- 1 ‘LI QUI D DI SCHARGE APPARATUS AND METHOD FOR DI SCHARG NG LIQUID
- BACKGROUND OF THE INVENTION 1. Field of the Invention 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
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 gr?pLets and for instructing another
| i quid discharger to discharge droplets as a replacenment for of the
shut-of f discharger. 2., Description of the Related Art An inkjet printer,
which is a known |iquid discharge apparatus, typically has a head
i ncl udi NgLQVHe BISCEARGH SPPARATIS ANTS MEFRED sEOMD BHUARaTiNg IBIalilgchar 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 nunber of
dots are forned on the pixel area to forma pixel. In sone cases, the

li qui d BASERAYSEID BEcdmEs INVEHFdeNe of discharging droplets normally. This

is caused by various reasons. One reason is discharge failure caused by
dust bl dcki de}dzof the Invention

The present invention relates to a liguid discharge
apparatus having a liquid discharger capable of deflecting
the trajectory of a droplet in wvarious directions and
relates to a method for discharging liguid. More
specifically, it relates to a technology for shutting off
the operation of a liguid discharger when the discharger
fails to discharge droplets and for instructing another
liquid discharger to discharge droplets as a replacement for
of the Shﬁt—off discharger.

2.. Description of the Related Art

An inkjet printer, which is a known liquid discharge
apparatus, typically has a head including linearly-aligned
liquid dischargers. By sequentially discharging minute ink
dreoplets onto a recording medium, such as printing paper,
disposed so that it opposes the nozzle surface, a
predetermined number of dots are formed on the pixel area to
form a pixel.

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

One reason is discharge failure caused by dust blocking



"t he droplet outlet of the nozzle of the discharger. A known nethod 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
replaced. There are two types of known_inkjet 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
while the printing paper 1is sent in the direction perpendicular to the

di r ect i gid Wlroghiedh cuiid etead ithenveizade afdthp dikcherpernt eR kKRowhich a
head is formed along the entire width of the printing paper and in which.
pri nti n@ethogedioay ped Vilmid dhilge bFelALMngSphpel cll§28eRU-in the feeding
direction. Aline inkjet printer has a plurality of small head chips

di sposed i n PBPANPE|I re8SPRaforheierbaree Eathuheat® ERFPEArRY connect ed.
Each head chip isfprocessed,by an _appropriate signal so that the head
chi ps r &dGF G & iﬁheséﬂﬁ@%daﬁdﬁﬁhﬁﬁgeénPFrQlﬁFBgHeSFlPﬁeogrFﬁting paper .
A serial inkjet printer enploys an overlapping nethod for. printing a gray
scal e. "SH 1§lﬁ€tﬁ§§, e(gﬁgrgéﬁgPﬁgfiESBS?Q?HeeEFESPB Epgcﬁargers are

average%h%%ﬁ%ieyf% QE@Q %Egp%%%glgkgiggoEﬁé liguid discharger. 1In
such cases, there are no sufficient methods for solving
these problems. Thus, usually, the head is replaced.

There are two types of known inkjet printers: 1) a
serial printer in which the head prints while it moves back
and forth in the direction orthogonal tc the feeding
direction of the printing paper and whilé the printing paper
is sent in the direction perpendicular to the direction in
which the head is moving; 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.

A line inkjet printer has a plurality of small head
chips disposed in parallel so that the ends of each head
chip are connected. Each head chip is proces$Ed 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 coverlapping method
for printing a gray scale.

In this method, the characteristics of the liquid



‘many ‘tines in one pixel area. Mdre specifically, dots are forned to fil
the gaps between the previously forned dot row. Even if sone of the liquid
di schargers mal function 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 mnimzed by overl apping the dots. The
head of the I'ine inkjet printer does not nove in the direction
perpendicular to the feeding directiop of the printing paper. Therefore,
once an area has been recorded, it cannot 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 formed. This failure is
pr oni nefAt SFR2pABESgRABh3VARAIGHaPHI e¥er haPPirgqunk edrirgheiual€eys) For 1ine
inkjet printers, the tone can_be increased by pverlafpin dots in the
f eedi ngM8PYettM8A 6P PRE PErRti A§e2pap¥pPreCiRPFrappray!l B 8%5 dd¥%, however,
is only effective_,for jncreasing the tone and does_ not averaggBthe quality
h

of thefBFBEHargefillSERRARIPEFPTEECPRIVERT BRERHOBH] Bctorred resent

inventign is to conpensate for the dischargers that have failed to
di schar §&%droplets by - 4 enploying a technology for deflecting the

trajectory of, disgharged Lnk droplels @ Leady, disclosad iy dhed nventors
certain degree or if there are ligquid dischargers that
cannot discharge any liquid, the efféct of failure of these
liguid dischargers can be minimized by overlapping the dots.

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

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

For line inkjet printers, the tone can be increased by
overlépping dots in the feeding direction of the printing
paper. Oﬁerlapping of the dots, however, is only effective
for increasing the tone énd does not average the guality of

the dischargers.

SUMMARY OF THE INVENTION
An object of the present invention is to compensate for

the dischargers that have failed to discharge droplets by



‘(for'exanpl e, Japanese Unexam ned Patent Application Publication Nos.
2002- 161928, 2002-320861, and 2002-320862). The present invention achieves
t he above-nentioned object by the foll owi ng neans. The present invention
conprises a liquid discharge apparatus including a plurality of heads
having liquid dischargers wth nozzles aligned in parallel in a
predeterm ned direction, wherein a pixel conposed of a predeterm ned
nunber of dots is formed in a pixel_ajea on a recording medi um accordi ng
to a liquid discharger signal. The Iiquid discharger is capable of
deflecting the trajectories of the discharged droplets to a certain extent
in the predeterm ned direction. At |east two neighboring dischargers are
capabl e 8P lgvieHargitRghardpP¥t Sorhdeflanting thhetsaANRCHPREI Chrea. The

| i quid di scharge apparatus_ includes a storing unit for storing information
on the SRgchagppdofinkh@rpPP4aitd alsepdrgeisalesed By stharfevearPhfe. The
liquid discha&ge apparatus al so includes-an alternatjive unit for

di schar ffig 6rGPPLEs FOP<ErafsPBPrANGRat PEssPratPertcoron 1iquid
i or et Lrared Mot ng00arPag SuntD0res S0P bastrane TRarOP PRt d

di sch di d i h . cini f th hut-of f Iiquid djsch . Th
o Torae oo hRPoBRE s e e Ah Pt STl et poper oor - The
dlscharggigckob |%gga%?§%§g?5§gkggngg that the droplet lands in the sane

position the-dropl S ‘Supposed to be

The present invention comprises a ligquid discharge
apparatus including a plurality of heads having liquid
dischargers with nozzles aligned in parallel in a
predetermined direction, wherein a pixel composed of a
predetermined number of dots is formed in a pixel area on a
recording medium according td a liquid discharger signal.
TheAliquid discharger is capable of deflecting the
trajectories of the discharged droplets to a certain extent
in the predetermined direction. At least two neighboring
dischargers are capable of discharging droplets that land in
the same pixel area. The liguid discharge apparatus
includes a storing unit for storing information on the shut-
off of the liquid discharger due to dischaxge failure. Thé
ligquid diécharge apparatus also includes an alterpative unit
for discharging droplets for transferring at least a part of
a liquid discharge signal sent tb the liquid discharger
shut-off according to the information stored in the storing
unit to at least one other liquid discharger disposed in the

vicinity of the shut-off liquid discharger. The alternative



‘di scharged by the shut-off discharger. According to the present invention,
the trajectories of ‘the droplets discharged fromthe liquid dischargers
can be deflected in a plurality of directions. At |least two dischargers
nei ghbori ng each other, e.g., two liquid dischargers disposed side by side
in a predetermned direction, are capable of discharging droplets so that
the droplets land in the sane pixel area. Wien there is a liquid

di scharger that is shut-off due to_dgoplet discharge failure, this
information is stored in the storing unit for storing information on the
shut-off of the liquid discharger. According to the stored information, at
| east a part of _the discharge_signal for the droplets the shut-off

di schar 8¢ twa§ sdpgoded cendrethaprgeafslepahseerred Y%Ba@th$%ast one ot her
liquid di,scharger in the vicinity. The  other liquid dischar
aIterna?ﬁ?@@?r&?§éh§PgQ§38P659§t§ QBOP%ﬁEtS?hEhﬂFoEW%t§r?%% |¥P%F%osition
at which_th s dro& ets .woul d have dblf t hey were dlschgrged by the
shut - off &P§cfhid Sepos?ﬁéOBp@FaFPSn 6?p ﬁE ﬁElﬂaﬂli%ﬂ%?ﬁ%Q thdtfailed to

dlscharge d Q lets.is Qnp gtg di scharging the 6 droplets by
other | Pgéc %P?S‘h?é’géf‘? BRPEe %E%%:?&‘F TeRFOF THE DRAWNGS Fig. 1 is an
expl oded perﬁQ@S%&yggv{gmkﬁg ﬁggééﬁ% 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 liquid

dischargers disposed side by side in a predetermined

direction, are capable of discharging droplets so that the

droplets land in the same pixel area.

When there is a liquid discha:ger that is shut-off due
to droplet.discharge failure, this information is 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 is transferred to at
least one other liquid discharger in the vicinity. The
other liguid discharger alternatively discharges droplets so
that the droplets land in a position at which the droplets
would have had landed if they were dischargéd by the shut-
off discharger.

The operation of the liquid discharger that failed to

discharge droplets 1s compensated for by discharging the



cprinter head having liquid dischargers according to the present invention;
Fig. 2 is a plan view of a |ine head according to the enbodi nent of the
present invention; Fig. 3 is a plan view and a sideward cross-secti onal
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 the
current between two parts of a heat generation resistive element versus
the anplitude of deflection; Fig. 5 és a front view of the |anding
positions of the ink droplets di scha ged fromnozzles of a liquid

di scharger aligned in parallel; Fig: 6 is another front view show ng the
rel ati onship between the nozzles of the Iiquid dischargers aligned in

par al | efirgpdlethebyanthay poguidonistharngénk. droplet; Fig. 7 illustrates a
controlling nmethod for formng a dot row by discharging ink droplets in a
predetermned direction according to the distributed discharge signal
(Fig. 7 corresponding to Fi . 8 illustrates a controlling nethod
for forARAGE aDPHOERIBR BY @Fsgﬁ%réﬁhﬁl Dplets froma plurality of

di schargers in a predeternined direction according to a distributed

di scharge sifgfal ¥ Fg.2B SRIFHRATPIG gy vies) of an inkjet

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.1l
in detail;

Fig. 4 is observed data showing the relationship of the
difference in the 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 cof a liquid'discha;ger
aligned in parallel;

Fig. 6 is another front view showing the relationship
between the nozzles of the liguid dischargers aligned in
parallel and the landing position of an ink droplet;

FPig. 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);



*Fig. "9 illustrates the control of the selection of a |iquid discharger,
the direction of deflection, and the anplitude of the deflection for the
enbodi ment 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 fornmed in the same,pixel area according to a discharge
signal; Fig. 13 illustrates, in conparison to Fig. 12, the <control of .the

al I ocati ng di scharge commands alternately on both sides of the centra

line of a pixel that is |ocated in the center of the tine slots; Fig. 14
is a graph i BddcaBi Adlunsriiast Rononarpdlohgt hethddnEoheholrriren al t er nati ve
di'scharge is perforned;, Fig. 15 illustrates the concept of the fraction
rati on ddprEveseditgrhangang drepliegs fromapdPRigalisyi PEustrates the
concept of the fraction ratio represented by line iii in Fig. 14.

