- 1 LIQU D EJECTI ON APPARATUS BACKGROUND OF THE

I NVENTION- 1. Field of the Invention The present
invention relates to a technique that in a l|iquid
ej ection 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 gifplacenent of a liquid

ej ection direction between the chips is reduced. - 2.
Description of the Related Art Inkjet printers have
been known as an exanple of "a liquid ejection
appar at us havi h§QaIp| BVBCTIGN OAPBARPBEUS | uxt aposed in a
specific direction. As ink ejecting systens of the
i nkjet printer, there are a thermal systemfor

e ecting i nk using thermal energy and a piezoelectric
BACK§§QF§P1 FoFHEj ERVENGIPNK using a piezoel ectric
el enent. Also, froma viewpoint of an ink color, there
1. EKield o§j hBreIBvEBEL®Ype using one printer-head chip
and a color type using a plurality of printer-head
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specific direction, the displacement of a liquid ejection

direction between the chips is reduced.
2. Description of the Related Art

Inkjet printers have been knbwn as an example of a
liquid ejecfion 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
ejecting ink using thermal energy and a piezoelectric system
for ejecting ink using a piezoelectric element. |

Also, from a viewpoint of an ink color, there aré a
single color type using one printer-head chip and a color
type using a plurality of printer—head chips 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-colot, 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 col or
so as to forma 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 nore
numerous printer-head chips 1 are arranged in
practice. Each printér-he%g chip 1 has a plurality of
nozzles la formed thereif, each having an ejection
hole for ejecting ink. The nozzles |la are juxtaposed
in a specific direction, which agrees with the width
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of the printer-head chips 1 are arranged in the

the wigbite -deradivmed ohauiinitcing meqewrfondjagertolor so as
printer-head chips 1 are arranged so that the

to fegpeching hﬁ?zﬂzﬁg@; |2a Wigkdr edfciFhst marindhing girghes of
t he nozzles | a between adjacent printer-head chips 1
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which agrees with the width dlrectlon of prlntlng paper.
Furthermore, a plurality of the printer-head chips 1 are
arranged in the above-mentioned specific direction.
Adjacent printer-head chips 1 are arranéed S0 thatithe
respective nozzles la face each othef while pifches of the
nozzles la between adjacent printer-head chips 1 are in
.consecutive order {(see a portioﬁ-A in detail).

| Moreovef, an example-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
x(heat) ink ejecting within the ink liquid chamber. The
noézle is formed on the upper surface of the ink liguid
-'ehamber and consfituted such that therinkrpressﬁrized within

the ink liguid chamber is ejected from the ejection hole of



plurality of heating resistors divided within one ink
liquid chanber has been known. Fig. 13 is a plan view
of . an exanpl e having two-di vided heating resistors
within one ink liquid chanber. The region of the ink
liquid chanmber 2 is substantially circular, and a
flow path 2a communicated with an ink |iquid chanber 2
is fornmed in the |ower part of the draw ng.
Furthernore, two heatiﬁg:%ééistors 3 are arranged
within the ink liquid chanber 2 in the |ining-up
- directi-on of nozzles (in.the right and left view ng
the hdezDeawi ng). As such an exanple, in a divided type in
whi ch the heating resistor 3 is halved ‘
[ Tongiddidiimal [ty, theneexanpd enitdtting s Fingde \Wed e riche
l ength is the sane, the resistance of the heating
- resigest swbrh j thelouit edi quid t dleanlyer di aneldier hea igving a
resistors 3 are connected in series, the resistance
plurgiblly upf dreating reesbtit ofs stithidedtwiichin eone bk liquid
follows. In order to filmbail ink (a phenonenon of an
chambey has KAFHIEPBH i ng menbranously)'in the ink liquid
chanber. 2; it is necessary to heat .the heating L. ’
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heatihg resistors 3 are arranged within the ink ligquid
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 resistaﬁce of
the heating résistor 3 is doubled. If the two-divided
heating resistors 3 are conneéted in series, the résistance
Quadruples.

' The reason of such a structure is as follows.

V,Iﬁ drder:to filmvboil ink (a phenomenon of an entire
.sufface.boiling membranously) 'in the ink liquid chamber 2;
it is necessary to heat the'heating resistér 3 by supplying
‘a predetermined amount éf-electric power to the heating

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



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 viewof the material and the strength (durability)
sel ected as for the heating resistor 3, there is a
predetermned limt in the reduction of thickness.
Therefore, the resistance fhas been increased by
dividing the heating resistor 3. However, 'there have
been the follow ng problens in the conventiona
ink ischfiequeddestri brd absvetafifer st Huebl emt H 4 Shecessary
during the ejecting ink fromthe printer-head chinp,
to intressédehé éhattthe tukrbetefechedppesp@ndis utiegt Yoy o
the ejection surface of the printer-head chip;
incraasener thet hes bsharceasEstibeheating epest s bgr ahgl eheof
ink is not perpendicul ar depending on various '
filmfbeibirg Feor lexapptEormedtwieth hthepsmapll nterréread
chip, during the bonding a nozzle sheet having
MOEARY 6 eth tHertevh, fonh nases ipsh erl eninfiac s usfremie can
. ink liquid chanber having the heating resistors 3.,
be reduced shit stbfenteRdPiRg ntRaRe WoP¢ i vrluradweent® he
.Inhk liquid chanber/the heating 5 resistors 3 and the
additiony e FULCH O oHt HHIGENeSR HbZMe hapddng Fesistor
bonded sq that the center of the nozzle is_ |qQcated . at
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resiégogrgi there is a predetermined 1imit in the reduction
of thickness. -Therefore, the resistance has been iﬁcreased
by dividing the,heating resistor 3.

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

(First Problem)

First, during the ejecting ink from the printer—head
-éhip, it is ideal that the ink be ejected pefpendicularly fo
the ejection surface of the printer-head chip; however,
there afe Casés 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, on-
the upper surface of the ink liquid chaﬁber haviﬁg the
heating resistors 3, the dispiacement in the bonding

position between the ink liquid chamber/the heating



center positions of the ink Iiquid chanber/the heating
resistors 3.and the nozzles are displaced, the ink is
not ejected perpendicularly to the ejection surface.
Al so, the displacenent due to the difference in the
.thermal expansion coefficient between the ink liquid
chanber/the heating resistors and the nozzl e sheet may
be . produced. Wien ink is ejected perpendicularly to
the ejection surface, an ? nk drop is |landed at a
precise position. if the ejecting ink is displaced by
an angle of from ,perpendicularity, the
residitopkadenrdt theé hbezlasdhpgspeshtppdbleh.t heri fike hopPzle
AL is expressed. by: AL G X tan wherein the distance
sheepeiwebanthd spethabntber tanteandsthike pnontiagipapetated
o surface (the landing surface of the ink drop) is.G
- at thgefiepheryof tbGZlnh1liqulﬂhehamk$etthgsheay1ng Vhen
such di spl acenent in the ink ejection angle is
resigbAEfafedinkhési rhgetedaperpendipotanty i tedtke mich in

t he seri al %ﬁtenl whereas in.the line system it ,
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thermal expansion coefficient between the ink liquid
‘chamber/the heating resistors and the nozzle sheet may be
prodﬁced. o

When ink is ejected perpéndicularlyrto the ejection
surface, an ink drop is landed at a-préciSe position. If
the ejecting ink is displaced by an angle ofl9 from
perpendicularity, the displacement_of the landing position
of the ink drop AL is expressed by:

AL_= G x tan O,

wherein the distance between the éjection éprface and
the printing paper surface (the landing surface of the ink
drop} is G (generally 1 to 2 mm fdr the inkjet system) . -

When such displacement in the ink éjection'angle is
generated, the image_quaiity is not noticed so much iﬁ the

~serial system, whereas in the line system, it becomes a

problem. This will be described as follows.




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 1A for the NNth and the (N + 1)-th tine.

Al so, as shown by an arrow in the sectional view Fig.
.14 shows an exanple of the ink ejected at a slant in

the left in.the draw ng, L& in the conveyi ng
direction of the printing paper P. At this tine, the
ink landing position is displaced in the left in the
draw ng; however, even if the ink is e ected at a
sFagt W ihelddesh armeagiafal heidveachdl,a flen exiawl e,
the ink is ejected at the same angle also at the (N +
showingt pnndwbgg-pThet bigr statheusbmpezthieond pbk thaning one
~. . between the | anding position of the head 1A in the
pringgychentd chip imethetseriad areitehe | Bndikeg pectioont
, of the.head 1A in _the novenent for the (N + 1)-th
view; pheFig- nbt. nbt iREbBFERI TPARET P 1het? ¢d appeing
. the hnage grintin is perfornmed _ by the sane head 1A
Fixedyy Fhg PR sEaRTeTFOPENEY RE T SHRIELS R hERR t he
- . Nth and t (N + 1)-th noving, Al so,. in the case where
prinfipg ea%?’ég%e o ains) ST e B SR hA g iR Tt
f the head, 1A . although the. ink is. _l.anded out . of
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g posi ?LPons %%%ltqﬁgg%{]oealdéf%{?oor t he E’getaﬁ?al\r%%%lg . rtg_th
and the- IR fiMe-ehegfore, also in this case, the
di spl acenent of the ink |anding

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 conﬁeying 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)u£h moving. Therefore, the connection portioh
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 + 1)—th time'is not.noticeable-
That is, the reason is that the image printing is performed
by the same head 1A having the same ejection characteristics
both at the N-th and the (N + 1)*th moving.

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



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 msalignnment is
produced in this case. However, since the resolution
of the color msalignnent in hunan eyes i s not so

| arge, the msalignnent of a single color is scarcely
recogni zabl e even in the tase of docunents where the
color msalignment is nostly recognizabl e_ For col or

i mges such as a photograph, a technique may be
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times with different nozzles in one printer-head chip
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within the printer- head chip, so that the col or

ends nisathemhth | &i searioet yof reco g zahiey gdger 1, the ink
: i ncludes a sectional view and a plan view shomnng an
landip@mgeepiiinn rmyt sthe eends tie thaeviibad. dilrsdhtomsh idE Rilge
12 (line head having a .plurality of printer-head
pringipgParsr B ig rlmi'geﬁlangetd]éoéhwarg nasddireqiditisfns of
the nozzles la). Referring to Fig. 15, if printing
the %r b for g iNiekle PG thei #§ fi kbdtht hémei neTheadfore,
es not nove in the width direction of the
also p]rrf rﬁ Iy Fser Ppitisprceadmathdhepiek kandimg
ower, dlrectlon in_the plan view so as to print

pOSlqﬁﬁﬁ; N & 1EEE 6nal view of Fig. 15, three N-th,
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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 resolutlon of
the color mlsallgnment in human eyeé is not 50 large, the-
misalignment of a single color is scarcely recognizable even
in the case of docﬁments where the color misalignment is
mostly recognizable.

For color.images such as a photograph, a technique may
be freguently used, in which ink is landed in plural tiﬁes-
with different nozzles in one printer—head.chip for the same
. color so as to defuse the displacement within the printer-
'head chip, so that the color misalignment is écarcely
recognizable.

