2 1 LIQU D D SCHARGE APPARATUS AND METHOD FOR DI SCHARG NG LI QUI D

- BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to a liquid discharge apparatus having a |iquid discharger capable
of deflecting the trajectory of a droplet in various directions and
relates to a nmethod for discharging liquid. More specifically, it relates
to a technol ogy for shutting off the operation of a |iquid discharger when
the discharger fails to discharge droplets and for instructing another

| i quid discharger to discharge droplets as a replacenent for of the

shut - of f di scharger. ., Description of the Related Art An inkjet printer,
which is nown _| i

3 % g dlscharg g& ar at us, %y ically has a head
i ncl udi ngTA&aMyE PP&ﬁeaPPﬁﬁa Pg c METHOPs O%yn§§ BREIYHG y18P3Bhar gi ng
mnute ink droplets onto a recording nmedium such as printing paper,

. di sposed so that it opposes the nozzle surface, a predeterm ned number of

'dots areg e X forma pixel. In sone cases, the
l'iquid dlég g?g%ﬁﬂﬁgg %@% f%%@%ﬁﬁ@i of discharging droplets normal ly. This
i s causeq byFygi&ogf hE ﬁ%@htfge reason i s discharge failure caused by

dust bl ocki ng

The present invention relates to a liquid discharge
apparatus having a liquid discharger capable of deflecting
the trajectory of a droplet in various directions and

iw) relates to a method for discharging liquid. More
specifically, it relates to a technology for shutting off
the operation of a liquid discharger when the discharger
fails to discharge droplets and for instructing another
liguid discharger to discharge droplets as a replacement for
7 of the shﬁt—off discharger.
2., Description of the Related Art

An inkjet printer, which is a knowﬁ liguid discharge

apparatus, typically has a head including linearly-aligned

liquid dischargers. By sequentially discharging minute ink.

N

droplets onto a recording medium, such as printing paper,
disposed so that it opposes the nozzle surface, a
predetermined numbexr of dots are formed on the pixel area to
form a pixel.

In some cases, the ligquid discharger becomes incapable
of discharging droplets normally. This is caused by various
reasons. |

One reason is discharge failure caused by dust blocking



the droplet outlet of the nozzle of the discharger. A known nmethod for
solving this problemis head cl eaning. Another reason for discharge failure
is caused by clogging of the liquid discharger or disconnection of an
energi zing element (for exanple, a heater elenent for a thermal printer)

di sposed inside the liquid discharger. In such cases, there are no
sufficient nethods for solving these problens. Thus, usually, the head is
repl aced. There are two types of knowminkjet printers: 1) a serial

printer in which the head prints while it noves back and forth in the
direction orthogonal to the feeding direction of the printing paper and
whi | e thﬁh ri.nti pape{ sent in the direction perpendicular to the

directio ndrﬂﬂggﬁ PHE %Egéfighﬁnﬁ?ﬁﬁ}eaﬂﬁ Bye AIFRATEIERt erB i KRR ch a
head is f | h t. i dt f.t inting, d in which
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di tion. Al i.nkj et inter..h | it f | | d hi

di sposed | n gHIS e aeih i e i rkad® E S SYonnect ed.
Each hea@l&@éPa SoPrgﬁgsffény'5{Ecﬁﬁgﬁé¥"é§“§i§% nal 8ot hat the head

chi ps recor ai1n Series along the’éentire W 10t "t he prl%ﬁing paper..
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thermal printer) disposed inside the liguid discharger. In -
such cases, there are no sufficient methods for solviﬁg

V») these problems. Thus, usually, the head is replaced.

There are two types of known inkjet printérs: i) a
serial printer in which the head prints while it moves back
and forth in the direction orthogonal to the feeding
direction of the printing paper and while the printing paper
is sent in the direction perpendicular to the direction in
which the head is mov;ng; and 2) a line printer in which a
head is formed along the entire width of the printing paper
and in which printing is performed while the printing paper

is sent in the feeding direction.

R

A line inkjet printer has a plurality of small head
chips disposéd in parallei so that the ends of each head
chip are connected. Each head chip is proCesééd by an
‘appropriate signal so that the head chips record data in
series along the entire width of the printing paper.

- A serial inkjet printer employs an overlapping method
for printing a gray scale.

In this method, the characteristics of the liquid




di schargers are averaged by overl apping ink droplets (dots) many tines in
one pixel area. Morre specifically, dots are fornmed to fill the gaps

bet ween the previously formed dot row. Even if sonme of the liquid

di schargers malfunction to a certain degree or if there are liquid

di schargers that cannot discharge any liquid, the effect of failure of
these liquid dischargers can be mnim zed by overl apping the dots. The
head of the line inkjet printer does not nove in the direction

perpendi cular to the feeding direction of the printing paper. Therefore,
once an area has been recorded, it cafnot be re-recorded by overl apping
the dots. Wien there is nore than one failed discharger, a white line is
gener ated because a row of pixels cannot be fornmed. This failure is

pr om nent difchhvyont aptes aardagedphy cevehlappimeq dinke dhbghetsialddtys) For |ine

i nkj et prj r he. tone can he_increased by overl apping dots in the
f eedi ng d#gégt?%W§%ﬁlqtﬁ?ﬁmﬁlﬁt?nareﬁape Qr?lé§99ﬁﬁ;9%?i¥ﬁ %ﬁésdafg, however,
is only etbemtdiveo fiorl it én%ethéehoeﬁe2§Fb@m@§sﬂptﬂ§Mﬁkpg§ﬂ;he qual ity

of the dischargers. SUMVARY THE | NVENTI Enbodi nents of the present
i nventi ont@bnpensate for the dischargers that have failed to di scharge

droplets by 4 p£AplioyiBgeacEeehnol ogy; J of A8hLL §eLLNG. 1 AS 1L A, 2oLy of
certain degree or if there are liquid dischargers that
cannot discharge any liquid, the effect of failure of these
liquid dischargers can be minimized by overlapping the dots.

The head of the line inkjet printer does not move in
the direction perpendicular to the feeding direction of the
printing paper. Therefore, once an area has been recorded,
it cannot be re-recorded by overlapping the dots.

When there is more than one failed discharger, a white
line is generated because a row of pixels cannot be formed.
This failure is prominent in photographs and graphics that
require high quality.

~ For line inkjet printers, the tone can be increased by
overlapping dots in the feeding direction of the printing
paper. Overlapping of the dots, however, is only effective
for increasing the tone and does not average the quality of

the dischargers.

SUMMARY OF THE INVENTION
Embodiments of the present invention compensate for the

dischargers that have failed to discharge droplets by



di scharged i nk droplets already disclosed by the inventors (for exanple,
Japanese Unexam ned Patent Application Publication Nos. 2002-161928,

2002- 320861, and 2002-320862). -5- In accordance with a first aspect of the
present invention, there is provided a |liquid discharge apparatus for

form ng pixels conposed of a predeterm ned nunber of dots disposed in

pi xel areas on a recording nmediumaccording to a liquid discharge signal
the liquid discharge apparatus conprising: a head including a plurality of
l'iquid dischargers having nozzles aldgned in a predeterm ned direction; a
deflecting unit for deflecting the trajectory of a droplet discharged from
one of the liquid dischargers in a predetermned direction and comrandi ng
at | east h dis the vicinity to discharge

dropl et s %h o &ﬁe&sgn%e%lxgvxﬁ?g%r 5?8??h@guﬁ?? 6t Qﬂﬁyhﬁ%lnfornatlon
on 2 01 schanafarbgul e Slodfied LAY SEUR1EELS K5 thE SRULOLLI No uni !

for controlling l'iquid arge i gnal's sent
di schar gergoandxihel def IHHING vHRkhn@REQT Bh At ndde dfiemation stored in
the storing wunit. In accordance with a second aspect of the present

i nventi onpubhicetion v ¢ed2albigesd zocolimragsigppanabos2-ongdor m ng
pi xel s conposed of a predeterm ned nunber of



dots disposed in pixel areas on a recording nmediumaccording to a liquid
di scharge signal, the liquid discharge apparatus conprising: a head
including a plurality of liquid dischargers having nozzles aligned in a
predeterm ned direction; -5a- a deflecting unit capable of deflecting the
trajectory of a droplet discharged fromthe liquid discharger with various
anplitudes along a predeterm ned direction and for discharging droplets
fromat |east two of the liquid dischargers in the vicinity onto the sane
pi xel area; a storing unit for storings aformation on discharge failure,
wherein the storing unit stores information on a |iquid discharger

shut - of f due tPnQ£§£ﬂ%h%%efQEEHr§;fﬂﬂ§ﬂg%§k%%th¥etﬁ%§%%%%9&_Unit for

di scharging droplets alternatively, inthe a ive discharge unit
transf er sinvehebwt, aheaet ief paovided ¢ diisghar gésshgnat aphaectied to the
shut - of f giscfaéger to at |east ong o% the other liquid dischargers
accordi ngt?h THENH SHRsiSFOTPEred ©F i e @S HgegnPE™agE @bntrol s the

di schar geqefs dopbiest ifr @Axal Agass e qfeé&l"di%ghﬁéldhhﬂuciagcgfé rgers

that the transferred received |iquid discharge signal. In accordahce wth
a third akpertlbiuichelimchoane phyeali othe therwd slisphevipdedppataus d
dischargecgagg%gﬁgﬁ for relatively nmoving a recording nediumand a head in
a direction substanhtially perpendicular to a predeterm ned direction and

for formng a head including a plurality of liquid dischargers
having nozzles aligned in a predetermined direction;

a deflecting unit for deflecting the trajectory of a
droplet discharged from one of the liquid dischargers in
a predetermined direction and commanding at least two of
the liquid dischargers in the vicinity to discharge
droplets onto the same pixel area;

a storing unit for storing information on a discharge
failure of the liquid dischargers; and

a controlling unit for controlling the liguid discharge
signals sent to -the liquid dischargers and the deflecting
unit according to the information stored in the storing
unit.

In accordance with a second aspect of the present
invention, there is provided a liquid discharge apparatus
for forming pixels composed of a predetermined number of
dots disposed in pixel areas on a recording medium according
to a liquid discharge signal, the liquid discharge apparatus
comprising:

a head including a plurality of liquid dischargers

having nozzles aligned in a predetermined direction;



pi xel s conposed of a predeterm ned nunber of dots disposed in pixel areas
on the recordi ng nedium according to a liquid discharge signal during the
rel ative novenent, the liquid discharge apparatus conprising: a head
including a plurality of liquid dischargers having nozzles aligned in a
predeterm ned direction; a discharge deflecting unit capable of deflecting
the trajectory of a droplet discharged fromthe liquid discharger with
various anplitudes along the predeterm ned direction, the deflecting unit
di scharging droplets fromat [|east-tso-of the Iiquid dischargers in the

vicinity onto th sane pi xel area, and discharging droplets froma liquid
5b di scharger® é%? &4 ey B hreaRfR Ife Af &ﬁﬁéeﬂgé%%dﬂﬁéF§33@§6§5Ve of

di schar gi pg srepbsts: oniseharpeyekraneand 0111% idigleneopResgdRf a
predet erm ned nunber of dots; a storing unit for storing information on
d|schargeva¥%ﬁ¢%u%ﬂpkmiﬁiﬁsnaﬂﬁégs@0P¥ tatninadoddgeichf ornandofoon a

iquid di gehatgatispuphtedue by g1 SEDALOR JAIJLLEE 20qghfer nati ve

di scharge unit for discharging droplets alternatively, erein the

al t er nat i 9eschandrrgé ruthe vicansferentat dleastane paxblo&raaquU|d di schar ge
in which

zgggﬁgchglégcgf%gropﬁgtgﬁpgtgga;%%5SChaégﬁgFmﬁgégP 8ﬂeél%? ??%FBther li qui d
di schar gefsiacogr dinegetia the stdoimatiron ssbeeedihfothet S30rdmae unit and
controls ifghié(ﬁgézharger shut-off due to discharge failure;
an alternative discharge unit for discharging droplets
alternatively, wherein the alternative discharge unit
transfers at least a part of a liquid discharge signal
directed to the shut-off discharger to at least one of the
other ligquid dischargers according to the information stored
in the storing unit and controls the discharge of droplets
from at least one of the other liquid dischargers that the
transferred received liquid discharge signal.In accordance
with a third aspect of the present invention, there is
provided a liquid discharge apparatus for relatively moving
a recording medium and a head in a direction substantially
perpendicular to a predetermined direction and for forming
pixels composed of a predetermined number of dots disposed
in pixel areas on the recording medium according to a liguid
discharge signal during the relative movement, the liquid
discharge apparatus comprising:
a head including a plurality of liquid dischargers
having nozzles aligned in a predetermined direction;
| a discharge deflecting unit capable of deflecting the
trajectory of a droplet discharged from the liquid
discharger with various amplitudes along the predetermined
direction, the deflecting unit discharging droplets from at

least two of the ligquid dischargers in the vicinity onto the

same pixel area, and discharging droplets from a liquid



di schargers receiving the liquid discharge signal to discharge droplets
onto the sane | anding position as the shut-off liquid discharger during
the free time slot according to the transferred |iquid discharge signal
In accordance with a fourth aspect of the present invention, there is
provi ded a nmethod for discharging liquid through a head including a
plurality of liquid dischargers having nozzles aligned in a predeterm ned
direction, wherein the head is capable of deflecting the trajectory of a
dropl et discharged fromthe |liquid-diS%chkarger with various anplitudes

along a redeterm ned direction and for discharging droplets from at
feaey TuglsRRaREET] Hef et it eonan ThRa L AREH S e sanp of xel

area, theaspabiedoesoaPsied Mg dd&riART sObntbehabi ¥&l Yapdyifig- & recording
medi um and the head in a Tdirection substantially perpendicular to the
pr edet er pilred cdipestd orf o muedegeamphgel newpposeEd dsftss pr edet er m ne nunber

of dots by dischargi ng a . .predeterm.ne nupber of droplets.from the liquid
di schargers dﬁr?g%r‘%f*%q?ﬁtgt iVe Srovednt 2Lt Y i?{g q%n%cglrarﬁel on on a
shut - of f rdiisahar oRkethtten tthdrsaplrehigduachasgerd Al i i ramang bheapl urality of

liquid dischargers, transferring at least a part of a liquid discharge
si gnal diliEBtedot echargshmhudiridi deRaFgeflteanos dastlgité of the ot her

li quid diSChaégeéfté?ﬁé%fﬁé“ﬁfQ%h%@%e unit for discharging droplets

alternatively, wherein the alternative discharge unit
transfers at least a part of a liquid discharge signal
directed to the shut-off discharger to a free time slot, in
which no discharge of droplets is commanded, of at least one
of the other liquid dischargers according to the information
stored in the storing unit and controls the liguid
dischargers receiving the liquid discharge signal to
discharge droplets onto the same landing position as the
shut-off liquid discharger during the free time slot
according to the transferred liquid discharge signal. In
accordance with a fourth aspect of the present invention, there
is provided a method for discharging liguid through a head
including a plurality of liquid dischargers having nozzles
aligned in a predetermined direction, wherein the head is
capable of deflecting the trajectory of a droplet discharged
from the liquid discharger with various amplitudes along a
predetermined direction and for discharging droplets from at
least two of the liquid dischargers in the vicinity onto the
same pixel area, the method comprising the steps of:

relatively moving a recording medium and the head in a
direction substantially perpendicular to the predetermined
direction,

forming a pixel composed cof a predetermine number of
dots by discharging a predetermine'number of droplets from

the liquid dischargers during the relative movement,



information stored in the storing unit, and controlling the discharge of
droplets fromat |least one of the other liquid dischargers to which the
liquid discharge signal was transferred. In accordance with a fifth aspect
of the present invention, there is provided a nmethod for discharging
liquid through a head including a plurality of liquid dischargers having
nozzles aligned in a predetermned direction, wherein the head is capable
of deflecting the trajectory of a droplet discharged fromthe |iquid

di scharger with various anplitudes alonpg-the predeterm ned direction and
for discharging droplets fromat least two of the liquid dischargers in
the vicinity ofterinee l@éﬁ‘ﬁma’pmlélOfaraeéhqth@fﬁredh@@h@m&ﬂ idgiengot he steps of:

rel ativel d| t he -hea lrec ion
substantlé ﬁgﬁ%gg%%ﬁ%%&' fg?oHE% S §: FrY ngVrS %ﬁPl%orn1ng a
pi xel conposeshafers,pr edet erm ne nunber of dots by dlscharglng a

predet erm ned nunber of droplets from the liquid dischargers during the

rel ative nnveh%ﬁﬁnsﬁﬁﬁﬂiﬁﬁr@FnéeéﬁépﬁeP%r¥rQﬁn%ﬂlHQQﬁg dgehetgehe i quid
dlscharge?§ ﬁéﬁtéf%é6€?dmtkyt%%tghh@g %fnglgé% &L 63, 5%“1 ﬁs%rOHESCharg'ng

dropl ets ron1a 1 qui d di scharger se ected anDng the Tiqu
di schar gees thﬂxnﬁh@roﬂ1@usdhdugchgrge&suﬂcﬂardmﬂ@ot@ pihxkel area for a pixel
conmposed Offor é&ﬂ%f%%gkggd o4 grsgér£%g unit, and

controlling the discharge of droplets from at least
one of the other liquid dischargers to which the liquid
discharge signal was transferred.