DESCRI PRHASIOT IS PREPERRED SHFBOOrRENTS rEFtERE RECPEALAY, tenBodi nents of

t he presgent i.nventjon re described with reference to the drawings. In
this spfeciFiCR e IEREEEeMS GG dE'1or efefTEESRORAARStaNBUGt  (for

exanpleﬁ)several picoliters) of liquid (i.e., ink in

Fig. 9 illustrates the control of the selection of a
liguid discharger, the direction of deflection, and the
amplitude of the deflection 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, the:
control of the allocating discharge commands alternately on
both sides of the central 1ine 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

e R R



‘t he enbodi nents) discharged froma nozzle 18 of a liquid discharger
described in the following. The term'dot' refers to a droplet that has
| anded on a recording nedium such as printing paper. The term' pi xel
refers to the mninmnumunit of an inmage. The term ' pixel area’ refers to

the area that forns a pixel. In one pixel area, a predeterm ned nunber
(i.e., none, one or nore) of droplets land to formthree.types of pixels:.
a pixel forned of no dots (tone 1);_a,pixel fornmed of one 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 nmay
| and outrsipdeseheepi kgl Liapediil int Kegf olfowi ng, an enbodi nent of a liquid
di scharge apparatus according to the present invention is described. The
| i qui d di scharge apparatus according to this 9 enbodi nent has a |ine head
for discharging droplets. The line head is forned by aligning a plurality

of i quiPBSER3EAZPHePE FHEpBRBFFBRREBCEFYEBSPINENRFdth of the .recording medi um

(or in the direction perpendicular to-the feeding directjon af, the
recordi ng nedPube TRELPYHIP d %W%Rﬁ%ﬁiﬂﬁsi%&(ﬂﬂ%§§kﬁ569Fcﬁﬂ%fé%ﬁﬂHMHs

containing the liquid fo . .
ar% descri%ed Witk 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 liquid
discharger described in the following. The term 'dot'
refers to a droplet that has ;anded 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.tjpes 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 dots {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 1s described.

The liguid discharge apparatus according to this



~di schargi ng droplets (which correspond to ink chanbers 12 indicated in the
follow ng); 2) energizing elenents for applying energy to the |liquid
contained in the liquid chanber (which correspond to heat generation
resistive elements 13 indicated in the following)-; and 3) a nozzle sheet -
havi ng nozzl es (discharge outlets) for discha:rging.the [iquid contained
in each liquid chanber by controlling each energizing elenent. The liquid
di scharger deflects the trajectory of ;each droplet discharged froma
nozzle in various anplitudes,along the direction the liquid dischargers
are aligned. For exanple, the energizing elenent is disposed on at |east a
part of a surface of.the |iquid chanber. The energizing elenent controls

t he enerappadiisierithitasors Byine dreagxdopl dischbaygiing drdbiftsence in the
energy applied to two areas controlling the energy distribution disposed
above the eR&fgilziggherdmiat formpy BHullihgnandi ¢ fRberebitn 2he energy - 10
di stribution between the two areas di sposed above the energizing el enent.
The | i quiifHi% CHEGE TbsFar dfuParaddeldrigoss the piesdnefi &Pention,
however, is not limted to this_enbqodinent. Fi | oded

perspechQR?Rﬂ¥§ﬁ<ﬂ34%qﬂﬁﬁ?rlfnoﬁheaﬁlFﬁEFéPnpP?%P@%d%EBigéfégftP@ferred to
as a "Prilfhd al UG LA IS 3 ahANE8; dppar atus according to the

The liquld discharger includes:

1) liquid chambers containing the liquid for
discharging droplets (which correspond to ink chambers 12
indicated in the following);

2) energizing elements for applying energy to the
liguid contained in the liguid chamber (which correspond to
heat generation resistive elements 13 indicated in the
following); and

3) a nozzle sheet having nozzles (discharge outlets)
for discharging 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 liguid dischargers are aligned. For
example, the energizing element is disposed on at least a
part of a surface of the liquid chamber. The energizing
element controls the energy distribution by, for example,
causing a difference in the enexrgy applied to two areas
controllinglthe energy distribution disposed above the

energizing element or by causing a difference in the energy



‘present invention. Fig. 1 is an exploded view of a nozzle sheet 17

di sposed on a barrier layer 16. A substrate 14 on a head 11 includes a
silicon sem conductor substrate 15 and heat generation resistive elenents
13 formed by deposition on one surface of the sem conductor substrate 15.
The heat generation resistive elenments 13 are electrically connected to an
external <circuit via a conductor (not shown in the drawi ng) formed on the
sem conduct or substrate 15. The bacrigr_layer 16 is, for exanple, fornmed by
stacking a photosensitive cyclic rubber resist or a photo- curable dry film
resist on the entire surface provided wwth the heat generation resistive
el ements 13 of the sem conductor substrate_ 15 and then by renoving
unnecesSa# ¥ 1BBELPBnREBYean phlde of Ve NdBRADHY: SRR 2P T2zl e sheet 17
includes a plurality of nozzles 18 and.js formed b f.or exanpl e,

el ectroﬁyﬁrﬁbzwgheiﬁ%w: e noZ3te Shedhei¥ i PRiHIed on the barrier
| ayer 16 so -.11 thﬁ1 the | ocations gf theh nozzl es .18 ane la.IHiu.Lgcr}ae ‘Wwith the
opposi ng°HBALLGEnEP af FENPT BEFREI VRV EF ERRAL P95 Fhe THIR Chambers 12 are
definedagythgg 3H§8&§%g3t44, ~the barrier |layer 16, and the nozzle sheet 17
sur roundi’ ng hé heat genération resistive elenents 13. Mire specifically,

as shown | n £e df a6 gh L9 GRS A 1/ RAIhPBE 35 i Bt bgmwal s of

the ink cha
an inkjet printer (hereafter referred to as a 'printer')

including a liguid discharge apparatus according to the
present invention. Fig. 1 is an exploded view of a nozzle
sheet 17 disposed on a barrier layver 16.

A substrate 14 on a head 11 includes a silicon
semiconductor substrate 15 and heat generation resistive
elements 13 fofmed by deposition on one surface of the
semiconductor substrate 15. The heat generation 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
étacking 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 then by removing unnecessary
portions by a photolitheography process.

The nozzle sheet 17 includes a plurality of nozzles 18
and is formed by, for example, elgctrotyping with nickel.

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



«barrier layer 16 functions as the sidewalls of the ink chanbers 12, and
the nozzl e sheet 17 functions as the upper walls of the ink chanbers 12.
In this way, the ink chanbers 12 have openings in the front right surface
shown in Fig. 1. These openings and an ink channel (not shown in the
drawi ng) conmunicate with each other. One of the heads 11 described above
normal ly has ink chanbers 12 and heat generation resistive elenents 13,

which are disposed in the respectiv§ll k chanmbers 12, on the order of 100

units. A controller of the printer ¢ ands each of the heat generation

resistive elenments 13 independently. In this way, ink contained.in the ink
chanber 12 corresponding to the controlled heat generation resistive

el enent £hE3 ithe diosehdoged offr aimet hezndezsl @8 d48coppdgnad vhthibhke chanbers
12. More specifically, the ink chanbers 12 are filled with ink sent from
an i nk tapostimgt hshdwgeneraté odr awisngliveonheveatst b3t he head 11. By
applying a pulse current to -the heat generation resistive elenent 13 for a
short time, Thezink ghambersilZoaBesdefing@ bathgefidr i rebi stive .
element 13 is rapidly heated. As a result, a gaseous ink bubble is forned
wher e t F&8 MRIEdRTadEYSrhéd Sheandgéher BOREACr EBPEEI Vé SBFEARREiAg. Wwhen the
i nk bubbl e expands, a predeterm ned anount of ink is pushed out (or in

ot her wit§s hegre geme T afdrrs F esig tiNes SwgPertRel Sane3RBunt. of ink as the

i nk h from he .n le 18 i i schar fromth
! pu%ﬁ%%f%ﬁéalf%, %%O%%o%neino%%eedrgwﬁigql%ﬁeasgggtra e £4e

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. In this way, the ink chamber;
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 chambefs 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
discharged from the nozzles 18 opposing the ink chambers 12.

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

the heat generation resistive element 13 for a short time,



- nozzle 18 as an-ink droplet. The droplet Iands on printing paper to forma
dot. In this enbodinent, the line head is fornmed by aligning a plurality
of heads 11 across the width of a recording nedium Fig. 2 is a plan view
illustrating an enbodinent of a line head 10. Fig. 2 depicts four heads 11
(N-1, N, N1, and N+2). To formthe |ine head 10, the heads 11 w t hout

the nozzl e sheets 17, which are known as head chips, are aligned in
series. Then, one nozzle sheet 17 w th. _nozzles 18 formed in positions
corresponding to the liquid dischargers of each head chip is attached to

t he upper part of the head chips. As shown in the detailed draw ng of part -
‘Aincluded in Fig. 2, the heads 11 are aligned so that the pitches between:

t he nozel-@s ,offcgadhtei delokct hehaehgabogEngrabhor ngasbgeiverigmenth ot her
words, the distance between one of the nozzles 18 at the right of the Nth
head 11l&ndsomardfilyhbeatgdz| eds18 AESPRE.| 8f §28PORRel NEI RFPHERAFEL i s
equal to the - 13 pitch between the nozz|les 18. By djsposing a plurality
of |inefReBgs vbers paeaftn&l contertsr Ehet BRAT n88RERR BF VRIS HYF suppl yi ng
di fferent color%d ink for_each |jne head 10, .a col or Iige head. can be
consti t &8 Fhé PiqﬂpﬁndFQ@héPﬁePuBPth?§p@ﬂﬂﬁdiﬁeﬂfeg% ALt tbed in nore
detail g%o%g E%IE% ,gg'pushed out (or in other words, the ink

boils). ' In this way, the same amount. of ink as the ink

pushed ouf 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

a 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 known as head chips, are

aligned in series. Then, one nozzle sheet 17 with nozzles

18 formed in positions corrésponding to the ligquid

dischargers of each head chip is attached to the upper part

of the head chips.

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+1th head 11 is equal to the



'Fig. 3 is a plan view and a sideward cross-sectional view showi ng one of
the liquid dischargers of one of the heads 11 in nore detail. The chai ned
line in the plan view of Fig. 3 indicates one of the nozzles 18. As shown
in Fig. 3, one heat generation resistive elenment 13 is included inside
each ink chanber 12 of each head 11 according to this enbodi nent. The heat
generation resistive elenment 13 is conposed of two parts arranged in
parallel. The two parts of the heat ggneration resistive elenent 13 are
arranged in the sane direction as thé axis of the nozzle 18 (the left and
right in Fig. 3). Wen the heat generation resistive elenent 13 having two
parts is contained in one of the ink chanbers 12 and when each part is set
t o havepihehshatwbahbthegenerdesohd-time, i.e., the tinme required for one
of the parts of the heat generation resistive element 13 to reach the ink
boi | i ng t enpé¥ sdigrositg 3 klubdlEthRrh Pare $rsis L0 sitmRat@ddddsl y and an
ink droplet is discharged along the - 14 direction of the central axis of
the noz?¢iehipredntereiasdt tREGIVAhEN2PAPE FUPBIYTIPFlEht® ¢t he bubbl e
generation tinme,of the two parts of th eneration resistive el enent

heat
13, theCP%Rrﬁeeénhofoﬁo?PChs'ﬁﬁ?tgﬁ@8ugpy %b%%goﬁo Rpartdd GHuLC ¢ he

trajectorx git %hg ink droplet is shifted fromthe central axis of the
nozzl e $8"5AS 4 *Fesult, the trajectory of the ink droplet

The liguid 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 liguid 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 element 13 is composed of two parts arranged in
parallel. The two parts of the heét generétion resistive
element 13 are arranged in the same direction as the axis of
the nozzle 18 (the left and right in Fig. 3}.

