LI QUI D EJECTI ON HEAD AND LI QUI D EJECTI ON APPARATUS _
BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a thermal |iquid
ej ection 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. Mre
specifically, the present invention relates to a
‘technique to realize a structure for supplying liquid
with mnimzed ejection variations. 2. Description of
the Related Art One known |iquid ejection head for use-
inaliquid ejection apparatus such as an ink-jet
PriRbgEn! Srfct AGY Hiap hhﬂutggﬁi§Q£EQ&IB%aﬂpﬁﬂhﬁ¥bs
oper ates using expansi on an contraction of
generated bubble. In this thermal |iquid ejection
head, heating elenments are disposed on a
sem conduct or substrate, and bubbles are generated in
l'iquid chanbers by heating. el ements,. thereby ejecting
liquid droplets from nozzl es dlsposed on the
respective heating el ements toward a recording ned|um
Fig.. 12 is a perspective view show ng the appearance
of a liquid ejection head | of the above-described
type (hereinafter, referred to sinply as the head 1).
In Fig. 12, the nozzle sheet 17 formed on the barrier
layer 3 is shown in the formof an expl oded view.
Fig. 13 is a cross-sectional view showi ng the flow
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1. Field of the Invention

| The present invention relates to a thermal liguid
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 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 this thermal liquid ejection head, heating elements
are disposed on a semiconductor substrate, and bﬁbbles are

generated in liquid chambers by heating elements, thereby




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 exanple, in
.Japanese Unexam ned Patent Application Publication No.
2003-136737. As shown in Figs. 12 and 13, a plurality
of heating elenents 12 are di sposed on a

sem conduct or substrate 11. A barrier layer 3 is
fornmed on the sem conductor substrate 11, and a
nozzl e sheet (nozzle layer) 17 is further forned
.thereon. Each part including a heating elenent 12 and
a part of the barrier layer 3 forned on the

ejel a"ngo duct&fdm%ﬂ%%gr% gmjr}oi%i efdﬁr FSQ?&OOI@S 18 head

part™ incl u a and a nozzle

res écenegzﬂléatsﬁﬁ;efelmantgstméﬂ rae@efc@raﬁna feadil, In

he nozzl e sheet 17, nozzles (holes via which to
ej BLd. limuisd adpepbpesiidsd airear sbowefgathd agatdafasice of
.corresponding to the respective heating el enents 12-
a lTheidbajedteior dped 3 pE the mirbvsdelkerskead coyritict or
- substrate 11 .- 2- and between the heatinﬁ el enent 125
a

(hegping heehoZATer reds teugPihas e §ard & nb%‘? By d2,
fornmed between_each heatin t 12

the BpPEe e 7o 2oPmOg aoh Alhe AR Eryer (3 g rpown

in ﬂérkgfm'@ﬁ’ n%xhﬁoﬁgaﬁsgew%o as to have conb-1ike

I ngers, each heating elenent 12 is disposed

befween 1 % adiacentsddingsl=s syeh thakiddrer sides of
each heating elenent 12 is surrounded by the barrier
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chaiig? 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, nozzles (holes via which to
éject liquid droplets) 18 are formed at locations

corresponding to the respective heating elements 12. The

barrier layer 3 is formed on the semiconductor substrate 11




l'iquid chanber 3a is formed such that only one side is
open. Each opening forns an individual flow channe
3d communicating with a conmon fl ow channel 23. Each
heating el enent 12 is disposed on the sem conductor
substrate 11, at a location close to one side of the
sem conduct or substrate 11. As shown in Fig. 13, a
dummy chip D is disposed on a |left-hand side of the
sem conductor substrate 11 (head chip la) such that a
common flow channel 23 is forned between one side
face of the sem conductor substrate 11 (head chip | a)
and one side face of the dumy chips D. Note that the
nber di.sposed, on t | ef t-,hand ,Sj
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Fach opening forms an individual flow channel 3d

- communicating with a common fléw channel 23.

FBach heating element 12 is disposed on the
semiconductor substrate 11, at a location close to one side
-0of the semiconductor substrate 11. As sheown 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 cone 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 flow channel plate 22 is disposed on a surface opposite to

_the surface on which the heating elements 12 are disposed.




inlet 22a into the ink supply flow channel 24, then
into the Comon flow channel 23, and finally into the
l'iquid chanmber 3a via the individual flow channel 3d.
A bubble is generated on the heating elenent 12 in the
l'iquid chanber 3a by heat generated by the heating
el emrent 12, and a flight force is generated when the
bubbl e is generated whereby the liquid (ink) in the
liquid chanber 3a is partially ejected in the form of
a liquid droplet fromthe nozzle 18. Note that in
Figs. 12 and 13, the shapes of respective parts are
drawn in an easily understandabl e manner and the
pes..ar ssari xact simlar, t
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the nozzle sheet 1
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 df the
semiconductor substrate 11 is about 600 to 650 pm, 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



with high registration accuracy on the order of
m crons. Thereafter, a heating and pressing process
is perforned. Wen the head 1 is produced by the
first method described above, it is needed to contro
the production process very precisely. In particular,
in a case in which aline head with a length equal to
the width of a recording nmediumis 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 performnce
anong head chips la, which can result in degradation
i I|t A.head be pr.oduced .by. pr.odu
nozzy?hré%%hqh uced S?ﬁﬁr ng |nk&ﬁﬁst$ﬁt¥§§nﬁﬁ'%§ F%e
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chi p, and di sposing heating elenents, |iquid chanbers,
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al ong the through-hole. Enpirically, the head of this
subsypetdasl.l ess - 5 characteristic variations anong
head chi ps di sposed by chi p- nounting than a head
produced by di sposing heating elenents 12 along an
sem conduct or substrate 11, such as a head
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sem conduct or process is needed to produce the
profiit@igleHwoheadt chhe Tteniemwidedhechend whidle sheet 17
with hilgh 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
pf:ecisely. In particular, in a case in which a line head
wifh a length equal to the width of a recording medium is
~ produced by arraying a plurality of head chips 1la 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 the center of the head chip in the.
longitudinal direction of the head chip, and disposing
ﬁeating elefnents, liquid chambers, -and nozzles on both sides

of the through-hole and along the through-hole.

Empirically, the head of this type has less




(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 nethod

descri bed above, the problem caused by a

characteristic variation due to chi p-nounting does not

occur. - However, when a line head is produced using

the second nethod, difficult techniques are needed to

fix a large nunber of head chips to a frane such that

head chips are arrayed with high chip-to-chip

regi stration accuracy. Furthernore, it is difficult

to equally supply liquid to all head chips. That is,
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also a need for a flow channel structure in which 6
headubssiami alil Wigo Bdbbkes3are generated. In view of the
- above, the present invention provides a I|iquid
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di sposed'in the |iquid chanber, for generating a
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thfg) The results are an increase iﬁ cost and a reduction
in production jield.

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, 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 is

also a need for a flow channel structure in which




liquid, and a nozzle for ejecting the liquid in the
liquid chanber when the bubble is generated by the
heati ng el enent, wherein, of the plurality of heating
el enents, heating elenments at Mth positions as
measured froman end of the array of heating el enents
are di sposed such that the center of each of these
heating el enents is |ocated exactly on or close to a
first line extending in the sane direction as the
direction in which the heating el enents are arrayed,
while heating elenents at N-th positions as neasured
fromthe end of the array of heating elenents are

sub%%%ﬁ?%%ﬁ%?nglﬁﬂ@ﬁeghgre(§§Bé¥éﬂga.ea0h of these

ements i s | ocat exactly on or close to a
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direction in which the heating elenents are arrayed,
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Ns_being even numbers - 7 if M are odd nunbers or
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the liquid chanbers are di sposed such that an open
ligyide @fd encivdzlguifdr chipamdieimonidse lwghid 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
0of each of these heating elements 1s 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 Qf 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 codd or even numbers, Ns being even numbers




surrounds three sides of one of heating el enents
| ocated exactly on or close to the first line faces
in a direction opposite to a direction in which an
open side of each liquid chanber whose wall surrounds
three sides of one of heating elenents |ocated
exactly on or close to the second Iine faces, a gap
W« (real nunber greater than 0) is fornmed at | east
bet ween each adjacent |iquid chanbers di sposed at
intervals of 2P on or close to the first line or
bet ween each adjacent liquid chanbers di sposed at
intervals of 2P on or close to the second |ine such
. ha dj nt . lLi qui r. a
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regh@aPeth yrde gePpWend midis ldnakicdr8) 264 i @ hpad, as
descri bed above, the Iliquid ejection elenents are

suchrl thyedin mp@ndistidet bbneatlonigi gutikie chambér orhsse owed 1
line. The first and second |lines are spaced from each

surppheds bihiSe Hddepngf ebrerent fretimot Blements 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 liquid chambers disposed at
intervals of 2P on or close to the first line or between
each adjacent liquid chambers disposed at intervals of 2P on
or cldse 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 chaﬁbers 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 the
liguid chambers disposed on or close to.the second line sugh

that the liquid chambers disposed on or close to the first



positions as neasured froman end of the array of
heating elenents are disposed such that the center of
each of these heating elenments is |ocated exactly on
“or close to the first |I|ine, while heating elenents at
N-th positions as neasured fromthe end of the array
of heating elenents are disposed such that the center
of each of these heating elenments is |ocated exactly
on or close to the second line. The |iquid chanbers
are di sposed such that an open side of each liquid
chanber | ocated exactly on or close to the first line
faces in a direction opposite to a direction in which
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spaced from each other by 8. 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 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 the second line.

The liquid chambers are disposed such that an open side
.of each liquid chamber located exactly on or close to the
first line faces in a direction opposi;e to a direction in
which an open side of each liquid chamber located exactly on
or close to the second line faces. A gap Wy is formed
betweeﬁ'the liquid chambers disposed on or close to the
first line and the liquid chambers disposed on or close to

the second line, and a flow channel having a width equal to



The present invention provides the foll ow ng
advantages. That is, one advantage is the ability to
equal ly supply liquid to respective |liquids. Another
advantage is a small variation in ejection
characteristics anong liquid ejection elenents. For
~exanple, it is possible to achieve a very snal
“variation in terns of ejection speed anong |iquid
ej ection elenents. Furthernore, it is possible to
easily supply liquid to respective |iquid chanbers,
and it is possible to suppress the probability of
occurrence of a failure due to a bubbl e to an
extrenel% %o Ieve
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di agrans show ng various
channels corresponds to first common flow channels 23a

according to embodiments described later).

The present invention provides the following advantages.
That is, one advantage is the abilify to equally supply
liquid to respective liquids. Another advantage is a small
variation in ejection characteristics among liquid ejection
elements. For example, it is possible to achieve a very
small wvariation in terms of ejection speed among liguid
ejection eléments. Furthermore, it is possible to easily
supply liquid to respective liquid chambers, and it is
. possible to suppress the probability of occurrence of a
failuré due to a bubble to an extremely low level. Even if
a failure due to a bubble occurs, self-recovering frém the

faijlure can easily occur.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the appearance of

- 10 -




structures for supplying liquid in a head chip; Fig. 7
is adiagramillustrating liquid ejection directions;
Figs. BA and 8B are graphs showing the liquid ejection
angle as a function of a difference in bubble
generation tine between two parts of a heating
el enrent, and Fig. 8Cis a graph show ng neasured
deviations of liquid arrival position as a function
..of a deflection current passed through tw parts of
a heating elenment; Fig. 9 is a circuit diagramof a
specific exanple of ejection direction deflecting
means according to an enbodinent of the invention;
10.is_ a dj a%bcorshomnngdlmégyw fof a sen1conductor

1559 405 th :
& 6Poce%%|rﬁf?%% |ng 0 an enbodln%nfnv?nﬁﬁ$n

| nyed 1 0K anglds EEE- pildn SHQWS %&SH|§§n8fo§hﬁ%M!%ﬁlps,
speed neasurenments for a liquid ejection head
aceds dindgid @ pnaanbogh ndwioly theorn¥end idsd dhgp 12
I s a perspective view show ng the appearance of a
accoodyeat torenl iaguicdiapett pbntineaidiveartdoBirg. 13 is a
cross-sectional view showng a flow channel structure
of Fihe hedd BsRORA VHEWFi FLoWERT BEBERAPTREON é@romEng to
PREFERRED. EMBODI MENTS An enbodi nment of the pres
anout GENTTOr i Tes P 6RAS bR I Wit trePePENER Y & CW
acgonpanylng drawi ngs. The liquid ejection apparatus
according to the present

Fig. 5 is a plan view showing a head chip according to

ig

another embodiment, which is another modification of that
sheown 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. 2 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;
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i nvention may be enbodi ed, for exanple, as an ink-jet
printer (a thermal color line printer (hereinafter,
referred to sinply as a printer)), and the liquid
ej ection head may be enbodied as a |ine head 10. In
the present description, a part including a liquid
chanber 13a, a heating elenent 12 (which is divided
into two parts, in the present enbodinent, as will be
described later) disposed in the |iquid chanber 13a,
and a nozzle 18 is referred to as a liquid ejection
el ement. The line head 10 (liquid ejection head) is
formed to include an array of liquid ejection
el nt.s. | i.qui | ecton [ i.nclude
neaii o be ey PR EEE oL e tdn, Spe O Hikhah Bk RE |

forlalii@uﬁ@rf?éﬂﬂﬂdheh&hamé§EEwmiHb the aaPBRss @ 0o 112
a line head 10 according to the present enbodi nent.

invéheiohj ne head 10 includes four |ines of head chips
19. Each line includes a linear array of head chips
19Fiandld He worakspengite oficsachokinge e eprslarapcehef
wi dth of a recording nediumof the A4 size. The

a cPp¥pBELPYel¥BUA riRESIBR MY AW ps 19 serve as col or

heads of_ Y (yellow), M (magenta .{cyan and K
(RS20 Fie RO hestt HOTL. gobtugeei iRy @ G968 ng a
chaBh¥iab i Yee e ?%a?hghh Salshd %n?ﬁ@é?gl%?Sh'on on the
nozzl e sheet 1 nozzle | ayer) an he | ower surface
of each head chip 19 is bonded to the nozzle sheet 17

such that each heating elenent 12 forned in each head
DESCRIPT1ON i GF |THFated FRRRAD PLISBADIIENT S

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

lThe liguid 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 ligquid ejection head may
be embodied as a line head 10.