Fig.'15-inéludes a sectional view and a plan view
showiﬁg an image—printing state ip the line head.lo shown in

Fig. 12 (line heag having é_plurality of printer—head ChipS



are shown. The sectional view shows exanples 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;, inthe (N+ 1)-th printer-head chip 1, ink is
ejected at a slant in the right of the drawi ng as
shown by an arrow, and in the (N + 2)-th printer-head
chip 1, ink is ejected verhically~mﬁthout sl anting as
shown by an arrow. AccordiAgly, in the N-th
printer-head chip 1, ink is |anded away fromthe
reference position in the left; and in. the (N +
1 argpnghdpibntbe- Adadnghiup Hirenkibs baindde away lfsoma) .
the reference position in the right. Therefore,
Refepgingetho Bagh the pflprentheadpebepsP1;S|nhne&dbaededs
. in_the direction noving away fromeach other. As a
beingefiged, pehaedhnet heatt gﬁ gpeAt Bpthmatrec hinp theawddthe
. %E\+ [)-th printer-head chip 1, a region is forned
diregfipg Pﬁkthg RELNEBYt BAPETHE bpEnwoNeadfromdsbe mpper

ve int width direction_of the 9 printing paper P
to t ﬁtfgﬁ?ﬁ HbgﬁgtFﬂnaﬁnanﬁmpﬂ?PeH%?UnSPnaFh§° BFraRt

ima gIGMI Ther eby, between the N-th printer-head chip 1
9°2nhd the (N + 1)-th printer-head ch|p 1 a white
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sl an e reference position
are fetween the (N + 1)-th printer-head Chlp 1 and the (N
+ 2)-th printer- head chip 1, a region is forned where

IT@vdisieg: 3% MW ishows examples that in the N-th
pripteruhead'chip 1, ink is ejected at a slant in-the.left
of the drawing as shown by an arrow; in the (N + 1)-th |
printer-head chip 1, ink is ejected at a slant in fhe right
of the drawing as shown by an arrew; and in the (N +‘2)—th
printer-head chip 1, ink is ejected vertiCally~without
sianting as shown by an arrow.

Accordiﬁgly, in the N~th printer—head chip 1, ink is
lended away from the reference position in the left; and in.
the (N + 1)-th printer;head chip 1, iﬁk is lanaed away from
. the reference p031t10n in the right. Therefore, between

both the prlnter—head chips 1, ink is landed in the
' direction moying 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 direcfion of the




the ink are overlapped wth each .other. Thereby,
there has been a problemin that inages are
di sconti nuous or stripes C are produced so as to
reduce printing image quality. O her than the case
where the ink |anding position of each printer-head
chip 1 is displaced in the lining up direction of the
nozzl es as described above, it may be displaced in
the.noving direction of the printing paper P in sone
cases. Fig. 16, in the sane manner as in Fig. 15,
i ncl udes a sectional view and a plan view show ng a
Prinpingtpaper st dpeti onthemdves heasn 18rréigditécshomsianthe
“exanple in that the ink landing positions of the N-th
planpyiew er - Heemelyi ppategen t blee (1% th 2)x Mt herphéad ech hpall
R .chip 1 are not displaced in the noving 'direction of
and £he B ihtdhgthapeintennhead eleip nk, |andibge posipeoh is
-~ of %he (N + 1)--th printer-head chip 1 is displaced
produced h LefiiLIRG PRSI BAIE HEBEI L ng paper P upward
3%-- 1Q t?ﬁkplan view. In such a manner, in the case
&P e Tk SERIMAY FSs MG Re Uit Vspe ¢ iFa H@ the
Vi disrectign of the rinting paper P between the
w o+ B SR Sl bl S ed ost & Lant
PR i on the plan viegw . ver, this
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- Therefore, this displacenment scarcely fects the
the iInNKA@E&e overlapped with each other. Thereby, there has
-been a probleﬁ in that images are discontinuous or stripes C
are produced so as to reduce printing image quality.

Other than the case where the iﬁk landing position of
each printer—head chip 1 is displaced in the lining up
direction of the nozzles as described ébove, it may be
displaéed in the moving direction of the printing paper P in
some-césés. 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 Eead 10.

Fig. 16 shows an example in that ﬁhe ink landing
_pqsitions~of the N-th printer-head chip 1 and the (N + 2)-th
brintei—heéd chip 1 are nof displaced in:the moving
direction of the printing paper P while the ink laﬁding
position of the (N + 1)-th printer-head chip 1 is displaced

in the moving direction of the prihting paper P upward on



printing quality. In addition, in the case where the
ink landing position is displaced as described above,
t he conspi cuousness of the stripe depends on the kind
of images to be printed. For exanple, in docunents,
since white spaces are great, even when a stripe is
produced, it is inconspicuous. \Wereas when
phot ographi c inmages are printed with full color on the
substantially entire regi d® of the printing paper P
even a small white stripe nmay be conspicuous. In the
above-description, the ink | anding displacenents in
the phenl i@kekg-up direction of nozzles and in the noving
- direction practice, chips and of the printing paper
PIareuch | astamied, im phé chass refierdetheeinkt htanding
j uxt aposed printer-head di splacenents in the
positaevat iendisdiaeedi bn nhy absdnbedpreduied. of Senand
Problem) In a printer-head chip | with each ink liquid
pringhngbpepehaRihgteaenhthei pgineershead chkppripi tige
) .éfiln1boi|ing) by the heating resistor is perforned
dispbargngnt opePes . S Hemevee  aassBhvanonntie gplag, viewt he
case where-each.ink [iquid chanber 2 has the heating
Howeygg; sthis lapdiye Pont blepodisplarehereneppear praguzed
e time unti] arriving at_the tenperature at

step wawfkg ach Medt iy rest st oro 3L 1o 9B FEpHRtion
position, and it is not so conépicuous as the above-
-mentioned displacement in the lining-up direction of nozzles.
Therefore, this disblacement 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
Jexample, in documents, since white spaces are great, even
when a stripe is produced, it is incﬁnspicuous. Whereas
when photographic images are printed with full color on the
' substantia;ly entire region of the printing paper P, even a
-small white stripe ﬁay be conspicuous.
In the above-description, the ink landing displacements
'in the lining-up direction of nozzles and in_thermovingi
direétion of the priﬁting paper P'are-illustratéd; in
'_practice; pitch errors between the juxtaposed printer¥head
chips and displacements in the rotational direction may. also

be produced.



(tinme until bubbles are produced), .so that there may
be a problemthat the two heating resistors 3 may not
filmboil the ink sinultaneously In such a manner, if
there is a difference in the time wuntil arriving at
the tenmperature at which two heating resistors 3
filmboil ink, the ink ejection angle deviates from
‘the vertical direction, sg_that there is a probl em of
reduction in printing iﬁagé quality due to the
di spl acenent in the ink | anding position, as
descri bed above. Fig. 17 includes graphs show ng a
r fextdarahghighbmtween a tinme difference until ink
bubbl es are produced by each heating-resistor and the
ik ejraciniter-dmpd, chilrerl diivitdeghcthdatk Ag.qudsi sthamber
~.shown in Fig. .13 are provided. The values in these
having s9me beatohg araells byr colmiuterimimul &fibw. bdil itms by
raphs, the X-direction (remark: not referred to the
the ReatingaresishergiapRyrferaedi aAnhy- ap @neetdimen ofiowever,
nozzles (the juxtaposing direction of the heatin
as shaun A BT whit &l BBe ¢3Re WRRTRRIh Hendiaidhot
referred tq the ordinate of the raph) is a direction
chantiSy & 1% e HertiRg Eeh T oh Promad vyt a
. irecti.on of the printin aper). .ln addition, th
a1 ££E1deEEd U Aot i i Bl adrieah Saab s dhe
[ bsci,.ssa as. data i.n.these graphs;.. in
‘temp Eie}lxagér#p es# ﬂ; Iﬁ)}{v\]iﬁc}?nealéhg%ef%maq e §r ﬁclérp' 231@ gsp4nk
: : A ival i stan j fference of 3%
T S R

probl%ﬁ“iﬁféalte@hé Gvid rﬁe%ﬁtrﬁﬁ(‘ree51@tfofrq e_irl‘fr%}pfno%b%litlm@%ooil
the ink simultaneously.

Iﬁ such a manner, if there is a differénce in thertime
until arriving at the temperature.at which two heating
resistors 3 film-boil ink, the ink ejectibn anglé deviates
lfrom the vertical direction, so fhat there is a_prdblgm of
reduction in printing'image quality due fo 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 ejectionrangle, whén divided
heating resistors shown in Fig;‘13 are provided. The values
in these gtaphs are obtained by.computer simulation. 1In
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



As is understood fromthese graphs, the displacenent
of the ink ejection angle in the X-direction
increases as the difference in tinme until bubbles are
produced i ncreases, while the displacenent of the ink
ejection angle in the Y direction is scarcely affected
by the difference in tinme until bubbles are produced.
Figs. 18 and 19 are graphs show ng actual neasurenents
obt ai ned from an actual 'y lganuf actured printer-head
chip wth each ink liquid chanber having the heating
resistor divided into two, as shown in Fig. 13. This
the prdnrecthead (rehhpkhagoB3be @ZEE@Sto afletddinate of the
di spl acenents of the ink |anding position were
graphkassr eddioecedach pergbedidulise %' dhéegtdDRedth®n (the
lining-up direction of the nozzles and the
convepkngpdsragtioneofi the oprimel mgapamegry esi stors) and
the Y direction (the direction perpendicular to the
An gldietigmn)the Rlif fer@®siwovin diigp asengntaibdbles are
plotting the displacement of -- 13 the ink |anding
prodyeritipnplattad ko dihecahorissn tdme dbbeiUsathesrl gimphs;
. di spl acenent of the ink landing position in the Y--
1n expuRtes ofhe¥nt He Bidi nate.a Asine difdfeamanmsl 9f dhihaseec
. ra.gf, in the printer-head chip having the heating
is e‘gb’s‘F DL dF Vi YerF It RS, AiHeranee 19hdi g ki ieime
'diffigadisplﬁc d in(ihe'x-direction_rather than in the
F-dTectt dttoth HY HEC tife 9BHgE IS He i isdanss

Al ' acement for, each nozzle is expressed by a
dlff%%éﬁ%%nﬁ#ﬁ%kguﬁfgihe ink landing position is

%Esﬁga%%%éfééggﬁ %&b%?%%%%%ogra£ﬁg,i@ﬁe displaéement of
- the ink ejection angle in the X-direction increases as the
difference in time until bubbles are produced increaées,'
 while ﬁhe 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
dbtained from an actually manufactured printer—head chip
with each ink liguid chamber having the heating resistor
‘divided into two, as shown in Fig. 13. This printer-head
thp has 336 ﬁgzzles, and the displacements of the ink
landihg position were measufed for each nozzle in the X-
'directign_(the lining—up direction of the nozzles and the

juxtaposing direction of the heating resistors) and the Y-

o _direction'(the direction perpendicular to the X?direction).

