| ;e3e d6T 4M 1 'LIQUID DI SCHARGE APPARATUS AND METHOD FOR DI SCHARG NG
“JLICUID BACKGROUND OF THE I NVENTION 1. Field of the Invention The present

invention is related to a |iquid discharge apparatus including a plurality
~of heads having liquid dischargers with nozzles aligned in parallel in a

-+ row and a nethod for discharging liquid by using a plurality of heads

“having liquid dischargers with nozzles aligned in parallel in a row Mre
~specifically, the invention relates to a technology for individually
setting the trajectories of droplets ¥or each liquid discharger and

. enabling each liquid discharger to discharge droplets in appropriate
directions. 2. Description of the Related Art One type of known |iquid

di schar e y inkiet

or i nt or Sr0pyB BISLREREE REPRKRTDs ARbT Rt RobiRokY BESCRhn L RRRTL L
direction of a recording nediumwhile discharging droplets onto the
recordi ng nedium as the recordi ng nedium noves in the feeding direction; 2)
a line piéRtROUND MR €hg arhiderfe@d is di sposed across the width of a
recordi ng medium and only the recording nediumis noved in the direction
perpendicul giet® $hermédihvaheesti on of the recordi ng nmediumwhile droplets
are discharged fromthe |ine head onto the recordi ng nedium (e. g.,

Japanese Unaw&mpnﬂkéﬁﬂeﬂﬁventldh Apptd lcatd D Pub i icati DI iNGh 222 - 36522) .
When a line head is formed according to the above nentioned known

t echnol agyarébes nimbeuddhg | & quidral Sthas el sadeclomesngr eaetrdt han t hose of
the head of a serial printer. Therefore, for the line head, there is a
probl endiachhagethewiltkchazgeeshal hgtedi shipaovileathith i guiew disd har ger
varies greatly. Wien the discharge characteristic of the |liquid dischargers
of a semeBho@rioredivahieging bigeidaby degrees moesaliby bef overdapped to
fill in space in dot rows already fornmed. In this the variation in the
di scharBavendr htgeids@i eCceahgpes ny ki 2edzlen %hbg%%%t%%rgar%hbehead of a
line printer does not nove, and, therefore, once an area is recorded, it
cannot b@ ?er?@cor%%ﬁeb?P%GéF+%%biﬁg Fhe HOYStIpRsTeLMEST | Fre %rlnter has a
problemin_that the char cterls# c of each |ljiquid discharger varles in the
a|.gnneﬁ?CHP?§89¥oﬁ°5flP fe 74 %YdﬁgEha?geFee SR REPEHEVERE ot r oaks. | n

ot her rds the [ acterl |c of each i quid. di scharger.varies, this
cannot %ﬁ%g feﬁa? h%?%ﬁ} ogL9 {lQUlé

dlscharger to discharge dropiets in appropriate directions.
2. Description of the Related Art
One type of known liquid discharger is an inkjet

printer. There are two types of known inkjet printers: 1) a
serial printer in which a head is moved in the width
direction of a recording medium while discharging droplets
onto the récording medium as the recording medium moves in
fhe feeding direction; 2) a line printer in which a line

~ head is disposed across the width of a recording medium and
only the recording medium is moved in the direction
perpendicular to the width direction of the recording medium
while droplets are discharged from the line head onto the

recording medium (e.g., Japanese Unexamined Patent



An object of the present invention is to conpensate for the variation in
sthe discharge characteristic of each liquid discharger and thereby to
reduce the nunber of uneven - 3 streaks and inprove the printing
quality. The present invention achieves the above-nenti oned object by the
-follow ng neans. A first aspect of the present inventionis aliquid
"di.scharge apparatus having a head with a plurality of liquid dischargers

i ncl udi ng nozzles aligned in parallel in a row, conprising: a nain
controlling unit forned on each |iquid di scharger for controlling the

di scharge of droplets fromthe nozzles; a secondary controlling unit forned
on each liquid discharger for controlling the discharge of a droplet so

that thg, gigggggohspgb§ggggg§g ﬁgongoﬁg ~bgastyone trajectory different from
the trajectories of the droplets discharged by the Iiquid dischargers

control | ed byndhes Mo fe GO 0 4 | AGrkkM T4 cANEH Bn P EEONGR Yals@rdr ol executing
unit- for individually setting whether or not the secondary controlling unit

for eachehkgithdadiksehar gecnhs168¢r atrd. nhiibbheoti 1 sEudgpPRLL cRAr§BLs present
i nvention, a secondary-control executing unit individually sets whether or
not thebsecnsdagyea@skr @ehbhhnghuBkt cforhearbati goi d dischargeintsroper at ed.
When the trajectory of the ink droplets discharged by a liquid.discharger
di f f er sTheomfbhe,t fapecher iléseohetie thkrdr bpl et prdbsehaigethby ohber

|l i quid dischargers, the secondary controlling unit is operated. A second
aspect dfistherpeeskatrarneentidon p§ aabhqliidudisdharbergppavatiisshavi ng a
head with a plurality of liquid - 4 dischargers including nozzles

al i gnedgoirgagaral lel in a row, conprising: a discharge-direction changing
unit for changing the trajectories of the droplets discharged fromthe

- nozzles of EBedn| e ¢ TR FEe geraracherivhse ehotle ¥ directions in

the row, _and a reference-direction setting, unit for setting one of the

trajectQﬁﬁégaEQQFﬁeoérépP@FéaélEEHBF@édVFFéﬁ?IFauPdCHF§€ﬁ5r§@9§e€0ntroIIed
y the. glschar ge: directi on o g E nit as a reference direction. In the

second §p&cfa eQ@hoVﬁﬁ PEPE sE a gé HBSSBaHFs&HagQE tP¥Fecti Bﬁagﬁanglng

t di sch k_droplets al t .two diff t direct
in & rORCECrG offncacer AFdet oy VEda S8patnt G ScdbRCTFARF G i schar gor by

t he ref%%ggggtgk g%&goglscﬁglﬁgn gA third aspect of the present

inventioni's a arge apparatus having a head with a plurality of

HWdew%%m&mwﬂwe%4 abropefh b0 PRI ol addl gL oW

conprising: a discharge-ditection c anglng uni t angi ng t

traj ect gries QBdth%h@E@@B§ES Qhé%héhgﬁge5r9§1EB@oBQéé'e§t°EaﬁﬁS@ bbqund
di scharges i'n at least two different directions in thé row, and

di schar ge- @@gb@d@atbanv@@ubpﬁehgsehblagtglschﬁﬁge @H8|§§nEOer§%Qrdr0p|et
di scharged fromthe [iquid dischargers controlled by the dischargedirection

changi ngagnit pirebleachnl itguicdtdesehargeserltintt Beofheedhaspgata each |iquid

di scharges has a discharge-direction changing unit and can discharge ink
discharger varies in the alignment direction of the liquid
.dischargers, causing uneven streaks.

In other words, when the characteristic of each liquid

discharger varies, this cannot be compensated for.

SUMMARY QOF THE INVENTION
An okject of the present invention is to compensate for
the variation in the discharge characteristic of each liquid

discharger and thereby to reduce the number of uneven



- 5 droplets along at least two different trajectories in a row. The

+di scharge angle of an ink droplet is set for each |liquid discharger by the
di scharge-angl e setting unit. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
an expl oded perspective view of an inkjet printer head having liquid

~di schargers according to the present invention; Fig. 2 is a plan view of a
| ine head according to an enbodi nent of the present invention; Fig. 3 is a
pl an view and a sideward cross-sectional viewillustrating

heat - generating-resistors of the head3ix detail; Fig. 4 is a graph
indicating the relationship between the difference in the ink bubble
generation tinme for each heat-generating-resistor and the di scharge angle

of an i | et Fi i S h jtude of the deflection in
t he tra?gggége %%dagh ﬁﬁéarggge%?gé?SF&GSFspgé rates the | andi ng positions

of ink droplgfs beiddncorpeasaisd {QHi bY@ Rl SO IpLL{ g dpi t, a
secondary controlling unit, and a secondary-control executing unit; Fig. 7
i Ilustrabesctheyl andi re1peskhbonsank . i nk

A_first aspect of the present invention is a liquid
discharge apparatus having a head with a plurality of liguid
dischargers including nozzles aligned in parallel in a row,
comprising: a maiﬁ controlling unit formed on each liquid
discharger for contrclling the discharge of droplets from.
the nozzles; a secondary controlling unit formed on each
liquid discharger for controlling the discharge of a droplet
so that the droplet is diséharged along at least one
trajectory different from the trajectories of the droplets
discharged by the liquild dischargers controlled by the main
controlling unit; and a secondary-control executing unit for
individually setting whether or not the secondary
‘controlling unit for each liquid discharger is operated.

In the first aspect of the present invention, a
secondary—control executing unit individually sets whether
or net the secondary controlling uﬁit for each liguid
discharger is operated. When the trajectory of the ink
droplets discharged by a ligquid discharger differs from the
trajectories of the ink droplets discharged by other liquid
dischargers, the secondary controlling uhit is operated.

A second aspect of the present invention is a Iliquid

discharge apparatus having a head with a plurality of ligquid



dropl ets being conpensated for by a discharge-direction - 6 changing
vunit and a discharge-angle setting unit; Figs. 8A and 8B illustrate

enbodi ments of a discharge direction setter; Fig. 9 illustrates the |anding
positions of ink droplets conpensated for by a di scharge-direction changi ng
-unit, a discharge-angle setting unit, and a reference direction setting
unit; Fig. 10 illustrates neighboring liquid dischargers discharging ink
droplets onto the same pixel, wherein the |iquid dischargers are capable of
di scharging ink droplets in an even-number of directions; Fig. 11
illustrates liquid dischargers discharging ink droplets to the |eft and
right in symetrical trajectories and to directly below, wherein the liquid

d'scharaﬁgéhgggesgpﬁﬁkﬁuagngigs@ ggngligﬁegr$9}§g§aifefn18d9 pyiyber of

directions € process o rAMng pixel's on printing

paper b¥ohb9§b@nﬁ'58héiQéﬁérgéﬁﬁgrQEtﬂbﬁCgﬁéﬂgfﬂgsaﬂﬂﬁl§%¥hgﬂ%%$§n I qui d

di schargers di scharge drople In two directi en t can be
di schar ggd tBa@QcEMEBeQUB?eEthdgbﬁ§5£b08§%ch§k§ed1§rbﬁ|Hﬁér§$§§lége

process of form ng pixels on
of each ligquid discharger in at least two different
directions in the row; and a reference-direction setting
unit for setting one of the trajectories of the droplets
discharged from liquid dischargers controlled by the
discharge—direction changing unit as a reference difection.

In the second aspect, each liquid discharger has a
discharge—direction changing unit and can discharge ink
"droplets along at least two differenf directions in a row.

A reference trajectory is selected for each liquid
discharger by the reference-direction setting unit.

A third aspect of the present invention is a liguid
‘discharge apparatus having a head with a plurality of liquid
dischargers including nozzles aligned in parallel in a row,
comprising: a discharge-direction changing unit for changing
the trajectories of the droplets discharged from the nozzles
of each liguid discharger in at least two different
directions in the row; and a discharge-anglie setting unit
for setting discharge angles for each droplet discharged
from the liquid diséhargers controlled by the discharge-
direction changing unit for each ligquid discharger.

In the third aspect, each liquid discharger has a

discharge-direction changing unit and can discharge ink



printing paper by liquid dischargers based on discharging signals when the
i quid dischargers discharge droplets in three directions (when the

dropl ets-.can be discharged in an odd nunber of directions); Fig. 14 is a
plan view illustrating an ink droplet that has | anded in one of the
~di.fferent |landing positions in one pixel area; Fig: 15 illustrates the
trajectories of ink droplets when using a resolution increasing unit; Fig.
16 illustrates liquid dischargers having a discharge-direction changi ng
unit and a reference-direction sett+ng 4nit conbined with a second

di scharge controlling unit; Fig. 17 illustrates |liquid dischargers having a
di scharge-direction changing unit, a discharge-angle setting unit, and a

ref er enge guE%gtgegl eg}g ua! b gophipede 'tgr§3§8%899e9'§ﬁhgf98w

control unit ustrates iqui argers”having a

di schar ge- d'fﬁ&t&PQcﬁQE&Q'Qﬂgﬂ@'éfaQH prkciesence- fhrestiag: selthng unit

conbined with a first di scharge controlling
liquid discharger by the discharge-angle setting unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 i1s an exploded perspective view 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 an
embodiment of the present invention;

Fig. 3 is a plan view and a sideward cross—sectional
view illustrating heat-generating-resilstors of the head in
detail;

Fig. 4 is a graph indicating the relationship between
the difference in the ink bubble generation time for each
- heat-generating-resistor and the discharge angle of an ink

droplet;

Fig. 5 illustrates the amplitude of the deflection in
.the_trajectory of an ink droplet;

Fig. 6 illustrates the laﬁding positions of ink
droplets. being compensated for by a main controlling unit, a
secondary controlling unit, and a secondary-control
executing unit;

Fig. 7 illustrates the landing positions of ink

droplets being compensated for by a discharge-direction




Fig. 19 illustrates |liquid dischargers having a discharge-direction
wchanging unit and a reference-direction setting unit conbined with a first
di scharge controlling unit and a second discharge controlling unit; Fig. 20
illustrates liquid dischargers having a di scharge-direction changing unit
-and a reference-direction setting unit conbined with a resolution
i ncreasing unit; 8 Fig. 21 illustrates a discharge controlling
circuit accordlng to an enbodi ment of the present invention; and Figs. 22A
and 22B are charts showi ng the changeéit the | anding positions of dots in
the nozzle-alignnment direction for the on and off states of a polarity.
changing switch and a first discharge controlling swi tch. DESCRI PTI ON OF
THE PREEE§B§9n§N§§Pk S I 1EB a}gglg ggg MERLS . of the present
nce 0 tﬁe

i nvention a escri be ngs “I'n this

SDEC'flcatloﬁl?éhesieéﬂa QéOPi?&stf@%@rém$6ufhéﬂﬂQt@faﬁqyfgcﬂé e €xanpl e,
several picoliters) of liquid discharged froma nozzle 18 of a |qU|d

di schar gercdesehni hedtkpr:the following. The term'dot' refers to an ink
droplet t hat has | anded on a recordi ng nedi um such as printing paper. The

term’ pixel 'FigfessilDutbeatieni OREN Lithdigg BdsivB@es Jheidierm ' pi xel area
refers to the area that fornms a pixel. In one pixel area, a predeterm ned
nunber @roeletBonempeneacedniabe) bof addapkebsgkaddreotfonnmhhngengypes of
pi xel s: a pixel fornmed of no dots (tone 1); a pixel fornmed of one dot (tone
2); or anpitxek flaspkdrgb-anglher abictyngf uddts &hdne Bebermore). I n other
wor ds, one pixel area has zero dots, one dot, or a plurality of dots. The
pi xel s di@egltignededitiagr sodtdi ng mediumto forman i mage. The dots) that
corresponds to a flxel does not al ways - 9 land inside the pixel area
and may | andf &4t st delt hasprxees apebohhbsringt bicupd deadharyers1 is an
expl oded perspective view of a head 11 of an inkjet printer (hereafter
referr e811t56h§§géngp|li“l"rt 8ropLlrRel G8i-Rg “B°l PABFAPdrSEhal§eT apPathtus

accordlng Q the present invention, The head 11 illustrated in Fig. 1
include% guﬁgugépppgrgers are capable of discharging ink droplets

in an even number of directions;

Fig. 11 iillustrates liquid dischargers discharging ink
droplets to the left and right in symmetrical trajectories
and to directly below, wherein the liquid dischargers are
capable of discharging ink droplets in an odd number of
directions;

Fig. 12 illustrates the process of forming pixels on

'printing paper by liquid dischargers based on discharging
signals when the ligquid dischargers discharge droplets in
two directions (when the droplets can be discharged in an
even number of directions);

Fig. 13 illustrates the process of forming pixels on
printing paper by liguid dischargers based on discharging
signals when the liquid dischargers discharge droplets in

three directions (when the droplets can be discharged in an




of liquid dischargers aligned in parallel in a row Each Iiquid discharges
.includes ink chanbers 12 containing ink to be discharged,

heat - generati ng-resistors 13 (which are equival ent to bubble generators or
heati ng el enents according to the present invention) disposed inside the
-ink chanbers 12 and whi ch generate bubbles in the Iiquid contained in the

i nk chanbers 12 by supplying energy, and a nozzle sheet 17 with nozzles 18
(whi ch are equivalent to nozzle formng material according to the present
invention) for discharging the liquid7centained in the ink chanbers 12 when
bubbl es are generated by the heat-generating-resistors 13. Mire
specifically, the head 11 is structured as described below. In Fig. 1,

al t houg he zl ges bonded onto a barrier layer 16, the nozzle
sheet 1§dﬁs s éﬂ §£p§§g%eéz?bgﬁtthe barrier layer 16. A substrate 14 on

the head 11 {nel udes; a é'ﬁ)l_&?nvztew ﬁ@@fg anguet o substrate &3, f ormed by

‘deposi tion substrate 15 he heat electrica Iy connecte conductor (not
shown |ﬂa%eﬂhﬁaeéughobnéug§t&ﬁ&edi@f@BQnEhQaHQ§Bg9?8§E€£bHQ LgsSbskors on
one surface of the sem conductor -generating-resistors 13 are to an
externabigelCHirbayia a the drawing) forned on the 15. The barrier |ayer 16
is, for exanple, fornmed by stacking a photosensitive cyclic rubber resist
or a photocurapl el8iry1fudvrsess sthonttdhpeetbt 1€ Soif fagle @reyised w th the
heat - generating-resistors 13 of the sem conductor substrate 15 and then by
renmovi nghennecésgany rpepfuohsnbynarphetobi thography process. The nozzle
sheet 17 includes a plurality of nozzles 18 and is forned by, for exanple,
el ect r ot ypi ngigi t hé ni tkestrTbes nbzghied sheethd7géess disposeda on the barri er

| ayer 16 so that the |ocations of the nozzles 18 are aligned with the
opposi ngikehergendigecrigoneshsnoisgl8nithaniink thiabensetdispetdeni ned by

- the substrate 14, the barrier |ayer 16, and the nozzle sheet 17 surrounding
t he heafe§éhBratiPh§- FEFPINEEsWith ROFECSPECHiFERRFYS GSNEROWALNE t he

drawi ng, the substrate 14 functions as bottomwalls of the ink chanbers 12,
the bar PPt 'layer 16 functions as sidewalls of the ink chanbers 12, and the

nozzl e sheet 17 func upper walls, of the ink chanbers |2. In this
hey. the i nkEEanber L9 RS s RDEHITES THO PRI FPBROTT IR = - 11 surface

h 1. Th d k
ng&Tnb 1§%nﬁﬁﬁlcgﬁ%%%to enlgﬁgggﬁgrggékg 8?H?ﬁgﬁﬁ£§8sattgae§8Ft588 above
nprnall§ Q%S Hﬁ chaakers 12 é? ﬁg§§5n9§%§E§ bngﬁﬂ%s'ﬁ%Brﬁ 33,41 gh are

di sSpose e respective In e or severaf;‘ dozen

to severa Ogang %@hHQbEScoétBBhTEﬁ5 Gaairol I er commands each
heat - generatlng resistor s way, the ink contained in the ink

chanber s112 pggre@@OﬂﬁtﬂgttQtéQelggﬁt&OatgghQ gérgeﬁgvfﬂgng resistors 13 is
di scharged fromthe nozzles 18 opposing the ink chanbers™ 12

discharge-direction changing unii and a reference-direction
setting unit combined with a first discharge contrelling
unit;

Fig. 19 illustrates liquid dischargers having a
discharge—-direction changing unit and a reference-direction
setting unit combined with a first discharge controlling
unit and a second discharge controlling unit:

Fig. 20 illustrates liquid dischargers having a
discharge—-direction changing unit and a reference-direction

setting unit combined with a resolution increasing unit;



More specifically, the ink chambers 12 are filled with ink sent froman ink
stank (not shown in the drawi ng) connected to the head 11. By applying a
pul se current to the heat-generating-resistor 13 for a short tine, e.g., -
for 1 to 3 sec, the heat-generating-resistor 13 is rapidly heated. As a
-result, a gaseous ink bubble is formed where the ink conmes into contact
with the heat-generating-resistor 13. Wen the i nk bubbl e expands, a
predeterm ned anmount of ink is emtted (or in other words, the ink boils).
In this way, the sane anount of ink-a8 that emitted fromthe abovenentioned
nozzle 18 is discharged fromthe nozzle 18 as an ink droplet. The dropl et

| ands on printing paper to forma dot (i e., a pixel). In this enbodi nent,

the 1ine heags s $0redy by, al 10N Ngioonadde @pLucplily of heads 11 in a

row (along t e alTgnnent direction o nozzl es e w dth direction

of the aeba&umagn%gl ) enbbeiménksSo# Eh@npybgwnltl kHSERRELAY apgenbodi ment
of a line head Fig. 2 depicts four heads 11 (NI, N, N1, and N+2). To

formthe |ineigead2df, ahdezfagdse 1dnexes uyﬂl&glﬂ@etmzczﬁ@n@@efﬂ Stﬂé whi ch
~are known as head chips, are aligned in series. Then, one nozzle sheet 17
wi th nozahesng8pbenmednsnNopoabtE0Ns €AEr aspandi Bglbﬁmbhﬁuﬂﬁrébﬁﬁbﬁr gers
formed on each head chip is attached to the upper parts of the head chips
to formftblrethieneheaddl6rfAdjracent ofieadgolirare ahhegnagekyitth anai gzag
pattern) disposed on the nozzle sheet 17, on both sides of an ink channel
t hat extefidssitndasphedgteconhedldingcsivdoihchThe heads 11 on one side of the
i nk channel oppose the heads 11 on the other side of the ink channel so
that their nozzles 18 oppose each other. Mre specifically, as shown in
Fig. 2, an ink channel for the Iine head 10 is di sposed between a |ine
connectP5508§§$§OHdPECEHF PBERBRREBSENBOBEIMENESN- 1 th and N+l th heads 11
with edges of adjacent to nozzles 18 of the Nth and N+2th heads 11: As
shown in theI]EIeF}é‘?l el HPuiidg SFOPRTCRES nef ubled PReTRYt Dnvenkierads 11

are allgned SO th t he Eltches bet ween the nozzles 18 on each side of the
adj acen rﬁe§8§cfi ﬁﬁewéﬁ aFefPﬁeﬁFﬁeFomﬁpasdr?ﬁénaﬁstaﬁeetBéFmeen one of
t he h head 11.and one of the

18 h ht
nozzIessf§cé?9%%§§58ftt§F %ﬁgm&L Fﬁp ff¥%§seﬁaaﬁ PoPPRE amount

{for example, several picoliters) of ligquid discharged from
a nozzle 18 of a liquid discharger described in the
following. The term 'dot' refers to an ink droplet that has
landed on & 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 types 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). In other words, one pixel area has zeroc dots,
one dot, or a plurality of dots. The pixels are aligned on
a recording medium to fofm an image.

The dot(s) that corresponds to a pixel does not always



pitch between the nozzles 18. (D scharge-direction changing unit, or main
scontrolling unit and secondary controlling unit) A head 11 has a

di scharge-direction changing unit, or a main controlling unit and a
secondary controlling unit. The discharge-direction changing unit according
‘to this enbodi nent changes the trajectory of an ink droplet discharged from
the nozzle 18 in at least two different directions in the row (al ong the
alignnent direction of nozzles 18). Mre specifically, the

di scharge-direction changing unit i-acdudes a main controlling unit, which
is formed on each liquid discharger, for controlling the nozzles 18 of the
| i qui d di scharger to discharge droplets and a secondary controlling unit,
whi ch i r eed. h,. | L qui LS r , | iquid

i schar gorst g 88, ERE o kkdh) drE SRR AEY 128, SE0LIR: FBY R¥el n aadi ti on
to the gragectory of the main controlling unit. The di scharge-direction
changing unit (main controlling unit and secondary controlling unit)
accordi ng to(de;erbedi yenicd$) structured as described in the follow ng.
Fig. 3is a plan view and a sideward cross-sectional view showng a liquid
di scharger ofi@. heatk |dnidkps@edgp@dpectivddridhedasheshd ine dm the plan
view of Fig. 3 indicates a nozzle 18. As shown in Fig. 3, one

heat - genaear atkfiger psiiater lBeksa€oprarsedriradeachaknk cpambeerilp of each
head 11 according to this enbodi nent. The heat-generating-resistor 13 is
conposednofutinogpar i $gatdadyedhangpaapbbebtudhaectwndpagt soothéhe

heat - generating-resistor 13 are arranged in a row (which is the alignnent

di recti pneeenthénverties.18, i.e., the left and right in Fig. 3). Weén one
heat - generating-resistor 13 is longitudinally divided into two parts, the

| engt h of eaEhe peadrehel hbuzteatedreibltiq hel inthhdreonaslwd Fiaf the

| engt h of the undivided heat-generating-resistor 13. Therefore, the

resi st aAfeléfiuifeddrohacdcheatlgnefatingaresistoin18 rawe wi Bechs | arge as
the resistance of the undivided heat%enerating-resistor_ls. By serially
connect AUt He L RENPEAPEE SRCLHECRedbFgERamatFRglfeSPRERLRARY ERE k@sistance -

becones, f our tgnes gs Fargg as _the.undivided heatgenerating-resistor 13
since tRE Pe8FBELHAEE 0P RACHSPEFE tOPOT REShBLPL Geher AFPAGEr 85fstor 13 is

tw ce ag Lg@ ©.88. Qe u g&vided Qe t-gener ting-resistor 13. To boil the
i nk con?glne% |n5|%e Pﬁg_lﬁkggﬁgnﬁgP 29Tt gaﬁga?-aéﬁ@?aang-reS|stor 13
T e EhE Ry oV RRLY LR EOTRLERL ST 8L Ble e L e TRy orer o

chambers 12 and which generate bubbles in the liquid

contained in the ink chambers 12 by supplying enerqgy, and a

nbzzle sheet 17 with nozzles 18 (which are equivalent to

nozzle forming material according to the present invention)

for discharging the liquid éontained in the ink chambers 12.

when bubbles are generated by the heat—generéting—resistors

13. More specifically, the head 11 is structured as

described below.

