LIQUID EJECTION HEAD AND LIQUID EJECTION APPARATUS
BACKGROUND OF THE INVENTION 1. Field of the Invention The
present invention relates to a thermal liquid ejection head used in an
ink-jet printer head or the like, and also to a liquid ejection apparatus such
as an ink-jet printer using a liquid ejection head. More specifically, the
present invention relates to a technique to realize a structure for
supplylng liquid with minimized ejection variations. 2. Description of the
Related Art One known liquid ejection head for use in a liquid ejection
apparatus such as an ink-jet printer is a thermal liquid ejection head
~which operates using expansion and contraction of a generated bubble.

In; thig, thermal ligyid. ejection i‘ﬁé%?&%'%‘%g .n?beéE%? AReE

semiconductor substrate, and bubbles are generate chambers
by heating elements, thereby - 1 ejecting liquid droplets from nozzles
disposed on the respective heating elements toward a recording medium.
Fig. 12 is a perspective view showing the appearance of a liquid ejection
head 1 of the above-described type (hereinafter, referred to simply as the
head 1). In Fig. 12, the nozzle sheet 17 formed on the barrier layer 3 is
shown in the form of an exploded view.

BACKGROUND OF THE INVENTION
i. Field of the Invention

The present invention relates to a thermal tigquid
ejection head used in an ink-jet printer head or the like,
and also to a liquid ejection apparatus such as an ink-jet
printer using a liquid ejection head. More specifically,
the present invention relates to a technigue to realize a
structure for supplying liguid with minimized ejection
variations.
2. Description of the Related Axrt

One known liguid ejeceion head for use in a liguid
ejection apparatus such as an ink-jet printer is a thermal
liguid ejection head which operates using expansion and
contraction of a generated bubble.

In this thermal liguid ejection head, heating elements
are disposed on a semiconductor substrate, and bubbles are

generated in liquid chambers by heating elements, thereby



Fig. 13 is a cross-sectional view showing the flow channel structure of the
head 1 shown in Fig. 12. The flow channel structure of the liquid ejection
apparatus of this type is disclosed, for example, in Japanese Unexamined
Patent Application Publication No. 2003-136737. As shown in Figs. 12
and 13, a plurality of heating elements 12 are disposed on a
semiconductor substrate 11. A barrier layer 3 is formed on the
semiconductor substrate 11, and a nozzle sheet (nozzle layer) 17 is
further formed thereon. Each part including a heating element 12 and a
part of the barrier layer 3 formed on the semiconductor substrate 11 is
referred to as a head chip la. A part including a head chip la and a nozzle
18 (nozzle sheet 17) is referred to as a head 1. In the nozzle sheet 17,

eJecthiglesi@oles éia%aﬁy%h%of Efet ﬂaam}a%&égmse%rrﬁaa at
respd2GaUANS, coresponding fo.the respegtive heating elements, 12, The

barrier layer 3 Is formed on the semiconductor substrate 11 2 and
ketweenzthesheatingrelement d2svand the nozzlgst8s sugh: Ahahadiquid
chamber 3a is formed between each heating element 12 and a

a LigettspoftingRoraad st AdfsHin I 8iG £ tRe WeefleridRr 3 is
(herdorMed 50 aglehave camb-like fingers, and each Deafing glement 12,is.

disposed between two adjacent fingers such that three sides of each
the heatihg element 12 issuotincedtbythe:batrier layer 3 is shown
in the form of an explcoded view.

Fig. 13 is a cross-sectional view showing the flow
channel structure of the head 1 shown in Fig. 12. The flow
channei structure of the liquid ejection apparatus of this
type is disclosed, for example, in Japariese Unexamined
Patent Application Publication No. Z003-136737.

As shown in Figs. 12 and 13, a plurality of heating
elements 12 are disposed on a semiconductor substrate 11. A
barrier layer 3 is formed on the semiconductor substrate 11,
and a nozzle sheet {nozzle layer) 17 is further formed
“thereon. Each part including a heating element 12 and a
part of the barrier layer 3 formed on the semiconductor
substrate 11 is referred to as a head chip la. A part
including & head chip la and a nozzle 18 (nozzle sheet 17}
ié referred to as a head 1.

Iin the nozzle sheet 17, nozzles {holes via which to
eject liquid droplets) 18 are formed at locations

corresponding to the respective heating elements 12. The

barrier layer 3 1s formed on the semiconductor substrate 11



layer 3 when seen in horizontal cross section whereby each liquid
chamber 3a is formed such that only one side is open. Each opening
forms an individual flow channel 3d communicating with a common flow
channel 23. Each heating element 12 is disposed on the semiconductor
substrate 11, at a location close to one side of the semiconductor
substrate 11. As shown in Fig. 13, a dummy chip D is disposed on a
left-hand side of the semiconductor substrate 11 (head chip la) such that a
common flow channel 23 is formed between one side face of the
semiconductor substrate 11 (head chip la) and one side face of the
dummy chips D. Note that the member disposed on the left-hand side of
the semiconductor substrate 11 is not limited to the dummy chip D, but
and karothennmembéerniaynbe esedeas |0y asriie chmmon flovs chasnehi2zd:
can be formed. On the_semiconductor substrate 11, as shown in Fig. 13,

that 2adwihahridl Piie22 % dispbSEdTh LShHEEE oppolitt s fthedsurface

e lemcEWHHCH, e healing elerpents,12 ke disposgd. - 3 In this flow channel
plate 22, as shown in Fig. 13, an ink supply inlet 22a and an ink supply

Aowdhammel (cdmmort lowt thabrely 24aredgemed sushfthabthe ik
supply flow channel 24 is substantially U shaped in cross section and
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channel 23 communicate with each other.
of each heating element 12 is surrounded by the barrier

layer 3 when seen in horizeontal cross section whereby each
liguid chamber 3a is formed such that only one side is open.
Fach opening forms an individual flow channel 3d
communicating with a common fléw channel 23.

Each heating element 12 is disposed on the
semiconductor substrate 11, at a location close to cne side
of the semiconductor substrate 11. As shown in Fig. 13, a
dummy chip D is disposed on a left-hand side of the
semiconductor substrate 11 (head chip ia) such that a common
flow channel 23 is formed between one side face of the
semiconductor substrate 11 (head chip la) and one side face
of the dummy chips D. Note that the member disposed on the
left-hand side of the semiconductor substrate 11 is not
limited to the dummy chip D, but another member may be used
as long as the common flow channel 23 can be formed.

On the semiconductor substrate 11, as shown in Fig. 13,
a fiow channel plate 22 is disposed on a surface opposite to

the surface on which the heating elements 12 are disposed.



In this structure, ink is supplied via the ink supply inlet 22a into the ink
supply flow channel 24, then into the common flow channel 23, and finally
into the liquid chamber 3a via the individual flow channel 3d. A bubble is
generated on the heating element 12 in the liquid chamber 3a by heat
generated by the heating element 12, and a flight force is generated
when the bubble is generated whereby the liquid (ink) in the liquid
chamber 3a is partially ejected in the form of a liquid droplet from the
nozzle 18. Note that in Figs. 12 and 13, the shapes of respective parts
are drawn in an easily understandable manner and the drawn shapes are
not necessarily exactly similar to the actual shapes. For example, the
thickness of the semiconductor substrate 11 is about 600 to 650 pm, and
In tihe thickmesbofthé nozzle=shieet Eisantithat ofihe barrier Jayer 3 ake
about 10 to 20 pm. A first method of producing the head 1 is to bond the

SUPP L HTeHip 14 prodiced lisihg a SERICOhUCRST STORBES to #5& ™ hdZA
chansBeet 27 produced sepatately. dihis mathod js.called, A chip mounting .

method. A second method is to produce nozzles (on-chip nozzles) 18
24 iinteyraiiyeort assemiconduetordsubstrate sl . StVIMARYOFSTHHE that
INVENTION When the head 1 is produced by the first method, after the

the HESATHIP [ ahti thE oIS SRBEPLF arE SeParatelye 10k supply

flow channel 24. The ink supply flow channel 24 and the
common flow channel 23 communicate with each other.

Tn this structure, ink is supplied via the ink supply
inlet 22a into the ink supply flow channel 24, then inte the
common flow channel 23, and finally into the liguid chamber
Ja via the individual flow channel 3d. A bubble is
generated on the heating element 12 in the ligquid chamber 3a
by heat generated by the heating element 12, and a flight
force is generated when the bubble is generated whereby the
liguid (ink}) in the liquid chamber 3a is partially ejected
in the form of a liquid droplet from the nozzle 18.

Note that in Figs. 12 and 13, the shapes of respective
parts are drawn in an easily understandable manner and the
drawn shapes are not necessarily exactly similar to the
actual shapes. For example, the thickness of the
semiconductor substrate 11 is about 600 to 650 pum, and the
thickness of the nozzle sheet 17 and that of the barrier
layer 3 are about 10 to 20 pm.

A first method of producing the head 1 is to bond the

head chip la produced using a semiconductor process to the



produced, the head chip la is bonded to the nozzle sheet 17 with high
registration accuracy on the order of microns. Thereafter, a heating and
pressing process is performed. When the head 1 is produced by the first
method described above, it is needed to control the production process
very precisely. In particular, in a case in which a line head with a length
equal to the width of a recording medium is produced by arraying a
plurality of head chips la on the nozzle sheet 17, a slight change in a
production condition can cause a significant difference in performance
among head chips la, which can result in degradation in image quality. A
head may be produced by producing a through-hole for supplying ink in

nozz 1108 Senler afvth,%&%%g@ps@gg%@gg uding},diregtion, gf;the; head chip.
and disposing heating elements, liquid chambers, and nozzles on bot

a chigideswfithedhroughstole and atangthedhraughi-holes EEmpiticadly, the
head of this type has less - 5 characteristic variations among head chips

nozz §i§pdSal 64 chigtholffing tar A 1REIPrbAuCEd by S8 pESRHG éating

substslements 12 along an edge of a semiconductor substrate 11, such as a
head 1 shown in Fig. 12 or 13. However, this structure has the following
problems. (1) Employment of this structure results in an increase in the

width of the head C{Iép bx} a factor of about 2. (2) A special semiconductor
SUMMARE6c8Es Tefreededio *©

When the head 1 is produced by the first method, after
the head chip la and the nczzle sheet 17 are separately
produced, the head chip la is bonded to the nozzle sheet 17
with high registration accuracy on the crder of microns.
Thereafter, a heating and pressing process is performed.
When the head 1 is produced by the first method described
above, it is needed to control the production process very
precisely. In particular, in a <case in which a line head
with a length equal to the width of a recording medium is
produced by arraying a plurality of head chips la on the
nozzle sheet 17, a slight change in a production condition
can’ cause a significant difference in performance among head
chips la, which can result in degradation in image quality.

A head may be produced by producing a through-hole for
supplving ink in the center of the head chip in the
longitudinal direction of the head chip, and disposing
heating eleﬁents, liquid chambers, and nozzles on both sides
of the through-hole and along the through-hole.

Empirically, the head of this type has less



produce the through-hole at the center of the head chip. (3) The results
are an increase in cost and a reduction in production yield. On the other
hand, when the head is produced by the second method described
above, the problem caused by a characteristic variation due to
chip-mounting does not occur. However, when a line head is produced
using the second method, difficult techniques are needed to fix a large
number of head chips to a frame such that head chips are arrayed with
high chip-to-chip registration accuracy. Furthermore, it is difficult to
equally supply liquid to all head chips. That is, the second method does
not allow the line head to be produced easily with no problems. Thus,

cnax {15181 n6ed for a echniaue of producing 2. head without ergating 2,
significant characteristic variation “among head)chlps uring a p¥o§uclt?on

moun PrOeess; andsthesea is aiseianeedior @ fiow channel strugtyre irmdich - 6
substantially no bubbles are generated. According to a first aspect of the

12 appesertingestior? L tieress provided adliguitiejéctivrrhéad comprising a

head piurgﬂ_t(ng Iiﬁyi(} e#a_ctipp. gj:enﬂgpts arrayed in a flat area on a substrate,

each liquid ejecti(l) element including: a liquid chamber for holding a

ligesigk te-be ejectedsaheatinge elementdispesedin the fiquidchamber, for

generating a bubble in the liquid in the liquid chamber by heating the
{1} Employment of this structure results in an increase

in the width of the head chip by a factor of about 2.

(Z) A special semiconductor process is needed to
produce the through-hole at the center of the head chip.

{3) The results are an increase in cost and a reduction
in production yield.

On the other hand, when the head is produced by the
second method described above, the problem caused by a
characteristic variation due to chip-mounting does not occur.
However, when a line head is preoduced using the second
method, d%fficult techniques are needed to fix a large
number of head chips to a frame such that head chips are
arrayed with high chip-to-chip registration accuracy.
Furthermore, it is difficult to equally supply liguid to all
head chips. That is, the second method does not alliow the
line head to be produced easily with no problems.

Thus, there is a need for a technique of producing a
head without creating a significant characteristic variation
among head chips during a production process, and there 1is

also a need for a flow channel structure in which



liquid; and a nozzle for ejecting the liquid in the liquid chamber when the
bubble is generated by the heating element, wherein, of the plurality of
heating elements, heating elements at M-th positions as measured from
an end of the array of heating elements are disposed such that the center
of each of these heating elements is located exactly on or close to a first
subsdire extending inithe same directionras ¢ie  direction in which the heating
elements are arrayed, while heating elements at N-th positions as

meastired frdm the Bnidof AfBiTay of HEating si8hients % digposed
nereSUGh thatthe. genter:of gach of these heating elements js located exactly

on or close to a second line extending in the same direction as the
pluraditectiarf in whidhl the heating elearents-arerarsgyed :thez first=and. segond
lines being parallel with each other and being spaced from each other by

on & YRR TUrbef §rdater tHaf 6), M 18inG GdeESrevér HitimBérs, Ns being
11 guitVen nHmbers, 7 it Msare odd numbers. or pdd numbers, if Ns, are even

ik
numbers; each liquid chamber is formed to havé a U-like shape in
e lemeharizontab sross. sectien sughithataawal thereof syeroundsi three sides of
. bb_a heating element disposed in the liquid chamber; the heating elements
PubbIare BrrhyBd sueh that the ™ Reatifig elemeits HisposetF 6h GHI5$€ to the
1quilistand seqand Jines gre pralerdsas awholgolhealing elements, at
regular intervals of P; the liquid chambers are disposed such that an
chambeperiside of eachiguid chamberwhaseowall isurtounds-three enen«,
wherein, of the plurality of heating elements, heating
elements at M-th positions as measured from an end of the
array of heating elements are disposed such that the center of
each of these heating elements is located exactily on or close
to a first line extending in the same direction as the
direction in which the heating elements are arraved, while
heating elements at N-th positions as measured from the end of
the array of nsating elements are disposed such that the
center of each of these heating elements is located exactly on
or close to a second line extending in the same direction as
the direction in which the heating elements are arrayed, the
first and second lines being parallel with each other and
being spaced from each other by 8 (real number greater than

0), Ms being odd or even numbers, Ns being even numbers

~1



sides of one of heating elements located exactly on or close to the first
line faces in a direction opposite to a direction in which an open side of
each liquid chamber whose wall surrounds three sides of one of heating
elements located exactly on or close to the second line faces; a gap Wx
(real number greater than 0) is formed at least between each adjacent
1E Mejgrie chafnberdgisposedatdntematsref 2P ol orrcloseto therfirstline or
each qlejjtwg.e eggpﬁbaediagentf](ij(}%d d(:Qamhbe"_frg dais%gsg.egl< at irger\éal§nof 2P on or
close 16 thie Second finesuch that eicﬁacent Ilquﬁtlzl chambers are spaced

nori freM-each athes by-the-gap Wx-inhe directiondnwhich the liguichs
chambers are arrayed; a gap Wy (real number greater than 0) is formed
thregatien the Hgditkéchambersaispostidpnsrtlose th¢hé iirstdine and the

nampiquid chambers. disposed on or close 1o the second line sucﬂ that the
chamber ;. é%ﬁ eatla% clements are aﬁrﬁﬁeifsuc chat fhne
iquid chambers disposed on or close to the Tirst-"8 line are spaced by

heat ithe gapMéy from thediguid ehasbersdispesed:nen or.clese g the segond
~line in a direction perpendicular to the direction in which the liquid
lineschginbersare rrafed: arth flow Enannels cach disirg a width stuia 1o