Fig. 19 shows displacements by plotting the displacement of :



| andi ng di spl acenent range forns an ellipse
longitudinally .extended in the |ining-up direction
of the nozzles. If a plurality of such printer-head
chips are arranged to forma |ine head, white stripes
or stripes may be liable to be produced, as described
above. SUMVARY COF THE | NVENTI ON Accordingly, it is a
problemto be solved by the present invention that in
a liquid ejecting apparatds having -a plurality of
chips arranged in a specific direction, each chip
having a.plurality of liquid ejection units juxtaposed

the iinkt handpagi pbsidi6RCLhOBheSHCAI B8R bhNENnNERE, abscissa

- variations in liquid |anding positions in the

and specifispldcerettoafatke faputefdidfeppsoblem daserkbed
above is solved by the followng -- 14 solving neans

diregtdéondingthe thédipatsent invention. In accordance with
an aspect of the present invention, a liquid ejection
alvp o At urdexaiprad efran pthesd Iquipdfs chimpstharpanges:tiead
a specific direction, each chip conprising a

chipphgy argt Yhefheqging %?%%%t%ﬁ dhy ided ukebpoted, | hhe hénk
specific direction, wherein each of the plurality of

1andbﬁ9p§°5h3%°%.%ﬁwﬁ%%ﬁ%%ﬁ@%nlmh%ﬂet¥mﬂkﬁ%%th9@n§ﬂt er than
g %ectlon directions of liquid ejected from

in t ﬁeYr %ﬁ% $3Q% 1§ quid ejection units is mnimzed in
t.he specifjc rection he .invention according to
RS el o,

edt,” &9PFE i Sicaddie i Atk ﬁilapéaqe&wnt
Aé“f&»moim SRLR L8R5 e s
landing position is displaced in the X-direction, the ink
landing displacement range forms an ellipse longitudinally .
extended in the lining—ﬁp direction of the nozzles. 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 INVENTION
Accordingly, it is a problem to be solved by the
- present 1nvent10n that in a liquid ejecting 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, such as a line head, variations
in liquid landing positions in the specific direction are
reduced.

The problem described above is solved by the following



.the specific direction, that is in the direction of
the juxtaposed liquid ejection units, the
di spl acenment of the liquid |Ianding position between
liquid ejection units and between chips can be
reduced as small as possible. In accordance with
anot her aspect of the present invention, a liquid
ej ection apparatus conprisesa plurality of chips
arranged in a specific diﬂébfion,_each chip
conprising a plurality of liquid ejection units
juxtaposed in the-specific direction, wherein each of
solvihg pkanal atyooflinghtpsthaspaecsenti guirahice@snt hat t he
di spl acenment between ejection directions of liquid
f Fometrerdaspectitie dn qaspecej ettt pédent Sinvention,
.minimzed in the specific direction, and wherein the
a lippgdi gl efbier orPRppatususowbrpseses. plaecalohy- of5chips
timng controlling nmeans capable of establishing
arrapgedt ipnet tReREE b digarbierentenb Chini dowpetsing a
1 uElts of each chip for each chip in order to correct
plurgf ity Qb btBHEdtcbeCthen PRYLS di raharagePosnt tbe
, between the chips in a noving- _direction of a target
specii G T b CItPTRI SEFIEPS Hhe tREUTEh) by YheAnips
iquld. is ejected on the target object. noving . L
has %eﬁg‘g‘%glv%‘r_@ae’{lo‘”%h ac‘hi‘b‘%ei@l T brP B eRE ar i ek bor
diredf oM. the- ific direction d including a djrection
crre p%rép?ésndﬁﬁgu]lsigﬁ{: Jtc% @tjheecg%%c#]f?%a%i‘? e%'?sl’%%‘?t’?‘ﬁet G
s ect IVENEA 19 3GC Qg g t cond aspect . since the
eJecdi spl aclerrent beltqiv\l/érﬁglngéé?ec i%ﬁe diTec |%%sd%lfe(fif]q%l?d
aieehed 1HLemiRe LeIReCtinve dd quid glecti on ynit g s
minimzed in the spec filél\égief’e%qﬁeor?%‘lpt%ﬁ%tt' Bl e
displacement between ejection directions of liguid ejected

from the respective liquid ejection units is minimized in
the specific direction, that is in the direction of the
juxtaposed‘liquid ejection units, the displacement of the
liquid landing position between liquid ejection units and
between chips can be reduced as small as possible.

In accordance with another aspect of the present
_inventioh, a liquid ejectiqn apparatus comprises ‘a plurality
.of chips érranged,in.a sbecific direction, each chip
comprisinj'a plurality of liquid ejection'units juxtaposéd
in the specific diréction, whgrein each of the pluralify of
chips has a'configuration‘that the displacement between
ejection directions of liquid from the respective liquid
ejection units is minimized in the specific direction, and

wherein the liquid ejection apparatus comprises ejection



direction of the juxtaposed liquid ejection units, in
the sanme way as the first aspect of the invention,
the displacenent of the liquid I andi ng position
between liquid ejection units and between chi ps can
be reduced as small as possible. Mreover, since the
di spl acenent of the liquid |anding position between
chips in a direction. bein% different from the
specific direction and Fh&luding a direction
perpendicular to the .specific direction is corrected
by. " the ejection timng controlling neans, the
timipgecohbnoll imggmeéns| cquadlér om ébeabl Gshing) €§&&000n
_.units of each chip is established for each chip.. -~
timing ofctbudidgiyomt bee di sghadeapattvbnthei ts quf deach chip
| andi ng -position not only in the specific direction
for gafhafhbp|hnorderetei onrbethgtiue fdbsphicémemttde the
.. . specific direction and including a direction
liquid, hapdiedlresiblemebepeesti the dfihies | bn Tambing
a3 reduced, BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
1reghley Phdbdtpedeh et 9t vievwporetegiedieelahiveil chip the
._constituting, a printer-head chip incorporated in a ,
chipg ey BT ot (R HUCRCINR drHPYo UHE P RBng
rinter-head

i ti : Fig..2 i i f th ]
retat {0l LOtend ! it 1 S A U e T AR R A rem
! t . t_ of ti . i St [
the ST (1% e AT AP K DA 4 RUSTEEIHG changes.

 perpddiidfar to the specific direction.

In the invention according to the second aspect, since
the displagement‘betwéen ejection directions of liquid
ejected from the respective liquid ejection units is
minimized in the sbecific direction, that is in the
diréctiqn-of the juxtaposed liquid ejection units, in the
same way as the'first aspect of the invention, the
displacement of thé liquid landing position between liqﬁid
'ejection units and betﬁeen chips can be reduced as small as
possible. | | |

-Moreovef, since the displacement of the liquid landing
position between chips in a direction being different from
“the specific direction and ihcluding a direction
perpendicular.to the specific direction is corrected by the
ejection timing controlling means, the ejectién timing éf
liquid from the liquid ejection units of each chip is

established for each chip.



| andi ng positions when an enbodi nent according to the

present invention is incorporated in a |ine head; Fig.

4 is a block diagram of a configuration of ejection

timng control neans; Fig. 5is a drawing for

illustrating a method for reducing the displacenent

of ink landing positions.in the .transferring

direction.of printing paper, using the ejection

timng control nmeans: Figi%is a plan view of a

second enbodi nent according to the present invention,

showi ng shapes of an ink liquid 17 chanber and a

heetongdingsy stthie dH gpldcémenmt pbanthé evi @ii@ 1ihdthg

_enbodi nent according to the present invention,
posighoni ngtshapgsiof the spkcliifdoi direhafbarbandadsbeahi a9

. resistor; Fig. 8 is a plan view of a fourth enbodi ment
direggéendbagngt difFerpnbséntmi hrenspenifihodi ngcshapesndf
] an_ ink liquid chanber and a heating resistor; Fig. 9
inclpdiggppadiveetion merpentienbadi kenthacspedifgc to the

) sresent invention.; Fig. 10 is a sectional view (side
direghigh 6rNEPH. *oluGf8wed in an arrow A direction

showi ng the fifth enbodi nent according to the present
invention; Fig. 11 is a sectional view (front view of
: i ' ' d. i ow A direction, showi ng the
BRIEE!?@%8%ﬁ%%§$ﬁéﬁ%nﬁ%gdﬁg&ﬁﬂm@%_the present invention;
' '%ll% ]12 i1 & Fje'x%ﬂo\ae%wp%frs%elét%%éhev%de’w of a printer-
‘head chip constituting a printer-head chip incorporated in a
liquid ejection apparatus according to the present
“invention;

'Fig. 2 is a 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;-

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 priﬁting paper, using the ejection
timing control means;

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

to the present invention, showing shapes of an ink liquid



Fig. 13 is a plan view of an exanpl e having
two-divided heating resistors within one ink liquid
chanber; Fig. 14 includes a sectional view and a plan
view, showi ng an image-printing state using a head
havi ng one printer-head chip in a serial system Fig.
15 includes a sectional view and a plan view, show ng
an i mage-printing state in the line head; Fig. 16

i ncl udes a sectional viewlahd:a plan view, show ng
an'image-printing state in the line head; - 18 Fig.
17 includes graphs showing a rel ationship between a

chambleie atidf beheatenygnkekikitbrhubbl es are produced by each
heating resistor and an ink ejection angle, when

dirvirded ikeatphgnrebéwtOF Sa atki Pi Oxisledimdi®.addbrding
i ncl udes graphs showi ng actual neasurenents obtained
- to theopraseact dakveptimnyf abbutiad phapterobead Chkplisuid
each ink liquid chanber having a heating resistor
chamBeyi dad enheatwog aedifigr;19 is a graph show ng
actual measurenments obtained fromthe actually
kA a8t 48 edl Pramtereheall xhfpuukh rerdzptindnik ddauiding
chanber having the heating resistor divided into two.

to thESeREPFRENI TS HE PREFIRRIANT EVBTDE SV ENT SHENDR| hew d
ccording to the present invention will. be described
chamBer o3pdi EhheebLREnE@sdteFe drawi ngs. (First

gﬂ%;giéfgg)aFgf%n:%fé%'%ﬁf%§%h%%3963555 ﬁﬁgﬁQ”%QQ&?ﬁfﬂ;
to the present invention;

Fig. 10 is a sectional view (side vieﬁ) of Fig. 9
viewed-in an arrow A direction, showing the fifth embodiment
according to the present invention;

Fig. llris‘a sectional view {front view) of Fig. 9
viewed in an arrow A direction, showing the fifth embodiment
according té the present invention;

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

Fig. 13 is a plan view of an example having two~dividea
heating resistors within one ink liquid chamber; |

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

Fig. 15 includesla'éectiqnal view and.a plan view,
showing an image—printinglstate in the line.head;

Fig. 16 includes a sectioqal view and a - -plan vieﬁ,

;showing an image-printing state in the line head;




head chip 11 constituting a printer head incorporated
in aliquid ejection apparatus according to the
present invention. .Fig. |I 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
nmenti oned above. A substrate nenber 14 of the
"printer-head - 19 - chip 18 includes a. silicon
sem -conductor substrate 15 and heating resistors
(equi val ent to energy generating neans according to
tiEy PrEsemdcl e td 2phd 3 t£d-On 1aNE s 1Y TGS
the sem --conductor substrate 15. The. heating

a timesdstoerddcéSurtelt ihEabhbLoNNLES GhrdPudd e esNa
circuit via a conductor (not shown) forned on the
heat$egi reshdtctoandsabsinit €jdobtidheagrs | edhdmydivikid
made of a photosensitive cyclized-rubber resist or an
heatenposeséstors ngreryrévidedesi st, for exanple, is
deposited on the entire surface of the sem - conductor
dUitsst rldt einELudes witiagih st ehchdatg B tuedi stearssireBearts
formed, and then unnecessary parts are renoved by a
obtajned of T oyt apPitudk b deznu fag tureedrareln tdre-heard |ahip
... Sheet 17, having a plurality of nozzles 18 fornmed
-with gaghoink ]sl‘ﬁia’ffg Hiamrek e sing g Qs g esiftonded
.. .on the barrier |layer 16 so that positions of the
dlv;#%ﬁ

AL 1879y wi th positions of the heating
e he .nozzl e 18 opposes the heating.

ngisb_rs'13,i. : P !
é8-stior 133 ARk SPOYdRG efkHBd: TEagUreRraLE Phtailied
fromlﬁﬁ%“é%éﬁgyﬁ¥ﬂﬁanufactured printer-head chip with each
ink liquid chamber having the heating resistor divided into

Ewo.

bESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments according to the present inveﬁtion will be
described below with referencé to the drawings.

