-1 LIQUID EJECTION APPARATUS BACKGROUND OF THE
INVENTION 1. Field of the Invention 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 plurality of liquid
ejection units juxtaposed in the specific direction, the displacement of a
liquid ejection direction between the chips is reduced. 2. Description of
the Related Art Inkjet printers have béen known as an example of a liquid
ejection apparatus having a plurality of chips juxtaposed in a specific
direction. As ink ejecting systems of the inkjet printer, there are a thermal
system for ejectinghifk HRirg thefmaleddtgy b & piezoelectric system
for ejecting ink using a piezoelectric element. Also, from a viewpoint of an
ink color, there are a single color type using one printer-head chip and a

| pACKEARND/RSFUSIRG agysalidrekprinter-head chips while ink with different

color is ejected from each chip. Furthermore, from a viewpoint of a head

1. Sieciurer thaee angvagera@system using one printer-head chip for each
color, which is moved in the width direction of printing paper for printing

ey aerthessdh, tevenfrieo? systefrelsaving a nuadierofpeintdrateadn a
liquggﬂgggﬁﬁ%ﬁﬁf?gggaratus having a plurality of chips
arranged in a specific direction, each chip having a
plurality of liguid ejection units juxtaposed in the
specific direction, the displacement of a ligquid ejection
direction between the chips is reduced.

2.  Description of the Related Art

Inkjet printers have been knéwn as an example of a
liguid ejecfion apparatus having a plurality of chips
Juxtaposed in a specific direction. As ink @jecting systems
of the inkjet printer, there are a thermal system for‘
ejecting ink using thermal energy and a piezoelectric system
for ejecting ink using a piezoelectric element.

Also, from a viewpoint of an ink ceolor, there are a
singlé 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 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



the width direction of printing paper for each color so as to form a line
head for a 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 more 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 specific dﬁegtio"h, which agrees with the width
direction of printing paper. Furthermore, a plurality of the printer-head
chips 1 are arranged in the above-mentioned specific direction. Adjacent
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printer-head chip has been known, which has an ink liquid chamber and a
heting Iesistoraapanged inethediik diqlitinehansat sblas tolpregsurizel 2,
(heat) ink ejecting within the ink liquid chamber. The nozzle is formed on
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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 specific direction,
which agrees with the width direction ¢f printing paper.
Furthermore, a plurality of the pﬁinter—head chips 1 are
arranged in the above-mentioned specific direction.
Adjacent printer-head chips 1 are arxanéed so that}the
respective nozzles la face each other while pitches of the
nozzles la between adjacent printer-head chips 1 are in
consecutive order (see a portioﬁ A in detail).

Moreover, an exampie of a structure of the above-
mentioned thermal system printer-head chip has been known,
which has an ink liquid chamber and a heating resistor
arranged in the ink liquid chamber so as to pressurize
(heat) ink ejecting within the ink liquid chamber. The
noizle is formed on the upper surfacé of the ink ligquid

- bhamber and constituted such that the.inkrpressﬁrized within

the ink liquid chamber is ejected from the ejection hole of



resistor within the ink liquid chamber, another one having a plurality of
heating resistors divided within one ink liquid chamber has been known.
Fig. 13 is a plan view of an example having two-divided heating 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 liquid
chamber 2 is formed in the lower part of the drawing. Furthermore, two
heating resistors 3 are arranged withi 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 type in which the heating resistor 3 is
the Rgwédfongitudinally, since the width is halved while the length is the

same, the resistance of the heating resistor 3 is doubled. If the | .
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film-boil ink (a phenomenon of an entire surface boiling membranously) in
plurtieiink ligaichelaamber 2e i isnecessaty tolkentthe heating eesistbr 3yuid

supplying a predetermined amount of electric power to the heating
champegsiBps. Byehedri®Fenergy during the film boiling, the 4 ink is ejected.

If the reii tance is sinall, it is nece sarrly to increase the, electric current '
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Stesidtante 6f
heatﬂﬁb 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 liquid 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 type in which the
heating resistor 3 is halved longitudinally, since the width
is halved while the length is the same, the resistance of
the heating resistor 3 is doubled. If the two-divided
heating resistors 3 are connected in series, the resistance
quadruples.

The reason of such a structure is as follows.

Iﬁ order to film-boil ink {(a phenomenon of an entire
surface‘boiling membranously) in the ink liquid chamber 2;
it is necessary to heat the-heating resistor 3 by sﬂpplying
‘a predetermined amount 6f electric power to the heating

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



film boiling can be performed with the small current. Thereby, a transistor
for passing electric 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 limit in the reduction of thickness. Therefore, the
resistance has been increased by dividing the heating resistor 3.
However, there have been the following problems in the conventional
technique described above. (First Problem) First, during the ejecting ink
ink fismeahepriater-hdad thip, itds ideahtivat the inkied djecidd is necessary
perpendicularly to_the ejection surface of the printer-head chip; however,
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chip, during the ing a nozzle sheet having nozzles formed thereon,
£ilmomdhe uppersurface phthedplediguidichambes hawinotheubheating
resistors 3, the displacement in the bonding position between the ink
liGikie hlambet/the deatingo b fasistoss3 angd td aotziés afivegant can
problem. If the nozzle sheet is bonded so that the center of the nozzle is
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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 limit in the redﬁction
of thickness. Therefore, the resistance has Eeen increased
by dividing the heating resistor 3. |

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

(First Problem)

First, during the ejecting ink from the printer-head
éhip, it is ideai that the ink be ejected pefpendiculafly to
the ejection surface of the printer-head chip; however,
there afe cases where the ejecting angle of ink is not
perpendicular depending on various factors.

For example, in the tﬁermal printer;head chip, during
the bonding a nozzle sheet having nozzles formed théreon, o1
the upper surface of the ink liguid chamber havihg the
heating resistors 3, the displacemept in the bonding

position between the ink liguid chamber/the heating



ejection surface (the nozzle sheet surface); however, if the center
positions of the ink liquid chamber/the heating resistors 3 and the nozzles
are displaced, the ink is not ejected perpendicularly to the ejection
surface. Also, the displacement due to the difference in the thermal
expansion coefficient between the ink liquid chamber/the heating
resistors and the nozzle sheet may be produced. When ink is ejected
perpendicularly to the ejection sutféce; an ink drop is landed at a precise
position. If the ejecting ink is displaced by an angle of 0 from
perpendicularity, the displacement of the landing position of the ink drop
res Altisrexmessell byicAlns:G Xdan Oy idwesein the diistance batvegntheozzle
ejection surface and the printing paper surface (the landing surface of the
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a sectional view and an view showing an image-printing state using a
ej edieashl Ashaviiag one tpentes-head chipintthe sefiatsysiemotrethersectionahe

view of Fig. 14, if printing paper P is considered as being fixed, the head
cenyarmppssisd a8to pfinthragescod fisiid chamber/the heating

resistors 3 and the nozzles are displaced, the ink is not
ejected perpendicularly to the ejection surface.

Also, the displacement due to the difference in the
thermal expansion coefficient betweeﬁ the ink liquid
chamber/the heating resistors and the nozzle sheet may be
pfoduced.

When ink is ejected perpendicularly to the ejection
surface, an ink drop is landedrat a.precise position. If
the ejecting ink is displaced by an angle of 0 from
perpendicularity, the diSplacement_of the landing position
of the ink drop AL is expressed by:

AL = G x tan 6,

wherein the distance between the ejection surface and
the printing paper surface (the landing surface of 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 quaiity is not noticed so much in the
serial system, whereas in the line system, it becomes a

problem. This will be described as follows.



printing paper P in the conveying direction of the printing paper P in the
drawing while reciprocating in the width directions of the printing paper P.
The sectional view of Fig. 14 shows passing positions of the head IA for
the N-th and the (N + I)-th time. Also, as shown by an arrow in the
sectional view, Fig. 14 shows an example of the ink ejected at a slant in
the left in the drawing, i.e., in the conveying direction of the printing
paper P. At this time, the ink landin§ position is displaced in the left in the
drawing; however, even if the ink is ejected at a slant at the N-th moving
of the head 1, for example, the ink is ejected at the same angle also at
tHiEN +Ikthimolinde T hereford; thaebnréstibrapettion Piétweehahe
landing position of the head IA in the movement for the N-th time and the
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e same head 1A having the same €jection characteristics both at the
viewNdh anggheid + Dethgpowingnblseapethercase whgre idk isseieatedat ing
slantin - 7 the moving direction of the head IA, although the ink is landed
fixegut dfldighemht Withmibreaeferenes position anbothnedds irPthetWigth
direction of the printing paper P, the ink landing position at the ends in the
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directions of the printing paper P. The sectional 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.
-14 shows an example of the ink ejected at a slant in the
left in the drawing, i.e., in the conveying direction of the
printing paper P. At this time, the ink landing posit;on is
displaced in the left in the drawing; however, even if the
ink is ejected at a slant at the N-th moving of the head 1,
for example, the ink is ejected at the same angle also at
the (N + 1)—£h moving. Therefore, the connection portion
between the landing position of the head 1A in the movement
for the N-th time and the landing position of the head 1A in
the movement for the (N + l)¥th time is notrnoticeable.
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



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 eyes is
not so large, the misalignment of a single color is scarcely recognizable
even in the case of documents where-the color misalignment is mostly
recognizable. For color images such as a photograph, a techniqgue may
be frequently used, in which ink is landed in plural times with different
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displacement within the printer- head chip, so that the color misalignment
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view showing an image-printing state in the line head 10 shown in Fig
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the h@wﬁoﬂﬁgfm5,mhaaNﬁhbﬂﬂﬁdUthe {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 misalignmént in human eyes is not so large, the
misalignment of a single color is scarcely recognizable even
in the case of documents where the coler misalignment is
mostly recognizable.

For color images such as a photograph, a technique may
be freguently used, in which ink is landed in plural times
with different nozzles in one printer-head chip for the same
‘ cplor 50 as to defuse the displacement within the printer-
'head chip, so that the color misalignment is scarcely
recognizable, |

Fig. 15 includes a sectional view and a plan view
showihg an image-printing state in the line head 10 shown in

Fig. 12 (line head having a plurality of printer-head chips



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 printer-head chip 1, ink is
ejected at a slant in the left of the drawing as shown by an arrow; in the
(N + )-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 + 2)-th 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. Therefore,

1 armgetnged boththe printdmiscatbchips s inkos larfdedhin the 2didestioha) -
moyin awatgrom each qther. As a result, between the N-th printer-head
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printer-head chip 1, a white stripe B is produced, reducing printed image

to thgalkpxaisodinthe shme Way bkanpdtonediaboves singe o thier (Nt 1)-th
printer-head chip 1, ink is landed at a slant away from the reference

imagsssition in the right, between the (N + I)-th printer-head chip 1 and the (N

) PRINE e ional view of Fig. 15, three N-th, (N + 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
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 inrthe right
of the drawing 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 N~th printer—head chip 1, ink is
landed away from the reference p051t10n in the left; and in
the (N + 1)-th prlnter head chip 1, lnk is landed away from
the reference position in the right. Therefore, between:
both the printer~head chips 1, ink is landed in the
direction moving away from each other. As a result, between
the N-th p:inte?—head chip 1 and the (N + 1)-th printer-head
chip 1, a region is formed where ink is not ejected. The

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



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 are produced 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 displaced in the moving direction
of the printing paper P in some cas@s.Fig. 16, in the same manner as in
Fig. 15, includes a sectional view and a plan view showing a printing
state in the line head 10. Fig. 16 shows an example in that the ink landing
prinpasitiopspéthePNith printershaeseivelsip InardhthayNow 24y goriiemhéad the
chip 1 are not displaced in the moving direction of the printing_ paper P
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the plan view. In such a manner, in the case where the ink landin
prodResifion isdispiacgdy thecmevingsdicection of #e  printing paper P
between the printer-head chips 1, the displacement appears stepwise as
shbam,on thetplan séave Hayever rmhistanding pakition displacemént the
N +aﬁgears as a step only at a printing start position or completion position,
a
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éway"@Pgﬂﬂ%ggegg¥g¥gﬁgék§bsition in the right, hetween the
(N + 1)-th 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
are produced 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
displabed in the moving direction of the printing paper P in
some cases. Fig. 16, in the same manner as in Fig. 15,
includes a sectional view and a plan view showing a printing
state in the line head 10.

