- 1 LIQU D EJECTI ON HEAD AND LI QUI D EJECTI ON DEVI CE
BACKGROUND OF THE I NVENTION 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-fhow path failure caused by
intrusion of dusts and the |ike and occurrence of
bubbles. 2.' Description of the Related Art
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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 volume
of a liquid chamber.
In the thermal system, heating elements are disposed on
a semiconductor substrate, bubbles are generated to a liquid
in a liquid chamber, the liquid is ejected from nozzles
disPdsed on the heating elements as liquid droplets, and the
liguid droplets are landed on a recording medium and the
like.

Fig. 25 is an outside perspective view of this type of



2- 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 Applicatbi an Publication No.
2003-136737. In Figs. 25 and 26, a plurality of
heating elenents 12 are di sposed on a sem conduct or
substrate .Further, the baQ{hgthgggragtand t.
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Patent Application Publication No. 2003-136737.
In Figs. 25 and 26, a plurality o¢f heating elements 12
are diéposed on a semiconductor substrate 11. Further, the

barrier layer 3 and the nozzle sheet 17 are sequentially

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. A member, in which the nozzle sheet 17 is
bonded on the head chip la, is called the heaa 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 liguid chambers 3a are formed between the heating

: élements 12 and the nozzles 18.

As shown in Fig. 25, the barrier layer 3 is formed in a



As shown in Fig. 25, the barrier layer 3 is forned in

a IIl 3 conb shape when viewed in a plan view so
that three sides of the heating elenents 12 are
surrounded thereby. Wth this arrangenent, liquid

chanbers 3a are forned with only one sides thereof
opened. Individual flow paths 3d are forned to the
open portions and comrunicate with a conmon fl ow path
23. J The heating elements 12 are disposed in the
vicinity of a side of thessem conductor substrate 11.
In Fig. 26, a dummy chip D is disposed on the |eft
side of the sem conductor substrate 11 (head chip
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conmuni cate Wth the ink supp e suppl
a side of the semiconductor substrate 11. In Fig. 26, a

dummy chip D is disposed on the left side of the

‘semiconductor substrate 11 (head chip la), 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 the dummy chip D. Note that any member may be used in
ﬁlace 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 sectional shape so
as to communicate with the ink supply port 22a. The supply
flow path 24 communicates with the common flow path 23.

With the above arréngement, ink is supplied from the

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



flow path 24 conmuni cates with the common flow path
23. Wth the above arrangenent, ink is supplied from
the ink supply port 22a to the supply flow path 24
and the 4 comon flow path 23 as well as enters the
l'iquid chanbers 3a through the individual flow path
3d. Wien the heating elenents 12 are heated, bubbles
are generated on the heating elenments 12 in the
l'iquid chanbers 3a, thereby a part of the liquid in
the liquid chanbers 3a is-efected fromthe nozzles 18
by trajectory force when the bubbl es are generated.
Note that, in Figs. 25.and 26, the shapes of the
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actual shapes thereof for the sake of easy understanding.
For example, the thickness of the semiconductor substrate 11
is about 600-650 pm, and the thickness of the barrier layer
3 i1s about 10-20C pm.
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 and the nozzles 18,

Dust and the like float and move ffeely in an ordinary
space. Accordingly, they drop in the liquid 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



18 may be clogged with dusts and the |ike because the
structure thereof is such that a liquid is ejected
from nozzles 18 having a di ameter of several m crons.
To cope with the above problem at present, parts are
S- rinsed with a liquid and the |ike containing a | ess
anount of dusts and the |ike in a working atnosphere,
for exanple, in a clean room and the like in a

manuf acturing process. Further, in design, filters
nmust be di sposed in the <low paths of the liquid
ejection device at several positions to elimnate
dusts and the like. In particular, since an increase
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are generated in any of the positions. Fig. 27 is a
nophidO@=aph ahowheghthe Shatensfs bubbbesbability of
failed injection of a liguid from the nozzles 18, dusts and
fhe like must be more strictly managed, from which a problem
.of an increase in cost arises.

.Further, bubbles may be generated in the ligquid as a
result of an increase in the temperature of the head 1, from
which a problem arises in that the ligquid is ejected in an
insufficieht 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 positions.

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 so0 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



remaining in a common flow path 23. In Fig. 27, the
nozzl e sheet 17 is forned of a transparent nenber 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 - 6 path 23. The filter is disposed
to prevent invasion of dusts and the like in the

i ndi vidual flow paths 3d, and conposed of

col um-shaped pillars di sposed al ong the comon flow
path 23. As shown in Fig.- 27. the anount of the liquid
supplied to the individual flow path 3d is reduced in
the region (the region surrounded by a dotted line)
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affected by bubbles, it is contenplated that the
flmj eetthoB3of the liquid itself is affected by pressure
generated in the ejection and a reaction which
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in the common flow path 23. Accordingly, the amount of
ejection of the liquid is reduced, thereby an unevenly
éjected liguid 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 cerresponds

to the pressure and is determined‘by the ligquid in the
<l} 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 of the 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 ttansparent member likewise in Fig. 27.

In this case, even if bubbles are small in size, they
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inlets of the individual flow paths 3d and into the

i ndi vidual 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
nozzl e sheet 17 is fornmed of a transparent nenber
likewise in Fig. 27. In this case, even if bubbles are
small in size, they 7 have a significant influence
because they exist in a small space. That is, the
amount of ejection of the lijquid is nore reduced than
the state shown in Fig. 27. Further, only the anount
of ejection of the liquid fromthe nozzle 18
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period of tine, _
they are adhered 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 liquid is repeatedly

ejected. Further, since the liquid is supplied into the

- ligquid 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

liguid is lowered by being left for a léhg 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 a bad coefficient of thermal
conductivity, thereby the heat of a heating portion is
liable to be aécﬁmulated in the portion because it is not

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



fromwhich it can be found that the bubbles in this
case are generated by the evaporation of the |iquid.
In contrast, since a portion surrounded by a bubble is
conposed of a gas, it has a bad coefficient of therma
conductivity, thereby the heat of a heating portion is
liable to be accunul ated in the portion because it is
not cooled by the liquid. As a result, a problem
arises in that - 8 - the bubble is expanded. Since
there is a tendency that _bybbles are particularly
liable to be generated when the center of the heating
el enent 12 is displaced fromthat of the nozzle 18, it
[ l.so.cont enpl at ed that the bubbles generated on
thg %élb%égt Fﬁgex}égg‘?ﬁa%t 12 remain without being
ef LV S j.ect | .- AU
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ele@nt] N2Fig. d289platddalgin ahkitl bé€r the nozzle 18, it is
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t.h_bubbl es which are conmbi ned with each ot her and
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3apgkffer, bubbles may come into the liquid chambers 3a
and the nozzles 18. Fig. 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 (triangular-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
glogged with bubbles which are combined with each other and
gfown, the liquid cannot move to the liquid chambers 3a side.
When the movement of the liquid from the common flow

path 23 to the ligquid 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
the nozzle 18. That is, since the pressure of the liquid in
ﬁhe head 1 is set lower than atmospheric pressure, when the

balance of meniscuses is broken, the liquid moves backward



When the novenment of the liquid fromthe conmon fl ow
path 23 to the |iquid chanbers 3a is checked by the
bubbl es, the bal ance of the meni scuses of the nozzles
18 is liable to be broken. In this state, inpact
waves from adj acent nozzles trigger a gas to conme into
the liquid chanber 3a of the nozzle 18. That is,
since the pressure of the liquid in the head 1 is set
| ower than atnospheric pressure, when the bal ance of
meni scuses i s broken, the Ig quid noves backward 9 to
the comon flow path 23 side and cannot be ejected.
Further, there is also a problemin that the liquid is
ej.,ect e nevenly by. t I.mpact waves in_ejection

o e el PRt i 1S b R ERelic RS LT S HH s,
NOtr@ iRk, LRerd NEs thIdTRI SYBHEm 1hhenPF 6SRUng duld is
ejection is nore significantly changed as conpared

ejadddt thiRviein@z0bgy she Mmdde: fudlde@Wing cfwet peRbdSiE Y e
exenplified as problens caused by inpacts in

- pagfieptlisody Fiitst thenmpatstammesft buphdest o Bausethribblies

to be drawn from adjacent |iquid chanbers 3a. It is
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First, impact waves trigger to cause bubbles to be
drawn from adjacent liquid 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 ligquid 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 liguid ﬁnevenly,

the uneven liquid ejection can be recovered by making it



adj acent nozzles 18, the neniscuses of the nozzles 18
are vibrated to thereby cause uneven liquid ejection.
When bubbl es are generated or remamin, they are
encountered with the inpact waves, thereby the
bubbl es are Iiable to be drawn and the uneven liquid
ejection is liable to be caused. Incidentally, in a
serial systemin which an inmage can be forned by
over | appi ng dots (overl appedliw-iting), even if there
are one or two nozzles which eject the liquid
unevenly, the uneven liquid ejection can be recovered

by.naking it 1&% igconiglcuous b¥,the overlq&ﬁsd _
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invention, there is provided a liquid ejection unit
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sem conductor substrate; a nozzle |ayer through which
a nozzle located on the heating elenent is forned; a

barumiMRY @ayerruENt /RESEs bet ween the sem conduct or
substrate and the nozzle layer; a liquid chanber

formed_by a part of the barrier [ayer as well as _
for med'By2af pafF TIPSl 1%f dAF romsSong dagrnsiner sbeas is
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element disposed on a semiconductor substrate; a nozzle
layer through which a nozzle:located on the heating element
is formed; a barrier layer interposed between the
semiconductor substrate and the nozzle layer; a liquid
chamber formed by a part of the barrier layer as well as
formed by a pair of walls coﬁfronting each other so as to
hold the heating element therebetween; 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 ligquid chamber and the flow path width W of the
individual flow paths are set to satisfy the following
.relation,

U>w

wherein: a plurality of the heating elements are arranged on



i ndi vidual flow paths fornmed by extending the pair of
walls of the |Iiquid chanber and di sposed on both the
sides of the liquid chanmber so as to communicate with
the liquid chanber, wherein a liquid is supplied to
the liquid chanber fromat |east one of the pair of
i ndi vidual flow paths, and the distance U between the
pair of walls in the liquid chanber and the flow path
width Wof the individual f1d®2aths are set to
satisfy the followwing relation, U > Wwherein: a
plurality of the heating elenents are arranged on -
1@ae t&ei seAconduebetrstdSr 3he ditefeodl reet 1oguid he
liquid chanber and the pair of individual flow paths
arcéambepeeed the Padar pés podididnvelt Bleackatbs e disarbed
el.enents; and the air.of .indiyidual flow paths ar
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other, wherein: a plurality of the liquid chanbers
aféodi Bpds edtandindidi pi dereitsigpsppgosite to the first

individual flow path across the liquid chamber, wherein the
second individual flow paths :of at least two adjacent liquid
chambers communicate with each other, wherein: a plurality
of the liquid chambers are disposed at a definite disposing
pitch P; and the centers of adjacent liquid 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 communicates the second individual
flow paths between the adjacent liquid chambers with each
other and is in contact with the wall farthest from the
liguid chambers, is shown by L, the liquid chambers are

formed to satisfy the following relation.

A second aspect of the invention, provides a liquid
-ejection head comprising: a plurality of heating elements
disposed on a semiconductor substrate along one direction;

a nozzle layer through which nozzles located on the



pitch P; and the centers of adjacent |iquid chanbers
are displaced at an interval X (X is a real nunber
larger than 0} in a direction perpendicular to the
di sposing pitch P; and when the di stance between the
line, which connects the centers of the liquid
chanbers di sposed on a side far from the comon fl ow
path in the liquid chanbers, and the Iine of the
portion, which comunicates t198 Second i ndi vi dua
fl ow paths between the adjacent liquid chanbers with
each other and is in contact mﬁth t he mall farthest
the Ji chanmber s hown by L, the liquid
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liquid ejection head conprising: a plurality of
heatitngiehenehts faligpbodd sopaat sef tlondutrer layer
substrate along one direction; a nozzle |ayer through

vﬁn@h 1RbsEPRSe d%%i%@frbﬁh@héeatieﬁ e RNty ol aifddt 85
%treﬁﬁgﬁgt%? rfe%rtlo%y 81:]? glré)u%serd ob%‘ijmggrecglon

sSem con St Fate a nozzi e 1 ayer

pant ivhien wed Irseafwﬂae@l@ﬁne@teaake of rtdeydardier | ayer
and interposed between the heating elenents as well as

eyesndihgng re al divisttticord Lper pendhe uheat trgy tdlements side
direction in which the heating el enments are arranged

afdopebotht g & ddqwherkerfl bove tdi ddhe ibaabkhgendicular
elements side fromboth the sides thereof of a
ditpe&he ofl protg@ndiiauivhicht the Heatiingc el emenhs i h t he
h%%%ingeglenﬁgh% %%e51de 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 disposed in the direction in which the
heating elements are arranged, wherein when the interwval
between the partition walls and the rear wall is shown by
¥, 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 2 x; and a liquid ejection unit comprises
the N pieces of heating elements, 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
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.