{(First Embodiment)

Fig. 1 is an exploded perspective view of a printer-
head chip 11 constituting a pfinter heédlincdrporated in a
ligquid ejection apparatus according to the present invention.

-Fig. 1 shbws.a nozzle sheet 17 to be.bonded on a barrier
léyer 16, in which the'nozzlé.sheet 17 is shown in.aﬁ
explqded state.

The printer—head chip 11 is of the thermal system

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



according to the present invention) 12 is constituted
of the substrate nenber 14, the barrier [ayer 16, and
the nozzle sheet 17 so as to surround.the. heati ng
resistor 13. That is, 1in the drawing, the substrate
menber 14 constitutes a bottom wall of the ink liquid
chanmber 12; the barrier layer 16 constitutes a
sidewal | of the ink liquid chanber 12; and the - 2 0 -
nozzl e sheet 17 constitiutéd 3 ceiling wall of the ink
liquid chanber 12. Thereby, the ink liquid chanber 12
has an open surface in front of the right of Fig. 1,
chipahtl thelopeni agsikicewnseim -cadedhatdh Qibskafd ovs patd
(not shown). In addition, for one ink liquid chanber,

heatipg heaishorsr ésqstvaked @ eejandappsesta @ity thidfns
wi |l be described |ater. Each of the printer-head
accCoEfing 19 Hes dp¥deen hboveen tionpr | sk slepgd ured idry @fe t he
- _heating resistors 13, generally in 100 units, and the
surfagg of gthel emrbeerductar\auis ttrte ridspectiiarehduitriong
.resistors 13. By a command froma printer contro
resigiey  1iach dfethel sy mpmmagtachrte B jextamiadualiyrcuit
. sel%gieqﬁafnglink W thin the ink |iquid chanber 12
via 2 SIEEBOM n o S el fiad meatihey SeBsi~qasduriagan
subsé)at;ehﬁfted fromthe nozzle 18 opposing the ink liquid

chanber” " 12. That is, in the printer-head chip 11, the
ink.froman ink

o ekt eSS 1er amAda P6 nePBFPRFEFERARE ohi p

oot AR 00 PSP o) LS RSl R D
for example, is deposited on the entire surface of the semi-
conductor substrate 15, on which the heating resistors 13
are formed, and then unhecessary parfs 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 lS'aéree with positions of tﬁe heating resistors' 13,
.i.e., the nozzle 18.o§p§ses the heating resistor 13.

An ipk liquid chamber (eQuivélent to'a\liquid‘chaﬁber
aCCOfding to the present invention) 12 is constituted of the
substrate member 14,~the barﬁier_layer 16, and the nozzle
shee£ 17 soc as to surround the heating resistor 13.' That is,
' in.the drawing, the subst;até member 14 cbﬁstitutes‘a bottom
wall of the-ink liéuid éhamber 12; thérbarrier layer 16

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



time, for 1 to 3 mcroseconds, for exanple, the
heating resistor 13 is rapidly heated. As.a result, a
vapor - phase ink. bubble is generated in an ink
portion placed in contact wth the heating resistor
13 so as to displace sone volune of ink by.expansion
of the ink bubble. Thereby, part of ink -- 21 placed
in contact with the nozzle 18 and having the sane
volume 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

nozzP&i Sh&8Et heRd-GhL Pi ddt 880N DY i hEMPY1 N0 NENBOZAL €1 jquid
sheet 17 therefromso as to show the arrangenent of

chamb8g Deati tger&Systohs dski DigRie SRimbir 15 BAOWL i Hpen
Fig. 2, each ink liquid chanber 12 is provided with
surfabe beatrogtresi cherrighdi yfdedgi Nt o AN@. tHdEopening is
two-di vided heating resistors 13 shown as the
commenhvehed onbth @x aipk ef (& gpa i3) (NeF eshaewadpposed in the
lining-up direction of the nozzles. Wereas according
tla tarsligritvodi et ontehd nkhddtquigl radsingtenr,s thd dreating
juxtaposed-in a direction perpendicular to the
resigfoishgl Wk riacttappofd i ndodrd sl e ddmcribed
conventional exanple, it has been described that the
latexnk | anding positions are displaced in the lining-up
direction_of the nozzles because of the heating timng

&ech ofe theabirig trashepsy shipsHdie descrifesh abpae

' di vi ded heatin resistors 13 are juxtaposed in the
ComPTi§ET 13 i Hetor'dl i 1'9'© (IR PRSb iRt O Hhel 4 nigenerally
in 1qQIE gt G 3 o ond itapad 4 g G e
respek%:eéi% qliesaqclian%edre!shis odrisr e.l.%l .i Ol’byp ear F%:eor;[grila%lg af’rotmo at he
printer control unit, each of the heafing resistors 13 is
uniquely selected, and ink within the ink liguid chamber 12
corresponding to the selected heating resistor 13 can be
vejected'from the nozzle 18 opposing the ink ligquid chamber
12.

That is, in the printer-head chip 11, the ink liquid
chamber 12 is filled with ink from an ink tank (not shown)
.éttaéhgd to the printér—head chip 11. By providing a pulse
‘ngCt;ic current through the heating resistor 13 for a short
time, for 1 to'é micrqsecoﬁds; for example, the heating
'resistor 13 is rapidly heated. As a result, a vapor-phase
iﬁk.bubble is generated in én 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



l'ining-up direction of the nozzles 18. In Fig. 2, the
range of the | anding displacenents of ink ejected
fromeach ink |liquid chanber is expressed by a
phantom line; in which, different fromFig.-13, the
i nk |l andi ng di spl acenment range - 22 forns an ellipse
havi ng a | ongitudinal direction perpendicular to the
lining-up direction of the nozzles 18. By arranging a
plurality of the printer-Hdad chips.11 according to
the enbodinent in the [ining-up direction of the
nozzles 18, the line head can be fornmed in the sane

placedyinagofibawh withi ghelioz¥Wenibhendl HEalhlyrRE EhRe
printer-head chips 11 are juxtaposed as nentioned

volumboue, thhe ofiktkeedibpladedesthkonsi 8jedtbfieFeshn the

- between adj acent printer-head chips 11, as described

nozzas LReaprabl énkidrobhescoasenti baall dvechnigténgspapehat
white stripes or stripes may be produced between the
primt e -real whipyiaw derleapiintdre-Hesat iclgip 11 shown
resistors 13 are arranged according to the

by r@ﬂ%ﬁﬁ?ﬁeﬁhe rezthe $heehgliptacretromnsofasthe ﬁbqwle%e

8 (juxta 05|n direction of the printer-head chips
arra&%fﬂe’eheo g%%%ﬁg oF e hREPBER At gl pose¥e odetasl .
nm ni in the directiaon perpendlcular to the

i 134" Fidi g Grnd HoAEa G Fhomper 12 15

prov ShRLRETDe Slont i 2001 8, POPL LLERR 8 I 200 o,
two- 1vfcé)a&eh lng%?tflgsefstac%s?cffts orv!n{]taesf _madcgnr]x.lrgntlonal
example (Fig. 13) were juxtaposed in the liningwup‘direction
of the nozzles. Whereas according to the embodiment, the
heating resistors 13 are juxtaposed in a direction
perpendicular to the lining-up direction of the nozzles 18.

In the conventional example, it has been described that

the ink landing positions are‘displaced in the lining-up
directien Of.the nozzles because of the heating timing of
.the heating reeistors 3. However, when the divided heating
'fesistors 13 are jﬁxtaposed in the direction according to
the embodiment, the ink landing positions are difficult to
. be displaced in the iining—up direction of the nozzles 18,
while being diSplaced in a direction perpendicularito the
liningrup'directiOn qf the,nezzlee 18. 1In Fig. 2, the range
of the landing.displaCements of ink ejected froﬁ.each ink
liquid chamber is expressed by a phantom line; in which,

- different. from Fig. 13, the-ink_landing displacement range



Fig. 3 includes drawings for illustrating changes in
i nk | andi ng positions when the present enbodinent 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 enbodi ment); and the central drawing B shows the
ink landing positions in the structure described
above. In the conventioralz2system the ink |anding
positions are displaced in the [ining--up direction
of the nozzles (the right and the left direction-in
he_d i : .t he k n i s shown
rozaby SpU LR DAL DRSS SORUPEAR R IEL S
perpBR3iELORS 25 erhll SPLALRY-1P &Eﬁeélc%‘ﬁ_éf‘f"-tﬁe aQEZiQyPa.
” ink landing positions are displaced in the left.
Wiersasarddh d @ P 16y ase oFreh ok v o N £IP QA RN 11
the ink ['andi ng positions are scarcely displaced'in
accotdiengl &1 fige UaniSbhd BREh ONiRT thbe1 PRZZL 6%y dOWENEIon of
‘ since the ink landing positions are set to displace
the nozihes dig ecthon iperpendi cath abet Pothed | imi €9 UWpame way
direction of the nozzles 18 (transferring direction of
as shpowmtimdgFiaper)., as shown in the drawng B, the ink
| andi ng positions are displaced in'the direction
firepe ridiec pllarratld tyhe fl ithienguip tdimr-éettidowhdfpst . are
) nozzles 18. In the drawing B, an exanple is shown in
Juxtapried s seord e abhevei xthe i ik | eliwdiighpotiteonion is
.__are displaced upward while the fourth and the fifth
differgnt hrfivrppositaennt R repierddchdamviel d.25i nce
such_ di spl.acenent. of ink |anding positions in the

described as the problem in the conventional technique, so
that white stiipes or stripes may be produced between the
 printer—head chips 11, -

Whereas if 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 diréction perpendicular to the
lining-up direction of the nozzles 18, the displacement of
ink landing positions is maximized.

Therefore, stripes due to the landing position
idisplaqementlbetween'adjacent printer-head cﬁips 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



direction perpendicular to the lining-up direction of
the nozzles 18 does not produce |ongitudinal stripes,
it is not - 24 noticed so nmuch as that in the
lining-up direction of the nozzles 1.8; however, a
surge or edge indentations which may be produced
dependi ng on the degree of the displacenent, may be
produced. Therefore, according to the enbodi nent, the
di spl acement of |andi ng—p@&$itions is further
controll ed and reduced, as shown finally in the
right. drawing C, so that there is provided ejection
A shbk8i BBeCORk! PAndBAGSpEOL + 8bheNbR0a EoKeLRAPHLNG SYsten
positions also in the direction perpendicul ar t

(pridiNtagthp TheSEHLLALOINtHE YRR ZERSodBnekty; 4nd Stife
bl ock di agram of the configuration of ejectlon timng

centcahtdohwie@nB dR0ws Filge Hnk S1andiey sbageddhs T the
illustrating a method for reducing the displacenent of

structuke | deslenbedsaiboosns in the transferring direction
of printing paper, using the ejection timng contro
rgaridiel @ rRehdriingg tsysfieg, 4.he himkejlestdiony posiingons
control nmeans 100 is electrically connected to printer

e giewpl aerd rigl Heankitigganetmegtiocontadl thequadwles (the
printer head driving, which particularly controls ink
rlghfejae‘&%|1Eﬂ?t]r€?ﬁ1hgj41fﬁ‘ﬂfﬂé°rpr4fht1é”re dresgtingdnt r oin the nore
particular., in order to correct the displacenent of

drawjr‘}ﬂ( R arfth REGPBRIR i ichsharn Her thathsthe rsarpndiianet riben
.s:.xtl'bd.dﬂ{l ntq#é%@pé&s{#%n%% I(g%siltﬁelcj}]g}cc}ereﬁjg ol &g;g rl%rhltntmlhqq_e
the AP A0SR B SSHe L OO e erales.

