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
printi hg pEpetdfof phéentivgntimges thereon, and a |line 4 Septenber 2006 2
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




system havi ng a nunber of printer-head chips juxtaposed jn, 6 the wdth
d?rection of printing paper for each color so as to fd*#?%emgﬁ%ﬂk}ad 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 facé each other while pitches of the nozzles la

bet weethadj aeentd Prddd @ R Ghitisigl piper Fo L NSAC WM W Slels (see a
portion Ain detail). Mreover, an exanple of a structure of the above-
ment i onedfdirerarel isy steerd FdmiereiBad chithdas-hagmdkiewsr. whi ch 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 formed on the upper surface of the ink liquid
chanberowthd Cionstrthaest ahigs tthat" ™ he 4'nk ‘PiessSw i+zdd' wiard 'N tthe i nk
l'iquid chanber s ejected fromthe ejection hole of 4 Septenber 2006 3

the ndZ2Zl ére 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




In addition to the exanple having a single heating resistor within the ink
li qui d chanber, another one having a plurality of heat#R§PEENEE LG
divided within one ink liquid chanber has been known. Fig. 13 is a plan
vi ew of an exanpl e having two-divided heating resistors within one ink
li-quid chanber. The region of the ink liquid chanber 2 is substantially
circular, and a flow path 2a communicated with an ink liquid chanber 2 is
formed in the | ower part of the drawing. Furthernore, two heating
resistors 3 are arranged within thednk liquid chanber 2 in the lining-up
direction of nozzles (in the right and left viewing the drawing). As such
an exanple, in a divided type in which the heating resistor 3 is halved.
| ongi tugi naddyre since the width is halved while the length is the sane,
the resistance of the heating resistor 3 is doubled. If the two-divided

heati ng reginSteIus t3 odl @ oC @hBeekasple $OK/ie% a Rengasi wearaag quadrupl es.

The reason of such a structure is as follows. In order to filmboil ink (a
phenoneswins O r ani it rithe Sk aceynbiod | dHguirenpbranaisdsy Jorien Hah@rigk | i qui d
chanmber 2; it is necessary to heat the heating resistor 3 by supplying a

pr edetmiru anieick ya iU riteadfirgt ectsd st powetitioldderidain nohe riesd dtiepuidl By neans
'of energy during the filmboiling, the 4 Septenber 2006 4 ink is ejected.
"I f t hechraashest drice beersriddwn.it is necessary to increase the electric

~current to be passed, so that by
Fig. 13 is a plan view of an example having two-divided

Heéting 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, therresisténce 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
sufface.boiling membranously) in the ink liquid chamber 2;
it is necessary to heat the'heating resistor 3 by supplying
‘a predetérmined amount éf—electric power to the heating

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




increasing the resistance of the heating resistor 3, the filmboiling can
be perfornmed with the small current. Thereby, a transistoertembenZ¥l§i ng

el ectric current can be reduced in size, enabling a space to be reduced.
In addition, the reduction in thickness 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 Iimt in the reduction of thickness. Therefore, the

resi stance has been increased by di4iding the heating resistor 3. However,
t here have been the followi ng problens in.the conventional technique
descri bed above. (First Problem First, during the ejecting ink fromthe:

printeinbedd ofdditedit is txleatdhatthe ié‘ksnb@l_@) ect eds F}?éd:&%jciﬁ}“ arly to

the ejection surface of the printer-head chip; however, there are cases

wher e tdeig;eedsangrloangtPedf ridkehsr&wt PPl Ll arsgapandigig on various
factors. For exanple, in the thermal printer-head chip, during the bonding
a nozzirecsdeetndavha grawztascd of frechd heseoimg ores idwmgpercisr f ace of the
ink liquid chanber having the heating resistors 3., the displacenent in

t he bohdimdgoopbsig iam Bet weenf diveed nkith gthed alrambeniddentheat i ng 4
‘Septenber 2006 5 resistors 3 and the nozzles arises a problem If the
nozzl e shd@derebyhordddase isiatr tive cestsdmookelele mozzheriest! ceated at the

center of the ink liquid chanber/the heating
be reduced in size, 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
pérpendicular depending on various factors.

 For example, in the tﬁermal printer;head'chip, during
the bonding a nozzle sheet having nozzles formed théreon, 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




resistors 3, ink is ejected perpendicularly to the ink ection surface
(the nozzle sheet surface); however, if the center posﬂﬁ#@ﬁ@‘ 200% i nk

| i quid chanmber/the heating resistors 3 and the nozzl es are displ aced, the
ink is not ejected perpendicularly to the ejection surface. Al so, the

di spl acenent due to the difference in the thernmal expansion coefficient
between the ink liquid chanber/the heating resistors and the nozzle sheet
may be produced. When ink is ejected perpendicularly to the ejection
surface, an ink drop is landed at a Precise position. If the ejecting ink
i s.displaced by an angle of 0 from perpendicularity, the displacenent, of
the landing position of the ink drop AL is expressed by: AL = G x tan 0,

wher ei pethetdist angadbehvwerdz hes ek £C4&OMN SHFBCE aNdr ¢ tHg MdYiNg paper

'_ surface (the landing surface of the ink drop) is G (generally 1 to 2 mm

for theheakj &t bystied) soWratsuth espbaceeie inbides i 1K Bi@EtdON angle is
generated, the image quality is not noticed so nuch in the serial system
wher eag8ti bheheehitae sfstem ink begohescleamipsobltiemnhddisngv || be descri bed
as follows. 4 Septenber 2006 6 Fig. 14 includes a sectional view and a

pl an vieaisEpbwi Ag dnki haged pried i perstal soukinyy acdeat: liklhaving one
printer-head chip in the serial system In the sectional view of Fig. 14,

i f prififRblpaperrface (ohsirerele asherti mprface) ; however, if 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 0, |

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.




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 the4§|ea\ﬁm*i’§"gﬁ{’)ﬁ e
reciprocating in the width directions of the printing paper P. The
sectional view of Fig. 14 shows passing positions of the head 1A for the
Nth and the (N + 1)-th tinme. Also, as shown by an arrow in the sectional
view, Fig. 14 shows an exanple of the ink ejected at a slant in the Ileft
in the drawing, i.e., in the conveying direction of the printing paper P.
At this tine, the ink landing posititn is displaced in the left in the
drawi ng; however, even if the ink is ejected at a slant at the N-th noving
of the head 1, for exanple, the ink is ejected at the sane angle al so at
the (N + 1)FEidn. nbviig:lukher ef arestitdym Ic arirec tanen sp@1tkinoR-ichket ween t he

| andi ng position of the head 1A in the novement for the N-th tinme and the
| andi n§hpuingi an dhaghephbatind $ate hes iy emendad ara theriy b -th time is
not -noticeable. That is, the reason is that the image printing is perforned
by t heP5aREehehgadAchini Hy thre seneal)svtion. chir adterssttiicmalboth at the
N-th and the (N + 1l-th‘ moving. Also, in the case where ink is ejected at a
sl ant VHSY Qepfédbet 42006 PHAntie pARANE di T extridirlared s fedddl A,