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

simultanecusly and an ink droplet is discharged along the



. is deflected. In this way, the ink droplet lands in a position shifted
fromthe | anding position of an ink droplet discharged wthout a bubble
generation tinme difference. Fig. 4 shows the observed neasurenents 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 ang,of the heat generation resistive

el ements 13. The vertical axis represents the anplitude of deflection in
‘the droplet-landing position, which is the anobunt of deflection fromthe
intersecting point of the surface of the recording nediumand the central
axi s of dtKechegr| efekhengentralt A8iFNREIJEDBPI BPZEAdI g surface of the
recording medium In Fig. 4, the main current of one of the heat

gener ati on r®3i%he veenefeREnt¥haB thepp hn 2 hef T iidh Bfrent is
applied on .one of the parts of the heat generation resistive elenents 13.
to def| BEPPLReIEREFaLLBRY et RE FRR HVBpS@F?STﬂE theshedt st ance fromthe
tip of one of the nozzles 18 to th andj ng, posi.tion of the ink droplet is
o oy WBHCERELET  PORESERUF: SUSPERERS b BatEE BPeE naShelPEL goner at ) on
resistive elenment 13 is.changed. b ki ng,.1 he flection currepnt greater
the timb PRy CPRETBLBBrEE BanRrHFTon- beFlhen FRE Fib) RAFTSY Hobonss
greater.,,AcRrdhngs L0 §0eshi PRebagrohNen8mRbhtyde of; deflegiion becomes

greater.
- '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 pesition, which is the amount of deflection
from 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 current of one of the heat generation resistive
elements 13 1s 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 ink droplet. The



‘As a'result, the ink droplet will land in a deflected position conpared to
when the ink is discharged without a difference in the bubble generation
time between the two parts. In this enbodinent, a difference in the energy
generation distribution of the | ower surface inside one of the ink
chanbers 12 was created by conposing the heat generation resistive el enent
13 of two parts. The present invention, however, is not limted to this
enbodi ment. For exanple, a heat genﬁ%@tlon resistive el enent 13 conposed
of - a single part may be di sposed onthe | ower surface of the ink chamnber
12.. The heat generation resistive element 13 may include two different
areas that generate different anounts of heat energy. In this way, the .

| oner sdrifsaeecef friohe thek tépaniiepn&2o®i thei nokadest W® wpeteeach having a
‘different energy generation distribution. As a result, a time |lag of the
bubbl e denciiag poshdétimpentt htbet Wokadeapleh ishd iomk chanber 12 is created
and the trajectory of the ink - 16 droplet is deflected. By enploying the
structure de¥kenbelei purhentbeneliedceordingt¥e paktpraserte iRantion, at

| east two neighboring_ liquid dlschargers are capabl e of discharging

dr opl et §PRAR LiPAN TG SEA¥Cs BAEMBP%el St BaChPRIBEr PY CHIFAINIWRRA P is the
alignnment pitch in the alignnment direction of the liquid dlschargers t he
IandlngdﬁééﬁFFéﬁnoFufﬁgn&r85?@?§rd|§Eﬁan@8 lag of the bubbl

generation between the two parts becomes greater. According
to the time lag, the amplitude of deflection becomes greater.
As a result, the ink droplet will land in a deflected
position compared to when the,ink is discharged without a
difference in the bubble generation time between the two
parts.

In this embodiment, a difference in the energy
generation distribution of the lower surface inside one of
the ink chambers 12 was created by composing the heat
generation resistive element 13 of two parts. The present
invention, however, is not limited to this embddiment. For
example, a heat generation resistive element 13 composed of
a single part may be disposed on the lower surface of the
inkrchamber 12. The heat generation resistive element 13
may include two different areas that generate different
amounts of heat energy. In this way, the lower surface of
the ink éhamber 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



‘fromeach liquid discharger can be determ ned by the fornula bel ow
(1/2xP)xN (where N is a positive innteger) (Fornmula 1). The | anding
position is a position relative to the center of the liquid discharger and
in alignment with the nozzles 18. Fig. 5is a front view show ng the

rel ati onship between aligned nozzles 18 of a liquid discharger and the

| anding position of an ink droplet (the | ocation where a dot is forned).
In Fig. 5, ink droplets discharged fromtwo neighboring |iquid dischargers
of nozzles 18 land in the same pixélléréa. 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

ext endediropliche isuiedaecakdt he recordi ng medium (i.e., the |anding
position of the ink droplet) and the surface of the recording nmedium

mat ches t he Byddihplpging beéweernudherdidedcridseh im atick taleoyr xel . area n+l.

- 17 Furthernore, the nozzle N+lis capable of discharging a droplet so
that it acaedsling ttoee thiexplcearst naivention?. atnléedst ey, neigioboxrhmg be
formed in the pixel area n+l Dby discharging an ink droplet fromthe nozzle
N by défikedd dgschergeziseerer gaphbipneocfnkidebpreingodrdreletghthath Fig. 5
or by discharging an ink droplet fromthe nozzle N+1 by deflecting the
traj ect 6@pdoRtt eiﬁ@mﬁr@aﬁég pgeghe fefparticular, when P 1s the

alignment pitch in the alignment direction of the liguid
dischargers, thé laﬁding position of the droplets discharged
from each liquid discharger can be determined bylthe formula
below:

*(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 liguid discharger and the lénding
position of an ink droplet (the location where a dot is
formed) .

In Fig. 5, ink droplets 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 nt+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 the 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 Fig. 5. Oher nozzles 18 and pi xel areas al so have simlar
relationships. In Fig. 5 the landing positions of the droplets discharged
fromeach liquid discharger can be determ ned by the fornula bel ow
(1/2xP)xl. 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 sane as Fornula 1 wherein N=1. For exanple, for 600 dpi,
the nozzle pitch is 42.33 J.rn. Therefore, the anount of deflection at the
| anding position is 21.15 mon each side. Fig. 6 illustrates a different
enbodi nent of'the present invention conpared to Fig. 5. In Fig. 6, ink
dropl ets discharged fromthree neighboring |iquid dischargers of nozzles 18
| and i n t he Bareheimere ardie noeHig. N6, isheapgode réi gAB6PRAGLREzZ es of
the liquid 18 dischargers are nozzles N, N+1l, and N+2. An ink dropl et
di schar gegrpetpéndi-baraitylendar i’ the RIFTLAF T e o% &ddrdi ng nedi um
(i.e., the sane direction to the central axis of, the nozzle N).fromthe

nozzle N | antf thtd ¥el® LIt Dhef P & 38 Sr*ChedFERL MARd ri ght
e ot B RGB! 55, Lok SxBbTSh BESRSoMl oML Ty A7 |k cropl et can
deflecting the trajectory of the ink droplet to the right in
- Fig. 5 or by discharging an ink droplet from the nozzle N+l
by deflecting the trajectory of the ink droplet to the left
in Fig. 5. |

Other nozzles 18 and pixél areas also have similar
relationships:

In Fig. 5, the landing positions of the droplets
discharged from each liquid discharger can be determiﬁed by
the formula below:

+(1/2%xP)x1.

The landing position is a position relative to the center of
the liquid discharger and in alignment with the nozzles 18.
In other woxds, this is the same as Formula 1 wherein N=1.

For example, for 600 dpi, the nozzle pitch is 42.33 um.
Theréfore, the amount of deflection at the landing position
is 21.15 pm on each side. |

Fig. 6 illustrates a different embodiment of the
present invention compared to Fig. 5. Imn 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 liguid



‘perpendicular to the surface of the recording nediumfrom the nozzle N+1
so that the ink droplet lands in the pixel -area n+l. The trajectory of an
i nk dropl et discharged fromthe nozzle N can be deflected to-the-right in
Fig. 6 so that the ink droplet lands in the pixel area n+l. Mreover, the
trajectory of an ink droplet discharged fromthe nozzle N+2 can be
deflected to the left in Fig. 6 so that the ink droplet lands in the pixel
area n+l. Qther nozzles 18 and pi xel _areas have simlar relationships. In
Fig. 6, the landing position of thé &ﬁoﬁlets di scharged fromeach liquid
di scharger can be determined by the.formula below (1/2xP) x2 . The
| andi ng position is a position relative to the center of the liquid
di schar gescanegetsabirgnaBat1vEt i, t Relnozzdes+48. Ad nimit hitopinsds, this is
the same as Fornmula 1 wherein N=2. 19 |In the present invention, droplet
di schar ge sshgtaks pekpehaimubgraydabwandsi the heuf Beck ngt dihreecti on of the
printing paper (the direction the head 11 and the printing paper nove
rel ati veecorddal otkdénh dieesenthensamét diranbitmrte otz cémtasal two |iquid
di schargers capabl e of discharging a droplet in the droplet-I|anding
posi ti oaxtikabfcaheesperds Nd frhm thechargee sWghamds Them WBA%Rschar gi ng a
droplet in a .
area n. The pixel areas on the left and right 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 medium from
the nozzle N+l so that the ink droplet lands in the pixel
area n+l.
The trajectory of an ink droplet discharged from the
nozzle N can be deflected to the right in Fig. 6 so that the
ink dropiet 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 the ink droplet lands in the pixel area ntl.
Other nozzles 18 and pixel areas have similar
relationships.
In Fig. 6, the landing position of the droplets
discharged from each liguid discharger can be determined by
the formula below:
F(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.



. predeterm ned direction according to the received discharge signal from at
| east two liquid dischargers, a dot rowis fornmed. Fig. 7 illustrates this
nmet hod and is an enbodi ment. of a liquid discharger capable of deflecting
the trajectories of ink droplets. In other words, this enbodi nent
corresponds to Fornula 1 wherein N=1. In Fig. 7, the nozzles 18 of each

liquid discharger are referred to as nozzles N, N+1, N+2,... in sequence.

- The dot rows di sposed right under;e§§h_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
di scharge signals S, S+1, S+2,..., respectively. In Fig. 7, the discharge

si gnal cor r espotié Ngr&veedcihny ot i erow drson Igiutdiedhiag deo srogetl sr §@S t hat
each make up one pixel. The discharge signal is a signal row conposed of
si gnal commands a( vhitchonr éni hecaeedibhy diretesoni ahosrl RPrIP1iitsi de t he
di scharge signal depicted in Fig. 7) for each dot of a dot row In Fig. 7,
t he bl opkpefslithe) dimgctarnnghehbeddsthagpe TR grved P ERF SRRAT TIRYS i e
sequence of the'discharge signal. At a tining i ndi cated by the circles
(i.e., dedetdvgetsi gaghspthe&it adei AeNEeORRbIBEKRIOHIE itk & opl ets are
dischar%ed fromthe nozzles 18 of the liquid gigphaﬂgers.

east two liguid dischargers capable o ischarging a

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 least two liquid dischargers, a dot row is

formed.