&ﬂ rggghlgfthe structure accordlng to the embodiment,
+the ink landlqg positions are scarcely displaced in the
lining-up direction of the nozzles. Howevef,'since the ink
1aﬁding 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 poﬁitions are displaced in the
direction perpendicular to-the lining-up direction of the
nozzles 18. In the drawing B, an example ié shown in that
'the‘sechd and the sixth ink lahdiﬁg posiﬁionS‘are displaced
- upward while thé‘fourth and the fifth ink landing positions
are displaced downward.

Since such displacement of ink landing-positioné in the
' directi6n perpendicular to the-lining—up direction of the

nozzles 18 does not produce longitudinal stripes, it is not



.the printer-head chip 11. - 25 The ejection timng
control neans 100 is provided wwth test-pattern data
storing neans 101, test executing neans 102',, and
correction data storing nmeans 103, as follows. The.
test-pattern data storing neans 101 stores test
pattern data for ejecting ink fromat |east one nozzle
18 of the printer-head chip 11 selected fromthe
printer-head chips 11,-ald +s provided in a
predeterm ned nenory, According to the enbodi nent,
the test pattern is a pattern for printing a straight
notiddd GEMMEN 10 Lk N | U oo g il G610 n (1€ 1he
nozzl es 18. The test pattern may print a.straight [i1ne
nozz s SPS EChbREvet N6 BRlIGL P 'éﬁgﬁé -Dedch € $nd kihich may
alternatively, 1t may ~print the straight |ine by
be piRl@sdd NGepeitind &bn haad Ldyied ot havd i $hlacement, may
- predeterm ned ordi nal nunber fromthe printer-head
be prduypsed 11. THdeet®sd, exatdiigy neanshd GhiebdseitesStthe
: pattern data stored in the test-pattern data storing
displesrseid)lg £ armhdiven paeyiaciand nks aoorid ngedros tdig ddesind
pat tern data, while repeating the ink ejection
reduqsidr as téhmesn atioerlding.nt dheherigtaneltasingdl t ey tdetta.
T The reason for repeating the ink ejection plural tines
thergdgomgiaigides thiealbdmn tldgtinmtaartrdatears thet aldgming
) accuracies are inproved by statistically _
ink-lgnskiagsinng Hleans rdag iy dheaidarstionm pamandiodsar to
testing in order,to elimnate accidental
the ldadagtirftidectiar iof the reazles tén

Fig. 4 is a block diagram of the configuration of
ejection timing control meaﬁs 100, -Fig.'S is a flow diagram
for illu§trating a method for reducing thé diéplacément of |
-ink landing positions in the transferring direction of
‘printing paper, using the ejectién timing-contrél meéns 100.

Referring to Fig. 4, the ejection timing control ﬁeans
lbO.is electrically connected to printef head control means
for generally controlling the printer head driving, which
-partiCularly controls ink ejection timing in the printer
- head control. 1In mdre particﬁlar, in order to correct the
rdisplacément of ink landing positions in the'transferring
direction of printing paper when ink is'éjected on the
”: printing paper, the ejection timing‘control means 100
establishes the ink ejection tiﬁing ftom the nozzles 18 of
:each_printer—head chip 11 éo as to be different for each of

~.the printer-head chip 11.



- 26 printing is perfornmed only one tine, "acci dent al
di spl acenent due to dirt, dust, or bubbles may
affects the results. According to the enbodi nent, the
test executing neans 102, as shown in Step S1 of Fig.
5 prints a straight line wth each printer-head chip
11. If part of the printer-head chip 11 causes the

di spl acenent of the ink | anding position, as shown in
the right of Step Si1,-a-précise straight [ine cannot
be obtained at the position. Next, the inmages printed
by the test executing neans 102 are read by an i mage

, S‘fﬁém eé‘ez[oﬁ (c%r?@ros_g)mearq-g%ﬂt @cptvuth
: dat a |s processe a conputer prepare |n advance
test38a§§e§fﬁ Eiéltsué%hhlj‘emé§ﬂge§.‘b!LOUEeQ‘tSQLQESE?H& means
anount of the landing position (Step S3). Fromthe

102,d8h8 cbe@dchYohh8atHBYILoEEANREanL! 168D BE £61 8618
"whi ch printer- head chip 11 having an ordinal nunber

Privét Sed hepd ¢ FErDYId e s1EH G ahd s of 01 e o sd angs:
from the left end, for exanple. Furthernore, the

pattavardgeapsstt epacoind henki Pesmpatnledsbyond heozzle 18 of
respective printer-head chips 11 in.the conveying

the grietéroheafl phiptlhgsebpeted sfrahcthat edinaad-thyad
putting ..the average position in contrast with the

chip$i hk, pasdtisnprevideddibya cackdpremenedhasematy p 11,

, it can be calculated .that which printer head chip 11

- Accopging hieo dikpl emlepdinenigevilae i bes bfpaheetrmnds ny pattern
position fromthe average position. Wen the

for priptiR@nenttEaeighE | binofertendingi by Positimnafemm

t he average positjon of each printer-head chip 11 is -
dlre%ﬁion of e 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 numbér 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 plufal times according to the
same testjpattern data.

The reason for repeating ﬁhe ink eﬁection plural times
according td the same testwpattefn data is that test
accuraciés are improved by”statisticallf processing -test
results obtained from plural times testing in ofder to

eliminate accidental constituents. That is, if test pattern




cal cul ated, the correction data corresponding to the
di spl acenent devi ation of the | anding position is
calculated (Step S4), The correction data is for
showi ng the necessary tine deviation of the ink
ejection timng of each printer- head chip 11. That
is, according to the enbodinent; the timng of
sending a printing conmand i's differentiated
correspondi ng to each pritter=head chip 11. Then, the
-correction data is stored in the correction data
storing neans 103 (Step S5). The correction data
printifg A9 %@@arﬂﬂgé bS19" HARIRYmEN aceaegﬁks&”hagelacement
menory in the same way as in the test- pattern data

due $bOWiRG,MaABE, 1% HlBBNERY malNarebeeki @Rel rBLNULs.
control nmeans 100 is enabled to control ‘the ink

epecdr@ing i 6 nghé r obeatheRt | Nt - bead shéPuidng means
. according to the correction data stored in the

102,casr shbiwanidabaept Sii b PrgnNs510BrihAsoadetrhdgheniing
the corrected result, the-test executing neans 102

withpeaﬁbrnsinherthsadpahtprmlprimfipgragafnthecprﬁhngrfbead
the correction data (Step S6). If the correction data

chipj $§lcoprees| yheefliepledemanst ofi ghe inkelgandingbposition,
grlnted wi th high-accuracies, and as shown in the

as sppynt Lof tiseeplght @ﬁesteneﬁhts« ryfcthe| stpatghy line

: turbulent prior to the correction, is nodified.

cann?BeE%nﬂbE%bB%@néﬁtFhﬁl@OSBt%gn plan view of a second

enbodi ment according to_ the present I nvention,

ng-hAFROST BRI 19 e -tesk exeqtiing MeaRs

102 g?e reagaéﬁngnrfééééoécégﬁér for example (Step S$2).

Then, the resultant data is processed by a computer prepared
in advance so as to éalcﬂlate the tendentious displacement
“amount of the landing positioﬁ (S5tep 83). 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 ‘
' pfinted by each printer;head chip 11, it can be calculated
Vthét which printer-head chip 11 has the displacement
deviation of the landing position from the average positioﬁ-
_When the displacement deviation of the landing position

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



The planar region of the ink liquid chanber 12
according to the first enbodi nent is substantially
square; whereas the ink liquid chanmber 12A accordlng
to the second enbodinent has a circul ar planar

region- In such a manner, the ink [iquid chanber may
be rectangul ar or circular. In the region of the ink
liquid chanber 12A, the heating resistor 13Ais
arranged. The heating resZstor i3Ais forned to have a
| ongi tudi nal direction in the line-up direction of
nozzles. An outline of a general square

calcHEMdY-H1RS| & 0Fed S S AN DYco - JNRHOMY 1418 a% 2
reference. In such a manner, according to the second

dlspfmﬁémbﬂ&wﬁev1éﬁmbﬁmﬁwIﬁﬁbrﬁaﬂdﬂﬂg pb3A tiod ordreshtilated
have a longitudinal direction in the Iine-up

(Steplis£ct | AMmofcazadEeon Ak tlesiar ifad siahoMey tHe th&cessary
bonding to the nozzle sheet, the- displacenent

time bhigwisen drheo MoArd eirdnd:jdre ikeatting e si S teatctb aooitas 18-
probl en1 whereas-according to the second enbodi nent,

" head egleip Mhen THee: picsi tdappmiinchdaonddm ek dingpltac dthe 0
some extent in. the longitudinal direction of the

timingeaf menddgics ttoP 3w ing kmgesid i si i ffjegrmitdm tay| e
can be reduced because the heating resistor 13Ais

correspandding &or &gdd radeieato£Alip. LAccording to the
enbodi nent, since _the length of the heating resistor
T8RDI nthRecarreetion patpendi etPards dnt hBe FPRFRGLAAD
direction of nozzles is smaller than that  of a - 29

data c‘s&ﬁ\féﬁ‘féﬁ B‘ﬁ’SP sdfar dHER - edDSt GO TIRGHBY e

nton1 e,. _chan 1ges | Ank ejection angle rel ative
storﬁﬁg'gﬁ ns O% is ar ngedn in a Hredeterﬁ%&%d memory in

the same way as in the test-pattern data storing means 101.

Thereby, the ejection timing'control means 100.is
: enabled to control the ink ejection ti@}ng from eachl
printer—head chip 11 according £§ Ehé corfection data stored
in the correction data storing means 103.

In order to confirm the cbrrected result, the test
executing means 102 performs fhe test pattern priﬁting égain
according to the correction data (Step S6). If fhe
éprrection data is coifectly reflected, a straight 1line can
. be printed with high~accuracies, and as shown in the right
of Step S6 the llnearlty,'whlch is partly turbulent prior
to the correctlon is modified.