In accordance with a fifth aspect of the present
invention, there is provided a method for discharging
liquid through a head including a plurality of liquid
dischargers having nozzles aligned in a predetermined
direction, wherein the head is capable of deflecting the
trajectory of a droplet discharged from the liquid
discharger with various amplitudes along the predetermined
direction and for discharging droplets from at least two
of the liquid dischargers in the vicinity onto the same
pixel area, the method comprising the steps of:

relatively moving a recording medium and the head in
a direction substantially perpendicular to the
predetermined direction,

forming a pixel composed of a predetermine number of
dots by discharging a predetermined number of droplets from
the liquid dischargers during the relative movement,

discharging droplets from at least two of the liquid
dischargers in the vicinity onto the same pixel area, and
for discharging droplets from a liquid discharger selected
from among the liquid dischargers capable of discharging
droplets onto a pixel area for a pixel composed of a

predetermined number of dots,




5d storing information on a shut-off discharger due to droplet discharge
failure anong the plurality of liquid dischargers, transferring at |east a
part of a liquid discharge signal directed to the shut-off discharger to a
free time slot, where no discharger of droplets is conmanded, for at

| east one of the other liquid dischargers according to the information
stored in the storing unit, and controlling the liquid dischargers
receiving the liquid discharge signal to discharge droplets onto the sane
| anding position as the shut-off liqgu d discharger during the free tine
slot according to the transferred |iquid discharge signal. According to
enbodi ment s ofstdre ror és€ptrmhnventdog dthe -dAfajdeethaigsr ofud e dropl ets
discharge& fromthe Ii%yid di schargers can be deflected. in a plurality of
di rect i onSLOPIRT | HEFATRE dPSEHER PO D dihiBdt R e cAT ot F#ld e, g, two
l'iquid di §ehaH8/3di sposed side by side in a predetermned direction, may
be capabl e of di'scharging droplets so that the droplets land in the sane
pi xel area. Wisnnfereiing atl Liqaestd di sghargera thiajuirhyilehshige- of f  due to

or o et dysghar o6 Lailur <. Vs nfoLR oL TRy be  stored e storins
Accor di ngs1éx ! ReheteOrRd diRkanmBLoBs @topBRS & R¥Idma@lied, for at
least one of the other liquid dischargers according to the
information stored in the storing unit, and
controlling the liquid dischargers receiving the liquid
discharge signal to discharge droplets onto the same landing
position as the shut-off liquid discharger during the free
time slot according to the transferred liquid discharge

signal.

According to embodiments of the present invention, the
trajectories of the droplets discharged from the liquid
dischargers can be deflected in a plurality of directions.
At least two dischargers neighboring each other, e.g., two
ligquid dischargers disposed side by side in a predetermined
direction, may be capable of discharging droplets so that
the droplets land in the same pixel area.

When there is a liquid discharger that may be shut-off
due to droplet discharge failure, this information may be
stored in the storing unit for storing information on the
shut-off of the liquid discharger.

According to the stored information, at least a part of
the discharge signal for the droplets the shut-off
discharger was supposed to discharge may be transferred to
at least one other liquid discharger in the vicinity. The

other liquid discharger may alternatively discharge



t he di scharge signal for the droplets the shut-off discharger was supposed
to discharge may be transferred to at |east one other liquid discharger in
the vicinity. The other liquid discharger nay alternatively discharge 5e
droplets so that the droplets may land in a position at which the droplets
woul d have had | anded if they were discharged by the shut-off discharger.
The operation of the liquid discharger that failed to discharge droplets
may be conpensated for by discharging the - 6 - droplets by other liquid
di schargers. BRI EF DESCRI PTI ON OF THEg WNGS Fig. 1 is an expl oded
perspective view of an inkjet printer head having liquid dischargers
according to th ent invention; Fig. 2 is a plan view of a |line head

accor di ng9tgP ﬂgs %%g trdhe GEoPhetpr BeEnt2pdvENtd GIPSIfiPn 35 s a plan

[ d ' d -Sect | I [ Ll yst [ the liquid
;:gg%nge?h%?HfﬁgéH%%%%%ﬁxigép%%n%ﬁvagbggi?aﬁgéqri£:£§%%§§?9%guhata showi ng
the rel at 4oRshL P4 5§“¥hénéqﬂ¥3§%%ed&BcBQ§?%Pfrent between two parts of a

heat generation resistive elenment versus e anplitude of deflection;
The operation of the liquid discharger that failed to

discharge droplets may be compensated for by discharging

the




‘Fig. 5is a front view of the landing positions of the ink droplets

di scharged fromnozzles of a liquid discharger aligned in parallel; Fig. 6
is another front view showi ng the relationship between the nozzles of the
l'iquid dischargers aligned in parallel and the |anding position of an ink
droplet; Fig. 7 illustrates a controlling nmethod for formng a dot row by
di scharging ink droplets in a predetermned direction according to the

di stributed discharge. signal (Fig. _ % corresponding to Fig. 5); 7 Fig. 8
illustrates a controlling nmethod for formng a dot row by discharging
droplets froma plurality of dischargers in a predeterm ned direction
according to a distributed discharge signal (Fig. 8 corresponding to Fig.
6) ; Fi glrepistydiyr artdeent He aydret dls adfardearssel ection of a |iquid

di scharger, the direction of deflection, and the anplitude of the
deflection for the enbodinent illustrated in Fig. 7; Fig. 10 illustrates
the system concept for control of the alternative discharge shown in Fig.
9; Fi g. BRLEH |RESIGRAtEES Odh By i SRABIINGSe hardware control for when ink
droplets are_alternatively discharged; Fig, 12 illustrates the detailed
positions of Ftfe dot§ aneéPHBPegoRﬁFépﬁﬁglVﬁ vhevsafe2pi kekiakea according

to a . . . . . : .
printer head having liquid dischargers according to the

present invention;

Fig. 2 is a plan view of a line head according to the:
embodiment of the present invention;

Fig. 3 is a plan view and a sideward cross—sectional
view illustrating the liquid discharger of the head of Fig.1
in detail;

- Fig. 4 is observed data showing the relationship of the
difference in tﬁe current between two parts ¢of a heat
generation resistive element versus the amplitude of
deflection;

Fig. 5 is a front view of the landing positions of the
ink droplets discharged from nozzles of a‘liquid'dischayger
aligned in parallel;

Fig. 6 is another front viéw'shohing the relationship

- between the nozzles of the liguid dischargers aligned in
| parallel and the landing position of an ink droplet;

Fig. 7 illustrates a controlling method for forming a
dot row by discharging ink droplets in a predetermined
direction according to the distributed discharge signal (Fig.

7 corresponding to Fig. 5);




di scharge signal; Fig. 13 illustrates, in conparison to Fig. 12, the
control of the allocating discharge commands alternately on both sides of -

the central line of a pixel that is located in the center of the tine
slots; Fig. 14 is a graph indicating the fraction ratio of the |ine head
when alternative discharge is performed; Fig. 15 illustrates the concept of
the fraction ration represented by lineii. in Fig. 14; and Fig. 16
illustrates the concept of the fractiop ratio 8- represented by line iii in

Fig. 14. DESCRIPTION OF THE PREFERRED EMBODI MENTS In the follow ng,

enbodi mrents of the present invention are described with reference to the
drawings. In this specification, the term'droplet' refers to a mnute
anount  (for BXanpf ellbevkratepi @ otoniere)l vty Inehed (for. formikd @ t he
enbodi nents) di scharged froma nozzle 18 of a liquid discharger described
in the faPFoﬁPﬁngTﬁéSFEﬁﬁgiagtdroPé?E?sff@maadpbprélit%anhas | anded on a
recordina.negiun1 sugch as printing, paper, The term'pixel' refers to the
mi ni mum BHPERBFIGHS| Mige. PFRECTLEF MNP x@l raFkhonrefepsding he area t hat
forms a kagk. IP gng.giﬁel area, a_ predeterm ned nunber (i.e., none, one
or nore) 7 “EFBRFEY st ARAATES B HRehr BELY y pRSCOFT pPR@IGINT £iBd&- for med of
no dots é}9ne 1); a pixel forned of one

Fig. 9 illustrates the control of the selection of a

liquid discharger, the direction of deflection, and the

e

ahplitude of the deflectioh for the embodiment illustrated
in Fig. 7; |

Fig. 10 illustrates the system concept for control of
the alternative discharge shown in Fig. 9;

Fig. 11 illustrates an overview of the hardware control
" for when ink droplets are alternatively discharged;

Fig. 12 illustrates the detailed positions of the dots
of a dot row formed in the same pixel area according to a
discharge signal;

Fig. 13 illustrates, in comparison to Fig. 12, theJ
control of the allocating discharge commands alternately on
bothAsides of the central line of a pixel that is located in
the center of the time slots;

Fig. 14 is a graph-indicating the fraction ratio of the
line head when alternative discharge is performed:

Fig. 15 illustrates the'concépt of the fraction ration
represented by line ii-in Fig. 14; and

Fig. 16 illustrates the concept of the fraction ratio




dot (tone 2); or a pixel formed of a plurality of dots (tone 3 or nore).
The pixels are aligned on a recording nediumto forman inmage. The dot(s)
that corresponds to a pixel does not always |and inside the pixel area and
may | and outside the pixel -area. In the follow ng, an enbodi ment of a

| i quid di scharge apparatus according to the present invention is
described. The liquid discharge apparatus according to this 9 enbodi nent
has a line head for discharging droplefs. The line head is formed by :
aligning a plurality of Iliquid dischargers in parallel across the width of
the recording nedium (or in the direction perpendicular to the feeding
direction of the recording nmedium. The |iquid discharger includes:. 1)

| i quid cheRbeFSnEDALAY ntHee thkl 13uf¥9f ok4- di schargi ng dropl ets (which
correspond to ink chanmbers 12 . indicated in the follow ng); 2) energizing
el ements for applying energy to the liquid contained in the |iquid chanber
(which corre generation resistive elements 13 indicated in

the fol P%%\F%gﬁ,'?g%%go%?%@% @%&M%%W%zzl es (discharge outlets)
for di schar gi g i he: Liguld, cont slned 1n £agh AL LhamSlenbl on
are described with reference to the drawings. 1In this
specification, the term 'droplet' refers to a minute amount
(for example, several picoliters) of liquid (i.e., ink in
the embodiments) discharged from a nozzle 18 of a liguid
discharger described in the following. The ferm 'dot'
refers to a droplet that has landed on a recording medium
such as printing paper. The term 'pixel' refers to the
minimum unit of an image. The term 'pixel area' refers to
the area that forms a pixel.

In one pixel area, a predetermined number (i.e., none,
one or more) of droplets land to form three.tfpes of pixels:. ..
a pixel formed of no dots (tone 1); a pixel formed of one
dot (tone 2); or a pixel formed of a plurality of dot; (tone
3 or more). The piXels are éligned on a recording mediuﬁ to
form an image.

~ The dot(s) that corresponds to a pixel does not always
land inside the pixel area and may land outside the pixél
area.

In the following, an embodiment of a liguid discharge
apparatus according to the present invention is described.

The liquid discharge apparatus according to this



The 1'iquid discharger deflects the trajectory of each droplet discharged
froma nozzle in various anplitudes. along the direction the liquid

di schargers are aligned. For exanple, the energizing elenent is disposed
on at least a part of a surface of. the liquid chanber. The energizing

el ement controls the energy distribution by, for exanple, causing a
difference in the energy applied to two areas controlling the energy
distribution disposed above the energyzing element or by causing a
difference in the energy 10 distribution between the two areas di sposed
above the energizing elenent. The liquid discharge apparatus according to
the present invention, however, is not limted to this enbodinment. Fig. 1
i s an expMGIed™pBispact Aveivrelrdd HoReddsthasgingdToR}=ES print er
(hereafter referred to as_a '"printer') including a _liquid discharge

appar at us accbPi fPE RE#E 1HrievaErd ivK et TR NFiGg PG iy &l oded vi ew
of a nozzl.e .sheet 17 disposed on a barrier |layer 16, A substrate 14 on a
head 11 'ﬁ8P6§e§l§° FFPEBg lgeﬂ?fﬁ%ﬁ%%p6?r%ﬁ%s{?%1%ﬁqfﬁeﬁélF%%t gener ati on
e condLGEEFARIHTPAT B 60T TH HEST S BEREF LPT CRETRRTAI TOMAT efRrbit s 13 are
el ect i cally; canaecLed; Lo AR FXLeLal g EhChd, Mip @ conductor (not shown
in the dramnng? or red on he Sent conduct of su%s%rate 15.
The liquid discharger includes:
1) liquid chambers containing the liquid for
%;J discharging droplets (which-correspond to ink chambers 12
indicated in the following);
2) energizing elements for applying energy to the
‘liquid contained in the liquid chamber (which correspond to
heat generation resistive elements 13 indicated in the
following); and
3) a nozzle sheet having nozzles (discharge outlets)
for dischérging”the liquid contained in each liquid chamber
by controlling each energizing element.
The liquid discharger deflects the trajectory of each
droplet discharged from a nozzle in various amplitudes. along
the direction the liquid dischargers are aligned. For
example, the energizing elementlié disposed on at least a
part'of a surface éf,the liquid chamber. The energizing
element controls the energy distribution by, for example,
causing a difference in the energy applied to two areas

controlling'the energy distribution disposed above the

energizing element or by causing a difference in the energy




The barrier layer 16 is, for exanple, forned by stacking a photosensitive
cyclic rubber resist or a photo curable dry filmresist on the entire
surface provided with the heat generation resistive elenents 13 of the
sem conductor substrate 15 and then by renovi ng - unnecessary portions by a
phot ol i t hogr aphy process. The nozzle sheet 17 includes a plurality of
nozzles 18 and is fornmed by, for exanple, electrotyping with nickel. The
nozzl e sheet 17 is disposed on the banpier layer 16 so - 11 that the

| ocations of the nozzles 18 are aligned with the opposing heat generation
resistive elenents 13. The ink chanbers 12 are defined by the substrate 14,

UM 16, |l e sheet 17 surroundi t he heat
herat| SEEHERAELI G0 nREfeo ColO A E RPER ettt A st Tt he

generation resistive e S

dran 19, chBrspuhsh el andde T UBEL] 19,89 dle haldomalis. Al Lhe T

chanbers 12, barrier 1 ayer unctions as eval | s of the ink

chamber sy dor &5y LS ﬂ?gzﬁféé ts iﬁ*ﬁ?ﬁi(ﬂgﬁéﬁEf'“ié”H5¥'lfMyééﬁ of the

ink chanbers 12.7In this way, the ink chanbers ‘have openings i n the

front righteisid fapsosiiwwin Fig. 1. These openings and an ink channe
(not shown in the drawing) conmunicate with each other. One of the heads

11 descri bed rakove Ney M lekaiddiperahaERene 12 eand thgaheganerapEon
resistive elenents 13, whic are disposed in the respective ink chanbers
12, on tdre ofkledt printer (hereafter referred to as a 'printer’')

including a liquid discharge apparatus according to the:
igﬁ - present invention. Fig: 1 is an exploded view of a nozzle

sheet 17 disposed on a barrier layer 16.