In the present description, a part including a ligquid
chamber 13a, a heating.eleﬁent 12 (which is divided into two
parts, in the present embbdiment, as will be described
later) disposed in the liquid chamber 13a, and a nozzle 1B
is referred to as a liquid ejection element. The line head
10 {(liguid 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 perspective'view showing the appearance of
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corresponding to a nozzle 18 forned 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 accommodati on space 16a has a |ength

- corresponding to a horizontal width (21 cn) of the A4
size. Four lines of head chips 19 are disposed in the
respecti ve accommodati on spaces 16a of the head frane
16 such that one line of head chips 19 is disposed in
one accommobdati on space l16a. Four ink tanks in which
different color liquids (inks) are stored are

di sppsed jn respectiv ccaommdati gn, spaces, 16a, of
> 1RE REEA 10 e B g g e BaBRTELr T ackd o

1inkhBehR8ath CHN%ALE $UGh {hals Idaweds ehigs 16l f figfent
colors are supplied in the respective ‘acconmodation

lingpafesuddd,a tiHalearSart 8y the HesPpettibvelb| nesd e headl
chips 19. Figs. 2A and 2B are plan views show ng one
lengitheobfeddad inghiigseq@al Not eltehatidich BF g3 . r@fomahicha? B,
t he head chips 19 and nozzles 18 are drawn in an
medw@rpépfﬁ%gl\ﬂf &ficon. TIFper HRRFtdNPp$oED hivedishpdsad in
.a zigzag formin_ whjch adjacent head chips 19 are
Chlsﬁpagi? ¥ A FBLPTORSTY Fach GEALP™) Ad S HERRPTR) / C

L.gs. n . a common flow channel 23 for
(cyghgbl?%ﬁgéagﬁ%gﬁﬁd to all head chips 19 are forned

betmeen @ aeauP16fi Hedb£RIRSHEqt 9584 Btk af Llh) &by
and (N+l)th positions and a group of head chips 10
of hegat@&tlips 19 in a zigzag fashion on the nozzle sheet 17
(nﬁzzle Jayer}) and the lower surface of each head chip 189 is
bonded to the nozzle sheet 17 such thalt 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 torthe size of
the nozzle sheet 17. Fach accommeodation 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 thé
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 head chips 19 such that liguids of
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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
chi ps adjoin each other. The line head 10 constructed
in the above-descri bed manner is disposed at a fixed
position in the inside of the printer, and a
recording mediumis noved relative to the fixed |line
head 10 while maintaining the surface (onto which
liquid droplets are fired) of the recording nediumto
be spaced fromthe liquid ejection surface of the
line head 10 (the surface of the nozzle sheet 17).

. he recordi.ng.: Lum i s..bei ed relative to
dlf¥%gg?%ﬁ%ﬂﬁ§%aa%8,gPFgﬁ?%g %ﬁi%?%f%gggg¥g?%cted from
accBRhbAStH H %ele36d8 Phat hes hedf theldespBipsyd ISR s

that dots are forned on the recordi ng medi um thereby
of Bebdeminss cigd.or printing of a character or an inage.
The head chi ps 19 according to the present enbodi nent
of Fidre i2dventi 6B are mlevtrilsed ishoting here deitns lof head
‘below. The head chips 19 are simlar to the head
chiphi b8 | A1q4e (At AD BLEF aldh oot HeatPhghereranis 18

are dj spased on the sem conductor ,substrate. ii, but
and; fag= ?% P& SREYREn R EFPTHIIWATF R The heati ng

el tS 4l r . i .th

PN endpe §0T AN hiT BIERE MadlSn i he
whiéh%'@éeﬁ&%e&@aéhi bi po 19 acydiiRg A dheepraseno

enbodi nent. As in the structure of the rel ated
eachegtiiéjue Asa 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. ZA and 2B, fhe 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_lO while maintaining the surface (onto which
ligquid 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 ejected from particular nozzles 18 of the head
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plurality of heating elements 12 are di sposed on the
sem conduct or substrate -11. Sonme of heating el enents
12 (denoted by n, n+t+2, n+4, n+6... in Fig. 3) are
di sposed such that the center of each of these
heating elenents 12 is located on a (virtual) line
L1, while the other heating elenents 12 (denoted by
n+l, n+3, n+t5,... in Fig. 3) are disposed such that
the center of each of these heating elenents 12 is
| ocated on a (virtual) line L2. The lines L1 and L2
are parallel with each other and spaced from each
other by S (a real nunber greater than 0). Al though
cniQl 1SNOUNCAL: Fddls et BBrhLHCS, LA doZaehbeRds] i
arallel to and close to a [ongitudinal outeéer edge (on
the@ebkOMBhi SV Oy i dbiIdrdpr3htohgt be dHead Ghitpr18r (dheimage.
sem conductor -- 15 substrate 11). Furthernore, as
shDw headrigsips2A%andc@Blindec amepprebbow aliasihiedlen?3
~ for supplying the liquid to the respective liquid
of EhanbBrSniben iared Gavedibpdasnt Brebhendesaitheebert er The
si de, of ge above-descri bed edge and al ong.the edge of
heaflhghiRgatd? chip TEEtEoRrBuErBriSbstirate 1212 B it h
the.co f.l.ow channel 23_shown.n Fig. 13, this
PLUEd TR T U S N5 oLt Ut oPRE BF ol

sem@PBAGLERSE dhdrRd 1Ry Bufl A%y fACL aidPLACRNT ] Orlde
surface on which the heating el'enent 12s are forned,

~man@brt D8 SEIGIC AR GleQ 1 YbsT adier sl 1 ARG cbYraa yenana chi p
Dor the like. Thus, the lines L1 and L2 are parall el
thewshhpé hef codmdniguid chambers 13a.

Fig. 3 is a plan view showing the shape of the head
chip 19 according td 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+é... 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 héating
eiements 12 {(denoted by n+l, n+3, nt+5,... in Fig. 3) are
disposed such that the center of each of these heatiﬁg
elements.12 is located on a (virtual) line L2.

The lines L1 and L2 are parallel with each other and
spaced from each other by & (a real number greater than 0).
Although not shown‘in_Fig. 3, thé lines L1 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 semiconductor
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fl ow channel 23 (the outer edge of the sem conductor
substrate 11) and located on either side of the conmon
flow channel 23. O the plurality of heating el ements
12, heating elenents at Mth positions as counted
fromone end are disposed such that the center of

each of these heating elenents is |located on the |ine
L1 extending in the sane direction as the direction
in which the heating elenents 12 are arrayed (where M
takes odd or even nunbers). On the other hand,

heating elenments 12 at N-th positions as counted from
the one end are disposed such that the center of each

f. thes eating elenents is located on the line L2
b5t N
Su’%wﬁere ﬁﬂptakes even nunbers when M takes odd nunbers

butuNkakes0dds- sh8wn NUADET S WoaN alNht 8K EStIRY & bmmon
nunbers). That is, the heating elenents 12 are
flcti spasedl aii efaiatselpyl@iny hehd i Negiildl tan@nk2respedive
zi gzag fashion. The heating elenments 12 on the line L1
licyid Fhenpers di3a 'isnferpafissofaRq 2xteRd andthédecuter
heatin%?elenents 12 on the line L2 are also |ocated

sidgt of ntht valiresrdespribed pyge mpd Pouit thR 8fIeath the
eating, el enment, 12 di sposed on the line L1 s shifted

heagl SRS STURRSERE RBSTEI BT L lcl obBetToh ety Cemmah

_flo@?éh5H96flf§”§H5%nl ndb§§95f§,qﬂﬁkh%okhﬁﬁ Egolrkﬁ%nnel
direction along the dirfection in which the %eatlng

23 8kesealsy 1 ale pakkadeldemddiiSnedthe sheathag ©) eyents

12 on the lines L1 and L2
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 L1 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.

O0f the plurality of héating elements 12, heating
elements at M-th positions as counted from one end are
disposed such that the center of each of these heating
elemenfs is leocated 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 ﬁhe
other hand, heating elements 12 at N-th positions as counted
from the one end are disposed such that the centér of each

of these healting elements is located on the line L2 (where N

takes even numbers when M takes odd numbers but N takes odd
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are, as a whole, located at regular intervals of P.
The interval P is determned by the resolution (DPl)
of the Iine head 10. For exanple, the interval P is
about 42.3 pmwhen the resolution is 600 DPI. On the
sem conductor substrate 11, the liquid chanbers 13a
are fornmed by portions of the barrier |ayer 13

di sposed between the sem conductor substrate 11 and
the nozzle sheet 17. In the exanple shown in Fig. 3,
the liquid chanbers 13a for the heating elenments 12
| ocated on the line L1 in Fig. 3 are fornmed so as to
be substantially U—shaped in horizontal cross section

U%Q 'utclj?ged\& hl:raq(%sSqug% é?{l) healthal%g gl egﬁgt dealt%_n%r e

sur oun I nner SI of a COffESpOﬂ

elelnbﬁ{a.lg di £ f@@%ﬁ s%)%%edTﬁﬁtéh%'&edlf hanbees1138s are Jr@r ed
in - 17 the barrier layer 13 by partially cutting off

- in BheiPasdg i RIshilaayer 13 to form cutouts having a
- substantially U-1like shape. The |iquid chanber 13a
f oFha Heedtdagi rgerbtrhentd @GP thecdtied Lonardelddated at

are fornmed such that open sides of these Iliquid
‘intgrgaberat 12 PadePrhand we szeatewt RéeBERE? Warid WhRe

Lin ol Sk G d AP B 3t ot e o EQZES?Em e e
pos§HE’ a(Ef LJh hlé'a%l_% eglél{ll Ih@rl%leat 0s&h03n %tllqlré Ll

suc ree SI each ng el ement 12 are

is sHEFesMdad Dy-diBRekestdernaldssiafica eer cespondidit or
liquid chanber 13a and such that each |iquid chanber

heat3agi slensamatied di spaséticontiter linguind thasbérs:cklan
These liquid

along the direction in which the heating elements 12 are

érrayed.

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.

dn 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. 1In 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 liguid chambers 13a are formed in
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chanbers 13a are fornmed such that open sides of these
liquid chanbers 13a face the |ine L1. Thus, the open
sides of the liquid chanbers 13a, in which one of the
heating el enents 12 |ocated on the Iine L1 is
di sposed, face in a direction opposite to the
direction in which the open sides of the liquid
chanbers 13a, in which one of the heating elenments 12
| ocated on the line L2 is disposed, face. Note that
there is no restriction on the length of the sides of
each liquid chanber 13a in which one of heating
elenents 12 is |located, as |ong as each side is |onger
t . t he gt e ing _sSj t :
e e Lk S

laybkqus de€ hagtRelculdars Shd @i dh subBrafticin thaj-1ane Qhape.
the heating el enents 12 can be placed therein such

Thet hatru A cthadnirer 1Shdeéonatie Ofedthegl bfanentthatbabcatda
is spaced by a few mfromthe heating elenment 12. A
on ghp Wng rldalanguiberedreslerthafanre) ssdéprafedhsetween
. each adjacent two of the liquid chanbers 13a that are

ligpye ot lrgrs dcer $ars o1e 2P %n he 1ine L2 such that

each _.adj acent _t li.qui.d chambers 13a-.are _spaced in
LRE diTPeGtrEh PRSI rRRR GOPEP Sraid $O1350%r e
t 1bS; ol eqtihany b nowhigh the i
neafiA QR 1o5so drod Ty GOy ATl o
to Bk U8 HfarRach 1k gusHaghaniemcl3acaush ctdd delcgibd

chanbers 13a are spaced from each other in the
sucli tiegt | dneden swbieshof headh quiat ichapbensntl 32 are
arrayed.
surrounded by inner side walls of a corresponding liguid
qhamber 13a and such that each liquid chamber 13a is
isolated from the other ligquid chambers 13a. These liqguid
‘chambers 13a are formed such that open sides of these liquid
chambers 13a face the line Ll.

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 copposite 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 liguid 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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Each gap W serves as a first common flow channel 23a
(with a width equal to W for allowng 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
conmuni cates wth the conmmon flow channel 23 for
supplying liquid (ink) to each |iquid chanber 13a.
Because the liquid chanbers 13a on the line L1 are
integrally forned in the barrier layer 13a (such that
each liquid chanber is directly surrounded by the
barrier 13), no gap W is forned between adj acent
l'iquid chanbers 13a |located on the line L1. The ends,

such t&gg %ﬂﬁeg?%g acq‘f.en etapfngit ggeﬂre%t Ofl 2t I?:gn f)%slgf&éé&/ e

I qui ers 13a loc on the line L1 are - 19

the¥RaaedubY LRV (heal HLddara1ar eat ehet Naguil dHhmber
direction perpendicular to the direction in which the

13d iigusfacehanper Sek3amar eomritay ek aftiam &bememds,2.0n t he
side facing the line L1, of the respective liquid
ch@nber 9'x1 Ixekdcatmider grraate] jthanL ) 18 ieued betyaps
W, the gap W serves_as a_ second conmon fl ow channel
each3gdigreRt 1A &thBaué+q¥%dv@htherSaﬂﬁath@t|%%ﬁn dto
flowip a directio rallel w.th e lines L1 and
oces b RSl BR PRI T Fsmlin FOwrERANFOT S thng
. (oFaley Vgt j oo l 45 I
adj%%%%Fying If%%%g%?%%kgr%gﬁggch |%83F3$%%§ﬁger %%%%é%lon
in Rh@ch4ths BifpliancvbaMepf B3head chirpydQ acksr did)g ito

anot her enbodi ment, which is a nodification to the
thehdddechign in which the line L2 extends). That is, gaps
- Wx are formed on both sides of each liquid chamber 13a 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 Z3a
(with a width equal to Wx for allowing 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.formed in the barrier layer 13a (such that each
liquid chamber is directly surrounded by the barrier 13), no
,gép Wx is formed between adjacent liquid chambers 13a
located on the line LI.

