4 Septenber 2006 - 1 _ LI QU D EJECTI ON APPARATUS BACKGROUND OF THE
INVENTION 1. Field of the Invention The present inventi GPePEMRES00S 3
technique that in a liquid ejection apparatus having a plurality of chips
arranged in a specific direction, each chip having a plurality of liquid
ejection units juxtaposed in the specific direction, the displacenent of a
liquid ejection direction between the chips is reduced. 2. Description of
the Related Art Inkjet printers have been known as an exanple of a Iliquid
ej ection apparatus having a plurality of chips juxtaposed in a specific
direction. As ink ejecting systens of the inkjet printer, there are a
~thermal systemfor ejecting ink using thernmal energy and a piezoelectric
system for ejecting i nkLuging BIptezoel eetxroret enent. Al so, froma

vi ewpoi nt of an ink color, there are a single color type using one
printer-head chip and a color type using a plurality of printer-head chips
while ink with different color is ejected fromeach chip. Furthernore,
from aBOEGPEVHP OF BHHeAWVENTUQGNuUre, there are a serial system using one
~printer-head chip for each color, which is noved in the wdth direction of
printihg pEpetdfof phéentawngntimges thereon, and a |ine 4 Septenber 2006
The present invention relates to a technique that in a
liquid ejection apparatus having a plurality of chips
arranged in a specific direction, each chip having a
plufality of liquid ejection units juxtaposed in the
specific direction, the displacement of a liquid ejection
direction between the chips is reduced.
Z. Description of the Related Art
Inkjet printers have been known as an example of a
liquid ejecfion apparatus having a plurality of chips
'qutaposed in a specific direction. As ink'ejecting systems
of the inkjet printer, there are a thermal system for
ejecting ink using thermal energy and a piezoelectric‘system
fo; ejecting ink using a piezoelectric element.
Also, from a viewpoint of an ink color, there aré a
single color type using one printer-head chip and a color
"type using a plurality of printer-head chips whilé ink with
different color is ejected from‘each chip.
Furthermore, from a viewpoint of a head structure,
-there are a serial system using one printer-head cﬁip for

each .color, which is moved in the width direction of

printing paper for'printing images thereon, and a line




2 system having a nunber of printer-head chips juxtap in wi dt h
diregtion of printing paper for each color so as to fdfg?%empﬁr Bad for
width of the printing paper. Fig. 12 is a plan view of a line head 10. In
Fig. 12, four printer-head chips 1 ("N- 1", "N, "N+ 1", and "N + 2")
are shown; however, further nore numerous printer-head chips 1 are

arranged in practice. Each printer-head chip 1 has a plurality of nozzles

‘la formed therein, each having an ejection hole for ejecting ink. The

nozzles la are juxtaposed in a specifit direction, which agrees with the
width direction of printing paper. Furthernore, a plurality of the
printer-head chips 1 are arranged in the above-nentioned specific

di r ectdotem AdiRGRNta BB -Jreaft iGhidiS-He A &RIYANGRA S ddat; 4 he

‘respective nozzles |la face each other while pitches of the nozzles |l a

bet weethadj atentdrddd i@in el fisigl e NFo £ ANSAC WHI M Slels (see a
portion Ain detail). Mreover, an exanple of a structure of the above-
ment i onedfdheraral i sy Steerd rﬂdmtaerwﬂaﬁ&d ahithdgsihaghdkiper. Wwhich has an
ink liquid chanber and a heating resistor arranged in the ink liquid
chanmber soFdgr.t d2priessupilze vikeabf mnkiepebiikdglvi.t hiin Fhe.i nk,liquid
chanber. The nozzle is forned on the upper surface of the ink liquid
chanberowhd tigrstrthasst auats tthat" N e i'nk ‘PresSt i+zdd wiarki M'N tthe i nk

‘Iqu|d chanber is ejected fromthe ejection hole of 4 Septenber 2006

2%} are shown; however, further MOre numerous printer-head
chips 1 are arranged in practice. |
| Each printer—head chip'l has a plurality of nozzles 1la
~formed therein, each having an ejection hole. for ejecting
ink. .The nozzles la are juxtaposed in a specific direction,
‘which agrees with the width difection of printing paper.
Furthermore, a plurality of the pfinter—heéd chips 1 are
arranged in the above-mentioned specific direction.
Adjacent printer-head chips 1 are arranééd s0 that the
respective nozzies la face each other while pifches of the
nezzles 1la between adjacent printer-head chips 1 are in
cqnsecutive order (see a portion A in detail).
| Moreover, an,exampierof a structure of the above-
mentioned thermal system printer-head bhip has‘been known,
.WhiCh has an ink liquid chamber and a heating résistot
arranged in the ink liquid chamber so as to pressurize
_(héat) ink ejecting within the ink liquid chamber. The
nozéle is formed on the upper surfacé of the ink iiquid
| éhamber and consﬁituted such that the‘ink'pressﬁrized within

the ink liquid chamber is ejected from the ejection hole of




3 the nozzle. In addition to the exanple having a S|ngle heatlng resi stor
within the ink liquid chanber, another one having a pI %%ating
resistors divided within one i nk |l iquid chanber has been knomm Fig. 13 is
a plan view of an exanple having two-divided heating resistors within one
ink liquid chanber. The region of the ink liquid chanber 2 is
substantially circular, and a flow path 2a conmunicated with an ink liquid
chanber 2 is formed in the |lower part of the drawing. Furthernore, two
heating resistors 3 are arranged w thimn the ink liquid chanber 2 in the

| i ning-up direction of nozzles (in the right and left view ng the

drawi ng). As such an exanple, in a divided type in which the heating :
resi st@ofe hdszhal ved | ongitudinally, since the width is halved while the

| ength is the sane, the resistance of the heating resistor 3 is doubled.

If the two-gi aded ioheabi REel eXiafipdles hAvaky GORAGGHRdheRtIak es, the
resi stance quadruples. The reason of such a structure is as folloms I n

order tesidtow hoithimkHea ipheromanon cHanifeentddehatirdrasc erhdidg Ry
menbranously) in the ink liquid chanber 2; it is necessary to heat the
heat i nyiuesiisttyoro3 Hea tsiingp I nganigs t e praeideit dardn wigtch ianmoin  iofk dliegtird ¢ power
'to the heating resistor 3. By neans of energy during the filmboiling, the
"4 Sept@rerer (68 been known.

Fig. 13 is a plan view of an example having two-divided
Hesting resistors within one ink liquid chamber. The-region
of the ink liquid chamber 2 is substantially‘circular, and a
flow path 2a communicated with an ink liguid chamber 2 is
formed in the lower part of the drawing. Furthermore, two
heating resistors 3 are arranged within the ink liquid
chamber 2 in the lining—up direction of nozzles (in the

" right and-left viewing the drawing) .
'As such an example, in a divided typé in which the
- heating resistor 3 is halvéd longitudinally, since the width
is halved while the length is the same, therresistsnce of
the heating resistor 3 is doubled. ' If the two-divided
heating resistors 3 are conneéted,in series, the resistance
quadruples.
The reascon of‘such a structure is as folloﬁs;

Iﬁ order to filmfbdil ink (a phenomenon of an entire
surface.boiling membranously)‘in the ink liquid chamber 2;
it is necessary to heat the heatlng resistor 3 by supplylng

‘a predetermined amount of electric power to the heatlng

're31st0r 3. By means of energy during the film boiling, ther




4 ink is ejected. If the resistance is small, it is necessar to increase
the electric current to be passed, so that by increasihgepth@beedilst ance of
the heating resistor 3, the filmboiling can be performed with the snall
current. Thereby, a transistor for passing electric current can be reduced
"in size, enabling a space to be reduced. In addition, the reduction in

t hi ckness of the heating resistor 3 increases the resistance; however, in
view of the material and the strength (durability) selected as for the
heating resistor 3, there is a predetermined |imt in the reduction of

t hi ckness. Therefore, the resistance has been increased by dividing the
heating resistor 3. However, there have been the follow ng problens in the

conventipngd &pshpidue Besené beds 8O Ece (Fi shaFY Oblﬁé@s Rd&lssqyring the

ejecting ink fromthe printer-head chip, it is i'deal that the ink be

ej ect et pifipeask € utted | o1 dotrideceresht ofo ¥ fcasof, the wrdmtgy - head chi p;
however, there are cases where the ejecting angle of ink is not

perpemimcnd:asm@ptﬂmﬂmmtamem@ﬁ e t1ps8t irprreaxagye,3 | rede ther mal
printer-head chip, during the bonding a nozzle sheet having nozzl es forned
t her eofi lorboit hienapper seurfectonfed hei tinkthe qriadl Ichanhemtavi ng t he
‘heating resistors 3., the displacenent in the bonding position between the
i nk 1iqui d Thexeber./ ehé teestiistp 4 Sepiressdmg?2@0@ctric current can

bé reduced in siie, enabling a space to be reduced. In
addition, the reduction in thickﬁess of the heating fesistor
3_ihcreases the resistance; however, in view of the material
and the strength (dgrability) selected as for the heating
resistor 3, there is é predeterﬁined'limit'in the reduction
of thickness. Therefore, the resistance has been increased
by dividing the heating resistor 3. |

However, there have been the folloewing probiems in the
conventional technique described above.

.(First Problem)

First, du;ing the ejecting ink from the printer-head
éhip, it is ideai that the ink be ejected pefpendiculafly fo
‘the ejection surface of the printer-head chip; however,
there are cases where the ejeéting angle of ink is not
perpendlcular depending on various factors.

| For example, in the thermal prlnter head chip, durlng
the bonding a nozzle sheet having nozzles formed thereon, on
the upper surface of the ink liguid chamber'havihg the
: heating resistorslBT the dispiacemegt in the bonding

position between the ink liquid chamber/the heating




'_ per pendi cularity, the displacenment, of the

5 resistors 3 and the nozzles arises a problem If the nozzle sheet is
bonded so that the center of the nozzle is located at fSePEEREER0 the
ink liquid chanber/the heating resistors 3, ink is ejected perpendicularly
tothe ink ejection surface (the nozzle sheet surface); however, if the
center positions of the ink liquid chanber/the heating resistors 3 and the
nozzl es are displaced, the ink is not ejected perpendicularly to the

ej ection surface. Al so, the displacenent due to the difference in the

t hermal expansi on coefficient betweeh the ink liquid chamber/the heating
resistors and the nozzle sheet may be produced. Wen ink is ejected
perpendicularly to the ejection surface, an ink drop is | anded at a

preci seepasitbion3 khd the gbeetésdainked Sadgi)ﬁcﬁliaﬁé&ﬁﬂ bys ?Eh@f}%z?z% 0_frk om
andi ng position o ein

drop Athestexpriessdddbys fhat tha tantfr shegrd mdheldisd ancedet ween the
ejection surface and the printing paper surface (the |anding surface of
t he inkt thepyentel ¢fehbeaihy Nidqui@ chadilesr titee inddeingystem). Wien such
di spl acenent in the ink ejection angle is generated, the inmage quality is
not noffeédtess nBichink ihecjseted| peystmiicwlerigastd ncideidk ne system it
becomes a problem This will be described as follows. 4 Septenber 2006
ejectlon surface (the nozzle sheet surface); however, i1f the
center positions of the ink liquid chamber/the heating
resistors 3. and the nozzles are displaced, the ink isrnot
ejeeted perpendicularly to the ejection surface.
Also, the displacement due to the difference in the
thermal expansion coefficient between the ink liguid
'ehamber/the heating resistors and the nozzle sheet may be
'produced.
When ink is ejected perpendicularlyrto the ejection
surfece, an ink drop is landedlat a;preciee position. If
the ejecting ink is displaced by'aﬁ'angle of-e from
,perpendicularity, the displaceﬁent‘of the landing position
of the ink drop AL -is expressed by:
AL_= G X tan 9, |
wherein the distance between the ejeetion surface and
the printing paper surface (the landing suffacelof the ink
drop) is G (generally 1 to 2 mm for the inkjet system) . .
When such displacement in the ink ejection'angle is
generated, the image quality is not noticed 50 mueﬁ in the
- serial system, whe;eas'in the line system, it becomes a

problem. This will be described as follows.