Fig. 16 shows an example ip that ﬁhe ink landing
positions of the N-th printer-head chip 1 and the (N + 2)-—th
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 paper P upward on



Therefore, this displacement scarcely affects the image printing quality. In
addition, in the case where the ink landing position is displaced as
described above, the conspicuousness of the stripe depends on the kind
of images to be printed. For example, in documents, since white spaces
are great, even when a stripe is produced, it is inconspicuous. Whereas
when photographic images are printed with full color on the substantially
entire region of the printing paper PL&ven a small white stripe may be
conspicuous. In the above-description, the ink landing displacements in
the lining-up direction of nozzles and in the moving direction of the

the psinding«pioper P are illustrated; in practice, pitch errors between the
juxtaposed printer-head chips and displacements in the rotational
difgctiadhay aggubeproducddie dasSetbad®Problend)nis alanding
printer-head, chip_1 with each ink liquid chamber having one heating
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liquid' chamber 2 has the heating resistor 3 divided into two, a’ difference
disps predisaed iagpedine unldpwivwag at thedempseratiieatyrhish-eash .

heating resistor 3 film-boils ink (time until bubbles are produced), so that
Howehiere mdyise dapdblam poatihe awo dissting resistols 3 preamet film-boil
step only at a printing start position or completion
position, and it is not so conspicucus 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 above, the conspicuousness of the
stripe depends on the kind of imagés to be printed. For
~example, in documents, since white spaces are great, even
when a stripe is produced, it is incbnspicuous. Whereas
when photographic images are printed with full color on the
- substantially entire region of the printing paper P, even a
rsmall white stripe ﬁay be conspicuous.

In the above—description, the ink landing displacements
in the lining-up direction of nozzles and in the moving-
direction of the priﬁting paper P dre illustrated; in |
practice, pitch errors between the juxtaposed printer-head

chips and displacements in the rotational direction may also

be produced.



the ink simultaneously. In such a manner, if there is a difference in the
time until arriving at the temperature at which two heating resistors 3
film-boil ink, the ink ejection angle deviates from the vertical direction, so
that there is a problem of reduction in printing image quality due to the
displacement in the ink landing position, as described above. Fig. 17
includes graphs showing a relationship between a time difference until ink
bubbles are produced by each heatingresistor and the ink ejection angle,
when divided heating resistors shown in Fig. 13 are provided. The values
in these graphs are obtained by computer simulation. In these graphs, the
X{Girasion (Panbdembt referred to the abscissa of the graph) is a
lining-up direction of nozzles_ (the juxtaposing direction of the heat;}fr-}gP
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direction of the printing paper). In a erence in time unti

the bebhlesgra-dueducad isploitadrimthedhsaisga as dafa indhrse graphgever .
in examples shown in Fig. 17, a time difference of 0.04 psec is equivalent

as showresistalitg difistendeot 8%, andea Winerdifferericeiofabiouy@ilB psec
is equivalent to a resistance difference of about 6%. As is understood

chamifih thels Yrabits, e Bispaceridit 6t the i Bjtatn bbR Hiifle 2
difféﬂ@ﬁ%@ofén%§§é%%gatq% 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 two heating resistors 3 may not film-boil
the ink simultaneously.

In such a manner, if there is a difference in the time
until arriving at the temperature at which two heating
resistors 3 film-boil ink, the ink ejection anglé deviates
From the wvertical direction, 50 ﬁhat there is a problem of
reduction in printing image quality due ﬁo the displacement
in the.ink landing position, as described above. |

Fig. 17 includes graphs showing a relationship between
a time difference until ink bubbles are produced by éach
heating‘résistor and the ink ejection angle, whén divided
heating resistors shown in Fig. 13 are provided. The values
in these graphs are obtained by computer simulation. In
these graphs, 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



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 until bubbles are produced. Figs. 18 and
19 are graphs showing actual measurements obtained from an actually
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 displécements of the ink landing position
were measured for each nozzle in the X- direction (the lining-up direction
of the nozzles and the juxtaposing direction of the heating resistors) and
the thedrdicaciion (heaiseeiomperpeadiculasdo the Xrdirectianhakig. 49 the
shows displacements by plotting the displacement of 13 the ink landing
qrapbésiﬁ@n h thereslirbetioP aT Brrnghistidstr ahg thédishiabensarit o thel fike
landing pgasition in the Y- direction in the ordinate. As is understood from
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than in the Y-diréction. In Fig. 13, the range of the ink ejecting
proddisptacematit ofot each mozhle ialexptesseddy aiphantom linedkthedakhs ;
landing position is displaced in the X-direction, the ink landing
in eyppREemeaiieamngd forfistan éffipse IdHgiridibafifesaangedfn thel04 usec

Immg uf dlrectlon of the nozzles. If a )
is equivalent to a resistance difference of 3%, and a time _

| difference of about 0.08 pusec is eguivalent 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 ¥~
direction is scarcely affected by the difference in time
until bubbles are produced. |

Figs. 18 and 19 are graphs showing actual measurements
obtained from an actually manufactured printer—head chip
with each ink ligquid chamber having the heating resistor
divided into two, as shown in Fig. 13. This printer-head
éhiplhas‘336 nozzles, and the displacements of the ink
landiﬁg position were measuﬁed for each nozzle in the X-
" ‘direction (the iining~up direction of the nozzles and the
juxtaposing direction of the heating resistors) and the Y-
‘direction (the direction perpendicular to the X-direction).

Fig. 19 shows displacements by plotting the displacement of



plurality of such printer-head chips are arranged to form a line head,
white stripes or stripes may be liable to be produced, as described above.
SUMMARY OF THE INVENTION Accordingly, it is a problem to be solved
by embodiments of the present invention that in a liquid ejecting
apparatus having a plurality of chips arranged in a specific direction, each
chip having a plurality of liquid ejec%ién units juxtaposed in the specific
direction, such as a line head, variations in liquid landing positions in the
_, specific direction are reduced. 14 Q'sclosgg herein.is a quluid g'gection :
“he pparatus Bomprisiiya pitality’of chips arranged ina specific difection. = -
aneach ehip comprising @-plofalithef liquid efectionwnitsjuxtaposecintthe Y-
di%@%@ﬁ%g"ﬁ%“%% w(preégi{\ %%ch of the plurality of chips has a _
configuration that the |sp?ace'ment between ejection directions of liquid
ejecked fiom thedrespeetive |iGuith ejebtice uritsas minimized-iretherinter-

he SPeifig direction, In the ahave disclasure, since the,displacement v .o, tne
. between ejection directions of liquid ejected from the_respective liquid
ingjetAdA Units B miniktized  theSBpacifie dirbetidit thatisin e aitedtfor e L
+hohthe, jwiapaesed liguid ejection units, the displacement of the liquid

landing position between liquid ejection units and between chifs canbe
redUE%dQﬁﬁanéﬁasEE%sﬁﬁEQQ of the ink ejecting displacement

for each nozzle is expressed by a phantom line. If the ink
landing pesition 1s displaced in the ¥-direction, the ink
landing displacement range forms an ellipse longitudinally
extended in the lining-up direction of the nczzles. If a
plurality of such printer-head chips are arranged to form a
line head, white stripes or stripes may be liable to be

produced, as described above.

SUMMARY OF THE INVENTICHN

Accordingly, it is a problem to be scolved by
embodiments of the present invention that in a liguid
ejecting apparatus having a plurality of chips arranged in
a specific direction, each c¢hip having a plurality of
liguid ejection units juxtaposed in the specific direction,
such as a line head, variations in liguid landing positions

in the specific direction are reduced.



15 in afirst aspect of the 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, wherein the liquid ejection unit comprises: energy
generating means for generating energy for ejecting liquid; a liquid
chamber for pressurizing liquid by tHe' energy generated by the energy
generating means; and a nozzle for ejecting the liquid pressurized in the
liquid chamber, wherein a plurality of the energy generating means are
provided in each of the liquid chamber, and wherein the plurality of the
enengy=gensyating meaasrprovided in eachqyof the liguid-ehamberars ravus
disposed in a direction ﬁein difgererht from the first direction. In a second.,
“OLEpect ot the InvEntici there i provided a Iighid &j8etion dppdratds = =" t+¢
dicemprising a phuralityof ghipsanrangedin a first direction,teachoehipliquid
ej%%@?gﬁing i ch.%ra"ty >f<*Egg@s%ig(:tiopnunittshdel,s.pogggcig%g% ﬁrsattlirection,
irection, wherein the liquid ejection unit comprises.” energy generating
whineahs feregénerating enargyfor éjecting lighidh 2 liguid eharmberifopration
-nRressyizing igyid by the. energy.generated by theyepergy;genergting ; o,
_means; and a 15a nozzle for ejecting the liquid pressurized in the liquid.
¢l eRarfBer, Wiiteina fegidf OF tre figid ch W@P had & d6n§ér lorgitlidinalts
migitectionand a:shortasdkansyverse rection.

In the above disclosure, since the displacement
between ejection directions o¢f liguid ejected from the
respective liguid edjection units is minimized in the
specific direction, that 1is 1in the direction of the
juxtaposed liguid ejection units, the displacement of the
] H 3 : ; - R . | : P .

Pilguid landing position between liquid ejection units and

between chips can be reduced as small as possible.



direction, and the longitudinal direction is in the first direction. In a third
aspect of the 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 election units disposed in the first
direction, wherein the liquid ejection unit comprises: energy generating
means for generating energy for ejecting liquid; a liquid chamber for
pressurizing liquid by the energy generated by the energy generating
means; and & nozale for electing the lisuid pressurized, i the liguid, .. 4
chamber, wiierein tha energy generating means’is'thermal energ?

a @eéneratingimeansarnbwherdina regiomn; ioniwbich the tthefmalendrgyh:ips

nerating means is formed, has alonger longijudinaldirectign.and a,
arggdﬁgr&trangve%e diFecStion, ‘and the d'n'gitudina‘l direcf%n ils!i%p%he first‘g .
plditeétion, IrPa foukthraspeet 6f-thednveitiohsthefesisredided alfefiidt = 7st

a: Eiection.appagatus.comprsing a plwrality of ¢hips; afranggdin adifgbrises:
direction, each chip comprising a plurality of liquid ejection units disposed
enfiyghe ISP ARERSH, Wissreh theliqaRPéjEelon BnitEsmpYiseST efergy =19
11 gengrating means for generating energy foreiecting diguid;ialiguid by the
chamber for pressgrizin)g Iiguid by the ener %genetrategl b%ég%gner%ﬁ]d

enG LR raltiy fieansand'a AdszIeTor 5]%\6tin§ he Miiquid pressurized inthe
noliquid chamber,awherein a pluralityyof the energyugeneratingimeans aggruid
chgﬁggg?d#%g¥%wﬁ“%CB?§¥§ﬁ1W9e5¥”Qﬁ%pgﬁégﬁy generating means
are provided in each of the liguid chamber, and wherein the
plurality of the energy generating means provided in each
of the liguid chamber are disposed in a direction being
different from the first direction.

