbers 13a as |long as the other individual flow
paths (the second individual flow paths 13e in this
exaltpee) the el ¥quided swicortiheonp hyi e ectep int kédebytehe,
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ereby a possibility
with the bubbles, the bubbles are sucked and reach the
ligquid chamber 13a-2. Then, the walls of the liquid
existing among the liquid chamber 13a-2 and the nozzles 18
are broken, thereby the bubbles are discharged to the
outside. Although the bubbles are discharged by the
ejection executed once or several times in this case, the
liquid chamber 13a-2 continuocusly acts as a pump during the
ejection, and the liguid is replenished from the second
individual flow path 13e side (that is, the liguid achieves
a pump-priming role.

Accordingly, in the structure of the embodiment, even
if one individual flow paths {(the first individual flow path
13d in this example) are clogged with bubbles, the liquid ie.
continuously supplied to the ligquid chambers 13a as long as

the cther individual flow paths (the second individual flow

paths 13e in this example) are filled with the liquid,



that an ejection failure occurs can be al nost
elimnated. As a result, in the structure of the
enbodi ment, the counterneasure necessary to the
conventional structure need not be taken, and thus
the ejection cycle need not be |owered. Note that
since the liquid, which fills the second individua
flow path 13e, is the liquid having passed through
the filter 26, the second individual flow paths 13e
are not al nost clogged with,dusts and the Iike.
Further, since the second Individual flow path 13e
side has no portion acting as a resistance such as
the filter 26 en the liquid nmves, even jf sone
B & o POD L Py CLh RSB Ge RO RS i ETaR Grk Re
I qQyi I.S.. cont fr ' SCIl :
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into the liquid chanbers 13a. Subsequently, exanples
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1) Figs. 14A and 14B are views showing a result that a
withet deducti oanile i gnpaotl waedsiced, condérebede (REssdbility
result of photographing) in the conventional
thetty got goeChhen | FetHere qayEsucénobet pdnewb ol imematern
an exanple 1 sem conduct or bstrate. 11, on_ which
[ re-di S
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co@%%éé&gasure necessary to the conventional structure need
not be taken, and thus the ejection cycle need not be
lowered.

Note that since the liguid, which fills the second
individual flow path 13e, is the liguid having passed
through the filter 26, the second individual flow paths 13e
are not almost clogged with dusts and the like. Further,
since the second individual flow path 13e side has no
portion acting as a resistance such as the filter 26 when
the liquid moves, even if some bubbles exist, they do not
block the movement of the liquid. It is contemplated from
what is described above that it never occurs that the liguid
cannot be replenished from the second individual flow paths
13e into the liquid chambers 13a.

Subseqguently, examples of the present invention will be
explained.

(Example 1}

Figs. 14A and 14B are views showing'a result that a



intervals are set to 4.2 m, is used (size: about 16
mmx 16 nmm). A nozzle sheet 17 conposed of a
transparent acrylic resin is used so that an interna
behavi or can be observed. The result of experinent
shown in Figs. 14A and 14B corresponds to the view
shown in Fig. 12. In the conventional structure of
Fig. 14B, nozzles 18 arranged linearly. In contrast,
in the exanple, nozzles 18 are arranged zigzag as
descri bed above. In Figs._ .and 14B, the nozzles 18
seem bl ack just after they eject the |iquid because a
liquid surface is intensely fluctuated by the
i nfluence of inpact waves. Al though the |ongitudina
redugdd oBf 1R hEmprel iRy S| é?eﬁpgfﬁmaﬁgsb%%e% 1500w Qe
w9l Al RSt pbserved 1 the jegaventional, o strpGLuLe,
P (Ot RE Rty el ement S 12 are Vertrear y separaﬁe& to
stoneshalf) e E?@y]ﬁgéaﬂHQDQinely-observed in the
structure o t%e exanple. Further, it can be found
t hatn add hotgipiadjlacenten@zahescidr ad g tsead bllacknbyhich
the influence of the inpact waves in the conventiona
32$t heeting, e beljatentl 2nazzl esspd8eiinat h@0GtIRICt tnoezdk
t he exanpl e seem | ess black. - 43 gExaane 2) Fig. 15
interyapbadryi ek strovdi-7g M) spéei ppedstsirgurabort 18 neay
used in an exanple 2. As shown in Fig. 15, the head
16y88d-in the exanple 2 is provided with a liquid
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resin is used so that an internal behavior can be observed.

The fesult of experiment shown in Figs. 14A and 14B

corresponds to the view shown in Fig. 12.

In the conventicnal structure of Fig. 14B, nozzles 18
arranged linearly. In contrast, in the example, nozzles 18
are arranged zigzag as described above.

In Figs. 14A and 14B, the nozzles 18 seem black just
after they eject the liguid because a liquid surface is
intensely fluctuated by the influence of impact waves.
Although the longitudinal lines of the heating elements 12
disposed belcow are not almost.observed in the conventional
structure {the heating elements 12 are vertically separated
to one-half}, they are relatively cbserved in the structure
of the example. Further, it can be found that although
" adjacent nozzles 18 also seem black by the influence of the

impact waves in the conventional structure, adjacent nozzles

18 in the structure of the example seem less black.



of the second individual flow paths 13e and the wal

of the barrier layer 13. Afilter 25 disposed in a

common flow path 23 is the sane as the filter 25

shown in Fig. 9. Fig. 16 is a view show ng how bubbl es

are discharged wusing a head having the structure

shown in Fig.15 as a result sequential photographing.

Fig. 16 shows the behavi or of bubbles discharged in

t he sequence of "1", "2" ... "9 1In "I" of Fig. 16,

bubbl es were injected fromjthe nozzles, and the space

between the |iquid storage region 28 and the second

i ndi vidual flow paths 13e was clogged with the

bubbl es. Then, when a liquid ejecting operation was
‘Eﬁéﬂééﬁea)using a third nozzle 18 fromthe |eft side as

shOﬁQ i q bubbl es. were gradual dl%cha%

fro ctlhe r%osz 128 VEEYarprEtay Figs." 4UT 7B ar et
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path 23 side. Fig. 17A shows an exanpl e correspondi ng

regdohh8-hadidy irrlange@sat iskownosad Rrgrwekh (thlke outlets
second enbodi nent described later in detail), Fig
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shown in Flgi 3. That is, In Fig. 17A, adjacent second
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pa%khgg ﬁgmgdmelé% t%7Bf11ter 25 shown in Fig. 9.

Fig. 16 is a view showing how bubbles are discharged
using a head having the structure shown in Fig. 15 as a
result sequential photographing. Fig. 16 shows the behavior
of bubbles discharged in the sequence of "1", "2" .. "9".

Im "1™ of Fig. 16, bubbles were injected from the
nozzles, and the space between the liquid storage region 28
and the second individual flow paths 13e was clogged with
the bubbles. Then, when a liquid ejecting operation was
repeated using a third nozzle 18 from the left side as shown
in "1", the bubbles were gradually discharged from the
nozzle 18.

{(Example 3)

Figs. 172 and 17B are views showing a part of a mask
view of a prototype head (nozzle pitch: 42.3 um, resolution:
600 DFI). 1In Figs. 17A and i?B, an upper side i1s a common
flow path 23 side.

Fig. 17A shows an example corresponding to the



all the second individual flow paths 13e conmmuni cate
wth each other. Further, the filter 25 is conposed
of triangular-prism shaped pillars. Further, the
heati ng el enents are arranged zigzag. Wen inmages
were actually printed with the heads, burst errors
(wi de portions with uneven col or and voi ded portions
i n nonochrone), which were |liable to appear in the
conventional structure when a tenperature increased in
continuous printing or whenprint was executed first
at a lowtenperature, were alnost elimnated in any
of the heads. Since a sem conductor substrate 11,
heatinggelenents,lz .and_ the like were the sane as
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The second” enbodi ment deéscri bed above w1 be
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present invention have devel oped a technol ogy for
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eaF§ 8§%§ﬁ5e since a plurality of heating el enents are
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shaped pillars. Further, the heating elements are arranged
zigzag.