, Wx are formed b tijge aps Wx, and a flow channel having. a width equal
5o e torined by TR b 63 ABEOITG b SeEr ASbet SFine

open Rresent invention, i there ispravided.adiguid, gjection-apparafusihawing a
liquid ejection head including a plurality of liquid ejection elements
sides of one of heating elements located exactly on or close
to the first line faces in a direction oppesite to a directicon
in which an copen side of each liquld chamber whose wall
surrounds three sides of one of heating elements located
exactly on or close to the second line faces:; a gap Wx (real
number greater than 0) is formed at least between each
adjacent liguid chambers disposed at intervals of 2P on or
close to the first line or between each adjacent liguid
chambers disposed at intervals of 2P on or clecse to the second
line such that adjacent liquid chambers are spaced from each
other by the gap Wx in the direction in which the liguid
chambers are arraved; a gap Wy (real number greater than 0) 1is
formed between the liguid chambers disposed on or close to the
first line and the liquid chambers disposed on or close to the
second line such that the liguid chambers disposed on or close

to the first



arrayed in a flat area on a substrate, each liquid ejection element
including: a liquid chamber for holding a liquid to be ejected;a heating
element disposed in the liquid chamber, for generating a bubble in the
liquid in the liquid chamber by heating the liquid; and a nozzle for ejecting
the liquid in the liquid chamber when the bubble is generated by the
line heatisgaekement, wheregip, oftherplurality of heatingoelements, beatinged
elements at M-th positions as measured from an end of the array of
°n O*hghfifg eiémietits A& tisposed subhdnat fe cefterist gch bf téde t°
the cheatingslements is.Jocated exactly o orglose to.a firstline extending in
the same direction as the direction in which the heating elements are
flow afrayed) whilecheating elementsi@at Mdhgiositions:as measutes:from the:
end of the array of heating elements are disposed such that the center of
93PS Bieh Bitriese RBafingtéments i fcatéd Exactftitor-Eloge th%a
sormeSeeQndiline gxtepding in the same direction as the direction in which the
heating elements are arrayed, the first and second lines being parallel
it eathrother andsbemgispaced: fromt egich othkerdoy bi(real-number
greater than 0), Ms being odd or ever, -9 numbers, He being even
EherenafBEsit Meafe odd' mimbers of sddP FRAiBerssf N aredeven hiiwibers;
e ecc8achiliguid chamber.is formed, 1q haye & U-like shape in horizontal cross
section such that a wall thereof surrounds three sides of a heating
arrayelement disposed i the liguithamies, thexheating elements-aten
. arrayed such that the heating elements disposed on or close to
element Including: a liguld chamber for holding a ligquid to be
ejected; a heating slement disposed in the liguid chamber, for
generating a bubble in the ligquid in the liguid chamber by
heating the liguid; and a nozzle for ejecting the liguid in the
liguid chamber when the bubble I1s generated by the heating
element, wherein, of the plurality of heating elements, heating
elements at M-th positions as measursed from an end cof the axraf
of heating elements are disposed such that the center of =sach
of these heating elements is lccated exactly on or close to a
first line extending in the same direction as the direction in

which the heating elements are arrayed, while hsating elements

at N-th positions as measured from the snd of the array of

O

heating elements are disposed such that the center of sach of
these heating elements is located exactly on or close to a
second line extending in the same dirsction as the direction in
wiiich the heating slements are arrayed, the first and second
lines being parallel with each‘other and being spaced from each

other by § (real number greater than 0}, Ms being odd or sven



the first and second lines are located, as a whole of heating elements, at
regular intervals of P; the liquid chambers are disposed such that an open
side of each liquid chamber whose wall surrounds three sides of one of
heating elements located exactly on or close to the first line faces in a
direction opposite to a direction in which an open side of each 'liquid
numbghamber whbse wal surroirdsstivéelsides of oné of-héating celeptents
located exactly on or close to the second line faces; a gap Wx (real
eS8 AR ) I Thhaa i 1est botw e B Acpso et TR
to n&hambers disposed-at intenvals oF 2R onor.closedothe firstline of .+ o
between each adjacent liquid chambers disposed at intervals of 2P on or

wall clése to the usecomdiinesuch thadasljacernt lrepsict chansBierseare spaced
each othﬁg(ggitgec%%%Wx in the direction in which the liquid

. __fro ¥ . e
dispes %Em &rs Sre aff yed; aga[k))%y (Fé4l MimbaF gréatePihan 61i§ formed

arra Reiveenthe.iquid-chambers disposed.en o close tothe, first ling and.the
liquid chambers disposed on or close to the second line such that the
the figiid chiatbersodisposed-orroe closea todhe fisst linedlre spadettbythe

Wy from the liquid .chambers disposed on or close to the second line
el emﬁqﬁagsdiréétigﬁ (“g%)lglraprenldnlc%fj3 I%‘r]?g thé %ir%bti%}ﬁein]\ﬁﬁi‘éhdth%}’l?d‘lﬁa ‘thathbers

dispddesOa.anayed; and flowchannels.eagh having.a;width ggual to\Wx.are
formed by the gaps Wx and a flow channel having a width equal to Wy is
wall fopmed by thé gapewsiHrexample emtodinmernitsgireasliquidsejectiondvead,
exac59§'Eﬁ"%§ﬂ%?¥¥ée¥§“§955??%st line faces in a diresction
opposite to a direction in which an open side of each liquid
chamber whose wall surrounds three sides of one of heating
elements lcocated exactly on or close to the second line faces;
a gap Wx (real number greater than 0) is formed at least
between each adliacent liguid chambers disposed at intervals of
2P on or close to the first line or betwsen each adiacent
ligquid chambers disposed at intervals of 2P on or clcse to the
second line such that adjacent liguid chambers are spaced from
each other by the gap Wx in the direction in which the liguid
chambers are arrayved; a gap Wy (real number greater than 0} is
formed between the liquid chambers disposed on or close to the
first line and the liguid chambers disposed on or close to the
second line such that the liguid chambers disposed on or close
to the first line are spaced by the gap Wy from the liguid
chambers disposed on or close te the second line in a direction

perpendicular to the direction in which the ligquid chambers are



arrayed in a direction along the first or second line. The first and second
lines are spaced from each other by 6. Heating elements at M-th
positions as measured from an end of the array of heating elements are
disposed such that the center of each of these heating elements is
located exactly on or close to the first line, while heating elements at Nth
=rrayROSitions as measweddfiam:the-end of the arraysehheating elemgnts.are
disposed such that the center of each of these heating elements is
tornefpcated lexacty orifler slosestotthevsetond dine: sThetigaidélsambersiate
R disgoged such that an open side_of each liquid chamber located exactly
0 Won or 688 To the “first Tink faces’in & difection Bpposite s ditBcefion in
11 quwhich.an open.side of each ligdid chamber located-exagtly ancor close to
the second line faces. A gap Wy is formed between the liquid chambers
arraydisposed ot orclosenthelfirst line<arid the liguid chanbersidisposéd on or
.. __Close to the second line, and a flow channel having a width equal to 9b _
SITSARAR 1R by the gap Wy frote that this Flow charnel ‘corfesponds to a
Heat 30FONGc@MMoON flow chappel 23b.-according.to, embediments described
later). A gap Wx is formed at least between each adjacent liquid
the agharbefs disposed at iteivals of 2R ofror eldsetorthefirst fine or
between each ,adé'gcent liquid chamﬁers disposed at intervals of 2P on or

Cent&o8é (5THE Sécond TiRe ARt fiv thannels each Taving a width equal to
or cﬂ@ge to the first line, while heating elements at N-th

positions as measured from the end of the array of heating
elements are disposed such that the center c¢f each of these
heating elements i1s located exactly on or close to the second
line.

The liquid chambers are disposed such that an open side

[

of sach liguid chamber located exactly on or close tc the

o~

first line faces in a direction opposite to a direction

whtich an copen side of each liguid chamber located sxactly on

or close to the second line faces. A gap Wy i1s formed betwesn
the liguid chambers disposed on or close to the first line and
the liguid chambers disposed on or close to the sscond line,

and a flow channel having & width egqual to



are formed by the gaps Wx (note that these flow channels corresponds to
first common flow channels 23a according to embodiments described
later). Example embodiments can provide the following advantages. That
is, one advantage is the ability to equally supply liquid to respective
liquids. Another advantage is a small variation in ejection characteristics
Wy Lamfengiquitkejdetionagefentse tRortéxample, St Slpossibletozachieve a
ver -sgnall variation in terms of ejection speed among liquid ejection
155 i

o Eléments. "Eufthermore, itiapossibl&fo easiysupply liquid'ts' respattive

emboligblichehambers.; and itisdaassiblesrosuppresssthe, prabability of
occurrence of a failure due to a bubble to an extremely low level. Even if
betwaeailareduetoss bubble cvdelrsh saligecovéring fromahe faitereredn of
2p easily ojﬁcur. tBRIEF DiESCBIEIION OF THE DRAWINGS Fig. 1is a
on or’ ciose to the fir ine or betwe eacn ad ar] .
perspective view showing the appearance of 10 afine hiead actording to
11 quad embedipent of the davention;« Figs: 2A andz2B areplan vigws:of a line
of head chips; Fig. 3 is a plan view showing a form of a head chip
secoygcotding torah EhtBodinterEdfthednventoRnBig 4iisid plamview o Wx
showing,a head chip according to another embodjment, which is a
are rr?ggllgﬁ%aﬁgn%oﬁhgfa %ﬁO\Y/ﬁvﬁ %ng‘fée. %ﬁb Shl‘gsae p aino{’/ﬁie“\i\k/}%%%ﬁg a head
cor r&€hipaesording to sanetherembogdiment.which is-anqther madification of

that
embodiments described later).

Example embodiments can provide the following advantages.
That is, one advantage is the ability to egually supply liguid
to respective liquids. Another advantage is a small variation
in ejection characteristics among liguid ejection elements.
For example, it is possible to achieve a very-small variation
in terms cof ejection speed among liquid ejection elements.
Furthermore, 1t is possible to easily supply liguid to
respective liguid chambers, and 1t is possible ro suppress the
probability of occurrence of a failure due to a bubble to an

extremely low level. Even 1f a failure due to a hiubble

occurs, self-recovering from the failure can easily occur.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the appearance of

- 10 -



shown in Fig. 3; Figs. 6A to 6D are schematic diagrams showing various
structures for supplying liquid in a head chip; Fig. 7 is a diagram
illustrating liquid ejection directions; Figs. 8A and 8B are graphs showing
the liquid ejection angle as a function of a difference in bubble generation
time between two parts of a heating element, and Fig. 8C is a graph
showing measured deviations of liquid arrival position as a function of a
deflection current passed through two parts of a heating element; Fig. 9 is
a circuit diagram of a specific example of ejection direction deflecting
means according to an embodiment of the invention; Fig. 10 is a diagram
showing a part of a semiconductor processing mask according to an
embodiment of the invention; - 11 Fig. 11 shows results of ejection speed
a linmeasardmentsribirayliquidajeetionhéad according¢o anvembodiment of
the invention; Figé 12 is a perspective view showing the appearance of a

Edientioh R efocioh R artrER. 15 8 & crossVedtional Giehws
showing a flow ghannelistuctyrs, ot ihe.head shawniniEig 1241,

DESCRIPTION OF THE PREFERR EMBODIMENTS An embodiment
accormgfithe presemt invertomisdesdribdt: invention;

Fig. 4 is a plan view showing a head chip according to
ancther embodiment, which 1s a modification of that shown in
fig. 3;

Fig. 5 is a plan view showing a head chip according to
ancther embodiment, which is ancther modification of that
shown in Fig. 3;

Figs. 6A to 6D are schematic diagrams showing various
structures for supplying ligquid in a head chip;

Fig. 7 1s a diagram iliustrating liquid ejection
directions;

Figs. BA and 8B are graphs showing the liquid ejection
angle as a function of a difference in bubble generation
time between two parts of a heating element, and Fig. 8C is
a graph showing measured deviations of liquid arrival
position as a function of a deflection current passed
through two parts of a heating element;

Fig. 9 is a circuit diagram of a specific example of
ejecticon direction deflecting means according to an
embodiment of the invention;

Fig. 10 is a diagram showing a part of a semiconductor

processing mask according to an embodiment of the invention;



below with reference to the accompanying drawings. The liquid ejection
apparatus according to the present invention may be embodied, for
example, as an ink-jet printer (a thermal color line printer (hereinafter,
referred to simply as a printer)), and the liquid ejection head may be
embodied as a line head 10. In the present description, a part including a
liquid chamber 13a, a heating element 12 (which is divided into two
parts, in the present embodiment, as will be described later) disposed in
the liquid chamber 13a, and a nozzle 18 is referred to as a liquid ejection
element. The line head 10 (liquid ejection head) is formed to include an
array of liquid ejection elements. A liquid ejection head is formed to
include head chips 19 with nozzles 18 (nozzle sheet 17). Fig. 1 is a
perspetfive views showing theodppearanterofspé2darinesheachdfts

‘ a cording to .theé)resent embodiment, Thet line head 10 inc_ludes four

°F JinesBiead Ships T0. Baith heTAEILA8s Wiifdhr sy SFRBAd Chigd fo,

invergidthe total length of each line is equal to the width of a recording
medium of the A4 size. The respective four lines of head chips 19 serve
&4 golorhebelsofPe vl M (magents)C €ifoydri)e andne folack)y: The
line head 1](3 is produced by disposing a plurality of head chips 19 in a

@ conzvlrﬁi’latgl fashior! oﬁqh%%eocz%eorslhegfa %7 (Eh%%zle layer) and the lower
surdace of each head £hindd$onal view showing a flow

channel structure of the head shown in Fig. 12.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention is described
below with reference to the accompanying drawings.

-The liquid ejection apparatus according to the present
invention may be embodied, for example, as an ink-jet
printer (a thermal color line printer (hereinafter, referred
to simply as a printer)), and the liquid ejection head may
be embodied as a line head 10.

In the present description, a part including & liquid
chamber 13a, a heating.element 12 (which is divided into two
parts, in the present embodiment, as will be described
later) disposed in the liquid chamber 13a, and a nozzle 18
is referred to as a liquid ejection element. The line head
10 (liquid ejection head} is formed to include an array of
liquid ejection elements. A ligquid ejection head is formed
to include head chips 19 with nozzles 18 (nozzle sheet 17).

Fig. 1 is a perspective view showing the appearance of

- 12 -



bonded to the nozzle sheet 17 such that each heating element 12 formed
in each head chip 19 is located at a position corresponding to a nozzle 18
formed in the nozzle sheet 17. A head frame 16 is a supporting part for
supporting the nozzle sheet 17 and has a size corresponding to the size
of the nozzle sheet 17. Each accommodation space 16a has a length
corresponding to a horizontal width (21 cm) of the A4 size. Four lines of
head chips 7.9 are disposed in the respective accommodation spaces
16a of the head frame 16 such that one line of head chips 19 is disposed
in one accommodation space 16a. Four ink tanks in which different color
liquids (inks) are stored are disposed in respective accommodation
spaces 16a of the head frame 16 and bonded to the back surface of the
a limeasechips d9=suchrthbtdiquitstofe 13 differentaplorsaee supptied in the
respective accommodation spaces 16a, that is, to the respective lines of

Line aefehiBs 19° Fige 24 aRd 28376 piih Vigdd sHolwifig ohe lide6Phead
11 ne C0URS 1.9 Note that In Figs, 26 and 2B, the.head chips 1.9,apd nqzzles

18 are drawn in an overlapping fashion. The head chips 19 are dispose
lengih acdigzagforhiire which@adidcent hdad etipsHt dodaresoppasitedn-direction
to each other. As shown in Figs. 2A and 2B, a common flow channel 23

mediygy sdppiing’d ligiitto alf Aead ThCES Ue four tines of head

chips 19 serve as color heads of ¥ (yellow), M {magenta), C
{cyan), and K {(black).

The line head 10 is produced by disposing a plurality
of head chips 19 in a zigzag fashion on the nozzle sheet 17
{(nozzle layer) and the lower surface of each head chip 19 is
bonded to the nozzle sheet 17 such that each heating element
12 formed in each head chip 19 is located at a position
corresponding to a nozzle 18 formed in the nozzle sheet 17.

A head frame 16 is a supporting part for supporting the
nozzle sheet 17 and has a size corresponding to the size of
the nozzle sheet 17. FEach accommodation space 16a has a
length corresponding to a horizontal width (21 cm) of the A4
size.

Four lines of head chips 19 are disposed in the
respective accommodation spaces l6éa of the head frame 16
such that one line of head chips 19 is disposed in one
accommodation space 16a. Four ink tanks in which different
color liquids (inks) are stored are disposed in respective
accommodation spaces 16a of the head frame 16 and bonded to

the back surface of the head chips 19 such that liguids of
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formed between a group of head chips 19 located at (N-1)th and (N+I)th
positions and a group of head chips 10 located at Nth and (N+2)th
position. As shown in Figs. 2A and 2B, the nozzles 18 are located at
regular intervals. Note that this applies also to area where two head chips
adjoin each other. The line head 10 constructed in the above-described
manner is disposed at a fixed position in the inside of the printer, and a
recording medium is moved relative to the fixed line head 10 while
maintaining the surface (onto which liquid droplets are fired) of the
recording medium to be spaced from the liquid ejection surface of the line
head 10 (the surface of the nozzle sheet 17). When the recording
medium is being moved relative to the line head 10, liquid droplets are
diffegjeoted-frormrpartictlas meazkliesd 8 of tHeehead P44t eMips 19 so that dots

aredfgrmed on the rec%%negﬁrgedlum thereh achlevmg cto.lo%prfritln% of a

accong Oaragfe?norsfnaf?ﬁaasge. ead chips 19 according to the present -

of he2mbediment @f the invention are described in further detail below. The
head chips 19 are similar to the head chips la in that a plurality of heating
dleprents 2:ark dispased phithevaemicotidueicaidsubistrate 14, plt tesd

. are different in the manner.in which the ting elements 12 are arrayed
SR e A e S e

and r300owiag the shapeRfdhg headan overiapping fashion.

The head chips 19 are disposed in a zigzag form in
which adjacent head chips 19 are opposite in direction to
each other. As shown in Figs. 2A and 2B, a common flow
channel 23 for supplying a liquid to all head chips 19 are
formed between a group of head chips 19 located at (N-1)th
and (N+1)th positions and a group of head chips 10 located
at Nth and (N+2)th position.

As shown in Figs. 2A and 2B, the nozzles 18 are located
at reqular intervals. Note that this applies also to area
where two head chips adjoin each other.

The line head 10 constructed in the above—described
manner is disposed at a fixed position in the inéide of the
printer, and a recording medium is moved relative to the
fixed line head 10 while maintaining the surface {onto which
liquid droplets are fired) of the recording medium tc be
spaced from the liquid ejection surface ¢of the line head 10
(the surface of the nozzle sheet 17). When the recording
medium is being moved relative to the line head 10, liguid

droplets are ejected from particular nozzles 18 of the head
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chip 19 according to the present embodiment. As in the structure of the
related technique, a plurality of heating elements 12 are disposed on the
semiconductor substrate 11. Some of heating elements 12 (denoted by n,
n+2, n+4, n+6... in Fig. 3) are disposed such that the center of each of
these heating elements 12 is located on a (virtual) line LI, while the other
heating elements 12 (denoted by n+l, n+3, n+5,... in Fig. 3) are disposed
such that the center of each of these heating elements 12 is located on a
(virtual) line L2. The lines LI and L2 are parallel with each other and
spaced from each other by S (a real number greater than 0). Although not
shown in Fig. 3, the lines LI and L2 extend in parallel to and close to a

. longitudinal outer edge (on a_lower side in Fig. 3) of the head chip 19 (the
cmp%eﬁicﬁﬁdﬁ&%? - 48" SuBSFateI)® Burfhethioré S5 SHOWA iNFIgerRA and

therR thecommen flaw.shannel 23,fgr sypplying.the liquid tg the, respegtive

liquid chambers 13a is formed so as to extend on the outer side of the
abevd:descritbaghedgé anckalodgrle edgehef thechead chiprodiment
(semiconductor substrate 11). As with the common flow channel 23

of Théh ol fERC 1 37 fifis CORMAER FRW Ehdmidi" 93 a22bfdifig RE H9¢ prediiit
head RBAdIMent.L.s farmed by asidenfage, adiagerp Lo fhe srfagg onwhich

the heating element 12s are formed, of the semiconductor substrate 11
plurandpyaf heating elements 12 are disposed on the

semiconductor substrate 11, but they are different in the
manner in which the heating elements 12 are arrayed and in
the shape of the liguid chambers 13a.