In a seccond aspect of the invention, there is provided
a liquid ejection apparatus comprising a plurality of chips
arranged 1in a first directicn, each chip cemprising a
plurality of liguid ejection units disposed in the first
direction, wherein the liguid ejection wunit comprises:
energy generating means for generating energy for ejecting
liquid; a liguid chamber for pressurizing liguid by the

energy generated by the energy generating means; and a



of the energy generating means arranged in the liquid I15b chamber are
disposed within the liquid chamber in a direction being different from the
first direction and including a direction perpendicular to the first direction,
and wherein a region of the liquid chamber has a longer longitudinal
direction and a shorter transverse direction, and the longitudinal direction
is in the first direction. In a fifth asp%éfjof the 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. .
Ol g Y cifoLton. Wherbi (e IRU elGBNAT Cofprides: Enera o
chgeheratingrimeansrfor genergting enefgy forejeciing ikguidhariqeid has a
lo%h%rpbef. (g%@r@&ég%l 9 llgryzlcrdegy Jtm%% erl]a.%rgy ggnegg[ggtbé/rth?t%n%{gieJ:se
ggneratlng means; and a nozzle for ejecting the liquid pressurlzeciiln the
diliquidi chamber whetein arpldftality ofthe @hergyr generatinglimeans afé rst
4 aapged in the liquid chamber, wherein the plurality of the energy
generating means arranged in the liquid chamber are disposed within the

liquidichamber i a 2@iFéctionDeirtg BiffererRTorfi the fifst BirectorFany * ced

a Including a-direction perpendieular to.the-first divectionm wwhereiR ther chips
energy generating means is thermal energy generating means, and

ATHHEPEIR a HegioR, oh Wiith the “thermal enefg genératifig medRS 79 @
plforaied; has a langen ilongituskinal direction-andca shertertransverse first

di%g%%%%%, whereln the liguid ejecticon unit comprises:
energy generating means for generating energy for ejecting
liguid; a liquid chamber for pressurizing liguid by the
energy generated by the energy generating means; and a
nozzle for eijecting the ligquid pressurized in the liquid
chamber, wherein the energy generating means 1s thermal
energy generating means, and whereln a region, on which the
thermal energy generating means 1is formed, has & longer
longitudinal direction and a shorter transverse direction,
and the longitudinal direction is in the first direction.

In a fcurth aspect of the invention, there 1s provided
a liguid ejecticon apparatus comprising a plurality of chips
arranged 1in a first direction, each chip comprising a
plurality of ligquid ejection units disposed in the first
direction, wherein the liquid ejection unit comprises:
energy generating means for generating energy for ejeciting
liguid; a liguid chamber for pressurizing liguid by the
energy generated by tThe energy generaiting means; and a
nozzle for ejecting the liguid pressurized in the liguid
chamber, wherein a plurality of the energy generating means
are arrangsed in the liquid chamber, wherein the plurality

of the energy generating means arranged in the liguid



and the longitudinal direction is in the first direction. In a sixth aspect of

the 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, wherein the

liquid ejection unit comprises: 15¢c energy generating means for

generating energy for ejecting quui]dS,k%l liquid chamber for pressurizing

liquid by the energy generated by the energy generating means; and a

nozzle for ejecting the liquid pressurized in the liquid. chamber, wherein a
ChPEGiGh of the qul?i Séﬁ%?ngbléer h‘“éfs?‘:z1 ﬁ%nggfql%ngifd”&ﬁéfldirecn(ltﬁac‘)rﬁbaenrd a*t c
dishorteéntranseerse directiemearnd the fongitudmal Mirectionds ire the first and
11’195&8&%” Vf\zlthecz‘rﬂ*:netclj‘]’&e@ler % Qg@t&%glglfagg,I%Wgrrgﬂl:se@eggyfection,

generating means, and wherein a region, on which the thermal energy
angendrating meanssfoaned; has hdonget Wongitirkiial direétioh ahd acnger
1o8poHenRARsverse direction, ;and the longitudinal direction isin the first : o,

direction. In a seventh aspect of the invention, there is provided a liquid
angjdetifg dpparatifs compfising &-ploFality dfthips arrahged n a5st ©n -
diregtions each chip. spmprising a-plurality ohliquid ejectionaunits disposeged
in. the first direction, wherein the ”?qUid ejection unit cc mip_rises.: energy, . .
& eAErHEinG IHEANS Tor YEneratiny’ efé) f&rje“]‘éfctﬁ]gﬁ?q% & figuid P
arehamber fonpressufizing: liqaidrby theenergysgenerated bythernesgy g =
pk %Q %%?gof liguid ejection units disposed in the first
direction, wherein the liguid edection unit comprises:
energy generating means for generating energy for ejecting
iiguid; a liguid chamber for pressurizing liguid by the
energy generated Dby the energy generating means; and a
nozzle for ejecting the liquid pressurized in the liquid
chamber, wherein a plurality of the energy generating means
are arranged in the ligquid chamber, wherein the plurality
of the energy generating means arranged 1in the liquid
chamber are disposed within the liguld chamber in a
direction being different from the first direction and
including a direction perpendicular to the first direction,
wherein the energy generating means 1s thermal energy
generating means, and wherein a region, on which the
thermal energy generating means 1is formed, has a longer
longitudinal direction and a shorter transverse direction,
and the lengitudinal direction is in the first direction.
In a sixth aspect of the invention, there is provided
a liquid ejection apparatus comprising a plurality of chips
arranged in a first direction, each chip comprising a
plurality of liguid ejection units disposed in the first

direction, wherelin the liguid ejection unit comprises:



means; and a nozzle for ejecting the liquid pressurized in the liquid

chamber, wherein a plurality of the energy generating means are

arranged in the liquid chamber, wherein the plurality of the energy

generating means arranged in the liquid chamber are disposed within the

liquid chamber in a direction being different from the first direction and

including a direction perpendicular to'Ghe first direction, wherein a region

of the 'liquid chamber has a longer longitudinal direction and a shorter

transverse dlregtiqn, ap%zla@e I(;rmgfitudinnal _giregtion isnigrthe fifggtrdi[eemgticc)g,; a
Shhetein The energy géhierating meafs i$ 154 thermal er?é/rgy g*enera%ngL 9
limeams, and Wherem adiegiors on fwhichothesthermalegergyi generating the

means is form as,a. longer longitudinal direction . [
enﬁf velgs%g%lrr%%ﬁgn, gﬁd tﬁ%%oné}it%%?gg} d?%gé%lng %l?r?g?hﬁ%:% t%I’irecatir(lnﬁ. :
nokras eighth aspeet 6fthe iention théreHs Ssrovidetta ligiiid €jeétinglduid
cr8Rpparatus comprising a plurglity,of chips-auanged in a firshdireetionnas  a
~each chi comprising a plurality of liquid ejection units disposed in the
LoRfR direcfign LwHErdiR eacH of #é pliralit 6t chips HASE &onfiguiralisi s 5
d1ithatthe displacement between-ejgetion direetions etliquid frem thee first

d,resgec:tive liquid il%a]ée,ction units is minimized in thje first direction, qand][1 ]
Lhiteifthe TGid &jectidh apparattl c8fprisas eiettibn fitting Sontrof @
enmeans gapable ah.establishing ejectiondiming of ligeidion, on which the

thermal energy generating means 1is formed, has a longer
longitudinal direction and a shorter transverse direction,
and the longitudinal direction i1s in the first direction.

In a seventh aspect of the invention, there 1is
provided a liguid ejecting apparatus comprising a plurality
of chips arranged In a first direction, each chip
comprising a plurality of liguid ejection units disposed in
the first direction, wherein the liquid ejection unit
comprises: energy genevating means for generating energy
for ejecting liguid:; a ligquid chamber for pressurizing
ligquid by the energy generated by the energy generating
means; and a nczzle for ejecting the liguid pressurized in
the liguid chamber, wherein a plurality of the energy
generating means are arranged 1in the liguid chamber,
wherein the plurality of the energy gensrating means
arranged 1in the liguid chamber are disposed within the
liguid chamber in a direction being different from the
first direction and including a direction perpendicular to
the first direction, wherelin a region of the ligquid chamber
has a2 longer longitudinal direction and a shorter
transverse direction, and the longitudinal direction is in

the first direction, wherein the energy generating means is



from the liquid ejection units of each chip in order to correct the
displacement of the liquid landing position between the chips in a moving
direction of a target object when liquid is ejected in a direction being
different from the first direction and including a direction perpendicular to
the first direction. In a ninth aspect of the invention, there is provided a
'liquid election apparatus comprisinb%plurality of chips arranged in a first
direction, each chip comprising a plurality of liquid ejection units disposed
thin thelfirst direction, wherein each of the pIura}Jity 9f chigg h%s A ion . on
coffiguration that ﬁ]eengigﬁﬁllc%%erﬁ? %EtSWee%nejec‘flé%r%lrectlons of ﬁqwﬂ
whfrom theaespective!ligend: efectiors runitstisginimsized inthefirstrditections
1oYhlle being. maximized in a ditecfion,perpendicylar 4g the fist diegfion, ...
and wherein the 'ﬁqw ejection apparatus 15e comprises ejection timing
digemttélanears:capdbie afoestablighinglejettiohaimiply of fiquid froRtthé Lrst
41 Hquid ; ejection units of each chip in order to correct the displacement of
the liquid landing position between the chips in a moving direction ofa
target'objéét whed iglid f°8jeeted iffa dirédtionB8iRg diffStent fromthe *°

prirst direction angdiincluging:a girection perpendicstartodhedfirst direction. t v
In embodiments of the invention according to the above aspecgségﬁncechi

°Tthe Hispidcenéntbstiéen Efection difections XS =1o%

comprising a plurality of liguid ejection units disposed in
the first direction, wherein each of the plurality of chips
has a configuration that the displacement between ejection
girecticns of _}iquid from the respective liguid ejectlon
units is minimized in the first direction, and wherein the
ligquid ejection apparatus comprises ejection timing control
means capable of establishing ejection timing of Iiguid
from the liguid ejesction units of each chip in order to
correct the displacement of the liguid landing position
between the c¢hips in a moving direction of a target object
when liguid is ejected in a directicn being different from
the first direction and including a direction perpendicular
to the first direction.

In & ninth aspect of the invention, there is provided
a liguid ejection apparatus comprising a plurality of chips
arranged 1in a first direction, each chip comprising a
plurality of liguid ejection units disposed in the £first
direction, wherein each of the plurality of chips has a
configuration  that the isplacement between ejectilion
directions of 1liguid from the respective liguid ejection
units 1s minimized in the first direction while being
maximized in a direction perpendicular to the first

direction, and wherein the liguid ejection apparatus



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 election units
and between chips can be reduced as small as possible. Moreover, since
the displacement of the liquid landihg Sposition between chips in a
direction being different from the specific direction and including a
direction perpendicular to the specific direction is corrected by the, ¢
OBREHiBH timingy EStittdlling mERns the SREAHGH timingoF fiquid iSAthe  ©
esligiid ejedtian uniis of €ach chimishestaldisheddor eachmxhip. £d& liguid
«sggordingly,the displacement o the iquid landing position nol eply.n the,
sSpecific diréction but also ina direction being different from the specific
didipeetivimand includibigea diregtion perpendicalartostheispecific diréction the
n%@ be reduced, BRIEFDESCRIPTION OF THEDRAWINGS Fig. 1 is:af)1 ¢
~ exploded perspective view of a printer- head chip constituting a '
isprintérchead chip mcérpbRaietidn afiquid ejéetion apparatuis Becording tor S *
dithe-presentsinvention) fig..2is a planadew of the-prinerrhead Ghip shownne
by removing a nozzle sheet therefrom so as to show the
first directzion.

In embodiments of the invention according tTo the above
aspects, since the displacement between sjection directions
of liguid ejected from the respective liguid ejectlon units
is minimized in the specific direction, that i1s 1in the
direction of the Juxtaposed liguid ejection units, in the
same way as the first aspect of the invention, the
displacement of the ligquid landing position between liquid
ejection units and between chips can be reduced as small as
pessible.