When images were actually printed with the heads, burst
errors (wide portions with uneven color and voided portions
in monochrome), which were liable to appear in the
conventional structure when a temperature increased in
continuous printing or when print was executed first at a
low temperature, were almost eliminated in any of the heads.
Since a semiconductor substrate 11, heating elements 12, and
the like were the same as those used in the conventional
structure and only a flow path structure was different from
that of the conventional structure, the effect of the flow
path structure of the present invention could be confirmed.

The second embodiment described above will be explained
below in detail.

The inventors of the present invention have developed a

technology for deflecting ejection of liquid droplets



different timng, ejection pressure is |ower than an
ordinary systemin which bubbles are generated on only
one heating elenent. In contrast, it is found that an
ej ection speed in the first enbodi ment of the present
i nvention is somewhat |ower than a conventiona

ej ection speed (lowered to about 7-8 msec from
conventional 10 nisec). Wen the ejection speed is

| oner ed as descri bed above, there is a possibility
that the density of an prin&§d_inage i s made uneven
al though the liquid is not €] ected unevenly. Further,
when the ejection speed is | owered, the anount of the
liquid remaining on a nozzle sheet is increased
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| arger amount of print is executed in the |ine head.
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46 vicinities of the orifices is increased and
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A@cordingl¥, in the second _enbodi nent of the present
ondipenti S S PRI UNEVEH FBRSIIEF PESi ABFBTRIEHyOT only one
INPQ?VGntEn tpe reduction of the ejection speed of

ing ement . .
dropPefs By hpr ovi ng t he

In contrast, it is found that an ejection speed in the
first embodiment of the present invention is somewhat lower
than a conventional ejection speed (lowered to about 7-8
m/sec from conventional 10 m/sec).

When the ejection speed is lowered as described above,
there is a possibkility that the density of an printed image
is made uneven although the liquid is not ejected unevenly.

Further, when the ejection speed is lowered, the amount
of the liquid remaining on a nozzle sheet is increased
depending on the wetting state of the peripheries of
orifices because the liquid is attracted by the surface
tension of remaining droplets.

In particular, a period of time during which print is
continuously executed without cleaning an ejecting surface
is longer in a line head than a serial head, and thus a
larger amount of print is executed in the line head.

Accordingly, the amount of ligquid remaining in the



first enbodi ment. A second enbodi nent of the present
invention is a liquid ejection device which includes
a plurality of heating elenents disposed on a

sem conduct or substrate along one direction, a nozzle
| ayer through which nozzles |ocated on the heating
el ements are forned, a barrier |ayer interposed

bet ween the sem conductor substrate and the nozzle

| ayer, partition walls formed of a part of the
barrier layer and interposgg between the heating

el ements as well as extending in a direction
perpendicular to the direction in which the heating

enents are_arran and ermttin ui d fl
Vjtcomtlt’féeﬁe&fu hge e e e‘“FF&ﬁwsﬁgt ﬁn?hjgn res with

r d [ cular to the direction
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di sposed to (Nis an integer of at |east 2) pieces
iroferitdati, nghel enenés deantd ty Nsl)impreced B pedddritiony the

wal |'s externally thereof in parallel with the
reglactiiononfwehe seleri e rspeediaif]l dicophetls dby mgratingf the

the barrier layer and disposed in the direction in

f%ﬂﬁtcﬁmpﬁélﬁ%%Frng el ements are arranged. In the Ilquid'
i nterval betmee

e ad when
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|nterv S X and y satl
elfe@lch®wi RYsEOHEH tdP RS cohdickor substrate along one
direction, a nczzle layer through which nozzles located on
the heating elements are formed, a barrier layer interposed
betweea the semiconductor substrate and the nozzle layer,
partition walls formed of a part of the barrier layer and
interposed between the heating elements as well as extending
'in a direction perpendiculax to the direction in which the
heating elements are arranged and permitting a ligquid to
flow to the heating elements side from both the sides
thereof of a directien perpendicular to the direction in
which the heating elements are arranged, a pair of side
walls formed of a part of the barrier layer and disposed to
N (N is an integer of at least 2) pieces of heating elements
and (N-1) pieces of partition walls.externally thereof in
parallel with the partition walls, and a rear wall formed of

a part of the barrier layer and dispesed in the direction in

which the heating elements are arranged. In the ligquid



Further, a liquid ejection unit includes the N pieces
of heating elenents, the (N-1) pieces of partition

walls, a pair of the side walls, and the rear wall, a
common flow path is disposed to the heating el enents
on a side opposite to the rear wall, and a liquid is

supplied to the heating elenents side of the liquid

ejection unit fromthe cormon flow path side and from

a side opposite to the common flow path side. In the

second enbodi nent, a liquid,-gjection unit, which

i ncludes N heating elenents, (N-1) partition walls,
right and left side walls, and a rear wall, are
royided, and the liquid can flow into the heating
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on the heating elenents (in.the liquid "chanbers) is

inkieabhest® Hed df oppad dyy thiee £pL DYWSHhOcafdittion.
punp-primng function. However, since the |iquid
ejection wunit has the €l 8sed<structure as a single
unit, the pressure drop is elimnated and pressure
Fugsbessat yl 190 edeatied@nitqingled®s ddadl migicssd ot
when the value of N is_ appro ria%el¥ sel.ected.
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nozzl e sheet 1 il the followmng enbod ment, they
pafBYibedf 9588 to the heating elements on a side opposite
to the rear wall, and a liquid is supplied to the heating
elements side of the liquid ejection unit from the common
flow path side and from a side opposite to the common flow
path side.

In the second embodiment, a liquid ejection unit, which
includes N heating elements, (N-1) partition walls, right
and left side walls, and a rear wall, are provided, and the
liquid can flow into the heating elements from both the
sides by the partition walls and the like. Further, in the
structure of the second embodiment, the liquid can be
supplied to the heating elements from both the sides.
Howeﬁer, the pressure on the heating elements (in the liguid
chambers) is liable to be dropped by the provision of the
pump-priming function. However, since the liquid ejection

unit has the closed structure as a single unit, the pressure

drop is eliminated and pressure necessary to eject the



integrally with each other |ikew se the first
enbodi nrent. O herwi se, the barrier |ayer may be
formed on the semnmiconductor substrate integrally
therewith. In the follow ng description, the. same
portions as those of the first enbodi nrent are denoted
by the sane reference nunerals, and the explanation
thereof is omtted. According to the second
enbodi nent, occurrence of uneven density can be
reduced by securing the ejegtion speed (pressure) of
liquid droplets which is liable to be reduced.
Further, the amount of liquid remaining on the nozzle
sheet can be reduced. Furthernore, even if the ,
ligad HneRBgle oraiheaidedd edeinnghej selvonc8asckd bed above
IS engloged, an excellent ejecting operation can be
BPPECRTF &8 e THe 3O enbodi ment wi || be further
explained with referen the figures an he Iike.
S estiRietd hodenna0FE b T R B B8 hi o
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appear ance o a line head 10, the arrangenent of head
shebitps 719iAr ehé heol Sanm@aembhdsaent, tfige§ Mzt be formed
enbodi nent, the explanation thereof is omtted. The
ingeguel Uiy ewdth t dmcthestherhilp ké@ise 4Be histh dndadipiecal.
to the second enbodi ment, will_ be explained_ below
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sych that heating elenents 12_are di sposed on a
seld HPRERGERY oF U ‘%eatléltffrr""r%&@vﬂ%r‘?‘ﬁjet irst® the

foﬁﬁggghgegéscription, the. same porticns as those of the
first embodiment are denoted by the same reference numerals,
and the explanation thereof is omitted.

According to the second embodiment, occurrence of
uneven density can be reduced by securing the ejection speed
(pressure) of liquid droplets which is liable to be reduced.
Further, the amount of liguid remaining on the nozzle sheet
can be reduced. Furthermore, even if the technology-of the
deflecting ejection deécribed above is employed, an
excellent ejecting 6peration can be secured.

The second embodiment will be further explained with
reference to the figures and the like.