al though the ink is |anded out of alignnment with the reference position at
both €ht&di n“BRhGRdtHA et ith & the P htimrgeramsr e the ink | anding
position.at.the ends in the width direction of the printing paper P is not
chan_ge%rb‘é{‘h%%n%%%’éi%g”bo@?‘?i‘%ﬂ%"edfmg direction of the printing

paper‘P in_the 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



the head 1A for the Nth and the . (N + 1)-th tinme. Therefore, also in this
case, the displacenent of the ink landing positionis hSepientiecdalf e. | n
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 msalignnent s produced in this case. However, since the resolution
of - the color msalignnent in human eyes is not so large, the m salignnent
of a single color is scarcely recognizable even in the case of docunents
where the color nmisalignment is nostly recogni zable. For col or inmages such
as a photograph, a technique may be frequently used, in which ink is

| anded in plural times wth different nozzles in one printer-head chip for

the satke moVDigs®iasetefusmmd e spl aceBNugM thid the sy inter- head
chip, so that the color msalignment is scarcely recognlz Ie Fig. 15

i ncl udbsnded et & Nl a M @wnaatd v 1 athe/i @V e &AW b AR IIJFRQR- HYdHL | Ng state
inthe line head 10 shown in Fig. 12 (line head having a ,plurality of

pri nt epndreath chipsyi4itSeptioneri 200 the brAlf@angeGapert e il RGP
direction of the nozzles |la). Referring to Fig. 15, if prlntlng paper P is
consi deardiingg Pdrai thigprf iaded;he eds nier Mdad wliQithoed riettievefi Rhche W dth
direction of the printing paper P but noves fromthe upper "to the |ower

“di r ectPOH Y HERR AP Viewodo cangedigiwednmggesing positions 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




In the sectional view of Fig. 15, three NNth, (N + 1)- th, and (N + 2)-th
printer-head chips 1 of the line head 10 are shown. Thé SsgtembsrdP0&i ew
shows exanples that in the NNth. printer-head chip 1, ink is ejected at a
slant in the 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 the draw ng
as shown by an arrow; and in the (N + 2)-th printer-head chip 1,. ink is
ejected vertically without slanting as shown by an arrow. Accordingly, in
the Nnth printer-head chip 1, ink Ts® Tanded away fromthe reference
position in the left; and in the (N + |I)-th printer-head chip 1, ink is
| anded away from the reference position in the right. Therefore, between
bot h theapramged- heathehl psidg—upkdisetaneedof nthdencgireeti9HN. novi ng away
fromeach other. As a result, between the N-th printer-head chip 1 and the
(N + 1xefarpinater-head 1Thi pf Ipriontegyopapser f Briedecohiel @erall 4§ not
ejected. The Iline head 10 does not nove in the width direction of the 4
Sept endein@0obbxed, Préntimg pepdrl® does omby mowvesin ntlaa atdow direction in
the  plan view. Thereby, between the N-th printer-head chip 1 and the (N +
1) -th Prreteiomedl € pPuintingipapst rf peuB nevepriodue edhe rapiuet ng pri nt ed
i mage q(%JaIityl. Al'so, in the sane way as nentioned above, since in the (N +
1)-th bPitherlonsd Seraion mia the antre wiew 59 8 tawsiltom t he
reference gos_ition in the right, between the
lmages. :
In the sectional 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 N-th
pripter—head‘chip 1, ink is ejected at a slant in the 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 the drawing as shown by an arrow; and in the (N +.21~tﬁ
printer-head chip 1, ink is ‘ejected vertically without
slanting as shown by an arrow.
Accordingly, in the N-th printer-head chip 1, ink is
landed away from the reference position in the left; and in.
the (N + 1)-th printer—head chip 1, ink is landed away from
the reference position in the right. rTherefore; between
both the printer—head chips 1, ink is landed in the
| diréction moving away from each other. As a result, between
the N-th printe;—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




(N + 1)-th printer-head chip 1 and the (N + 2)-th printer- head chip 1, a
region is formed where | anding positions of the ink ar&SepiembepgedP with
each other. Thereby, there has been a problemin that inages are
di sconti nuous or stripes C are produced so as to reduce printing inmge
quality. O her than the case where the ink | anding position of each
printer-head chip 1 is displaced in the lining up direction of the nozzles
as described above, it nmay be displaced in the noving direction of the _
printing paper P in sonme cases. Fi”g.9 16, in the sane manner as in Fig. 15,
i ncludes a sectional view and a plan view showing a printing state in the
line head 10. Fig. 16 shows an exanple in that the ink landing positions
of t heNrthirpy ipdpers eddiic himpl il renced hien (AW wR)ovd RifFdiE@l -heathehip 1 are
not displaced in the noving direction of the printing paper P while the
i nk | andimgZigosi tThmrafy t Hee t(den Hhda N-prhi Meimtweachetd peilip s di spl aced
~in the noving direction of the printing paper P upward on 4 Septenber 2006
10 tHEDIEre view, I Buahristemiwad ichithd cas evhihier esttthigod 1k dsandi ng
-position-is displaced in the noving direction of the printing paper P
bet e T AW M Hawl ReHinged inage @iadpitacenent appears stepw se as
shown on the plan view  However, this landing position displacenent
appears as?35%%t dp GHPy SalcavpYi Ati AgISEaredpabPyren sénceoipl eheon
ositign, d.t is not so conspicuyous as the above- '
P 8?4—%n—th pf%nter— ead éﬂip 1, ink is land%d at a slant
gway 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 problem in that images are discontinuous or stripes 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 -




menti oned di splacenent in the lining-up direction of nozzles. Therefore,
this displacenment scarcely affects the imge prlntlng4ﬁﬁnwwweﬁﬂﬁﬁ
addition, in the case where the ink | anding position is displaced as
descri bed above, the conspicuousness of the stripe depends on the kind of
images to be printed. For exanple, in docunents, since white spaces are
great, even when a stripe is produced, it is inconspicuous. Wereas when
phot ographic images are printed with full color on the substantially
entire region of the printing paper 1P, ~even a small white stripe may be
conspi cuous. In the above-description, the ink |Ianding displacements in
the lining-up direction of nozzles and in the noving direction of the
printipgepgpes ¥i&ke illustrated; in practice, pitch errors between the

j uxt aposed printer-head chips and displacenents in the rotational

direction may Also a heafaaduced .tk RMEMMRIr2088 ikl andSegond Problem
I'n a printer-head chip 1 with each ink |liquid chanber having one heating

resi stoositidn pis igplddddn Dol thdRoPing tderdeaid b # egist or is perforned

~only at one tinme. However, as shown in Fig. 13, in the case where each ink
| i qui dorTiveiberp@pdrask thetvheat | tige resist or-13e 44 vdgligsk | nf acHawo, a

difference is produced in the tine until arriving at the tenperature at.

whi ch &heinl deerény arpdators Grvisn bod |showk orf tile pintid lvibshbl es are

produced), so that there may be a
However this landing position displacement appears as a

stép only at a printing start position or completion
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.csse thre the ink landing position
is displaced as described above, the conspicuousness of the
stripe depends on the kind of imagés to be printed. For