In Fig. 1, althougﬂ the nozzle sheet 17 1s bonded onto
a barrier layer 16, the nozzle sheet 17 is shown sepafated

from the barrier laver 16.

-A substrate 14 on the head 11 includes a silicon



--15 resistance is small, a large anount of electricity is required. If

.the resistance of the heat-generating-resistor 13 is |large, the ink can be

boi |l ed by supplying only a small amount of electricity. In this way, the

. size of the transistor for supplying electricity can be reduced and space
-can be conserved. It is possible to increase the resistance by reducing the

t hi ckness of the heat-generating-resistor 13. The thickness, however,

cannot be reduced to |l ess than a predeterm ned thickness since there is a
limt in the strength (durability) -ofiocthe naterial selected for formng the
heat generating-resistor 13. Therefore, instead of reducing the thickness,

the heat-generating-resistor 13 is divided into tmn parts to increase the

reSiStaggﬁiCXQSHcEP§ Eﬁﬁgfggﬁgrﬁéeggdr %Qéﬁéﬁ H8Ys t“Qe QLIS LS

Y
contained in one o errn rs I 73736Y Fo have

the Sa"§3bEBPhSdQSQEaQFBQEtEbHEon oﬁe’igggaEéngfrgﬂ%eggﬂkég ﬁ@@o?f the

parts of the heat generati ng-resistor to reach t

tenperatyperrhfk aBoverhet Reparksnbekbisngipuktapspysiy apd an | nk dr opl et
is discharged in a direction along the central axis of the nozzle 18. On

the contraeyrivwhenyt RehBebsea €bfhareneerhfit herbubbl ¢1gegeration time of
the two parts of the heat generating-resistor 13, ink does not boi

si nul t apeadstyor {nd6 sabeweihotheparb®indhusorihbe bhapretory of the ink
droplet is shifted fromthe central axis of the nozzle 18. As a result, the
traj ect eppiobntihetbnksdbepkatei $5defl ected. In this way, the ink dropl et

|l ands in a position shifted fromthe |anding position of an ink dropl et

di scharged wWihdowtraidubbheegeh@eras ) ofiot i emardh 14 er&onoresd Fby. 4A and 4B are
graphs showi ng the rel ati onship between the tinme lag in ink bubble

gener at sgackyngaehrpaipsehsihévheaycyénerabbay- resistopr1d mbebeding to
this enbodi nent and the angle of the trajectory of a discharged ink

dr opl et Curpbleafu®s fpiet redish Phetfraphsiaresuhéaresnreyidpdavéshput er
sinulation. In the graphs, the X direction %note that this is the
Iongltudpﬁapeé%lgeﬂ?réﬁdnﬁofeﬁﬁétﬁ6?|%énPél BRi §eBicPREUGEAphs) is the

al i gnnment dlrectldn of the nozzles 18 % e., the direction in which the two
parts ofUPR&ETARESt 1geABPatPRE- PEsTEMEY1RY 8PECEFFgRcd PRTHAPRFI BY)2 and t he

Y direct this is the longitudinal axis Ay and not the

IongituHiﬁ&PgéghggSP%%ﬁepﬁPgﬁﬁg) is the direction perpendlcular to the X
di t t f di t Bot h_t d Y
i recti ons i b cSpBE PRES APPSR EE f BERIA I Gt TS ot s no

def I ectian. 181 9p:AC:oIgus (e ghagt Lol HRASULENROLS 91, OR0ELALING @ time

lag in £ e i nk bubbl'e génerat he two pa

heat - geﬁﬁéahbgglée§h§E@r1$31STBQSEgébaoahakhéxbﬁrrlerlZayé@p gSERLs a
defl ection current, whi is one-half of the difference in the current

bet weenthhe twe pacheichsoRe @het RBzheak- gengrat hN9Ygheai stehsthd. The
vertical axis represents the anplitude of the deflection in the ink

dropl et obapading pesittgeneciradicatedshytbhe discharge angle of the ink
droplet (X-direction) (where the distance between the nozzle 18 and the

| andi ng posi Thenink ahadbe?s M} .atd & Hindd, by hehevsibstrseat10f one of the
heat - generatingresistors 13 is 80 mA. The deflection current is applied to
one of the partsecof lbgerheéat - gedetati ngzrési shees 13 sordefihddhgt he
trajectory of the ink droplet. When there is a time lag in the bubble
generattbﬁ heat-generating-resistors 13. More specifically, as

shown in the drawing, the substrate 14 functions as bottom

walls of the ink chambers 12, the barrier layer 16 functions

as sidewalls of the ink chambers 12, and the nozzle sheet 17

functions as upper walls of the ink chambers :12. 1In this

way, the ink chambers 12 have openings in the front right



.alignment direction of the nozzles 18, an ink droplet is not discharged in
the direction perpendicular to the alignnment direction of the nozzles 18.
The ink droplet discharge angle AX in the alignnment direction of the
-nozzl es 18 becones larger as the tine lag in bubble generation becones

| arger. This enbodi nent takes advantage of this characteristic to enable
the discharge -of ink droplets in a plurality of directions by changing the
anount of electricity supplied to eadh of the two parts of the

heat - generating-resistor 13 so that a tine lag in bubble generation occurs
between the two parts. - 18 Also, if the resistances of the two parts of
a heatg LNgs i $LOK: |3 are q to_ n C j error, a
i | e e O e aat P ratEs, R R e T o

13. Thugpoihenbifl €6t OhY aia&ﬁﬁgi”Eoﬂ&QRhS%t@ﬁ%ktﬂoé?Eﬁ glpag a direction

perpendicular to the alignnment direction of the nozzles 18, and the |anding
position of ghe bnkegl opdels W 1 |gdecdafdgcdive d ramdde expect g0 posi tion.
By changi ng the anmobunt of electricity supplied to each of the two parts of
t he heathgaperat ingraai Bbat-438nseathal-ackiBeokagikn hubBheageneration
occurs between the two parts of the heat-generating-resistor 13, the

traj ect angpobetihéni nkediropbettivkl ihe prappadscubar cfothbecaliegnaent
direction of the nozzle 18. In the following, the trajectory of discharged
i nk dr opketsadndothe anpketuedelohuhlieedeftihétki onAi priheetrajectory of the
ink droplets are described. Fig. 5 illustrates the anplitude of the

def | ect contobliire trapeotier pach heditsghargetingkrdsdptet IL3.AsIn|| ustrated
in Fig. 5, when an ink droplet i is discharged perpendicularly to the

di schar §hag wavfatbe th& ceafeénedyinf thheinkkchpropkes 12i s not defl ected,
as shown by the dotted arrow in Fi%. 5. On the other hand, when the

traj ect 6PF TEFPPRELIPAK C8r 5pPefoRtrelder| BEREATIBYCARHERPTESSLPEATENES
directign perpendicular to the alignnent direction of the nozzles 18 (Z1 or
22 in FP&.dS?FhﬁﬁgeﬁaﬁaPﬁgtBSSPPFégeéf1§h€PH€FPB@t§He ink)ghapRerar opl et i
i's defig&d by the fornula bel ow. OL=HxtanA. Accordingly, when the
trajectory of the ink droplet i is deflected by 8 degrees fromthe
direction perpendicular.to the alignnent. directi of npzz]les 18,. the
andi ng pout VPSR BT hE P RkLHr ot etTE b SEea Dy T hLeHi E Sheo H

bet ween .t he L. he_n I t i nti p P is about 1 to 2
nm f or éhaoﬁéhﬁagéobngfegﬁgr?ﬁ%grﬁﬂagrgﬁﬁ%&t2%,@gF ?gggégg d that the

di st anc [ i nt.ai.ned stanti al,l nt, @ reason the
distancgoﬁnﬁggg?o%%ekﬁgi%%gpngg'suggtéﬁﬁggﬁbg %oﬁg%gﬁ?HFg¥%ggagge if the
distancepd ¢RaRIEencl-le:handngspesi 1hoRLQf ot BB LRK Rap! 8t i Well. be

di spl aced. I n other words, when the ink droplet i is discharged fromthe
nozzl e lBtBeBPQBQECUEﬁé|ﬁeaﬂtgehEQa%ﬂhga%@sQEthelBrEBtEEEiQ@?er P, the

| andi ng position of the ink droplet i does not change even if the distance
H changesazceert aisnaaresnllt,Oa HhecoliBernRapdppnbenst ierfeachacge
trajectory of the ink droplet i is deflected, as described above, the

| andi ng thesiinkor ook st hationkodiapketriithi $hdi sphacgdnasatheagdiresancerH
changes. Wen the resolution of the head 11 is 60 dpi, the distance between
t he adj dGent Whezzitds i8ki dubRiedexbadds/, 680428k gymint8eenndaryo€ont r ol
executing unit) - 20 A first enbodinent of a head 11 according to the
present lindvéist ieov titeell Udes 1a sdbemdaoydsontthel iokebotlilgg -uniftr ithiadditi on

- to the above-nentioned main controlling
way, the same amount of ink as that emitted from the above-

mentioned nozzle 18 is discharged from the nozzle 18 as an
ink droplet. The droplet lands on printing paper to form a
dot (i.e., a pixel}.

In this embodiment, the line head is formed by aligning



- unit and secondary controlling unit. The secondary-control executing unit
.determ nes whether or not a |liquid discharger is going to operate the
secondary controlling unit. Fig. 6 illustrates the | anding position of ink
dropl ets being conpensated for by a main controlling unit, a secondary
~controlling unit, and a secondary-control executing unit. The upper portion
of the drawing is a front viewillustrating each |iquid discharger of a
head 11. The arrows indicate each trajectory of the ink droplets discharged
fromeach liquid discharger using théZmain controlling unit and the
secondary controlling unit. The bold arrows indicate the selected
trajectories. The |lower portion of the drawing is a plan view illustrating

the i nksdpepkgtscihat hay asb@@?Tﬂ chgl09d1 bRaM-AaCh: 4 bk di scharger and

| anded on a recordi ng nedi um drawi ngs | ow ng are al so

present gd bRtk Ba ggn%h@axbzzhesFmg 08, tWheR:igphyat becabn gentral I'ing unit
is used , ink droplets are sinply discharged fromeach |iquid discharger.

Al ter napirv¥akyngWhenaithe ., seegﬁdagylgoat@@hhlOgeunu&1u§t9§eﬂngnaﬁddltlon to
the main controlling unit e ink droplets can be discharged al ong

traj ect embesifther ofhanline Rdadthe.trajigCt oryegeteencoad h¥aliBelmmin
controlling unit. Modre specifically, three other trajectories are added to
bot h t héNkéf t Nand+ii, ghtidofN+2he t Taj €otmr yhdelénal heddby ot hehaahaads
controlling unit. In other words, one trajectory is determned by the main
control Lilngxghutiiapdtbexnbrajlectbeiees afe dbhiehnmamedkbypwhhessbeaddary
controlling unit. Thus each |iquid discharger can discharge ink droplets

al ong achéral etesevéanedajiacseries. In principle, when ink droplets are

di scharged directly bel ow fromeach |iquid discharger (substantially

per pendi cul afhe®: t Pee pro Rt AgSpaperl P)vithenezebndaly ¢dlitng unit must
not be used and only the main controlling unit nust be used. If, however,

t her e |?Oéltﬂaﬂﬁdc8F§€ﬁ8P§@Fn9h§P éﬁgéﬁgr8é§CFHR98F6pﬁ@F§e§IBﬁgeéCHeflected
traj ect ared to_ ot I|qu di schargers when_ ink droplets are

i schar SBUCT PORPARF FRESFIEG HodLEenaPgEroPRRER Gei RECONPGYL RECHRI n
controllln units, hIS Ilg gg di scharger nust be adjusted using both the
mai n coﬁ?r Fpné &ni %ngﬁﬁa heé“secondary controlling unit. In order to do

so, first, o%@a??gﬁﬁ ?ag tff patierp rgggeP rlntegﬁg dISCh [ |ng i nk

.droplets fr uid schargers usth onI i B o roII|ng
units. enokha BE'@E@dnBEEEEt §E$tb§7SCBH”BQtHSEQQe§ s¢anpet By observing
t he scanne result, the quid schar

channel that extends in a predetermined direction. The
heads 11 on one side of the ink channel oppose the heads 11
on the other side of the ink channel so that their nozzles
18 opprose each other. More specifically, as shown in Fig. 2,
an ink channel for the line head 10 is disposed between a
line connecting edges adjacent to nozzles 18 of the N-1th
and N+1th heads 11 with edges of adjacent tornozzles 18 of
the Nth and N+2th heads 11.

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 18 on each side of the adjacent heads 11 are

‘equal. In other words, the distance between one of the



- 22 discharging ink droplets along a trajectory that is deflected nore
.than a predeterm ned anmount conpared to other liquid dischargers can be
detected. If a liquid discharger that discharges ink droplets along a
deflected trajectory is detected, furthernore, the anount of deflection
~must be determ ned. Then the secondary controlling unit can be controlled
so that the trajectory of the ink droplets is changed dependi ng on the
amount of deflection. Fig. 6 illustrates an exanple wherein liquid

di schargers A and B discharge ink drdplets along deflected trajectories
conpared to the other liquid dischargers. In this case, the liquid

di schargers excluding the liquid dischargers A and B use only the main

control ;g ugi § gand QHEyr:‘L?ﬁttégj @ﬁ&oﬁﬁh'ﬁ'eégelf‘ 99&609% 596 gven

possible trajectories Is sefecte e contrary, the |qU| |schargers

A and Bphyserbet hgt he Hﬁén1§98t69|£h89NmﬂtB ﬁ@gdtb@ secongdaiycsoptgol 1ing
unit to discharge ink droplets: For exanple, the liquid discharger A

di schar geschnkedivephetscahopngitbeirhird trajectory fromthe left in the
drawi ng, whereas the |iquid discharger B discharges ink droplets along the
Si xth traj ectmiychdometeftedt dhecihay mg. urist desemdiad ahowe1Tfatga |iquid
di scharger that discharges ink droplets along a trajectory substantially

- the samenas thd desbgdedyt capeebdiyngonhytihe main controlling unit is
used. On the contrary, for a |iquid discharger that - 23 discharges ink
dropl et s al ohgheadrb} deanry dihathasgeedl setedd radmidienglesiignedt raj ect ory,
.the secondary controlling unit is used to change the trajectory of the ink
dropl et 3adinsehakgedlirgninhe khduidsdisoHargecontnoihisgwayitthe defl ected
trajectory is adjusted so as to becone as parallel to the designed
trajectory a%h%dg‘a‘?%m%rg%%@%@émm yehargsrpvitnt h Feeprding Hee dilktsance

bet ween the | andi ng positions of the ink droplets discharged from each

I'i qui d 8@?8H&W@EF EQﬁnB@Snﬁpﬁt5Fﬂé80§95§taﬁtﬁalF?kcéﬁgPéﬁ in a

pr edet er.m n tion Referﬁgcigdlrectlon setting . unit) A second

ire

enbodi mBHtC gﬁraeﬁeEHOWItQ cBPar %ﬁeaﬁrégﬁﬁF Fi9edt F6RTEREI udes a
referencge-direction_s gtln u ﬁ gd onto above-nmenti oned
dlscharélrafFéSPFoﬁncﬁ ﬁgfﬁg Eﬁ ?ngTﬁ “rd é?%ﬂ% §?£3?¥63n38 ting unit
sel ects_ape %ragggtory as the reference trajectory anong the plurality of
trajectorles Se y the discharge-direction changing unit

More specifically, the discharge-direction changing
unit includes a main controlling unit, which is formed on
each liguid discharger, for controlling the nozzles 18 of
the liguid discharger to discharge droplets and a secondary
éohtrolling unit, which is formed on each liquid discharger,
for controlling the liquid discharger to discharge droplets
along at least one trajectory in addition to the trajectory
of the main controlling unit. The discharge-direction
changing unit {(main controliing unit and secondary
controlling unit) according to the embodiment is structured
as described in the following.

Fig. 3 is a plan view and a sideward cross—sectional

view showing a liguid discharger of a head 11 in more detail.



for each liquid discharger. Simlar to the above, as illustrated in Fig. 6,
.the discharge-direction changing unit sets seven different trajectories of
ink droplets for each Iiquid discharger. At first, the reference-direction
setting unit sets the trajectory in the mddle of the seven trajectories as
~the reference trajectory. - 24 Simlar to the above, first, a test
pattern is printed to detect whether or not there are any liquid

di schargers having a discharge trajectory that is deflected nore than the
predeterm ned anplitude. Then, if & ddflected |iquid discharger is
detected, the reference trajectory can be changed according to the
deflection of the trajectory. For exanple, the liquid dischargers A and B
in Fig. h hseharge. traje i h def re than the
predet of B ned Anal L paern ] kAPt achyar P 1P P e ger A 17 the
third tpgpe¢koliy fromthe left in the drawng is set to be the reference
trajectory, the deflection of the discharge trajectory can be conpensated
for. Simlardy, sheknthe Figuid dischasgergdhetdrife-sdxddedFajectory from
the left inthe drawing is set to be the reference trajectory, the

def | ect contafintheidi sabar gakt eapRbEOr y2can becronpeasaledcEordihg Fig. 6,
the trajectory closest to the direction perpendicular to the surface of the.
printi ngopapés PmbsdimkactedThe hhetrgéeeeatentirapettaoy. 1Thesref erence
trajectory, however, is not limted to this. For exanple; if a | arge nunber
of the Fprgppdedi s€thawgepsrhavertrhegeddischargéléeétaj etheries deftected to
the right in the drawing, the trajectory in the mddle of the seven

traj ect 6fi ebenbpabegseeredibe-rheipéper éAcererajesnoeyg forathewliquid

di scharger A Then, for the other - 25 liquid dischar?ersn or, for
exanpl e (WRReD| i§uitBedprsénamget BareReéipaf pfotheheorrdapdi8i stharger A, the
seventh trajectory fromthe left (or the rightnost trajectory) can be set
to be tRBeréféFeABE FrEPECEBrJiTrn3this way, the reference trajectory for
each liquid dﬁschar er will not be the trajectory. closest to the direction
per pendi cul af*¢% ?%% Re7 P aeen of 2 HHRIPY$ T § HE phpets P hotgRahie will not
cause a r,obl ens. (Di scharge- le setting unit) A third enbodjnent of a
head ||géEESngﬁgﬁPo£¥ﬁeP8F5gen?ﬂgn$889%%n°?nSFﬁhegaﬁngg@ﬁéPaeghﬁg|e
setting_upit.in itiqn,t he abgve- tipned_discharge:direction
changinag@ﬁiPhtTﬁggd%égﬁgrggggﬁsgeﬂgggggggtﬁﬁi?eggfg ?ﬁe%%ﬁgle of the

traj ect onu;0f qdispRacggd,ink (drgplets gelegked by the dischgrge-direction
0 qU|5 é?s % Elg. [

Changing uni t r each T charger. ustrateés an enbodi nent
wher ei n theskandng £PQakt 199s gk h@gth@Hé§5§iager89ﬂ9@8§a&§digor by the

. di scharge-direction changing unit and the discharge-angle setting unit.
twice as large as the resistance of the undivided heat-
generating-resistor 13. By serially connecting the two
parts of the heat~generating-resistor 13, the resistance
becomes four times as large as the undivided heat-
generating-resistor 13 since the resistance of each part of
the heat-generating-resistor 13 is twice as large as the
undivided heat-generating-resistor 13.

To beil the ink contained inside the ink chamber 12,
the heat-generating-resistor 13 must be heated by supplying

a constant amount of electricity. The energy generated when

the ink beoils causes the ink to be discharged. If the



Each liquid discharger is capable of discharging ink droplets al ong seven
.trajectories as described in the enbodi nent above. Moreover, each liquid

. discharger discharges ink droplets along the trajectory in the mddle of
the seven trajectories (the fourth trajectory fromthe - 26 left). In
-this enbodi nent, as shown in Fig. 7, the liquid dischargers excepting
l'iquid dischargers A and B discharge ink droplets along a trajectory
substantially perpendicular to the surface of printing paper P. The liquid
di scharger A has a trajectory deflectléd-to the right by a degrees, and the
|l iquid discharger B has a trajectory deflected to the left by (3 degrees.
In such a case, the discharge-angle setting unit of the |iquid discharger A
shifts : [ LS e ra (o] e ees. Moreover, the
dischar%ggégg%ggge?%i%ggggftgo?g?ﬁ% F#Qﬁ?% é%sgﬁggagggéggh%?ts the entire
di schar ge,i,arga .t orkhenki 9Bt BY 03088 8RS nbAtLhLacYaY¥inkhedi sphacement
of the inkK droplet landing position will be |ess apparent.” Figs. 8A and 8B
- !lIustra@ei@nqbbgé,eﬁh@d&ﬁﬁnhaﬁfbghsoénaahgggsagﬁgy@ngeshmpgausmal1As shown
in Fig. 8A, each liquid discharger can discharge ink droplets along a

pl ural i tyodhtt b8 eckeriresithl. so, all of the liquid dischargers are capable
of discharging ink droplets perpendicularly to the surface of printing
paper P whenithehisddhe, ttiad estosyof stisel eciedi sThe fat enaesl pngl e bet ween
the leftnost trajectory and the rightnost trajectory in the drawing is vy
degr eeseclE®herdesitgnednahgl eefiocetihenti guededcsohbegepndeirsed. (>¥r degrees
27 and the intended angle for the liquid discharger Bis (3 (<y) degrees.

Si nce the brgsiidldi sohangeessA &hd Behastadief bremedmakiguirhdi schar ge

angl es conpared to the other |iquid dischargers, the maxi num di scharge

angl e ofthig&nesquicd dihsc hargerdeadrs tigdrged 1sdarhat3 -andlite atlbeddormess angl e -
y. Simlarly, the maxi num discharge angle of the liquid discharger Bis

i ncr eas8@VSYfharaangite PEITBELEREs LangPEsSy LhpR BhPSCRaler@dnsfown in Fig.

8B, the naxinun1dischar%e ) L
thickness since there is a limit in the strength

(durability) of the material selected for forming the heat-
generating-resistor 13. Therefore, instead of reducing the
thickness, the heat—-generating-resistor 13 is divided into
two parts to increase the resistance.

When the heat-generating-resistor 13 having two parts
is contained in one of the ink:chambers 12 and when each
part is set to have the saﬁe bubble generation time, i.e.,
the time required for one of the parts of the heat~
generating-resistor 13 to reach the ink boiling temperature,
ink above both parts boils simultaneously and an ink droplet
is discharged in a direction along the central axis of the
nozzle 18.