Fig. 7 illustrates this method and is an embodiment of
a liguid discharger capable of deflecting the trajectories
of ink droplets. 1In other words, this embodiment

corresponds to Formula 1 wherein N=1.

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

referred to as nozzles N, N+1, N+2,... in seqdence. 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 signals that correspond to the dot ;ows n, n+l,
n+2,... are referred to as discharge signals S, S+1, S+2,...,
respectively.

In Fig. 7, the discharge signal corresponding 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



. The pitch of the blocks indicates the discharge cycle of the nozzles 18 of
each liquid discharger. In this enbodinent, 64 liquid dischargers form one
group and are controlled wuniformy. The pitch of the discharge signal

bl ock (the amount of time each bl ock represents) is 1.5x64=96 s. The
circles inside the bl ocks represent a discharge signal . conmandi ng the

| ogic output to be "1" for 1.5 is. During the 1.5 s, a current is applied
to the heat generation resistive glggegt 13. In this case, -for exanple,
each di scharge command of the discharge signal Sis alternately
distributed to nozzles (i.e., liquid dischargers) N and N+1. More
specifically, the first discharge conmand of the discharge signal S (i.e
t he ciréheideptbsedtienbatrbe diguhardeptobminth | Hoat ed) i fwsi dmch ol owest
block in Fig. 7) is sent to the nozzle N#l. Then the trajectory of an ink
dr opl et odi schatgedwirom the nozzle N+1 is deflected to the left in the
drawi ng and | ands on the dot row n. The next discharge command is sent to
the nozzle. In2HigN, 7 Theke tihoek S| eBhars) dfndeilrFEIWKlertgﬁﬂ & sgha@g&r ged from
the nozzle N is discharged to the right in the drawing and |ands on the
dot rowSASNRA ERPEZeRgPt the &iHgl ecdreRparge %ﬁl@r@S@%qeermwy sends a
di scharge command to the nozzles N and N+1 so, that the |nk droplets are

di schar §&d2i hi18ipPedBEFALREIPYi FBEL FORCLeTohbeQuertISFRA Hot row

rr nal n
co espgignag Solgggtghsggggge the blocks, the ink droplets are

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

" In this case, for example, each discharge command of
the discharge signal S is alternately distributed to nozzles
(i.e., liguid 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+1. Then
the trajectory of an ink droplet discharged from the nozzle
N+1 is deflected to the left in the drawing and lands on the

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



'signal is formed. In this way, each discharge command of a single

di scharge signal is distributed, one after another, to a plurality of

| i quid di schargers, and then ink droplets are discharged in a predeterm ned
direction. Finally, a dot row corresponding to the discharge signal is
formed. Fig. 8 illustrates a control nmethod simlar to Fig. 7 and is an
enbodi nent according to the present invention of a |iquid discharger
capabl e of deflecting the trajectories of ink droplets as shown in Fig. 6.
In other words, this enbodi nent corresponds to Fornmula |I wherein N=2. In
Fig. 8 the first discharge coommand of the discharge signal S+1 (i.e., the
circle representing the discharge command-|ocated inside the |owest bl ock
in Fig. B) iThaerthe tioraiectosyziod RR2inkhdrophett dapebeBIgdofraR i nk
droplet discharged fromthe nozzle N+2 is deflected to the left in the

dr awi ng e Rz land ik ddsepreoedands ths EhENEoL P SendrawinfeR@xt

di scharge command is sent to the nozzle N+1. Then 22 an ink droplet is

di schar 35 G tHhe 842 1%"NPL downwar ds wi t hout defl ection and 1ands on

t he dot row n+l1. The subsequent gis harge command js.sent to the nozzle N.
Bl ﬁ io%1$ﬂ H

Then the traPedtdfy ¥ -af"FnRiBP toarethar ed? Hoz e Nis

R

I'scharge  comands
the ink droplets are dischafged in a predetermined direction.
Consequently, a dot row corresponding to the discharge
signal is formed.

In this way, each discharge command of a single
discharge signal is distributed, one after anothex, to a
plurality of liquid 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 Figi 7
énd is an embodiment according to the present inventiog of a
ligquid discharger capable of deflecting the trajectories of
ink droplets as shown in Fig. 6. 1In other woxds, this
embodiment corresponds to Formula 1 whereln N=2.

In Fig. 8, the first diséharge commapd 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



‘abové is an enbodi nent. Various other enbodi nents are possible for the

di stribution nethod of each distribution conmand of the distribution
signal. For exanple, the first and second di scharge comands can be
supplied to the same liquid discharger and the third and fourth di scharge
commands can be supplied to another liquid discharger. Simlarly, the
subsequent di scharge conmands can be distributed to other liquid

di schargers. Fig. 9 illustrates the selection of the liquid discharger
the deflection direction, and the codfrolling of the deflection anplitude
of the enbodinent illustrated in Fig. 7. The head 11 with a plurality of

l'iquid dischargers aligned in parallel has. switches A and B, which
uni for May ig@nreplakl iki Qﬂbdhdkgébafg&ﬁ €hé ChibE 51 e A aa®MAtdRds term nal

C. In other words, as described below, all liquid discharger circuits
shar e t hd tSiotntakefforcsebacthaglanisquhdthdi debargern€i. e.Thé he signal for
the switch A) and the - 23 signal for changing the trajectories of the ink
dr opl et subsieqmentt Hésshgmgk tommbheé $wi sehtBlo The swtild M | STHat
selecting a liquid discharger and is used to determne to which |iquid
di schar géwe ttoragepdory odi schangedcoptehdd bfchadgsd hbroe ShignabzzFor
example, by swtching the switch A the trajectories of the ink droplets
di schar §ed sf demlalcitedi gai dhdi séthtgersthandbavingtehethao the ink -
droplet lands on the dot row n+l.
The distribution of the discharge commands described
above is an embodimeqt. Various other embodiments are
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
liquid discharger and the third and fourth discharge
commands can be supplied to another ligquid discharger.
Similarly, the subseqguent discharge commands can be
distributed to other liquid dischargers.
Fig. 9 illustrates the selection of the liguid
dischargexr, the deflection direction, and the contrelling of
- the deflection amplitude of the embodiment illustrated in
Fig. 7.
The head 11 with a plurality of ligquid dischargers
aligned in parallel has switches A and B, ﬁhich uniformly
control all ligquid discharger circuits, and a control
terminal C. In other words, as described below, all liguid

discharger circuits share the signal for selecting a liquid

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



‘the sane direction sinultaneously. Mre specifically, when the switch Ais
set as shown in Fig. 9, the discharge signal S+l is sent to the nozzle N
The switch Bis 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

simul taneously ~switches the deflection of the trajectories of the ink
dropl ets discharged fromall liquid gésghargers to the sanme direction. The
switches A and B are operated in conjunction with each other. In other
words, the signal for the switch Bis synchronized with the signal for the
swtch A For exanple, when the switch Ais set as shown in Fig. 9, the

di schar gégnedmfernd cbinghegdibeharggestgnaés S+ the sk deorhetozzle N At
the sane time, the switch B controls the liquid discharger so that the
traj ect diy eof, &hei miodedplfer the deitebtBU-to the right in the drawing. In
this way, the - 2 4 trajectory of the ink droplet fromthe nozzle Nis
defl ected tBhehawitghtAihstfer d?al®dgind ¥ oriAtite HACHFHST B2 he control
termnal Cis a-termnal for analogly _controlling the def] ectjon anplitude
within tife UsghgdoofetenBiagt &P ¥hiel 1haNEAt SUSTROEIYS WO WAt ah
appropriate. voltage is applied,to_the contro teﬁninal C..a pé;deternined.

curr ent 98 GG FMBPRe ORedt d§ERBREPRoRIIRAL.  FOI example,
switching the switch A, the trajectories of the ink droplets

discharged from all liquid dischargers can be switched to
the same direction simultaneously. More specifically, when
the switch A is set as 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 ligquid dischargers to the same
direction.

The switches A and B are operated in conjunction with
each other. In other words, the signal for the switch B is
synbhronized with the signal for the switch A. For examﬁle,
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




:resistive elenents 13. In this way, by controlling the current (i.e.,
deflection current) applied.to the heat generation resistive elenents 13
by changing the voltage, the anplitude 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 _
di scharger fails to discharge a droplet is described. Fig. 10 illustrates
t he system concept for control of _tﬁg alternative discharge shown in Fig.
9. In Fig. 10, a switch Al is the sane as the switch Ain Fig. 9. Fig. 10,
furthernore, includes a swtch A2 for setting each |liquid discharger

-i ndi vi daakhyctlrgn ottheheswnkcird@les fuomethemozsihe IMrly deflbestead bed in
Fig. 9, a discharge conmand of a discharge signal is sent to the |liquid

di schar ger thehen ghite igwithehdaawisgt bpnédrof the tdet wWwotbl ge command of the -

.discharge signal is not sent to the - 25 Iliquid discharger. A switch B and
a control teFhenapntrel| terniral ¢ niFigy. tempngle it EOHY t hose
illustrated in Fig. 9. The follow ng are exanples of nethods for

det er mi GORGTOMAENReither IRl egtiPRUPEPHL SBRAr GEFNSROMIY FNERRE of f due to

di scharge failure of ink. droplets (failed dischargers i ncl ude those that
cannot GPeFBSTRFIc&Afst 1ardERGPYe Pnk1g- 4. When an appropriate

voltage is 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 resisfive elements 13 by changing 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
liguid discharger fails to discharge a droplet is described.