A substrate 14 on a head 11 includes a silicon
semiconductor substrate 15 and heat generation resistive
elements 13 formed by deposition on one surface of the
semiconductor substrate 15. The heat Qeneration resistive
elements 13 are electrically connected to an external
circuit via a conductor (not shown in the drawing) formed on
the semiconductor substrate 15.

The barrier layer 16 is, for example, formed by
stacking a photosensitive cyclic rubber resist or a photo-
curable dry film resist on the entire surface provided with
the heat generation resistive elements 13 of the
semiconductor substrate 15 and theﬁ by removing unnecessary
portions by a photolithography process.

- The nozzle sheet 17 includes a plurality of nozzles 18
and is formed by, fér Qxample, electrotyping with nickel.

The nozzle sheet 17 is disposed on the barrier layer 16 so



‘'of 100 units. A controller of the printer commands each of the heat
generation resistive elements 13 independently. In .this way, ink
contained in the ink chanber 12 corresponding to the controlled heat
generation resistive elenments 13 is discharged fromthe nozzles 18
opposi ng the ink chanbers 12. Mre specifically, the ink chanbers 12 are
filled wth ink sent froman ink tank (not shown in the draw ng)

connected to the head 11. By applyingl%hgulse current-to the heat
generation resistive elenment 13 for a short tine, 12 e.g., for 1 to 3 sec,
t he heat generation resistive elenent 13 is rapidly heated. As a result, a
gaseous ink bubble is forned where the ink contacts the heat generation
resi sti véhag| ehenloestigpanofhehenkobabpbel 8xpandel ianed edetlertheied anount
of ink is pushed out (or in other words, the ink boils). In this way, the
sane ampfRPCS6PIi ARahsgeperphkonptshéateve etomeabdvi3the nozzle 18 is

di scharged fromthe nozzle 18 as .an ink droplet. The droplet |ands on
printing papere th oriaabeiot .12 3% (9pSinahd et Susedatte Head i s ;
formed by, aljgnin pluralit f heads 11 across the width of a recording
medi um ﬁpﬁ Bgrfﬁgﬁ @?g Tv QM/%?guEP?a??ﬁ@lﬁns%%%Bd}%EﬁHrQﬂunéﬁqqne'head
10. Fig. depigts four heads 11 (N1, N+1, nd N+2). To formthe line
head 1g,t€%e§§% d€e T MRt SR lﬁ%z??%mg%gﬁt%§17,m%%§ch are known as
head chi g8ec 2 foafly I8 SHoP8" 185%¢nd "EPaw§, "HE! SusliEBLe M L nozzles

functions as the bottom walls of the ink chambers 12, the

barrier layer 16 functions as the sidewalls of the ink

chambers 12, and the nozzle sheet 17 functions as the upper

walls of the ink chambers 12. 1In this way, the ink chambers
12 have openings in the front right surface shown in Fig. 1.
These openings and an ink channel (not shown in the drawing)
communicate with each other.

One of the heads 11 described above normally has ink
chambers 12 and heat generation resistive elements 13, which
are disposed in the respective ink chambe?s 12, on the order
of 100 units. A controller of the printer commands each of
the heat generation resistive elements 13 independently. 1In

- this way, ink contained in the ink chamber 12 corresponding
to the controlled heat generation resistive elements 13 is
dischargea from the nozzles 18 opposing the ink chambers 12,

More specifically, the ink cﬁambers 12 are filled with
ink sent from an ink tank (not shown in £he drawing)
connected to the héad 11. By applying a pulse current to

the heat generation resistive element 13 for a short time, .



18 formed in positions corresponding to the liquid dischargers of each
head chip is attached to the upper part of the head chips. As shown in the
detailed drawing of part Aincluded in Fig. 2, the heads 11 are aligned so
that the pitches between the nozzles on each side of the neighboring heads
11 are equal. In other words, the distance between one of the nozzles 18
at the right of the Nth head 11 and one of the nozzles 18 at the left of
the N+Hlth head 11 is, equal to the — 33 — pitch between the nozzles 18. By
di sposing a plurality of |ine heads 107 n parallel wth predeterm ned
intervals and by supplying different colored ink for each |ine head 10, a

color line heag ? constituted. The liquid discharger of this

enbodi nmefit 9 85c |B%d F3eGroreheieh et b FELFREIN I W iRf 1 SLepanE a plan
vi ew and S|demar cross secti onal ew showi ng one of the liquid
discharg%?s of %ﬂ% herte ead%sli ?%Sﬁﬁ%e YT TOUSTH e RHRRIE 14%he in the

I f F di nozzles 18.. As shown :i.,n Fi 3,
gngnhg;$¥5eﬁera TORe ¢ @?Lf? ?%ﬁ%%ttq% Reat Rl s i nfs ldiv s nE

A bt 0 AR AT D

generation resis I S CO nged in

paral l elymdihge tYP Pkt Ss cguél@d NGt esPef RO &3 S V&he ink

boils). - In this way, the same amount.of ink as the ink
pushed out from above the nozzle 18 is discharged from the
nozzle 18 as an ink droplet. The droplet lands on printing
paper to form a dot.
In this embodiment, the line head is formed by aligning
@ plurality of heads 11 across the width of a recording
medium. Fig. 2 is a plan view illustrating an embodiment of
a line head 10. Fig. 2 depicts four heads 11 (N-1, N, N+1,
and N+2). To form the line head 10, the heads 11 without
the nozzle sheets 17, which are knéwn as head chips, are
aligned in series. Then, one nozzle sheet 17 with nozzles
18 formed in positions corrésponding to the liguid
dischargers of eaqh head chip is attached to the upper part
of the head chips. E
| As shown in the detailed drawing of part A included in
Fig. 2, the heads 11 are aligned so that the pitches between
- the nozzles on each side of the neighboring heads 11 are
equal. In other words, the distance between one of the
- nozzles 18 at the right of the Nth head 11 and one of the

nozzles 18 at the left of the N+lth head 11 is equal to the



el ement 13 are arranged in the same direction as the axis of the nozzle 18
(the left and right in Fig. 3) Wien the heat generation resistive el enent
13 having two parts is contained in one of the ink chanbers 12 and when
each part is set to have the same bubble generation tine, i.e., the tine
required for one of the parts of the heat generation resistive elenent 13
to reach the ink boiling tenperature, the ink above both parts boils

si mul taneously and an ink droplet is gigscharged along the 14 direction of
the central axis of the nozzle 18. On the contrary, when there is a
difference in the bubble generation tine of the two parts of the heat
generation resistive elenent 13, the ink does not boil simultaneously :
above bdhrgatetvesiusthe eiskeectdry of the ink droplet is shifted from
the central axis.of the nozzle 18. As a_result, the tnajectorX f the ink
droplet is 48t PEEPEIITEN % MICTARLEY RE AHRCAPEAFS L0ardb SRRa4LePosi t i on

shifted framthe, | andi.n osition of an.ink droplet djscharged w thout a

bubbl e d"elhtce}f aq]?eoq‘?tﬁ:‘}%”g‘?cffle‘?%%vea}lﬁ:ia&d AP%W&%&W%MI{%&? asur ement s

for generating. a ,ti | ag..in fhe.ink bl e neration.in each of the two
parts of 1 oer%eajtnkgefr{)grr aefa?cohn%leré? s}%(:i”abdeble ’er‘?‘en‘fqJ . a]'IJ‘r{ée }heoard:szcc?r?t al° axis

represeqﬁiégyé tfon current, which is one- half of the difference of the
current between the two parts of one of the heat generation resistive

el ement s 13-Tﬂgeliquid discharger of this embodiment is described
in more detail in the following.

Fig. 3 is a plan view and a sidéward cross-sectional
view showing one of the liquid dischargers of one of the
heads 11 in more detail. The chained line in the plan view
of Fig. 3 indicates one of the nozzles 18.

As shown in Fig. 3, one heat generation resistive
element 13 is included inside each ink chamber 12 of each
head 11 according to this embodiment. The heat generation
resistive eleﬁeht 13 is composed of two parts arranged in
parallel. The two parts of the heét generétion resistive

i element 13 are arranged in the same direction as the axis of
~ the nozzle 18 (thé left and right in Fig. 3).

When the heat generation resiétive element 13 having
two parts is contained in one of the ink chambers 12 and
when each part is set to have the same bubble generation
time, i.e., the time required for one of the parts of the
ﬁeat generation resistive element 13 to reach the ink
boiling temperature, the ink above both parts boils

simultaneously and an ink droplet is discharged along the




vertical axis represents the anplitude of deflection in the

dropl et-1andi ng position, which is the anount of deflection fromthe
intersecting point of the surface of the recording nediumand the central
axis of the nozzle extended to the ink droplet |anding surface of the
recording medium In Fig. 4, the main current of one of the heat
generation resistive elements 13 is 80 mA. The deflection current is
applied on one of the parts of the-hgat _generation resistive elenents 13
to deflect the trajectory of the ink droplet. The 15 distance fromthe tip
of one of the nozzles 18 to the |landing position of the ink droplet is 2

mm Wen,the curren lied to the two_parts of the heat generation
resistiv%lg?%ﬁ%%? 3% f@gcﬂ%ﬂbﬁﬂlbﬁxﬁﬁk?ﬁgt feCHetfet?ion current greater,

the tine | ag Of e buhbl e generation between, t two parts_ becones
greater. Accodr%ldiénh} Ctoonbﬁlhaer%fl g S Hnit iqﬁ%ger@fncﬁeﬂneéﬁeon becones -

greater. 1 .the ink droplet, will land in .a deflected position

conpar edb?@m‘ﬁe%&?%%%t}%{g 1|:ismgdi%‘Jé:h‘:%:l?ege*t‘ﬂ"""?/vi %o %% et ﬁé(?ae#‘lce in the bubble
gener at i @i 4@ hetween i he. tywp. Rarts, I this enbodi ment, & difference in
the energy generation distribution of the Tower SUrf ace inside one of the

| nk Charmberdl deh s £f Ak o GOPASLA Uig,dieal AL, 1581 stive
el enent 13 of two parts. The present 1nvention, however, isnot limted to
this enbgdd ik .dfdPlet is shifted from the central axis of the
- ‘nozzle 18. As a result, the trajectory of the ink droplet
is deflected. 1In this way, the ink droplet lands in a
position shifted from the landing position of an ink droplet
discharged without a bubble generation time difference.

Fig. 4 shows the observed measurements for generating a
time lag in the ink -bubble generation in each of the two
parts of the heat generation resistive element 13. The
‘horizontal axis represents deflection current, which is one- -
half of the difference of the current between the two parts
of one of the heat generation resistive elements 13. The

} vertical axis represents the amplitude of deflection in the

- droplet-landing position, which is the amount of deflection

' f;om the intersecting point of the surface of the recording
medium and the central axis of the nozzle extended to the
ink droplet landing surface of the recording medium. In Fig.
4, the main cﬁrrent of one of the heat generation resistive
elements 13 is 80 mA. The deflection current is applied on

- one of the parts of the heat generation resistive elements

13 to deflect the trajectory of the ihk droplet. The



exanpl e, a heat generation resistive elenment 13 conposed of a single part
may be di sposed on the | ower surface of the ink chanber 12., The heat
generation resistive elenment 13 may include two different areas that
generate different anounts of heat energy. In this way, the | ower surface
of the ink chanber 12 will include two areas each having a different
energy generation distribution. As a result, a tinme |lag of the bubble
generation between the two areas in_ tRe_ink chanber 12 is created and the
trajectory of the ink 16 - droplet is deflected. By enploying the structure
described in the above, according to the present invention, at |east two
nei ghborip | iquid di schargers are capable of discharging droplets that .

| and at ?h%t§%ﬁ% bYB| the eblP |9 peirei el e Rpenles | k8 the the i gnnent pitch
in the gii npent _direction_of the liquid dischargers, the | anding position
of the %%?b?g RR3the et Fhrom Rackeopifit it @i dMar ger can be det er ni ned

by the formul bel.ow. (1/2xP)XxN_(where N.is a positive |nteger For mul a
13/. The Ian&ﬁh ﬁuffrFel ép&}éeﬂed}? rt@%tqwgpfa&ttshé’fcéﬁtegp%‘ft( t he

o S SR RSl SR Lot R 47,0 o
O Sy Sepnc e LAY o RONAE Ol Bfhd g OP!Sle (ipao0at ! on where
-generation between the two parts becomes greater. According

to the time lag, the amplitude Qf deflection becomes greater.

As a result, the ink droplet will land in a deflecteéed |
position compared to when the.ink is discharged without a
difference in the bubble generation time between'the two

parts.

In this embodiment, a differeﬁce in the energy

generation distribution of the lower surface inside one of

the ink chambers 12 was created by composing the heat

generation resistive élement 13 of two parts. .The present
invention, however, is not limited. to this embodiment. For
example, a heat generation resistive element 13 composed of

a single part may be disposed on the lower surface of the
_inklchamber 12. The heat generation resistive'élement 13

may include two different areas that generate different

amounts of heat energy. In this way, the lower surface of

the ink chamber 12 will include two areas each having a

different energy generation distribution. As a result, a

time lag of the bubble generation between the two areas in

the ink chamber 12 is created and the trajectory of the ink




In Fig. 5 ink droplets discharged fromtwo neighboring |iquid dischargers
of nozzles 18 land in the sane pixel area. In Fig. 5 the nozzle N can

di scharge an ink droplet so that the ink droplet lands in the pixel area n
or ntl. The intersecting point of the central axis of the nozzle N
extended to the surface of the recording nedium(i.e., the [|anding
position of the ink droplet) and the surface of the recording nmedium

mat ches the middle. point between the.pixel area n and the pixel area n+l.
17 Furthernore, the nozzle N+l is capable of discharging a droplet so
that it lands in the pixel area n+tl or n+t+2. In this way, a dot can be
formed in the pixel area n+l by discharging an ink droplet fromthe nozzle
N by defreetphgishdeftafeedory of the ink droplet to the right in Fig. 5
or by dischaaging an ink droplet fromthe nozzle N+1 by deflecting the
trajectory ofP¥ HEMRHKY MDptha stgFudfanefdesdnibridygins thet kéovsozzl es 18 and
pi xel areas al so have simlar relationships. In Fig.5 the |anding

posi t i onRCBPTERRI dEBpHRE sPr e Sehatyean  iom et W 93 sui wvalinekaieringan be
deterninfd bi éhe formul a below (1/2xP)xl. The |anding position is a
posi ti ont TEPAEi FLSERT PR T et ercaab el d | i Shar EewhrdraP kaier ithaft i gnnent

with the 'nozz]es, 18. .
elang a£ Ehe same pixel area. In particular, when P is the
alignment pitch in the alignment direction of the liquid

disqhargers, the laﬁding position of the droplets discharged

—

- from each liquid discharger can be determined by-the formula |
below: |
T(1/2xP)xN (where N is a positive integer) (Formula 1).
The landing position is a position relative to the center of
the liquid discharger and in alignment with the nozzles 18.
Fig. 5 is a front view showing the relationship between
- aligned nozzles 18 of a liquid discharger and the lénding
position of an ink droplet (the location where a dot is
formed) .
P . In Fig. 5, ink droﬁlets discharged from two neighboring
liquid dischargers of nozzles 18 land in the same pixel area.
In Fig. '5, the_nozzle N can discharge an ink droplet so
| that the ink droplet lands in the pixel érea n or n+l.  The
intersecting point of the central axis of the nozzle N
extended to the surface of the recording medium (i.e., the
 landing position of thé ink droplet) and the surface of the
'recording medium matches thé middle point between the pixel

area n and the pixel area n+l.