6 Fig. 14 includes a sectional view and a plan view show ng an
i mge-printing state using a head 1A having one pri nt eft S§BEMPERLHE n t he
serial system In the sectional viewof Fig. 14, if printing paper Pis
considered as being fixed, the head 1A noves so as to print inmages on the
printing paper P in the conveying direction of the printing paper P in the
drawi-ng while reciprocating in the wwdth directions of the printing paper
P. The sectional 'view of Fig. 14 shows passing positions of the head 1A
for the NNth and the (N + 1)-th t7re.” Also, as shown by an arrow in the
sectional view, Fig. 14 shows an exanple of the ink ejected at a slant in
the left inthe drawing, i.e., in the conveying direction of the printing
paper P. AtFidi si4iime;ludes ienlsdanidirng pasi izonl iss pldinspliaged in the |eft
in the drawi ng; however, even if the ink is ejected at a slant at the N-th
novi ngsbevwing aradimdge-poinekmgpieite hesimk a shajdctechatindersane angl e
also at the (N + 1)-th noving. Therefore, the connection portion between
t he | aRBiR§epobeedophdp thethratedinl rsysieemopyehrenthe forcttimal th time and
the | anding position of the head 1A in the novenent for the (N + 1)-th
time i $1RBtOhot+€eabf e. 1THRELIREING Heapeta i scarkritdatesd jamdeimd nting is
d by the sane head 1A having the sane ejection characteristics

perfor ; A
bot h a?‘f’é‘ﬁ%f NEER Beed e TRYeS 192 138 v iRvgi N Al 9# 99 athethease where ink is

ejected at _a slant |nP4_ Sept enber 2006 . .
) printing paper in e conveylng direction of the printing

paper‘P in_tﬁe drawing while reciprocating in the width
directions of the printing paper P. The sectidnal view of
Fig. 14 shows passing positions of the head 1A for the N—-th
and the (N + 1)¥th time.
Also, as shown by an arrow in. the sectional view, Fig.
714 shows an example of the ink ejected aﬁ a slant in the.
left in the drawing, i.e., in the conﬁeying direction of the
priqting paper P. At this time, the ink landing position is
disﬁlaced_in the left in the drawing; however, even if thé.
ink is ejected at a slant at tﬁe N-th moving of the head 1,
for example, the ink is ejected at the same angle also ét
'ﬁhe (N + 1)—th moving. Therefore, the connection portion
bétween the landing position of the head 1A in the movement
- for the N-th time apd the landing position of the:head 1A in
the movement er the (N + 1)~-th time is not.noticeable.
That is, the reason is that the image printing is performed
by the same head 1A having the same ejection characteristics
_  both at the N~th and the (N + 1)—th moving.

Also, in the case where ink is ejected at a slant in



7 _ the noving direction of the head 1A al though the ink is [|anded out of
alignment with the reference position at both ends in #Sertemthen200¢ ection
of the printing paper P, the ink |anding position at the ends in the width
direction of the printing paper P is not changed between passing positions
of the head 1A for the N-th and the .(N + 1)-th time. Therefore, also in
this case, the displacenent of the ink landing position is not noticeable.
In the case where a plurality of color printer-head chips are provided,
ink ejection characteristics may be 7 different for each printer-head chip,
and color msalignment is produced in this case. However, since the
resolution of the color msalignment in human eyes is not so large, the

mi sal i gneendy Dig ad 51 At Bort B OTLHS 19GR CBl Y J1 e\ﬁﬁgf@pza&lee G¥eng in the case

of docunents where the color misalignnent is |y recogni zabl e. For

col or lamged cwicho fisalai heigrapth thd e AR dTRLs 18 Jd equUeRfdy used, in

which ink is landed in plural times wth different nozzles in one

pri nt eendieath ctie Wistti hii sarns orc @l OrLiso @S id defgaget e dingdliggenent
within the printer- head chip, so that the color msalignnent is scarcely
recogntanblneg P igias dtdihedesids siecttitenaliddhewiare tdopl @ Whew showi ng
an image-printing state in the line head 10 shown in Fig. 12 (line head
‘havi nPEINBING R4RsE &F sy inette chiaeant & fieisveerSeptseriner p280Gions of

the head 1A for the N-th and the (N + 1)-th time. Therefore,
also in this case, the displacement of the ink landing
position is not noticeable.

In the case'where_a plurality of color printer-head
chips are provided, ink ejection characteristics may be
different for each printer—-head chip, and color misalignment
is produced in this case. However, since the resolution of
the color misalignment in human eyee is not so'large, the-
misalignment cof a single coleor is scarcely recognizable even
in the case of docements where the color misalignment is
mostly recognizable;

For color images such as a photograph, a technique may
be freQuently'used, in which ink is landed iﬁ plural tiﬁes-
with different nozzles in one printer—head.chip for the same

. eolor 50 as to defuse the displacement within tﬁe.prieter—
head chip, so that the color mlsallgnment is scarcely
_recognlzable

Fig. 15 1neludes a sectional view and a'plan view

'showihg én image—p;inting state in the line head 10 ehown in

- Fig. 12 {(line heaq having e:plurality of printer-head chips




8 1 arranged in the lining-up direction of the nozzles la). Referring to
Fig. 15, if printing paper P is considered as being fi%&¢ptenier 200k head
10 does not nove in the width direction of the printing paper P but noves
fromthe upper to the lower direction in the plan view so as to print
images. In the sectional view of Fig. 15, three NNth, (N + 1)- th, and (N +
2)-th printer-head chips 1 of the |ine head 10 are shown. The secti onal

vi ew shows exanples that in the NNth printer-head chip 1, ink is ejected
at a slant in the left of the drawifigas shown by an arrow, in the (N +
1)-th printer-head chip 1, ink is ejected at.a slant in the right of the
drawi ng as shown by an arrow, and in the (N + 2)-th printer-head chip 1,
ink islepectededeititiad| yimd ddjoup dshastiog 65 SHOWCRY1E8 BEY OW.
Accordingly, in the NNth printer-head chip 1, ink is |anded away fromthe
refer eReteposigi om Figt heS| eff ;patdting phpef N +id )edis piéné@rakead chip 1,
ink is landed away from the reference position in the right. Therefore,
bet weePe gt Fixed, prlat bindideebdhl Psddes i mkt isovandedthea whethdirection
movi-ng _away fromeach other. As a result, between the N-th printer-head
chi p 1I95FCEHH (N +ths -Rhipeing erapeadd ki praves Freom orhé suppened wher e

ink is_not ejected. The |ine head 10 does not nove in the width direction
of thét%.ﬁﬂﬁn¥ﬁﬁﬁﬁ dygrction in the plan view so as to print
- images.

In the secfional view of Fig. 153, three N-th, (Nr+ 1)-
th, and (N + 2)-th printer—head chips 1 of the line head 10
are shown. |
The sectional view shows examples that in the Nhtﬁ
pripter—head‘chip 1, ink is ejected at a slant inlthe left
of the.drawing as shown by an arrow; in the (N + 1)-th |
printer-head chip 1, ink is ejected at.a slant in.the right
‘of tﬁe drawing as shown by an arrow; and in the (N +.21~tﬁ
printer—hgad chip 1, ink is ‘ejected vertically without
sianting as shown by an arrow.
Accordiﬁgly, in the N-th printer—-head chip 1, ink is
landed away from the fefe;ence position in the left; and in.
the (N + 1)-th printer—head chip 1, ink is lanaed away from
the reference position in the right. rTherefore; betwéen
both the printer—héad chips 1, ink is.landed in thé
| diréction moving away from each other. As a .result, between
the N-th printeﬁ—head chip 1 and the (N.+ 1)-th printer-head
'.‘chip_l, a region is formed where ink is not ejected. The

line head 10 does not move in the width direction of the




9 printing paper P but only noves in an arrow direction in the | an vi ew.
Thereby, between the N-th printer-head chip 1 and the ¢Reptembef RO06
printer-head chip 1, a white stripe Bis produced, reducing printed imge
quality. Also, in the sanme way as nentioned above, since inthe (N+ 1)-th
printer-head chip 1, ink is landed at a slant away fromthe reference
position in the right, between the (N + 1)-th printer-head chip 1 and the
(N + 2)-th printer- head chip 1, a region is formed where | andi ng positions
of the ink are overlapped with each? ot her. Thereby, there has been a
problem-in that inmges are discontinuous or stripes C are produced so as
to reduce printing inmage quality. O her than the case where the ink | andi ng
posi t imnimfineggepar imttart hedldy alyed s ai sphasediifedtied | i1 Rehalp
direction of the nozzles as described above, it nmay be displaced in the
movi ngPkin ectdvon dthertedypr ibetiveprpager NP-in momecaagasad Figip 16, in the

- same manner as in Fig. 15, includes a sectional view and a plan view

showi P4 Bre nt g llsttdt @nimtdre-Haark dhdad 1.0.a ity tel 6stshigws Barisexanpl e in
‘that the-ink landing positions of the N-th printer-head chip 1 and the (N
+ 2) - tFOPGaet e rcatbid rehily in tak imsgaligislddsd in the noving direction of
the printing paper P while the ink landing position of the (N + 1)-th
printer - he&dSChi pr1ths dPERI ¥ed¥dasi Repkdonsdi AjouEr esines of the printing

paper &u+pvﬁr—qah0%rﬁn§:%g[—%ré%e (:21'105_0;)61, ink is landed at a slant
| éway from the reference position in the right, between the
{N +'1)wth printer-head chip 1 and the (N + 2)-th printer-—
head chip 1, a region is formed where landing positions of
the ink are overlapped with each other. Thereby, there has
-been a problgm in that images are discontinuocus or sfripes C
arerproduced-so'as to.reduce printing image quality.