arranged; a pair of side walls forned of a part of the
barrier |layer and disposed to N{Nis an integer of at
| east 2) pieces of heating elenments and (N-1) pieces
of partition walls externally thereof in parall el
with the partition walls; and a rear wall fornmed of a
part of the barrier |ayer and di sposed in the
direction in which the heating elenments are arranged,
wherei n when the interval ~ B8fween the partition walls
and the rear wall is showm 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 5y
>- X; andhardi gepdce] @Ettlon imidntC@mr ipges idele aNliquid
pi eces of heating elenents, the (N-1) pieces of
pasitction skl c%maaﬁ,éu% téﬂ%ﬁkgﬁlwléﬁhe%@nghe

rear wall, a common flow path is disposed to t
hedbmagtsedtsnuﬂeﬁ on a sinfiecopiposbt estiost et g edonyabhe
and a quid is supplied to the heating el ements side

ofdltrﬁéth’PqLﬁ‘ FFZEE iL8iel nﬁ’-lﬁrq%mwbﬁéhcaﬁﬁﬁﬁ# I lswasaeh
S! gl tﬂ@d %ééﬁg a%lse'm%%tgpgg nﬁeh ét he common {1ow path

a
aspec i°nvention,  provi des

a J.|nft§;@pgse&l}:%ﬁ_ide@ﬁ dgyi §@u¢c®ﬂ@ﬁb§bﬁ 05 i il oAb £
heating elenents di sposed on a sem conduct or

stogetat baygongaohétich nredtlisofiprmedarz kephay esf thiheough
m%;ch nozzles located on the heating el enents are

PREUST oL aystr PBY 1RRPOSPAL B pEsad thet iedhinchelements

sem conduct or substrate and the
as well as extending in a direction perpendicular to the

direction in which the heating elements are arranged and
permitting a liquid 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 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

c‘partition walls and fhe 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 < % and a liquid ejection unit comprises the N
pieces of heating elements, the (N-1) pieces of partition
walls., a pair of the side walls, and the rear wall, a

common flow path is disposed te the heating elements on a



nozzle |l ayer; partition walls forned of a part of the
barrier layer and interposed between the heating
elenents as well as extending in a direction

perpendi cular to the direction in which the heating

el ements are arranged and permtting a liquid to flow
to the heating elenents side fromboth the sides
thereof of a direction perpendicular to the direction
in which the heating el enents %@%'arranged; a pair of
side walls fornmed of a part of the barrier |ayer and

di sposed to N (N is an integer of at |east 2) pieces

of heating elenments and (N-1) pieces of partition
walilce oppbetnal ty thereafr walparahded Wdahid He supplied
partition walls; and a rear wall forned of a part of

t H® B&er heprtiagerlamrntdisdgesed thet hegdld extdsrrionnunit

ich e heating.glenents .are_arranged, wherein when
C el B8, CPRRRDEEHP TR 5RE e R ERAR |4 S PRBoPLLP
wald the sbaMbn by BRe thg.. 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
el ements, the (N-1) pieces of partition walls., a

pair of the side walls, and the rear wall, a conmmon
flow path is disposed to the heating el enents on a |0d
side opposite to the rear wall, and a liquid is

supplied to the heating elenents side of the liquid
ejection unit fromthe comon flow path side and from
‘a side opposite



to the comon flow path side. - 11 In enbodi nents of
the invention, the liquid ejection head nay be
provided with two individual flow paths connecting to
the liquid chanber. Further, the width of the liquid
chanber may be forned larger than the flow path wdth
of the individual flow paths. Accordingly, even if
bubbl es are generated in one of the individual flow
paths and a liquid cannot -beisupplied to the liquid
chanber therefrom the liquid can be supplied thereto
fromthe other individual flow path. Further, even if

the twon &nshyindaak &Oﬂvléas;td%%n%&@ngr@wé dﬁd;mer @?é&'ﬁﬁm
necessary to eject the liquid can be maintai ned by
maleiadgmahebd [mwvpatl winldtdwoofinbheidusl vildualpathew
pat hs narrower than the width of the liquid chanber.
NGeENERRE NG| thddigh 1 flel ghamberay eFusihe - hEhparidir of

I erjare. arran ed as ate nbers barrj er
PR ARG S ERERE % TP H R TRRE et the T el e
b%ﬂd@h”@g tﬂ@tl%&%thxaw flrbv\?%%%hgt heﬁccﬁ%l’ﬂ:l even if
DESCRI PTI ON OF THE I'g. 1 i's an out’stde

peubpeeti aee \geemshew Ny ¢nd igfe thbeatdBfidAl flow paths
enbodi nent; Figs. 2A and 2B are plan views show ng one
héad ach%%ﬁ%dzﬂ@@ﬂOFlbe Sippsl igdpltanthe e stiowichgmbée

t%gregrom, the liquid can be supplied thereto from the
other individual flow path. 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 embodiments, they may be formed

integrally with each other.

BRIEF DESCRIPTION CF 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 1s a plan view showing 4the shape of a
barrier layer of a head chip of the embodiment;

Fig. 4 is a plan view showing the relation between the
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barrier |layer of a head chip of the enbodinent; Fig. 4
is a plan view showing the relation between the - 12
width U of a liquid chanber and the flow path width W
of first and second individual flow paths; Fig. 5 is
a plan view showi ng the relation anong the wdth U of
the liquid chanber, the flow path width WL of the
first individual flow paths and the flow path wi dth W
of the second individual flow paths; Fig. 6 is a plan
view showi ng the rel ation pgtween the flow path

| ength of the second individual flow paths and the

di sposing pitch P of the liquid chanbers; Fig. 7 is a

widb@h M A0 ACA NG AUty hBEh Barh'wlSin ® ae,,

di sposed | conmon ow pat g.

£1 SHOWMY sebahaheall #osel Erenhs dathski 9. 7 are di sposed
zigzag; Fig. 9 is a plan view show ng anot her

enmradi.menisod phen Fidw ehowling. tA 1818t MEWmong the
expl aining the relation anong the opening region of a

widigy A ef tthe fiowi@athersesf,adder ddioanpeth whitlf iWistof the
i ndividual flow path, and the sectional region of the

Firgdi nddvigepheEhoY RAHIE |31k the fhevf PRERrYigy W2 Pf s

a plan vi,ew.shqQw anot her enbodi ment of the shape
th%ﬁé%ﬁﬁ§d¥éBg%ngﬁ%£8${RﬁuP?ﬁQﬁﬁ patk; Fig. 12Ais a Slan

vi %Wge.xel .% n‘J;l rkgle!'}pv%iieqp%%%w%&e%hgrf‘elation between the
flow path length of the second individual flow paths and the
disposing pitch P of the liguid 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. 128.15 a plan view expléining how impact waves are

transmitted in an conventional structure when a liguid is
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transmtted in the enbodi nrent when a liquid is
ejected; Fig. 12B is a plan view explaining how i npact
waves are transmitted in an conventional structure
when a liquid is 13 - ejected; Fig. 13Ais a plan view
showi ng how bubbl es are generated in the structure of
the enbodinent; Fig. 13B is a plan view show ng how
bubbl es are generated in a conventional structure.
Fig. 14Ais a view show ng that a reduction in inpact
waves is confirmed (as a_resgult of photographing) in
the structure of the enbodinent; Fig. 14B is a view
showi ng that a reduction in inmpact waves is confirned
ej%c%atseda_ result of photographing) in the conventional

ructure; Fig. 15 is a plan view showing a specific

Strygtuiea0fs 2 head s sih%wﬁfliggﬁmlgbgﬁ{hs'er 16

shows phot ogr aphs taken sequen ate

gertéyi daldbbhesnar st dhsehad aod sl Rerdqhgadihaving the
structure shown in Fig. 15; Figs. 17A and 17B are

vi &g .shdbi hy a plart wfewa stesKngvhew Bibiel 8 ofxat ype
head; Fig. 18 is a plan view show ng the shape of a

gensmatiesr in| ayepnvénbldad siiystagea second enbodi ment
of the present invention;

Fig 4A is a view showing that a reduction in impact
waves 1s confirmed (as a result of photographing) in the
structure of the embodiment;

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

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

Fig. 16 shows photographs taken 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
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Fig. 19 is a plan view showi ng the shape of a barrier
| ayer of a head chip as a third enbodi nent of the
present invention; Fig. 20 is a plan view show ng the
shape of a barrier 14 |ayer of a head chip as a
fourth enbodi mrent of the present invention; Fig. 21
is a plan view show ng an exanple of a head chip;
Fig. 22 is a plan view showi ng anot her exanple of the
head chi p; Fig. 23 is a plan view showi ng still

anot her exanple of the khead €hip;, Fig. 24 is a plan
vi ew showi ng a mask view of a head chip nmanufactured
actually; Fig. 25 is an outside perspective view

Lapdlow g, @ea@omgt agnﬁof&l% %fr@o%ﬁwe%@ peady %&se%fﬁc

Is a sectional view s W ng a ow path “structure
intdteciregd shown in Fig. 25. Fig. 27 is a photograph
showi ng the state of bubbles renmaining in a conmon
f | dWwopath. iFi g. pR8n i siew pliawdgraph shawbhg dhen Sicalde
of bubbles remaining in the inlet of an individual
ChJFFI’?OW path; and Fi g. 29 is a photograph showi ng the
te in_ whi ch gas cones into the |iquid chanbers
fr &gnogglég n view showing another example of the
head chip;
Fig. 23 is 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
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 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
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The i nventors
of this application have proposed a technol ogy for
reduci ng the influence of inpact waves of the

probl enms of uneven liquid ejection in Japanese Patent
- 15 Application No. 2003-348709 which is a prior
application that is not published and have proposed a
technology for mnimzing the. ratio of occurrence of
bubbl es i n Japanese Patent Application No.

2004- 014183 which is a priop application that is not
publ i shed. An object of the present invention is to
provide a flow path structure having al nbst no uneven

Apﬂgli’é’é@lcﬁi ocd | %ol@mwbg %9?1{ 61% ur &, 9f,f Lgmpﬁﬁ% fue

o dusts and the Iike to unliKe ccur

that N4z ngdrhe shetl Heacea-ef p:hiﬁmdees abyebHhb&Fy for
i mprovi ng the conventional technol ogies described
migboveion thee dedadios o6f othertectmna DgivedleA Lhr3dpanese
enbodi nent of the present invention wll be explained
Papen bR i atdoar BRee2 @4 thd Hihwiigh amdatheief ke. A

ui d ejection device of the present invention is an
ap?ié% ?ﬂ' leBPEhPFEI%FQﬁﬂ(Jr printer enploying a

t her ma| d_h f1 mpl f d !
D B3 RO LT AL RIS G B SRIPL Y LS SHd60 B FTou

nte

pafﬁ*ﬁkﬂéﬁﬁ%ﬂé @%V@ﬁ@daiﬁbstrhdIU%é%Q%Q@hGﬁQ& ef@&kléh'ﬁ?
an outsi de perspecCtive view show ng the I'ine head I0

malefnd he Rnnediemedt £1dhepdtne ARAGclQGuisssashanges 1ike to
unlikely occur as well as minimizing the influence of
bubbles by further improving the conventional technologies
described above on the basis of the technologies.

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

A liquid eijection device of the present invention is an
inkjet printer ({(which is é 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

(yellow), M (magenta), C (greenish-blue), and K (black).
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such that head chip 19 trains, each of which is
conposed of head chips 19 as long as the wdth of an
A4 size print sheet and arranged in |line, are

di sposed in four colums. Each row of the head chips
19 acts as a four-color head of Y (yellow), M
(magenta), C (greenish-blue), and K (black). 16 The
line head 10 is forned such that a plurality of the
head chips 19 are disposed in parallel with each other
zigzag and the | ower portiggs_of the head chips 19 are
bonded to a single nozzle sheet 17 (nozzle |layer). The
respective nozzles 18 formed on the nozzle sheet 17

di d hy iti ' . h
hetiend 78! Breat 30 17 (RSTISS GUSh: FBER 1 AUWPR IOt vaPt the
hemecﬁﬁfsd 1NiRS gjggﬁﬁgg&! {4 %%el%aﬁ:leﬁow&@ﬁt 1&g senher

axi al "1ines of eat i ng ements 12 are in
zi AP EULENR Wol/Brt hSretsi£lo Xl nebBesnhipf ideire
nozzl es 18). Note that each of the heating el enents
bor@ed st enpdsgdeohoazbe ngflactheal | (g zellenbaget n. t Mthe
enbodi ment, it is needless to say that the present
respRAHTTOMOZE 16t 18| fermed arhertet @ozThat shest ebkpre
. heating elenent 12 may be divided into a plurality of
d1spRITHRE LhenPRELIEIRRD T HRPONAiRgadiof Fadehem- i1 a

el eB’&og tleE(r{tc))eLef 8tras<§:lyﬂpeoé tli]a}nc%rt)heof %fszﬁe Srtl]eeec{e c;fﬁggstnqia

of ned i‘n ‘a sl ze cor respondi ng 't 6t Ae~. =~ horT

(s%é%if@B%ﬂﬁ%@dsEf@HEtléhé”Eéﬂ%%&P%EHQQth@He§R§§Q§ﬁ%¥§%ting

ose sizé is determned in CO|nC|dence Wit
eldmdrerall2 Wit hn( abotkt i dncdwithh AMheStéfter axial lines

of the nozzles 18). Note that each of the heating elements
12 is compesed 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 element 12 may be
divided into a plurality bf portions such as two portions.