In other words, this is the same as Fornula 1 wherein N=1. For exanple, for
600 dpi, the nozzle pitch is 42.33 m Therefore, the anount of deflection
at the landing position is 21.15 mon each side. Fig. 6 illustrates a

di fferent enbodi nrent of the present invention conpared to Fig. 5. In Fig.
6, ink droplets discharged fromthree neighboring liquid dischargers of
nozzles 18 land in the sane pixel area. In Fig. 6, the three nei ghboring
nozzles of the liquid 18 dischargersiare nozzles N, N+1, and N+2. An ink
dropl et discharged perpendicularly towards the surface of the recording
medium (i.e., the sane direction to the central axis of. the nozzle N)

fromthe noza%;_ﬁ%lands in_.a pixel ea .n. The pixel areas on the left and
right sides of the prxef Q?eee{l%zai‘ree%_{)*i]xéis &PEEL 1R Prafd SRPRIIART Rk -
the r ccota RG el Ui F Fomt THE hot! & RaEE! (HER® eHe. 9k Tdropl ot | ands. i
noszl e N can o Got o 1 Sna™ aft el 17 s pite T ASE K ar opl et
et o SO BRG0P
that thegdfkecdionletndapds;dded e P x8le a2 cﬁfﬂplet to the right in
. Fig. S oi byrdischarging an ink droplet from the nozzle N+1
by deflecting the trajectory of the ink droplet to the left
in Fig. 5. |
Other nozzles 18 and pixél areas also have similar
relationshipsf
In Fig. .5, the landing positions of the droplets
discharged from each liquid discharger can be determiﬁed by
the formula below: |
+(1/2xP) x1.
The landingrposition is a position relative to the center of
the liquid dischaiger and in alignment with the nozzles 18.
In other words, this is the same as Formula 1 wherein N=1.
For example, for 600 dpi, the nozzle pitch is 42.33 pm.
Therefore, the amount of deflection at the landing pqsitién
is 21.15 pm on each side. |
Fig. 6 illustrates a different embodiment of the
preéent invention compared to Fig. 5. 1In Fig. 6, ink
droplets discharged from three neighboring liguid
dischargers of nozzles 18 land in the same pixel area;.

In Fig.. 6, the three neighboring nozzles of the liquid



O her nozzles 18 and pi xel areas have simlar relationships. In Fig. 6

the I anding position of the droplets discharged fromeach liquid

di scharger can be determined by the fornmula below (1/2xP)x2. = The |anding
position is a position relative to the center of the liquid discharger and
in alignment with the nozzles 18. 1In other words, this is the sane as
Formula 1 wherein N=2. 19 1In the present invention, droplet discharge
signals for formng a dot rowin the feeding direction of the printing
paper (the direction the head 11 and the printing paper nove relative to
each other) are sent one after another to at least two |liquid dischargers
capabl e of discharging a droplet in the droplet-l'anding position that
correspoRd§chargene arschargbesi YnaltlThend byt schargigizerddpl et in a
predeterm ned direction according to the received discharge signal from at
| east tmﬂlﬁ?‘qarae@uE%ﬁ@?@@%@ulargm tevards therswefaqs f Ahg | ustrates this
met hod and is an enbodi nent of a liquid discharger capable of deflectlng
the trajBEEBFTERI BEdiwR a%oﬁretghemara?h@r%wc%n %0 e ALk

corresponds to_Formula 1 wherein N=1. In ,. the nozzles 18 of each
liquid dr&thaPhefnareozzierill r ERORothS ‘Fi%%%f%sN Nan@gs, ig pixel sequence.

The dot . s n. The pixel areas on the left and rlght sides of the

pixel area n are pixel areas n-1 and n+l.
An ink droplet can be discharged in a direction
""" ' perpendicular to the surface of the recording ﬁedium from
- the nozzle N+l so that the ink droplet lands in the pixel
area n+l. | |
7 The trajectory of an ink droplet discharged from the
nozzle N can be deflected to the right in Fig. 6 so that.the
ink dfopiet lands in the pixel area n+l.

Moreover, the trajectory of an ink droplet discharged
from the nozzle N+2 can be deflected to the left in Fig. 6
so that thé ink droplet lands in the pixel area n+l.

Other nozzles-18 and pixel areas have similar .
relationships.

In FPig. 6, the landing position of the_droplefs
'dischargéd from each liquid discharger can be determined by
the formula below:

T (1/2xP)x2.

The landing position is a position relative to the center of
the liquid discharger and in alignment with the nozzles 18.

In other words, this is the same as Formula 1 wherein N=2.



rTows di sposed right under each nozzle N, N+1, N+2,... are each referred to

as dot rows n, n+l, n+2,..., respectively. The discharge signals that
correspond to the dot. rows n, n+l, n+2,... are referred to as discharge
signals S, 5+1, 8+2,..., respectively. In Fig. 7, the discharge signal

corresponding to each dot rowis inputted to formdot rows that each nake
up one pixel. The discharge signal is a signal row conposed of signal
‘conmmands (which are indicated by cirches—di sposed 20 inside the discharge
signal depicted in Fig. 7) for each dot of a dot row In Fig. 7, the

bl ocks (slots) indicating the discharge signal represent the tine sequence

of the discharge signal. At a timing indicated by the circles (i.e.,
di schar ge .sFBﬁa yEEe Phe PO ,g?ﬁEhPﬁQedF6BP3?§ fre

di sch d f th | f_the. liquid discharg . __The.pitch of the
bl ocke. L RaFBRPEst (fiel ordnnh g Syitetine e iR S et i

di scharger. 1n, this.enbodi ment 64 liguid dischargers form aone up and
arecontheprea Ll ETRr Y e Heae ot et T o PR B8 Ehe

amount of .11 pp,agh bl aek HERNESEN oS duSXSAZIP i & gl es I nsi de
the bl ocks™Tepresent a discharge 'signa connané?ng_ e lTogic output to be
1 for.fea?sé-t%”iﬂguicﬁ NG ey fs WUSAMe 15 APRRE- i d e heat
generation resistive elenent 13
droplet in the droplet-landing position that corresponds to

the discharge signal. Then by discharging a droplet in a
predetermined direction according to the received discharge
signal from at leést two liqﬁid dischargers, é dot row is
formed.

Fig. 7 illustrates this method and is an embodiment of
a liquid discharger capable of deflecting the trajectories
of ink droplets. In other words, this embédiment
corresponds to Formula 1 wherein N=1.

In Fig. 7, the nozzles 18 of each liquid discharger are

referred to as nozzles N, N+1l, N+2,... in seqﬁence. The dot
() rows disposed right under each nozzle N, N+1, N+2,... are
each referred to as dot rows .n, n+l, n+2,..., respectively.

The discharge siénals that correspond to the dot rows n, n+l,
nt2,... are referred to as discharge signals S, S8+1, S+2,...,
respectively.

In Fig. 7, the discharge signal gorresponding to each
dot row is inputted to form dot rows that each make up one
pixel. The discharge signal is a signal row composed of

signal commands (which are indicated by circles disposed




1n this case, for exanple, each discharge command of the di scharge signal
Sis alternately distributed to nozzles (i.e., liquid dischargers) N and
N+1. More specifically, the first discharge command of the discharge
signal S (i.e., the circle representing the di scharge command | ocat ed
inside the lowest block in Fig. 7) is sent to the nozzle N+1. Then the
trajectory of an ink droplet discharged fromthe nozzle N+l is deflected
to the left in the drawing and | ands gy Lthe dot row n. The next discharge
command is sent to the nozzle 21 N Then the trajectory of an ink droplet
di scharged from the nozzle Nis discharged to the right in the drawi ng and
| ands on the dot rown. In this wa the single dlscharge signal S

al t er nat BP5ide chtR &l uFlFaEe g"elfé"éﬁ%ﬁ?ﬁiﬂtﬁeﬁlelmdﬂz]ﬂ e IN T eRAh §8%t hat

the ink dro Iets are discharged in a predeterm ned direction.

Conseque%fl dgt dot¥ row corresponding to the discharge 5|gnal is formed. In
this way, each di.scharge connanngf a S|ngle dlscharge SI i

i s
di stributed, Sheé &t &r (§LogBdr dpPdyasing; Hﬁdd FE fdPfers, and

t hen i nk dro ets are

de t . _Einally,
dot row °tBt sp‘acﬁﬂ?%%mfo%? escsrﬁg?a & G ler}]ne}sn]ﬂc%ec !on ng1. 0 2

illustr ) roJ t.hod, si.m l.ar 1.9 F| A and n enbodl ment
accordi ﬁ%gt oa,% esen C‘F’ll%‘avde |otnheof a J1 qu(| d di‘s¢ ar Sher capabl e of

def'ec“é‘:‘.?g&el‘fs)t A G 1 6% Qe the blocks, the ink droplets are

discharged from the nozzles 18 of the liquid dischargers.

{~) The pitch of the blocks indicates the discharge cycle of thé
nozzles 18 of each liquid discharger. 1In this embodiment,
64 liquid dischargers form one group and are controlled
uniformly. The pitch of the discharge sighal block (the
amount of time each block represents) is 1.5x64=96 Uus. The
circles inside the blocks represeﬁt a discharge signal
commanding the logic oﬁtput to be "1" for 1.5 ps. During
the 1.5 us, a current is applied to the heat generation
resistive‘element 13.

:.ﬁ “In this case, for example, each discharge command of
the discharge signal S is alternately distributed to nozzles
(i.ei, liquid dischargers) N and N+l. More specifically,
the first discharge command of the discharge signal S (i.e.,
the‘circle representing the discharge command located inside
‘the lowest block in Fig. 7) is sent to the nozzle N+l. Then
the trajectory of an ink droplet discharged from the nozzle
N+l is deflected to the left in the drawing and lands on the

dot row n. The next discharge command is sent to the nozzle .



ink droplets as shown in Fig. 6. In other words, this enbodi nent

corresponds to Fornula 1 wherein N=2. In Fig. 8, the first discharge _

command of the discharge signal S+1 (i.e., the circle representing the

di scharge comuand | ocated inside the | owest block in Fig. 8) is sent to

the nozzle N+2. Then the trajectory of an ink droplet discharged fromthe

nozzle N+2 is deflected to the left in the drawing so that the ink droplet

| ands on the dot row n+l. The next -diggcharge conmand is sent to the nozzle

N+1. Then 22 an ink droplet is discharged fromthe nozzle N+1 downwards

wi t hout deflection and | ands on the dot row n+l. The subsequent di scharge
i k dropl et

command sent to the nozzle N. Then .the.trajectory .of an.i

discharggg fggﬁFtﬁgen§§?P8c RFVsoge?Peﬁ?gddf%gi%E 5%%%?a¥?F?ré??ﬁamm ng so
that the.jnk,odcopl gt ;Lands g, L0g dot fow nal. The distribuiyoppf the

di scharge commands descri 84 “aBove Ts"an enbodiTent . Vari ots® ot her
enbodineg%ﬁdﬁrg Qggsggkerggrnthe di stribution nethod of each distribution
command of the di stribution signal . For exanpl e, the first and second

di schar ge. cormangs, sap Pe SUPRLH e 4 Aihe AP sl & dasRagAN the

third and fourth discharge commends can be not her |iquid
di schar ggends Shii 8EhYrgh h8osHRS@ALE NEndl SCIAT € 1§ OIRRNEE: CaD Bt

distributed to other |iquid dischargers. Fig. 9 illustrates the selection
of the |tgdi 8nk droplets are discharged in a predetermined direction.
Consequently, a dot row corresponding to the discharge
{m) signal is formed.
In this way, each dischqrge command of a single
discharge signal is distributed, one after another, to a
plurality of liguid dischargers, and then ink droplets are
discharged in a predetermined direction. Finally, a dot row
corresponding to the discharge signal is formed.
Fig. 8 illustrates a control method similar to Fig. 7
and is an embodiment according to the present invention of a
liguid discharger capaﬁle of deflecting the trajectories of
Sy ink droplets as shown in Fig. 6. In other woxds, this
embodiment‘correspéﬁds to Formula 1 wherein N=2.
In Fig. 8, the first diséharge command of the discharge
"signal S%l {i.e., the circle representing the discharge
command located inside the lowest block in Fig. 8) is sent
to the nozzle N+2. Then the trajectory of an ink droplet
discharged from the nozzle N+2 is deflected to the left in
the drawing so that the ink droplet lands on the dot row n+l.

The next discharge command is sent to the nozzle N+1. Then




di scharger, the deflection direction, and the controlling of the

defl ection anplitude of the enbodinent illustrated in Fig. 7. The head 11
with a plurality of liquid dischargers aligned in parallel has. switches A
and B, which uniformy control all liquid. discharger circuits, and-a
control termnal C In other words, as described below, all liquid

di scharger circuits share the signal for selecting a liquid discharger
(i.e., the signal for the switch A) _and the - 23 signal for changing the
trajectories of the ink droplets (i.€", the signal for the switch B). The
switch Ais for selecting a liquid discharger and is used to determne to
which liquid discharger to input a discharge conmand of a di scharge

si gnal . FBr lBkaflppelebyissiisehinged hEroni thd Wozihe N+hjdotordmss of the
ink droplets discharged fromall liquid dischargers can be switched to
the sane"dFPebti 8afiehtiraneedistigndamre specddt cedw y+sherfhd he switch A is
set as shown in Fig. 9, the discharge signal S+l is sent to the nozzle N
The swit cHPBERECREr ALGFERFPRCOMRREf iR cisDh & thre nazzledt.or iBenof the

i nk drop%gts and ii?used to switch the deflection of the trajectories of

the ink GropFetsSPEPTWartl aRrink gheoRt et | fiephatmedhi fipm Trhe swazde B
oyl L angons o i ehopo e, celect) onof Ahe Liglectgres of Lhe 1ok
droplet lands on the dot row n+l.

The distribution of the discharge commands describea
above is an embodimeqt. Various other embodiments ére
possible for the distribution method of each distribution
command of the distribution signal. For example, the first
and second discharge commands can be supplied to the same
Tiquid discharger and the third and fourth discharge
commands can be supplied to another liquid discharger.
Similarly, the subsequent discharge commands can be
distributed to other liquid dischargers.

Fig. 9‘illustrates the selection of the liquid
{i} ‘ discharger, the deflection direction, and the controlling. of

- the deflection amplitude of the embodiment illustrated in
Fig. 7. |
The head 11 with a plurality of liquid dischérgers
aligned in parallel has switches A and B, ﬁhich uniformly
control all liquid discharger circuits, and a control
terminal C. 1In other words, as described below, all Jigquid

discharger circuits share the signal for selecting a liquid

discharger (i.e., the signal for the switch A) and the



direction. The switches A and B are operated in conjunction with each
other. In other words, the signal for the swwtch Bis synchronized with
the signal for the switch A For exanple, when the switch Ais set as
shown in Fig. 9, the discharge conmand of the discharge signal S+l is sent
to the nozzle NN At the sanme tine, the switch B controls the liquid.
~discharger so that the trajectory of an ink droplet is deflected to the
right in the drawing. In this way, the3z24 trajectory of the ink droplet
fromthe nozzle Nis deflected to the right in the drawing to formthe dot
row n+l. The control termnal Cis a termnal for analogly controlling the
deflection anplitude within the range of _ characteristics indicated in Fig.
4. Wen ahgla%g %%@%ﬂgmt%@e #l@aneﬁﬁpi}cr@cﬁs[ Sk H'c oty A*WerHhihal C, a
predeternlned c renf is a d to t at generation resistive elenents
In t htsCuayt %ys%%%?}ogg § e nt (i.e., deflection current)

applled to t heat erati n re |st|ve el enent, changln t he
vol t age, ?nﬁﬂ%ﬁéh;kﬁlﬁj 3ﬁ &Pgtﬁeﬁﬁ §c 6F§ 598" algcharged
dropl et £S.u {b #a@dln g05|t|qp of the (gﬁg%htggé§whernggn;rolIed

Next, the con an a ernatlve dlsé%ar € Ive unit for

g' 3‘;2‘3{ g@fgsﬁ%ﬂ% eé%).mdé’ﬁ)c?rc?f e Phet Argd 's%&n%ld' SCE‘%%Y WlanfAid S gy di scharge
sw1tch1ng the switch A, the trajectorles of the ink droplets
discharged from all liguid dischargers can be switched to
the same direction simultaneously. More specifically, when
the switch A is'set és shown in Fig. 9, the discharge signal
S+1 is sent to the nozzle N.