Other than the case where the ink landing position of
each printer—head chip 1 is displaced in the lining up
direction of the nozzles as described above, it may be
displaéed in the moving direction of the printing paper P in
some cases. 'Fig. 16, in the same mannér as‘in Fig. 15;

includes a sectional view and a plan view showing é printing
state in the line head 10.
Fig. 16 shows an example in that £he ink 1éhding‘
‘positions of the N-th printer-head chip 1 and the (N + Z)eth:
printer—head chip 1 are not displaced in:the moving
‘direction of the printing paper P while the ink landing
position of the (N + 1)-th printer-head chip 1 is displaced

in the moving direction of the prihting papexr P upward on -




10 the plan view. In such a manner, in the case where the ink |anding
position is displaced in the noving direction of the ptPentembei2ier P
between the printer-head chips 1, the displacenent appears stepw se as
shown on the plan view. However, this |anding position displacenent
appears as a step only at a printing start position or conpletion
position, and it is not so conspicuous as the above- nentioned displ acenent
in the lining-up direction of nozzles. Therefore, this displacenent
scarcely affects the image printingQquality. In addition, in the case
where the ink landing position is displaced as descri bed above, the

conspi cuousness of the stripe depends on the kind of images to be printed.
For exm8ppeEaniVigpcunments, since white spaces are great, even when a
stripe is produced, it is inconspicuous. Wereas when photographic inages

are printedmiddtt W hmaanlar, am the slstantialne el nead@gon of the
printing paper P, even a snall white stripe may be conspicuous. In the
above-pesttiqtion,dideldokd | andimg whSPhRCERIBOE Sion Mot Nend i Ni ng- up
~direction of nozzles and in the noving ‘direction of the printing paper P
are i lpustrimedyaper Priactves {hid ghritor-shded Waeipd he, jtnd aposed
printer-head chips-and displacenents in the rotational direction may al so
be pr odirRtEcangeptantrarPDGepwise as shown on the plan view.

 However, this landing position displacement appears as a
stép only at a printing start position or compietion‘
position, and it is not so conspicuous as the above-

-mentioned displacement in the lining-up direction of nozzles.
Therefore, this displacement scarcely affects the image
printing quality.

In addition, in the.case Where the ink landing position
is displaced as described abéve, the conspicuousness of the
stripe depends on the kind of imagés to be printed. For

‘ ;example, in documents, sinéé white spaces are greét, even
-'.'when_a stripe is produced, it is incbnspicuous. Whereés
when photographic images are printed with full color on the

'-subsﬁantia;ly entire ;egion of the printing paper P, eﬁen a

 small white stripe ﬁay be conspicuousﬁ

In the above—description, the ink landing'diéplacements
‘in the lining-up direction of nozzles and in the moving:
diredtion of the priﬁting paper P are illustrated; in

'_practice, pitch errors between the juxtaposéd printer¥head

. chips and displacgments in the rotational direction may also

be produced.




- 11 (Second Problem) In a printer-head chip 1 with each ink Ii%ui d
chanber having one heating resistor, ink primng (fil mAssiptenigr 2806 t he
heating resistor is perfornmed only at one tine. However, as shown in Fig.
13, in the case where each ink liquid chanber 2 has the heating resistor 3
divided into two, a difference is produced in the time until arriving at
the tenperature at which each heating resistor 3 filmboils ink (tinme
until bubbl es are produced), so that there may be a problemthat the two
heating resistors 3 may not filmboitl ~the ink simultaneously. In such a
manner, if there is a difference in the time wuntil arriving at the
tenperature at which two heating resistors 3 filmboil ink, the ink

ej ecti on an@exaeViratiedsl enf)r om the vertical direction, so that there is a
probl em of "reduction in printing image quality due to the displacenent in
the ink | addi g rpUsittemiesas aegcrl badakeve. inki giqhid rehuBes graphs
showing a relationship between a time difference until ink bubbles are

pr oduckealV bya edeh herbtngngressisenr ard pienimk €fidod ibani lang)e bywhen di vi ded
heating resistors shown in Fig. 13 are provided. The values in these

 gr aphsthe ehemtrheepistebnpat per§prmedt pohy #h onhesbmgr aplisyetbe,
X-direction (remark: not_referred to the abscissa of the graph) is a

li ni nEUFRYRCT FBf hdzAstheg (asg wheosiand dinkedtlianicdof the heati ng

qifference is produced in the time until arriving at the
temperature at which each heating resistor 3 film~boils ink
‘(time until bubbles are produced), so that there may be a
problem that the ﬁwo heating reéistors 3 may not film-boil
the ink simultaneously.

Iﬁ such a manner, if there is a differénce in thertime,
uptil arriving at the temperaﬁure‘at which two heating
:esistors 3 film-boil ink, the ink ejectibn apglé deviates
-from the vertical direction, so fhat;there is a.problgm of
reduction in'printing.image guality due fo the displacemeﬁt
in the‘ink laﬁding position, as described abavew. |

Fig. 17 includes Qraphs showing a relationship between
a time difference until ink bubbles are produced by éach‘
heéting-résiétor and the ink ejection angle, wﬁén‘divided
heating resistors shown in Fig;_l3 are provided. The vdlues
in these graphs are 6btained by. computer simulétion. In
thesergraphs,-the'X—direction (remark: not referred té the

abscissa of the graph} is a lining-up direction of nozzles

(the juxtaposing direction of the heating resistors), while




4 Septenber 2006 12 the Y-direction (remark: not referred to the ordinate
of the graph) is a direction perpendicular to the X-di4%&epeashe] 2606
conveying direction of the printing paper). In addition, the difference in
time until bubbles are produced is plotted in the abscissa as datain

t hese graphs; in exanples showmn in Fig. 17, a tinme difference of 0.04 psec
is equivalent to a resistance difference of 3% and a time difference of
about 0.08 psec is equivalent to a resistance difference of about 6% As

i s understood fromthese graphs, thé2displacement of the ink ejection
angle in the X-direction increases as the difference in tinme until bubbles
are produced increases, while the displacenent of the ink ejection angle
in thetWe @rdecetonons (seaacel ynaf f esteardy therwl fderanee ide tige until

bubbl es are produced. Figs. 18 and 19 are graphs show ng actual
neasurenephl isbaadnedctiom parpetdidhya monfacd w-ad pidaital - faad chip
with each ink liquid chanber having the heating resistor divided into two,
as showpnvayihg. digecThos of i therphiadinghvqpdws. 336 nozzles, and the
- displacenents of the ink landing position were nmeasured for each nozzle in
the X- diredtiasiitinm /] itiangiffadiorest iion tdinet hatidz bhbdlasdatrke
j uxtaposing direction of the heating resistors) and the Y- direction (the
di r ectPEPApetdehdi Rl hked ol Heh-ahgeitiooms datiay. in O helrensym@ipg ;acenent s
by plottiqg t he di spl acenent  of ) : :
in exXamples shown in Fig. 17, a time difference of 0.04 usec
is equivalent to a resistance difference of 3%, and é time
difference of about 0.08 psec is equivalent to a resistance
difference of about 6%.
As is understood from these graphs, the displaéement of
- the ink ejection angle in the X-direction increases'as the
difference in time until bubbles are produced increases,
while the displacement of the ink ejection angle in the Y-
direction is scarcely affected by the difference in time
S until bubbles are produced.
Figs. 18 and 19 are graphs showing actual measurements
‘obtained from an actually mandfactured printer—-head chip
with each ink liquid chamber having the heating resistor
divided into two, as shown in Fig. 13. This printer—head
chip_has,336 nozzles, and the displacements of the ink
landihg position were measured for each nozzle in the X-
'directiqn (the lining-up direction of the nozzles and the
juxtaposingldirection of the heating resistors) and the Y-

'_directioﬁ (the direction perpendicular to the XQdirection).

Fig. 19 shows displacements by plotting the displacement of .




4 Septenber 2006 - 13 the ink landing position in the X-direction in the
abscissa and the displacenent of the ink | anding posit #&epiembien@006
direction in the ordinate. As is understood fromthese graphs, in the
printer- head chip having the heating resistor divided into two, the ink

| andi ng position is displaced in th&3X-direction rather than in the
Y-direction. In FIG 13, the range of the ink ejecting displacenent for
each nozzle is expressed by a phantomline. If the ink |anding position is
di spl acethienitheldadlinggtdsdniohheni tike X-amidiatg idinsphaeraesmssange forns an

el l'i pse Longit udinal] extended in,the |Iining-up direction of the nozzles.
If a plﬁpgl#$§ %ﬁsgﬁﬁh?ﬂﬁﬁtnP rgﬂ%aﬂ“%h%ﬁghéﬁgF?Fﬁéﬁaﬁdl?otﬁ%f%ﬁa l'i ne
head, whidieestiompem athestoridpeatsay be liable to be produced, as described

above. SUMVARY OF THE I NVENTION I n accordance with a first aspect of the
present i nvefiti Of, "PHFE Y Froti §88Se YrRhT difedtitoRTappakat us -

conpri si Rgad hus aldddhOfhehhpst dhgargedsddy aikiiteh dhtsctiON. tneach chip
~conprising a plurality of liquid ejection units disposed in the first
di r ect i on™aht &Rt RGGdiigneftacti ol agrd iredder KsPhgeatpPrurzathar of ener gy

gener at i pgaREARNSthahergiReagh of the plurality of chips has a
configuration such that the displacenent between ejection directions of

“liquid ejectedf F&m tho rdspeerveecki ga¢ dink ejecting displacement
for each nozzle is expressed by a phantom line. If the ink

landing position is displaced in the X-direction, the ink
landing displacement range forms an ellipse longitudinally
extended in the lining-up direction of the nozzles. If a
plurality of such printer—head chips are arranged t¢ form a
line head, white stripes or stripes may be liable to be

produced, as described above.