Moreover, since the displacement of the liguid landing
position between chips in a direction being different from
the specific direction and including & direction
perpendicular to the specific direction is corrected by the
ejection timing controlling means, the edjection timing of
liquid from the liquid ejection units of each chip 1is

established for each chip.



arrangement of heating resistors in more detail; Fig. 3 is a drawing for
illustrating changes in ink landing positions when an embodiment
according to the present invention is incorporated in a line head; Fig. 4 is
a block diagram of a configuration of ejection timing control means; Fig. 5
is a drawing for illustrating a method for reducing the displacement of ink
landing positions in the transferring direction of printing paper, using the
ejection timing control means; Fgl&is-a plan view of a second
embodiment according to the present invention, showing shapes of an ink
liquid 17 chamber and a heating resistor; Fig. 7 is a plan view of a third
embodirdenicaceprding thithelpresearirinventioshshawimngishapesdiag ink
liquid chamber and a heating resistor; Fig. 8 is a plan view of a fourth
posidghpBdinsentattsrdifly toehemresdnt nvthties tdimswihy shapes ot andnk

dirggk

ujd chamber and a heating resistor; Fig. 9 is a plan view of a fifth
ATkt e b st e b L AP

i nc1VAW{§de eWL ek Kigh S Mieaddn ah arow A %%Ct@ﬁeéﬁ%i{‘g the fifth
embodiment according to the present invention; Fig. 11 is a sectional
diredenwdfroatyiens of & &iewed in an arrow A direction, showing the fifth

embodiment
BRIEF DESCRIPTION OF THE DRAWINGS

"Fig. 1 iz an exploded perspective view of a printer-
‘head chip constituting a printer-head chip incorporated in a
ligquid ejection apparatﬁs according to the present
invenﬁion;

Fig. 2 is a plan view of the printer—-head chip shown by
removing a nozzle sheet therefrom so as to show the
arrangement of heating resistors in more detail;l

Fig. 3 is a drawing for illugtrating changes in ink
landing positions when an embodiment according to the
present invention is incorporated in a line head;

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

Fig. 5 is a_drawing for illustrating a method for
reducing the displacement of ink landing positions in the
transferring direction of printing paper, using the ejection
timing control means;

' Fig. 6 is a plan view of a second embodiment according

to the present invention, showing shapes of an ink liguid



according to the present invention; Fig. 12 is a plan view of a line head,
Fig. 13 is a plan view of an example having two-divided heating resistors
within one ink liquid chamber; Fig. 14 includes a sectional view and a plan
view, showing an image-printing state using a head having one
printer-head chip in a serial system; Fig. 15 includes a sectional view and
a plan view, showing an image-printing state in the line head; Fig. 16
includes a sectional view and a plab¥iew, showing an image-printing
state in the line head; - 18 Fig. 17 includes graphs showing a relationship
between a time difference until ink bubbles are produced by each

chanlieatingriasistaiandi aiyinkeRjestidn-angle, when divided heating resistors
are provided; Fig. 18 includes graphs showing actual measurements

obtethed’frém dn Bd@ally iremuddctarcdhgriniecnbad thipn Withasuorcibky

to tg(};uid chamber having a_ heating resistor divided into two; and Fig, 19 is a

SpR<Fdfiy AAYEHnE3RardHERE thtahad Fom thdhctidiyt +auid

chanBanuiagtired printar-head chip wjth.each ink liquid chamber having the
heating resistor divided into two. DESCRIPTION OF THE PREFERRED

EMBODIMENTS bmbedimentssecording ta hepiesentidventior vilibe g
described below with reference to the drawings.
to the present invention, showing shapes of an ink liguid
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 view) 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 to the present invention;

Fig. 12 is a plan view of a line head;

Fig. 13 is a plan view of an example having two—divide&
heating resistors within one ink liguid chamber;

Fig. 14 includes a sectioﬁal view and a plan view,
showing an image—printing state using a head having one
printer—head chip in a serial system;

Fig. 15 includes a'sectional view and a plan view,
showing an image-printing state in the line head;

Fig. 16 includes a sectional view and a plan view,

showing an image-printing state in the line head;



(First Embodiment) 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 which the nozzle sheet 17 is
shown in an exploded state. The printer-head chip 11 is of the thermal
system mentioned above. A substrate member 14 of the printer-head - 19
~ chip 11 includes a silicon semi-conidiictor substrate 15 and heating
resistors (equivalent to energy generating means according to the
present invention) 13 deposited on one surface of the semi-conductor
stbstrate7l 5. rieckieatingr sgsistos 13ws eieciricatly cohnectediolant ween
external circuit via a conductor %ot shown) formed on the semi-conductor

a tiggpslifid aseThre piddiajekibuhbdeof aphoideshiare by each

c%clized-rubger resist or an e osure-(t:uring d{_}/ fgm resk%t, for.example,
heatl resistor, and an 1? e%?ﬁ]lOﬂ a 8 8' W enb 1VL
IS deposited on the entire surface € semi- conddictor substraté 15; on

hea tWhighbe heatipg resistgss d3:a1edormed, and then unnecessary parts
are removed by a photolithography process. Furthermore, the nozzle

shiégt 17 ghaviag. adohusratityagfhnoztes 18doradah Hileraer, 58 reada by
nickel electro-casting and bonded on the barrier layer 16 so that positions

obtadpgd Rpesledn sagrea With PEatidRestFathdarhg tesistpadachip

with 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 liguid 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 ptinter head incorporated in a
liguid ejection apparatus according to the present invention.
. Fig. 1 showsla nozzle sheet 17 to be bonded on a barrier
Yayer 16, in which the‘nozzlé sheet 17 is shown inran
explqded state.

The ?rinter—head chip 11 is of the thermal system

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



I.e., the nozzle 18 opposes the heating resistor 13. An ink liquid chamber
(equivalent to a liquid chamber according 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 substrate member 14 constitutes a bottom wall of the ink
liquid chamber 12; the barrier layer 16 constitutes a sidewall of the ink
liquid chamber 12; and the 20 rozZee Sheet 17 constitutes a ceiling wall of
the ink liquid chamber 12. Thereby, the ink liquid chamber 12 has an
open -surface in front of the right of Fig. 1, and the opening is

chipedrhmidiiddteasvith &4 Homsv PERHL(IRRABHAD Tn BdaRiBRafe? ohe mRd

liquid chamher, two, heating resistors 13 are juxtaposed, and this will be
heat %1 cribed gfgfia%%%ﬁﬁg%%f'er- fead' a‘lﬁég ﬂ%d%%gn S dbBvEns

accoseMRgses anluraibeafdhe hegting fesiators 33qaenaradn JRO4HI,
-~ and the ink liquid chambers 12 having the respective heating resistors 13.
surfBya cdmirendsfeonm-a-quidtericontrobbinit reach afthe heatng eesistors 13
_is uniquely selected, and ink within the ink liquid chamber 12
res1gdResgondifig td et adicahiheatingTesitbr 13 cin I5 gadad frohrend t
via R I bl T2 R e AR Tt
subs8hawa) 15 .

The barrier layer 16, made 6f a photosensitive
cyclized-rubber resist or an exposutre—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 unnecessary 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
_ and bonded on the barrier layer 16 so that positions of the
nozzles lB'aQree with positions of the heating resistors' 13,
i.e., the nozzle 18 opposes the heating resistor 13.

An ink liquid chamber (equivalent to a liguid chamber
accofding to the present invention) 12 is constituted of the
substrate member 14, the barfier layer 16, and the nozzle
sheet 17 so as to surround‘the‘heating'resistor 13. That is,
" in the drawing, the substrate member 14 constitutes a bottom

wall of the ink liquid chamber 12; thé barrier layer 16

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



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 microseconds,
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 heating resistor 13 so as to displace some volume of ink by
expansion of the ink bubble. Thereby, part of ink 21 placed in contact with
the nozzle 18 and having the same2&otume as that of the displaced ink is
ejected from 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 removing the
nozzlezzd sheell 77 thateframsoas i shdw ihey attepestent é thenkeating:id
resistors 13 in more detail. As shown in Fig, 2, each ink liquid chamber 12
chamieprolided Whth Hisb Heafihie résidtor 13 dhad <thitd &vo . Tkhd ko Hvigegn
heating resistors 13 shown as the conventional exa‘r}n\%l% éFig. 13) were
e

Surfj‘a%eapﬁge TR e Rdingitp dirdlibn &t FeFoziies? s JEESHUING thS
connifg:€RRedMENt, the, healing-resistars 13 are juxiaposgd in a direction

perpendicular to the lining-up direction of the nozzles 18. In the

canverdnel exampiey, itdias deagn dasaitheddhamthe-ipkdarding poskions

are displaced in the lining-up direction of the nozzles because of the
resigégtir tirgref ihheamredsistond FHswevkeklwhen dasgividerd

heating resistors 13 are juxtaposed in the direction according to the
Lategmpodiment, the ink landing positions are difficult to

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 resistors 13. By a command from a
printer control unit, each of the heating resistors 13 is
uniquely selected, and ink within the ink liquid chamber 12
corresponding to the selected heating resistor 13 can be
-ejected from the nozzle 18 opposing the ink liquid chamber
i2.

That is, in the printer-~head chip il, the ink ligquid
chamber 12 is fiiled with ink from an ink tank (not shown)
attached to the printér—-head chip 11. By providing a pulse
'Qléctric current through the heating resistor 13 for a short
time, for 1 to 3 microsecoﬁds; 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 heating resistor 13 so as to displace some volume

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



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
nozzles 18. In Fig. 2, the range of the landing displacements of ink
ejected from.each ink liquid chamber is expressed by a phantom line; in
which, different from Fig. 13, the ink landing displacement range 22
forms an ellipse having a longitudinal direction perpendicular to the
lining-up direction of the nozzles-18&. 1By arranging a plurality of the
printer-head chips 11 according to the embodiment in the lining-up
direction of the nozzles 18, the line head can be formed in the same way
placasishowranklgy: 12w Whendthe ploraityeofithe printeraheatochipe 11 ane
juxtaposed as mentioned above, the ink ejecting direction is_different
volugpawesn Htdcenk phinterchenal@mesi1inds besehbed-ad the probids in
nozzt ec 'gventiorgnal %%%f]]rgg__ue, so_that white_stripes or striges mn?ﬁ% be
produceélﬂi BefiWeer the pﬂﬁte?%e%ﬂoﬂ ciﬁ?pslffci/\/ﬁgr@a{s iPtre aﬁi?‘%er'
"SIOrSyL% 81 ApSRARCG AGFOLAING e MG ANANG YW own
direction of the nozzles 18 (juxtaposing direction of the printer-head
by rechips 1y thédisplacanenitod dik ndiigepesitions isomiimizedstibile ithe
the direction perpendicular to the lining-up direction of the nozzles 18, the
arragiggrmeaient otk Ry PoSiesHsSE Mraximizen TheFsforte Biriges
he landin itign :
dggt%ﬁé%ﬁ.ﬂl%ggﬁt%, 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, 1t 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 expressed by a phantom line; in which,

different from Fig. 13, the ink landing displacement range



displacement between adjacent printer-head chips 11 can be reduced.
Fig. 3 includes drawings for illustrating changes in ink landing positions
when the present embodiment is incorporated in the line head. In Fig. 3,
the left drawing 23 A shows the ink landing positions of a conventional
system (prior to the incorporation of the embodiment); and the central
drawing B shows the ink landing positions in the structure described
above. In the conventional system,ihe ink landing positions are displaced
in the lining-up direction of the nozzles (the right and the left direction in
the drawing). In the drawing A, an example is shown in that the second

fornhihees sixthink lRRdingasitionsare dispiacediin.tbe ight while the
third ink landing positions are displaced in the left. Whereas in the

perpsirytigrelaocotdingtte the einbpdirpenti the inkclandingtpesiticnszdres 18 .
scarcely displaced in the lining-up direction of the nozzles. However,

sthi€e & ik 1aHIAg PbEiBhd hie St thifsgiadd rethictirdtiships 11

erpendicular.to the lining-up direction, of the. nozzles 18 (transferring
e Pt SALLA 2t St e HFARELE, (6 laeing

the PRSitanssaregdisplaced inthe, dirgciomperpendicylal 19 dhe Haingale way
direction of the nozzles 18. In the drawing B, an example is shown in that
as sthevgecondBngl.thesixth ink landing positions are displaced upward while

the fourth and the fifth ink Iandin?1 positions _
When the plurality of the printer-head chips 11 are

Jjuxtaposed 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 stripes or stripes may be produced between the
printer-head chips 11.