Since the arrangement.of a printer main body to which
thé secgnd embodiment is applied, the outside appearance of
a line head 10, the arrangement of head chips 19 are the
séme as those of the first embodiment, the explanation

thereof is omitted. The structure of the head chip 18,



when conpared with the conventional head chip |a.
However, the shape of a barrier |ayer 33 di sposed on
the sem conductor substrate 11 is different fromthat
of the conventional head chip la. -A reason why the
shape of the barrier layer 33 is different resides in
that the shape of the peripheries of the heating
el enents 12 (partition walls 33a described later) and
the shape froma conmon flow path- 23 to the heating
elements 12 are different. Fig. 18 is a plan view
showi ng the shape of the barrier I|ayer 33 of the head
chip 19 as the second enbodi nent of the present
i nvention. The heating el enents 12 are di sposed on the
wiEih dendueterlstpsthate Ik wdedinese i iithebe explained
b onventional technology. In Fig. 18, the partition
“*s 33a are interposed between the heating el enents

12. e tiqfi l.s 3 I f
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heati ng el enents 12 are arranged. The thickness of
sdudidonihe tepdsupfteqcd of Itiewiaet kheofirwal db@Bandnt a
| engt hwi se direction is fornmed thicker than - 50 the
wheentocabapert wohh t tlee eginvalttionali beadr angenkent , Hawever,
interval WL between the partition walls 33a in the
theegihgRe PhhRcheTsiealjaea 39 dgarpasefafdet™ on t he

R R A S
céﬁ#én%ﬁ$néﬁeh£9é'6H!§Kha. - A reason why the shape of the
barrier layer 33 is different resides in that the shape of
the peripheriés of the heating elements 12 (partition walls
33a described later) and the shape from a common flow path
23 to the heating elements 12 are different.

Fig. 18 is a plan view showing the shape of the barrier
iayer 33 of the head chip 19 as the second embodiment of the
present invention.

The heating elements 12 are disposed on the
semiconductor substrate likewise those in the conventional
technology. 1In Fig. 18, the partition walls 33a are
interposed between the heating elements 12. The partition
walls 33a are formed of a part of the barrier layer 33 and
disposed to extend in a direction perpendicular to the
direction in which the heating elements 12 are arranged.

The thickness of both the ends of each of-the partition

walls 33a in a lengthwise direction is formed thicker than



relation. WL > W2 Wth this arrangenent, the portion
inthe interval W2 is provided with a function as a
filter for elimnating dusts and the like as well as
can increase internal pressure (in the liquid
chanbers) when liquid droplets are ejected. There are
provided pairs of side walls 33b on both the sides of
N pi eces of heating elenments 12 and (N-1) pieces of
partition walls 33a. In the exanple shown in Fig. 18,
N =2 (tw heating el ements, 12, and one partition
wal | s 33a i nterposed between the two heating el enents
12). The side walls 33b are fornmed of a part of the
barrier |layer 33 and disposed apg(oxinately in

thea FEPIFERLWPPREI PR A9 h on W&l $hi333r AN as tike
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common ow path 23"to the heating elenments 12 are
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33a. Rear wall 33c is forned of a part of the barrier
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23. The rear -- 51 wall 33c is forned along the
redigtéeni-on in which the heating elenents 12 are

di sposed. In this case, the partition walls 33a are

spaced apart fromthe r&r>w8fl 33c at an interval x.

Wih, Lhi § ; arrangenent, rear common i ow,paths 34 arg,
forfred on thé -

is provided with a function as a filter for eliminating
dusts and the like as well as can increase internal pressure
{in the liquid chambers) when liquid droplets are ejected.

There are provided pairs of side walls 33b on both the
sides of N pieces of heating elements 12 and {(N-1) pieces of
partition walls 33a; In the example shown in Fig. 18, N = 2
(two heating elements 12, and one partition walls 33a
interposed between the two heating elements 12). The side
walls 33b are formed of a part of the barrier layer 33 and
disposed approximately in parallel with the partition walls
33a as well as the shape of the side walls 33b on the common
. flow path 23 side is approximately the same as the partition
walls 33a. Further; flow paths traveling from the common
flow patﬁ 23 to the heating elements 12 are formed by the
side walls 33b and the partition walls 33a.

Rear wall 33c is formed of a part of the barrier layer

33 on a side opposite to the common flow path 23. The rear




rear wall 33c side, and the liquid can be noved on the
two heating elenents 12 separated by the partition
wal | 33a through the rear common fl ow path 34.
Further, the side walls 33b are coupled with the rear
wal |l 33c (in the exanple shown in Fig. 18). Wth this
arrangenent, the liquid cannot nove between the
heating elenment 12, which is disposed externally of
the side wall 33b (heating elenent 12 on the right or
left side in Fig. 18), apdgihe two heating el ements
12, which are disposed internally of the side walls
33b, on the rear common flow path 34 side. Wth the

0 ar.,rangenent, _the l.iguid can nove throu the .
wf e o ASE B LTS s O e oty al T otk Jibating
i Aot [ j rtion whose outside is
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thitdigh the rear common flow path 34.

Further, the side walls 33b are coupled with the rear
wall 33c (in the example shown in Fig. 18). With this
arrangement, the ligquid cannoct move between the heating
element 12, which is disposed externally of the side wall
33b (heating element 12 on the right or left side in Fig.
18), and the two heating elements 12, which are disposéd
internally of the side walls 33b, on the rear common flow
path 34 side.

With the above arrangement, the liquid can move through
the rear common flow path 34 on the rear wall 33c side only
in the inside portiqn whose outside is surrounded by the
side walls 33b. In the embodiment shown in Fig. 18,
although the liquid can move between the two heating
elements 12 (liquid chambers), an increase in the number of
the heating elements 12 in the pair of side walls 33b
permits the liquid to move on the increased number of

heating elements 12.




In the present invention, however, it is sufficient
that the interval y is less than the interval x, and
the interval y may be larger than 0, that is, an
interval may be fornmed between the ends of the side
walls 33b on the rear wall 33c side and the rear wal
33c. Accordingly, it is sufficient to set the val ue of
y to satisfy the following condition. 0 <y < x Wen
the interval is fornmed as descri bed above, the |iquid
can nove at |east through_ tde rear common fl ow path

34 on the rear wall 33c side between the heating

el enents 12 separated only by the partition wal | 33a.
Further, even if an |gterval eX|s% en the Siffs
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shpatt byl o0 wal | s 33a, the pairs of side walls 33b, and

- the rear wall 33c, is called the "liquid ejection
unit". In the enbodinment, ytheCG- 5 3 liquid ejection
unlts are disposed in paraIIeI with each other on the
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1nt%9va}9 %ﬁy é% i@¥§e£ $hat 0, that is, an interval may be
formed between the ends of the side walls 33b on the rear
wall 33c side and the rear wall 33c.

Bccordingly, it is sufficient to set the value of y to
satisfy the following condition.

O_Sy<x

When the interval is formed as described above, the
liguid can move at least through the rear common flow.path
34 on the rear wall 33c side between the heating elements 12
separated only by the partition wall 33a. Further, even if
an interval exists between the side walls 33b and the rear
wall 33c, a considerable amount of resistance is accompanied
with the liquid when it is moved to a next heating element
12 through the interval.

Here, the portion, which includes the N pieces of
heating elements 12, thel(N—l) pieces of partition walls 33a,
the pairs of side walls 33b, and the rear wall 33c,_is

called the "liquid ejection unit". In the embodiment, the



liquid ejection unit is conposed of three heating

el emrents 12, two partition walls 33a, one side wall
33b di sposed on both the sides of the partition walls
33a, and a rear wall 33c. Further, in the enbodi nent
shown in Fig. 19, the extrene ends of the partition
wal I s 33a and the side walls 33b are not made thick
different fromthe enbodi nent showmn in Fig. 18. Wen
the partition walls 33a and the side walls 33b are
formed as described above, aithough the extrene ends
t hereof cannot be provided wth a function as a
filter, no particular problemarises when a filter

and the lik . ely di d fl
LB Db o B S loRned g, 8, cgmen Lo
ottt Fled c42 sbhecohialidl canfiearyed on the three

eating elenents 12 froma rear conmon flow path 34
sideign 1heione difHivd 8 @Gt hORhi HAI dmbdOWRUR! anbh8hows
l'iquid cannot be further noved onto a heating el ement

tHe? séeper ndl bybafridie Ydweee Fteatti aghebhaenenis 142 due to
the existence of the side walls 33b. As shown in Fig.
19, Ia pherembedingnit showngdhdFépectPoN Mt s Taps is, a
disposed in parallel with each other on a
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extreme ends of the partition walls 33a and the side walls

33b are not made thick different from the embodiment shown
in Fig. 18. When the partition walls 33a and the side walls
33b are formed as described above, although the extreme ends
thereof cannot be provided with a function as a filter, no
particular problem arises when a filter and the like are
separately disposed on a common flow path 23 side.