On the contrary, when there is a difference in the
bubble generation time of the two parts of the heat-

generating-resistor 13, ink does not boil simultaneously



angle for all the liquid dischargers including the liquid dischargers A and
.Bis set to angle y. By adjusting the maxi num di scharge angl e, as descri bed
above, the trajectories of the ink droplets can be conpensated for over a
wi der range conpared to a case where the maxi mum di scharge angle is not
-adjusted. A fourth enbodi nent of a head 11 according to the present

i nvention includes a discharge-angle setting unit and a reference-direction
setting unit in addition to the above-nenti oned di scharge-direction
changing unit. In other words, the-dil$écharge-angle setting unit sets the
ink dropl et discharge angle for each liquid discharger; and the
reference-direction setting unit selects one ink droplet trajectory anong a
plurali j.€ .es he f ] j ect .:FlLg i LLustrates
an enbo%%ﬁg%thaggrg%gE%he gﬁgfnaﬁg sEggggﬁgggt?gngﬁéflﬁhkdégg%kgts are
conpensatednfi@tchY rk-RR dhachangezdi Leeki BB ¢hanghagiunkk, tRE 4 _
diischarge-angle setting unit, and the reference-direction setting unit.
Each of rthaili,quhd dirsghatgeysoenthibgin? heopapabhe ghrdisehargi ng ink
dropl ets al ong seven trajectories using the discharge-direction changing
unit. Thaianghe,f enaednkhetivepnetheahakt mast phajecbar ¥handetiherpinght nost
trajectory anong the seven trajectories in the drawing is y degrees. In
Fig. 9, theelkihdihd dbsthangens excepki dgophetl dgertadysahatgrbatAzsand B do
not have any deflected trajectories. Therefore, the discharge-angle setting
uni ts obubbkéel pgurdadisvhaiger diéXeephcrg the |iquid dischargers A and B
mai ntai n t he maxi num di scharge angle of y degrees and the

ref erence- di Fegt i &b aedt tRgauni ysaples eshowheg nildell eclzbjensloily of the seven
trajectories (the fourth trajectory fromthe left in the draw ng) of each
i qui d Bes¥RaRgéERcadimRe lpef énepnk bruhpéet spycranichebst RaehhaAdL t he

di scharge-angl e setting unit of the liquid discharger A sets the maxi num

di schar §é 4RGN Bepb-g9cpeyyptdegreesiahart hé peFerdhae- §Pr BEFon setting unit
selects the third tr je%tor fromthe left in the drawing as the reference
traject§ PdFWePﬁiénaay,etH§G&Pteﬁe§h8ftfﬁéepaﬁavnafpasﬁ%ﬁahéraﬁdthe i nk

~droplets gi%%har%gq f&gg]tg i quid %i char% rs A and B can be matched with
the pit ¢REs SSPPERE ‘| addfng §8§Ftpgﬁ§ 8% PRe gﬁKQH?B FefSdiEEhar ged from
| results of a computer simulation. In the graphs, the X

direction (note that this is the longitudinal axis Ox and
_not the horizontal axis of the graphs) is the alignment

direction of the nozzles 18 (i.e., the direction in which

the two parts of the heat-generating-resistor 13 are aligned

in parallel), and the Y direction (note that this is the
longitudinal axis Oy and not the longitudinal axis of the

graphs) is the direction perpendicular to the X direction

(or the printing paper feeding direction). Both the X and Y
directions indicate the amount of deflection from 0°, which
represents no deflection,

Fig. 4C shows the observed measurements for generating
a time lag in the ink bubble generation of the two parts of

the heat—generating-resgsistor 13. The horizontal axis



- 29 the other liquid dischargers. The di scharge-angle setting unit of the
.liquid discharger B sets the maxi num di scharge angle to (3 (>y) degrees and
~the reference-direction setting unit selects the fifth trajectory fromthe
left in the drawing as the reference trajectory. In this way, simlar to
~the liquid discharger A the pitches of the | anding positions of the ink
droplets discharged fromthe liquid dischargers A and B can be mat ched with
the pitches of the landing positions of the ink droplets discharged from

. the other liquid dischargers. As desdfii bed above, the displacenent of the

- landi ng positions of the ink droplets discharged fromthe liquid

di schargers A and B can be conpensated for by changi ng the di scharge angle

of the kbgybg kgcga gef céieﬂdcﬁerPec09598ﬂ0§5w559 5fon%96£hé'qu'd

di schargers. (First discharge controll'ing unit hi's enbodi nrent, a head

11 haV'HQf@egbﬁEQaiﬂetﬁbr@EEk@HtCBéEQEQH YALL Q5 B2 PREN,EO0BhEOLEI Ng unit
and secondary controlling unit, a reference-direction setting unit, and a

di schar ga=anghe- §§hbk8glﬁﬁLEeB§sE§§Q 19 conhEolethechnkadE opl et di schar ge
by enploying a first discharge controlllng unit, as described in the
folIomnmgprghentsrshedampmatgaecamttabldaglaatnoﬁomhrahé thr di scharge of
ink droplets so that at least two of the liquid - 30 dischargers

nei ghbodirngleachaathety. pseidisahangecditedchbiyonhehangchgrysi ksgle discharge
ink droplets along different trajectories to forma pixel row or a pixel by
control lthegithedeophktdrn@ptlétsctoohiindwharehehsadéspaxek bewweenpi xel area,
respectively. A first enbodinent of the first discharge controlling unit
accor di t§et soehRédepi8sentd theehﬁhdhnchangésipheisisbhatgé wraj ectory of the
ink droplets discharged fromeach nozzle 18 in 2'' directions (an even
nunber 8f9di AEct tBAsTaby auITrBnRt ednerel ofi ghal hewhepengrasipgpositi ve

i nteger). The distance between the two_ink droplets that are_discharged

al ong oRESGFtPRE 23 £PaPlcPri edhandefhartiaRdCREFERESE ST PBRT €88hTtBt her is
about (2'-1) _ti t he di stance between two adjacent nozzles 18. Each

nozzl e ?gedP§cﬁgEQQ§rtﬁkoérGBPeFEaEFSﬁQeBﬁElBE fRE185°FFajtdctBries. A
second nt of the first har, ontrolling unit according to the
presentgnﬁggﬁFi5h SchaRJES “PRE 8? %ﬁ gﬁ ﬁﬁf@é?&ry gf t he ink drop?ets

di schar ged f%ﬁ@h ? ch _nozzle 18 ing 2J+1) glre g@rgdd nunber of

di rections) 1 Bi t° contTor S|%naT fm%ere |sga p05| Ve i nt eger).
The dis e h Kk o] s e h ed al on
one of %%2%%5? %ﬁ%t?gﬁe E%ﬁ?eg@aﬁ . ﬁgg% gggg%uréﬁgsgggﬁghﬁgagagother ig

about 2;:tipes EﬁetﬂbsB@”%ﬁm@ﬁ%“@@@eE%@oﬁdbéc%HE Rgzzhes 18, Eachopozzie 18
di scharges i nk dropl ets along one of e (2'+1) trajectories. For

exanpledrbﬁzemelabaw%-a&ahhg@gedfhhSEh@nQ@§b@%abn FErﬂeﬁdléﬁQaﬁ dobit
control signal is used, the nunber of ink droplet trajectories is 2J=4

(whi ch k&eaﬂlagﬁﬁeﬂﬁﬁbﬁ&bcthﬁ dicstancaobet weengt hethwoihRkadbppket s that
land furthest fromeach other is about (2J-1)=3 tines the distance between

two adj ddenhamozzbegit80xXAcaordengitioninhbhs embedtnent ofi theheotesekuti on of
the 18 becomes larger as the time :-lag 1n bubble generation
becomes larger.
This embodiment takes advantage of this characteristic
to enable the discharge of ink droplets in a plurality of
directions by changing the amount of electricity supplied to
each of the two parts of the heat-generating-resistor 13 so

that a time lag in bubble generation occurs between the two

parts.



head 11 is 600 dpi, the distance between two adjacent nozzles 18 is 42.3
.Mim Thus, the distance between the two ink dots that have | anded furthest
from each other when the ink discharge trajectories are deflected by the
first discharge controlling unit is three tinmes 42.3 Vim i.e., 126.9 wm
-Accordingly, the deflection angle A is: tan2A=126.9/2,0000.0635, hence Al.8
(deg). In the above-nentioned second enbodinent, if J=2, and a J+1 bit
-control signal is used, the nunber of ink droplet trajectories is 2'+1=5
“(which is an odd nunber). The di stand® between the two ink droplets that

| and furthest fromeach other is about 2''=4 tines the distance between two
adj acent nozzles 18. Fig. 10 illustrates a specific case of the ink

di schar ge tr@+§§t0£§eéh3099§9§99n&§|t@fﬂg@@V@w topegevhapoacd bt

control signa used odi nment’, i schar ge

tralECt%&h%%a@&n@aQQshb%delg'§EQahg%re&ﬁleSuéeE059 ﬁgﬁﬁfgeﬁukaﬁbector'es
are symetrical. "The di stance between the | anding positions of the two ink

dropletér&u&th65&lﬁéomhgaqa gkherai8d0RBtiEERS the- 8wo 3§té)oklﬂ§é the
di stance between two adjacent nozzles 18. As shown in Fig. 10, ink droplets

can be destchaegedatnhg-trheisase pixel Tanea themthgcnegzi,essl8nef two

adj acent liquid dischargers. Mre specifically, as showmn in Fig. 10, if the
di st ancenketinveenetwaiadj acenbenazohesal 8iirscXiohhparpbaddiatanceobet ween
two adj acent pixel areas is (2J-1)xX (for the exanple illustrated in Fig.
10, (2' thpxXEXgsinpree Jdzipctlinnt bifstbasepzthes| aAdi agdpoket iandadhgt he i nk
droplets is between the nozzles 18. Fig. 11 illustrates a specific case of
the inkpgiséthangeft thpednsr despactomdilhgbeodefideabedefment kbred when a 2
bit control signal (J+1=2) is used. In this enbodinent, the discharge
traj ect GKPEStEE PAERTRPHuUI dBYi SEhREGEY thR BBOYBL 86 ehaetrheisyvare an odd
nunber of trajectories. In other words, in the first enbodi nent, the

di schar §¥PPLAFEct8r P8ShoPLe4BR FW&UPérGFséﬁaﬁbérhééﬁ BengERtiBIrhat there
are an even nunber of symetrical trajectories, whereas for the second
enbodlnﬁﬁﬁlsﬁﬁragalﬁﬁ %FG fhé&iRGnbar of BPP?legﬁﬁérEBhPPoPc§P§ﬁal of the

f t d k d I t di_sch d.f th | 18
i 1 oct | BROBEFBeRIFCUt Sr PE8 Eng ot PaBE ot SCRE AT ARE REpaREE. 20

the trajectory of the ink droplet will be perpendicular to
the alignment directicon of the nozzle 18.

In the following, the trajectory of discharged ink
droplets and the amplitude of the deflection in the
‘trajectory of the ink droplets are described. Fig. 5
illustrates the amplitude of the deflection of the
trajectory of a discharged ink droplet i. As illustrated in
Fig. 5, when an ink droplet i is discharged perpendicularly
to the discharging surfacé, the trajectory of the ink
droplet 1 is not deflected, as shown by the dotted arrow in
Fig. 5. On the other hand, when the trajectory of the ink
droplet i is deflected by 8 degrees from the direction
.perpendicular to the alignment direction of the nozzles 18

(Z1 or Z2 in Fig. 5), the landing position of the deflected



- 33 Nbre-specifically, the liquid discharger according to the second

- .enbodi ment can di scharge ink droplets in an odd nunber of directions, which

i ncludes the symmetrical trajectories (trajectories a and ¢c in Fig. 11) and

the perpendicular trajectory (trajectory b in Fig. 11). In the exanple

‘illustrated in Fig. 11, J=1 and thus the control signal is J+1=2 bits. The
nunber of available trajectories is (2+1)=3, which is an odd nunber. The
distance(X in Fig. 11) between the two ink droplets that are each

-di scharged al ong one of the (2'+1) -trl& ectories and that |land furthest from
each other is about 2'=2 tines the distance between two adjacent nozzles
18(2JxX in Fig. 11). Wien an ink droplet is discharged, one of the (2'+1)=
3 traj ect,Qr heshsrsel ect : t hi s-way own,iLR.Fig. 11, ink droplets
can be gﬁgcﬁg§gggto%tggpgggﬁhggegg EF% g% R&% ﬁ%lg dition to the pixel
area right bgtomaozzl e N. The | anding positions of the ink droplets are
positions opposite the nozzles 18. As described in the above, depending on
the control st@falingly| e@sént¥le NELGNOOEIPY bF quihdl dhischaggess { nozzles
18) are capable of discharging ink droplets onto a sane pixel area. In
parti cukiar dewhentebebgl bgasgnkepi tebmi the heiabibghsRNbedbeLElE@Dapl t he
|l iquid dischargers is X, as shown in Figs. 10 and 11, the | anding position
of the dpophet aligrmddt diszehargedofranzeaebh LBquitdediaabanger can be
determ ned by the formula below (1/2xX)xp (where P is a positive integer).
| n t hi spoaséionhefl ahdi ngkpdsbpileh is dippdatednbyelati ve to the center of
the liquid discharger and in alignment with the alignnent direction of the
l i qui d di schBhrgedsstinge Hobétvesnrabestip féf sthenbodihents oind fhe st
di scharge controlling unit (which is capable of discharging ink droplets
al ong aRrévéangurRBBeTOF tFapbetsrilesy. 2THE drawkrhgorfinstrrvatakiatnet hod for
formng pixels (wWwth two trajectories for discharging _ink droplets) when a

. J=1 bi't PEGRILFESI- sﬁ&ﬁ&Pn?§t§§ed?tFF§.af?”WPﬂu§FP§tgEetﬁéSEﬁééésg £&r forning

pi xel s on.printing per wiith |iquid dischargers by processing discharge
signalsmgéﬁFaPBQQ'ﬁggﬁtﬁptﬁﬁlﬁﬁr PP@F?n?hétdgs@ﬁarge signal corresponds to

an inege sigpal- LOFL9end 2 LRS ALSgNarge 1 goal [or pixel Nis tone 3,
substantially constant is because if the distance H changes,
the landing position of the ink droplet i will be displaced.
In other words, when the ink droplet i is discharged from
the nozzle 18 perpendicularly onto the surface of the
printing paper P, the landing position of the ink droplet i
does not change even if the distance H changes é certain
amount. On the other hand, when the discharge trajectory of
the ink droplet 1 is deflected, as described above, the
landing position of the ink droplet i is displaced as the
distance H changes!

When the resolution of the head 11 is 60 dpi, the
distance between the adjacent nozzles 18 is:
25.40x1,000/600~42.3 um.

(Secondary-control executing unit)



pi xel N+1 is tone 1, and pixel N+2 is tone 2. The discharge signal for each
.pixel is sent to a predetermned liquid discharger in a cycle a or b. Then
ink droplets are discharged fromeach |iquid discharger in the cycle a or

b. The cycles a and b correspond to the tinme slots a and b. A plurality of
~dots corresponding to the tone commanded by the di scharge signal is forned
i nsi de one pixel area during every cycle a or b. For exanple, in the - 35
~cycle a, the discharge signal for the pixel Nis sent to the |iquid

di scharger N-1 and the di scharge sigR& -for the pixel N+2 is sent to the

| i quid discharger N#l. An ink droplet is discharged fromthe liquid
discharger N-1 along a deflected trajectory a and lands in the position

correspondi ng £p.-pi X‘f’:hb%ﬂﬁ'ed%@ Priniing PAPSL.o dkﬁi is also

di scharged fromthe 1 quid |sc arger N+1 along t ected trajectory a

and Iang§eb@nkh@ngeﬁkabﬁnlﬁenﬁ@égoadbeeoheapyxebn%%glOexéeﬁtpﬁbntIng paper .
In this way, ink droplets corresponding to tone 2 land in an area

correspandicngnt adeaehoni x8l tAB bhevBrhBhiREnpaPALiH0kchReoL L MRgSI Ots a.
Since the tone for the pixel N+2 commanded by the discharge S|gnal is tone

2, the pixel aNd2sesohasmpdcbntioneizdg Ansikli | ar process is repeated for the
time slots b. As a result, pixel Nis fornmed by two dots, which is the
nunber of doTBecmemen@mm&Hcmmtrbloameaut£WQtmMﬂfﬂmmmnrmﬂmesnmﬁmeQmesses; a
pi xel of any tone is never fornmed by the sanme |iquid discharger discharging
i nk dropkerstt wi degindadiewhbngtheipi gelingr éa operespondengetontiheypi xel .
Therefore, in this way, the effect of the variation in each liquid
discharg@ﬁt€9ﬁléégré§ééed Furthernore, for exanple, even if the anmount of
ink in an ink droplet_discharged froma |iquid discharger is insufficient,
the variatiofil@n ®hblSugkrateeaehe plaeiirgrpeylition 3ef bk dbrapkaks be
reduced, In a case in which pixels fornmed of one or nore dots on the Mh
dot I|inBeihg Fﬁ@pﬁﬁﬁﬁﬁegoﬁoFlﬁ¥ ér@aFPngapFﬁoéFFBHeHnltt fs preferable to

contr ol tmonglfferent g&uld di schargers for dischar g the first ink
droplet§65P REYMCRTSTRET P PnE akd £RE RrPEROPAREYF HE ol .

executing unit. The upper portion of the drawing is a front
view illustrating each liguid discharger of a head 11. The
aArrows indidate each trajectory of the ink droplets
discharged from each liquid discharger using the main
controlling unit and the secondary controlling unit; The
bold arrows indicate the selected trajectories. The lower
portion of the drawing is a plan view illustrating the ink
droplets that have been discharged from each liquid
discharger and landed on a recording medium: (The drawings
in the following are also presented in the same way).

In Fig. 6, when only the main controlling unit is used,
ink droplets are simply discharged from each liquid
discharger. Alternatively, when the secondary controlling
unit is used in addition to the main controlling unit, the

ink droplets can be discharged along trajectories other than



In this way, for exanple, when a pixel is forned of one dot (when the pixe
.is tone 2), pixels formed by the sanme |liquid discharger are not aligned on
the sane line. Myreover, when a pixel is formed of a snmall nunber of

pi xel s, the pixels fornmed by using the sane |iquid discharger for
~discharging the first dot are not aligned on the sane |ine. For instance,
there mght be a case in which pixels forned of one ink droplet are aligned
on the same |line and the liquid discharger used to di scharge the ink
droplets fails to discharge ink drepl2éts because of clogging. If, in such a
case, only one liquid discharger is used for discharging the ink droplets,

the pixel roww Il include no pixels once the liquid discharger fails. By
enpl oyi pg.t be.3RR¥EeALLOPRY i SEharge gBE hod YeYShy LS Kind of
failure cgn bgﬁavoiagg. therntﬂanyt e a ove-n%%??oneg %isc%gfger nmet hod, a

met hod MB%EGEBeEB%iEEQM%g dhsebargres argjselecied 5apdeahygnpy be used.
The liquid dischargers for discharging the first ink droplets of the Mh

pi xel |pbperandet herMrhhh Pi¥Bt of- tBE t8h9utdoalvayscbgidblif yentel i quid
di schargers. Fig. 13 illustrates a second enbodi nent of a first discharge

control hktig wohtrbtbdhinl tsiecapabhecehedi s6hasgi bgei Bkageopbeysial ong an odd
nunber of trajectories). The drawing illustrates a nethod for form ng

. pi xel s @wicehmihedebyr ahechaihesofharotli$nbangifngahaks dxopket sytwheéasJ=1 and
a J+1=2 bit control signal is use. The pixel form ng process illustrated in
Fi g. 13ars thtesafpedsbyhéheofkefbgdat®, cantrol hénef ongf. deSbuspeachs are
omtted. As well as the first enbodi nent. the second enbodi nent enpl oys the
first dlsenafdgdiseharokri agnudischargeninbl drhpldischaeye af tohkldropl ets
of at |east two neighboring liquid dischargers so that a pixel rowor a

pi xel i9tf8FHER. LrseeshardPscharge controlling unit) In this enbodiment, a
head 11 havi ng an, above-nenti oned di scharge-direction changing unit, or a
mai n cont r ol FF nigrimFIPERd R col AA5PRERET 1T it emidraed directly
referenge-dirgction Sﬁtiing, nit, and the discharge-an |l e setting unit is
used t oPESRYr FCPhE2AMsLAGHYE Bf SFRARTEREpIEERShy™ ﬁﬁiﬁging a second

di scharge controlhingtuni%é as.d?scribed in Eﬁet£o1lomjngér;he second

di schar §& EGREFS GniPesBF&Bts™g PaRarng e secon

?ﬁg ani
controlling unit must not be used and only the main
controlling unit must be used.

If, however, there is a liquid discharger that
discharges ink droplets along a deflected trajectory
compared to other iiquid dischargers when ink droplets are
discharged from all the liquid dischargers when using only
the main contrelling units, this liquid discharger must be
adjusted ﬁsing both the main controlling unit and the
secondary controlling unit.

In order to do so, first, for example, a test pattern
may be printed by discharging.ink droplets from all the
liquid dischargers using only the main controlling units.
Then the printed result may be scanned using a scanner. By

observing the scanned result, the liquid dischargers



position (or nore accurately a target position) in a predeterm ned
-direction in a pixel area for each ink dropl et - 38 discharged froma
“liquid discharger. The |anding position is selected anong M (where Mis an
integer equal to or greater than 2) different |anding position in which at
‘least a part of the landing area is included in the pixel area. Then, the

- second discharge controlling unit controls the discharge of ink droplets so
that they land in the selected landing position. In particular, in this
enbodi nent, the second di scharge cont2£oH ing unit randomy (i.e.
irregularly or without order) selects a | anding position anong the
different Ml anding positions. Many different methods for randomy

sel ecti Bgsanhagdhg9iRRSELLANFRY 5 PER Y& Ly! PRAAN a | andi ng
posi tion ﬁay bg sg écted aﬁnﬁg tﬁe N?dlf?ergﬁ?gga%d?négpggltlons by using a

randon1aéﬁm65ta@nﬁ5@élﬁgaﬁlaCFkédetar&hhédeaﬁgghﬂﬁeémpabsdN%baaéhag
positions are overlappingly aligned at a pitch of about 1/ M of the

- alignmentgpitichiethbbgekbquhtl Besgbaegers.(nNozzhesidBlad &ifchddges a plan
view of ink droplets that have | anded in one or nore of the M dlfferent

| andi ngtpesi tiienhatgeseank prxpleasealoKgowndkabdengdposatéonsr{l €t in the
drawi ng) and | anding positions according to this enbodinent (right in the
dr awi ngileaeetednpénedhekmoEkg. thé, anhenar ed dafleonded bysa detted square
is the pixel area. The area surrounded by a circle is the ink droplet (or
dot) thdethamibgddedThan the3gecthdapixebnaredling knbwnceribeing, when the
di scharge command is 1 (i.e., tone 2), an ink droplet lands in the pixel
area SOCPR&ECHBSE 6P Fhétlﬁhedﬁééﬂ@?tPFVSOfn§h§elﬂhedpDRéFtaréa (in the
upper drawing in Fig. 14, the ink droplet is indicated by an inscribed
circle Fﬁaﬁﬁédséﬁﬁﬁéﬁlnqbﬁﬁr5PPI?mOFBF Phi deEhBEHLABAL, an ink droplet is
di scharged so thaé jt_lands in one of the Ml andin p05|tions in the.

al i gnnent di ¥ &2t | l%ﬁ“??ﬁ@?ﬁﬁz@%seﬁ%pp#%eIHEﬁH' HWHy in Fig. 14

| I ustrat K that h | th |

osi t1 oA S5 SGAERS1 Berb Eat ERBSAERDORNHFREFBH8sShoBRLES T AGAFEN o i nk
d lets_| and | d' t t the d h

roplets land.in.a_ ?nm|29e80%k Lon a Fggf %%H ?Rglaggﬁ%aé%gthei e seven

act ual Ian ECtoﬁ oSi't are iTlustra Circle
drawn in I t t L apded in a | andi ng
p05|t|on and %ﬁg’ckggleggg§§w§§Fgﬂa%g g ?lngédﬁﬁ |E§? l%ﬁeggther possi bl e
Iandlngd@9§h5&3e§g ATaﬁduepﬁgedgﬂw&nghb Ehg. céﬂtkbhﬂ§h&aﬁﬁ tapgxanpl e
wherein the di scharge command - In tﬁls exa e |n dropl et has

| anded bﬂlyh%hgek%gg@etbagdhﬁgtaesm&aeme wﬁlgﬂelge@eﬁ gesgndikandi ng
position fromthe left in the drawing. Wen the di scharge - command is 2, two

i nk drophketscabeiexerkappiaghyadi sohargedcenteathe sare1ph¥eh area. In the
exanple in Fig. 14, the feeding direction of the printing - 40 paper is

t aken i diteheensirderabnanp asd bbus, thhemseaondnipk1Uingl ehitsadiispl aced
downwar ds by one scale in the draw ng.

the secondary controlling unit to discharge ink droplets.

. For example, the liquid discharger A discharges ink droplets

along the third trajectory from the left in the drawing,

whereas the liguid discharger B discharges ink droplets

along the sixth trajectory from ieft in the drawing.