A head frame 16 is a subport 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
loa 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 19 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 16a of the head frame 16 on the back surfaces of the

head chips 19, thereby ink having different colors is
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Each of the four rows of the head chip 19 trains is

di sposed in each of the acconmopbdati on spaces 1l6a of

the head frame 16. An ink tank, in which different

color ink is acconmodated, is attached to each of the

accomodation spaces 16a of the head frame 16 on the

back surfaces of the head chips 19, thereby ink

having different colors is - 17 supplied to the

respecti ve accommodati on spaces 16a, that is, to the

respective head chip 19 trgins. Figs. 2A and 2B are

pl an vi ews showi ng one head chip 19 train. In Figs.

2A and 2B, the head chips 19 are shown by being
suéﬁ?%gda%geghgnréggoégé%%%§¥%§?w5% %BSS 5&%43“%41 QQPE is,
to HrPeeedesuehe tRBLq the direali.gps of adj acent _head

chips 19 are inverted 180 each other. As shown in

Fi g3gs2A2Ansh@B B areompIRm kliewspahéwiddy ichef @ema@dchip 19

between "N 1"th and "N+1"th head chips 19 and "N'th
traimg " Ne2Fibsheddl anhidis Ihesderdathibe 1hlkernes shoppl bed

to all the head chips 19. Further, as shown in Figs.
being é?l’f&réBPP?ﬁeOIPe‘éfb%dt%Felesnéﬁzl es 18 are disposed at

t I I rt th f
ek e et R pa 3 ongre s HqHRe huggoge that
an{nae@,ggg aalg';gégéa bssic@bc%et I ef aéﬁgcti&sao%ﬂﬁ cent

mal n recordi ng medium i S noved trve

hea td?u'b%sﬁ!gcéré Outnlf@rﬁécpeléwa@al:g whhie. KeePidih@ in

Figs. 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 19 so that the ink is supplied to all the head chips
19. '

Further, as shown in Figs. 24 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 body, and a recording medium is moved

relatively with respect to the line head 10 while keeping a

predetermined interval between a surface {ink landing

surface) of the recording medium and the ink ejection
surface of the line 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



predeterm ned interval between a surface (ink |anding
surface) of the recording nmediumand the ink ejection
surface of the line head 10 (surface of the nozzle
sheet 17). Characters, inmages, and the like are
printed in color by disposing dots on the recording
medi um by ejecting ink from the respective nozzles 18
of the head chips 19 during the relative novenent
bet ween the recording nediumand the line - 18 - head
10. Next, the head chip 19, of_ the enbodinent will be
explained in nore detail. The head chip 19 is the sane
as the conventional head chip la in that the heating
he ﬂ%ﬁ' ment s 12 are di sposed on a sem conductor substrate
However, the shape of a barrier layer 13 di sposed

onyLe éﬁé“t?conven %“%%“cﬁ% rﬁ%}o %eqa'f(ﬁﬁ?”&e”om

t hat ™ of onal hea A reason why

exﬂﬂ%in%ﬁa@ﬁ ﬁgréh@étgﬁﬁwq ahe AKaH é§3§sl@|ﬂiﬁﬂﬁﬁ%ame as
resides in that liquid chanbers 13a and first and

thesecardnt hdhai dikedd fdioy dat Hs tBdt ame Hae iare cemprds
in a different shape. Fig. 3 is a plan view show ng

12 e dhgpesef ¢hea bzgmiiaanducgper suBs ofatdel theadlovhivpri9
of the enbodi ment. The heating elenents 12 are

thejiskigegealof PHeridfemasitddct 67 S8aBeE reft HY kewi se

sor 385,01 NEEORE L el Lsahnel pn A pRIE AL
coﬁﬁe%%ﬁghaithXdacﬁ§Btiéﬁ“ %fr%ggoga&ﬁ§e{héegﬁgbe of the
barrier layer 13 is different resides in that liquid
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
technology. A pair 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
iSb 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



13. That is, pairs of walls 13b are di sposed on both
the sides of the heating elenents 12 in the direction
in which they are disposed (lateral direction in Fig.
3), and the heating elenents 12 are di sposed between
the pairs of walls 13b as well as the |liquid chanbers
13a, the first individual flow path 13d, and the
second individual flow path 13e are fornmed by the
pairs of walls 13b. In the enbodi ment, each liquid
chanmber 13a contains the_199 regi on of the heating

el emrent 12 and has an octagonal pillar region having
a bottom conposed of an octagonal region fornmed by

hanf er i he f. f t I [
<o §PATLEE I WIS oP RS £t 5! O M0
re§E&t 10, Gl LRt 8n LhmbSslasH %%So.tcgagexﬁ%h% ide
octagonal “pillar region o? the |1 qui hanber 13a is

foffdd By Het 0 nhhahe deser | R8haOWE. aFUELBERguidie
i ndi vidual flow paths conmunicating with the liquid

reghambelrigtitdy doeef sined byrddre thanr $hef regioés dB8kthe I n
t he enmbodi nent, the individual flow paths extend in a

- hegiingtglomapdr gendi et &F nerdirssditiceseivohhih Weg ch t he

heati ng elenents 12 are di sposed (up/down direction in
octEenFy QildRr KEPéoRnaf e Yierrhd' ¢oafpes) L3aebhdot
1i3ubst tiéﬁggydevertgg | ;and includes non-perfectly

SCri ab?v . ) .
vertical near t0 Vertica ‘?apprOX|nater vertical),

in @ddinkhkonche PRYSICAld Y r1RGr baehbY c¥fhli £l e G Rn
is applied to the follow ng
the liquid chambers 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). WNote 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 technology (Fig. 25).

With the above arrangement, all the liquid chambers 13a

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



description |ikew se). The individual flow paths are
conposed 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 liquid chanbers 13a. The individual flow
pat hs 13d corresponds to the individual flow paths 3d
shown in the conventional technology (Fig. 25). Wth

t he above arrangenent, all the liquid chanbers 13a

are connected to the firsts4ndi vidual flow paths 13d
and the - 20 second individual flow paths 13e.
Further, all the first individual flow path 13d are
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fl ow paths 13d and 13e. As shown in Fig. 4, the
cohlstcandehbetiwbentihdie. pair of walls 13b dlsposed on
both the sides of the |iquid chanber 13a is defined
as FitHe &i 88 ha bpbin thiev ishaldnghthberelguiorabgtwehe the
flow path wwdth of first and second individual flow
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walls 13b disposed on both the 51des of the liquid 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. Note that the width of

the liguid 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 tﬁe 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 paths 13d and 13e are formed to
satisfy the following relation.
| o>w

They are formed as described above because of the



as shown in Fig. 4, the wdth of the |iquid chanmber
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 Win approximately the entire
regions thereof. In this case, in the enbodi nent, the
width Uof the liquid chanber 13a and the fl ow path
width Wof the first and second individual flow paths
13d and 13e are forned to satisfy the follow ng
“relation. U > WThey are_fgrned as descri bed above
because of the 21 - followi ng reason. Since the region
on the heating elenent 12 is a region in which a
foi)é%m&jlf% heated and boiled, the wall 13b of the
arrier g &f°13 must be formed not to interfere with
th%me%gltﬂg £é@lcsrhaé the RaLkian Lay ntlaqu%s aN@bgion
exist in at least the regi on on the eati ng el ement
in kdict W tihefiat b hoetd$ b Wiecagcersaralt o3 reCthe
the pressure generated when the liquid on the heating
bametigreitayel? 13smbst nbdofdedkd mott he dntectfeon voftht ée
nozzles 18. At the tine, since the first and second
reginit visgudhatt) she parhken Spvatd 1B3doapenorartid i in Bé
two directions in the structure of the enbodi nent,

legtle theedsgien endtipete®d i eleHesE 4¢t ectibrider, the
wal% (irS% %g"leyhecgsggrffzo@é ecﬁrpz_leaéte(%he pq_ﬂggg $fe tgheenevﬁaq:tela U
when the liquid on the heating elements 12 is film beiled in
the direction of the nozzles 18.

At the time, since the first and second individual flow

paths 13d and 13e are formed in the two directions in the

- structure of the embodiment, the pressure is dispersed in

these directions;

Accordingly, 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 drawback occurs. Therefore, in
the embodiment, the relation between the width U of the
liquid 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 £he flow path width

W2 of the second individual flow path 13e.
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of the liquid chanbers 13a and the flow path wdth W
to increase the pressure. Although the width U of the
liquid chanbers 13a cannot be reduced | ess than the
region of the heating element 12, the flow path w dth
Wcan be reduced w thin a range in which no drawback
occurs. Therefore, in the enbodinent, the relation
between the width U of the |I|iquid chanber 13a and the
flow path width Wis set to U> W Fig. 5is a plan
view showing the relation ayong the wdth U of the
liquid chanber 13a, the flow path wwdth WL of the
first individual flow path 13d, and the fl ow path
width W2 of the second |nd|V|duaI flowpath 13e.
%h@hgxﬁﬁﬁ%% R @94 rwiReR Wi = e = W £ h%

£ ;ffﬁév\'t% q:%lg%hg% St g%t shed. U > Win contrast,

© g atlono g\%%ﬁ eIso acceptable. In this
case, the width U of theg gy d chanber 13a, the flow
path width WL of the first individual flow path 13d,
andnt kenttast patie Wedidt iR of Wheziwmlind dualo Ekevppabhe.
13e preferably satisfies the following relation. U >
VW2 In Whifi gase, itha wildih Wi eW shewl hguichehaglbati dda,
between the flow path |ength of the individual flow

they fliy Pa&handdtheV d‘P%p‘%ﬁﬁ rig Tgitt RdPVefuahef Iqvgmagh 134,

an%F%%%%ﬁéwiggs thl ﬁﬁ%:nihviguafegf %@th 13e

preferably satisfies the follOW1ng relation.

U>WwW2 2wl

Fig. 6 is a 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 liguid 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 liquid chambers 13a are formed to
Satisfy the following relation.
L2 xP
Théy are formed as deséribed above because of the

following reason.



In Fig. 6, the distance between the Iine, which
connects the centers of the |iquid chanbers 13a in the
direction of the disposing pitch P, and the |line of
the portion, which communi cates the second individua
flow paths 13e between adjacent |iquid chanber 13a
with each other and is in contact with the wall
(barrier layer 13) located farthest fromthe |iquid
chanbers 13a, is shown by L. At the tinme, the liquid
chanbers 13a are forned to,;satisfy the follow ng
relation. L < 2 x p They are forned as descri bed

above because of the followi ng reason. - 23 Wen
str ss (shear Z ress) is applied to the nozzle sheet
17 %%t RET8FT e %Wu%ﬁﬂﬁséhlﬁhépﬁbﬁﬁie’éo Tgqrezzie

shLL an0eq, dye 4o LAeT ORIy It(';gLSct e”&&?g@%@ﬂ&

I NCr eases, force I's app ef orm arrier
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bonded to the barrier layer 13 in a large area, the

folyas riserappayes 13 defonh wldsirridef onged. 1Yhend hais
sl ender individual flow paths (first and second
cagqdivieguahef howzpat disedBdland bdajedr eoptilkedrigs i n
the enmbodi ment, the walls 13b are liable to be
1ayRs drired Pnlarhe pEeRi cbhe Bperies (lekps 13 becmis@lmpst

THE, LSO B ot DSt L Bl Rt o bt
Seé%pd individual flow paths 13d and 13e) are provided as in
the embodiment, the walls 13b are liable to be 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 3d).

That is, although the walls 13b are resistive against
shear stress in the direction along the flow path direction
of the individualrflow paths (direction perpendicular to the
direction in which the liquid chambers 13a are arranged), it
is less resistive against shear stress in the directioﬁ

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



That is, although the walls 13b are resistive agai nst
shear stress in the direction along the flow path
direction of the individual flow paths (direction
perpendi cular to the direction in which the liquid
chanbers 13a are arranged), it 1is less resistive
agai nst shear stress in the direction perpendicul ar
to the flow path direction of the individual flow
paths (direction in which the liquid chanber 13a are
di sposed). Wth the above gjrangenent, the nozzles 18
of the nozzle sheet 17 are |iable to be relatively
di splaced fromthe heating elenments 12. . In this
case, the Jength L in Fig. 6 nust be set within a
LeEiS™hit @%rfge to minimi ze the above deformation.
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above relation ween ere
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disbeqios) ng toihf @) Phet hegqhiduitthnthanbes 138 As€ ditiposed
di sposed in a line (on a straight line) and the

incentisrs (@ adjpdcenght|line)d aokvhrtiber cé8aefandf adimcent

cadj acent heating elements 12 or adjacent nozzles 18)

ligtled fihapibeced 3at (anprabee axdianstti heatiay odgwents 42 or
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apanese Patent plication . - 383 .
perpendicular to the disposing pitch P. This technology has
been proposed by the applicant (Japanese Patent Application
No. 2003-383232).

With the above arrangement, since the distance between
the centers of adjacent nozzles 18 is set tc a value larger
than the disposing pitch P of the liquid chambers 13a, the
amount of deformation of the 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 liguid
droplets can be stabilized.