‘ ;example, in documents, sinoé white spaces are grest, even

'~ when a stripe is produced, it is inconspicuous. Wheress
when photographic images are printed with full color on the
'-subsﬁantiaily entire ;egion of the printing paper P, eﬁen a
 small white stripe ﬁay be conspicuousﬁ

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

'_prsctice, pitch errors between the juxtaposéd printer¥head
chips and displacoments in the rotational direction may also

be produced.




problemthat the two heating resistors 3 may.not filmboil the ink

simul taneously. In such a manner, if there is a dlffereﬁﬁﬁm@mmﬁéoﬂ3ne
until arriving at the tenperature at which two heating resistors 3
filmboil ink, the ink ejection angle deviates fromthe vertical
direction, so that there is a problemof reduction in printing inmge
quality due to the displacenent in the ink |anding position, as described
above.. Fig. 17 includes graphs showing a relationship between a tine

di fference until ink bubbles are préduced by each heating resistor and the
ink ejection angle, when divided heating resistors showmn in Fig. 13 are
provi ded. The values in these graphs are obtained by. conputer simulation.
In  these gfaptmd tthebX-i)rection (remark: not referred to the abscissa of
the graph) is a lining-up direction of nozzles (the juxtaposing direction
of the heatimg@ redirdteordleadmuiligs .1 with each ink $epuedabenazBO® 12 the
Y-direction (remark: not referred to the ordinate of the graph) is a

di recth@ﬁﬁlfpférmd’l%tmgtx)eﬂ\@w@dl1Idctplom:(rtd1e(f:1dmn\h@wmgjl bgct i on of the

printing paper). In addition, the difference in tine until bubbles are

| produc%EP|¥@%ﬁ%RQG%P$%§¥%@ B@sﬁegﬁermsddanhY|ﬂtthesetgmaphsﬁowemeexanples
shown in Fig. a tinme difference of 0.04 psec is equivalent to a

resi st3hcP IffJé} dnt® of3 3% dite FFasevhakid feadndeakofl iavdgt 0. 08 psec is

eqU|vaIent to:f resi stance difference of about 6%
hamber has the heating resistor 3 divided into two, a

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 problem of
reduction in prlntlng image guality due to the dlsplacement
in the 1nk landlng p031t10n as described above.

Fig. 17 includes graphs 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
these graphs,-the'x—direction (remark: not referred té the

abscissa of the graph) is a lining-— up direction of nozzles

(the juxtap051ng direction of the heating r951stors) while




As i's understood fromthese graphs, the displacenent of the ink ejection
angle in the X-direction increases as the difference itSeplambah2dd6 bubbl es
are produced increases, while the displacenent of the ink ejection angle
in the Y- direction is scarcely affected by the difference in tine -until
bubbl es are produced. Figs. 18 and 19 are graphs show ng act ual
measurenments obtained froman actually manufactured printer-head chip
with each ink |iquid chanber having the heating resistor divided into two,
as shown in Fig. 13. This printer~hédd— chip has 336 nozzles, and the

di spl acenents of the ink |landing position were neasured for each nozzle in
the X- direction (the lining-up direction of the nozzles and the

j uxt apoBéng-direction ofekbekhegdi ngefesiad OFS) it tdd e dif agld on (the
direction perpendicular to the X-direction). Fig. 19 shows displacenents
by pl ogtaply) the di dpracenentpeipdndaplirmbero 2806 x-dildcdid | flad andi ng
position in the X-direction in the abscissa and the displacenent of the
~ink Iaﬁ@mﬁQYp@gldLDﬁCtnomh@fYthd|p££ntnglﬂnﬁdma.ordlnate As i s under st ood

~fromthese graphs, in the printer- head chip having the heating resistor

di vi ded intﬁ% @dﬁlﬁﬁﬂ?:|Hﬂ@|@¥ﬁﬁanqummun drimies ugitspl hobtblies the X-direction.

rather__than in the Y-direction. In FIG 13, the range of the ink ejecting
di spl REPEREAfbF RheHtAdZIM ethe abagiessedhylatphiantdmsd merapts 1t he ink

Iandlng position is displaced in the X-direction, the ink
examples shown in Fig. 17, a time difference of 0.04 usec

is equivalent to a resistance difference of 3%, and a time
differencé.of about 0.08 psec is equivalent to a resistance
difference of about 6%.
As is understood ffom these graphs, the displaéement of
- the ink ejection angle in the X-direction increases'as the
difference in time until- bubbles are produced increaées;
while the displacement of the ink ejection angle in the Y-
dirgction 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 actuaily manufactured 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 measufed 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 di:ection perpendicular to the XQdirectioﬁ).

Fig. 19 shows displacements by plotting the displacement of .




| andi ng di spl acenent range forns an ellipse longitudinally extended in the
lining-up direction of the nozzles. If a plurality of dehtembient806 head
chips are arranged to forma |ine head, white stripes or stripes may be
liable to be produced, as described above. SUMVARY OF THE | NVENTION In
accordance with a first aspect of -th& present invention, there is provided
a liquid ejection apparatus - conprising a plurality of chips arranged in a
first direction, each chip conprising a plurality of liquid ejection units
di sposedtha fhk famdinglipgeedttiion, iantheachiidtaptidnejiacthenawsdissconpri si ng
a pluralit f enper enerating nmeans, wherein each of the plurality of
ané Qg%n?} %ﬁ%@ﬁ?tsﬁéthﬁafn¥h%@?ﬁ%ﬂﬂ &@@ﬁﬁﬁ?nbé?mg@g‘%]ection

chi ps has
directiodsrettioquird Bjeeetradnbktem t he respective liquid ejection units is
mnimzed in #he,firs direction b arrangi ng said energy generating nmeans

within each | fguid MR dare %B@ﬁet%%§p¥ﬁeé%hﬁéﬁi8ﬁ15§?ﬁéen adj acent

energy peagrahimoh4eans ths Reht PRY PeSH Sl argikadeheihit & stwdli regtion. 4

- Septenber 2006 - 14 According to the above aspect, since the displacenent
bet ween &fBctoHRE RARitdRE 4fF fisplared dar ddref ForiitRetiorsprdidve |iquid

ej ecti ontHRht n i ShdnvlgTzedibR the specific direction, that is in the
direction of the %uxtaposed liquid eection units, the displacenent of the
~liquid | andi ngRpbsFt i bh BérweEendei gai ehej et icreakiings daadlapenswen chi ps

can be regduced.as,Smld i§5e98§§é9é§iby 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.