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

respective liquid chambers 13a located on the line Ll are
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19 shown in Fig. 3. In the exanple shown in Fig. 3,
all .heating elements 12 are di sposed such the center
of each heating elenment 12 is exactly |ocated on
either line L1 or L2. On the other hand, in the
exanpl e shown in Fig. 4, sone heating elenments 12 are
di sposed such that the center of each of these
heating el enents 12 is deviated fromthe line L1 or
L2. In Fig. 4, of the heating elenents 12, heating
el enents 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 elenents 12, a
ting.e n+ ' ' ch,that_ its
spaSh bP% SEMRL pAagheinls SIS 18 a S
dir2tRYBh $ér§@ﬁi$d1@& 8, therdi fX&MAL inl @8Schheie 5 Ryuid
+ Simlarly, of the heating elenents -- 20 12 |ocated
chaabetrbel bi nerd 2 rralelodgbmhent i eigic| enenhe i2da+icimand
(n+5) are disposed such that the center thereof is
the| déatelll exalttihe owsrhetivaell@uid diembieng éPenktpgated
12(n+3) is disposed such that its center is slightly
on §b¢i atRE ¥4 omth& - thi RBe 22PN &y Hhe HPE E¥sesrYde as a

e B Shn SRS LR SBL, (009 L CEIR] o 15 o
s IGhePEn Sy 0, 10k BROESaELLY: PG00 dlsposss

linkBerhi 884 Ll )ornka?, iBuh bAs: SNty JwmoRerdewi alathel
wthin a predetermned small range. That is, the

23 hedt thgt etenentisat2sonithethé neonubnre) obechainsgbsE] for
such that they are located alternately at positions
supplying liquid (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 to the head chip
19 shown in Fig. 3. 1In 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 Ll 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 f;om the 1ine
Ll or L2. 1In Fig. 4, of the heating elemenfs 12, heating
elements 12{n), (n+4), 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 Ll. The amount of deviation is, for

exampie, less than #8/5. Similarly, of the heating elements
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exactly on the line Li and positions slightly deviated
from the Iine L1, and the heating el enents 12 on the
line L2 may be disposed such that they are | ocated
alternately at positions exactly on the line L2 and
positions slightly deviated fromthe line L2, in a
zigzag fashion. Fig. 5is a plan view of a head chip
19 according to still another. enbodinent, which is a
nodi fication to the head chip 19 shown in Fig. 3. In

- the exanple shown in Fig. 3, the liquid chanbers 13a
in which one of the heating elenents 12 on the |ine
L1 is placed are integrally formed in the barrier

I 3 trast, _i I ' i g.
12 180EEL T U SO0 951 pARLNE, RATLE g Tl
andel(8MENt $rd Z1ipdsRe LuLRE klat Scil acedear enbpsgEdi such
that - 21 they are isolated fromeach other, as with
lochigdi éxedenperrs tht3aihe whj ch s iek beahéng & Nt Ss
12 on the line L2 is placed. in this structure, the
disppeadsiweh dgfhagadltsl cqordrchanbeirghtiadewhathdi Srom the
_ substantially CT-shaped in horizontal cross _section,
linpalés (ML%P ditt &ddPoR28Bpokit eV tthetdPrEtRtbr idF set

ich an open side of anot [ iquid chamber 13a at an
to g%po ??efﬁéﬁﬁxﬁ’oﬂeﬁﬁcg ?nfﬁﬁg‘st?ucture al | ows
re i LEi S k d
| AL R pRERGhE! ORanfle S niRY e, HENGH AL S 1988
not!haéé§ééﬂf%¥id@édekén88t§i£ d iduchh@nhst I et Uksn shown

in Fig. 3 or 4, and also allows the nozzle sheet 17
thetroochale wastddorretensgi on thetlideuttilonr 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 1% 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 oﬁe 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, ligquid chambers 13a in which one of heating

elements 12 on the line L1 is placed are formed such that
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The fl ow channel structure according to the present
enbodi nent has the follow ng features. (1) In regard
to the strength, the structure has the follow ng
features. Because the liquid ejection elenents are
di sposed alternately on the lines L1 and L2 in the
zi gzag fashion, each group of liquid ejection
elements |ocated on either Iine L1 or L2 fornms a head
with a half resolution. Because .the nechanical
strength increases wth decreasing resolution, the
array of liquid ejection elenents according to the
present enbodi nent makes it possible to increase the

eneleSBaN g2l ST cnath. Lp the. | | aul gl ect Lon, clempats

raye e Zigzag ashi‘on, Fqui anper
132138 fhiQAGhOlod Halidng) EC4AO s abeBRNt R PLRS &b QR
the line L1 or L2 has a substantially U shaped form
plaaBd.thus it is possible to achieve simlar strength
in all directions. Furthernore, because each |iquid
chambdrisl 3&rustdirgsposiedl anpech stiHat of heaopehi giide chamber
thereof faces inward, when a pressure (surface
13apreliek e)s iyibsggpitiedly oV athantge ipohorhecnkd-hyc1siss
liquid_ ejection elenents) of the head ch

sech Pongt iR ar FLBEGF SOt h@wﬁee&OpFegsﬁfﬁelf?m%e&g
whig}go%ﬁg&fé}g ﬂg@ﬁ%‘;ﬂ%ﬂgﬁﬂﬁgﬂ uidT%hal%QQJ‘?Sl?% Sheh St EES

I qui ers are That weakes

opp@gigéwggbiﬂygh EQ%%%.meﬁﬁf§tsﬂ¥ﬁaﬁﬁr@r§1g5§§0§é¥hégtion

conditions of shock waves generated when liquid is ejected

- to become more similar for all liquid ejection elements than
'in the structure shown in Fig. 3 or 4; and also allows thé
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 L2 in the zigzag fashion,
each group of liquid ejection elements located on either
line Ll 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
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1nner positions facing each other such that they are
protected by the outer parts. Thus, these inner parts
are protected froma pressure which occurs when
bonding to the nozzle sheet 17 is perforned, and al so
froman outer pressure which is applied after the
bonding to the nozzle sheet 17 is perforned.

Furt hernore, because the positions of the liquid
chanbers 13a |l ocated on the line L1 are shifted by P
from the corresponding |iquid chanbers 13a | ocated on
the line L2, walls of |iquid chanbers 13a are | ocated
at positions facing, via the gap W, both sides of

fas%ESnopggér¥h%B¥f%§l guiga o%‘eac %331 E&%: é@?e”ts

e Structur rom elng easli orne

elcRERSSUL Scd SaH fACR RN €S8EIE) &S IagoQJase@ tsgbsmetlally U-
structure. - 23 In the structure of the rel ated

shabeahpoghe, ais thudsh ithes bessiwhd prd achfege 42)ildm
whi ch Iong individual flow channels 3d are fornmed in
strgngbibif &kl shapetiankar geustires®reocbersunnerach f or ce
is applied. In contrast, in the liquid chanbers 13a
11%&60@6@!}*@6% ol%ewpfiégéﬁ%e%nﬁw et thecapse sidgh
g g chanper 13a |s substantially U-shaped in
theﬁs % Hte eSS sEeEt o, P%W‘i%r(é”ﬁa&eb%ﬁ?ﬁsure) is

app§XEENEL N 1Y th%fdltflgcghp il LguLg: ghanber s

a are arrayed arge rength 1s a |eved whi ch
elcRERVENt St A HAMIRASERESS1o f raprgtq%l@r rouagre%!sflt WS @ the

| arge external force iIs applled I'n the structure of
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 also from an outer
pressure which is applied after the bonding to the nozzle
sheet 17 is performed.

Furthermore, because the positions of the ligquid
chambers 13a located on the line Ll are shifted by P from
the corresponding liquid chambers 13a located on the line L2,
walls of iiquid chambers 13a are located at positions facing,
via the gap Wy, both sides of the opening of each liquid
chamber 13a. This preventsrthe structure from being easily

- deformed when a pressure (surface pressure) is applied to

the structure.
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the related techni que, when the resolution is, for
exanpl e, 600 DPlI, heating elenent 12s are arrayed at
intervals of about 42.3 pm and the wi dth of each
conb finger formed, in the barrier |layer 3, between
each adjacent two heating elenent 12s is, at nobst, as
small as about 15 to 17 mas shown in Fig. 12. In
contrast, in the structure according to the present
enbodi ment, the thickness .of the wall of each liquid
chanber 13a can be as large as about 60 pin, which
makes it possible to achieve sufficiently high
strength This allows the structure to withstand a
that | h ligauid, chamber 13a.can
a?txhsti uctg_l %"% Clatedql%ﬁc{iﬁ qtae ; e& | 0 t% the

straln due Force | nin

heaWNEE0p ﬁ&a{ﬁl QQQWEEBSwﬁchbe @ d) auk?) £18, many
cases, head chips of the related techni ques include a

chahhé@@QﬂU*HﬂéEﬂbﬁhﬁﬂdlhnatBSmE£EﬂKﬁ sofapd, - a2flarge stress
sem conduct or substrate, although not shown in Fig.
occizs when confiarast isi ppphéedt r ubt Woataestr dimgtheo imid
- present enbodi ment, a flow channel is fornmed between
Cha@h@ﬁs a%l?éac%ﬁﬁordngz 5@ Fhe e%r%f’fert’Fe @Fﬁbﬁgl@@éﬁe eeapise
| s, between_lines and L2), but re is no

eacfﬂ W%%rﬁtambﬁfhﬂaagrﬁhw%ﬁtaﬁtdﬂtéa’ PHFBE@% tHe
horfstg fg_{]dé‘.ltcos%r F%%Qi%hat gnc&lt}é%gé’ e_Ls %pﬁcé‘gﬁll gﬂé ddléo(i:’lm

common f1 ow ¢channe and t secon
thef h@%&@%}pqlﬁ whdBnal €qf 98 Nechddkdd aaanea@sarr £a

there is neither barrier layer 13 nor liquid c anmber
lardldastoenddie iserichoBdud onhselbSineateatdla dadgs hesesd ow
from occurring even when a large external force is applied.

In the structure of the relatéd technigue, when the

-Iresolution is, for example, 600 DPI, heating element 125 are
arrayed at intervals of about 42.3 um, and the width of each
comb finger formed, in fthe barrier layer 3, between each -
adjacent two heating element 12s is, at most, as small as
about 15 to 17 pm as shown in Fig. 12. In 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 um, which makes it possible to achieve sufficiently
high strength. This allows the structure to withstand a
lateral force (that is,.each liguid 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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channel s do not have a part extending through the

sem conductor substrate 11. Note that the common fl ow

channel between each adj acent zigzag |lines of heating

el ement 12s may be in the formof a groove (having a

substantially U Ilike shape in cross section), if it

does not extend through the sem conductor substrate

11. Also note that a common flow channel in the form

of a through-hole may be fornmed if the | ocation

t hereof is not between adjacent zigzag |ines of

heating el ement 12s. For exanple, such a comon fl ow

channel in the formof a through-hole nay be forned

: : . : L ti

Se‘"“gFéﬁ%ﬁ‘fet‘%’Q?‘%ﬁs?F%r@ﬁem%ﬁl?%‘;%g??‘%niSE%%’E’f % R chi'lp
contBasHAVINOHO SfthrQwruebagd@drdihd e ftaenpoésént

t hrough- hol e between zigzag |ines of heating el ement
embpdsmemkesa il gposhhhhelt bs r8shieel thewbehabtach 2bdj it
- of the head chip 19. This allows a reduction in cost
zigepgchires tdfe heastingi pbeneéyt dedseriddasnishebarecenfliies

head chip 19). The head chip 19 needs a space for
L1 sopplgl nduh ithGra. 1¥hee retrictGhemred (hBrepgeitiahe

head _chip.1 allows it to acquire the. space for this
corER R R, T SR o E AR RS AghT hol BTL. f or e
spebfel 8611 P MH0RqUCt OL oatils tFRe RSNl $82 Sid ugtdre

of the related technique, It Is necessary to di spose
seclhl VEdEhd rQWt cARhAYSs SEPair eoymen bet fi st des0f,

the through-hole. This results in an increase in the
wheecéer thete Siz @edntlerhbsraber Nigyeasd3i nor liquid chamber

13a, on the semiconductor substrate 11, and these flow
channels do not have a part extending through the
semiconductor substfate 11. Note that the common flow
éhannel between each adjacent zigzag lines of heating
element 12s may be in the form of a grcocove (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 throughwhoie 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

0f 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.
Furthernore, it is necessary to dispose a | arge
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 enbodi nent, the heating elenent 12s | ocated
on the line L1 and the heating elenent 12s |ocated on
the line L2 are driven by a single electronic circuit
(which will be described in detail later).
Furthernore, in designing of the liquid supply system
the reduction in the size of the head chip 19 all ows
|t 0, Uus Leat g, ar for he | qui
s12g, oo e BT dong FRie THi P o 24GeRERE 1o oo
(belaﬁagel{é)he (Rsd raltﬂ&%t@yeggﬁén&mﬁﬁlﬂwtareql SROShd thead
heating elenments 12 alternately on the lines Li and
chik21bm.t hena i1gZRY chfigShbone sk es dfadeoTeirbkappdyhaye a
great space between - 26 heating elenments 12. That
ligugd.f oFhexarrplag;ionegar dhagsiteatl fdeehemdntrhipsls
| ocated on the line L1, the heating elenment 12s are
allgigpd et ACTHITEr F&Ps SEPC?F’EOWW &EPCRfFee the
i nterval s needed Eo ach| ve the s me.re olution in the

st Hacltit €55F the” éF%t%d ¢ Fhi §°BPThge dbSut
| semgﬁona{?éf{c?ﬁ %ﬂ&r%'t%%%”&ftﬁ SO (gtﬂ:%ctt%gepg}fsl:ﬁ@l related

nensi on exanpl e head ¢

rechf$qhy! i on of L2QQ DR, eéndbﬁposr@aiﬂlzﬁggwcmc@lﬁlamﬂa%

clearance to that needed to achi eve in the
sepatatel yren dotthe idekabedthe ctiidigt-hicd)k .| NThegaresitias

liquid supply flow, the structure
in an increase in the c¢ircuit 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 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 L1 and L2 in the zigzag

fashion makes it possible to have a great space between
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according to the present enbodi ment has the follow ng
features. Figs. 6A to 6D are schematic di agrans
showi ng various structures of head chips. In these
figures, squares drawn by solid |ines represent
liquid chanbers, and circles drawn by dotted |ines
represent nozzles. Fig. 6A shows a liquid flowin a