{(Second Embodiment)

Eig! 6 is a plan view of a sécond embodiment according

to the present invention, showing shapes of anAink'iiquid



. positional displacenment of the nozzle becone |arger
inthis direction. Thereby, the configuration can be
established to minimze displacenent of ink |anding
positions in the 'lining-up direction of nozzles and
to allow the displacenment to be generated in a
direction perpendicular to the lining- up direction of
nozzles. (Third Enbodinent) Fig. 7 is a plan view of a
third enbodi ment accordrng® to the present invention,
show ng shapes of the ink liquid chanber 12A and a
heating resistor 13B. According to the third
chamBEPOR NEAG 4 heed tnd | Sbl Ost&haPer 12A has a circul ar
region in the sane way as in the second enbodi-nent.
Tihe: hgatridig vergiot @f 13B iimkinMiped: idHonbdmaid n a
~direction perpendicular to the lining-up direction of
accondiady eso i thé hil saimeemiayyd Atent idesdbssinehdDy nepiard n
the heating resistor 13 according to the first _
whereapothereimk lhpiidkgilomben W cdhctondithyi dedihessstard
13 .are placed end to end, is substantially
embodifiene - ped:irahare ast acorciipn o t e s¢h ¢ manner,
enbodi nent, the region, in which two-divided

- the jnkikigiyl | dpmher Mt e errFtan@hkar jer circular. In

- the regigne 9f ddaup i rldquish ¥

rect angul ar - shaped and having a | ongi tudi nal djrection
I‘%&‘z | e5M asthe hemt St ond

. enbodient. 30 In'such a structure, it also can be
resig @iy A28 ni ze di spl acenent of ink | anding
sitions in the _lining-up direction of nozzles and
&%ea Fgﬁlpﬁeraﬁéngge&gﬁtls %ormed to %ave a
longitudinal direction in the line-up direction of nozzles.
An outline of a general sguare 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. according to the second embodiment, even-

- when the position of the nozzle is displaced to some extent

in the 1Qngitudinal direction of the heating resistor 134,

changes in ink_éjéCtion angle can be reduced because.the

“heating resistor 133 is securely arranged under the nozzle.

According to the embodiment, since the length of the
heating resistor 13A in the direction perpendicular to the

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



to be generated in a direction perpendicular to the
[ining- up direction of nozzles. (Fourth Enbodi nent).
Fig. 8 is a plan view of a fourth enbodi ment accordi ng
to the present invention, show ng shapes of the ink
liquid chanber 12A and a heating resistor 13C
According to the fourth enbodi nent, the ink liquid
chanber 12A. has a .circular region in the same way as
in the second and the thiZBd-enbodi nent. Furthernore,
the heating resistor 13Cis divided into three in a
direction perpendicular to the [ining-up direction of
t IS : Iyl v Tl
B it S SR R A L
Line] NeRaddeeCin Atk N0 SeRLoNdang P81 SEPLLIRE £d Tufll vi ded
: Into three, it is not necessary to equallize lengths
positiondE dDOgi At & regd i QPzz 08 hdedith S1a O refl i 5
: According to the enbodinent, the central resistor 13C
~dired¢sidmnger in the longitudinal direction than the
ot her upper and | ower resistors so as to agree with
tithee refoggi dreofooinlte gutla Hilcguich re haneer abdAshedFitot h
Enbodi ment) Figs. 9 to 11 are drawings showing a fifth
minirgidso dlimntacafertthe Hriggetandiientpai tFmg 15 ithea.
_ plan view, Fig. 10 is - 31 a sectional view (side
- lining-aw dfreRitiorg ofi ewekles amdrtowlAowittectdicplarmhent
' Fig. 11 is a sectional view (front view) of Fig.." 9
to beigaparitehnirad ¢ B i ira tRorpensbicorldithda d-hehd ifniifndr
.enbodi nent, the nozzle sheet 17 '

-'up direction of nozzles.
_-(?hird Embodiment)

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

According to the third embodiment, the ink ligquid
chamber 122 has a circular region in the same ﬁay as in the
second embodiment. The heating resistor 13B is divided into
two in a direction perpendicular to the lining-up diréction
of nozzles in the same way as in the‘first embodiment.

In the heating resistor 13 according to the first
-embodiment, the regibn,_in which two-divided resistors 13
.are placed end to end, is éubsﬁantially'sqﬁare—éhaped;

. whereas aécording to the third embodiment, the region, in
-Which two—divided resistors 13B are placed end to end, is
;ectangular—shaped and having a longitudinal direction in

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




has nozzles 18A different fromthe nozzles 18
according to the first enbodi nent. An upper opening
of the nozzle 18A is circular-shaped as in the first
enbodi nent; whereas a | ower opening (nearer to the
heating resistor 13B) is elliptical- shaped and having
‘a longitudinal direction in the line-up direction of
nozzl es. .The ink liquid chanber 12B i s comuni cat ed.
with the nozzle 18A and BFds-an elliptical
cross-section identical to the shape of the |ower
openi ng of the nozzle 18A. The heating resistor 13B
| 5n divédes sptecinee] e iE8tdPhe RAIRENG QAL O
the lining-up direction of nozzles in the sane way as
minikDzéha@ibpi hdepehodbrephkshonaihd Fo8itTondhihecnthe
region, in which two-divided resistors 13B are pl aced
lininrgdupoderdctisnr €€t AbgYl 85- shaped antbhavh&dddsplacement
| ongitudinal direction in the line-up direction of
to baogehesatéd such aiséctutdnrperpéndbyubdsocdethe lining—
established to mnimze displacenent in ink Ianding:
- up dpbeftionsofnnehelesini ng-up direction of nozzles and
to allow the displacenent to be generated in a
diFautito Ewdderaditdul ar to the lining- up direction of

nozzles, in the same way as in the enbodinments

destr ibeld dhdran vizy 9 addiuktén embeoddepds asfcortidng

nozzl e other- than these according to the enbodi nent,
to ThE PEeTeRt PPEnbidhi nfOflrhesharnsy |af e ink liquid

circul ar-shaped, the | ower opening may be
Chaml?%%t%uﬁ%&%ﬁh%ﬁ%d?ww a3%ngi t udi nal direction

badlfird 15 BB Lo 1B Ll ARG T
chamber 122 has a circular region‘in the 'same way as in the
-second and the third embodiment. Furthermore, the héating
resistor 13C is divided into three in a direction
perpendicular to the lining-up direction of nozzies. 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 hot-neéesséry to
- equalize lengths in the longitudinal direction, as in this
embodiment. According to the embodiment, the central
rresistor i3C is longer in the longitudinal direction than
the other upper and lower resistors so as to agree with the
region of the ink liquid chamber 12A,‘ |

(Fifth Embodimént)

Figs. 9 to 11 are drawings showing a fifth embodimént

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



of the ink Iiquid chanber may be rectangul ar-shaped.
The enbodi nents according to the present invention
have been described as above; however, the present
invention is not limted to these enbodi nents so that
various nodifications may be nade as follows, for
exanple. (1) The enbodi nents exenplify the heating
resistor divided in the.line-up direction of nozzles,
the ink liquid chanber w3h-a region having a
| ongi tudinal direction in the Iline-up direction of
nozzl es, and the heating resistor formed to have a

a sek®ngntudivialy dishaet b9Bw) Nokheili NG- YR oy diyr g6t %Qnaeﬁs w A
nozzl es; alternatively, any nodification may be nage

direatibangadd FigCcombi NeSaoBeceiofRlevOEwt Rr8ROVEicw) of

structures therewith. (2) The thermal printer-head
Fig.cBi pit¢reBainbernadeser Bbadreaegondi ng to the

enbodi nents; alternatively, an .electrostatic

ehecordihng yise ephantl ftipi orteed eodt C SysSteda By stheet 17

i ncorporated. The electrostatic ejection system
has pagrigeslB8Adfiaphiengnt Gnont Woeehectledessfacoedding to

underneath the diaphragmw th an air space
the fhepbberhedhnerns. endl gyPRRNePRER gy nefinshe Thezz18318A is

.. diaphragmis downward deflected by applying a voltage
circylarpahored dothetHee of He3t creaodbment hevheheas ot t hyeer

IS rgduced to 0 Vso as to release an electrostatic
OPeniRy cBICHRTCY nEY thE REATIHIT i et werdl 3B s il bimisteal-
_ force. produced thelggja hragm r et urnj ng back. The
shape @l S8 MAMHRE o ot Rl BER 4 qrrin Jte L ine-tip
direction of nozzles.

The ink liquid chamber 12B is communicated with the
noizle 18A and has an elliptical cross—-section identical to
~ the shape of the lower opening of the nozzlée 18A. The

heating resistor 13B is divided into two in a direction
perpendicular to the lining-up direction of noziles 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 te end, is rectangular-shaped and having a longitﬁdinal
~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. v




pi ezoel ectric element wth el ectrodes formed on both
surfaces of the elenent and a di aphragm as energy
.generating nmeans. If a voltage is applied to the

el ectrodes fornmed on both surfaces of the

pi ezoel ectric elenment, a bending nonent is produced
on the diaphragm by a piezoelectric effect,' so that
the diaphragmis deflected. Using this deflection,
ink is ejected. (3) Accor@iZng to the enbodi nents, the
line head having the printer-head chips 11 lined up
inalineis exenplified alternatively t he present

| iy &I dOP; ORY 2L S dise ?g h & o {he, Lﬂfﬁe‘b Fﬁ?éjse

havi ng col or prlnter-head ned up

accokliBg ﬁ@rtﬁéeémBSQQméﬂtPSwﬁilér%heaﬁ%ﬁegegpéﬁﬂgéh$tsghe
and crosswi se in blocks as a According to

nozziBeignbodueatSshiped NecHer e6kbNoppRIAGNAAGUbAr O
the lining-up direction of the nozzles, the

rectdhgpl acesrapedf andkhbanayng PORGitaasnhs gBXestZ6M; in
however, it is not necessarily to be stringently in

the lheédﬁpedirentpenp@ﬁdm@mthéstofbheekampng:upTﬂérEegi@n
of the nozzles. For exanple; even if the displacenent

of tht¢ imk 1hadidgcha@der pusy thensecsangularzedaped a
directi on deviated by an angle of about 100 fromthe _
-dihee @nbndigargendiaadrgiing tichetHe mrgpendp idiverdtiiaon hefve
the nozzles, the same advantages of the present

been | gramk Hord cam PO bt eI S 5) tie coF e Pt t bRy et ion is
enbodi ments, the printer is exenplified; however, the

- Dot hheks TovEre TR e 5 R dthia YRELPHF nter and

: arious |i UId ej ecti on appar at uses
modlgicatigns m bejma e as égﬁlows for g%ample

(1) The embodiments eXémplify the heating resistor
aivided 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
V'Qirection of nozzles; alternatively, any modification may be
made as loﬁg as if combines one or more of the abpve
structures therewith-

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

The electrostatic ejection system includes a diaphragm
and two elegtrodes formed underneath the diaphragm with an

air space therebetween, as energy generating means. The



be applied thereto. According to the present

i nvention, the displacenent of the |iquid |anding
position in a specific direction, such as the

di spl acenment of the liquid | anding position between
liquid ejection units and between chips, can be
reduced as snmall as possible. Thereby, white stripes
and stripes are prevented from being produced so as
to inmprove accuracies in 38he liquid |anding position.
Since the displacenent of the liquid | anding position
in a.direction being different fromthe specific

dlapldt&@ﬁti@rdot@rﬁlﬁatcﬂlcthélﬂlé@t&i dby e&;&pmrp@we&m%@rté 0

the specific direction can be corrected, the

‘betwekks haciemeid of et beoddguithd aﬁl@érﬂgttp@swélﬁgélois ofdFuced
in the specific direction but also in a direction
to 0beisw aks fterentedsomi hel spectdtor i reetdon mhdchis
including a direction perpendicular to the specific
time diindctinrepertdd usdureth diwriehy, f@omunacdsced hihethe
' l'iquid landing position can be furthernore inproved.
diaplgman Areverrning\ Bagfui d ej ection apparatus conprising a
plurality of chips arranged in a first direction, each
Eﬁuep piesrpiesitag ca systeal iy aofepogditgdejlesrico efumi ts
posed in the first dlrectlon wherein the liquid

Plezoéilé?& O it el esidiagipydiramad Re hedis f or
f t | d; a liquid
cur IR O D ] FEE S bt

generating means. If a voltage is applied to the electrodes
formed on both surfaces of the pieioelectric element, a
bending momént is produced on the diaphragm by a
piézoélectric-efféct, 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;
alte;natively; the present invention may also be
incorporated in the liné head having color printer-head
-chips lined up in plural lines (printer—head chips il are
arranged lengthﬁise and érosswise in blocks as a Whéle).