As described above; for a liguid discharger that
discharges ink droplets along a trajectory substantially the

same as the designed trajectory, only the main controlling

unit is used. On the contrary, for a liquid discharger that



‘I'n known net hods, when the discharge command is 2, the second ink droplet
lands on the sanme line as the first ink droplet (i.e., the ink droplets are
not displaced to the left or right). Contrarily, in this enbodi nent, as
described in the above, the first ink droplet lands in a position randomy
'sel ected and then the second ink droplet also lands in a position sel ected
i ndependently fromthe first ink droplet. The mddle drawing in Fig. 14

~illustrates a second ink droplet that has |landed in the pixel area so that

its horizontal wdth fits exactly imt2® the pixel area. A case in which the
. di scharge command is 3 is also the sane as the case in which the discharge
command is 2. In a known nethod, the three ink droplets land in one pixel
area W {yh di: spl [ oL | [ i on. t her
nand, |1 r r e BT hoa age ararte FaClR: & SEpodrcent. “Oatn ar PRSEArde | ni
dropl et $-bandsel RedibASH! oA sekected yar sbabadkyyf EOMLLRe1 OhleLRPSi ti ons.
By discharging ink droplets as descri bed above, tHe generation of streaks
caused By h@@dV@bi@hba@e!@hbh%rsﬁae@6&§rb$tkﬁeOEnkha;bbgakQ di schargers in
~an image printed by formng pixel rows with overlapping dots can be

prevent éd sahdryha ekbectnefl 1ihaivadiathanrgean benmkRiRi %8¢, the 41 In
ot her words, the |anding positions of the ink droplets (dots) becone
random dAsiactesultrajtbheocalyi gamadtuvetetiheodats tbshbunemenaknparBilCEQSCOPI C
view but is uniformy and isotropic in a macroscopic view Thus, the effect
of the varithtel designtke tcharatcbeyi sti poekibhe.liquid di schargers is
mnimzed. In this way, the variation in the characteristic of each liquid
di schar ger dfeehaggenylynkadrepbensivahide @i nilne zédstatichooetwasmonm zi ng
~the landing positions of the ink droplets, the dots are disposed in a
regul ar tpat Lepfding genataresarti ihgelinkndsgphesscddechpnoedr dppinons in the
pattern are easily noticeable visually. In particular, the shading of color
of dots®arl iA¥dd §iexhPEgsedcBy PReMaiBaaLaeHosyPstRatd8tsYand t he
backgr ound &;he part of the printing paper not covered with dots), and, for
“this re&?@ﬁ,aFﬁelHDFepF@&ﬁFﬁFWﬁ?thgﬁgeF§lPﬁ'the remai ni ng background, the
nore easily X%s%ble t he inteﬁrugtiogf.in t he fattern of the dots becone.
Contrary to tRFSSTBYCATSpoEF R0t S FiPegtPaFly and randonly, a small
interruption,in the.aligngent of the dots §s unnoticeable. In the case of a
color Iine héa e%ﬂ%?uﬁ?%%ggm% gr%%i?yg%?gl%%ea%%%ﬁ%lﬁﬁ %pﬁ??ing di fferent
COloredﬁr%%%nﬁoﬁ %%%Eibhn%nggﬂgeéoa EQ%E%eh%eLgﬁr%?kkgﬂﬁggt%qgltlonal..
effect. "For a color inkjet printer; nore accurate |anding 2, posi tions
for InkugﬁQph%t%da&%iBQQ%br%ﬂewagav@Lm%h%iahgdfa&g%ﬂaggeeyg&gaEEbﬂg a
‘plurality of ink droplets (dots) because the generation of noire patterns
- nust be pieveRedniMire patterns do not occur if ink droplets are randomy
di sposed as described in this enbodi ment and nerely sinple color shifts
occur. Therefpeercdetenterat -ept0bni sageiAyahhly sausedsbynthe generation
of noire patterns can be prevented. Mire patterns are not that significant
a probl emafjerteeti als phentrererehat dirbyecéohgadmbapeahedbyuraltite main
scanning direction. Mire patterns, however, are a problemfor |ine
print er £ Byadiestharigisngeitnbyditbpl étiscbatrgerdademtiandichgnpasbt naas, noire
patterns are less likely to occur, and, thus, line inkjet printers may be
easi |l y pradeeett. 1NMgnédvdischyprdieschar gi ng i nk dropl ets onto random

Similar to the above, as iliustrated in Fig. 6, the
discharge—-direction changing unit sets seven different
‘trajectories of ink droplets for each liquid discharger.

At first, the reference-direction setting unit sets the
trajectory in the middle of the seven trajectories as the

reference trajectory.



| andi ng positions, the area in which ink droplets | and becones w der even
though the total anpbunt of ink discharged onto the printing paper is the
same. For this reason, the anmount of tine required for drying the ink
droplets can be reduced. In particular, for line printers, the effect is
*significant since the printing speed is faster (i.e., the tinme required for
printing is shorter). (Resolution increasing unit) In this enbodinent, a
head 11 having a di scharge direction changing unit, or a nmain controlling
unit and a - 43 secondary contrel l2dng unit, a reference-direction
“setting unit, and a discharge-angle setting unit is used to increase the
resolution by enploying a resolution increasing unit, as described in the
followi ng. T | ut i [ Si nit_controls the above nentioned
discharge-di?@%{?%% % éﬁg?ﬁ%&%ﬁgt %%r%%afaég%ﬁtIQ%ﬁﬁ%ﬁ%ﬁ%ﬁﬂEﬁ%ﬁ%e i schar ges
an i nk o] n a | r as:Ln: - 1.ned

Girecti 65 CPEER &y rt he Rakber Cor o rer oy ohiibsl Mt Es T par ed o

when pixgksngr 8 hospRd By Ligyibdidirgchargets BQ@Ee@EE% ﬂ5§gheﬁgﬁ I nk
~droplets in One area. For exanple, when the distance between adj acent

nozzl esth8 peeddidriiMeat BApRhYsEeal (BbhuUCtYral jcFesebulii 90gRf gt he head 11
is 600 dpi. By using the above-nentioned resolution increasing unit, each

- nozzl e #8seanrdeschar getebkedr ophet sc@BtentWOLangastbhyacpheget er m ned
direction. As aresult, printing with a resolution of 1,200 dpi becones
possi bl ehaSiyedl acrkyprdifhgeachthezdkel48tdbachar gre tnkjdeeptkets onto three
areas in a predetermned direction, printing wwth a resolution of 1,800 dp
becomes possibteexdngle 15the | Lisquad edischategard 4 hend riaj ctiiddg ese of i nk
dropl ets discharged fromliquid dischargers using a resolution increasing
unit. AbagkodadschaFpg. t18]efbpréganphet the defiantedbmboweenhenchhei quid
di scharger is X, - 44 and each liquid discharger discharges ink droplets
al ong aPrefeteraiapdgampht tufeect IBntbisneazkesf®8) the thatidhe ink
droplets land in three areas with equal intervals. Mre specifically, for
exampl ed1tRBagPsFafice thetitBeihe FARAPAGOPESEEPBNtBE AATENKNAEBPI et
‘discharged along the right trajectaory in the drawing by the Nth liquid
‘dischargéﬁwéﬁa gﬁeSFﬁntnBepGEFtFﬁﬁeBFnﬁﬁ CRRIBF6PFEe %P?charged al ong the

| eft trajector ing%h drawing by the Ntlth liquid discharger is controlled
so t hat PP LEGUAPE RF3 Nk CAEELPTEd TABACE EOBRC AP B QOBPSORAFEar
di schar ge iné.%ngg%ﬁ&s in_ P . different, di.rections and.th Iuta&'ty of
discharge%'in l_%op ets Fgﬁd§q8n3699ﬁ9i%§88§%5 eﬁﬁ?h é%ugpgiﬁ%é bals in a
predet erBLaed A (ekiban b bBiS 1WAYKePHIOLE G €8NsBE PErEariRd with a
resolution“that s P tinmes the physical (structura resolution of the head
11. reference trajectory, the deflection of the discharge
trajectory can be compensated for.
In Fig. 6, the trajectory closest to the direction
perpendicular to the surface of the printing paper P is
selected as the reference trajectory. The reference
trajectory, however, is not limited to this.
For example, if a large number of the liquid
dischargers have their discharge trajectories deflected to
the right in the drawing, the trajectory in the middle of

the seven trajectories may be set to be the reference

trajectory for the liquid discharger A. Then, for the other



As described in the above, a first discharge controlling unit, a second

.di scharge controlling unit, and a resolution increasing unit can be
conbined with a di schargedirection changing unit, a reference-direction
setting unit, and a discharge-angle setting unit as listed below. (1) A

+di scharge-direction changing unit and a reference-direction setting unit
conbined with a first discharge controlling unit. (2) A discharge-direction
changing unit and a reference-direction setting unit conmbined with a second
- 45 discharge controlling unit. E3p5A-di scharge-direction changing unit
and a reference-direction setting unit conbined with a first discharge
controlling unit and a second discharge controlling unit. (4) A

di schar ge- di egt | ngi ng_unit _and_a reference:direction setting unit
conbi nedtat Gt b8BaFARPEL Frer bk Reelni £, “FET RLGRLERA SR ot  on

changi ngnuphL. 0fl ok el ALengey g QELERN SELLANTL DI Lgoblned wi th a first

di scharge controlling unit a a resolutron 1Thcreasing unit. (6) A

di schar geagireski0r6RapALNY BRI (oandna Lekh -] ' ettj,ng unit
combi ned a?th_a gecgnd dischgrgekgpn??o!Ii%gEﬁﬁgf g%%?gétgg%fu%%%n

i ncreashBgsHRi to bE) tAcdieehacf82dtrESELPAr-ghangi ng unit and a
reference-direction setting unit conbined wth a first discharge

controlling mithi@ weeoNehdli sehergec€optd Pddidiey for each liquid

discharger will not be the trajectory closest to the
direction perpendicular to the surface of the printing paper
P although this will not cause any problems.

(Discharge—angle setting unit)

A third embodiment of a head 11 according to the
present invention includes a discharge-angle setting unit in
addition to the above-mentioned discharge-direction changing
unit.

The discharge—angle setting unit sets the angle of the
trajectory of discharged ink droplets selected by the
discharge-direction changing unit for each liquid discharger.

Fig. 7 illustrates an embodiment wherein the landing
positions of ink droplets are compensated for by the
discharge—direction changing unit and the discharge-angle
setting unit.

FEach liquid discharger 1s capable of discharging ink
droplets along seven tréjectories as described in the
embodiment above. Moreover, each liquid discharger
discharges ink droplets along the trajectory in the middle

of the seven trajectories (the fourth trajectory from the



unit, and a resolution increasing unit. (8) A discharge-direction changing
.unit and a discharge-angle setting unit conbined with a first discharge
~controlling unit. (9) A discharge-direction changing unit and a

di scharge-angle setting unit conbined with a second di scharge controlling
:unit. (10) A discharge-direction changing unit and a - 46

di scharge-angle setting unit conbined with a first discharge controlling
unit and a second discharge controlling unit. (11) A discharge-direction
changi ng unit and a di scharge-angl e 2tting unit conbined with a resol ution
increasing unit. (12) A discharge-direction changing unit and a

di scharge-angle setting unit conbined with a first discharge controlling
uni t ange% resolution increasing unit. (13) A discharge-direction changing
unit and a &rscharge-angle setting unit conbined with a second di scharge

control 1ing pni £y A0de g bESALKL ! ogsiémmzmgﬂyg! ty, (fo\% fiquid :

di scharge-direcfion changing uhit and a di'scharge-angle sé%tlng uni t

conbi ned: W-hA rgehish 8k cdL3eh8r 98quia dischargers A and B discharge
ink droplets along a trajectory substantially perpendicular
to the surface of printing paper P. The ligquid discharger A
has a trajectory deflected to the right by ¢ degrees, and
the liquid discharger B has a trajectory deflected to the
left by P degrees.

In such a case, the discharge-angle setting unit of the
ligquid discharger A shifts the entire discharge range to the
left by d degrees. Moreovgr, the discharge—angle setting
unit of the liguid discharger B shifts the entire discharge
range to the right byrﬁ degrees. In this way, the
displacement of the ink droplet landing position willAbe
less apparent.

Figs. 8A and 8B illustrate another embodiment of the
‘'discharge—angle setting unit. As shown in Fig. 8A, each
liquid discharger can discharge ink droplets along a

" plurality of trajectories. Also, all of the ligquid
dischargers are capable of discharging ink droplets
perpendicularly to the surface of printing paper P when the
middle trajectory is selected.

The intended angle between the leftmost trajectory and
the rightmost trajectory in the drawing is ¥ degrees. The

designed angle for the liquid discharger A 1s a (>Y) degrees



~controlling unit and a second discharge controlling unit. (15) A

.di scharge-direction changing unit, a discharge angle setting unit, and a
reference-direction setting unit conmbined with a first discharge
controlling unit. (16) A discharge-direction changing unit, a discharge
rangle setting unit, and a reference-direction setting unit conbined with a
second di scharge controlling unit. (17) A discharge-direction changi ng
unit, a discharge angle setting unit, and a reference-direction setting
unit conbined with a first dlschargedeHtrolllng unit and a second

di scharge controlling unit. (18) A discharge-direction changing unit, a

di schar ge - 47 angle setting unit, and a reference- direction setting

unit coggln% e 1“5F%dﬁ85ghgalo?eln%§ §|ng Hndlscé Q'SChg g ¥d|rect|on

changi ng uni schar ge~ang |ng hfirt a°ref érenc ection
settingiu g% onblned with a first discharge controlling unit and a
resolutlo increasing unit. (20) A discharge-direction changing unit, a

di schar ge anglgcsethdNgs Y&, a886h 2 @E@@%ﬁd%%&&é%ﬁ@éfé% uni t
conbined with a second discharge controlling unit and

maximum dlscharge angles compared to the other llquld
dischargers, the maximum discharge angle of the ligquid
discharger A is reduced so that angle o becomes angle ¥.
Similarly; the maximum discharge angle of the liquid
discharger B is increased so that angle P becomes angle ¥.

In this way, as shown in Fig. 8B, the maximum discharge
angle for all the liquid dischargers including the liqguid
diéchargers A and B is set to angle v.

By adjusting the maximum discharge angle, as described
above, the trajectories of the ink droplets can be
compensated for over a wider range compared to a case where
the maximum discharge angle is not adjusted.

A fourth embodiment of a head 11 according to the
present invention includes a discharge—angle setting unit

-and a reference-direction setting urit in addition to the
above-mentioned discharge—direction changing unit.

In other words, the discharge-angle setting unit sets
the ink droplet discharge angle for each liquid discharger,
‘and the reference—direction setting unit selects one ink
droplet trajectory among a plurality of trajectories as the
reference trajectory.

Fig. 9 illustrates an embodiment wherein the landing




resol ution increasing unit. (21) A discharge-direction changing unit, a

.di scharge angle setting unit, and a reference-direction setting unit
conbined with a first discharge controlling unit, a second di scharge
controlling unit, and a resolution increasing unit. Some of the
+“above-nenti oned conbi nations are described in detail in the follow ng. Fig.
16 illustrates the conbination of (2) in the above wherein a

di scharge-direction changing unit and a reference direction setting unit
are conbined with a second discharge2gortrolling unit. In Fig. 16, simlar
to Fig. 6, each liquid discharger is capable of discharging ink droplets

al ong seven different trajectories by using a discharge-direction changi ng
unit. r 2r, 0 t jectories is _set to_be reference trajectory
for eagﬁoggégPBSd?gcﬁéﬁg§§95%§%ﬁsﬁﬁ8 goggggﬁa%ed-fﬁﬁ 8§i§%ﬁarge controlling
unit, t LAg .Lkons e i .dro ts. d allotted onto
t he sanEQS%gg?bgo%??%FkggghCg%QngPiﬁg}gFighglélgﬁﬁaéggaggéx?he conbi nati on
of (16)skRtthg ahove wharehn ac@LsehaLgs: dbEeehbhoBechangi ng iknit, a

di scharge-angle setting unit, and a reference-direction setting unit are
conbi ned Wi thadh S&E 0Nk di SGHAH 981 SOMLF@LEENgn P L. 4N Fighpdifiesbfilar to
Fig. 9, each liquid discharger is capable of discharging ink droplets al ong
seven dufikenentyihyajiakt akbpseby HSbAG Bedbachangecdbr-eeki QRighargkng unit.
Mor eover, the angle fornmed between the | eftnost trajectory and the

ri ght nogitt sthajrget-diyeafmng thengeugnuhtaj. ecraei esqgfe. €ormbbebaanbaum
defection angle) is set to y degrees. The discharge-angle setting unit sets
t he maxithemldétinesti amaangltesyoanti guedrdpbthasgetsafeandrid tnoagand (3
degrees, respectively. Mreover, the reference-direction setting unit sets
r ef er entéet pajvest dregsctoricheihi gbirdddiewdhar gerd deanekes as the third
trajectory fromthe left and the fifth trajectory fromthe |left,

respectivel yInThedr ef er eheel 17aj @cidorghavyers qercerit sehatlyer si@xkd udi ng t he
liquid dischargers A and Bis the fourth trajectory fromthe left. By using
a seconfigrbendrgé RoAtPoPl PAgnaRi Favehanvafafhgepedi transcepring-i nk

droplets _are randomy allotted . . o
Therefore, the discharge-angle setting units of the liquid

dischargers excepting the liquid dischargers A and B
maintain the maximum discharge angle of ¥ degrees and the
reference-direction setting units select the middle
trajectory of the seven trajectories (tﬁe fourth trajectory
from the left in the drawing) of each liguid discharger as
the reference trajectory.

On the other hand, the discharge-angle setting unit of
the liguid discharger A sets the maximum discharge angle to
o (<y) degrees and the reference-direction setting unit
selects the third trajectory from the left in the drawing as
the reference trajectory. In this way; the pitches of the
landing positions of the ink droplets discharged from the
liguid dischargers A and B can be matéhed with the pitches

of the landing positions of the ink droplets discharged from



- 49 onto each pixel row for each pixel line. Fig. 18 illustrates the
.conmbi nation of (1) in the above wherein a discharge-direction changing unit
and a referencedirection setting unit are conbined with a first discharge
controlling unit. In Fig. 18, a liquid discharger A discharges an ink
~droplet onto a pixel area at the second row of the first line (i.e., the

pi xel area left of the pixel area on the third row, directly bel ow the

| iquid discharger A). Next, in the second line, an ink droplet is

di scharged onto a pixel area in the thbird row, directly below the liquid
~discharger A, Next, in the third line, an ink droplet is discharged onto
the pixel area in the fourth row (i.e., the pixel area right of the pixe
area on %Qeo£gé£dlrom&ddiregﬁé QFIOM/the |l iquid discharger A). In the
fourth Flne, anin q%rop?%? I'S %ls%harge in the sane way as in the first
line. In thi . A gu 1,SC: . di s rges ink.droplets onto

pi xel rows a j%\ﬁa/elnst&%/agfq’%eé%eglsdér% %ﬁ%?yorgrﬁjoevgve]t%%uﬂ qui d di scharger.
F10. 19ailbustiabes LDes conbIRakiftnhsEdabheliggpbovg phegina =

di scharge-direction changing unit and a Fefe ence%lrectlon setting unit are
conbi nedeybbBsanhitr Bhe di-8EALHECQNELLL bRNYs UPLLnGNGh & SELPRL: di sgbar ge
controlling unit. In other words, |iquid dischargers having this - 50
conbi nakk @8hdt 86HAEYEr i NKrMOPhEt ScER L hetBANB MAYn@Sak ek g. 18 while, in
addition, the |anding positions of the ink droplets are randomy allotted
W t hin tBeéesafeeptrelcateag. Fig. tROsihhyst sahesat heo condi naghoa of (4) in
t he above wherein a discharge-direction changing unit and a

r ef erendédchecgeonasethéngitohesane tbhabiaedimytboaitesos ubf obhéncreasi ng
“unit. In other words, simlar to Fig. 6, discharge-direction changing units
enabl e éakhdkpgletsdissbbageedt brdnsthar jequbd di sphetgent ohgamdpBural ity
of trajectories and a reference direction selects one of the trajectories
as a refencheemgtajedt iyl UneiRétches ovherhéei fandiodsehai gerss ohe
reference trajectories for liquid dischargers A and B are not the
“traj ect 6RfesnkndrfRlatddieseharaedpfupdl thy otheraj 8eddi es. The resol ution
increasing unit increases the resolution of each |iquid discharger to three
times tH&SSERGEEGFal resol ution of the head 11 by enabling the liquid

i qui @ o Sorist g T P iy (O 1L Tl e T AHTLAa 11 ght  of
ci'rcui t DO RAE PESaSF ekl ab FofrOFLE R GhBOMTFERr o KRRoF oF ny 462 The pr esent
'inventi8§5Eﬁa98395igegn&n8tggn £8|E8M£QQSatea ?%r by changing the
discharge angle of the liquid dischargers A and B in
accordance with the other liguid dischargers.
{First discharge ccontrolling unit)
In this embodiment, a head 11 having a discharge-
direction changing unit or a main controlling unit and
secondary controlling unit, a reference-direction setting
unit, and a discharge-angle setting unitris used to control
the ink droplet discharge by employing a first discharge
controliing unit, as described in thé following.
The first discharge controlling unit controls the

discharge of ink droplets so that at least two of the liquid



In this enbodi ment, a secondary controlling unit uses a discharge
.controlling circuit to supply energy to heatgenerating-resistors 13. This
energy is different fromthe energy supplied by a main controlling unit to
t he heatgenerating-resistors 13. In this way, the discharge controlling
“circuit controls a liquid discharger to discharge droplets along a
trajectory that is different fromthe trajectory controlled by the main
controlling unit. More specifically, the secondary controlling unit
includes a circuit (in the follow rg3tbhe circuit is a current mrror
circuit) having a switching el ement connected between the two serially
connected parts of the heatgenerating-resistor 13 di sposed inside an ink
chanber t L ect I e f of. | t fromthe
connect foacBeraeEh PR2efficBAas, EER pEHEECRbe EMChRRaRPRLTeBLSHS (12t he

circul t cnbhg; BheehieakoCs LeRL-5UPPhied bB188ENPaNY 8L etDEeny

heat - gener af’i ng-resi stor can e contro S way, ﬁe trajectory

of the h@ﬁ;d&@ekegg @bsgbeﬁggdp£&@m1§okleylg ga§gba59650399559h£§d by the
circuit differs fromthe trajectory of the ink droplets discharged froma

l'iquid dhsebanger deepleekl ed bYnthenmahe soRkr hkbngruni br Fifde121
illustrates a discharge controlling circuit 50 according to this

enbodi mamtka , Eaebpetttikelfesi stors Rh-A and Rh-B of the discharge - 52
controlling circuit 50 are the two parts of a heatgenerating-resistor 13
cont ai ned i nai flerah émkodhasberofl2thd hei resi &1 ocisa Rie Aant-d: Hhar e

- connected serially. The resistance of each part of the

heat - genei#t kngordsngt b 1Bei preabstamhivahktyohhehsages Thas, by supplying
the sane electrical current to each part of the heat-generatingresistor 13,
i nk drogiierbacas beadestharged whehovk dnypdetbedibohargerh Arpwzzle 18 (in
the direction indicated by_.a dotted arrowin Fig. 5. Acurrent mrror
circuite@ﬁ@r@Pﬁéﬂ?eﬁgréﬂe%re@l¥%P%SOQ%e(awm#%¢¢c@@%bér|%fconnected bet ween
the two serially connected parts of the heat-generating-resistor 13. By

| et ti ngd&neeltders) cRY eufr BAt FPBREPAL 518PAL GUFBEE fr O AhBOGBRABET | on
bet ween .t he tm? par%r 8f t he heat-generatingresistor 13 via the CMcircuit,
the el e¢PHFEEF) cur FEfit dGhBPFEIPELYEGEN ERSr £78i LREr SXORRPESdERREr ence

b k droplets to be disch 18 i qui d
G char B6F) CAroRg HeR GPATELy el ot T gﬁgc%or?g%jn%)%%?%ee%l?(‘b%njé}ﬁ? &4irdetion of

the nozal %ﬁr@he@t I%ngagpeo%gg Offth%Onggkors 1 esptmer source Vh

is connec or 'su t age he Fesi ®Rh-B. The

d'schgra§s%9ﬂkgobg§@geﬁ' gulgwjgc@a% hEansihst ks N%a%ﬂ k@%z dhggnunbers "xN

(wher ten in parentheses eIOM/each tran5|stor

ML to N@%sbﬂaEst %%k'ﬂ%b?@%%staﬁoﬁangﬁé 8k the 53 tf%f%%%6§1&£nn90ted In

paral l el . For éxanple i's witten in parentheses bel ow
transistors AﬂﬁeéﬂﬂdN@ﬁBoﬁﬂﬂéﬁ@t@ﬁ thatrihectyposhstos bascohel st@ndard
element. Simlarly, "x2" indicates that the transistor has an el enent

equi val enti tt ackwedshandar dhel preskatCoAReatedni Bhpagakl ehe I'n the same way,
"XN' indicates that the transistor has an el enent equivalent to N el enents
connect eéd sichaparalrel ectheyt b@&nshet ankMirbynetkodssataagswi Febinng el enent
for turning on or off the electrical supply to the resistors RhA and Rh-B.
A dr ai neetht hezzlandiBstior (M+1s deréatigncotmectdd hambdre s£si st or Rh-B.
Wen "0" is input to a discharge input switch F, the transistor ML is

t ur ned dﬁr&ﬁdi@nSéI@wtﬁidaﬂ b@trenntkslsapphaéd(WbetheJrésistors Rh- A and
Rh-B. In this enbodinent, as a matter of convenience for the IC de5|gn of
t he C|r@@ﬁﬂtlﬁﬁe1@¢§§ﬁéﬁge Thsudiskianek Peitgeannggat tve Logic and "0" is
input only when the transistor ML is driven (i.e., only when_ ink droplets
are di s€RRPIEFE. thaénare” eﬁ§h|ﬁﬁ&?hﬁégﬁﬁeaépgahaﬂgeOﬁnﬁb? d@itkh F, the

input values to a NOR gate X1 _are (0, 0). Thus, the output is "1," and the
.tranS|SF5@jﬂCtP§lPﬁrﬁ§ gﬁgt land furthest from each other is about