Whereas 1if the heating resistors 13 are arranged
according to the embodiment, in the lining-up direction of
the nozzles 18 (juxtaposing direction of the printer-head
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 position
:displacement between adjacent printer-head cﬂips 11 can be
reduced. |

Fig. 3 includes drawings for illustrating changes in
ink landing positions when the present embodiment is

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



are displaced downward. Since such displacement of ink landing positions
in the direction perpendicular to the lining-up direction of the nozzles 18
does not produce longitudinal stripes, it is not 24 noticed so much as that
in the lining-up direction of the nozzles 1.8; however, a surge or edge
indentations which may be produced depending on the degree of the
displacement, may be produced. Therefore, according to the
embodiment, the displacement of amding positions is further controlled
and reduced, as shown finally in the right drawing C, so that there is
provided ejection timing control means for aligning ink-landing positions

A shalse inte dirgctivamerpgndisylat iotke dring-up divectionefdhe Npzeiles
18. Fig. 4 is a block diagram of the configuration of ejection timing control

(primeatis 10DeFitn SasROIGW tagraf tordllisnatiddgreemeihodsfod rédiecing
the dis#ace,ment of .ink landing positions in the transferring direction of

centhading BRbetIusing 10& 2jddiiBn tiind BAHBSMBESE #6607 RefdHifg fo

Strulélgu%ethge%jggl%gmg%%%ntroI means 100 is electrically connected to
printer head control means for generally controlling the printer head

didinghwhishn paficidayicaiEdieink ejecliondimingra {he; PPBLer thead;

control. In more particular, in order to correct the displacement of ink
are Féhﬁi?@apmldns ihtthe tiansfarring difiestiots bbprinting baperwhéaink(ishe
B e L N e e A
drawing A, an example is shown in that 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 thekstructure accofding to the embodiment,
the ink landigg positions are scarcely displaced in the
lining-up direction of the nozzles. However, since the ink
landing 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, thé ink landing poéitions are displaced in the
direction perpendicular to the lining-up direction of the
nozzles 18. In the drawing B, an example is shown in that
'the second and the sixth ink landiﬁg positions are displaced
upward while the fourth and the fifth ink landing positions
are displaced downward. |

Since such displacement of ink landing positioné in the

direction perpendicular to the lining-up direction of the

nozzles 18 does not produce longitudinal stripes, it is not



establishes the ink ejection timing from the nozzles 18 of each
printer-head chip 11 so as to be different for each of the printer-head chip
11. - 25 The ejection timing control means 100 is provided with
test-pattern data storing means 101, test executing means 102, and
correction data storing means 103, as follows. The test-pattern data
storing means 101 stores test pattern data for ejecting ink from at least
one nozzle 18 of the printer-head zhip-11 selected from the printer-head
chips 11, and is provided in a predetermined memory. According to the
embodiment, the test pattern is a pattern for printing a straight line
notiextendingdadhe divingnup directing of ihe Aepzles 48.-Eaa lest patiefthe
may print a straight line by selecting the entire printer-head chips 11,
nozzhrernhfivelJ o aiesr prifit ersteaight lirdaisy detdeiicpa printerdickrichigy
11 having a predetermined ordinal number from the printer-head chips

be P1eIpfE bt SREBMMP AN O FERHE e st haltBh HAtP SRrEF flMthe ™oy
be plePAUETN daiasagag means 191, And then [iects i aeaIfing tojfhe

test pattern data, while repeating the ink ejection plural times according to
dispihe casiecteskpatiedidaiapdBe feason fos repeating:theditejettied and

: plural times according to the same test-pattern data is that test
reduggguragiesHrewnpioveailBy stmistidely protessthgptesng €, so that

| there is provided ejection timing control means for aligning

ink~landing positions also in the direction perpendicular to

the lining-up direction of the nozzles 18,

Fig. 4 is a block diagram of t@e configuration of
ejection timing control meahs 100. Fig. 5 is a flow diagram
for illustrating a method for reducing the displacement of
ink landing positions in the transferring direction of
‘printing paper, using the ejection timing'control means 100.

Referring to Fig. 4, the ejection timing control means
100‘18 electrically connected to printer head control means
for generally controlling the printer head driving, which
particularly controls ink ejection tiﬁing in the printer
- head control. 1In more particular, in order to correct the

displacément of ink landing positions in the transferring

direction of printing paper when ink is ejected on the

' printing paper, the ejection timing control means 100

establishes the ink ejection timing from the nozzles 18 of
-each_printer—head chip 11 so as to be different for each of

- the printer-head chip 11.



results obtained from plural times testing in order to eliminate accidental
constituents. That is, if test pattern 26 printing is performed only one time,
accidental displacement due to dirt, dust, or bubbles may affects the
results. According to the embodiment, the test executing means 102, as
shown in Step Si of Fig. 5, prints a straight line with each printer-head
chip 11. If part of the printer-head chip 11 causes the displacement of the
ink landing position, as shown ir ti¥&right of Step Sl, a precise straight
line cannot be obtained at the position. Next, the images printed by the
test executing means 102 are read by an image scanner for example
(Stap S2)edbeonthei iesufanbaatads preeassed by aicopputer Peeparedh
in advance so as to calculate the tendentious displacement amount of the
tesYaRdihgPositibati(Stel- S8l nprone s dadl reatiastthexarfelsenrmenris
can be detected v,vhich(i)rinter- head chip 11 having_an ordinal_ number

102 prfiS tfOMIEE) #7 cifafirPor e diS@Rce Al tredefi htO 16}
SYTPIEL SUEMOre, teaverags pagtian of the esqyinied by te

respective printer-head chips 11 in the conveying direction of printing
patteaperda calcolaied anckhy gUiting the-average pasitiond captzastavits of
the line position printed by each printer-head chip 11, it can be calculated
the mpaiwhtchrpriaer-tode chip s2has tissl diSpfanetient ricvidtion-bfcethe
landing position from the average position. When the displacement

‘Chi@ﬁeﬁ&mm?Béw%ﬁaHﬁﬂﬁkﬁﬁﬂkﬁp a predetermined memory.

According to the embodiment, the test pattern is a pattern
for printing a straight line extending in the lining-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 by selecting a printer-head chip 11
having a predetermined ordinal number from the printer—-head
chips 11.

The test executing 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 ink ejection plural times according to the
same test-pattern data.

The reason for repeating the ink eﬂection plural times
according to the same test—pattern data is that test
accuracies are improved by”statistically processing test
results obtained from plural times testing in order to

eliminate accidental constituents. That is, if test pattern



from the average position of each printer-head chip 11 is - 27 calculated,
the correction data corresponding to the displacement deviation of the
landing position is calculated (Step S4). The correction data is for
showing the necessary time deviation of the ink ejection timing of each
printer- head chip 11. That is, according to the embodiment; the timing of
sending a printing command is differentiated corresponding to each
printer-head chip 11. Then, the cori@etion data is stored in the correction
data storing means 103 (Step S5) The correction data storing means 103
is arranged in a predetermined memory in the same way as in the

pringdtoatierndatd stoned medys 02, Thereby dbe Bjectionltimibgpdontrahen t
means 100 is_enabled to control the ink ejection timigggom each

due jrivehifdad BHiB 11 AcoPiB S theredra&iotrida 'disrelethes -

c%rectiogidata étor@gemg%%sa &%%Fln ordey to %onf'rm t}rge cogiected result,

CCOoOr 1t Q
the test exegutlng means per ormns the Tes Pattern printng dgan-——

102 2cserdingde thesceriegtiondala (ptep.S6), Ifihencarrectiop,daigis 1ine
correctly reflected, a straight line can be printed with high-accuracies, and

wi thaseshdwip intteerigttt esfdStepi3h, the lingdritpawltich i partlyguintent-head
prior to the correction, is modified. (Second Embodiment) Fig. 6 is a plan

ChiRjidd FAlsDNBEEMBHAREREBREOHIRS té-Bfe Piekerndémibiposition,

as s*EW%”%S“%R%S%E%%E“Q%“Qiep 51, a precise straight line

cannot be obtained at the position.

Next, the images printed by the test executing means
102 are read by an image scanner for example (Step S$2).
Then, the resultant data is processed by a computer prepared
in advance so as to calculate the tendentious displacement
“amount of the landing position (Step $3}. From the data
read by the image scanner, it can be detected 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 paper is calculated, and by putting
. the average position in contrast with the line position
printed by each printer~head chip 11, it can be calculated
_thét which printer-head chip 11 has the displacement
deviation of the landing position from the average position.

When the displacement deviation of the landing position

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



- 28 - chamber I12A and a heating resistor 13A. The planar region of the ink
liquid chamber 12 according to the first embodiment is substantially
square; whereas the ink liquid chamber 12A according to the second
embodiment has a circular planar region. In such a manner, the ink liquid
chamber may be rectangular or circular. In the region of the ink liquid -
chamber 12A, the heating resistor 13A is arranged. The heating resistor
13Ais formed to have a longituelir?al direction in the line-up direction of
nozzles. An outline of a general square heating-resistor is shown by a
phantom line as a reference. In such a manner, according to the second
calcambegiment; cthedieating resistor d3Aisfoused toihave adongitidinal
direction in the line-up direction of nozzles. As described above, in the
disphanegingnb tHeribaticaheef thbeidmacimentbpetveernthéshozzicarddted
sistor becomes a problem; whereas accordln%to the

the heati
(Stepy Al embRENE So5T WNER b PO of FE AR I RSSEEEa BFY
tlmesﬁ@x‘?l%?@@h '%Wetlﬂgg'i%ql”@j%@ﬁ'gﬂ q]fili’ﬁﬁ%at&ﬁg @é@ﬁobﬁ%@er—

changes in ink ejection angle can be reduced because the heating

headregistor 13A issesurel\sarranged-ander the nazzlesiseantirgto; thehe
__embodiment, since the length of the heating resistor 13A in the direction
timipgrgehdienidingthe midguprdirecanasicholsied S Smararthaiadat of a

cOrrésgonding to each printer-head chip 11.

Then, the correction data is stored in the correction
data storing means 103 (Step $5). 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 timing control means 100 is
- enabled to éontrol the ink ejection timing from each
printer~head chip 11 according £0 Eﬂe correction data stored
in the correction data storing means 103.

In order to confirm the cbrrected,result, the test
executing means 102 performs the test pattern printing again
according to the correction data (Step S56). If the
correction data is correctly reflected, a straight line can
.be printed with high-accuracies, and as shown in the right
of Step 56} the linearity,:which is partly turbulent prior
to the Cbrrection, is modified. '

{Second Embodiment)

Fig. 6 1s a plan view of a second embodiment according

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



conventional square heating-resistor shown by the phantom line, changes
in ink ejection angle relative to the positional displacement of the nozzle
become larger in this direction. Thereby, the configuration can be
established to minimize displacement of ink landing positions in the
lining-up direction of nozzles and to allow the displacement to be
generated in a direction perpendicular to the lining- up direction of
nozzles. (Third Embodiment) Fig: 2& aplan view of a third embodiment
according to the present invention, showing shapes of the ink liquid
chamber 12A and a heating resistor 13B. According to the third
cham@rabodiddesinthezinkdigbith ghambés L2A HasZe. circular region in the same
wag as in the second embodiment. The heating resistor 13B is divided
in

GWOLATA GirE &P PePEndR bt B tie- fiG uptifdRESN 16t nozzles

accdfdifigame way s pdhe Iiatempaginent, In e eaing Pblalcd, e ;
according to the first embodiment, the region, in'which two-divide

whe riesistansel 3 mre plagerhendiamng; ie substantiallysayatessharedecond
whereas according to the third embodiment, the region, in which

emboigedividdthresistorsr3B are plhsed endag od,.is fectangtharshapeter,
and having a longitudinal direction in the line-up direction of nozzles as in

the drlsebbadsmbbamRst. 557 Rich aHARHAIE A alb GiHIsd LagblisHéed
the g@gion of the ink liquid chamber 122, the heating

resistor 13A is arranged.

The heating resistor 1334 is formed to have a
longitudinal direction in the line-up direction of nozzles.
An outline of a general square heating-resistor is shown 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 resistor becomes a
problem; whereas-acéordinq tQ the second embodiment, even
when the position of the nozzle is displaced to some extent
in the longifudinal direction of the heating resistor 133,
changes in ink ejection angle 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 13A in the direction perpendicular to the

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



minimize displacement of ink landing positions in the lining-up direction of
nozzles and to allow the displacement to be generated in a direction
perpendicular to the lining- up direction of nozzles. (Fourth Embodiment)
Fig. 8 is a plan view of a fourth embodiment according to the present
invention, showing shapes of the ink liquid chamber 12A and a heating
resistor 13C. According to the fourth embodiment, the ink liquid chamber
12A has a circular region in the sarme way as in the second and the third
embodiment. Furthermore, the heating resistor 13C is divided into three
in a direction perpendicular to the lining-up direction of nozzles. When the
 convkesistenis divgdad rié iseetdinitedte Desdiyidednh i twe, anckit prayaem
divided into three, as the heating resistor 13C. If divided into three, it is
linepotahevegsanyito egkakzeslendiis intied tonyitlidindidirdstiobhias in this
embodiment. According to the embodiment, the central resistor.13C is

| PosijbhgRiih PeIBAgiiRa dirktidh thdtf d SiRT yPer AAdRvert ™ this

' airelEsisigrs sous to agree with the region of the ink liquid chamber 12A.
' éisth Embodiment) Figs. 9 to 11 are drawings showing a fifth embodiment

ofthe-piegentiveption: ikja3 isid planavieweaFigs £81S 1 Shea sestional

view (side view) of Fig. 9 viewed in an arrow A direction; and Fig. 11 is a
ninigdctivndisehefromvievofink landing positions in the
lining-up direction of nozzles and to allow the displacement
ﬁo be generated in a direction perpendicular to‘the iining-—
.'up direction of nozzles.