(4) Aécording to the embodimehts, in the direction
perpendicular to the lining-up direction of the nozzles,rthe
displacement of‘ink 1aﬁdin§ positions is maximized; however,
'it-is notAneceSsarily to be stringently in the direction
pérpendicﬁlar to the lining—up‘direction of the nozzles.

For example, even if the displacement of ink landing



generated by the energy generating neans; and a nozzle
for ejecting the liquid pressurized in the |l|iquid
chanber, wherein a plurality of the energy generating
means are provided in each of the liquid chanber, and
wherein the plurality of the energy generating nmeans
provided in each of the l|iquid ;chanber are disposed
ina direction being different fromthe first
direction. 2. Aliquid e éé ion apparatus conprising a
plurality of chips arranged in a first direction,
each chip conprising a plurality of liquid ejection
posidlbhs dbspeseditBa {heafbipbcl 68CHLPDA t¥HCHG! Ant BRg1e
liquid ejection unit conprises: energy generating
of abwapslfor fgemncthti AYreBeigy pefpeRfii€64188 tbA¥hE: 18ning-
l'iquid chanber for pressurizing liquid by the energy
up djeaetadrdobythlenenslgy, gENer famaJade@ntagaidod AREZI €
for ejecting the liquid pressurized in the liquid
presehtnbevenihen ecan abe eghbainédt he |iquid chanber has a
| onger longitudinal direction and a shorter
t FAnAvarardidia det itde emhdlitem Hson ditteu g miad tedi riect i on
~ is.in the first direction. 36 3. Aliquid ejection |
exemphbbted usheweer si Hie peIenl | inyveitidn pbs anotnlbuli ted
a first direction, each chip conprising a plurality
to thy PEIRGA FreEtTonias tsiakhosiarrtypn t4ppdrateses may

be aégff%éiéﬁgreto.

According to the present invention, the displacement of
the liquid landing position in a specific direction, such as
the displacement of the liguid landing positidn between
iiquid ejection uhits-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
iin'a,direcﬁion being different from the specific diréction
.and including a direction perpendicular to the specific
.direC£iop can be corrected, the displacement of the liquid
-1anding positionjnot‘only in the specific direction but alsc
in a direction being diffe;ent from the specific -direction
. and including a direction perpendicular toffhe specific
direction can be reduced. Thereby,-accuracies in the liquid

ianding position-éan be furthermore improved.



wherein the liquid ejection unit conprises: energy
generating means for generating energy for ejecting
liquid; a liquid chanber for pressurizing |iquid by
the energy generated by the energy generating neans;
and a nozzle for ejecting the liquid pressurized in
the |iquid chanber, whereth the energy generating
is thermal energy generating means, and wherein
a region, on which the thermal energy generating

means As ifiefrd, ef@ét@ohowﬁﬁéﬂéﬁﬁﬁtﬁgmﬁﬁlsﬂﬂde§tbgﬁrallty
and a shorter transverse direction, and the
0ﬁon@h@9§|n@rnﬁHQleohnlsarwfi@st|r§ﬂn$Qﬁ¥Qn@n.eaChA chip
Luralit

u:deectio aratus_conpri.sin y, _of,.
HDES B0 arigadl FAOR iy S4° arr 80t ons ) 8aehOBNI i ts  disposed
JIpQﬂpgl§iﬁgtadl@g@&gbhty of liquid ejection units
di sposed in the first direction, wherein the |iquid

ej ecre¢vainnthecdigriises ] areryy lglen’er aDmpglﬁ@@ns for

gener ating energé f.or ectin Ilqumll,1 # £

chaiber ¥ or IpHé 5?P9in§thﬁn theehd @8g energy lor
ejg@ﬁqu(yiéa&dpe ener gy generatlng neans; and a nozzle

for ejecting the liquid pressurized in t he [iquid

chanbkiqundecbiambe mplignl prysstrihéngndrigyp igbney athegenergy
, gegg%g%e%r% ?fraﬂgﬁgréﬁ égﬁekégﬁhg %%%Eggr%ng
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 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 li@uid ejection unit comprises:

energy denerating 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 liguid 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.




wherein the plurality of the energy generating nmeans
arranged in the |iquid chanber are disposed within the
liquid chanmber in a direction being different fromthe
first direction and including a direction

perpendi cular to the first direction, and wherein a
region of the liquid chanb® has a | onger

Longl g 13l S A0, ARNLST SOAIRYLRS o pruravicy

ngi frectron is

of fichtipdi regiroNge8. Adiqyi d @jaeti oniappatiainyS each chip
conprising a plurality of chips arranged in a first _
COop¥eeinend Pdetradhity ebnpifl¥iAgedasitrat ivyibs Higpioged in
th@ijEQQn Eggtii%gsposed in the first direction
wher ei n 9 € FIQUId ej ection unit conprises: energy

geRdleatd iy HRaNsi @i dgefetat bhd veier Bor®Fi s€kect i ng
liquid; a liquid chanmber for pressurizing |iquid by _
t hETETENYy Jeenerbted bypeehes erdfarlgy QRIRFating neassgy for

.qﬂg. npzzl e for ejecting the liquid pressurized in
©J1G%e r%ij(‘;hcﬁnéilghan‘oer, wherein a plurality of the energy

geaenatguitl Negisbake fodf nangedar Nz1hg hiiguiid ah@nbBE, energy
wherein the plurality of the energy generating neans
gengfedmfe oy nthdeehegoyd geh@mserireg enetisposeddw t hin t he

i quid chanb in a dir.ecti bejng di.fferent:- from.t he
£1 RSt T Bet (TG afid STHCrUHi RGCa i Redt drressurized In the
licRarpendimdar to the first direction, wherein the

energy generating neans is thermal energy
wherein the energy generating means is 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

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 liquid ejection units disposed in the first
direction,

wherein the liquid ejection unit comprises:

enerdgy 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

arranged in the liquid chamber,




generating neans, and wherein a region, on which the
thermal energy generating neans is forned, has a

| onger |ongitudinal 38 direction and a shorter
transverse direction, and the |ongitudinal direction
isin the first direction. 6. Aliquid ejection
apparatus conprising a plufality of chips arranged in

rst directia h_chi nprising a plural.i
Wpiekeid oFft: o 5 ol BE e f e iy means
andar[ge@al Oh W eiln dufiey | i-glingh 8l eGldeon URido LAPRIISESin  the

energy generating neans for generating enéergy for
llCB}JeCtt igigpnbeyui din a d i qiire adharbekefiory pdedimtieritng from the

d by th t ed
e AE PG Bartid ShBCRTHGE & oL er el o A TRER TRk o
thdresssi i 2edabpibhe ahiggui d chanber, wherein a region
of the liquid chanber has a | onger | ongitudina

di wbetredn and reghort ef ttrlamsvergeidi chepibery, hand 4 héonger

di pal,.direction | in the first direction
ORIt hetdiErty Gonahdt gt HEBHEY| & HHEIRAS Snigg ot ion,
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thermal energy generating neans is formed, has a

| onger longitudinal direction and a short er
trgnsv rse. direction, .and the |longitudinal directi

i st n thetFTHLE GIPELLCSN. aPRa R FRyuCE Btectigh & P urallty
of APRA AL US GOMRIdeH N9:id Plrakhithe direction, 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 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
arranged in the liquid chamber,
wherein the plurality of the energy generating means
arranged in the 1liquid 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,
. wherein the energy generating means is thermal energy
generating means, and
wherein a region, on which the thermal energy

generating means 1s formed, has a ‘longer Jlongitudinal




of chips arranged in a first direction, each chip
conprising a plurality of liquid ejection units

di sposed in the first direction, wherein the liquid
ejection unit conprises: energy generating neans for
generating energy for ejecting liquid; a liquid
chanber for pressurizing I$%uid by the energy 39

s SSRELBCCRY L he SRELRY SCISLALIgR TEonSy B0F 0Pl e

1%??@@§£namhﬁﬁ%b&t§o%!QE@HJ{YtKE fbeseneaeﬁcesﬂﬁratlng
neans are arranged in the |iquid chanber, wherein the

pIuraIity of the energy generating neans arranged in
chanber, are di sposed within the

ui d
ehdimberki hLEUARr G Bb: ROCar AE SPeCRIoH 1hE of Flgrality
of d'éﬁﬁb‘son b fehuding o di acidion perpeRdiehl arcben  cnip

the first direc wherein a region of the |'iqu
comynmﬂxnghaspaukamyﬂy danLQUddn&hamﬂuﬂﬂImmuaﬂddasposed in
rter transverse direction, and the |ongitudina
th%ﬂ % M T&CFACPhe first direction, wherein the

en [ n r nal erating
CrERBEASNAAL [DIMEANS 18t ber ks ks geger

auﬁqgmggengeaeraglmganmeanécnfmw, @@Beﬁatmngerenergy for
Iongltuglnal direction and a shorter transverse
eJBFF&BFi 4K the |ongitudinal direction is in the

f'5§tlf&ﬁf&tbﬂgmber for pressurizing liquid by the energy

generated by the energy generating means; and

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

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,

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

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

‘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 liquid;

a ligquid chamber for pressurizing liquid by the energy




8. Aliquid ejection apparatus conprising a plurality
of chips arranged in a first direction, each chip
conprising a plurality of liquid ejection units

di sposed in the first direction, wherein each of the
plurality of chips has a configuration that the

di spl acenent between ej ect3®n directions of liquid

fromt respective liquid ej,ection _unjts_i,s
gendibad & R reh¥ Fry: BiPPeliol et Thedaltn ¢ he

| qui doejza@t | OAraRPRIat Usg CANY | Seguie] estéO8utkiBeAd in the
_control means capable of establishing ejection timng
ligpifi gliesbrom the |iquid ejection units of each chip
ir1wrékgitoaco%r%cg.%he d'sgﬂacenent of ther40_.l Iiﬂui% .
| aftdiHg” Postt PoH BetiderPt he"ShPRE TN FHAiTgtnd Means are
arfhhgetli @R ehea 1tiangel @bimeérvhen liquid is ejected in
a direction being different fromthe first direction
an@hensiudihg @ diretityn Qer phadicid gyt ganerdtiingy means
direction. 9. A lLi.qui.d, ej ecti.on apparat,us_co I si.ng .a
2 SHTEH OF dPEhl it aROBTaT a P o aFERAY offiPhih the
1iQard HdnbEONBI Siangda rRlcwidld t being | GUird 8t | Arom  the
units disposed in the first direction, wherein each
findt t derpruiani tandfighilpsings @ dtoatitgoratporpematcular to

hghgisplace nt between ejection directions of
th

t he.
the At f9OhFEhéPespective liquid ejection units is

m phekzed i thefdd shredifieet nanuitd | enBeiRY has a longer
maxim zed in a direction perpendicular to the first
lomi¥terdimn]l dndection and a shorter transverse direction,
and the longitudinal direction is in the first direction,
wherein the energy generating means is 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

longitudinal direction is in the first direction.