27 times the distance between two adjacent nozzles 18. Each

nozzle 18 discharges ink droplets along one of the (27+1)



. In this enbodinment, to discharge ink droplets froma nozzle 18, the
.discharge input switch Fis turned on ("0" is input) for only 1.5 ~s
(1/64), and then, an electrical current is supplied to the resistors Rh-A
and Rh-B fromthe power source Vh (about 9V). For 94.5 ~s (63/64), the -
54 discharge input switch Fis turned off ("1" is input). During this tine
period, ink is supplied to the ink chanber 12 of the liquid discharger that
has -di scharged an ink droplet. Polarity changi ng switches Dpx and Dpy are
switches for determ ning whether or-rfat the trajectory of the ink droplet
to be discharged woul d be deflected | eftwards of rightwards al ong the
alignment direction (the horizontal direction) of the nozzles 18. First

di schar rQllisng switches D4, D5, and D6 and second di scharge
control%%naggﬁﬁgéﬁgs D1, D2, and D3 are switches for determ ning the

anpl i tude ofFBPeegsf}l{)fgtIQH Qﬁetgﬁo{ré%gﬁhéﬁemf% L nk,drepleh+ Each pair

of transistors Mi and transisftors 2 and functl ons as an

- OperatlQ&ab—@”pbhﬁl%VJ(%l%Wbb%QEBQ %lgﬁ%@thsfggeahetgw bt sgonposed of
the transistors M3 and M. More specifically, the'pairs of transistors M

and Mt amgt Wrapdiett s Mb2oandsMi3 stppl ywRicR! 861 &h Cav ek UERBEr) O OF
receive an electrical current fromthe connecti on between the resistors

Rh- A and'hBh-dBstEheeC bihtiveahi ahs @frot Aarsidsbens th chi®, 1and Fhitasdt
transi stors M4, ML5, and ML6 are el enments that function as constant
current fsour eeshf ethiche iEMaboueui (2’ -The3 dt anas tioe &f atshset dssthden M, and
ML1 are connected to the source and the backgate of the transistors M2 and
M4. Si nmithwar lag] atdeat nozzles 18.
According to this embodiment, if the resolution of the
head 11 is 600 dpi, the distance between two adjacent
nozzles 18 is 42.3 pm. Thus, the distance between the two
ink dots that have ianded furthest from each other when the
ink discharge trajectories are deflected by the first
discharge controlling unit is three times 42.3 pum, 1i.e.,
126.9 pm. Accordingly, the deflection angle 0 is:
tan20=126.9/2,000~0.0635, hence
0=~1.8 (deg).
In the above-mentioned second embodimeht, 1f J=2, and a
J+1 bit control signal is used, the number of ink droplet
-trajectories is 27+1=5 (which is an odd numbef). The
distance between the two ink droplets that land furthest
from each other is about 2'=4 times the distance between two
adjacent nozzles 18.
Fig. 10 illustrates a specific case of the ink

discharge trajectories according toc the above-mentioned when

a 1 bit control signal (J=1} igs used. In this embodiment,




- 55 drains of the transistors M4, M5, and ML6 are connected to the
.source-and the backgate of the transistors M2 and ML3. Anong the
transistors that function as constant current source elenents, the capacity
of the transistor M7/ is "x8," the capacity of the transistor M is "x4,"
~and the capacity of the transistor M1 is "x2." These three transistors M,
MB, and ML1 are connected serially to forma group of current source
elenents. Sinmlarly, the capacity of the transistor M4 is "x4," the
capacity of the transistor M5 is "x32"' -and the capacity of the transistor
ML6 is "x|." These three transistors M4, M5, and ML6 are al so connected
serially to forma group of current source elenents. The transistors M,

M, and, p%ldﬁeéhg& S%%E Eg@teswg§ eggﬁ %ﬁéﬁaaa&lggﬁgzggp a3, CHEr ent

source elenents ar COﬂﬂ o0 transi ors VI ng ane current

capaci t ¥efi 8- thgaethea@§aﬁge&arw@s Y8e s0fMA0ip0d transistors M7, M,

and ML9, respectively). The first discharge controlling switches D6, D5,

and D4 are cppoegt £dat e th@PStsh OFi8e MandBag aidk MLO,n & espeatd veky, and the
second di scharge controlling sw tches D3, 5% and D1 are connected to

transi staks dvbpleMb8ruandeMiOrropspaehi weh¥r ThepgEOokemekor iexanpl e,
turning on the first discharge controlling switches D6 and applylng an

appropri(atelyvotimge, (Mxe dbstdeceanmectdonthet yERican: anpiitaglergontrol |ing
- 56 termnal Z and the ground turns on the transistor Mo and supplies a
current Asassednbynt RégvollDagén¥xdtroplheést ransbet disbFar§adsequenthy, by
controlling the on and off states of the first discharge controlling

swi t chesabé poxPé ameat lisogetbrdndzgthar §& obfntwol hidngeswnict thesi®l to D3,
the on and off states of the transistors Mo to ML1 and transistors M4 to
ML9 candbéckengestl edMosenepechéinakber 8F skewnl iy Edonetfediél ehents for
‘the transistors M7/, M3, and ML1 and the transistors M4, ML5, and ML6 are
di f f er eRE5tePE6t PREUPEBUENRE ] AEEPSUPPRFEEST L8mLEhE  t ERABI §h6r M2 to the
transistors M/, MB, and MLl and fromthe transistor M2 to the transistors
ML4, Nﬂ§155ﬁﬁcﬁn§e§We§onHBoPgﬂSHQBGrPé§66n6?ﬁést6StHé TiGer (iMdi cated in

the parentheses in Fi Since the proportions of the transjstors M,
MD, and%%fleﬁPQPJ?Sllguﬁﬁratﬁﬂdlnxglg ré peé% D yX I EBR GO their

drain current_| X Iarl si nce. t he ortlon of. t he
transistors kﬁ gh cased Rﬁ%n% lxg-pOSIElqna% B Fedp@RisVRIy, the

rati o of t %E gka ReCHULLER is 4:2:1. The f|0w10f an el ectrical current
in the first gﬁschgree cong%glﬁ?ng switches D4 to D6 of the discharge

controlling gigcuif 591ﬁ§t9§§&£'Qegpégiﬁiélagsé o Fl Bhe 2y

discharge trajectories according to the above-mentioned when
a 2 bit control signal fJ+l=2) is used. 1In this embodiment,
‘the discharge trajectories of each liquid discharger can be
set so that there are an cdd number of trajectories. In
other words, in the first embodiment, the discharge
trajectories of each liguid discharger can be set so that
.there are an even number of symmetrical trajectories,
whereas for the second embodiment, by adding 1 to the number
of bits of the control signal of the first embodiment, ink
droplets can be discharged.from the nozzles 18 in a

direction perpendicular to the surface of the printing paper.




First, when the discharge input switch F outputs "0" - 57 (i.e.,
adlscharge input switch Fis turned on) and the polarity changing sw tch Dpx
_ outputs "0," the values (0, 0) are sent to the NOR gate X1, and then "1" is
~output to turn on the transistor M.. Sinmilarly, the values (0, 0) are sent
“to a NOR gate X2, and then "1" is output to turn on the transistor M.
Moreover, in the case above where the input to the discharge input swtch F
is "0" and the input to the polarity changing switch Dpx is "0", "0" is
output fromthe discharge input swt&3 F and "1" is output froma NOT gate
X4, which receives "0" fromthe polarity changing switch Dpx. As a result,
the values (1, 0) are sent to a NOR gate X3. Consequently, "0" is output
fromth t t t h a case,

an ol coretSarPeurfaor M oubrut rrbe Anetrrader s StRE by, 5B R Bnei stor

2 SIncgeeeﬁdt@aﬂéaﬁhghthahsdagaﬂsgg@nlﬁktdéepEE%gtahCQh gygrent does not
flowout fromthe transistor M5 into the transistor Md since the transi stor

Mt is tuuRedrobl. aPuect@ohBe gharact gehghig ehetgﬁmgﬁkehesylt when an
el ectrical current is not supplled to the transis Mb, an el ectrical

current trsjakseraet supplieedok@ethg hhansi shorilyB. 1b§ anMothage fromthe
power source Vh is applied, an electrical current is not supplied to the
transi sperpebBiandalkSthagauservyhetrngnsicsirors M3 ang. Mbiare turned of f.
Accordingly, the electrical current does not flow any - 58 further than
the transi st onstivB exaimpbe anti therstedtincBigcurt eni=1 sasdipphuedtient i rel y
to the resistor Rh-A. Since the transistor M2 is turned on, the electrical
cur r ent conppbileditoathésr ésilsobiRa- A Thewsufmberhef awvafhebieansi stor M
and the resistor Rn-B. In this way, the electrical current can be supplied
" furt her tBej6Rtorhest LandRstbr=3p. whickuth an cede, nwitesr t helhé rst di schar ge
controlling switches D4, D5, and D6 are turned off, an electrical current
is not SHFpPPEE FolPhElErahd) sPEEYERR, thE, thRdiNE1drRESELE] BBRY, 25A
electrical current is not supplied to the transistor M. Thus, the

el ectri €& c&ﬁ?&ﬁ?rgﬁﬁpPFQBQeﬁPPrQﬁytPS ﬁﬁe+¥hs?%§1ﬁ0¢@F¥9?sa%%ppl|ed to

th th t | t | dtoth
s P gg%“ﬁ%e§¥efﬁpau%a‘3&?$g 'e%?lm BRESE PSP [ héog- on

1 [ | t t he, f di s
oo P e AL OB 0Byl oB3ata, b B AR, o
t hat COhﬁ%ﬁpgﬂdankod%gglggfngddggckg&ggdd'3§gaeg9tﬁgn 5Nﬁ% j0g; sw tches D4

to D6 is turned on e transi ors connected to one

of the Qg@ﬁgggg@qbgglgrg@§bgggas M6, MB, and MLO is also turned on. As a
result, fof exanple, when the first discharge controlling switch D6 is

turned on, thg €h§§t%5fa|a§uéﬁ§ﬁﬁ iﬁafl@asliloweﬂ &Pﬁﬁ s Lhg, resi stor Rh-A
flows into the transis M2 and the resistor en the electrical
discharged onto pixel areas N-1 and N+1 in addition to the
pixel area right below nozzle N.
The landing positions of the ink droplets are positions
lopposite the nozzles 18.
As described in the above, depending on the control
signal, at least twe neighboring liquid dischargers (nozzles
18) are capable of discharging ink droplets onto a same
pixel area. In particular, when the alignment pitch in the

alignment direction of the liquid dischargers is X, as shown

in Figs. 10 and 11, the landing position of the droplets



- 59 current that has flowed through the transistor M2 is sent to the
.ground via the transistors M/ and M. In other words, provided that the
"di scharge input switch F outputs "0" and the polarity changi ng switch Dpx
outputs "0," when at |east one of the first discharge controlling swtches
‘D4 to D6 is turned on, an electrical current does not flowinto the
transistors MB and M5 and is entirely supplied to the resistor Rh-A Then
‘the electrical current flows into the transistor M2 and the resistor Rh-B.
Consequently, the electrical current 3k supplied to the resistors Rh-A and
Rh-Bis I (Rh-A)>I(Rh-B). (Note that the expression I (Rh-A) represents the
electrical current | supplied to (Rh-A), and the expression | (Rh-B)

represe e j C urrent .l .supplied to -B M. t he ot her hand,
whon ¢ nararhapafycPEhhrBech R0 T EBR O Eal Pr e sr R OE Rhing! ng
switch Dpx eULRULS phiow:the values input to the NOR gate X1 are (0, 0),

the sanme as 1 n the case above, and then "1" is output to turn on the

transistor Ml fhenuad Ughdrd D) A8 sentc it a NRgate X2, and then "0" is

output to turn off the transistor M2 Moreover, the values (0, 0) are sent

to a NORngahesX3asandthBenandingSpoYiPubnt PstHrPooNcibe tLansistof, M. Due
to the characteristic of the circuit, when an electrical current is

suppl i edhkoctheekr anstBtor i ypidanigkpetfbeabn@UiheAl ifSment ®Hthal so
supplied to the transistor M3. When a voltage fromthe power supply Vh is
appl i edthanatheaimehcaieactenh o8 suppligdifiodibenhaegessor Rh-A and the
transistors MB and Mb. The electrical current that flows through the
resi stor Rh-IALgs Buppllesitentes eb yflost hanbedirsdor &Rh-B {sidice t he
transistor M2 is turned off and the electrical current that flows out of
t he residésohaRiceAcdotsohndingl oniintwhihk tsansisbbe &R)diFhearbiuyri cal
current that flows through the transistor M3 is supplied entirely to the
resi st oRRRNABOBILAEE BhEngr aRsP¥enr nMRbEs edir hedj eftortedsequehel y, the
resistor Rh-B receives, in addition to the electrical current that has
flowed ERPYEHA théuFEspsesr aRReARofhEcE| EpEmirgl Pesrtentikat tHas f | owed
through the transistor M3, As a result, the electrical current | that is
suppl i eG*EdSCHBTLES| SPBr S1RAPATIARIRAEE FEOP{RRSh) ¥leR2BY=1 I Rithe case
descri bed_above, .for_an el ectrical current to be supplied to the transistor
NG, theCPP358¥SF6gnﬁﬁ h8s"f6%e turned on. The transistor M4 is turned on
when, as des§{%be ZaPP ggt"O" i S.J4nput to th diaghar uf swtch F and
t

"1" is inpuft e polari ?/t% a%%ﬁg r%(\:/\??schlg%x. ozrrgirﬁlg?eec% _rclu%:al current
(2, °S PBEL ey FabRE PLEATLL ool ag, BpcopbetiE gl stors I
input t@;kREadhyechandg1LnBRL St ChEaand1 " 9n bSrallel. The
discharge signal corresponds to an image signal.
In Fig. 12, the discharge signal for pixel N is tone 3,
pixel N+1 is tone 1, and pixel N+2 is tone 2.
The discharge signal for each pixel is sent to a
predetermined liquid discharger in a cycle a or b.  Then ink
droplets are discharged from each liquid discharger iﬁ the
cycle a or b. The cycles a and b correspond to the time
slots a and b. A plurality of dots corresponding to the

tone commanded by the discharge signal is formed inside one

pixel area during every cycle a or b. For example, in the



- 61 input to the polarity changing switch Dpx, at |east one of the first
.di scharge controlling switches D4 to D6 has to be turned on. In other

wor ds, when the first discharge controlling switches D4 to D6 are all
turned off, the outputs are the sanme for both when "0" is input to the

~di scharge input swtch F, "1" is input to the polarity changing sw tch Dpx,
"0" is input to the discharge input swwtch F and "0" is input to the

pol arity changing switch Dpx. Thus, the electrical current supplied to the
resistor Rh-Ais supplied entirely-tgsthe resistor Rh-B. If the resistances
of the resistors Rh-A and Rh-B are set substantially the sanme, an ink
droplet is discharged without any deflection. As described in the above, by
turning, he d h b tro he o nd of f
states Sf CERespol AT £y EhaRgns Tk R bp R e Fhe i b charfu®

control higg; gyt RRS P4rt R @anantﬁgeaiébﬁgkg%igﬂglf kg{ﬁsghgg&%lf | ows

out fromthe connecti on between the resistor nce the

capaci t ¥+of 1gaghnkr apsigton i Mfi aMlisandr§e1 fhat functions as a current
source elenment are different, the electrical current supplied fromthe

transi stors M and &@oﬁﬁ@tbﬂsC&Eﬁ@ﬁ%ké@dcﬁwﬁmc%ﬁérmh&ﬁﬁﬁcﬂhéﬁﬁhﬁéérStaies

of the first discharge controlling swmtches D4 to D6. In other words, by

-cont rol Ni-ngatibagon aedletteat arasedtotfreal hnat 1ands62n €dhscpasgeion

controlling switches D4 to D6, the values of the electrical currents

suppl i edotroeshendésgstor pikhi ANand RheBpeanthegchanged. Zhusnkby appl yi ng

an appropriate voltage Vx to the connection between the anplitude

cont r ol Hirpgleer Aenallsz dhadchheggdotndmantei higpeddeénttpangeralirhg t he

pol arity changing switch Dpx and the first discharge controlling swtches
D4, D5, adragDehet HefllantirAgtpeseritons of anflelpnisdropteespdisthanged from

each l'iquid discharger can be changed in nmultiple steps in the alignnent

di r ect i 6ATEFSPREABIzILesPiBE1BYéhaRgithg PRéANGONEaBar¥X-applied to the
anplitude changing termnal Z, the anplitude of the deflection of the

trajectory o?ntﬁ%anVaErob?%t@r%%%eﬁ% ChaFERP 1o neath &, 2 wile

mai ntaining the ratio of thaﬁdraln currents supplied to the transistors M

and M6, *Phé&%t FARE §CEFESRB ARHIVEC 8ﬁ8htﬁéxFFaﬁ |§F8r8r&ﬁilaﬁdpﬂﬁéras

8:4: 2. Flg 22A.and ? E are c%arts | atin on_and o&f states of the
pol ari t Y °&h&AGi AgSWSEER Dix aRd FhRe® §9n8|g8 §& BoAEFol'TFng switches
D4 to a n 05|t| n f ts |n plets) in
t he aIP%ﬁ%@%FB%?rggt?g% g?SEEgrﬁgzghgga 8" A§8§%09 gB “the*c Eaﬁ?gln Fig.
FEA s GheruIPAL Lenthn oL Gk g Rpcegyt o PR e et
0, 0), thectrapestery of the.dot is not deflected and - the Iandlng,
position is directly below the nozzle 18. This corresponds to t he.
description aboyero¥heER, thexbnputit ordhAgedi ot b Sebek geycomirolling switch
D4 is set to "0," a I|qU|d di scharger can be controlled by the three bits
from t hehpohambky olaagitadcswrtehobaxnandot Renki RSt di scharge controlling

swtches DS and D6. In this way, a dot can be | anded stepw se at seven
| andi ng posi Biotisei albbudingn ahonadeptect ese Posi tphDoel THE Sampatsnd he
trajectory of an ink droplet can be selected froman odd nunber of .
traj ect asi esyveas felrowa by, ther sexanpliignifi gistharger discharging
ink droplets twice in a row in the pixel area corresponding
to the pixel. Therefore, in this way, the effect of the
variation in each liquid discharger can be reduced.
Furthermore, for example, even if the amount of ink in an

ink droplet discharged from a liquid discharger is

insufficient, the variation in the size of each pixel formed



I nstead of setting the input value of the first discharge controlling
.switch D4 to "0," by selecting "0" or "1" as the input value in the sane
way as the first discharge controlling switches D5 and D6, the trajectory
of the ink droplet can be selected from 15 different trajectories instead
-of seven trajectories. Contrarily, as shown in the chart in Fig. 22B, when
the, input value of the first discharge controlling swwtch D4 is set to
"1," 'a dot can be | anded stepw se at eight |anding positions. In this way,
~eirght landing positions can be arranged symmetrically by di sposing four
| andi ng positions each on the left and right sides of the position with
zero deflection. In other words, when the input value of the first - 64
dischargg gg@trggligg %@E&%ng4 is "1, " there are no | anding positions
| ocat ed irecFIy Be6w a nozZle 18. This means the trajectory of an ink
dropl et can e ed fr n of-traje I n i.ncl udi ng
a trajectoryPﬁném%?%% ?%ewggiﬁg$%% g% an %d |?eé?+y&%3F%§$d&%§%z?% 18), as
shown i f e I Fi.g, : e i ptsi N ity ; | at ed
to the ;Eihres%%gi ?%%rlggecggltdr (jﬁ?llei %qs% %ﬂeglﬁ%]faof&%lh%%ﬁgg%%{a&déf’char ge

- control kitng sswirbebespPL e @%n@@@lak§8_9§fﬁgﬂbhg|h@%ﬁha thcﬁéﬂﬁggénner-"”
Fig. 21, the second discharge controlling switches D1, D2, and _
corr espgag HQsEh@rbEh@ttﬂbsﬁﬂéﬁﬁeiﬁﬁnﬁ&gghbﬂg sw tphegtP4pia1 ande D6,
respectively. The transistors ML2 and ML3 connected to the second di scharge
cont r ol laindg tawi Mehes Pixted D3neorrespond to the transistors M2 and M4 of
the first discharge controlling switches D4 to D6. The polarity changing
switch Dpy conrekpenssyt oftheepahpl ¢t ywicdangi moxsiv 1 €hf Opxed The déxansi stors
ML4 to ML9O that function as current source elenents correspond to the
transi stdorts (WMbeno thklpiXké dapaonty20f pashler &nsinstiobyMtlhet ealk9 t hat
functions as a current source elenent of the second discharge controlling
swi t ched 1Brido dpg cliprpers afeomPtheligandi shotbeMsame Miteof the first

di scharge controlling switches D4 to D6. The transistors M4 to ML9 that
functi ofOreover, gEcgypr dxedoditc & calmefeitls fofSTidHel JEEEIRE db &S Ohreyes ,
.controlling swtches DL to D3 are set so that the capacity is half of that
of the tHEn&iEErs IRBMEG P11 USLRPhELE PéledildERARgE1EGRBEBRI AGLswi t ches D4
to D6. The other, settings are the sane for _all transistors. Therefore,
siniIardﬁécgﬁ§gd8§cF%ﬁti6ﬁandPﬁea§8098F y -8BREr 8P Ch§ ERBSoAARd of f

states of thg second disch e controlling switches DI to D3 together with
t he poIarityﬁgﬁaﬁﬁ?gﬁngﬁwtgﬁgfﬁyvl?%g %?e%t??%%]l%uvyéﬁ? %hﬁ%#?ed to the
resistor -A_and Rh-B.c h ed. . chan in.the,electri.ca
currentfggﬁggdogygggnﬁggl??ﬁgﬁﬁﬁegggcg%ég %gcﬁgrggecgﬁ Foﬁﬁ?%gaggﬁtches D1

to DB i spemalien df hanchheqchangeqcansad hyathe Lhistndi aehgngescontrol Iing

switches D4 to . Thus, the variation in pitch o ndi ng positions of

t he inkf@aqel%bsdqgehggbeeqnmydkaglgggoeecgh§epakgelgeaahgt'i@9 Syt ches D1

to D3 is snmaller than the variation in pitch of the ['ahding positions of

the ink séapketsseonbnal! edeby ithedl uastndi-gekasgeygent kgkl i ng switches D4
to D6. The second discharge controlling switches D1 to D3 and the polarity

- changi ngiswhbekibpy tave ifki Arppused ,f ehet hexsecend dischangeuaenthpol I'ing
unit. Thus, it is possible to control themas indicated in the chart in
Fig. 22BixkAsFiogee 22A andu22Bdithdapgkar ifhy 1ehangyngmpWolyéhgDpkeand t he
first discharge controlling switches D4, D5, and D6 correspond to

above-mentioned discharge method, however, this kind of

failure can be avoided.

Other than the above-mentioned discharger method, a
method wherein the liquid dischargers are selected randomly

may be used. The liquid dischargers for discharging the

first ink droplets of the Mth pixel line and the M+lth pixel



- 66 polarity changing switch Dpy and the second di scharge controlling
.Swtches D1, D2, and D3, respectively. In this case, it is desirable to set
the input value for the second discharge controlling switch D1 to "I." (O
course, it is perfectly acceptable to control the switches in accordance
“with the chart in Fig. 22A). The sane anplitude controlling termnal Z of

t he discharge controlling circuit 50 illustrated in Fig. 21 is used for
both the first discharge controlling switches D4 to D6 and the second

di scharge controlling switches D to0303- Therefore, once the voltage VX
applied to the anplitude controlling termnal Z is determ.ned by taking
into consideration, for exanple, the control of the second discharge
control Li i el i.ng. Lti of an ink droplet whose
discharééggéag%éﬁggﬁlgg ng%%geb?r%%aggécﬁéggégég%??OIIing switches D4 to
D6 is also dgiegrmqe I ' y r ionship is

est abl i shed %% ﬁg%% ?%EM%%QC %?g%agg%%%%l%ﬁﬁéﬁ%ﬂ%wﬁi?gﬁadfggigrge

Contr0|h&@&h%%h%cB%ﬁtE%l&@ngﬁuﬁ@@_RﬂﬁiéﬁCQdeQbﬁﬁﬂérgﬁ q98LhQLLipg switches
D to D3. Conséquently, by determning the discharge control (i.e., the

pi tch ofnkharbandi:egapesyt hancah higbeRKedr epheb)r+heh )t heththe first or
second di scharge controlling swtches, the discharge control (i.e., the

pi tch ofirbhénbandingtpaseti anmethbhe rork fekaphgt piken st hgiehhehree- 67
switches is determined. In this way, the control of the ink droplet

di schar geagantbeissmibirf dédchbrbikeg tthe stoptttese dasar fbedaaliose, two
anplitude controlling termnals Z for the first discharge controlling

swi t cheg+D&2t bib6 candrbhessgeendidi sekarge controlling switches DI to D3
may be independently disposed. In this way; the nunmber of the trajectories
(I andi ng posTheops¥ebf fehpingkedeopset sl bantbetédcivased. Eichs | thyi d

di scharger has the discharge controlling circuit 50 illustrated in Fig. 21.
Ther ef oF@Meeaéh thipguird Eiigchargern€antberednterol Fegcisryésari BEd in the
above. Wien a transistor is included in the circuit, eight wires are

requi re@™idtethe dfafllt RE $86r £4TSan8TBLR&RePArt §heF8FCPRAs reason, the

total size required for the transistaors is nmuch snall er when one | arge
transisFE%qﬁ n&i§ngﬁﬂﬁe§hﬁsf&F§6o§éSCP§FH§rcpﬂﬁﬁo%ﬂéﬁgauBFErEPity of
smal | transistors each with eight wires is disposed. Thus, the entire

i rcui t ERTThe SPPirClathy s pBYi AGOBNE PR PELLESCH BHP of

t ransi star. Vin i "x8,=..as shown_ in Fig. 21. In
this ma§%lﬁﬁgﬁfgggig?ﬁ%?ge9§%8§8%%%g§i%é gkﬁﬁegdp§§ ar§8WCSﬁt?olling

circuit 50 .Ganbe disposed on the head 11. Mreover, the discharge
controlﬁ ng ciPcuPts gﬁ can be di sposed even if the resolution is 600 dp

(i.e., even ikecondb68isbRErgbt E6nPtot henki gyid) di schargers is about 42.3
~tm. Consequently, by disposing a discharge controlling circuit 50 for

each |iquid dhsehargesnaasnby+tCoat hebhi NY LEe1RY ARdapblcshébesoRéqeach
switch for each Iiquid discharges

discharge-direction changing unit, or a main controlling

unit and a secondary controlling unit, a reference-direction

setting unit, and the discharge—-angle settingrunit is used

to control the discharge.of ink droplets by employing a

second discharge controlling unit, as described in the

following.