~structure of the related technique (such as that
shown in Fig. 12). Fig. 6B shows a liquid flowin a
structure proposed by the present applicant and filed
as Japanese Patent Application No. 2003- 383232. Fig.
6C shows a liquid flowin a structure having a

throu hoIe f.or ne b tmeen two_zigzag lLines,of
necidall BEMGr s “ERS T80 Sove QORI AN T n e

heé%&ﬁ&céyéﬁen@QRﬂiQb%gtée BHetﬂéeﬁﬁﬂ£IﬁﬂbQﬁbnﬁéétlﬂg the
structures shown in Figs. 6A to 6C I|qU| . ls - 27

elemdppl 1 26 40e @BGIbdsequinl chosbeslyice ap,i pHivhdaed dhiaw
channel . Therefore, in these structures, if an

theolistaclals oomdes! ite aphiade vildeatarfd awsohahneh , imoche
liquid can be supplied to a correspondi ng I|qU|d

Str@ﬁ&ﬁﬁ@r of| 11'41% dittledse, tpARRhEUSt r VB IE OTIREANP PTG

uid is supplied.to each |iquid_chanber. 13a
mCFfreaﬁ?al’ﬁl TUHATANF o eIaT FERT | BIS RINE 1ERAnALRE &k endi iRy

exaﬁéggggvtggg?t#ﬁ%{HPFEgggunc¥é§%&u%4§%lOEqugOC é?ﬁ;be

| ONn at mal ntal ns t
rea'thz@&n@ltIpr§Ss§_LlH1Q_a9f ciBerhh QUi @ chameksded38e A eve

hus |iquid supplied to openings of liquid chanbers
600 DPI in the structure of the related technique.

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

Figs. 6A to 6D are schematic diagrams showing various
structures of head chips. 1In 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 feormed between two zigzag lines of heating
elements. Fig. 6D shows a liquid flow in the structure
according to the preéent embodiment .

In the structures shown in Figs. 6A to 6C, liquid 1is
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13a and liquid supplied to openi ngs of |iquid chanbers
13a at opposite locations are all supplied after
bei ng passed through the first common fl ow channe

23a with the width equal to W. As a result, liquid
with substantially the sane pressure is supplied to
the openings of all liquid chanbers 13a | ocated on

the lines Li and L2. (5) The flow channel structure
according to the present enbodi nent can provide high
uniformty in terms of characteristics of ejecting
and refilling of liquid. The high uniformty is

i nportant because if the uniformty is not

supﬁﬂ&gactgrgééﬁ Hﬁ%ﬁldaghghﬁg 'J¥5\gywlﬁhgnggélgfﬁ?%plet

variation 1n the anpunt of an ejecte I qui
cha@66UL S e fre, i qui dheseciia-tepesat i 8Nah Sopet{ardred
under a partlcular condition, or a bubble is
occgeneiat®d mmuuwdealafﬁoﬁfeﬁannail mo @pguadi cem Speed
generatlon of a bubble results in a great - 28
supp é@@t??ﬂﬁlqﬁnﬁﬁépaﬁﬁaﬁg biqwidkcthedbkirqui d). To reduce
vari ations, is needed to formthe, flow channd

S oP R RS adh e B %%@VMPPWE ab? Shkre &t glquld

t at t t
is 30PRSI LLIikh o Ity Ry 1 erglﬁg’rél;glgailf‘%anigjtnﬁ"?' &Fom
dirbBeioLommN C%Iagweigaggéén&ﬂlg esReGk ¥Rati gi’élllgld:hﬁ{%

can cause a variation in characteristics
13aContr@stiquil thembsts UTialresaceordil Rgrt 0i kherHasen

enbodi nent, liquid can be supplied to all liquid
thathaabetrsink3dhendetesnai | mrescondi bifonhbe 1aapeid hsantriegls

uniformty can be achieved in terns of
13a, and thus liquid supplied to openings of liquid 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

equal teo 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 1LZ2.

{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
liguid ejection operation is performed under a particular
condition, or a bubble is generated owing to a difference in

coperation speed (generation of a bubble results in a great
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ejection and refilling characteristics of liquid
ejection elenents. (6) Wien a nozzle sheet is
separately prepared and the nozzle sheet is bonded to
a sem conductor substrate on which heating elenents
and liquid chanbers are forned, the small thickness
(about 10 to 30 m) of the nozzle sheet conpared to
the thickness (about 600 to 650 pm) of the head chip
causes a tension to occur in the nozzle sheet at room
tenperature. 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,
rain can occur wever in thg)structure

redgggb?%lﬂbiio FASUBF e85t BHSHITTENE N the  nozzl e 18,
Whi G d &1 RALE 2 PShs Sensisl Yz%eﬁ@datg hahge de tfhew

tension, is surrounded by the. substantially U shaped

chaﬂ@&h_é&rucﬁﬁ}e sheaki gyi b Ehamgmmt3ai candshéws dihe
tensi on does not cause a large stress to be applied

shabe bheraiorziomal8symineteyor €ln thtisi gepesdi bie the

achieve high stability and high reliability over a
stryFtiere evpematior Eigangl. diAfarences dnséesuty oot ﬁéle
- surface tension of liquid  is _low, a shock wave

comggpef R FRAEF L tqures %Cfe&veectléﬂmdaﬁaa’abﬁﬁu?% Cause
surf@ce V'br%EE%%FQ %léqUI G%E%EFStChfﬂgﬁh occurs

a Vv O LN, C
wheh tT'qui'd TS e Tt takes a fong time Tor a
strgggh§§L5Eéd%da%5EtBotﬁgsﬁrégéﬁg ehiResROCK; Y@ME dah be

generated or a’liquid surface vibration occurs. One
supﬁmlb@dto all liquid chambers 13a under similar conditions,
.and thus high uniformity can be achieved in terms of
ejection and refilling characteristics of liguid 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 pm} 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
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to prevent the above problemis to increase the |ength
of the individual flow channel between each |iquid
chanber and - the common fl ow channel such that the

| ong individual flow channel has a large flow

resi stance thereby attenuating the shock wave
generated when liquid is ejected and the .vibration
that occurs when liquid is refilled. However, if a
bubbl e 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 elenent is broken. To prevent the above

bl | fi,l f t [
enep 2 elofafifndial fond: LBRE ™ iR Bgel ity YaRe
a lia?fgyie\/isgy?és flowe %%ri?cled §9 that,d.ha of iflgt er thase &dve,

effect of attenuating the vibrations or reduces
it iRt ebksiBNE Lo IdXHGRREr BShh s Habine 1St raet HEghaccor di ng
to the present - 30 enbodinent, the isolated and
reliiptbé péndentert i quiidiec hamberstiBa faawieng t he conmon fl ow
channel 23 serve as filters. Filters of the related
t e¢Rhi Hleths vdlscasity| eerehs3cuHews CANELR oA d)yiavdy
he additionally disposed to achi eve .a doubl e

is fliopy P AGORH FELTS 1PhE@SPPFRERT M Thardtter i 8t F43° 61 he
i_qui.d mb 13 , tim. '
and Iaqlizlguggg?urregas = vazl_b%g@tlgg P gieﬁ]g.%éf \E}r §60Fe oéhatr{/bee

abi Ity educing rnterferen i brations

ocddrQPSHLY lf’cﬁllfcptjjsnge%tﬂﬁlgép W angdedhe !l%ﬁ?t Pitke (F4:19.a

3) of each “liquid chanber 13a. In particular, when
meﬂﬂﬂ&ﬁbdtﬁh@ﬁﬂﬁﬁia&%&taEEtéﬁrﬁﬁ&htd)shock wave is
generated or a liquid surface vibration occurs. One method
~to prevent the above problem is to increase the length of
the individual flow channel between each liguid chamber and
the common flow channel such that the long indiﬁidual 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, s¢ that the filter has an

effect of attenuating the vibrations or reduces interference.

In contrast, in the structure according to the present
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be symetric as shown in Fig. 5, the influence of
shock waves can be mnimzed by form ng flow channel s
(with a wdth equal to W) so as to extend straight
from openings of |iquid chanbers 13a thereby
absor bi ng shock waves propagating fromthe openings
of the liquid chanbers 13a. (8) The length of a fl ow
channel froma comon flow channel to an individua

fl ow channel and the flow resistance thereof

i nfluence the ejection pressure (ejection speed). In
the present enbodinent, |iquids flow through channels
on both sides of each Iiquid chanber 13a and join

he c w e
R T e e
fad&&gthﬁe|t5ﬁhéﬂ-fﬁ%&dchaﬁnélQE@(%é¥ﬁﬂﬂ@%r§11§érgn L€l ters

line L2. The joined flow is divided and supplied to
of tthe reipeéedite-Hriduied (shanbes sfilk3asviza phdias v tHig.
substantially the sane |l ength (sanme flow 31

10)r egivstaned)itifmerdiordespreveh Wherrhikyeepedoiobe
operation is perfornmed continuously, |iquids can be

fll@FééF@deif?%‘FM i qiied T1EFREIRDreRAT@RSRES SEECH ppbsiie

LR FCEbPOReEhoath) C-Fnbs CEREMT T EhgAREr St U (i LY
of @ga%%gglﬁ@ef S enPLESERL v AIDAGIJIRNG NBS L0y { O | oWl ng

vant ages rst advantage is Ythat*a allure

se1dd@ihg end %x 6AB bReSUPREEsSedrifven)idradailure
due to a bubble occurs, self-recovering fromthe

ligadl uhemican Iozcur. In t he present structure, because
liquid is supplied fromthree directions

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
liquid chambers 13a thereby absorbing shock waves
propagating from the openings of the liguid 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 23k located at
the center between the liquid chambers 13a on the line L1
and the liquid chambers 13a on the line LZ. 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 Iiquid chanber 13a, a primng
effect 1s always achieved. (2) A very simlar droplet
ejection speed is obtained for all liquid ejection
elenments (that is, all liquid ejection elenents have
simlar ejection characteristics). (3) Because |liquid
ej ection elenents on the sane line (the line L1 or
L2) are located at large intervals, the wall of each
l'iquid chanber 13a can be fornmed so as to have a
sufficiently large thickness so that a change in
characteristics due to a thermal expansion or a
nechanical stress applied to the line head 10 is
oss £h reduc I nterference

d
resﬁg \AE%%F eji(ehe%”“gt J:Sﬁo K%ngenera d SBY CHE T 7R Eaﬁlloélwl

per%o%ﬁ&ﬁo@on&r%@tl§ (BYqh i g&An @eu %HEQEQN FHRTINGhia
effects). (5) Because each |iquid nber 13a is

ejeih bAUATERbINE at323ppbk gk ALyt dgiseatesubbesm®ially the
conductivity than that of the barrier |layer 13, a
samgoedebeatn rermevalrec Haiact Bon stpeedd¢an be achi eved. (6)
Because the nozzle sheet 17 has a uniformtension
di Thys butheod l ovarhanrohss icEHarPagFePTEINET S adivg
nozzles 18 can_be n1n|n1zed (7) Because liquid is

Presgppl PRPtidrsEdc hasi §hifdt %Jrﬂa‘ﬁﬁé}g aff%’ﬁn’f:?%‘?ﬁt hree

di rrf;ftzlot” aa%gl)ahg?e Ue . ap%g.jr&%ee e “%t bﬁgﬂle

Al M ze e same reso on {

can B@ §§£$&4B§E%$f Even if a failure due to a bubble occurs,
self-recovering from the failure can occur. In the present
structure, because liquid is supplied from three directions
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 liguid
ejection elements have similar ejection characteristics).

(3) Because liquid ejection elements on the same line
(the line L1 or L2) are located at large intervals, the wall
of each liquid chamber 13a 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 liguid 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 fornmed 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 neans
-according to the present enbodi nent is described
below. In the present enbodi nent, as shown in Fig. 3
and other figures, the heating elenment 12 |located in
each liquid chanber 13a is divided into two parts
di sposed side by side. Two parts of each heating
el ement 12 are disposed side by side in the sane
direction as the direction in mhich the nozzles 18

. ar rrayed. Althou he ons 0zzl es are
Lol Shbaptn g T ne hesonsdsiar Y ShafoRfitis the
bar@2Q¥e1 LS, ME5PECkLYA Hsﬁ'f@n&}aqﬂ%ﬂgragﬁeéwm gk bae

centr axi s o nozzle 18 1s colncident with the
achéeptyal axis of a corresponding heating el enent 12 as
a - 33 whole of the structure of the heating el ement
12 ( daBaiguiswo thpanbd sz h spesed 1i7nbhdea owel fdmuitgnsion
chanber 13a. In the case of the heating elenent 12 of
disthébuipbepartarimyjensotnechdrpatise igbéve- deery nggles 18
manner, the length of each part of the heating
CaneP@n%h$1@£FQQ3 equal to the length of a non di vi ded
elene and. t he wi.dt eag h par
onb! hateaRe e geATor ettty S8° B e, Dranes
13aTE%ﬁfaﬁleee t&l%ec%%ﬁgangefﬁlﬁ%c hogf cbhe fao. Rard %rof
the heating elenment 12 is tw ce the resistance of the
dusfOBan by ingied dfieadi.ng el enent. If the two parts of the

heat i ng

(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 18.