SUMMARY OF THE INVENTION
| In accordance with a first aspect of the present
invention, there is provided a liquid ejection apparatus
comprising a plurality of chips arranged in a first direction,
each chip comprising a plurality of liquid ejection units
disposed in the first direction, and each liquid ejection unit
- comprising a plurality of energy generating means,
wherein each of.the plurality of chips has a
configuration.such that the displacement between ejection
.directions of liquid ejected from the respective liquid
- ejection units is minimized in the first direction by
arranging said energy génerating_meahs within each liquid
ejection unit such that a separation between adjacent energy

generating means is not perpendicular to the first direction.




ejection units is mnimzed in the first direction by rranging_said
eLergy generating neans within each liquid ejection yn??eE@%We?ﬁgﬁfa
separation between adjacent energy generating means is not perpendicul ar
to the first direction. 4 September 2006 - 14 According to the above
aspect, since the displacenent betwden ejection directions of liquid
ejected fromthe respective liquid ejection units is mnimzed in the
specific direction, that is in the direction of the juxtaposed Iliquid

ej ection unit§FCphéiUGSF¢aanEﬁmwwfaBbectLiqﬂ?ﬁbltﬁﬁhd%gppaseme?F bet ween
liquid ej ' nL LS. . _between chi ps_can be reduced as small as
pogsible%%%%bggc% %éﬁ%éyﬁﬁﬁ4%cé@ggéoﬁg g%%%%$ %ﬁeﬁqé§ %FQQeﬁFe i nventi on,

t here isrﬁﬁgetdédealiquﬂd(ijaceabhonnap@aiﬁhﬂﬁﬁaﬁ&@ﬁruglﬁgea plrralip¥ off
chi ps arran .Ln,a first irection, each chip .conprisjng a plurality o
qugid efggg?gﬁc %ﬁﬁ?%?%ﬂ9§p%§§ R tHeths T H%&?tPSanﬁnd each liquid

ej ecti onjudniposedprigiing edeckeant uhios LMY GPIakakhEAY Yhithe Wherein
each of Ehe Elu ah%%y of c¢hi,ps Bas a configuration such that the
di spl acemsAt Bet MEH L RES G PEEEFRNS BT i9Gicd o8] BRiRY 17dm the _
respecti vethegni chBjLBdrobelbtisckd & NndZeGs paskhgifirst direction while
being maxi mzed in a direction perpendicular to the first direction by
arrangi ng sai d"eREFYYIaR BN AgSREARS PR Fadhe PgaFEnE] ection unit
such thalingensepal alHeae het WeegiadhageniqueRes f-19eAcsGidAg Lnit is not
perpendicular to the first direction. _ .
-comprising a plurality of chips arranged in a first
direction, each chip comprising a plurality of liquid ejection
units disposed in the first direction, and each liquid ejection
unit comprising at least two energy generating unit,
wherein each of the plurality of chips has a configuration
such that the displacement between ejection directions of liquid
ejected from the respective liquid ejection units is minimized
in the first direction while being maximized in a direction
perpendicular to the first direction by arranging said energy
generating means within each liquid ejectién unit such that a
separation between adjacent energy generating unit is not
perpendicular to the first direction.
According to the second aspect, since.the displacément
between ejection directions of liquid ejected from the
respective liquid ejection units is minimized in the
specific direction, that is in the direction of the
- Juxtaposed liquid ejection units, in the same way as the
first aspect of the invention, the displacement of the
liquid landing position between liquid ejection units and
between chips can be reduced as small as possible.
Moreover, since the displacement of the liquid landing

position between chips in a direction being different from




According to the second aspect, since the displacenent between ejection
directions of liquid ejected fromthe respective |iqui4Septewbeo08nits is
mnimzed in the specific direction, that is in the direction of the
juxtaposed liquid ejection units, in the sanme way as the first aspect of
the invention, the displacenment of tthe- liquid | andi ng position between
l'iquid eit%ctison upi ts,.and .betwegn.ch;e‘ﬁ%. can be reduced as small as

possi bl e RorBavet+¢ SHEEHRE aPepiac I&F PHESHGHi d | anding position
bet ween ehkirpsndhcal it rectihen shecngidi i esemiorf iemc4roepteabiey 206 15 the
specific direction and including a direction perpendicular to the specific
di recti off PETLOP r ey l’f)?nttﬁ@llgflgclf“?%s't i A FIEGHEPBI FERgNIedhs, the

ej ectionltibi80f 6dm dHeUiiduii OB EBE:bh Quh Ok £]3Ca@R WRiHSiHf each chip is
established for each chip. 4 Septenber 2006 16 Accordingly, the

di spl aceREhEPLFsReE §9rqFedy §RdPng position not only in the specific
direction but also in a direction being different fromthe specific
direction and including a direction perpendicular to the specific
~direction can be reduced. BRI EF DESCRIPTION OF THE DRAWNGS Fig. 1 is an
expl oded perspective view of a printer- head chip constituting a
printer-head chip incorporated in a




liquid ejection apparatus according to the present invention; Fig. 2'is a
pl an view of the printer-head chip shown by renbving & $epterhbersigét
"therefromso as to show the arrangenent of heating resistors in nore
detail; Fig. 3is adrawing for illustrating changes in ink |anding
posi ti ons when an enbodi ment according to the present invention is
incorporated in a line head; Fig. 4 is a block di.agram of a configuration
of ejection timng control neans; Fig. 5is a drawing for illustrating a
met hod for reducing the displacemehf of ink |anding positions in the
transferring direction of printing paper, using the ejection timng
control neans; Fig. 6 is ,a plan view of a second enbodi nent according to

-the presentaddMeiiiiAl:, NG pIRRRERMA] 3N thidk 1lhig4id 14nsepenber 2006 17
chanber and a heating resistor; Fig. 7 is'a plan view of a third enbodi nent
accor dbagi tien tihet presenin | fivendp s £ shovd g shapasuofaadn ik d 1 qui d
chanber and a heating resistor; Fig. 8 is a plan view of a fourth
enbodidieng clabeorisk ngy diof fdweempr efissit iy eiid IF i s howietg: isdiapesi of an i nk
- liquid chanber and a heating resistor; Fig. 9 is a plan view of a fifth

- enbodi Iremtudiveoraidigre¢ ol dtheeresehtciverttd dile specific

direction can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

‘_Fig. 1 is an exploded perspective view of a printer—
“head ghip constituting a printer—head chip incorporated in a
liquid ejection apparatﬁs according to the present
“invention;

'Fig. 2 is a plan view of the brinter—head chip shoﬁn by
removiﬁg a nozzle sheet therefrom so as to show the
arrangement of heating resistors in more7detail;‘

Fig.r3 is a drawing for’illugtrating changes in ink
landing positions when an embodiment according to the
present invention is incbrporated in a‘lineﬂhead;

Fig. 4 is a block diagram of a configuration of
‘ejection timing control means;

Fig. 5 is a_draWing for illustrating a method for
'réducing the displacement of ink landing positions in the
‘transferring direction of printinglpaper, using the.ejection
timing coﬂtrol meéns;

Fig. 6 is a plan View éfra second embodiment according

to the present invention, showing shapes of an ink liquid’




Fig. 10 is a sectional view (side view of Fig. 9 viewed in an arrow A
direction, showing the fifth enbodi nent according to th8epembent006
invention; Fig. 11 is a sectional view (front view of Fig. 9 viewed in an
arrow A direction, showing the fifth enbodi mnent according to the present
invention; Fig. 12 is a plan view of a line head; Fig. 13 is a plan view of
an exanpl e having two-divided heating resistors within one ink liquid
chanmber; Fig. 14 includes a sectional view and a plan view, show ng an

i mage-printing state using a head~having one printer-head chip in a serial
system Fig. 15 includes a sectional view and a plan view, show ng an
image-printing state in the line head; Fig. 16 includes a sectional view

and a plafp¥keXhd §hgggggn§nrég§ggép;inting state in the line head; 4
Sept enber 2006 18 Fig. 17 includes graphs showi ng a rel ationship between

a time difference untd lpidik Subbles Arg O GERM iREneaGRk coReakynNg resi stor
and an ink ejection angle, when divided heating resistors are provided;
Fi'g. 180i Bekugdess@raphsvehoibny @cdwalg Eassements, ot aiirpd o rom an
actual l'y manufactured printer-head chip .with each ink liquid chanber
havi ngchakeat i agd reshsioing drestetor nto two;, and Fig. 19 is a graph show ng
act.ual measurenents obtai ned
Fig. 8 is a plan view ofra fourth embodiment according
to the present invention, shéwing shapes of an ink liquid
chamber and a heating resistor;
Fig. 9 is a plan view of a fifth embodiment according
to the present invention;
Fig. 10 is a sectional view (side vieﬁ) of Fig. 9
viewed in an afrow A direction, showing the fifth embodiment
according to the present invention; |
Fig. 11 is a sectional view (front view) of Fig. 9
viewed in an arrow A direction, showing the fifth embodiment
according t§ the present invention; -
Fig. 12 is a plaﬁ view of.a-line head;
Fig. 13 is a plan view of an example having two~divided
heating resistors witﬁin one ink liquid chamber;
__Fig. 14 includes a sectioﬁal view and a plén view,
showing an. image~printing state using a head havihg one
‘printer-head chip in a sefial system;
Fig. 15 includes a sectional view and‘a plan view,
showing éﬁ imagewprinting-state in the 1inelhead;
Fig. 16 includes a séctional view and a plan vieﬁf

fshdwing an image—-printing state in the line head;




fromthe actually manufactured printer-head chip wwth each ink liquid
chanmber having the heating resistor divided into two. PDegERMPEt ZIGOF THE
PREFERRED EMBODI MENTS Enbodi ments according to the present invention wll
be described below with reference to the drawi ngs. (First Enbodi nent)

.Fig. 1 is an exploded perspective view of a printer- head chip 11
constituting a printer head incorporated in a |liquid ejection apparatus
according to the present invention. Fig. 1 shows a nozzle sheet 17 to be
bonded on a barrier layer 16, in-wh8ch the nozzle sheet 17 is shown in an
expl oded state. The printer-head chip 11 is of the thermal system

menti oned above. A substrate nenber 14 of the printer-head 4 Sept enber 2006

19 chip 1%,&ﬂclqdq%‘ udgg‘ggg%h%egho%g%%uctorla%bs %H|%5 and heating

resistors i val ent to en generati g “mean Y¥8°Fhe present

i nventj opmd 34 feposided &ptﬂpelnlélﬂl.ftﬁﬁ%smallé"gact gféqce%o% uglog substrate 15.

The heating resistor 13 Is electri y conn {0 an external circuit

Via a godeiutd ofed 190t oS ha) ard orfed Qi 46, SEIY 1&0%3@ %B_Vl%légSt rate 15. The

barrier layer 16, nade of a photoseénsitive cycllze ber resist or an
expos i€z €ild N yrdid ML dviddpsr exanple, is deposited on the entire

surface of the sem -
Fig. 18 includes graphs showing actual measurements
obtained from an actually manufactured printer-head chip
.wifh each ink liguid chaﬁber having a heating,resistof
divided into two; and |
Fig. 19 is a graph showing actual measurements obtained
from the actually manufaetured printer-head chip with each

ink liquid chamber having the heating resistor divided into

two.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments according to the present invention will be
described below with reference to the drawings.
{First Embodiment)
Fig. 1 is an exploded perspective view of a printer-
head chip 11 constituting a prlnter head 1nc0rporated in a
-llquld ejection apparatus according to the present invention. .
‘Fig. 1 shews‘a nozzle sheet 17 to be bonded on a barrier
layer 16, in which the nozzle sheet 17 is shown in‘an
expleded state. |
The printer—head ehip 11 is of the thermal system -

mentioned above. A substrate member 14 of the printer—head




conductor substrate 15, on which the heating resistors 13 are forned, and

t hen unnecessary parts are renoved by a photolithographypepteotes 2006

Furthernore, the nozzle sheet 17, having a plurality of nozzles 18 forned

t hereon, is made by nickel electro-casting and bonded on the barrier |ayer

16 so that positions of the nozzles 18 agree with positions of the heating
~resistors 13, i.e., the nozzle 18 opposes the heating. resistor 13. An ink

l'i quid chanber (equivalent to a liquid chanber according to the present

invention) 12 is constituted of thel9substrate nenber 14, the barrier |ayer

16, and the nozzle sheet 17 so as to surround the heating resistor 13.