{Third Embodiment)

Fig. 7 is a plan view of a third embodiment according
to the present invention, showing shapes of the ink liquid
chamber 12A and a heating resistor 13B.

According to the third embodiment, the ink liquid
chamber 12A has a circular region in the same way as in the
second embodiment. The heating resistor 13B is divided into
two in a direction perpendicular to the 1inin§—up diréction
of nozzles in the same way as in theAfirst embodiment.

In the heating resistor_l3 according to the first
'embodiment, the region,_in which two-divided resistors 13
are placed end to end, is éubstantially square—shaped;
| whereas according to the third embodiment, the région, in
-which two-divided resistors 13B are placed end to end, is
rectangular—shaped and having a longitudinal direction in

the line-up direction of nozzles as 1in the second embodiment.



Fig. 9 viewed in an arrow B direction. According to the fifth embodiment,
the nozzle sheet 17 has nozzles 18A different from the nozzles 18
according to the first embodiment. An upper opening of the nozzle 18A is
circular-shaped as in the first embodiment; whereas a lower opening
(nearer to the heating resistor 13B) is elliptical- shaped and having a
longitudinal direction in the line-up direction of nozzles. The ink liquid
chamber 12B is communicated witl¢he- nozzle 18A and has an elliptical
cross-section identical to the shape of the lower opening of the nozzle
18A. The heating resistor 13B is divided into two ina direction
pe&rpendicular te thediningeyp ditectioncofqzozzies inthebSambaadyias in
the third embodiment shown in. Fig. 7, while the region, in which

minifpirdivideantdcensBR arelpkcdd ki ® ae i ictignddlart&taped

. .and having a longitudinal direction in the line-up, directian of npzzles. In
i R el S 08 LERTE et o ThL b oA Baanen

to bAkanding pasitions in ie-lipipgp dikeghionainpzziesand ipaliopn iy
displacement to be generated in a direction perpendicular to the lining- up

up ddirestiohat nogzlesz e .same way as in the embodiments described
above. 32 In addition, as shapes of the nozzle other than these
adEsrainghofie ediBsdiment, while the upper opening of the nozzle is

Cg:gljg!?r_gh%%edé t?)‘ié%w%ri%%en(i) gn a%/otl)lerth embodiment according
to the present iﬁvention, showing shapes of the iﬁk liguid
chamber 122 and a heating resistor 13C.

According to the fourth embodiment, the ink liguid
chamber 12A has a circular region in the same way as in the
~second and the third embodiment. Furthermore, the heating
vresistor 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 not necessary to
equalize lengths in the longitudinal direction, as in this
embodiment. According to the embodiment, the central
resistor 13C is longer in the longitudinal direction than
the other uppér-and lower resistors so as to agree with the
region of the ink liquid chamber 12A.

(Fifth Embodiment)

Figs. 9 to 11 are drawings showing a fifth embodimént

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



rectangular-shaped and having a longitudinal direction in the line-up
direction of nozzles, for example. The region of the ink liquid chamber
may be rectangular-shaped. The embodiments according to the present
invention have been described as above; however, the present invention
is not limited to these embodiments so that various modifications may be
made as follows, for example. (1) The embodiments exemplify the heating
resistor divided in the line-up direc8an ef nozzles, the ink liquid chamber
with a region having a longitudinal direction in the line-up direction of
nozzles, and the heating resistor formed to have a longitudinal direction in
a sdhelineap direationsatinozzles;)aliemativgly, any madificationanay Peow A
. made as long as it combines one or more of the above structures
dirqR&rktfith. fCTHE therfial pRinfertfeatiichim11 hasheébhmescrivégw) of
ac&o%di'n%to the embodiments; alternatively, an electrostatic ejection

PG syZtetit Ghah pidz88IeRE RO et &7 BeARcorporated. The electrostatic
- ejRel-RySt ‘@C%Qgsf&g@ﬂhgﬁggéﬁmg%/,d%ﬁgp%%%gi@egheet 17
~underneath the diaphragm with an air space therebetween, as energy
has generating meandi Tire Sen diaphsagneisdewnwaukdefiecied by &oRlying,
a voltage to between both the electrodes, and then the voltage is reduced
the (§igrvsoaubriiaiegse - an dlecapstic doen IAUthis tithe; ink iszdjectbdA is
. usﬂnq:an elastig force, groduced,by the .
circular—-shaped as in the first embodiment; whereas a lower
opening {(nearer to the heating resistor 13B) is elliptical~
shaped and having a longitudinal direction in the line-up
direction of nozzles.

The ink liquid chamber 12B is communicated with the
noZzle 18A and has an elliptical cross—section identical to
- the shape of the lower 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
same way as in the third embodiment shown in Fig. 7, while
the region, in which two-divided resistors 13B are placed
end to end, is rectangular-shaped and having a longitudinal
direction in the line—up direction of nozzles.

In such a structure, it may also be established to
minimize displaéement in ink landing positions in the
lining-up direction of nozzles and to allow the displacement
to be generated in a direction perpendicular to the lining-

up direction of nozzles, in the same way as in the

embodiments described above. .



diaphragm returning back. The piezoelectric system is a deposited layer of
a piezoelectric element with electrodes formed on both surfaces of the
element and a diaphragm, as energy generating means. If a voltage is
applied to the electrodes formed on both surfaces of the piezoelectric
element, a bending moment is produced on the diaphragm by a
piezoelectric effect, so that the diaphragm is deflected. Using this
deflection, ink is ejected. (3) Aceording-to the embodiments, the line head
having the printer-head chips 11 lined up in a line is exemplified;
alternatively, the present invention may also be incorporated in the line
head havingicalor printerhpad chipslireduyimplumiiises (prinierhead
chips 11 are arranged lengthwise and crosswise in blocks as a whole).
accou) Negolding tethendmd ddisndnts vinihe dirbetiorrperpemticuilagtothethe
lining-up djrection of the nozzles, the _displacement of ink landing

10z Z3&sidch TS HRifTze Hkvel P id ABETe RRERHY Y0 BRYsthgently in
rectheAIELHON RErpEN %‘&H lgr 1o iﬁ%l io[lfi ?gﬁgﬁ?ﬁg&?gm 4a0{ the 0ozzleq Far,

example, even it the displaceme positions IS
the Maxkniagd iy aslirection deviated by an angle &kahpulel0 fropktheegion

direction perpendicular to the lining- up direction of the nozzles, the same
of té@/amégéstmlthé pf@mmvmﬁob@awmmanéd.r@Mmﬂing to the
egggxgggggigg;%gﬂgégzrding to the present invention have
heen described as above; however, the present invention is
not limited to these embodiments so that various
' modifications may be made as fqllows, 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 longitudinal direction in the
line-up direction of nozzles, and the heating resistor
fbrmed to have a longitudinal direction in the line-up
‘direction of nozzles; alternatively, any modification may be
made as long as it combines one or more of the above
structures therewith.

(2) The thermal printer-head chip 11 has been described
éccording to the embodiments; alternatively, an
electrostatic ejection system and a piezoelectrib system may
be iﬁcorporated.

The electrostatic ejection system includes a diaphragm

and two electrodes formed underneath the diaphragm with an

air space therebetween, as energy generating means. The



exemplified; however, the present invention is not limited to the printer
and various liquid ejection apparatuses may be applied thereto.
According to the present invention, the displacement of the liquid landing
position in a specific direction, such as the displacement of the liquid
landing position between liquid ejection units and between chips, can be
reduced as small as possible. Thereby, white stripes and stripes are
prevented from being produced-so3as to improve accuracies in the liquid
landing position. Since the displacement of the liquid landing position in
: a.direction being different from the specific direction and including a
diaptiregtioniperpendicalal tadfd speeific diregtipd ¢andpeacorrectedidhe o
displacement of the liquid landing position not only in the specific

betwgpshntButthiso 9k ecdiredn betRg diffeeent s 19d §paarid girs@mrced

to 02 including.a direetion perpendigular (o the.specific, directign.can, b
reduced. Thereby, accuracies in fié |qU|§| fan INg position can be

timefurthgemose dmpeoved- 33 1 GHAMSeh £ #quid giectian ppaAtuS by the
comprising a plurality of chips arranged in a first direction, each chip

diaploatpnisingta phutakty od tiguid ejection units disposed in the first direction,
wherein the liquid ejection unit comprises: energy generating means for

&ﬁﬁﬁ@ﬁﬁf@ 9$§ﬁc system is a deposited layer of a
piezoelectric element with electrodes formed on both
surfaces of the element and a diaphragm, as energy
generating means. If a voltage is applied to the electrodes
formed on both surfaces of the piezoelectric element, a
bending moment is produced on the diaphragm by a
piezoélectric-effect, so that the diaphragm is deflected.
Using this deflection, ink is ejected.

{3) According to the embodiments, the line head having
thé printer—~head chips 11 lined up in a line is exemplified;
alternatively, the present invention may also be
incorporated in the line head having color printer-head
chips lined up in plural lines (printer—head chips il are
arranged lengthwise and crosswise in blocks as a whole).

(4) According to the embodimeﬁts, in the direction
perpendicular to the lining-up direction of the nozzles, the
displacement of ink 1ahding positions is maximized; however,.
itris not_necessarily to be stringently in the direction
pérpendicﬁlar to the lining-up direction of the nozzles.

For example, even if the displacement of ink landing



ejecting liquid; a liquid chamber for pressurizing liquid by the energy
generated by the energy generating means; and a nozzle for ejecting the
liquid pressurized in the liquid chamber, wherein a plurality of the energy
generating means are provided in each of the liquid chamber, and
wherein the plurality of the energy generating means provided in each of
the liquid chamber are disposed in a direction being different from the first
direction. 2. A liquid ejection apparafus-comprising a plurality of chips
arranged in a first direction, each chip comprising a plurality of liquid
ejection units disposed in the first direction, wherein the liquid ejection
posigiaipnempsisesxdmergydeharatingimeans for gbmeiatingcerieygyforangle
ejecting liquid; a liquid chamber for pressurizing liquid by the energy =
of aBé’Hé:ra%é)d by Hie &Gy Hererath R niRereeRd 5 bz Fle 6r aﬁﬁtiﬁgwg—

up 1A PIEESizedin (e, M ehamer ereln A epion.df the Iy

chamber has a longer "longitudihal direction an a Shorter transverse
presdifiectiony<and the lepgitudinatdirectien is in the first direction. 36 3. A

liquid ejection apparatus comprising a plurality of chips arranged in a first

ditettidweaohichip to the embodiments, the printer is
eXemplified; however, the present invention is not limited
to the printer and various liquid ejection apparatuses may
be applied thereto.

According to the present invention, the displacement of
the 1liquid landing position in a specific direction, such as
the displacement of the ligquid landing position between
iiquid ejection units and between chips, can be reduced as
small as possible. Thereby, white stripes and stripes are
prevented from being produced so as to improve accuracies in
the liquid landing position.