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

In the present embodiment, as shown in Fig. 3 and other
figureés, the heating element 12 located in each ligquid
chamber 13a is divided into two parts disposed side by side.
Two parts of each heating element 12 are disposed side by
éide 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, thé noziles 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 corresponding heating element 12 as a
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el ement 12 is connected in series to each other, the
resul tant resistance becones 4 tines greater than the
resi stance of the non-divided heating el enment (note
that the resistance is calculated wthout taking into
account the effect of a space forned between the two
parts). To boil the liquid in the liquid chanber 13a,
particul ar electrical power is applied to the heating
element 12 to heat the heating elenent 12. The liquid
Is ejected by boiling energy. Wen the resistance of
the heating elenment 12 is low, it is needed to pass a

| arge current through the heating el enent 12. the
ot her hand, when t eating .element 12 a Iar
wholgsp§t it e thuc e Bgsg?%llbe R or e{ﬂﬁ%tﬁ%fh

par?isa%ﬁggéa Q§Ehdﬁugﬁgnfl%ﬁﬂgg%%$P_Qe1§§at'ng elenent

'ows 1t 1S us Size transistor to

SUPBP! phe ca3d o2 £HENGMiLRy Recpagseth tdy augh thbepart
heating el ement 12, and thus it is possible to reduce

typeh€oteéal isitze. aEbee -festisiant aaahet hetheatdamghelognent
12 can be increased by reducing the thickness of the
eacheptrngol @reieat2ng Holemenrt 12 Rer eqisl at¢ g llengich

on the thickness of the heating elenent 12, dep endlng

of enntahed@rﬂa%&aicth@@rtéwc%lwra@lqdhéhesv%féﬁgtcrﬁ each par

s GhErentt (90 Math SFarty B NEk PG Bl
TheEQEQr%“DuQQG% l@%gﬁﬁ I&fp Q&ethg EQ&r cﬂﬁt he,

resrstance the eating elenent 1 hout reducing
heatPBqt B1 &INBSI20fi s twice the resistance of the non-
divided heating element. TIf 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 account the
effect of a space formed between the two parts).

To boil the liquid in the ligquid chamber 13a,
. particular electrical power is applied to the heating
element 12 to heat the heating element 12. The liquid is
éjected 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
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the heating elenment 12. In the structure in which a
heating el enment 12 divided into tw parts is disposed
in each liquid chanber 13a, in .general, two parts of
each heating el enent 12 are heated such that
tenperatures thereof reach, at the sane tine, to a
tenperature needed to boil the liquid (that is, the
two parts are heated such that the bubble generation
time Dbecones the same for the two parts). If there is
a difference in the bubble generation tinme between
the two parts of the heating elenent 12, the liquid
ejection angle is deviated fromthe vertica

a éﬂf&%&klgg bé}ﬁ%ss%d %E§ogg$g£§%nﬁé£€{%%raa gn£hf%e %%d

ths il @61 ho8s i IPRS n;@%euhértﬁ@ @dalqwl@eeJ egfdon plane
(surface of a recording nediumR), the ejected liquid

redistthavel 8t atieatingSelehert gt qeatl Bel NHEEESsH 1y an
arrow represented by a dotted line in Fig. 7. On the

redwiep hhadthidknese efetheoneaiigie edkmenhel?i quiaidvers
deviated by 9 fromthe vertical direction, t he

thegicedfed |P¥RA d i™itr gPelhe aF%%@(%SﬁaPﬁ #he ol'rleitzln‘.hnd

he arrival point of the I|i i is deviated b
CLEETE 1Py G S i B he EhE AL B P YRt g

| f.the g 18,2 e rding

g B B hG e 20%, e B8 ERGEI D

hea®lif6t E08nsMr fiace ehet Revidow dejreet hebti £f edBMeand 2
the liquid arrival surface (this also holds in

into two parts makes it possible to 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 a

temperature needed to boil the 1liquid (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
anglé. In Fig. 7, if liquid i is ejected in a direction
perpendicular to a ligquid ejection plane (surface of a

recording medium R), the ejected liquid i travels along a
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the follow ng discussions). In common-ink-jet
printers, the distance His in the range of 1 to 2
mm In the following discussion, it is assuned that
the distance His nmaintained at a constant val ue
equal to about 2 mm The di stance H needs to be
- mai ntai ned constant because a change in the distance
Hresults in a change in the arrival position of the
liquidi. Wien the liquidi is ejected in a deflected
direction fromthe nozzle 18 toward the surface of
the recording nediumR, the arrival position ..of the
liquid i varies with the change in distance H,
al;t hough the n the distance es nhot_c
str Eg 8atht}] %ﬁ%ﬁaﬁa p%%i?f?ﬁ?xﬁ%? eﬁﬁngFé ?ﬁfﬁ égg%%d
:Lm@ %t Pdg. I, the veRt b@ﬁlerdlhér?&t 15N+ 1El @ ec§fora%g&% of
are graphs indicating results ‘of comput er simul ati ons
thed Nigaiasi ofs tdierilatedi Byed ectdronhangketicab diasdion,
function of the difference in tinme needed to generate
theaejbubbll eliquild quitdaibet peehotova parths Zof ot he2 heatd rigus
el enment 12. Note that Fig. 8A shows the liquid
theepagiveh Riigtte afedser é849U SR an X iviaéefony and Fig.
8B shows the llé%%f ejection angle neasured in a Y
di rect fonT #ndr the X direction is a direction in
whe‘é@' &N h@hé‘%@t%%f:@béﬁ‘ﬁ%&( rayed th he tf?%rSSEifH‘ 18N and
ch " two parts of eac eat 1 ng el ement
thed|s§@9§§g St 48 DYt} ng apdi e RY @hheCtiONthsS B stance
direction (.in which t%e recordlng nedi umi s fed)
betpeepenié ClidArid @jkheioX ghrecdd @t theglifGidhowstion
measur ed devi ati ons of the

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
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 R, 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
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liquid arrival position. In this figure, a horizontal.
axis represents a deflection current defined as
one-half the .difference between currents flow ng
“through the two parts of the heating elenent 12. Note
that the deflection current corresponds to the bubble
generation tinme difference between the two parts of
the heating elenent 12. In Fig. 8C, a vertical axis
represents the nmeasured val ue of the deviation of the
l'iquid arrival position (while maintaining the
di stance between the liquid ejection surface and the
liquid arrival surface (the recording nmediun) at
about 2. m) . | t.hi r&Men ' r f
as gogﬁéféﬁglﬁg%égﬁ Fﬁ?%ﬁgﬁga%ﬁé he%?iﬁsgg%gﬁ%%ﬁk%%%agﬁda
bubble P81 8Gli PHSAUERNEwHESLFd st AROKEa MBSy clement 12.
superinposed on the main current passed through one

Notef thhe tivw. B tshowk the healidigielcenent addld hersshy ed
deflecting the liquid ejection direction. - 37 Wen

in gheXediseqt dirf,f @endn€égi n8B hdysbivhe déemerdtdrrtitnme
between the two parts that are produced by dividing.

angi femeppat§thg relteFe AErEoti o 4 HE gt 8c LB X | L RRT T RE

nozz|l es 18 re_arrayed, he liquid ejection.angle is

2 dRReFLEe T oTiCh thaLpoFELes i ade BErasednbi o h
. _Fi 8 C..That_is, .t b qui ' ' Leo
a0 0 WL AC TNBhe 2 0 | I b gl eran gaole
dispbkayesiddhadpases )W Lhqt e bubhlhe gesar at i Hmiidddon

difference (note that the liquid ejection angle 8x
(ini wHi clat|se the-cdeMnat medidin am tiwel)veetpeadiclireaacttioconhe

and corresponds to O in Fig. 7).
X direction. Fig. 8C shows measured deviations of the
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. 1In Fig. 8C, a
vertical axis represents the measured value of the deviation
of the liquid arrival position (while maintaining the
distance betweeﬁ the liquid ejection surface and the liquid
arrival surface (the recording medium) at about 2 mm). In
this measurement,ra 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 the heating element 12 thereby

deflecting the liquid ejection direction.
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In the present enbodi nent, the heating el enent 12
divided into two parts is used, and currents are
passed through the two parts of the heating el enent
+ 12 such that there is a difference in the current
bet ween these two parts thereby creating a difference
in the bubble generation tinme between the two parts
of the heating elenent 12. By controlling the
difference in the current between the two parts of
the heating elenent 12, the ejection direction of the
liquid ejected fromeach nozzle 18 is deflected by a
desirable anmount in the direction in which the liquid
el enents zz|les 18 r ed V% n_there
S eSrangen, T RBRE ol sBtvady A Fnatsthab s
t:l_m@f bé%e&?q.tﬂengw%l EQEEE %@%uigogﬁcéd%f%gwﬁﬁg the
error or the like, a difference occurs in the bubble
hea@ehgr aldrh il i17e 1 het meedi fdar ilomo ipawhscRf cidhendieakisngs
element - 38 12. As a result, a deviation occurs in
aret herhyey d-hej ddtindd eheogtiordf romlehésvéetiaedd from the
- direction, which results in a deviation of the liquid
ver*awaifasﬂlrrﬁsvéquoﬁswbwra Eoriest 8posndi Hn- ﬂ%@t is,
deviation of the lig (gharrlval 03|t|on can

the o} gt d ) POpere e troHeng FAet Lt rlé’ht"‘%ll Bs%’éﬁ
Y
nOZEFéé’“ﬁ{‘ af% a{rﬁgpf gs&% éa sP%arltt %E %‘l?bﬁheeat Mration
e JUS ing the GbPI e gener ation
tmgl §eBrSMad h%té h@ha@um,l % 1GRAGH atLopidd mhfecenes
the sane for the two parts of° the heating el enment 12
_1ndaadté£uthdlaéalbqubﬂ Esore|end e@dritichhediverticaland
di rection.
corresponds to 6 in Fig. 7).

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 time between the two parts of the heating element
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In the line head 10, the deviation of the liquid
ejection direction fromthe vertical direction can be
adj usted 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 nore
particular liquid ejection elenments in a head chip
19. For exanple, in a particular head chip 19, when
the liquid ejection direction of a particular liquid
ejection elenent is not parallel with the liquid

ej ection direction of the other liquid ejection

eI nents oss le to adjust the,li u'd
125 BT ea i i gRORRERE SR 1 ehf o ot S

ang%eFF&E %Qretrl%éba&hﬁlké%& each 9@591£§C£rl Qn

beconmes parallel with the lidquid ejection direction
devehtibe &f hefe liiquid gFeCtaDHRi@RAt $rom-a 3brdded S

al so possible to deflect the liquid ejection
posdiiect i dtheasiefvokitdws. o FortheXanplie, akreivals mssinert lcat

when liquids are ejected froma liquid ejection
be afignered Nyameorrray] aeehtol HinguitdceFrersors alamfast

N+1, the ejected liquids arrive at positions n and
thrﬁ!ilﬂh ?*é%&é{& iSFEPFC AR PR quql}'nh& BF@EW%r\el‘%ﬂeF’é'—ctl?on

| : theaelfnjrf def 1ngqjt %gle Lub%{]és e?naeS atl tlmggs 158{ t%el—l(?% the

ection dire Igqurd ejec from

bubbms géﬂ&tatqo%ﬂ €G Ik 0B ELRLIB N, N S%H@h rhPatnd h@ﬂ@]p%gtgdof
liquid arrives at the arrival position n+l, instead

_ theoﬁeﬁtfﬁﬁldnkmbﬁe 12 and thus the liquid is ejected in the

ection
ecti1on

vertical direction.

In the line head 10, the deviation of the liguid
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 liguid in the
vertical direction.

It is also possible to adjust the liquid ejection angle
for one or more pafticular liguid ejection elements in a
head chip 19. For example, in a particular head chip 19,
when the liquid ejection direction of a particular ligquid
ejection element is no£ parallel with the liquid ejection
direction of the other liquid ejection elements, it is
possible to adjust the liguid ejection direction of this
parficular liquid ejection element such that the liguid
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.
Simlarly, it is possible to deflect the ejection
direction of liquid ejected fromthe [iquid ejection
el ement N+l 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 exanple, when the liquid ejection elenment N+
becones i npossible to eject |iquid because. of bl ocking
or the like, it becones inpossible to have liquid
deg Sjl_é ea sac;[ otsgelbi% I‘h{:ga| e SCICtL:tgl%lgILIUl(?B%je&tq%&lh a

failure occurs. ﬁ e ea I"nc S SucC

direaiched Liagrhthgiection elenment, the head chip 19 as a
whol e is regarded as failed. However, when such a

f airbiir €x06aW,S leitt ubSaposse Mt ehendigebdaiard i qui d
deposited at the arrival position n+l by ejecting
ejelcitgdi 8rom a propet leyedéfbace benatitr ecindnafir e adent
~liquid ejection element N or N+2 adjacent to the
liguigupdeck]@ctgismediteNeht Nee £IEET ild BrdApPerbie tte
ej ection direction deflecti ans i s_described .
POS&L- P ﬁ’h"f‘%‘g e’k*a?nplré’SBFCFﬁ‘éeg? et T LR SJection

dir_@%ftFSStiQ%S@%%l%%%%qi Ngn t 0, L& RLesent eé@soﬁﬂl%mto
s (he

or med usi ng current mrror circuits | e!nafter,
derieberted &p-@sidEMagirkelibs)or "_1]'911_11% leSeBtEHl £tk the
e

di agram showi ng a specific exanp
liguid ejection element N such that the ejected liquid
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 liquid ejected from the liquid ejection element
N+1 such that the ejected liguid 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+l
.'becomes impossible to eject liquid because of blocking or
‘the like, it becomes impossible to have liquid deposited at
thé 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
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of the ejection direction deflecting neans according
to the present enbodinent. First, circuit elenents
used in this circuit and connections anong them are
described. In Fig. 9, resistors Rh-A and Rh-B are
resistors of the two respective parts of the heating
el ement 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 M to M1. O these transistors,
transi stors M4, M5, MD, ML1l, M4, M6, M9, and M1
are PMOS transistors, while the other transistors are