That is, in the drawing, the substrate nenber 14 constitutes a bottom

val | afhipeli nkndiwbd £hanheton] Zedne fRRId@: AT 261 16003k tutes a
sidewal | of the ink liquid chanber 12; and the 4 Septenber 200 20 nozzle

sheet Heatcongtidaiiesoms cRidding e &f dledylgdnegiitdngChaahgr 12. - Thereby,
the ink liquid chanber 12 has an open surface in front of the right of

Fig. Jacemdithe opertingpresengommiinadiay Wit lepd sitled bawopat h (not shown) .
In addition, for one ink liquid chanber, two heating resistors 13 are
j uxt aposelithcant tilies amnil-demdiesenr Bedsdratter 15EaciThef htehe ipgi nt er - head
chips 11 descri bed above conprises a plurality of the heating resistors
13, gerFdtar §ih e lavtscaddd deanenicdd gqui dnckanrbensll2ikaving t he-
via a conductor (not shown) formed on the semi-conductor
substrate 15..
'The barrier layer 16, made of a photosensitive
- cyclized-rubber resist or an exposure-curing dry film resist,
for example, is deposited on the entire surface of the semi-
conductor substrate 15, on which the heating resistors i3
are formed, and then uﬁnecessary parfs are removed by a
'-photolithography process.
Furthermore, the ndzzle sheet 17, having‘a plurality of
lﬁozzles 18 formed thereon, is made by nickel electro-casting
_ gnd bonded on the barrier layer 16 s0 that positions of the
~ nozzles 18‘a§ree with positions of tﬂe heating resistoré‘l3,
i.e., the nozzle 18 oppéses the heating resistor 13.
 An ink liquid chamber (equivélent to a liquid chamber
acéoiding to the present invention) 12 is constituted éf the
substrate member 14,-the barfierllayer 16, and the nozzle |
sheet 17 so as to surrOund,the_heating resistor 13. That is,
' in_the draﬁing, the.subst;ate member 14 cénstitutesra bottom

'wall of the ink liquid chamber 12; the barrier layer 16 .

constitutes a sidewall of the ink liguid chamber 12; and the



respective heating resistors 13. By a conmand froma printer control unit,
each of the heating resistors 13 is uniquely sel ected, 4 aapteimbler 89Gthi n t he
ink liquid chanber 12 corresponding to the selected heating resistor 13
can be ejected fromthe nozzle 18 opposing the ink liquid chanber 12. .
That is, in the printer-head chip 11, the ink liquid chanber 12 is filled
with ink froman ink tank (not shown) attached to the printer-head chip
11. By providing a pulse electric current through the heating resistor 13
for a short time, for 1 to 3 m crogecends; for exanple, the heating
resistor 13 is rapidly heated. As a result, .a vapor-phase ink. bubble is
generated i-n an ink port|on pIaced |n contact with the heating resistor 13

oo LLEPReE. SO e O L B DY IR0 B thené%;tkﬂ*%{u

Ther eby, part Taced i n cont the

nozzl e.d g hd havi nﬂlé){%fan&e ril(@flci h&{angje]{ tle% qlceg) ink-is

ejected frontthe nozz 18 as an rop sSo as ﬁtlng paper.

! h
Fig. 2shsSracd! an waw s thes pri @ro@ﬁcm P 2k sgwwz,tpeq?lr{qi@w ng the

nozzl e sheet 17 therefrom so as sho ‘arr angenen e heating

resi st&mmddi. ¢ S et | iniAse ShEWh ﬂH]{ﬂdk showgACh ink liquid chanber 12
is provided with the heating reS|stor 13 d|V|ded into two. The

t wo- di vi ded the@lding oheSifstrobsiel 3 nkhawauas themeervert/bonaktigyanpl e (Fig.
13) were juxtaposed in the lining-up direction

resistors 13 are juxtaposed, and this will be described

later.

| Each of the printer-head chips 11 desCribed above
‘comprises a plurality of the heating resistors 13, ‘generally
in 100 units, and the ink liquid chambers 12 having the-
respective heating reeistors 13. By a command from a
printer control unit, each of.the heating resistors 13 is

A'uﬁiquely selected, and ink within the ink ligquid chamber 12
corresponding to the selected heating resistor 13 can be
.ejected'from the nozzle 18 opposing the ink liguid chamber
12.

‘That is, in the printerfhead chip il, the ink liquid
chamber 12 is filled with ink from an ink tank (not shown)
‘éttaChed to the printer—head,chip 11. By providing a pulse
‘eleCt;ic current through‘the heating resistor 13 for a short
~time, for l.to‘3 microseooods; for example, the heating
‘reSistor 13 is rapidly heated. As:a result, a.vapor-phase
ink bubble is generated in an ink portion placed in contact

with the heatiog resistor 13 so as to displace some volume

of ink by expansion of the ink bubble. -Thereby, part of ink




of the nozzles. Wereas according to the enbodi nent, the heating resistors
13 are juxtaposed in a direction perpendicular to the #iSeptegbep2ddd ecti on
of the nozzles 18. In the conventional exanple, it has been described that
the ink |anding positions are displaced in the lining-up direction of the
nozzl es because of the heating timng of the heating resistors 3. However,
~when the divided heating resistors 13 are juxtaposed in the direction
according to the enbodinent, the ink landing positions are difficult to

be displaced in the lining-up direcéton of the nozzles 18, while being

di splaced in a direction perpendicular to the lining-up direction of the
nozzles 18. In Fig. 2, the range of the | anding displacenents of ink

ej ect egiheom eaCloh ket | Oth deigdambes 1 d S1 @XM eSS Y enPhaniom line; in
which, different fromFig. 13, the ink |anding di spl acenent range 4

- Sept enbeluR@08s PRat fOF MBhand Béhipsed havik ks a] Swigdd Utk dialcrdi rection
perpendicular to the lining-up direction of the nozzles 18. By arranging a
pl uralneoyzbé theapramt il hdwsb cdw pss 1do acand gt imt ey grdyadi nent in the
“lining-up direction of the nozzles 18, the line head can be forned in the
same way dSishdmis m Bilgn Miewloeh tthke pplimtalr-theadf chlie Ani shewnhead chi ps
11 are juxtaposed as nentioned above, the ink ejecting direction is
di f f erlent reyeevweed g aeemrlerimet - Weathetipoonl 5o ass  esdrdvbatheas t he
problemin the conventional technique, so
arrangement of the heating resistors 13 in more detail.
As shown in Fig. 2, each ink liquid chamber 12 is
provided with the heating resistor 13 divided into two. The
- two—divided heating resistors 13 shown as the conventional
example (Fig. 13) were juxtaposed in the lining-up direction
of the nozzles. Whereas according to the embodiment, the
heating resistors‘13 are juxtaposed in a direction
perpendicular to the lining—up direction of the nozzles 18.
In the conventional example, it has been described that
the ink landing positions are displaced in the lining—up
‘direCtion of the nozzles because of the heating timing of
‘the heating resistors 3. However, when the divided heating
. resistors 13 are juxtaposed in the direction according to
the embodiment, the ink landing positions are difficult to
be displaced in the lining-up direction of the nozzles 18,
- .while being displaced in a direction perpendicular to the
lining—up-direction of the‘nbzzles-18. In Fig. 2, the range
of the landing displacements of ink ejected from each ink
liquid chamber is gxpréssed_by a phantom line; in which,

‘different from Fig. 13, the ink landing displacement range

ke AN
A



that white stripes or stripes may be produced between the printer-head
chips 11. Wiereas if the heating resistors 13 are arrarg8epteraberdi0®ong to
the enmbodinent, in the lining-up direction of the nozzles 18 (] uxtaposing
direction of the printer-head chips 11), the displacenent of ink |anding
positions is mnimzed while in the direction perpendicular to the
~-lining-up direction of the nozzles 18, the displacenment of ink |anding
positions is maximzed. Therefore, stripes due to the |anding position

di spl acenent between adjacent prinateg-head chips 11 can be reduced. Fig. 3
includes drawings for illustrating changes in ink |anding positions when

t he present enbodinent i's incorporated inthe line head. In Fig. 3, the

| ef t QM ﬁgﬂ%qﬁﬂgp On léﬁganafrgareéﬁlandlng positions of a

conventronal pri of hecor por ation of The enbodi ment); and

the C%&G;S@Adﬁénﬁ'%f‘ng%fﬁ@vﬁﬁﬂﬁ%%dﬂ% £6,posd Hiang, ke ystrlct ure

descri abov e convent he |n I"andi ng posrtrons are

di splaced igy Ghedrigiinag aueleﬂaqqteyoefotmteheﬂ%@ 2% GlNeh nBF'gm and the

| eft drrectron in tthe draw ng) drawi ng A, an exanple is shown.in

that tdecses wd:ﬁebezem&mtnrbwkldaﬂmrnglrpﬁﬁid;praﬁx%r@cl%ﬁmfaced in the
right while the third ink landing positions are displaced in‘the left.

the nozzles 18, the line head can be formed in the same way

as shown in Fig. 12.