Fig. 10 illustrates the system concept for control of
the 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 dischargexr. When the switch A2 is turned off, the

discharge command of the discharge signal is not sent to the



‘dropl'ets). As a first method, an appropriate test pattern is printed. Then
the printed test pattern is conpared-with a standard pattern. |If the
printed test pattern is not the same as the standard pattern, a liquid
di scharger has a. failure. In this case, the failure is determ ned by
visual exam nation. The second nethod is a nmechanical nethod wherein the
di scharged ink droplet is electrically charged. The charged ink droplet is
dropped onto a particular insulated ctrode. By observing the change in
the electrical charge, it is determied whether or not the discharge 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
(wi t houtl ifcaiildude)s clhiaggiedt .di scharger, the switch A2 is turned on, but for
the failed liquid discharger, the switch A2 is turned off. Fig. 10
il lustrates &nswi2gh Bnbodi aenonihet etarmbeatvf t ehl wtiaad ci8f ridisponds to
the nozzle N+l is turned off (the switches A2 corresponding to nozzles
except flor ae thee semened shpseadlavsaraited ar EidecuPt, an AND gate is
included. The AND gate has a first_input termnal _which is set to 11111
during the i Apat follawangcaaege*eBRiBAdOEi methody £qr sAQSTMIHNGhi ch is
set to "0" during other tines, and a second :
whether J% not a liquid discharger should be shut-off due to
dischaxrge failure of ink droplets (failed dischargers
include those that cannot or mostly cannot 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
same as the standard pattern, a ligquid discharger has a
failure. In this case, the failure is determined by visual
examination.
The second method is a mechanical method wherein the
discharged ink droplet is electrically charged. The charged
ink droplet is dropped onto a particular insulated electrode.
By observiﬁg the change in the electrical 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) ligquid discharger, the

switch A2 is turned on, but for thé failed liquid discharger,

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



termnal which is set to 11111 when the switch A2 is turned on and is set
to "0" when the swwtch A2 is turned off., In this way, when the switch A2
is turned off (i.e., when there -1S a discharge failure), a discharge
command is not sent to the liquid discharger. Information related to the
|l iquid dischargers that are to be shut-off because of discharge failure of .
ink droplets (i.e., information such as the nunber of failed liquid
di schargers) can be stored in nenmory (i.e., a storing unit for storing
information on the shut-off |iquid di“schargers). Then, for exanple, the
information can be read out when power is supplied to control the switch
A2. . Next, the controlling of the discharge signal is described. Wen
t her e i smbetdmeati eheeniat appi Bgitbke Hschatgecorespandshes wbeds, when
there is information on the shut-off of the |iquid discharger stored in the
stori ngnomizfle Nhé dissthangd sifgndkhehawithbebi §di dodrsshandiéngwhs supposed
to - 27 process is sent to at | east one other |iquid discharger
nei ghbomiorg leke eskaptofpr| Ngdi drdi sohaedepn)ln particular, in this
embodi ment, the discharge signal is sent to the two |iquid dischargers on
bot h sides oRsthePahbicwidr|¢hifeit di send¥yegatdols hiveludead| | qhsl
di schargers are controlled to alternatively discharge ink droplets. In
such a é¥PegatenBagi 3chargé irgnal tPEmdBad vBLFRelal PEENEPI VE"1 i quid
during the input of a discharge command (i.e., for 1.3 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 AZ 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
liguid discharger.
Information related to the ligquid dischargers that are
to be shut-off because of discharge failure of ink droplets
(i.e., information such as the number of failed 1liguid
dischargers} can be stored in memory (i.e., a storing unit
for storing information on the shut-off liquid dischargers) .
Then, for example, the information can be read out when
power is supplied to control the switch AZ,
Next, the controlling cf the discharge signal is
described.
When there is information on stopping the discharge or,
in othe} words, when there is information on the shut-off of

the liguid discharger stored in the storing unit, the

discharge signal that the liquid discharger was supposed to



. di schargers while those liquid dischargers are not discharging ink
droplets. In Fig. 10, the nozzle of the liquid discharger that is shut-off
is the nozzle N+1. The signals this liquid discharger was supposed to
process were the. discharge signals S+1 and 5+2. For the discharge signa
5+1, the nozzle Nis controlled to discharge ink droplets to formthe dot
row n+l corresponding to the discharge signal 5+1. For the discharge
signal 5+2, the nozzle N+2 is contgoégeg to discharge ink droplets to form
the dot row n+2 corresponding to thé&’'discharge signal S+2. In this

enbodi nent, the generation of the discharge signals for discharging ink
droplets is controlled so that a discharge signal in a nornmal node and a
conpensatrborsaDde sane genetaledst Towee nothel hbgeidodssovirgewol ve t he
shut- off liquid discharger, whereas the conpensation node involves the
shut - of helighbbdidgsthar gbntan@fséhdsid héisdiscarge Engpatrtiouide, t wo '

| iquid dischargers on both sides - 28 of the shut-off |iquid discharger. .
In Fi g. irothdpsembpgémengnatbe SiissBargads SFaadoiaosernt nbol Ve t HeO shut - of f
liquid discharger (i.e., the nozzle N+1). In.other words, since, the

di schar géasiigndischargegs omnfobt4shdes net that skBtTREL shtfudtf |i quid

di scharger, normal node dischar%e signa[s are generated and fen to

predet e ﬁFﬁESIEPﬁuPHdngéﬁar5@?3.1qu1 dischargérs are controlle

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 nozzle of the liquid discharger that is
shut-off is the nozzle N+1l. The signals this liquid
discharger was supposed to process were the discharge
signals S8+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 corresponding to the discharge signal S+1. For
the discharge signal S+2, the nozzle N+2 is controlled to
discharge ink droplets to form fhe dot row n+2 corresponding
to the discharge signal S5+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 a compensation mode
are generéted. The normal mede does not involve the shut-
off liguid discharger, whereas the compensation mode
involves the shut-off liquid discharger and sends the

discharge signal to the two liguid dischargers on both sides



" ‘the other hand, the discharge signals S+1 and S+2 involve the shut-off

| iquid 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

di scharger and, thus, a conpensation node di scharge signal is generated.
The time |l ength of the di scharge commands of the conpensation node

di scharge signal is'twice as long as the tine |length of the discharge
command of the normal node dischaIQEBSLgnal. In Fig. 10, each of the

bl ocks representing a discharge conmand of the conpensation node di scharge
signals S+1 and S+2 are twice the length conpared to the bl ocks of the

ot her discharge signals. For exanple, for the discharge signal S+1, the
tine |efgtheofhvheoffrbiquidohagwrasmand (i.e., the circle representing
t he di scharge command | ocated inside the | owest block in Fig. 10) is tw ce
as |ong as the HigngtlP ofdisedargies sHange Sc dmerid -oPPEhé *hoPRaMfode

di scharge signal. 29 The switch Al for selecting the liquid discharger is
al t er natev9lesi thpethperQblbnl 196 o @ Reend NeL - i schar ge

n
signal S+1 is sent to nozzles Nand N+1, _alternately. The sw A2 of the
nozzl e Nrik; t uFRedtoer Yebhhedt B df thes Rai%h BT TLs[ r?z r%r Zle Nt is

turned off_(unconnected). Therefor eve en the..di sc commands of
Lhe di seRdr 5 SHERARO SLACHF &% ot (O Lo Lhe Lauid USRS

normal mode discharge signals are generated and sent to
piedetermined liquid dischargers.

On the ofher hand, the discharge signals S+1 and S+2
involve the shut-off liquid discharger (i.e., the nozzle
N+1). 1In other words, the discharge signals S+1 and S5+2
were supposed to be sent to the shut-off liguid 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.

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 first discharge command (i.e., the circle
representing the discharge command located inside the lowest
block in Fig. 10} is twiée as long as the length of the

discharge command of the normal mode discharge signal.



nozzl'e N+1, ink droplets are not discharged according to the discharge
commands (i.e., the liquid discharger of the nozzle N+l is not driven). On
the contrary, when di scharge commands of the. discharge signal 5+1 are
inputted to the nozzle N, ink droplets are discharged according to the

di scharge commands. Since, as describe above, .the tinme of the discharge -
commands of the discharge signal is twice as long as the tine of the

di scharge conmand of the normal node 4 scharge signal, each discharge
command of the discharge signal S+1 i's inputted to both the nozzles N and
N+l . In this way, ink droplets are not discharged fromthe, nozzle N+l
according to the discharge coomands of the discharge signal S+, but ink
dropl ets areTéﬁséwaﬁgédAﬂréﬁrtﬁélﬁgtzng Khacbbqﬂiﬂgdl@Ch¢mgeﬁls&harge
commands of the discharge signal 5+1. As a result, ink droplets are

di schar geld-Fsthalive StHZANEN @@@lﬁ@et@Ozﬁﬂ?Sstéﬁér§élconﬁﬁﬁas of the

~di schar signal 5+1. Thus, the nozzle N receives a portion of the
discharggl é%? FOGHL Sid diSsERRitg&EOsngRaLes Pt RBIoNHEr portion is

i nputted .to the zzI N-1, .as_shqwn by the dotted line) and the entire

dischar@&qﬁgﬁﬁﬁli§ ﬁﬁéﬁ”?ﬁ@hd cﬁgré ecaﬁﬁﬁ &s oFStFErﬂﬁgcﬁﬁrge signal S

are sent leth 27l t he o rols he ra e%tor of the ink
dropl et st OQﬁéi #ﬂu?q lﬁﬁe SWB%W%t%QnO hBOFﬁ&edP6EIé% HFE defl ected by
172 pitq;Egrfaﬂégﬁ%ected). Therefore, even when the discharge
commands of the discharge signal S+1 are inputted to the
nozzle N+1, ink droplets are not discharged according to the
discharge commands (i.e., the liquid discharger of the
nozzlé N+1 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. 1In this way, ink
droplets are not discharged from the nozzle N+1 accordinglto
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 diécharge commands of the discharge signal S+1.

Thus, the nozzle N receives a portion of the discharge



‘central axis of the nozzle Nto the left in the drawing. In this way, the
i nk droplets discharged fromthe nozzle N according to the discharge
- commands of the discharge signal S formthe dots of the dot rown. On the
contrary, when the discharge conmands of the discharge signal St+1 are .
inputted to the nozzle N, the switch B controls the trajectory of ink
droplets so that the landing position of the ink droplets are defl ected by
1/2 pitch fromthe central axis of b@e_nozzle Nto the right in the
drawing. In this way, the ink drople di scharged from the nozzle N
according to the discharge commands of the discharge signal S+l formthe
dots of the dot row n. Furthernore, as described in the above, the
di schar gemmaaazaods thk thectrsghasjensi ghal tises lothrer semtion bbi h t he
nozzles N and N+1. Since the switch A2 is turned off, ink droplets are not
di schar gegufiten the thez nbezMNelN-Wheast dkeeni by theuietwrd chiteeratthozzl e
18) that does not discharge ink droplets, the discharge signal the failed
31 di schar gertiwes ddgpbesed co9prdcEss.-is sent to the liquid dischargers
in the neighborhood of the failed |iquid _discharger by cqntr%!ling t he
liquid di schihger thasdigeRerapetrBPAReEs o gt e TAGHFINFL di schargers

alternatively discharge ink droplets instead _of the fai]ed discharger, the

per f or m@&€e SRt ke RE&RINPEZLE Not ThEf BFLEER ByCPRET?HT I B4 di scharger t hat

cannot di scharge ink droplets. ' . s
trajecﬁ%ry of thepink droplets 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. 1In
this way, the ink droplets discharged from the nozzle N
according to the discharge commands of the discharge signal
S form the dots of the dot row n.

On the contrary, when the discharge commands of the
discharge sigﬁai S+1 are inputted to the nozzle N, the
switch B controls the trajectory of ink droplets so that the.n
landing position of the ink droplets are deflected by 1/2
pitch from the central axis of the nozzle N to the right in
the drawing. In this way, therink droplets discharged from
the nozzle N according to the discharge commands of the
dischargé signal S+1 form the dots of the dot 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+l.