The switch B is for switching the deflection of the
trajectories of the ink droplets and is used to switch the
deflection of the trajectories of the ink droplets'leftward
or rightward in the drawing. The switch B simultaneously
switches the deflection of the trajectories of the ink
droplets discharged from all liquid dischargers to the same
51} direction.

The switches A and B are operated in conjﬁnction with .
each other. In other words,‘the signal for the switch B is
synbhronized with the sigﬁal.for the switch A. For examble,
when the switch A is set as shown in Fig. 9, the discharge
command of the discharge signal S+1 is sent to the nozzle N.
At the same time, the switch B controls the liquid
discharger so that the trajectory of an ink droplet is

deflected to the right in the drawing. In this way, the



‘Fig. 10 illustrates the systemconcept for control of the alternative

di scharge shown in Fig. 9. In Fig. 10, a swtch Al is the sane as the
switch Ain Fig. 9. Fig. 10, furthernore, includes a switch A2 for
setting each liquid discharger individually. Wien the switch A2 is turned
on, simlarly as described in Fig. 9, a discharge conmand of a discharge
signal is sent to the |liquid discharger. Wien the switch A2 is turned off,
the discharge command of the dischargg signal is not sent to the 25 -
liquid discharger. A switch B and a control termnal Cillustrated in Fig.
10 are the sane as those illustrated in Fig. 9. The follow ng are exanpl es
of methods for determ ning whether or not a |iquid discharger should be
shut - of f LERECEBOT Wi SENBYel i JiAR. &% T30 Hropioazd § thilededils&dger s

i ncl ude those that canpnot. or nostly cannot discharge ink _droplets). As a
first methote ahlEpbr thring Ratingale ror® $hepdalt &% Pldn the printed
‘test pattern hs conpared with a_. standard pat_teﬁln. | f thﬁ 8([ﬁl nted test
pattern i s not'% & TEVRE I Carddafd B5EME8RE, £871 PRATAY9d¥schar ger has a

fail ..ln thjs. t fail., i s det i by i | i nat i
The. secdHeh HEThOHS ST (CHiGH CH™ MO U for e Phd a0 §20 fnk
droplet éﬁ%fgé%%fié%qéy fHE?éH%%deﬂ?}ﬁﬂ?fQﬁd When an appropriate

voltage 1is applied to the control terminal C, a

predetermined current is applied to the heat generation
resistive elements 13. In this way, by controlling the
current (i.e., deflection current) applied to the heat
generation resistive elements 13 by changiﬁg the voltage,
the amplitude of deflection of the trajectory of a
discharged droplet (i.e.,'the landing position of the
droplet) can be controlled.

Next, the control of an alternative discharge (i.e.,
alternative unit for discharging droplets) operated when a
liquid discharger fails to discharge a droplet is described.
b | Fig. 10 illustrates the system concept for control of

rhe alternative discharge shown in Fig. 9.

In-Fig- 10, a switch Al is the same as the switch A in
Fig. 9. Fig. 10, furthermore, includes a switch A2 for
setting each liquid.discharger individually. When the
switch A2 is turned on, similarly as described in Fig. 9, a
discharge command of a discharge signal'is sent to the
liquid discharger. When the switch A2 is turned off, the

discharge command of the discharge signal is not sent to the



ink droplet is dropped onto a particular insulated electrode. By observing
the change in the electrical charge, it is determ ned whether or not the
di scharge of the ink droplet is normal. As described above, there are
various nethods for determning failure in the discharge of an ink .
droplet. For the normal (without failure) liquid discharger, the swtch

is turned on, but for the failed liquid discharger, the swtch A2 is
turned off. Fig. 10 illustrates an 26,senbodi ment wherein the switch A2
that carresponds to the nozzle N+l is turned off (the switches A2
corresponding to nozzles except for N#l are turned on). As a particular
circuit,_an AND gate is included. The AND gate has a first input term na
whi ch i stégpifodigehaggerng the i nput of a di scharge command (i.e., for 1.5
s) and which is set. to "0" during aother tines, and a second K term nal

which is set & F"HPCRRPIGeA SR AL inghdd Dhlushifeted ¢& F9-"0" when

(e W gh A8l pulunnsd oLl Lo D)5, veyc ahen Lhe spich A2 I, Lurned of
(o the I Tauifl i achergery LIoTRLEN 18 Shtdh Ui L gudgghargers
(oo [EFSETRE 0, FHE"s SELLOPaTAIRSE, Phol AULSTAIBY ol SEFUETS) o be
7 discharge failure of ink droplets (failed dischargers
include those that cannot or mostly cénnot discharge ink
droplets) .
As a first method, an appropriate test pattern.is
printed. Then the printed test pattern is compared with a
standard pattern. If the printed test pattern is not the
samé as the standard pattern, a liquid discharger has a
failure. 1In this case, the failure is determined by visual
exémiﬁation.
| The second hethod is a mechanical method wherein the
discharged ink droplet is electrically charged. The charged.
ink droplet is dropped onto a particular insulated electrode.
By observihg the change in the eiectrica; charge, it is
determined whether or not the discharge of the ink droplet
is normal.
As describéd above, there are various methods for
determining failure in the discharge of ‘an ink droplet.
For the normal (without failure) liguid discharger, the
'switch A2 is turned on, but for thé failed liquid discharger,

the switch A2 is turned off. Fig. 10 illustrates an



for storing information on the shut-off liquid dischargers). Then, for
exanpl e, the informati on can be read out when power is supplied to control
the switch A2. . Next, the controlling of the discharge signal is

descri bed. Wen there is information on stopping the discharge or, in

ot her words, when there is information on the shut-off of the liquid

di scharger stored in the storing unit, the discharge signal that the liquid
di scharger was supposed to 27 processgi s sent to at |east one other liquid
di scharger neighboring the shut-off Iiquid discharger. In particular, in
this enbodi ment, the discharge signal is sent to the two liquid

di schar ger n both sides of theshut-off liquid discharger and these two
i qui d d?@@ﬂgf@%?g T eht FoF | B tER Af t Bhakt FORFSSRIPRGRary etttk dropl et s.

In such a_case, he di scharge.signal is.sent to the alternative liquid
discharg%?%zgﬁiyEith%s%P¥?%%i%fgiE@%%rﬁ%?gc%?% %%tcoﬁﬁ%%ﬁﬁﬁiﬁqﬁyﬁ%k
droplets 9..10,. the le of the Liquid discharger that is shut-off
is the n%%%?%g%Hﬁfc 2 €?%ﬂ§%§ ??ﬁétT¥ﬁ%?do %ischarger was supposed to

D he noA & gl tRngs, Alanale, e A i RLAdRdecage > ond

5+1, the nozzle I's contro ‘di'scharg ets to formthe dot
Fow N+l 205 TELRON NG Lo Lhe MAEHA B M I P 1 Ser P A SChar g
signal 5+2, the nozzle N+2 i's controlTed to

during the input of a discharge command (i.e., for 1.5 Us)

and which is set to "0" during other times, and a second

terminal which is set to "1" when the switch A2 is turned on

and is set to "0" when the switch A2 is turned off. In this

way, when the switch A2 is turned off (i.e., when there'is a
discharge failure), a discharge command is not sent to the

liquid discharger.

Information related to ﬁhe liquid dischargers that are
to be shut-off because of diséharge failure of ink dropletis
{i.e., information such as the number of failed liquid
dischargers) can be stored in memory (i.e., a storing unit
for storing information on the shut-off liquid‘dischargers).
Then, for example, the informétion can be read out when
power is supplied to control the switch AZ.

Next, the controlling of the discharge signal is
describedf

When there is information on stopping the discharge or,

in othe} words, when there is information on tﬁe éhutwoff of

the liquid discharger stored in the storing unit, the

discharge signal that the liquid discharger was supposed to



‘di scharge ink droplets to formthe dot row n+2 corresponding to the

di scharge signal 5+2. In this enbodi nent, the generation of the discharge
signals for discharging ink droplets is controlled so that a discharge
signal in a normal node and a conpensation node are generated. The norna
node does not involve the shut- off liquid discharger, whereas the
conpensati on node involves the shut-off liquid discharger and sends the
di scharge signal to the two liquid digghargers on both "sides 28 - of the
shut-off liquid discharger. In Fig. 10, discharge signals S, 5+3, and St4
do not involve the shut-off liquid discharger (i.e., the nozzle N+1). In
ot her words, since, the dlscharge signal s S, 5+3 ~and S+4 are not sent to

the shutRBPEeFF gt S scHardferlatordn HoRE dt EHet gb sHhafIer are

gener at ed q@%}sei:téb predeternlned liquid dischargers. On the other hand,
the di schat et Yl Sah i i oL 1qthirh Ves $ e Eut - T R3%ui G di%char ger

her & suphbsti T BT 0 TR GRATGH | 1LY ALY gdP Wit Blhus, a
comensal]  uss Asslersn, el ddnetated ol o denalh o the
lj?ggh:fgc;ei%?%énfa SOt WS 4SRN 96 SOTRAG OF, Lhe g, dipde

to alternatively discharge ink droplets. In such a case,

-the discharge signal is sent to the altérnative liquid

dischargers while those liquid dischargers are not

discharging ink droplets.

In Fig. 10, the nozzie of the liguid discharger that is
shut-off is the nozzle N+1. The signals this liguid
discharger was sqpposed to process were the discharge
signals S+1 and S+2. For the discharge signal S+1, the
nozzle N is controlled to discharge ink droplets to form the
dot row n+l correspondingrto the discharge signal S+1. For
the discharge signal S+2, the nozzle N+2 is controlled to
discharge ink droplets to form the dot row n+2 corresponding
to the discharge signal S+2.

In this embodiment, the generation of the discharge
signals for discharging ink droplets is controlled so that a
discharge signal in a normal mode and é bompensation mode
ére generéted. The nbrmal mode does not involve the shut-
off liquid discharger, whereas the compensation mode
involves the shut-off liquid discharger and sends the

discharge signal to the two liquid dischargers on both sides




In Fig. 10, each of the bl ocks representing a discharge conmand of the
conpensati on node di scharge signals S+1 and S+2 are twice the length
conpared to the blocks of the other discharge signals. For exanple, for

t he di scharge signal 5+1, the time |ength of the first discharge commuand
(i.e., the circle representing the discharge comand | ocated inside the

| owest Dblock in Fig. 10) is twice as long as the length of the discharge

command of the normal node discharge sgghal. 29 The switch Al for
selecting the liquid discharger is alternately switched between the .
nozzles N and N+1. Thus the discharge signal S+1 is sent to nozzles N and

al t er nat el W t ch of the nozzle Nis turned on (connected)
and t he '@E% Aé“ﬁfﬂﬁ% H@Ef% ¥%urned off (unconnected).

Ther ef or e, ven when dIS fothe ar,ge_signal S+l

are |nputted PoFﬁﬁe 1h029 fg |ﬁ%gaggglgfsga?é nog %?gc gr%é% accor di ng
to the dis har qpqnds ] char gey, 0 nozzl e N+
i s not dfP%%h e con:ééFﬁyfﬁ% ﬂ%f rge%b%hﬁa%'s OPE?§§ di schar ge

si gnal Sl are I'nn%u erd wto%éshe 1% g:ze %g'g dl@l&ha é;%g s%ﬁlaqr e SdI %eréar ged

accordlng to t he arge cdmman nce, cri‘be above, the tine of

the dis %‘T%CES An+d %%O@h%c @%%Qe-o%'fg'i i WGP a8eONg as the

time of e dISC arge command of the normal node di scharge
normal mode discharge signals are generated and sent to

predetermined liquid dischargers.

On the oﬁher hand, the discharge signals S+1 and S+2
involve the shut-off liquid discharger (i.e., the nozzle
N+1) . In other words, the discharge signals S+1 and S+2
were supposed to be sent to the shut-off liquid discharger
and, thus, a compensation mode discharge signal is generated.

The time length of the discharge commands of the
compensation mode discharge signal is twice as_long as the
time length of the discharge command of the normal mode
discharge signal. :

o In Fig. 10, each of the blocks representing a discharge
command of the compensation mode discharge signals S+1 and
S+2 are twice the length compared to the blocks of the other
discharge signals.

For example, for the discharge signal S+1, the time
length of the fixrst discharge command'(i.e., the circle
representing the discharge command lécated inside the lowest
block in Fig. 10) is twiée as long as the length of the

discharge command of the normal mode discharge signal.



signal, each discharge command of the discharge signal S+1 is inputted to
both the nozzles N and N+1. In this way, ink droplets are not discharged
fromthe nozzle N+I according to the discharge commands of the discharge
signal 5+1, but ink droplets are discharged fromthe nozzle N according to
the discharge commands of the discharge signal 5+1. As a result, ink
droplets are discharged fromthe nozzle N according to all discharge
commands of the discharge signal 5+1. gBhus, the nozzle N receives a portion
of the discharge - 30 conmands of the discharge signal S (the other
portion is inputted to the nozzle N1, as shown by the dotted |line) and

the entire di§ﬁhar e s%gggl 5+1. Wepn, the di scharge commands of the

di scharge si ghar o L&f ntoT SRRt HRg | B, 1w it ethar el s t he
traj ector i,hk_dropl et o that the | andin osition of the ink
drokletsagfggaégﬁéktSHlE§BT%ZBS?V8ﬁnf%Bﬁ1PﬂézgﬁﬁngrgP XTS5 of TRRR nozzle N
‘to the | e r.awk I this_way, , the ink droplets _djscharged from
t he nozz?%%Nhgg%ggfgfnéﬁgga%h§+%iéghg?ﬁg ESnhiRAG e%fﬁtﬁ%édvgiharge si gnal

S formthe+dehs t hepgot : he, contrary,..when,the discharge
commands of thetggyschg?gesg?é%glAgﬁi%agggi%%ﬁ%%%dNt%stﬁ%r%% Zf% N, the

0si 1 1on er Ehe Tk Braprats Aokt odt e by aTste MRk rBrt Bl cont ral
axis of bhe nergbfndctoaf he thePLrbfe, even when the discharge
commands of the discharge signal S+1 are inputted to the

Qﬁ ‘ nozzle N+1, ink droplets are not discharged according to the
discharge commands {(i.e., the iiquid discharger of the
nozzlé N+l is not driven). |

On the contrary, when discharge commands of the .
discharge signal S+1 are inputted to fhe nozzle N, ink
droplets are discharged according to the discharge commands.

Since, as describe above, the time of the dischargé
commands of the discharge signal is twice as long as the
time of the discharge command of the normal mode diséharge
signal, each diécharge command of the discharge signal S+1
is inputted to béth the nozzles N and N+1. In this way, ink
droplets are not discharged from the nozzle N+1 according.to
the discharge commands of the discharge signal S+1, but ink
droplets are discharged from the nozzle N according to the
discharge commands of the discharge signal S+1. As a result,
ink droplets are discharged from the-nozzle N'according to
all-disﬁharge commands of the discharge siénal S+1.