When the piurality of'the printer-head ehips 11 ere
juxtaposed as mentioned above, the ink ejecting direction is
different between adjacent printer-head chips 11, as
described as the problem in the conventional technique, so
that white stfipes er stripes may be produced between the

-_printer—head chips 11. - |
Whereas if the heating resistors 13 are arranged
_acco;ding to the embodiment,'in the lining—up direction of
the nozzles 18 (juxtaposing direction of the printernhead
chips 11), the displacement of ink landing pOsitions is
-minimized while in  the direction perpendicular- to the
lining-up direction of the nozzles 18, the displacement of
ink landing positions is maximized.
‘Therefore, stripes due to the landing positien
~displacement between-adjecent printer—head cﬁips 11 can be
reducéd. |

- Fig. 3 includes drawings for illustrating changes in
ink landing posit;ons when the present embodiment is

incorporated in the line head. 1In Fig. 3, the left drawing



Whereas in the structure according to the enbodiment, the ink |anding
positions are scarcely displaced in the 1ining-up diret&epambér20HE

nozzl es. However, since the ink |anding positions are set to displace in
the direction perpendicular to the lining-up direction of the nozzles 18
(transferring direction of printing paper), as shown in the drawing B, the
i nk landing positions are displaced in the direction perpendicular to the
lining-up direction of the nozzles 18. In the drawing B, an exanple is
shown in that the second and the-s2xth ink | anding positions are displaced
upward while the fourth and the fifth ink | anding positions are displaced
- downward. Since such displacenent of ink landing positions in the

directy] g, up irectiaon af 4 zzl es 18 does
not. pr og}l ‘Jfongl tudi n &%&4]3%45&% 1% Ontgt & FOSSEnE H?ﬁéfé% noti ced
SO muc t | QY no 8; homever a
'surge {;pr%eijﬁge@% n%%ntlgtﬁféofn@%gﬂl eﬁtée proc?ulg[leéﬁtc]epezdnéie%gjeon t he degree

of . t heceits] ACHBMng MYsh i Rfrf?éjl%&ﬁéj 1aHRERf Y1 AGHY dinngrto the

~enbodi nent, the dlsplacenent of landing positions is further controlled

and redutethirasgsdiowhbdd naldyein the right drawing C, so that there is
provided ejection timng control neans for aligning ink-landing positions

al so in thendithectioareperipandi eykaent 0 thehenki nhAgidg gbseeibnp of the
nozzles 18. Fig. 4 is a block diagramof the configuration of
are displaced ;n the lining-up direction of the nozzles (the
right and the left direction in the dréwing). In the
draﬁing A, an examble is shown in ﬁhat the second and the
.,eixth ink landing positions are displaced in the right while
the third ink landing positions are displaced in the left.
Whereas in the.structure accofding to the embodiment,
‘the ink 1andieg positions are scarcely displaced in the
lining-up direction of the‘nozzles. Hoewever, sinceée the ink
landing positions are set to displace in'the_direction
- perpendicular to the lining-up direction of the nozzles 18
{transferring diréetion of printing paper), as shown in the
drawipg B, the ink landing poeitions are displaced in the
direction perpendicular to-the lining-up direction of the
nozzles 18. 1In the drawing B, an example is shown in that
:the,eechd and the sixth ink landing posifieneeere displaced
- upward while the-fourth and the £ifth ink landing pQSitions
are diSpleced downward.
- Since such displacement of ink landing positione in the
'1direction perpendieular’to the lining-up direction of the

nozzles 18 does not produce longitudinal stripes, it is not




ejection timng control neans 100. Fig. 5 is a flow diagram for
illustrating a nethod for reducing the displacement of 4SépkmbeniZficAg
positions in the transferring direction of .printing paper, using the
ejection timng control nmeans 100. Referring to Fig. 4, the ejection timng
control nmeans 100 is electrically connected to printer head control neans
for generally controlling the printer head driving, which particularly
controls ink ejection timng in the printer head control. In nore
particular, in order to correct the24d+splacenent of ink |anding positions
in the transferring direction of printing paper when ink is ejected on the
printing paper, the ejection timng control neans 100 establishes the ink

-ej ecti E g f t.he . | f. .each prj.nter-hea ip 11 so as to
be dif erleénétﬂ% n{e% %? éﬁ%ﬁ% lglfi%%e&-lhnelg%c&ﬂogl%f%rti%%e%tfg%%r 2006 - 25
The €] 4 t1 40 AR Oly TRANRS | r:QV4 ' - ern data
st ori'rfgﬂrre%]hs 118(37']1,”[%'[ est r(ra'xeacuti ng %#ﬁ%&%}ae&%ﬁgg&l&gﬁ%ﬁ g% a storing

means B rafuddd | uendiify (0S trRAdR) R J8 $OHiRG1IRAMBI0L shor es test

pattern data for ejecting ink fromat | east one nozzle 18 of the
©print éde headiwddd, 1isalaehed fFmihaprdntele epddiehinks the and is

provided in a predeterm ned nenory- According to the enbodi nent, the test
pat t erdi.sgsl scepadrtterat faerdipig Rlosig inrst nai ghitrdhete coxtrendilrg andgt he
lining-up direction of the nozzles 18.

reduced, as shown finally in the right drawing C, so that

there is provided ejection timing control means for aligning

inleanding positions also in the direction perpendicular to

the lining-up direction of the nozzles 18.

Fig..4 is a block diagram of the configuration of
ejection timing control meaﬁs 100. -Fig.'S is a flow diagram
for illuétrating a method for reduciﬁgrthé diéplaéément of |
4ink landing positions in the transferring direction of
’printing paper, using the ejectidn timing'contrdl meéns 100.

Refe:ring to Fig. 4, the ejection timing contrél ﬁeans
‘100,is electrigally connected to printer head Contrbl means
for generally controlling the printer head driving, Which 
ApartiCularly controls ink ejeétion timing in the @rinter

r'head control. In more particular, in order to correct the
displacément of ink landing positions in the'trénsferring
direction of pxiﬁting paber when ink_iS‘éjected on the
‘  printing paper, the ejection timing control means 100
establishes the ink ejection tiﬁing from the nozzles 18 of
'.each,priﬁter*head:chipr11 S0 as.to be different for each of

_the printer-head chip 11.




The test pattern may print a straight line by selecting the entire
printer-head chips 11; alternatively, it may print thed4$Septnier 2006he by
selecting a printer-head chip 11 having a predeterm ned ordi nal nunber
fromthe printer-head chips 11. The test executing neans 102 reads test
pattern data stored in the test-pattern data storing neans 101, and then
ejects ink according to the test pattern data, while repeating the ink
ejection plural times according to the sanme test-pattern data. The reason
for repeating the ink ejection plurabk times according to the sane
test-pattern data is that test accuracies are inproved by statistically
processing test results obtained fromplural tinmes testing in order to

elimnate jdental. constituents. That is, if.test patt.ern 4.Septenber
2006 - 26aﬁ%1fie ?%égloﬁlsr]cpler]fn&?r?ec’ to]':nqy R it A (LR ks éﬁ% Hilg%l acenent

due tocghilpadistn 9K bUODLER A1 SELE, 116 SSLL S dGRGLAL N TO the

enbodi nent, " t est executing neans 1 as s of Fig. b5,

PI i Nt 51851 530 088 L 08 o M 4R £36HL PLUGURENCA 11 . Iy Iy part of The

printer-head chip 11 causes the displacement of t _ andi ng position
as shown i npidia-dd19hfa 1ferdl @RI s 1R MAMRE it N9t JdRe tegannot be

" obtained at the position. Next, the imges printed by the test executing
~means pdQfedii eddeRLHY @edfBge SCRNESm fof BRI dhd SHE192)18 of
| the printer-head chip 11 selected from the printer—head
chips 11, and is provided in a predetermined memory. |
_.Accbrding to the embodiment, the test pattern is a pattern
for printing a straight line extending in the iining-up
direction of the nozzles 18.

The test pattern may print a‘Straight line by selecting
the entire ﬁrinter—head chips 11; alternatively,‘it may
print the straight line Ey selecting a printer-head chip 11
having a predetermined ordinal numbér frdﬁ the printer—head

chips 11.

The test gxecuting means 102 reads test pattern data
stored in the test-pattern data storing means 101, and then
ejects ink according to the test pattern data, while
.repeating the iﬁk ejection plural times according to the
ééme test-pattern data.

.The reason for repeating ﬁhe ink éjection‘plural times
according té the same test¥patte£n‘data is that test
acCuréciés are improved by”statisticallf prdcessing-test
results §btained from plural times ?esting in ofder to

eliminate accidental constituents. That is, if test pattern




Then, the resultant data is processed by a conputer prepared in advance so
as to calculate the tendentious displacenment anount of4 SéemnbercR00g
position (Step S3). Fromthe data read by the i mage scanner, it can be
detected which printer- head chip 11 having an ordinal nunber prints the
line by the calculation of the distance fromthe left end, for exanple.
Furthernore, the average position of the lines printed by the respective
printer-head chips 11 in the conveying direction of printing paper is
cal cul ated, and by putting the aveB&ge position in contrast with the line
position  printed by each printer-head chip 11, it can be calculated .that
whi ch printer-head chip 11 has the displacenent deviation of the | anding

POSLLI BP1 hE LAY 1\e SUPFEAReROSALY Whe WIS | NEe i RRL AL TR KRl ON. OF L he

| andi ng position romthe average position of each printe ~chip 11 is
4 Septgabeto 2906, 2fus €2l GHl Bligich 4 Nea ¢ O f RALE ONelat A LOrdLsponding to the

di spl acenent deviation of the |anding position is calculated (Step $4).

- The correctAcubftiy ith fife SADWUAGNE RICLIRANY exldciR 19QV indkihen of the ink
ejection timng of each printer- head chip 11. That is, according to the

enbodi @Rt ; a$ hehowh NMMgs ©ép SENdh NGF By Pri NtpAth €O mrand-d it fifiereent i at ed
corresponding to each printer-head chip 11. Then, the correction data is
st or edwitht decicopr etéenrhedidteh{h orl ng NMeamsrl 03X (tFteeprSH)terFeacbrrecti on
data storing neans 103 is arranged in a predeterm ned nmenory in
chip 11 causes the displacement of the ink landing position,
as shown in the right of Step S1, a precise straight'line
canhot be obtained at the positiocon.
Next, the images printed by the test executing means
102 are read by an image scanner for example (Step S2}.
Then, the resultant data is processed by a computer.prepared
in advance so as to éalcﬂiate the tendentious displacemenﬁ
“amount of the landing positioh (Step 83). From the data
read by the image scanner, it can be defeéted Which printer—
head chip 11 having an ordinal number prints the line by the
calculation of the distance from the left end, for example.
Furthermore, the average position of the lines printed'by
the respective printer—-head chips 11 in. the conveying
direction of printing paﬁer is calculéted, and.by putting
: fhe average position in contrast with the line poéitién |
' pfinted by each ptintei—ﬁead_Chip 11, it can be calculated
_thét which printer-head chip 11 has the displacement
deviation of the landing position from the average positioh.