In accordance with a second aspect of the present inven%ion, there is
provided a liquid ejection apparatus conprising a pIur% PPV”K@FEbeS
arranged in a first direction, each chip conprising a plurality of liquid
ejection wunits disposed in the first direction, and each liquid ejection
unit conprising at |east two energyldenerating unit, wherein each of the
plurality of chips has a configuration such that the displ acenment between
ejection directions of liquid ejected fromthe respective liquid ejection
units i s mni Aczedding tdhetHe radtovd repbion whide tied ng spaxiceinzed in a
directio end] .Q the firs irection ar_r angi sai d energy
generati%Stﬁgéﬁsgg%§¢#é¥eéﬁ%?cfﬁaﬂﬁdoéjg%??% ?ﬂﬁ%¥é EﬁOthgga separation
bet ween agjspeehivenkrgyidenecatbngunnts is motimiperpendirsgl ar to the first

directio According to the second aspect, ,since the _displacenent between
ejectiongﬁffgg FO%§§%ﬁtﬁ94un§a j &8t 89 ??%nﬁ%qﬁftﬁpgsﬁéchge liquid ejection

units isjexnepbged limdike ejepecbhi andt$ pcthomidNatetasntNofhendirection of
t he jux&agosgd | i quid %jection units, in the sane way as the first aspect
of the inveit o%?némﬁgéi§ﬁF&88nBﬁFW8?nt+kﬂu4q(ﬁEQ§tF8HdPﬂbt%o%¢4ion bet ween

liquid epeeiwben ¢tips cidbebebwresdchi psmLan fe Jogdused. as smal | as
possi bl e. Mreover, since the displacenent of the liquid | anding position
between chi psIPn2&CHFIRGS IH thepngearreererrct rifmtiesepesatbr 2006 15 the

speci fi cidvegeldon @ngdd nel E%egd@ddé M8k ANej R4 BENGLEH R st 0 the specific
dlrECtIng$§}£§%%gegt5¥irg{i£yE;f chips arranged i first
ged in a firs
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 aSpeét 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




ejection timng controlling nmeans, the ejection timng of liquid fromthe
liquid ejection units of each chip is established for 48etenhtp00f
Sept enber 2006 16 Accordingly, the displacenment of the Iiquid | anding
position not only in the specific direction but also in a direction being
different fromthe specific directioh and including a direction
per pendi cul ar to%%hecipeckhic directi?n can be, reduced. BRI EF DESCRI PTI ON
OF THE REECH Y. 558 tar e #BodRa pRHp s tIFEVTER of a printer- head
chi p congeirpehihgubaprictieie- Beadi€hi pdipsorpar atsedorReatedi Byi€hej ection
apparatus_.according to the present invention; Fig. 2 is a plan view of the
print er - faGG LAY thngWn Wtrf’iirﬁ{}gn@e%n%ztzk}ee JRESEOPhELBEPOR S0 as to show
the arranganenir&h iRAIIRGIHESHSERLSH i hiTY &rdebahl chbpJis3 is a drawi ng
for illustrating changes in ink |anding positions when an enbodi ment
accor di n§StaPthehepridef@ctnFBAPron is incorporated in a line head; Fig. 4
is a block diagram of a configuration of ejection timng control neans;
~Fig. 5is adrawing for illustrating a nethod for reducing the

di spl acenent of ink landing positions in the transferring direction of
printing paper, using the ejection timng control neans; Fig. 6 is ,a plan
vi ew of a second enbodi nent accordi ng




to the present invention, show ng shapes of an ink liquid 4 Septenber 2006
17 chanber and a heating resistor; Fig. 7 is a plan vi enbepfteraberti00a

“enbodi nent according to the present invention, show ng shapes of an ink
liquid chanber and a heating resistor; Fig. 8 is a plan view of a fourth
enbodi nent according to the present invention, show ng shapes of an ink
liquid chanber and a heating resistor; Fig. 9 is a plan view of a fifth
enbodi ment according to the present invention; Fig. 10 is a sectional view
(side view) of Fig. 9 viewed in anlarrow A direction, showing the fifth
enbodi nrent according to the present invention; Fig. 11 is a sectional view
(front view) of Fig. 9 viewed in an arrow A direction, showng the fifth

-embodi nent ARLGAGIAIG ,t THNQURASRINdnY @ 19 1Fig%idld anS1idghl an view of a
I'ine head; Fig. 13 is a plan view of an exanple having two-divided heating
resi stpssivddhimponeminkid i the sgdeibes ;ditdbtildh sl udes asectional view
and a plan view, showi ng an inmage-printing state using a head havi ng one
pri nt etitheadiahilpe iny aiisifdadnis yitam thd pekd fireldidesc @ secddpnal vi ew and
- a plan view, showing an inmage-printing state in the line head; Fig. 16

i ncl udiescudiory | ol radeverank ppldinwliaw, to enisig@nfidmage-printing state
in the |ine head; ‘

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’




4 Septenber 2006 18 Fig. 17 includes graphs showng a relationship
between a tinme difference until ink bubbles are product8eptgmbac?iOtheati ng
resistor and an ink ejection angle, when divided heating resistors are
provi ded; Fig. 18 includes graphs show ng actual neasurenents obtained
froman actually manufactured printer-head chip .wth each ink liquid
chanber having a heating resistor divided into two; and Fig. 19 is a graph
showi ng actual neasurenents obtained fromthe actually manufactured
printer-head chip with each ink ki ddid chanber having the heating resistor
divided into twos. DESCRIPTION OF THE PREFERRED EMBODI MENTS Enbodi nment s
according to the present invention will be described below with reference

to thecHsaMbROsnd (K heht Eihodigeptd. Fig. 1 is an expl oded perspective view
of a printer- head chip 11 constituting a printer head incorporated in a

|1quid ej ectipn APRATAYIAGHAIY d GHilY RERNnRY 8RLLRRingH 9. 1 shows
a nozzle sheet 17 to be bonded on a barrier -layer 16, in mhlc% the nozzl e

sheet 43 tBeSpposflentd [iveRKPbOIEshshaig. sHAS=Prd Nt -head ichism 11 is of the
thermal system nentioned above. A substrate nember 14 of the printer-head
4 SeptehhmbeﬁO@ﬁd 4%eating resistor;

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;




chip 11 includes a. silicon sem -conductor substrate 15 and heating
resistors (equivalent to energy generating nmeans accor4bepfembet He06pr esent

i nvention) 13 deposited on one surface of the sem -conductor substrate 15.
The heating resistor 13 is electrically connected to an external circuit
via a conductor (not shown) formed on the sem -conductor substrate 15. The
barrier layer 16, nmade of a photosensitive cyclized-rubber resist or an
exposure-curing dry filmresist, for exanple, is deposited on the entire
surface of the sem - conductor subsigate 15, on which the heating resistors
13 are formed, and then unnecessary parts are renoved by a

phot ol i t hogr aphy process. Furthernore, the nozzle sheet 17, having a

I [ . l. f t h i b ick | ectro- ti
o ural1 1y 8o nogel Se AR LOURAN NSl s TR Ryt ek eplaghro-castine

and bonde the barTier 6°SO ¢t

ogree w14 fnp0si e, 0L LA Dol iR o e Ay Hitarorzle 13

opposes the heating. resistor equi valent to a

|1 qui chebenter-oaeo0si 06 e U RERSANoA IMRNI OBhk? i ieaRsti Lut ed of

the . substrate nenber 14, the barri'er |ayer and nozzle sheet 17 so

as to meHf Ntrddes head | G esdsitdya;13. That 'is, in the draw ng, the
substrate nenber 14 constitutes a bottom wall of the ink Iiquid chanber