Fig. 3 is a plan view showing the shape of the head
chip 19 according toc the present embodiment.

As in the structure of the related technique, a
plurality of heating elements 12 are disposed on the
semiconductor substrate 11. Some of heating elements 12
(denoted by n, n+2, nt+4, n+6... in Fig. 3} are disposed such
that the center of each of these heating elements 12 is
located on a (virtual} line L1, while the other heating
elements 12 (denoted by n+l, n+3, n+5,... in Fig. 3} are
disposed such that the center of each of these heating
elements 12 is located on a (virtual) line LZ.

The lines L1 and L2 are parallel with each other and
spaced from each other by 8 (a real number greater than 0).
Although not shown in Fig. 3, the lines L1 and L2 extend in
parallel to and close to a longitudinal cuter sdge (on a

lower side in Fig. 3} of the head chip 19 {(the semiconductor
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dummy chip D or the like. Thus, the lines LI and L2 are parallel with the
common flow channel 23 (the outer edge of the semiconductor substrate
11) and located on either side of the common flow channel 23. Of the
plurality of heating elements 12, heating elements at M-th positions as
counted from one end are disposed such that the center of each of these
heating elements is located on the line L1 extending in the same
direction as the direction in which the heating elements 12 are arrayed
(where M takes odd or even numbers). On the other hand, heating
elements 12 at N-th positions as counted from the one end are disposed
such that the center of each of these heating elements is located on the
line L2 (where N takes even numbers when M takes odd numbers but N
substgikdsodd L 16 numbers when M takes even numbers). That is, the
eating elements 12 are disposed.alternately on the lines L1 and L2 in a
T | ARl BlmEits 12 5 (e o BoE e
£low iRteavals of 2P @x Psanshthe-deating elements 42 omthe-dingd-2 are also

_ located at intervals of 2P (2 x P). The position of each heating element 12
Liquigspdstebssthe fide 11 i9sRf@dBy Prefarivexbehd positidreofcclbsest

s JheSiOg slments 1 oposecon s e 2. a ety g
head chip (semiconductor substrate 11). As with the common
flow channel 23 shown in Fig. 13, this common flow channel
23 acéording to the present embodiment is formed by a side
face, adjacent to the surface on which the heating element
12s are formed, of the semiconductor substrate 11 and by a
dummy chip D or the like.

Thus, the lines Ll and L2 are parallel with the common
flow channel 23 {the outer edge of the semiconductor
substrate 11) and located on either side of the common flow
channel 23.

Of the plurality of heating elements 12, heating
elements at M~th positions as counted from one end are
disposed such that the center of each of these heating
elements is located on the line L1 extending in the same
direction as the direction in which the heating elements 12
are arrayed (where M takes odd or even numbers). On the
other hand, heating elements 12 at N-th positions as counted
from the one end are disposed such that the center of each
of these heating elements is located on the line L2 (where N

takes even numbers when M takes odd numbers but N takes odd



arrayed. Thus, the heating elements 12 on the lines L1 and L2 are, as a
whole, located at regular intervals of P. The interval P is determined by
the resolution (DPI) of the line head 10. For example, the interval P is
about 42.3 pm when the resolution is 600 DPI. On the semiconductor
substrate 11, the liquid chambers 13a are formed by portions of the
barrier layer 13 disposed between the semiconductor substrate 11 and
the nozzle sheet 17. In the example shown in Fig. 3, the liquid chambers
13a for the heating elements 12 located on the line L1 in Fig. 3 are
formed so as to be substantially U-shaped in horizontal cross section
such that three sides of each heating element 12 are surrounded by inner
side walls of a corresponding liquid chamber 13a. The liquid chambers

numbergh ERCorthefin®s1 Y7 e BARRH 8y er 13 B§ partialy-Eotingoff tie

e lemdirien Jayet13 1a form gutauts haying1a suhstantially tislike shapg. rkhe
liquid chamber 13a for the heating elements 12 located on the line 1,1 are

in a formedsuchsthatopen sides of these liquid chambers 13a face the line
lf% Og the other Eland, the qu%uid chag\bers 13a for the heating elements

oCHTE SRt R TS Bré forted 86 as' 15 bs substantsify G Haped in

inteRYIZONA crpss section such thal threesidgs of sachdeatingglement 12
are surrounded by inner side walls of a corresponding liquid

line L2 are also located at interwvals of 2P (2 x P}. The
position of each heating element 12 disposed on the line L1
is shifted by P relative to the position of closest one of
heating elements 12 disposed on the line L2 in a direction
along the direction in which the heating elements 12 are
arrayed.

Thus, the heating elements 12 on the lines L1 and L2
are, as a whole, located at regular intervals of P. The
interval P is determined by ﬁhe resolution (DPI) of the line
head 10. For example, the interval’P is about 42.3 pm when
the resolution is 600 DPI.

Qn the semiconductor substrate 11, the liguid chambers
13a are formed by portions of the barrier layver 13 disposed
between the semiconductor substrate 11 and the nozzle sheet
17. 1In the example shown in Fig. 3, the liguid chambers 13a
for the heating elements 12 located on the line L1 in Fig. 3
are formed so as to be substantially U-shaped in horizontal
cross section such that three sides of each heating element

12 are surrounded by inner side walls of a corresponding

liguid chamber 13a. The liguid chambers 13a are formed in



chamber 13a and such that each liquid chamber 13a is isolated from the
other liquid chambers 13a. These liquid chambers 13a are formed such
that open sides of these liquid chambers 13a face the line LI. Thus, the
open sides of the liquid chambers 13a, in which one of the heating
elements 12 located on the line L1 is disposed, face in a direction
opposite to the direction in which the open sides of the liquid chambers
13a, in which one of the heating elements 12 located on the line L2 is
disposed, face. Note that there is no restriction on the length of the sides
of each liquid chamber 13a in which one of heating elements 12 is
located, as long as each side is longer than the length of a corresponding
side of the heating element 12_ In the present embodiment, each liquid
the lphanilser 13ays forhvedry 18asuch tHat one bfithe leddting:eldmentssk2 can

lave belglaggd ftctl}ga\rein suchttha}'gl each inner side Wal]tof the Ii%u_id chamber
Y€ 357is Spaced by a few i from the Heating elemeht 12Y Agap Vix tredre -

The TH0REr gieaterthan) isdormed hetween eagh adiacent swe of the liquid
chambers 13a that are located at intervals of 2P on the line L2 such that

on thyychingjdeent iwo figuitteéhambers 135 arespaceddn thé diteetien in

l:iquiw '8 %E\%% _gidlzggar?gegs 1 a a{?f{‘éraﬁ’fd (thatis, in the direction‘ in
which the Tine L extenas). Hat’is, gaps Wx are formed on both sides of
each-bguidiohambelda sHeh 11 quid chambers 13a for the

heating elements 12 located on the line 12 are formed so as

to bhe substantially U-shaped in horizontal cross section

such that three sides of each heating element 12 are

surrounded by inner side walls of a corresponding ligquid

chamber 13a and such that each liguid chamber 13a is

isclated from the other liquid chambers 13a. These liguid

chambers 13a are formed such that open sides of these liquid

chambers 13a face the line Ll.

Thus, the open sides of the liguid chambers 13a, in
which one of the heating elements 12 lecated on the line Ll
is disposed, face in a direction opposite to the direction
in which the open sides of the liquid chambers 13a, in which
one of the heating elements 12 located on the line L2 is.
disposed, face,

Note that there is no restriction on. the leﬁgth of the
sides of each liquid chamber 13a in which one of heating
elements 12 is located, as long as each side is longer than

the length of a corresponding side of the heating element 12.

In the present embodiment, each liquid chamber 13a is formed
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that liquid chambers 13a are spaced from each other in the direction in
which the liquid chambers 13a are arrayed. Each gap Wx serves as a first
common flow channel 23a (with a width equal to Wx for allowing liquid to
flow in a direction perpendicular to the lines L1 and L2) that is a part of
the common flow channel 23 and that communicates with the common
flow channel 23 for supplying liquid (ink) to each liquid chamber 13a.
Because the liquid chambers 13a on the line L1 are integrally formed in
the barrier layer I3a (such that each liquid chamber is directly surrounded
by the barrier 13), no gap Wx is formed between adjacent liquid
chambers 13a located on the line L1. The ends, on the side facing the
line L2, of the respective liquid chambers 13a located on the line LI are -

such 1ghahaeed 15fa Hap W&éﬂ%@ﬁb@?gt@méﬁ%@m & difeedion

theré)erp%ﬂg: ulca]r to th the relclt}|I01n in thch theﬂlqw? m#)ers 13a re ber
arrayed rom the ent s, on the side facmg the line e respectlve

13a liguid-ehambeys ASad@catedfmﬁheﬂmmb&r&slwtmt@aegaps\ﬂ/x, the gap
Wy serves as a second common flow channel 23b (with a width equal to

Wryrer aﬁb\/\iiﬁ@atihlﬁﬂl%)ﬁé\/\ﬂﬁG‘aa&ﬁ"‘éctwBar%)lleli\ﬁ/itﬁ‘ftﬁ@eﬁhé%el‘ff%%‘d
each Lg that Lis.a part ofithg (?n ftﬁov(\é}ggnmgngs 2 at{tat)communlcates
iqui

with the common owc anne 23 for supp ying (ink) to each liquid
iocaﬁﬂﬁmmﬁhﬁi&rvals of 2P on the line L2 such that each

adjacent two liqguid chambers 13a are spaced in the direction
in which the liquid chambers 13a are arrayed (thHat is, in
the direction in which the line LZ extends). That is;, gaps
Wx are formed on both sides of each liquid chamber l3a such
that liquid chambers 13a are spaced from each other in the
direction in which the liquid chambers 13a are arrayed.

Each gap Wx serves as a first common flow channel 23a
(with a width equal to Wx for alicowing liquid to floﬁ in a
direction perpendicular to the lines L1 and L2} that is a
part of the common flow channel 23 and that communicates
with the common flow channel 23 for supplying liquid {(ink)
to each liquid chamber 13a.

Because the liquid chambers 13a on the line L1 are
integrally fermed in the barrier layer 13a (such that each
ligquid chamber is directly surrounded by the barrier 13), no
gap Wx is formed between adiacent liquid chambers 13a
located on the line L1.

The ends, on the side facing the line L2, of the

respective ligquid chambers 13a located on the line L1 are
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Fig. 4 is a plan view of a head chip 1.9 according to another embodiment,
which is a modification to the head chip 19 shown in Fig. 3. In the
example shown in Fig. 3, all heating elements 12 are disposed such the
center of each heating element 12 is exactly located on either line L1 or
L2. On the other hand, in the example shown in Fig. 4, some heating
elements 12 are disposed such that the center of each of these heating
elements 12 is deviated from the line LI or L2. In Fig. 4, of the heating
elements 12, heating elements 12(n), (n+4), and (n+6) are disposed such
that the center thereof is located exactly on the line L1. However, of the
heating elements 12, a heating element 12(n+2) is disposed such that its
center is slightly deviated from the line LI. The amount of deviation is, for
spacesample, 53 than 57523imvarRe bf #ie akating efdmentsi 2@ 12 located

aire Qe N6 12, althouah heating elements 1.2(n+), ay dj,(crw5éf9@feld£§ﬁﬂ%ed
such that the center thereof is located exactly on the line L2, a heating

chamielementd 2{i£3)-is rdigposed suchibatitsicenten is skghtlydeiiaterkfiom
the line L2. Also in this case, the amount of deviation is set to be, for

the leiampié; 1635 tHAR S7BSRARGH tRE préseritbxahmgiectie Rdatinerimtents
on 1€ 99n10kecesgarl need {p be. fispgsed seh (et the cepier hergotis
located exactly on the line L1 or% , but the center may be deviated within
secomdpegeterminecwsalrarge.23b (with a width equal to Wy for
allowing liquid te flow in a directicn parallel with the
lines L1 and L2) that is a part of the common flow channel
23 and that communicates with the common flow channel 23 for
supplying liguid {ink) to each liquid chamber 13a.

Fig. 4 is a plan view of a head chip 19 according to
another embodiment, which is a modification toc the head chip
1% shown in Fig. 3. In the example shown in Fig. 3, all
heating elements 12 are disposed such the center of each
heating element 12 is exactly located on either line L1 or
LZ. On the other hand, in the example shown in Fig. 4, some
heating elements 12 are disposed such that the center of
each of these heating elements 12 is deviated from the line
Ll or LZ2. In Fig. 4, of the heating elements 12, heating
elements 12{n), (nt4}, and {n+6) are disposed such that the
center thereof is located exactly on the line LI1.

However, of the heating elements 12, a heating element
12{n+2) is disposed such that its center is slightly
deviated from the line L1. The amount of deviation is, for

exampie, less than #8/5. Similarly, of the heating elements
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That is, the heating elements 12 on the line L1 may be disposed such
that they are located alternately at positions exactly on the line L1. and
positions slightly deviated from the line L1, and the heating elements 1.2
on the line L2 may be disposed such that they are located alternately at
positions exactly on the line L2 and positions slightly deviated from the
line L2, in a zigzag fashion. Fig. 5 is a plan view of a head chip 19
according to still another embodiment, which is a modification to the
head chip 19 shown in Fig. 3. In the example shown in Fig. 3, the liquid
chambers 13a in which one of the heating elements 12 on the line L1 is
placed are integrally formed in the barrier layer 13a. In contrast, in the
example shown in Fig. 5, liquid chambers 13a in which one of heating
12 letermedtsod? ometheiline Llds placad-arg formedisuch-thate24s they anal )
isolated from each other, as with |IC¥UId chambers 13a in which one of

and - (b ihgBIEMEht® 22 %h FThet P2 Piac&E hthis StRicare, the open
locaSide afaach Jlauid chamber, d3g, which,is,sybsiangally.Hrshapgd iy ;o

horizontal cross section, faces in a direction opposite to the direction in
dispgich ancopansideigfanothéetiquid changberllBaiatr-anteppdsitenpasition
faces. This structure allows reflection conditions of shock waves

Line duneratetihéR liglicfisEeted 5 hatsMa mBFe St ToPaN figuite
to b@leqﬂ?@ %';‘?Eﬂﬁﬂté,th@%ss than /5.

As in the present example, the heating elements 12 do
not necessarily need to be disposed such that the center
therecf is located exactly on the line L1 or L2, but the
center may be deviated within a predetermined small range.
That is, the heating elements 12 on the line L1 may be
disposed such that they are located alternately at positions
exactly on the line L1 and positions slightly deviated from
the line L1, and the heating elements 12 on the line L2 may
be disposed such that they are located alternately at
positions exactly on the line L2 and positions slightly
deviated from the line L2, in a zigzag fashion.

Fig. 5 is a plan view of a head chip 19 according to
still another embodiment, which is a modification to the
head chip 19 shown in Fig. 3. In the example shown in Fig.
3, the liquid chambers 13a in which one of the heating
elements 12 on the line L1 is placed are integrally formed
in the barrier layer 13a. In contrast, in the example shown
in Fig. 5, liquid chambers 13a in which one of heating

elements 12 on the line L1 is placed are formed such that
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in the structure shown in Fig. 3 or 4, and also allows the nozzle sheet 17
to have a uniform tension distribution. The flow channel structure
according to the present embodiment has the following features. (1) In
regard to the strength, the structure has the following features. Because
the liquid ejection elements are disposed alternately on the lines LI and
L2 in the zigzag fashion, each group of liquid ejection elements located
on either line LI or L2 forms a head with a half resolution. Because the
mechanical strength increases with decreasing resolution, the array of
liquid ejection elements according to the present embodiment makes it
possible to increase the mechanical strength. In the liquid ejection
elements arrayed in the zigzag - 22 fashion, the liquid chamber 13a of
they exe ofiiefid efbctioPl eferfibnbeateddn tHe lind LB 12 Haamdpers

13a SHOSHANMRIN Y- shaped form, and.hus,itis,possible g achicve similar
strength in all directions. Furctjhe'rmore‘, ecause eacﬁ quwa chamber 13a
placdsidisposed such that the open side thereof faces inward, when a

pressure (surface pressure) is applied to an edge (of the array of liquid

diBctior elémaHts orthe HEadBRip 9,38 sfbn§ stierlpart beard tHeber
132, Aelied ArEssyiehiteny, protecting aweak jnner part et e, gdges of

open sides of the |qU|dlc ambers 13a are
section, faces in a direction opposite to the direction in
which an open side of ancother liquid chamber 13a at an
opposite position faces. This structure allows reflection
conditions of shock waves generated when liguid is eiected
to become more similar for all liquid ejection elements than
in the structure shown in Fig. 3 or 4, and also allows the
nozzle sheet 17 to have a uniform tension distribution.

The flow channél structure according to the present
embodiment has the following features.

{1) In regard to the strength, the structure has the
following features.

Because the liquid ejection elements are disposed
alternately on the lines L1 and LZ in the zigzag fashion,
each group of liguid ejection elements located on either
line L1 or L2 forms a head with a half resolution. Because
the mechanical strength increases with decreasing resolution,
the array of liguid ejection elements according to the
‘present embodiment makes it possible to increase the
mechanical strength.