Thus, the nozzle N receives a portion of the discharge



the drawing. In this way, the ink droplets discharged from the nozzle N
according to the discharge commands of the discharge signal S+1 formthe
~dots of the dot row n. Furthernore, as described in the above, the

di scharge comuands of the discharge signal St+1 are. sent to both the
nozzles N and N+i. Since the switch A2 is turned off, ink droplets are not
di scharged fromthe nozzle N+1. Wen there is a liquid discharger (nozzle
18) that does not discharge ink drophkgts, the discharge signal the failed
31 discharger was supposed to process is sent to the liquid dischargers
in the nei ghborhood of the failed liquid discharger by controlling the
liquid dischargers as described above. Since the neighboring dischargers
al t er nat fomhgnds seharlye FhRChREFR et :Itnsteatttt AT AT U Stharger, the
performance of the head 11 is not_affected R t@gigfiled q?sc arqgi t hat
cannot diRBREEGE FRkthEeopPeEle N1h Fg. Shyn dhe s dothSk 18y A6 a
di scharge signal in_the normal,6 node i s represented by 16 bl ocks. In the
conpensati®nchblES SaeRNaTeekSHEdhedttwice the length conpared to those

in the normal_node.. Thus the total ti length of the di rgecsignal in
a conpensat i dHSdd"S 1%ﬁQﬂﬁgqNQﬁﬂmfﬂg%h§ﬁet Fédﬁgcaﬁ%ﬁieggg%ag Srinter

2Co0T eSO LBE +RLERE o PR BN ok hep! ot . absorbec
trajectory of the ink drbplefs so that the landing position
of the ink droplets are deflected by 1/2 pitch from the
:;” central axis of the nozzle N to the left in the drawing. In
this way, the ink droplets discharged from the nozzle N
according to the discharge commands of the discharge signal
8 form the dots of the dot row n. |
On the contrary, when the discharge commands of the
discharge signéi S+1 are inputted to the nozzle N, the
switch B controls the trajectory of ink droplets so that the'f
landing pdsitioh of the ink drqplets are deflected by 1/2
pitch from the central axis of the nozzle N to the right in
{0 the drawing. In this way, the.ink droplets discharged from
” the nozzle N according to the discharge cdmmands of the
dischargé éigﬁal S+l form the dots of the Qot row n.
Furthermore, as described in the above, the discharge
commands of the discharge signal S+1 are sent to both the
nozzles N and N+1. Since the switch A2 is turned off, ink
droplets are not discharged from the nozzle N+1.
When there is a liquid discharger (nozzle 18) that does’

‘not discharge ink droplets, the discharge signal the failed




o~

J taking into consideration the preservation of the image quality and the
drying tinme (here, the average volune of one droplet is about 4.5
picoliters). If binary nunbers, which can be efficiently processed, are
used for processing the discharge signals, the tinme length of three bits
equals ,eight blocks. Thus, the structure of this enbodi nent, as

descri bed above, takes into consideration the nmaxi mum nunber of discharge
commands for one pixel and the proc_e?ﬁi ng of the discharge signal. 32 For
exanpl e, when the maxi mum nunber of discharge commands is six per pixel,
whereas there are. eight available blocks,. the maxi num nunber of

di scharge commands for an alternative discharge is also six. Therefore, it
t akes 1.&disc¢hamsemnores tsuppdedrotasddss dissceartgdositipealld auadt he :
conpensati on node conpared to the normal node. Wen the nunber of discharge
comuandsliscla uper s dn mehe mapghbqrhodl @mf Ghe tied leshdénsivigt i on of the ink .
droplets is close to maxi mum and the gamma characteristic is considerably
nmoder at &l S EHraeH P¥ ceorrolninhdhe g HiGFheg@ers £S5 for exanple, up
to four discharge commands are used for an alternative di scharge, these
comandSIHH Beehrahtsed SHRHR Fhih e HENRAT 1819 S Cher@EESsi ng syst em

w t hout any additional praqcessing tipe. . Thus, the printi ngﬁ%pggg i's not

r educed 2 JeHert ey dHita e sighdoniethd SEPeeEn o4t ith

discharger, the performance of the head 11 is not affected
by the failed discharger that cannot discharge ink droplets.

e - In Fig. 10, the total time length of a discharge signél
in the normal mode is represented bj 16 blocks. In the
compensation mode, eacﬁ block becomés twice the length
compared to those in the normal mode. Thus the total time
length of the discharge signal in a compensation mode is
eight blocks.

When this is applied to a printer accofding to the
present embodiment, the number of ink droplets_absorbedlby
one pixel on the printing paper is abéut 5 toc 6 droplets,

jj takipg‘into.consideration the preseryation of the image

- quality and the drying time (here, the average volume of one
droplet is about 4.5 picoiiters). If binary numbers, which
can be éfficiently processed, are used for processing the:
discharge signals, the time length of three bits equals
.eight blocks. Thus, the structure of this embodiment, as
‘described above, takes into consideration the maximum number
of discharge commands for one pixel and the processing of

the discharge signal.



‘i all' discharge commands may be sent to alternative nozzles. However, if
priority is given to maintaining the printing speed, only a part of the
di scharge conmands may be sent to alternative nozzles. In the present
invention, the discharge commands may be sent in either way. It is also
possible to select an "image quality priority node' in which all discharge
comands are sent to alternative nozzles even if the printing speed is
reduced, or a 'printing speed priori4y node' -in which only a part of 33

t he di scharge commands are sent to alternative nozzles while the printing
speed is nmaintained. Either one of the two nodes can be selected or the
modes can be alternated according. to the content of the inmage. \Wen a

l'i qui d di schiPgerxalmpdenatingdl Fhe gepamyss nipRerdpdpraeshard® printing
speed can. be reduced or the operation speed of the liquid dis h%& er can
be i ncr PB4 &% Per NPy therFasheddhen alfe |a"ﬁ638. %i nce a
certain _anount of tine is required for  refilling the jnk chanber 12 with
i nk af t LGRS nikhdr FReeimun NURRGTH Hig et SGhanae di%l“ﬂa&ﬁst 4 i°ficr ease the

operation  speed of the |liquid discharger. EQr this reason, .whe
al t er natd Ve RS G8- IS o % %ﬁ‘e p@?&ﬁt}}lqrﬁ\/eﬁ’?ﬁ or%r?keasng'émre tine.
than in the normal node .is requi redcﬂ‘eordis%rh%%%sesisrl%r}all% dis¢harge signal,

the printiy JFe&d T8 rQuFRress

compensation mode compared to the normal mode.
When the number of discharge commands is close to
i;) maximum (e.g., 5 or 6}, the concentratidn of the ink
droplets is close to maximum and the gamma characteristic is
considerably moderated. For this reason, in the
compensation mode, if, for examplé, up to four discharge
commands are used for an alternative discharge, these
commands can be processed within the normal signal
processing system without any additional processing time.
Thus, the printing speed is not reduced. o
To generate discharge signals in the compensation mode,
;i)- all diséharge commands may be sent to alternative nozzles..
However, if priority is given to maintaining the printing
speed, only a part of the discharge commands may be sent to
alternative nozzles. In the present invention, the
discharge commands may be sent in either way.
It is also possible to select an ‘imagé quality
p;iority mode' in which all discharge commands are sent to
alternative.nozzles e&en if the printing speed is reduced,

or a 'printing speed prioriiy mode‘ in which only a part of




The ratio of the pixel formation cycle (time required for form ng one.

pi xel ) when alternative discharge is not perfornmed to the pixel formation
cycle when alternative discharge is perforned is Q wherein Q&= (formation
cycle for new pixel/formation, cycle for original pixel). Wen the
relative speed of the head 11 and the printing paper is reduced, the.
relative speed is controlled so that it equals 1/Q 34 1In this way, the
size of the printed i mage and the aspgct ratio of the inmge can be

“mai ntai ned constant while performng alternative discharge. Fig. 11 is an
expl anatory di agram of an overview of the hardware control for

alternatively discharging an ink droplet. Fig. 11 al so inglude

over vi eVikf dRChaEe GFoMBIAS IafRwe a1t Hetlsl WWW 3&}& ®n Fig.

11 is a method for merely_ sendin di schar e si gnal aﬂfgttl} head accordi ng
to a refézﬁdeg%%aﬁr%%elr%ﬁadﬁlgﬁwe%t MBhé™h

enbodi nent; a di scharge signal is._sent to the a recordlng

si gnal gMfsRLFBh }?ﬁapsg‘?llec Herd éﬂ"ﬁ‘ &Pi@%n‘éﬂn I]%fer?elrjtaeﬁnc?h Clrcuit 22, and a
liquid di scha r sel ion, Ci rc t ,23.. The recording signal generation
map 21 |asccf9ﬁ‘£]3é91e9°aﬁ€iheg coa{ltaqr’s% JESigHE® (row), which is conposed of

di scharge When a liquid discharger alternatively discharges ink
droplets, the printing speed can be reduced or the operation
speed of the liquid discharger can be increased compared to’

Q;' the printing speed in the normal mode. |

Since a certain amount of time is required for
refillihg the ink chamber 12 with ink after an ink droplet
is discharged, it is difficult to increase the operation
speed of the liquid discharger. For this reason, when
alternative aiSChérge-is perfofméd in the present invention-
and more time than in the normal mode'is required. for
processing the dischafge signal, the printing spéed‘is
reduced.

Ny The ratio of the pixel formation cycle (time required
for‘forming one pixel) when alternative discharge is not
performed to the pixel férmation cycle when alternative
discharge is performed is Q, wherein

Q= (formation cycle for new pixel/formation cycle for
originai pixel).

When the relative speed of the head 11 and the printing 
paper is reduced, the relative speed is controlled so that

it equals 1/0.



commands (which are actually digital data of either '1' or '0') disposed
in each block (slot) for each pixel in a tine series, as shown in Fig. 10,
fromprinting data sent froman inmage processing circuit (after the
processing such as error diffusion is conpleted). To generate the

di scharge signal, information on the shut-off discharger is read out from
the abovenentioned storing unit for storing information on a shut-off

l'i quid di scharger. Then'a normal - nbdeszqr - conpensati on-node di scharge
signal is generated. 35 The deflection signal generation circuit 22 is a
circuit for swtching the anplitude of deflection, such as the switch B
shown in Fig._ 10, and for determning the anplitude of deflection by the
control terni¥alties MAY . i Fidsafartds REEAd drags ént f%‘? shown in
Fig. 10, is a circuit for. selecting a |liquid discharger . corresponding to a
i Sohar R RBRRARAC) Photiss TEToN Satnd® i nERSRaR | FHts tCe T BE s by ¢ he
switch A2 o s for_setting whether or not each '

Of rin othggermo{ds + el
discharg%? %l%ﬁﬂ%r% % HY%p 15 9%en the di scharge signal generated at
t he recording,. si |. generati.an 21..i s sent t he h i,q t he
l'iquid di schgﬁ}lgée'r glrslrgllegcétalmorﬁa |1raéltﬁ 53.% re‘—’lmdcﬁ‘ﬁt %c iogrr‘lar%?%rrwrlr;or?d/ tliéa sent to
~the hea f I i I i i | t. . The '
aIIocatﬁ%%&%?é€%gégﬁggﬁ%r§%E6%%%%% S t%?%§g§{€%¢é¥bfﬂ&(aﬂ 1
droplet. Fig. 11 also includes an overview of the control

for known methods.

L A known method shown in Fig. 11 is a method for merely

sending a discharge signal to the head according to a

recording signal generation map. On the other hand, in this
embodiment, a discharge signal is sent to the head 11 via a
recording signal generation map 21, a deflection signal
generation circuit 22, and a liquid discharger selection
©circuit 23.
The recording signal generation map 21is for generating
a dischaige signal (row), which is composed of discharge
commands (which are actually digital data of either 'l1' or.
"0') disposed in each block (slot) for each pixel in a time
éeries, as shown in Fig. 10, from printing data sent from an
image processing circuit (after fhe processing such as error
diffusion is completed). fo generate.the'diséharge signal,
information on the shut-off discharger is fead out from the
abovementioned storing unit for storing informatipn on a
shut-off liquid discharger. Then a normalwhode or |

compensation-mode discharge signal is generated.



sl ot (block) of the discharge signal is described below. In Fig. 10
described in the above, discharge commands are disposed in the tine slots
of a discharge signal starting fromthe first time slot. In other words,
the discharge commands are di sposed one after another in the tine slots
of the discharge signal starting fromthe bottomopst slot. The positioning
of the dots formng a dot rowin a pixel area according to a discharge
signal is illustrated in 36 - detail gy_Eig. 12. In Fig. 12, each discharge
command i s disposed one after another in the tine slots (blocks) of a

di scharge signal. Therefore, if the nunber of discharge commands is

smal |, the nmedian point of the dot row is displaced (displacenent  is

i ndi cat ed by The éﬁ@leztﬂﬁnFngHQZ)gﬁn@ﬁﬁthen cénenat PZnésSof the pixel
(indicated by a dashed line in the drawing). In Fig. 13, a reference line
(i n thi $iamodi mom swifiding thse a@mitlérud@f Otfhé‘etfllﬁé’téloé‘trssé!ﬁﬂ A8 al so the
central line of the pi xel ) is taken near the center of the tine slots in

conpar i &8¢ ivtiEah @ simwiriig Fig.sHdws 288 desodieherfintedeith® he di scharge
commands are allocated alternately on both sides of the reference line. In

this wapmRH&EdCn d&ﬁlrﬁ‘:‘iﬂfo"t Ry doe CORERE BET™Prloki-mated to the

central line 8f Elqu % sckarger selectlon circuit 23, shown in

Fig. 10, is a circuit for selecting a liguid discharger
corresponding to a dischaxrge command by the switch Al and
for cbntrolling dischargers by the.switch A2 or, in other
words, is for setting whether or not each discharger
discharges ink droplets.

Then the discharge signal generated at the recording
signal generation map 21 is sent to the ﬁead 11 via the-
liguid discharger selection circuit 23. The deflection
commaﬁd is sent té the head 11 from the deflection signél
generation circuit 22.

The allocation of the discharge commands to each time
5,J slot (block) of the discharge signal is described below.

in Fig. 10 described in the above, discharge commands
are disposed in the time slots of a diécharge signal
starting from the first time slot. In other words, the
discharge commands are disposed one after another in the
time slots of the discharge signal starting from the |
bottommost slot.

The positioning of the dots forming a dot row in a

pixel area according to a discharge signal is illustrated in




enbodi ment illustrated in Fig. 13, the displacenents are L1.' and L2

whi ch are each smaller than the displacenent L1 and L2 in Fig. 12. Fig. 14
is a graph of the fraction ratio of the line head 10 when alternative

di scharge is perforned as described in the above. In Fig. 14, line
represents a case in which alternative discharge is not perforned. Line i
represents a case, as shown in Fig. 5, in which ink droplets discharged 37
fromnozzl es of two neighboring disqh%ﬁgejs |l and in the same pixel area.
Line iii represents a case, as shown in Fig. 6, in which ink droplets

di scharged from nozzles of three neighboring dischargers |and in the sane
pi xel area. In Fig. 14, the horizontal axis represents the nunber of

shut - of f dgé2iledn( Fiigui d2di schargers), i.e., the nunber of failed nozzles.
The vertical axis represents the fraction ratio of the line head 10. Here,
‘fraction ratf® Figs the prohabls¢hyret commapedheratdivspofed giskel row t hat
does not receive any ink droplets. Fig. 15 illustrates the concept of a
fractionaﬁEFFoaﬁPth?FnéniFhevﬁéﬁeiﬁkogﬁoépé9§k§?s@ﬁa@g@ﬁsﬁh®ﬁg%ozzles of
two neighboring |liquid dischargers |and at the sane pixel area, ink .
dropl ets Ezﬁﬂah)e aFPgFﬁSPWeI §rfdig-1§8haPaBarfPénsif-ﬁéh%%m:mm%elss N and N+2
di sposed_on of the failed zzle N+l (genter nozzle in the

dramjng)sTaég?gggékggai?ﬂepoint of thengot row 1s displaced

(displacement is indicated by L1 and L2 in Fig. 12) from the

central line of the pixel (indicated by a dashed line in the

L

drawing) .

In Fig. 13, a reference line (in this embodiment, this
is the center of the time slots and is also the central line
of the pixel) is taken near the center of the time slots in
comparison with Fig.vl2. Fig. 13 shows an embodiment
wherein the discharge comménds are allocated alternately on
both sides of the reference line.

In this way, the median point of the dot_row can be
approximated to the central line of the pixel. 1In the
L:) embodiment illustrated in Fig. 13, the displacements are L1'
and L2' which are each smaller than the displacement L1 aﬁd'
L2 in Fig. 12.