When the embodiment is formed as shown in Fig. 19, the

. liguid can be moved on the three heating elements 12 from a

rear common flow path 34 side in the one liquid ejection
unit. However, the liquid cannot be further moved onto a
heating element 12 externally of the three heating elements
12 due to the existence of the side walls 33b.

As shown in Fig. 19, a plurality of the liquid ejection
units are disposed in parallel with each other on a

semiconductor substrate such that the heating elements 12



ejection units. Then, one liquid ejection unit is
formed continuously to an adjacent liquid ejection
unit by being forned integrally therewith. Further,
although N=3 in Fig. 19, N= 2 is also applicable
as shown in Fig. 18. That is, it is sufficient that N
satisfies the following condition. N>_ 2 In contrast,
the value of Nis excessively large, the open portion
in one liquid ejection unit is increased, thereby the
ej ection speed (ejection pressure) of Iqu|d dropl ets
is reduced and uneven ejection is caused accordingly.
It can be found froma result of experinment that a

ood.result can be optained in e of N <
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. Further, although N = 3 in Fig. 19, N = 2 is also
applicable as shown in Fig. 18. That ig, it is sufficient
that N satisfies the following condition.

N 22

In contrast, the value of N is excessively large, the
open portion in one liquid ejection unit is increased,
thereby the ejection speed (ejection pressure) of liquid
droplets is reduced and uneven ejection is caused
accordingly. It can be found from a result of experiment
that a good result can be obtained in the range of N £ 8,

Therefore, the value of N is set as follows.

2 SN =8

Fig. 20 is a plan view of a fourth embodiment and shows
the shape of a barrier layer 33 of a head chip 19.

In the embodiment, N = 4. Further, in the embecdiment,
first, a filter 35 is disposed to é common flow path 23 side.

The filter 35 is composed of a plurality of pillars 35a



Further, the ends of the side walls 33b on the common
flow path 23 side are |l ocated farther from heati ng

el enents 12 than ends of the partition walls 33a on
the common flow path 23 side (in other words, extend
to the common flow path 23 side). The ends of the
side walls 33b on the common flow path 23 side are
coupled with the pillars 35a of the filter 35. In
this case, the pitch of the pillars 35a is set such
that the pillars 35a are ingvitably |located on the
lines extending fromthe side walls 33b. In the
enbodi ment shown in Fig. 20, the pillars 35a of the

filter 35 are coupled with a pair of the side walls
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of the barrier
23 side). The ends of the side walls 33b on the common flow
path 23 side are coupled with the pillars 35a of the filter
35, In this case, the pitch of the pillars 35a is set such
that the pillars 35a are inevitably located on the lines
extending from the side walls 33b.

In the embodiment sﬁown in Fig. 20, the pillars 35a of
the filter 35 are coupled with a pair of the side walls 33b
as well as one column 35a 1s disposed at a center
therebetween. The column 35a coupled with the side wall 33b
also acts as the column 35a of the side wall 33b of an
adjacent liquid ejection unit. Accordingly, when the number
of the column 35a coupled with one side wall 33b is counted
as 0.5, the number of the pillars 35a in one liquid ejection
unit is 2 {= 0.5 + 1 + 0.5}. That is, the embodiment shown

in Fig. 20 is a case in which the number (N} of the heating

elements 12 is 4, the number of the partition walls 33a is 3,



| ayer 33 in addition to its role as the filter. The
pillars 35a of the filter 35 need not be necessarily
coupled with the side walls 33b and the size thereof
can be arbitrarily determ ned. However, the interval
between the pillars 35a nust be narrower than the
i nterval between the partition walls 33a or the
interval between the partition walls 33a and the side
wal I's 33b. Further, although the pillar 35a is
conposed of a square rod _h gipg an approxi mately
rectangul ar cross section in the enbodi nent shown in
Fig. 20, it is not limted thereto and may be forned
I n various shapes. Further, althou%h it is preferable
ang theowugeernet fhetRil s i3°hdéd2not be necessarily
provided,. That.js, i S ffi.cient narrow the, .
i nl Ehgnt 5"¢ h%l#e%]fsf n:’IgB""eIO Fs fligefl %%uﬁ”&e IATALL oL ) M
|.NGr kg e_ L hi : t f .
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tOMi el gW pahhiBSr&ddle B howhdgith, ofOthexanphai
Fig. 18. However, the provision of the filter 35 not

edtiorpuevent $ni pyasi onmaf, dist stardgtheof i &iee Ml rmaleso
prevents the partition walls 33a (liquid chanbers)

lgyaym3IFeilngaddiushed to 5its yols essithe Whéherhe head

chi&el9 is.joined to a_nozzle sheet 17. The above

st r GEEUPEI SRR 1 i gdie £8 167265 BRSSP on a
T AL I S R
tH¥Rof can be arbitrarily determined. However, the
interval between the pillars 35a must be narrower than the
interval between the partition walls 33a or the interval
between the partition walls 33a and the side walls 33b.
further, although the pillaf 35a is composed of a square rod
having an approximately rectangular cross section in the
" embodiment shown in Fig. 20, it is not limited thereto and
may be formed in various shapes.

Further, although it is preferable to provide the
filter 35, it need not be necessarily providéd. That is, it
is sufficient to narrow the inlets to the heating elements
12 (liguid chambers) by increasing the thickness of the ends
bf the partition walls 33a and the side walls 33b on the
common flow path 23 side as éhown in, for example, Fig. 18.

However, the provision of the filter 35 not only
pfevents invasion of dusts and the like but alsc prevents

the partition walls 33a {liquid chambers) from being crushed



di sposed side by side, is disposed on a sem conduct or
substrate 11. Fig. 21 shows one set of the head chip
19 (this is simlar in Figs. 22 and 23 shown bel ow).
The head .chip 19 is the sane as that shown in Fig. 2.
In Fig. 21, a unit train is provided by disposing the
liquid ejection units (each constituting one unit)
side by side on the outside edge of a side of the
sem conductor substrate 11. In the figure, a conmon
flow path 23 is disposed a liquid supply side of
the sem conductor substrate 11, and the liquid is
supplied to the respective liquid ejection units from
the direction of arrow. Fig. 22 is a plan view show ng
bya PEREERTBNIBRE Nt Tsfed (hdPhdddighipingd trhe nozzle
_ engoggnent of Fig. 22 shows an exanple of a unit
ShEPLi hi7conposed of liquid ejection units disposed side
by side ouf.side s. of f ti:nQg S|
on ghge%§§%% uctor%ggbgﬁgggel§1?{¥%'tﬁgqxéggb ?ng%%8§$ed
orfFal ser2cohdfcbRe ks ¥ drages ofrighezli gui 4 prirectican

units, which are di sposed side by side to the outside
sheddagoh basdsiltey Fycer mdibackiguidacpsciofort hmits are

liquid ejection units, which are disposed side by side
dippose88sidhebyutigicade iedgé spbseHeont hetemigmduriigr | s,

the centr al ortion on the sem conductor supstrate 11
supstEate hlredfiowedl SBRUSsPAE. SAE Showe iesd ghipe 19

l,qui.d su'i sjdq$ are . di_sposed ﬁn t he rh@ht d

(epafl i€ BUREI b Fusr 22 ebliman Frow HeatonE g ThPnea
cndbSReSed Qe thignd 1 AIE RURRLYmSiAeRig. 2.

In Fig. 21, a unit train is provided by disposing the
liquid ejection units (each constituting one unit) side by
side on the outside edge of a side of the semiconductor
substrate 11. In the figure, a common flow path 23 is
disposed on a liquid supply side of the semiconductor
substrate 11, and the ligquid is supplied to the respective
liquid ejection units from the direction of arrow.