12; the bamiger lsayercil@ks geaphist shewiagskheewall mehstbenkaks! i qui d chanmber
12; and the 4 Septenber 2006 20 nozzle sheet 17 constitutes a ceiling
wal | ofbtadinddkiddnguird actually manufactured printer-head chip
.wifh each ink liquid chamber having a heating resistor |
divided into two; and
Fig. 19 is a graph showing actual measurements obtained
from the actually manufactured 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 pfinter heédiincOrporated in a
 1iquid ejection apparatus according to the preéeﬁt invention. .
‘Fig. 1 shbws‘a nozzle sheet 17 to be bonded on a barrier
layer 16, in which the nozzle sheet 17 is shown in‘an
explqded state. |
The printer—hgad chip 11 is of the thermal system -

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




chanber. 12. Thereby, the ink liquid chanber 12 has an open surface in
front of the right of Fig. 1, and the opening is comuAiSeatestben2086 an i nk -
flow path (not shown). In addition, for one ink |liquid chanber, two heating
resistors 13 are juxtaposed, and this will be described later. Each of the
printer-head chips 11 descri bed above conprises a plurality of the heating
~resistors 13, generally in 100 units, and the ink liquid chanbers 12
having the- respective heating resistors 13. By a coomand froma printer
control unit, each of the heating rk%istors 13 is wuniquely selected, and
ink wwthin the ink liquid chanber 12 corresponding to the sel ected heating
resistor 13 can be ejected fromthe nozzle 18 opposing the ink liquid

chanbethifd 211 . iddBidds,a idt iR PIddMercIRAG 1 Rublt e iRK shizqui d

chanber 12 is filled with ink froman ink tank (not shown) attached to the
pri nt etedieaty chégi stdor By(depavwididis &@@r@gf'g%@lterﬂa%iﬁw k@Rhst hrough the

heating resistor 13 for a short tine, for to 3 mcroseconds; for-
exanplagcdiimpatd nthe rnesising ihvdrtvoani dizy degatsededAsnachesul t, a
vapor -phase ink. bubble is generated in an ink portion placed in contact
wi t h tsher ffreees ioflg Tlesistor-cdidsetas tsmbditspltacd 5songheoheae ingf i nk by
expansi on of - the ink bubble. Thereby, part of ink 4 Septenber 2006 21
pl acedraFilomt dat W tei adier ivgddlyve ch@namd ddaviongnt keteanel waokometas that of
‘the displaced ink is %;ected fromthe
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 13
are formed, and then uﬁnecessary parts are removed by a
'-photolithography process.
Furthermore, the nozzle sheet 17, having a plurality of
nozzles 18 formed thereon, is made by nickel electro-casting
_ gnd bonded on the barrier layer 16 s0 that positions of the
- nozzles 18 agree with positions of the heating resistoré‘l3,
i.e., the nozzle 18 opposes the heating resistor 13.

' An ink liquid chamber (equivalent to a liquid chamber
acéording to the present invention) 12 is constituted of the
substrate member 14, the barrier layer 16, and the nozzle
sheet 17 so as to surround the heating resistor 13. That is,

" in the drawing, 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



nozzle 18 as an ink drop so as to land on printing paper. Fig. 2 is a plan
view of the printer-head chip 11 shown by renoving thetfeplembesh@i& 17
therefromso as to show the arrangenent of the heating resistors 13 in
nore detail. As shown in Fig. 2, each ink liquid chanber 12 is provided
with the heating resistor 13 divided into two. The two-divided heating
resistors 13 shown as the conventional exanple (Fig. 13) were juxtaposed
inthe lining-up direction of the nozzles. Wereas according to.the

enbodi ment, the heating resistors 28 are juxtaposed in a direction
perpendlcular to the lining-up direction of the nozzles 18. In the

conventi onal exanple it has been described that the ink |anding positions

are dlé&%gfg Eri?} 4¥§§#éﬁkedlrect{9n of JB?cﬂP%ﬁ1 qi ause f the

heat i ng tlnlng of nNg resistors Fowever ded
heat i ng . i8Sk St Hr' s J Pase 3?‘5 ccordl to- t he
enbodlnﬁﬁt the ink qgggltlog% %{]2?0 énhf)pr%ced in the

i Ni Ngsr £l & efﬁ'@fbr?tf cwecﬂ@zlzi%l@f rilhi 1€ beipg i %ﬁ]

direction perpendicular to the i ng-up dir‘ection of ZIes 18. In

Fig. 2coiéniongas Wit ni | andi ngwlisplacemntsdiingi Nk ej ected from each
ink liquid chanber is expressed by a phanton1llne in which, different

fromFig. I3 ddaadiok, Fedi ogedisml acemeat changerd Sapt ﬁ@‘ae&n%OOG 22
forns an ellipse haV|ng a longitudinal direction perpendicular to the

| i ni ngraxpi dicrectiDdand juheaperzdds i tHBE arlaangjengie@daw@ [ ty of the
printer-head chips 11
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 reéistors 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
corrgsponding 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)
‘éttaChgd to the printér—head,chip 11. By providing a pulse
‘QléCt;ic current through‘the heating resistor 13 for a short
~time, for l.to‘3 micrqseéoﬁds; 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 centact
with the heating resistor 13 so as to displace some volume

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




according to the enbodinment in the lining-up direction of the nozzles 18,
the line head can be fornmed in the sane way as shown i#SepgmbeR2008hen t he
plurality of the printer-head chips 11 are juxtaposed as nentioned above,
the ink ejecting direction is different between adjacent printer-head
chips 11, as described as the problemin the conventional technique, so
~that white stripes or stripes nmay be produced between the printer-head
chips 11. Wereas if the heating resistors 13 are arranged according to

t he - enbodi nent, in the lining-up diéction of the nozzles 18 (juxtaposing
direction of the printer-head chips 11), the displacenent of ink |anding
positions is mnimzed while in the direction perpendicular to the

lini ngpuRcEir eet éomt HEL tRELINO0ZES 650 dB1 o L1 NS AEBBNEnOfsarenk | andi ng
positions is maxim zed. Therefore, stripes due to the |anding position

- di spl acerene detvieen & acendiHsinéed - hgadi €hipscddd carbwernd educed. Fig. 3
i ncludes drawings for illustrating changes in ink |anding positions when
t he preseaieehdogls nantinls diswospaiaties iand hen |prientiaag. pdgedi g. 3, the
left drawing 4 Septenber 2006 23 A shows the ink |anding positions of a
conventi ondisys dm  prliagr view he itheorpimaterotheafd tchd perthodihoent ); and
the central draw ng B shows the ink | anding positions in the structure
descrilpgdremevieny the nozzle sheet 17 therefrom so as to show the
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
héating resistors‘13 are juxtapoéed 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 arerdisplaced in the lining—-up
‘direCtibn of.the nozzles because of the heating timing of
‘the heating reéistors 3. However, when the.divided heating
. résistors 13 are juxtaposed in the direction according to
the embodiment, the ink landing positions are difficult to
be displaced in the iining—up direction of the hozzleé 18,
- .while being displaced in a direction perpendicular t0 the
lining—up-direction Qf the‘nbzzles-18. In Fig. 2, the range
of the landing displacements of ink ejected ffom‘each ink
liguid chamber is gxpréssed_by a phantom line; in which,