In the liquid ejection elements arrayed in the zigzag
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weakest in strength, but these weakest parts are disposed at inner
positions facing each other such that they are protected by the outer
parts. Thus, these inner parts are protected from a pressure which occurs
when bonding to the nozzle sheet 17 is performed, and also from an
outer pressure which is applied after the bonding to the nozzle sheet 17
is performed. Furthermore, because the positions of the liquid chambers
13a located on the line L1 are shifted by P from the corresponding liquid
chambers 13a located on the line L2, walls of liquid chambers 13a are
located at positions facing, via the gap Wy, both sides of the opening of
each liquid chamber 13a. This prevents the structure from being easily
deformed when a pressure (surface pressure) is applied to the structure. -

fashbann fhe striigtite oFtrEbeated fechhidtis asadith e skl eRipUaTtFig.
elendi@siMwhichJgng individual flow; channels %a%fea%m?&ign gamplike.

shape, a large stress occurs when a force is applied. In contrast, in"the
shapdiquith ohamberstiasacecordingtastharpresent embpsiment, thecatise

each liquid chamber 13a is substantially U-shaped in horizontal cross
strengthion"afd thére 8 H heafr extEHIMYTR e dird&isH PEwRRRiquid

1iquhampers3a are auayed, a Jarge. sirgngthis ag@éeved?m%@revents a

(@] .
large stress from occurring even when a large external force is applied.
thereof faces inward, when a pressure (surface pressure} is

applied to an edge (of the array of ligquid ejection
elements) of the head chip 19, a strong outer part bears the
applied pressure thereby protecting a weak inner part. That
is, edges of open sides of the liquid chambers 13a are
weakest in strength, but these weakest parts are disposed at
inner positions facing each other such that they are
protected by the outer parts. Thus, these inner parts are
protected from a pressure which occurs when bonding to the
nozzle sheet 17 is performed, and alsc from an outer
pressure which is applied after the bonding to the nozzle
sheet 17 is performed.

Furthermore, because the positions of the liquid
chambers 13a located on the line L1 are shifted by P from
the corresponding liquid chambers 13a located on the line L2,
walls of liquid chambers 13a are located at positions facing,
via the gap Wy, both sides of the opening of each liquid
chamber 13a. This prevents the structure from being easily
deforméd when a pressure (surface pressure) is applied to

the structure.
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In the structure of the related technique, when the resolution is, for
example, 600 DPI, heating element 12s are arrayed at intervals of about
42.3 pm, and the width of each comb finger formed, in the barrier layer 3,
between each adjacent two heating element 12s is, at most, as small as
about 15 to 17 m as shown in Fig. 12. In contrast, in the structure
according to the present embodiment, the thickness of the wall of each
liquid chamber 13a can be as large as about 60 pm, which makes it
possible to achieve sufficiently high strength. This allows the structure to
withstand a lateral force (that is, each liquid chamber I3a can withstand
strain due to a force in the direction in which heating elements 12 are
arrayed). (2) In many cases, head chips of the related techniques include
a throughshotedormed drf theéncentet of ad 24 demigenduetorsubstrate;
although not shown in Fig, 12. In contrast, in the structure according to

head 8 e dént! EMfbodifment, & f8R EHantEt s fotmed befiveeh 84ch
chanradiacent zigzag lingspfheatingglementd2si{that is batwean lings. L1

and L2), but there is no flow channel (through-hole) formed through the
occusermicondactbpsabstrateap IMede spetificallyr thetfirst comimon flowe d

channels 23a and the second common flow channels 23b are formed in

chamba Srdds. WHEPE tHevd isheither Bart& thy &P 13 noPfihid EREABEF 13a,
each QL@%%?@WQ%B%‘b§§ra§%ﬂ-§tgﬂgitggi%flgwshaped in

horizontal cross secticn, and there is a beam extending in
the direction in which liguid chambers 13a are arrayed, a
large strength is achieved, which prevents a large stress
from occurring even when a large external force is applied.

In the structure of the related technigque, when the
resolution is, for example, 600 DPI, heating element 12s are
arrayed at intervals of about 42.3 pm, and the width of each
comb finger formed, in the barrier layer 3, between each
adjacent two heating element 12s is, at most, as small as
about 15 te 17 um as shown in Fig. 12. 1In contrast, in the
structure according to the present embodiment, the thickness
of the Wéll of each liquid chamber 13a can be as large as
about 60 pum, which makes it possible to achieve sufficiéntly
high strength. This allows the structure to withstand a
lateral force {that is, each liquid chamber 13a can
withstand strain due to a force in the direction in which
heating elements 12 are arrayed).

{2) In many cases, head chips of the related techniques

include a through-hole formed in the center of a
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channels do not have a part extending through the semiconductor
substrate 11. Note that the common flow channel between each adjacent
zigzag lines of heating element 12s may be in the form of a groove
(having a substantially U-like shape in cross section), if it does not
extend through the semiconductor substrate 11. Also note that a common
flow channel in the form of a through-hole may be formed if the location
thereof is not between adjacent zigzag lines of heating element 12s. For
example, such a common flow channel in the form of a through-hole may
be formed outside the area in which zigzag lines of heating element 12s
are formed. In designing of the head chip 19, having no flow channel in
the form of a through-hole between zigzag lines of heating element 12s

semi GRAREE o<t 1o e8uce IhE total- B8 LsivB 6 thd Rehd%hid 49. Ths

contOWs ateduction in.cost, (because thecast dirgctly, depengds on the area
of the head chip 19). The head chip 19 needs a space for supplying

embodigtreh.UThe réductiorhirthelsize of thenhdab<hip28 allavis itdo acquire

the space folrctkg{sagu]r'gose. In the case in which a through-hole is formed

1925 thd "SEmitonductor SLSstiAtE As with tHeé Stttctife JPRid FéBted s

L1 arl@chnigueyifis pecessary todispase drying.qircuitartays, sepatately on
both sides of the through-hole. This results in an increase in the circuit
formegizaanduhus @reinepedseeinductor substrate 11. More

specifically, the first common flow channels 23a and the
second common f£low channels 23b are formed in flat areas,
where there is neither barrier layer 13 nor liquid chamber
13a, on the semiconductor substrate 11, and these flow
channels do not have a part extending through the
semiconductor substrate 11. HNote that the common flow
channel between each adjacent zigzag lines of heating
element 12s may be in the form of a groove (having a
substantially U-like shape in cress section), if it does not
extend through the semiconductor substrate 11. Also note
that a common flow channel in the form of a through-hole may
be formed if the location thereof is not between adjacent
zigzag lines of heating element 12Zs. For example, such a.
commen flow channel in the form of a through-hole may be
formed outside the area in which zigzag lines of heating
element 125 are formed.

In designing of the head chip 19, having no flow
channel in the form of a through-hole between zigzag lines

of heating element 12s makes it possible to reduce the total
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the area of the head chip by a factor of about 2. Furthermore, it is
necessary to dispose a large connection pad separately for each driving
circuit array. This results in a further increase in the area. In contrast, in
the structure according to the present embodiment, the heating element
12s located on the line LI and the heating element 12s located on the line
L2 are driven by a single electronic circuit (which will be described in
detail later). Furthermore, in designing of the liquid supply system, the
reduction in the size of the head chip 19 allows it to use a greater area for
the liquid supply system, while reducing the total size of the line head 10.
(3) In the present embodiment, disposing heating elements 12 alternately
on the lines LI and L2 in the zigzag fashion makes it possible to have a
size gréat-spate:bétweemr- 28. hedting eldments 12.CEhbtds,ifon examplet
regarding heating element 12s located on the line LI, the heatingqglement

(becqocare ishoséd At fiftehvals SFER Whic afd fivite StheShteriAls itéktied

chip (@ @chieve,ihe.gametgsplufionjndhe strugture.ofhe relaigd jeghnique.
This brings about an increase in clearance regarding the physica
liquidimension. Fotuexample,ra head €hire 19 Withha réseldtioh o 1200 DPI

can be realized with a similar clearance to that needed to achieve 600

allogpiih the stiftdreof the rdPated &ehniglié> (431RREGS to liquid supply

fgngﬁgfggggug% which a through-hole is formed in the
semiconductor substrate as with the structure of the related
technique, 1t 1s necessary to dispose driving circuit arravys
separately on both sides of the through-hecle. This results
in an increase in the circuit size and thus an increase in
the area of the head chip by a factor of about 2.
Furthermore, it is necessary to dispose a large connection
pad separately for each driving circuit array. This results
in a further increase in the area. In contrast, in the
structure according to the present embodiment, the heating
element 12s located on the line L1 and the heating element
12s located on the line L2 are driven by a single electronic
circuit (which will be described in detail later).
Furthermore, in designing of the liquid supply system, the
reduction in the size of the head chip 19 allows it to use a
greater area for the liguid supply system, while reducing
the total size of the line head 10.

(3) In the present embodiment, disposing heating
elements 12 alternately on the lines Ll and L2 in the zigzag

fashion makes it possible to have a great space between
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according to the present embodiment has the following features. Figs. 6A
to 6D are schematic diagrams showing various structures of head chips.
In these figures, squares drawn by solid lines represent liquid chambers,
and circles drawn by dotted lines represent nozzles. Fig. 6A shows a
liquid flow in a structure of the related technique (such as that shown in
Fig. 12). Fig. 6B shows a liquid flow in a structure proposed by the
present applicant and filed as Japanese Patent Application No. 2003-
383232. Fig. 6C shows a liquid flow in a structure having a through-hole
formed between two zigzag lines of heating elements. Fig. 6D shows a
liquid flow in the structure according to the present embodiment. In the
structures shown in Figs. 6A to 6C, liquid is - 27 supplied to each liquid
heatighansdermgatean individbaieftovi Sehaiel eRRaretcre, itthesdisteuctures, if

an ob tacle oceurs 1{10 éno(lilwdua Low chrgi;mnﬁi not&j%wgeﬁ n.be

heat £
= m%p?‘ dtoa correspondang qU|d amber. in"contrast, in the structure

elemshowWre i Eige 68, diguid:ds supphed te-eash diguigkchamben I3a-oma ce
plurality of directions via channels extending around that liquid chamber
the ll@‘%%ﬁqﬁi@?ﬂ‘%%ﬁ@rs%&%%% dhkeREEfUTREBA U it nadintdiRs the

strudfirnalpressure of theiauid champers 13a,,and thus lauid syprld t
openlngso UId \ambers
increase in clearance regarding the physical dimension. For

example, a head chip 19 with a resolution of 1200 DPI can be
realized with a similar clearance to that needed to achieve
606 DPI in the structure of the related technique.

(4) In regard to ligquid supply flow, the structure
according to the present embodiment has the following
features.

Figs. 6A to €D are schematic diagrams showing various
structures of head chips. 1In these figures, sguares drawn
by sclid lines represent liquid chambers, and circles drawn
by dotted lines represent nozzles.

Fig. 6A shows a liguid flow in a structure of the
related technique (such as that shown in Fig. i2y. Fig. 6B
shows a liquid flow in a structure proposed by the present
applicant and filed as Japanese Patent Application No. 2003-
38323Z. Fig. 6C shows a liguid flow in a structure having a
through—hole formed between two zigzag lines of heating
elements. Fig. 6D shows a liquid flow in the structure
according to the present embodiment.

In the structures shown in Figs. 6A to 6C, liquid is
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I3a and liquid supplied to openings of liquid chambers 13a at opposite
locations are all supplied after being passed through the first common
flow channel 23a with the width equal to Wx. As a result, liquid with
substantially the same pressure is supplied to the openings of all liquid
chambers 1.3a located on the lines LI and L2. (5) The flow channel
structure according to the present embodiment can provide high
uniformity in terms of characteristics of ejecting and refilling of liquid. The
high uniformity is important because if the uniformity is not sufficiently
high, an ejection variation or a variation in the amount of an ejected liquid
droplet occurs when a liquid ejection operation is performed under a
particular conditign, or a bubble is generated owing to a difference in

SUPP bisitation $pebd’b@RerhtioiPBPS bubbfe fdsuldh & gieat - 25°Yeduction

chand@the am@i@t@ﬁ?c@g liguid).. T&rﬁw&@ﬂ@élatiggsaﬁ is,peeded to form
the flow channel structure so as to have a symmetrical shape or a shape
occurgf rotational sgmmetrp.linthisregardpinlthen striciume showm in<Fig. 6B,

cu Jd-ifé%re{‘geg igolg:rQ%th fr%rg ithe ¢ommon I:Igwm%hannel to respective liquid
PP chambers can tause “a'variation i cﬁarac?ens‘?i]f:s. In contrast, in the

structyre ageerding tq the present erabagimant; liguid candie supplied to
all liquid chambers 13a under similar conditions, and thus high uniformity
is swanlbedchievettin teimsigl chamber 13a from a plurality of

directions via channels extending around that liguid chamber
13a. The liguid chambers 13a have a filter-like function
that maintains the internal pressure of the ligquid chambers
13a, and thus liquid supplied to openings of liguid chambers
13a and liquid supplied to openings of liquid chambers 13a
at opposite locations are all supplied after being passed
through the first common flow channel 23a with the width
egqual to Wx. As a result, liquid with substantially the
same pressure is supplied to the openings of all liquid
chambers 13a located on the lines L1 and LZ2.

{5) The flow channel structure according to the present
embodiment can provide high uniformity in terms of
characteristics of ejecting and refilling of liguid. The
high uniformity is important because if the uniformity is
not sufficiently high, an ejection wvariation or a variation
in the amount of an ejected liquid droplet occurs when a
liquid ejection operation is performed under a particular
condition, or a bubble is generated owing to a difference in

operation speed (generation of a bubble results in a great
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ejection and refilling characteristics of liquid ejection elements. (6) When
a nozzle sheet is separately prepared and the nozzle sheet is bonded to
a semiconductor substrate on which heating elements and liquid
chambers are formed, the small thickness (about 10 to 30 m) of the
nozzle sheet compared to the thickness (about 600 to 650 pm) of the
head chip causes a tension to occur in the nozzle sheet at room
temperature. If a thermal stress or an external force is applied to such a
structure, a change in the tension in the nozzle sheet occurs, and, as a
result, a strain can occur. However, in the structure according to the
present embodiment, the nozzle 18, which is a part most sensitive to a
change in the tension, is surrounded by the substantially U-shaped wall of
redue9othe tiquicechambef 184, and tirgsithe. tensibn does not cause a large
stress tQ be aeglled ta the nozzle 18 Th ée%)re it |slposshble% achieve
hlé)h s‘f”éjolf:ty cﬂlugrh rerf'ablquy ovar &Wi emperature rangeq(%qlf the

chanNISEOsity @ the suriacg JensionQfdiquid Jglew.a sheckwaye is.generated
when liquid is ejected, and a liquid surface vibration or a liquid pressure

shapghafigecsedursnihen Yiguikisyefillda It tkesrg {origitimerfok Be meniscus

to come E) rest after suchﬁa shoc ave is nera ed or ﬂ I|JgU|d surface
struc own 1 l?ﬁ erence engt rom
ratioR Oceurs. one friet

common flow channel to respective liquid chambers can cause
a variation in characteristics. In contrast, in the
structure according to the present embodiment, liquid can be
supplied to all liguid chambers 13a under similar conditions,
and thus high unifcormity can be achieved in terms of
ejection and refilling characteristics of liquid ejection
elements.

(6) When a nozzle sheet is separately prepared and the
nozzle sheet is bonded to a semiconductor substrate on which
heating elements and liguid chambers are formed, the small
thickness {(about 10 to 30 um) of the nozzle sheet compared
to the thickness {about 600 to 650 pm) of the head chip
causes a tension to occur in the nozzle sheet at room
temperature.

If a thermal stress or an external force is applied to
such a structure, a change in the tension in the nozzle
sheet occurs, and, as a resuli, a strain can occur. However,
in the structure according to the present embodiment, the
nozzle 18, which is a part most sensitive to a change in the

tension, 1s surrounded by the substantially U-shaped wall of
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to prevent the above problem is to increase the length of the individual
flow channel between each liquid chamber and the common flow channel
such that the long individual flow channel has a large flow resistance
thereby attenuating the shock wave generated when liquid is ejected and
the vibration that occurs when liquid is refilled. However, if a bubble
appears in the long individual flow channel, an ejection failure occurs. If
the ejection operation is continued in such a state, there is a possibility
that a heating element is broken. To prevent the above problem, a
column (a filter) for trapping dust or a particle is generally disposed in
front of each individual flow channel, so that the filter has an effect of
attenuating the vibrations or reduces interference. In contrast, in the

the Lisfidfite Ging o the PrésERtS 30" erbadinidht fiictisBizte§ ARG
a 1atddependent ligyid,chambers 13a.faging the commen flopschanngl23

serve as filters. Filters of the related technique (such as filters 30 shown
it isnFigis 10) endyrbe ddditiondilydisposed to achieve drdalible filtering
. effect. The filtering characteristics of the liquid chambers 13a can be
re L GptiizEd I térnis 8t e SBIR7 ot FdGcihg ifRiference and vibrations by

Properly selecting the gap Wi and.the length. L(Eig, 3hofgach: jauid

chamber 13a. In particular, when liquid chambers 13a are formed to
is low, a shock wave is generated when liquid is ejected,
and a liquid surface vibration or a liquid pressure change
occurs when liquid is refilled. It takes a long time for a
meniscus to come to rest after such a shock wave is
generated or a liguid surface vibrétion occurs. One method
to prevent the above problem is to increase the length of
the individual flow channel between each liquid chamber and
the common flow channel such that the long individual flow
channel has a large flow resistance thereby attenuating the
shock wave generated when ligquid is ejected and the
vibration that occurs when liquid is refilled. However, if
a bubble appears in the long individual flow channel, an
ejection failure cccurs. If the ejection operation is
continued in such a state, there is a possibility that a
heating element is broken.

To prevent the above problem, a column {a filter) for
trapping dust or a particle is generally disposed in front
of each individual flow channel, so that the filter has an

effect of attenuating the vibraticns or reduces interference.