Fig. 22 is a plan view showing a fifth embodiment of
the head chip 18. The embodiment of Fig. 22 shows an
example of a unit train cémposed of liguid ejection units
disposed side by side to the outside edges of two
confronting sides on a semiconductor substrate 11. In the
embodiment of Fig. 22, the back surfaces of the liquid
ejection units, which are disposed side by side to the

outside edge of one side, face the back surfaces of the

liquid ejection units, which are disposed side by side to



respectively, and the liquid is supplied to the
respective liquid ejection units fromthe directions
of arrowin the figure. Fig. 23 is a plan view
show ng anot her enbodi ment of the head chip. in Fig.
23, a liquid supply hole (slot) 1la is formed to a
sem conduct or substrate 11 so as to pass therethrough
froma rear surface side to a front surface side. The
liquid supply hole 1la comuni cates with an ink tank
and the |Iike (not shown). it trains are disposed to
confront each other on both the sides of the |iquid
supply hole 1la by disposing liquid ejection units
side by side along the liquid supgly hole 1la. In
theyjutedde, eggﬁc%ftF&FIQEHﬂQi%%ﬂSpl HéFeliiath% central
pé%tlp%ﬁ%% ? mlc ctor % T % % a re
ej ectlion g are &lgﬁog g s o %8 iy ?%e sifes
f. the. | |d u a,,CO0 giﬁﬁ t .
Wél Slgg 3 £ﬂ%d hﬁl%ﬁ#l 22y ﬂ& 85& 453 g are
escri bed a%ove ough 't hefe a e cont'e fate
itsliﬁase@abhetﬁé shema ér[bl RS sal;letsola3taedfygiﬁf@yscommon
patterns other than them as the exanples in which the
fldawquiathe) 28t eoa dhspesed 5 tawe ldgspdsedpphy tdiedes,
sem conductor substrate 11, any of the patterns may
regpegrpiveyed. apilgthelignigd gisasuppéhedhbo e arermtlve
view of a head chip 19 made actually. In
Limhice P PRESCR hg Wi rﬁrﬁﬁ“ th6r 1d116ﬁ§téﬂast fie ‘?‘ﬂg@” otthdihe
fthan a barrier layer 33 disposed
igure

Fig. 23 is a plan view showing another embodiment of
the head chip.

In Fig. 23, a liquid supply hole (sleot) 1lla is formed
to a semiconductor substrate 11 so as to pass therethrough
from a rear surface side to a front surface sidé. The
liguid supply heole 1la communicates with an ink tank and the
like (not shown). Unit trains are disposed to confront each
other on both the sides of the liquid supply hole lla by
disposing liquid ejection units side by side along the
liquid supply hole lla.

In this case, since the liguid supply heole 1lla is
disposed along commen flow paths 23, the liquid ejection
units, which are disposed on both the sides of the liquid
supply hole 1la, confront each other.

As described above, although there are contemplated the

patterns shown in Figs. 21 to 23 and wvarious patterns other

than them as the examples in which the liquid ejection units



on a sem conductor substrate 11. Each of heating
el ements 12 used in the head chip 19 is separated to
one half to execute deflecting ejection of liquid
dropl ets. Al though the heating elenents 12 are
di sposed in. one direction at a definite pitch, al
the heating elenents 12 are not disposed in line (on
a straight line), and the centers of adjacent heating
el enents 12 are displaced at a predeterm ned interval
(real nunber larger 0) in agirection perpendicular
to the direction in which the heating elenent 12 are
di sposed at the definite pitch. Wth the above
arrangenment, since the di stance between the centers
argt digpPagedt ©horYt EMEEUSEPTE FUBSTERYR Har gBY °fh&he
t he disposin I tch of the heating elenents 12, the
Patisih %?ydggcéﬁﬁéé%ﬁgkﬁ nozzl es 18 and the peri pheral

reggggé]g shereof Aue LQeLNenBlL eSS UL GuddWGLUAL I®Na head

resulting fromwejection of liquid droplets is
chigdusefladéheselyl the m@wuRt. euecihobe alThdhesirjwestirigy
direction of liquid droplets can be stabilized. In
poEitgon@4andl the ilwo didetri nhael enbatrsid? kanwkois disposed
partition walls 33a are disposed in one liquid
ongpeéeippondeotoy mubstratenilde t Recknpbdisrininofelpmgnts
18. Further, artition walls 33a ang si de | 1.s 33b
12,58eatti Ght P UOH LS ) 6F SRORRELTOBIT g Rath 23
1.0 tg eof.. The . partitien L8 %g And the side
t 1 . .
ex\%é:fll%% %g a(?el%%oev]l ded Wit \zlggPﬁnc |%1 as a filter by
t hea BDOVEIRI{IRNGRARALy ED8ments 12 are disposed in one
direction at a definite pitch, all the heating elements 12
are not disposed in line {(on a straight line), and the
centers of adjacent heating elements 12 are displaced at a
predetermined interval {real number larger 0) in a direction
perpendicular to the direction in which the heating element
12 are disposed at the definite pitch.

With the above arrangement, since the distance between
the centers of adjacent nozzles 18 is set to a value larger
than the disposing pitch of the heating elements 12, the
amcunt of deformation cof nozzles 18 and the peripheral
regions thereof due to the pressure fluctuation resulting
from ejection of liquid droplets is reduced, thereby the
amount ejection and the ejecting direction of liquid
droplets can be stabilized.

In Fig. 24, N = 2 (two heating elements 12 and one

partition walls 33a are disposed in one ligquid ejection



enbodi nent is arranged simlarly to that shown in Fig.
18 except the above arrangenent. - 61 WHAT IS
CLAIMED IS: 1. Aliquid ejection unit conprising: a
heati ng el enent di sposed on a sem conduct or

substrate; a nozzle |ayer through which a nozzle

| ocated on the heating elenent is fornmed; a barrier

| ayer interposed between the sem conductor substrate
and the nozzle layer; a liquid chanber formed by a
part of the barrier |ayer_ well as fornmed by a pair
of walls confronting each other so as to hold the
heati ng el enent therebetween; and a pair of individua

floqw_paths formed by extending_the air_of walls of
unyid |liléf8f”658h5%e?m%?fa”%ﬁf§b&sfg€l8n Bgth Fieth%ides of

the .l.i qui a r S, | |.C i §.h.
R T R, A0 R AL MBI, ommes
tHildUicth ¢RaMREHmbA OF oitipd18AS3 QREeOLhbhEoPAI IR
I ndi vidual flow paths, 'and the distance U between the
ppdiitioh wallls BRatéed [diuidd dehambes 3andatdepfdwwapatd th
width Wof the individual flow paths are set to
a daicgfipnt he &ofibwemdpy dilet iabpveUasrng@emgnt i quite
ejection unit according to claiml1, wherein: a

emflogigienty isf ar pengredts iy @rdefes thre apeEmget e -t HE

except the above arrangement.



- 62 sem conductor substrate in one direction; the
liquid chanber and the pair of individual flow paths
are di sposed in correspondence to each of the heating
el ements; and the pair of individual flow paths are
formed to extend in a direction approximtely
perpendi cular to the direction in which the heating
el enents are arranged. 3. A liquid ejection unit
according to claim1, wherein: a plurality of the
heating el ements are arrangggd on the seniconductor
substrate in one direction; the |liquid chanber and the
pair of individual flow paths are disposed in
correspondence_to each of the heating elenents; and
HAHe 5ai“tASMEPnlP vi dual f1 ow paths are formed to extend
in a direction perpendicular to the direction in which
the heating elenments are arranged, wherein the pair

of hndi i dughid!ompatds u%%pr:bﬁ?ﬂsi@gf i 1St
i ndi vidual flow path connecting to a common fl ow
pat k; haadiag secancht rdispicdedl ofl awsgat domiicadi ng in a
direction opposite to the first individual flow path
suertasgetrhe hpgale layemnbdiroustewbiinht Bengerbndlocated on
i ndi vi dual flow paths of at |east - 63
the heating element is formed;

a barrier layer interposed between the semiconducter
substrate and the nozzle layer;

a liguid chamber formed by a part of the barrier layer
as well as formed by a pair of walls confronting each other
so as to hold the heating element therebetween; and

a pair of individual flow paths formed by extending the
pair of walls of the liquid chamber and disposed on both the
sides of the liquid chamber so as to communicate with the
liquid chamber,

wherein a liquid is supplied to the liguid chamber from
at least one of the pair of individual flew paths, and the
distance U between the pair of walls in the liquid chamber
and the flow path width W of the individual flow paths are

set to satisfy the following relation.