Since the displacement of the liquid landing position
-in a direction being different from the specific diréction
‘and including a direction perpendicular to the specific
‘direCtion can be corrected, the displacement of the liquid
landing position not only in the specific direction but also
in a direction being different from the specific direction
and including a direction perpendicular to the specific
direction cén be reduced. Thereby, accuracies in the liquid

ianding position éan'be furthermore improved.



comprising a plurality of liquid ejection units disposed in the first direction,

wherein the liquid ejection unit comprises: energy generating means for

generating energy for ejecting liquid; a liquid chamber for pressurizing

liquid by the energy generated by the energy generating means; and a

nozzle for ejecting the liquid pressusfzed in the liquid chamber, wherein

{Hherﬁ%ergy generating means is thermal energy generating means, and

wherein a region, on which the thermal energy generating means is

formed, hasia tonger I@@giﬁnﬂmﬁl daijiepﬁ(mam@a shatterfeansverse plurality

gwect on, and the longitudinal direction s in the fir tdlrectlon 4. Ali uig1

Joclion Bepar Bt TORTHSIGA pictalit) Ehips HERGL g frs e

céipetion each:chimenmprising a plutaligneidiquid ejaction unitsidispogedposed

in the first, direction, wherein the liquid ejection unit comprises: energy

l@eﬁ@r%ﬂﬁé?ﬁéaﬁyfﬁreﬁgﬁé?ﬁﬂng energy for ejecting liquid; a liquid

chamher-tor pregsrizing liguiddydhe epgrayngeneiaigs:bystbg energy
generating means; and a nozzle for ejecting the liquid pressurized in the

Ilqu@%ﬁ‘a”ﬁ?ﬂf)er%ﬁéﬁ%ﬁlﬁralﬁ&?éﬂﬁe %?@y@éﬁé‘?é%%@an?&?ergy for
ejecting liquid;

chip

a liguid chamber for pressurizing liguid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liguid pressurized in the
liquid chamber,

wherein a plurality ©f the energy generating means are
provided in each of the liguid chamber, and

wherein the plurality of the energy generating means
provided in each of the liquid chamber are disposed in a

direction being different from the first direction.

2. A liquid ejection apparatus comprising a plurality
of chips arranged in a first directicon, each <chip
comprising a plurality of liguid ejection units disposed in
the first direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing ligquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the Iligquid pressurized in the
liquid chamber,

wherein a region of the liguid chamber has a longer
longitudinal direction and a shorter transverse direction,

and the longitudinal direction is in the first direction.



arranged in the liquid chamber, 37 wherein the plurality of the energy
generating means arranged in the liquid chamber are disposed within the
liquid chamber in a direction being different from the first direction and
including a direction perpendicular to the first direction, and wherein a
region of the liquid chamber has a Is@iger longitudinal direction and a
shorter transverse direction, and the longitudinal direction is in the first

direction. 5. AligHit%kj&ctish ahParatiPedgriking 2 Profaifty b chipp turality
orarrangegdn afirstdirgstion, each chip eamprising;a plwalitysaf liquishch  chip

ejection units disposed in the first direction, wherein the liquid ejection .
COWRIT GrPHsEs: BB geheratihg TéBhsForfgiferatitly eHetdyforlsposed in

thelegting; kquid;.a liquid gchamber for pressurizing liquid by the energy
generated by the energy generating means; and a nozzle for ejecting the
liquiehsrESddviZeian HelWgdidchartbep whbréin L£HMRIIHEShe energy
gengratipg means,ae, i aRgedin e "q%fha@g_%w@ﬁg th@nergy for
plurality of the eénergy generating means arranged in the liquid chamber

e] aretdisPoseiwittiin the liquid chamber in a direction being different from

the Jfirgtiqirection aadneluding a direction peipendicylatd 4 by the energy

generated by the energy generating means; and

a nozzle for eijecting the liguid pressurized in the
ligquid chamber,

wherein the energy generating means is thermal energy
generating means, and

wherein a region, oen  which the thermal energy
generating means 1is formed, has a longer longitudinal
direction and a shorter transverse direction, and the

longitudinal direction is in the first direction.

4. A liquid ejection apparatus comprising a plurality
of chips arranged in a first direction, each chip comprising a
plurality of ligquid ejection units disposed in the first
direction,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liguid;

a liguid chamber for pressurizing liguid by the energy
generated by the energy generating means; and

a nozzle for ejecting the ligquid pressurized in the
ligquid chamber,
| wherein a plurality of the energy generating means are

arranged in the liguid chamber,



the first direction, wherein the energy generating means is thermal energy
generating means, and wherein a region, on which the thermal energy
generating means is formed, has a longer longitudinal 38 direction and a
shorter transverse direction, and the longitudinal direction is in the first
direction. 6. A liquid ejection apparatis comprising a plurality of chips
arranged in a first direction, each chip _comprising a plurality of liqujd

i ] et GG

cie SHRRATR ciposk TG Frst dirdetar, W& R (8 i BldetieRs means
ar Al gemprises: energyldenetatingmeans for ganeratiigenergy fowithin the
. ejecting liquid; a liquid chamber for pressurizjng_liquid he energy
L1 gBAGratEd BY U5 enehyy GenErafifi§ medhs; Qﬁd%‘-jnozgﬁg? Ejee%ﬁng%ﬁéj m the
£1 liguid gressutizechindhe liguid chamber, svhereirea ragian piibpdigdidcular to

chamber has a longer longitudinal direction and a shorter transverse
theyirdétiont £hdrhe tomgtudiafdirection is in the first direction, wherein the

eneygy. generating meansyis thermahenengyqgeneraiingrneansnad a longer
wherein a region, on which the thermal energy generating means is

Lonsrideed has & Ishier nbRtdisdl dir ctidtrdneed sHoFer fiaRstselirection,
andireetiom A i€ dinal direction is in the first direction.

5. 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,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liguid;

a liguid chamber for pressurizing ligquid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
liquid chamber,

wherein a plurality of the energy generating means are
arranged in the liquid chamber,

wherein the plurality of the energy generating means
arranged in the liquid chamber are disposed within the
ligquid chamber in a direction being different from the
first direction and including a direction perpendicular to
the first direction,

wherein the energy generating means 1is thermal energy
generating means, and

wherein a region, on which the thermal enerqgy

generating means 1s formed, has a longer longitudinal



longitudinal direction is in the first direction. 7. 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,
wherein the liquid ejection unit comprises: energy generating means for
generating energy for ejecting liquidga liquid chamber for pressurizing

_liquid by the energy 39 generated by the energy generating means; and a
difgsAé for ejéctihg the lighRLITESSUrizEE P IR RGuid CAARBE: Whereif®d  the

1oRllbs ohthe energy-gensrating meaps are: apanged etbeligyid
chamber, wherein the plurality of the energy generating means arranged
in the liquid chamber are disposed within the liquid chamber in a direction

being diffgrent;from dhe, fisstdiregtion and ineluding & gikection g a plurality
perpendicular to' the first direction, wherein a region of the liquid chamber '
of hasiidryer dengrndndl difeetionfand BigHoker tFHnsvEistUirectich2@hd Chip

coﬂﬁ%@QQW§ﬁ%”8H89§¥k§$1H@fE?éﬂ%ﬁ“%Hé@%&%ﬂtmiﬁ@ggﬁisposed in
generating means is thermal energy generating means, and wherein a
theediomsdn @hichehe thermal energy generating means is formed, has a

IOHQ%g@gﬁgmgﬁg liguid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liguid chamber for pressurizing liguid by the energy
generated by the energy generating means; and

a nozzle for ejecting the liquid pressurized in the
Ltiguid chamber,

wherein a region of the liguid chamber has a longer
longitudinal direction and a shorter transverse direction,
and the longitudinal direction is in the first direction,

wherein the energy generating means 1is thermal energy
generating means, and

wherein a region, on which the thermal energy
generating means is formed, has a longer Jlongitudinal
direction and a shorter transverse direction, and the

longitudinal direction is in the first direction.

7. A liguid 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,

wherein the liquid ejection unit comprises:

energy generating means for generating energy for
ejecting liquid;

a liquid chamber for pressurizing liquid by the energy



direction and a shorter transverse direction, and the longitudinal direction
is in the first direction. 8. 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, wherein each of the
plurality of chips has a configuratioBBthat the displacement between
o 1—?;%‘35@2 ddigecti S ofe li urid frometlglg rrg%%%ctiv?n Ii%%id g—:'jeé:tign units is
g NinimiZed ifrthe tirst (Jlllrecﬁgn,gand Whersihthe ‘ﬁqwa’ejecrﬁon apparatus
compriseszejeetiofidimingjeeniroh means:capalje ofiestablishingiejedtionn the
1 .timing of Iigu'd from the liquid ejection units of each chip in order to
*&brre tﬁ% ﬁl]ééement of the 40 liquid landing position between the
chipstie asnaviag slireetan efya tafgeilobjechwher liguid ésrejected imaans are
directio beingﬂgjitfferent from the first direction and including a direction
arﬁ%@ﬁ@ic&ﬁr Pe SR GRS Niquid ejection apparatus

comptisingia plunakity (of ehipsiarkangad inadirst disection,ach€iiPing means
comprising a plurality of liquid ejection units disposed in the first direction,

AT FHBHST eath of thE pldraMy of chfsPREE cofiguralibfitfisifie Within the
liQ_@E@@@Fﬁﬁﬁ@@B{VG@@ae@?“Qﬂ‘igg%@wﬁ OfﬂjGQﬁéro'ﬁﬁﬁ&_%@@“VQrom the
_liquid ejection units is minimized in the first direction while being .

first direction and including a direction perpendicular to
the first direction,

wherein a region of the ligquid chamber has a longer
longitudinal direction and a shorter transverse direction,
and the longitudinal direction is in the first direction,

wherein the energy generating means is thermal enexrgy
generating means, and

wherein a region, on which the thermal enerqgy
generating means is formed, has a longer longitudinal

direction and a shorter fransverse directicn, and the

longitudinal direction is in the first direction.

8. 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,

wherein each of the plurality of chips has a
configuration that the displacement between ejection
directions of liquid from the respective liquid ejection
units is minimized in the first direction, and

wherein the 1iguid ejection apparatus comprises
ejection timing control means capable o©f establishing
ejection timing of liquid from the ligquid eijection units of

each chip in order to correct the displacement of the



maximized in a direction perpendicular to the first direction, and wherein
the liquid ejection apparatus comprises ejection timing control means
capable of establishing ejection timing of liquid from the liquid ejection
units of each chip in order to correct the displacement of the liquid
landing position between the chips 4% a moving direction of a target object
when liquid is ejected in a_direction being different from the first direction

L1 gRéCinchififa dire B perpendfiial S the firStdirsctibh®10.4h & moving
difpparates aseording ta-glaim 8197 So whengin the pigctian iming featreld in a
means comprises: test-pattern data storing means for storing test pattern

di HatHfor perfofming lidtidt dig&idhfrom @ Teast 6he Sihe tiquitt&ettiaP™  @nd

indnits ok chipselacted frams theRIbralitaf £hipsoanth 41 fieskexecutidgt ion.
means for reading the test pattern data stored in the test-pattern data
storing means so as to execute liquid ejection according to the test

patigrn data.) 11, An apparaiusRECaiNgt9:Glaim-8.a5 9 whetein: thel urality
ejection timing control means comprises: test-pattern data storing means ,
of for Gtk test Gt data i6r pefornidd fduid Sé&RMHGH at leg&ch  chip

cmﬂgg Pi heliquid,gjgeton; ynjts of apchip, selecied from, thepluralitydfs posea in
chips; and test executing means for reading the test pattern data
the first direction,

wherein each of the plurality of <c¢hips has a
configuration that the displacement between ejection
directions of ligquid from the respective liquid ejection
units 1is minimized in the first direction while being
maximized in a direction perpendicular to the first
direction, and

wherein the liquid ejecticn apparatus comprises
ejection timing control means capable of establishing
ejection timing of liguid from the liquid ejection units of
each c¢hip in order to correct the displacement of the
liguid landing position between the chips in a moving
direction of a target object when liguid 1is ejected in a

direction being different from the first direction and

including a direction perpendicular to the first direction.