In contrast, in the structure according to the present
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be symmetric as shown in Fig. 5, the influence of shock waves can be
minimized by forming flow channels (with a width equal to Wx) so as to
extend straight from openings of liquid chambers 13a thereby absorbing
shock waves propagating from the openings of the liquid chambers 13a.
(8) The length of a flow channel from a common flow channel to an
individual flow channel and the flow resistance thereof influence the
ejection pressure (ejection speed). In the present embodiment, liquids
flow through channels on both sides of each liquid chamber 13a and join
each other in the second common flow channel 23b located at the center
between the liquid chambers 13a on the line LI and the liquid chambers
13a on the line L2. The joined flow is divided and supplied to the
enboddspattivetitfid ehaniirstsanda Vgl patisiwith sbbstardiafipanésame 3a
sacs ISPA (same,low - 21, resistance), Therefore, evep,yhen the ejection, .
operation is peﬁormed continuously, Ilquﬁ{s can be ejected. from liquid

of tejectionelementsat Oppositedecationsratisubstantialyhthen same-gjgction
pressure (ejection speed). Thus, the flow channel structure according to

10) me presedtémbodirhént AAsHRE 61l dwing ddvaiitageSiqay Aefirst
ot L el e i
liquirithe.present straciure, becayseiliguidds shpplischiroprthuge dikgctions
of reducing interference and vibrations by properly
selecting the gap Wx and the length L (Fig. 3} of each
liquid chamber 13a.

In particular, when liquid chambers 13a are formed to
be symmetric as shown in Fig. 5, the influence of shock
waves can be minimized by forming flow channels (with a
width equal to Wx) so as to extend straight from openings of
liguid chambers 13a thereby absorbing shock waves
propagating from the openings of the liquid chambers 13a.

{8} The length of a flow channel from a common flow
channel to an individual flow channel and the flow
resistance thereof influence the ejection pressure (ejection
speed}. In the present embodiment, liquids flow through
channels on both sides of each liquid chamber 13a and join
each other in the second common flow channel 23b located at
the center between the liguid chambers 13a on the line L1
and the liguid chambers 13a on the line L2. The joined flow
is divided and supplied to the respective liquid chambers

13a via paths with substantially the same length (same flow
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to the opening of each liquid chamber 13a, a priming effect is always
achieved. (2) A very similar droplet ejection speed is obtained for all liquid
ejection elements (that is, all liquid ejection elements have similar ejection
characteristics). (3) Because liquid ejection elements on the same line
(the line LI or L2) are located at large intervals, the wall of each liquid
chamber I13a can be formed so as to have a sufficiently large thickness so
that a change in characteristics due to a thermal expansion or a
mechanical stress applied to the line head 10 Is minimized. (4) It is
possible to reduce interference between ejection shocks generated by
different liquid ejection elements (by large and uniform filtering effects).
(5) Because each liquid chamber |3a is surrounded by - 32 liquid with

res i 4t thernaPEGGEGVIE Thanthalof e BaRTerIAYePPSrE gbod Heat
per £dEMAYal charactslistic can he, achieved. (6) Because the pozzle sheet 17

has a uniform tension distribution, variations in characteristics among
ejectnozzles ¢8ecds betminimized.o7) Berausediquid issuppliediteldach:liguid
chamber 13a from three directions, a failure due to a particle or dust can

SAME L) kG Zed * (8] Borthd SHie t850IBHSRTDPI) and the same number

Thus, the flow channel structure according to the
present embodiment has the following advantages.

{1y A first advantage is that a failure due to a bubble
can be suppressed. FEven if a failure due to a bubble occurs,
self-recovering from the failure can occcur. In the present
structure, because ligquid is supplied from three directions
to the opening of each liguid chamber 13a, a priming effect
is always achieved..

{2) A very similar droplet ejection speed is obtained
for all liquid ejection elements (that is, all liquid
ejection elements have similar ejection characteristics).

{3) Because liquid ejection elements on the same line
{the line L1 or LZ} are located at large intervals, the wall
of each liguid chamber i3a can be formed sc¢ as to have a
sufficiently large thickness so that a change in
characteristics due to a thermal expansion or a mechanical
stress applied to the line head 10 is minimized.

(4 It is possible to reduce interference between
eijection shocks generated by different liquid ejection
elements (by large and uniform filtering effects).

{5) Because each liquid chamber 13a is surrounded by
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of nozzles, the head chip 19 can be formed to have a smaller area than
the area of the structure in which a through-hole is formed at the center of
the head chip 19. Now, ejection direction deflecting means according to
the present embodiment is described below. In the present embodiment,
as shown in Fig. 3 and other figures, the heating element 12 located in
each liquid chamber 13a is divided into two parts disposed side by side.
Two parts of each heating element 12 are disposed side by side in the
same direction as the direction in which the nozzles 18 are arrayed.
Although the locations of nozzles 18 are not shown in Fig. 3, the nozzles
18 are disposed above the respective heating element 12s such that the
central axis of each nozzle 18 is coincident with the central axis of a
Liquigbrredgontting heatingeiembnt 1248 133 whdleof the straturecof the

heating ele t 12 having two_parts disposed inside one liquid chamber
e T oF (R hodtit TP 1D S TWCbaR e Ot in
achidbembove-described manner, the length of each part of the heating
element 12 is equal to the length of a non-divided heating element, and
thielwithF D gachiiparkt4s dhe-Kaf te Width?oT the Hon-aiitddReatng
ai <. SgMeNt; Therefore, the resistance of.pach of the.two,pars of (he healing
element 12 istwice the resistance of the non- divided e%ting dlement. If
can Hhedwoiparisaf the heating

{7} Because liguid is supplied to each ligquid chamber
13a from three directions, a failure due to a particle or
dust can be minimized.

(8) For the same resolution {(DPI) and the same number
of nozzles, the head chip 19 can be formed to have a smaller
area than the area of the structure in which a through-hole
is formed at the center of the head chip 19.

Now, ejection direction deflecting means according to
the present embodiment is described below.

In the present embodiment, as shown in Fig. 3 and other
figures, the heating element 12 located in each liquid
chamber 13a is divided into two parts disposed side by side.
Two parts of each heating element 12 are disposed side by
side in the same direction as the direction in which the
nozzles 18 are arrayed. Although the locations of nozzles
18 are not shown in Fig. 3, the nozzles 18 are disposed
above the respective heating element 12s such that the
central axis of each nozzie 18 is coincident with the

central axis of a corresponding heating element 12 as a
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element 12 is connected in series to each other, the resultant resistance
becomes 4 times greater than the resistance of the non-divided heating
element (note that the resistance is calculated without taking into account
the effect of a space formed between the two parts). To boil the liquid in
the liquid chamber 13a, particular electrical power is applied to the
heating element 12 to heat the heating element 12. The liquid is ejected
by boiling energy. When the resistance of the heating element 12 is low, it
is needed to pass a large current through the heating element 12. On the
other hand, when the heating element 12 has a large resistance, it is
possible to boil the liquid by passing a small current through the heating
element 12. This allows it is use a small-size transistor to supply - 34 a
wholeustentie berpassed-throtdghliae heatibgelement 12, andhthusiil it wo
possible to reduce the total size. The resistance of the heating element

parts AR pEHcidsEby 1B dbL MY the thitkiess 'ofthe heating element 12.
Howeyer,. there g algwer limit op the dhickness of the heating_element

12, depending on the characteristics such as the strength (durability) of
type thiematériahused teforne thie shedtinglelement-l. 2t Theldiviging ofthe
heating element 12 into two parts makes it possible to increase the

each Baistaile 'dith& tiebtiig bt 12 withSutréditing thd thidkiess of

of a non-divided heating element, and the width of each part
is one~half the width of the non~divided heating element.
Therefore, the resistance of each of the two parts of the
heating element 12 is twice the resistance of the non-
divided heating element. If the two parts of the heating
element 12 is connected in series to each other, the
resultant resistance becomes 4 times greater than the
resistance of the non-divided heating element {(note that the
resistance is calculated without taking into acecount the
effect of a space formed between the two parts).

To boll the ligquid in the ligquid chamber 13a,
particular electrical power is applied to the heating
element 12 to heat the heating element 12. The liquid is
ejected by boiling energy. When the resistance of the
heating element 12 is low, if is needed to pass a large
current through the heating element 12, On the other hand,
when the heating element 12 has a large resistance, it is
possible to boil the liquid by passing a small current
through the heating element 12,

This allows it is use a smalli-size transistor to supply
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the heating element 12. In the structure in which a heating element 12
divided into two parts is disposed in each liquid chamber 13a, in general,
two parts of each heating element 12 are heated such that temperatures
thereof reach, at the same time, to a temperature needed to boil the liquid
(that is, the two parts are heated such that the bubble generation time
becomes the same for the two parts). If there is a difference in the bubble
generation time between the two parts of the heating element 12, the
liquid ejection angle is deviated from the vertical direction. Fig. 7 is a
diagram illustrating the liquid ejection angle. In Fig. 7, if liquid i is ejected
in a direction perpendicular to a liquid ejection plane (surface of a
recording medium R), the ejected liquid i travels along a - 35 straight path

3 CUREGiRhte by AnPar e teprE<BitBd HYFa Wottbdn iné HFRRY V. )3n the dther
tnus hand; if the eletion angle-of, the figuid ijs deviated by Qfrom the vertical

direction, the ejected liquid i travels along a path Zl or Z2, and thus the

resigravalgaint obtherliguidnds deviated by Al arH xetanfarkere=H is the
distance between the end of the nozzle 18 and the surface of the

redUGLES g MdiGRTRS that is The BEHNY vehwBsR the fiquid sjecticn -
chersufacg ofdhe liquid ejection, glerpgnt.and the liguid arriyal syrface (this

also holds in
element 12, depending on the characteristics such as the
strength (durability} of the material used toc form the
heating element 12. The dividing of the heating element 12
into two parts makes it possible Lo increase the resistance
of the heating element 12 without reducing the thickness of
the heating element 12.

In the structure in which a heating element 12 divided
into two parts is disposed in each liquid chamber 13a, in
general, two parts of each heating element 12 are heated
such that temperatures thereof reach, at the same time, to
temperature needed to boil the liguid (that is, the two
parts are heated such that the bubble generation time
becomes the same for the two parts). If there is a
difference in the bubble generation time between the two
parts of the heating element 12, the liquid ejection angle
is deviated from the vertical direction.

Fig. 7 is a diagram illustrating the liquid ejection
angle. TIn Fig. 7, if liquid i is ejected in a direction
perpendicular to a liquid ejection plane (surface of a

recording medium R}, the ejected liguid i travels along a
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the following discussions). In common ink-jet printers, the distance H is in
the range of 1 to 2 mm. In the following discussion, it is assumed that the
distance H is maintained at a constant value equal to about 2 mm. The
distance H needs to be maintained constant because a change in the
distance H results in a change in the arrival position of the liquid i. When
the liquid i is ejected in a deflected direction from the nozzle 18 toward
the surface of the recording medium H, the arrival position of the liquid i
varies with the change in distance H, although the change in the distance
H does not cause a change in the arrival position when the liquid i is
ejected in the vertical direction. Figs. 8A and 8B are graphs indicating
results of computer simulations in terms of the liquid ejection angle 36
strapghifurrtibniofdheadifferantesin time vieeded togerierdteca buldsietind

. __liquid hetween two payts oftqe heating element 12. Note that Fig. 8A
line sﬁgwisgtﬂé ‘Iai!gUidvé?ec%%% é)r%:g grmggélugr’edl% gﬁ%( 3%88&5&“&? g%llf gt

the shgwsdhe ligyidiejections apglemeaswreddn a.v- direstion; wherainthe X
direction is a direction in which the nozzles 18 are arrayed (the direction

the gjamiciwd paisd of dachvidating elementithrd ldispoged sidedby side),

2@9{‘92 Y direc@on P)? direlction. gn ,Whichﬁghe re%%r(gir}l) medium is fed)

perpendllcgl%%rtlo tie X direction. ig- 8T show

the ..
Ows measuréed deviations of
the AL, = H x tan®

where H is the distance between the end of the nozzie 18 and
the surface of the recording medium R, that is, the distance
between the liquid ejecticn surface of the liquid ejection
element and the liquid arrival surface {this also holds in
the following discussions). In common ink-jet printers, the
distance H is in the range of 1 to 2 mm. In the following
discussion, it is assumed that the distance H is maintained
at a constant value equal to about 2 mm.

The distance H needs to be maintained constant because
a change in the distance H results in a change in the
carrival position of the liquid i. When the liguid i is
ejected in a deflected direction from the nozzle 18 toward
the surface of the recording medium R, the arrival position
of the liquid i1 varies with the change in distance H,
although the change in the distance H does not cause a
change in the arrival position when the liquid i is ejected
in the vertical direction.

Figs. 8A and 8B are graphs indicating results of

computer simulations in terms of the liguid ejection angle

- 36 -



liquid arrival position. In this figure, a horizontal axis represents a
deflection current defined as one-half the difference between currents
flowing through the two parts of the heating element 12. Note that the
deflection current corresponds to the bubble generation time difference
between the two parts of the heating element 12. In Fig. 8C, a vertical
axis represents the measured value of the deviation of the liquid arrival
position (while maintaining the distance between the liquid ejection
surface and the liquid arrival surface (the recording medium) at about 2
mm). In this measurement, a main current of 80 mA was passed through
the heating element 12, and the deflection current described above was
superimposed on the main current passed through one of the two parts of

as 2 fhEHeating Siément 12 therets ettty e TGuRF&jethoAdirsction. 2
pubbid Whendhete isa diffarencs inthe.bubblegeneration, ime, batween; the

two parts that are produced by dividing the heating element 12 in the
Note ditectiofiiio whith thewezzles 18 arédregyed; the liguid ejectionangle is
in a de}élia fgl féc%ry the vertical, directgon gs shot\{vn in_Figs, 8A and 8C. That is,

hé 1IgLiFSiettibn dhyte Oin the difsdidonRSWAtRThE ReZZEsIB are
angl &MERyedLinceases.with dhe hupbls, genaation, time. difference (aqte that

the liquid ejection angle Ox indicates the deviation from the vertical
a dirmiection dnd WWorrespomesito eiteRigl #)are arrayved (the
direction in which two parts of each heating element 12 are
disposed side by side), and the Y direction is a direction
(in which the recording medium is fed) perpendicular to the
X direction. Fig. BC shows measured deviations of the
liguid arrival position. In this figure, a horizontal axis
represents a deflection current defined as cne-half the
difference between currents flowing through the two parts of
the heating element 12. HNote that the deflection current
corresponds to the bubble generation time difference between
the two parts of the heating element 12. In Fig. BC, a
vertical axis represents the measured value of the deviation
of the liguid arrival position (while maintaining the
distance between the liguid ejection surface and the liquid
arrival surface (the recording medium) at about 2 mm). In
this measurement, a main current of 80 mA was passed through
the heating element 12, and the deflection current described
aboye was superimposed on the main current passed through

one of the two parts of the heating element 12 thereby

deflecting the liquid ejection direction.
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In the present embodiment, the heating element 12 divided into two parts
is used, and currents are passed through the two parts of the heating
element 12 such that there is a difference in the current between these
two parts thereby creating a difference in the bubble generation time
between the two parts of the heating element 12. By controlling the
difference in the current between the two parts of the heating element 12,
the ejection direction of the liquid ejected from each nozzle 18 is
deflected by a desirable amount in the direction in which the liquid
ejection elements (nozzles 18) are arrayed. When there is a difference in
resistance between the two parts of the heating element 12 because of a
production error or the like, a difference occurs in the bubble generation
tthehetiveen the thopdrts brtHeehéating eldmbht e3ge 12 1AS goresult, a

. eviation occurs.in the liguid ejection _angle from the, vertical.djrectio
e e At of Tos 1B S SN T s et
heat ipesitigrakhe deviatinntofdhe liguictawival posiionrcam deradjpsted by

properly controlling the currents passed through the two respective parts
are iR tHatingtelénféhtd 2 iksrebyradiistty the BaBbRIGehdration tires

vertiUEh 1R ING. RUDbS agneration,tpe hecomes (e same far the fwo parts

of the heating element 12 and thus the liquid Is ejected in the "vertical
the difgcii@Nejection angle 0x in the direction in which the
nozzles 18 are arrayed increases with the bubble generation
time difference {note that the liquid ejection angle 0x
indicates the deviation from the vertical direction and
corresponds to 0 in Fig. 7).

In the present embodiment, the heating element 12
divided intoc two parts is used, and currents are passed
through the two parts of the heating element 12 such that
there is a difference in the current between these two parts
thereby creating a difference in the bubble generation time
between the two parts of the heating element 12. By
controlling the difference in the current between the two
parts of the heating element 12, the ejection direction of
the liquid ejected from each nozzle 18 is deflected by a
desirable amount in the direction in whichrthe liquid
ejection elements (nozzles 18) aﬁe arrayed.

When there is a difference in resistance between the
two parts of the heating element 12 because of a production
error or the like, a difference occurs in the bubble

generation time between the two parts of the heating element
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In the line head 7.0, the deviation of the liquid ejection direction from the
vertical direction can be adjusted on a head chip by head chip basis such
that the respective head chips 19 as a whole eject liquid in the vertical
direction. It is also possible to adjust the liquid ejection angle for one or
more particular liquid ejection elements in a head chip 19. For example,
in a particular head chip 19, when the liquid ejection direction of a
particular liquid ejection element is not parallel with the liquid ejection
direction of the other liquid ejection elements, it is possible to adjust the
liquid ejection direction of this particular liquid ejection element such that
the liquid ejection direction becomes parallel with the liquid ejection
direction of the other liquid ejection elements. - 39 It is also possible to
12.  deflett theskiduid ejection alireetionasfoliows. Fbeekampld, lef astaissume

that when liquids are e'e%ed from a liquid ejection element N and an
angl%(%é:é)e%t@ﬁlqe uigeeﬁgét?oanie ement N¥ [ thé %Jlegfeéf (ﬁabll(%tssarzr‘ﬁl/eaat

dev i POSHIONSN and Nl grespestivelya whesdsthe:ligwlid gigction diregtion is not

deflected. In this case, it is possible to deflect the ejection direction of
positiypit ejebted foi fHel diguitf efdttion Elerhént NrsweH thatthé ejectedn
be aéijgtlil.is: eaéri%?/s S%rbee%ﬁrﬁ}’afl; r?ts",'igigfl@ﬂc”;irg;sﬁ%aq:gtzger?ygggggsed
through the two respective parts of the heating element 12
thereby adjusting the bubble generation times such that the
bubbie generation time becomes the same for the two parts of
the heating element 12 and thus the liquid is ejected in the
vertical direction.