Fig. 14 is a grapﬁ of the fraction ratio of the line
head 10 when alternative discharge is performedras described
in the above.

In Fig. 14, line i represents a case in which
alternative discharge is not performed. iine ii represents

a case, as shown in Fig. 5, in which ink droplets discharged



left of Fig. 15. In other words, in this case, ink droplets cannot be

di scharged along the trajectory indicated by the dotted |ine but can be

di scharged along the trajectory indicated by the solid line in Fig. 15. As
aresult, ink droplets land in each pixel area n to n+t3. On the other
hand, as shown at the right in Fig. 14, when nozzles N+1 and N+2 of two
nei ghbori ng di schargers (disposed side by side) both fail, a pixel area
that does not receive any ink droplLegg (pixel area n+2 in the draw ng) 38
appears even if the nozzles N and N+3 of the normal dischargers disposed
on the outside of the failed nozzles alternatively discharge ink droplets.

Line ii of Fig. 14 indicates the probability of two failed nozzl es being
di sposedf5PBenBFZER8eChENC thrl Fhippetnef diarhatdoz AXd i ddieawe
Simlarly, Fig. 16 il]Justrates the concept of the fraction ratio of |ine

iii shoW ¥ FRES2 14, et HhiC cREFSDFRES di S*P%r et FHOM ndzZi'es Hr three
nei ghborjn dischaygers |and at the sane_pixel area, | dropl ets can be
aIternat+@gV918Ps%ﬁ%rgﬁﬁpi??ﬁniaﬁFqﬁﬁgﬁﬁ FHom | z%&%ﬁu?ﬁuﬁ?r%§gposed on the
out si de ogit e ffile@in zz| es N+ qu.hH%B as shown at;ﬂﬂf left in Fig.

16. On the SRR RN SEla s otin LaUE nk?  FoRt SR I'-’?Jg’fe]l@, When nozzles N+,

Ne2, and Nv3 ol ) 8 £ONSRCRUNS orlla AP L) end Rtiesar ea that
of shut—off nozzles (liquid dischargers), i.e., the number
of failed nozzles. The vertical axisrrepresents the

o fraction ratio of the line head 10. Here, 'fraction ratio'
is the probability of the generaticon of a pixel row that

~does not receive any ink droplets.

Fig. 15 illustrates the concept of a fraction ratio of
line ii. When ink droplets discharged from nozzles of two
neighboriﬁg liquid dischargers land at the same pixei area,
ink droplets can be alternatively discharged from the normal
nozzles N and N+2 diséosed on both sides of the failed
nozzle N+1 (center nczzle in the drawing), as éhown in the

.ﬁ-) left of Fig. 15. 1In other words, in this éase, ink droplets

cannot be discharged along the trajéctéry indicated by ther

dotted line but can be discharged along the trajectory
indicated by the solid line in Fig. 15. As a result, ink

-droplets land in each pixel area n to nt+3.

On the other hand, as shown at the right in Fig. 14,
when noz;les N+1 and N+2 of two neighbofing dischargers
(disposed side by side) both fail, a pixel area that does

not receive any ink droplets (pixel area n+2 in the drawing)

¢




ink droplets (pixel area n+3 in the drawi ng) appears even if the nozzles N
and N+4 of the normal dischargers di sposed on the outside of the failed
nozzl es alternatively discharge ink droplets. Line iii of Fig. 14

i ndi cates the probability of three failed nozzl es being di sposed
consecutively when the nunber of failed nozzles increases. As shown in
Fig. 14, in the case of linei in which alternative discharge is not
performed, only the nozzle of one diggharger fails, and, thus, ink
droplets do not land at 39 the pixel area this discharger is in charge of.
Ther ef or e, when the nozzl e of one discharger fails, the fraction ratio

of the line head 10 becomes 1. On the other hand, if alternative discharge
is perf?ﬁl?ﬁé%r%se‘é%vﬂwf i Fheipezakes theand dkt3 onf rehe oxfmate | i ne head 10

i s great roved(ﬂé?tmo to three orders of magnitude, as shown by |ine
ii in Fi Q?F%n PRRFULT BN Ovenifie 19 f;h%lchJOlfeCi He334%8 head 10 is
|ncrease 100 to 1,000 tines, In the case of line ii_in qu: 14, when

there are a ouﬁtl‘ﬁ}}f AP TS B PRt i dnitaatiio Hedorfes 1

Enbodl of th r esent venti on have_. been. descr.i bed in the above. The
present ﬁ%%%nifg%qjﬁoﬁgo ab{i3t¥uﬁ£H§Wﬁt§ﬁf ¢ ORFE iffent s and

vari ant gy 4 mﬁqf %%l%esq{l betq1 beI ow ar eofOOEaJ!lt)e!de no(zll As an -

enbodi nmen ine prin et
Aincreases.

Similarly, Fig. 16 illustrates the concept of the

. fraction ratio of line iii shown in Fig. 14. When ink

droplets discharged from nozzles of three neighboring
dischgrgers land at the same pixei area, ink droplets can be
alternatively discharged from the normal nozzles N and N+3
disposed on the outside of the failed nozzles N+1 and N+2,
as shown at the left in Fig. 16.

On the other hand, as shown at the right in Fig. 16,
when nozzles N+1, N+2, and N+3 of three consecutive
dischargers all fail, a pixel area that does not receive any

| ? ink droplets (pixel area n+3 in the drawing) appears even if
the nozzles N and N+4 of the normal dischargers disposed on
the outside of the failed nozzles alternativély discharge‘
ink droplets. Line iii of Fig.rlé indicates the probability
of three failed nozzles being disposed consecutivély when
the number 6f failed nozzles increases.

As shown in Fig. 14, in the case of line i in which
altgrnative diséharge is not perfofmed, only the nozzle of

one discharger fails, and, thus, ink droplets do not land at



with heads 11 aligned in parallel over the wwdth of the printing paper was
descri bed. The present invention, however, may be applied to a serial
printer as well. When the present invention is applied to a serial
printer, one head 11 is used. Wile the head 11 is being noved across the
wi dth of the printing paper, it discharges ink droplets at the pixel area.
Usually, while the head 11 is noving, the printing paper is not noved.
Once printing is conpleted, the printigng paper is fed in the direction 40
perpendicular to the direction the head 11 noves and then the head 11 is
noved across the width of the printing paper again. Wen the present
invention is applied to a serial printer, the head 11 is disposed so that
the | ongFRedPHae! Weacthbh Sischerdendialinschregeapd- asThereefersli ng
directioq%of the printing paper., In other words, the direction of the head
11 is rotBtedHps ékF%B%ﬁ%?eﬂ“?od%ﬁ%haﬁéﬁﬁsfﬁﬂl$ortW%ef¥@%El%%a6T@U? Thus,
when the present.invention is applied to a serial printer, the
trajectd?fegh%P{%WﬁeQﬁ% h%@g%ﬂcgﬁﬁsd%oplets are deflected in the feeding
direction of th rintin aper , since the head 11 is rotated by 90.. For
known serial P ?Cﬁ'%erog. ,el\%ﬂ%{ch ﬂiieﬁqi}eowa}tswﬁotdlsfw it the width
directi of Lhe. printi na pa i.e., ,the.direction the h 11 noves in
t_he i S(Sjé]%g %In)tl;'%c? arsoﬁh_ovgn 119%ig. fS, the fraction ratio ofatq'le
" line head 10 is greatly improved by two to three orders of
magnitude, as shown by line ii in Fig. 14. 1In other words,
this means the yield of the line head 10 is increased by 100
to 1,000 times.
In the case of line ii in Fig. 14, when there are about
70 failed nozzles, the fraction ratio becomes 1.
Embodiments of the present invention have been
described in the above. The present invention, however, is
not limited to theée embodiments and variants such as the
ones described below are possible.
_(1} As an embodiment, a line head 10 (line printer)
) with heads 11 aligned in parallel‘over the width of the
printing paper was described. The present invention,
however, may be applied to a serial printer as well.
When the present invention is applied to a serial
printer, one head 11 is used. While the head 11 is being
moved across the width of the printing paper, it discharges
ink droplets -at the pixel area. Usually, while the head 11

is moving, the printing paper is not moved. Once printing

is completed, the printing paper is fed in the direction



appears as a line in the width direction of the printing paper (m ssing

pi xels in the feeding direction of the printing paper do not stand out).
By perform ng alternative discharge according to the present invention,
the nunber of |ines forned due to m ssing pixel rows can be reduced. (2)
In the enbodi nents according to the present invention, the two parts
conposi ng a heat generation resistive elenent 13 are aligned in parallel.
Electrical currents having different values are applied to each part to 41
create a delay in the tine required—f8f each part to reach the ink boiling
tenperature (bubble generation tine). The present invention, however, is
not limted to this. Instead, the resistance of the two parts of the heat

gener at i perpeesistive ebermatdbdsaibher8etndoqthe sanss valdehi | e
el ectrical currents are applied to each of the two parts at different

timng. €oe lexadmple,is niependetosy tichesiary be tiorped {Qlg eagheof the
two parts of the heat generation resistive elenment 13. By turning each
switch osgatna different timng, an ink bubble forns on each part with a
time |lag. Moreover, the values of the electrical currents applied to the
two parts of Whise héda@t rgesendt iowenediost iive apgllarenttold meyihe changed while
the currents are applied to each part with a time lag. (3) In the
enbodi MEIPGIT + Hpriezshtll ivetisgmsadwso pardts Woenpesigig vl iredt
generation resistive elenent 13 are

direction of the head 11 is the same as the feeding

direction of the printing paper. 1In other words, the

direction of the head 11 is rotated by 90° compared to the

heads 11 for the line head 10.

Thus, when the present invention is applied to a serial
printer, the trajectories of the discharged ink droplets are
deflected in the feeding direction of the printing paper
since the head 11 is rotated by 90°.

For known serial printers, when a pixel row is not
formed in the width direction of the printing paper, i.e.,
the direction the head 11 moves in, the missing pixel row

1 appears as a line in the width direction of the printing -
‘paper (missing pixels in the feeding direction of the
printing paper do not stand out). By performing alternative
discharge according to the present invention, the number of
lines formed due to missing pixel rows can be reduced.

(2) In the embodiments according to the present
invention, the two parts composing a heat generation

resistive element 13 are aligned in parallel. Electrical

currents having different values are applied to each part to




aligned in parallel inside one ink chanber 12. The present invention,
however, is not limted to these enbodi nents and may include a heat
generation resistive elenent 13 having three or nore parts aligned in
paral l el inside one ink chanber 12. (4) In the enbodiments of the present
i nvention, heat generation resistive elenents 13 are disposed as liquid
di schargers for a thermal printer. The present invention, however, is not
limted to this and may be applied to,42_ el ectrostatic printers and

pi ezoel ectric printers. An energizing €l enment (equivalent to the heat
generation resistive elenment 13) of the electrostatic printer is conposed
of a diaphragmand two el ectrodes disposed on the |ower side of the

di aphr agifafth andalagpaeethat elposeeabetekefox headh apiragm anehdl ect r odes.
A voltage is applied between the two el ectrodes to bend the di aphragm
downwar dshe Thiek Pehbing| tameeratueeutiobhbe Zgenexot fa eabee) t heThe
electrostatic force. The elastic force generated when the diaphragm
returns PHEFERL oF PYFRRIOPosheYeners tselotolinisefatge thasi-nk I@as6prPet. I n

this cas for exanple, to create a difference in the energy generated by
each eneﬁéﬁ’ z}fﬁﬁl%ﬁz%ﬁ%‘?\t?f atRs NP RPT TS F et et V@RETHe Mo ener gi zi ng
elements_or.different voliages are applied to each energi zing el ement when
The i SFRTHGMTS S RTTRTRA 1 11 Dol i aiTa6n Y "o e
electrical currents are applied to each of the two parts at
differént timing. For example, independent switches may be
formed for each of the two parts of the heat generation
resistive element 13. By turning each switch on at a
different timing, an ink bubble forms on each part with a
time lag. Moreover, the values of the electrical currents
applied to the two parts of the heat generation resistive
element 13 may be changed while the currents are applied to
-each part with a time lag.
(3) In the embodiments of-the present invention, two
parts composing a heat generation resistive element 13 are
! aligned in parallel inside one ink chamber 12. The‘present
invention, however, is not limited to these embodiments and
may include a heat generation resistive elemeﬁt 13 having
three or more parts aligned in parallél inside one ink
chamber 12.
(4) In the embodiments of the present invention, heat
- generation resistive elements 13 are disposed as liquid
dischargers for a thermal printer. The present invéntion,

however, is not limited to this and may be applied to



voltage is reduced to zero and the electrostatic force is released). The
energi zing elenent for a piezoelectric printer is fornmed by stacking a

pi ezoel ectric el ement having el ectrodes on both sides, and a di aphragm
When a voltage is applied to the el ectrodes on both sides of the

pi ezoel ectric elenment, a bending nonent is generated in the diaphragm due
to the piezoelectric effect. As a result, the diaphragm bends and is
deforned. Ink droplets are discharged en this 43 deformation occurs. In
this case, simlar to the above, to cféate a difference in the ener gy
generated by each energizing elenent, atine lag is created between the
two energizing elenents or different voltages are applied to each

energi zi afeeteophati¢ SHrimtéhe anmd ool eesu seahowe praimprerd er was descri bed

} as an enbodiment of a liquid discharge apparatus. The present invention,
however, is rot dnandisding el quanit efecandalrmy: e afyel hedtt o various |iquid
di scharge apparatuses. For exanple, the present invention nmay be applied
to an a@paeEd bison oresi sthiee g hement ut 3 onst | tried wediaw N arsied f or

detecting biological specinmens. According to the present invention, even if
some of BRELLET glf cCcemRetrd gef s fdiarhragh suithrige dloptetades his failure

disposed on the lower side of the diaphragm with an alrspace
interposed between the diaphragm and electrodes. A voltage
is apblied between the two electrodes to bend the diaphragm

" downwaxrds. Then, the voltage islfeduced to zero to release
the electrostatic force. The elastic force generated when
the diaphragm returns to its original position is used to
discharge an ink droplet.

In this cese, for example, fo create a;difference in
the energy generated by each energizing element, a time lag
is created between the two energizing elements or different
voltages are applied to each energizing element when the
diaphragm is returned to its original position (when the

-f} yoltage is reduced to zero and the electrosﬁatic force is
released).'
The energizing element for a piezoelectric printer is

'fbrmed by stacking a piezoelectric element having electrodes

on both sides, and a diaphragm. When a.voltage is applied

te the electredes on both sides of the piezoelectric element,
a bending moment is generated in the diaphragm due to the
piezoelectric effect. As a result, the diaphregm bends and

is deformed. 1Ink droplets are discharged when this



can be compensated for. Thus, the effect of the failed dischargers is
conpletely renoved. Furthernore, even when there are failed I|iquid

di schargers, which previously would have been diagnosed as a nal function
of the entire head, the function of the failed liquid discharger is
conpensated for. As a result, the maintenance period or the lifetine of
the head can be extended. 44 - WHAT IS CLAIMED I'S: 1. A liquid discharge
apparatus for formng pixels COHDQ§§£3QI a predeterm ned nunber of dots

di sposed in pixel areas on a 'recordi'ng nedium according to a liquid

di scharge signal, the liquid discharge apparatus conprising: a head
including a plurality of liquid dischargers having nozzles aligned in a

pr edet edmfivethadiircectocomrsa defl ecting unit for deflecting the trajectory of
a droplet discharged fromone of the liquid dischargers in a

pr edet er mi nedndithést Fepeandivdbhmuntpnghat abeust towocefathed |iquid

di schargers in the vicinity to discharge droplets onto_the sane pixe

area; adstidEnspagiln fthe $NeroNgJertseked 8§ 6ACH BPRSEBARYRBY failure of the
l'iquid dischargers; and _a controlling unit for controlling the liquid

di schar §éemsingnalas @/t la@ ﬂﬁeCFP&G@g desvrgrgéPs WA PRBTARLFIBEting wunit

accordin%.to the information stored in the storing unit.
elements or different voltages are applied to each

enérgizing element.