U > W

2. A liguid ejection unit according to claim 1,
wherein:

a plurality of the heating elements are arranged on the



two adj acent |iquid chanbers comrunicate with each
other. 4. Aliquid e ection unit according to claim
1, wherein: a plurality of the heating elenments are
arranged on the sem conductor substrate in one
direction; the liquid chanber and the pair of

i ndi vidual flow paths are di sposed in correspondence
to each of the heating elenents; and the pair of

i ndi vidual flow paths'are forned to extend in a
direction approximately perpgendicular to the direction
in which the heating elenents are arranged, wherein
the pair of individual flow paths conprises: a first

i ndi vi dual rom;Eath connecting to.,a common flow
SPAPnaNFEer SBRBRER TRt Vi MFaIfEEW PRt h extending in a

direction__opposite tq t first individual,flow.path
e

pa il %&%uéhﬁghg$ﬁp§ﬁh@ofﬁeéﬂoﬂd@ﬂ%@ tbhegen adk a8 theat ing
i quid chanpers are coupled wth each other. 5 A
eldn@itd ;epaat i on unit according to claim3 or 4,
wherein: the |liquid chanbers are di sposed at a
def thet paidi spasidigripivadh fRpwapdths 6dre wiemedcheéo extend
di stance between the |ine, which connects the
in a direction approximately perpendicular to the direction

in which the heating elements are arranged.

3. A liquid ejection wunit according to claim 1,
wherein:

a plurality of the heating elements are arranged on the
semiconductor substrate in one direction;

the liquid chamber and the pair of individual flow
paths are dispcsed in correspondeéence to each of the heating
elements; and

the pair of individual flow paths are formed to extend
in a direction perpendicular to the direction in which the
heating elements are arranged,

wherein the pair of individual flow paths comprises:

a first individual flow path connecting te a common
flow path; and

a second individual flow path extending in a direction
opposite to the first individual flow path across the liquid
_chamber,

wherein the second individual flow paths of at least



centers of the liquid chanbers in the direction of the
di sposing pitch, and the line of the portion, which
comuni cat es the second i ndividual flow paths between
adj acent liquid chanbers with each other and is in
contact wth the wall farthest fromthe liquid
chanbers, is shown by L, the liquid chanbers are
formed to satisfy the following relation. L < 2 XP
6. Aliquid ejection unit according to claim3 or 4,
wherein: a plurality of the liquid chanbers are

di sposed at a definite di-spgsing pitch P; and the
centers of adjacent liquid chanbers are di splaced at
an interval X (X is a real nunber larger than 0) in a

r I | ¢ P
Y e e S e
centers of the liquid chanbers dlsposed on a side far
from the common flow path in the |iquid chanbers, and

the 4.i na afiqutiBeepoction, umit clvomimg ¢at edaihel,
second individual flow paths between the adjacent
whexgAF chanbers with each other and is in contact

with the wall farthest fromthe Iiquid chanbers, is
shovin PRy R iEKeof| H]Bﬁ’ dreaase resle&\‘eé‘trso ArEdarBanged | yrhe

s tair o BokSe S nin cong D dony A 1TAUC

the liquid chamber and the pair of individual flow
paths are disposed in correspondence to each of the heating
elements; and

the pair of individual flow paths are formed to extend
in a direction approximately perpendicular to the direction
in which the heating elements are arranged,

wherein the pair of individual flow paths comprises:

a first individual flow path connecting to a common
flow path; and

a second individual flow path extending in a direction
opposite to the first individﬁal flow path across the liquid
Chamber,

wherein the second individual flow paths of at least

three adjacent liquid chambérs are coupled with each other.

5. A liquid ejection unit according to claim 3 or 4,

wherein:
the liquid chambers are disposed at a definite

disposing pitch P; and



wherein the pair of individual flow paths conprise: a
first individual flow path connecting to a conmon

fl ow path, and a second individual flow path extending
in a direction opposite to the first individual flow
path across the liquid chanber, wherein a filter
conprising a plurality of pillars is disposed in the
common flow path, and. the width of the interva
between the pillars is equal to or less than the flow
path wdth Wof the first individual flow paths; and
the height of the interval- bt ween the pillars is
equal to or less than the height of the first

i ndi vidual flow paths. 8. Aliquid ejection unit

2coapAind Lo SLACL palELs! fh Uind | QLo RaIEE S cne

are sposed at a def il dr'sposi nd erein

ckheePai 65 Ofnd rl@.dﬂlqy@hafn!b@ﬂsp@hhﬁhg DFdSElon ff ithst
i ndi vidual flow path connecting to a common fl ow

dpapbsingibic@ecendi ithdi ideabff tne peittidaxt endidhg i n a
direction - 66 opposite to the first individual flow
cpanhnierioss e sqapmicd indhaadenl Wher eri’éﬁifﬁi fadtmgen
conprising a Iurallty of glllars S osed in the
addAFRAt F 3 tq§ ers with each other an is in contact
with the wall farthest from the liquid chambers, is shown by
L, the liquid chambers are formed to satisfy the following

relation.

6. A liquid ejection unit according to claim 3or 4,
wherein:

a plurality of the ligquid chambers are disposed at a
definite disposing pitch P; and

the centers of adjacent ligquid chambers are displaced
at an interval X (X is a real number larger than 0} in a
direction perpendicular to the disposing pitch P; and

when the distance between the line, which connects the
centers of the liquid chambers disposed on a side far from
the common flow path in the liquid chambers, and the line of
the portion, which communiéates the second individual flow
paths between the adjacent liquid chambers with each other
and is in contact with the wall farthest from the liguid
" c¢hambers, is shown by I, the liquid chambers are fo:med to

satisfy the following relation.



the plurality of pillars are disposed at the sane
pitch as the disposing pitch P as well as the centers
of the pillars are located on the center line of the
first individual flow paths; and the distance between
the ends of the first individual flow paths on the
pillar side and the ends of the pillars on the first
i ndi vidual flow path side is equal to or nore than
the flow path width Wof the first individual flow
paths. 9. Aliquid ejectLpgﬁynjt according to claim1,
wherein the pair of individual flow paths conprise: a
first individual flow path connecting to a conmon '
flow path; and a second _individual flow path extending
ina direction opposité fo2theffirst individual flow
path across the liquid chanber, wherein a filter
conprising a plurality of pillars is disposed in the
conyion A | o Rt Ry LG oRT RS SRELdANalg 1e0I9R:Af 1t he
interval between"the pillars Is formed in a size
wheestiai oed pa# her filr@aviatlal subhkasgrkegdbafset:he
first individual flow path; and - 67 the flow path
sur & aCier stegingti vakduehe £ bwspatindeanmiet ingf towapabinmos
formed in a size contained in the opening region of
flpHerablzl@ard 10. A liquid ejection unit according to

claim1, erein the pair of individyal flow paths
Con%r§%ﬁpn&M1n&ivgdual Elow path extenéing in a Bgrection

oppesite to the first individual flow path across the ligquid
chamber, |

wherein a filter comprising a plurality of pillars is
disposed in the common flow path, and. the width of the
interval between the pillars is equal to or less than the
flow path width W of the first individual flow paths; and

the height of the interval between the pillars is equal
to or less than the height of the first individual flow

paths.

8. A liguid ejection unit according to claim 1,
wherein:

the liquid chambers are disposed at a definite
disposing pitch P,

wherein the pair of individual flow paths comprise:_

a first individual flow path connecting to a common
flow path; and

a second individual flow path extending in a direction



a first individual flow path connecting to a conmon
flow path; and a second individual flow path extending
in a direction opposite to the first individual flow
path across the liquid  chanber, wherein a filter
conprising a plurality of pillars is disposed in the
comon flow path; the relation between the opening

di aneter Dx of the ejection surface of the nozzles in
the direction in which they arranged and the opening
diameter Dy of the nozzles pp _a direction

per pendi cul ar to the opening dianmeter Dx satisfies
the following relation; Dx > Dy the shape of the flow

ath surface of the first, individual flow paths is _ . .
oGt 1 SOPoGtBNGUIECGHUPE. Hh G BPEgBRaIg Hguid
C%é%gggw L1; the cross sectional shape of the interval

etweén the pillars is forned in a rectangul ar shape

havigagraidi 2080ater |dRG 18NN L R1udRicy & itikes is
nozzles, the first individual flow paths, and the

diddd=ards iar ehkoeamdoh Of Bat irsftyh;t he fol l owi ng rel ati on

Dx > L1 > L2 11. Aliquid ejection unit according to

any tbrepofirehety ¢f eaciddiary elrai At sprobed eiin: tloheaofe phésch

pai r of individual flow paths is connected
as the disposing pitch P as well as the centers of the
pillars are located on the center line of the first
individual flow paths; and

the distance between the ends of the first individual

flow paths on the pillar side and the ends of the pillars on

the first individual flow path side is equal to or more than

the flow path width W of the first individual flow paths.