When there is a liquid discharger (nozzle 18) that does

not discharge ink droplets, the discharge signal the failed

S St



In Fig. 10, the total tinme |length of a discharge signal in the normal node
is represented by 16 bl ocks. In the conpensation node, each bl ock becones
twice the length conpared to those in the normal node. Thus the total tine
| ength of the discharge signal in a conpensation node is eight bl ocks.
When this is applied to a printer according to the present enbodinent, the
nunber of ink droplets, absorbed by one pixel on the printing paper is
about 5 to 6 droplets, taking into ﬁgnsideration the preservation of the
image quality and the drying tinme (Here, the average vol une of one

droplet is about 4.5 picoliters). If binary nunbers, which can be
efficiently processed, are used for processing the discharge signals, the
ti me | eagthhekgthr Resbktippegual 8o prgbésdl veksentThus, thdelistuiutt ure of this
enbodi nent, as described above, takes into consideration the maxi mum
nunber dobctasgbasgencohmandsghborboed pokethanthihed priopeissi ng of the _
di scharge signal. - 32 For exanple, when the nmaxi mum nunber of discharge
commanddibshairgepebypiretrohhéngathe hbiguid el gfaraassd |abl e bl ocks,. the
maxi mrum nunber of di scharge commands for an alternative discharge is also
si x. Théeetuibedi ebpukes 3iBcet thesnabokberind tdlPeA%3I2 Y he di scharge
signals in the conpensation node conpared to the nornal node. Wen the
nunber altarsakivgdycehmahasgpsigkodeopbets instead of the failed

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

In Fig. 10, the total time length of a discharge signél
in the normal mode is represented by 16 blocks. In the
compensation mode, each block becomes 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 according to the
present embodiment, the number of ink droplets_absorbed_by
one pixel on the printing paper is abbut 5 to 6 droplets,
taking into consideration the preseryation of the image
quality and the drying time (here, the average volume of one
droplet is about 4.5 picoliters). If binary numbers, which
can be éfficiently processed, are used for processing the:
discharge signals, the time length of three bits eguals
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.




-maximum (e.g., 5 or 6), the concentration of the ink droplets is close to
maxi mum and the ganma characteristic is considerably noderated. For this
reason, in the conpensation node, if, for exanple, up to four discharge
commands are used for an alternative discharge, these comands can be
processed within the normal signal processing systemw thout any
additional processing tinme. Thus, the printing speed is not reduced. To
generate discharge signals in the cogpensati on node, all discharge
- commands may be sent to alternative n6zzles. However, if priority is given
to maintaining the printing speed, only a part of the discharge conmands
may be sent to alternative nozzles. In the present invention, the
discharge c N Nstsanmle pewlsent then rextimem waynbednt ofs ddlsshapgssi bl e to sel ect
an 'image quality priority node' in which all discharge conmands are sent
to altepnaande hozzliespevepikéli hehpréas i blgesperr i sighldredl lale a
"printing speed priority node' in which only a part of - 33 the di scharge
commandblarkssehhet vaginennavither nof zibschwiye ComeanRis k@ speed is
mai ntai ned. Either one of the two nodes can be selected or the nDdes can
be al t erhiesdataveordiFabarget ke abnf el of Tlh%r?%‘é’@% Weﬁ?l’ae'?n
di scharger alternatively discharges ink, droplets, prlnt ng speed can
be reduté®esr MPKB 5b@?a¥PoHr°§BéédtB? @h%cm?ﬂ%?dsiﬁ%% rgerttan be

i ncreased conpared t
compensation mode compared to the normal mode.

When the number of discharge commands is close to
maximum (e.g., 5 or 6), the concentration of the ink
droplets is close to maximum and the gamma characteristic is
considerably moderated. For this reason, in the
compensation mode, if, for example, 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. |

To generate discharge signals in the compensation mode,
all discharge 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 i1s also possible to select an 'image quality
priority mode' in which all discharge commands are sent to
alternative nozzles even if the printing speed is reduced,

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



‘the printing speed in the normal npbde. Since a certain anmount of tinme is
required for refilling the ink chanber 12 with ink after an ink dropl et
is discharged, it is difficult to increase the operation speed of the
liquid discharger. For this reason, when alternative discharge is
performed in the present invention and nore tine than in the nornmal
node-is required for processing the discharge signal, the printing speed
is reduced. The ratio of the pixel égrgation cycle (time required for

- form ng one pixel) when alternative di'scharge is not perfornmed to the

pi xel formation cycle when alternative discharge is perfornmed is Q
wherein Q= (formation cycle for new pixel/formation. cycle for original

pi xel ). tWWhedisheargkatovmaspeedrof s¢ie hearl tdramulvhanpriias iilsaper is
reduced, the relative speed is controlled so that it equals I/Q - 34 1In
thi s wayhet hbeistirgobpehd psimeentahne@. andither empeef ¥2#i®"df the i mage
can be mmintained constant while performng alternative discharge. Fig. 11
i s an ewptlamatenybdi agtantef an BYervedes ofaknee dhkewRA®*%ontrol for
alternatively discharging an ink droplet. Fig. 11 also includes an
overvieﬂﬁéprﬂﬁégc§ﬁth? CppEeRhoWA HBE hdBRYe-

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’
the printing speed in the normal mode.

Since a certain amount of time is required for
refilliﬁg 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 aischarge is performed in the present invention
and more time than in the normal mode'is required for
processing the dischafge signal, the printing spéed is
reduced.

The ratio of the pixel formation cycle (time required
for forming one pixel) when alternative discharxge is not
performed to the pixel formation cycle when alternative
discharge 1is performed is Q, wherein

0= {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 1/0Q.



‘A known net hod shown in Fig. 11 is a nmethod for merely sending a discharge
signal to the head according to a recording signal generation map. On the
other hand, in this enbodinent, 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 2lis for generating a discharge signal (row), which
i s conposed of discharge comuands_(which are actually digital data of

either "1'" or 10') disposed in each block (slot) for each pixel in a tine -

series, as shown in Fig. 10, fromprinting data sent froman inmge
processing circuit (after the processing such as error diffusionis .
conpl et ed). To Geherete-thes dfSehapieths ghialnted ningadmtash 61 t he shut - of f
di scharger is read out fromthe abovenentioned storing unit for storing

i nf or meBSERCENTAtionhet- 6he LMggrdcansbhafgertaimed SORDFMRATF - WS or
conpensati on- npde discharge signal_is generated. 35 The deflection signal
gener at PE& fOrPdnct 233ereakivei fegrFParef - swit ching the anplitude of

defl ection, such ii .the switch B showg.in Fig.flqi and f.or de qﬁpining t he
anpl i tude of F4@f | ett 1 Hn*PyS¥R Lo THI 1Rt &2 HETqU i ¢har ger
selectiogn circuit 2% hawn i Fig,.10, is.a circui %gr. l ecting a

l'i qui d §F§§H§F§eF°n SpﬁeSBSnaﬁﬁsrpgtéva%gcﬁé?ﬁgaﬁgﬁ%%n bﬁﬁghe switch Al
and droplet. Fig. 11 also includes an overview of the control
for known methods.

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 discharge signal (row), which is composed of discharge
commands (which are actually digital data of either 'l' 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 the processing such as error
diffusion is completed). To generate. the discharge signal,
information on the shut-off discharger is read out from the
abovementioned storing unit for storing information on a

shut—-off liquid discharger. Then a normal-mode or

compensation-mode discharge signal is generated.



‘for controlling dischargers by the switch A2 or, in other words, is for
setting whether or not each discharger discharges ink droplets. Then the
di scharge signal generated at the recording signal generation map 21 is
sent to the head 11 via the |liquid discharger selection circuit 23. The
deflection command is sent to the head 11 from the defl ection signal
generation circuit 22. The allocation of the discharge commands to each
time slot (block) of the discharge igggal is described below. In Fig. 10
described in the above, discharge co nds are disposed in the tinme slots
of a discharge signal starting fromthe first tinme slot. In other words,
the discharge commands are di sposed one after another in the tine slots
of the di scharegelsstigratict aritgned foemmraid dpotctigwmdst 22sligt 8 The positioni ng
of the dots forming a dot rowin a . pixel area according to a discharge
signal e€srehitsfent sditehing@ethelcamplitudeiqf deflqqgiimny, spEh &sch

di scharge command is di sposed one after _another in the tinme slots (bl ocks)
of a di tbhasygbtchiGnahovwrhirFige, 10f and FRiARt Mg idhdMfe commands is
smal |, the_nedian point of the dot rowis displaced (displacenent is

i ndi cat @dPbitudeap dofipcHien BY)the FRMHCL et dI2d iSve of the pi xel

(i ndicated Qy a dashed line in the ) ) . .
he liguid discharger selection circuit 23, shown in

Fig. 10, is a circuit for selecting a liquid discharger
corresponding to a discharge 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 head 11 via the
liguid discharger selection circuit 23. The deflection
commaﬁd is sent to the head 11 from the deflection signél
generation circuit 22.

The allocation of the discharge commands to each time
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



‘drawing). In Fig. 13, a reference line (in this enbodinent, this is the
center of the tine slots and is also the central |line of the pixel) is
taken near the center of the tine slots in conparison with Fig. 12. Fig.
13 shows an enbodi nent wherein the di scharge commands are all ocated
alternately on both sides of the reference line. In this way, the nedian

point of the dot row can be approximated to the central |ine of the pixel.
In the -enbodinent illustrated in_Fﬁﬂ%::-13, the di spl acenents are LI’ ,
and L2' which are each smaller than t di spl acenent LI and L2 in Fig. 12.

Fig. 14 is a graph of the fraction ratio of the line head 10 when
alternative discharge is perfornmed as described in the above. In Fig. 14,
| ine i rdepragslentrs Faigcase.in which alternative discharge is not perforned.

Line ii represents a case, as shown ih Fig. 5, in which ink droplets
di scharged 37In Figm Aézzkashofiiswbangeghbonang dsschepgsed dmnd in t he sane
pi xel area. Line iii represents a case, as shown in Fig. 6, in which ink

dr opl et @ fdissc R domthez tiee oflotlsr ddlrekghberti agddpsbhaggers land in
the same pixel area. In Fig. 14, the horizontal axis represents the nunber
of shut SefadozzITder@fiogsi-d idi $éwangabey, of dischpegdruppErangs i&iled
nozzl es. The vertical_ axis represents the ) ,
small, the median point of the dot row is 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
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. 12. 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. In the
embodiment illustrated in Fig. 13, the displacements are Ll'
and L2' which are each smaller than the displacement L1 aﬁd
1.2 in Fig. 12,

Fig. 14 is a graph of the fraction ratio of the line
head 10 when alternative discharge is performed as described
in the above. |

In Fig. 14, line i represents a case in which

alternative discharge is not performed. Line ii represents

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



‘fraction ratio of the line head 10. Here, 'fraction ratio' is the
probability of the generation 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 fromnozzles of two neighboring Iiquid

di schargers |and at the sane pixel area, ink droplets can be alternatively
di scharged fromthe normal nozzles N and N+2 di sposed on both sides of the
failed nozzle N+1 (center nozzle Ln35hg drawi ng), as shown in the Ileft of
Fig. 15. In other words, in this casé, ink droplets cannot be discharged
along the trajectory indicated by the dotted |line but can be di scharged
along the trajectory indicated by the solid line in Fig. 15. As a result,
ink dr épbat sokadesi nfedwh pexghbargagndischaggey i3rd oihefhdiarile as shown
at the right in Fig. 14, when nozzles N+1 and N+2 of two nei ghboring

di schar gérel @diesposddngi ddibyepraefnbst i £ase; aspPhe¥n ated that®does not
receive any ink droplets (pixel area n+t2 in the drawing) - 38 appears even
i f the ABz¥héshNiakddmeBletst AésRBRREFY §reRhAPEetes dPSpbRERE on t he out side
of the failed nozzles alternatively, discharge ink droplets. Line ii of

Fig. 14Deig@Pesied CRecprEEshP| tehdofPt WBef SPPBIPHDZ2I 25%Pei ng  di sposed

iled?l IbﬁstSIr g?@\émfﬂ%'f Egﬁggﬁgég{%%gﬁ%aef Q:?fs?lreesprésl,enzgl‘rseat%ees 'nu?r{bngrl arly, Fig.

of shut-off nozzles (liquid dischargers), i.e., the number
of failed nozzles. The vertical axis‘represents the
fraction ratio of the line head 10. Here, 'fraction ratio'
is the probability of the generation 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
neighboring liguid dischargers land at the same pixei area,
ink droplets can be alternatively discharged from the normal
nozzles N and N+2 disﬁosed on both sides of the failed
nozzle N+1 (center nozzle in the drawing), as shown in the
left of Fig. 15. 1In other words, in this case, ink droplets
cannot be discharged along the trajéctéry indicated by the
dotted line but can be discharged alongrthe trajectory
indicated by the solid line in Fig. 15. As a result, ink
droplets land in each pixel area n to n+3.