In this case, when the distance between the line, which
connects the centers of the liquid chambers 13a disposed on
a side far from the common flow path 23 in the plurality of
ligquid 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
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Wth the above arrangenent, since the distance between
the centers of adjacent nozzles 18 is set to a val ue

| arger than the disposing pitch P of the |iquid
chanbers 13a, the anount of deformation of the
nozzl es 18 and the peripheral regions thereof due to
the pressure fluctuation resulting fromejection of
liquid droplets is reduced, thereby the anount

ej ection and the ejecting direction of liquid

droplets can be stabilizedysgln this case, when the

di stance between the |line, which connects the centers
of the Iiquid chanbers 13a di sposed on a side far

ro h ommon _fl.ow path, 23. in.th lugality of
pathE I iF GEBars 24485t E et FLid (istbaf 52| phih Cacn
i:ng ;th f ot L L QU ers
A B R S i G Ll
lotfee s efitthdstdirvbAlUthe f 1 QWG 2P RS s138abet yedibwn by 1.,
adj acent liquid chanber 13a with each other and is in
theoht@ctd witambielte WAkl atdafsrmesd [tayentisfy tlocadlagie
farthest fromthe liquid chanbers 13a, is shown by L,
reigeion qui & éhsnBers 13a are fornmed to satisfy the
above relation (L :5 2 x P). Next, the structure on
t hé'edmhef FERPPREFE 2 Siltfe CORMPR BEC®:RA Y el Sideg.
Wigﬁ nd éiuigﬂdg% show nothing in the cormon flow path
CHOVEVEY M aS shown in Fig. 7 and the like, it is
Pr &gy ahl ankoc i SPPSE éhdi Iddthiad 2RAehbeddded 1M Lhe

conmon

path 23. Hdwever, as shown in Fig. 7 and the like, it is

preferable to dispecse a filter 24 and the like in the common
flow path 23. Note that the filtér 24 is formed by the
barrier layer 13 (this is alsc 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 pillars 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
approxiﬁately the same length as the length between the
outside wall surfaces of a pair of walls 13b (flow path
width W + thickness of walls 13b x 2).

Incidentally, when the heating elements 12 are disposed
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flow path 23. Note that the filter 24 is fornmed by the
barrier layer 13 (this is also simlar in a filter 25
described later). Fig. 7 is a plan view showi ng the
State in which the filter 24 is disposed in the
common flow path 23. The filter 24 is conposed of
pillars 24a disposed in the j direction in which the
liquid chanbers 13a are di sposed. Each of the pillars
24a is fornmed of an approximately rectangul ar support
pillar in an exanple shown,in Fig. 7. Further, in the
exanple of Fig. 7, the lateral width (length in a
| engt hwi se direction) of the pillar 24a is forned to
. approximately the, sane | ength. _as the | ength between
ZAQHE A5,CEPHR HBITISurd acds GPLACRNT BFEeEl] campe
gﬁpath width W+ thickness of walls 13b x 2).
e

|
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© #%ﬁﬁ% ntally, when the heating elenments 12 are
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effects can be obtained. Wen the heating el’enents 12
shaure idi gpased, ztigzag ASe sdimg B1EnGntS, 11 heta ajce the

heating el enents 12 near to the filter 24 and heating
fidgleanert enti2héarindhesbfmeorhs e fthar théeafiog elTheeibs

12 can _increase pressure in ejection because they are
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-tiﬁgtélp%qgish a refill operation because a supply distance

is increased in the refill operation. In 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 ffom
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 2z WE

Further, the height of the interval Wf between the

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



the heating elenents 12 near to the filter 24 have a
high refill speed, it cannot increase ejection
pressure. To cope wth the above problem when the
filter 24 as showmn in Fig. 8 is disposed, the

ej ection pressure is increased because the pillars
24a of the filter 24 have the sane effect as the
wal | . Further, since the pillars 24a of the filter 24
act to delay the refill operation, the difference of
‘ejecting operations can_bgyreduced between the
heating elenments 12 near to the filter 24 and the
heat i ng elenents 12 far from the filter 24.
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from the common flow path 23 to the liquid chambers 13a
- through the filter 24, the second individual flow paths 13e
are filled with the ligquid 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 sedond
indivi&ual flow paths 13e are not the same as the flow path
width {and the height).of the first individual flow paths
i3d.

Fig. 9 i1s 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 aloﬁg the direction in which the ligquid chambers

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



fromthe common flow path 23 to the |iquid chanbers
13a through the filter 24, the second individual flow
paths 13e are filled with the |iquid having passed
through at least the filter 24. Accordingly, when the
flow path width (and the height) of the second
i ndi vidual flow paths 13e are |arger than the fl ow
path width W(and the height) of the first individua
fl ow paths 13d, the second individual flow paths 13e
are not clogged with dustsy@nd the like even if the
flow path width (and the height) of the second
i ndi vidual flow paths | 3e are not the sane as the flow
. pat h i_dt.h nd_the height),.of the first indiyvidual
piP¥ah e 1A sHAE 25 T RiFeok iOpeht o i 408: her
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the direction in which the liquid chanbers 13a are
25aisgposedatEdr bhethet deniirs gdsieng (filbehpath tdenter28ines)
pillars 25a is the same as the disposing pitch P of
of tthe fijrgdi dndhdhBerl 18koy tHetdsi d3dhe Boahe thutt Hde lines
heati ng el enents _12 and the nozzles 18). Further, the
Are St $h6r CERESHi 11283 oD gdeysecrpdat B viftsHe Tt er
ﬂgﬂ¥§4f|OMIpath center lines) of the first
indi'vidual flow paths 13d. Note that the lines are
S;tﬁﬁgﬁ;fllggegé eindde% &figlhe, seroRd. i adiMddyal, bhoWeen
the end of the first individual flow path 13d on the column

pa

25a side and the end of the column 25a on the first
individual flow path 13d side is shown by Wb, the distance
Wh and the flow path width W of the first individual flow
path 13d are formed to satisfy the following relaticn.
Wo =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
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Further, as shown in Fig. 9, when the distance between
the end of the first individual flow path 13d on the
colum 25a side and the end of the colum 25a on the
first individual flow path 13d side is shown by W,
the distance Wy and the flow path width Wof the
first individual flow path 13d are forned to satisfy
the following relation. Wb ? WIt is confirned by
experinment that interference of-the inpact waves is
eased when the liquid is_epgcted by formed the

di stance W and the flow path wdth Was descri bed
above. Note that the shape of the pillars 25a is not

imted to the approxinately square_shape, and may be
RE Rt T eRape B6=E Her i
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elliptic shape, and the like. Further, even if the
difweedimg ttleeprntlard 22 ba eadi Sposedn #Figzag.as shown in
Fig. 8 the difference of ejecting 29 operations
betwbesrqurstheat ting = lertdmins ah2ngedhet opemeregdion aifs the
25a and the heating elenents 12 far therefromcan be
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be explained. Note that the cross sectional region of the
interval between the pillars 24a is applicable not only to
the filter 24 but alsc 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 ccmpared with the flow path
surface region of the first individual flow path 13d, the
cross sectional region of the interval between the pillars
24a 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
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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 al so
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 conpared with the
flow path surface region @f the first individual flow
path 13d, the cross sectional region of the interval
between the pillars 1 | 24a is fornmed in a size

tajned in the fl th rface region of the
pattt LSl PRt atnt et DRt bRy he, PhPern il ‘e
[ t . ' i vi dual fIl ow
detlitlh AL RUELasenL CLOMAL Al Bhel O LR 1t

coledd @tell, abhend | oyepald sda6e 881 Rz Pfed hes first
individual flow path 13d is forned in a size
varnisishegeisnstite opesmt nefl 1 iragicorhabet hehtaz 2de al®roken
~Fig. 10 is a view explaining the above concept. Note
Llindain Figeadbn, wayla ber mblzztexte®@dedhellipsic isidipg dua
flow 30 path 13d, and the interval between the

(rypning $rogk ghare detheidd by a Kotrégebnsiresintideign 10) .

t there are ont enpl at ed,. as .t he eni shape of
ang 1\Bedgdres oS00 PSS dh e idagne AR an BT D
soPLARAASHANG; BY PoPf OER cddille dd EbfledPlacdl various

[aterall y-extended elliptic shape

shapes in addition to a 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 the interval between the.first individual flow path
13d and the pillar Z24a can be formed in a rectangular shape.

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
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(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'ndividual flow path 13d. The openi ng shape of the
nozzle 18 can be selected §fom a circular shape, an
elliptic shape, and a laterally- linearly- extending
elliptic shape, and the cross sectional shape of the

i | _bet the first indiyidual fl th,_ 13d
and 7t KBLBi FRAT DACT AT b rgRiEl {1 1eEEhal 5re
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patheVI R @sakhaigedy 1.5 SAPWhD¥UiRsoaRd 1 h€e Rt of the
di aneter of the ejection surface of the nozzles 18 in

re@tahigudeatri enoper peaticnl af e ihlteropesi bgtwbairaiher Dx
(direction perpendicular to the direction in which
colymnn@Azies shgwar ey ak? arged ncze Llshohh, biyhe BN rsthe
. following relation is satisfied. Dx >_ 31 In this
ln%‘élé%u%%ﬁowr@aahagbw nchéheeRgthasf e are formed to
rect angul ar .l ow pat h. surface of the first individua
Sak oW %%gtﬁgligglP ERoWiBY L1 and the diagonal |ine
| ength of the rectangyl ar; £ross, section of the
i nterval s between the

When the first 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
pillars 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 fiow 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



colums 24 is shown by L2, the nozzles 18, the first

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

Further, the dusts and the like having passed through
fjrst individual rom;gths 13d.can reach. the insides
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di scharged to the outside together with the liquid
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enbodi nent and shows the shape of the second
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Seco enmbodi will be briefly described here
CO@H%Q&EL?W Pﬁghgsgiplained in detail later. As shown in

Flag c8nBRdsthe ik, 1, RELTLLSE s eMhodl ety 3l LB
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 shbwn in Fig. 11,
it is formed to satisfy the various relations described
above.

For example, the relation between the line, which
connects the cénters of the liguid 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
13a with each other and is in contact with the wall (barrier

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



second i ndividual flow paths 13e comunicate with each
other on the barrier layer 13 side thereof (on the
side where the second individual flow paths 13e are
. located farthest from comon flow path 23). In
contrast, in Fig. 11, the walls 13b are fornmed such
that two adjacent second individual flow paths 13e
conmuni cate with each other. Note that three or nore
~adj acent second i ndividual flow paths 13e nay
communi cate wth each othet, in addition to the two
adj acent second individual flow paths 13e. This is
because when at |east two second individual flow
pat hs 13e conmunicate wth each other, the liquid
the | Gy Sriom BARECHTF themat theadinéy. thoefrtoving
re égfg§ E eh? grﬁggg%gkégséﬁﬁgglﬁeﬁtE!g' 11, 'F IS
orme 0 safrsfy the various relations described
above. For exanple, theg, relatign between the |ine,
whi ch connects the centers of the |iquid chanbers 13a
I N Thiae twi EeedbhdNiRfitikRiadl $pe& PRI 13 Ryolcoth@nicate
liquid chanber 13a, the Iine of the portion, which
witdomanh oahes fhe Secondhmplrdi eindagbrbkimapaltihschdaeve
. between adjacent |iquid chanber 13a with each other
shaprl angd jthecdhkaect 1w additheonwdld thisapppepxinagadyy P3phape
| qcat ed farthe i fromthe liquid chanbers 13a, and 1
as sgio%emd?éﬁos? g pitch Pis set to satisfy the

fo%%%%%gg, although not shown in Fig. 11, even if the
above structure is employed, the filter -is disposed in the
common flow path 23 likewise the above embodiment.

Subsequently, how ejection impact pressure is reduced

in the structure of the embodiment will be explained. Figs.

123 and 12B are plan views explaining how impact waves are
transmitted when the liquid is ejected. To make the
difference between the conventional technolegy 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



relation |ikew se the above enbodinent. L <- 2 x P The
two second individual flow path 13e may conmmuni cate
with each other in, for exanple, an approxinately
concave shape and the like, in addition to the
approxi mately U shape as shown in Fig. 11. Further,
al t hough not shown in Fig. 11, even if the above
structure is enployed, the filter is disposed in the
common flow path 23 |Iikew se the above enbodi nent.
Subsequently, how ejectionsjnpact pressure is reduced
in the structure of the enbodinent will be expl ai ned.
Figs. 12A and 12B are plan views expl ai ni ng how
[ C ves are . transmtted when_the liquid is
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structure of the enbodi ment. Both the structures are
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triangul ar-prismshaped pillars (showmm by FP1 to FP5

the riteetiiioguis) whieh dilsposieni(d he shaped ofutt Haronpithlear s
are not limted to the triangular-prismshape and nay
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thélf§%d¥glgia%ﬂers 13a to receive large impacts in the
individual flow paths 3d and the first individual 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 ligquid 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 ligquid chamber 3a-2, first, the liquid is
expanded due to bubbles generated to eject the liquid and
the liquid is pushed out by a large amount of positive
pressure generated subsequently. However, hegative 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 liquid



3d-and the first individual flow path 13d. A reason
why the colums are di sposed as descri bed above
resides in that when inpact waves of positive pressure
are generated at the beginning of ejection of the
liquid (in the direction in which the liquid is
pushed out fromthe nozzles 18), an overal
interference can be reduced by causing only the
portions near to the liquid chanbers 3a or the liquid
chanbers 13a to receive Lagge inpacts in the

i ndi vidual flow paths 3d and the first individual flow
paths 13d and in the conmon flow path 23 connecting

thereto .and b mnimzing the i.npacts spreading tq
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When thé impact waves are transmitted to any liquid
chamber 3a, the meniscuses of respective nozzles 18 are
fluctuated. It is contemplated that when the liquid is
ejected from the liguid chamber 3a at the time vibrations
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 liguid chamber 13a-2, since
impact waves spread in both the right and left directions,
thét is, spread to béth the first individual flow paths 13d
and the second individual flow paths 13e, energy is divided
to one-half and spreads in the respective directions. More
specifically, in the conventional structure, since only the
indiyidual flow path 3d side is opened, 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



35 corresponding to the amount of liquid [ost in
(ejected from one individual flow path 3d is sucked.
However, the liquid cannot nove instantly because it
is arranged continuously, and nass, viscosity

resi stance, and the like act on the |iquid.
Accordingly, first, inpact waves spread. Although the
i npact waves danp as they spread farther, they are
also transmtted to the outside of the filter 26 and
to liquid chanbers 3a-1 ang.3a-3 on both the sides of
the liquid chanber 3a-2 through the liquid. Wen the
i npact waves are transnmtted to any liquid chanber
3a, the neniscuses of respective nozzles 18 are
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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
conventicnal technology and the technology of the embodiment
more understandable also in Figs. 13A and 13B.