9. A liquild ejection unit according to claim 1,
wherein the pair of individual flow paths comprise:

a first individual flow path connecting to a common
flow path; and

a second individual flow path extending in a directicn
opposite to the first individual flow path across the liquid
chamber,

wherein a filter comprising a plurality of pillars is
disposed in the common flow path;

the cross sectional region of the interval between the
pillars is formed in a size contained in the flow path

surface region of the first individual flow path; and



to a common flow path; a filter conprising a plurality
of pillars is disposed in the comon flow path; and
the filter is formed of a part of the barrier |ayer.
12. Aliquid ejection unit according to claim 2,
wherei n: the sem conductor substrates are disposed in
line along a direction in which a plurality of the
heating el enents are arranged; and a |line head is
formed by di sposing a conmon flow path, which
conmuni cates with all the ljquid chanbers of the
respecti ve semi conductor substrates, in the direction
in which the sem conductor substrates are arranged.
13. Aliquid ejection unit according to claim12,

whebenflaw mqﬁlalattr;fa@e regésnopft Hee s@nﬁ%ﬁd@éﬁé@uﬂ
subst r at es, each of which includes t
F1OMPEsRd e SPr‘&%‘E)th‘? &t & 76 SPOSBIRSHn P Wée Qa‘%eé‘lng
I}gh%gp% d.n gglyﬂp and a liquid having different
arac erlstlcs I'S supplied to the sem conductor
substrates in one colum and to the sem conductor
substrates in other colum. 14. A fuel ejection device
compoi si Agliquitbaljergieheomnt disposaty aro alaim 1,
sem conductor substrate; a nozzle layer through which
whermednz kbel pgat edf omdithelvadatfilng pbehentonsr forned;
a first individual flow path connecting to a common
fiow path; and
a second individual flow path extending in a direction
opposite to the first individual flow path across the ligquid
chamber,
wherein a filter comprising a plurality of pillars is
diéposed in the common flow path;
the relation between the opening diameter Dx of the
éjection surface of the nozzles in the direction in which
they arranged and the opening diameter Dy of the nozzles in
a direction perpendicular to the opening diameter Dx
satisfies the following relation;
Dx 2 Dy
the shape of the flow path surface of the first
individual flow paths is formed in a rectangular shape
having a diagonal line length L1;
the cross sectional shape of the interval between the

pillars is formed in a rectangular shape having a diagonal

line length LZ2; and



a barrier layer interposed between the sem conduct or

. substrate and the nozzle layer; a liquid chanber
formed by a part of the barrier layer as well as
fornmed by a pair of walls confronting each other so
as to hold the heating el enent therebetween; and a
pai r of individual flow paths forned by extending the
pair of walls of the liquid chanber and di sposed on
both the sides of the |iquid chanber so as to
conmuni cate with the |iquid chanber, wherein a liquid
is supplied to the |iquid_clgnher from at |east one
of the pair of individual flow paths, and the
di stance U betmeen the pair of walls in the liquid

cha r 0 at h, wi dt.h VVof the | IVI I

1 owtneir e the LR8I BT ssierlieel S ohme
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urality of heating el enents di sposed on a

sen1conductor substr at eyxabopg eneadi rection; a nozzle

| ayer through which nozzles |ocated on the heating

el enents are forned; a barrier layer interposed

bet ween the seni conductor substrate and the nozzle- ;

| ayérl- pédr Lighnédd e@estionrpd glccprgdrg 6P #me Big Afeithe

| ayer, and i nterposed between the heating el enents as
Pﬁﬁﬁ?d%ﬂg Céiﬁ@ﬁleRF§Q+na direction perpendicular to the

dlreCtIO% %He pair cof individual flow paths is connected
to a common flow path;
a filter comprising a plurality of pillars is disposed
in the common flow path; and

the filter is formed of a part of the barrier layer.

12. A liquid ejection unit according to claim 2,
wherein:

the semiconductor substrates are disposed in line along
a direction in which a plurality of the heating elements are
arranged; and

a line head is formed by disposing a‘common flow path,
which communicates with all the liquid chambers of the
respective semiconductor substrates, in the direction in

which the semiconductor substrates are arranged.

13. A liquid ejection unit according to claim 12,
wherein:

a plurality of lines of the semiconductor substrates,



whi ch the heating elements are arranged and permtting
a liquidto flowto the heating el enents side from
both the sides thereof of a direction perpendicul ar
to the direction in which the heating elenents are
arranged; a pair of side walls forned of a part of the
barrier layer and disposed to N (N is an integer of
at |l east 2) pieces of heating elenents and (N-1)
pi eces of partition walls externally thereof in
parallel with the partition_._walls; and a rear. wal
formed of a part of the bar £ er Iayer and disposed in
the direction in which the heating elenments are
arranged, wherein when the interval between the
ea;ﬁh taft whachalinsludes thre searconductrs sWoskrdie s digngsed
e |nterval betmeen the side walls and the rear wall
lq 1§ﬁbwﬁr8y §Sp?ﬁ% PhiEVEY 20%8nd y satisfy the
rel gt ng’?h Fﬁ ’dl%l}de {anth%H{;\rae{gc}_sltof suq_ls pF&I-lfSi

conprises enent t e

tcP't!?x“ee%eREcBﬁ&&b%P%Mﬂx%te% Jﬂabﬁeofsolﬁ% Sérﬁjc? Al ez,
and the rear wall, a common flow path is disposed to

sdnfiedhdatitBg shesLrdSe LN M hée eppashte to the rear
wall, and a liquid is supplied to the heating
el ements side of the liquid ejection unit fromthe
conmmon flow path side and froma side opposite to the
comibn fRoWehaIediigr. degica FP@BFHS@}%CU on unit

accordlng to claim15, mher8| < <
a heating element disposed on a sem1CDn uctor

substrate; a nozzle layer through which a nozzle located on
the heating element is formed;

8 barrier layer interposed between the semiconductor
substrate and the nozzle layer;

a liquid chamber formed by a paft of the barrier layer
as well as formed by a pair of walls confronting each other
so as to held the heating element therebetween; and

a pair of individual flow paths formed by extending the
pair of walls of the liquid chamber and disposed on both the
sides of the liquid chamber so as to communicate with the
liquid chamber,

wherein a liquid is supplied to the liquid chamber . from
at least one of the pair of individual flow paths, and the
distance U between the pair of walls in the liquid chamber
.and the flow path width W of the individual flow paths are
set to satisfy the following relation.