When the displacement deviation of the landing position

'~ from the average position of each printer—head chip 11 is




the sane way as in the test-pattern data storing nmeans 101. Thereby, the
ejection timng control neans 100 is enabled to controf Seplembak2@)6ect i on
timng fromeach printer-head chip 11 according to the correction data
stored in the correction data storing neans 103. In order to confirmthe
corrected result, the test executing neans 102 perforns the test pattern
printing again according to the correction data (Step S6). If the
correction data is correctly reflected, a straight line can be printed
wi t h high-accuracies, and as showa 2h +he right of Step S6, the linearity,
which is partly turbulent prior to the correction, is nodified. (Second
Enbodiment) Fig. 6 is a plan view of a second enbodi nrent according to the

_preserg'ajl%ﬂ;gné' ’n,%}%w(ygﬂq%s& ezjraocfﬁ%b%léspgn%n %OS%%teenber 2006 28

. chanber a heating resis anar region of the ink liquid

hamber - oot . . . kel ol ;
chanbeg; &2  AGLANI NG, 14 tdie J4 @E g?ggg.g{&ﬁgjtoélsc %lhb%tsa%tag%uél}ébt% uar e

. whereas the ink |1 quid chanber to the secon i ment has

a ci rcydadp anar fRgi Yk rddtitichiA BN or dHir ik dHcdied Ghagker may be
rectangular or circular. In the region of the ink1iquid chanber 12A, the

‘heat i nginiesd&tiort ibiA dis @id anged et heatiniGg H Ha@h b3Aniteformed to
~have a longitudinal direction in the line-up direction of nozzles.
" head chip 11. That is, according to the embodiment; the
timing of sending a printing command is differentiated
-'cofresponding to each printer-head chip 11. |
AThen, the correction data is stored in the correction
data storing means 103 (Stép 55). The correction data
storing means 103 is arranged in a predetermined memory in
the same way as in the test-pattern data storing means 101.
Thereby, the ejection fiming control means 100 is
enabled to control the ink ejection timing from each
printer-head chip 11 according éo Ehé correction data stored
in the correction dafa storing means 103. |
In order to confirm the cbrrected result, the test
executing means 102 performs fhe test pattern priﬁting égain
according to the correction data (Step S6). It fhe
égrrection data is correctly reflected, é straight line can
 be7printed with high—accuracies, and as shown in fhe-right
of Step 56; the linearity,:which is partly turbulénf prior
éo the cbrrection, is modifiéd, ;
(Second Embodiment) |
Eig: 6 is a p}an view of a second embodiment according

to the present invention, showing shapes of an ink liquid




An outline of a general square heating-resiétor is showmn by a phantomline
as a reference. In such a nmanner, according to the secchSemembelidd®ht, the
heating resistor 13A is formed to have a longitudinal direction in the

line-up direction of nozzles. As described above, in the bonding to the

nozzl e sheet, the displacenent between the nozzle and the heating resistor
becones a problen1 wher eas according to the second enbodi nent, even when
the position of the nozzle is displaced to sone extent in the |ongitudinal
direction of the heating resistor-13# - changes in ink ejection angle can"

"be reduced because the heating resistor 13A is securely arranged under the

nozzl e. According to the enbodi nent, since the length of the heating

resi st i i l@f, to the [lining-up direction of
Ha n?i:’%é ar% é&%g%re%}%gleo%*e :

nozzles is sna er t an that er 2006 29 conventional square

heati ng- r esipsl Q1 .38 BY ohiNE PARL My his a%adcaﬂa&sér' Aol nk ej ection angle
relative to the positional displacenent the nozzl e becone larger in

this éiidc%liirQ? toThﬁf«ae%réﬂ"'"enMﬂngﬁf@t:ﬂso@Lﬁﬁ%é?ﬁ:l%&tl%b dphed to mnimze
. di splacenent o ,

ink landing positions in the [Iining-up ditection of
nozzl ethearshd ocrad 0w tihendics pinedyEants 420 e genieiated dHk a«dionect i on

perpendi cular to the lining- up direction of nozzles. (Third Enbodi nent)
embodiment has a circular planar region. In such a manner,
. the ink liquid chamber may be rectangular or circular. 1In
‘the region of the ink'liquid chamber 12A, the heating
resistor 13A is arranged.

The heating resistor 13A is férmed'to have a
longitudinal direction in the line-up direction of nozzles.
An outline of a general square heating-resistor is sﬁown by
a phantom line as a reference.

In such a manner, according to the second embodiment,
the heating resistor 13A is formed to have a longitudinal
direction‘in the line-up direction of nozzles. As described
above, in the bonding to the nozzie sheet, the displacement
between the nozzle and the heating reéistor becomes a
pfoblem; whereas-aécording tQ'the seéond embodimeﬁt, even-

- when the position of the nozzle is diSplaced to some ektenﬁ
-in_the longifudinal direction of ﬁhe heating rééiétor léﬁ,
changes in ink.éjeCtién éngle can be reduced because the
. heating resistor 13A is securely arranged un&er the nozzle.
According to the embodiment, since the length of the
- heating resiétor $3A in the direction perpendicular to -the

lining-up direction of nozzles is smaller than that of a




~Fig. 7 is a plan view of a third enbodi mrent according to the present
“invention, show ng shapes of the ink liquid chanber 12ASepteémaeh2®i6i ng
resistor 13B: According to the third enbodinment, the ink liquid chanber
12A has a circular region in. the same way as in the second enbodi nent.

. The heating resistor 13Bis divided into two in a direction perpendicul ar
to the lining-up direction of nozzles in the sanme way as in the first
enbodi nent. In the heating resistor 13 according to the first enbodi nent,
the region, in which two-divided regpstors 13 are placed end to end, is
substantlally squar e- shaped; whereas according to the third enbodlnent,

t he reglon in which tmn dlvided resistors 13B are'placed end to end, is
rect angul ongi.t.udi na d|r cliiaon | e Ilne up
dlrectlon or% nozz]?es as |n ﬁl C%e?]s L£rﬁ) d'Sh r’t% t% Q

Sept emPgle 2046, R0 4 1%&%%%%}1—?] e 1de1@1SQL tac%e £st abI [ shed to

mnimze dlsplacenent of s|t|ons In |n|ng up direction
of nozzdese ANch Qilaslﬂméml@l&@@ﬁ@mzf@ HREBRNAALY i anisr ecti on
perpendicular to the lining- up direction of nozzles. (Fourth Enbodlnent)
Fig. &iseailan view of a fourth enbodi nent according to the present
invention, showi ng shapes of the ink liquid chanber 12A and a heating
resi stor 13ﬁereby, the configuration can be established to

minimize displacement of ink landing positions in the
flihing—up direction of nozzles and to allow fhe displscement
fo be generated in a direction perpendicular to the 1lining-
‘up direction of nozzles.

(Third Embodimenf)

Fig. 7 is a plan view of a third embodiment according
to the ?reseht invéntion, showing shapes of the ink liqsid
chamber 12A and a heating resistor 13B.

:According to the third embodiment, the ink liquid
chamber 12ZA has a circular fegion in the same way as in the
second embodiment. The heating resistor 13B is divided into
two in a direction'perpendicularsto the lininghup diréction
.éf pozzles in the same way as in the.first embodiment.

-In the heating.resistor_13 according to the first

' émbodiment, the region,Ain which twq—divided resistors 13
-are placed end to énd, is substantially sqﬁaremshaped;
whereas aécording to the third embodiment, the région, in
-ﬁhich two—divided resistors 13B are placed énd to end, is
#ectangular—shaped and having a longitudinal direction in

~the line-up direction of nozzles as in the second embodiment.



According to the fourth enbodiment, the ink liquid chanber 12A has a
circular region in the sane way. as in the second and 4 $eptemper2006
enbodi ment. Furthernore, the heating resistor 13Cis divided into three in
a direction perpendicular to the lining-up direction of nozzles. Wen the
~resistor is divided, it is not limted to be divided into two, and it may
be divided into three, as the heating resistor 13C |If divided into three,
it is-not necessary to equalize lengths in the |ongitudinal direction, as
in this enbodinment. According to-tRé enbodi ment, the central resistor 13C
is longer in the longitudinal direction than the other upper and | ower
resistors sous to agree with the region of the ink quuid chanber 12A.

(Fifth Enbodi nepty ;f'&sru@ﬁi}roe M A gy ot glﬁe%@%gbﬂqs% 4 fkh embodi ment

of the present 1nvention Is a plan IS 4 Septenber
2006 éﬂnlﬁlp@@cawﬁfiicamm(éfdfmylfaﬁdﬂi 'iscgsl&aﬂsew_%@ﬁ an arrow A

direction; and 1l is a sectional V|em/(front Vi ew) Fig. 9 viewed .

in an @iﬂ%&glaﬁﬁéwﬂenﬁgﬁ%&imé Oaddnecd léltlfbmﬁrﬂ}ggldﬁeerglaééaf‘er{pzzl e
sheet 17 has nozzles 18A different fromthe nozzles 18 according to the

first eohodi genéraded uppes @PSEBbfpdeeiozzl R84 ithe Gl - shaped as
in the first enbodi nent;” whereas a | ower opening (nearer to the heating

resi stwp dﬁfﬁctsomléfpmmﬁﬂlesshaped and having a longitudinal direction in
the I'ine-up '

(Fourth Embodiment).

Fig. 8 is a plan view of a fourth embodiment accbrding
to fhe present iﬁvention, showing shapes of the iﬁk iiquid
chamber 122 and a heating resistor 13C.

According to the fourth embodiment, the ink 1iquid
chamber 12A has a circular region-in the same way. as in the
~second and the third embodiment. Furthermore, the héating
‘resistor 13C is divided into three in a direction
perpendicular to the lining-up direction;of nozzles. When
the resistor is divided, it is not limited to be divided
into two, and it may be divided into three, as the heating

~resistor 13C. If divided into three, it is ﬁot‘neéessary to
equalize lengths in the longitudinal direction, as in:this
embodiment. .According to.the embodimént; the central
;résistor 13C is longer in the longitudinal difeétion‘than-
the other uppér and lowef resistors so as to agree with the
region ofrthe ink liquid chamber 12A.

(Fifth Embodimént)

Figs. 9 to 11 are drawings showing a fifth embodiment

of the present invention: Fig. 9 is a plan view; Fig. 10 is




direction of nozzles. The ink liquid chanber 12B is comunicated with the
nozzl e 18A and has an elliptical cross-section identicatSepembhe2@ifape of
the | ower opening of the nozzle 18A. The heating resistor 13B is divided
into two in a direction perpendicular to the lining-up direction of
nozzles in the sanme way as in the third enbodi nent showmn in Fig. 7, while
-the region, in which two-divided resistors 13B are placed end to end, is
rect angul ar-shaped and having a longitudinal direction in the line-up
direction of nozzles. .In such a str@tture, it may al so be established to

m ni m ze displacement in.ink |landing positions in the |lining-up direction
- of nozzles and to allow the displacenent to be generated in a direction

‘perpendi 6ULREoh Q1 Lhfeki (NG Yo r@gzﬂﬂ%gb% r?gg%g%%gjég%b éﬁkkﬁovg e Wy as

in-the enbodinents described above. ! _ ition, as
shapesqotetheonozzhe eiferii han 4 hasecidecordidg [o-dhe snhpdigent, while

“‘the upper opening of the nozzle is circular-shaped, the Tower opening may

be recrangud avishapein ang HevdwnB agdnegiisdi nal direction in the line-up
direction of nozzles, for exanple. The region of the ink [iquid chanber