(5) In the embodiments above, a printer was described
as an embodiment of a liquid discharge apparatus. The
present invention, however, is not limited to a printer and
may be applied to various liquid discharge apparatuses. For
example, the present invention may be applied to an
apparatus for'discharginé solutions including DNA used for
detecting biological specimens.

According to the present invention, even if some of the
liquid dischargers féil to discharge droplets, this failure
~can be compensated for.
flj Thus, the effect of the failed dischargers is

completely removed. Furthermore, even when there are failed

‘liquid dischargers, whiéh previously would have been

diagnosed as a malfunction éf the entire head, the function
of the failed liguid discharger is compensated for. As a

result, the maintenance period or the lifetime of the head

can be extended.



2. Aliquid discharge apparatus for formng pixels conposed of a
predet er mi ned nunber of dots disposed in pixel areas on a recording nedium
according to a liquid discharge signal, the liquid discharge apparatus
conprising: a head including a plurality of liquid dischargers having ‘
nozzles aligned in a predeterm ned direction; 45 a deflecting unit capable
of deflecting the trajectory of a droplet discharged fromthe liquid

di scharger with various anplitudes along a predeterm ned direction and for
di scharging droplets fromat |east fwd 4of the liquid dischargers in the
vicinity onto the sane pixel area; a storing unit for storing information
on discharge failure, wherein the storing unit stores information on a

| i qui d dwBafatgecLamMEDOfif:due to di scharge failure; an alternative

di scharge unit for discharging droplets alternatively, wherein the
alternative discharge unit transfers at |least a part of a liquid discharge
signal directed to the shut-off discharger to at |east one of the other

| i qui d di schat gerd htqwididistlmtde apdaoratats ofprstiormding pitded sst ori ng unit
and controls the discharge of droplets fromat |east one of the other
liquid dFfeeRarger sft Aapredetermaned envmlder ecki dets | dippasetl soharigelsi gnal

3. Aliquid discharge apparatus for relatively noving a recording nedium
and a he3BS#H ARdFr EEEPBALBUDBEARET 2 Fgordbrgeheli @ ul buvid & prhwddteer i ned

direction,and for formng .
signal, the liquid discharge apparatus comprising:

a head including a plurality of ligquid dischargers
having nozzles aligned in a predetermined direction;

a deflecting unit for deflecting the trajectory of a
droplet discharged from one of the ligquid dischérgers in a
predetermined direction and commanding at least two of the
liguid dischafgers in the vicinity to discharge droplets
ontoc the same pixel area;

a storing unit for stofing information on a discharge
failure of the liquid dischargers; and

a cont;olling unit for controlling the liquid discharge
signals sent to the liquid dischargers and the deflecting

~unit according to the information stored in the storing unit.

2. A liquid dischargé apparatus for fofming pixels
composed of a predetermined number of dots disposed in pixel
areas on a recording ﬁedium according to a liqﬁid—diséharge
signal, the liguid discharge apparatus comprising: |

| a head including a plurality of liquid dischargers

having nozzles aligned in a predetermined direction;



pi xel s conposed of a predeterm ned nunber of dots disposed in pixel areas
on the recordi ng nedium according to a liquid discharge signal during the
rel ative novenent, the liquid discharge apparatus conprising: a head
including a plurality of liquid dischargers 46 having nozzles aligned in a
predeterm ned direction; a discharge deflecting unit capable of deflecting
the trajectory of a droplet discharged fromthe liquid discharger with
various anplitudes along the predeterrnined direction, the deflecting unit
di scharging droplets fromat |east t of the liquid dischargers in the
vicinity onto the, sane pixel area, and discharging droplets froma liquid
di scharger selected fromanong the |liquid dischargers capable of '

di schar gi ng d? optEtechime wn il xelparka dhrdeflqutiely aorpased caftoay

predet erm_ned nunber of dots; a storing unit for storing information on

“di schar g8f fafrgpéetyAésehargad Eromi blye uhigqusd otescliadfgemetitin on a

| i qui d di scharger shut-off due to discharge failure; an alternative

di schar gB2UAPPS{ 3PP 4L Bedas gf hendr appeede tarninertdivet gt i wherred rEdthe
alternative discharge unit transfers at |least a part of a liquid discharge
signal G PERREAIED TRV LELE - BYm b chargertye of fihee Jiiamidl ot, in which
no dischgigehof droplets is comanded, of at |east one of the other liquid
di schar ger SARERTET nt? t 07¢ NEL FHI br et b LR oTaRP ind-#ede 319 ng unit and

controls the Jiquid . ' . ' :
| a é%orlng unit for storing information on discharge

failure, wherein the storiné unit stores information on a
QL/ liguid discharger shut-off due to discharge failure;

an alternative discharge unit for discharging droplets
alternatively, wherein the alternative discharge unit |
transfers at 1e§st a part of a liquid discharge signal
directed to the shut-off discharger to at least one of the
other liquid dischargers according to the informatién stored
in the storing unit and controls the discharge of droplets .
from at least one of the other liquid dischargers that the

transferred received liquid discharge signal.

3. A'liquid discharge apparatus for relatively moving
a rechding_mediuﬁ and a head in a direction substantially
perpendicular to a predetermined direction and for forming
pixels cohposed of a predetermined number of dots disposed
in pixel‘areas on the recording medium accérding to a liquid
discharge signal during the relative movement, the liguid
dischargé apparatus comprising:

a head including a plurality of liquid dischargers




dischérgers receiving the liquid discharge signal to discharge droplets
onto the sane | anding position as the shut-off liquid discharger during
the free time slot according to the transferred |iquid discharge signal
47 4. A liquid discharge apparatus according to claim 3, capable of
di scharging droplets onto a position (1/2xP)xN distant fromthe center of
the liquid discharger in a predeterm ned direction, where Nis a positive
integer and P is the alignment pitch of the liquid dischargers in the
alignment direction. 5. A liquid dischatge apparatus according to claim3
or 4, wherein liquid discharge signals for formng a dot rowin the
di rection of the rel ative novenment are sent one after another to at |east
two of thevinquindzdilsshalggnedcapahl prefietdirachaggingedtophets on a | andi ng
position corresponding to the liquid discharge signal, and wherein the dot
row is foanmed @ysdizchardenbedriopy etsif rompaisld eastddfieafiidechd i qui d
di schargers in a predeterm ned direction according to the |liquid discharge
si gnal s. t6alRctpgli @fdprséhaprget dtsohdirggdt bramytbael dfuidains 3 to 5,
wherein the process[ngnof a discharge signal for formng a dot row in the
di recti of18FhrEPSE| Véthovarenrs| ampbhtndesedloyg tharpredebersimgedl for
selecting.the Liquid discharger and the signals for controlling the '
traj ect of y*BF AR, dFBEhERELECt ERGphet t odipghayatry odtop IRt DnEraf athe
signal s Tﬁth tge R ) ,
. east two of the liquid dischargers in the vicinity onto the
same pixel area, and discharging droplets from a liquid
discharger selected from among the liquid dischargérs
capable of discharging droplets onto a pixel area for a
pixel composed of a predetermined number of dots;
a storing unit for storing information on discharge
failure, wherein the storing unit stores information on a
liguid discharger shut-off due to discharge failure;
an alternative discharge unit for discharging droplets
alternatively, wherein the alternative discharge unit
transfers at least a part of a liquid discharge signal
a} directed to the shut-off discharger to a free time slot, in
which no discharge of droplets is comménded, of at least one
of the other liquid dischargers according to the information
vStored in the storing unit and controls the liquid
dischargers receiving the liguid discharge signal to
discharge droplets onto the same ‘landing position as the

shut-off liquid discharger during the free time slot

according to the transferred liquid discharge signal.



other signal. 48 7. A liquid discharge apparatus according to any one of
clains 3 to 6, wherein the generation of the |liquid discharge signal for
forming a dot rowin the direction of the relative novenent is controlled
to generate a liquid discharge signal in a normal node not involving the
shut-off liquid discharger and a liquid discharge signal in a conpensation
node i nvolving the shut-off liquid discharger for transferring the liquid
di scharge signal to at |east one of the other liquid dischargers disposed
inthe vicinity of the shut-off |iquid’ discharger. 8. A liquid discharge
apparatus according to any one of clains 3 to 7, wherein the liquid

di scharge signals have tine slots for the naxi mum nunber of discharge
conmands cor respéndiingitd direhaigeelappaeatuandcobeneny thecthim glots for
at least a portion of the discharge commands for the |iquid discharge

si gnal semallke tde dhathafdidg giablditscharigera gios iaddad #(Q /2xkexsri gi nal
time slots. 9. A liquid discharge apparatus according to claim8 wherein

t he speedipfanthe ra athe ecormvemett s |Viquewd pidsetha dg@nmdt ean
cycle/original pixel formation cycle). 49 10. A liquid discharge apparatus
accor di FedeEyrigird slivdctimn 3 whe®: N vhereipostitd vdi Spasideiroandf Pt he

di scharge commands to the time slots of the liquid discharge signal is
Contr0||¥§iQR? alignment pitch of the ligquid dischargers in the

alignment direction.

5. A liqguid discharge apparatus accérding to claim 3 or 4,

wherein liquid discharge signals for forming a dot row iﬁ

the direction of the relative movement are sent one after
énother to at least two of the liquid diséhargers capable of
discharging droplets on a landing position corresponding to
the liquid discharge signal, and wherein the dot row is
fo:med_by discharging droplets from at least two of the

liquid dischargers in a predetermined direction according to

the liquid discharge signals.

o

6. A liquid discharger according to any one of claims 3 to 5, wherein
the processing of a diécharge signal for forming a dot row
in the direction of relative movément is céntrolled by
sharing the signal for seleéting the liguid discharger and
the signals for controlliné the trajectory of the discharged
droplet or by synchronizing one of the signals with the

other signal.



taking a reference line close to the center of the time slot and

all ocating the discharge commands alternatively on both side of the
reference line. 11. A nethod for discharging liquid through a head
including a plurality of liquid dischargers having nozzles aligned in a
predeterm ned direction, wherein the head is capable of deflecting the
trajectory of a droplet discharged fromthe liquid discharger with various
anplitudes along a predeterm ned direction and for discharging droplets
fromat least two of the liquid drscﬂ%rgers inthe vicinity onto the sane
pi xel area, the nethod conprising the steps of: relatively noving a
recordi ng mediumand the head in a direction substantially perpendicul ar
to the predetiermilnedd discregik afQ4.81 .pixel  Connoss f redet erm ne
nunber of dots by dischargingﬂg pregggg?ﬁ$ﬂ%%ﬁu 6§E6§Pg%%%Fg%§°#§on1 t he
li quid dhseledngéhe dgenemgtibe bel ahicve iAYAMBRLCchEPgeSEehhAY ERfOr Mation on
a shut-off discharger due to droplet discharge fai?ure anong the plurality

of |iquf@rmdngchadgér sowt iansher dimgcati oheast thePabla®lva hbduidngl schar ge
signal directed to the shut-off discharger to at |east one of the other

li qui d 4PsERBI-gerdedctor dengravet helinhddnalsonar§é0segnhd Lheastoring
unit, and controlling the discharge of droplets fromat |east one
: normal mode not involving the shut-off liquid discharger and
a liquid discharge signal in a compensation mode involving
the shut-off liquid discharger for transferring the liquid
discharge signal to at least one of the other liquid

dischargers disposed in the vicinity of the shut—off liquid

discharger.

8. A liquid discharge apparatus according to any one of claims 3 to 7,

wherein the liquid discharge signals have time slots for thé
maximum number of discharge commands corresponding to one‘
pixel area, and wherein the time slots for at least a
portion of the discharge commands for the liquid discharge

L signal sent to the shut-off liquid discharger are added to

the original time slots.

9. A liquid discharge apparatus according teo claim 8
wherein the speed of the relative movement is 1/ (new pixel

formation cycle/original pixel formation cycle).




of the other liquid dischargers to which the liquid discharge signal was
transferred. 12. A nethod for discharging liquid through a head i ncluding
a plurality of liquid dischargers having nozzles aligned in a
predeterm ned direction, wherein the head is capable of deflecting the
trajectory of a droplet discharged fromthe liquid discharger with various
anplitudes along the predeterm ned direction and for discharging droplets
fromat least two of the liquid dlschargers inthe vicinity onto the sane
pi xel area, the nethod conprising the 48t eps of: relatively noving a
recording medium and the head in a direction substantially perpendicul ar
to the predetermned direction, formng a pixel conposed of a predeterm ne
nunber of dots by discharging a predeterm ned nunber of droplets from the
l'iquid dischargers during the relative novenent, 51 discharging droplets
fromat |least two of the liquid dischargers in the vicinity onto the sane
pi xel area, and for discharging droplets froma |iquid discharger selected
fromanong the |iquid dischargers capabl e of discharging droplets onto a,
pi xel area for a pixel conposed of a predeterm ned nunber of dots, storing
information on a shut-off discharger due to droplet discharge failure
anong the plurality of liquid dischargers,
10. A,llquld dlscharge apparatus according to any one of claims 3 to 9,

wherein the d15p051t10n of the dlscharge commands to the

time slots of the liguid discharge signal is controlled by

taking a reference line close to the center of the time slot

and allocating the discharge commands alternatively on both

side of the reference line.

11. A method for discharging liquid through a head
including a plurality of liguid dischargers having nozzles
aligned in a predetermined direction, wherein the head is
capable of deflecting the trajectory of a droplet discharged
from the liquid discharger with various amplitudes along a

L predetermined direction and for discharging droplets from at
least two of the liquid dischargers in the vicinity onto thé
same pixel area, the method comprising the steps of:

relatively moving a recording medium and the head in a
direction substantially perpéndicular to the predetermined
direction,

forming a pixel composed of a prédetermine numbef of
dots by discharging a predetermine number.of droplets from

the liquid dischargers during the relative movement,



transferring at least a part of a liquid discharge signal directed to the
shut-off discharger to a free tine slot, where no discharger of droplets
is commanded, for at |east one of the other liquid dischargers according
to the information stored in the storing unit, and controlling the liquid
di schargers receiving the liquid discharge signal to discharge droplets
onto the sane l'anding position as the shut-off liquid discharger during
the free tine slot according to the_gﬂpn§ferred l'iquid discharge signal

storing information on a shut-off discharger due to
droplet discharge failure among the plurality of liguid

dischargers,

transferring at leasf a bart of a liquid'discharge
signal directed to the shut-off discharger to at least one
of the other liquid dischargers according to the information'
stored in the storing unit, and
i;;, controlling the discharge of droplets from at least one
.of the other liquid dischargers to which tﬁe liguid |

discharge signal was fransferred.

12. A method for discharging liquid through a head
ihcluding a plurality of_liquid dischargers having nozzles
aligned in a predetermined direction, wherein the head is
capable of deflecting the trajectory of a droplet discharged
from the liguid discharger with various amplitudes along the

'* predetermined direction and for discharging droplets from at
least two of the liquid dischargers in the vicinity onto the
same pixel area, the method comprising the steps of:

' relatively moving a recording medium and the head in a
direction substantially perpendicular to the predetermined
direction, | |

forming a pixel composed of a predetermine number of
_dots‘by discharging a predetermined number of droplets from

‘the liquid dischargers during the relative movement,
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discharging droplets from at least two of the ligquid
dischargers in the vicinity onto the same pixel area, and
for'digcharging droplets from a ligquid discharger selected
from among the liquid dischargers capable of discharging
droplets onto a pixel area for a pixel composed of a
predetermined number of dots,

Storing information on a shut-off discharger due to

" droplet discharge failure among the plurality of liquid

dischargers,

transferring at least a part of a liguid discharge
signal directed to the shut-off dischargér to a free time
slot, where no discharger of droplets is commanded, for at
léast one of the other liquid dischargers according to the
information stored in the storing unit, and

controlling the liquid dischargers receiving the liquid
discharge signal to discharge droplets onto the same landing
position as the shut-off liquid discharger during the free

time slot according to the transferred liquid discharge

signal.