8. A liquid ejection apparatus comprising a plurality
of chips arranged in a first direction, each c¢hip
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 liquid ejection apparatus comprises
ejection timing control means capable of establishing
ejection timing of ligquid from the liguid ejection units of

each chip in order to correct the displacement o©f the




wherein the liquid ejection apparatus conprises
ejection timng control neans capabl e of establishing
ejection timng of liquid fromthe liquid ejection
units of each chip in order to correct the
di spl acenent of the liquid |landing position between
the chips in a noving di r¥kction of a target object
. when ljguid is ejected in_a, direction bei.ng di.fferent .
LV e tpey ST EbEPen R Cet TG B et o | moving
dipespendi o af ke riRae fbbgécﬁl reedd oNi ghld Als aRBRAIAUS in a
_according to Caim8 or 9, wherein the ejection '
dixeefihgncopetot ndhhSeconpri Seom t 8be- patireitn dargction and
. oring neans for. storing test atferp data faor .. .
in U0 Roli FatLaol] Seon TroMar Feaske oagogr Frection.
liquid ejection units of a chip selected from the
plurality of chips; and 41 test executing means for
reddi ng?t héquédt spatateran dappassdbred domptiesing a plurality

of | Gt Be] T U SR condt neP t o TS & oot L paFFarf datgach  chip
conmdlri Nh@PRapatks 13650 NO; §Q1 & aKMR in UnIWSr 8iBposed in

the ejection timng control neans conprises:
the dstrpatderactara,stori ng means for storing test

attern.data for perforping liquid ejection from at
Feﬂ £ 8ne %?C?he(¥équ£h?ejé%%'%%}btytscﬂg acgﬁpﬁ has a
con¥ekRelfd S omerihe pkH%al'BYsEﬁa%QhE%t angdet@llen  ejection

executing neans for reading the test pattern data
diretdrdens noftheligsidpafitenn et arstseeiatg weadd o dsetjection

uniggfggge Hf%fﬁ%ggéxnfﬁ”]éﬁgx”§gpgttqdipgc%$gh p%hgi%n being

maximized 1in a direction perpendicular to the first

direction, and

wherein  the ligquid 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
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.

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 liquid ejection from at least
one of the liquid ejection units of a chip selected from

the plurality of chips; and




while repeating the liquid ejection according to the
sane test pattern data as that stored in the
test-pattern data storing nmeans a plurality of tines.
12. An apparatus according to Caim8 or 9, wherein
the ejection timng control means conpri ses:
test-pattern data storlng 4feans for storing test

pattern data for perform i,d_e tigon from

et st Gt FhalTralien rect Faninfl FRe et Loppitern data
steedgctied them tkhe- Eb%&@hﬁiyd@EaChbﬁ§r1h@5tm@éﬁ§Ut589 as to

means for reading the test pattern data 'stored in the

exq@ste phigeidl dacatdoor ianrairdieg sboasheoteskep@taern data.
liquid ejection according to the test pattern data;
and correction data storing nmeans for storing

connect paAn apldd Ao £ Q5 GRMUHJI NI Q) e€1 LR td MhRY ®f wherein
liquid fromthe |liquid ejection units of each Chlp,

thet rﬁej @@tx@m tomidgt aonbegiolg mkstres néorepr based on t he
an execut ed t he

f the i
CxEEAET RG TS, UBE2 aherei he BREEEI o4 m AOGEng  test

pa thieG ddétamftcrye bEg¥bdnenRCt 1 PRu YA tS) i+ £REh P 46 least
controlled at | east in part based upon the correction

onedar@d $her ebllqmdh@mtrM| omitdataf steor chgpneansectidd from
An _appar.at u ccording tqg aim8 or 9, wherein the
the 'éﬁgg;f% ﬁ REREf oPfleans conprises: test-pattern
datig st %i@@uﬂ?ﬁgsm QO sStRSE NBeoh@fhy RAL &dsdabactein data
performng liquid ejection fromat Feast
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
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 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;
and

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

executed by the test executing means,




one of the liquid ejection units of a chip sel ected
from the plurality of chips; test executing neans for
reading the test pattern data stored in the
test-pattern data storing neans so as to execute
liquid ejection according to the test pattern data
whil e repeating the |iqui d%jection according to the

t est tter t I it foti ; d . .
coPFecbed, 08 LEURGED EIALAY Lot Sn e 1iuia
ejedatiod OhneeBt LA |ddh eERELT ANy tddhPBo0l ki G 1 d4OM in part
the liquid ejection units of each chip, the

bassst r epoinontlat acobeengidet edataedsbased oimt e esglrtrection
d tpf the liquid ejection executed by the test executing
e SO T WNErBF AP Ehe ejection timing of liquid fromthe
liquid ejection units of each chip is controlled at
| east in part based upon the correction data stored
in the cdénr ezppanatdat acstordigg méangcldain Bnor 9, wherein
rding to any one of Clains 1 to 7,

thapgara us_acco A
FUr o RGT L EGmpr Sy SEetT b RRENG BBHERS® eans
capabie-©ofrc&shabbighi ng @l et bongbibmisng ©f 11 gubding  test
fromthe liquid ejection units of each chip in order
patioecnr dedta ther giesglcarement 1ofjutide ¢jgutdoharfdiony at least
osi_tign between the chips in a noving djrection of
on aPéettq’b%j i&fl FIfgbial 014 gfed eﬁhilﬁ aSEfe‘:teg from
théﬂﬁp&f&@gtyebggcghﬁkgrent fromthe first direction
and including a direction perpendicular to the first
di tectti axedibt i mppasatiss aceaddhng the amystongavtern data
Clainms 1t
storeé in t%e 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 correction
data for controlling ejection timing of liquid from the
liquid ejection units of each chip, the correction data
being determined based on the result of the liquid 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 1liquid 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




7, further conprising ejection timng control neans

capable of establishing ejection timng of liquid

fromthe liquid ejection units of each chip in order

to correct the displacenent of the [iquid Ianding

position between the <chips in a noving direction of a

target object when liquid43s ejected in a direction
. being. different tromthe first dir i.on .an :
s PRAPRaPHy S afr e POt Peppdishnal S S0s T FrPR the first
dirdidteicdn ORndWehel DdiRg ehecdi et i FhNHLOM i@l cHBARS to the

_conprises: test-pattern data storing nmeans for

firgttordimgpatesen. pattern data for performing |iquid

ejection fromat least one of the liquid ejection

units of a chip selected from the plurality of chips;
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data stored in the test-pattern data storing means so

7, dsuxbhepxeoups iisiigqd ¢ipetivontandoodiqaptort heeanst capable

pattern.data. 16. . appar.at.us accordi ng. to_any one of . .
of B4k SPefer St hER" doMbTa Ro. & 6bi OnFH e Liquid
ej sl wRans capabkgcnof cestablishidgerectbonchbir¥eld  the

~of liquid fromthe liquid ejection units of each chip
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ditrection and including a direction perpendicular to
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| 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 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 data storing means so as to

execute liquid 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 liguid from the liguid
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,

wherein the ejection timing control means comprises:




test-pattern data storing neans for storing test
pattern data for performng liquid ejection from at

| east one of the liquid ejection units of a chip
selected from the plurality of chips; and test
executing nmeans for readi % the test pattern data
stored in the test-patterrfdata storing means so as to

execut.e liquid ejection agccording to the test ttern
nt T Do atrg ¢ 1T i d BPEBEI of oo dPhghBo Tet
patttherisafBtat e8dr Pakheindala stoned idyddei destrRAl t8EN least
data storing neans a plurality of tines. 17. An
oneappar dthes decquidi rfeotaoy ometgf Gfaiarschipo sFlected from
further. conprisi ej.ection timng control neans

the dpati 2t 1oy RE: SBREPSH; ﬁ‘éldgj ection timng of |iquid

fregsihe dd A thg ineahsOF N SaQing§agheChidst NpQEEEEkn data
to correct the displacenent of the liquid | anding
stouesl t ilon bbeweeasthpatthirps data nevongndi reeahen b aas to

__target.object when liquid is.ejected jn di.rectjon
exedithy W FRE oo T hBCFPFOA NI 1ot REn tmt battern data
whillRC! H8hBGt andi e i R gpaLPensietl 8 ta‘bécg‘ﬁdiﬁéﬁr $o the same
di rection, wherein the ejection timng control neans

testonpaisesn dadst - pabtredn dat ahst oresg-pehhsrhordata storing
storing test.  pattern data for performng liquid

meagSacd dh4rohtaY Peasi™®Sne of the liquid ejection
units of a chip selected from the plurality of chips;
test executing neans for reading the test pattern data
stior.ed An tdppdestupabenrddata stornyg eoeansfsClasin® 1 to

e ecuktle liquid.ejection according.to the test pattern
ther comprising ejection timing control means capable

7,
of establishing ejection timing of liquid from the ligquid
ejection units of each <chip in order to correct the
displacement of the liquid 1landing 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 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;
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




and correction data storing nmeans for storing
correction data for controlling ejection timng of
liquid fromthe liquid ejection units of each chip,
the correction data 45 being determ ned based on the
result of the liquid ejection executed by the test
executi ng nmeans, wherein t#e ejection timng of liquid

fromthe |i,qui ejection _units of each chip.is . . .
be b Fesddio] dodt SfnoRathe basetd tuoh The' Logree: iget ion
exBabid sl Phedrd ({der COxEe6EE AR ndaha storing neans. 18.

An appar atus according to any one of Clains 1 to 7,

f urttere tonphiesigpr e set | damtling ngt contndkd nfeasrs the liquid
.capabl e aof establishing ejection tim of liguid
I FRBPrn AT i OF BFED: oK i sCBP LERU ShiF | FeoPbiein paTt
bab8dCAIFEEt e AL SRIAGRIENLARh thEokbgul Pl Al NGorrection
position between the <chips in a noving direction of a
datar gébrabjgecteastren liquid is ejected in a direction
being different fromthe first direction and
including a direction perpendicular to the first

diregcti an, WSL Ll Pubhg RISl RD £5MRg, CONLT BlF ADSNs 1 to
conprises: test-pattern data storing neans for

7, stwrtingrt estpriatiey re patai éor tpeihor Mot tojundans capable
e%ectggn fromat least one of the |iquid._ejection _ ,
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displacement of the ligquid 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,

wherein the ejection timing control means comprises:

test-pattern data storing means for storing test
pattern data for'pefforming 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 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 ejection timing of liquid from the
iiquid ejection units of each chip, the correction data

being determined based on the result of the liquid ejection

executed by the test executing means,




execute liquid ejection according to the test pattern
data while repeating the liquid ejection according to
the sane test pattern data as that stored in the
test-pattern data storing nmeans a plurality of tines;
and correction data storing nmeans for storing
correction data for controlling ejection timng of

liguid from.,the .liqguid ejection its _of ,each _chj C o

heE e P ot GAESEI6R e ar iner 8488d Tt hehe Liguid
ejd@asiuit ehitbe dfi Whch ebReb A @xeepbedehy dtherd£st in part

executing neans, 46 wherein the ejection timng of

baggquiagolr ofhithectryartiepecdaba wiiesedf Hachlehi poirgection

daéxngg&ﬂled at heast in part based upon the correction
Fata St ored TR the correction data storing neans.