'obt%%@lﬁgﬁﬁ?é'ééﬁééltéd“ attNenEl LEH af’ o i By, f49- bg’ ﬁ‘/z

urt is formed, for exanp y transistor
ejcRin¥1ilbiqand d\@ro@@m@ &Qi%c@d fOWHecEVbET FEM tithe

are forned in a simlar manner. In this circuit, the
ligydtdeegndti e éﬂemsmtom'bhem+24édjddeﬂtmtbtahehﬁlquﬁ
. connected to the gate of the transistor MA. The
ejegitairnsebemene N+ ansi stors M4 and MB are connected to

each other, and the drains of the transistors Mo and

\Y3) a?@@c%ﬁﬁﬁhéﬁﬁéﬁ FOOEaE?F(ﬁlﬁﬁtlo?r§ﬁ§?§Fb?% defdecting
me connected | shﬁ1lar nner q] g h er . cm@

&P ¢l £8° #ﬁ S of “the TFERsIS ﬁ%eji@ 1G4,
du@eqll\!wd@heéaw GRRRAL! 5&@01@4@ Qi > 8 Hﬁ drains

of the transistors M3, . an Nﬂ o? t he
embo@sResti V& £Mdd eiihg aheresONMGiRd dikcgopyoN to the

node between the resistors Rh-A and Rh-B.
{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
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 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 M1l to
M21. ©Of these transistors, transistors M4, M6, M3, M11, M14,
Ml16, M19, and M21 are PMOS transistors, while the other
transistors are NMOS transistors. 1In 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
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The transistors M2, M/, ML2, and ML7 serve as constant
current sources of the respective CMcircuits, and the
drai ns of respective these transistors are connected -
to the respective sources of the transistors M, MB,
ML3, and ML8. The drain of the transistor M is
connected in series to the resistor Rh-B. _ Wen an
ej ection execution switch A is at a "1"-1evel
(on-level), the transistor M turns on, and, as a
result, a current flows through the resistors Rh-A
and Rh-B. Qutput termnals of the respective AND gates
X1 to X9 are connect ed to t he respective gat es of t he
tran hat Al
tragzaato it ooy S Y. P I HEUR ype, Chate HE AR
Thed@k8Sn &8s ANh X% 1858 19k oL Bey4 AL ard W cB}{H@ctéi doeast
one of the input termnals of each of the AND gates

eacklobBeX? dsd ciMNeGhedst 85t fige ef €614 i ors4ite afX ettt @N
switch A. One of input termnals of each of XNOR gates

conXg0treX1Ro eadh otdwed . X18Brags Conmectaar tonaededd eot izon
direction selection switch C, and the other input

simddpgi nanrnef EadheoPtheheSk cdNORUidH#t-es is connected to
one of deflection control] switches J1 to J3 or an

ej BRe i Yriidfgled ABPUSTIRTLS ' RES &7 - SMOThEL Gerdnst tfion of
thedlrr ?é%&g_{]véc'et{ Cctlr%ﬂl%y 5&5‘ &1%1 (%1%1 \M to%h LOEr ns:Lstors

rectlon in |qU| géj éction
M3, dM@echwn 454 defd egt efe P@éﬂ@%&x&o%ﬁ 'c‘i%céﬂ‘é’s ne%Q@t ive

directions along the array of nozzles 18.
con@letkedt i®ncommon to the node between the re51stors Rh-A
and Rh-B.

The transistors MZ, M7, M1l2, 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 MI18.

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 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 X9 are of the

'three—input type. At least one of the input terminals of

each of the AND gates X1 to X9 is connected to the ejection
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direction selection swwtch Cis at the "1"-leve
(on-level), one of input termnals of the XNOR gate
X10 is at the "1"- level. The deflection contro
switches J1 to J3 are switches for determ ning the
amount of deflection of the liquid ejection
direction. For exanple, when the input termnal J3 is
at a "1"-level (on-level), one of the input term nals
of the XNOR gate X10 is at the "1"-level. The out put
term nal of each of the XNOR gates X10, X12, X14, and
X16 is connected to one input term nal of one of the
AND gates X2, X4, X6, and X8 and al so connected to one
Wt t of one of the AND gates X3, X5, X7, and

a
ex“"'f(blewnag%ln%&bfANOT gates X11, X13, X15, and X17. One

i npst of eidPutale0fii gRCH Of éanﬁl ANDxfiakega s 3N, X&ms

connected to an ejection angle adjustnent switch
x1443andThee def | @tineomeanpbi & uger Caidirel dieeotioh B |s a.
termnal for determning the anplitude of one
seldetlent fohtclstap abyl dbeerhhar ngnidie tegmisat of qdwh of
transi stors M2, M7, ML2, and ML7 serving as constant
theggr KRR SdipTds Gpﬂpﬁéteiie%%e‘bﬂﬁf v dRtdpeELer scontgrol
the deflection ,anplitude control termnal B

| SWlté";h‘Eﬁ gc‘f%dnt &%t BE GafEL I NHE ASIPaERFYE Switch s.
' t r'ﬁ?ﬁlcﬁéﬁ %ty%n Wr%M%on agleqe f710nI E‘. té'iq'cs 1saetp|s|w§gch

is term nal e current o eac const ant
forcgmeeﬁlwta GBriest38h (R PEicdUale G Biaalskdiius no

deflection flows. As a result, the anplitude of
dirdethiesti®meflected, 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 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 "l1"-level.

The output terminal of each of the XNOR gates X10, X12,
X14, and X16 is connected to one.input terminal of one of
'Lthe 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 X11, 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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becones equal to 0. if the voltage applied to the
defl ection anplitude control termnal B is gradually
i ncreased, the current of the constant current source
gradual |y increases, and thus the deflection current
also gradually increases. As a result, the deflection
anplitude increases. Thus, it is possible to properly
control the deflection anplitude by controlling the
voltage applied to the deflection anplitude contro
termnal B. The source of the transistor M connected
to the resistor Rh-B and the sources of the
respective transistors M, M/, M2, and ML7 serving
asq the constant curyent, sources. gerthedf pec%]ve CM
cit cuf?s are gro ed 99 &g FetMt agran1shown
terh@nglgfof)déBéF%ﬁﬁhﬁ %ﬁé aﬁﬁirtd&e %f éneoaeﬁiactlon
described In parentﬁeses close to the respective
stebl BRS#St &g tingt @hbMPeutReh€ade dhle tranbest&fs -MA44 M7,
transi stor elenents that are connected in parallel.
M12Foand edbhpegvingansi sbossami tdnonemer apgrégs "of the
(transistors M2 to MI1) are each formed to have one
respeghtiae M rdnsdter eTenents ench the dehkechinh,
kﬁanglstors wi th nuneral s, "x2" &tran3|stors 4
amp Fy

ArPUFNH EGERVRFLRE 1D SOBEFAPAeFO Elb%r%ac‘i‘%
thel %@séé&{a%aef dcrtaagﬁlghéégrﬁiz', %@ntyﬁz Sgg;%lﬁﬁ.y, £0V is

tran ors W th nunera are’each equivalent to a
appR@E@! £ &1 r1eanneehi AR1 Of i st @andard okr agsh st s&lgment s.

The transi stors M, , ML2 and ML7 are respectively
curkdnt SaX'ce "D 'setand Bl Equdl tdwe opuaher tipis standard
_deflection flows. BAs a result, the amplitude of deflection
becomes equal to 0. If the voltage applied to the’
deflection amplitude contrel 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 M1 connected to the
resistor Rh-B and the sources of the respective transistors
M2, M7, M12, and M17 serving as the constant current sources
ef the respective CM circuits are grounded.

In the circuit diagram shown in Fig. 9, numerals "N

(N =1, 2, 4, or 50) described in parentheses close to. the

respective transistors M1 to MZ1 indicate the number of




transi stor elenents, and thus, the ratio of the drain
current anong 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 CMcircuit conposed of the
transistors MB, M, M, and M5 is discussed. The

ej ection execution switch Ais turned on only when
liquid is ejected. For exanple, when the signal |evels

are such that A= "1" (that is, Ais at the "1"-I|evel
(signal levels will be described in a simlar nmanner
I r [ I -1y d J3
tra%si%ﬁgg ?f%ﬂﬁlnaﬁ ggvé%g ?g%%éﬁ%ﬁf ngFl%

exaﬂ@&@ X@Qarbﬁﬁﬁf@% whith dihSrails "*;Jle'VQltrQHEPQ{:oﬁé gl to
A="1"are |nput to the AND gate X2, and thus a -

M_2145ar cadieVRlrridgal hhSe oot P U tdndamdt ReaANDs gat 6 Déhent .
As a result, the transistor MB is turned on. Wen the
On gbepathef hdrel XNGRngaseoXd Ovith aumeralst Ae2” out put  of
the NOT gate X11 is at "0". This "0"-1evel output
(trépéhﬁFo%ﬁuﬂzAtQ'Mi&)aﬁéel?ﬁﬁﬁ YBiRd eAND  §at eP3R 1 Igdd
evel signal, |s output fromthe AND gate  X3.
conRg L1 Tt (0 (Hhanfrafiol LA € LFUPHER- of T B
erah82aB0AL N5 Af FHE.LA RSO ARG,V 88, CoInect ed

fo eac the drains o transistors

partam@em(?ﬁee&&%e@tfeﬁ L0 8aCkH q;ﬂa%ls%@nemﬁents
ransi st or

The transistors M2, M7, ML12 and M17 are respectively
x4", "x2", "x1", and Yx1" in the number of standard
transistor elements, and thus, the ratio of the drain
current among these transistors is 4 : 2 : 1 : 1 when a
pérticular voltage is applied between the gate of each of
these transiétors 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 =
'"lﬁ (that is, A is at the “1"~lev§l {(signal levels will be

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

2.5V, ¢ = "1", and J3 = "1", the signal level of the cutput
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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MB is in the on-state and the transistor Mo is in the
of f- state as descri bed above, no current flows from
the transistor M6 to the Mb al though a current flow
fromthe transistor M to the transistor M3. Because
of the nature of the CMcircuit, when no current
flows through the transistor Ms, the transistor M
al so .has no current flowi ng therethrough. Because 2.5
Vis applied to the gate of the transistor M, a
current corresponding to the applied voltage of 2.5 V
flows only fromthe transistor M3 to the transistor
MR annng the transistors M3, M4, Mb, and M. In this

S beca e.the.gate_of the t to,,Mb S _in

1 % is out g: & I{Iﬂﬁgu% %(ﬁ l’-\

O
e, no cC rrenf ?|OMB g é tranS|stor

resMit aﬁg E%l@co&ume% £ oWsy thyy.ough the transistor
Mi that is a mrror of the transistor Ms. The same

- cuwh@nttHd Jutpus oFhewmeigiNndIotdatichg1nesk st orsy‘Bh-thAeand
Rh-B if there is no - 46 other current. However, when
outphé gét@h©fN@w39a§eiﬁlﬁhésomt'§PateTh&he"60rlewml output
det er m ned by M is drawn via M3 fromthe node
Slgﬁé%m@é% R he TEsiagtoi8PRA- ¥C aHte PAUBIa&R/IXE hudnd Héws a

curren detern1ned by _M2 is added only to the current
0-LEFG i PSR I AR GEPR RS ARTATRHRIES | FE S OB E.

T f r t has been descri bed above
cnef EagPELRLL A, o LiepehsiL g, been deser oep s

M@&aﬁu %Heh@rahgnabs I@yeeltx%51§%oggfﬂ4@cgﬂcp@43 are

direction selection switch Cis changed whil
conflmthédi tw ngadihetbkher asd gfted drains of the transistors
M6 and M5 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 Mé to the M5 although a current flow from the
transistor M4 to the transistor M3. Because of the nature
of the CM circuilt, 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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| evels (that is, the signals levels of A B, and J3
are mintained at "1"), the circuit operates as
follows. When C = "0" and J3 = "1", a "O'-level signa
is-output fromthe XNOR gate X10. This "O'-1evel
out put signal and A = "1" are input to the AND gate
X2, and thus the output Ievel of the AND gate X2
becones "0". As a result, the transistor M3 is turned
of f. When the output signal |level of the XNOR gate X10
is "0", the output signal |level of the NOT gate X11
becones "1". This "1"-level output signal and A = "1"
are'input to the AND gate X3, and thus the transistor
ransi st or LS In

otnfe CRLHERES c*ﬁorwregﬁtr b T AnS £ atls SN,
stall:@ t'@hé (3115 %t%gﬁlngaty%%?flst I?ﬁaw 95_5% tfrc@n the

current OVVS t roug transi st or

nodEhBE twELHh r@fsg &é‘éi@woﬁsé omlmearap\mf—as;uaahytms | #HeO t he
resistor Rh-A, the transistor M4, and the transistor

curkBnt Jaeeournehbyf MOWLagaddedugilit ke tesi staredh- A al |

~ flows directly into the resistor Rh-B (any part of

flophagchprewgh tHeowieRgsbar Bi-Ahe resistor Rh-A does not
flowinto the _transistor M3, because the transistor
MBTRES i flu-he” Ofefs- state). Al current passing through
t tranS| stor M Eloms nto t he reS| tor

Rh-B,
beCause the lPPanS|s orcﬁﬁfu g sy Rgen SPAE oPREe

forCHBéeEeK‘s@aﬁw?"vﬂﬁcﬁahboughl* he giang st @b" '\/Bthié oMS M
the transi stor Mb.

only the signal level of the deflection direction 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 operates as follows.