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

ke AN
A



In the conventional system the ink |landing positions are displaced in the
lining-up direction of the nozzles (the right and the 4 8&éptebercs20B6on in
the drawing). In the drawing A an exanple is shown in that the second and
the sixth ink |anding positions are displaced in the right while the
third ink landing positions are displaced in the left. Wereas in the
-structure according to the enbodinent, the ink |anding positions are
scarcely displaced in the |ining-up direction of the nozzles. However,
since the ink |landing positions argzset 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 ink |anding

posi ti png,ar ﬁélsﬂ eeqlé"pjlgéueer nﬂ%rﬁf%‘i}&innanfr%frnedétciuolnar to the lining-up

di rectron of € ~nozzles awi ng an exanple is shown in that

the s é%ﬁ%ﬁﬁ%h %53 L xth 1 nk ng? 10S1 110 i spl pward whil e
t he fgﬁgrt and Lrt[ e ﬁ'{%(tﬂj% %4 an i'%g Cglg‘z‘% 1:_10#]12 C?ﬂ;?tehdédﬁg)pﬁazg%gsdl p’wnvvarc_l.
Since such gi $RLAGSARRY 0% 1 11:aR0IgH0 RS i RS A Lhe ch‘i!gge?c&' on

per pendi cular to the I'ining-up direction of the nozzles 18 does not

pr oducgcd Ol iy i ath Stdniesind it 1 5n Nale 4 SeRtEMRLa:30E 1 A o0t i ced so
much as that in the lining-up direction of the nozzles 1.8; however, a

sur ge fiie efge: iswlerd atiions e dedBYcad e PHrguerd dependiditheonalhe degree
- of the displacenment, may be produced. Therefore, according to the
- enbodiaenthowrhein diispl acement of |anding positions is further controlled
and When the piurality of'the printer-head dhips 11 ére
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 §r 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 diréction perpendicular- to the
lining-up direction of the nozzles 18, the displacement of
ink landing positions is maximized.
‘Therefore, stripes due to the landing positibn
~displacement between-adjécent 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




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

provi ded ejection timng control means for aligning inkSegtagbag2@si ti ons
also in the direction perpendicular to the lining-up direction of the
nozzles 18. Fig. 4 is a block diagramof the configuration of ejection
timng control neans 100. Fig. 5is a flowdiagram for illustrating a

met hod for reducing the displacenent of .ink [anding positions in the
transferring direction of  .printing paper, using the ejection tim ng
control neans 100. Referring to Fg234+ the ejection timng control neans
100 is electrically connected to printer head control neans for generally
~controlling the printer head driving which particularly controls i nk

ej ect '}9@1{5 ntgqé rﬁﬁl{]eié)r{dﬂige&o ncsontf:r ol colnve rl%npeir tshrg in order

to correct di spl acenen (1an ng pOS|t|ons In ransferrlng

direct; ;9}&9} tggl{ﬁé %%ns nﬁﬁ)t ‘i’r[eﬁﬂ;)t he,  Prhating paper, the

'eject|on timng contr est e’i'nk ejectlon timng from

the nqg&i@mlanoc{mf?a@_%m eahéﬂqqﬁq cﬂyrml ?asasclto% gndighferent for each
~of the printer-head chip 11. 4 Septenber 2 The ejection timng

cont r ddermansral d SriyQyigdedav th  test-pattern dat a storing neans 101,
test executing neans 102, and correction data storing neans 103, as

foll ows. The test cpatearnofatasybeen)y theansklingt agepotestionpattern data
for ejecting ink fromat.least one nozzle 18 of the printer-head chip 11
SelecEedeﬁikﬂphduﬁqﬂjnﬂﬁﬂefﬂﬂﬂing¥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
.,éixth 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 1andigg 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 dirédtion of printing paper), as shown in the
drawipg B, the ink landing poéitions 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,Sechd and the sixth ink landing posifiénS are displaced
- upward while thé-fourth and the £ifth ink landing pQSitions
are diSpléced downward.
- Since such displacement of ink landing positioné in the
'1direction perpendipular’to the lining-up direction of the

nozzles 18 does not produce longitudinal stripes, it is not




chips 11, and is provided in a predeterm ned nenory- According to the
enbodi nent, the test pattern is a pattern for printing Seembérgdd06] i ne
extending in the lining-up direction of the nozzles 18. The test pattern
may print a straight line by selecting the entire printer-head chips 11;
alternatively, it may print the straight line by selecting a printer-head
chip 11 having a predeterm ned ordinal nunber fromthe printer-head chips
11. The test executing neans 102 reads test pattern data stored in the
test-pattern data storing neans 10124and then ejects ink according to the
test pattern data, while repeating the ink ejection plural tinmes according
to the sane test-pattern data. The reason for repeating the ink ejection

plural,diymsy ascardi t&éﬁ‘%é%@ﬁh}%{%@ﬁﬁlr‘é@é 3 oS @t L est
y oce

accuracies are 1 nproved by statistica ssing tes resul ts obtai ned

frompglayaed ifes- ] [ ' }ﬂﬂ% idental_.c ituents.
That is, ifetelg' pﬁacﬁ%\}rér}gﬁ agesg{%%eoirof(ﬁ# T 2 %aggﬁrﬁl%i %ilcg g‘% formed only

one tiye, prasl dantAlp HERIAETERHe dlif-dD H fithe @i%?la%n!&ht&t?' Ry TRY

affects the results. According to the enbodinent, the test executing neans
$102, ase Pduddl St eheSe ffrdi Gerdiigtts ahe aibdlindn?e tWet h each

printer-head chip 11. If part of the printer-head chip 11 causes the
di spl atienentceafertthe i nkandndi e g3asidnson,s S tSkReWontriohe edi ghti of Step
SI, a precise straight line
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.




cannot be obtained at the position. Next, the inmages printed by the test
executing means 102 are read by an i mage scanner for eXdigplamieB2ep6 S2).
Then, the resultant data is processed by a conputer prepared in advance so
as to calculate the tendentious displacenent anount of the |anding
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-ofbsthe lines printed by the respective
printer-head chips 11 in the conveying direction of printing paper is
caIcuIated and by putting t he average position in contrast wwth the line

position hgﬁd9¥ﬁ§9 ]ﬁggagﬁéhg} ead% ﬁ%o l&e%%%vg ﬁ%alg ated .that

whi ch prlnter- acenent at’i #*tfe 1 andi ng

posi tippsfr mgﬁnaag{g - POFh | Q8 |0n Ogl& eac{&% nsﬂeev ation of the .

| andi ng position fromthe aver age posi ead chip 11 is

4 Sept gpber a2B08o Rl £8 cl 8 oo 16y GRLLACH 9, dal e ]Iolrcr‘&spond' ng to the

dlsplacenent deviation of the landing position i's calculated (Step $S4).

The correctipn Wad@ ga tfam W ng dheeeessany1 ik edevieatd on of the ink
" ejection timng of each printer- head chip 11. That is, according to the

enbodi peotert h@atd i fdNgepicsangi Mgk af oo M4 M= Lo ez did fiey ¢yt i at ed
“corresponding to each printer-head chip 11. Then, the correction data is
st or edthea phentor+ieedd othip 11 selected from the printer—head
chips 11, and is provided in a predetermined memory. |
_.Accarding 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 axecuting 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 iak ejection plural times according to the
ééme test-pattern data.