When the liguid is ejected many times per unit area and

further high density images and the like are continuously

recorded, the head is excessively heated and bubbles are



refl ected on the wall at once and conbined wth an
energy 36 conponent spreading outward fromthe
i ndividual flow paths 3d. In contrast, in the
structure of the enbodi ment, each one-half of the
energy is radiated in opposite directions. Further, in
t he enbodi nent, since suction force is generated in
both the first individual flow paths 13d and the
second individual flow paths 13e, the magnitude of the
suction force generated in 7h§ respective individua
flow paths is reduced to % 2. Accordingly, the
i nfluence of the inpact waves can be reduced
one-half. In the enbodinent, the filter 26 is dlsposed
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that the lquld supplied from a 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 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 follow 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 sucked 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
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further high density images and the |ike are
continuously recorded, the head is excessively heated
and bubbles are 37 Iliable to be generated in a
portion in contact with the |liquid. The thus
gener at ed bubbl es are conbined with each other and
grown to relatively | arge bubbles. Under the above
ci rcunst ances, the bubbles nay approach the filter 26
si de and adhered thereto (Fig. 13). Wen the grown
bubbl es approach the filter 26, if the liquid is not
ejected frequently in the vicinity of the filter 26
and the anmount of novenent of the liquid is such that
the liquid supplied froma portion slightly apart from
de3qigligd pbpveears aufd iteiieradry afsébef bimeefilling, the

bubbl es_ ar ly in contact with the vicj,nit f the
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Figs. 13A and 13B show bubbles in the above state.
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blééﬁﬁﬁﬂedﬁﬂhi§kawél flow paths 3d, they separate the liquid
chambers 3a from the common flow path 23.

When the bubbles exist in the liquid chambers 3a, the
liquid cannot 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 remaininé liguid 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 ove;lapped writing, it is possible to recover

images and the like printed in failure so that they are made

" inconspicuous even if there exist about cne or two pieces of

ejection failed nozzles 18. In contrast, in a line head
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pat hs 13d, or the neniscuses of the nozzles 18 are
-broken, and gases (bubbles) are sucked fromthe
nozzles 18 as showmn in Fig. 22, It has been confirned
that the inpact waves - 38 described above act as a
trigger at the tine. When the bubbles are sucked into
the individual flow paths 3d in the conventiona
~structure (refer to Fig. 13B), if the bubbles have
such a small size that they do not block the flow
path surfaces (cross sectiggs) of the individual flow
paths 3d, they are discharged to the outside fromthe
nozzles 18 while the liquid is ejected repeatedl'y. In
contrast, |f t he bubbl es have such a Iarge Sj ze that
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because inside pressure is |ower than the atnospheric
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and thereafter the state in which a heating operation
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mu&RaP R sfible by lowering the heat release 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 also possible to lower an ejection 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 scolve the above
problem, the countermeasure is not suitable for a highlspeed
print and thus is not appropriate to the line head system
having a feature in the high speed print.

In contrast, Fig. 13A shows the state in which bubbles
are sucked into the first individual flow paths 13d in the
struéture of the embodiment. Since the nozzles 18 are

dominated by the ligquid in beth the first individual flow
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executing overlapped witing, it is possible to
recover images and the like printed in failure so
that they are made inconspicuous even if there exist
about one or two pieces of ejection failed nozzles
18. In contrast, in a line head - 39 system even if
one piece of failed nozzle 18 exists, the failed
nozzle 18 is reflected on image quality as it is
because the overlapped witing cannot be executed.
Accordingly, in the liquid Sjection devi ce enpl oyi ng
the thermal system counterneasures must be taken to
prevent occurrence of the above problem In the
conventional structure, as one of

ob
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disageheesad. Further, it is also possible to |ower an
ej ection cycle to prevent the inside pressure from
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with the bubbles, the bubbles are sucked and reach the
liquid 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 continuously acts as a pump during the
ejection, and the liquid is replenished from the second
individual flow path 13e side (that is, the liquid 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 is

continuously supplied to the liquid chambers 13a as long as

the other individual flow paths (the second individual flow

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



¢ -
L ;
R

having a feature in the 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 enbodi ment. Since the nozzles 18 are
dom nated by the liquid in both the first individua
flow 40 paths 13d and the second i ndividual flow
pat hs 13e, even if bubbles intend to enter a liquid
chanber 13a-2 fromthe first individual flow path 13d
side, an equilibriumis kept _in this state unless the
liquid is ejected or the bubbles disappear. Wen the

liquid is continuously ejected in this state, inpact
waves are applied to both the first individual fl.ow
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bubbl es are discharged to the outside. Al though the
withubil dsi ariel deschar geeably tissluceidecthencleX et RS ibiddty
or several tinmes in this case, the Liquid chanber
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not be taken, and thus the ejection c¢ycle need not be
lowered.

Note that since the ligquid, which fills the second
individual flow path 13e, 1s the liquid having passéd
through the filter 26, the second individual flow paths 13e
are not almost clogged with dusts and the like. Further,
éince 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 movemént of the liquid. It is contemplated from
what is described above that it never occurs that the liquid
cannot be replenished from the second individual flow paths
13e into the liquid chambers 13a.

Subsequently, examples of the present invention will be
explained.

{(Example 1)

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



Accordingly, in the structure of the enbodi nent, even
if one individual flow paths (the first individua
flow path 13d in this exanple) are clogged with
bubbl es, the liquid is continuously supplied to the
l'iquid chanbers 13a as |ong as the other individua
flow paths (the second individual flow paths 13e in
this exanple) are filled with the Iiquid, 41 thereby
t he bubbles are discharged to the outside, and a
normal state can be recovered. Accordingly, a
self-cleaning effect to bubbles can be provided and a
possibility that an heating operation is executed by
the heating elements 12 wthout |iquid can qﬁ %reatly
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second i ndividual flow paths 13e are not al nost

intdwopded amet Beduse sé ahdithhe ilsi BeedFpiBer ,ab®ithdé PRe™
second i ndividual flow path 13e side has no portion

16 Mtling as a resistance such as the filter 26 when the

RS S A R Ty
regfﬁnms used so that an internal behavior can be observed.
The result of experiment 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 example, nozzles 18
are arranged zigzag as described above.

In Figs. 14A and 14B, the nozzles 18 seem black just
after they eject the ligquid because a liquid surface is
intensely fluctuated by the influence of impact waves.

Although the longitudinal lines of the heating elements 12

disposed below are not almost observed in the conventional

‘structure (the heating elements 12 are vertically separated

to one-half), they are relatively ocbserved 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 examplé geem less black.



what is described above that it never occurs that the
liquid cannot be replenished fromthe second
i ndividual flow paths 13e into the liquid chanbers
13a. Subsequently, exanples of the present invention
wi-ll be explained. (Exanple 1) Figs. 14A and 14B are
views showing a result that a 42 reduction in inpact
waves is confirned (as a result of photographing) in
t he conventional structure and in the structure of
t he enbodi nent. In an exa e_ 1, a sem conductor
substrate 11, on which 320 heating elenents 12 are
disposed at 600 DPlI (nozzle intervals are set to 4.2
is used (size: about 16 mmx 16 mm A nozzle
(E%ﬁ%&ﬁ f, conposed of a transparent acrylic re3|n is
us%q SO, hat an J nternal haV|or can b erve

The "résu of é%perlne Sown i f eCl§ﬁ4R & fﬁ@ ot

a KJ Q?s%‘?ﬁ% bR Lheyiew Sh%@ dHdull 9n #2g. 115t Rfe head
conventional structure of Fig. 14B, nozzies 18

uséd riange kixappity2 14 gonRtiast with bheigxadihrage
nozzles 18 are arranged zi gzag as descri bed above. In

refigs.281havand piBlathe $wzizltesrpb8edebatéarkijaistutlets

after they eject the liquid because a liquid surface
of jthe gqapnendefyvidyel ubted dathshd 3enthde wifll madhe
wayves.

barrier layer 13. A filter 25 disposed in a common f£low
path 23 is the same as the filter 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 photegraphing. Fig. 16 shows the behavior
of bubbles discharged in the sequence of "1', "2" .. "9",

In "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
neozzle 18.

{Example 3)

Figs; 178 and 17B are views showing a part of a mask
view of a prototype head (nozzle pitch: 42.3 pm, resolution:
€600 DPI). 1In Figs. 17A and i7B, an upper side is a common
flow path 23 side.

Fig. 17A shows an example corresponding to the
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Al t hough the longitudinal |ines of the heating
el ements 12 di sposed bel ow are not al nost observed in
the conventional structure (the heating elenents 12
are vertically separated to one-half), they are
relatively observed in the structure of the exanple.
Further, it can be found that although adjacent
nozzl es 18 al so seem bl ack by the influence of the
i mpact waves in the conventional structure, adjacent
nozzles 18 in the structufg of the exanple seemless
bl ack. 43 - (Exanple 2) Fig. 15 is a plan view show ng
a specific structure of a head used in an exanple 2.
As shown ipn Fig, 15, the head wused.in the exanple 2
AT GG BAIP LI & 19 Ui ST 660N oG 25 Navi ng

geddhars 1 inte ed bet,uee h | et s . .0f qthe
eseé&% i% ?5ig%a?ggﬁg%'p§%%§ ?g% gﬁgH%Hggﬁ% %&3f t he
comsrgo%ihgy% 18e Arfdddfentd s%%ao%ﬁdm%. & conmmon
flow path 23 is the sane as the filter 25 shown in
Fi gha®. iF} gIn 1figd.s @Ay ewjshkent ngedavd hithliasivateflow
di scharged using a head having the structure shown in
patfigy. 1385 capmanicasel| witgeqait iodhephot Bgr elpd ndgligki §.7B16
shows the behavior of bubbles discharged in the
allsddifersésopf indiviguwal flow gethpnlig:cemynigpategwith
ea%#ﬂg@ es were injected fromthe nozzles, and the space
et WeER “t he liquid storage region 28 and the second
i nehi vi I - 3 e e —orisme
puBt oo Pt Rt 3% Bonp el drtrrd g e
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 cdonventional
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 developéd a

technology for deflecting ejection of liquid droplets




repeated using a third nozzle 18 fromthe |left side as
shown in "1", the bubbles were gradually di scharged
fromthe nozzle 18. (Exanple 3) Figs. 17A and 17B are
views showing a part of a mask view of a prototype
head (nozzle pitch: 42.3 pm resolution: 600 DPl). In
Figs. 17A and 17B, an upper side is a common flow
path 23 side. Fig: 17A shows an exanpl e correspondi ng
to the - 44 arrangenent shown in Fig. 11 (the second
enbodi nent  described latejcin detail), Fig. 17B shows
an exanple corresponding to the arrangenent shown in
Fig. 3. That is, In Fig. 17A, adjacent second

.individuyal flow paths 13e comunicate with each
digtired P@r?ﬁ@??eﬁ?ggnﬁﬁﬁﬂln%ﬂIPaFﬁétséEB%HC?F%ﬁWﬁdual

flow.paths 13 pcate w t.h ac her. Further
e L L e R A
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zi gzag. \Wen inmhges were actually printed wt
is heaslfisdhuwiske arpohBal WM HONHLNARG Wi EhetiNEVaKe COl or
and voi ded portions in nmonochrone), which were liable
disposppdar one fhquidnviemtbenandsigenetate whignles at
tenperature increased in continuous printing or when
dipferpntvdsmérgeuedectientrzgssure is lower than an

ordinary system in which bubbles are generated on only one
heatiné element.

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 possibility that the density of an printed image
is made uneven although the liquid is not ejected qnevenly.

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
continucusly executed without cleaning an ejecting surface
is longer 1n a line head than a serial head, and thus a
largér amount of print is executed in the line head.