10. An apparatus according to Claim 8 or 9, wherein
the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for performing ligquid ejection from at least
one of the liquid ejection units of a chip selected £from

the plurality of chips; and



stored in the test-pattern data storing means so as to execute liquid
ejection according to the test pattern data while repeating the liquid
ejection according to the same test pattern data as that stored in the
test-pattern data storing means a plurality of times. 12. An apparatus
according to Claim 8 or 9, wherein 4he ejection timing control means
comprises: test-pattern data storing means for, storin%]test pattern data for

perfoffingditRifP e BfbrireHh 2t (e85t HRE OfME liGlia efdttion bifits 6 data
st ehipselestedifriam thesplupaliby-ef:ghipgest exacsting Meansfios readingas  to

the test pattern data, stored in the test-pattern data storing means so as to
exgg¥dfte ligiid Hedion Gctariiftf othe 189 phfternitfatd Cafd Bairé&ion data-

data storing means for storing correction data for controlling ejection

timing of liquid from the liquid ejection units of each chip, the correction

datd bein§detdRRinEd baseGirthietbadlt of thefigaitfejettion” exécutdperein

th by dhe.test sxequiing meansy 42 Jyharelmthe gigelion yaing of liquid from
the liquid ejection units of each chip is controlled at least in part based

updiethe toirbERdidat dtored MtAE EBEFectiBf 2ddta sifiig nfdemsing test
pa Con?r%ﬁ)?n%;r%a(?gg&pd:i;%ﬁ?gﬁmﬁgr %’i"&?ﬂ@in é?%@j@fgﬁn YO at least
one of the liquid ejection units of a chip selected from
the plurality of chips; and
test execﬁting means for reading the test pattern data
stored in the test-pattern data storing means sc as to
execute liguid ejection according to the test pattern data
while repeating the liquid ejection according to the same

test pattern data as that stored in the test-pattern data

storing means a plurality of times.

12. An apparatus according to Claim 8 or 9, wherein
the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liguid ejection units of a chip selected from
the plurality of chips;

test executing means for reading the test pattern data
stored in the test-pattern data storing means so as to
execute liguid ejection acceording to the test pattern data;
and

correction data storing means for storing correction
data for controlling eijection timing of iiguid from the
liquid ejection units of each c¢hip, the correction data
being determined based on the result of the liguid ejection

executed by the test executing means,



test-pattern data storing means for storing test pattern data for performing
liquid ejection from at least one of the liquid ejection units of a chip
selected from the plurality of chips; test executing means for reading the
test pattern data stored in the test-pattern data storing means so as to
execute liquid ejection according todthe test pattern data while repeating
the liquid ejection according to the same test pattern data a plurality of

a L
timBESHft-Corfeforfds stéHhg 1fr'}%.'r&l'féq‘or%lgori%@]%‘6f‘r@cti{:?)]rﬂloﬂ‘z;lt gt 1iquid

e Lontreling: gieetionstiming @f liquid fomdthe diguidejecion anits eteachin part
Chiif’ the correction data being determined based on the result of the
id

badgdid Bjeehion "Efectied b5 He Rt ckatating hfeBRS, whereihftfie efegiBRCE 100

datigning gtlhigiyd fregnthe liquid ejection units of each chip is controlled at
least in part based upon the correction data stored in the correction data

storing means. 14. An apparatus according to any one of Claims 1 to 7,

furthes compising gjection fiming conisalipeaps capable ofgestablishingherein

ejection timing of liquid from the liquid ejection units of each chip in order
the) @tret e dispicethen® bEthe liguRERAdiIFGPBSIlSS Bétween the

chipsda amgyipg giectipn.of a taggef opject whenliquid-43. is giegledina ogt
direction being different from the first diréction and including a direction
papépendidalaptolibe performing liquid ejection from at least
one of the liguid ejection units of a chip selected from
the plurality cf chips:
test executing means for reading the test pattern data
stored 1in the test-pattern data storing means so as to
execute liquid ejection according to the test pattern data
while repeating the liquid ejection according to the same
test pattern data a plurality of times; and
correction data storing means for storing correctiocn
data for controlling eijection timing of ligquid from the
liguid ejection wunits of each chip, the correction data
being determined based on the result of the ligquid ejection
executed by the test executing means,
wherein the ejection timing of liquid from the liquid
ejection units of each chip is controlled at least in part

based upon the correction data stored in the correction

data storing means.

14, An apparatus according to any one of Claims 1 to 7,
further comprising ejection timing control means capable of
establishing ejection timing of liguid from the liguid
ejection wunits of each c¢hip 4in order to correct the
displacement of the liguid landing position between the

chips in a moving direction of a target object when liquid



first direction. 15. An apparatus according to any one of Claims 1 to 7,
further comprising ejection timing control means capable of establishing
ejection timing of liquid from the liquid ejection units of each chip in order
to correct the displacement of the liquid landing position between the
chips in a moving direction of a targét object when liquid is ejected in a
direction being different from the first direction and including a direction

s pErpehlittiart® the FHSEGROR, wietef the ejddtibf timing Bhtrsi e THrst
di Feeansdaomprises: test-pattam data gtoring teans fos sfasingiestl patteo  the
_data for performing liquid ejection from at least one of the liquid ejection
£1xmits 84 ehip’SBlected from the plurality of chips; and test executing
means for reading the test pattern data stored in the test-pattern data
storing means so as to execute liquid ejection according to the test

patérn dafi 16PRF appaatus aEesidintfo BRy 8RY of BIginfT folpims 1 to

7, furtber gRAPHSIAG £iectian timing-eonttol means garahie: 0f esiablishing-apapie
ejection timing of liquid from the liquid ejection units of each chip in order

of torpkrelet theh HRPlaBafEftsihetidlidi nditg dostibktbefticdh thée 1iguid
e SRIPS dp a moving dirggtionof afargat phiect when ligwd isgjectedinact  the

direction being different from the first direction and including a direction
dipedpepdinelsr todfe filsediréétiphid landing position between the

chips in a moving direction of a target object when liguid
is ejected in a direction being different from the first
direction and including a direction perpendicular to the
first direction,

wherein the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for performing liquid ejection from at least
one of the liquid eijection units of a chip selected from
the plurality of chips; and

test executing means for reading the test pattern data
stored in the test-pattern data steoring means so as Lo

execute liguid ejection according to the test pattern data.

16. An apparatus according to any one of Claims 1 to
7, further comprising ejection timing control means capable
of establishing ejection timing of liquid from the liguid
ejection wunits of each <c¢hip in orxder to correct the
displacement of the liguid landing position between the
chips in a moving direction of a target object when liguid
is ejected in a direction being different from the first
direction and including a direction perpendicular to the
first direction,

wherein the ejection timing control means comprises:



wherein the ejection timing control means comprises: 44 test-pattern data
storing means for storing test pattern data for performing liquid ejection
from at least one of the liquid ejection units of a chip selected from the
plurality of chips; and test executing means for reading the test pattern
data stored in the test-pattern data4storing means so as to execute liquid
ejection according to the test pattern data while repeating the liquid

ejedtion HRBdiT T thé3hme RECFAtEHN dAa A Sred e tédtatiefh test

pa fatarsioring: Means a phrality-phitpes: 1fuAl aRppsatts deCording teadnyleast
one of Claims 1 to 7, further comprising ejection timing control means

ongablet Bfestabiishifly Sjeefon fhing ot iquicfonfthe idlid Tediohed from

th&nits of-each-chip in endepto. corrget the displacement of the liquid landing
position between the chips in a moving direction of a target object when

liquiek 55 ejB&R AW At eBRSH ISeid diffs RO/ thd first YbctiohtdiRrn data
stdicluding.a dirgefion perpepdicular fo the, fist direstiongvhgreinte 5o a5 o

ejection timing control means comprises: test-pattern data storing means

ex?@ﬁ%l@rinbit_@gt{i«%q@érﬁ Qi‘aié?for ééﬁ@rﬁﬁiﬁ@gqu?d?ejééﬁbnﬁ%ﬁ? attéddiern data
wh PPE ofthediguid.ejection unitsof gychip seleqted fram theplwality of +re  same

chips; test executing means for reading the test pattern data
test pattern data stored in the test-pattern data storing

means a plurality of times.

17. An apparatus according to any one of Claims 1 to
7, further comprising ejection timing control means capable
of establishing ejection timing of ligquid from the liguid
ejection wunits of each chip in order to correct the
displacement of the liquid landing positicn between the
chips in a moving direction of a target object when liguid
is ejected in a direction being different from the first
direction and including a direction perpendicular to the
first direction,

wherein the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for performing ligquid ejection from at Ileast
one of the ligquid ejection units of a chip selected from
the plurality of chips:

test executing means for reading the test pattern data
stored 1in the test-pattern data storing means so as to
execute liquid eijection according to the test pattern data;
and

correction data storing means for storing correction
data for controlling ejection timing of liquid £from the

liguid ejection units of each chip, the correction data



stored in the test-pattern data storing means so as to execute liquid

ejection according to the test pattern data; and correction data storing

means for storing correction data for controlling ejection timing of liquid

from the liquid ejection units of each chip, the correction data 45 being

determined based on the result of t4é liquid ejection executed by the test

executing means, wherein the ejection timing of liquid from tg[e' liquid, . .
b RO TS ot Kath RABTS cPtrdiiea of Fesdt h gt baSed tort e ection
exeatiectian datacsteregds the gercectipRgdat@stering means. 18. An

apparatus according to any one of Claims 1 to 7, further comprisin

ejechB fifiiy ddHtroPr85hed ERpabld™ bR Est@iisting &fettidr ﬁming@}bef liquid
e-jliid fflam.ihe iguid rejection upits of eachcchixinrderto correetdbe in part
displacement of the liquid landing position between the chips in a moving

bagirettidhPsith tdriy8t obfder WhkA Rhuidad gjectéPheddirkBtioh BRingorrection

dadiffereptremehadisstsdirection and including a direction perpendicular to
the first direction, wherein the ejection timing control means comprises:
test-pattern data storing means for storing test pattern data for performing

liquid ejection feip aklpast ope ob the;ligyid:glectarn URROf 3CPraims 1 to
selected from the plurality of chips;

7, further comprising ejection timing control means capable
of establishing ejection timing of liquid from the liquid
ejection wunits of each «c¢chip in order to correct the
displacement of the liquid landing position between the
chips in a moving direction of a target object when liguid
is ejected in a direction being different from the first
direction and including a direction perpendicular te the
first direction,

wherein the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for performing liguid eijection from at least
cne of the liquid ejection units of a chip selected from
the plurality of chips;

test executing means for reading the test pattern data
stored in the test-~pattern data storing means so as to
execute liquid ejection according to the test pattern data
while repeating the liquid ejection according to the same
test pattern data as that stored in the test-pattern data
storing means a plurality of times; and

correction data étoring means for storing correction
data for controlling eljection timing of liguid from the
liquid ejectior units of each chip, the correction data
being determined based on the result of the liquid ejection

executed by the test executing means,



test executing means for reading the test pattern data stored in the
test-pattern data storing means so as to execute liquid ejection according
to the test pattern data while repeating the liquid ejection according to the
same test pattern data as that stored in the test-pattern data storing
means a plurality of times; and corréétion data storing means for storing
correction ,data for controlling ejection timing of liquid from the liquid

ejeltSHEGHITS of BEcHFaris theorredtibRUafdl beindddterntingdbadyy  ++auid

e @Btthe result pf thediguigkejgction : pxecyted by the test exeputing means,n part
46 wherein the ejection timing of liquid from the liquid ejection_units of

PaGEh PR coitfollsiPatiesdtin parBhéed 86k itk coftechibif datprrection
dastored dxthegaregtian data storing means. LIQUID EJECTION

APPARATUS ABSTRACT OF THE DISCLOSURE In a liquid ejection

apparatus including a plurality of chips arranged in a specific direction,

each chip including a plurality of liquid ejection units juxtaposed in the

specific direction, the displacement of liquid landing position in the

specific direction is reduced. A printer head chip includes a heating

resistor, which is divided into two and arranged within one ink liquid

chamber. The two- divided heating resistors within the one ink liquid

chamber



are juxtaposed in a direction perpendicular to the lining-up direction of
nozzles. FIG. 1
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LIQUID EJECTION APPARATUS

ABSTRACT OF THE DISCLOSURE

-

In a liquiq ejection apparatus including a plurality of
chips arranged in -a specific direction, each chip including
a plurality of liquid ejection units juxtapésed.inlthe
specific direction, tﬁe displaceﬁent of liquid landing
position in the specific direction is fe&uced. A priﬁter
head chip includes a heating resistor, which is divided into
two and arranged within one ink liquid chamber. The two-
divided heating resistors within the one ink liquid chamberxr
are juxfépOSed.in a direction perpendicﬁlar to the lining-up

direction of nozzles.

FIG. 1