The second discharge controlling unit selects a landing

position (or more accurately a target position) in a

predetermined directicon in a pixel area for each ink droplet



~independently, a discharge-direction changing unit, or a main controlling
.uni-t and a secondary controlling unit can be operated. Wen the main
controlling unit and the secondary controlling unit are operated, a
secondary-control executing unit stores in its nenory whether or not the
»secondary controlling unit for each liquid discharges is to be operated and
“the on or off state of each switch when the secondary controlling unit is
operated. Simlarly, when a discharge-direction changing unit and a
reference-direction setting unit are3goth operated, or, in other words,
when the reference direction for each liquid discharges is determ ned, the
on or off state of each switch for each |iquid discharges can be stored in
menory. n e_v to he anp I|tude ¢ ntrolllng
terninap§§?ﬁ?%§gh QFEE Qkhﬁgﬁe F%ﬁg% %?y (FE . ﬁane gngpe) for

each steg gameég ahanaad. mOoNREICNt LY, ﬂhgﬂthggrde ﬁQ%rgg gpgle setting

unit i's operate tage Vx applred tot |tude controlling

ternlnabréaegre@ﬁanlQquagf@begh@rgsﬁdgﬁa B@s%@hHﬁtﬁﬁ &Hléﬁtae degkted
di scharge angle. The value of the voltage Vx can be stored i n nenory. -

69 Theaf bast dirsehar gana9nlr akbkngsunhtii,8eapehatad Pyxeonteekling the on
and off states of the first discharge controlling swtches D4 to D6. The
second dhseharpe eeabnal HiBghHRyk ctsneperatad GyieonbhekbiBgthhe on and of f
states of the second discharge controlling switches D1 to D3. The first

di schar déscaatgel bitngnkwdtrepbeéetP4sbotbati mhEyglagddl ¢éantakseehecusad as a
resolution increasing unit. Wien the first discharge controlling swtches
D4 to Déaadéngl posasédnas the resolution increasing unit, it is desirable
to change the output of each first discharge controlling switch D4 to D6 to
"0" or "1" sbnthartitelarajectbhys ofmbedimkndr ophetseécone| @ttehfgom 15
different trajectories. In other words, for exanple, when the resolution is
i ncr eas€@NBYOLALRE BRitsraasomlyudtr gt edirKepRgarisg, oandihentt he i nk
droplets are discharged froma |iquid discharger to |land on pixel rows

f or med B§d§&Pa§§ﬁﬁCFFqéi&aaﬂééﬁapﬁéﬂ§loasaWPPESFPQt@affﬁrﬁpﬁ.Mll, t he
trajectﬁr%§' the ink droplets nust be selected fromat |east nine

di f f erenf F&PePPSFFégnSCI Bﬁysélffﬁéeplr@?tBPgéthﬁeréﬁﬁPmeyllng swi t ches
D4 to D6 ndtthe g .di schar. ge controblln& i hes_Dl1 to D3 can be
connect§§ FT gRar ¢P AT RESEi %8ﬁa?§¥ &nfrB PVﬁ smFPEhéEStBBFﬁrlty

changi n %hﬁgggs Ogn%ﬁ%ge Era% g%%tggrathe re MtﬁO@flncr%aS|ng unit

can be .forne ra e Cent acchalng e present i nventi on
has beeq g SI% gg b The n n ver, - 70 is
not |Iﬁ1€e§ gﬂ?hlélt r?%gg e%bogﬁﬁéﬁtéUHgggdégggfggg eloma are al so

possi bl g5 &Ly +The nunber of bits for a J-bit controlling signal is not
limted to those indicated in the enbodi nents above and any bit nmay be used
for the preseptchpyeshbodimér), ! Brthe ﬁgp@ﬂﬁ§9ﬁ5§19§§§£I§§Q in the above, a
time lag is created in the i nk’ boiling (bubble generation) tinme of each of
t he twooparlisppfingliheat igeaar aki AJphieshsber abduly 1¢hangi et he el ectri cal
current supplied to each of the parts. The heat-generating-resistor of the
pr esent alldgeniehan piayhhae theo 1paitis dlisghedgetspanakkekshaging t he sane
resi stance, and electrical currents may be supplied at different timngs to
each part. PFBigexafipie, athtatwoipards ohktdheobhkats genet ahang- Ira&sdsdor nmay
each have a switch that operates independently from each other. By turning
on each igwicneh oat maregi bffercdrt M diifigreatt ilapdliag pssdtéanedfiom thehbubbl e
generation tine of the two parts of a heatgenerating-resistor. Furthernore,
a time Pdgslsageaat efnpmnt Rendiipongost téappl Vil teflacthecdravdngénts to
each part of the heat-generating-resistor, at the sanme time the current

val ue ofthdagrdag: PesH taGREeACSOrY i8Rakgedhie3pubadi REnENY5dDRENLS
descrlbeg&above each of the two parts of the heat-generating-resistor 13

is aligmh ﬁﬁaﬁéPQPIéFelﬁ§W@ér8ﬁe i AR ERdmbér - 12heTRECRE¥EROEBE I vi di ng
t he hea% gen%ratl g-resistaqr into Emo parts s that the - 71
y-a dotted” sgquare 1s t e pixel area. e area surrounded

by a circle is the ink droplet (or dot) that has landed in



two parts are known to have sufficient durability and the structure of the
.circuit can be sinplified. The present invention, however, is not limted
to this, and the heatgenerating-resistor (energy generation el enent) may be
divided into three parts or nore, and these parts may be aligned in
parallel in one ink chanber. (4) In the enbodi nents described above, the
heat generating-resistor 13 is used as a bubble generation unit or a
-heating el enent. The bubbl e generation unit or heating elenent for the
present invention, however, does net 3dave to be a resistor. Mreover, an
energy generation element other than a heating el enent may be used. For
exanpl e, an electrostatic or piezoelectric energy generation el enent may be
used. A@hglgﬁgé sggégc energy generation elenent is conposed of a di aphragm
and two eletirodes disposed on the | ower side of the diaphragmwi th a |ayer
of air interpos t }@Bprggg r voltage is
applied betngﬁggﬂggt%gfg?%gf?gbes to é%%g?%%%%%ég réﬁ%ﬁdﬁgﬁhards. Then,
the vol kage | scbrduopd LA ZRKOqtGpigteasaalheaelact poslatleclogge. The

el astic force generated when the diaphragmreturns to 1ts original position
i s usedthatdhsshargetar iRk drophet. ribst hhsigesenefQixeXanple, (19 create a
difference in the energy generated by each energizing element, a tine |ag

- 72 isherepbed hetweeg Lhertwo energhéi ngkebespnts o5 dhfif eseal vol tages
are applied to each energizing el enent when the diaphragmis returned to
its oripynah peascribed(whenlthenvehtaggukseyeduced to zero and the

el ectrostatic force is released). The energi zing el enent for a

pi ezoel ectriCoprrately) sfdorneds bymisédiokemy, aadi aphréagspbad s pi ezoel ectric
el enment havi ng el ectrodes on both sides. Wen a voltage is applied to the
el ect rodéscbarpetihssi dbstof tt henpseznebret pictkbeMehandanpendi ng nonent is
generated in the di aphragmdue to the piezoelectric effect. As a result,

t he di apRFagirpénds 5he pididemerkedireAkidropFetbearezdisehdBgedTivben this
deformation occurs. In this case, simlar to the above, to create a

di f f er eHBBEFNIFRELBHer-GyFdenel 4t 41B§tEaEASeRBr §REi AGoRI ehehbatahesne | ag
is created between the two energizing elenments or different voltages are
appl i ed #BIEGcAReRBRgPEi FcelERehtNAEBY PASLHACRADOE ABAtBLABSCATBRd above;
i nk droqlgts ar e di&char eg in_the alignnﬁnt directjon of the nozzles 18.
This is bB8Eali¥& Phe tﬁBCgH £8 Bf CERE HBalyEhel8t fRGr 85PRIGFS15287e al i gned
in parallel tn_the alignment directjon of _t nQzzl es 18,. The alignnent

v bt ron or -ERETRgS 2P el TERh AOE RERRRy et PER APt ontBr FREST ak

dr opl et o] sessariky. e dir ion, Even.if - 73

t he dir2839825&ggggggng§h%¥l§?¥f%%gn??lﬁggréﬁggéf iggéugg aﬁ??gf?§'the sane
as when e I i Eecti he.n : d;the tion
directigh@ofékﬁg@rﬁgggﬁo%ﬁe%sgg%gat%gﬁgaﬁéah§%§%%hgﬂ %%E %?g #ggs are
random yndicsghar ggdqent @nan MaAYahET p95ikapdi RYaPeRLt LORS1LE QREwRi xel area
by operating the second di scharge controlling unit, Mmy be any nunber,
provi dednt Ratteli NSnaspesttt¥eel Rhegethgkepbesiplcegdalihg two. Thus, Mis
not limted to the nunbers indicated in the enbodi ments descri bed above.

- (7) Thepsedatdnd) Schangeuppskr akhivhfiguht Fagcondi AY1LOtrates an

example wherein the discharge command is 1. In this example,
the ink droplet has landed in the selected landing position,
which is the second laﬁding position from the left in the
drawing.

When the discharge command is 2, two ink droplets are
overlappingly discharged onto the same pixel area. In the

example in Fig. 14, the feeding direction of the printing



t he enbodi nents of the present invention randomy changes the | anding
.positions of the ink droplets so that the center of the ink droplets |ands
‘inside a pixel area. The present invention, however, is not limted to
this, and the | anding positions of the ink droplets nay be dispersed over a
Wi der range conpared to the enbodi nents descri bed above, provided that at

| east a part of the ink droplet |ands inside a pixel area. (8) The second
di scharge controlling unit according to the enbodi ments of the present

i nvention uses a random nunber generato Rg circuit for randomy sel ecting
the | anding positions of the ink droplets. Any nmethod nay be used for
determ ning the | anding positions of the ink droplets, provided that the

| andi ng Lti.gn e.no.requl ar .pattern. - /4. _Mreover, random nunbers
may be Egﬁékaﬁgd%gggépﬁpyFﬁggoFS%d§§3 5P8: fhe %FaareEEEUS?EoﬁgtﬁB , or the
congrue hod, [ LEt,resister nsiead of, selecting the
Iandingaggg??%o%g 92%82%?5? ?%ggwﬁgggbg§séb%c?galéyﬁbegggt?ﬁéwégg'

pr edet er m ned, cRAb Nahd PR QE W@ﬁighaarhy@éhaég?% d Sk 46 epposli Tffﬁesﬁs

described in the above, the heads 11 were used for a printer’

- appl i cakieeBnaf ihiteqhepdstliaaacohdi Reet Qalhhe1PhesSEBt thaventien;hovever, is
not limted to printers, and may be used for various |liquid discharge

appar at ygepleforiexanpkaes the beagscmByabe Hsedqfeplapeappar ahus for
di scharging a solution including DNA for detecting biological specinens.

Accor di ngfttootrheiphesent invention, even if some of the liquid dischargers
di scharge droplets along different trajectories (or different discharge
angl es), theCtnaracibyi esnatleisoapensahedt f cis afelscakbad rasutiie streaks
becone | ess noti ceabl e. - 75 WHAT IS CLAIMED IS: 1. Aliquid discharge
appar at @dohavi figeathead wnkhdaopletalrtigsofinl kqupditdischargdpslizncl udi ng
nozzles aligned in parallel in a row, conprising: a main controlling unit
formed 68legtrd padi dheinséhar geronghenkailnopdatr alkpngandet ivoatrol ling the
di scharge of droplets fromthe nozzles; a secondary controlling unit formed
on eachPPrEadt@ndSseRar§er InfRR 8EEBRYHr fre®nthel Firgtuank ééﬁpgétbing t he
di scharge of ,a droplet so that the_droplet is discharged along at |east one
seconda&?etP&FQ&PoﬁﬁaHFpﬂeﬁénFlﬂroﬁ#tHilHﬁFﬁaF?éjécFSFPég 6Pkt he droplets

discharﬁgg qé thﬁ | i gid di cgat er cogtr_lged by the main controlling
unit; and & -S&cd 85r3-éo&€P§F e%gcﬁﬁ?nﬁ ﬁﬁﬁt f&¢ %ﬁdFVFHuéFFy setting.
whet her ;0L cLRe (3GeANIALY GQOELOLI LAY URLL TOLe) area.

A case in which the discharge command is 3 is also the
same as the case in which the discharge command is 2. In a
known method, the three ink droplets land in one pixel area
without any displacement in the horizontal direction. On
the other hand, for the method according to this embodiment,
each of the three ink droplets lands in a position selected
unrelatedly from the other positions.

By discharging ink droplets as described above, the
generation of sfreaks caused by the wariation in the
characteristic of the ligquid dischargers in an image printed
by forming pixel rows with overlapping dots can be prevented

and the effect of the variation can be minimized.



each l'iquid discharger is operated. -2. Aliquid discharge apparatus having
.a head with a plurality of liquid dischargers including nozzles aligned in
parallel in a row, conprising: a discharge-direction changing unit for
changing the trajectory of the droplets discharged fromthe nozzl e of each
“liquid discharger in at least two. different directions in the row, and -
76 a reference-direction setting unit for selecting one of the
trajectories of the droplets discharged fromliquid dischargers controlled
by the discharge-direction changing unit- as a reference direction. 3. A
~liquid discharge apparatus having a head with a plurality of liquid

di schargers including nozzles aligned in parallel in a row, conprising: a

discharge-diigcg%ﬁgrcggp?%ngHgiiﬁﬁﬁiagrgggigg%ﬁgeo%r@ﬁgctg$y of dropl et

di scharged fromthe nozz eac di scharger in at Teast two

di fferent-odhkect i@R% o) NpLRBHEOWanARA @ disgharge gnake setting.upit for
sel ecting di scharge angl es Fbr each dropFet |sc%afge§ fron?ﬁqu|d
diSChar%%r%he dots 1s uneven in a microscopic view but is uniformly
and isotropic in a macroscopic view. Thus, the effect of

the variation in the characteristic of the liquid

dischargers is minimized.

In this way, the wvariation in the characteristic of
each liguid discharger_discharging ink droplets can be
minimized. Without randomizing the landing positions of the
ink droplets, the dots are disposed in a regular pattern to
generate an image. In such a case, interruptions in the
patfern are easily noticeable visually. In particular, the
shading of color of dots and lines is expressed by the area
ratio of the dots and the background (the part of the
printing paper not covered with dots), and, for this reason,
the more regularity there is in the remaining background,
the more easily visible the interruptions in the pattern of
the dots become.

Contrary to this, by disposing dots irregularly and
randomly, a small interruption in the alignment of the dots
is unnoticeable.

In the case of a color line.head including a plurality
of line heads 10 supplying different colored inks for each
iine head 10, there is the following additional effect.

For a color inkjet printer, more accurate landing



controll ed by the discharge-direction changing unit for each liquid
.discharger. 4. A liquid discharge apparatus having a head with a plurality
of liquid dischargers including nozzles aligned in parallel in a row,
conprising: a discharge-direction changing unit for changing the trajectory
=of the droplet discharged fromthe nozzle of each liquid discharger in at

| east two different directions in the row, a discharge-angle setting unit
“for setting discharge angl es for each droplet discharged fromliquid

di schargers controlled by the di schardge—directi on changing unit for each

|l iquid discharger; and a reference-direction setting unit for selecting one
of the trajectories of the droplets discharged fromliquid dischargers
control : e-discharge-directi ' ' . e ence

i rect o BoR Y AT B AEpEhERR! Lag FARaLRa HALh BE oA,

fotherfBQH@Hi%k”gveézgkﬁﬁﬁarerﬁﬂEBigg%i89 yﬂktdiegzgeetqabkgvg_the

di scharge of ink droplets by the disc ge-direction changing unit so that

a pi xel pEEWLAE %h@igehekatﬁehns@ Byidiesehargi-ng fALoR! sbspieeahatyl east two
nei ghboring liquid dischargers, wherein droplets are discharged al ong

di ff erembiteapaeterhesdbr agtabekaast rt wakngkgphetkngrki guhdodigchargers to
forma pixel row by |anding on the sane pixel row or to forma pixel by

| andi ngdaspbBedsasedpsxelibatean hiA khgutddmdhschaggrReratgordinplet 0 one of
claims 2 to 4, further conprising, a discharge controlling unit for

control kibigrt Baiditscharge .of Taededplret, Byttheodasdhar ge- dinageti on changi ng
unit so that the droplet lands in a landing position in a pixel area,

wher ei nquhé iitgndengegobivt itbe bsnemetabnMofwhereé pZ8thrns aani heeger
greater or equal to twd) different |anding positions aligned in a

pr edet ep¥eredt@drection in the pixel area and at |east a part of each of
the MIlanding positions is included in the pixel area. 7. Aliquid

di scharger adfeofdi hgttoreheabd &Phi FRap gponificant a problem for

serlal printers that drive a head repeatedly in the main
scanning direction. Moiré patterns, however, are a problem
. for line printers. By discharging ink droplets onto random
landing positions, moiré patterns are less likely to occur,
and, thus, line inkjet printers may be easily produced.
Moreover, by discharging ink droplets onto random
landing positions, the area in which ink droplets land
becomes wider even though the total amount of ink discharged
onto the printing paper is the same. For this reason, the
amount of time required for drying the.ink droplets can be
reduced. In particular, for line printers, the effect is
significant since the printing speed is faster (i.e., the
time required for printing is shorter).
(Resolution increasing unit)

In this embodiment, a head 11 having a discharge-

direction changing unit, or a main controlling unit and a




4, further conprising, a first discharge controlling unit for controlling
.the discharge of ink droplets by the discharge-direction changing unit so
that a pixel row or ‘a pixel is fornmed by discharging droplets fromat | east
two nei ghboring liquid dischargers, wherein droplets are discharged al ong
~different trajectories fromat |east two neighboring liquid dischargers to
forma pixel row by |anding on the sane pixel row or to forma pixel by

| andi ng on the same pixel area; and a second discharge controlling unit for
controlling the discharge of a dropl eét3 by the di scharge-direction changi ng
unit so that the droplet lands in a |landing position in a pixel area,
wherein the | anding position is one of M(where Mis an integer greater or
equal t if i Ng.positi Lgn in.a predetern ned
directigﬁEﬁﬁhﬁgg %?égﬁgéégggaﬁglgf ?e%g?ééggsgtgg eggéﬁgo?egﬁénﬁllanding
positionssiks bAgl UIRdsbRabhe-Bhigl 3EeRing uflic/iblgubd @bSEhBLOgt.
according to one of claims™2 to™4, urther conprising, a resolution

i ncreasicng ¥Bkb1L@kohnskeaRpbNe &h@_augpgelekiehxghérexsﬁﬁﬁtﬁﬁhknngsthe
dropl ets di scharged from each FIQUId di scharger so that the droplets | and
in at | eastriweadihf ehentoposikthgns in a predetern ned direction whereby
the nunber of pixels is increased in conparison with the nunber of pixels
fornmed by dropéetssdisthat getlefeom egclhinl t gekbisk €b 5 hewgespdaadi ng in one
position. 9. A liquid discharger according to one of clainms 2 to 4, further
conpri smagtianedsdlisthargkerdieasichgnunhtnfongi nat.easbnghthheeaunber of

pi xel s by controlling the droplets discharged fromeach |iquid discharger
so that lttheidr dpketsrbemddinchtrbeastint wokdifbpilent optsi iboasthanaz '
predeterm ned direction whereby the nunber of pixels increased in

conpari séaf@irentt peepgnibar aoprpiréesmisededibyctiopl et $ndikbéhawged from
each liquid discharger |anding in one position, and a discharge controlling
unit fortPEoRUFBEK R PRESdEsERAr §e sncrarsafopbBparby thewhen
dischar%e-direction changing_unit so that a pixel row or a_pixel is forned
by di scRarGiifig2dFfopPélsdf PEmlafutdadt SERBTHEF§hBBRENG LY qHidchrEERar ger s,
mherein.e%chdrEplet,is di scharged along different trajectories from at

| east t W nEFGROGEng™ PEGi 87°2- 80 dischargers to forma pixel row by

| andi ng on the sane pixel yow or to.forma pixel by |landing on the sane

ol xel area. 107 RTTRHPG WMSEnaPger eehr ol Ag Yo Bttt Corai 1R 2 89 4,
further ;gonpri,si Ag,,. a o] I Lncreasi.n it _for.increasing, the nunber
of bl xer2 By daner i KIS Rvatbat ol st AR Ra ke L P B ERER P otnt

di schar ger, 5591t hat ghlegdroplets land in at |least two different positions in
a predeterm ned direction whereby the nunber of pixels increased in

conpari son withsthg RUEDEe-RereliSrber MR S dlap! st i sgharged from
each liquid discharger Ianding in one position; and a discharge controlling
uni t foeaednhbekhieng st beandusebanggeofind dir-ephetsb¥ntBerdbsghargesdirection
changing unit so that the droplet lands in a |anding position in a pixel
area, whepeedettbemiard agrpesibhon ns anecelilM, (pheneilyi sidn knteger
greater or equal to twd) different |anding positions aligned in a

pr edet erespédtdioneotfi an2i0n tibe pexehlear pasandlat | gastilarpgrt igf each of
the Ml anding positions is included in the pixel area. 11. A liquid

di schar gechaccardiend 8t disnbaotieel dAnksdZobbeds butbhehreenpresendn a

predetermined direction, printing with a resolution of 1,800
dpl becomes possible.

Fig. 15 illustrates in detail the trajectories of ink
droplets discharged from liguid dischargers using a
resoluticen increasing unit. As shown in Fig. 15, for

example, the distance between each liquid discharger is X,



a resolution increasing unit for increasing the nunber of pixels by
.controlling the droplets discharged from each - 81 liquid discharger so
that the droplets land in at |least two different positions in a
- predeterm ned direction whereby the nunber of pixels increased in
~conparison with the nunber of pixels fornmed by droplets discharged from
each liquid discharger landing in one position; a first discharge
controlling unit for controlling the discharge of ink droplets by the
di scharge-direction changing unit so4uhat a pixel row or a pixel is fornmed
by di scharging droplets fromat |east two neighboring |iquid dischargers,
wherein each droplet is discharged along different trajectories from at
east tuRanelopbothiga) ALA. AL EENAL 08NS, 18- PN &, BLXEL T oY By Landing on
- the sane pixel rowor to form a pi xel by Fanding on Phe 2ahe ptxel area;

and a SecandfbsanahaRePnhl obLLNGNURE n0k1 60N B! LingpLbeglsehar ge of a

dropl et by the discharge-direction changing unit so that the droplet |ands

in a |apdbpdcP9Sibh@NihNtArBbXgleabeRi tWheEehD {heckanging posLtion is one
of M (where Mis an integer greater or equal to twd) different |anding

posi tioppeakirgradiiyn acpr @Qﬁﬁl\flm nedediif 865h08 bBtbenpixel 18h88,4nd at

| east "a part of each of the | andi ng positions is included in the pixel
area. 1gosAthibgubd dhsechrrgeopppar at ¥ehaegoadangnyockbarigd+having a
plurality of liquid dischargers conprising a liquid - 82 chamber

cont ai nithgjtheokiyqindthbubibbeiggneyathenNuni Lsqgdidpasedhangedeahde i quid
-chanber for generating bubbles in the liquid contained in the liquid
chanber thy $appgiygngoentigy, cfndnainkzdrepietbéisphavigdédaiwhy noezl es for
di scharging the liquid contained in the |liquid chanber in response to
gener at E8Atotrbibblesybynt hbebdbavéngeher theoN+Uhht lighédei n a secondary
controlling unit controls the main trajectory of a droplet discharged by
suppl yi. BgSERBEEPThaTI AgRATSLEBAdSPathett tt AeublbbKé3generation units, the
second value_differs froma first value of the energy supplied to the
bubbl e gener&® i &f thtRSd PR AT coit bl | Ehrhaider L3t rdse secondary

trajector f the droplet differs fromthe main trajectory of the dropl et
controlFE% §§OPE8tﬁaFE Eofit FEPFPRY GﬁF??tig?sA?P?qE#ﬁ B 4EALE §& @ppar at us

di t [ ai.m. 1. havi [it f.oli id di h i Si
e Pl s I S ER S AR et et S
[i id : i . bl i the |i i tai di th
i aui d ChBarLs, e g By B B L e BE | e BER R0 ded wi 1
nozzlespkghtqhacpggggggF%g@gkﬁgpggiEHngakggglheigneahégg;g ghgggsg as a

bubbl e I's generats _ _ generatron uni rality of
heatingtgkeprptschs qkkgneduir-RiParakhbelition of the head 11.