When C = "0" and J3 = “1",7a "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 X10 is
"0", the output signal level of the NOT gate X1l 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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Wien C = "I", as described earlier, the current
flowng 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
Mi flows into the resistor Rh-B. As a result, the
current Ih_A flowing through the resistor Rhi-Ais

~smaller than the current I,_B flow ng through the
resistor Rh-B, that is, IRh_A < |. The ratio of these
currents is inverse for C="1" and C="0"} . By

captrol | t rrents ch_that the curtent

Mg thrshen fhet Al TORCPRISh S R Botsmine
res9sEberenin, khemeeagh otheny i LoliS+RESELDL S 1. ChRBte a

difference between tines at” which bubbles are
Thegeerat e 1owitBeth 8s@pecitie adowa tpar ks-Of athergat i ng.

el ement 12 thereby - 48 deflecting the liquid
direfetyiortaithectrkenstPepindi ngronpahnet drtie —driener C

= "0", the liquid ejection direction is deflected by
£lophed seitfe bRt TBEESTor Bpposicee 8PEettewniivridet he

array of nozzles 18. In the above discussiqgn, only the

CragEtteRt it OGhraP t%mlam}@t% Vdr hedt b B
staUQ? ?‘%I]faf%h&@nﬁogéégi o%'&%s 5 %hs]fst%! eph“rfﬂ%ﬂs

0SSiI con e currents
1ntB|EW@rEb§ﬂ§E3¥gﬁhL§e EégﬁﬁgémgﬁeRﬁrghQqﬁkof%MdB1@pﬁ% the

precisely. Mire speC|f|caIIy the current flow ng
of fthtotgh tike current passing through the transistor M6
flows into the transistor M5.

When C = "1", 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 Iy, flowing through the resistor Rh~A is smaller
than the current I; _, flowing through the resistdr Rh-B, that
is, Igas < Igps. The ratio of these currents is inverse for
C = "1" and C = "0O".

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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transi stors M4 and M6 can be controlled by the
deflection control switch J3, the current flow ng
through the transistors M@ and ML1 by the deflection
control switch J2, and the current flow ng through
the transistors M4 and ML6 by the deflection contro
switch J1. As described earlier, the transistors M4
and Mb, the transistors M and M1, and the

transi stors M4 and ML6 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

defik E§lg r {8 P '§§1QQTSQC£Q§ respectiye deflection

CORtT o smnt to one of val ues (Jl J2,

J31)Je r(cQL,ng On Qheth®r @.= ki @ cl= @d" (191@ bia (1,
?e (1, 0 1), (1, 1, 0) and (1, 1, 1 qhanglng

e} et:lﬁﬁioﬂ Odiilagﬂ:laﬂphlsede beéween Hyh e:l’@atseﬁleoﬁmouné%utt He
transi stors M2, M7, ML2 and ML7 and the ground thereby

oprperahgi dradtid ccuedeny thewirkpit mfonghzihests -
transistors, it is possible to change the anount of

def &t GROFEr dépERsS iR é’%é( tbgi Arhtetheon aqnacrsﬁ

ain currents of s
swibff (e e bR 0t ahh oot 1B CBEAEr iy it
sm%t—,ggél 73 ea\ffd Jqf gtr?etgﬁﬁé@% Yt difrect i 0ns SELECHHIQN o,
swtich C | ection the efection direction is
con&wbictﬁgidﬂﬂﬂ@%%@ flw@1ﬁ§WEH¥dd%hdhb@ckégﬂ§té%§”KhJ@h%nd

direction in which the nozzles 18 are arrayed, while
Rh-Baiat @i piarg stellg .anount  of

More specifically, the current flowing through the
transistors M4 aﬁd Mé can be controlled by the deflection
control switch J3, the current flowing through the
transistors M9 and M1l by the deflection control switch J2,
and the current flowing through the transistors M14 and M16
by the deflection control switch JI.

As described earlier, the transistors M4 and M6, the
transistors M9 and M1l, and the transistors M14 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 J1 to J3 to one of values {(J1, J2, J3) = (0,
o, ¢}, (0, 0o, 1), (0, %, 0), (0, 1, 1), (1, O, 0), (1, 0 1),
(1, 1, 0) and (1, 1, 1).

By changing the voltage applied between the gates of
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deflection. In the Iine 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 chi ps 19 becones opposite between each two

-adj acent head chips 19 (the orientation is inverted

fromone head chip 19 to another). In this array of

head chips 19, if comon signals are sent to the

defl ection control switches J1 to J3 of two adjacent

head chips 19, the liquid ejection direction is

defl ected in opposite directions for the two adjacent

h ] I t p &P '
R TR e R b it s
chagli hgheBe G@frdite fmespagt tveoudteatheehi pgadifters, it

controll ed such that the deflection direction is
is poepebly swidichegsk the58molddt eofspidilkictabhypet nstdye

line head structure in which a plurality of head
Whlclm Eéltl’gahliﬂél%rﬁh@yéétﬂﬁ pheths gagn rashedhs @ is set

be "0" fo head hIpS 19 at even- nunbered

traP&&ﬁFPBﬁsa P{ .) and Cis set to be "1" for

he hi ps 19 at dd number ed Iocatlons

nepd g e 3L gddnubered agaLons AN M3

ﬂghla@ sai®1 $orcrdl lachead: i R$i A21Qfnt Qelgwﬁo@%é& c,

The ejection angle adjustnent switches S and K are
theSHBAEL 8ttt 16n tdre tihef kgekt 0fin COMMd)i oW kCBRSt dHed BakNdeh

that they are used to control deflection of the
twolbngdieeetiﬁqntions 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. Z2A 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 ehips 19. 1In
the present embodiment, to aveid the above problem, the
deflection direction selection sﬁitches 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. Mire specifically, the

ej ection angle adjustnment switch K is used to specify
whet her the adjustnment-is perfornmed or not. Wen K =
"1", adjustnment is perforned, but adjustnment is not
perfornmed when K = "0". The ejection angl e adj ust nent
switch Sis used to specify which direction along the
array of nozzles 18 to perform adjustnent. For
exanple, when K ="TO, (no adjustnent is perforned),
O'-level signal is applied to one of thee inputs of
the AND gate X8 and one of three inputs of the AND

gat.e X9 t he gut put evel becone

PoSp e aily, (IF Ot Pldee® JUAR' L BNt R AR

a ﬁmu%a&a% 0% 8 ﬂ@%ﬁ %&quQQ9a£§été¥fH§$d0EB thén91é££§ the
transi stors ML9 and M21 are al so turned off -

fasHiWs, 00i€hadga0eeurg®i ﬁoﬁuﬁéa&ntcﬁufplsom@ngtt@féwgh t he
resistors Rh-A and Rh-B. On the other hand, when K=
nurbitred] Lo&amhsC @& &+8et N+40r. . JoaamdplCe issaeh thdte S’
"0" and C = "0", the output level of the XNOR gate
forxhgagecbiRs 12 thﬁgd Papeered gittlagiens((H+1 N*@h"l")
are applied to the AND gate X8, and.the out | evel
NSy herz Ui s B deﬁ\%g‘étlr%“s FHEecthen baq %? oriavegTe

for %1&“5§§Q HhipsNG 8% EH@U ln§&§#g§ Soapplied to the AND

isInverte gate X17, and the

r e@HJe tafdcciQn ah?!@' ad ﬁ\ﬁ{erﬂts skARHhet Os taﬁ?‘d AN gat e
X9. Thus, the oufput

similar to the deflection control switches J1 to J3 in that

they are used to control deflection of the liquid ejection

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
noet. 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},
O"nlevel signél is applied to one of thee inﬁuts of the AND
gate X8 and one of three inputs of the AND gate X9, and thﬁs
the output signal level becomes 0 for both AND gates X8 and

X9, As a result, the transistors M1l8 and M20 are turned off,

and thus the transistors M19 and M21 are also turned off.
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| evel of the AND gate X9 beconmes "0". As a result, the
transistor M0 is turned off. Because the transistor
MO is in.the off-state, no current flows through the
transistor M1. In this situation, by the nature of
the CMcircuit, the transistor M9 al so has no
current flow ng therethrough. However, because the
transistor M8 is in the on-state, a current is drawn
fromthe node between the resistors Rh-A and Rh-B and
flows into the transistor ML8. This causes the
resistor Rh-B to have a smaller current flow ng
therethrough than the current flow ng through the

i st Rh-A. Thus, b dj ust i th [ id ejecti
ThSiorE, PP J5TolE ChE b st PHESa PEOSF past (i on
red %tgrg!gyigig&ﬁﬁkﬁg_by a desirable anount in the

i C

irection in nozzles 18 are arrayed. - 52
Al phough dohelrh@aalovenseses ifged %&aﬂpéﬁd ¢ Nere set, for
adjustnment is controlled by a two-bit control signa
exagiplen bych hehatejseet "OA angl @ -adjarst ment oswpbchbsveS artd
K, the nunber of bits (that i's, the nunber of
thesyPRhasle nehf beconersedsedThes, geriisr mighal adplstient
re precisely. The deflection current |def that

no
"LTdet &r i Wet anrd1edefPrethe o BioatFe XBi gald Ryt

direction.can be represgnted as functjon_ of the
Leve e redl SESaREs nd" - | chpebri TR dui F Rt RT3 i

is ?Pﬁ?ggclislﬂarissf(g‘lek%\f I:I_Iélbggg s?ig]r?hl)% %pﬁlkéd-‘_tcl 2t1>1(e b Ig%t-'é
X9 is inverted by the NOT gate X17, and the resultant "0"-

| level signal is input to the AND gate X9. 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 Mi8 is in the on-state, a
current is drawn from the node between the resistors Rh-2A
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 throuéh 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 amoﬁnt in the direction in which nozzles 18 are

arrayed.
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= (4xJ3+2xJ3J2+J1+SxK) x1Is (1) In equation
(1), J1, J2, and J3 take a value of +1 or 1, S takes
a value of +1 or -1, and K takes a value of +1 or O.
As can be seen fromequation (1), it is possible to
set: the deflection current at one of eight |evels by
setting J1, J2, and J3, and the deflection current is
al so set by S and K independently of JI to J3.
Because the deflection current can be set at one of

ei ght 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 ozzl.es 1 For exanpl e,..in Fiq. it 1s possibl
CoPLRRTIE N fbel fhaTa e saisn arPEelfon sy 2EE hREE
is kght b1 98 B P& vsitheal cghtf LSt IO aughviRatl, thg
liquidis ejected in - 53 the direction Z1 1n Fig.
ejebrioangngle i £dAalFmepOSsibtend D s defd &Gt thbenddmpy &b f
ejection direction by O to the right from the
bitgerthehl isli ridet ircmbesuch $hditcidw magubd iscejaridkeda n
the direction Z2 in Fig. 7). The value of 0, that is
perfpen Bheuidl WTtneel] Bereopredsitie set arbitrarily.
cific exampl es are descri bed bel ow. Fig.

TOPSP AT IS BIT 6155 S M G Fietor S P HREE g amask
ae£3GERLME NG LN sGIBAALIBAL: T diieRigReRL, Lent | on.

n the exanple own 1n Kl g. ) tﬁe sem conduct or
repPEQERESH Ntk MBinction of the signal levels of the
respective switches J1l to J3 and § and K as follows.

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

= {4 x J3 + 2 x J2 + J1L + 8 x K) x 1Is (1)

In equation (1}, J1, J2, and J3 take a value of +1 or -
1, S takes a wvalue 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 Ji,
J2, and J3, and the deflection current is also set by S and
K independently of Jl to J3.

Because the deflection current can be éet 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
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is designed so as to produce |iquid chanbers 13a with
a symmetric shape such as those shown in Fig. 5 and so
as to produce rectangular-colum filters 30 at '
regular intervals of 2P at |ocations corresponding to
the locations of respective liquid chanbers 13a

di sposed in a lower linein Fig. 10. In Fig. 10,
liquid is supplied fromthe upper side (where filters
30 are disposed), and the barrier layer 13 is |ocated
on the lower side. In the mask pattern shown in Fig.
10, locations of the heating elenent 12s are
additionally shown by dotted lines. The intervals P

of ;. k . 1 are.set ito .3 t.0. ohtain a
ene? o3RO0 £ S e 71 nili o g ol pPEE P U
de f1GREN @8RONMNGE B e&thBnFifred@n Hy 0- £H tie MQHH ¢3bm
di rection between two adjacent center lines of the
theakkeayiohl hebtddtd cel ésrah RSt ithesatigu@daiyabpe-tegualn -
54 to P, that is, 42.3 gm Fig. 11 shows, in the form
theofdigegphen Fredsurad-ef et i Bre wpawed ofof, eflytit den the
nozzles 18 (liquid ejection elenents) of three head
amogRitne ¥ 19e {X§S& e hFp Bevadt RIEHitFarakid- ei ghth  chi p)
at successive locations in the line head 10 incl udi ng
si xteen head chi ps for each color, wherein each head
ExamphRs19 includes 320 nozzles. The average ejection
speed was 8.64 (nm's), and the standard deviation was

asssd® i AS:Bmgle S -.adhei98l be1standard devi ation

of the neasured ejection speed indicates .that the

| i hieg heldd shoesr di pgrt cof e seresentuetdo drerisshag mask
according to an embodiment of the present invention. In the
- example shown in Fig. 10, the semiconductor processing mask
is designed so 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. 106. 1In 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 héating element
12s are set to 42.3 pum to obtain a resolution of 600 DPI.
In Fig. 10, the distance (corresponding to & 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'equal
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high stability and high accuracy in liquid ejection.
The bubbl e generation rate was experinentally
evaluated as follows. Line heads, which are different
in structure of the 1liquid chanber 13a but which are
identical in the intervals P of nozzles 18 and the
aver age di stance between the end of the head chip 19
the line of nozzles 18, were prepared. The neasured
bubbl e generation rate for the structure of the

rel ated technique was about 1 to 1.5 x 10-5. On the

ot her hand, the bubble generation rate for the
structure according to the present enbodi nent was zero

to i8] tAQY Pf, a |jJ I|ty of neasurenents (at an anbi ent
tenperature o The neasurenent shows that the