Accordingly, the amount ¢f ligquid remaining in the
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| ow tenperature, were alnost elimnated in any of the
heads. Since a sem conductor 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 conventiona
structure, the effect of the flow path structure of
the present invention could be confirned. The second
enbodi nent descri bed above will be explained belowin
detail. The inventors of _tRlg present invention have
devel oped a technology for deflecting ejection of
liquid droplets 45 disclosed in Japanese Unexam ned
.Patent Application..Publication No.. 2004-001364. It .
VSR ThaE ANCePEOrioHS Lot Tee TS haPed By S Eashe gD
11 &08q d8fd RN G LheCti 9hreJNiS,. I S because since a
plurality of heating elenents are disposed in one
|l quiddrehashe; andrgenssadr hbhlgaeat ofi fhergdsent
timng, ejection pressure is lower than an ordinary
inggwtiem, rtheshivokvenbbkesity el geingrratved by pakyeonieng the
heating element. In contrast, it is found that an
redpeiereispded circthen speed adisowichets by ihereviewerthe
.invention is somewhat |ower than a conventional _
PLEs b R E58Ed (1 owered to about 7-8 nfsec from
oW el 'oggagmﬂsgdﬁa%g@)%f Vhen p:r%% Sheehi of SHS giidﬁ :afy

ower e eSscri apove, ere 1s a possi

1i&hed dhedensiykyi0t aRiPh I M ddPSe 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 the

heating elements are arranged and permitting a ligquid 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
énd (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. 1In the liquid
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i s made uneven although the liquid is not ejected
unevenly. Further, when the ejection speed is |owered,
the amount of the liquid remaining on a nozzl e sheet
is increased depending on the wetting state of the
peri pheries 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 w thout cleaning an
ejecting surface is longeg;in a line head than a
serial head, and thus a |Ilarger anmount of print is
executed in the |ine head. Accordingly, the anmount of

. li.ouid i ni in the 46 i,ciniti f the orifi
o AL IR Lot P S Aot roing ey Sl bt
an@fedfa 680 A8W. 1 ACEREE NG %, 1L RELS §59Q9v§f%dddé%%t

of the pr esent I nvention, the uneven densi ty Is

thd My ed1ny phaventi Agat heslr aduGhicaR B {hegd ection
speed of droplets by inproving the first enbodi nent.
intesedend emblodi rehisOf thwe frldsering peeaitooni s a
l'iquid ejection device which includes a plurality of
heating el enents di spdsé&dyos & seni conduct or
substrate al gng one  direction, a nozzle |layer through

FustHien ﬁoizilqé%d! BearbtPo i ithe NidaceAg ter effentaces of
red SRRl 2G| RUE) 0N el pERD U, o
pafialdd e WAkl 5ol 06 thflerf BAL Gh1LN1Ca PASHAG f1RYS!
path is disposed 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
fiow path side and from a side opposite to the common flow
path sidé.

In the second embodiment, a liquid ejection unit, which
includes N heating elements, (N—l)-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 cah be
supplied to the heating elements from both the sides.
However, the pressure on the heating elemenfs (in the liquid
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



I nterposed between the heating elenents as well as
extending in a direction perpendicular to the
direction in which the heating elenments are arranged
and permtting a liquid to flowto the heating
el ements side fromboth the sides thereof of a
direction perpendicular to the direction in which the
heati ng el enents are arranged, a pair of side walls
formed of a part of the barrier |ayer and disposed to
N (Nis an integer of at _|Iggst 2) pieces of heating
el ements and (N-1) pieces of partition walls
externally thereof in parallel with the partition

r wall formed a part of the

1ivalls aqg a rear . f of :

THRHF S 105 SR LLNa L BPL pBRR TR ¥ ud Odelli 6R in  which

apﬁfgbfgg%g#¥;%§r%g%gg§ are arranged. In the liquid - 47
ead,

ej ection when the interval between the partition
| waldshodR® bheokess Wldr ishSROWARY X, 1804 - the

§ interval between the side walls and the Tear wall is
| prenibderl s \separatel néwbyns S (adhickry 198ekSLy LK@ nozzle

follow ng condition. 0 <y < x Further, a liquid

shegfctTorirurihe ifnélodesytémbddlipicstss thkby heatbagformed
._elenents, the (N-1) pieces of partition walls, a pair
IRt HE BidEWEPFE, OBRRI t hitkeveare Widiel fiastosmipedinkaw -

. . ] i d.t he heat i t id
O oS U ERE P8l e Pt Fered: ani ShSuppl [ ec
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unit fromthe commbn Si’de and"from a side
foDPPOsid @idsertibeieAMBie fdOW portions as those of the

first embodiment are denoted by the same reference numerals,
and the explanation thereof is omitted.

Ac;ording 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 liquid remaining on the nozzle sheet
can be reduced. Furthermore, even if the technology.of the

imj deflecting ejection deécribed above is employed, an
éxcellent ejecting operation can be secured.

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

Since the arrangementrof a printer main body to which
the second embodiment is applied, the outside appearance of
a line head'lO, the arrangement of head chips 19 are the
same as those of the first embodiment, the explanation

thereof is omitted. The structure of the head chip 19,



path side. In the second enbodinment, a liquid ejection
unit, which includes N heating elenents, (N 1)
partition walls, right and left side walls, and a
rear wall, are provided, and the liquid can flow into
the heating elements fromboth the sides by the
partition walls and the like. Further, in the
structure of the second enbodi nent, the liquid can be
supplied to the heating elenments fromboth the sides.
However, the pressure on_the heating elenments (in the
liquid chanbers) is |iable to be dropped by the

provi sion of the punp-primng function. However,

Lpce_t l1quid ejection .unit has the ¢l osed ,
th#gug?ur %ﬁéﬂatgiﬁéﬁesﬁﬁP?? ?TEP§%W§£§ur§IlarBE g¥gplained

be@biymM nated and pressure necessary to eject the - 48
liquid can be maintai ned when the value of Nis

~appriaphsadekyipel ecbedendl dhauah Andazakee | &Y el AN
barrier |layer are provided as separate nenbers

suthathdterhdadhiog €3emndtnozz| gre shiegioskd) ohnat he
foll ow ng enbodi ment, they may be forned integrally

SeiF PR BHTIP o SHBE thpkewl Selt kewisq stheefiodtnenbodiment
Qherwise, the barrier |ayer may be fornmed on the

Whell S URARTS 7 TBubBEr SPRVERE RN INpachehami La: | Howdwer,
' Lpti th ti th f

enp pe i M R e D YRR Retulne

sehBESHANGR NUIBLRLSce #Dd; L NG Sl Qnatd an £Q§£e§¥ ihe
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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 elementé 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
layer 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



According to the second enbodi nent, occurrence of
uneven density can be reduced by securing the ejection
speed (pressure) of liquid droplets which is liable
to be reduced. Further, the anmount of |iquid
remai ni ng on the nozzle sheet can be reduced.
Furthernore, even if the technology of the deflecting
ej ection descri bed above is enpl oyed, an excellent

ej ecting operation can be secured. The second

enbodi ment will be furthersgxplained with reference
to the figures and the lIike. Since the arrangenent of
a printer main body to which the second enbodinent is

the arrangenent o

int&ese of1 hewbbhstnemhedi e, Jhg sexplanat| i
thereof is ogitted. qﬁe strué%uf% of ? eﬂﬁegé%kﬁﬁ%fQPQ,
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be expl ained below The head chip 19 of the second

12 emsbdiheedntesval r dAgedtwaarc bdtatthkeahilago el €ment s 12
are disposed on a sem conductor substrate 11 |ikew se

Pagi gy spldfbddrnehe Lokt donpatéd i thet hellowing
conventional head chip Ia. However, the shape of a

e} er 1 ayer 33 di sposed on the semi conduct or

- substrate 11 is differe%lf; that of the
conventional head chip I'a. "A"feason why the shape of
tEWitEaFﬁi§raffﬁﬁﬁeﬁgﬁﬂf;ﬂﬂéfE%EQQBnrfﬁLgﬁ§ ifthat fhe
shape o '

is provided with a function as a filter for eliminating
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dusts and the like as well as can increase internal pressure
(in the liquid chambers) when ligquid 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) piéces 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 path 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
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t he peripheries of the heating elenments 12 (partition
walls 33a described later) and the shape froma
common flow path 23 to the heating elenments 12 are
different. Fig. 18 is a plan view show ng the shape of
the barrier Ilayer 33 of the head chip 19 as the
second enbodi nent of the present invention. The
heati ng el enents 12 are di sposed on the sem conductor
substrate | i kewi se those in the conventiona
technology. In Fig. 18, theqpartition walls 33a are

i nt erposed between the heating elenents 12. The
partition walls 33a are formed of a part of the

reker. er 3 nd | Sposed to extend.i ]
e ?r%% i%%Q%E?%%ﬁgﬁgﬁﬁagh?ogf?ﬁgt%ﬁqw&ﬂiﬁgﬁcpngﬂﬁi%$9§%ﬂ¥
elbgatiHa el anentispbdcare arranged.  The thickness of
both the ends of "each of the partition walls 33a in a
| engt Rnise cdisegCthenpd st fordediatinisckel LhaNsSQed RGart
central portion thereof. Wth this arrangenent, theé
fromt ey ateard WedtlwS8e theapaintidiwal wal | wiBBathhst he
region (which is called a "liquid chanber”) on the
AL RIS el ifedt corRoanflenerd thieddalare? fhenedern byt

t he ds, .of the partition walls 33a are forned to
re%]ét‘?’@y Fi%e G ot Agth? el HYish capy bs povedt ant e two
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through 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 liguid cannot 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 disposed

 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 portion whose outside is surrounded by the
side walls 33b. 1In 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,
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dusts and the Iike as well as can increase interna
pressure (in the |iquid chanbers) when liquid
droplets are ejected. There are provided pairs of side
wal | s 33b on both the sides of N pieces of heating
el ements 12 and (N-1) pieces of partition walls 33a.
In the exanple shown in Fig. 18, N=2 (tw heating
el enents 12, and one partition walls 33a interposed
between the two heating elenents 12). The side walls
33b are fornmed of a part_of,the barrier |ayer 33 and
di sposed approximately in parallel with the partition
wal l's 33a as well as the shape of the side walls 33b

on f | ow th 23 side s rOXI e
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B)yayveli fah e; a
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walied t330 e walkl $eddawaReaszdvadide33eid $hboraed f11a Part s
of the barrier layer 33 on a side opposite to the

sheygmin ¥l ow path 23. The rear - 51 wall 33c is forned
along the direction in which the heating elenents 12
are disposed. In this case= the partition walls 33a

ar& sggced apart . fromthe rear wall 33c at an
& vaF R¥eRFh %rhv?tléﬁnraﬁlﬁé’ﬁé’ﬁfr i‘%a’fs c‘?ﬂﬁﬁ}ﬁlﬁpéw
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formed between the ends of the side walls 33b on the rear

wall 33c¢ side and the rear wall 33c¢.
Accordingly, it is sufficient to set the value of y to
satisfy the following condition.
O_S y < X
When the interval is formed as described above, the
liquid 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, theA(N—l) pieces of partition walls 33a,
the pairs of side walls 33b, and the rear wall 330, is

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



t hrough the rear comon flow path 34. Further, the
side walls 33b are coupled with the rear wall 33c (in
the exanple shown in Fig. 18). Wth this arrangenent,
the liquid cannot nove between the heating elenent

12, which is disposed externally of the side wall 33b
(heating elenent 12 on the right or left side in Fig.
18), and the two heating elenments 12, which are

di sposed internally of the side walls 33b, on the
rear common flow path 34 ggde. Wth the above
arrangenent, the liquid can nove through the rear
common f|OMIpath 34 on the rear wall 33c side only in

of, mhos outside is surrounded b he
140 CRGEBORNPR AR T STt SRORHLER W Sheh
ot@éihﬂughml@%m&bgﬂ&gc€§P @GBE% Latween the t“D heatlng
el enents 12 (liquid chanb an increase in the
nurtder. ab ishe pead ivigevel@mentsitd bfbddendial el s8bdg
walls 33b permts the liquid to nove on the increased
theghrre off ahbatrihgr elayent33 X sSReahenhipheorear wal |
33c is coupled with the side walls 33b, y = 0 where
thefnu H‘ér PEPORBISRerFhate dadgiet Lhe Bite. wihias 38b a

11 %ﬁ ar wall 33c side and the rear wall 33c is
%}Ho onyunly 1§ RS &t thAfenheIpind Flements

12Jttﬁ55ﬁ§f% %Ebﬁn%alls 33a, one side wall 33b disposed on
both the sides of the partition walls 33a, and a rear wall

33c. Further, in the embodiment shown in Fig. 19, the

exXtreme 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 Fformed as shown in Fig. 19, the

- liquid 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
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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 forned 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 followng condition. 0 < y < x Wen
the interval is forned as descri bed above, the |iquid
can nove at |east through the rear common fl ow path

34 on the rear wall 33c sigg between the heating

el ements 12 separated only by the partition wall 33a.
Further, even if an interval exists between the side

| 33b d,t Il .33c¢, id |
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the interval. Here, e portion, whicC udes the N

waPlecED efre hoabhpgasherpPnd Sspded R _(e%ﬂ)lf’c%l@ﬁ?sej@ction
partition walls 33a, the pairs of side walls 33b, and

untthegtemenwaldljad8ot 1squivhldpa-ttihe Uhiqaitue] €0dd ame
unit". In the enbodiment, the 53 Iliquid ejection
Sidmivadlassbdiispeseonhy pared Ik tvsienh thachd] atdrer lomutilde
. sem condyctor substrate. Fig. 19 is a plan view of a
SITHTY HB6aI mehtSBnC¥howIichE IgRApen ofnHE bk ricgmed
co¢§%§ﬂ§f%§yaggagg?%%%%g%é?]é%qdfa %Qgcggggdhﬁfgtbfﬂﬂgylg :
formed 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.