As described in the above, a first discharge
controlling unit, a second discharge contrelling unit, and a
resolution increasing unit can be combined with a discharge-
direction changing unit, a reference-direction setting unit,
and a discharge-angle seltting unit as listed below.

{1} A discharge-direction changing unit and a
reference-direction setting unit combined with a first
discharge contrclling unit.

{2) A discharge-direction changing unit and a

reference—-direction setting unit combined with a second



- 83 inarowin the liquid chanber and each heating el enent is serially
.connected, and the secondary controlling unit includes a circuit with a
switching el ement connected to the serial connection between the heating

el ements and controls the main trajectory of a droplet by supplying an
‘electrical current via the circuit to the connection between the heating
elenments or by supplying an electrical current fromthe connection to the

. heating elenents to control the electrical current supplied to the heating
el enent.s, so that the secondary trajestery differs fromthe main trajectory
controlled by the main controlling unit. 14. A liquid discharge apparatus
according to one of clains 2 to 4 having a plurality of liquid dischargers

conprisgggCﬂaéég?hgnggggggﬁgﬁgﬁég[ning the liquid, bubble generation units

di sposed I nsi e I'iqui er for generating a bubble in the Iiquid
cont ai ned In(éheAlaggaﬁa@@n@ﬂe@méﬁp&hgﬁ@n& 9, aAfd; a nozzl e nember

provided with nozzles for discharging the Tiquid contained in the liquid
chamber ragecachubbberbsrgenecatednhyuhhe buhBkig-geperat hor;Wgit, wherein the
di scharge-direction changing unit conprises a main controlling unit for
control dieghbhgedicsahangeial, dnopl ehs hr earBaazhesch¥rguppl ying energy to

t he bubbl e - 84 generation unit and a secondary controlling unit for
cont r ol kbagrbhe ihgapeatory of a dropl et discharged by supplying energy
havi ng a second value to the bubble generation units, the second val ue
differs fromé&) firdisvbhvgeofitdet emergyasyipd i ed t cathdiea bubbl e generati on
units by the main controlling unit, so that the trajectory of the droplet

di f f er s refemenke-diapettiony settihg dnopl ebmbonerdoklied byrehelmainn
controlling unit. 15. A liquid discharge apparatus according to one of

cl ai ns 2NCEe3SRAYI B§1&-plurality of liquid dischargers conprising a liquid
chanber containing the liquid, heating el enents disposed inside the |iquid
chanber for §ehebafifghardepblecrhliohecher@indconiti®ed ¢n the liquid
chanber by supplying energy, and a nozzle nenber provided with nozzles for
dischargﬁﬁﬁrﬁﬁéerﬁﬁgﬁ&t&SHté?ﬁéanpnupﬁé FrEbracEndAbEr 2as18Sbubbl e is
generatgd b% t he bubQIe generathon unit, wherein a glurali%% of heating

el enent §YESTAFOGnEG TR Opar AP 8P4 n 289 Bw FACLHE L PPqa P EREABEr YRiRd each
heating ele Ls.serjally connected, and the discharge-direction changing
uni t includgggg B7Ese aﬁ?%h&éF %f%%ﬂi%%a%g%%%n?n%Bn%%%t%d to the serial

ci Fcui

cconnect iy &quaﬁgagi%@%tﬁggtgaqt§hggﬁg§% @gﬁ§§8e&f%-%h}gfséaghsctOfy of a

dr opl et di scharge rom the nozz contro n e electrica

cur T ent o3uRbingd Lonkhs heat a el SIENLS K SupRLY! 902081 A6 Lheel curren

via the circuit to the connéction between the heating el enents or by

recei ving an(?Leﬁtai§éha9?é1§ﬂ£e&£98ﬁtBﬁaﬁ&ﬂﬂ&C&ﬁPﬂ begvween the heating
el enents, so that at least two different trajectories can be selected in a

pr edet en@irRedndicreG tie@ni ohb s cAtiBhad i okoflbsabar giRg hi gyirdtfrom nozzl es
with a liquid discharger formed on a plurality of heads aligned in parallel

in a rodisebrphisichgtirbe 1shepsnet:, peskevAungithBamaenceantboliaf the
di scharge of droplets fromthe nozzles of each |iquid discharger
per f or mung tt, hanseaomeéary utaphr ahcakathagdusdhar ge of droplets from each
|l iquid discharger along at |east one trajectory different fromthe
traj ectory ofl8t ha dasnhgogerdirection changing unit and a
discharge-angle setting unit combined with a first discharge
“controlling unit.
(9) A discharge—direction changing unit and a
discharge—angle setting unit combined with a second

discharge controlling unit.

(10) A discharge—-direction changing unit and a



in a row and determining whether or not the secondary controlling unit is
.operated is determ ned for each liquid discharger. 17. A nethod for

di scharging liquid fromnozzles with a liquid discharger forned on a
plurality of heads aligned in parallel in a row, conprising the steps of:
-selecting the trajectory of droplets discharged fromthe nozzles of each

| iquid discharger fromat least two different trajectories in a
predet erm ned direction; and - 86 selecting one of the trajectories as a
reference trajectory. 18. A nethod-fdw di scharging liquid fromnozzles with
a liquid discharger forned on a plurality of heads aligned in parallel in a
row, conprising the steps of: selecting the trajectory of droplets

G Trae ae9cheoaLL BegRazaLes: AL SRS LLAH o Sebar ok, LLompLoheRsL Vo

different tra] tory I'n a pre erm ne Irrection, sé

dlscharasnegshflﬁg Eﬂﬁtd588|§t§eh8g8p8598H££ fgéngﬁﬁfll*gqUI 'Scharger-

19. ‘A nethod for discharging |I1qui fron1noz es Wt dlscharger

formed on a pluyadidysofahgads: Adoned changing unit and a

discharge—-angle setting unit combined with a resolution
increasing unit.

(12) A discharge-direction changing unit and a
discharge-angle setting unit combined with a first discharge
controlling unit and a rescolution increasing unit.

(13) A discharge-direction changing unit and a
discharge—-angle setting unit combined with a second
discharge controliling unit and a resolution increasing unit.

(14) A discharge-direction changing unit and a-
discharge-angle setting unit combined with a first discharge
controlling unit and a second discharge controlling unit.

(15) A discharge-direction changing unit, a discharge-
angle setting unit, and a reference-direction setting unit
combined with a first discharge controlling unit.

(16) A discharge-direction changing unit, a discharge-
angle setting unit, and a reference-direction setting unit
combined with a second discharge controlling unit.

(17) A discharge—-direction changing unit, a discharge-
angle setting unit, and a reference-direction setting unit
combined with a first discharge controlling unit and a
second discharge contreoiling unit.

(18) A discharge-direction changing unit, a discharge-—
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discharge controlling unit, the landing positions of the iﬁk
droplets are randomly allotted onto the same pixel row for
each pixel line.
Fig. 17 illustrates the combination of (16) in the
" above wherein a discharge-direction changing unit, a
discharge—angle setting unit, and a reference-direction
setting unit are combined with a second discharge
controlling unit.
rIn Fig. 17, similar to Fig. 9, each liquid discharger
is capable of discharging ink droplets along seven different
trajectories by using a discharge-direction changing unit.
Moreover, the angle formed between the leftmost trajectory
and the rightmost trajectory among the seven trajectories
(i.e., the maximum defection angle) is set to Y degrees.
The discharge—anjle setting unit sets the maximum
deflection angles of liquid dischargers A and B to o and B
'degrees,.respectively. Moreover, the reference-direction
'setting unit sets reference trajectories for the liquid
dischargers A and B as the third trajectory from the left
and the fifth trajectory from the left, respectively. The
reference trajectory for liguid dischargers excluding the
liguid dischargers A and B is the fourth trajectory from the
left. |
By using a second discharge contrelling unit, the

landing positions of the ink droplets are randomly allotted
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onto each pixel row for each pixel line.

Fig. 18 illustrates the combination of (1) in the above
wherein a discharge—diregtion changing unit and a reference-
direction setting unlt are combined with a first discharge
controlling unit.

In Fig. 18, a liquid discharger A discharges an ink
droplet onto a pixel area at the second row of the first
line (i.e., the pixel area left of the pixel area on the
third row, directly below the liguid discharger A). Next,
in the second line, an ink droplet is_discharged onto a

" pixel area in the third row, directly below the liquid
discharger A.

Next, in the third line, an ink droplet is discharged
onto the pixel area in the fourth row (i.e., the pixel area
right of the pixel area on the third row, directly below the
liquid discharger A). In the fourth line, an ink droplet is
discharge in the same way as in the first line. In this way,
every liquid discharger discharges ink droplets onto pixel
rows adjacent to the pixel row directly below the liguid
discharger.

Fig. 19 illustrates the combination of (3) in the above
wherein a discharge-direction changing unit and a reference-
direction setting unit are combined with a first discharge
controlling unit and a second discharge controlling unit.

In other words, liguid dischargers having this
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18 whlle, in addition, the landing positions of the ink

droplets are randomly allotted within the same pixel areas.

Fig. 20 illustrates the combination of (4) in the above
wherein a discharge-direction changing unit and a reference-—
direction setting unit-are combined with a resclution
increasing unit.

In other words, similar to Fig. 6, discharge-direction
changing units enable each liquid discharger to discharge
ink droplets along a plurality of trajectories and a
reference direction selects one of the traijectories as a

reference trajectory. Unlike the other liquid dischargers,

- the reference trajectories for liquid dischargers A and B

are not the trajectories in the middle of the plurality of
trajectories. |

The resolution increasing unit increases the resolution
of each liguid dischargér to three times the structural
resolution of the head 11 by enabling the ligquid dischargers
to discharge ink droplets onto a pixel row directly below
the liquid dischargers in addition to the pixel rows on the
left and right of the pixel row directly below the liquid
discharger.

A discharge controliling circuit that is a realization
of the embodiments according to the present invention is

described in the. following.

H
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In this embodiment, a secondary controlling unit uses a
discharge controlling circuit to supply energy to heat-
generating-resistors 13. This energy is different from the
energy supplied by a main controlling unit to the heat-

- generating-resistors 13. In this way, the discharge
controlling circuit controls a liguid discharger to
discharge droplets along a trajectory that is different from
the trajectory controlled by the main controlling unit.

- More specifically, the secondary controlling unit
includes a circuit (in the following the circuit is a
current mirror circuit) having a switching element connected
between the two serially connected parts of the heat-
generating-resistor 13 disposed inside an ink chamber 12.

By letting an electrical current flow into or flow out from
the connection between the iwo parts of the heat-generating-
resistor 13 via the circuit, the electrical current supplied
to each part of the heat-generating-resistor 13 can be
controlled. 1In this way, the trajectory of the ink droplets
discharged from a liguid dischérger controlled by the
circuit differs from the trajectory of the ink droplets
discharged from a liguid discharger controlied by the main
controlling unit.

Fig. 21 illustrates a discharge controlling circuit 50
according to this embodiment.

Each ¢f the resistors Rh—-A and Rh-B of the discharge
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confrolling circult 50 are the two parts of a heat-
generating-resistor 13 contained inside an ink chamber 12.
The resistors Rh-A and Rh-B are connected serially. The
resistance of each part of the heat—-generating-resistor 13
is substantially the same. Thus, by sqpplying the same
electrical current to each part of the heat-generating-
resistor 13, ink droplets can be discharged without any
deflection from a nozzle 18 (in:the direction indicated by a
dotted arrow in Fig. 5).

A current mirror circuit (hereinafter referred to as
the 'CM circuit') 1is connected between the two serially
connected parts of the heat-generating-resistor 13. By
letting an electrical current flow into or flow out from the
connection between the two parts of the heat—génerating—
resistor 13 wvia the CM circuit, the electrical current
supplied to each part differs. This difference énables ink
droplets to be discharged from a nozzle 18 (i.e., a liguid
discharger) along a plurality of trajectories in the
alignment direction of the nozzles 18 (i.e., along the row
of the nozzles i8).

A power source Vh is connected for supplyving voltage to
the resistors Rh-A and Rh-B. The discharge controlling
circuit 50 has transistors M1 to M19. The numbers "xN
{where N=1, 2, 4, 8, or 50)" writteh in parentheses below

each transistor M1 to M19 in Fig. 21 indicate the number of
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elements connected in parallel. For example, "x1" {(which is
wWritten in parentheses below transistors M16 and M19)
indicates that the transistor has one sfandard element.
Similarly, "x2" indicates that the transistor has an element
equivalent to ﬁwo standard elements connected in parallel.
In the same way, "XN" indicates that the transistor has an
element equivalent to N elements connected in parallel.

The transistor M1 functions as a switching element for
turning on or off the electrical supply to the resistors Rh-
A and Rh-B. A drain of the transistor Ml is serially
connected to the resistor Rh-B. When "0" is input to a
discharge input switch F, the transistor M1l is turned on and
an electrical current is supplied to the resistcors Rh-A and
Rh-B. In this embodiment, as a matter of convenience for
the IC design of the circuit, the discharge input switch F
is a negative logic and "0" is input only when the
transistor M1 is driven (i.e., only when ink droplets are
discharged}. When " is input to the discharge input
switch F, the input values to a NOR gate X1 are (0, 0).
Thus, the output is "1," and the transistor M1l is turned on.

In this embodiment, to discharge ink droplets from a
ﬁozzle 18, the discharge input switch F is turned on ("0" is
input) for only 1.5 us (1/64), and then, an electrical
current is supplied to the resistors Rh-A and Rh-B from the

power source Vh (about 9V). For 94.5 us (63/64), the
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discharge input switch F is turned off ("1" is input) .
During this time period, ink 1s supplied to the ink chamber
12 of the liguid discharger that has discharged an ink
droplet.

Polarity changing switches Dpx and Dpy are switches for
determining whether or not the trajectory of the ink droplet
to be discharged would be deflected leftwards of rightwards
along the alignment direction (the horizontal direction) of
the nozzles 18.

First discharge contrelling switches D4, D5, and D6 and
second discharge controlling switches D1, D2, and D3 are

rswitches for determining the amplitude of the deflection of
the trajectory of an ink droplet.

Each pair of transistors M2 and M4 and transistors M12
and M13 functions as an operational amplifier {a switching
element) for the CM circuit composed of the transistors M3
and Mb. More specifically, the péirs of transistors M2 and
M4 and transistors M12 and M13 supply an electrical current
to or receive an electrical current from the connection
between the resistors Rh-A and Rh-B.

The combinations of transistors M7, M9,.and M1l and
transistors M14, M15, and M1l6 are elements that function as
constant current sources for the CM circuit.  The drainsg for
transistors M7, M9, and M1l are connected to the source and

the backgate of the transistors M2 and M4. Similarly, the
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drains of the transistcors M14, M15, and M16 are connected to
the source and the backgate of the transistors M12 and M13,

Among the transistors that function as constant current
source elements, the capacity of the transistor M7 is "x8,"
the capacity of the transistor M9 is "x4," and the capacity
of the transistor M1l is "x2." These three transistors M7,
M9, and M1l are connected serially to form a group of
current source elements.

Similarly, the capacity of the transistor M14 is "x4,6"
the capacity of the transistor M15 is "x2," and the capacity
of the transistor M16 is "x1." These three transistors Ml4,
M15, and M16 are also connected seriaily to form a group of
current source elements.

The transistors M7, M9, and Mll and transistors Mi4,
M15, and Mle fhat function as current source elements are
connected to transistors having the same current capacity
(i.e., the transistors M6, M8, and M10 and transistors M17,
M18, and M19, respectively). The first discharge |
controlling switches D6, D5, and D4 are connected to
transistors M6, M8, and M10, respectively, and the second
.discharge controlling switches D3, D2, and D1 are connected
to transistors M17, M18, and M19, respectively.

Therefore, for example, turning on the first discharge
controlling switches D6 and applying an appropriate voltage

(V) to the connection between an amplitude controlling
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Consequently, by controlling the on and off states of
the first discharge controlling switches D4 te D6 and the
second discharge controlling switches D1 to D3, the on and
off states of the transistors M6 to M1l and transistors Ml4
to M19 can bé controlled.

Since the number of serially connected elements for the
transistors M7, M9, and M11 and the transistors M14, M15,
and M16 are different, electrical currents are supplied from
the transistor MZ to the transistors M7, M9, and M1l and
from the transistor M12 to the transistors Ml1l4, M15, and M16
at a proportion corresponding to the number indicated in the
parentheses in Fig. 21.

Since the proportions of the transistors M7, M9, and
M1l are "x8," "x4," and "22,” respectively, the ratio of
their draiﬁ current Id is 8:4:2. Similarly, since the
propertions of the transistors M14, M15, and M1l6 are "x4,"
"x2," and "x1," respectively, the ratio of their drain
current Id is 4?2:1.

" The flow of an electrical current in the first
discharge controlling switches D4 to D6 of the discharge
contrelling circuit 50 is described referfing to Fig. 21.

First, when the discharge input switch F outputs "0"
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(i.e., discharge input switch F is turned on) and the
polarity changing switch Dpx outputs "0," the wvalues (0, 0)
are sent to the NOR gate X1, and then "1" is output to turn
on the transistor Ml. Similarly, the values (0, 0) are sent
to a NOR gate X2, and then "1" is cutput to turn on the
transistor M2. Moreover, in the case above where the input
to the discharge input switch F is "0" and the input to the
polarity changing switch Dpx is "0", "0" is output from the
discharge input switch F and "1" is output from a NOT gate
X4, which receives "0" from the polarity changing switch Dpx.
As a result, the walues (1, 0) are sent to a NOR gate X3.
Consequently, "0" 1s output from the NOR gate X3 and the
transistor M4 is turned off.

In such a case, an electrical current flows out from
the transistor M3 into the transistor M2 since the
transistor M2 is turned on but an electrical current does

_.ﬁot flow out from the transistor M5 into the transistor M4
since the transistor M4 is turned off. Due to the
characteristic of the CM circuit, when an electrical current
is not supplied to the transistor M5, an electrical current
is also not supplied to the transistor M3.

If a voltage from the power source Vh is applied, an
electrical current 1s not supplied to the transistors M3 and
M5 because the transistors M3 and M5 are turned off.

Accordingly, the electrical current does not flow any
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current is supplied entirely to the resistor Rh-A. Since

the transistor M2 is turned on, the electrical current
supplied to the resistor Rh-A flows further to the
transistor M2 and the resistor Rh-B. In this way, the
electrical current can be supplied further beyond the
tranéistor M2. 1In such a case, when the first discharge
controlling switches D4, D5, and Dé are turned off, an
electrical current is not supplied to the transistors M7, M9,
and ML1. .Resultingly, an electrical current is not supplied
to the transistor M2. Thus, the electrical cﬁrrent supplied
_entirely to the resistor Rh-A is supplied to the resistor

Rh—-B. Moreover, the electrical current supplied to the
resistor Rh-B is sent to a ground after it flows through the
turned-on transistor Ml. |

Contrarily, when at least one of the first discharge
controlling switches D4 to D6 is turned on, the transistor
M6, M8, or M10 that corresponds to the turned-on first
discharge controlling switches D4 to D6 is turned on. One
of the transistors M7, M9, and M1l connected to one of the
corresponding transistors Mé, M8, and M10 is also turned on.

As a result, for example, when the first discharge
controlling switch D6 is turned on, the electricél current
that has flowed through the resistor Rh-A flows into the

transistor M2 and the resistor Rh-B. Then the electrical
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current that has fiowed through the transistor M2 is sent to
the ground wvia the transistors M7 and M6.

In other words, provided that the discharge input
switch F outputs "0" and the polarity changing switch Dpx
outputs "0," when at least one of the first discharge
controliing switches D4 to D6 is turned on, an electrical
current does not flow into the transistors M3 and M5 and is
entirely supplied to the resistor Rh-A. Then the electrical
current flows into the transistor M2 and the resistor Rh-B.

Consequently, the electrical current I supplied to the
resistors Rh-A and Rh-B is I{(Rh-A)}>I{(Rh-R). (Note that the

- expression I(Rh-A) represents the electrical current I
supplied to (Rh-A), and the expression I{(Rh-B) represents
the electrical current I supplied to (Rh-B)).

On the other hand, wheﬁ the discharge input switch F
outputs "0" and the polarity changing switch Dpx outputs
"1," the walues input to the NOR gate X1 are (0, 0), the
same as in the case above, and then "1" is output to turn on
the transistor MI1.

The wvalues (1, () are sent to a‘NOR gate X2, and then
"0" is output to turn off the transistor M2. Moreover, the
values (0, 0} are sent toc a NOR gate X3, and then "1" is
cutput to turn -on the transistor M4. Due to the
characteristic of the CM circuit, when an electrical current

~is supplied to the transistor M5, an electrical current is
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When a voltage from the power supply Vh is applied, an

electrical current is supplied to the resistor Rh-2A and the
transistors M3 and M5. The electfical current that flows
through the resistor Rh-A is supplied entirely to the
resistor Rh~B (since the transistor M2 is turned off and the
electrical current that flows out of the resistor Rh-A does
not flow into the transistor M2). The electrical current
that flows through the transistor M3 is supplied entirely to
thé resistor Rh-B since the transistor M2 is turned off.

Consequently, the resistor Rh-B receives, in addition
to the electrical current that has flowed through the
resistor Rh-A, the electrical current that has flowed
through the transistor M3. As a fesult, the electrical
current I that is supplied to the resistors Rh—-A and Rh-B is
I (Rh—-A)<I (Rh-B).

In the case described above, for an electrical current
to be supplied to the transistor M5, the transistor M4 hasg
to be turned on. The transistor M4 is turned on when, as
described above, "0" is input to the discharge input switch
F and "1" is input to the polarity changing switch Dpx.

For an electrical current to be supplied to the
transistor M4, at least one of the transistors M7, M9, and
M1l has to be turned on. Thus, similar to the case in which

"0" is input to the discharge input switch F and "0" is
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input to the polarity changing switch Dpx, at least one of
the first discharge controlling switches D4 to D6 has_to be
turned on. In other words, when the first discharge
controlling switches D4 to D6 are all turned off, the
outputs are the same for both when "0" is input to the
discharge input switch F, "1" is input to the polarity
changing switch Dpx, "0" is input to the discharge input
switch F and "0" is input to the polarity changing switch
Dpx. Thus, the electrical current supplied to the resistor
Rh-A is supplied entirely to the resistor Rh-B. If the
resistances of the resistors Rh-A and Rh—ﬁ are set
substantially the same, an ink droplet is dischafged without
any deflection.

As described in the above, by turning on the discharge
input switch F and by controlling the on and off states of
the pblarity changing switch Dpx and the first discharge
controiling switches D4 to D6, an electrical current flows
into or flows out from the connection between the resistors
Rh-A and Rh-B.

Since the capacity of each transistor M7, M9, aﬁd M11
that functions as a current source element are different,
the electrical current supplied from the transistors M2 and
M4 can be changed by controlling the on and off states of

. the first discharge controlling switches D4 to D6. In other

words, by controlling the on and off states of the first



10' 0 10' 0 10' 0/!110% 0& ()-Z !!10%08& ()-!!110%"' & ()-9D*+, -aSE7 10' u' u

J10'u'u 10'u' u! "109% u' u& ()-L!"109% o0& ()-L!109% 0& ()-L!10% 0& ()-c

=10% 0& () - - 4hq} A<SE7

10!110% o' 0& ()-!110% & ()-!y! 109& ()-Cly! 10% ?' ?& () - Cy! 10% 0& () - CC8" 10% 0

& ()-g~\: 11yl 109 ()-Cly!10% R R& ()-CC 10% R& ()- 10' 0 10' 0

10" 0i 3! 10% 0& ()-!!10%&' ()-1tzl AP1CC10% o0& ()- 10 10 10!!10%& ()-"!!10%

& ()-"1110%
—_ 62 —

discharge controlling switches D4 to D6, the values of the
electrical currents supplied to the resistors Rh-A and Rh~B
can bhe changed.