li peg. hplatism@or dhnghé Ofdhie d¥ @TeRhs PIROMHURIY RleS@ion
has high 55 performance in terns of the bubble
spegenépat ¢ dyhtaire nokr lthel 8 actimplidreijrttignt €bémeits) of
Ad-size paper, no degradation in image quality due to
thr@@né?aﬁ SRt JSudBlieshwabimbstaweadh Fhipportd téieghth
bbl e generation rate neasurenent and the actual
Chlﬁ’ Ati AT VS tlo\‘kﬁgl%%v&w“ £ ltll‘?é Bepo| £° g]éf%%ﬁnﬁn
tre d be under.st 0o
SlXFﬁggeh %é fh hga%htcoi?mﬁ NarFotis® nDdI ?catfﬁ%@lg
1nd§ggggn§@¢(gg§zrgéb combi nations and alterations may
occur dependi ng on design requirenments and other

f athOrsrddagel aneasidieypade wilst Bl B4t e/ S)CORRDOfthe t he
appended cl ains or the equival ents thereof.
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
liguid chamber 13a bul which are identical in the intervals
P éf 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 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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WHAT IS CLAIMED IS: 1. Aliquid ejection head
conprising a plurality of Iliquid ejection elenents
arrayed in a flat area on a substrate, each liquid
ej ection elenent including: a liquid chanber for
holding a liquid to be ejected; a heating el enent
di sposed in the |iquid chanber, for generating a
bubble in the liquid in the liquid chanmber by heating
the liquid; and a nozzle for ejecting the liquid in
the 1iquid chanber when the bubble is generated by
the heating elenent, wherein, of the plurality of
heati ng el enents, heating elenents at Mth positions
r f e rray..of h in
e N A e o R
acﬂd&qs%r_hﬁ@ih]@gt:&l@f@ﬁhﬁl—ﬁzé0155’5691@ exAekb¥aQ8:P6n & Ose
to afirst Tine extending in the sane direction as the
imadjer gkl 00y i dusviC ke aieahi o wisTent saar ebssrayed, In
while heating elenments at N-th positions as neasured
botfty giret heblelel gaafenahid car raye ohedramtcinegtehodehits artalal
di sposed such that the center of each of these
pPrigéipgngeet enentes ShcyRatet e PP lenIsReEr b (13 t8
second |jne extending in the sanme direction as the
Wa%ﬂefgﬁ??%Lyi}PWMﬂ ch the heating el enents are arrayed,
' the, fj i [ [ s Wi h
ot per N IE, RERGRE LRI, THoRY, R o, EF
thatURBel 085 e @i dhalng) » &M DeiNGnadd sQh - 8YAN: HEREISS,
Ns bei ng even nunbers - 57 if M. are odd nunbers or
andodd tavabiesss ifayNecane d¥pandimpems design requirements

and other factors insofar as they are within the scope of

the appended claims or the equivalents thereof.
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each liquid chanber is formed to have a U-like shape
in horizontal cross section such that a wall thereof
surrounds - three sides of a heating el enent disposed
inthe liquid chanber; the heating elenents are
arrayed such that the heating elenents disposed on or
close to the first and second lines are |located, as a
whol e of heating elenents, at regular intervals of P
the liquid chanbers are di sposed such that an open
side of each liquid chanber whose wall surrounds
three sides of one of heating el enents | ocated
exactly on or close to the first line faces in a

i recti ite to a direction in which an open
wirl 48 EHRDRY

‘qui d chanber whose wal |l surrounds three
sides of one of heating elenents |located exactly on
or close to the second line faces; a gap W (rea
nupbera griepiier <tjhanidy héad @ompdiaingl £asivhatiweent
each adjacent |iquid chanbers disposed at intervals

ligufid2P)ent ben of logwentts theayed sin |4 ddadr abet weere each
adj acent |iquid chanmbers di sposed at intervals of 2P
sub§hratecl R t-IHE §3e6RHOT i HeTS®Eh LPRARIERY acent

liquid chanbers are spaced fromeach other hy th a
Wi HRHE CAFBEET G | 1P MHiNeh 2 RETRT b R FHSTE%ar o

arl & 'ie{@%g%m\é\ﬁt(&f%%l gﬁgﬁgﬁgéeﬂ%&iéh&& b, S for

forne t he ers di sposed on or

geneh888nd 0 thadid Sth khoer 1w and thhe 1l gl dohanhens
di sposed on or close to t%e second
~ 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 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 6 {(real number greater

~ than 0), Ms being odd or even numbers, Ns being even numbers
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l'ine such that the liquid chanbers di sposed on or
close to the first line are spaced by the gap W from
the liquid chanbers di sposed on or close to the
second line in a direction perpendicular to the
direction in which the liquid chanbers are arrayed;
and flow channel s each having a width equal to W are
formed by the gaps W, and a fl ow channel having a
width equal to W is formed by the gap W. 2. A
liquid ejection head according to Claim1, wherein:
each of the liquid chanbers arrayed on or close to the
first line and the liquid chanbers arrayed on or close

if M aLQeoéc? e»lrjsn raggdf eq:igeraﬁlst grgaé/xﬁeria numbers;

structure ‘i1solated fromthe ot qui d chanbers;

anga @apsi g A keahBE A ofbARlh +81 086 0f ®aGhd is@Hpd in
chanber such that adjacent |iquid chanbers are spaced

horfizentencdirosd erctiibnt becisaffmtdia eeatlionhasedhesurrounds
direction in which the [iquid chanbers are arrayed. 3.
thrae| pgdeel @f ecthiesihoadl ermeor dlimposedCiai bie 2L igraigl
wherein positions of the heating elenents arrayed on
chagperg| ose to the first |ine and positions of the
e to cond

1B dhe SrEt EdaTe 5 2y PEPRoRnE chrE h o8 BACLET
e1ehBRcd ARGI0M 1A VI Ehoddiq MRl 19,8l SHRNUSAHL 1ines

arrayed such that each o the eating elenments on or
areCh888td®, the f hstel bpendscimCaliededts@ 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 éxactly 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 liquid chambers disposed at
‘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
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position shifted by P relative to the position of a
closest one of the heating elenents on or close to
the second line. 4. Aliquid ejection head according
to any one of Clainms 1 to 3,. .wherein. the plurality
of liquid ejection elenents are arrayed in parallel to
and close to an outer |ongitudinal edge of the
substrate. 5. Aliquid ejection head according to
arty one of Clains | to 4, further conprising a
conmon fl ow channel for supplying liquid to the
l'iquid. chanbers of the respective liquid ejection

el enents, the conmon fl ow channel extending in the

) jfudi pal, diir'ection of the substrate, the commpn
and (RIS Bl D=8 & aR PR e a b Eaan
linet B URSIY aliR 19GuS8 ARakBePRVE: & HLPVE ShaR€ose to

wherein the first and second |ines extend on one o
the siﬂﬁs.nmmﬁm&ei@paaéalbgltm@t@aghﬁ,qgﬁﬁpmhglQm?ﬁh@nnel
~Aliquid ejection head according to any one of C ains
chambeys Gisgagedhen conptese ngo efleetiorrdi léati On a
. deflecting neans for deflecting' the eject lon
direqf i REFPFHirP4ar dtej Blee el ¥9DFAAThd.n Wbighethoflidquid
hambdsdui d E'ectign el ements . in selected one of a
€ am%ﬁﬂﬁé?%ifk5ﬁya f e@Pfons al ong the direction in which

'8y hAhd: £ S2I AL LLETENLS AGeALLRYES wahgLel n | n
r, a I of "hea

each Iiquid chanber, grality ing €l ements

forméd & it$ROSEHAsSHAE Byqsi derdp chﬂﬁm%@n‘ﬁaqhﬁscé | PM@s

the direction in which the liquid ejection elenents
equalare War Hayédrmaddby the gap Wy.

2. A liquid ejectiocn 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 liguid chambers; and

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

liquid chambers are arrayed.

3. A liquid ejection head according to Claims 2 or 3,
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




the ejection direction deflecting neans passes
currents through the plurality of heating el enents

di sposed in each _liquid chanber such that the current
passi ng through at |east one of the plurality of
heating elenents is different at least fromthe
current passing through one of the other heating

el enents thereby controlling the ejection direction

of liquid ejected fromthe nozzle. 7. Aliquid

ej ection apparatus having a liquid ejection head
ity of liquid ejection elenents -

i.ncludi ng - a pl ural r [
by g_r Fﬁy%&e iljr?“'a?' ﬂlﬁ_céﬁlé’ﬁ B Bredbercaten tachiehydite
: hea%]iﬁ&_téfé?ueﬂt%méﬁ% 'aQ‘E%gghnguct? c}!h'a%u Ie%cﬁ thbE{ fhoera ing
holding a liquid to ejected; a heating e enent

eleflbfPOSARU dr cliBgel kgUEHeChaPhEN,ink0ks BERSFal I10 2
bubble in the liquid in the liquid chanber by heating

posihkol ishiif¢edahst B nekativd oro ajhecpbaitidre df Glicdosest
the |iquid chanber when the bubble is generated by

one b fheatipaling cpbpirenty@r cimclefet e Plaumsgidong dfine.
heati ng el enents, heating - 61 elenents at Mth
positions as neasured froman end of the array of

h@-@t i ﬂgltﬁ%gr@ rgj\céc%rl%nd %Q&S’&Qcc?%‘i 3 gI Ia‘gtangfhgnec g?}(?/‘lraézﬁgfl to 3, -

each of se heating elenents is |I"ocated exac

wher@in €h@SEI LA dy let 1lilgag ¥} 686 D J18mkREs SAPE
" direction as the direction in which the heating

arragednemt gamrld-edr rray eghd wibbe tdeat iougeel 2orgisudindytt h
ositions as neasured fromthe end of the array of

p
edgehaft thr) Bihstarts -are di sposed such that the

_ 5. & liqui;d ejection head according to any one of Claims 1 to 4,
further comprlslng a common flow chatnnel_ for su—pply_ing-
liguid to~thﬂ'iiquid.chambers of the respective liguid
ejection eléméﬁgs, the common flow channel extending‘in the
longitudinal @ireetion of the substrate, the cqmﬁon flow
channel being fermed so as to extend through the substrate
or so as to have a groove shape,
wherein tﬁe first and second lines extend on one of

sides of and iﬁ parallel with the common flow channel.

6. & l_‘Lquid ejéetieﬂ head according to any one of Claims 1 to S,
Further comprising ejection direction deflecting means for
. deflecting the &jecti@n.dirécﬁign of ligquid ejected from the

nozzles of the liguid ejection eléments in selected ome of a
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center of each of these heating elenments is | ocated
exactly on or close to a second line extending in the
same direction as the direction in which the heating
el enents are arrayed, the first and second |ines
being parallel wth each other and being spaced from
each other by S (real nunber greater than 0), M
" being odd or even nunbers, Ns being even nunbers if

Ms are odd nunmbers or odd nunbers if Ns are even
nunbers; each liquid chanber is forned to have a
U-I'i ke shape in horizontal cross section such that a
wal | thereof surrounds three sides of a heating

plu%la g%nt OPI éioroescq:%oln% tatﬂgnl I Gl dd' Ce%%mc))%r int‘!?ﬁi r&'1e‘rjlcthlem~:’
element 8- are arrayéd suc at it he eating ‘elenents

1icfii SPRSEL: D5 QU1 klP8 hPetherfJdpt and second lines
are | ocated, as a whole of heating el enents, at

regubidin nirewahs 10fufy dhenddrquadpthaabery &ff @eating
di sposed such that an open side of each liquid
eleghatbearshdiswposzslid sdder bunsisid hmeahsi deme oflirerici af as
heating el enents | ocated exactly on or close to the -
thegdirepEien | jTheigbe $henl ddehd EOECGACBPPOIPEREE G
direction in which an open side of each liquid
arrayedhe?™hhose wal |  surrounds three sides of one of

hegfd ng &l.auRnks  Locate xactly gn.or close (9,106

seg%%ggrgﬁéqﬁbcegggg ga%kVQ'??ea¥ nuﬁ@¢#§greaté?rfﬁaﬁs
thr@hghSthOrFBA-Al ] eashebeinpen Lreksadi 866584 | i AWEn

chanbers di sposed at intervals of 2P on or close to
liguha Eh&sthed inghorhbet We€ncurrent 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 liguid ejected from the nozzle.

"7. A liguid ejection apparatus having a liquid
ejection head including a plurality of ligquid 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 ligquid chamber by
heating the liquid; and

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

wherein, of the plurality of heating elements, heating
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each adjacent |iquid chanbers disposed at intervals of
2P on or close to the second |line such that adjacent
liquid chanbers are spaced from each other by the gap
W in the direction in which the liquid chanbers are
arrayed; a gap W (real nunber greater than 0) is
fornmed between the |iquid chanbers di sposed on or
close to the first line and the liquid chanbers
di sposed on or close to the second |ine such that the
l'iquid chanbers di sposed on or close to the first
line are spaced by the gap W fromthe |iquid
chanbers di sposed on or close to the second line in a
directi rpendi.cul ar _to the di tion in i t he
e g e A e PRI PO CRaRRAIS” i
arradVbROnda M he 1RaHaR) st _Qré_(\kd@é&sé&)rs%ﬁ QM&E%Q%&Q&
and a flow channel having a width equal to W is
of'E@bﬁedfb&h§533ﬂﬁﬁlfﬂﬁ-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 & (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 te have a U-like shape in
horizontal cross section such that a wall thereof surrounds
three sides of a heating element disposed in the liguid
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
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 liquid chambers disposed at intervals of 2P on
or close te 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 liquid chambers disposed on or close teo the first line
and the liquid chambers disposed on or close to the second
 line such that the liquid chambers dispecsed on or close to
the first line are spaced by fhe gap Wy from the liguid
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 egqual to Wx are
formed by the gaps Wx and a flow channel having a width

equal to Wy is formed by the gap Wy.