In the line head 10, the deviation of the liquid
ejection direction from the vertical direction can be
adjusted on a head chip by head chip basis such that the
respective head chips 19 as a whole eject liquid in the
vertical direction.

It is also possible to adjust the liquid ejection angle
for one or more pafticular liquid ejection elements in a
head cﬁip 19, For example, in a particular head chip 19,
when the liquid ejection direction of a particular liquid
ejection element is noﬁ parallel with the ligquid ejection
direction of the other liquid ejection elements, it is
possible to adiust the liquid ejection direction of this
particular liguid ejection element such that the liquid

ejection direction becomes parallel with the liguid ejection

direction of the other liquid ejection elements.
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liquid in the non-deflected direction such that the ejected liquid arrives at
the arrival position n. Similarly, it is possible to deflect the ejection
direction of liquid ejected from the liquid ejection element N+I such that
the ejected liquid arrives at the arrival position n, instead of ejecting the
liquid in the non- deflected direction such that the ejected liquid arrives at
the arrival position n+l. For example, when the liquid ejection element N+1
becomes impossible to eject liquid because of blocking or the like, it
becomes impossible to have liquid deposited at the arrival position n+l,
and a dot failure occurs. If the head chip 19 includes such a failed liquid
ejection element, the head chip 19 as a whole is regarded as failed.
However, when such a failure occurs, it is possible to - 40 obtain liquid
depositedi’@ttheeiAva sosifot AFLas; efd&ingiiauid i Eproperly
flected direction from the liquid ejection element N or N+2 adjacent to
the liquid ejection element N. A specific example of the ejection direction
deflectingmpieansiis essribedhelownd hisexampleofithe gjestion
direction deflecting means according to the present embodiment is

3 eCtfindd Wit CfeHE SIS (Reriaftbrs PoterR PO as TN
13 qu AICHIRF1: 0 I agigit diggram, showing a SPeciie, AIPIE . .

positions n and n+l, respectively, when the ligquid ejection

dire

direction is not deflected. In this case, it is possible to
defiect the ejection direction of iliquid ejected from the
liquid ejection element N such that the ejected liguid
arrives at the arrival position ntl, instead of ejecting the
liguid in the non-deflected direction such that the ejected
liquid arrives at the arrival position n.

Similarly, it is possible to deflect the ejection
direction of liguid ejected from the liguid ejection element
N+1 such that the ejected liguid arrives at the arrival
position n, instead of ejecting the liguid in the non-
deflected direction such that the ejected liguid arrives at
the arrival position n+l.

For example, when the liquid ejection element N+1
becémes impossible to eject liquid because of blocking or
the like, it becomes impossible to have liquid deposited at
the arrival position n+l, and a dot failure occcurs. If the
head chip 19 includes such a failed liquid ejection element,
the head chip 19 as a whole is regarded as failed.

However, when such a failure occurs, it is possible to
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of the ejection direction deflecting means according to the present
embodiment. First, circuit elements used in this circuit and connections
among them are described. In Fig. 9, resistors Rh-A and Rh-B are
resistors of the two respective parts of the heating element 1.2, and these
two resistors are connected in series. A power supply Vh supplies a
voltage to the resistors Rh-A and Rh-B. The circuit shown in Fig. 9
includes transistors Ml to M21. Of these transistors, transistors M4, M6,
M9, M11, M14, M16, M19, and M2l are PMOS transistors, while the other
transistors are NMOS transistors. In the circuit shown in Fig. 9, a CM
circuit is formed, for example, by transistors M2, M3, M4, M5, and M6,
and a total of four CM circuits are formed in a similar manner. In this
obta girchit athiecy aterari tiredd rlin o the =4l dfansistor M6 are tohgected to

o .ecéq%%a e of the transistor, M4.le;S d&instoféhe transistors M4 and M3
J onnacted to ' each other, ahd the Graims of thefransiBtots We Whd M5

are
1iqu ke «certeciad o gashothen Transisters.areponnected. in @ similar

~ manner in the other CM circuits. The drains of the transistors M4, M9,
eJjecitpl ad@NETg-of the respective CM circuits and the drains of the

tﬁaréSiSetO:%i'\cﬂ;BéMaSm 13, afnqC NlS of thte. respgctive CM circuits are
conrected in common to the node HEWeER the TESIStorS RIEIA HHATRASE.

means is described below. This example of the ejection
direction deflecting means according to the present
embodiment is formed using current mirror circuits
{hereinafter, referred to as CM circuits).

Fig. 9 is a circuit diagram showing a specific example
of the ejection direction deflecting means according to the
present embodiment. First, circuit elements used in this
clrcuit and connections among them are described.

In Fig. 9, resiétors Rh~-A and Rh-B are resistors of the
two respective parts of the heating element 12, and these
two resistors are connected in series. A power supply Vh
supplies a voltage to the resistors Rh~A and Rh-B.

The circuit.shown in Fig. 9 includes transistors M1 to
MZ21. .Of these transistors, transistors M4, M6, M9, M11, M14,
M16, M19, and M21 are PMOS transistors, while the other
transistors are NMOS transistors. In the circuit shown in
Fig. 9, a CM circuit is formed, for example, by transistors
M2, M3, M4, M5, and M6, and a total of four CM circuits are
formed in a similar manner.

In this circuit, the gate and the drain of the



The transistors M2, M7, M12, and M17 serve as constant current sources
of the respective CM circuits, and the drains of respective these
transistors are connected to the respective sources of the transistors M3,
M8, M13, and M18. The drain of the transistor M1 is connected in series
to the resistor Rh-B. When an ejection execution switch A is at a "1"-level
(on-level), the transistor M1 turns on, and, as a result, a current flows
through the resistors Rh-A and Rh-B. Output terminals of the respective
AND gates Xl to X9 are connected to the respective gates of the
transistors MI, M3, M5, M7, and M9. Note that the AND gates Xl to X7 are
of the two-input type, but the AND gates X8 and X9 are of the three-input
type. At least one of the input terminals of each of the AND gates Xl to X9

tran&%@?ﬂe%%déggh%%@@ecﬂ% chg:él'[l t%NIg:P '%‘h@n@r%f IQEUEOT M4,
terminals of each of XNOR gates X10, X12, X14, and X16 is connected to

The dudeflection difectionaselestion swWittheGland the etherrinputtetminal of
each of these XNOR gates is connected to one of deflection control

cachg@libfds FRISST a%réjé’&ﬁor? Anpl¥adfiRtnéntSkitchS. e Heréctfon
conndireetion selectionswitch C is a.switch Jor switchinga diregtion in which

the liquid ejection direction is deflected, between positive and negative
simidrectiomsalongtheharraybf nogzres ik8:dfithe.deflection

The drains of the transistors M4, M9, M14, and M19 of
the respective CM circuilts and the drains of the transistors
M3, M8, MI3, and M18 of the respective CM circulits are
connected in common to the node between the resistors Rh-A
and Rh-B.

The transistors M2, M7, Mi2, and M17 serve as constant
current sources of the respective CM circuits, and the
drains of respective these transistors are connected to the
respective scurces of the transistors M3, MB, M13, and M1S8.

The drain of the transistor Ml is connected in series
Co the resistor Rh-B. When an ejection execution switch A
is at a "1"~level {on-level), the {ransistor M1l turns on,
and, as a result, a current flows through the resistors Rh-A
and Rh-B.

Output terminals of the respective AND gates X1 to X9
are connected to the respective gates of the transistors M1,
M3, M5, M7, and M9. Note that the AND gates X1 to X7 are of
the two-input type, but the AND gates X8 and X% are of the
three-input ﬁype. Lt least one éf the input terminals of

each of the AND gates X1 to X9 is connected to the ejection
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direction selection switch C is at the "1"-level (on-level), one of input
terminals of the XNOR gate X10 is at the "1"- level. The deflection control
switches Jl to J3 are switches for determining the amount of deflection of
the liquid ejection direction. For example, when the input terminal J3 is at
a "1"-level (on-level), one of the input terminals of the XNOR gate X10 is
at the "|"-level. The output terminal of each of the XNOR gates X10, X12,
X14, and X16 is connected to one input terminal of one of the AND gates
X2, X4, X6, and X8 and also connected to one input terminal of one of the
AND gates X3, X5, X7, and X9 via one of NOT gates XI1, X13, X15, and
X17. One input terminal of each of the AND gates X8 and X9 is
connected to an ejection angle adjustment switch K. - 43 The deflection
execgmplitude icdoritrgt terminal B is a terminal for determining the amplitude of
one deflection st%grbr}{.dng?rminjifngethe current of the transistors M2, M7,

M12, Bhd MLV 'servinl a8 cohstant Airtert'sstiicss BFHTE résBectve cm

x14, GrcYitga Fo fhis.end,the deflegtion anplitudesontialdeminal B is
connected to the gates of the respective transistors M2, M7, M12, and

seleqipnlf ON ishapplieantd thiseterhinad, thecotrrémtofieach ednstaph of
current source is.set to be e U%l to 0, and thus no__deflection flows. As a

theS%e%ﬁ@%h%%%%6m%%6%%%ﬁﬁ%0ﬁonto one of deflection control

switches Jl to J3 or an ejection angle adjustment switch S.

The deflection direction selection switch C is a switch
for switching a direction in which the ligquid ejection
direction is deflected, between positive and negative
directions along the array of nozzles 18. If the deflection
direction selection switch C is at the "1"-level (on-level),
one of input terminals of the XNOR gate X10 is at the "1"-
level.

The deflection centrol switches J1 to J3 are switches
for determining the amount of deflection of the ligquid
ejection direction. For example, when the input terminal J3
is at a "l1"-level (on—level), one of the input terminals of
the XNOR gate X10 is at the "1"-level.

The output terminal of each of the XNOR gates X10, X12,
X14, and X16 is connected to one input terminal of one of
-the AND gates X2, X4, X6, and X8 and also connected toc one
input terminal of one of the AND gates X3, X5, X7, and X9
via one of NOT gates X111, X13, X15, and X17. One input
terminal of each of the AND gates X8 and X9 is connected to

an ejection angle adjustment switch K.
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becomes equal to 0. If the voltage applied to the deflection amplitude
control terminal B is gradually increased, the current of the constant
current source gradually increases, and thus the deflection current also
gradually increases. As a result, the deflection amplitude increases. Thus,
it is possible to properly control the deflection amplitude by controlling the
voltage applied to the deflection amplitude control terminal B. The source
of the transistor Ml connected to the resistor Rh-B and the sources of the
respective transistors M2, M7, M12, and M17 serving as the constant
current sources of the respective CM circuits are grounded. In the circuit
diagram shown in Fig. 9, numerals "xN" (N =1, 2, 4, or 50) described in
parentheses close to the respective transistors M1 to M21 indicate the
nimbeledfled4 ivansistol dlements that @re tonnécted in parallel. For
e%(agn%e, tr%réstistors with numerals "xI" (transistors M12 to_M21) are each

Ofed 10 have one Staldard fraRSRlor dlement. O il Sier hsa,
step UgPSitotsWith umerals o2 'r ransistors M7 1o, M) arg pach eqyjvalent
to a parallel connection of two standard transistor elements. Similarly,
M12, tramsidiors with nibrges "xINh ate saclkreguivalesttora qraralfeltdennection
! g@n&ird transiséor elemeq_:[g.,The transistors M2, M7, M12 and M17
Pare téSpectively S 2, S TRAG &P T i Rufifbler ot 'stafdard

amplitude control terminal B is connected to the gates of

term

the respective transistors M2, M7, M12, and M17. If 0 V is
applied to this terminal, the current of each constant
current source is set to be equal to 0, and thus no
deflection flows. As a result, the amplitude of deflection
becomes equal to 0. If the voltage applied to the’
deflection amplitude control terminal B is gradually
increased, the current of the constant current source
gradually increases, and thus the deflection current also
gradually increases. As a result, the deflection amplitude
increases. Thus, it is possible to properly control the
deflection amplitude by controlling the voltage applied to
the deflection amplitude control terminal B.

The source of the transisteor M1l connected to the
resistor Rh~B and the sources of the respective transistors
M2, M7, M12, and M17 serving as the constant current sources
of the respective CM circuits are grounded.

In the circuit diagram shown in Fig. 9, numerals "xN"
(N = 1, 2, 4, or 50) described in parentheses close to the

respective transistors M1 to M21 indicate the number of
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transistor elements, and thus, the ratio of the drain current among these
transistorsis 4 : 2 : 1 : 1 when a patrticular voltage is applied between the
gate of each of these transistors and the ground. The operation of the
circuit is described. First, the operation of the CM circuit composed of the
transistors M3, M4, M5, and M6 is discussed. The ejection execution
switch A is turned on only when liquid is ejected. For example, when the
signal levels are such that A = "1" (that is, A is at the "1"-level (signal
levels will be described in a similar manner also for other signals)), B =
2.5V, C"1", and J3 ="1", the signal level of the output of the XNOR gate
X10 becomes "1". This "1"-level output signal and A ="1" are input to the
AND gate X2, and thus a - 45 "I"-level signal is output from the AND gate
trans{2tAs aclesuil the tiansistorM3dsarmesion \Whenatheedutputof-the
XNOR gate Xl0 is at "1", the output of the NOT gate Xll is at "0". This
SXANBGE. 1e\Fer %I&%it%%aﬁh*a REGELLE indt to the KNDY&tE X3 and thus

M21) & Qslevelsignalisqutput from the AND gate X3. As.g,tesult, . the; cnent .

transistor MS is turned off. Because the drains of the transistors M4 and
On thy3areecozected toeachsdthers, and-thendreins:dkthed?énsistors M6 and
(tra££§§¥gfgnggcggjg&%?cgSg“gég@egénggggggogo a parallel
connection of two standard transistor elements. Similarly,
transistors with numeral "xN" are each eguivalent to a
parallel connection of N standard transistor elements.

The transistors M2, M7, M12 and M17 are respectively
x4", "x27, "x1", and "x1" in the number of standard
transistor elements, and thus, the ratioc of the drain
current among these transistors is 4 : 2 : 1 : 1 when a
particular voltage is applied between the gate of each of
these transistors and the ground.

The operation of the circuit is described. First, the
operation of the CM circuit composed of the transistors M3,
M4, M5, and M6 is discussed.

The ejection executicn switch A is turned on only when
liguid is ejected.

For example, when the signal levels are such that A =

1" (that is, A 1s at the "1"-level (signal levels will be

described in a similar manner also for other signals)), B =

2.5V, C="1", and J3 = "1", the signal level of the output
of the XNOR gate X10 becomes "1". This "1"-level output
signal and A = "1" are input to the AND gate X2, and thus a
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M3 is in the on-state and the transistor M5 is in the off- state as described
above, no current flows from the transistor M6 to the M5 although a
current flow from the transistor M4 to the transistor M3. Because of the
nature of the CM circuit, when no current flows through the transistor M6,
the transistor M4 also has no current flowing therethrough. Because 2.5 V
is applied to the gate of the transistor M2, a current corresponding to the
applied voltage of 2.5 V flows only from the transistor M3 to the transistor
M2 among the transistors M3, M4, M5, and M6. In this state, because the
gate of the transistor. M5 is in the off-state, no current flows through the
transistor M6, and thus no current flows through the transistor M4 that is
a mirror of the transistor M6. The same current I, flows through both the

w1 - Yesistors RfrAl and Rh:Buifi thereds norc4@athgr eurrent. Howewer, when
the gate of M3 is in the on- state, the current determined by M2 is drawn
resuljy M3 froht tHes hdtietbétiveeh thee’ibtérs-Rh-A and Rh-B, and thus the

sHLentetednined. by M2 fe.agdeg only,'@ the gurtent flaying igugh the
resistor Rh-A. Thus, 1a, "> 1"h_a. The operation of the circuit has been

outpudescribedabove ferithexaseiin which© = "1tn\Wherp€-"02that is; vhen
only the signal level of the deflection direction selection switch C is

signahgiyddwhile’ naiRtiihgRHE otertéignalND gate X3, and thus a

O-level =signal is output from the AND gate X3. BAs a result,
the transistor M5 is turned off.

Because the drains of the transistors M4 and M3 are
connected to each other, and the drains of the transistors
M& and M% are connected to each other, when the transistor
M3 is in the on-state and the transistor M5 is in the off-
state as described above, no current flows from the
transistor M6 to the M5 although a current flow from the
transistor M4 to the transistor M3. Because of the nature
of the CM circuit, when no current flows through the
transistor M6, the transistor M4 also has no current flowing
therethrough. Because 2.5 V is applied to the gate of the
transistor M2, a current corresponding to the applied
voltage of 2.5 V flows only from the transistor M3 to the
transistor M2 amoﬁg the transistors M3, M4, M5, and M6.

In this state, because the gate of the transistor M5 is
in the off-state, no current flows through the transistor M6,
and thus no current flows through the transistor M4 that is
a mirror of the transistor M6. The same current I, flows

through both the resistors Rh~A and Rh-B if there is no
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levels (that is. the signals levels of A, B, and J3 are maintained at "1"),
the circuit operates as follows. When C ="0" and J3 ="1", a "0"-level
signal is output from the XNOR gate X10. This "0"-level output signal and
A ="1"are input to the AND gate X2, and thus the output level of the
AND gate X2 becomes "0". As a result, the transistor M3 is turned off.
When the output signal level of the XNOR gate XI0 is "0", the output
signal level of the NOT gate X11 becomes "1". This "1"-level output signal
and A ="1" are input to the AND gate X3, and thus the transistor MS is
turned on. When the transistor M5 is in the on-state, a current flows
through the transistor M6. In this state, by the nature of the CM circuit, a
current also flows through the transistor M4. - 47 Thus, currents flow
otherfromitherpowertsupphy ¥h mtethe:resistoreR A MAe transistohM4;rand

cat thegszi\ensistor M6t. Ehg current flowin%t%hr,ough the resistor Rh-A all flows
Statirectly into the resibior RAIBEny harrof the Bitdht “AGwity SaE8F the

node "B8IBIIRNA dogs nol flowsinie, the Jransistog M3, hecayse thgdransistor
M3 is in the off- state). All current passing through the transistor M4 flows

currgpfo thetesictoeRhbE, Bécausathiettansistoriv3 s ther offastate. The

flowicryéretrg Ipoaggwgcﬁgo%%g ]Ig% ;t}rgn%lls_t%r_M6 flows into the transistor. M5.