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

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

/



-fraction ratio of line iii shown in Fig. 14. Wien ink droplets discharged
fromnozzles of three neighboring dischargers |and at the sane pixel area,
ink droplets can be alternatively discharged fromthe 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 al
fail, a pixel area that does not recgigve any ink droplets (pixel area n+3
in the drawi ng) appears even if the nozzles N -and N+4 of the norma

di schargers di sposed on the outside of the failed nozzles alternatively

di scharge ink droplets. Line iii of Fig. 14 indicates the probability of
three fappedarfogyfesibethy HPspbdsadicendetit?i vEl Vheheermahe nunber of
failed nozz| es increases. As shown in Fi in the case of line i in
which @ieePrageye @F%Eﬁﬁ?éeoﬂsth@tOb“éﬂ‘g?nﬁﬁ tle| fatled merzikenf  one

di scharger fails, and, thus, ink droplets do not land at - 3 9 - the pixel
area th %tﬁfgﬁﬁéYﬁéy ?éSFHaEﬁﬁrbEk @roﬂ%%F%forklnevw&npﬁrﬁ#%oz%4e of one

di schar the fraction ratio of the |line head 10 beconmes 1. On the

f
ot her gﬂﬂlcg¥eﬁlFﬁ?n8F?9%ba sthaPfette f%%i?%r%%ﬂz%%s§W%HH3|n Fig. 15, the

fractlog ratio,of

| h
orders ot°F ﬁ%%ﬁl?h%% b%sséﬁ8mﬁ§%§lgPﬁen S %?gggiﬁ¥§{$9 ?#%? &grésree

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
dischargers 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. 14 indicates the probability
of three failed nozzles being disposed consecutively when
the number of failed nozzles increases.

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

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



'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. Enbodi nents of the present

i nventi on have been described in the above. The present invention, however,
is not limted to these enbodi nents and vari-ants such as the ones

descri bed bel ow are possible. (1). As an enbodinent, a line head 10 (line
printer) wth heads 11 aligned in_pqg |1 el over the width of the printing
paper was descri bed. The present invéntion, 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. Wiile the head 11 is being noved across the
wi dt h othehpipeilntirrg paper dischdirgemarigesn chhrdeopfet sThereherpi xel area.
Usual ly, while the head 11 is noving, the printing paper is not noved.
Once pr Whepnghei soganpl efednet Hésphprgengfpaper itbhef é¥arhieherditection -
40 perpendicular to the direction the head 11 noves and then the head 11
i s nove@faéPBs$iPRenfpEt A0oPecRBeSrilnti ng paper ‘again. When the present
invention is applied to a serial printer, the head 11 is di sposed so that
the |ongitudPhatledPteeribards theahbainative ¢hecharre &S the feeding
direction %f th rin Bag paper.. Iqs?tggg %?rdsb t he

performe = in Fig. action ratio of the
line head 10 is greatly improved by two to three orders of
magnitude, as shown by line ii in Fig. 14. 1In othef 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 éerial printer as well.

When the present invention is applied to a serial
printer, one head 11 is used. While the head 11 is being
moﬁed 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



‘direction of the head 11 is rotated by 90 conpared to the heads 11 for the
| ine head 10. Thus, when the present invention is applied to a seri al
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 rowis not forned in the
width directi-on of the printing paper, i.e., the direction the head 11
noves in, the mssing pixel row appears as a line in the width direction
of the printing paper (missing pixel®® im the feeding direction of the
printing paper do not stand out). By performng alternative discharge
according to the present invention, the nunber of lines formed due to

M ssi ngp@&p@hd&emaga@obehéeduﬁedtlég) thB hBgqerbodhyeat Sn@ceeding to the
present invention, the two parts conposing a heat generation resistive

el enent thd AeedaligngdmbieRanakbel. tEéeﬁiﬁtﬁabe‘éﬁéePﬁnbfﬂgr@a&éffer ent
val ues are applied to each part to - 41 <create a delay in the'tine

requi redghan.each part to reach the ink boiling tenperature (bubble
generation tine). The present invention, however, is not [imted to this.
| nstead, théherstlst anmeesait thevdmviol paris afplied henta ganergti on  resistive
el ement 13 can be set to the same value while electrical currents are
appl i edrrdnéach bhetheadmblpastdlaposddfserEhattthengonﬁbmu@xmmple
i ndependent sw tches may be

direction of the head 11 is the same as the feeding

‘direction of the printing paper. In 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
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
invenfion, 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




formed for each of the two parts of the heat generation resistive el enent
13. By turning each switch on at a different timng, an ink bubble forns
on each part with a tinme |ag. Mreover, the values of the electrical
currents applied to the two parts of the heat generation resistive

el ement 13 may be changed while the currents are applied to each part with
atime lag. (3) In the enbodi nents of the present invention, two parts
conposi ng a heat generation resistive.element 13 are aligned in parallel

i nside one ink chanber 12. The prese i nvention, however, is not limted
to these enbodi nents and may include a heat generation resistive el enent
13 having three or nore parts aligned in parallel inside one ink chanber
12. (4) creattiee acdieddiymant $hef time peguénedi Hueneaoh, pheat togeaachti on
resistive elenents 13 are disposed as liquid dischargers for a thernmm

pri nt er thehdngr bsdatinonEenpesaturhoweveblei generatiant émeb. t hNT8eand may be
applied to - 42 electrostatic printers and piezoelectric printers.. An
ener gi zPX§Seréminy epddonvabereves .t A6 Redt 1devdest iton thigi-st ist@aghent 13)
of the electrostatic printer is conposed of a diaphragm and two el ectrodes
di sposed&n Fee SEEREE §ﬁd§h8ftWHepéggEhPﬁgﬁﬁﬁﬁPﬁaﬁngﬁp?§ﬁ§éﬁn i nt er posed
bet ween t he L%phr%%n1and | ectrodes. A voltage 1is agplied_betmeen the two
el ect r odES S NEN W&n&iéghpaanpe set to the“ same value while

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 embcocdiments and
may include a heat generation resistive element 13 having
three or more parts aligned in parallel 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 invention,

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



‘downwar ds. Then, the voltage is reduced to zero to release the
el ectrostatic force. The elastic force generated when the diaphragm
returns to its original position is used to discharge an ink droplet. In
this case, for exanple, to create a difference in the energy generated by
each energizing elenent, atime lag is created between the two energizing
elenments or different voltages are applied to each energizing el enment when
the diaphragmis returned to its original position (when the voltage is
reduced to zero and the el ectrostati @4 orce is rel eased) . The energizing
el ement for a piezoelectric printer is forned by stacking a piezoelectric
el enrent having el ectrodes on both sides, and a di aphragm Wen a voltage
i s appl iedcttecshe telcegpiriodessoanbopegbdiscetit herphegoe| ectric el enent, a
bendi ng nonment is generated in the diaphragmdue to the piezoelectric
effect. As aAnesnktrgithegdeagheagm dentsa et s tdef dremd. | nk droplets are
di scharged when this - 43 deformation occurs. In this case, simlar to the
above, generedtionaregiifsftévenedempnthé3pnefgyhgenkeatedstbyteach energi zi ng
element, atine lag is created between the two energizing elenents or
di f f er ePrindleragess cameogpedl pédat dierbhagwnendi kvagebéeherdes (5) In the
enbodi nents above, a printer was descri bed
disposed on the lower side of the diaphragm with an airspace
interposed between the diaphragm and electrodes. A voltage
is applied between the two electrodes to bend the diaphragm
" downwards. Then, the voltage 1s reduced to zero to release
the electrostatic force. The elastic force generated when
the diaphragm returns tc its original position is used to
discharge an ink droplet.
In this case, for example, to 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
voltage is reduced to zero and the electrostatic force is
released) .’
The energizing element for a piezoelectric printer is
fermed by stacking a piezoelectric element having electrodes
on both sides, and a diaphragm. When a voltage is applied
to the electrodes on both sides of the piezoelectric element,
a bending moment is generated in the diaphragm due to the

piezoelectric effect. &As a result, the diaphragm bends and

is deformed. 1Ink droplets are discharged when this



‘as an enbodi ment of a liquid discharge apparatus. The present invention,
however, is not limted to a printer and nay be applied to various. liquid
di scharge apparatuses. For exanple, the present invention may be applied
to an apparatus for discharging solutions including DNA used for

detecting biol ogical specinens. According to the present invention, even if
sone of the |I|iquid dischargers fail to discharge droplets, this failure
.can be conpensated for. Thus, the_e%gqgt of the failed dischargers is
conpletely renoved. Furthernore, eveh when there are failed liquid

di schargers, which previously would have been diagnosed as a mal function
of the entire head, the function of the failed liquid discharger is -
conpensdd eshrri®f ioso@curesul t, the maintenance period or the lifetine of
the head can be extended. - 44 WHAT IS CLALIMED I'S: 1. A liquid discharge
appar at us f dm forirs g sE xelinileanpos élieobbavgr etiet EEaRR@d2 nunber of dots

di sposed in pixel areas on a -recording nediumaccording to a liquid

di schardjef feremad , in highe | eni Xyl serrrage hpparcdcls *O6FFr2sAg: a head
including a plurality of liquid dischargers having nozzles aligned in a

pr edet ez hemerlt di 2 eeitontaq Heftera el Rt Tortige i EPRG IR Er aj ect ory of

a droplet discharged fromone of the liquid . di schargers in a
Relements oerifferent voltages arélapplled QO %ac%

energlizing 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.

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 of the entire head, the function
of the failed ligquid discharger is compensated for. As a
result, the maintenance period or the lifetime of the head

can be extended.



predéternined direction and conmmanding at |east two of the |liquid
di schargers in the vicinity to discharge droplets onto the sane pixe
~area; a storing unit for storing information on a discharge failure of the
|l iquid dischargers; and a controlling unit for controlling the liquid
di scharge signals sent to the liquid dischargers and the deflecting unit
according to the information stored in the storing unit. 2. Aliquid
di scharge apparatus for formng pixels conposed of a predeterm ned nunber
of dots disposed in pixel areas om &% écording nedi um according to a
|l iquid discharge signal, the liquid discharge apparatus conprising: a head
including a plurality of liquid dischargers having nozzles aligned in a
pr edet emmaTed sdicneaMepnIs: 45 a deflecting unit capable of deflecting the
trajectory of a droplet discharged fromthe |iquid discharger with :
various anplitudes along a predeterm ned direction and for discharging
droplets fromat |least two of the liquid dischargers in the vicinity onto
t he sane pixél aRedjigauidtdisnbauvgetapparastosihor i fdowivet ipoxeds di schar ge
failure, wherein the storing unit stores information on a |iquid
di schar gempsisgd- offf adpeedetersdhadgeuherurd; dahs afii spnaed vien diiedhlar ge uni t
for discharging droplets alternatively, wherein the alternative discharge
unit t RARSEers @t recgydiagpaedivhm acrpgdingditschatgeusd gib$charge
signql, the liguid discharge apparatus comprising:
a head including a plurality of liquid dischargers
having nozzles aligned in a predetermined direction;
a deéflecting unit for deflecting the trajectory of a
droplet discharged from one of the liguid dischérge;s in a
predetermined direction and commanding at least two of the
liquid dischatgers in the vicinity teo discharge droplets
onto the same pixel area;
a storing unit for storing information on a discharge
failure of the liguid 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.