.The reason for repeating ﬁhe ink éjection‘plural times
according ta the same test¥patte£n‘data is that test
acCuraciés are improved by”statisticallf pracessing-test
results abtained from plural times ?esting in ofder to

eliminate accidental constituents. That is, if test pattern




data storing neans 103 (Step S5). The correction data storing neans 103 is
arranged in a predeternined nenory in the same way as 4 Hepttwbercl06pattern
data storing neans 101. Thereby, the ejection timng control neans 100 is
enabled to control the ink ejection timng fromeach printer-head chip 11
according to the correction data stored in the correction data storing
means 103. In order to confirmthe corrected result, the test executing
means 102 perfornms the test pattern printing again according to the
correction data (Step S6). If the— g6érrection data is correctly reflected,
a straight line can be printed with high-accuracies, and as shown in the
right of Step S6, the linearity, which is partly turbulent prior to the

COTT €Gi of 45 TPUhLL Bkl SO SIDOC Nt Ic Hfl 1 %1 2l ALt of 2

second enbodi rent ‘accor di ng present invention, show ng shapes of an

Nk 1 gubdcd Sept erdest 2005 b1 CHARMET 424 NG 1R heating, resi stor 13A

The planar region of the ink |1 quid chanmber-12 according to the first

- embodi ment Agcetiisiantd iy SMeTGientWheRAS ddhe dxdleuldidd eeGhamber 12A
according to the second enbodinment has a circular planar region. In such a

manner102t hes i sikodh qlih ds Ed@nPErofrayide 5 eqianges af DfrLidieuliame In the
region of the ink |liquid chanber 12A the heating resistor 13A is arranged.
The hewitngeselsistimtd3ésd faiiedll 0 hBVgart of the printer-head
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 detééted 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 poéitiOn |
' 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.
Wheﬁ the displacgment deviation of the landing position

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




| ongi tudi nal direction in the line-up direction of nozzles. An outline of
a general square heating-resistor is shown by a phant o#Beptembas2G06
reference. In such a manner, according to the second enbodi nent, the
heating resistor 13Ais fornmed to have a longitudinal direction in the

| i ne-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 problem whereas according to the second enbodi nent, even when
the position of the nozzle is displated to sone extent in the |ongitudinal
direction of the heating resistor 13A, changes in ink ejection angle can
be reduced because the heating resistor 13A is securely arranged under the

- nozzl e, ﬁ@g i ng t nhadj e since . f the heating
.resist%ﬁ J_égé%é%:ﬁ%&afgggflonq%erpéﬁhf%ﬁié?ﬁgﬁm#%nggﬁg?ﬁb-up di rection of

nozz! &s; 451 S@d & dhan i H et 1%%%{%33 04998 33 Lqvgatpnal square

heat i ng-resi stor shown by the phantom changes 1 n 1nk ejection angle

rel atiyecd® g4 pasd tdanalcdiciplagamnt Qfr 1927 M PeeIR shahger in
this direction. Thereby, the configuration can be established t0 mnimze

di spl agaieetewfatditk |lANAIHY ROSINS I i@ nd 10H RGP pHiheeldon of
- nozzles and to allow the displacenent to be generated in a direction
per perttbaalll &rig @ 1t he THaY nigs, Weddirdeld av afhdetleimehthi rtieErbodi ment)
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




Fig. 7is a plan viewof a third enbodinentraccording to the present
i nvention, show ng shapes of the ink liquid chanber 1ZSepiembert#®86i ng
resistor 13B: According to the third enbodinment, the ink liquid chanber

12A has a circular region in. the sane 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 ment. In the heating resistor 13 according to the first enbodi nent,
the region, in which two-divided +eg8stors 13 are placed end to end, is =

“substantially square-shaped; whereas according to the third enbodi nent,
" the region, in which two-divided resistors 13B are placed end to end, is

rect angil ats hﬁﬂ?q“ﬁp%'ﬁg@€ﬁ§99é§¥%fégﬁl direction in the line-up
direction 6? nozzles as Int secon enbp I'ment. - -- ----- --- -- 4
Septenmber 2006130 ar! Reg¥eR BrSLHUCHEWLE Y 1hiuidl $96RR D est ablished to

m nim ze displacenent of ink |landing positions in the. |ining-up direction

-of nozzd@sraindy 1 aldowithe dnsRlBeRmNti 4 i genarated dghagdi rection

perpendicul ar to the lining- up direction of nozzles. (Fourth Embodi nent)

" Fig. &lisreadlamn VAW 1Gfqua of @uNEibeaThod R rRGIGRY HNGhd @dddRdpr esent

i nvention, show ng shapes of the ink liquid chanmber 12A and a heating
r esi stembddBiGerAc dardiangitreullae pdwrddr erdagdinentin tsheh =K rdaintidirg

. 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 nozzle 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




~ chanber 12A has a circular region in the sanme way. as in the second and
“the third enbodi nent. Furthernore, the heating resistofSedembsr 2006 ded
into three in a direction perpendicular to the lining-up direction of

nozzl es. 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

| ongi tudi nal direction, as in this enbodinent. According to the

enbodi ment, the central resistor-13€ +s longer in the |ongitudina
direction than the other upper and | ower resistors sous to agree with the
region of the ink liquid chanber 12A. (Fifth Enbodinent) Figs. 9 to 11 are

dr awi ngs gng i.ft i ner of the.present .nventign. Fig. 9 is a
pl an vi eV\‘r,§ Fig. '1% %iJakggag%bﬁ%ﬁt% S.hgowsnec Y §his p\;llaélwo(“si de view) of
Fig. 9 yiewed,dhan afr; . L iQn. Fg.,olld sectional view
(front l\/i ew) oflnJ Fi gl. 91%\% '}vae%gjﬁﬁanaqg%lr%v%a!ﬁrv&'gtlolo_ﬁ:.haeAccordi ng to the

FiTUh ob0d dTRN .a 119 DR Dieaine hodia% Mxths (LG4 filehant from the

nozzles 18 according to the first enbodi ment. An upper opening of the
nozzl e3ild&A:t#iSon Ci rcul ar-shaped as in the first enbodi nent; whereas a | ower
opening (nearer to the heating resistor 13B) is elliptical- shaped and
havi ng a | ahgirttgi, nahedichact ig@iraiti ohheahi Be- eptaBilieBEHORcOf nozzl es. The
ink l'iquid chanmber 12B is conmunicated with the :
minimize displacement of ink landing positions in the
flihing—up direction of nozzles and to allow fhe displécement
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 liqﬁid
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'perpendicular1to 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 reéistors 13
-are placed end to énd, is éubstantially 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.



nozzl e 18A and has an elliptical cross-section identical to the shape of
the | ower opening of the nozzle 18A. The heating resi stSeptardberdf0fi vi ded
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 |ine-up

direction of nozzles. In such a structure, it may al so be established to

m nim ze displacement in ink |andiFngopesitions in the |lining-up direction
of nozzles and to allow the displacenent to be generated in a direction
perpendicular to the lining- up direction of nozzles, in, the sane way as

in the embodidpl < desGdhad ahqve, 4 Sap eabel 290G oidg doh addition, as

shapes of t than these according to the enbodi nent, while

the UPRER; APLDT 89591 atBBenPOZE! £01 ST LAI LW glsshangd &peower opening may
be rectangul ar-shaped and having a longitudinal direction in the [ine-up.