.may be rectrangutdime hapathe e temkatiomnes tac etledind@ 1@ khecpr @sent
_i'nventi on have been described as above; however, the present invention is
not |ilnds edotnl¢heb@A edrbifk ment sfigon titted rwerdlois 18 according to
the'first embodiment. An upper opening of the nozzle 18A is
circular—Shaped as in the first embodiment; whereas a lower
opehing (nearer to the heating resistor 13B) is elliptical—
shaped and having a longitudinal direction in the line-up
diréqtion of nozzles.
The ink liquid chamber 12B is communicated with the
nozzle 18A and has an glliptical cross—section identical to
| . the shape of the lower opening of the nozzle‘ISA. The
heating resistor 13B is divided info two 'in a direction
perpendicglar to the lining—up direction of nozilés in the
séme way as in'the third embodiment shown in Fig. 7, while
the region, in which two—divided resistors 138 are placed
-end £o end, is rectangular—shaped and haviﬁg a 1qngitﬁdinal
direction in the line—up direction of hozzlesf
In such a Structure, it maf also be established fo
f minimize displaéemenf in.ink landing pogitidns in the
-1ining-up direction of noiileé and-to allow the displacement
to be genérated in a direction perpendicular to the lining-
'_up direction of nozzle;,'in_the same way as in the

embodiments described above. \




nodi fications may be nmade as follows, for exanple. (1) The enbodi nents
exenplify the heating resistor divided in the |ine-up4dferenber?ifp

nozzles, the ink liquid chanber with a region having a | ongitudinal
direction in the Iline-up direction of nozzles, and the heating resistor
formed to have a longitudinal direction in the line-up direction of

nozzl es; alternatively, any nodification may be nmade-as long as it

conbi nes one or nore of the above structures therewith. (2) The thernal
printer-head chip 11 has been desergbed according to the enbodi nments;
alternatively, an electrostatic ejection systemand a piezoel ectric system
may be incorporated. The el ectrostatic ejectlon system i ncl udes a

di aphragm mand {10 .el ect %o%%% g%dt%nderneaﬁh %%rdkgphr% n1mnth an air

space t her ebetween, A ener gy generatln eptenﬁer 2006 33

di aphr agm 1. s; dowyarsL. defdaahedh oY A Cage%p;&éoé g B WERD Doth the

electrodes and then the voltage is re SO a8 to rel ease an

e'eCtrﬂ&%éﬁé‘&é‘&i&bufﬁridﬂ e&'rghe'fﬁhéé ﬁﬂ k) e an el astic force
produced by the dlaphragnlreturnlng back he plezoelectrlc systemis a

deposi t@skdrayera ofsibpdi QAREIRGLTE £ RIRA i 4k 18 Gidqdes, fiof med on bot h
surfaces of the elenent and a di aphragm as energy generating neans. If a
_voI.t agghé Sl apphipdiiediiorelactioddses, for example. The region

of the ink liquid chamber may be rectangular—shaped.

. The embodiments according to the present invention have
beeh.described as above; however, the présent invention is

. not limited to these embodiments so that various
- modifications may be made as fgllows, for example.

{1) The embodiments exemplify the heating resistor
divided in the line-up direction of nozzles; the ink liquid
chamber with a region having a longitudihal direction in the
line-up direction of nozzles, and‘the heétinglresistor
‘fbrmed to have a longitudinal direction in the line-up

'Qirection of npzzles; alternatively, any modification may be
made as loﬁg as if-combines one or more of the above
structures therewith.

.(2) The thermal printer—head chip 11 haé been described
according to the embodiments; alternatively, aﬁ
electrostatic ejection system and a pieﬁoelectrib system may
be iﬁcorporated.

The electrostafic ejection system inclﬁdes a diaphragm
and two elegtrodeg formed underneath the.diaphragm~With an

air space therebetween, as energy generating means. The




“formed on both surfaces of the piezoelectric elenment, a bending nonent is
produced on the di aphragm by a piezoelectric effect, sbSeptembengddi aphragm
is deflected. Using this deflection, ink is ejected. (3) According to the
enbodi nents, the line head having the printer-head chips 11 lined up in a
line is exenplified; alternatively, the present invention may al so be
“incorporated in the Iine head having color printer-head chips lined up in
plural lines (printer-head chips 11 are arranged |engthw se and crossw se
in blocks as a whole). (4) According3te the enbodinents, in the direction
perpendi cular to the lining-up direction of the nozzles, the displ acenent
of ink landing positions is maxim zed; however, is not necessarily to

be strd{g5H§A e the S tdé%leé¥3 %ﬁg gﬂkL 1& tly%fﬁéq g-up direction
t

of the nozzles For exanple, even | nent q anding 4

Sept erfsfyedPbho B RO Id ANSdes MXidEaY, | rt%%té Q. 41%' led by an

angl e of about 10 fromthe direction perpen |cular to ning- up

directi®mn of ddadozzlRSedNe Sane AMAN@L8S: HodhRe  RIesefls i nvention can
be obtained. (5) According to the enbodinents, the printer is exenplified;

howeverimd heifi eisendj dddeeNtismg @i ddd4id %rcfeo PR tRy @Rd various
liquid ejection apparatuses may be applied thereto. According to the
pr eseniidpluerin oreturenidics plaagenent of
The piezoelectric'system is a deposited layer of a
piezoelectric element with electrodes formed on both
surfaces of the element and a diaphragﬁ, as energy |
generating means. If a voltage is applied to the electrodes
formed on both surfaces of the piezoelectric element, a
bending'momént is produced on the diaphragm by a
piézoélectriCAefféct, so that the diaphragm is deflected.
Using this deflection, ink is ejected. - |
:(3) According to the embodiments, thée line head having
.ﬁhé printer—head chips 11 lined up in a line is exemplified;
alternatively,rthe present invention may also be
incorpor;ted in the-liné head having color printer-head
‘chips lined up in plural lines (printer—head chips il are
- arranged lengthﬁise and crosswise in blocks as a whéle).
'(4)'A¢cording to the embodimeﬁts, in the direction
perpendicular to tﬁe lining-up direction of the nozzles,'the
displacement of,ink 1anding positions is maximized; however,
‘it‘is notAneceésarily to be stringently in the direction
' pérpendiéﬁlar to the liningfuprdirection of the nozzles-

For example;leven if the displacement of ink landing




the liquid | anding position in a specific direction, such as the

~di splacenent of the liquid |anding position between |i{¢&epteajbec0ln units
and between chips, can be reduced as small as possible. Thereby, white
stripes and stripes are prevented from being produced so as to inprove
accuracies in the liquid landing position. Since the displacenent of the
I'iquid | anding position 'in a direction being different fromthe specific
.direction and including a direction perpendicular to the specific
direction can be corrected, the disphaeenent of the liquid [|anding
position not only in the specific direction but also in a direction being
different fromthe specific direction and including a direction

per pengbept fbnd 03§ e 2RELLLA i AL rLLl on, Sa0, B5: L edNaS %ﬁee,u;rg%efab%pmved A

accuracies 1n the |iqui andi ng p03| i'on” can
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plurality of chips arranged in a rection, each iI'p conprising a

pl ur al i Yaofedi don & £] €gd 100 #nid s disnosed alcﬂfatrhfé} d4sir digection, and

each liquid ejection unit comprising a pluralit energy generating

means; pidesiet Nieaeh: dn tden phairedtd ynd . chi ps has a configuration such
that the displacenent between ejection directions of liquid ejected from

~the respect(sje Adcgiticd rej et ithie @hiblos imenisni Hheegriptarhasfirst direction
by arrangi ng said energy generating neans

exemplified; however, the present invention is not limited

to the printer and various liquid ejection apparatusee may

be epplied thereto.

According to the present invention, the displacement of
the liquid landing position in a specific direction, such as
the displacement of the liguid landing positien'between
iiquid ejection units and between chips, can be reduced as
small as poésible. Thereby, white stripes and stripes ere
prevented from being produced so as to improve accuracies in
the liquid landing position.

Since the'displacement‘of the liquid landing position
ein a direction being different from the specific direction

land including a direction perpendicular to the specific
.-direefion can be correeted,.the displacement of the liquid
.1ending poeition:not only in the specific direcﬁion hbut also
in a direction being diffe:ent from the specific direction
and including a direction perpendicular to fhe speeific
direction cen be reduced. Thereby, accuracies in the 11qu1d

landlng p031tlon can be furthermore 1mproved



within each liquid ejection unit such that a separation between adjacent
energy generating means is not perpendicular to the fir$tSeptimbes2086. 2. A
liquid ejection apparatus conprising a plurality of chips arranged in a
first direction, each chip conprising a plurality of liquid ejection units
di sposed in the first direction, and each liquid ejection unit conprising
at least two energy generating unit, wherein each of the plurality of
chips has a configuration such thatsg he displacenent between ejection
directions of liquid ejected fromthe respective liquid ejection units is
m ni m Z8&IMA: the first direction while being nmaxim zed in a direction

perpendicular tg the first.direction by arranging,said ener nerati ng
neans Wit hi ﬁL eagh li%dl(’j &7 €¢ti%h GHP?E{%‘H% Fﬁ??gém%%p&r a?ﬂ}olﬁialgg‘tymegﬁ
adj acerdhigizer gyrgeneal atinngaunfirdtS @okecPLEMENHLH abhtiP tdwndrikihg a
directiaon. LI QU D EJECTI ON APPARATUS  ABSTRACT OF THE DI SCLOSURE In a
|i qui d Lol abpat@tiss gisetdarngnat oI dikmased én thai pirur KHrge8irn: a
speci fi [ [ ch-gchip.i ngludi -pkuraljt l.i,qui d- e] Lon

p dnddi ££41 QEquf‘cﬁ Eg%ék?or}i ghg?re’&%ﬁg%,@ﬁ#ﬁ a %]b@allﬁg’u G Jeﬁ%%? g

units juxtaposed in the ~specl e di acenent of

Iapdip@enpastim@nmeaprhe specific direction is reduced. A printer head
chi p.incl udegeaeheating resislory wilch i o didided ino, LiReapd A anoed
such that the displacement between ejection directions of Iliquid
ejected from the respective liquid ejection units is minimized in
the first direction by arranging said energy generating means
within each liquid ejection unit such that a separation between

adjacent energy generating means is not perpendicular to the first

direction.

2. A liquid ejection apparatus comprising a plurality
_of chips arranged in a first direction, each chip comprising a
plurality of 1liquid ejection units disposed 1in the first
direction, and each 1liquid ejection unit Comprising at leaét two
energy generating unit, '

wherein each of the plurality of chips has a configuration
such that the‘displacement between ejection directions of liquid
ejected from the respective liquid ejection units is minimized in
the first direction while being maximized in a direction
perpendicular to the first direction by arranging said energy
generating means within each liquid ejection ﬁniﬁ such that a
separation between adjacent energy generating unit is .not

perpendicular to the first direction.




-d}deed héating resistors wwthin the one ink |liquid chamber are juxtaposed
in a direction perpendicular to-the |ining-up directidﬁSBWeW@Eiﬂgﬁ, FI G

1
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LIQUID EJECTION APPARATUS -
ABSTRACT OF_‘i‘HE DISCLQSURE
In a liquiq ejection apparatus including a plurality of

éhipS'arranged‘in-a specific diréction, each chip including
a plurality eof liquid ejection-unifs juxtapbsedvin;thé
specific direc-trion‘, tl{e_ displaceﬁient of liquid '1§nd-‘mg'
position in the specific direction is feduced. A priﬁter
"head chip includes a heating resistor, WhiCh is divided into
two and éfranged within one ink 1iQuid,chambé£. The two-
dividéd heating resistors ﬁithin the one ink liquid chamber
are juxtQPOSed in a direction perpendicﬁlar'to“the lining-up -

direction of nozzles.

FIG. 1