Thus, Ina > Tawp-

The operation of the circuit has been described above
for the case in which C = "1". When C = "{0", that is, when
only the signal level of the deflection directicon selection
switch C is changed while maintaining the other signal
levels (that is, the signals levels of A, B, and J3 are
maintained at "1"), the circuit cperates as follows.

When C = "0" and J3 = "1", a "0"-level signal is output
from the XNOR gate X10. This "0"-level output signal and A
= "1™ are input to the AND gate X2, and thus the output
level of the AND gate X2 becomes "0". As a result, the
transistor M3 is turned off.

Whén the output signal level of the XNOR gate X1¢ is
"0", the output signal level of the NOT gate X11 becomes "1".
This "1"-level output signal and A = "1" are input to the
AND gate X3, and thus the transistor M5 is turned on.

When the transistor M5 is in the on~state, a current
flows through the transistor M6. In this state, by the
nature of the CM circuit, a current also flows through the

transistor M4.
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When C ="7.", as described earlier, the current flowing out of the resistor.
Rh-A partially flows into the resistor Rh-B and the remaining current flows
into the transistor M3. In contrast, when C = "0", the sum of the current
passing through the resistor Rh-A and the current passing through the
transistor M4 flows into the resistor Rh-B. As a result, the current I,
flowing through the resistor Rh-A is smaller than the current I,, flowing
through the resistor Rh-B, that is, In, A < |~-B. The ratio of these currents
is inverse for C ="1"and C ="0". By controlling the currents such that the
current flowing through the resistors Rh-A and Rh-B become different
from each other, it is possible to create a difference between times at
which bubbles are generated on the respective two parts of the heating
elstient1? tiysYeby L 48 detfetihthedivaid &eetdy difectiorrcDépending

resis%whsﬁhgr, CralionG s "@}.h%JJ9Uig'n&i%%@nt%gg%cstifgégge&'g?ted by
the same amount but in opposite direction along the array of nozzles 18.

The ditrtherabavesdiseyssinnoasly thedeflectiongontiol sswiich 43 is.turned on
or off. If the deflection control switches J2 and Jl are turned on or off, it is

direcidesibreits tbftrbPthes¢irFerits owiRb thrsugh e resiters-RAN and
£1 owiRG-BROEPIECISE More sggifically, the currepf flowing through the
transistor M3, because the transistor M3 is in the off-
state). All current passing through the transistor M4 flows
into the resistor Rh-B, because the transistor M3 is in the
off-state. The current passing through the transistor M6
flows into the transistor M5.

When C = "1i", as described earlier, the current flowing
out: of the resistor Rh-A partially flows into the resistor
Rh—-B and the remaining current flows into the transistor M3.
In contrast, when C = "0", the sum of the current passing
through the resistor Rh-A and the current passing through
the transistor M4 flows into the resistor Rh—-B. A&As a result,
the current T, , flowing through the resistor Rh-A is smaller
than the current I, ; flowing through the resistor Rh-B, that
is, Igon < Igs. The ratio of these currents is inverse for
C = "1" and C = "Q",

By controlling the currents such that the current
flowing through the resistors Rh-A and Rh-B become different
from each other, it is possible to create a difference
between times at which bubbles are generated on the

respective two parts of the heating element 12 thereby
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transistors M4 and M6 can be controlled by the deflection control switch
J3, the current flowing through the transistors M9 and M11 by the
deflection control switch J2, and the current flowing through the
transistors M14 and M16 by the deflection control switch J1. As described
earlier, the transistors M4 and M6, the transistors M9 and M11, and the
transistors Ml4 and M16 have relative current driving capacities of 4, 2,
and 1. Therefore, it is possible to control the deflection of the liquid
ejection direction at one of eight levels by setting the three bits
corresponding to the respective deflection control switches JI to J3 to one
of values (JI, J2, J3) = (0, 0, 0), (0, 0, 1), (0, 1,0), (O, 1, 1), (2,0,0), (2,0
1), (1, 1,0)and (1, 1, 1). By changing the voltage applied between the
de flgyatesof th49 ltheutiansistors M2y M7 rMiiand M17 and the ground

thereby changing the current flowing through these transistors, it is
Eggﬁﬁ%lt%gcﬁ%hgéjﬁf_éhgrﬁo‘ant'o deflE&tion per Step While'mdimt&ining
ejectiigdatel the dainCLEaNts of LaRSISIANS Al dn ado EHENEINOLE, as

described earlier, according to the signal level of the deflection direction
opposselectibrr switch C a ihendefibetiorr ofathecdjeotion tirecién is switched
between two oppgosite directions along the direction in which the nozzles

18 aFE ARl white haitaing the afsuntsf Lection control

switch J3 is turned on or off. If the deflection control
switches JZ and Jl are turned on or off, it is possible to
control the currents flowing through the resistors Rh-A and
Rh-B more precisely.

More specifically, the current flowing through the
transistors M4 and M6 can be controlled by the deflection
control switch J3, the current flowing through the
transistors M8 and M1l by the deflection contrel switch J2,
and the current flewing through the transistors Ml4 and M16
by the deflection control switch J1.

As described earlier, the transistors M4 and M6&, the
transistors M9 and Mil, and the transistors M1l4 and M16 have
relative current driving capacities of 4, 2, and 1.
Therefore, it is possible to control the deflection of the
liquid ejection direction at one of eight levels by setting
the three bits corresponding to the respective deflection
control switches JI to J3 to one of values (J1, J2, J3) = (0,
o, 0), (0, 0, 1), (0, 1, 0), (O, 1, 1), (1, 0, OY, (1, O 1),
(1, 1, 0} and (1, 1, 1;.

By changing the voltage applied betwsen the gates of

- 49 -



deflection. In the line head 10, as shown in Figs. 2A and 2B, a plurality of
head chips 19 are arrayed in a zigzag fashion in a direction across the
width of a recording medium, such that the orientation of the head chips
19 becomes opposite between each two adjacent head chips 19 (the
orientation is inverted from one head chip 19 to another). In this array of
head chips 19, if common signals are sent to the deflection control
switches Jl to J3 of two adjacent head chips 19, the liquid ejection
direction is deflected in opposite directions for the two adjacent head
chips 19. In the present embodiment, to avoid the above problem, the
deflection direction selection switches C of the respective head chips 19
are controlled such that the deflection direction is properly switched. - 50

the taghs s5&6HiEall, in e lilé hedd stlicturd'fh Wwhch? apilithity 6F RBYd
chandips 10-are.arraypd imtheizigzag, fashion; G is-sat e be; 0" for head

chips 19 at even- numbered locations (N N+2, N+4,...) and C is set to be
is pdysifothebd cHiped9 dttoddnambered loedtionst(Nrl pe3, M4=P,...) such

that the deflection %irection_ becoimgﬁ éh_g same for all headocplps 19 of

Whliethlélefiﬁrei fead 18. The eféagtfbon é)rfgle adjusfarﬁéintcs}lvﬁ eSS And K are

+rransSimiarto the deflegtion gantrol switches Jl to J3 in that they are used to

control deflection of the liquid ejection
Furthermore, as described earlier, according to the

signal level of the deflection direction selection switch C,
the deflection of the ejection direction 1s switched between
two opposite directions along the direction in which the
nozzles 18 are arrayed, while maintaining the amount of
deflection.

In the line head 10, as shown in Figs. 2A and 2B, a
plurality of head chips 19 are arrayed in a zigzag fashion
in a direction across the width of a recording medium, such
that the orientation of the head chips 1% becomes opposite
between each two adjacent head chips 19 (the crientation is
inverted from one head chip 19 to another). In this array
of head chips 19, if common signals are sent to the
deflection control switches J1l to J3 of two adjacent head
chips 19, the liguid ejection direction is deflected in
opposite directions for the two adjacent head chips 1%. In
- the present embodiment, to avoid the above problem, the
deflection direction selection switches C of the respective
head chips 19 are controlled such that the deflection

direction is properly switched.
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direction, but different in that they are used to adjust the deflection. More
specifically, the ejection angle adjustment switch K is used to specify
whether the adjustment is performed or not. When K ="1", adjustment is
performed, but adjustment is not performed when K ="0". The ejection
angle adjustment switch S is used to specify which direction along the
array of nozzles 18 to perform adjustment. For example, when K ="0" (no
adjustment is performed), 0"-level signal is applied to one of thee inputs
of the AND gate X8 and one of three inputs of the AND gate X9, and thus
the output signal level becomes 0 for both AND gates X8 and X9. As a
result, the transistors M18 and M20 are turned off, and thus the
transistors M19 and M21 are also turned off. 51 Thus, no change occurs

incuerests flowing throughthe neesistors R and-Rk-B::Qn the wtherm
hand, when K="1",if S and C are set, for example, such that S ="0" and
a plerabgithaiodipatievel BF the XNORgaRYR ¥6 becbhies?1. IPds, input

Fash FANAIROL (T 1" 1) 216 #pligd (906 AND dats X8, andthe output
level thereof becomes "1"_As a result, the transistor M18 is turned on.

numb&redoflimparts signalsiapplied ta-the AND gate X9 is inverted hystheiNOT
gate X17, and the resultant "0"- level signal is input to the AND gate X9.

for ﬁ$®g’ﬂﬁgsauﬁﬁ qt odd~numbered locations (N+1 N+3,

N+5, ...} such that the deflection direction becomes the same

for all head chips 19 of the line head 10.

The ejection angle adjustment switches S and K are
similar to the deflecticn control switches J1 to J3 in that
they are used to contrel deflection of the liguid ejection
direction, but different in that they are used to adjust the
defilection.

More specifically, the ejection angle adjustment switch
K is used to specify whether the adjustment. is performed or
not. When K = "1", adjustment is performed, but adjustment
is not performed when K = "(0".

The ejection angle adjustment switch S is used to
specify which direction along the array of nozzles 18 to
perform adjustment.

For example, when K = "0" (no adjustment is performed),
O0"-level signal is applied to cone of thee inputs of the AND
gate X8 and one of three inputs of the AND gate X9, and thus
the output signal level becomes 0 for both AND gates X8 and

X8. As a result, the transistors MI18 and M20 are turned off,

"and thus the transistors M1% and M21 are also turned off.
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level of the AND gate X9 becomes "0". As a result, the transistor M20 is
turned off. Because the transistor M20 is in the off-state, no current flows
through the transistor M21. In this situation, by the nature of the CM
circuit, the transistor. M19 also has no current flowing therethrough.
However, because the transistor M18 is in the on-state, a current is
drawn from the node between the resistors Rh-A and Rh-B and flows into
the transistor M18. This causes the resistor Rh-B to have a smaller
current flowing therethrough than the current flowing through the resistor
Rh-A. Thus, by adjusting the liquid ejection angle, it is possible to adjust
the arrival position of a liquid droplet by a desirable amount in the
direction in which nozzles 18 are arrayed. 52 Although in the

Thus above desctibedaexampler the: adiistment és toptrolied byra twe-bit

. control i[gggl giv(%n?%/ the ejection angle adjustment switches S and K,
its (th

TS hé htmber of b ar is, the number of switches) may be increased to

retfarmethe-adipistment mare precisely. The deflection curtent def that
determines the deflection of the liquid ejection direction can be
exanpdgresentdd d8atfuhctioNr thedighat. [E08ls ofttheoraspective switohes

= + +
the )é&)(()t%‘g?gzgd Xsl%nge}%grsng%”%ws' l'(l:‘lfelfus,‘]:%i)r(lgti(tlssg,c}]gaxl% Xolf? (‘Hf')'(,ls

1%, "1") are a?plied tc the AND gate X8, and the output
level therecof becomes "1™". As a result, the transistor M1ig
is turned on. One of inputs signals applied to the AND gate
X9 is inverted by the NOT gate X17, and the resultant "0Q"-
level signal is input to the AND gate ¥9. Thus, the output
level of the AND gate X9 becomes "0". As a result, the
transistor M20 is turned off. Because the transistor M20 is
in the off-state, no current flows through the transistor
M21.

In this situation, by the nature of the CM circuit, the
transistor M19 also has no current flowing therethrough.
However, because the transistor M18 is in the on-state, a
current is drawn from the node between the resistors Rh-A
and Rh~B and flows into the transistor M18. This causes the
resistor Rh-B to have a smaller current flowing therethrough
than the current flowing through the resistor Rh-A. Thus,
by adjusting the liquid ejection angle, it is possible to
adjust the arrival position of a liquid droplet by a
desirable amount in the direction in which nozzles 18_are

arravyed.
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=(4xJ3+2xJ2+J1+SxK)xlIs (1) Inequation (1), JI, J2, and J3 take
avalue of +1 or 1, S takes a value of +1 or -1, and K takes a value of +1
or 0. As can be seen from equation (1), it is possible to set the deflection
current at one of eight levels by setting J1, J2, and J3, and the deflection
current is also set by S and K independently of JI to J3. Because the
deflection current can be set at one of eight levels including four positive
levels and four negative levels, it is possible to deflect the liquid ejection
direction in either direction along the array of nozzles 18. For example, in
Fig. 7, it is possible to deflect the liquid ejection direction by 0 to the left
from the vertical direction (such that the liquid is ejected in - 53 the
direction ZI in Fig. '7), and it is also possible to deflect the liquid ejection

ditddtioteby Otolthe righ fror shetvdifidardindstibay (steh tRED thatieiidt is
is cdlecisdiingthg dicection £2.in Fig.. 7). The;valug of 0, thatis the amount of

deflection, can be set arbitrarily. Examples Specﬁlb exam%les are
ejectdescrivbed belaw; Fig-ridhshews topard of assemiconauetarnproeessing
mask according to an embodiment of the present invention. In the

Pits Leble’showiiith BIGUDT t7d seth of'processirftfafasked to

perform the adjustment more precisely.

The deflection current Tdef that determines the
deflection of the liquid ejection direction can be
represented as a function of the signal levels of the
respective switches J1 to J3 and S and K as follows.

Idef = J3 x 4 x Is + J2 x 2 x Is + J1l x Is + S x K x Is

= (4 x JdJ3 + 2 x J2 + J1l 4+ 8 x K) x Is (1)

In equation (1)}, J1, J2, and J3 take a value of +1 or -
I, 5§ takes a value of +1 or -1, and K takes a value of +1 or
0.

As can be seen from equation {1), it is possible to set
the deflection current at one of eight levels by setting J1,
J2, and J3, and the deflection current is also set by S8 and
K independently of J1 to J3.

Because the deflection current can be set at one of
eight levels including four positive levels and four
negative levels, it is possibie to deflect the liguid
ejection direction in either.directibn along the array of
nozzles 18. For example, in Fig. 7, it is possible to
‘deflect the ligquid ejection direction by 6 to the left from

the vertical direction (such that the liguid is etected in
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is designed so as to produce liquid chambers 13a with a symmetric
shape such as those shown in Fig. 5 and so as to produce
rectangular-column filters 30 at regular intervals of 2P at locations
corresponding to the locations of respective liquid chambers 13a
disposed in a lower line in Fig. 10. In Fig. 1.0, liquid is supplied from the
upper side (where filters 30 are disposed), and the barrier layer 13 is
located on the lower side. In the mask pattern shown in Fig. 10, locations
of the heating element 12s are additionally shown by dotted lines. The
intervals P of heating element 12s are set to 42.3 pm to obtain a
resolution of 600 DPI. In Fig. 10, the distance (corresponding to S in Fig. 3
or 4) in the vertical direction between two adjacent center lines of the
the gy biheating Blerhiéat 128 is sethoia valuerdgealro54itolP, that is,

42.3 pm. Fig. 11 shows,. in the form of graphs, measured ejection speed
C)‘th—}fcc:)ztr elg etegn lé):i%sle%jfg hfqour}dée'}é:&i:otn% err?) ntré]) of tﬁ%eee ké‘ § %h%):sefb

the Wskihehip,seventh ship(andreightht chip) atisyccessivedqeations inthe
line head 10 including sixteen head chips for each color, wherein each
the diggdEhpr1dAnéRidEsB20/ hozzIEBSTHE Bterage Bjectiontspeedivas 8.64

amoun(gnlgg %%Ehe?ctsi%%qargaqne\ggtios% évaasr%sig:naax!"lifs 021 (m/s). The Sm.a”
standard deviation of the measured ejection speealndlcates that the line

head according to the present embodiment has '
Exampleé

Specific examples are described below.

Fig. 10 shows a part of a semiconductor processing mask
according to an embodiment of the present invention. In the
example shown in Fig. 10, the semiconductor processing mask
is designed sc as to produce liguid chambers 13a with a
symmetric shape such as those shown in Fig. 5 and so as to
produce rectangular-column filters 30 at regular intervals
of 2P at locations corresponding to the locations of
respective liquid chambers 13a disposed in a lower line in
Fig. 10. In Fig. 10, liquid is supplied from the upper side
{(where filters 30 are disposed}, and the barrier layer 13 is
located on the lower side. In the mask pattern shown in Fig.
10, locations of the heating element 12s are additionally
shown by dotted lines. The intervals P of heating element
12s are set to 42.3 pum to obtain a resolution of 600 DPI.