2. A liquid discharge apparatus for forming pixels
composed of a prédetermined number of dots disposed in pixel
areas on a recording ﬁedium according to a liguid discharge
signal, the liguid discharge apparatus comprising:

a head including a plurality of liguid dischargers

having nozzles aligned in a predetermined direction;




directed to the shut-off discharger to at |east one of the other liquid

di schargers according to the information stored in the storing unit and

controls the discharge of droplets fromat |east one of the other |iquid

di schargers that the transferred received |liquid discharge signal. 3.- A

i quid di scharge apparatus for relatively noving a recording nmediumand a

head in a direction substantially perpendicular to a predeterm ned

direction and for formng pixels Q9WB9$§d of a predeterm ned nunber of

dots disposed in pixel areas on the recording nediumaccording to a |liquid

di scharge signal during the relative novenent, the liquid discharge

apparatus conprising: a head including a plurality of liquid dischargers -

46 havi ng nézgeédesttiiggedniih aapebiet ef nilaftledtingt ilon; tm ksohar ge

defl ecting unit capable of deflecting the trajectory of a droplet

' dischargégf¥r4ﬁﬁﬁhﬁ¥IQQﬁ9h§r9ﬁdséﬁ@mgéhewﬂﬂHUerﬁéashangbrtuﬁEh al ong the

predetermned direction, the deflecting unit discharging droplets from at

| east t WROFCHhEMPddd $eRadgér Predetteeminednfiiyeohiont aed Eane pi xel

ar ea, agg_dischar ing droplets froma liquid discharger selected from

among t ﬁQQﬁﬁq}éé RGeS Sromagdnlieast dechar §haglégspets onto a. pi xel

ar ea fera Jggxel canpgsed Qf,a,gredeternined nunber of dots; a storing
BT T S e It CoR1dYs CR&PgéNer SPGr BT XGheRERR- t he stori ng

unit for

unit stores E”E%6¥§£§°Gn99 ?or storing inforhation on discharge
failure, wherein the storing unit stores information on a
liquid discharger shut-off due to discharge failure;

an alternative discharge unit for discharginé droplets

alternatively, wherein the alternative discharge unit |
transfexrs at leest a part of a liquid discharge signal
directed to the shut-off discharger to at least one of the
other liguid dischargers according to the informatien stored
in the storing unit and controls the discharge of droplets

from at least one of the other liguid dischargers that the

transferred received liquid discharge signal.

3. A ligquid discharge apparatus for relatively moving
a recording medium and a head in a direction substantially
rerpendicular 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 liguid dischargers



liquid discharger shut-off due to discharge failure; an alternative
di scharge unit for discharging droplets alternatively, wherein the
alternative discharge unit transfers at |east a-part of a liquid discharge

si gnal

directed to the shut-off discharger to a free tine slot, in

whi ch

no di scharge of droplets is commanded, of at |east one of the other liquid

di schargers according to the information

stored in the storing unit and

controls the liquid dischargers receiving the li"quid discharge signal to
di scharge droplets onto the sane | andtthg position as the shut-off
di scharger during the free tine slot according to the transferred

di scharge si gnal

li-quid
l'iquid

- 47. 4. Aliquid discharge apparatus according to claim

3, capabl«eimf rdizdhar gilngmddophetss perdetarposieti anckeii8xP) xN  di st ant
fromthe center of the liquid discharger in a predeterm ned direction,
where N i s aapdsstheegentiefércahdgPunis thpall égnfreddfpedeineftidie i quid
di schargers in the alignnent direction. 5. A liquid discharge apparatus
accor di ngrajeaicaiyn® @ dkoplwheddisehlairgreidd faoschhegéigiugdal s for fornming a
dot rowin the direction of the relative novenent are sent one after

anot her Giggtadgsss twittho vgir itowe  laimgpdild udiesc hdpggar $heapabtietetmidedchar gi ng
droplets on a | anding position corresponding to the Iiquid dischar

si gnal ,

HiE GiHOei Fhehdeddeatdng snfidxfegchyprdiiashdrgbhgtdr ppmt 8T f

| east tqp of

east g#% of the ligquid dischargers in the vicinity onto the
same pixel area, and dischargiﬁg droplets from a liquid
discharger selected from among the liguid 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
liquid discharger shut-off due to discharge failure;

an alternative discharge upit 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 ligquid dischargers according to the information

- stored in the storing unit and controls the liguid

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.

ge
rom at



‘liquid dischargers in a predeternined direction according to the liquid

di scharge signals. 6. Aliquid discharger according to any one of clains 3
to 5, wherein the processing of a discharge signal for form ng a dot row
in the direction of relative novenent is controlled by sharing the signal
for selecting the liquid discharger and the signals for controlling the
trajectory of the discharged droplet or by synchronizing one of the
signals with the .other signal. - 48_ 7. A liquid discharge apparatus
according to any one of clains 3 to 67 ~wherein the generation of the
l'iquid discharge signal for formng a dot rowin the direction of the

rel ative novenent 1is controlled to generate a liquid discharge signal in a
normal node Mot A MvDdwidGidten5u8 -ifaddtay dcdbsehagieo andimasl,iquid

di scharge signal in a conpensation node involving the shut-off liquid

di schar gapabde bradsEenarfindghérdpiets oniiecdhasga Signat (1t/@x@h xkeast one of
the other liquid dischargers disposed in the vicinity of the shut-off

| i qui d dilssahar feom 8heAcénter dofli skhdal benbpphiraihisrgacdtiang to any one of -
claims 3 to 7, wherein the liquid discharge signals have time slots for
the narredeteamnbeedofidésthan gewltenmaiidss corpasipoind nighteayeaneanditkel ar ea,
and wherein the tine slots for at least a portion of the discharge
commandisf thet adigngent pitchaefethei hbahidahisdlmadershut -wfd i quid

di scharger are added to
alignment direction.

5. A ligquid discharge apparatus accérding to claim 3 or 4,
wherein liquid discharge signals for forming a dot row in
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 liguid discharge signal, and wherein the dot row is
formed.by discharging droplets from at least two of the
liquid dischargers in a predetermined direction according to

the ligquid discharge signals.

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 controlled by
sharing the signal for seleéting the liquid discharger and
the signals for controlliné the trajectory of the discharged
droplet or by synchronizing one of the signals with the

other signal.



the original tinme slots. 9. A liquid discharge apparatus according to claim -
8 wherein the speed of the relative novenent is 1/(new pixel formation
cycle/original pixel formation cycle). - 49 10. A liquid discharge
apparatus according to any one of clains 3 to.-9, wherein the disposition
of the discharge commands to the time slots of the liquid discharge signa
is controlled by taking a reference line close to the center of the tine
slot and allocating the discharge commands alternatively on both side of
the reference line. 11. -A nethod fot8dfscharging |iquid 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 deend aiscﬂgﬁﬁh_ggglcgggkusfg&gﬁigs ol g.w’ognéj;)f g ges i h vari ous

anplitudes along a predetermned direction and r di'schar gi hg driopl ets
from atwhdmsisi the gdnddtildmwd e aRager SilsehbheeisGigiahly rept 0 the sane
pi xel area, the nethod conprising the steps of: relatively noving a
r ecor diffrgrrmied Llemdnd xtdve iheadhd niiareddiyoeciforhsubstiattival myveaependi cul ar
to the predeterm ned direction, formng a pixel conposed of a predeterm ne
nunber 16f cadutmIbhed]itse prginagea epricdptier miisehaugeers iohadr apl ats from the
l'iquid dischargers during the relative novenent, - 50

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 liguid

discharger.

8. A liquid discharge apparatus according to any one of claims 3 to 7,
wherein the liguid 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
signal sent to the shut-off liquid discharger are added to

the original time slots.

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

formation cycle/original pixel formation cycle).



storing information on a shut-off discharger due to

failure anong the plurality of liquid dischargers, transferring at
part of a liquid discharge signal directed to the shut-off discharger to
at | east one of the other liquid dischargers according to the information
in the storing unit, and controlling the discharge of droplets from
at least one of the other liquid dischargers to which the liquid
rge signal was transferred. 12. A method for discharging-|iquid

h a head including a plurality2f |iquid dischargers having nozzles
aligned in a predeterm ned direction, wherein the head is capable of
deflecting the trajectory of a droplet discharged fromthe liquid

stored

di scha
t hr oug

di scharger with various anplitudes al ong the

for di
t he vi

substantially perpendicular to the predeterm ned direction,

pi xel
pr edet

liquid

dropl et di scharge

| east a

predet erm ned direction and

scharging droplets fromat [|east two of the liquid dischargers in
cinity onto the sane pixel area, the nethod conprising the steps of:
relatively noving a recording nediumand the head in a direction

conposed of a predeterm ne nunber of dots by discharging a

formng a

erm ned nunber of droplets from the liquid dischargers during the
rel ati ve novenent, - 51 discharging droplets,fromat |east tw of the
10. A licquid discharge apparatus according to any one of claims 3 to 9,

wherein tﬁe disposition of the dischafge commands to the‘
time slots of the liquid discharge signal is controlled by
taking a reference line close to the center of the time slot
and allocating the diécharge commands alternatively on both

side of the reference line.

11. A method for discharging liqqid 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
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 prédetermine numbef of
dots by discharging a predetermine number-of droplets from

the liguid dischargers during the relative movement,



disCﬁargers in the vicinity onto the sane pixel area, and

droplets froma liquid discharger selected fromanong the liquid

di schargers capabl e of discharging droplets onto a, pi xel
conposed of a predeterm ned nunmber of dots,
shut -of f di scharger due to

for discharging

area for a pixe
storing information on a
dropl et discharge failure anong the plurality

of liquid dischargers, transferring at |east a part of a |iquid discharge
directed to the shut-off discharger to a free tine slot, where no

si gnal

di scharger of droplets is conmanded, Tor at |east one of the other

di schargers according to the

liquid

I nformation stored in the storing unit, and

controlling the liquid dischargers receiving the liquid discharge signa
t o di schar ge sdeapihet §ndroatiensameal ahditngffpdssthangas dbe sdut - of f
di scharger during the free time slot according to the transferred

liquid

liquid &

Rygl%ﬁ%ﬁﬁge failure among the plurality of liquid
dischargers, |

transfefring at leasf a ﬁart 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

controlling the discharge of droplets from at least one
of the other liquid dischargers to which fhe liquid |

discharge signal was fransferred.

12. 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 the
predetermiﬁed 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 liguid dischargers during the relative movement,



._51_

discharging droplets from at least two of the liquid
dischargers in the vicinity onto the same pixel area, and
for di;charging 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,

Astoring information on a shut-off discharger duerto
" 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 recelving 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.