Nz 2

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 SNZX8

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 embodiment,

first, a filter 35 is disposed to a common flow path 23 side.

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



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 extrenme ends of the partition
wal l'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, cal though the extrene ends
t hereof cannot be provided with a function as a
filter, no particular problemarises when a filter

.and the |like are separately disposed on a, conmon fl ow
dl%%?%ecg§tsit 3 SW@np%ﬁ%‘ err%%‘ﬁ et SFs SPof AREEERS sHéwn
i Flg. el B I gyl he ved.on_the.three
Fon ot b o, Bficebbdls heaR A R B R et pete S5

in6d¥en i JhGetRC thl Yl th £1LCF0R r URbkme HONRY LS we d NBian
l'iquid cannot be further noved onto a heating el ement

thd 2i reetreraiabley webnt hert hifries hedllisnglal epedohs ididg to
the existence of the side walls 33b. As shown in Fig.
betmperg thleypalriciyioh wabld i3pa dngj edtieonalimiibare
di sposed in parallel with each other on a
sefPEERBECt bire sedt raft dhsushdehuplined Hear ridicelcomBAR s
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1228l sl U8, ool L2 S8 o S ndeneatent Ly o st
pat] &3 isQBUNEhSobHer AlSQIPNR@xtend 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. 1In 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 shown 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 is 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,



L
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side wall 33b is commonly used between the adjacent
liquid 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 N is excessively large, the open portion
inone liquid ejection unit s increased, thereby the
ej ection speed (ejection pressure) of liquid droplets
is reduced and uneven ejection is caused accordingly.
It can be found froma_result of experinent that a

angobe redtigr odn the Bb%%@ﬁ%d3$% the? range of N <_ 8.
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9. In the enbodi nent,
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common flow path 23 side. The filter 35 is conposed
ejeoftiopluridl,i iy phrpithhas, 35 S radigtposédthe baerisane
pitch. The filter 35 achieves its function by the
layer 3V dis asstiden thelps | taks Bbtheadfdlthe. interval s

bet‘]%\% pltll_jL rgl Eggrc?fs ae afrleltfeczn):r rg%dngg&rgc\ﬁ:erbé han

necessarily coupled with the side walls 33b and the size
thereof 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 provided. That is, it
is sufficient to narrow the inlets to the heating elements
12 (liquid chambers) by increasing the thickness of the ends
6f 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 alsoc prevents

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



the interval between partition walls 33a or the
interval between the partition walls 33a and side
wal | s 33b. Further, the ends of the side walls 33b on
- the common flow path 23 side are | ocated farther from
heating el enents 12 than ends of the partition walls
33a on the common flow path 23 side (in other words,
extend to the conmon flow path 23 side). The ends of
the side walls 33b on the conmon 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 | ocated on the
lines extending fromthe side walls 33b. In the
by &SR YFRSNheRokRe | BeFt Fhidn 1% He pPined sta5a nizzlene
Shfiltle-7r 35 are coupled with a pair of the side walls
b *&s wel | as one colum 35a is di sposed at a center
th b n 5a_ceuple i Si
e e b D L e T
on B eafi Rhduadbacemstiapis d @Gt boniynk tpl ACGarLi ngly,
when the nunber of the columm 35a coupled with one
sheiidey wahkad3bhis ThHundredvhiat Qiguitihe]aciber wofitdshare
pillars 35a in one liquid ejection wunit is 2 (= 0.5 +
disposegl FjideThut side, tire difrodiaderr sheemicémdFpr 20 is

a case iq which the nunber (N) of the heating .
subgtad $112 Fi94, 2} i Himisse St RE paf theadrhia 118
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chﬂﬁtﬂ§ is the same as that shown in Fig. 2.

In Fig. 21, a unit train is provided by disposing the
liquid ejection units (each constituting cne 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 iiquid supply side of the semiconductor
substrate 11, and the liquid 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 19. The embodiment of Fig. 22 shows an
example of a unit train cdmpoged of liquid ejection units
disposedrside by side to thé ocutside 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

liguid ejection units, which are disposed side by side to



the side walls 33b as shown in the enbodi rent of Fig.
20, the filter 35 can increase the strength of the
liquid ejection unit, in particular, the strength of
the barrier layer 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 nmust be narrower
than the interval between_ghe partition walls 33a or
the interval between the parfition walls 33a and the
side walls 33b. Further, although the pillar 35a is
conposed of a square rod having an approxi mately

the e%lf"a‘ﬁgiﬂ @ndg@r 6 stéécﬁw ifidene Taabodpmelbie strviraln

i S not mted thereto and may be forned
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by increasing the thickness of the ends
flpargdtHisonnalrkes d33posed tdecrsd daqgtalkl suggby oaiddie,

cormon flow path 23 side as shown in, for exanple,
refpertiMlvrowederhet heqpiovisisppdfietheof the eregseaivtve
_on| prevents invasion of dusts and the |ike but also
ligpid entesticRe UpaFei £rom Weg 14l x3ed ionisqal daEharbl: shhe
f,frombelng crushed 57 by pressure when the head chip
*99°Ss joined to a nozzle

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

In Fig. 23, a liquid supply hole (slot) 1la is formed
to a semiconductor substrate 11 so as to pass therethrough
from a rear surface side to a front surface sidé. The
liquid supply heole 1lla 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 aleng the
liquid supply hole 1lla. |

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

As described above, although there are contemplated the
patterns shown in Figs. 21 to 23 and various patterns other

than them as the examples in which the liquid ejection units



sheet 17. The above structure shown in Figs. 18 to 20
is disposed on a sem conductor substrate. Fig. 21 is
a plan view showi ng a head chip 19, on which liquid
ejection units are disposed side by side, is disposed
on a sem conductor substrate 11. Fig. 21 shows one
set of the head chip 19 (this is simlar in Figs. 22
and 23 shown below). The head chip 19 is the sane as
that shown in Fig. 2. In Fig. 21, a unit trainis
provi ded by di sposing the iquid ejection units (each
constituting one unit) sid% by side on the outside
edge of a side of the sem conductor substrate 11. In

- the figure, a common_ flow path 23 is disposed on a

arg [ GePessdppry ths diemicaiiicdonr syRatierbe 1sulEty &fe the,

aégg%igh%aliggigﬁifosg plied to the respective liquid
P ejeé%ionyunlts ¥rohithe direction of arrow Fig. 22 is
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di sposed side by side to the outside edges of two

pomdrinsoandnghei teke ontleers ematoadvetolesubsyenatis Hispbred
the enbodiment of Fig. 22, the back surfaces of the
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12side to tge ouésige edge of one side, face the back
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exé%ﬁ%%o%%%lgbg§ngye§éé%igﬁ)df i%quid droplets.

Although the heating elements 12 are disposed in one
direction at a definite pitch, all the heating elements 12
are not dispeosed 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
amount of deformation of nozzles 18 and the peripheral
regions thereof due to the pressure fluctuation resulting_
from ejection of ligquid 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



the outside edge of the other side. That is, the
central portion on the sem conductor substrate 11
acts as a rear wall 33c side. As shown in Fig. 22,
liquid supply sides are disposed on the right and
left sides in the figure, common flow paths 23 are
di sposed to the liquid supply sides, respectively,
and the liquid is supplied to the respective liquid
ejection units fromthe directions of arrowin the
figure. Fig. 23 is a plan yjew show ng anot her
enbodi nrent of the head chip. In Fig. 23, aliquid
supply hole (slot) Ilais formed to a seni conductor
substrate 11 so as_tQ, pass therethrough_froma rear

unsyr tEE i 6 §UPPOHTeRurtade i dé- TRBT i d
uppl v hol.e .1 cQ ni cates, w th.an_ink_tank, and-the
e N e e A R
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hole Ila by disposing liquid ejection units side by
pastiei @l ang sha3al kgl the upidy Wwaalies 133d. ak8 phbBidaBasith
since the liquid supply hole Ila is disposed al ong
a Twonmoierd laewapdtiAse23byt tiee |dlguiad agjrecgenant uni Tiss
whi ch are di sposed on both the sides of the liquid
emebigisnthdise arrangegns tphtarkc Hotthet. shevwleserTised 18
above, although there are contenplated the patterns
SXCHRW 1 3BYE. 2512P8®S and vari ous patterns ot her
than them as the exanples in which the liquid ejection
units




59 are disposed on the sem conductor substrate 11,
any of the patterns may be enployed. Fig. 24 is a
pl an view showi ng a nask view of a head chip 19 nade
actually. In Fig. 24, white lines show wi ring
portions and the |like other than a barrier |layer 33
di sposed on a sem conductor substrate 11. Each of
“heating elements 12 used in the head chip 19 is
separated to one half to execute deflecting ejection
of liquid droplets. Although the heating elenents 12
are disposed in one directfbmrat a definite pitch
all the heating elenments 12 are not disposed in |ine
(on a straight line), and the centers of adjacent
¢igaiiong el enents 12 are displaced at a predeterm ned
interval (real nunber larger 0) in a direction
per pendi cular to the direction in which the heating
el emgnt 2 d e he def.inite pitch. Wth
thengbové&é%?%ﬁgegig ji%ﬁﬁ%%%tﬁmm%f $r8Hce between the
cent ar Be&i 1rfllcdeRBAt NOZZIRS18ni § $&11 lRaBcVEL Whibstrate;
| arger than the disposing pitch of the heating
el emenhsz4dz leger tmounrth ohidaf orimeddlen lotated zdre chkS
and the Eerlpheral regi ons thereof due to the
%&ﬁtﬁ@ﬁ“ 'sulting from ejection of
I|qU| drop eﬁs i S uced there

e ecfi H A ﬁ%erej Fﬁasé?‘r’%%‘iwe&ﬁ Bgeﬁed%c&nducmr
s%'bQEEQ{é &R che ﬁémé'%@e .In Fig. 24, N=2 (tw

heating elenents 12 and
a liquid chamber formed by a part of the barrier layer

as well as formed by a paif of walls confronting each other
30 as to hold the heating element therebetween;

a pair of individual flow paths formed by extending the
pair of walls of the liguid 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



partition walls 33a are disposed in one |iquid
ejection - 60 wunit) |likew se the enbodi nent of Fig.
18. Further, partition walls 33a and side walls 33b
are partially formed thick on the common flow path 23
side thereof. The partition walls 33a and the side
walls 33b are provided with a function as a filter by
t he above arrangenent. The enbodi nment is arranged
simlarly to that shown in Figé 18 except the above
arrangenment. 61 - CLAIMS: 17 [Tquid ejection unit

I,.si.ng; _a. heat.i | t_di d
Conﬂ&h?g&gFaglsgg H%gfg}fggﬂﬁ%f%§%%ﬁ§9egntﬁrough whi ch

sem con or “subs
a nozzle located on the heatigng element is forned; a
barrier layer interposed between the sem conductor
substireatednand t he nozzle layer; a |iquid chanber

formed by a part of the barrier layer as well as

f or rePlB\yraaipsi ¢ ofhandieps ieo d karemnitisg acacaroirtgsd ogothe
as.to hold the heatjng el enent therebetween; a pair of
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- sides of the liquid chanber so as comiunr ca
atbediddodeiidi s hashesspondenes Nt ddciliod khe Slingd to
the liquid chanber from

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 to 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
two adjacent liquid chambers communicate with each other,

‘wherein:

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

the centers of adjacent liquid 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



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 Wof the
i ndi vidual flow paths are 62 set to satisfy the
followng relation, U > Wwherein: a plurality of
the heating elenents are arranged on the
sem conduct or substrate in one direction; the liquid
chanber and the pair of individual flow paths are
di sposed in correspondence %o “each of the heating
e t.s; and.the pair .of indiyvidual fl|ow paths ar
o TR 05 afr A cPRp el iR Terpihareirafoes T
pti LU QRN cHB] 58406 NERLEROCALANBIL 5,521 3Lh 00K,
wherein the pair o? I ndi vi dual F ow pat hs conpri ses:
ard fig S icodicvicduat i W path €appesit NG-did t&eCONHRIY
fl ow path; and a second individual flow path extendi ng
chamlzendi,r dst sbawnoppdsi tidet dighedf chhatbdndiaried fakméd ove
ath across the liquid chanber, wherein the second
SRR el fPLLVRE Heleftiah: | east two adjacent |iquid

chanbers communicate with each other, wherein: a
plurality of the liquid chanbers are disposed at a



definite disposing pitch P, and the centers of
adj acent liquid chanbers are displaced at an interval
X (X is a real nunber larger. than 0) in a direction
per pendi cul ar to the disposing pitch P; and when the
di stance between the line, which connects the centers
of the |iquid chanbers disposed on a side far from
the conmon flow path in the |iquid chanbers, and the
line of 63 the portion, which conmunicates the second
i ndi vidual flow paths between the adjacent |iquid
chanbers with each other ~dfd-is in contact with the
wal | farthest fromthe Iiquid chanbers, is shown by
L, the liquid chanbers are formed to satisfy the
following relation: 64 - L& 2 X pp.2. Aliquid
ejection unit according to claim1, wherein a filter
conprising a plurality of pillars is disposed in t he
co n Kl er v
be?&genﬁt gﬁ%?$F§F§E?%$2§b tgog?lé §§)F éﬁmt flow
path width Wof the first individual f|OMIpathS, and
the height of the interval between the pillars is
equahereon gr flidssrt hamptid nerghluodlitye offi pstlars is
i ndividual flow paths. 3. Aliquid ejection unit
dLsRGTeR ﬁﬁ £be ctaman flowheabhn: and the width of the

interval between the plllars 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.