di recti pni @G- 09Zai eSct{of SXaNPLL1edINend 6@l a1 &S the dinkpld quichchanber
may be rectangul ar-shaped. The enbodi nents according to the present:

i nventi{®rbdayenebeedd des Cs | et @51 G QVerp VM Elar the dHeseidgvention is
not limted to these enbodi nents so that various nodifications my be nmade
as foltpwsiréotiexanmploz4lgs The enbodi nents exenplify the heating resistor
divided in the line-up direction of nozzles, the ink liquid '
(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 othef 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




chanmber with a region having a longitudinal direction in the |ine-up
direction of nozzles, and the heating resistor forned téSeptember 2006

| ongi tudinal direction in the line-up direction of nozzles; alternatively,
any nodification my be nade as long as it conmbi nes one or nore of the
above structures therewith. (2) The thermal printer-head chip 11 has been
-described according to the enbodi nents; alternatively, an electrostatic
ej ection system and a piezoelectric systemnay be incorporated. The

el ectrostatic ejection systeminctudés—a di aphragm and two el ectrodes
formed underneath the diaphragmw th an air space therebetween, as energy
" generating neans. The 4 Septenber 2006 33 diaphragmis- downward defl ected

by apphysagt foNQl t 388t psidstyesn hot hsi#w sf—"&fé&&&igﬁ} a%{‘daﬁ%t% the vol tage

is reduced to O Vso as to release an electrostati or-ce. this tine,

ink i sqeleetesntising aigel aptis  of&ee R RtUCebY (£16« diaRhr agm returning

“back. The piezoelectric systemis a deposited [ayer of a pi'ezoel ectric

el emenFigith el evédogesad ciFmsl an Poideesfaces of the element and a
di aphragm as energy generating neans. If a voltage is applied to the

-el ect r odes Adarmaichrrdbathe Rurefiac emboldifRe ) ezeehectzlieC stlkerent;, a
_bendi'ng nonent is produced on the diaphragm by a piezoelectric effect, so
t hat thes diephtagni$s deffectred. frdisitig: tdiszdef |Ictdanrdinlg it €] ect ed.
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 to
f minimize displaéemenf in.ink landing positions 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. \




(3) According to the enbodi nents, the |ine head having the printer-head
chips 11 lined up in a line is exenplified; alternativ$sptember #l06sent
invention may al so be incorporated in the |line head having col or
printer-head chips lined up in plural lines (printer-head chips 11 are
arranged | engthwi se and crosswi se in blocks as a whole). (4) According to
t he. enbodi nents, in the direction perpendicular to the Iining-up direction
of the nozzles, the displacenent of ink |anding positions is maxim zed;
however,. it is not necessarily t+o3be-stringently in the direction
perpendi cul ar to the lining-up direction of the nozzles. For exanple, even
if the displacenment of ink |anding 4 Septenber 2006 34 positions is

mexi i zed iy, 8 lrnqet] on deylated by 3 andla . of about, 10 from the

direction perpendiculdr t ining- up di'rection o e "M§Z%1 es, the

same advailaas : I nyant Qiﬂi ' )epccording t
the embodi nment 5,19(% h%&%r?nﬁ{@%nﬂ'exgmj[él)ﬁ}g%?llﬁgﬁv r ,r{}?%_e c%’%_etsﬂ}njt :

i nventios,is Motcdddiiod shmddie difd nibfe AN MAMIPYS: i d ej ection
apparatuses nay be applied thereto. According to the present invention the
di spl acemeo0fartdeadddumh |@1ﬁi!rgﬂ PO dd OudihA PeddiGdifection, such
as the displacenment of the 'liquid |anding position between 1|iquid

ej ect i e Unins-gndiheiowe OF pozLads berdedigagias. I lrafi gpossi bl e.
‘Thereby, white stripes and stripes are prevented from being produced so as
to i nprwehacioik dciesid rchamber 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




“the liquid landing position. Since the displacenent of the liquid | anding
position in a direction being different fromthe speci4Septgmbec20itn and
including a direction perpendicular to the specific direction can be
corrected, the displacenment 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 perpendicular to the specific
direction can be reduced. Thereby, accuracies in the liquid |anding
position can be furthernore inprove#l3 4 Septenber 2006 35 CLAIMS: 1. A
liquid ejection apparatus conprising a plurality of chips arranged in a
first direction, each chip conprising a plurality of liquid ejection units

di sposegd, ) ﬁ‘réé}? fd rﬁwﬂgrqftdmectaé}pr{f)?a a\l}# ,ﬂ‘ﬁgd e e(itl on q:nl t conprising

a plurality of energy generating nea gach of *he plurallty of

chi ps fiasede:r WHHIWHE IO oL d halnd ha di shlacs 'gf‘c%g; g& LR getion

directions of liquid ejected fromthe respective |on units is

m ni meed) in sd hes fid Sle IUIRCT O A ANA NG F7ld enargygenerating means
within each liquid ejection unit such that a separation between adjacent

ener gycigeneriatil ngs neatsdd uidingperpendiaularrdred bedducsla v reedion. 2. A
liquid ejection apparatus conprising a plurality of chips arranged in a

first diamgotdgn, resaomicky paeonprising a plurality of liquid ejection units

dlsposed in the first -

' 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




direction, and each liquid ejection unit conprising at |least two energy
~generating unit, wherein each of the plurality of chips4®BaptesbeoRdd6gurati on
such that the displacenment between ejection directions of liquid ejected
fromthe respective liquid ejection units is mnimzed in the first
direction while being maximzed in a direction perpendicular to the first
direction by arranging said energy generating means within each liquid

.ej ection unit such that a separation between adjacent energy generating
unit is not perpendicular to the-fdnst direction. LI QU D EJECTI ON
APPARATUS  ABSTRACT OF THE DI SCLOSURE In a liquid ejection apparatus _
including a plurality of chips arranged in a specific direction, each chip

k8 Bl UL, 0 LA, A SELL B LLSd U RpSge dfpl e speci e

di rect’ on, pl acenen an po§? ‘%pecific

di recty pnaiSut efycel-ofh Pré rﬁffec@f&ge%&ﬁet &A&%ﬁsﬁihﬁ%:ﬁ atr:rﬁgz-l stor,

which is divided into tw and arrang I'n"one i nber. The

two- diyyi defebessh NGr rast Sios1 44 t higk thenonesd ik ddaui gk C@@ber o are
j uxtaposed in a direction perpendicular to the i1 nihg-up Irection of
nozzl gsresd&d € idvention can be obtained.

(5) Accoraing.to the embodiments, the printer is
eXempiified; 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
tﬁe 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
and including a direction perpendicular to the‘specific

.-direefion can be correeted,.the displacement of the liquid
.1ehding 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 1iquid

'ianding positionrean be furthermore improved.
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CLATMS:

1. 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 éach‘of the plurality of chips has a configuration
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.