In Fig. 10, the distance (corresponding to 8 in Fig. 3 or 4)
in the vertical direction between two adjacent center lines

of the array of heating element 12s is set to a value eqgual
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high stability and high accuracy in liquid ejection. The bubble generation
rate was experimentally evaluated as follows. Line heads, which are
different in structure of the liquid chamber 13a but which are identical. in
the intervals P of nozzles 18 and the average distance between the end
of the head chip 19 the line of nozzles 18, were prepared. The measured
bubble generation rate for the structure of the related technique was
about 1 to 1.5 x 10-5. On the other hand, the bubble generation rate for
the structure according to the present embodiment was zero in any of a
plurality of measurements (at an ambient temperature of 25C). The
measurement shows that the line head according to the present
embodiment also has high 55 performance in terms of the bubble

to Piodiéthtidn raftd 1n tH8 -actual printing test on Ad-size paper, no

degradationn,image, auality:due to,gegeration of hubhles was;ehserygd.
In both the bubble generation rate measurement and the actual printing

speededtit wagishown that the bubble( generationirate iwas ektreaely Jow it
shhould be understood by those skilled in the art that various

thred gt atBhE cdmbirtatioh, SibRonibikalishs AHd altePlichs 5 occur
chip)depending on-desion seguirements, angd.other factorsiinsefar as they.are

within the scope of the appended claims or the equivalents thereof.
sixteen head chips for each color, wherein each head chip 19
includes 320 nozzles.

The average ejection speed was 8.64 (m/s), and the
standard deviation was as small as 0.21 (m/s). The small
standard deviation of the measured ejection speed indicates
that the line head according to the present embodiment has
high stability and high accuracy in liguid ejection.

The bubble generation rate was experimentally evaluated
as follows.

Line heads, which are different in structure of the
ligquid chamber 13a but which are identical in the intervals
P of nozzles 18 and the average distance betweén the end of
the head chip 19 the line of nozzles 18, were prepared.

The measured bubkle generation rate for the structure
of the related technique was about 1 to 1.5 x 107°.

On the other hand, the bubble generation rate for the
structure according to the present embodiment was zero in
any of a plurality of measurements (at an ambient
temperature of 25°C). The measurement shows that the line

head according to the present embodiment also has high
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- 56 WHAT IS CLAIMED IS: 1. A liquid ejection head comprising a
plurality of liquid ejection elements arrayed in a flat area on a substrate,
each liquid ejection element including: a liquid chamber for holding a liquid
to be ejected; a heating element disposed in the liquid chamber, for
generating a bubble in the liquid in the liquid chamber by heating the
liquid; and a nozzle for ejecting the liquid in the liquid chamber when the
bubble is generated by the heating element, wherein, of the plurality of
heating elements, heating elements at M-th positions as measured from
an end of the array of heating elements are disposed such that the center
of each of these heating elements is located exactly on or close to a first
line extending in the same direction as the direction in which the heating
rerfelaments ate arrayed owhilérchéatiriglelenversts at Nth pasitionsas the
actuﬁeasurgg _fgomggetend o;\%:le array of heatinrg elgments are disposed
Suchthar the? cefiter ot each 6fthesh Hedting SleHiehts 7€ futated Bxactly
imag®NI=al9se ta@esacongkine extending-in.thesame dicection. asdhe 1,
direction in which the heating elements are arrayed, the first and second
both |ikbs Deikg paraitelwithtéach biier BAd DEingspaceddrorheachtothér by
Sigrea!:gumbe{greater ﬁ@an 0), Ms beirrl]eg %d or even numbers, Ns being

rint 3 was s own)ﬁhat t ubble generat:ion
P even numBérs 7 g rate

was extremely low.

It should be understood by those skilled in the art
that variocus modifications, combinations, sub-combinations
and alterations may cccur depending on design requirements

and other factors insofar as they are within the scope of

the appended claims or the equivalents thereof.
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if Ms are odd numbers or odd numbers if Ns are even numbers; each
liquid chamber is formed to have a U-like shape in horizontal cross section
such that a wall thereof surrounds three sides of a heating element
disposed in the liquid chamber; the heating elements are arrayed such
that the heating elements disposed on or close to the first and second
lines are located, as a whole of heating elements, at regular intervals of
P; the liquid chambers are disposed such that an open side of each liquid
chamber whose wall surrounds three sides of one of heating elements
located exactly on or close to the first line faces in a direction opposite to
a direction in which an open side of each liquid chamber whose wall
waaT SYHoupds.three sides of one of heating elements located exactly on or
close to the second line faces; a gap Wx (real number greater than 0) is
formed at least between each adjacent liquid chambers disposed at
intervals of 2P on or close to the first line or between each adjacent liquid

chamBers'di8poséd GEmtER S B2P YiP ot Hidsk to theseddriayling such
11 quihatadiacent liquid . chambers are. spaged, from each other by the gap Wx

in the direction in which the liquid chambers are arrayed; a gap Wy (real
subsnuaiber greaterithani0) is fernmed betvieertheiliquichehambers disposed

on or close to the first line 58

a liquid chamber for holding a liquid to be ejected;

& heating element disposed in the liguid chamber, for
generating a bubble in the ligquid in the liguid chamber by
heating the liquid; and

a nozzle for ejecting the liquid in the liguid chamber
when the bubble is generated by the heating element,

wherein, of the plurality of heating elements, heating
elements at M-th positions as measured from an.end of the
array of heating elements are disposed such that the center
of each of these heating elements is located exactly on or
close to a first line extending in the same direction as the
direction in which the heating elements are arrayed, while
heating elements at N-th positions as measured from the end
of the array of heating elements are disposed such that the
center of each of these heating elements is located exactly
on or close to a second line extending in the same direction
as the direction in which the heating elements are arrayed,
the first and second lines being parallel with each other

and being spaced from each other by 8 (real number greater

than 0), Ms being odd or even numbers, Ns being even numbers



and the liquid chambers disposed on or close to the second line such that
the liquid chambers disposed on_or close to the first line are spaced by
the gap Wy from the liquid chambers disposed on or close to the second
line in a direction perpendicular to the direction in which the liquid
chambers are arrayed; and flow channels each having a width equal to
Wx are formed by the gaps Wx, and a flow channel having a width equal
to Wy is formed by the gap Wy_ 2_ A liquid ejection head according to
Claim 1, wherein: each of the liquid chambers arrayed on or close to the
first line and the liquid chambers arrayed on or close to the second line
are formed so as to have a structure isolated from the other liquid

if MshambesszandgapsVx.aredermeshanbothssiges of eachliguid,chamber
such that adjacent liquid chambers are spaced from each other in the
Samé diregtiod ashtetdirectionfinmwiich the Higtid zhBmbers avearrayed.

horiSsA\liquid ejection head accorqqin%ktlo Claims 1 or 2, wherein positions of
fie heating elémants affay8d 6h or tose t8thé firSEiTE And Bt of

thredhe heating relements afrayer-en.0f closetodhe secongling gre shifted 59
by P in the same direction as the direction in which the heating elements

chamige grrayed such that each of the heating

the heating elements are arrayed such that the heating
elements disposed on or close to the first and second lines
are located, as a whole of heating elements, at regular
intervals of P;

the ligquid chambers are disposed such that an open side
of each liguid chamber whose wall surrounds three sides of
one of heating elements located exactly on or close to the
first line faces in a direction opposite to a direction in
‘which an open side of each ligquid chamber whose wall
surrounds three sides of one of heating elements located
exactly on or close to the second line faces;

a gap Wx (real number greater than 0) is formed at
least between each adjacent ligquid chambers disposed at
intervals of 2P on or close to the first line or between
each adjacent liquid chambers disposed at interﬁals of 2P on
or close to the second line such that adjacent liquid
chambers are spaced from each other by the gap Wx in the
direction in which the liguid chambers are arrayed;

a gap Wy (real number greater than 0) is formed between

the liguid chambers disposed on or close to the first line
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elements on or close to the first line is located at a position shifted by P
relative to the position of a closest one of the heating elements on or
close to the second line. 4 A liquid ejection head according to any one of
Claims 1 to 3, wherein the plurality of liquid ejection elements are arrayed
in parallel to and close to an outer longitudinal edge of the substrate 5. A
liquid ejection head according to any one of Claims 1 to 4, further
comprising a common flow channel for supplying liquid to the liquid
chambers of the respective liquid ejection elements, the common flow

channel extending in the longitudinal direction of the substrate, the
and Gommon flow _channel being(_formed so as to extend through the substrate
" orso 5?%5‘%3%%%%%eds%ﬁb‘é?%e%in‘fﬁe filstend-seddrw lresna
line extend onone Bt sides.9fang in.parallel with the common flow channel.
6. Aliquid ejection head according to any on}ge)oosfe aims iﬁocgoﬁﬁthté?
the fdgipridihgcejestor ditestibrbgefiectingapeans forogleflgeting the; gjection
chanpdifgction of liguid ejected from the nozzles of the liquid ejection elements
in seleétse%oone of é‘ 620 piUr8if§ of dirbBforisaieng therdireiction in which
directhidiquic-piection elements argarrayed. wherein in each liquid chamber,
a plurality of heating elements are dispgsejaoélldérbyﬁs‘laceﬂlln & saifdrid
chambgirs A6 ad L thevediectiomdin which the liquid ejection elements are

flow channels each having a width egual to Wx are
formed by the gaps Wx, and a flow channel having a width

equal to Wy is formed by the gap wy.

2. A liguid ejection head according to Claim 1,
wherejin:

each of the liquid chambers arrayed on or close to the
first line and the liguid chambers arraved on or close to
the second line are formed B0 a5 ©o have a structure
isolated from the other liquid chambers: and

gaps Wx are formed on both sides of each liguid chamber
such that adjacent liguid chambers are spaced from each
other in the same direction as the direction in which the

liguid chambers are arrayed.

3. A liguid ejection head according to Claims ior 2,

wherein positions of the heating elements arrayed on or
close to the first line and positions of the heating

elements arrayed on or close to the second line are shifted



arrayed; and the ejection direction deflecting means passes currents
through the plurality of heating elements disposed in each liquid chamber
such that the current passing through at least one of the plurality of
heating elements is different at least from the current passing through
one of the other heating elements thereby controlling the ejection
direction of liquid ejected from the nozzle. 7. A liquid ejection apparatus
having a liquid ejection head including a plurality of liquid ejection
elements arrayed in a flat area on a substrate, each liquid ejection
element includin%: a liquid chamber for holding a liquid to be ejected; a

Y B e ting el &RERt AidposEd TR the Gl cHRBEL 6r igeridhatity Btubble
- heatindhe lignichinsthe Higuigdhchamber hyrheating the liawd; and angzzle for
ejecting the liquid in the liquid chamber when the bubble is generateg by
elemqfshertingreleherr, Ahetdin, 6f thetpllrakity of heatingeslements, heating
; 081 elemgnts af M-th positions as measured from an end of the array of
pOSlthLé)atinSgEé erﬁe%n?é%rg] dﬁ%ﬁo%%a%%chothg%%é’ R8Aet °8f Edciof tEiest
one diealisg elemants is losated-exacthen of «clese 40 a.firstling extending in
the same direction as the direction in which the heating elements are
arrayed, while heating elements at N-th positions as measured from the

@Ud A liqgid ejection head according toany one of Clajms 1 to 3, -
wherein the plurality of liquid ejection elements are
arrayed in parallel to and close to an outer longitudinal

edge of the substrate.

5. A liguid ejection head according to any one of Claims 1 te 4,
further comprising a common flow channel for supplyving
liquid to the ligquid chambers of the respective liguid
ejection elements, the common flow channel extending in the
longitudinal direction of the substrate, the cqmmcn filow
channel being formed so as to extend through the substrate
or so as to have a groove shape,

wherein the first and second lines extend on one of

sides of and iﬁ.parallel with the common -flow channel.

6. K liguid ejection head agcording to any one of Claims 1 to 5,
further comprising ejection direction deflecting wmesns for
deflecting the ejection direction of liquid ejected from the

nozzles of the liguid ejection elements in selected one of a
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of the array of heating elements are disposed such that the center of
each of these heating elements is located exactly on or close to a second
line extending in the same direction as the direction in which the heating
elements are arrayed, the first and second lines being parallel with each
other and being spaced from each other by S (real number greater than
0), Ms being odd or even numbers, Ns being even numbers if Ms are odd
numbers or odd numbers if Ns are even numbers; each liquid chamber is
formed to have a U-like shape in horizontal cross section such that a wall
thereof surrounds three sides of a heating element disposed in the liquid
chamber; the heating elements are arrayed such that the heating

p1ur SI8PENIS-disposed on.or closg Jodhe first.ana second lines areJpcated,

as a whole of heating elements, at regular intervals of P; the liquid
1iquchamikersiare didposed-suelrthatram:gpen side of each liquid chamber
whose wall surrounds three sides of one of heating elements located

SREHG h OF clBRElto tHEV4 B2 SHrstiiRe fadePih’s dirétiion bppdiitéds a
e 1endifECHIQRIN dWQEQS%'aOBﬁaéi%? of each figuid chamber whosewall, ¢

surrounds three sides of one of heating elements located exactly on or
the ¢lose-toithe secondilirie faces] aggapi\Wx freal munabemrgreatenthan 0) is

formed at least between each adjacent liquid chambers disposed at
arraved; and

the ejection direction deflecting means passes currents
through the plurality of heating elements disposed in each
ligquid chamber such that the current passing through at
ieast one cof the plurality of heating elements is different
at least from the current passing through cne of the other

heating elements thereby controlling the ejection direction

of liguid ejected from the nozzle.

7. A liquid ejection apparatus having a liquid
ejection head inciuding a plurality of liquid ejection
elements arrayed in a flat area on a substrate,

each ligquid ejection element inciuding:

a liguid chamber for holding a liquid to be ejected;

a heating element disposed in the ligquid chamber, for
generating a bubble in the liguid in the liquid chamber by
heating the liguid; and

a nozzle for ejecting the liguid in the liguid chamber
when the bubble is generated by the heating element,

wherein, of the plurality of heating elements, heating
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intervals of 2P on or close to the first line or between each adjacent liquid
chambers disposed at intervals of 2P on or close to the second line such
that adjacent liquid chambers are spaced from each other by the gap Wx
in the direction in which the liquid chambers are arrayed; a gap Wy (real
number greater than 0) is formed between the liquid chambers disposed
on or close to the first line and the liquid chambers disposed on or close
to the second line such that the liquid chambers disposed on or close to
the first line are spaced by the gap Wy from the liquid chambers disposed
on or close to the second line in a direction perpendicular to the direction
in which the liquid chambers are arrayed; and flow channels each having

e1em@With payaLip Yocae, Jauned byhe gaps Wx.and.a flgw channel,
having a width equal to Wy is formed by the gap Wy. - 63 I% I

arra¥ JJECTON HigABIANNLIQ U EIEGTIOMN APRARATAIS t+ABSTRACT
OF THE DISCLOSURE A liquid ejection head includes a plurality of liquid
of e3idttivh sBRENEAHaYRY RN Arealoh A%tbEHaLs * Eachviqind or

clos&iagtion element includes A liguid chamber, a $@%%t"&%e&%%di§9°%%g

in the liquid chamber, and a nozzle. The heating elements are dispose
direaftermatély emadirstanrd hsecondlincgscspaced hy & ira zigzag fashion.

Each liquid chamber is formed to have a U-like shape in horizontal- cross
heating elements at N~th positions as measured from the end
of the array of heating elements are disposed such that the
center of each of these heating elements is located exactly
on or close to a second line extending in the same direction
as the direction in which the heating elements are arraved,
the first and second lines being parallel with sach other
and being spaced from each other by & (real number greater
than 0), Ms being odd or even numbers, Ns being even numbers
if Ms are odd numbers or odd numbers if Ns are even numbers;

each liquid chamber is formed to have a U-like shape in
horizontal cross section such that a wall thereof surrounds
three sides of a heating element disposed in the liquid
chamber;

the heating elements are arrayed such that the heating
elements disposed on or clese to the first and second lines
are located, as a whole of heating elements, at regular
intervals of PB:

the liquid chambers are disposed such that an open side

of each liguid chamber whoss wall surrounds three sides of

one of heating elements located exactly on or close to the



section such that a wall thereof surrounds three sides of a heating
element disposed in each liquid chamber. A gap Wx is formed between
each two adjacent liquid chambers located on the second line, and a gap
Wy is formed between the liquid chambers located on the first line and
the liquid chambers located on the second line. The gaps Wx serve as
first common flow channels, and the gap Wy serves as a second common
flow channel. FIG. 1 - 64

first line faces in a direction opposite to a direction in
which an open side of each liquid chamber whose wall
surrounds three sides of one of heating elements located
exactly on or close to the second line faces;

a gap Wx ({(real number greater than 0) is formed at
least between each adjacent liquid chambers disposed at
intervals of 2P on or close to the first line or between
each adjacent liguid chambers disposed at intervals of 2P on
or close to the second line such that adjacent liguid
chambers are spaced from each other by the gap Wx in the
direction in which the liquid chambers are arrayed;

a gap Wy (real number greater than 0) is formed between
the liguid chambers disposed on or close to the first line
and ﬁhe liguid chambers disposed on or close to the second
line such that the liguid chambers disposed on or close to
the first line are spaced by the gap Wy from the liquid
chambers disposed on cor close to the second line in a
direction perpendicular to the direction in which the liquid
chambers are arrayed; and

flow channels each having a width equal to Wx are
formed by the gaps Wx and s flow channel having a width

equal to Wy is formed by the gap Wy.



LIQUID EJECTION HEAD AND LIQUID EJECTION APPARATUS

ABSTRACT OF THE DISCLOSURE

A liquid ejection head includes a plurality of liquid
ejection elements arrayed in a flat area on a substrate.
Fach liquid ejection element includes a liguid chamber, a
heating element disposed in the liquid chamber, and a nozzle.
The heating elements are disposed alternately on a first and
second lines spaced by & in a zigzag fashion. Each liguid
chamber is formed to have a U-like shape in horizontal cross
section such that a wall thereof surrounds three sides of a
heating element disposed in each liguid chamber. A gap Wx
is formed between each two adjacent liquid chambers located
on the second line, and a gap Wy is formed between the
liguid chambers located on the first line and the liguid
chaﬁbers located on the second line. The gaps Wx serve as
first common flow channels, and the gap Wy serves as a

second common flow channel.

FIG. 1