ug>w



17. Aliquid ejection head according to claim215 or

16, wherein the interval WL between the partition
wal | s and between the partition wall and the side wall
on the region of the heating elenment and the interval
W2 between the partition walls and between the
partition wall and the side wall at the end of the
common flow path satisfies the follow ng condition.
W < W. 18. A liquid ejection head according to claim
15,16 or 17, wherein the_ends of the side walls on

t he common f|OM/path 72 side are located farther from
the heating el enents than ends of the partition walls
on the common flow path side. 19. A liquid ejection
head according to claim15,:16 or 17" wherein: a

filter c risi ur a Jlars f ornmed of
theTl r?e l‘ﬁvg je§@&P§pg % ?%m£% E6hmon f1 ow pat h;
t he I it ch
dlf? gﬁﬁéf %gn%€¥% té%%s?%%ﬁ%?%%ﬁ t he hegtlng

seRlieFBAtistor t Higo Shes: Ofa gy @heedy.\@éécﬁl&m the conmmon
flow path side are located farther from t he heat i ng

el eaend sz1ddmewndshabughhehpahtndéioresnvdldcsatend bhethe
common flow path side; and the ends of the side walls
hegtinbeetemenps faw framedsi de  are coupled with the

pillars of the filter. 20. A qui d ejection head
acc%r?ﬁ?ﬁf??)%ﬁ¥$ﬁoﬁ€t8FP8P3?n§8tﬁﬁﬁq(#hfgseWHéPéﬁﬁcﬁor

suBsHEALL Yn 8T Al AL AY 4 feggtion units are

partition walls formed cof a part of the barrier layer
and interposed between the heating elements as well as
extending in a direction perpendicular to the direction in
which the heating elements are arranged énd permitting a
liquid to flow to the heating elements side from both the
sides thereof of a direction perpendicular tc the direction
in which the heating elements are arranged;

a pair of side walls formed of a part of the barrier
layer and disposed to N (N is an integexr of at least 2)
pieces of heating elements and (N-1) pieces of partition
walls externally thereof in parallel with the partition
walls; and

a rear wall formed of a part of the barrier layer and
disposed in the direction in which the heating elements are
arranged}

wherein when the interval between the partition walls

and the rear wall is shown by x, and the interval between



di sposed on the single sem conductor substrate as wel |
as all the nozzles of a plurality of the liquid
ejection units are disposed at a definite pitch. 21.
A liquid ejection head according to claim?20, wherein
the plurality of the liquid ejection units are

di sposed to the outside edge of a side of the

sem conduct or substrate. - 73 22. Aliquid ejection
head according to claim20, wherein the plurality of
the liquid ejection units are disposed to the outside
edges of two confronting siggs.of the sem conductor
substrate. 23. A liquid ejection head according to
claim 20, wherein a slot is forned to the

em cqonductor su rate_so ass thereth ough
tRFomT e ek rhabeargaT, Bkt o AR HACE Brge and
| I i GHUL S Al [ sed

fEBLYRES L iart of Wisdy, Pl eELLOMMTE Lo okt Ane

si deg 1ﬁ<§aﬁ@e@5eczéon%hig%&nﬁﬂés QheUM biaeesr deng
to any one of clains 15 to 23, wherein the

heetiognelumieorts,subst (dte$ aiteces sphgetrtitionneadllenga
the direction in which the heating elenents are

Pair anfeithe avidiea vhilde. hend Fhefrramdiadl diss gesingy £hew
common flow path of the respective sem conductor

DS tBSL? AP 16 ANPCRERBARG | HIGHRAP (b 2 Side opposite

tgegﬁconducg%ﬁlSUbStratflaﬁfddigggﬁﬁgied to the heating

elements side of the liquid ejection unit from the common
flow path side and from a side opposite to the common flow

path side.

16. A liquid ejection unit according to claim 15,

wherein 2 £ N £ 8.

17. A liquid ejection head according to claim 15 or 16,
wherein the interval Wl between the partition walls and
between the partition wall and the side wall on the region
of the heating element and the interval W2 between the
partition walls and between the partition wall and the side
wall at the end of the common flow path satisfies the
following condition.

W2 < Wl.

18. A ligquid ejection head according to claim 15,16 or 17,

wherein the ends of the side walls on the common flow path



25. Aliquid ejection unit according to claim 24,
wherein: a plurality of lines of the sem conduct or
substrates, - 74 each of which includes the

sem conduct or substrates disposed in line, are

di sposed in columm; and a liquid having different
characteristics is supplied to the sem conductor
substrates in one colum and to a.° plurality of the
sem conduct or substrates in other colum. 26. Aliquid
ej ection device conprising: a plurality of heating

el ements di sposed on a seni7eorductor substrate al ong
one direction; a nozzle layer through which nozzles

| ocated on the heating elenents are forned; a barrier
sié‘é(eéré @@J&%%ﬁ@a?%h\é@e@rBﬁetﬁgrﬂé%bfc AlomcttBSLhEhCends
and the nozzle layer; partition walls Tornmed of a part
opf thdepdhatirtien wayes oanthé ntafiiss el detpsren sihe.
heating el enents as well as extending in a direction
perpendi cular to the direction in which the heating
elements are arranged and permtting a liquid to flow
to thfe heati-AYid| ehedtionitnd FGRBELRIt ke cipdesls, 16 or 17~

t hereof of a direction perpendicular to the direction

9 FSHtch the heating el enents are arranged; a pair of

5 98 EntEg' EARE S PR 50" P T IO
e 8aliie?g 18 8FEDE S Ansb 4 1J)n RirRe %%nalfonpﬁw bQE‘h;
‘ the pillars of the filter are disposed at a pitch
different from the disposing pitch of the heating elements;
the ends-of the side walls on the common flow path side
are located farther from the heating elements than ends of
the partition walls on the common flow path side; and

the ends of the side walls on the common flow path side

~are coupled with the pillars of the filter.

20. A liquid ejection head according to any one of claims
15 to 19, wherein a plurality of the liquid ejection units are
disposed on the single semiconductor substrate as well as
all the nozzles of a plurality of the ligquid ejection units

are disposed at a definite pitch.

21. A liquid ejection head according to claim 20,
wherein the plurality of the liquid ejection units are
disposed to the outside edge of a side of the semiconductof

substrate,



wal | s externally thereof in parallel wth the
partition walls; and - 75 a rear wall forned of a
part of the barrier |ayer and disposed in the
direction in which the heating el enents are arranged,
wherei n when the interval between the partition walls
and the rear wall is shown by x, and the interval
between the side walls and the rear wall is shown by
y, the intervals x and y satisfy the relation 0 <_y <
x; and a liquid ejection unit conprises the N pieces
of heating elenents, the{Msi) pieces of partition
walls., a pair of the side walls, and the rear wall,
a common flow path is disposed to the heating

el enents on a side opposite to the rear wall, and a
liquidis supplied to the heating elenents side of

the 34 quiad 18i0@8HI @ReHPl &n fHhoLA the SR tof LOWiRALH,

side and froma side opposite to the comon flow path
whéflein the plurality of the liquid ejection units are
disposed to the outside edges of two confronting sides of

the semiconductor substrate.

23. A liguid ejection head according to claim 20,
wherein a slot is formed to the semiconductor substrate so
as to pass therethrough from a rear surface side to a front
surface side; and

a plurality of the liquid ejection units are disposed
to confront each other along the slot on both the sides

thereof.

24, A liquid ejection unit according to
any one of c;aims 15 to 23, wherein the semiconductor
substrates are disposed in line along the direction in which

the heating elements are arranged, and
a line head is formed by disposing the common flow path
of the respective semiconductor substrates in the direction

in which the semiconductor substrate are disposed.

25. A liquid ejection unit according to claim 24,
‘wherein:

a plurality of lines of the semiconductor substrates,
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each of which includes the semiconductor substrates disposed
in line, are disposed in column; and

a liquid having different characteristics is supplied
to the semiconductor substrates in one column and to a

plurality of the semiconductor substrates in other column.

26. A liquid ejection device comprising:

a plurality of heating elements disposed on a
semiconductor substrate along one direction;

a nozzle layer through which nozzles located on the
heating elements are formed;

a barrier layer interposed between the semiconductor
substrate and the nozzle layer;

partition walls formed of a part of the barrier layer
and interposed between the heating elements as well as
extending in a direction perpendicular to the direction in
which thelheating elements are arranged and permitting a
liguid to flow to the heating elements side from both the
sides thereof of a direction perpendicular to the direction
in which the heating elements are arranged;

a pair of side walls formed of a part of the barrier
layer and disposed to N (N is an integer of at least 2)
pieces of heating elements and (N-1) pieces of partition
walls externally thereof in parallel with the partition

walls; and
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a rear wall formed of a part of the barrier layer and
disposed in the direction in which the heating elements are
arranged,

wherein when the interval between the partition walls
and the rear wall is shown by x, and the interval between
the side walls and the rear wall is shown by y, the
intervals x and y satisfy the relation 0 < y < x; and

a liquid ejection unit comprises the N pieces of
heating elements, the (N-1) pieces of partition walls, a
palir of the side walls, and the rear wall, a common flow
path is disposed to the heating elements on a sidé opposite
to the rear wall, and a liquid is supplied to the heating
elements side ¢of the ligquid ejectiocon unit from the commeon
flow path side and from a side opposite to the common flow

path side.