3. A liquid ejection unit according to claim 1,

wherein:

the liquid chambers are disposed at a definite

disposing pitch P,



the liquid chanbers are disposed at a definite

di sposing pitch P, 65 wherein a filter conprising a
plurality of pillars is disposed in the common fl ow
path; the plurality of pillars are disposed at the
sanme pitch as the disposing pitch P as well as the
centers of the pillars are |ocated on the center |ine
of the first individual flow paths; and the distance
between the ends of the firgtg 4 ndividual flow paths
on the pillar side and the ends of the pillars on the
fir s’r’hiﬂrﬁjlrw pdGal te1 swrpat Aing de dlyreqifl afordllaos els

the flow path dtth the first individual
Cit‘ Sgat h .ty ﬁmﬁ“?ré\(f\% Y¥"eP8EPion unit according to
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pillars s disposed in the conmo 'ow pat
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pillars is formed in a size contained in the flow path

Péréﬂﬁaéealr%glit?@@t@ﬂ ohetli¢ resntierdilvhduaf tHeoWipath; and
he flow path surface region of the first

.66
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ej ectiron unit accor
fQ@ﬁD@éﬁﬁgﬂbnatﬁbUﬁfdléﬂ/él&ephh&afﬁé'éhds 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.

4. A liquid ejection unit according to claim 1,

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



di sposed in the conmmon flow path; the relation between
the opening dianeter Dx of the ejection surface of
the nozzles in the direction in which they arranged
and the opening dianeter Dy of the nozzles in a
direction perpendicular to the opening dianeter Dx
satisfies the following relation; Dx _ Dy the shape
of the flow path surface of the first individual flow
paths is fornmed in a rectaggul ar shape having a

di agonal line length L1; the cross sectional shape of
the interval between the pillars is forned in a

rect e ' i | I I '
U L R R R
Ard pheh i |fanedaie & asimd cbatrsahésiyn tdhe bpbhovg ng
relation: Dx > LI >L2. 68 6. Aliquid ejection head
regrpRi of rigre #opEleal ity of heating el enents di sposed
on a sem conductor substrate along one direction; a
nozzl e | ayer through which nozzles |ocated on the
heat ¢ ng el S Jor med; | er |
inte?bogééggg?aé%ﬁ£$ﬁé8§gﬁgbg%8§€§%¢§1%@%%?%%f% and
the wiezzhe hayelter comprising a plurality of pillars is

disposed in the common flow path;

the relation between the opening diameter Dx of the
ejection 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 = Dy

the shape of the flow path surface of the first
individual flow paths is forxmed in a rectangular shape
having a diagonal line length L1;

the cross sectional shape of the intexrval between the
pillars is formed in a rectangular shape having a diagonal

line length L2; and



partition walls formed of a part of the barrier |ayer
and i nterposed between the heating elenents as well as
extending in a direction perpendicular to the
direction in which the heating el enments are arranged
and permtting a liquid to flowto the heating

el ements side fromboth the sides thereof of a
direction perpendicular to the direction in which the
heati ng el enents are arranged;-a pair of side walls
formed of a part of the barrier |ayer and disposed to
N (Nis an integer of at least 2) pieces of heating
el emeRbsnafsh s\ Lhe PELEAS ﬁhﬁ%&ﬁl e g@khé and the
external ly thereof in parall'el wth the partition
picdlass and formeat twakhtioryethoffaipaihgofetdtadaarrier
| ayer and disposed in the direction in which the
heating el enents are &% angéd> Wherein when the

i nterval between the partition walls and the rear

wall is shown by x, and the interval between 69 the
side walls and the rear wall is shown by y, the
intervals x and y satisfy the relation 0 <- y < x; and
aliquid ejection unit conprises the N pieces of
heati ng el enents, 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



el enents side of the liquid ejection unit fromthe
common flow path side and froma side opposite to the
common flow path side. 7. Aliquid ejection unit
according to claim6, wherein 2 5 N< 8. 8 Aliquid
ej ection head according to claim6 or 7, wherein the
interval WL between the partition walls and between
the partition wall and the side wall on the region of
the heating el enent and t-hesi nterval W2 between the
partition walls and between the partition wall and the
side wall at the end of the common fl ow path

satigfies f.he. follaowng condition: W < W. 9. A

i quid € et Fead R BrarngorRr 8% 6, 7 or 8,
wher gi ] he.S] : o] n flow
pat h O1h§§égpg?%q%g%éﬁgdéggw%ﬂ%%%¥?g%%$ﬁé£hgg?ing
simdrentisctdrasubptdsat®falidig paetditsitivalil s on the
common flow path side. 10. Aliquid ejection head
accof ditigleoleyed rihgorgbr wBich inmzden: lacdtidd en the

hcoggriaéga a glural't of pillars fornmed of the

ba ?%r:H§§QF i 3T 8d in the comon flow path;
LN Pidd:as 8y 0f aydie sElbbboad A RRASEA. Aol Bhliilcor
different fromthe disposing pitch o he heatrng
sabetEdtes ;andt bEe eyl 1ef 1hhersi de wal l's on the common
fl ow path side

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 the heating elements are arranged and permitting a
liquid 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

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 %, and the interval between



are |ocated farther fromthe heating el enments than
ends of the partition walls on the common flow path
side; and the ends of the side walls on the conmon
flow path side are coupled with the pillars of the
filter. 11. Aliquid ejection head according to any
one of clainse 6 to 10, wherein a plurality of the
liquid ejection units are disposed on the single
sem conduct or substrate as-webl-as all the nozzles of
a plurality of the liquid ejection units are disposed
heastﬁﬁiwﬁhig pihtichhe IxarAwkilguid shoot ikon yhetle
accord to claim1ll wherein the plurality of the

Wif&.v& ajécﬁ%ﬁ( aﬁF%%fsar e grLaody &t § Yhe ®urside
edgegols %lisd% Bk bhensan 69 g%%gg nd YPHALS %153%1

] ec 1 on cor

w&_a&ﬁeﬂgnell_&ﬁer@iw ariet }(NOfL g@&désq léifdpﬁk%%ic%‘ wHlillss are
di sposed to the outside edges of two confronting si des

wiir pifetbens tbmdudilo, sodsthatmarl4all} i guichmejredliben
head according to claim1ll, wherein a slot is forned
Ra&ht hE demReshthiter Shesherting elepenas 9 qoa@ée opposite
t hr h froma rear surf.ace side to_a front

et d Loded P Riaft X RuBRiten ond i Beprino
diRirss£37 81l SPOSPE 149uEQ rli_jé&tloﬁaaﬁlet BESm AN G olhén
sl ot on both the sides thereo

flow path side and from a side opp081te to the common flow

- path side.

7. A liquid ejection unit according to claim 6,

wherein 2 < N £ 8.

8. A liquid ejection head according to claim 6 or 7,
wherein the interval W1l 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.

9. A liquid ejection head according to claim 6, 7 or 8,

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




15. A liquid ejection unit according to any one of
claims 6 to 14, wherein the sem conductor substrates
are disposed in line along the direction in which the
heating el enents are arranged, and a |line head is
formed by di sposing the common flow path of the
respective sem conductor substrates in the direction
in which the sem conductor substrate are disposed. 16.
A liquid ejection unit accoffding to claim 15,
wherein: a plurality of lines of the sem conductor
substrates, - 72 each of which includes the
sbid cordioteted ulatthatresréeh SpRs@dathifgl d Nrer@s€than ends
di sposed in colum; and a liquid having different
ehdhgcPertsties valsuppl thesl cammonhélge pagndudeor
substrates in one colum and to a plurality of the
sem conduct or substrates in other colum. 17. A liquid
ej echioon gdemi £l £RIREL BI%eaft Q!arl.‘lcglacll;ﬂntgyt fohealing o g,
el ements di sposed on a sem conductor “substrate dl ong
whiaeellhy ection; a nozzle |ayer through which nozzles
| ocated on the heating elenents are forned; a barrier
| ayed fwntterposmprbeiveenpiheaserny edngutliars Sivaskdr are
nd._ the nozzle |layer; partition walls formed of a part
Lo PREFHF riddenl dvefllskened dbethsseeruprt videw Phsh;

heatéﬂg}ﬁylﬁg§gtgfa§hgw¥ﬂlt%§ 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 6n 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.

11. A liquid ejection head according to any one of claims

6 to 10, wherein a plurality of the liguid ejection units are
disposed on the single semiconductor substrate as well as
all the nozzles of a plurality of the liquid ejection units

are disposed at a definite pitch.

12. A liquid ejection head according te claim 11,
wherein the plurality of the liquid ejection units are
disposed to the outside edge of a side of the semiconductor

substrate.



extending in a direction perpendicular to the
direction in which the heating elenents are arranged
and permtting a liquid to flowto the heating
elements side fromboth the sides thereof of a
direction perpendicular to the direction in which the
heating el enents are arranged; a pair of side walls
formed of a part of the barrier |ayer and disposed to
N (Nis an integer of at |east 2) pieces of heating
el ements and (N-1) pieces of partition walls
externally thereof in parallel with the partition
wal | $3.ang 143:a ey r : r t-he
barri er Iaye% andéﬁ%?§%%§ggggng§ﬁgﬁﬁf§%g?i%%Q%%]aﬁich
e digatthegpbhenEintys odr ehe al { QIR G5 eWRes 1 thwhen khe
interval between the partition walls and the rear
FeIRCseE ERotbe pteidanedadre dittaoyabnbeinvidey sites sodle
l1s and the rear. wall is shown by y, the intervals x
eg%d SyeméLg?Fé‘fl%/tqrhguP%F%&ltieon 05y <x; and a liquid
ejection unit conprises the N pieces of heating
el enents, the (N-1) pieces of partition walls., a
pai rlofathepsiddeivet i 1Rd¢ tBecr&dig Wal lo1a8nCoIMDON
flow path is disposed to the heating elenents on a
wiegeiopposice ig Forvedr tar tival $emianthdackbgusbsdtsrate so
supplied to the heatin el enents side of the liquid
% get P8RS UMt Sthsar el x¥mroreat| aw Hrneh séddetana franh

Artlle QPROSILE Lo the common flow

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

thereof.

15. A liquid ejection unit according to
any one of claims 6 to 14, 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 substfates in the direction

in which the semiconductor substrate are disposed.

16. A liquid ejection unit according to claim 15,
wherein:

a plurality of lines of the semiconductor substrates,



path side. 74 LIQU D EJECTI ON HEAD AND LI QUI D
EJECTI ON DEVI CE ABSTRACT OF THE DI SCLOSURE A fl ow
path structure includes a heating elenment, a barrier
| ayer, a liquid chanber fornmed by a part of the
barrier layer and a pair of walls confronting each
other to hold the heating el enent therebetween and a
first individual flow path and a second i ndividua
fl ow path di sposed on both 724he sides of the liquid
chanber to communicate with the |I|iquid chanber, a
I|qU|d is supplied to the |iquid chanber fronwat
Pehspiomelen imclydeanths esoridonddevodualbsftirate patimosed
the di stance U between the walls in the liquid

é’hganSf agh A REe S ot pﬁﬁlhmw ‘dBRAW of the first
o015l bRy A Rtelyl g, 8Ll T VAL

t hi s arrangenent

tprﬁMedEéhﬂdbﬂMﬂbﬁBraBJBHﬂﬂéE@s'ﬂnféﬁ@Vcdi%hﬂsag&etiﬁé
dusts is unlike to occur and which mnimzes e

Pilufé it e fofthbubdhies nand thass @ Imsit 801 HNEMRIT column.
ejection. Fig. 1

17. A liguid 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 the heating elements are arranged and permitting a
liquid to flow to the heating elements side from both the
sides thereof of a direction perpendicular to thé 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 < Yy < x; and

a liquid ejection unit comprises the N pileces of
heating elements, 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 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.
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LIQUID EJECTION HEAD AND LIQUID EJECTION DEVICE

ABSTRACT OF THE DISCLOSURE

A flow path structure includes a heating element, a
barrier layer, a liquid chamber formed by a part of the
barrier layer and a pair of walls confronting each other to
hold the heating element tﬁerebetween and a first individual
flow path and a second individual flow path disposed on both
the sides of the liquid chamber'to communicate with the
liquid chamber, a liquid is supplied to the liquid chamber
from at least one of first and second individual flow paths,
and the distance U between the walls in the liquid chamber
and the flow path width W of the first individual flow path
are set to satisfy U > W. With this arrangement, a flow
path structure can be provided in which a failure in flow
paths due to dusts is unlike to occur and which minimizes

the influence of bubbles and has almost no uneven ejection.

Fig. 1