Thus, by applying an appropriate voltage Vx to the
connection between the amplitude controlling terminal Z and
the ground and independently operating the polarity changing
switch Dpx and the first discharge controlling switches D4,
b5, and D6, the landing positions of the ink droplets
discharged from each liquid discharger can be changed in
multiple steps in the alignment direction of the nozzles 18.

By changing the voltage Vx applied to the amplitude
changing Terminal Z, the amplitude of the deflectioﬁ of the
trajectory of the ink droplets can be changed for each step,
while maintaining the ratié oflthe drain currents supplied
tﬁ the transistors M7 and M6, the transistors M9 and M8, and
the transistors M11 and M10 as 8:4:2,

Figs. 22A and 22B are charts indicating the on and off
states of the polarity changing switch Dpx and the first
discharge controlling switches D4 to D6 and the change in
the landing positions of dots (ink droplets) in the

“alignment direction of the nozzles 18.

As shown in the chart in Fig. 22A, when the input to
the first discharge controlling switch D4 is set to "0" and
when the input values (Dpx, ﬁG, b5, D4} are (0, 0, 0, 0) or

(1, 0, 0, 0), the trajectory of the dot is not deflected and
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the landing position i1s directly below the nozzle 18. This
corresponds to the description above.

When the input to the first discharge controlling
switch D4 is set to "0," a liquid discharger can be
controlled by the three bits from the polarity changing
switch Dpx and the first discharge controlling switches D5
and D6. In this way, a dot can be landed stepwise at seven
lénding.positions including an undeflected position. This
means the trajectory of an ink droplet can be selected from
an odd number of trajectories, as shown in, for example, Fig.
11. |

Instead of setting the input value of the first
discharge contreolling switch D4 to "0," by selecting "0" or
"1" as the input value in the same way as the first
discharge controlling switches. D5 and D6, the trajectory of
the ink droplet can be selected from 15 different
trajectories instead of seven trajectories.

Contrarily, as shown in the chart in Fig. 22B, when the.
input value of the first discharge controlling switch D4 is
set to "1," a dot can be landed stepwise at eight landing
positions. In this way, eight lénding positions can be
arranged symmetrically by disposing four landing positions
each on the left and right sides of the position with zero
deflection. |

In other words, when the input value of the first
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discharge controlling switch D4 is "1," there are no landing
positions located directly below a nozzle 18. This means

the trajectory of an ink droplet can be selected from an
évén number of trajectories {not including a trajectory in
which the ink droplet lands directly below a nozzle 18), as
shown in, for example, Fig. 10.

The descriptions in the above are related to the first
discharge controlling switches D4 to D6. The second
discharge controlling switches D1 to D3 can also be
controlled in the same manner.

In Fig. 21, the second discharge controlling switches
D1, D2, and D3 correspond to the first discharge controlling
switches D4, D5, and D6, respectively. The transistors M12
and M13 connected to the second discharge controlling
switches D1 to D3 correspond to the transistors M2 and M4 of
the first discharge controlling switches D4 to D6. The
polarity changing switch Dpy corresponds to the polarity
changing switch Dpx. The transistors M14 to M19 that
function as current source elements correspond to the-
transistors M6 to MLL1.

- The capacity of each transistor M14 to M19 that
functions as a current source element of the second
discharge controlling switches D1 to D3 differs from the
transiétors Mé to M1l of the first discharge controlling

switches D4 to B6. The transistors M14 to M19 that function
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controlling switches D1 to D3 are set so that the capacity
is half of that of the transistors M6 to M1l of the first
discharge controlliing switches D4 to D6. The other settings
are the same for all transistors.

Therefore, similar to the description in the above, by
controlling the on and off states of the second discharge
contrelling switches DI to D3 together with the polarity
changing switch Dpy, the electrical current supplied to the
resistors Rh—A and Rh-B can be changed.

The change in the electrical current caused by
controlling the second discharge controlling switches D1 to
D3 is smaller than the change caused by the first discharge
controlling switches D4 to D6. Thus, the variation in pitch
of the landing positions of the ink droplets controlled by
the second discharge controlling switches D1 to D3 is
smaller than the variation in pitch of the landing positions
of the ink droplets controlled by the first discharge
controliing switches D4 to D6.

The second discharge controlling switches D1 to D3 and
the polarity changing switch Dpy are mainly used for the
second discharge controiling unit. Thus, it is possible to
control them as indicated in the chart in Fig. 22B. 1In Figs.

_22A and 22B, the polarity changing switch Dpx and the first

discharge controlling switches D4, D5, and D6 correspond to
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polarity changing switch Dpy and the second discharge
controlling switches D1, D2, and D3, respectively. 1In this
case, it is desirable toc set the input value for the second
discharge controlling switch D1 to "1." (Of course, it is
perfectly acceptable to control the switches in accordance
with the chart in Fig. 224} .

The same amplitude controlling terminal Z of the
discharge controlling circuit 50 illustrated in Fig. 21 is
used for both the first discharge controlling switches D4 to
Dé and the second discharge controiling switches D1 to D3.
Therefore, once the voltage Vx applied tc the amplitude
controlling terminal Z is determined by taking into
consideration, for example, the control of the second
discharge controlling switches D1 to D3, the landing
position of an ink droplet whose discharge is controlled by
the first discharge controlling switches D4 to P6 is also
determined by the voltage Vx.

In this way, & relationship is established between the
discharge controls by the first discharge controlling
switches D4 to D6 and the second discharge controlling
switches D1 to D3. Consequently, by determining the
discharge control {(i.e., the pitch of the landing position
of the ink droplet} for either the first or second ‘discharge
controlling switches, the discharge control (i.e., the pitch

of the landing position of the ink droplet) for the other
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switches is determined.

In this way, the control of the ink droplet discharge
can be simplified.

Unlike the structure described above, two amplitude
controlling terminals Z for the first discharge controlling
switches D4 to D6 and the second discharge controlling
switches D1 to D3 may be independently disposed. In this

- way, the number of the trajectories (landing positions) of
the ink droplets can be increased.
| Each liquid discharger has the discharge controlling
circuit 50 illustrated in Fig. 21. Therefore, each ligquid
discharger can be controlled as described in the above.

When a transistor is included in the circuit, eight
wires are required for the drain, the source, and other
parts. For this reason, the total size required for the
transistors is much smaller when one large transistor with
elght wires is disposed rather than when a plurality of
small transistors each with eight wires is disposed. Thus,
the entire circuit can be simplified by disposing one CM
circuilt (a pair of tramnsistors M3 and M5) having a capacity
of "x8," as shown in Fig. 21.

In this way, liquid dischargers each having a the
diécharge controlling circuit 50 can be disposed on the head
11. Moreover, the discharge controliing circuits 50 can be

disposed even 1f the resclution is 600 dpi (i.e., even if

- CC10%
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the pitch of the liquid dischargers is about 42.3 um).

Consequently, by disposing a discharge controlling

circuit 50 for each liquid discharger and by controlling the
on and off states of each switch for each liquid discharger
'independently, a discharge-direction changing unit, or a
main controlling unit and a secondary controlling unit can
be operated. When the main controlling unit and_thé
secondary controlling unit are operated, a secondary-control
executing unit stores in its memory whether or not the
secondary controlling unit for each liquid discharger is to
be operated and the on or off state of each switch when the
secondary controlling unit is operated. Similarly, when a
discharge-direction changing unit and a reference-direction
setting unit are both operated, or, in other words, when the
reference direction for each liquid discharger is determined,
the on or off state of each switch for each ligquid
discharger caﬁ be stered in memory.

By changing the voltage Vx applied to the ampliitude
controlling terminal Z, the amplitude of the trajectory
(i.e., discharge angle) for each step can be changed.
Consequently, when the discharge-angle setting uhit is
operated, the voltage Vx applied to tﬁe amplitude
controlling terminal Z of each liquid discharger can be
adjusted to set a desired discharge angle. The value of the

voltage Vx can be stored in memory.
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The first discharge controlliing unit is operated by
controlling the on and off states of the first discharge
controlling switches D4 to D6. The second discharge
controlling unit is operated by controlling the on and off
states of the second discharge controlling switches D1 to D3.

The first discharge controlling switches D4 to D6 in
Fig. 21 can also be used as a resolution increasing unit.
When the first discharge controlling switches D4 to D6 are
élso used as the resolution increasing unit, it is desirable
to change the output of each first discharge controlling
switch D4 to D6 to "0" or "1" so that the trajectory of an
ink droplet is selected from 15 different trajectories. 1In
other words, for exzample, whén the resolution is increased
by three times, as illustrated in Fig. 15, and when the ink

_droplets are discharged from a liquid discharger to land on
pixel rows formed by adjacent liquid dischargers, as
illustrated in Fig. 11, the trajectories of the ink droplets
must be selected from at least nine different-tréjectories.

Of course, the first discharge controlling switches D4
to D6 and the second discharge contreolling switches D1 to D3
can be connected in parallel and the discharge controlling
Switches, polarity changing switches, and theltransistors
for the resolution increasing unit can be formed separately.

An embodiment according to the present invention has

been described in the above. The present invention, however,
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is not limited to this, and various embodiments, as
described below, are also possible.

{1) The number of bits for a J-bit controlling signal
is not limited to those indicated in the embodiments above
and any bit may be used for the present invention.

(2) In the embodiments described in the above, a time
lag is created in the ink boiling (bubble generation) time
of each of the two parts of a heat~generating-resistor 13 by
changing the electrical current supplied to each of the
parfs. The heat—-generating-resistor of the present
invention may have two parts aligned in parallel having the
same resistance, and electrical currents may be supplied at
different timings to each part. For example, the two parts
of the heat-generating-resistor may each have a swifch that
operates independently from each other. By turning on each
switch at a different timing, a time lag is created in the
bubble generation time of the two parts of a heat-
generating-resistor. Furthermore, a time lag is created in
the timing of supplying electrical currents to each part of
the heat-generating-resistor, at the same time the current
value of the electrical currents is changed.

(3) In the-embodiments described above, each of the itwo
pérts of the heat-generating-resistor 13 is aligned in
parallel inside one ink chamber 12. The reason for dividing

the heat-generating-resistor 13 into two parts is that the
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two parts are known to have sufficient durability and the
structure of the circuit can be simplified. The present
invention, however, 1s not limited to this, and the heat-
generating-resistor (energy generation element) may be
divided into three parts or more, and these.parts may be
aligned in parallel in one ink chamber.

(4) In the embodiments described above, the heat-
generating-resistor 13 is used as a bubble generation unit
or a heating element. The bubble generation unit or heating
element for the present invention, however, does not have to
be -a resistor. Moreover, an energy generation element other
than a heating element may be used. For example, an
electrostatic or piezoelectric energy generation element may
be used.

An electrostatic energy generation element is composed
of a diaphragm and two electrodes disposed on the lower side
of the diaphragm with a layer of air interposed between the
diaphragm and electrodes. A voltage is applied between the
two electrodes to bend the diaphragm downwards. Then, the
voltage is reduced to zero to release the electrostatic
-force. The elastic force generated when the diaphragm
returns to its original position is used to discharge an ink
droplet.

In this case, for example, to create a difference in

the energy generated by each energizing element, a time lag
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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 zerc and the electrostatic force is
released) .

The energizing element for a piezoelectric printer is

formed by stacking a diaphragm and a piezoelectric element

‘ having electrodes on both sides. When a voltage is applied
to the electrodes on both sides of the piezoelectric element,
a bendiﬁg moment 1s generated in the diaphragm due to the
piezoelectric effect. As a result, the diaphragm bends and
is deformed. 1Ink droplets are discharged when this
deformation occurs.

In this case, similar to the above, 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.

(5} In the embodiments described above; ink droplets
are discharged in the alignment direction of the nozzles 18.
‘This is because the two parts of the heat-generating-
resistor 13 are aligned in parallel in the alignment
direction of the nozzlés 18. The alignment direction of the
nozzles 18 and the deflection direction of the ink droplets

do not necessarily have to be the same direction. Even if
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the directions are somewhat different, the effect is
substantially the same as when the alignment direction of
the nozzles 18 and the deflection direction of the ink
droplets are the same.

(6) When ink droplets are randomly discharged onto an M
number of landing positions in one pixel area by operating
the second discharge controlling unit, M may be any number,
provided that it is a positive integer greater or equal to
two. Thus, M is not limited to the numbers indicated in the
embodiments described above.

(7) The second discharge controlling unit according to
the émbodiments of the present invention randomly changes
the landing positions of the ink droplets so that the center
of the ink droplets lands inside a pixel area. The present
invention, however, is not limited to this, and the landing
positions of the ink droplets may be dispersed over a wider
range compared to the embodiments described above, provided
that at least a part of the ink droplet lands inside a pixel
area.

(8) The second discharge controlling unit according to
the embodiments of the present invention uses a random
number generating circuit for randomly selecting the landing
positions of the ink droplets. Any method may be used for
determining the landing positions of the ink droplets,

provided that the landing positions have no regular pattern.

10G
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Moreover, random numbers may be generated by applying, for
example, the middle square method, or the congruence method,
or by using a shift resister. Instead of selecting the
_'landing positions randomly, they may be selected by
repeating a predete%mined combination of numeric values.

(9)_In the embodiments described in the above, the
heads 11 were used for a printer. The applicatioﬁ of the
heads 11 according to the present invention, however, is not
iimited to printers, and may be used for various liquid
discharge apparatuses. For example, the heads may be used
for an apparatus for discharging a scolution including DNA

- for detecting biological specimens.

According to the present invention, even if some of the
ligquid dischargers discharge droplets along different
trajectories (or different discharge angles), the
trajectories are compensated for and, as a result, streaks

become less noticeable.
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WHAT IS CLAIMED IS:

1. A liquid discharge apparatus having a head with a
plurality of liquid dischargers including nozzles aligned in
parallel in a row, comprising:

a main controlling unit formed on each liquid
discharger, the main controlling unit controlling the
discharge of droplets from the nozzles;

a secondary controlling unit formed on each liquid
discharger, the seéondary controlling unit controlling the
discharge of a droplet so that the droplet is discharged
along at least one secondary trajectory different from the
main trajectories of the droplets discharged by the liquid
dischargers controlled by the main controlling unit; and

a secondary-control executing unit for individuallj
setting whether or not the secondary controlling unit for

each liquid discharger is operated.

2. A liquid discharge apparatus having a head with a
plurality of liquid dischargers including nozzles aligned in
parallel in & row, comprising:

a discharge-direction changing unit for changing the
trajectory of the droplets discharged from the nozzle of
each liquid discharger in at least two different directions

in the row; and



R& ()-C 10% R& ()-Ks7dESH= 10''10% R& ()-%40% R& ()-VvP"10% & ()-pl0%

R& ()-10% R& ()-10% R& ()-7[! ZdESH= 10' 5¢10% R&' () - 03#10% R&' () - F110%
R& ()-\/110% R& ()-s-10% R& ()-)Vv10% R& ()-Z bC 10F 10% R& ()-\ 10%
R& ()-C 10% R& () -

- 76 -

a reference~direction setting unit for selecting one of
the trajectories of the droplets discharged from liquid
dischargers controlled by the discharge-direction changing

‘unit as a reference direction.

3. A ligquid discharge apparatus having a head with a
pilurality of liquid dischargers including nozzles aligned in
parallel in a row, comprising:

a discharge~direction changing unit for changing the
trajectory of droplet discharged from the nozzle of each
liguid discharger in at least two different directions in
the row; and

a discharge-angle setting unit for selecting discharge
angles for each droplet discharged from liquid dischargers
controlled by the discharge-direction changing unit for each

liquid discharger.

4., A liquid discharge apparatus having a head with a
plurality of liquid dischargérs including nozzles aligned in
parallel in a row, comprising:

a dischafgeudirection changing unit for changing the
trajectory of the droplet discharged from the nozzle of each
liquid discharger in at least two different directions in
the TOwW;

a discharge—angle setting unit for setting discharge
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angles for each droplet discharged from ligquid dischargers
controlied by the discharge-direction changing unit for each
ligquid discharger; and

a reference-direction setting unit fdr selecting one of
the trajectories of the droplets discharged from liquid
dischargers controlled by the discharge-direction changing

unit as a reference direction.

5. A liquid discharger according to one of c¢laims 2 to
4, further comprising,

a discharge controlling unit for controlling the
discharge of ink droplets by the discharge—-direction
changing unit so that a pixel row or a pixel is formed by
discharging droplets from at least two neighboring liquid
dischargers, wherein droplets are discharged along different
trajectoiies from at least two neighboring liquid
dischargers to form a pixel row by landing on the same pixel

row or to form a pixel by landing on the same pixel area.

6. A liguid discharger according to one of claims 2 to
4, further comprising,

a discharge controlling unit for contrelling the
discharge of a droplet by the discharge—-direction changing
unit so tha£ the droplet lands in a landing position in a

pixel area, wherein the landing position is one of M (where
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M is an integer greater or equal to two) different landing
positions aligned in a predetermined direction in the pixel
area and at least a part of each of the M landing positions

is included in the pixel area.

7. A liguid discharger according to one of claims 2 to
4, further comprising,

a first discharge controlling unit for controlling the
discharge of ink droplets by the discharge-direction
'changing unit so that a pixel row or a pixel is formed by
discharging droplets from at least two neighboring liguid
dischargers, wherein droplets are discharged along different
trajectories from at least two neighboring liquid
dischargers to form a pixel row by landing on the same pixel
row or to form a pixel by landing on the same pixel area;
and

a second discharge controlling unit for controlling the
discharge of a droplet by the discharge-direction changing
unit so that the droplet lands in a landing position in a
pixel area, wherein the landing position is one of M (where
M is an integer greater or equal to two) different landing
positions aligned in a predetermined direction in the pixel
area and at least a part of each of the M landing positions

is included in the pixel area.
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8. A liquid-discharger according to one of claims 2 to
4, further comprising,

a resolution increasing unit for increasing the number
of pixels by controlling the droplets discharged from each
liquid discharger so that the droplets land in at least two
different positions in a predetermined direction whereby the
number of pixels is increased in comparison with the number

of pixels formed by droplets discharged from each liquid

discharger landing in one position.

9. A liquid discharger according to one of claims 2 to
4, further comprising,

a resolution increasing unit for increasing the number
6f pixels by controlling the droplets discharged from each
liguid discharger so that the droplets land in at least two
different positions in a predetermined direction whereby the
number of pixels increased in comparison with the number of
pixels formed by droplets discharged from each liquid
discharger landing in one position, and

a discharge controlling unit for controlling the
discharge of ink droplets by the discharge-direction
changing unit so that a pixel row or a pixel is formed by
discharging droplets from at least two neighboring liguid
dischargers, wherein each droplet is discharged along

different'trajectories from at least two neighboring liquid
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dischargers to form a pixel row by landing on the same pixel

row or to form a pixel by landing on the same pixel area.

10. A ligquid discharger according to one of claims 2
to 4, further comprising,

a resolution increasing unit for increasing the number
of pixéls by controlling the droplets discharged from each
liquid discharger so that the droplets land in at least two
different positions in a predetermined directiorn whereby the
number of pixels increased in comparison with the number of

?ixels formed by droplets discharged from each liguid
discharger landing in one position; and |

a discharge controlling unit for controlling the
discharge of a droplet by the discharge-direction changing
unit so that the droplet lands in a landing position in a
pixel area, wherein the landing position is one of M (where
M is an integer greater or equal to two) different landing
‘positions aligned in a predetermined direction in the pixel
area and at least a part of each of the M landing positions

is inciuded in the pixel area.

11. A liquid discharger according to one of claims 2
to 4, further comprising,
a resolution increasing unit for increasing the number

of pixels by controlling the droplets discharged from each
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liquid discharger sc that the droplets land.in at least two
different positions in a predetermined direction whereby the
number of pixels increased in comparison with the number of
pixels formed by droplets discharged frém each liquid
discharger landing in one position:

a first discharge controlling unit for controlling the
dischargé of ink dreoplets by the discharge—-direction
changing unit so that a pixel row or a pixel is formed by
discharging droplets from at least two neighboring liquid
dischargers, wherein each droplet is discharged along
different trajectories from at least two neighboring liquid
dischargers to form a pixel row by landing on the same pixél
row or to.form.a pixel by landing on the same pixel area;
and

a second discharge controlling unit for controlling the
discharge of a droplet by the discharge—-direction changing
unit so that the droplet lands in a landing position in a

" pixel area, wherein the landing ﬁosition is one of M (where
M is an integer greater or equal to two) different landing
positions aligned in a predetermined direction in the pixel
area and at least a part of each of the M landing positions

is included in the pixel area.

12. A liguid discharge apparatus according to claim 1

having a plurality of liquid dischargers comprising a liquid
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chamber containing the liquid, bubble generation units
disposed inside the liquid chamber for génerating bubbles in
the liquid contained in the liquid chamber by supplying
energy, and a nozzle member provided with nozzles for
discharging the liquid‘contained in the ligquid chamber in
response to géneration of bubbles by the bubbkble generation
unit,
wherein a secondary controlling unit controls the main
. trajectory of a droplet discharged by supplying energy
having a second value to the bubble generation units,lthe
second value differs from a first value of the energy
supplied to the bubble generation units by the main
controlling unit, so that the secondary trajectory of the
droplet differs from the main trajectory of the droplet

controiled by the main controlling unit.

13. A liquid discharge apparatus according to claim 1
having a plurality of liqﬁid dischargers comprising a liquid
chamber containing the liquid, heating.elements disposed in
the 1iguid chamber for generating a bubble in the ligquid
contained in the liquid chamber by supplying energy, and a
nozzle member provided with nozzles for discharging the
liquid contained in the liquid chamber as a bubble is
generated by the bubble generation unit,;wherein

a plurality of heating elements is aligned in parallel
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trajectory of a droplet by supplying an electrical current
via the circuit to the connection between the heating
elements cr by supplying an electrical current from the
connection to the heating elements to control the electrical
current supplied to the heating elements, so that the

secondary trajectory differs from the main trajectory

controlied by the main controllirng unit.

14, A liquid discharge apparatus according to one of
claims 2 to 4 having a plurality of liquid dischargers
comprising a liguid chamber containing the ligquid, bubble
generation units disposed inside the liquid chamber for

" generating a bubble in the liquid contained in the liquid
chamber by supplyin@ energy, and a nozzie member provided
with nozzles for dischgrging the liquid contained in the
liquid chamber as a bubble is generated by the bubble
generation unit,

wherein the discharge—direction changing unit comprises
a main controlling unit for controlling the discharge of

. droplets from nozzles by supplying energy to the bubble
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generation unit and a éecondary controliling unit for
contrelling the trajectory of a droplet discharged by
supplying energy having a second value to the bubble
generation units, the second value differs from a first
value of the energy supplied to the bubble generation units
by the main controiling unit, so that the trajectory of the
droplet differs from the trajectory of the droplet

controlled by the main controlling unit.

15. A liquidadischarge apparatus according to one of
claims 2 to 4 having a plurality of liguid dischargers
comprising a liguid chamber containing the liquid, heating
elements disposed inside the liquid chamber for generating a
bubble in the liguid contained in the ligquid chamber by
supplying energy, and a nozzle member provided with nozzles
for discharging the liquid contained in the liquid chamber
as a bubble is generated by the bubble generation unit,
whereiln

a plurality of heating elements is aligned in parallel
in a row in the liquid chamber and each heating element is
serially connected, and |

the discharge-direction changing unit includes a
circuit with a switching element connected to the serial
connection between the heating elements and controls the

trajectory of a droplet discharged from the nozzles by




controlling the electrical current supplied to the heating
elements by supplying an electrical current via the circuit
to the connection between the heating elements or by
receiving an electrical current from the connection between
the heating elements, so that at least two different

trajectories can be selected in a predetermined direction.

16. A method for discharging liquid from nozzles with
a ligquid discharger formed on a plurality of heads aligned
in parallel in a row, comprising the steps of:

performing the main control of the discharge of
droplets from the nozzles of each liguid discharger;

performing the secondary control of the discharge of
droplets from each liquid discharger along at least one
. trajectory different from the trajectory of the main control
in a row; and

determining whether or not the secondary controlling

unit is operated is determined for each liquid discharger.

17. A method fér discharging liquid from nozzles with
a liquid discharger formed on a plufality of heads aligned
in parallel in a row, comprising the steps of:

selecting the trajectory of droplets discharged from
the nozzles of each liquid discharger from at least two

different trajectories in a predetermined direction; and



selecting one of the trajectorlies as a reference

trajectory.

18. A method for discharging liquid from nozzlies with
a liquid discharger formed on a plurality of heads aligned
in parallel in a row, comprising the steps of:

selecting the trajectery of droplets discharged from
the nozzles of each liquid discharger from at least two
different trajectories in a predetermined direction; and

setting the discharge angle of the droplets

independently for each liguid discharger.

19. A method for discharging liquid from nozzlies with
a liquid discharger formed on a plurality of heads aligned
in parallel in a row, comprising the steps of:

selecting the trajectory of droplets discharged from
‘the nozzles of each liquid discharger from at ieast two
different trajectories in a predetermined direction;

selecting one of the trajectories is selected as a
reference trajectory; and

sétting the discharge angle of the droplets

independently for each liguid discharger.



